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Liebe Kolleginnen und Kollegen,

in diesem Jahr findet die 25. Jah-
restagung der Gesellschaft für 
Humangenetik (GfH) gemein-
sam mit der Österreichischen 
Gesellschaft für Humangenetik 
(ÖGH) und der Schweizeri-
schen Gesellschaft für Medizini-
sche Genetik (SGMG) statt. Für 
mich, meine Mitarbeiterinnen 
und Mitarbeiter ist es eine be-
sondere Ehre, Gastgeber dieser 
Jubiläumstagung sein zu dürfen. 
Die GfH tagt zum ersten Mal 
in Essen, aber die Europäische 
Gesellschaft für Humangenetik 
war schon einmal hier, vor ge-
nau 40 Jahren. Damals war Herr 
Professor Dr. med. E. Passarge 
der Tagungspräsident, und das 
Tagungsthema war „Cancer and 
Genetics“. 

beiten die Ruhr-Universität Bo-
chum, die Universität Duisburg-
Essen und Technische Universität 
Dortmund seit 2007 strategisch 
eng zusammen. Die Universität 
Duisburg-Essen ist 2003 durch 
eine Fusion der Gerhard-Merca-
tor-Universität Duisburg und der 
Universität-Gesamthochschule 
Essen entstanden. Sie gehört mit 
fast 40.000 Studenten aus 130 Na-
tionen zu den – nach Studenten-
zahlen – zehn größten deutschen 
Universitäten Deutschlands. 

Die medizinische Fakultät der 
Universität-Duisburg-Essen ist 
schon etwas älter. Sie ging 1963 
aus den städtischen Krankenan-
stalten Essen hervor und gehör-
te zunächst zur Westfälischen 
Wilhelms-Universität Münster. 
Zehn Jahre später wechselte sie 
zur damals neugegründeten 
Universität-Gesamthochschule-
Essen. Seit vielen Jahren ist die 
Genetische Medizin ein übergrei-
fender Forschungsschwerpunkt 
unserer Fakultät. Für genetische 
Analysen stehen modernste 
Plattformen bereit, u. a. mehre-
re Next Generation Sequencer. 
Seit dem letzten Jahr gibt es ein 
Essener Zentrum für Seltene Er-
krankungen, dessen Sprecher ich 
bin. Essen ist Standort mehrerer 
humangenetisch-orientierter 

Grußwort des Tagungspräsidenten

Essen ist Teil der Metropole 
Ruhr, eine Region im Umbruch: 
Wo früher Kohle aus der Erde 
geholt wurde, wird heute Wissen 
gefördert. In der Universitätsalli-
anz Metropole Ruhr (UAMR) ar-

8 Prof. Dr. rer. nat. 
Bernhard Horsthemke
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Forschungsverbünde, u. a. auf 
dem Gebiet der Gesichtsfehlbil-
dungen und der Epigenetik. 

Das Essener Institut für Hu-
mangenetik hat traditionell drei 
Forschungsschwerpunkte: Syn-
dromologie, intraokulare Au-
gentumore und Epigenetik. Vor 
drei Jahren wurde ein Lehrstuhl 
(W3) für Genominformatik am 
Institut eingerichtet. Damit ist 
das Essener Institut meines Wis-
sens das erste universitäre Institut 
für Humangenetik mit einem sol-
chen Lehrstuhl. 

Das Programmkomitee un-
ter Vorsitz von Herrn Prof. Dr. 
med. Markus Nöthen hat aus 
meiner Sicht diesmal ein beson-
ders spannendes Programm zu-
sammengestellt, das auch gut die 
wissenschaftlichen Interessen des 
Essener Instituts widerspiegelt. 
Die Themen der Symposia sind: 
„Der SWI/SNF Komplex bei 
menschlichen Erkrankungen“, 
„Evolution: das variable mensch-
liche Genom“, „Telomere und 
TERT-Erkrankungen“, „Neues 
aus der RNA-Welt“, „Mutations-
signaturen und intratumorale 
Heterogenität bei Krebs“ sowie 
„Zwillingsstudien“. Die Themen 
der Fortbildungssitzungen sind 
„Panel- und Exomdiagnostik“, 
„Mikrozephalie“, „DNA-Methy-

8 Baldeneysee
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lierung: Vom Nachweis bis zur 
klinischen Relevanz“ sowie „Der 
ungelöste Fall“.

Für den Festvortrag konnte 
ich einen „local hero“ des Ruhr-
gebiets gewinnen: Prof. Dr. Drs. 

8 Essen Panoramablick   © Foto: Peter Wieler, Essen Marketing GmbH

hc. Onur Güntürkün von der 
Ruhr-Universität Bochum. Er ist 
Träger des Leibniz-Preises der 
DFG 2013 und vieler anderer 
Auszeichnungen. Professor Gün-
türkün untersucht, wie das Den-

ken im Gehirn entsteht. Dies ist 
eine der großen ungelösten Fra-
gen der Biologie. Ich bin gespannt 
auf seinen Vortrag.

Besonders freut mich die Re-
sonanz auf unsere Schülerveran-
staltung, die unter dem Thema 
„Mensch und Genetik“ steht. Die 
über tausend Plätze waren schon 
kurz nach der Bekanntmachung 
ausgebucht. Dies zeigt, auf wel-
ches Interesse die Humangenetik 
bei jungen Menschen stößt.

Essen steht nicht nur für Me-
dizin und Wissenschaft, sondern 
auch für Natur und Kultur. Viele 
Besucher, die zum ersten Mal in 
Essen sind, wundern sich, wie 
grün die Stadt ist. 2010 war Essen, 
stellvertretend für die Metropole 
Ruhr, Kulturhauptstadt Europas. 
Essen ist ein wichtiger Standort 
der Ruhrtriennale und besitzt mit 
dem Folkwang-Museum, dem 
Aalto-Theater und der Folkwang-
Musikhochschule international 
bekannte Kulturinstitutionen. 
Auf unserer Eröffnungsveranstal-
tung wird das ensemble folkwang 
modern Kompositionen von Ed-
gar Varèse und Emanuel Witters-
heim spielen. Varèse (1883-1965) 
ist einer der wichtigsten Wegbe-
reiter der modernen Musik und 
hat u. a. Karl-Heinz Stockhausen 
und Frank Zappa beeinflusst hat. 
Wir werden von ihm das Stück 
„Octandre“ für sieben Bläser und 
einen Kontrabass hören. Ema-
nuel Wittersheim ist ein junger 
Komponist, der ein kurzes Stück 
mit direktem Bezug zu „Octand-

re“ komponiert hat. Seien Sie auf 
ein ungewohntes Hörerlebnis 
gefasst. 

Mit unserem Gesellschafts-
abend wollen wir an die Tradi-
tion von Essen als Kohle- und 
Stahlstadt anknüpfen. Im alten, 
von Norman Foster umgebauten 
Kesselhaus der Zeche Zollverein, 
jetzt das Red Dot Design Mu-
seum, werden wir den 25. Ge-
burtstag unserer Jahrestagung 
feiern. Als ich im Februar 1986 
an das Essener Institut für Hu-
mangenetik kam, förderte diese 
Zeche noch Kohle. Das Ende des 
Kohlezeitalters in Deutschland 
machte aber auch vor Zollver-
ein nicht Halt; am 23. Dezember 
1986 fuhr die letzte Schicht nach 
135 Jahren Bergbaubetrieb ein. 
Heute ist die Zeche Zollverein 
ein Symbol der Industriekultur 
im Ruhrgebiet und seit 2001 
UNESCO-Welterbe.

Ich danke unserem Vorstand, 
unserer Geschäftsstelle und un-
serem Programmkomitee für die 
Vorbereitung der Tagung und 
wünsche allen Tagungsteilneh-
mern anregende wissenschaftli-
che Diskussionen und eine schö-
ne Zeit in Essen.

Ihr Tagungspräsident

Bernhard Horsthemke 
8 Zeche Zollverein
© Foto: Peter Wieler, Essen Marketing GmbH
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Herzlich willkommen in Essen 
zur 25. Jahrestagung der Deut-
schen Gesellschaft für Humange-
netik e.V. Ganz besonders möch-
te ich auch die weit angereisten 
Tagungsgäste aus  Österreich 
und der Schweiz hier inmitten 
der Metropole Ruhr begrüßen.

Essen gilt als „die Gesund-
heitsstadt“ und bietet über 
45-tausend Menschen sichere 
und moderne Arbeitsplätze in 
der Gesundheitsbranche. In vie-
len Gebieten der Spitzenmedizin 
hat sich Essen einen internati-
onalen Ruf erarbeitet. Von weit 
her reisen Menschen an, um 
die erstklassigen  Angebote in 
Bereichen wie etwa Diagnostik, 
Prävention, Therapie oder auch 
Rehabilitation zu nutzen. Ins-
besondere profitieren natürlich 
auch die Menschen in der Regi-
on von der erstklassigen Versor-
gung, die spürbar zur Steigerung 
der Lebensqualität beiträgt.

Neben einer exzellenten me-
dizinischen Behandlung wirkt 

und die drittgrünste Stadt in ganz 
Deutschland ist.

 „Grüner als man denkt – Es-
sen“ lautet folgerichtig auch das 
Motto der Bewerbung der Stadt 
als Grüne Hauptstadt Europas 
2016. Neben den weitläufigen 
Natur- und Erholungsgebieten 
wollen wir die Jury unter ande-
rem auch durch unser ehrgeiziges 
Umweltmanagementsystem und 
ein weit verzweigtes Netz an Rad- 
und Wanderwegen überzeugen. 
Ich würde mich freuen, wenn Sie 
die Gelegenheit nutzen, sich Ihr 
eigenes Bild von unserer schönen 
Stadt zu machen.

Ich wünsche Ihnen einen an-
genehmen Aufenthalt und eine 
erfolgreiche Veranstaltung.

Reinhard Paß

Grußwort des Oberbürgermeisters der Stadt Essen

sich aber natürlich auch eine 
attraktive Umwelt positiv auf 
das Lebensgefühl eines jeden 
Einzelnen aus. So manch einer 
ahnt vor seinem ersten Besuch 
nicht, dass Essen die grünste 
Stadt in Nordrhein-Westfalen 

8 Reinhard Paß, Oberbürgermeister 
der Stadt Essen. 
© Foto: Elke Brochhagen, 
Stadtbildstelle Essen

25. Jahrestagung der Deutschen Gesellschaft für Humangenetik

55Medizinische Genetik 1 · 2014 | 



Bitte bringen Sie diesen Ta-
gungsband zur Tagung mit!  
Alle wichtigen Informationen zur 
Tagung entnehmen Sie bitte den 
nachfolgenden Hinweisen. 

Bitte beachten Sie für Ihre 
Anreise: 
Die wissenschaftliche Tagung 
wird 2014 mit den Selected 
Presentations (ab 13:00) 
eröffnet. Anschließend folgen 
die Vorträge der Symposien 1 
und 2 sowie der EDU Session 1 
von 14:30-16:00 Uhr.

Tagungssprache 

Die Tagungssprache ist Englisch 
(Vorträge, Poster, Abstracts). 
Workshops zu Themen der Qua-
litätskontrolle (QW), zur Fort- 
und Weiterbildung (EDU) und 
die Veranstaltung „Talk nach 12“ 
werden in deutscher Sprache ab-
gehalten. Die Keynote-Lecture 
wird Herr Prof. Güntürkün in 
deutscher Sprache halten, da zu 
diesem Festvortrag auch die brei-
te Öffentlichkeit eingeladen wird. 

Vorträge

Sämtliche Vorträge finden im 
Congress Center Essen (CCE) 
West statt. Die einzelnen Vor-
tragsräume sind ausgeschildert.

Projektionsmöglichkeiten

Vorträge sind ausschließlich per 
Datenprojektion im Format „Po-
wer Point“ möglich. Zur Vermei-
dung von Konvertierungs- und 
Darstellungsproblemen bitte wir 
Sie, frühzeitig zum Mediencheck 
(Foyer EG – Servicecenter) zu 
kommen, um Ihre Dateien noch-
mals zu prüfen. Arbeiten Sie mit 
Apple-Anwendungen, dann kon-
vertieren Sie bitte Ihre Dateien so, 
dass sie auf einem Windows PC 
aufgerufen werden können. Die 
PowerPoint-Präsentation muss 
spätestens 2 Stunden vor Beginn 
der Vortragssession als CD-R/
DVD/USB-Stick beim Medien-
check abgegeben werden. 

Eine Projektion von Dias oder 
Overhead-Präsentationen sind 
nicht möglich. 

Mediencheck 

Die Vortragenden haben die 
Möglichkeit, ihre Präsentation 
vorab auf einen technisch rei-
bungslosen Ablauf zu kontrollie-
ren. Der Ort (Foyer EG – Service-
center) für unseren Mediencheck 
ist ausgeschildert. 

Selected Presentations und 
Preisverleihungen

Im Rahmen der Eröffnungs-
veranstaltung am Mittwoch, 
19.3.2014, 13:00-14:00 Uhr, wer-
den vier ausgewählte Beiträge 
als “Selected Presentations” vor-
gestellt, einer der Vorträge wird 
mit dem „Vortragspreis der GFH 
2014“ ausgezeichnet. Die Preis-
verleihung findet am Freitag, den 
21.3.2014, ab 15:15 Uhr statt. 

Posterausstellung

Posterformat: max. 90 cm breit x 
120 cm hoch; die Poster werden 
über die gesamte Dauer der Ta-
gung ausgestellt. Das Anbringen 
der Poster an die gekennzeichne-
ten Stellwände ist ab Mittwoch, 
den 19.3.2014 um 13.00 Uhr 
möglich. Befestigungsmaterial 
wird gestellt. Der Abbau der Poster 
soll am Freitag, den 21.3.2014 nicht 
vor 13.00 aber spätestens bis 15:30 
Uhr erfolgt sein. Nicht abgeholte 
Poster werden nach Veranstal-
tungsschluss entsorgt.

Poster Sessions

Die Posterausstellung findet in 
der Eingangshalle (Foyer EG und 
Foyer OG) und im Saal Brüssel 
(OG) des CCE West statt. Auto-
ren werden gebeten, während der 
Postersessions bei ihren Postern 
anwesend zu sein.

Poster Session I 
(ungerade Zahlen): Donnerstag, 
20.3.2014: 14:15-15:45 Uhr 

Hinweise zum wissenschaftlichen Programm 

Poster Session II 
(gerade Zahlen): Freitag, 
21.3.2014: 10:00-11:30 Uhr

Posterpreise

Die besten vier ausgestellten Pos-
ter werden mit dem „Posterpreis 
der GFH 2014“ prämiert. Die Ver-
leihung dieser Posterpreise er-
folgt am Freitag, den 21.3.2014, 
ab 15:15 Uhr. 

Eröffnungsveranstaltung 

Am Mittwoch, dem 19.3.2014, 
beginnt um 16:30 Uhr im Saal 
Europa des CCE West die Eröff-
nungsveranstaltung. Im festli-
chen Rahmen wird die Deutsche 
Gesellschaft für Humangenetik 
(GfH) ihre Ehrenmedaille an Prof. 
Dr. med. Peter Propping und ihre 
Ehrenmitgliedschaft an Prof. Dr. 
med. Eberhard Schwinger, Prof. Dr. 
med. Gerhard Wolff und Prof. Dr. 
med. Jörg Schmidtke verleihen. 
Die GfH feiert darüber hinaus 
ihre 25. Jahrestagung. Der Fest-
vortrag wird von Prof. Dr. med. 
André Reis gehalten. Musikalisch 
umrahmt wird das Programm 
vom ensemble folkwang modern.

In der nachfolgenden Sitzung 
dürfen wir Sie zur spannenden 
Keynote Lecture von Prof. Dr. 
Drs. h.c. Onur Güntürkün ein-
laden.

Keynote Lecture

Am Mittwochabend, dem 
19.3.2014 wird im Saal Europa 
des CCE West von 18:30 – 19:15 
Uhr, Prof. Dr. Drs. h.c. Onur 
Güntürkün, Institut für Kogni-
tive Neurowissenschaft, Biopsy-
chologie, Fakultät für Psycholo-
gie, Ruhr-Universität Bochum, 
eine Keynote Lecture halten zum 
Thema „Wie das Denken im Gehirn 
entsteht“.
Anschließend treffen wir uns 
zum Stehempfang im Foyer OG 
des CCE West.

8 Zeche Zollverein 
© Foto: Peter Wieler, Essen Marketing GmbH

8 Aalto Musiktheater  
© Foto: Peter Wieler, 
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QW- und EDU-Sessions

Qualitätssicherung in der 
Humangenetik (QW 1-4)

QW 1 Tumorgenetik 
Moderation: Claudia Haferlach, 
Harald Rieder 
Donnerstag, 20.3.2014 
10:30 – 12:00 Saal Mailand

QW 2 Molekulargenetik
Moderation: Clemens Müller-
Reible 
Donnerstag, 20.3.2014 
10:30 – 12:00 Saal New York

QW 3 Zytogenetik
Moderation: Jürgen Kunz 
Freitag, 21.3.2014 
08:30 – 10:00 Saal Mailand 

QW 4 Genetische Beratung
Moderation: Wolfram Henn, 
Dieter Schäfer 
Freitag, 21.3.2014 
11:45-13:15 Saal Berlin 

Fort- und Weiterbildung  
(EDU 1-4)

EDU 1 Panel- und Exomdiagnostik
Moderation: Peter Bauer,  
Tim Strom 
Mittwoch, 19.3.2014 
14:30-16:00 Saal Europa

EDU 2 Mikrozephalie 
Moderation: Bernd Wollnik, 
Ute Hehr  
Donnerstag, 20.3.2014 
08:30-10:00 Saal Europa

EDU 3 DNA-Methylierung: Vom 
Nachweis bis zur klinischen 
Relevanz 
Moderation: Reiner Siebert, 
Bernhard Horsthemke 
Donnerstag, 20.3.2014 
16:00-17:30 Saal Europa

EDU 4 Der ungelöste Fall 
Moderation: Dagmar 
 Wieczorek, Anita Rauch 
Freitag, 21.3.2014 
13:30-15:00 Saal Europa

Abstracts zu Fort- und 
 Weiterbildungssessions

EDU 1 
Panel- und Exomdiagnostik
Peter Bauer (Tübingen) und  
Tim M Strom (Neuherberg, 
München)

Die Einführung von Next-Ge-
neration Sequenziertechnologi-
en in die klinische Diagnostik 
erfordert neue Strukturen für 
die Datenproduktion und Da-
tenauswertung. Dabei geht es 
einerseits darum, das dieser 
Technik inhärente Potential zur 
Automatisation zu nutzen. An-
dererseits müssen Elemente der 
Qualitätssicherung für diese 
Technologie definiert werden, 
damit nicht nur eine leistungsfä-
hige, sondern auch eine sichere 
Diagnostik angeboten werden 
kann. Im Prinzip erfordert die 
Datenauswertung lediglich ei-
nen Vergleich einer vollständigen 
Liste der sequenzierten Varian-
ten mit einer umfassenden Liste 
von krankheitsverursachenden 
Varianten. In der Praxis stellen 
weniger die technischen Limi-
tationen der Sequenziertechnik 
als die fehlende Annotation der 
meisten seltenen Varianten ein 
Problem dar, das in Zukunft nur 
durch eine umfassende Samm-
lung der Allelefrequenzen von 
bevölkerungsweiten Sequenzier-
projekten und durch hochwerti-
ge Mutationsdatenbanken gelöst 
werden kann.

Für die Diagnostik werden 
derzeit vor allem die Multi-Gen 
Panel Sequenzierung (MGPS) 
und die klinische Whole Exome 
Sequenzierung (WES) verwen-
det. Während die technische 
Datenproduktion in entspre-
chend ausgestatteten Diagnos-
tiklaboren zentralisiert werden 
kann, verlangt die diagnostische 
Auswertung eine enge Kommu-
nikation zwischen Labor und 
den Einsendern, oft vermittelt 
über spezialisierte klinische Ge-
netiker. Dabei zeichnet sich jetzt 
schon ab, dass diese Kommuni-
kation, die Vernetzung von Diag-
nostiklaboren insgesamt und der 
Datenaustausch zwischen diesen, 

einem fundamentalen Wandel 
unterworfen werden. Darüber 
hinaus erfordert die Anwendung 
im klinischen Umfeld spezifische 
Vorbereitungen im Umgang mit 
der Mitteilung von sekundären 
Befunden, den Vorgaben des 
Gendiagnostik-Gesetzes, der 
Datenspeicherung, des Daten-
schutzes und den Normen in 
akkreditierten Laboren. 

In dieser EDU-Session wer-
den wir an Beispielen aus der 
MGPS und WES diese Aspekte 
vorstellen und diskutieren. Ins-
besondere sollen neue Elemente 
für die Indikationsstellung, Qua-
litätssicherung und Datenverar-
beitung bei der diagnostischen 
Anwendung von NGS vorgestellt 
werden, die das außerordentliche 
technologische Potential für Pa-
tient und Arzt zu einer sicheren 
Diagnostikanwendung machen 
können.

EDU 2  
Mikrozephalie 
Moderation:  
Bernd Wollnik (Köln) und  
Ute Hehr (Regensburg)

Mikrozephalie ist ein häufig vor-
kommendes klinisches Zeichen 
unterschiedlichster Entwick-
lungsstörungen des Gehirns. 
Die weltweite Prävalenz wird 
mit etwa 2 % angegeben. Ei-
ne Mikrozephalie ist durch ein 
verringertes Volumen des Ge-
hirns gekennzeichnet und häufig 
mit geistiger Behinderung und 
dem Auftreten einer Epilepsie 
assoziiert. Die Identifizierung 
und funktionelle Charakteri-
sierung ursächlicher Gene für 
die primären, isolierten Formen 
(MCPH) als auch für syndroma-
le Mikrozephalien (z. B. Seckel-
Syndrom und MOPDII) haben 
uns faszinierende Einblicke in 
die molekulare Pathogenese 
von Mikrozephalien verschafft. 
Es konnte gezeigt werden, dass 
Veränderungen fundamentaler 
zellulärer Mechanismen zu neu-
ronalen Differenzierungsstörun-
gen und Mikrozephalie führen. 
Bekannte Gene und zugrunde 
liegende  Mechanismen werden 
vorgestellt. 

Im klinischen Alltag ist die 
genetische Abklärung isolierter 
und auch syndromaler Mikroze-
phalien eine große, nicht selten 
frustrane Herausforderung. Für 
den Großteil der derzeit publi-
zierten, mit einer primären Mi-
krozephalie assoziierten Gene 
wurden ursächliche Mutationen 
überwiegend in arabischen Po-
pulationen in häufig konsan-
guinen Familien beschrieben. 
Systematische, Genotyp-basierte 
Daten zur Mutationshäufigkeit, 
dem genspezifischen klinischen 
Spektrum und der Häufigkeit 
assoziierter extrazerebraler und 
Hirnfehlbildungen u. a. auch 
in mitteleuropäischen Popula-
tionen liegen bisher nicht vor. 
Jedoch erscheint auch für spo-
radische  Patienten mit primärer 
Mikrozephalie und ansonsten 
altersgerechter Entwicklung 
eine molekulargenetische Un-
tersuchung zumindest von AS-
PM und WDR62 gerechtfertigt. 
Umgekehrt finden sich Mikro-
zephalien nicht selten auch bei 
Patienten mit angeborenen Hirn-
fehlbildungen und erfordern er-
weiterte individuelle differen-
tialdiagnostische Erwägungen. 
Als Faustregel kann dabei gelten, 
dass Patienten mit angeborenen 
strukturellen Hirnfehlbildun-
gen mit wenigen Ausnahmen  
tendenziell eher erst postnatal 
eine Mikrozephalie entwickeln 
und eine altersgerechte psycho-
motorische Entwicklung eher 
die Ausnahme ist.  Obwohl zu-
künftig die Anwendung von 
Hochdurchsatz-Sequenzierver-
fahren hilfreich für eine mole-
kulare  Diagnosestellung sein 
wird, kann sie auch in Zukunft 
den klinischen Sachverstand bei 
der differentialdiagnostischen 
Abklärung der Mikrozephalie 
nicht ersetzen. Unverändert ist 
die klinische  Expertise zwin-
gende Voraussetzung sowohl für 
die Erarbeitung zielführender 
diagnostischer Strategien unter 
Berücksichtigung der Familien-
anamnese und des individuellen 
klinischen Bildes inkl. assozi-
ierter (Hirn)fehlbildungen als 
insbesondere auch für die Inter-
pretation genetischer Varianten.  
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EDU 3  
DNA-Methylierung: Vom Nachweis 
bis zur klinischen Relevanz
Moderation:  
Bernhard Horsthemke (Essen) 
und Reiner Siebert (Kiel)

Die Identifizierung und der 
Nachweis epigenetischer Verän-
derungen gewinnen zunehmend 
an Bedeutung nicht nur in der 
humangenetischen Forschung 
sondern auch in der klinischen 
Diagnostik. Unter den epigene-
tischen Modifikationen ist die 
DNA-Methylierung die bislang 
am besten untersuchte. Da sie 
zudem vergleichsweise stabil ist, 
eignet sie sich auch gut für den 
diagnostischen Einsatz. Dieser 
Workshop hat deshalb zum Ziel, 
über den aktuellen Stand der 
Bedeutung von Veränderungen 
der DNA-Methylierung im kli-
nischen Kontext zu informieren 
und die verschiedenen Methoden 
für deren Nachweis vorzustellen.
Im ersten Teil wird T. Haaf 
(Würzburg) die Grundlagen der 
DNA-Methylierung vorstellen. 
Neben den verschiedenen For-
men der DNA-Methylierung 
(Methyl-Cytosin und Hydro-
xymethyl-Cytosin) wird auf die 
Mechanismen der Methylierung 
und Demethylierung eingegan-
gen. In die Relevanz der DNA-
Methylierung für Entwicklung, 
Zelldifferenzierung und Krank-
heitsentstehung wird eingeführt.
K. Buiting und J. Beygo (Essen) 
werden über konstitutionelle 
Veränderungen der DNA-Me-
thylierung berichten. Insbeson-
dere wird dabei auf die Diagnos-
tik von Imprintingerkrankungen 
und auf die Untersuchung der 
X-Inaktivierung bei X-chromo-
somal-rezessiven Erkrankungen 
eingegangen. In die Methoden 
zum Nachweis Locus-spezifi-
scher DNA-Methylierung wird 
eingeführt. Die Prinzipien sowie 
die Vor- und Nachteile von z. B. 
Methylierungsspezifischer MLPA 
und „Targeted Next-Generation 
Bisulfite-Resequencing“ werden 
vorgestellt. Diagnostische Algo-
rithmen, wie sie u. a. im Rahmen 
des BMBF-geförderten Netzwer-
kes „Imprinting-Erkrankungen“ 

erarbeitet werden, sollen erörtert 
werden.
Im dritten Teil wird die Bedeu-
tung somatischer Veränderun-
gen der DNA-Methylierung 
diskutiert (R. Siebert, Kiel). Da-
bei wird auf die Bedeutung der 
DNA-Methylierung als Biomar-
ker z. B. bei der chronisch lym-
phatischen Leukämie (CLL) und 
bei Hirntumoren eingegangen. 
Array-basierte Methoden zum 
Nachweis von Veränderungen 
der DNA-Methylierung und 
ihr Einsatz zur Identifizierung 
von Biomarkern für häufige Er-
krankungen z. B. im Rahmen 
des Internationalen Humanen 
Epigenom-Consortiums (IHEC) 
werden vorgestellt.
C. Bock (Wien) gibt abschließend 
eine Übersicht über zukünftige 
Entwicklungen in der Analyse 
der DNA-Methylierung ein-
schließlich des „Whole Genome 
Bisulfite Sequencing“, wobei ins-
besondere die bioinformatischen 
Herausforderungen beleuchtet 
werden. Darüber hinaus werden 
internationale Vergleichsstudien 
zum Benchmarking der verschie-
denen Technologien zum Nach-
weis von DNA-Methylierung 
vorgestellt.

EDU 4  
Der ungelöste Fall 
Moderation:  
Dagmar Wieczorek (Essen) und 
Anita Rauch (Zürich) 

Diese EDU-Session soll dazu 
dienen, ungeklärte Fälle aus dem 
Auditorium zu besprechen, ein 
diagnostisches Procedere zu ent-
wickeln und optimalerweise auch 
Diagnosen zu finden. Schön wäre 
es aber auch, wenn neben unge-
lösten Fällen auch ungewöhnli-
che und/oder seltene gelöste Fälle 
aus dem Auditorium vorgestellt 
würden. Es können  auch Fälle 
vorgestellt werden, die durch 
„Next Generation Sequencing“ 
gelöst wurde entweder als ‚call 
for patients‘ oder zur Diskussion 
fraglich kausaler Befunde.

Optimalerweise sollten die (un-)
gelösten Fälle (max. 6 Folien) 
bis zum 15.03.2013 per e-mail 

an anita.rauch@medgen.uzh.ch 
und dagmar.wieczorek@uni-due.
de geschickt werden. Zumindest 
aber sollte ein Beitrag mit Anga-
be des Titels angemeldet werden, 
damit wir einen Überblick über 
die Anzahl der Präsentationen 

haben. Ein Vorschlag für eine 
Powerpoint-Präsentation für die 
gelösten und ungelösten Fälle 
ist unter http://www.gfhev.de/
de/kongress/wissenschaftl_pro-
gramm.htm abrufbar.

Satellite Meeting

TMF-Satellitenworkshop 
Mittwoch, 19.3.2014, 9.00-12:00 Uhr  
CCE, Saal New York
„Next Generation Sequencing“ 
(NGS) erlaubt die Untersuchung 
des kompletten Exoms oder Ge-
noms eines Patienten mit vertret-
barem zeitlichem und finanziellem 
Aufwand. Für die Diagnostik der 
molekularen Ursachen schwer-
wiegender genetisch bedingter 
Krankheiten bedeutet dies einen 
bahnbrechenden Fortschritt, der 
auch unter rechtlichen, ethischen 
und ökonomischen Aspekten viel-
fältige Auswirkung auf die Patien-
tenversorgung hat. Die Einführung 
des NGS in die Routinediagnostik 
steht momentan jedoch noch vor 
einigen Hürden. Insbesondere ist 
zu erwarten, dass mittels NGS bei 
einem Patienten eine ganze Reihe 
seltener Varianten entdeckt wird, 
die nach derzeitigem Wissens-
stand klinisch nicht eindeutig 
interpretierbar sind. Molekular-
patho physio logisch überzeugend 
scheinende Varianten können 
erst dann als aetiologisch vali-
diert angesehen werden, wenn 
mindestens ein phänotypisch wie 
genotypisch gleich gelagerter Fall 
nachgewiesen ist. Bei seltenen 
Erkrankungen, um die es hier in 

erster Linie geht, können diese 
Informationen auf dem Wege der 
traditionellen wissenschaftlichen 
Kom munikation nur schwer oder 
gar nicht zusammengeführt wer-
den. Auf dem Workshop soll als 
ein erster Schritt zur Lösung die-
ses Problems das Konzept einer 
Datenbank vorgestellt werden, 
die systematisch genotypische 
und phänotypische Information 
aus dem Versorgungskontext in 
Deutschland integrieren soll. An-
gesprochen werden sollen aber 
auch in diesem Zusammenhang 
entstehende ethische und rechtli-
che Probleme. Eine solche Daten-
bank könnte den klinisch tätigen 
Humangenetikern die notwendige 
Evidenzbasis für eine zuverlässige 
Bewertung ihrer patientenbezoge-
nen Sequenzierungsdaten bieten; 
sie wäre darüber hinaus eine wert-
volle wissenschaftliche Ressource.
Gebühren für die Teilnahme an 
diesem Workshop werden keine 
erhoben. Workshopsprache ist 
Deutsch. Die Platzzahl ist jedoch 
beschränkt, deshalb wird um An-
meldung gebeten: www.tmf-ev.de/
anmelden

TMF - Technologie- und 
Methodenplattform 
für die vernetzte medizinische 
Forschung e.V., Berlin

Datenbank gemischter Varianten 
für die klinische Anwendung und 
die medizinische Forschung
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Vorbemerkung

Der Teilnehmer nimmt zur 
Kenntnis, dass er dem Veranstal-
ter gegenüber keine Schadenser-
satzansprüche stellen kann, wenn 
die Durchführung des Kongresses 
durch unvorhergesehene politi-
sche oder wirtschaftliche Ereig-
nisse oder allgemein durch höhere 
Gewalt erschwert oder verhindert 
wird, oder wenn durch Absagen 
von Referenten usw. Programmän-
derungen erforderlich werden. Mit 
seiner Anmeldung erkennt der 
Teilnehmer diesen Vorbehalt an.

Bitte bringen Sie den Tagungs-
band zur Veranstaltung mit!

Tagungsbüro / 
 Öffnungszeiten

Das Tagungsbüro befindet sich 
zentral im Foyer EG des CCE. 
Alle Orte sind ausgeschildert 
Öffnungszeiten: 
Mittwoch 8:00 – 19:00 Uhr, 
Donnerstag 8:00 – 19:00 Uhr, 
Freitag 8:00 – 16:00 Uhr

Aufbau / Anlieferung /  
Lieferadresse / 
 Materialentsorgung

Aufbau ist nur möglich ab Diens-
tag, den 18.3. ab 14:00 Uhr und 
Mittwoch 19.3.2014 von 8:00 
bis 13:00 Uhr. Anlieferung von 
Material kann nur im Zeitraum 
vom 17.-18.3.2014 erfolgen. Bitte 
bringen Sie auf Ihren Paketen in 
Schriftgröße 24 folgende Kenn-
zeichnung an: „ GfH-Tagung – 
Name der Organisation/Verlags/
Firma – Handynummer und Na-
me für Ansprechpartner“

Die Lieferadresse lautet

MESSE ESSEN GmbH 
Congress Center West  
„GfH-Tagung“ 
Tor 1 
Lührmannstraße 
45131 Essen

Zertifizierung / 
 Teilnahmebescheinigung / 
 Punktezertifikate

Die Tagung wird von der Landes-
ärztekammer Nordrhein mit der 
Höchstzahl an Punkten zertifi-
ziert. Ihre Teilnehmerbescheini-
gungen und die Punktezertifikate 
erhalten Sie vor Ort in Essen am 
Ende der Tagung an der Regist-
rierung. 

Mittagsbuffet /  
Essen und Trinken 

Da es vor Ort keine Restaurants 
gibt – die nächste Einkaufsmög-
lichkeit ist zwei U-Bahnstationen 
entfernt – wird ein Mittagsbuffet 
angeboten. Mit der Online-An-
meldung konnten die Teilnehmer 
Vouchers im Wert von jeweils 
12,50 € erwerben, mit dem sie 
sich ihr Essen zusammenstellen 
können. Vorort werden keine 
Vouchers mehr ausgegeben! Für 
Tagungsteilnehmer, die sich erst 
vor Ort anmelden, gibt es jedoch 
die Möglichkeit, sich an den 
Kauftheken im Foyer OG ent-
geltlich mit Essen und Trinken 
zu versorgen. 

Infostand / Treffpunkt

Während der gesamten Tagung 
befindet sich in der Nähe des 
Tagungsbüros (siehe Abbildung 

Allgemeine Hinweise

Entsorgung

Am 21.3.2014 zwischen 15:30 
Uhr und 17:30 Uhr müssen sämt-
liche Stände geräumt, abgebaut 
und die Abfälle an entsprechen-
den Standorten abgegeben wer-
den. Am Stand zurückgelassenes 
Material wird von uns kosten-
pflichtig entsorgt.

Vorort-Anmeldung 
/  Zahlungsmodus / 
 Teilnahmegebühren

Online-Anmeldungen waren 
nur bis einschließlich 1.3.2014 
möglich. Ab 2.3.2014 sind An-
meldungen nur noch vor Ort 
möglich. Es gelten die Allge-
meinen Geschäftsbedingungen 
(unter  http://www.gfhev.de/de/
kongress/anmeldung.htm). Die 
Teilnahmegebühren sind in . Ta-
belle 1 gelistet. In den Tagungs-
gebühren sind enthalten: Zugang 
zu den wissenschaftlichen Veran-
staltungen am betreffenden Tag 
und zur Industrieausstellung, 
Teilnahme am Stehempfang. 

Zahlungsmodus vor Ort

Barzahlung oder mit Einzugser-
mächtigung; eine Bezahlung mit 
Kreditkarten ist nicht möglich.

Tabelle 1 Teilnahmegebühren

Tarife Frühbucher in Euro Spätbucher in Euro

bis 17.1.2014 ab 18.1.2014

GfH-, SGMG-, ÖGH-Mitglieder    200,–    270,–

Nicht-Mitglieder    260,–    330,– 

Studenten, technische Mitarbeiter (MTA, CTA, BTA)*     90,–    160,–

Tageskarte Mitglieder, Studenten/techn. Mitarbeiter**      150,–

Tageskarte Nichtmitglieder**      180,–

Geselliger Abend in der Zeche Zollverein ***
im red dot design-Museum

    40,–     40,–

* Ermäßigte Tarife können nur gewährt werden, wenn bei Anmeldung entsprechende Bescheinigungen vorgelegt 
werden können, die zur reduzierten Gebühr berechtigen. Von technischen Mitarbeitern benötigen wir eine Bestäti-
gung des Arbeitgebers.

** Tageskarten sind vor Ort erhältlich. Jeweils für Mittwoch, Donnerstag und Freitag.  
Halbtageskarten werden nicht angeboten.

*** Für die Teilnahme am Geselligen Abend können evt. noch Restkarten an der Registrierung erworben werden.

CCE Foyer EG) ein Infostand 
zum Hinterlassen von Nachrich-
ten (Stellenbörse, zur Ankündi-
gung weiterer Veranstaltungen 
etc.). Nach Absprache mit der 
Tagungsorganisation können auf 
bereitgestellten Tischen Infor-
mationen zu wissenschaftlichen 
Tagungen ausgelegt werden. Der 
Infostand in seiner zentralen La-
ge bietet sich auch gut als Treff-
punkt an. 

Internetzugang

Im CCE stehen im Servicebüro 
(Foyer EG) 3 Laptoplätze mit 
Drucker für den Internetzugang 
(LAN) für die Teilnehmer zur 
Verfügung. Allgemeines WLAN 
wird nicht angeboten.

Garderobe

Die Garderobe (incl. Kofferauf-
bewahrungsmöglichkeit) be-
findet sich im Eingangsbereich 
Foyer EG.

8 © Foto: Messe Essen – Foyer  
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dorf stehen für Sie Taxen und 
Mietwagen zur Verfügung.  
Innerhalb von 20 Minuten kom-
men Sie auf diesem Wege über 
die Autobahnen A44 und A52 
zum CCE. Vom Bahnhof Flug-
hafen Düsseldorf bringen Sie 
drei ICE-Linien (40/45, 10 und 
41) innerhalb von 22 Minuten 
zum Essener Hauptbahnhof. 
Alternativ können Sie auch die 
Regionalbahnen (RE1, 6 und 11) 
oder die S-Bahn (S1) wählen. 
Vom Essener Hauptbahnhof er-
reichen Sie das CCE mit der U11 
in 5 Minuten.
Flughafen Info-Tel.: +49.
(0)211.4210, www.flughafen-
duesseldorf.de 

Anreise mit dem Auto
Zum CCE kommen Sie mit 
dem PKW über die wichtigsten 
Rhein-Ruhr-Autobahnen A52, 
A40/A42 und A3.
Anreise über die A52:
Aus Richtung Bochum bzw. Düs-
seldorf kommend nehmen Sie 
bitte die Ausfahrt Nr. 27 (Essen-
Haarzopf) oder Nr. 28 (Essen-
Rüttenscheid). Folgen Sie der 
Norbertstraße für ca. 350 m und 
biegen dann links in die Lühr-
mannstraße ein. Nach ca. 100 m 
finden Sie rechts die Einfahrt in 
das Parkhaus P6. 
Anreise über die B224:
Aus Richtung Essen Innenstadt 
bzw. A40 kommend biegen Sie 
rechts in die Norbertstraße ein. 
Folgen Sie der Norbertstraße für 
ca. 660 m und biegen dann rechts 
rechts in die Lührmannstraße 
ein. Nach ca. 100 m finden Sie 
rechts die Einfahrt in das Park-
haus P6.
Während der Tagung ist das Par-
ken auf dem Parkplatz P6 mög-
lich.

Hotels / Unterkünfte

Das Congress Center Essen, 
Eingang West, hat eine sehr gu-
te Verkehrsanbindung zur Stadt 
und dem Stadtteil Rüttenscheid 
über die U-Bahnlinie U11. Die 
Stadt Essen bietet eine Vielzahl 
von Unterkunftsmöglichkeiten 
in unterschiedlichen Preiskate-
gorien. Melden Sie sich einfach 

Anreise / Parkplätze / Hotels

Anreise mit der Bahn
Im Hauptbahnhof Essen gibt es 
täglich über 120 ICE-, InterCi-
ty-, EuroCity- und InterRegio-
Verbindungen in alle Richtun-
gen. Vom Verkehrsknotenpunkt 
Essen Hauptbahnhof erreichen 
Sie das Congress Center Essen 
(CCE) in 5 Minuten. Die U-Bahn 
Linie 11 fährt direkt zu dem Ein-
gang der Messe West/Süd. 
Abfahrts- und Ankunftszeiten 
finden Sie unter www.fahr-
planauskunft.de oder www.bahn.
de – Abfahrtszeiten der U11:  
http://www.evag.de.

Anreise mit dem Flugzeug
Bei der Anreise per Flugzeug, 
fliegen Sie zum Flughafen Air-
port Düsseldorf.

Mit täglich rund 550 Starts 
und Landungen haben Sie 
hier Flugverbindungen zu 
über 170 Städten weltweit. Am 
Flughafen Airport Düssel-
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und unkompliziert über http://
www.gfhev.de/de/kongress/ho-
tels.htm oder über www.hrs.com 
an. Achten Sie bei Ihrer Buchung 
darauf, ob das Hotel eine „Essen.
WelcomeCard“ anbietet. Fragen 
Sie nach! Mit dieser Card können 
Sie kostenlos den Öffentlichen 
Nahverkehr und viele andere 
Sehenswürdigkeiten vergünstigt 
nutzen.

Hotelbuchungen und Verkauf 
ESSEN.WelcomeCard:
EMG Essen Marketing GmbH 
Touristikzentrale 
Am Hauptbahnhof 2,  
45127 Essen 
Tel.: 0201 / 88-72333 
Fax: 0201 / 88-72044 
touristikzentrale@essen.de

Öffnungszeiten:
Mo.-Fr. 9.00 bis 18.00 Uhr 
Sa. 10.00 bis 16.00 Uhr

Sitzungen der Fachgesell-
schaften und Verbände

Mittwoch, 19.3.2014

 7 9:00-12:00 Satelliten-
workshop „Datenbank 
genomischer Varianten für 
die klinische Anwendung 
und die medizinische 
Forschung“ der TMF 

 Saal New York

 7 12:00-18:00 TMF-Arbeits-
gruppensitzung

  (nur für Mitglieder) 
Pressecenter

Donnerstag, 20.3.2014

 7 12:30 – 14:00 VPAH-Mit-
gliederversammlung

  (nur für Mitglieder) 
Servicebüro, 1. Etage,  
Raum 1

 7 13.45 bis 14.45 Sitzung der 
GfH-Leitlinienkommission

  (geschlossene Sitzung) 
Servicebüro, 1. Etage,  
Raum 2

 7 13:45-14:45 GfH-Vor-
standssitzung

  (geschlossene Sitzung) 
Servicebüro, 1. Etage,  
Raum 3

 7 15:00-16:00 Sitzung der 
Naturwissenschaftler

 Saal Berlin

 7 17:45-19:45 Mitglieder-
versammlung GfH

 Saal Europa

Freitag, 21.3.2014

 7 10:00-11:30 Mitglieder-
versammlung BVDH

 Saal Europa

 7 11:45-12:45 // 12:45-13:45 
Sitzung der GfH-Kommis-
sion für Grundpositionen 
und ethische Fragen 
gemeinsam mit dem GfH-
Vorstand

  (geschlossene Sitzung) 
Servicebüro, 1. Etage, Raum 1 

Gesellschaftsabend

Genießen Sie mit uns den Gesel-
ligen Abend in der Zeche Zollver-
ein im red dot design museum, 
dem ehemaligen Kesselhaus des 
UNESCO-Welterbes Zollverein. 
Nach der Stilllegung 1986 kaufte 
das Land Nordrhein-Westfalen 
der Ruhrkohle AG das Gelände 
der Zeche Zollverein ab und stell-
te das gesamte Ensemble unter 
Denkmalschutz. Am 14. Dezem-
ber 2001 wurden Zeche und Ko-
kerei Zollverein in die Liste des 
Kultur- und Naturerbes der Welt 
aufgenommen.

Zeche Zollverein ist heute ein 
Zentrum für Kultur und Krea-
tivwirtschaft mit Schwerpunkt 
auf Design und Architektur in 
Essen. Hier befindet sich der 
Museumspfad Weg der Kohle, 
das Besucherzentrum der Route 
der Industriekultur und im ehe-
maligen von Norman Foster um-
gebauten Kesselhaus das Design 
Zentrum Nordrhein Westfalen.

Rund 2.000 Exponate auf 
4.000 Quadratmetern bilden 
im ehemaligen Kesselhaus, dem 
heutigen Red Dot Design Muse-
um, die gesamte Bandbreite ak-
tuellen Produktdesigns ab. Inno-
vative und formschön gestaltete 
Alltagsgegenstände aus aller Welt 
bringen den Besuchern nicht nur 
kulturelle Besonderheiten näher, 
sondern ermöglichen diesen, in 
der Hands-on-Ausstellung vor 
allem ausgezeichnetes Design 
aus nächster Nähe zu erleben: 
vom einfallsreichen USB-Stick 
über den multifunktionalen 
Herd bis hin zum frei schweben-

den Helikopter. Auf fünf Etagen 
präsentiert das Museum die ge-
samte Bandbreite der mit einem 
Red Dot Design ausgezeichneten 
Produkte. 
Hinfahrt: 19:30-20:00: 
Transfer mit Shuttle-Bussen 
vom CCE 
Rückfahrt: 23:15-00:30:  
Transfer mit Shuttle-Bussen 
vom Red Dot Design Museum 
Ausstiegsmöglichkeiten: Stadt-
mitte, Rüttenscheid, CCE.

Beginn 20:30  
Ende: 24.00
Eine Anmeldung ist erforderlich. 
Die Eintrittskarten kosten 40 Eu-
ro und sind mit der Anmeldung 
zur Tagung zu entrichten. Darin 
sind enthalten der Eintritt in das 
Museum, Essen und Getränke 
am Buffet, Musik und Tanz. 

Red Dot Design Museum
Gelsenkirchener Straße 181 
45309 Essen 
Tel.: +49 (0) 201–30 10 4–0 
museum@red-dot.de 

Öffentliche 
 Veranstaltungen

Am Mittwoch, den 19.3.2014 
findet im Saal Europa des CCE 
von 9:00-12:00 eine Veranstal-
tung für Oberstufenschüler zum 
Thema „Mensch und Genetik“ 
statt.  Teilnahmeberechtigt sind 
nur eingeladene Schulen mit ih-
ren Schüler/Innen und Lehrer/
Innen. Der Saal mit 1062 Plätzen 
ist restlos ausgebucht.

Touristikinformation

Die Stadt Essen vereint Tradition 
und Moderne, Natur und Kultur. 
2010 war Essen Kulturhauptstadt 
Europas. Berühmt sind der Dom, 
das Folkwang-Museum, das Aalto-
Theater und die Zeche Zollverein, 
ein UNESCO Weltkulturerbe.
Für alle Fragen zum touristischen 
Programm können Sie sich direkt 
auf unserer Tagung an die Touris-
tikzentrale Essen wenden, die im 
Eingangsbereich des CEE, Foyer 
EG, mit einem eigenen Stand ver-
treten ist.

Öffnungszeiten:
19.03.2014 12:00 Uhr – 18:00 Uhr
20.03.2014 10:00 Uhr – 18:00 Uhr
21.03.2014 10:00 Uhr – 16:00 Uhr

© Foto: Red Dot Design Museum

© Foto: Red Dot Design Museum
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Industrieausstellung

Parallel zu unserer wissenschaftlichen Tagung werden auch 2014 wie-
der eine Industrieausstellung und verschiedene Industrie-Workshops 
stattfinden (. Tabelle 3 und 4). Die Stände befinden sich im CCE Foyer 
OG (siehe . Standplan Industrieaussteller)

Technical Workshops

Donnerstag, 20.3.2014 / Thursday 20 March 2014

 7 12:10 – 13:10 Affymetrix  (Buckinghamshire/GB)
 Lecture hall New York

 7 12:10 – 13:25 Illumina (Saffron Walden/GB)
 Lecture hall Mailand

 7 13:20 – 14:20 Cartagenia NV (Leuven/BE)
 Lecture hall New York

 7 13:35 – 14:20 Agilent Technologies GmbH (Waldbronn/DE)
 Lecture hall Mailand

Freitag, 21.3.2014 / Friday 21 March 2014

 7 11:45 – 12:30 Multiplicom NV (Niel/BE)
 Lecture hall New York

 7 11:45 – 12:30 Life Technologies (Darmstadt/DE)
 Lecture hall Mailand

 7 12:40 – 13:25 Takara Clontech (Saint-Germain-en-Laye/FR)
 Lecture hall New York

 7 12:40 – 13:25 Oxford Gene Technology (Oxford/GB)
 Lecture hall Mailand

Ansprechpartner für die Industrieausstellung und 
 Sponsoring Management:

Conventus Congressmanagement & Marketing GmbH 
Felix Angermüller 
(Projektleiter) 
Carl-Pulfrich-Straße 1 
07745 Jena 
Tel +49 (0) 3641 3 11 60 
Fax +49 (0) 3641 3 11 62 40 
Felix.Angermueller@conventus.de 
www.conventus.de
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Hauptsponsoren

Gold Sponsoren

Agilent Technologies Waldbronn DE

Silber Sponsoren

Affymetrix Buckinghamshire GB

Cartagenia Leuven BE

Illumina Saffron Walden GB

Life & Brain GmbH Bonn DE

Life Technologies Darmstadt DE

Multiplicom NV Niel BE

Oxford Gene Technology Oxford GB

PerkinElmer Inc/  
PerkinElmer LAS GmbH

Rodgau DE

Bronze Sponsoren

JSI medical Systems GmbH Kippenheim DE

MetaSystems GmbH Altlussheim DE

Sophia Genetics SA Lausanne CH

Takara Clontech Saint-Germain-
en-Laye

FR

Sponsoren

Affymetrix Buckinghamshire GB

Fluidigm Europe B.V. Amsterdam NL

Lexogen GmbH Vienna AT

PerkinElmer Inc/ PerkinElmer LAS GmbH Rodgau DE

Sophia Genetics SA Lausanne CH

Sponsor Vortragsannahme

Agilent Technologies Waldbronn DE

Foyer EG CCE

Tabelle 2 Informationstände vom Selbsthilfegruppen

Stand-Nr. Name der Selbsthilfegruppe

1 47xxy klinefelter syndrom e.V.

15 Arbeitskreis Down-Syndrom e.V.

8 Basaliome-Gorlin Goltz e. V.

11 Bundesverband Herzkranke Kinder e.V. (BVHK)

2 Deutsche Gesellschaft für Muskelkranke e.V. (DGM)

16 Deutsche Heredo-Ataxie Gesellschaft Bundesverband e.V.

3 Deutsche Klinefelter-Syndrom Vereinigung e.V.

7 Ehlers-Danlos-Selbsthilfe e.V.

5 Herzkind e. V.

10 Interessengemeinschaft Fragiles-X e.V.

4 kids22q11 e.V.

9 KLIFS e.V. / Klippel-Feil-Syndrom Selbsthilfegruppe

13 Morbus Osler-Selbsthilfe e.V.

6 pxe-netzwerk e.V.

14 Tuberöse Sklerose Deutschland e.V. Bundesgeschäftsstelle

12 Turner-Syndrom Vereinigung Deutschland e.V.

Informationstände vom Selbsthilfegruppen

Wir freuen uns über die hohe Anzahl der Selbsthilfegruppen, die an 
unserer Tagung teilnehmen werden. 

Wir danken den Sponsoren für ihre Unterstützung
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Tabelle 4 Liste der Industrieaussteller (Stand: 14.02.2014)

Aussteller

Firma 
(alphabetisch)

Stadt Länder-
kürzel

Stand-
nummer

Advanced Analytical Technolo-
gies GmbH

Heidelberg DE 18

Affymetrix Buckinghamshire GB 16

Agilent Technologies Waldbronn DE 24

Applied Spectral Imaging GmbH Edingen-Neckar-
hausen

DE 37

Atlas Biolabs GmbH Berlin DE  3

Beckman Coulter GmbH Sinsheim DE 36

Cartagenia Leuven BE 38

Cytocell Technologies Ltd. Cambridge DE 11

CytoGen GmbH Sinn DE  9

DNA Genotek Kanata CA 40

Fluidigm Europe B.V. Amsterdam NL 23

GeneTalk Berlin DE  2

GEPADO – Softwarelösungen für 
Genetik – GmbH

Dresden DE 31

Illumina Saffron Walden GB 27

JSI medical Systems GmbH Kippenheim DE  7

Leica Biosystems Wetzlar DE 26

Lexogen GmbH Vienna AT 22

Life & Brain GmbH Bonn DE 34

Life Technologies Darmstadt DE  6

LifeCodexx AG Konstanz DE 20

MagnaMedics Diagnostics B.V. Geleen NL 41

MetaSystems GmbH Altlussheim DE  8

MRC-Holland Amsterdam NL  4

Multiplicom NV Niel BE 14

New England Biolabs GmbH Frankfurt DE 21

Nimagen BV Nymegen NL 13

NIPPON GENETICS EUROPE 
GmbH

Düren DE 25

NuGEN Technologies San Carlos CA/US 43

Orphanet Deutschland Hannover DE 28

Oxford Gene Technology Oxford GB 12

PerkinElmer Inc/ PerkinElmer LAS 
GmbH

Rodgau DE  1

Personalis, Inc. Kent GB 35

projodis medical Butzbach DE 19

Promega GmbH Mannheim DE 42

Sekisui Virotech GmbH Rüsselsheim DE  5

ServiceXS B.V. Leiden NL 39

Sophia Genetics SA Lausanne CH 17

Steinbrenner Laborsysteme 
GmbH/

Wiesenbach DE 40

Takara Clontech Saint-Germain-
en-Laye

FR 10

Transgenomic Ltd. Glasgow GB 37

Trinova Biochem GmbH Gießen DE 32

XworX Wien AT 33

Zymo Research Europe GmbH Freiburg DE 15

Tabelle 3 Liste der Industrieaussteller (Stand: 14.02.2014)

Aussteller

Firma 
(sortiert nach Standnummer)

Stadt Länder-
kürzel

Stand-
nummer

PerkinElmer Inc/ PerkinElmer LAS 
GmbH

Rodgau DE  1

GeneTalk Berlin DE  2

Atlas Biolabs GmbH Berlin DE  3

MRC-Holland Amsterdam NL  4

Sekisui Virotech GmbH Rüsselsheim DE  5

Life Technologies Darmstadt DE  6

JSI medical Systems GmbH Kippenheim DE  7

MetaSystems GmbH Altlussheim DE  8

CytoGen GmbH Sinn DE  9

Takara Clontech Saint-Germain-
en-Laye

FR 10

Cytocell Technologies Ltd. Cambridge DE 11

Oxford Gene Technology Oxford GB 12

Nimagen BV Nymegen NL 13

Multiplicom NV Niel BE 14

Zymo Research Europe GmbH Freiburg DE 15

Affymetrix Buckinghamshire GB 16

Sophia Genetics SA Lausanne CH 17

Advanced Analytical Technolo-
gies GmbH

Heidelberg DE 18

projodis medical Butzbach DE 19

LifeCodexx AG Konstanz DE 20

New England Biolabs GmbH Frankfurt DE 21

Lexogen GmbH Vienna AT 22

Fluidigm Europe B.V. Amsterdam NL 23

Agilent Technologies Waldbronn DE 24

NIPPON GENETICS EUROPE 
GmbH

Düren DE 25

Leica Biosystems Wetzlar DE 26

Illumina Saffron Walden GB 27

Orphanet Deutschland Hannover DE 28

   29

   30

GEPADO – Softwarelösungen für 
Genetik – GmbH

Dresden DE 31

Trinova Biochem GmbH Gießen DE 32

XworX Wien AT 33

Life & Brain GmbH Bonn DE 34

Personalis, Inc. Kent GB 35

Beckman Coulter GmbH Sinsheim DE 36

Applied Spectral Imaging GmbH Edingen-Neckar-
hausen

DE 37

Transgenomic Ltd. Glasgow GB 37

Cartagenia Leuven BE 38

ServiceXS B.V. Leiden NL 39

Steinbrenner Laborsysteme 
GmbH

Wiesenbach DE 40

DNA Genotek Kanata CA 40

MagnaMedics Diagnostics B.V. Geleen NL 41

Promega GmbH Mannheim DE 42

NuGEN Technologies San Carlos CA/US 43
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Foyer OG CCE – Posterausstellung,  
Saal Berlin, Europa, Brüssel, New York  
und Mailand

Standplan Industrie aussteller

Lecture hall
Berlin

Plenary hall
Europa

bioMérieux
6m x 10m
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Zeitplan/Timetable

Mittwoch/Wednesday March 19th 2014

09:00–12:00 Oberstufen schüler veranstaltung 
(nur für Schüler und Lehrer!)
Saal Europa

TMF-Satellite  Workshop
Datenbank genomischer Varianten für die klinische Anwendung und 
die medizinische Forschung
Saal New York

Industrial Exhibition
Foyer OG

13:00–14:00 Selected  Presentations
Saal Europa

Industrial Exhibition
Foyer OG

14:30–16:00 Symposium 1
The SWI/SNF complex in human 
disorders
Saal Berlin

Symposium 2
Evolution: The variable human 
genome
Saal New York

EDU 1
Panel- und Exomdiagnostik
Saal Europa

16:00–16:30 Coffee Break
Foyer OG

16:30–18.00 Eröffnung
Saal Europa
Begrüßung durch den Tagungspräsidenten 
Ensemble folkwang modern mit einer  Komposition von E. Varèse  
Verleihung der GfH-Ehrenmitgliedschaft an J. Schmidtke, E. Schwinger und G. Wolff 
Verleihung der GfH-Ehrenmedaille an P. Propping 
Wissenschaftlicher Vortrag von P. Propping 
Ensemble folkwang modern mit einer  Komposition von E. Wittersheim 
Vortrag „25 Jahre Humangenetik und ihre Perspektive“ von A. Reis

18:30–19:15 Keynote Lecture: 
Prof. Dr. Onur Güntürkün: „Wie das Denken im Gehirn entsteht“
Saal Europa

19:15–20:15 Stehempfang
Foyer OG
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Donnerstag/Thursday March 20th 2014

08:30–10:00 Workshop 1
Monogenic   Diseases I
Saal Berlin

Workshop 2
Cancer Genetics
Saal New York

Workshop 3
Complex Diseases
Saal Mailand

EDU 2
Mikrozephalie
Saal Europa

10:00–10:30 Coffee Break/Industrial Exhibition
Foyer OG/Saal Europa

10:30–12:00 Symposium 3
Telomeres and TERT diseases
Saal Europa

Symposium 4
News from the RNA world 
Saal Berlin

QW 1
Tumorgenetik
Saal Mailand

QW 2
Molekulargenetik
Saal New York

12:15–13:45 Lunchtime/ 
Industrial Exhibition
Foyer OG/ 
Saal Europa

Talk nach 12
Precision Medicine: 
The Revolution in Health
Saal Berlin

Lunchsymposium
Industrial Workshops
Saal Mailand

Lunch symposium
Industrial  Workshops
Saal New York

14:15–15:45 Poster Session I  (ungerade Zahlen)
Discussion/Coffee
Foyer EG/OG, Saal Brüssel

15:00–16:00 Uhr
Sitzung der  Naturwissenschaftler
Saal Berlin

16:00–17:30 Workshop 4
Clinical Genetics
Saal Berlin

Workshop 5
Intellectual Disability
Saal New York

Workshop 6
Technology and Bio informatics
Saal Mailand

EDU 3
DNA-Methylierung: Vom Nach-
weis bis zur klinischen Relevanz
Saal Europa

17:30–17:45 Break/Einlass MV

17:45–19:45 Mitgliederversammlung GfH
Saal Europa

ab 19:45 Transfer mit Bussen zur Zeche Zollverein

20:00–00:30 Gesellschaftsabend
RED DOT Design Museum, Zeche Zollverein Essen
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Freitag/Friday March 21st 2014 

08:30–10:00 Symposium 5
Mutation Signatures and Intra-
tumoral Heterogeneity in Cancer
Saal Berlin

Symposium 6
Twin studies 
Saal Europa

QW 3
Zytogenetik
Saal Mailand

Industrial Exhibition

10:00–11:30 Poster Session II (gerade Zahlen)
Discussion/Coffee
Foyer EG/OG, Saal Brüssel

10:00–10:45 Uhr
Geld für Gene: Fördermöglichkei-
ten / Tipps für die Antragstellung 
bei der DFG
Saal Mailand

10:00–11:30 Uhr
BVDH Mitgliederversammlung
Saal Europa

11:45–13:15 Lunchtime/ 
Industrial Exhibition
Foyer OG/ 
Saal Europa

QW 4
Genetische Beratung
Saal Berlin

Lunchsymposium
Industrial Workshops
Saal Mailand

Lunch symposium
Industrial  Workshops
Saal New York

13:30–15:00 Workshop 7
Monogenic   Diseases II
Saal Berlin

Workshop 8
Epigenetics
Saal New York

Workshop 9
Disease Mechanisms and 
 Treatment
Saal Mailand

EDU 4
Der ungelöste Fall 
Saal Europa

15:15–15:30 Preisverleihung, Closing remarks
Saal Europa
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Mittwoch/Wednesday March 19th 2014
09:00–12:00 Oberstufenschülerveranstaltung

Mensch und Genetik
 7 Saal Europa

09:00 Begrüßung durch den Präsidenten der 25. GfH-Jahrestagung  
Prof. Dr. Bernhard Horsthemke 

09:15–09:45 Menschen sind verschieden: warum?
Prof. Dr. Dietmar Lohmann

09:50–10:20 Wie entsteht Krebs?
Dr. Nils Rahner

10:30–10:45 Pause 

10:45–11:15 Bestimmen Gene unser Leben?
Prof. Dr. Dagmar Wieczorek

11:20–11:50 Können wir unsere Gene beeinflussen?
Prof. Dr. Bernhard Horsthemke

09:00–12:00 TMF-Satellitenworkshop  
Datenbank genomischer Varianten für die klinische Anwendung und die medizinische Forschung
 7 Saal New York

ab 11:00 Registration 

13:00–14:00 SEL Selected Presentations
Chairs: Bernhard Horsthemke (Essen), Markus Nöthen (Bonn), Klaus Zerres (Aachen)
 7 Saal Europa

13:00–13:15 SEL-01 Identification of a novel susceptibility locus for nonsyndromic cleft lip and palate at chromosome 15q13
Ludwig, K.U. (Institute of Human Genetics; University of Bonn, Bonn, Germany)

13:15–13:30 SEL-02 A de novo gain-of-function mutation in SCN11A causes loss of pain perception
Kurth, I. (Institute of Human Genetics; Jena University Hospital, Jena, Germany)

13:30–13:45 SEL-03 A Novel Method for ChIP-seq Reveals Mutation-Specific Pathomechanisms of HOXD13 and MSX2 Missense Mutations
Ibrahim, D.M. (Max-Planck Institute for Molecular Genetics, Berlin, Germany)

13:45 - 14:00 SEL-04 Mutational Profiling of Germinal-Center Derived B-Cell Lymphomas by Whole Genome Sequence Analysis
Schlesner, M. (Division Theoretical Bioinformatics; German Cancer Research Center, Heidelberg, Germany)

14:30–16:00 Symposium 1 
The SWI/SNF complex in human disorders
Chairs: Kerstin Kutsche (Hamburg), Dagmar Wieczorek (Essen)
 7 Saal Berlin

S1-01 Phenotypes of a mutated SWI/SNF complex
Raoul Hennekam (Department of Pediatrics, Academic Medical Center, Amsterdam, Netherlands and Institute of Neurology, 
University College London, London, UK)

S1-02 The Role of microRNAs in Controlling SWI/SNF (BAF) Complexes During Neural Development and  
Cell Fate-Reprogramming
Andrew S. Yoo (Washington University School of Medicine, St. Louis, MO, USA)

S1-03 SWI/SNF Chromatin Remodellers and Cancer
Charles WM Roberts (Dana-Farber Cancer Institute, Boston Children’s Hospital, Harvard University Medical School, USA)

14:30–16:00 Symposium 2 
Evolution: The variable human genome
Chairs: Bernhard Horsthemke (Essen), Markus Nöthen (Bonn)
 7 Saal New York

S2-01 Adventures in Recent Human Evolution Told by Massively Large Catalogs of Human Genetic Variation
Joshua Akey (Department of Genome Sciences, University of Washington, Seattle, WA, USA)

S2-02 Comparative genomics of parallel evolution in repeated adaptive radiations
Axel Meyer (Universität Konstanz, Fakultät Biologie, Konstanz, Germany)

S2-03 Genetic and nongenetic inheritance
Etienne Danchin (Evolution & Diversité Biologique (EDB), UMR 5174, CNRS, UPS, ENFA, Toulouse, France)

14:30–16:00 EDU 1 Panel- und Exomdiagnostik
Moderation: Peter Bauer (Tübingen) , Tim Strom (München)
 7 Saal Europa

16:00–16:30 Coffee Break 

Wissenschaftliches Programm/Scientific Programme
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16:30–18:00 Eröffnung / Opening Ceremony  
 7 Saal Europa 

Begrüßung durch den Tagungspräsidenten 
Ensemble folkwang modern mit einer Komposition von E. Varèse  
Verleihung der GfH-Ehrenmitgliedschaft an J. Schmidtke, E. Schwinger und G. Wolff 
Verleihung der GfH-Ehrenmedaille an P. Propping 
Wissenschaftlicher Vortrag von P. Propping 
Ensemble folkwang modern mit einer Komposition von E. Wittersheim 
Vortrag „25 Jahre Humangenetik und ihre Perspektive“ von A. Reis

18:30–19:15 Keynote lecture “Wie das Denken im Gehirn entsteht“
Prof. Dr. Onur Güntürkün, Institut für Kognitive Neurowissenschaft, Biopsychologie, Fakultät für Psychologie, Ruhr-Universität Bochum
 7 Saal Europa 

19:15–20:15 Stehempfang und Eröffnung der Industrieausstellung
 7 Foyer OG

Donnerstag/Thursday, March 20th, 2014
08:30–10:00 W1 Monogenic Diseases I 

Chairs: Miriam Elbracht (Aachen), Christian Thiel (Erlangen)
 7 Saal Berlin

08:30–08:45 W1-01 Compound inheritance of a low-frequency promoter deletion and a null mutation in a new gene causes Burn-McKe-
own syndrome (BMKS)
Wieczorek, D. (Institut für Humangenetik; Universitätsklinikum Essen; Universität Duisburg-Essen, Essen, Germany)

08:45–09:00 W1-02 Homozygous mutation in the mRNA decapping enhancer EDC3 involved in the nonsense-mediated decay pathway 
causes autosomal-recessive intellectual disability
Scheller, U. (Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany)

09:00–09:15 W1-03 A homozygous mutation in the complex IV assembly factor COX20 (FAM36A) as a novel cause of a dystonia-ataxia 
syndrome
Lohmann, K. (Institute of Neurogenetics, University of Luebeck, Germany)

09:15–09:30 W1-04 Mutations in POGLUT1, encoding protein O-glucosyltransferase 1, cause autosomal dominant Dowling-Degos disease
Basmanav, F.B. (Institute of Human Genetics; University of Bonn, Bonn, Germany)

09:30–09:45 W1-05 Null mutation in PGAP1 impairs GPI-anchor maturation and causes intellectual disability
Tawamie, H. (Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany)

09:45–10:00 W1-06 Mutations in PGAP3 impair GPI-anchor maturation causing a subtype of hyperphosphatasia with mental retardation
Krawitz, PM. (Institute of Medical Genetics, Charité, Berlin, Germany)

08:30–10:00 W2 Cancer Genetics 
Chairs: Jochen Geigl (Graz), Michael Zeschnigk (Essen)
 7 Saal New York

08:30–08:45 W2-01 Systematic screening of eight polymerase genes identified germline POLE mutations as relevant cause of unexplained 
familial colorectal adenomas and carcinomas
Spier, I. (Institute of Human Genetics, University of Bonn, Germany)

08:45–09:00 W2-02 Combined High-resolution Analysis of Genome and Transcriptome of a Single Cell
Kirsch, S. (Project Group Personalized Tumor Therapy; Fraunhofer Institute of Toxicology and Experimental Medicine ITEM, 
Regensburg, Germany)

09:00–09:15 W2-03 Divergence between high metastatic tumor burden and  low circulating tumor DNA concentration in metastasized 
breast cancer
Heitzer, E. (Institute of Human Genetics, Medical University of Graz, Austria)

09:15–09:30 W2-04 Qualification of Lung Cancer DNA methylation markers for liquid biopsy testing
Weinhäusel, A. (Molecular Diagnostics; AIT, Vienna, Austria)

09:30–09:45 W2-05 Association of the type of 5q loss with complex karyotype, TP53 mutation status and prognosis in AML and MDS
Volkert, S. (MLL Munich Leukemia Laboratory, Munich, Germany)

09:45–10:00 W2-06 Submicroscopic Copy Number Changes were identified by Array CGH in 10% of 520 MDS Patients with Normal 
 Karyotype: Deletions Encompass the Genes TET2, DNMT3A, ETV6, NF1, RUNX1, and STAG2 and Are Associated with 
Shorter Survival
Haferlach, C. (MLL Münchner Leukämielabor, München, Germany)
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08:30–10:00 W3 Complex Diseases 
Chairs: Johannes Schumacher (Bonn), Bodo Beck (Köln)
 7 Saal Mailand

08:30–08:45 W3-01 Mutations causing complex disease may under certain circumstances be protective in an epidemiological sense
Krawczak, M. (Institute of Medical Informatics and Statistics; Christian-Albrechts University, Kiel, Germany)

08:45–09:00 W3-02 Systematic association analysis of human microRNAs with schizophrenia
Hofmann, A. (Institute of Human Genetics, Bonn, Germany)

09:00–09:15 W3-03 Follow up of loci identified by the International Genomics of Alzheimer’s Disease Project confirms TRIP4 as a novel risk 
locus for AD.
Heilmann, S. (Department of Genomics Life & Brain Centre University of Bonn, Bonn, Germany)

09:15–09:30 W3-04 Functional Characterization of Long-QT Syndrome (LQT) and Sudden Infant Death (SIDS) Associated OLFML2B Muta-
tions
Plötz, T. (TU München und Helmholtz Zentrum München, München, Germany)

09:30–09:45 W3-05 High-density genotyping in alopecia areata identifies TNFSF4 and HLA-C as two new susceptibility loci with genome-
wide significance
Redler, S. (Institute of Human Genetics, Bonn, Germany)

09:45–10:00 W3-06 Increased methylation and expression of the IL17REL gene in patients with ulcerative colitis
Bülow, L. (Institute of Human Genetics, University Medical Center of the Johannes Gutenberg University Mainz, Germany)

08:30–10:00 EDU 2 Mikrozephalie 
Moderation: Bernd Wollnik (Köln), Ute Hehr (Regensburg) 
 7 Saal Europa

10:00–10:30 Coffee break / Industrial Exhibition

10:30–12:00 Symposium 3
Telomeres and TERT diseases
Chairs: Michael Speicher (Graz), Michael Bonin (Tübingen)
 7 Saal Europa

S3-01 Germline and somatic TERT promoter mutations in melanoma and other cancers 
Rayiv Kumar (Division of Molecular Genetic Epidemiology, German Cancer Research Center, Heidelberg, Germany)

S3-02 Telomeres and coronary artery disease
Nilesh Samani (Department of Cardiovascular Sciences, University of Leicester, Leicester, UK)

S3-03 Prenatal stress, telomere biology, and fetal programming of health and disease risk
Sonja Entringer (Institut für Medizinische Psychologie, Charité Universitätsmedizin Berlin, Germany; Development, Health 
and Disease Research Program, Department of Pediatrics, University of California, Irvine, School of Medicine, USA)

10:30–12:00 Symposium 4
News from the RNA world 
Chairs: Evelin Schröck (Dresden), Wolfgang Berger (Zürich)
 7 Saal Berlin

S4-01 News from the RNA world or Deciphering the function of RNA modifications or The Epitranscriptome
Michaela Frye ( Wellcome Trust - Medical Research Council Cambridge Stem Cell Institute, Cambridge, UK)

S4-02 Long noncoding RNA and enhancers
Ulf Andersson Ørom (Max Planck Institut für molekulare Genetik, Berlin, Germany)

S4-03 Circular RNA
Jørgen Kjems (Interdisciplinary Nanoscience Center (iNANO) and Department of  Molecular Biology and Genetics, Aarhus 
University, Aarhus, Denmark)

10:30–12:00 QW 1 Tumorgenetik
Moderation: Claudia Haferlach (München), Harald Rieder (Düsseldorf)
 7 Saal Mailand

10:30–12:00 QW 2 Molekulargenetik
Moderation: Clemens Müller-Reible (Würzburg)
 7 Saal New York

12:15–13:45 Lunchtime / Industrial Exhibition

12:15–13:45 Lunchsymposia
 7 Saal New York
 7 Saal Mailand

12:15–13:45 Talk nach 12
Precision Medicine: The Revolution in Health
Moderation: Jan Schildmann, Bochum (Institut für medizinische Ethik), Matthias Schwab, Stuttgart (Margarete Bosch Institut),  
Olaf Riess, Tübingen
 7 Saal Berlin 

14:15–15:45 Postersession I (ungerade Zahlen / uneven numbers) 
 7 Foyer EG  / OG
 7 Saal Brüssel 
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15:00–16:00 Sitzung der Naturwissenschaftler 
 7 Saal Berlin

16:00–17:30 W4 Clinical Genetics 
Chairs: Alma Küchler (Essen), Maja Hempel (Hamburg)
 7 Saal Berlin

16:00–16:15 W4-01 Whole exome sequencing identifies mutations in two cilia-related genes as a probable cause of the new syndromic 
form of intellectual disability (Tyshchenko syndrome, OMIM 615102).
Rump, A. (Institut für Klinische Genetik, Medizinische Fakultät Carl Gustav Carus, Technische Universität Dresden)

16:15 –16:30 W4-02 Investigating the molecular basis of Jeune Syndrome and other non-motile Ciliopathies (174 cases)
Schmidts, M. (Center for Adolescent and Pediatric Medicine- University Hospital Freiburg, Freiburg, Germany)

16:30–16:45 W4-03 Characterization of the total ciliopathy variant load dissolves the enigma of oligogenic inheritance in Bardet-Biedl 
syndrome
Bachmann, N. (Center for Human Genetics Bioscientia, Ingelheim, Germany)

16:45–17:00 W4-04 Defining new genes and disease mechanisms for cystic kidney disease and related disorders
Bergmann, C. (Center for Clinical Research and Department of Nephrology, University Hospital Freiburg, Germany)

17:00–17:15 W4-05 Hidden mutations in CdLS - Limitations of Sanger sequencing in diagnostics
Braunholz, D. (Institut für Humangenetik, Lübeck, Germany)

17:15–17:30 W4-06 In- house cMRI reevaluation leads to a significantly higher mutation detection rate in neuronal migration disorders
Herbst, S.M. (Center for Human Genetics, Regensburg, Germany)

16:00–17:30 W5 Intellectual Disability 
Chairs: Andreas Tzschach (Tübingen), Rami Abou Jamra (Erlangen)
 7 Saal New York

16:00–16:15 W5-01 Molecular Inversion Probe based Resequencing Identifies Recurrently Mutated Genes in Intellectual Disability
Hoischen, A. (Department of Human Genetics; Nijmegen Center for Molecular Life Sciences; Institute for Genetic and 
 Metabolic Disease; Radboud university medical center, Nijmegen, Netherlands)

16:15–16:30 W5-02 ARID1B mutations in intellectual disability link chromatin remodelling to neuronal differentiation by derepressing 
Wnt/β-catenin signaling
Vasileiou, G. (Institute of Human Genetics, Friedrich-Alexander University Erlangen-Nuremberg, Erlangen, Germany)

16:30–16:45 W5-03 Biallelic BRF1 mutations alter RNA polymerase III-dependent transcription and cause a neurodevelopmental syndrome 
with cerebellar, dental and skeletal anomalies
Borck, G. (Institute of Human Genetics; University of Ulm, Ulm, Germany)

16:45–17:00 W5-04 GPM6A is duplicated in a patient with learning disability and influences cholesterol response as well as stress response 
and long-term memory in Drosophila melanogaster
Gregor, A. (Institute of Human Genetics, Erlangen, Germany)

17:00–17:15 W5-05 Homozygous mutation in fatty acyl CoA reductase 1 (FAR1) in autosomal recessive intellectual disability with early 
epilepsy
Buchert, R. (Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany)

17:15–17:30 W5-06 Mutations and deletions of SETD5 are associated with intellectual disability and characteristic facial features and 
 contribute significantly to the microdeletion 3p25.3 phenotype
Zink, AM. (Institute of Human Genetics; University of Bonn, Bonn, Germany)

16:00–17:30 W6 Technology and Bioinformatics 
Chairs: Kerstin Ludwig (Bonn), Michal-Ruth Schweiger (Berlin)
 7 Saal Mailand

16:00–16:15 W6-01 A circulating microRNA profile is associated with age-related macular degeneration
Grassmann, F. (Institute of Human Genetics, University of Regensburg, Germany)

16:15–16:30 W6-02 Genome-wide analysis of microRNA coding genes in bipolar disorder
Forstner, AJ. (Department of Genomics at the Life and Brain Center, Bonn, Germany)

16:30–16:45 W6-03 Pathway-based enrichment analysis of genome-wide association results suggests an involvement of NCAM signaling 
in the etiology of bipolar disorder
Mühleisen, T.W. (INM-1, Research Centre Juelich, Germany)

16:45–17:00 W6-04 A Multiplex Cap-Seq Analysis Strategy to Detect Mosaic RB1 Mutations in Blood
Wagner, N. (Institut für Humangenetik; Universitätsklinikum Essen, Essen, Germany)

17:00–17:15 W6-05 Exome Sequencing and DNA Methylation Analysis of Cardiac Tissue from Patients with Hypoplastic Left Heart 
 Syndrome
Hoff, K. (DZHK German Centre for Cardiovascular Research, partner side Kiel, Germany)

17:15–17:30 W6-06 Improved exome prioritization of disease genes through cross species phenotype comparison
Robinson, P.N. (Charité-Universitätsmedizin Berlin, Berlin, Germany)

16:00–17:30 EDU 3 DNA-Methylierung: Vom Nachweis bis zur klinischen Relevanz 
Moderation: Reiner Siebert (Köln), Bernhard Horsthemke (Essen)
 7 Saal Europa

17:30-17:45 Break / Einlass MV GfH
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17:45-19:45 Mitgliederversammlung GfH
 7 Saal Europa

Abfahrt  
ab 19:30

Geselliger Abend in Zeche Zollverein - red dot design Museum (Beginn 20:30)
Hinfahrt: 19:30–20:00: 
vom CCE: Transfer mit Bussen 
Rückfahrt: 23:15–00:30: 
Transfer mit Bussen vom red dot design Museum in Richtung Stadt. 
Ausstiegsmöglichkeiten: Stadtmitte, Rüttenscheid, CCE.

Freitag/Friday, March 21st, 2014
08:30–10:00 Symposium 5 

Mutation Signatures and Intratumoral Heterogeneity in Cancer
Chairs: Dietmar Lohmann (Essen), Reiner Siebert (Kiel)
 7 Saal Berlin

08:30–09:00 S5-01 Calling somatic mutations in cancer
Ivo Gut (Centro Nacional de Analisis Genomico, Spain)

09:00–09:30 S5-02 Mutational signatures in chronic lymphocytic leukemia: subclonal evolution and clinical relevance
Carlos López-Otín (Departamento de Bioquímica y Biología Molecular, IUOPA, Universidad de Oviedo, Spain)

09:30–10:00 S5-03 Mutational signatures in human cancers: detection and clinical relevance
Serena Nik-Zainal (Wellcome Trust Sanger Institute, Cambridge, UK)

08:30–10:00 Symposium 6 
Twin studies 
Chairs: Johannes Zschocke (Innsbruck), Jürgen Kohlhase (Freiburg)
 7 Saal Europa

08:30–09:00 S6-01 Twinning: Causes and consequences 
Judy Hall (University of British Columbia, Departments of Medical Genetics and Pediatrics Vancouver, BC Canada)

09:00–09:30 S6-02 Modern twin studies in human genetics
Nick Martin (Queensland Institute of Medical Research, Brisbane, Australia)

09:30–10:00 S6-03 Twins and integrated omics
Tim Spector (Dept. of Twin Research, Kings College London, UK)

08:30–10:00 QW 3 Zytogenetik
Moderation: Jürgen Kunz (Berlin)
 7 Saal Mailand

08:30–10:00 Industrial Exhibition

10:00–11:30 Postersession II (gerade Zahlen / even numbers) 
 7 Foyer EG /OG
 7 Saal Brüssel

10:00–10:45 Geld für Gene: Fördermöglichkeiten und Tipps für die Antragstellung bei der DFG
 7 Saal Mailand

Dr. Wissing (DFG)
anschließend besteht die Möglichkeit zu Fragen und Diskussion

10:15–11:45 Mitgliederversammlung BVDH
 7 Saal Europa

11:45–13:15 Lunchtime / Industrial Exhibition

11:45–13:15 Lunchsymposia
 7 Saal New York
 7 Saal Mailand

11:45–13:15 QW 4 Genetische Beratung
Moderation: Wolfram Henn (Homburg/Saar), Dieter Schäfer (Frankfurt)
 7 Saal Berlin
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13:30–15:00 W7 Monogenic Diseases II 
Chairs: Karl Hackmann (Dresden), Malte Spielmann (Berlin)
 7 Raum: Saal Berlin

13:30–13:45 W7-01 Deciphering Mitochondrial Disorders by Exome Sequencing
Prokisch, H. (Helmholtz Zentrum München, Neuherberg, Germany)

13:45–14:00 W7-02 Constitutive Activation of PRKACA in Adrenal Cushing’s Syndrome
Schwarzmayr, T. (Institute of Human Genetics, Helmholtz Zentrum München, Neuherberg, Germany)

14:00–14:15 W7-03 Extending the molecular basis of isolated and syndromic microcephaly
Yigit, G. (Institute of Human Genetics, Cologne, Germany)

14:15–14:30 W7-04 Loss of CRIM1 causes colobomatous macrophtalmia with microcornea in human and mouse
Beleggia, F. (Institute of Human Genetics; University of Cologne, Cologne, Germany)

14:30–14:45 W7-05 Mutations in CERS3 cause autosomal recessive congenital ichthyosis in humans.
Kirchmeier, P. (Institute for Human Genetics; University Medical Center Freiburg, Freiburg, Germany)

14:45–15:00 W7-06 Sensory neuropathy with bone destruction due to a mutation in the membrane-shaping atlastin GTPase 3
Kornak, U. (Charité-Universitätsmedizin Berlin, Berlin, Germany)

13:30–15:00 W8 Epigenetics 
Chairs: Laura Steenpaß (Essen), Andreas Rump (Dresden)
 7 Raum: Saal New York

13:30–13:45 W8-01 Automated methylation analysis of amplicons from bisulfite flowgram sequencing
Rahmann, S. (University of Duisburg-Essen, Essen, Germany)

13:45–14:00 W8-02 A mouse model for human RB1 imprinting
Steenpass, L. (Institut für Humangenetik, Essen, Germany)

14:00–14:15 W8-03 Epigenetic Changes during Male Germ Cell Development – The Role of SPOC1 (PHF13) in Meiosis
Nelkenbrecher, C. (Institute of Human Genetics; Friedrich-Alexander-University, Erlangen-Nürnberg, Germany)

14:15–14:30 W8-04 DNA methylation profiling of pediatric acute lymphoblastic leukemia with MLL translocations
Bergmann, A.K. (Institute for Human Genetics and Department of Pediatrics, Christian-Albrechts-University Kiel & University 
Hospital Schleswig-Holstein, Kiel; Germany)

14:30–14:45 W8-05 (Epi-)genomic analyses of lung cancer patients for prediction of chemotherapy resistance
Schweiger, M. (Max Planck Institute for Molecular Genetics, Berlin, Germany)

14:45–15:00 W8-06 Structure / function relationships between the inactive X chromosome territory (CT) and active CTs studied by 
 super-resolution microscopy
Cremer, M. (University of Munich, Martinsried, Germany)

13:30–15:00 W9 Disease Mechanisms and Treatment 
Chairs: Peter Bauer (Tübingen), Mateusz Kolanczyk (Berlin)
 7 Raum: Saal Mailand

13:30–13:45 W9-01 Mapping the genetic architecture of gene regulation in whole blood
Schramm, K. (Institute of Human Genetics - Technische Universität München, München, Germany)

13:45–14:00 W9-02 Deletions of Chromosomal Regulatory Boundaries are Associated with Congenital Disease
Spielmann, M. (Berlin School for Regenerative Therapies, Charité-Berlin, Germany)

14:00–14:15 W9-03 Functional analysis of SHANK2 mutations identified in schizophrenia patients
Peykov, S. (Institute of Human Genetics, Heidelberg, Germany)

14:15–14:30 W9-04 Impaired miRNA regulation as molecular cause of altered 5-HT4 receptor signalling in irritable bowel syndrome
Niesler, B. (Department of Human Molecular Genetics & nCounter Core Facility - Institute of Human Genetics - University of 
Heidelberg, Heidelberg, Germany)

14:30–14:45 W9-05 Osteoporosis: Filamentous-actin bundling, a novel mechanism underlying bone development
Wirth, B. (Institute of Human Genetics; University of Cologne, Cologne, Germany)

14:45–15:00 W9-06 iPS-cell derived basal keratinocytes for autosomal recessive congenital ichthyosis
Eckl, K.M. (Ctr. for Dermatogenetics; Div. of Human Genetics & Dept. of Dermatology;  
Innsbruck Medical University, Innsbruck, Austria)

13:30–15:00 EDU 4 Der ungelöste Fall 
Moderation: Dagmar Wieczorek (Essen), Anita Rauch (Zürich)
 7 Saal Europa

15:15–15:30 Closing Ceremony / GfH-Awards / Closing Remarks
 7 Saal Europa
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Topics

S1–6 Symposia

S1 The SWI/SNF complex in human disorders
S2 Evolution: The variable human genome
S3 Telomeres and TERT diseases
S4 News from the RNA world 
S5 Mutation Signatures and Intratumoral Heterogeneity  

in Cancer
S6 Twin studies

SEL Selected Presentations

W1–11 Workshops

W1 Monogenic Diseases I
W2 Cancer Genetics
W3 Complex Diseases
W4 Clinical Genetics
W5 Intellectual Disability
W6 Technology and Bioinformatics
W7 Monogenic Diseases II
W8 Epigenetics
W9 Disease Mechanisms and Treatment

EDU1–4 Educational Sessions

EDU 1 Panel- und Exomdiagnostik
EDU 2 Mikrozephalie
EDU 3 DNA-Methylierung: Vom Nachweis 

bis zur klinischen Relevanz
EDU 4 Der ungelöste Fall

Poster 001–279

P-Basic-001–027 Basic Molecular Mechanisms
P-CancG-028–058a Cancer Genetics
P-ClinG-059–152 Clinical Genetics
P-Compl-153–167 Complex Genetics/Diseases
P-CytoG-168–186 Cytogenetics / CNVs
P-Counse-187-207 Genetic Counselling, Education, 

Genetic Services, Public Policy
P-MonoG-208–233 Monogenic Disease – from Gene 

Identification to Pathomechanism
P-NormV-234–237 Normal Variation, Population 

Genetics, Genetic Epidemiology, 
Evolutionary Genetics

P-Prenat-238–258 Prenatal Diagnosis, 
Reproductive Medicine

P-Techno-259–276 Technology, Bioinformatics
P-Therap-277–279 Therapy for Genetic Diseases
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Abstracts

V O R T R Ä G E

Symposia

S1-01
Phenotypes of a mutated SWI/SNF complex
Raoul CM Hennekam
Department of Pediatrics, Academic Medical Center, Amsterdam, 
Netherlands and Institute of Neurology, University College London, 
London, UK

De novo germline variants in several components of the SWI/SNF or 
BAF complex have been described as causing several entities such as 
Coffin-Siris syndrome and Nicolaides-Baraitser syndrome, and non-
syndromic intellectual disability. Syndromes which can show sig-
nificant overlap in phenotype such as Borjeson-Forssman-Lehmann 
syndrome and DOOR syndrome can be caused by mutations in genes 
with apparently completely different functions and also teratogens like 
alcohol can cause overlapping phenotypes.. 
Here the resemblances and differences in the various phenotypes 
described in literature are discussed, to define each of the phenotypes 
in more detail, and to establish more detailed genotype-phenotype 
correlations, if present. In addition, a comparison is made with other 
entities which show overlap in signs and symptoms, and hypotheses 
explaining the origin of this overlap are suggested. 

S1-02
The Role of microRNAs in Controlling SWI/SNF (BAF) Complexes 
During Neural Development and Cell Fate-reprogramming
Andrew Yoo
Washington University School of Medicine, St. Louis, MO, USA

Complex genetic networks involving transcriptional and epigenetic 
programs govern the acquisition of a cell fate.  Mounting evidence sug-
gests that microRNAs, small RNA molecules that typically repress the 
expression of their target genes, are important regulators of cellular 
differentiation.  We previously discovered that a set of brain-enriched 
microRNAs, miR-9/9* and miR-124 (miR-9/9*-124), controls the sub-
unit composition of ATP-dependent BAF chromatin remodeling com-
plexes, promoting the switch of their activities during neural develop-
ment.  In addition, ectopic expression of these microRNAs in human 
dermal fibroblasts promoted an assembly of neuron-specific BAF sub-
unit composition, leading to conversion of fibroblasts into post-mitotic 
neurons.  Because miR-9/9* and miR-124 are pan-neuronally expressed 
microRNAs, we hypothesized that transcription factors enriched in 
specific brain regions would synergize with the generic neurogenic 
activity of miR-9/9*-124 and guide the neuronal conversion into spe-
cific neuronal subtypes.  We screened transcription factors highly 
expressed in GABAergic projection, medium spiny neurons (MSNs), 
a major neuronal subtype in the striatum, and identified MSN factors 

that produced a neuronal population highly enriched with GABAer-
gic neurons with miR-9/9*-124.  Furthermore, these GABAergic neu-
rons expressed markers of MSNs including DARPP-32 and displayed 
electrophysiological properties of mature neurons.  Further analysis 
using multiplex single cell gene expression profiling demonstrated that 
the converted cells expressed transcription factors enriched in MSNs, 
suggesting an establishment of transcriptional network specific for 
MSNs.  Our results so far highlight the potential of miR-9/9*-124 to be 
combined with transcription factors to guide the neuronal conversion 
towards a specific neuronal subtype.  We are currently investigating 
the role of BAF complexes during the neuronal conversion mediated 
by miR-9/9*-124.

S1-03
SWI/SNF Chromatin Remodelers and Cancer
Charles W. M. Roberts, M.D., Ph.D, 
Dana-Farber Cancer Institute, Boston Children’s Hospital, Harvard 
University Medical School

Data emerging over the last two years implicate the SWI/SNF (BAF) 
chromatin remodeling complex as a major tumor suppressor as fre-
quent inactivating mutations in at least seven SWI/SNF subunits 
have been identified in a variety of cancers.  These include inactivat-
ing mutations of the gene encoding the ARID1A (BAF250a) subunit 
in ovarian, endometrioid, bladder, stomach, colorectal and pancreatic 
cancers; of the PBRM1 (BAF180) subunit in renal carcinomas; of the 
ARID2 subunit in hepatocellular, lung, and pancreas carcinomas as 
well as melanomas; of the BRD7 subunit in breast cancers; and of the 
BRG1 (SMARCA4) subunit in non-small cell lung cancers and medul-
loblastomas.  The SWI/SNF complex includes both core and lineage-
specific subunits and utilizes the energy of ATP to modulate chromatin 
structure and regulate transcription.

My laboratory began studying the SWI/SNF complex when the SNF5 
subunit was first identified as a tumor suppressor over a decade ago 
when it was found to be recurrently and specifically inactivated in a 
highly aggressive type of pediatric cancer called malignant rhabdoid 
tumor.  We now study the complex using mouse models, cell lines and 
primary human tumor samples.  Our goals are to elucidate the normal 
function of the complex, identify the mechanisms by which subunit 
mutations drive cancer formation, and utilize this insight to identify 
and develop novel therapeutic approaches.

Using mouse models, we have shown that biallelic inactivation of 
murine Snf5 leads to the rapid onset of cancer formation in 100% 
of mice with a median latency of only 11 weeks.  Heterozygous mice 
develop rhabdoid tumors that are histologically indistinguishable from 
their human counterpart and Mx-Cre-mediated conditional inactiva-
tion results in 85% of mice developing aggressive mature T cell lympho-
mas and 15% developing rhabdoid tumors.  Intriguingly, the rapid can-
cer onset arises neither due to defective DNA repair nor due to genome 
instability, as we have found that the genomes of both the murine and 
human SNF5-deficient cancers are diploid and indistinguishable from 
normal cells via high-density SNP arrays.  Recently, by sequencing the 
exomes of 35 human pediatric rhabdoid tumors we have shown that 
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these cancer genomes contain an extremely low rate of mutations, with 
loss of SNF5 being essentially the sole recurrent event. Indeed, in two 
of the cancers there were no other identified mutations. Our results 
suggest that high mutation rates are dispensable for the genesis of can-
cers driven by mutation of this chromatin remodeling complex and 
further that epigenetic dysfunction caused by mutation of the SWI/
SNF complex may underlie the broad spectrum of cancers caused by 
mutation of this complex. Insights into the normal function of SWI/
SNF complexes, the mechanisms by which mutation of the complexes 
drive cancer formation, and potential therapeutic vulnerabilities cre-
ated by mutation of the complex will be presented.  

S2-01
Adventures in Recent Human Evolution Told by Massively Large 
Catalogs of Human Genetic Variation
Joshua Akey
Department of Genome Sciences, University of Washington, Seattle, WA 

Abstract: Advances in DNA sequencing technology have enabled the 
collection of massively large data sets of human genetic variation. In 
this lecture, I will present results from two projects that leverage large-
scale sequencing data sets. First, I will describe exome sequencing data 
from 6,515 individuals, which reveals that most protein-coding variants 
are rare, arose very recently, and are enriched for deleterious mutations. 
Second, I will describe a method that we developed to detect Neander-
thal lineages that persist in contemporary individuals. Application of 
this method to whole-genome sequences from over 600 individuals 
shows that ~20% of the Neanderthal genome survives in present-day 
humans,  there were fitness costs  to hybridization, and Neanderthals 
were a source of adaptive variation for loci involved in skin phenotypes.

S2-03
Genetic and nongenetic inheritance
Etienne Danchin
etienne.danchin@univ-tlse3.fr

Many biologists are calling for an ‘extended evolutionary synthesis’ 
that would ‘modernize the modern synthesis’ of evolution. Biological 
information is typically considered as being transmitted across genera-
tions by the DNA sequence alone, but accumulating evidence indicates 
that both genetic and non-genetic inheritance, and the interactions 
between them, have important effects on evolutionary outcomes. I will 
briefly review the evidence for such effects of epigenetic and cultural 
inheritance. These issues have major implications for diverse domains, 
including medicine and human sciences where they may profoundly 
affect scientific research strategies. For instance, non-genetic inheri-
tance may explain a significant part of one of the major enigma of 
current molecular biology, namely the case of the missing heritabil-
ity, which concerns many human supposedly genetic disorders. The 
missing heritability rather suggests that we should abandon the cur-
rent genocentric framework of inheritance and adopt a broader view 
including non-genetic inheritance into an extended theory of evolu-
tion.

S3-01
Germline and somatic TERT promoter mutations in melanoma 
and other cancers
Rajiv Kumar
Division of Molecular Genetic Epidemiology, German Cancer Research 

Center, Heidelberg, Germany, Email:  

Human telomerase reverse transcriptase (TERT) encodes a rate lim-
iting catalytic subunit of telomerase that maintains telomere length. 

Increased telomerase activity is perceived to be one of the hallmarks of 
human cancers and the transcriptional deregulation of the TERT gene 
is the major cause of its cancer-specific activation. Though epigenetic 
regulation and gene amplification had been considered as the possible 
cause, the precise mechanism behind TERT activation in cancers had 
mostly remained unknown. We recently described an occurrence of 
a disease segregating causal mutation at the -57 bp upstream of ATG 
start site in the promoter region of the telomerase reverse transcrip-
tase (TERT) gene in a large melanoma family with early on-set and 
severe form of the disease. Screening of the TERT core promoter in 
tumors from unrelated melanoma patients showed recurrent and 
mutually exclusive mutations at the -124 and -146 bp from the ATG 
site with frequency higher than any other mutation reported in mela-
noma to-date (Horn et al. Science, 2013, 339:959-61). The familial and 
somatic mutations resulted in de novo creation of CCGGAA/T binding 
motifs for E-twenty six/ternary complex factors (Ets/TCF) transcrip-
tion factors, with consequent increase in TERT expression. The TERT 
promoter mutations have now been shown to be widespread in many 
cancer types and have been regularly associated with an increased gene 
expression and adverse forms of the disease. Our recent study on blad-
der cancer, clearly demonstrated an association of the TERT promoter 
mutations with a poor patient survival and an increased disease recur-
rence through a modification by common polymorphism at a pre-
existing Ets2 binding site (Rachakonda et al. PNAS 2013, 2013 Oct 7. 
Epub ahead of print). These findings have resulted in major conceptual 
advancements and have shown that tumor specific changes in a non-
coding region can initiate cancer through change in gene expression 
and provide in part a definite mechanism for cancer specific TERT 
over-expression. 

S3-02
Telomeres and coronary artery disease
Nilesh J Samani
Department of Cardiovascular Sciences, University of Leicester, Leicester, 
UK

Coronary artery disease (CAD) has well established life-style, demo-
graphic and genetic risk factors. However, at an individual level, both 
susceptibility to CAD and its age of onset varies considerably, even for 
subjects with apparently similar risk factor profiles. CAD is an age-
associated disease but not an inevitable consequence of ageing. Because 
of these epidemiological observations, the concept has arisen that CAD 
may, at least in part, represent a manifestation of premature biologi-
cal ageing. Using telomere length as a potential marker of biological 
age, we and others have shown that mean leucocyte as well as vascu-
lar wall telomere length is shorter in subjects with CAD compared 
with controls and that shorter mean telomere length in leucocytes is 
present before, and independently predicts, the development of clini-
cally overt CAD. These studies have consistently shown that, except 
in very old subjects, mean leucocyte telomere length in subjects with 
(or prone) to CAD is similar to normal subjects who are chronologi-
cally 8-12 years older. Several studies have shown that risk factors for 
CAD such as male gender, Type 1 and Type 2 diabetes, obesity, smoking 
psychological stress and low socio-economic status are associated with 
shorter leucocyte telomeres. However, adjustment for these risk factors 
does not attenuate the association between shorter telomere length and 
CAD, suggesting that the relationship does not simply reflect the effect 
of these risk factors on telomere attrition. Hitherto, an unresolved 
question was whether shorter telomere length is simply a marker of 
biological ageing or whether shorter telomeres play a direct role in the 
development of CAD. Recently, using genome-wide arrays we identi-
fied seven genetic loci associated with telomere length and showed in a 
Mendelian Randomisation analysis that alleles associated with shorter 
telomeres were associated with increased risk of CAD. This finding 
suggests a causal role for shorter telomere length in the aetiology of 
CAD. The “telomere hypothesis” of CAD therefore has the potential to 
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integrate different known aspects regarding the aetiology of CAD and 
explain its variable age of onset and expressivity. This talk will review 
the evidence for this hypothesis.    

S3-03
Prenatal Stress, Telomere Biology, and Fetal Programming of 
Health and Disease Risk
Sonja Entringer, PhD
Institut für Medizinische Psychologie, Charité Universitätsmedizin 
Berlin, Germany; Development, Health and Disease Research Program, 
Department of Pediatrics, University of California, Irvine, School of 
Medicine, USA.

Substantial evidence suggests conditions in intrauterine life may play 
a critical role in subsequent health and disease susceptibility (i.e., the 
concept of fetal or developmental programming of health and disease). 
The elucidation of biological mechanisms underlying these effects is 
an area of active investigation. We suggest that telomere biology may 
represent a novel mechanism underlying the effects of a disparate set of 
suboptimal intrauterine exposures on various health and disease risk 
phenotypes. Telomere biology is known to play a fundamental role in 
genomic integrity, cellular regeneration, physiology, aging, disease risk 
and mortality. The initial setting of telomere length (TL) in early life has 
major implications for telomere maintenance throughout the lifespan. 
From an evolutionary-developmental perspective, energy substrate 
availability (i.e., nutrition) and challenges that have the potential to 
impact the structural or functional integrity and survival of the organ-
ism (i.e., stress) likely represent the most important environmental 
considerations underlying natural selection and developmental plas-
ticity. Maternal stress and nutrition in pregnancy therefore represent 
attractive candidate processes in the context of fetal programming of 
telomere biology. Our previous work has established an important role 
for prenatal stress and stress-related processes in adult telomere biol-
ogy. 
In our recent studies we used data from two longitudinal birth cohorts 
in which stress- and nutrition-related processes were assessed during 
pregnancy, and telomere length (TL) was subsequently measured in 
newborns (cord blood) and infants (buccal cells).  
Our results suggest that among the nutrition-related factors maternal 
lower folate levels (an essential methyl donor) and higher triglycer-
ide concentrations in early pregnancy were significantly and inde-
pendently associated with shorter newborn TL. Among psychosocial 
stress-related measures higher maternal pregnancy-specific stress was 
associated with shorter newborn TL.  Maternal estrogen (E3) concen-
trations during early pregnancy seem to have a protective effect on 
infant telomere length because they were associated with longer infant 
TL.
Taken together, our findings provide evidence in humans that maternal 
nutrition and stress-related processes during pregnancy may exert a 
programming effect on the newborn and infant telomere biology sys-
tem. In utero telomere biology represents a potential molecular mecha-
nism whereby different exposures in this critical developmental period 
before birth could impact subsequent health and disease susceptibility 
over the life span, including aging and longevity.

S4-01
News from the RNA world or Deciphering the function of RNA 
modifications or The Epitranscriptome
 Dr. Michaela Frye 
 Wellcome Trust - Medical Research Council Cambridge Stem Cell 
Institute, Cambridge, UK

Cytosine-5 methylation (m5C) is a widespread modification in both 
DNA and RNA and the corresponding methyltransferases share many 

structural features. Whereas the functions of m5C in DNA have been 
extensively studied, the cellular and molecular functions of the same 
modified nucleobase in RNA remain unclear. We found that m5C is 
a common post-transcriptional modification in transfer RNA (tRNA) 
and other non-coding RNA species. RNA-methylation pathways is an 
important regulator of stem cell differentiation in various tissues, and 
loss-of-function mutations in the cytosine-5 RNA methylase NSun2 
causes neuro-developmental diseases in humans. Depletion of the 
m5C modification in tRNAs causes their cleavage by angiogenin and 
the cleaved tRNA fragments are implicated in the reduction of pro-
tein translation rates in response to cellular stress stimuli. Thus, post-
transcriptional cytosine-5 methylation is an important and unexpected 
regulatory pathway to control cellular behaviour. 

S4-02
Long noncoding RNAs and enhancers
Ulf Andersson Ørom
Max Planck Institut für molekulare Genetik, Berlin, D

 Long non-coding RNAs are transcripts functionally expressed in many 
organisms. Using the ENCODE data covering the human genome, 
more than 10,000 long non-coding RNAs have been annotated. We 
have previously found long non-coding RNAs to have enhancer-like 
activity, and positively regulate genes that are adjacent in the linear 
genome. To define the precise mode by which such enhancer-like 
RNAs function, we have depleted factors with known roles in enhancer 
function and transcriptional activation. Depletion of the compo-
nents of the co-activator complex, Mediator, specifically and potently 
diminishes the non-coding RNA-induced activation of transcription. 
Selected long non-coding RNAs interact with Mediator to regulate its 
chromatin localization and kinase activity towards histone H3 serine 
10. Using chromosome conformation capture we can detect DNA loop-
ing between the long non-coding ncRNA loci and their targets, that is 
dependent on the presence of both the long non-coding RNA and the 
Mediator complex.

S4-03
Circular RNA 
Jørgen Kjems and Thomas Hansen 
Interdisciplinary Nanoscience Center (iNANO) and Department of  
Molecular Biology and Genetics, Aarhus University, Aarhus, Denmark

Usually introns are spliced out of the pre-mRNA in a linear fashion, 
progressing from the 5 ‘- towards the 3’-end. However, occasionally 
splicing back-tracks and joins a 5’ splice site to an up-stream 3’-splice 
site, resulting in a 5’-3’ circularized exon. Circularization of exons does 
occur at low level for many exons and for a significant proportion of 
transcripts the circularization of one or more exons is more prominent 
than normal splicing. We have recently characterized two examples 
where the circular RNA form appear to play an important role in regu-
lating the activity of the microRNAs with profound impact on a num-
ber of down stream genes. The most well-characterized example derive 
from a non-coding antisense transcript to neuronal specific gene CDR1 
1 . Only the circular product is detected in large amounts from this 

locus in neurons where it acts as a highly efficient microRNA-7 (miR-
7) sponge and hence named it ciRS-7 (Circular RNA Sponge for miR-
7) 2 . ciRS-7 harbours more than 70 selectively conserved putative 
miRNA target sites and it is highly and widely associated with Ago-
proteins in a miR-7 dependent manner. While the circular RNA is 
completely resistant towards miRNA-mediated target destabilization, it 
strongly suppresses miR-7 activity resulting in elevated levels of miR-7 
targets. In the mouse brain, we observe overlapping neuronal expres-
sion patterns and colocalization of ciRS-7 and miR-7 in distinct regions 
of the brain suggesting a high degree of endogenous interaction. We 
also show that ciRS-7 can induce established miR-7 targets including 
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SNCA, EGFR and IRS2, implicated in Parkinson disease, cancer and 
diabetes, respectively 3 . The ciRS-7 is itself under the control of miR-
671 that cleaves and destroys the ciRS-7. Hence, miRNA with near com-
plementary match to circular RNA may constitute an essential pathway 
to remove both functional and undesired circular RNA products from 
the cell. The function of circular RNAs as miRNA sponges appears to 
be a more general phenomenon based on the observation that circular 
testis specific RNA, SRY, serves as a miR-138 sponge and that circular 
SRY expression can increase miR-138 targeted mRNAs. Furthermore, 
analysis of NGS data have revealed the existence of thousands of or 
circular RNAs often differentially expressed in a developmental and tis-
sue specific fashion.
We have also studied the mechanism of circular RNA biogenesis and 
based on this established optimized vectors to express ciRSs as generic 
platform that enables sponging any miRNA of choice by reprogram-
ming the seed sequences.

1  Hansen et al. (2011) EMBO J. 30:4414-22
2   Hansen T.B. et al. (2013) Nature 495:384-8
3   Hansen et al. (2013) Cancer Res. 73:5609-12 

S5-01
Calling Somatic Mutations in Cancer
Ivo Glynne Gut
Centro Nacional de Analisis Genomico, Spain

Contrary to common belief analysing sequencing data is not trivial. 
There are many reasons for this, - sequencing reads are short com-
pared to the previous sequencing generation, the output of 2nd gen-
eration sequencers makes producing enough sequence for a whole 
human genome tractable, but dealing with this amount of data is not 
trivial, reference sequences are not of consistently high quality, certain 
genomic structures are by their nature difficult to analyse and many 
more. The analysis of sequencing data is made up of a chain of different 
analyses; - first analogue data is converted into sequences with base-by-
base quality scores. This is usually done using manufacturer’s software. 
Next, reads are aligned to a reference. Different software tools have 
been developed to do this. However, exhaustive, deterministic align-
ment is computationally very expensive as differences relative to the 
reference need to be allowed. The third element is calling of a variant. 
Depending on the nature of the variant and kind of experiment that 
is carried out different approaches need to be applied. Calling SNVs, 
indels and structural variants pose different challenges. Comparing a 
tumour genome and the matching normal genome from a patient can 
be fraught by issues such as the tumour having low cellularity or sub-
clones being at low abundance, or that the normal sample is contami-
nated with the tumour genome due to circulating tumour cells or free, 
circulating tumour DNA. The fourth part is predicting the functional 
effect of a difference in a genome. Many tools exist for this; however, 
there is not much consensus between different tools. Predictions focus 
on changes in aminoacid sequences while variants outside genes are 
largely neglected. There are currently no guidelines for the deployment 
of 2nd generation sequencing in diagnostics. Many issues remain to 
be resolved.

S5-02
Mutational signatures in chronic lymphocytic leukemia: 
subclonal evolution and clinical relevance
Carlos López-Otín  &  CLL-ICGC Consortium.  
Departamento de Bioquímica y Biología Molecular, IUOPA, Universidad 
de Oviedo, Spain

Chronic lymphocytic leukemia (CLL), the most frequent leukemia 
in adults, is amongst the first human neoplasias whose study has 
benefited from the recent introduction of high-throughput sequenc-

ing technologies of outstanding efficiency. The aim of the CLL-ICGC 
Spanish Consortium is to generate a catalogue of genetic, epigenetic 
and transcriptomic alterations relevant to the pathogenesis and clinical 
evolution of this heterogeneous disease. These studies have allowed us 
the identification of a series of oncogenes and tumor suppressors, such 
as NOTCH1, SF3B1, POT1, XPO1 and MYD88, which are recurrently 
mutated in CLL. Functional analysis of these mutated genes together 
with clinical studies in a large number of CLL patients have led us to 
define specific genes and molecular pathways that drive the develop-
ment and progression of this disease. Parallel studies have also shown 
that CLL development is associated with an impressive reprogramming 
of the methylation profile of lymphoid cells, which has a profound 
impact in the transcriptional landscape of CLL as well as in the clinical 
evolution of patients. Additionally, these genome sequencing analyses 
have contributed to define the highly dynamic subclonal evolution 
of this malignancy and its relevance for the clinical outcome of CLL 
patients. Hopefully, the integration of all this molecular information 
may be soon useful for the better clinical management of CLL patients 
and for the development of new treatments for a disease with such a 
complex and dynamic biography.  

S5-03
Mutational signatures in human cancers: detection and clinical 
relevance
Serena Nik-Zainal, Ludmil B. Alexandrov, David C. Wedge, Peter Camp-
bell and Mike Stratton
Wellcome Trust Sanger Institute, Cambridge, UK

Cancer is the ultimate disorder of the genome, characterised by not one 
or two substitutions, indels or copy number aberrations, but hundreds 
to thousands of acquired mutations that have been accrued through 
the development of a tumour. The set of mutations observed in a can-
cer genome is not simply a random accumulation of variants. It is the 
aggregate outcome of several biological mutational processes compris-
ing an underlying mechanism of DNA damage mitigated by the DNA 
repair pathways that exist in human cells. Each mutational process 
will leave its distinctive mark or mutational signature on the cancer 
genome.
The recent increase in the speed of sequencing, offered by modern 
sequencing technologies permits unprecedented access to the entire 
tumour genome of a cancer patient. Utilising this surge in scale, we 
set out to extract the mutational signatures that bave been operative 
in 21 whole-genome sequenced breast cancers in a pilot experiment. 
Our mathematical methods reveal known signatures of mutagenesis as 
well as novel signatures. We find from further interrogation of nearly 5 
million mutations sourced from over 7000 cancers sequenced world-
wide, that more than 20 different signatures exist; imprints determined 
by the underlying source of endogenous and exogenous DNA damage 
and repair. Delving deep into the architecture of these signatures, we 
uncover hidden biological insights. Early forays into clinical applica-
tions will also be discussed.  

S6-01
Twinning: Causes and Consequences
Judith G. Hall, OC, MD
University of British Columbia, Departments of Medical Genetics and 
Pediatrics Vancouver, BC Canada

Historically, twins have fascinated all societies and human geneticists 
have used twins to assess heritability for complex disorders. Monozy-
gotic (MZ) twinning is essentially unique to humans and may provide 
insights into early human development. With the advent of molecular 
studies, it has become clear that discordant MZ twins are common and 
help to elucidate several pathogenic mechanisms. Maternal physiology 
during a twin pregnancy is quite different from that of singletons and 
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may lead to differences in fetal programming and epigenetic stability. 
Vanishing co-twins are frequent and may also lead to residual maternal 
physiologic alterations. Maternal fetal microchimerism is increased in 
twin pregnancies and between dizygotic (DZ) twins if the pregnancy is 
complicated. ARTs leads to an increase of both MZ and DZ twinning 
and strains the health care system because of the prematurity associ-
ated with twinning. There is also an increase of monochorionic, diam-
niotic DZ twins with ARTs. Finally, MZ twins are not identical (albeit 
they do have many more identical DNA sequences than sibs) and they 
probably represent a fascinating congenital anomaly.

S6-02
Modern Twin Studies in Human Genetics
Nick Martin
Queensland Institute of Medical Research, Brisbane, Australia

The classical twin study has been a powerful heuristic in biomedi-
cal, psychiatric and behavioral research for decades.  Twin registries 
worldwide have collected biological material and longitudinal pheno-
typic data on tens of thousands of twins, providing a valuable resource 
for studying complex phenotypes and their underlying biology.  We 
will illustrate the continuing value of twin studies in the current era of 
molecular genetic studies.  We show how classical twin methods com-
bined with novel technologies represent a powerful approach towards 
identifying and understanding the molecular pathways that underlie 
complex traits.  In particular, technological advances allow us to assess 
the extent to which twins resemble each other at the level of molecu-
lar processes that contribute to their phenotypic similarity.  We will 
show how the comparison of discordant MZ twins can lead us into 
novel pathways associated with disease, and emphasize that a unique 
advantage of the MZ twin design is the ability to study biological dis-
cordance.

S6-03
Twins and integrated omics
Tim Spector
Dept. of Twin Research, Kings College London

Twins are ideal in epigenetic research, because they are natural controls 
for genetic background, as well as many parental and environmental 
effects. Epigenetic studies of twins can provide insights into epigenetic 
heritability, for example, using DNA methylation patterns as a dynamic 
quantitative trait. 
Current research in monozygotic twins with high discordance rates for 
common diseases suggests that underlying environmental or epigen-
etic factors may be involved. Epigenetic studies in disease-discordant 
monozygotic twins demonstrate the power of this design to success-
fully identify epigenetic changes associated with common complex 
disease traits. 
The Department of Twin Research (DTR) in conjunction with the Bei-
jing Genomics Institute has embarked on a large-scale epigenetic study 
of 5,000 adult twins (EpiTWIN). The aim of this study is to use whole 
genome methylation sequencing to improve our understanding of how 
genetic and environmental factors can impact on epigenetics and how 
DNA methylation pattern variation can affect a wide range of complex 
traits. 
This study first explores the heritability and genomic biology of DNA 
methylation patterns within a large scale family design. Secondly,  the 
function of the changes can be explored using multiple datasets on the 
same individuals using an integrated o

Selected Presentations (SEL)

sel-01
Identification of a novel susceptibility locus for nonsyndromic 
cleft lip and palate at chromosome 15q13
Ludwig K.U.1,2, Böhmer A.C.1,2, Peters H.3, Graf D.4, Gültepe P.1,2, Al-
Chawa T.1,2, Fier H.5, Mossey P.A.6, Steegers-Theunissen R.P.7,8, Rubini 
M.9, Lange C.5,10, Nöthen M.M.1,2, Knapp M.11, Mangold E.2 
1Department of Genomics; University of Bonn, Bonn, Germany; 2Institute 
of Human Genetics; University of Bonn, Bonn, Germany; 3Institute of 
Genetic Medicine; Newcastle University, Newcastle upon Tyne, UK; 
4Institute for Oral Biology; University of Zurich, Zurich, Switzerland; 
5Institute for Genomic Mathematics; University of Bonn, Bonn, Germany; 
6Orthodontic Unit; Dental Hospital & School, University of Dundee, 
Dundee, UK; 7Erasmus Medical Center; University Medical Center, 
Rotterdam, The Netherlands; 8Radboud University Medical Center, 
Nijmegen, The Netherlands; 9Department of Biomedical and Specialty 
Surgical Sciences; Medical Genetics Unit, University of Ferrara, Ferrara, 
Italy; 10Department of Biostatistics; Harvard School of Public Health, 
Boston, MA; 11Institute of Medical Biometry and Informatics and 
Epidemiology, University of Bonn, Bonn, Germany 

Cleft lip with or without cleft palate is one of the most common con-
genital malformations worldwide. It may either occur as part of a com-
plex malformation syndrome, or as an isolated, nonsyndromic anom-
aly. The latter represent about 70% of all cases. Nonsyndromic cleft lip 
with or without cleft palate is considered to be of multifactorial etiol-
ogy, with both genetic and environmental factors contributing to cleft 
susceptibility. It is a variable phenotype and, based on epidemiological 
evidence, can be subdivided into nonsyndromic cleft lip only (nsCLO) 
and nonsyndromic cleft lip and palate (nsCLP).
Genome-wide studies (GWAS, linkage and meta-analyses) and replica-
tion approaches have recently led to the identification of 15 susceptibil-
ity loci for nonsyndromic cleft lip with or without cleft palate. However, 
a number of additional genetic risk factors still await elucidation. In the 
present study we used data from a recent genome-wide meta-analysis 
integrating data from European and Asian populations (Ludwig et al. 
2012, Nature Genetics) and combined these with results from a replica-
tion study performed in an independent European trio cohort (n=793; 
Mangold et al. 2010, Nature Genetics). Integration of subgroup-infor-
mation on nsCLO or nsCLP revealed rs1258763 on chr. 15q13 as a novel 
genome-wide significant locus associated with nsCLP in the European 
population (P = 2.61×10-08), and in the combined dataset of European 
and Asian populations (P = 1.04×10-08). The associated region maps 
intergenically, between the Gremlin-1 (GREM1) and Formin-1 (FMN1) 
genes. GREM1 is involved as antagonist in BMP pathways which 
have been implicated in facial genesis. Sequencing of the entire cod-
ing region of GREM1 in 196 patients and 196 controls did not reveal 
a causal variant. However, statistical burden analysis demonstrated 
a significant overrepresentation of rare variants within patients (P = 
0.02), and analyses of Grem1 expression during embryonic craniofacial 
development in mice might suggest a functional role of Grem1 in lip 
and secondary palate formation. Of note, the top variant rs1258763 at 
the 15q13 locus has previously been shown to influence normal varia-
tion in facial morphology, namely nose width  (Boehringer et al. 2011, 
EJHG, and Liu et al. 2012, PLoS Genetics).
Our study identified the 15q13 locus as new susceptibility region for 
nsCLP, a subtype of nonsyndromic cleft lip with or without cleft pal-
ate. Our results demonstrate that the combination of increasing sample 
sizes and precise phenotypic information might help to identify further 
risk loci for genetically complex traits.
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sel-02
A de novo gain-of-function mutation in SCN11A causes loss of 
pain perception
Leipold E.1, Liebmann L.2, Korenke GC.3, Heinrich T.2, Giesselmann 
S.2, Baets J.4, Ebbinghaus M.5, Goral RO.1, Stödberg T.6, Hennings JC.2, 
Altmüller J.7, Thiele H.7, Nürnberg P.7, Timmerman V.4, De Jonghe P.4, 
Schaible HG.5, Weis J.8, Heinemann SH.1, Hübner CA.2, Kurth I.2 
1Department of Biophysics; Jena University Hospital, Jena, Germany; 
2Institute of Human Genetics; Jena University Hospital, Jena, Germany; 
3Department of Neuropediatrics; Oldenburg Hospital, Oldenburg, 
Germany; 4Neurogenetics Laboratory; University of Antwerp, Antwerp, 
Belgium; 5Institute of Physiology; Jena University Hospital, Jena, 
Germany; 6Department of Neuropediatrics; Karolinska University 
Hospital, Stockholm, Sweden; 7Cologne Center for Genomics; University 
of Cologne, Cologne, Germany; 8Institute of Neuropathology; RWTH 
Aachen University Hospital, Aachen, Germany 

The ability to perceive and react to pain is essential to protect the 
body from injury. Pain also helps to define the limits to which we can 
stress the body before causing damage. In the condition of “congenital 
inability to experience pain” self-mutilations, slow-healing wounds and 
painless bone fractures are the consequence of the lack to sense pain. 
We show that loss of pain perception results from a specific missense 
mutation in SCN11A, which encodes the NaV1.9 voltage-gated sodium 
channel. This de novo mutation (p.Leu811Pro) was identified in inde-
pendent individuals with the condition using whole-exome sequenc-
ing. SCN11A / NaV1.9 is expressed in nociceptors, specialized sensory 
neurons that transmit pain signals from the body periphery to the cen-
tral nervous system. We engineered mice to carry the missense muta-
tion in Scn11a and found that these animals have reduced sensitivity to 
pain. Knockin-mice showed self-inflicted tissue lesions, likewise reca-
pitulating aspects of the human phenotype. Mutant NaV1.9 channels in 
sensory neurons of knockin-mice are functional, but display excessive 
activity at resting voltages and cause sustained depolarization of pain-
sensing neurons. This gain-of-function in the basal activity of NaV1.9 
leads to progressive inactivation of other sodium and calcium chan-
nels, the principal components of the action potential in pain-sensing 
neurons. A resultant conduction block prevents signal transmission to 
the brain as supported by aberrant synaptic transmission in the spinal 
cord of knockin-mice. The findings raise the possibility that manipulat-
ing NaV1.9 activity could be a new pathway for treating pain.

sel-03
A Novel Method for ChIP-seq Reveals Mutation-Specific 
Pathomechanisms of HOXD13 and MSX2 Missense Mutations
Ibrahim D.M.1,2, Hein H.J.1,2, Hansen P.3, Stiege A.2, Janetzki C.1, Leschik 
G.1, Schmidt-von-Kegler M.1, Dölken S.3, Horn D.3, Seemann P.1, Robin-
son P.N.1,2,3, Mundlos S.1,2,3, Hecht J.1,2 
1Berlin-Brandenburg Center for Regenerative Therapies, Berlin, Germany; 
2Max-Planck Institute for Molecular Genetics, Berlin, Germany; 3Institute 
for Medical and Human Genetics; Charité University Hospital, Berlin, 
Germany 

Mutations in transcription factors (TF) are frequently involved in the 
pathogenesis of developmental disorders. However, elucidation of the 
mutational pathomechanisms has proven to be difficult, especially 
for missense mutations with a suspected gain-of-function. ChIP-seq, 
which couples chromatin immunoprecipitation with high-throughput 
sequencing, is a powerful tool to investigate TF binding sites on a 
genome-wide scale but a number of technical hurdles have limited its 
application for the functional characterization of TF mutations. Here, 
we present a novel methodology using ChIP-seq to explore the effect of 
missense mutations in TFs. Our method is based on low level expres-
sion of the tagged target-TF in chicken mesenchymal stem cells via a 
retroviral expression system. We elucidated the mechanism underly-

ing a novel missense mutation in HOXD13 (Q317K) associated with a 
complex hand and foot malformation phenotype. ChIP-seq results for 
HOXD13wt and HOXD13Q317K showed the wildtype to bind to the 
published HOXD13 binding site and show that the mutation changes 
the recognition sequence to that of PITX1, another TF expressed in the 
limb. A similar shift was not observed with another mutation, Q317R, 
which is associated with brachysyndactyly, suggesting that the bicoid/
PITX1-shift observed for HOXD13Q317K is likely to be related to the 
severe clinical phenotype. Expression analysis in vitro and viral over-
expression in developing chicken limb buds provided functional evi-
dence that the mutation partially converts HOXD13Q317K into a TF 
with PITX1-like properties.
In a next step, we used our method to investigate loss- and gain-of-
function mutations in MSX2, R172H and P148H, which cause enlarged 
parietal foramina and Boston-type craniosynostosis, respectively. 
Investigation of wildtype and mutant binding sites confirmed that 
the MSX2R172H mutant loses most binding sites, whereas the GOF 
MSX2P148H binding sites largely overlap with those of MSX2wt. 
Intriguingly, our ChIP-seq results revealed a difference between the 
MSX2wt and MSX2P148H peaks in the frequency of cofactor binding 
sites. Recognition sequences for RUNX2, an antagonistically acting 
cofactor of MSX2, were identified in MSX2wt and MSX2P148H peaks, 
however to a different degree. Moreover, an extension of our ChIP-seq 
procedure allowed investigation of MSX2-RUNX2 interaction in vivo. 
Importantly, this difference in cofactor binding sites provides a molec-
ular basis for the adverse effects of RUNX2 and MSX2 during develop-
ment of the cranial skeleton that has been suggested to underlie the 
MSX2P148H craniosynostosis phenotype.Collectively, applying ChIP-
seq to functionally characterize the pathophysiology of TF mutations 
provides a robust platform to identify distinct molecular pathomecha-
nisms without prior knowledge, which can then be verified in custom-
designed functional experiments.

sel-04
Mutational Profiling of Germinal-Center Derived B-Cell 
Lymphomas by Whole Genome Sequence Analysis
Schlesner M.1, Sungalee S.2, Kreuz M.3, Richter J.4, Rosenstiel P.5, Klap-
per W.6, Korbel JO.2, Brors B.1, Eils R.1,7,8, Siebert R.4 
1Division Theoretical Bioinformatics; German Cancer Research Center, 
Heidelberg, Germany; 2EMBL Heidelberg; Genome Biology, Heidelberg, 
Germany; 3Institute for Medical Informatics Statistics and Epidemiology; 
University of Leipzig, Leipzig, Germany; 4Institute of Human Genetics; 
Christian-Albrechts-University, Kiel, Germany; 5Institute of Clinical 
Molecular Biology; Christian-Albrechts-University, Kiel, Germany; 
6Hematopathology Section; Christian-Albrechts-University, Kiel, 
Germany; 7Heidelberg Center for Personalised Oncology -DKFZ-HIPO-, 
Heidelberg, Germany; 8Department for Bioinformatics and Functional 
Genomics; Institute for Pharmacy and Molecular Biotechnology and 
BioQuant; Heidelberg University, Heidelberg, Germany 

Germinal-center derived B-cell lymphomas (GCB-lymphomas) are the 
most common B-cell lymphomas. They include follicular (FL), diffuse 
large B-cell (DLBCL) and Burkitt (BL) lymphomas. In the framework 
of the ICGC (International Cancer Genome Consortium)-MMML-
Seq (Molecular Mechanisms in Malignant Lymphoma by Sequencing 
)-Project funded by the German Federal Ministry of Education and 
Research (01KU1002A-J) we have finished whole genome sequenc-
ing of currently 60 GCB-lymphomas and matched normal controls; 
additional samples are ongoing. To control for the physiologic somatic 
hypermutation active in normal GCB-cells, three sorted lymphocyte 
populations from two non-tumorous tonsils were sequenced. Genomic 
analysis of the samples is complemented by transcriptome and miR-
NAome sequencing. DNA methylation is being determined in all sam-
ples by 450K arrays as well as by whole genome bisulfite sequencing in 
a subset of 29 GCB-lymphomas and two controls.
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We observed between 1914 and 5325 somatic single nucleotide variants 
(SNVs) and small insertions / deletions (indels) in BL (median 2632), 
between 3027 and 40922 (median 10615.5) in DLBCL, and between 1692 
and 12621 (median 4334.5) in FL. Several recurrently mutated genes 
have been identified, which include known lymphoma genes as well as 
some genes not previously associated with B-cell lymphomas. On the 
whole genome level, regional differences in the density of single nucle-
otide variants were observed. Integration of replication timing data 
enabled the differentiation into clusters of SNVs in early replicating 
regions, which affect loci undergoing somatic hypermutation in B-cells 
or B-cell lymphomas, and broader regions of generally higher muta-
tion density which are late replicating regions of the genome. Examina-
tion of the SNV types in their sequence context revealed the activity 
of different mutational signatures in the different lymphoma subtypes. 
Finally, the analysis of copy-number balanced and unbalanced rear-
rangement events (structural variations, SVs, and copy-number altera-
tions, CNAs) identified significant differences in the number of those 
events between BL, DLBCL and FL, with DLBCL genomes being in 
many cases much more complex than the genomes of BL and FL. 
Even complex DNA rearrangements that may have been generated in 
catastrophic one-off events (chromothripsis) have been observed in 
DLBCL cases.
In summary, our ongoing whole genome sequencing analysis provides 
novel insights into the different mutational mechanisms active in the 
various subtypes of GCB-lymphomas.

W1 Monogenic Diseases I

W1-01
Compound inheritance of a low-frequency promoter deletion 
and a null mutation in a new gene causes Burn-McKeown 
syndrome (BMKS)
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Burn-McKeown syndrome (BMKS, OMIM %608572) was first 
described by Burn et al., in 1992, and is characterized by cardiac defects, 
choanal atresia, sensorineural deafness and craniofacial dysmorphisms 
including short palpebral fissures, high nasal bridge and large ears. 
This distinct condition seems to be rare as only three papers describing 
three brother pairs and two sporadic patients have been published so 
far. The presence of similarly affected brothers in three families sug-

gests X-linked or autosomal recessive inheritance. All three brothers 
were born to non-consanguineous parents.
We performed exome sequencing in the brother pair published by 
Wieczorek et al., 2003, and in three sporadic patients with the tenta-
tive diagnosis of BMKS. We identified two heterozygous nonsense 
mutations in an autosomal gene, (p.Glu117*) in the brother pair and 
(p.Glu13*), as well as one frameshift mutation (p.Val44Alafs*48). 
Screening for deletions (MLPA/array CGH) and mutations (Sanger 
sequencing) in seven additional families with BMKS revealed three 
large deletions (0.484, 1.164 and 4.7 MB), containing the entire can-
didate gene and adjacent genes. Further three patients are currently 
being analysed, two of them have at least partial gene deletions. In two 
patients, no mutation was identified. All mutations and one deletion 
were inherited from a healthy parent, but in no case a second mutation 
was found in the coding region of the gene. Final results are pending.
Thus, we postulated that a regulatory variant on the other allele might 
influence the phenotype. Whole genome sequencing was performed in 
five patients, including one brother pair, to address this question. In all 
patients, a 34 bp promoter deletion on the other allele of the same gene 
was identified. Segregation analyses for the promoter deletion by PCR 
in the families revealed that all patients with a null mutation on one 
allele had the promoter deletion on the other allele. As the promoter 
region was not covered in the control genomes which were available, 
we screened a control cohort of 200 healthy German and 178 South 
Asian individuals. Four of the German controls carried this promoter 
deletion, which suggests a minor allele frequency of 1% for this popula-
tion.
Preliminary results of primer extension analyses of RNA from periph-
eral blood suggest a negative effect of the 34 bp-deletion on the expres-
sion level of this allele. Further functional analyses, reporter gene 
assays and RNA seq, are currently being performed.
In conclusion, we show that unrelated patients with an inactivating 
mutation of one allele have a low-frequency promoter deletion on the 
other allele. No patient had two inactivating mutations or was homozy-
gous for the promoter deletion. Thus, our results indicate that BMKS is 
an autosomal recessive condition caused by an unusual mode of inheri-
tance and highlight the importance of analyzing regulatory regions of 
causative genes.

W1-02
Homozygous mutation in the mRNA decapping enhancer EDC3 
involved in the nonsense-mediated decay pathway causes 
autosomal-recessive intellectual disability
Scheller U.1, Buchert R.1, Uebe S.1, Al Khateeb M. A.2, Ekici A. B.1, Sticht 
H.3, Reis A.1, Abou Jamra R.1 
1Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 2Practice for Pediatrics, Sanameen, Syria; 
3Institute of Biochemistry; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany 

Nonsense-mediated decay (NMD) is a mechanism for degrada-
tion and regulation of mRNAs in eukaryotic cells. As a first step, the 
monomethyl-guanosine cap of the mRNA is removed by a decapping 
complex involving the decapping factor DCP2. The mRNA is then 
degraded from 5’ to 3’ by NMD factors like UPF1 and UPF2. The NMD 
pathway has already been related to human phenotypes presenting 
intellectual disability as for instance the deletion of UPF2. The Homo 
Sapiens Enhancer of mRNA Decapping 3 (EDC3), amongst others, 
enhances DCP2. Data from yeast and drosophila show an accumula-
tion of mRNAs if EDC3 is impaired.
Here we report a mutation in EDC3 in a consanguineous family with 
two children presented with mild intellectual disability. Assuming 
autosomal-recessive inheritance, we undertook autozygosity mapping 
which revealed two candidate regions with a total length of 33 Mb. 
Exome sequencing using exome enrichment with Agilent SureSelect 
All Exon 50Mb kit and a SOLID 5500xl platform revealed one candi-
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date mutation; EDC3 NM_025083:c.T161C:p.Phe54Ser. This position is 
evolutionary highly conserved and was predicted to be disease causing 
by four in silico programs. It was neither observed in public databases 
nor in over 300 in house exome. In 280 ethnically matched controls 
there was one heterozygous person from the same village as the fam-
ily. Biochemical modeling predicted that serin at position 54 crucially 
alters the hydrophobic core of the LSm domain of EDC3. This LSm 
domain has been shown to interact with the decapping factor DCP2 
and is therefore very likely essential for the functioning of EDC3. To 
examine whether the regulation of mRNAs is altered in patient cells, we 
conducted transcriptome profiling by sequencing (RNA-Seq) on both 
patients and two controls using RNA from lymphoblastoid cell lines. 
We identified 14 genes which were significantly altered in their expres-
sion (corrected P < 0.05). Eleven genes were chosen to be validated 
with quantitative PCR and we could confirm the RNA-Seq data in 9 of 
those including the upregulation of GABRA4 and KCNA6. Since the 
decapping enzyme DCP2 has been reported to prefer longer mRNAs 
as substrates, we also compared expression levels of long and short 
mRNAs; we observed that the longest 50% mRNAs showed a signifi-
cantly higher expression than the shortest 50% mRNAs (P = 2.20E-16). 
This indicates an accumulation of long mRNAs due to less activation 
of DCP2 by the altered EDC3. Since brain specific proteins tend to be 
generally longer, this may point towards the isolated neurological phe-
notype of our patients. Taken together, these data suggest that the vari-
ant in EDC3 has a pathogenic effect and is causative for the ARID in 
the examined family. Further gene expression experiments after siRNA 
knockdown of EDC3 are ongoing to gain better understanding of the 
functions of EDC3 and the pathomechanisms leading to intellectual 
disability.

W1-03
A homozygous mutation in the complex IV assembly factor 
COX20 (FAM36A) as a novel cause of a dystonia-ataxia syndrome
Lohmann K.1, Doss S.2, Seibler P.1, Arns B.1, Klopstock T.3, Zühlke C.1, 
Freimann K.1, Winkler S.1, Drungowski M.4, Nürnberg P.4,5, Wiegers K.1, 
Lohmann E.6, Naz S.7, Kasten M.1, Bohner G.2, Ramirez A.8, Endres M.2, 
Klein C.1 
1University of Luebeck, Luebeck, Germany; 2Charite, Berlin, Germany; 
3Ludwig-Maximilians-University, Munich, Germany; 4ATLAS Biolabs 
GmbH, Berlin, Germany; 5University of Cologne, Cologne, Germany; 
6Istanbul University, Istanbul, Turkey; 7University of the Punjab, Lahore, 
Pakistan; 8University of Bonn, Bonn, Germany 

A combination of predominant dystonia and mild cerebellar ataxia is 
referred to as DYTCA syndrome. We examined two affected siblings 
with healthy, consanguineous, Turkish parents. Both patients presented 
with a combination of childhood-onset cerebellar ataxia, dystonia, and 
sensory axonal neuropathy. Routine diagnostic investigations excluded 
known genetic causes such as mtDNA deletions/depletion or patho-
genic mutations in POLG1, CABC1, APTX, COQ2, COQ9, PDSS1, and 
PDSS2. Biochemical analyses of a muscle biopsy revealed few atrophic 
fibres, mildly enlarged and proliferated mitochondria, an isolated 
mitochondrial respiratory chain complex IV deficiency (26.5U/gNCP, 
normal: 112-351), and coenzyme Q10 deficiency (42.2 nmol/gNCP, nor-
mal: 160-1200). By exome sequencing, we identified a homozygous 
missense mutation (c.154A>C; p.Thr52Pro) in both patients in exon 2 
of the COX20 (FAM36A) gene which encodes a complex IV assembly 
factor. This variant was confirmed by Sanger sequencing, heterozygous 
in both parents and absent from 427 healthy controls. The exact same 
mutation was recently reported in a patient with ataxia and muscle 
hypotonia. Among 128 early-onset dystonia and/or ataxia patients, 
we did not detect any other patient with a COX20 mutation. cDNA 
sequencing and semi-quantitative analysis were performed in fibro-
blasts from one of our homozygous mutation carriers and six controls. 
In addition to the exchange of an amino acid, the mutation led to a shift 
in splicing towards the expression of a presumably non-coding tran-

script that lacks Exon 2. Finally, we measured the form factor in fibro-
blast cultures from the index patient and a healthy control to assess the 
mitochondrial network. There was a trend towards increased fusion in 
COX20 mutant cells compared to control fibroblasts. In conclusion, we 
report a novel genetic cause of a DYTCA syndrome which is character-
ized by reduced complex IV activity.

W1-04
Mutations in POGLUT1, encoding protein O-glucosyltransferase 
1, cause autosomal dominant Dowling-Degos disease
Basmanav F.B.1, Oprisoreanu A.M.2, Pasternack S.M.1, Thiele H.3, Fritz 
G.4, Wenzel J.5, Leopold G.6, Wehner M.1, Wolf S.1, Fagerberg C.7, Bygum 
A.8, Altmüller J.3, Rütten A.9, Parmentier L.10, El Shabrawi-Caelen L.11, 
Hafner C.6, Nürnberg P.3,12,13, Kruse R.14, Schoch S.2, Hanneken S.15, Betz 
R.C.1 
1Institute of Human Genetics; University of Bonn, Bonn, Germany; 
2Department of Neuropathology and Department of Epileptology; 
University of Bonn, Bonn, Germany; 3Cologne Center for Genomics; 
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Neuropathology; Neurozentrum; University of Freiburg, Freiburg, 
Germany; 5Department of Dermatology; University of Bonn, Bonn, 
Germany; 6Department of Dermatology; University of Regensburg, 
Regensburg, Germany; 7Department of Clinical Genetics; Odense 
University Hospital, Odense, Denmark; 8Department of Dermatology 
and Allergy Centre; Odense University Hospital, Odense, Denmark; 
9Laboratory of Dermatohistopathology, Friedrichshafen, Germany; 
10Department of Dermatology; Berne University Hospital, Berne, 
Switzerland; 11Department of Dermatology; Medical University of Graz, 
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Dowling-Degos disease (DDD) is an autosomal dominant genoderma-
tosis which is characterized by progressive and disfiguring reticulate 
hyperpigmentation affecting the flexures, large skin folds, trunk, face 
and extremities. We previously identified loss-of-function mutations in 
KRT5 in fewer than half of the individuals of our DDD cohort.
In this study, we undertook an exome sequencing approach to identify 
additional genetic causes of DDD by initially focusing on five unre-
lated affected individuals with similar DDD phenotypes and without 
KRT5 mutations. Analysis of the exome data revealed three different 
heterozygous mutations in these five individuals, all of which are in 
the same gene. These mutations, namely c.11G>A (p.Trp4*), c.652C>T 
(p.Arg218*), and c.798-2A>C, are within POGLUT1, which encodes 
protein O-glucosyltransferase 1. By further screening of POGLUT1 in 
all our unexplained cases of DDD, we identified six additional muta-
tions as well as two of the above described mutations. Immunohis-
tochemistry of skin biopsies of affected individuals with POGLUT1 
mutations showed significantly weaker POGLUT1 staining in the upper 
parts of the epidermis in comparison to healthy controls. We character-
ized the wild type POGLUT1 and various abberant forms by immunob-
loting, immunofluorescence studies, protein modeling and transcript 
analysis.  Immunoblot analysis revealed that translation of either wild 
type POGLUT1 or a mutated form with an amino acid substitution led 
to the expected size of about 50 kDa, while a nonsense mutation led 
to translation of a truncated protein of about 30 kDa. Immunofluo-
rescence analysis identified a co-localization of the wild type protein 
with the endoplasmic reticulum and a notable aggregating pattern for 
the truncated protein. Protein modeling and transcript analysis fur-
ther supported the pathogenicity of the identified mutations. Recently, 
mutations in POFUT1, encoding protein O-fucosyltransferase, were 
also reported to be responsible for DDD. Interestingly, both POGLUT1 
and POFUT1 are essential regulators of Notch activity. Our results fur-
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thermore emphasize the important role of the Notch pathway in pig-
mentation and keratinocyte morphology.

W1-05
Null mutation in PGAP1 impairs GPI-anchor maturation and 
causes intellectual disability
Tawamie H.1, Murakami Y.2, Buchert R.1, Maeda Y.2, Schaffer S.3, Sticht 
H.4, Kinoshita T.2, Reis A.1, Abou Jamra R.1 
1Institute of Human Genetics; Friedrich-Alexander-Universität 
Erlangen-Nürnberg, Erlangen, Germany; 2Frontier Research Center; 
Osaka University, Osaka, Japan; 3Department of Internal Medicine 5; 
Hematology and Oncology; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 4Institute of Biochemistry; Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

Many eukaryotic cell-surface proteins are anchored to the membrane 
via glycosylphosphatidylinositol (GPI). There are at least 26 genes 
involved in biosynthesis and remodeling of GPI anchors. We recently 
reported on two hypomorphic mutations in PGAP2 in two indepen-
dent consanguineous families with non-specific severe intellectual dis-
ability. Further hypomorphic coding mutations in six of these genes 
have been reported to cause decreased expression of GPI anchored 
proteins (GPI-APs) on the cell surface and to cause autosomal-reces-
sive forms of intellectual disability (ARID). Now we report for the first 
time, to our knowledge, on a homozygous mutation in PGAP1, a fur-
ther gene of this pathway.
We performed homozygosity mapping and exome sequencing in 
a family with two children with non-specific ARID and identified a 
homozygous 3 bp deletion (p.Leu197del) in the GPI remodeling gene 
PGAP1. PGAP1 is a deacylase that removes an acyl-chain from the ino-
sitol of GPI anchors in the endoplasmic reticulum immediately after 
attachment of GPI to proteins. In silico prediction and molecular mod-
eling strongly suggested a pathogenic effect of the identified variant. 
The expression levels of GPI-APs on lymphoblastoid cells derived from 
an affected person were normal. However, when those cells were incu-
bated with phosphatidylinositol-specific phospholipase C (PI-PLC), 
GPI-APs were cleaved and released from lymphoblastoid cells from 
healthy individuals whereas GPI-APs on the cells from affected person 
were totally resistant. Transfection with wild type PGAP1 cDNA res-
cued the PI-PLC sensitivity. These results indicate that GPI-APs were 
expressed with abnormal GPI structure due to a null mutation in the 
remodeling gene PGAP1. Our results add PGAP1 to the growing list of 
GPI abnormalities and indicate that not only the cell surface expression 
levels of GPI-APs but also fine structure of GPI-anchors is important 
for normal development. Mutations in GPI synthesis pathway genes 
seem to have a strong impact on development of the central nervous 
system and further mutations in this pathway will probably be identi-
fied soon.

W1-06
Mutations in PGAP3 impair GPI-anchor maturation causing a 
subtype of hyperphosphatasia with mental retardation
Krawitz PM.1, Howard MF.2, Murakami Y.3, Pagnamenta AT.2, Daumer-
Haas C.4, Fischer B.1, Hecht J.5, Keays DA.6, Knight SJL.2, Kölsch U.7, 
Krüger U.8, Leiz L.9, Maeda Y.3, Mitchell D.10, Mundlos S.1, Phillips III 
JA.10, Robinson PN.1, Kini U.11, Taylor JC.2, Kinoshita T.3, Horn D.8 
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GPI-anchored proteins play important roles in many biological pro-
cesses and mutations affecting proteins involved in the synthesis of the 
GPI-anchor are reported to cause a wide spectrum of intellectual dis-
abilities (ID) with characteristic additional phenotypic features. Here 
we describe in total five individuals from three unrelated families in 
whom we identified mutations in PGAP3, encoding a protein that is 
involved in GPI-anchor maturation. Three siblings in a consanguin-
eous Pakistani family presented with profound developmental delay, 
severe ID, no speech, psychomotor delay, and postnatal microcephaly. 
A combination of autozygosity mapping and exome sequencing identi-
fied a 13.8 Mb region on 17q11.2-q21.32 harbouring a novel homozy-
gous c.275G>A variant in PGAP3.  Subsequent testing showed elevated 
serum alkaline phosphatase (ALP, a GPI-anchored enzyme) in all three 
affected children. In two unrelated individuals in a cohort with devel-
opmental delay, ID and elevated ALP we identified compound hetero-
zygous variants c.439dupC and c.914A>G and a homozygous variant 
c.314C>G.  The 1bp duplication causes a frameshift and nonsense medi-
ated decay. Further evidence supporting pathogenicity of the missense 
mutations p.(Gly92Asp), p.(Pro105Arg) and p.(Asp305Gly) was pro-
vided by the absence of the variants from ethnically matched controls, 
phylogenetic conservation and functional studies on CHO cell lines. 
Taken together with recent data on PGAP2, these results confirm the 
importance of the later GPI-anchor remodelling steps for normal neu-
ronal development. Impairment of PGAP3 causes a new subtype of 
hyperphosphatasia with ID, a congenital disorder of glycosylation that 
is also referred to as Mabry syndrome.

W2 Cancer Genetics

W2-01
Systematic screening of eight polymerase genes identified 
germline POLE mutations as relevant cause of unexplained 
familial colorectal adenomas and carcinomas
Spier I.1, Holzapfel S.1, Altmüller J.2, Horpaopan S.1, Vogt S.1,3, Raeder 
S.1, Stienen D.1, Uhlhaas S.1, Nürnberg P.2, Hoffmann P.1,4,5, Nöthen M. 
M.1,4, Thiele H.2, Steinke V.1, Aretz S.1 
1Institute of Human Genetics, University of Bonn, Germany; 2Cologne 
Center for Genomics; CCG, University of Cologne, Germany; 3MVZ Dr. 
Eberhard & Partner, Dortmund, Germany; 4Department of Genomics; 
Life & Brain Center, University of Bonn, Germany; 5Division of Medical 
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Background: Familial colorectal cancer is a genetically heterogeneous 
condition, including various gastrointestinal polyposis syndromes 
and hereditary non-polyposis colorectal cancer (Lynch syndrome, 
HNPCC). However, in a number of families in whom the clinical cri-
teria of a colorectal polyposis are met or Lynch syndrome is suspected, 
no germline mutation in the known genes can be found. Missense 
mutations in polymerase genes (POLD1 and POLE) have recently been 
identified as a rare cause of multiple colorectal adenomas/carcinomas 
(Palles et al. 2012).
Methods: The mutation screening of the polymerase genes POLD1, 
POLD2, POLD3, POLD4, POLE, POLE2, POLE3, and POLE4 was 
performed by a targeted next-generation sequencing approach 
(Truseq Custom Enrichment Kit, Illumina) on an Illumina HiSeq2000 
sequencer using a sample of 192 apparently unrelated patients (145 pol-
yposis patients without APC or MUTYH mutations and 47 familial 
colorectal carcinoma cases with microsatellite stable tumours meeting 
the Amsterdam I or II criteria). Data analysis was done by standard 
protocols using the VARBANK pipeline (CCG, Cologne).
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Results: The previously described pathogenic POLE missense mutation 
c.1270C>G;p.Leu424Val was found in 4 index patients, all of them with 
a positive family history. We could demonstrate that the mutation seg-
regates with the phenotype in all 8 affected members of 3 families from 
whom DNA was available. Haplotype analysis showed that 2 of the 
families are distantly related (confirmed by extended pedigree infor-
mation), the other 2 families exhibit different haplotypes. Thus, around 
2% (3/191) of unrelated families in the whole study cohort and  around 
5% (3/66) of families with known positive family history are affected 
by this mutation. The phenotype of the patients ranges from adenoma-
tous polyposis with a maximum of about 100 colorectal polyps in three 
families to one family meeting Amsterdam I criteria. Interestingly, in 
some patients duodenal adenomas are described and one patient had 
duodenal carcinoma. Another patient shows retroperitoneal fibro-
sis. Moreover, we could identify  the POLE mutation c.1306C>T;p.
Pro436Ser (also located in the exonuclease domain) in another familial 
case, segregation analysis is ongoing. Six further probably pathogenic 
heterozygous mutations could be identified (1 frameshift mutation in 
POLE2 and 5 rare missense mutations in POLD1, POLD3, POLE and 
POLE2).
Conclusions: In conclusion, we could identify the previously described 
POLE mutation in a substantial number of our well characterized sam-
ple of polyposis and familial colorectal cancer patients. Screening for 
that mutation should be considered especially in unexplained familial 
cases. Furthermore we could extend the previously described pheno-
typic spectrum to duodenal adenomas and carcinomas and identified 
new potentially pathogenic variants in POLE and some other poly-
merase genes.
(Supported by German Cancer Aid and BONFOR programme of the 
University of Bonn)

W2-02
Combined High-resolution Analysis of Genome and 
Transcriptome of a Single Cell
Kirsch S.1, Feliciello G.1,2, Czyz ZT.1,2, Guzvic M.2, Polzer B.1, Klein CA.1,2 
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During the last years, a constant increase in technologies that allow 
detection and even isolation of single cells were developed and are even 
incorporated in clinical diagnostic settings for the detection of circu-
lating tumor cells (CTCs) and disseminated cancer cells (DCCs) in 
cancer patients. However, for a deeper understanding of their biologi-
cal properties, reliable molecular methods for single cell analysis are 
indispensable, especially as recent studies indicate the clinical utility 
of CTCs as a “liquid biopsy” to circumvent tissue biopsies of meta-
static tumors. Here, we present for the first time combined high-reso-
lution molecular analysis following parallel whole genome (WGA) and 
whole transcriptome amplification (WTA) of the same single cell. Our 
approach provides the unique possibility to carry out multiple analyses 
in parallel on mRNA and DNA from a single cell. Thus, the complex 
landscape of somatic alterations can be cross-validated using inde-
pendent nucleic acid amplification methods, and thereby minimizing 
the risk of detecting artificial sequence errors. Parallel RNAseq analy-
sis of two single cells of the VCaP prostate cancer cell line presenting 
markedly different gene expression levels of the prostate cancer fusion 
transcript marker TMPRSS:ERG was performed using Roche 454 GS 
FLX+ and Illumina HiSeq 1000 platform. Additionally, we developed a 
protocol for experimental normalization of single cell cDNA libraries 
to increase the sequence depth of the Roche 454 GS FLX+ system. Con-
sequently, it was possible to detect TMPRSS:ERG fusion transcripts at 
low levels of gene expression. Furthermore, by using high-resolution 
aCGH analysis, we demonstrate that high-throughput analysis of both 
transcriptome and genome of the same single cell is feasible. We used 

our protocols to comprehensively analyze for the first time genome and 
transcriptome of a disseminated cancer cell from bone marrow of a 
metastatic prostate cancer patient. Besides detection of homozygous 
PTEN loss and AR high level amplification on the genomic level we 
obtained sequences for 7692 mRNA transcripts. Bioinformatic evalu-
ation and further validation experiments (e.g. AR qPCR, validation of 
detected gene fusions) allow the qualitative and quantitative assess-
ment of our combined genome-wide single cell analyses. In conclusion, 
our assays provide powerful molecular tools to analyze tumor cells on a 
single cell level and therefore are able to characterize the full molecular 
profile and heterogeneity of systemic cancer.

W2-03
Divergence between high metastatic tumor burden and  low 
circulating tumor DNA concentration in metastasized breast 
cancer
Heitzer E.1, Heidary M.1, Auer M.1, Ulz P.1, Petru P.2, Gasch C.3, Riethdorf 
S.3, Mauermann O.3, Lafer I.1, Pristauz G.2, Lax S.4, Pantel K.3, Geigl J.B.1, 
Speicher M.R.1 
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Circulating tumor DNA (ctDNA) was reported to represent a highly 
sensitive biomarker of metastatic cancer disease directly reflecting 
tumor burden and dynamics. Here we investigated the role of ctDNA 
in patients with metastatic breast cancer. In an index patient with more 
than 100,000 circulating tumor cells (CTCs) in serial blood analyses, 
whole genome, exome, or targeted deep sequencing of the primary 
tumor, metastases, and 551 CTCs were consistent with a genetically 
homogeneous cancer. However, the allele fractions (AFs) of ctDNA 
were only 2-3% in each analysis, which neither reflected the tumor bur-
den nor the dynamics of this progressive disease by far. Indeed, plasma 
analyses of 71 further patients demonstrated highly variable AFs of 
mutant fragments, which frequently did not correspond to the tumor 
burden. Our data show that although ctDNA is a promising new bio-
marker in patients with cancer, the dynamics of the release of ctDNA 
into the circulation may not reflect tumor burden and requires further 
investigation. This observation has important implications for the use 
of ctDNA as liquid biopsy, as it indicates that tumor cells in some can-
cer patients with progressive disease may release only small amounts 
of ctDNA into the circulation, probably because of their low apoptotic 
rate.

W2-04
Qualification of Lung Cancer DNA methylation markers for 
liquid biopsy testing
Weinhäusel A.1, Reithuber E.1, Sonntagbauer M.1, Wielscher M.1, Hofer 
P.2, Pulverer W.1, Nöhammer C.1, Kriegner A.1, Liloglou T.3, Hajduch M.4, 
Vierlinger K.1, Gsur A.2 
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Elucidation of genome wide epigenetic changes has become a routine 
application, and is of utmost interest for the development of biomark-
ers for diagnostics. Along the biomarker developmental chain upon 
discovery of candidate markers, confirmation and validation are indis-
pensable steps. For nucleic acids based markers the method of choice is 
qPCR. Focusing on DNA methylation based biomarker development, 
we have established methylation sensitive restriction enzyme (MSRE) 
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based qPCR testing for DNA methylation analyses. Efficient assay 
design tools have been developed enabling high throughput sequence 
manipulation and qPCR design. Several hundred assays for human 
DNA methylation targets have been designed and setup. Analytical 
validation according MIQE guidelines has been conducted using a 
standard qPCR and Fluidigm’s Biomark system. These high throughput 
MSRE-qPCR assays have been used for confirmation of DNA-methyl-
ation biomarkers of cancerous and non cancerous disease. The strat-
egy combining MSRE-digestion and multiplexed preamplification has 
been optimized for paralleled analyses of candidate methylation mark-
ers from spurious amounts of cell free DNA in plasma and serum. Here 
we will present data on the performance of DNA methylation markers 
for minimal invasive diagnostics of lung cancer. When only 400µl of 
plasma of archived samples (n=200) stored for up to 15y were available, 
at least 10 ng DNA could be isolated and 48 MSRE-qPCR assays con-
ducted confirmed the performance of gene-panels for diagnostic test-
ing. By a methylation-test panel of 5 genes WT1, SALL3, TERT, ACTB, 
CPEB4 adeno, squamous cell, small cell and large cell -carcinoma of 
the lung were detected with an AUC of 0.8-0.9.  Several combinations 
including additional 2-5genes let us increase AUCs to 0.85-0.95. Per-
formance of markers was on DNA from sputum (n=100) AUC=0.76.
Although limited by the amount of sample and input DNA, MSRE-
qPCR is very efficient and useful to transfer candidate markers derived 
from tissue based screening to blood-based or minimal invasive tests.

W2-05
Association of the type of 5q loss with complex karyotype, TP53 
mutation status and prognosis in AML and MDS
Volkert S., Kohlmann A., Schnittger S., Kern W., Haferlach T., Haferlach 
C. 
MLL Munich Leukemia Laboratory, Munich, Germany 

Background: Deletions of the long arm of chromosome 5 are fre-
quent abnormalities in myelodysplastic syndromes (MDS) and acute 
myeloid leukemia (AML). Their size varies considerably. Jerez et al. 
(JCO 2012) reported on commonly retained regions using SNP arrays 
and observed that deletions involving the centromeric and telomeric 
extremes of 5q are associated with a more aggressive clinical course. 
From a cytogenetic view loss of 5q either occurs due to interstitial dele-
tions, unbalanced translocations or monosomy 5. While in interstitial 
deletions the telomeric region of 5q is retained, it is lost in cases with 
unbalanced 5q translocations and monosomy 5.
Aim: Analyze whether the type of 5q loss (interstitial deletion vs unbal-
anced translocation/ monosomy) is associated with other biological 
markers and prognosis in AML and MDS.
Patients and Methods: 1200 patients (pts) with loss of 5q were stud-
ied including 627 AML pts (de novo: 454, s-AML: 101, t-AML: 72) and 
573 MDS pts (de novo: 511, t-MDS: 62) with a median age of 71.7 yrs 
(range: 30-90) and 73.2 yrs (range: 34-93). Interphase FISH had been 
performed in all pts with a probe for EGR1 (5q31) and all showed a het-
erozygous EGR1 deletion. All cases had been studied by chromosome 
banding analysis and in addition by 24-color FISH whenever necessary 
to resolve complex karyotypes. Data on TP53 mutation (TP53mut) sta-
tus was available in 420 pts (AML: 233, MDS: 187).
Results: AML and MDS cases were separated into 2 groups according to 
type of 5q loss: 1) interstitial 5q deletion (idel5q): AML: 341/627 (54.4%), 
MDS: 385/573 (67.2%), and 2) 5q loss due to an unbalanced transloca-
tion (ut5q): AML: 286/627 (45.6%), MDS: 188/573 (32.8%). Cases with 
monosomy 5 (AML: 12, MDS: 1) were assigned to the second group. 
530/627 (84.5%) AML pts and 303/573 (52.9%) MDS pts with 5q loss 
showed a complex karyotype (defined as >3 abnormalities). 195/233 
(83.7%) AML and 104/187 (55.6%) MDS pts exhibited a TP53mut. In 
AML and MDS, patients with ut5q showed complex karyotypes more 
frequently (MDS: 179/188 (95.2%) vs 124/385 (32.2%); p<0.001; AML: 
274/286 (95.8%) vs 256/341 (75.1%); p<0.001). Moreover, in MDS 
ut5q was associated with TP53mut (64/67 (95.5%) vs 40/120 (40.0%); 

p<0.001) and shorter survival (15.3 mo vs not reached; p<0.001). In 
MDS with loss of 5q complex karyotype was an independent adverse 
prognostic factor (HR=5.34; p=0.032). In AML with loss of 5q TP53mut 
was the strongest adverse prognostic factor (HR=2.21; p=0.026).
Conclusions: Loss of 5q due to unbalanced translocations encompass-
ing the telomeric 5q region is more frequent in AML than in MDS and 
in both entities associated with a complex karyotype. MDS pts with 
ut5q show compared to pts with idel5q a shorter survival. This data 
suggests that in MDS ut5q reflect chromosomal instability which most 
probably is associated with progression to AML and adverse prognosis. 
In AML with loss of 5q the presence of TP53 mutations is the strongest 
adverse prognostic factor.

W2-06
Submicroscopic Copy Number Changes were identified by 
Array CGH in 10% of 520 MDS Patients with Normal Karyotype: 
Deletions Encompass the Genes TET2, DNMT3A, ETV6, NF1, 
RUNX1, and STAG2 and Are Associated with Shorter Survival
Haferlach C., Zenger M., Staller M., Raitner K., Holzwarth J., Kern W., 
Schnittger S., Kohlmann A., Haferlach T. 
MLL Münchner Leukämielabor, München, Germany 

Background: In MDS, cytogenetic aberrations play an important role 
for classification and prognostication. The vast majority of chromo-
some aberrations in MDS are gains or losses of chromosomal mate-
rial while balanced rearrangements are rare. However, more than 50% 
of MDS and even more in low risk MDS harbor a normal karyotype. 
Chromosome banding analysis (CBA) can only detect gains and losses 
of more than 10 Mb size due to its limited resolution and is dependent 
on proliferation of the MDS clone in vitro. Array CGH has a consider-
ably higher resolution and does not rely on proliferating cells.
Aims: We addressed the question whether MDS with normal karyo-
type harbor cytogenetically cryptic gains and losses.
Patients and Methods: 520 MDS patients with normal karyotype were 
analyzed by array CGH (Human CGH 12x270K Whole-Genome Til-
ing Array, Roche NimbleGen, Madison, WI). For all patients CBA had 
been performed. The cohort comprised the following MDS subtypes: 
RA (n=22), RARS (n=43), RARS-T (n=27), RCMD (n=124), RCMD-
RS (n=111), RAEB-1 (n=104), and RAEB-2 (n=89). Recurrently deleted 
regions detected by array CGH were validated using interphase-FISH 
(IP-FISH).
Results: In 52/520 (10%) patients copy number changes were identified 
by array CGH. Only 8 cases (1.5%) harbored large copy number altera-
tions (CNA) >10 Mb in size, as such generally detectable by CBA. These 
CNA were confirmed by IP-FISH. They were missed by CBA due to 
small clone size (n=2), insufficient in vitro proliferation (n=3) or poor 
chromosome morphology (n=3). In the other 44 patients with submi-
croscopic CNA 18 gains and 32 losses were detected. The sizes ranged 
from 193,879 bp to 1,690,880 bp (median: 960,176 bp) in gained regions 
and 135,309 bp to 3,468,165 bp (median: 850,803 bp) in lost regions. 
Recurrently deleted regions as confirmed by IP-FISH encompassed the 
genes TET2 (4q24; n=9), DNMT3A (2p23; n=3), ETV6 (12p13; n=2), 
NF1 (17q11; n=2), RUNX1 (21q22; n=2), and STAG2 (Xq25, deleted in 
2 female patients). No recurrent submicroscopic gain was detected. In 
addition, we performed survival analysis and compared the outcome 
of patients with normal karyotype also proven by array CGH (n=462) 
to patients with aberrant karyotype as demonstrated by array CGH 
(n=52). No differences in overall survival (OS) were observed. How-
ever, OS in 35 patients harboring deletions detected solely by array 
CGH was significantly shorter compared to all others (median OS: 62.1 
vs 42.4 months, p=0.023).
Conclusions: 1. Array CGH detected copy number changes in 10% of 
MDS patients with normal karyotype by chromosome banding analy-
sis. 2. Most of these alterations were submicroscopic deletions encom-
passing the genes TET2, ETV6, DNMT3A, NF1, RUNX1, and STAG2. 
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3. Interphase-FISH for these loci can reliably pick up these alterations 
and is an option to be easily performed in routine diagnostics in MDS 
with normal karyotype. 4. Patients harboring deletions detected solely 
by array-CGH showed worse prognosis.

W3 Complex Diseases

W3-01
Mutations causing complex disease may under certain 
circumstances be protective in an epidemiological sense
Siegert S.1, Wolf A.2, Cooper DN.3, Nothnagel M.1, Krawczak M.2 
1Cologne Center for Genomics; University of Cologne, Cologne, Germany; 
2Institute of Medical Informatics and Statistics; Christian-Albrechts 
University, Kiel, Germany; 3Institute of Medical Genetics; Cardiff 
University, Cardiff, United Kingdom 

Guided by the practice of classical epidemiology, research into the 
genetic basis of complex disease usually takes for granted the dic-
tum that causative mutations are invariably over-represented among 
affected as compared to unaffected individuals. However, employing 
various models of population history and penetrance, we show that 
this supposition is not true and that a mutation involved in the etiol-
ogy of a complex disease can under certain circumstances be depleted 
rather than enriched in the affected portion of the population. Such 
mutations are ‘protective’ in an epidemiological sense and would nor-
mally tend to be erroneously excluded from further studies. Our appar-
ently paradoxical finding is due to the possibility of an anti-correlation 
between complementary causative mutations that may arise as a conse-
quence of the specifics of the population genealogy. This phenomenon 
also has the potential to hamper efforts to identify rare causative muta-
tions through whole-genome sequencing.

W3-02
Systematic association analysis of human microRNAs with 
schizophrenia
Hofmann A., Degenhardt F., Forstner A., Nöthen M. M. 
Institute of Human Genetics, Bonn, Germany 

Schizophrenia (SCZ) is a common and severe neuropsychiatric dis-
order. SCZ genome-wide association studies (GWAS) have identified 
common single nucleotide polymorphisms (SNPs), rare copy number 
variants (CNVs) and a large polygenic contribution to illness risk, but 
biological mechanisms remain unclear. Among the strongest GWAS 
finding is mir-137, a post-transcriptional mRNA regulator involved in 
neuronal development [Ripke et al., 2011]. The known role of microR-
NAs (miRNAs) as potent disease modifiers in neuropsychiatric disor-
ders raises the question of whether genetic variation in miRNAs plays 
a critical role in SCZ etiology.
Results from the largest SCZ meta-analyses with 9,898,078 imputed 
SNPs from a Sweden national sample and data from the Psychiatric 
Genetic Consortium (PGC) including a total of 13,833 patients and 
18,310 controls [Ripke et al., 2013] provided the basis for this analysis.
Therefore, we implemented a systematic set-based testing for all miR-
NAs (n=718) defined in the miRBase release 13.0 based on test statistics 
from GWAS data. To capture regulatory regions, ± 20kb were defined 
as miRNA boundaries. Alike the popular gene set testing tool VEGAS 
[Liu et al., 2010], SNPs in within these boundaries were grouped 
together, corrected for linkage disequilibrium and controlled for the 
number of SNPs within each miRNA. In this study, we summarized 
the 10% of most significant SNPs) for each miRNA. Additionally, all 
miRNA hostgenes (n=340) were analyzed with the same regional 
boundaries.

From all analyzed miRNAs, 2.76% were significantly associated with 
SCZ after correction for multiple testing; further 18.90% were nominal 
significant. As expected from the GWAS results, the strongest associa-
tion was found for mir-137. Moreover, miRNAs involved in neural and 
synapse development such as mir-9, let-7, mir-17 and mir-34a as well as 
in miRNAs with yet unknown function were identified. Further evalu-
ation of targets from significantly associated miRNAs as well as their 
presence in brain eQTLs is ongoing and will be presented.
Overall, our results give the first unbiased screening of miRNA associa-
tion based on large SCZ GWAS data and might lead to the discovery of 
key players suitable for further functional studies.

W3-03
Follow up of loci identified by the International Genomics of 
Alzheimer’s Disease Project confirms TRIP4 as a novel risk locus 
for AD.
Heilmann S.1,2, Ruiz A.3, Becker T.4,5, Hernández I.6, Wagner H.7, Thelen 
M.7, Mauleón A.6, Rosende-Roca M.8, Bellenguez C.9,10,11, Bis JC.12, Ha-
rold D.13, Sotolongo-Grau O.8, Espinosa A.8, Alegret M.8, López Arrieta 
J.14, Lacour A.15, Leber M.15, Becker J.16, Lafuente A.8, Ruiz S.8, Vargas L.8, 
Rodríguez O.8, Mayeux R.17,18, Haines JL.19,20, Pericak-Vance MA.21,22, Far-
rer LA.23,24, Schellenberg GD.25, Otega G.8, Dominguez M-A.8, Antúnez 
C.26, Breteler M.M.15, Serrano-Ríos M.27, Jessen F.15,16, Tárraga L.8, 
Nöthen M.M.28,29, Maier W.15,16, Boada M.8,30, Ramirez A.16,28 
1Institute of Human Genetics University of Bonn, Bonn, Germany; 
2Department of Genomics Life & Brain Centre University of Bonn, 
Bonn, Germany; 3Memory Clinic of Fundacio ACE Institut Català 
de Neurociencies Aplicades, Barcelona, Spain; 4German Centre for 
Neurodegenerative Diseases DZNE, Bonn, Germany; 5Institute of 
Medical Biometry Informatics and Epidemiology University of Bonn, 
Bonn, Germany; 6Memory Clinic of Fundacio ACE Institut Catala de 
Neurociencies Aplicades, Barcelona, Spain; 7Department of Psychiatry 
and Psychotherapy University of Bonn, Bonn, Germany; 8Memory Clinic 
of Fundaciò ACE - Institut Català de Neurociències Aplicades, Barcelona, 
Spain; 9Inserm - U744, Lille, France; 10Université Lille 2, Lille, France; 
11Institut Pasteur de Lille, Lille, France; 12Cardiovascular Health Research 
Unit - Department of Medicine - University of Washington, Seattle, USA; 
13Institute of Psychological Medicine and Clinical Neurosciences - MRC 
Centre for Neuropsychiatric Genetics & Genomics, Cardiff University, 
UK; 14Memory Unit - University Hospital La Paz-Cantoblanco, Madrid, 
Spain; 15German Centre for Neurodegenerative Diseases - DZNE, Bonn, 
Germany; 16Department of Psychiatry and Psychotherapy - University 
of Bonn, Bonn, Germany; 17Taub Institute on Alzheimer’s Disease and 
the Aging Brain - Department of Neurology - Columbia University New 
York, New York, USA; 18Gertrude H. Sergievsky Center -Department 
of Neurology - Columbia University, New York, USA; 19Department of 
Molecular Physiology and Biophysics - Vanderbilt University, Nashville, 
USA; 20Vanderbilt Center for Human Genetics Research - Vanderbilt 
University, Nashville, USA; 21The John P. Hussman Institute for Human 
Genomics - University of Miami, Miami, USA; 22Dr. John T. Macdonald 
Foundation Department of Human Genetics - University of Miami, Miami, 
USA; 23Department of Medicine-Biomedical Genetics; Department of 
Ophthalmology; Department of Biostatistics; Boston University School of 
Public Health, Boston, USA; 24Department of Epidemiology; Department 
of Neurology - Boston University School of Medicine, Boston, USA; 
25Department of Pathology and Laboratory Medicine - University 
of Pennsylvania Perelman School of Medicine, Philadelphia, USA; 
26Dementia Unit - University Hospital Virgen de la Arrixaca, Murcia, Spain; 
27Centro de Investigación Biomédica en Red de Diabetes y Enfermedades 
Metabólicas Asociadas -CIBERDEM- Spain - Hospital Clínico San Carlos, 
Madrid, Spain; 28Institute of Human Genetics - University of Bonn, Bonn, 
Germany; 29Department of Genomics - Life & Brain Centre - University of 
Bonn, Bonn, Germany; 30Hospital Universitari Vall d’Hebron–Institut de 
Recerca - Universitat Autònoma de Barcelona, Barcelona, Spain 
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Alzheimer‘s disease (AD) is a complex multifactorial disorder that 
manifests with a progressive loss of cognitive functions which results 
in the loss of autonomy. The etiology of AD is driven by genetic an 
environmental factors and the apolipoprotein E4 (APOE4) allele con-
stitutes the strongest genetic risk factor. In the past years, genome-wide 
association studies (GWAS) have been successful in identifying nine 
contributing genetic risk loci. Very recently, a breakthrough in the 
understanding of the underlying genetic causes of AD was achieved 
by the International Genomics of Alzheimer‘s Project (IGAP). IGAP 
performed a large-scale two-step meta-analysis of four GWAS samples 
for AD which resulted in the identification of 11 additional AD risk 
loci. Noteworthy, genome-wide significance for seven of these 11 loci 
was only established in the IGAP replication stage in an indepen-
dent sample of ~20,000 AD cases and controls (IGAP stage II). In 
addition to these genome-wide significant loci, the IGAP effort pro-
vided a list containing 13 loci that were ranked as suggestive AD risk 
loci. Follow up of these IGAP suggestive loci is a promising strategy 
to identify novel AD risk genes. We therefore analyzed a total of 19 
SNPs including novel and suggestive AD loci from IGAP analysis in 
an independent Spanish sample from the Fundació ACE, comprising 
1,808 patients and 2,564 controls. Our data confirmed the association 
of four SNPs from the IGAP step II analysis with nominal significance 
(rs35349669 at INPP5D, rs190982 at MEF2C, rs1476679 at ZCWPW1, 
and rs17125944 at FERMT2). In addition, we found a trend towards 
association for three loci detected during IGAP stage I (rs11218343 
at SORL1; rs10498633 at SLC24A4/RIN3; rs8093731 at DSG1). Out of 
the 9 suggestive loci included in our analysis, only rs74615166 located 
intronically in TRIP4 (thyroid receptor interacting protein) could be 
replicated with nominal significance (P=0.0032). A subsequent meta-
analysis of the Fundació ACE replication sample and the IGAP sample 
confirmed this association between rs74615166 and AD with genome-
wide significance (P=9.74x10-9; OR=1.31; 95%CI [1.19-1.44]). Hence, 
our results added a novel Alzheimer risk gene, TRIP4, to the growing 
list of Alzheimer susceptibility genes. TRIP4 is involved in transcrip-
tional activation following thyroid hormone interaction. Excitingly, 
the activity of the thyroid hormone system has been associated with 
an increased risk of Alzheimer‘s disease. Furthermore, the TRIP pro-
teins also show similar ligand-dependent interaction with the retinoid 
X receptor (RXR), a particularly exciting finding in light of the recent 
finding that administration of an RXR agonist, bexarotene, to a mouse 
model of AD resulted in enhanced clearance of soluble Aβ within 
hours. Thus, TRIP4 may represent a good target for AD therapies. Fur-
ther genotyping and re-sequencing efforts to investigate the IGAP loci 
are underway in order to corroborate further genuine signals.

W3-04
Functional Characterization of Long-QT Syndrome (LQT) and 
Sudden Infant Death (SIDS) Associated OLFML2B Mutations
Plötz T.1, Gloeckner CJ.2, Prucha H.3, Kartmann H.4, Schell M.4, Ven-
nemann M.5, Congiu C.6, Schäfer Z.7, Hauck S.7, Sinicina I.8, Kremmer 
E.7, Bishopric NH.9, Donner M.10, Mage DT.11, Kääb S.12, Bajanowski T.13, 
Schott JJ.14, Peters A.7, Meitinger T.1, Mewes HW.1, Decher Niels.15, Ueff-
ing M.2, Näbauer M.12, Pfeufer A.1 
1TU München und Helmholtz Zentrum München, München, Germany; 
2Universität Tübingen und Helmholtz Zentrum München, München, 
Germany; 3Klinikum rechts der Isar der Technischen Universität München, 
München, Germany; 4I. Medizinische Klinik, Klinikum der LMU München, 
München, Germany; 5Institute of Forensic Pathology, Klinikum der 
Universität Münster, Germany; 6European Academy Bozen - EURAC, 
Bolzano, Italy; 7Helmholtz Zentrum München, München, Germany; 
8Institute of Forensic Pathology, Ludwig-Maximilians-University 
München, München, Germany; 9University of Miami, Miami, USA; 
10Dupont Haskell Global Centers for Health & Environmental Sciences, 
Newark, USA; 11Biomolecular Core Laboratory, AI duPont Hospital 
for Children, Wilmington, USA; 12Klinikum der Universität München 

– Grosshadern, München, Germany; 13Klinikum der Universität Essen, 
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By GWAS we have mapped the strongest human QTL modifying car-
diac repolarization (QT interval) to OLFML2B and NOS1AP in 1q23.3. 
OLFML2B encodes a secreted extracellular matrix (ECM) protein. By 
mutation screening we have identified an overrepresentation of rare 
(MAF≤1%) nonsynonymous heterozygous mutations in 125 patients 
with long-QT Syndrome (LQT; OR=3.62 (1,46-8,93) p=2,9x10-3) and 
in 93 with sudden infant death syndrome (SIDS; OR=3,01 (1,05-8,65) 
p=3,2x10-2) but not in 94 adults with sudden cardiac death (SCD; 
OR=0,57 (0,07-4,41) p=5,9x10-1) compared to 702 population controls.
Of 35 missense variants identified, we have selected 14 variants in-
silico predicted to negatively affect protein structure (PolyPhen2, SIFT, 
Mutation taster) for heterologous expression in HEK293 cells and func-
tional analysis. Combining our 702 controls with in-silico data from 
6503 WES sequenced individuals from the ESP 4 out of the 14 variants 
occurred in 2,3,7 and 9 heterozygotes among 7205 persons while the 
other 10 variants were absent in the expanded control sample.
All OLFML2B protein variants were equally expressed intracellularly. 
Their secretion into the extracellular space was impaired depending 
on the mutation ranging from mild reductions to nonsecretion. Co-
expression of wildtype and mutant demonstrated dominant nega-
tive secretion impairment. Secretion experiments were performed 
in triplicate at three temperatures and parametrized for statistical 
analysis (LI-COR Image Studio) using wt-OLFML2B at 37°C as a 
reference. As expected protein secretion was temperature dependent 
(30°C>37°C>41°C; p<0,001). In addition secretion was significantly 
correlated with disease severity (wt>LQT>SIDS; p<0,05) and with 
allele frequency in the controls (p<0.01). Four out of the 14 variants 
were  investigated by cellular electrophysiology in Xenopus oocytes. 
They showed significant reduction of the voltage gated KCNH2/Kv11.1 
channel (IKr) but no other main cardiac ion channels. The degree of 
impairmant ranged from −7% to −49% and was also correlated with 
mutation secretion status.
Taken together the functional proteomic investigation suggests a sig-
nificant influence of OLFML2B and the ECM on myocardial repolar-
ization. This assumption is supported by nonsecretion being associated 
with both disease severity and population allele frequency acting in 
an autosomal dominant manner. Our data support the hypothesis that 
rare nonsynonymous OLFML2B variants impair repolarization, most 
likely by failing to assume the correct topological position in the ECM, 
and confer genetic predisposition to long QT-Syndrome (LQT) and 
sudden infant death (SIDS).

W3-05
High-density genotyping in alopecia areata identifies TNFSF4 
and HLA-C as two new susceptibility loci with genome-wide 
significance
Redler S.1, Angisch M.2, Heilmann S.1,3, Wolf S.1, Barth S.1,3, Basmanav F. 
B.1, Hanneken S.4, Eigelshoven S.4, Giehl K. A.5, Kruse R.6, Lutz G.7, Wolff 
H.5, Blaumeiser B.8, Böhm M.9, Garcia Bartels N .10, Blume-Peytavi U.10, 
Becker T.2,11, Nöthen M. M.1,3, Betz R. C.1 
1Institute of Human Genetics, Bonn, Germany; 2Institute for Medical 
Biometry Informatics and Epidemiology, Bonn, Germany; 3Department 
of Genomics Life & Brain Center, Bonn, Germany; 4Department of 
Dermatology, Düsseldorf, Germany; 5Department of Dermatology, 
Munich, Germany; 6Dermatological Practice, Paderborn, Germany; 
7Dermatological Practice, Wesseling, Germany; 8Department of 
Medical Genetics, Antwerp, Belgium; 9Department of Dermatology, 
Münster, Germany; 10Clinical Research Center for Hair and Skin Science 
Department for Dermatology and Allergy, Berlin, Germany; 11German 
Center for Neurodegenerative Diseases, Bonn, Germany 
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Alopecia areata (AA) is a common hair loss disorder which occurs in 
both sexes and all age groups. The disorder is characterized by a typi-
cally sudden onset of patchy areas of hair loss which can occur on the 
scalp or on the body hair. The course of disease is unpredictable. Indi-
viduals with AA may experience complete remission, a chronic course, 
or progression towards a complete loss of scalp hair (AA totalis) or of 
scalp and body hair (AA universalis). The precise etiopathogenesis of 
AA is still unknown. However, immunological and association stud-
ies generate accumulating support for the hypothesis that innate and 
acquired immunity is implicated in the etiopathogenesis of AA. Up 
to now, ten loci with genome-wide significance have been identified 
for AA. The association findings include among the HLA region vari-
ous genes which are assumed to be involved in immune modulating as 
well as inflammatory processes. To further reveal the immune nature 
of AA, we analyzed a sample of 778 AA patients and 1,488 controls of 
Central European origin on a custom-based Illumina BeadChip array, 
the Immunochip.
To follow up our initial results, in a first step, a targeted analysis of 
the HLA-region was performed. Stepwise logistic regression analysis 
established HLA-C as a new susceptibility locus with genome-wide sig-
nificance (rs9264531; P = 4.41*10-7) and confirmed the well-established 
HLA alleles HLA-DQA1 and HLA-DQA2 (P = 6.93*10-7; P = 8.55*10-
21).
To follow up the most strongly associated susceptibility variants outside 
the HLA-region, a total of 50 variants were genotyped in an indepen-
dent Central European AA sample of 1,016 cases and 1,060 controls. To 
obtain robust evidence for association, we performed a meta-analysis 
of the data from the discovery and follow-up cohorts, designating 
TNFSF4 (tumor necrosis factor (ligand) superfamily, member 4) as a 
new AA susceptibility locus with genome-wide significance (rs4916209, 
Pcomb. = 6.89*10-08). Interestingly, TNFSF4 encodes the cytokine 
OX40L, binding with OX40 to a complex. The complex is implicated 
in wide-ranging immune modulating processes and has a key role in 
the regulation or maintenance of CD4 T cell response, regulatory T 
cells, memory CD8 T cells, cytokine production and cytokine receptor 
signaling. An increase of OX40-OX40L is described in chronic inflam-
matory diseases. Blockade of the OX40-OX40L complex is thought to 
suppress the development of autoimmune and chronic inflammatory 
disorders. Nominal significant association was observed for an addi-
tional three loci – FASLG (Fas ligand (TNF superfamily, member 6), 
THADA (thyroid adenoma associated) and C11orf30 (chromosome 
11 open reading frame 30). Interestingly, all three loci were reported 
to be associated with Crohn`s disease (CD), pointing to a yet widely 
unknown genetic overlap between these CD and AA. In summary, 
our results shed additional light on the immune-related pathways of 
AA and bring forward the blockade of the OX40-OX40L complex as a 
potential new therapeutical approach for AA.

W3-06
Increased methylation and expression of the IL17REL gene in 
patients with ulcerative colitis
Bülow L.1, Götz J.1, Götz M.2, El Hajj N.3, Schneider E.3, Rahman K.-F.4, 
Haaf T.3, Zechner U.1 
1Institute of Human Genetics, University Medical Center of the Johannes 
Gutenberg University Mainz, Germany; 2Department of Internal Medicine 
I, University Hospital Tübingen, Germany; 3Institute of Human Genetics, 
University of Würzburg, Germany; 4Department of Internal Medicine I, 
University Medical Center of the Johannes Gutenberg University Mainz, 
Germany 

Ulcerative colitis (UC) is characterized by severe inflammation and 
ulceration of the colon and rectum, leading to recurrent diarrhea 
and abdominal pain. The cause of disease is described as an interac-
tion between different environmental, immunological, microbiologi-
cal and genetic factors. The IL17REL gene encodes a protein belonging 
to a newly discovered subfamily of IL17 receptors and harbors a SNP 

(rs5771069, A/G) that was recently identified as a risk locus for UC 
(Franke et al.; 2010, Nat Genet 42:292-4). We used bisulphite pyrose-
quencing and quantitative Real time RT-PCR to investigate promoter 
methylation and mRNA expression of the IL17REL gene in inflam-
matory (I-UC) and non-inflammatory (NI-UC) colon biopsies of UC 
patients as well as colon biopsies of non-IBD patients (controls) and 
correlated our findings with the IL17REL rs5771069 genotypes. Mean 
methylation levels of the IL17REL gene were significantly higher in 
I-UC samples (n =27) compared to NI samples (n =32; p=4.6*10-5) 
and controls (n =38; p=1.8*10-8). Unexpectedly, relative mRNA expres-
sion levels of the IL17REL gene were not lower, but also significantly 
elevated in the I-UC samples (n =11) compared to the NI-UC samples 
(n=19; p=0.011) and controls (n =13; p=0.005). Interestingly, increased 
IL17REL methylation and expression in the I-UC samples appeared 
to be correlated with the progression of UC. Based on preliminary 
data, occurrence of the rs5771069 risk allele (G) was not associated 
with increased IL17REL methylation and expression levels. To anal-
yse if, according to our methylation and expression data, increased 
promoter methylation of the IL17REL gene coincides with increased 
promoter activity, we are currently establishing a luciferase assay with 
the IL17REL promoter cloned in a CpG free luciferase reporter vector, 
pCpGL. pCpGL plasmids with the IL17REL promoter will then be in 
vitro methylated using CpG methyltransferases and transient transfec-
tion assays will be performed to monitor IL17REL promoter activity 
with the promoter in either an unmethylated or an in vitro methyl-
ated state. Promoter methylation analysis of IL17REL gene might be a 
useful marker for disease progression in UC and open new avenues to 
improve diagnostics and targeted therapy.

W4 Clinical Genetics

W4-01
Whole exome sequencing identifies mutations in two cilia-
related genes as a probable cause of the new syndromic form of 
intellectual disability (Tyshchenko syndrome, OMIM 615102).
Rump A.1, Hackmann K.1, Dahl A.2, Fischer A.3, Kerick M.3, Schweiger 
M.3, Schilhabel M.4, ElSharawy A.4, Franke A.4, Reis A.5, Schrock E.1, Di 
Donato N.1 
1Institut für Klinische Genetik, Medizinische Fakultät Carl Gustav Carus, 
Technische Universität Dresden; 2University of Technology, Biotechnology 
Center, Dresden; 3Department of Vertebrate Genomics, Max-Planck 
Institute for Molecular Genetics, Berlin; 4Institute of Clinical Molecular 
Biology, Christian-Albrechts-University, Kiel; 5Humangenetisches Institut, 
Universitätsklinikum Erlangen, Erlangen 

Background: Recently, we presented clinical data of three patients 
from two unrelated families afflicted with a newly defined syndrome 
(Tyshchenko syndrome, OMIM 615102), a unique combination of 
minor facial anomalies including prominent eyes, bilateral ptosis and 
intellectual disability. Other features include cleft palate, hearing loss, 
heart defects and short stature. Molecular karyotyping in both families 
did not reveal any significant genomic imbalances [1].
Method: Four members of family 1 (affected mother, her healthy par-
ents and her affected daughter) as well as four members of family 2 
(affected son, his healthy parents and his healthy sister) were analyzed 
by whole exome sequencing (Agilent 50 MB exome) on a SOLiD4 or a 
HiSeq2000 system, respectively.
Results: In family 1, we identified a heterozygous missense mutation in 
SEPT2 (OMIM 601506). The mutation is present in the affected mother 
and her affected daughter and absent in the healthy family members 
as well as in a large cohort of healthy, unrelated control individuals. 
According to both polyphen-2 and mutation taster, the mutation is 
damaging with a probability score of >0.999. SEPT2 is part of a dif-
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fusion barrier at the base of the ciliary membrane and is essential for 
retaining receptor-signaling pathways in the primary cilium [2]. In the 
second family exome sequencing revealed a novel homozygous muta-
tion in another cilia gene, ALMS1 (OMIM 606844), in the affected 
patient. Both parents are heterozygous carriers of this mutation; the 
healthy sister showed only wild type alleles. Like SEPT2, ALMS1 is also 
located at the base of cilia and contributes therefore to cilial functions 
[3].
Conclusion: The Tyshchenko syndrome may be caused by mutations in 
genes coding for proteins that are localized and functioning at the cilial 
basis. Whether SEPT2 and ALMS1 are directly interacting is not known 
at present. Further experiments are ongoing to address this question. 
Our findings support that SEPT2 and ALMS1 mutations are causative 
for Tyshchenko syndrome and that this syndrome is a ciliopathy.
Acknowledgement: The work was supported by the Bundesministe-
rium für Bildung und Forschung (BMBF) network grant MR-NET 
01GS08166.
[1] Tyshchenko N et al.: Am J Med Genet A 2011; 155A: 2060-2065.
[2] Chih B et al.: Nature cell biology 2012; 14: 61-72.
[3] Heydet D et al.: Developmental neurobiology 2013; 73: 1-13.

W4-02
Investigating the molecular basis of Jeune Syndrome and other 
non-motile Ciliopathies (174 cases)
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E.5, Vodopiutz J.6, Kuechler A.7, Kayserili H.8, Elcioglu N.9, Tuyusz B.10, 
Zankl A.4, Scambler P.J.1, Duncan E.4, Hurles M.E.11, Wicking C.3, Beales 
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Background: Mutations in genes encoding for cilia associated pro-
teins lead to complex developmental defects in human and although 
individual ciliopathy diseases are very rare, together they represent a 
significant human disease burden. Genetic heterogeneity and pheno-
typic as well as genetic overlap has hampered molecular diagnosis in 
the past but Next Generation Sequencing (NGS) techniques offer new 
tools. Jeune Asphyxiating Thoracic Dysplasia (JATD) is a rare ciliopa-
thy characterised by short ribs and life-threatening pulmonary hypo-
plasia, rare polydactyly and some patients additionally presenting with 
renal, retinal or liver involvement. Like JATD, Bardet-Biedl-Syndrome 
(BBS) and Joubert Syndrome are rare autosomal-recessively inherited 
conditions sharing renal and retinal symptoms and polydactyly occurs 
in BBS. In contrast to JATD, these conditions also result in a brain phe-
notype.
Results: We investigated 61 JATD, 37 BBS, 7 Joubert and 9 other cili-
opathy cases (total of 114 cases) using Whole Exome Sequencing and 
further 60 JATD cases using a gene panel. We identified the disease 
causing gene in > 70% of cases revealing new phenotype-genotype 
associations in JATD with mutations in DYNC2H1 causing a severe 
and predominant skeletal phenotype while mutations in IFT140  result 
in mild thoracic involvement but frequent renal and retinal involve-
ment. In several instances we had to revise the initial clinical diagnosis 

based on the genetic findings and Copy Number Variations calculated 
from exome data revealed causative alleles in 10% of all cases.
For JATD, we identified mutations in several new genes encoding pre-
viously uncharacterised human cytoplasmic dynein-2 complex compo-
nents, WDR60 and WDR34 among which mutations in WDR34 repre-
sent the second most common cause of JATD overall. Protein-protein 
interaction between human WDR34 and dynein-light chain LC8 as 
well as proteomics data suggest this is a new intermediate chain of the 
mammalian cytoplasmic dynein-2 complex but could also represent a 
novel link to cytoplasmic dynein-1. WDR34 might further influence 
NF-kappa B signalling via inhibition of TAK-1, a pathway not previ-
ously associated with cilia. We also found mutations in a potential 
novel mammalian cytoplasmic dynein-2 light chain for which a mouse 
model is currently under investigation. Last, we identified mutations in 
IFT172 as a new cause of JATD with severe liver involvement.
Summary: Our findings in this large non-motile ciliopathy cohort 
demonstrate that WES is a very efficient tool in genetics diagnosis of 
heterogenous recessive disorders and shows that this is facilitated by 
deep phenotyping. Compared to NGS gene panel sequencing, WES 
offers additional opportunities to identify new genes previously not 
associated with the condition investigated.

W4-03
Characterization of the total ciliopathy variant load dissolves 
the enigma of oligogenic inheritance in Bardet-Biedl syndrome
Bachmann N.1, Decker E.1, Hiersche M.1, Eisenberger T.1, Frank V.1, 
Decker C.1, Bolz H. J.1,2, Cetiner M.3, Bergmann C.1,4 
1Center for Human Genetics Bioscientia, Ingelheim, Germany; 
2Department of Human Genetics, University of Cologne, Germany; 
3Department of Pediatrics, University Hospital of Essen, Germany; 4Center 
for Clinical Research, University of Freiburg, Germany 

Bardet-Biedl syndrome (BBS) is a clinically and genetically heteroge-
neous ciliopathy. Primary features are retinal dystrophy, obesity, poly-
dactyly, renal abnormalities, hypogonadism and learning difficulties. 
Further phenotypic traits out of the ciliopathy spectrum (e.g. cardiac 
abnormalities, ataxia, hearing defects) are common. Mutations in 18 
BBS genes have been described so far without convincing genotype-
phenotype correlations. Clinical and genetic overlap exists with other 
cilia-related disorders, especially Alström syndrome, nephronophthi-
sis, and Joubert syndrome.
More than ten years ago, BBS was among the first Mendelian genetic 
disorders for which triallelic inheritance as a bridge between Mende-
lian and multifactorial traits has been proposed (Katsanis et al., Science 
2001). As a consequence, BBS was postulated to be not a single-gene 
recessive disease but a complex trait requiring three mutant alleles at 
more than one locus to manifest the phenotype. These data still causes 
some uncertainty for genetic counselling, clinical management and 
prenatal diagnostics.
By means of NGS (next-generation sequencing) targeting all BBS genes 
and other genes known or hypothesized to cause ciliopathies at that 
time (currently in total 306 genes), we clinically and genetically exam-
ined in detail more than 100 families suspected to have BBS, the largest 
cohort analysed so far. To uncover “hidden mutations“ such as copy 
number variations (CNVs) we extended the use of NGS data by quan-
titative readout of the in total 5546 targeted exons most recently and 
were able to detect causative CNVs which were key to the diagnosis in 
hitherto unsolved constellations. In all but three families who fulfilled 
the diagnostic criteria for BBS, we were able to identify homozygous 
or compound heterozygous mutations in a single BBS gene or ALMS1, 
what we call the major disease locus. In most patients, we detected 
additional mutations at other loci that may well exert a modifying 
effect on the disease phenotype. However, in contrast to published 
data, our findings are in accordance with a recessive disease model 
for BBS and do not support a model in which an additional allele is 
urgently needed for disease manifestation. Our study widely resolves 
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the long-standing enigma of triallelic or oligogenic inheritance in 
Bardet-Biedl syndrome. We further conclude that genetic heterogene-
ity in BBS is limited. More than 95% of typical BBS patients harbour 
pathogenic mutations in one of the known disease genes. Our data is of 
major importance for genetic counselling, prenatal diagnostic testing, 
and the clinical management of patients and their families.

W4-04
Defining new genes and disease mechanisms for cystic kidney 
disease and related disorders
Ott E.1, Decker E.2, Kramer C.1, Eisenberger T.2, Frank V.2, Decker C.2, 
Hiersche M.2, Bolz H.J.2, Bergmann C.1,2 
1Center for Clinical Research and Department of Nephrology, University 
Hospital Freiburg, Germany; 2Bioscientia, Center for Human Genetics, 
Ingelheim, Germany 

Polycystic kidney disease (PKD) is the most common potentially life-
threatening human genetic disorder and paved the way for the grow-
ing number of cilia-related disorders (ciliopathies) of which most show 
cystic kidneys. In contrast to the more heterogeneous field of cystic 
kidneys, PKD is thought to be restricted to mutations in only three 
genes: PKD1 and PKD2 in the dominant form ADPKD, and PKHD1 
for the recessive counterpart ARPKD. Notably, both ADPKD genes 
(PKD1 and PKD2) can also be inherited in a recessive way. We pres-
ent unpublished data and demonstrate that in a subgroup of patients 
PKD can be mimicked by mutations in a number of other genes (e.g. 
BBS10, NPHP3, TMEM67, ANKS6). Some of our cases clearly indicate 
that caution is required when only novel or rare changes are found, 
especially when only data from single gene sequencing is available. The 
increasing number of genes that have to be considered in patients with 
cystic kidney disease is challenging to address by conventional tech-
niques and largely benefits from Next-Generation Sequencing (NGS) 
based approaches. Parallel analysis of targeted genes by NGS consid-
erably increases the detection rate, allows for better interpretation of 
identified variants and avoids genetic misdiagnoses. We could recently 
demonstrate that there is increasing evidence for molecular networks 
in and next to the cilium (Hoff et al., Nat Genet 2013) explaining over-
lapping disease phenotypes among members of the same module. Here 
we present new data which is in line with digenic inheritance between 
different module members. We also show that some patients harbour 
mutations in more than just one single gene supporting the idea of a 
dosage-sensitive network especially in cases with early disease manifes-
tation. We used zebrafish for validation of some of our findings and as 
a model for vertebrate development to finally gain a better understand-
ing of disease processes and variable expressivity. An accurate genetic 
diagnosis is crucial for genetic counselling, prenatal diagnostics and 
the clinical management of patients and their families.

W4-05
Hidden mutations in CdLS - Limitations of Sanger sequencing in 
diagnostics
Braunholz D.1, Obieglo C.1, Eckhold J.1, Reiz B.2, Pozojevic J.1, Rieder H.3, 
Gillessen-Kaesbach G.1, Kaiser F. J.1 
1Institut für Humangenetik, Lübeck, Germany; 2Institut für integrative 
und experimentelle Genomik, Lübeck, Germany; 3Institut für 
Humangenetik, Düsseldorf, Germany 

Cornelia de Lange syndrome (CdLS) is a clinically and genetically 
heterogeneous developmental disorder. Patients are characterized by 
distinct facial features, growth retardation as well as a cognitive delay. 
Whereas half of the patients show mutations in the NIPBL gene, muta-
tions in SMC1A, SMC3, RAD21 or HDAC8 can be identified in around 
10 % of the patients. These patients tend to be more mildly affected 
compared to patients with NIPBL mutations which often represent the 

characteristic CdLS phenotype. Here we report two unrelated patients 
with characteristic CdLS phenotype. Interestingly, conventional molec-
ular diagnostic (Sanger sequencing) of the five CdLS genes could not 
detect any disease causing mutation using DNA isolated from blood 
samples. Very recent data using DNA extracted from buccal mucosa 
(BM) tissue could identify a high proportion of mosaic mutations in 
NIPBL which were not detected by investigating DNA from blood 
samples. Therefore we used Sanger sequencing analysis of the NIPBL 
gene on DNA from BM of our two patients but also failed to identify 
a mutation.
Because of the characteristic CdLS phenotype of both patients, DNAs 
from BM were transferred to our well established Ion Torrent CdLS 
panel sequencing platform. This custom made gene panel does include 
the five known CdLS genes beside eleven functionally associated can-
didate genes and allows very deep sequencing analysis with high cov-
erage. By this we could detect a mosaic nonsense (17%) and a mosaic 
missense mutation (13%) in NIPBL. Because both mutations were not 
detected by Sanger sequencing neither using DNA derived from blood 
nor from BM, we used SNaPshot fragment analysis to screen for the 
mutant allele. Although SNaPshot analysis could not detect the muta-
tion in blood, distinct signals were detected in DNA isolated from 
BM, urine sediments and fibroblast of the patients. Subsequent Sanger 
sequencing approaches using DNA from all four tissues available could 
only detect clear heterozygous mutation using the fibroblast DNA 
samples.
Our data further supports recent findings that indicate a high fre-
quency of mosaic NIPBL mutations in patients with CdLS. In addi-
tion we could clearly show limitations of classical Sanger sequencing 
approaches even when using DNA from BM as suggested suitable tis-
sue for molecular diagnostics by recent publications. While both muta-
tions could be identified by Sanger sequencing using fibroblast DNA, 
the availability of fibroblasts is mostly a highly limiting factor in molec-
ular diagnostics. Regarding to our findings we recommend the use of 
high coverage sequencing techniques on DNA from BM especially 
when analyzing patients with characteristic CdLS phenotypes and neg-
ative Sanger sequencing results. We hope that our findings clearly high-
light the advantages and sensitivity of next generation panel sequenc-
ing approaches compared to the much more time, patient material and 
money consuming Sanger sequencing in molecular diagnostics.

W4-06
In- house cMRI reevaluation leads to a significantly higher 
mutation detection rate in neuronal migration disorders
Herbst S.M.1, Rödl T.1, Schirmer S.1, Geis T.2, Kasper B.3, Winkler J.4, 
Uyanik G.5, Schuierer G.6, Hehr U.1 
1Center for Human Genetics, Regensburg, Germany; 2Department of 
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Erlangen, Germany; 5Center for Medical Genetics; Hanusch Hospital, 
Vienna, Austria; 6Division of Neuroradiology; University Hospital 
Regensburg, Regensburg, Germany 

Neuronal migration disorders are an important cause of early and 
severe psychomotor retardation in combination with a seizure disor-
der, which is frequently resistant to common schemes of antiepileptic 
medication. Based on their appearance in cerebral MR imaging (cMRI) 
neuronal migration disorders (NMD) can be subdivided into classic 
lissencephaly, subcortical band heterotopia, cobblestone lissencephaly, 
polymicrogyria and periventricular nodular heterotopia. Here we 
report our results over 13 years for a cohort of more than 1030 inde-
pendent patients.
Genetic testing was performed for 1034 index patients either (1) indi-
vidually after careful consideration of clinical information as well as in- 
house reevaluation of cerebral MR imaging (n=214) or (2) as assigned 
by the referring medical doctor (n=820).The individual testing strate-
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gies included linkage analysis for suitable families, CNV analysis by 
MLPA, Sanger sequencing and most recently the introduction of mas-
sive parallel sequencing. Overall, pathogenic mutations were identified 
in the following genes: LIS1 (34), DCX (47), ARX (10), TUBA1A (4), 
TUBB2B (4), GPR56 (10), FLNA (30), POMT1 (22), POMGnT1 (15), 
FKTN (3), FKRP (9), ISPD (1), LARGE (2) and DAG (1).
After in-house MRI reevaluation 44% of the patients were classified as 
“other” meaning that a specific pattern characteristic for one of the cur-
rently known monogenic forms of neuronal migration disorders could 
not be confirmed. 119 NMD patients of study arm (1) were then geneti-
cally analyzed leading to the identification of the underlying genetic 
alterations in more than 35% of the analyzed samples. The mutation 
detection rate in the radiological subgroups was as follows: classic lis-
sencephaly 65.4%, subcortical band heterotopia 83.3%, polymicrogyria 
10.0%, cobblestone lissencephaly 14.3%, periventricular nodular het-
erotopia 37.5% and complex cortical malformations 20.0%.
In comparison, the mutation detection rate in study arm (2) without 
in-house cMRI reevaluation was significantly lower (overall muta-
tion detection rate: 18.5%; p<0.0005): classic lissencephaly/SBH 18.6%, 
polymicrogyria 5.8%, cobblestone lissencephaly 25.2%, periventricular 
nodular heterotopia 19.4%.
Due to improved imaging technologies today severe forms of neuro-
nal migration disorders are more often diagnosed prenatally. In our 
cohort 49 prenatal samples were tested for neuronal migration disor-
ders. Suspected Walker-Warburg Syndrome showed the highest muta-
tion detection rate (46.6%), whereas pinpointing the mutation in the 
more heterogeneous group of other complex cortical malformations 
was more challenging. In addition 37 prenatal samples were tested in 
subsequent pregnancies.
As genome wide testing strategies will further improve the number of 
identified genes and genetic alterations, critical interpretation in the 
context of clinical findings and cerebral imaging will become more 
important than ever.

W5 Intellectual Disability

W5-01
Molecular Inversion Probe based Resequencing Identifies 
Recurrently Mutated Genes in Intellectual Disability
Hoischen A.1, Vissers L.E.L.M.1, Coe B.P.2, Vulto-Silfhout A.1, Schuurs-
Hoeijmakers J.1, Gilissen C.1, van de Vorst M.1, Steehouwer M.1, de Vries 
P.1, Baker C.2, Witherspoon K.2, O’Roak B.J.2, Shendure J.2, Brunner 
H.G.1, Romano C.3, de Vries B.B.A.1, Veltman J.A.1, Eichler E.E.2,4 
1Department of Human Genetics; Nijmegen Center for Molecular 
Life Sciences; Institute for Genetic and Metabolic Disease; Radboud 
university medical center, Nijmegen, Netherlands; 2Department of 
Genome Sciences; University of Washington, Seattle; WA98195, USA; 
3Unit of Pediatrics and Medical Genetics; IRCCS Associazione Oasi Maria 
Santissima, Troina, Italy; 4Howard Hughes Medical Institute; University of 
Washington, Seattle; WA98195, USA 

Exome sequencing studies of individuals with intellectual disability 
(ID) and related neurodevelopmental disorders have identified many 
de novo mutations but few recurrently mutated genes1,2. We there-
fore applied a molecular inversion probe (MIP) based resequencing 
method to screen 42 ID candidate genes - mainly from a  previous 
study2 - in ~2,500 patients with the clinical diagnosis of ID and 1,000 
healthy controls. This approach allowed targeted multiplex enrichment 
of 768 DNAs per week per fte, and barcoding allowed simultaneous 
sequencing of up to 3,072 samples for the 42 gene panel per HiSeq2000 
sequencing run.
We discovered predicted loss-of-function (LoF) events for more than 
half of the candidate genes, including multiple recurrent de novo 

nonsense and frameshift mutations in the genes CHD2, PIK3C3 and 
MYT1L. This together with ongoing ‘reverse-phenotyping’ of the 
affected individuals further supports the pathophysiological role of 
these genes in intellectual disability. For some de novo mutations we 
identified a weaker minor allele ratio suggestive for post-zygotic de 
novo events. We were also able to analyze copy number status for these 
candidate genes, and discovered de novo CNVs, deletions and duplica-
tions, that implicate new dosage sensitive genes. Despite the challeng-
ing task to prove causality, latest technological improvements allowed 
entering a golden age of ‘neurodevelopmental-gene’ discovery which 
promises to improve not only our understanding of disease but provide 
fundamental insight into the biology of human brain development.
REFERENCES
1. Rauch, A. et al. Range of genetic mutations associated with severe 
non-syndromic sporadic intellectual disability: an exome sequencing 
study. Lancet 380, 1674–82 (2012).
2. De Ligt, J. et al. Diagnostic exome sequencing in persons with severe 
intellectual disability. N. Engl. J. Med. 367, 1921–9 (2012).
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ARID1B mutations in intellectual disability link chromatin 
remodelling to neuronal differentiation by derepressing Wnt/β-
catenin signaling
Vasileiou G.1, Ekici A.B.1, Uebe S.1, Zweier C.1, Hoyer J.1, Engels H.2, 
Behrens J.3, Hadjihannas M.V.3, Reis A.1 
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Nuremberg, Erlangen, Germany; 2Institute of Human Genetics, University 
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Intellectual disability (ID) and Coffin-Siris syndrome (CSS) are fre-
quently associated with loss-of-function mutations in various compo-
nents of the BAF chromatin remodeling complex, such as ARID1B. The 
human BAF complex (SWI/SNF-A complex) repositions and alters the 
structure of nucleosomes, facilitating the activation or repression of 
gene transcription. ARID1B is expressed in human brain and ARID1B-
associated BAF complexes are important in early stages of murine 
brain development.
To understand how mutated ARID1B affects human brain development 
and leads to developmental delay phenotypes, we performed whole 
transcriptome analysis (RNA-Seq) of peripheral blood lymphocytes 
from ID patients harboring ARID1B mutations and controls. Prominent 
transcriptional changes were observed in 452 genes and results were 
validated by qRT-PCR in a randomly selected subset of genes. Pathway 
analysis showed upregulation of Wnt/β-catenin target genes as the most 
pronounced change indicating a general increase of Wnt/β-catenin sig-
naling in patients. In luciferase reporter assays in various human cell 
lines, overexpression of ARID1B suppressed Wnt/β-catenin-mediated 
transcription. Reciprocally, siRNA-mediated knockdown of ARID1B 
increased Wnt/β-catenin signaling. Immunofluorescence microscopy 
in cells transiently overexpressing ARID1B and β-catenin showed full 
co-localization in well-defined nuclear puncta not seen when trans-
fected alone. PRMT5 (protein arginine N-methyltransferase 5), which 
promotes a closed chromatin structure, was enriched in these nuclear 
puncta, whereas acetylH3K9 (histone 3 acetylated on lysine residue 9), 
an activator of transcription, was excluded, suggesting that ARID1B 
promotes the accumulation of negative regulators of transcription to 
β-catenin sites. Both ARID1B and β-catenin bind directly to the ATP-
dependent helicase BRG1 (SMARCA4), an enzymatic subunit of the 
BAF complex. Co-expression of BRG1 led to significantly larger nuclear 
puncta while knockdown of BRG1 abolished them, lessening the inhib-
itory effect of ARID1B on Wnt/β-catenin signaling activation. This 
suggests that BRG1 mediates the association between β-catenin and 
an ARID1B-based BAF complex to repress β-catenin-mediated tran-
scription. ARID1B mutations as seen in ID and CSS patients reduced 
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the ability of ARID1B to localize β-catenin to nuclear puncta and com-
promised its suppressive effect on β-catenin-driven transcription. In 
mouse neuroblastoma cells, knockdown of ARID1B induced neurite 
outgrowth and shifted cell morphology to a neuronal differentiation 
phenotype and expression of neuronal marker TUJ1. This process is 
β-catenin-dependent since concurrent knockdown of β-catenin inhib-
ited signaling activation and blocked induction of differentiation.
Altogether, our results show that derepression of Wnt/β-catenin path-
way upsets the balance between differentiation and pluripotency in 
neuronal cells explaining some of the features observed in ARID1B-
associated ID syndromes.

W5-03
Biallelic BRF1 mutations alter RNA polymerase III-dependent 
transcription and cause a neurodevelopmental syndrome with 
cerebellar, dental and skeletal anomalies
Borck G.1, Hög F.2, Dentici ML.3, Sowada N.1, Medeira A.4, Thiele H.5, Le-
pri F.3, Wenzeck L.2, Altmüller J.5, Nürnberg P.5, Dallapiccola B.3, Cramer 
P.2, Kubisch C.1 
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RNA polymerase III (Pol III) synthesizes tRNAs and other small non-
coding RNAs such as 7SK RNA, 5S rRNA, and U6 snRNA and thereby 
regulates protein synthesis at different levels. Dysregulation of Pol 
III transcription has been linked to cancer, and mutations in Pol III 
subunit genes and in genes encoding tRNA processing factors cause 
different forms of neurogenetic diseases, such as hypomyelinating leu-
kodystrophies and pontocerebellar hypoplasia. Here we describe an 
autosomal-recessive disease characterized by facial dysmorphic fea-
tures, short stature, mild-to-moderate intellectual disability, cerebellar 
hypoplasia, dental anomalies, and scoliosis. Whole exome and Sanger 
sequencing revealed biallelic missense alterations of BRF1 as the cause 
of the cerebellar-dental-skeletal syndrome. BRF1 associates with BDP1 
and TBP to form the transcription factor IIIB (TFIIIB), which recruits 
Pol III to target genes. We show that the identified mutations reduce 
BRF1 occupancy at tRNA target genes in the model organism S. cerevi-
siae and impair cell growth. BRF1 mutations also reduce Pol III-related 
transcription activity in vitro. These results show that hypomorphic 
BRF1 mutations cause a novel neurodevelopmental syndrome and that 
BRF1-mediated Pol III transcription is required for normal cerebellar 
and cognitive development.

W5-04
GPM6A is duplicated in a patient with learning disability and 
influences cholesterol response as well as stress response and 
long-term memory in Drosophila melanogaster
Gregor A.1, Kramer J.M.2, van der Voet M.2, Schanze I.1,3, Reis A.1, 
Schenck A.2, Zweier C.1 
1Institute of Human Genetics, Erlangen, Germany; 2Department of 
Human Genetics, Nijmegen, The Netherlands; 3Institute of Human 
Genetics, Magdeburg, Germany 

In a patient with learning disability and behavioral anomalies we iden-
tified a de novo copy number gain of the GPM6A gene by routine 
SNP-array testing. Glycoprotein M6A (GPM6A) is a transmembrane 
protein of the PLP/DM20 protein family whose expression is restricted 
to neurons. GPM6A variants have not yet been implicated in cogni-
tive impairment. Expression analysis in blood lymphocytes showed 
increased GPM6A expression in our patient compared to healthy con-
trols. We observed an increase in membrane protrusions in patient 

lymphoblastoid cell lines, thereby supporting a functional effect of 
this dosage alteration. To further study the function of GPM6A/m6 
and the effects of m6 overexpression and knockdown, we employed 
Drosophila melanogaster as a model organism. We could show that, as 
described for other animal models before, also expression of Drosoph-
ila m6 is stress responsive. Using the courtship conditioning paradigm, 
we demonstrated that correct m6 levels are necessary for proper long 
term memory function, which indicates dosage sensitivity of m6 and 
supports a causative role of the GPM6A duplication for the cognitive 
impairment found in our patient.
Defects in the close homolog PLP1 are causative for Pelizaeus-Mer-
zbacher disease (PMD), a severe demyelinating neurodevelopmen-
tal disorder. Prompted by recent results on successful therapy of the 
phenotypes in PMD mice by the administration of a cholesterol-
enriched diet, we investigated if the phenotypes of GPM6A/m6 dos-
age alterations could also be improved by cholesterol supplementation. 
We indeed found that the phenotypes observed in patient cells with 
GPM6A overexpression as well as in flies with m6 knockdown could be 
partially improved by a cholesterol-enriched diet. Together with other 
recent findings, these data point to an increasing role of cholesterol 
metabolism for some ID genes.

W5-05
Homozygous mutation in fatty acyl CoA reductase 1 (FAR1) in 
autosomal recessive intellectual disability with early epilepsy
Buchert R.1, Tawamie H.1, Uebe S.1, Hallak B.2, Ekici A. B.1, Sticht H.3, 
Schwarze B.4, Reis A.1, Abou Jamra R.1 
1Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 2Practice for Pediatrics, Kefrenbel, Syria; 
3Institute of Biochemistry; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 4Institute for Forensic Medicine; Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

We examined a consanguineous family with two children presenting 
with severe intellectual disability, muscular hypotonia, epileptic sei-
zures beginning at the age of 13 months, pronounced constipation, and 
bruxism. In addition, one individual suffered from congenital cataracts 
which made surgical correction necessary. After excluding submicro-
scopic copy number aberrations we performed autozygosity mapping 
under the assumption of autosomal recessive inheritance and identi-
fied 4 candidate regions. Using exome sequencing we identified a sin-
gle candidate mutation; FAR1 NM_032228.5; c.639-651delAGTAGTC-
TATCCAinsT, p.EVVYP166-169D. The variant was excluded in 280 
ethnically matched control individuals. Molecular modelling predicted 
a distortion of the active site in altered FAR1 and, thus, a strong impair-
ment in protein function.
FAR1 (fatty acyl CoA reductase 1) catalyzes the reduction of fatty acids 
to their corresponding alcohols (e.g. the c16 palmitic acid to hexadeca-
nol and the c18 stearic acid to octadecanol) and it is crucial for plasmal-
ogen synthesis that takes place in peroxisomes and the endoplasmic 
reticulum. Plasmalogens are essential membrane components and pro-
tect cells from damage through reactive oxygen species. Previous stud-
ies associated reduced brain levels of plasmalogen with Alzheimer‘s 
disease, X-linked adrenoleukodystrophy, and Down syndrome. Two 
enzymes of the plasmalogen biosynthesis pathway, GNPAT and AGPS, 
were reported to be altered in patients with rhizomelic chondrodyspla-
sia punctata 2 and 3, respectively. Patients with this syndrome exhibit 
severely reduced plasmalogen levels and their phenotype overlaps with 
our patients’ phenotype.
To further validate the effect of our candidate mutation on protein 
function we transfected HEK293 cells with wild type and mutant FAR1 
and measured hexadecanol and octadecanol concentration in lipid 
extracts using gas-chromatography. We found that cells transfected 
with wild type FAR1 have significantly higher levels of hexadecanol 
and octadecanol than cells transfected with mutant FAR1. This indi-
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cates that the activity of altered FAR1 is probably abolished, which is in 
line with the autosomal recessive inheritance model.
Altogether, our results indicate that FAR1 is associated with autoso-
mal recessive intellectual disability. Further, our study underlines the 
importance of plasmalogen synthesis and fatty acid metabolism in 
brain development and function, and extends the number of enzymes 
affected in peroxisomal disorders.

W5-06
Mutations and deletions of SETD5 are associated with 
intellectual disability and characteristic facial features and 
contribute significantly to the microdeletion 3p25.3 phenotype
Kuechler A.1, Zink AM.2, Cremer K.2, Zweier C.3, Magini P.4, Salviati L.5, 
Najafi K.6, Lüdecke HJ.1, Czeschik JC.1, Aretz S.2, Tamburrino F.7, Clem-
enti M.5, Gundlach J.8, Mazzanti L.7, Wohlleber E.2, Schwarzmayr T.8, 
Kariminejad R.6, Strom TM.8, Wieczorek D.1, Engels H.2 
1Institut für Humangenetik; Universitätsklinikum Essen; Universität 
Duisburg-Essen, Essen, Germany; 2Institute of Human Genetics; 
University of Bonn, Bonn, Germany; 3Institute of Human Genetics; 
Universität Erlangen-Nürnberg, Erlangen, Germany; 4U.O. Genetica 
Medica; Dipartimento di Scienze Mediche e Chirurgiche; Università 
di Bologna, Bologna, Italy; 5Dept. Salute Donna e Bambino; Clinical 
Genetics Unit; University of Padova, 35128 Padova, Italy; 6Kariminejad 
Najmabadi Pathology and Genetics Center; Shahrak Gharb, Tehran, Iran; 
7Ambulatorio di Auxologia; Sindromologia e Malattie Rare; Dipartimento 
di Scienze Mediche e Chirurgiche; Policlinico S.Orsola-Malpighi; 
Università di Bologna, Bologna, Italy; 8Institute of Human Genetics; 
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Whole exome sequencing (WES) has proven to be a valuable tool to 
identify causative genes e.g. in several Mendelian disorders. Intellectual 
disability (ID) has an estimated prevalence of 1.5-2% and its genetic 
basis remains unclear in most affected persons. However, recently WES 
studies have shown that a large proportion of sporadic cases is caused 
by de novo point mutations and small insertions or deletions (indels). 
Our study aims to detect causative variants by exome sequencing in a 
cohort of 250 patients with unexplained ID and their unaffected par-
ents and to identify new candidate ID genes.
Here, we present two patients with de novo intragenic mutations of 
SETD5 (SET domain containing 5, a predicted SET domain-containing 
histone methyl-transferase) detected by WES as well as four patients 
with de novo microdeletions in 3p25.3 encompassing SETD5. All six 
patients presented with common clinical features.
Patient 1 carried an 81 bp deletion which deletes 14 codons and an 
exon-intron boundary / splice site (chr3:g.9477565_9477645del); RNA 
studies are in progress. The nonsense mutation detected in patient 2 
(chr3:g.9490270C>T, published previously in Rauch, Wieczorek, Graf 
et al., Lancet. 2012;380:1674-82)) is predicted to cause nonsense-medi-
ated mRNA decay. The microdeletions of patients 3 - 6 were non-recur-
rent and comprised 148 kb (affecting 4 RefSeq genes, chr3:9,394,944-
9,542,885), 371 kb (10 genes, chr3:9,422,487-9,793,524), 2.45 Mb (46 
genes, chr3:8,856,000-11,305,600) and 11.16 Mb (71 genes, chr3:61,891-
11,220,006), respectively.
All six patients shared some core symptoms including ID and several 
facial dysmorphisms (especially a long philtrum, anteverted nares, and 
downturned corners of the mouth). Developmental delay became obvi-
ous in all six individuals within the first year of life; the intellectual 
disability was in the range of mild to moderate (mutations and small 
deletions) to severe (large deletions). Facial dysmorphisms were more 
pronounced in microdeletion carriers than in carriers of intragenic 
mutations. In addition to this core phenotype, all four deletion carriers 
had a muscular hypotonia and developed a short stature postnatally. 
The carriers of larger deletions also developed microcephaly postna-
tally.
The core phenotype common to both groups, i.e. carriers of a microde-
letion or of an intragenic mutation, strongly indicates a causative role 

for SETD5 for certain facial dysmorphisms and, most importantly, for 
intellectual disability. In addition to this, the additional genes involved 
in the 3p25.3 microdeletions points to their contribution to the etiol-
ogy of muscular hypotonia as well as postnatal growth retardation and 
microcephaly, possibly defining a smallest region of deletion overlap of 
only four genes for growth retardation and hypotonia.

W6 Technology and 
Bioinformatics

W6-01
A circulating microRNA profile is associated with age-related 
macular degeneration
Grassmann F.1, Schoenberger PGA.1, Brandl C.1,2, Meister G.3, Weber 
BHF.1 
1Institute of Human Genetics, University of Regensburg, Germany; 
2Department of Ophthalmology, School of Medicine; University of 
Regensburg, Germany; 3Biochemistry Center Regensburg, Laboratory for 
RNA Biology; University of Regensburg, Germany 

Age-related macular degeneration (AMD) is the leading cause of severe 
vision impairment among people aged 55 years and older. Although 
a plethora of novel candidate genes are continuously indicated to be 
involved in AMD by large genome wide association studies (GWAS), 
only few studies so far have actually identified a functional relation-
ship between a gene variant and disease pathology. In contrast, a bio-
marker which is dysregulated in disease might point towards processes 
involved in the underlying pathology and thus could help to point to 
novel therapeutic targets. Recently, circulating microRNAs were found 
in blood serum/blood plasma as potential novel biomarkers for various 
diseases.
Here, we aimed to elucidate the role of circulating microRNAs in AMD 
by genome-wide microRNA expression profiling. We performed sensi-
tivity analyses and found three microRNAs to be associated with AMD 
(P-adjusted < 0.05). A combined profile of those three microRNA had 
an area under the curve (AUC) value of 0.718 and was highly associated 
with AMD (P = 2.61*10^-4). By performing pathway enrichment anal-
ysis on genes which are predicted to be regulated by these microRNAs, 
we were able to identify novel pathways involved in AMD pathology. 
We found the strongest enrichment of genes in the canonical TGFβ, 
mTOR, VEGFA as well as the canonical neutrophin pathway. By com-
bining the genetic risk score (GRS) and expression data of the strongest 
associated microRNA, we were able to fit logistic regression models 
with a bootstrapped AUC value of 0.887 (95% CI: 0.882-0.893), which 
significantly improves upon a classification scheme based on genetic 
factors alone. Taken together, our results strongly implicate specific 
microRNAs as novel biomarkers involved in AMD disease.

W6-02
Genome-wide analysis of microRNA coding genes in bipolar 
disorder
Forstner AJ.1,2, Hofmann A.1,2, Mühleisen TW.1,2,3, Leber M.4, Schulze 
TG.5, Strohmaier J.6, Degenhardt F.1,2, Treutlein J.6, Mattheisen M.7,8, 
Breuer R.6, Meier S.6,9, Herms S.1,2,10, Hoffmann P.3,10,11, Lacour A.12, Witt 
SH.6, Reif A.13, Müller-Myhsok B.14, Lucae S.14, Maier W.15, Schwarz 
M.16, Vedder H.16, Kammerer-Ciernioch J.16, Pfennig A.17, Bauer M.17, 
Hautzinger M.18, Moebus S.19, Priebe L.1,2, Czerski PM.20, Hauser J.20, 
Lissowska J.21, Szeszenia-Dabrowska N.22, Brennan P.23, McKay JD.24, 
Wright A.25,26, Mitchell PB.25,26, Fullerton JM.27,28, Schofield PR.27,28, Mont-
gomery GW.29, Medland SE.29, Gordon SD.29, Martin NG.29, Krasnow 
V.30, Chuchalin A.31, Babadjanova G.31, Pantelejeva G.32, Abramova LI.32, 
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Bipolar disorder is a severe disorder of mood with a lifetime preva-
lence of about 1%. The disease is characterized by recurrent episodes 
of mania and depression and shows a high heritability of about 70%. 
Molecular genetic candidate and lately genome-wide association stud-
ies (GWAS) have identified a number of susceptibility genes contribut-

ing to the etiology of bipolar disorder. However, the disease relevant 
pathways and regulatory networks are still largely unknown.
microRNAs are a class of 21-25-nucleotide small non-coding RNAs. 
They control the expression of their target genes by binding to target 
sites in messenger RNAs (mRNAs). Each microRNA usually controls 
up to several hundred target mRNAs, while one mRNA target can be 
synergistically regulated by multiple microRNAs. This allows microR-
NAs to integrate different intracellular signals and to regulate various 
signalling pathways. Accumulating evidence suggests that microRNAs 
contribute to the basic mechanisms underlying brain development and 
synaptic plasticity. This in turn suggests their possible involvement in 
the pathogenesis of various psychiatric disorders, including bipolar 
disorder.
The aim of the present study was to systematically investigate whether 
common variants at all known microRNA loci listed in the miRBase 
database (release 13.0) contribute to the development of bipolar dis-
order. For this purpose we performed gene-based analyses for all 
microRNAs and +/- 20kb flanking sequences using VEGAS on the 
largest existing GWAS dataset of bipolar disorder comprising of 9,747 
patients and 14,278 controls (Mühleisen et al., 2013). In this dataset we 
combined our data obtained from four European countries, Canada, 
and Australia with the results of the large bipolar disorder GWAS by 
the multinational Psychiatric Genomics Consortium (Sklar et al., 2011).
Our analysis revealed that 98 of the 609 microRNAs showed nominally 
significant p values. The observed number of microRNAs with a p value 
of < 0.05 was significantly higher than expected (i.e. n=30, p=0.006), 
indicating that bipolar disorder-associated microRNAs are enriched 
within the known microRNA loci. After correction for multiple testing, 
nine microRNAs showed a significant association with bipolar disorder 
(let-7g, miR-135a, miR-499, miR-581, miR-611, miR-640, miR-644, miR-
708, miR-1908). These included microRNAs known to be involved in 
neural development, neuronal differentiation and synaptic plasticity.
The investigation of the affected target genes and the underlying 
regulatory networks is currently underway and will be presented. 
Preliminary data provide evidence for an involvement of at least two 
microRNA-regulated networks in the development of bipolar disorder.
AJ. Forstner and A. Hofmann contributed equally to this work.
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Pathway-based enrichment analysis of genome-wide 
association results suggests an involvement of NCAM signaling 
in the etiology of bipolar disorder
Mühleisen T.W.1,2,3, Leber M.4, Schulze T.G.5, Strohmaier J.6, Degenhardt 
F.1,2, Herms P.3,7,8, Mattheisen M.9,10, Hoffmann P.3,7,8, Lacour A.11, Forst-
ner A.1, Witt S.12, Reif A.13, Müller-Myhsok B.14, Lucae S.14, Maier W.15, 
Schwarz M.16, Vedder H.16, Kammerer-Ciernoch J.16, Pfennig A.17, Bauer 
M.17, Hautzinger M.18, Moebus S.19, Czerski P.M.20, Hauser J.20, IARC/CNG 
GWAS I.21, ConLiGeN C.22, Gabriel C.21, Wright A.23,24, Mitchell P.B.23,24, 
Fullerton J.M.25,26, Schofield P.R.25,26, Montgomery G.W.27, Medland 
S.E.27, Gordon S.D.27, Martin N.G.27, Krasnow V.28, Chuchalin A.29, Bab-
adjanova G.29, Pantelejeva G.30, Abramova L.I.30, Tiganov A.S.30, Laprise 
C.31, Rivas F.32, Mayoral F.32, Kogevinas M.33, Grigoroiu-Serbanescu M.34, 
Propping P.1, Becker T.4,11, Rietschel M.35, Nöthen M.M.1,11,36, Cichon 
S.3,37,38 
1Inst of Human Genetics, University of Bonn, Germany; 2Dept of 
Genomics, Life & Brain Center, University of Bonn; Germany; 3INM-1, 
Research Centre Juelich, Germany; 4IMBIE, University of Bonn, Germany; 
5Dept of Psychiatry and Psychotherapy, University of Göttingen, 
Germany; 6Dept of Genetic Epidemiology in Psychiatry, Central Inst 
of Mental Health, Medical Faculty Mannheim/Heidelberg University; 
Germany; 7Inst of Human Genetics; University of Bonn and Dept of 
Genomics Life & Brain Center University of Bonn, Bonn, Germany; 
8Division of Medical Genetics, Dept of Biomedicine, University of Basel, 
Switzerland; 9Dept of Biomedicine, Aarhus University, Denmark; 10Inst 
for Genomic Mathematics, University of Bonn, Germany; 11DZNE, Bonn, 

Abstracts

95Medizinische Genetik 1 · 2014 | 



Germany; 12Dept of Genetic Epidemiology in Psychiatry; Central Inst 
of Mental Health; Medical Faculty; Mannheim/Heidelberg University, 
Heidelberg, Germany; 13Dept of Psychiatry, University of Würzburg, 
Germany; 14MPI of Psychiatry, Munich, Germany; 15Dept of Psychiatry, 
University of Bonn, Germany; 16Psychiatric Center Nordbaden, Wiesloch, 
Germany; 17Dept of Psychiatry and Psychotherapy; University Hospital, 
Dresden, Germany; 18Dept of Clinical and Developmental Psychology; 
Inst of Psychology, University of Tübingen, Germany; 19IMIBE, University 
Duisburg-Essen, Germany; 20Dept of Psychiatry, Poznan University of 
Medical Sciences, Poland; 21CNG, Evry, France; 22Genetic Basis of Mood 
and Anxiety Disorders; NIMH, Bethesda, USA; 23School of Psychiatry, 
University of New South Wales, Australia; 24Black Dog Inst, Prince of Wales 
Hospital, Australia; 25Neuroscience Research Australia, Sydney, Australia; 
26School of Medical Sciences, University of New South Wales, Australia; 
27QIMR, Brisbane, Australia; 28Moscow Research Inst of Psychiatry, 
Moscow, Russia; 29Inst of Pulmonology; Russian State Medical University, 
Moscow, Russia; 30Russian Academy of Medical Sciences; Mental Health 
Research Center, Moscow, Russia; 31Dépt des sciences fondamentales; 
UQAC, Saguenay, Canada; 32Civil Hospital Carlos Haya, Malaga, Spain; 
33CREAL, Barcelona, Spain; 34Biometric Psychiatric Genetics Research Unit; 
Alexandru Obregia Clinical Psychiatric Hospital, Bucharest, Romania; 
35Dept of Genetic Epidemiology in Psychiatry; Central Inst of Mental 
Health, Medical Faculty Mannheim/Heidelberg University, Germany; 
36Dept of Genomics; Life & Brain Center, University of Bonn, Germany; 
37Inst of Human Genetics; University of Bonn and Dept of Genomics; 
Life & Brain Center, University of Bonn, Germany; 38Division of Medical 
Genetics; Dept of Biomedicine, University of Basel, Switzerland 

Bipolar disorder (BD) is a severe and highly heritable mental illness 
that affects more than 1% of a population. Recent genome-wide asso-
ciation studies (GWAS) have identified the first common risk variants 
with robust statistical support (genome-wide significance and replica-
tion), notably for the genes ANK3, CACNA1C, NCAN, and ODZ4. 
These GWAS also provide strong statistical evidence for the presence 
of multiple additional risk loci, each contributing a relatively small 
genetic effect to BD susceptibility. Because larger sample sizes (more 
power) and denser marker sets (better fine-mapping capability) are 
necessary to detect these additional loci, we have analyzed 2,3 million 
autosomal single-nucleotide polymorphisms (SNPs) in the so far larg-
est BD GWAS (9,747 patients, 14,278 controls) and detected 56 SNPs 
with genome-wide significance (P<5E-8) in five chromosomal regions, 
comprising three known risk genes (ANK3, ODZ4, TRANK) and two 
new risk loci (ADCY2, MIR2113-POU3F2). Results were presented at 
GfH2013.
To further exploit our data regarding possible biological relationships 
among the top genes and/or supportive evidence for sub-genome-wide 
significant loci, we applied an approach (INRICH) that tests if asso-
ciation signals in predefined gene sets (pathways) are enriched across 
independent gene loci (non-overlapping intervals). Test intervals were 
constructed in two steps. First, GWAS results were filtered for strong to 
moderate signals (P<5E-4), resulting in 5,312 SNPs. Mapping of these 
SNPs to the largest gene isoform yielded a basic set of 386 genomic 
intervals. Secondly, overlapping intervals were merged to avoid multi-
counting of clustered genes. Finally, 359 intervals covering 496 genes 
were tested for enrichment in 430 sets with 3,881 genes (Reactome 
pathway map). We found that a subset of 10 intervals, each covering a 
single gene, was significantly enriched in a set of 67 genes that form a 
pathway for NCAM signaling (P=3.4E-5). The result withstood correc-
tion for the total number of sets tested. Of note, among the 10 interval 
genes were the voltage-dependent calcium channel gene CACNA1C, 
the sulfate proteoglycan gene NCAN, and the transcription factor gene 
CREB1.
The present study demonstrates that re-investigation of GWAS data by 
a systematic enrichment analysis can elucidate relationships between 
known risk loci and genes that would have not been implicated with 
BD if one only focuses on ‚top hits‘. The NCAM pathway plays an 
important role in cellular processes for the development and mainte-

nance of the brain, for instance, axonal growth and synaptic plasticity. 
However, follow-up of the whole gene set as well as of single genes in 
independent SNP association data are warranted to further support 
our finding.

W6-04
A Multiplex Cap-Seq Analysis Strategy to Detect Mosaic RB1 
Mutations in Blood
Wagner N., Lohmann D. 
Institut für Humangenetik; Universitätsklinikum Essen, Essen, Germany 

Retinoblastoma is a rare malignant intraocular childhood tumor 
caused by two mutations, each affecting one of the RB1 alleles. In 
most children with sporadic unilateral retinoblastoma (>90%), both 
RB1 mutations occurred de novo in somatic cells. These heterozygous 
mutations are readily detectable in blood samples with conventional 
methods. In a few sporadic unilateral retinoblastoma cases, however, 
the first mutation occurred during the embryonic phase resulting in 
mutational mosaicism. These mutational mosaics can only be detected 
if the mutant allele proportion is large enough to give a clear signal in 
sequencing. This makes it impossible to determine the causative muta-
tion in blood samples of more than 85% of sporadic isolated retinoblas-
toma patients using conventional techniques. Improving the detection 
of low-dose mutational mosaics in blood would increase the propor-
tion of patients with sporadic unilateral retinoblastoma for whom the 
causative mutation can be determined without the need of a tumor 
sample.
We previously developed a PCR-based deep sequencing protocol 
(>10,000x coverage) on the Roche 454 Junior platform to determine 
the causative mutations in DNA from blood of unilateral retinoblas-
toma patients. We tested the method on 100 blood samples from uni-
lateral retinoblastoma patients with known mosaic RB1 mutations as 
determined by Sanger sequencing of the tumor. We identified hetero-
zygous and mosaic RB1 mutations in blood samples from 13 patients, 
including one mutation that was not identified using Sanger sequenc-
ing and three mutations that were inconsistent to those determined in 
Sanger sequencing. The method showed a minimal noise level of 2%, 
but in certain regions this increased up to 15%, seemingly dependent 
on the sequence context. The intended use of this method is compro-
mised by two mutations that were not found although they were previ-
ously identified by Sanger sequencing. This prompted us to change the 
sequencing platform to an Illumina HiSeq 2000. As read lengths are 
shorter on this system, we also changed our PCR-based approach to 
a capture-based approach, avoiding the break-up of single exons into 
multiple amplicons.
We used a custom DNA capture of a 200 kb region containing RB1 
to perform 24-sample multiplex captures of blood DNA from patients 
with known mosaic RB1 mutations followed by sequencing of the sam-
ple pool on an Illumina HiSeq 2000. First analyses indicate an overall 
average coverage of ~3700x (range 2635–5245x), an average of 85.2% 
(range 72.9-87.8%) of the ROI with 1000x coverage. The technology-
dependent noise level was below 1% with sequence-dependent rises 
up to 2%, but not above. However, a CpG island at the 5’-end of RB1 
was one of the regions not successfully captured in any of the samples. 
Here, we present the results of our first analyses to test the robustness of 
this method with improved baseline noise and the potential capability 
to detect gross deletions in addition to small mutations.
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Exome Sequencing and DNA Methylation Analysis of Cardiac 
Tissue from Patients with Hypoplastic Left Heart Syndrome
Hoff K.1,2,3, Ammerpohl O.2, Kolarova J.2, Arndt A.-K.1,4, Thiele H.5, Pfeffer 
K.6, Toka O.6, Nürnberg P.5, Siebert R.2, Kramer H.-H.1,3 
1Department of Congenital Heart Disease and Pediatric Cardiology; 
Christian-Albrechts-University Kiel & University Hospital Schleswig-
Holstein; Campus Kiel, Kiel, Germany; 2Institute of Human Genetics; 
Christian-Albrechts-University Kiel & University Hospital Schleswig-
Holstein; Campus Kiel, Kiel, Germany; 3DZHK German Centre for 
Cardiovascular Research; partner site Hamburg/Kiel/Lübeck, Kiel, 
Germany; 4Brigham and Women’s Hospital; Harvard Medical School, 
Boston, USA; 5Cologne Center for Genomics; University of Cologne, Köln, 
Germany; 6Department of Pediatric Cardiology; University Medical Centre 
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Hypoplastic left heart syndrome (HLHS) is a congenital heart defect 
(CHD) characterized by severe underdevelopment of the left side of the 
heart, interfering with the ability to support the systemic circulation 
after birth. Despite good progress in surgical treatment, the etiology of 
HLHS remains unknown. Up to now identified genetic causes explain 
only less than 10% of all CHDs. Nevertheless, somatic genetic, epi-
genetic or transcriptional alterations potentially associated with CHD 
in general and HLHS in particular have yet been hardly investigated. 
Thus, we aimed here at analysing whether somatic cardiac tissue from 
HLHS shows sequence variants, DNA methylation patterns or altered 
gene expression.
For DNA methylation analysis genomic DNA extracted from heart tis-
sue, specifically interatrial septum (IAS) samples of 26 HLHS patients 
and 9 patients with tricuspid valve atresia and underdeveloped right 
ventricle as control, was assessed using Illumina’s HumanMethyl-
ation450K BeadChips. To discover genes aberrantly methylated in 
HLHS, we compared the DNA methylation values of HLHS samples to 
control samples using the Qlucore Omics Explorer 2.3 software. Addi-
tionally, RNA of these tissue samples was subjected to transcriptome 
profiling using RNA-seq. The same IAS samples of 9 HLHS patients 
were subjected to exome analysis using targeted enrichment via Nim-
bleGen SeqCap EZ Human Exome Library v2.0 followed by sequenc-
ing with Illumina’s HiSeq 2000 system.
No significant DNA methylation differences in the IAS samples of 
HLHS as compared to control samples were detected. Overall, the 
DNA methylation patterns of both groups HLHS and controls showed 
strong heterogeneity. After filtering for known SNPs, exome sequenc-
ing identified protein changing variants in a total of 21 genes known 
to be involved in heart development. RNA-seq analyses revealed some 
of these genes to be also significantly deregulated on the transcrip-
tional level in HLHS samples. Though various validation analyses 
are still in progress our integrated genomic, transcriptomic and epi-
genomic approach provides preliminary evidence for somatic changes 
to be potentially involved in the pathogenesis of HLHS. (Supported 
by DZHK (German Centre for Cardiovascular Research) partner site 
Hamburg/Kiel/Lübeck, in the WP NCCR3.3 Heart Failure)

W6-06
Improved exome prioritization of disease genes through cross 
species phenotype comparison
Robinson P.N.1, Köhler S.1, Oellrich A.2, Wang K.3, Mungall C.4, Lewis 
S.E.4, Bauer S.1, Seelow D.1, Krawitz P.1, Gilissen C.5, Haendel M.6, Smed-
ley D.2 
1Charité-Universitätsmedizin Berlin, Berlin, Germany; 2Wellcome Trust 
Sanger Institute, Hinxton, UK; 3Zilkha Neurogenetic Institute, University 
of Southern California, Los Angeles CA, USA; 4Genomics Division, 
Lawrence Berkeley National Laboratory, Berkeley CA, USA; 5Radboud 
University Nijmegen Medical Centre, Nijmegen, The Netherlands; 
6Oregon Health & Sciences University, Portland, OR, USA 

Numerous new disease-gene associations have been identified by 
whole-exome sequencing studies in the last few years. However, many 
cases remain unsolved due to the sheer number of candidate variants 
remaining after common filtering strategies such as removing low 
quality and common variants and those deemed unlikely to be patho-
genic (non-coding, not affecting splicing, synonymous or missense 
mutations annotated as non-pathogenic by prediction algorithms). The 
observation that each of our genomes contains about 100 genuine loss 
of function variants with ~20 genes completely inactivated makes iden-
tification of the causative mutation problematic when using these strat-
egies alone. In some cases it may be possible to use multiple affected 
individuals, linkage data, identity-by-descent inference, de novo het-
erozygous mutations from trio analysis, or prior knowledge of affected 
pathways to narrow down to the causative variant. In cases where this 
is not possible or has proven unsuccessful we propose using the wealth 
of genotype to phenotype data that already exists from model organism 
studies to assess the potential impact of these exome variants. Here, we 
introduce PHenotypic Interpretation of Variants in Exomes (PHIVE), 
an algorithm that integrates the calculation of phenotype similarity 
between human diseases and genetically modified mouse models with 
evaluation of the variants according to allele frequency, pathogenicity 
and mode of inheritance approaches in our Exomiser tool. Large-scale 
validation of PHIVE analysis using 100,000 exomes containing known 
mutations demonstrated a substantial improvement (up to 54.1 fold) 
over purely variant-based (frequency and pathogenicity) methods with 
the correct gene recalled as the top hit in up to 83% of samples, cor-
responding to an area under the ROC curve of over 95%. We conclude 
that incorporation of phenotype data can play a vital role in transla-
tional bioinformatics and propose that exome sequencing projects 
should systematically capture clinical phenotypes to take advantage of 
the strategy presented here. The Exomiser is freely available at http://
www.sanger.ac.uk/resources/databases/exomiser/.

W7 Monogenic Diseases II

W7-01
Deciphering Mitochondrial Disorders by Exome Sequencing
Haack TB.1,2, Kopajtich R.2, Kremer L.1,2, Biagosch C.1,2, Haberberger B.1,2, 
Wieland T.2, Graf E.2, Schwarzmayr T.2, Freisinger P.3, Mayr J.4, Sperl W.4, 
Klopstock T.5, Strom TM.1,2, Meitinger T.1,2, Prokisch H.1,2 
1Technische Universität München, München, Germany; 2Helmholtz 
Zentrum München, Neuherberg, Germany; 3Klinikum am Steinberg, 
Reutlingen, Germany; 4Salzburger Landeskliniken, Salzburg, Austria; 
5Klinikum der Universität München, München, Germany 

Mitochondrial disorders are a genetically and clinically highly het-
erogeneous group of diseases characterized by faulty oxidative phos-
phorylation. Despite good progress in the field, most disease causing 
mutations still have to be identified. During the course of three years, 
we applied whole exome sequencing in 300 unrelated individuals 
with juvenile-onset mitochondrial disorder. In a quarter of patients, 
we detected mutations in known disease genes. In another quarter of 
patients, we identified mutations in genes previously not associated 
with mitochondrial disorders. Mutations in the majority of genes are 
rare and could be identified due to loss-of-function alleles in evolution-
ary conserved genes such as MGME1, the first exonuclease involved in 
mitochondrial replication. Mutations in other genes are more frequent, 
with ACAD9 being the most common finding with 15 cases association 
with isolated respiratory chain complex I-deficiency. More difficult 
to identify are missense mutations in genes coding orphan proteins 
such as FBXL4, a protein with yet unknown function associated with 
reduced mitochondrial protein content. Additional diagnostic chal-
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lenges are patients with recessive mutations in more than one gene 
(MTO1 and LYRM7) resulting in a compound clinical phenotype.
Evolving topics are tRNA modifying enzymes (ELAC2, MTO1 and 
GTPBP3) and tRNA synthetases, as well as cofactor metabolism 
defects. The later offers rational therapeutic options as for example 
riboflavin supplementation in the case of mutations in the riboflavin 
transporter SLC52A2.
In summary, the genetically heterogeneous group of mitochondrial 
disorders is an example par excellence for the application of genome 
wide sequencing, which allows for comprehensive detection of dis-
ease causing mutations and rapid identification of novel disease genes. 
Further improvement of the sequencing technology holds promise for 
a further increase in diagnostic yield by optimizing coverage and the 
detection of indels and copy number variants. However, several issues 
remain to be considered including how to tackle diseases caused by di- 
or oligogenic mutations or how to identify mutations with dominant 
effect. Nevertheless, in addition to shedding light on mitochondrial 
physiology, newly identified genes promise options for new treatments.

W7-02
Constitutive Activation of PRKACA in Adrenal Cushing’s 
Syndrome
Schwarzmayr T.1, Beuschlein F.2, Fassnacht M.2,3,4, Assié G.5,6, Calebiro 
D.7,8, Stratakis C.A.9, Osswald A.2, Ronchi C.L.10, Wieland T.1, Sbiera S.2,3, 
Faucz F.R.9, Schaak K.2, Schmittfull A.1, Barreau O.5,6, Vezzosi D.5, Rizk-
Rabbin M.5, Zabel U.7, Szarek E.9, Salpea P.9, Forlino A.11, Vetro A.12, Zuf-
fardi O.11, Kisker C.8, Diener S.1, Meitinger T.1,13,14, Lohse M.J.4,7,8, Reincke 
M.2, Bertherat J.5,6, Strom T.M.1,13,14, Allolio B.3,4 
1Institute of Human Genetics; Helmholtz Zentrum München, Neuherberg, 
Germany; 2Medizinische Klinik und Poliklinik IV; Ludwig-Maximilians-
Universität München, Munich, Germany; 3Department of Medicine I; 
Endocrine and Diabetes Unit; University Hospital; University of Würzburg, 
Würzburg, Germany; 4Comprehensive Heart Failure Center; University of 
Würzburg, Würzburg, Germany; 5INSERM U1016; CNRS UMR 8104; Institut 
Cochin; Faculté de Médecine Paris Descartes; Université Paris Descartes; 
Sorbonne Paris Cité, Paris, France; 6Department of Endocrinology; Referral 
Center for Rare Adrenal Diseases; Assistance Publique Hôpitaux de Paris; 
Hôpital Cochin, Paris, France; 7Institute of Pharmacology and Toxicology; 
University of Würzburg, Würzburg, Germany; 8Rudolf Virchow Center for 
Experimental Biomedicine; University of Würzburg, Würzburg, Germany; 
9Section on Endocrinology & Genetics; Program on Developmental 
Endocrinology & Genetics; NICHD; NIH, Bethesda, Maryland; 
10Comprehensive Cancer Center Mainfranken, University of Würzburg, 
Würzburg, Germany; 11Dipartimento di Medicina Molecolare; Genetica 
Medica; University of Pavia, Pavia, Italy; 12Biotechnology Research 
Laboratory; Foundation IRCCS; Policlinico San Matteo, Pavia, Italy; 
13Institute of Human Genetics; Technische Universität München, Munich, 
Germany; 14DZHK partner site - German Centre for Cardiovascular 
Research; Munich Heart Alliance, Munich, Germany 

Background:
Endogenous hypercortisolism, referred to as Cushing’s syndrome, is 
associated with excess morbidity and mortality. When Cushing’s syn-
drome is severe, patients suffer from catabolic symptoms such as mus-
cle weakness, skin fragility, osteoporosis and severe metabolic sequelae. 
Corticotropin-independent Cushing’s syndrome is caused by tumors 
or hyperplasia of the adrenal cortex.
Methods:
We performed exome sequencing of ten cortisol-producing adenomas 
and matched control tissue to identify somatic mutations and evalu-
ated recurrent mutations in candidate genes in adenomas of additional 
171 patients. We further performed genome-wide copy number analy-
sis in 35 patients with cortisol-secreting bilateral hyperplasias. We stud-
ied the effects of these genetic defects both clinically and in vitro.
Results:

Exome sequencing revealed somatic mutations in the PRKACA gene, 
which encodes the catalytic subunit of cyclic AMP-dependent protein 
kinase (PKA), in 8 of 10 adenomas (c.617A>C, p.Leu206Arg in seven 
and c.595_596insCAC, Leu199_Cys200insTrp in one patient). Over-
all, PRKACA somatic mutations were identified in a total of 22 of 59 
adenomas (37%) from patients with overt Cushing’s syndrome; these 
mutations were not detectable in patients with subclinical hypercor-
tisolism (n=40) or in other adrenal tumors (n=82). Among 35 patients 
with bilateral cortisol-producing hyperplasias, 5 (two of whom were 
first-degree relatives) carried a germline copy number gain of the chro-
mosome 19 region, including the PRKACA gene. In vitro studies dem-
onstrated impaired inhibition of both PKA catalytic subunit mutants 
by the PKA regulatory subunit, while cells from patients with germline 
chromosomal gains showed increased protein levels of the PKA cata-
lytic subunit; in both instances, basal PKA activity was increased.
Conclusions:
This study links genetic alterations of the catalytic subunit of PKA to 
human disease. Germline duplications of this gene result in bilateral 
adrenal hyperplasias, whereas somatic PRKACA gain-of-function 
mutations lead to unilateral cortisol-producing adrenal adenomas.

W7-03
Extending the molecular basis of isolated and syndromic 
microcephaly
Yigit G.1, Beleggia F.1, Morris-Rosendahl DJ.2, Elcioglu N.3, Mancini 
GMS.4, Altmüller J.5, Meitinger T.6, Thiele H.5, Albrecht B.7, Strom TM.6, 
Kayserili H.8, Nürnberg P.5, Wollnik B.1 
1Institute of Human Genetics, Cologne, Germany; 2National Heart & 
Lung Institute, Imperial College London, United Kingdom; 3Marmara 
University Hospital, Istanbul, Turkey; 4Erasmus University Medical Center, 
Rotterdam, The Netherlands; 5Cologne Center for Genomics, University 
of Cologne, Germany; 6Institute of Human Genetics, Helmholtz Zentrum 
München, Germany; 7Institut für Humangenetik, Universitätsklinikum 
Essen, Germany; 8Medical Genetics Department, University of Istanbul, 
Turkey 

Microcephaly is a neurodevelopmental disorder characterized by 
reduced head circumference at birth and varying degrees of intellec-
tual disability. Microcephaly can occur isolated, with no other obvious 
abnormalities, or it may be part of a syndrome of congenital anoma-
lies, and therefore associated with other abnormalities. To extend our 
knowledge about genes associated with isolated and syndromic forms 
of microcephaly, we initially performed whole-exome sequencing 
(WES) in different patients born to consanguineous and non-consan-
guineous parents, presenting with phenotypical features of primary 
microcephaly/syndromic microcephaly, including growth retarda-
tion, developmental delay, mental retardation and facial dysmorphism. 
Combining WES strategy with determination of homozygous stretches 
of identified variants, we found homozygous mutations in different 
new genes and additionally were able to prove causality of very recently 
identified genes associated with different forms of microcephaly.
We identified a novel splice-site mutation in CDK5RAP2, c.4005-
9A>G, in a consanguineous family from Turkey with Seckel syndrome 
leading to a frame-shift and premature truncation of the protein 
(p.Arg1335Serfs*3). Functional analysis revealed that the identified 
mutation leads to loss of CDK5RAP2 function inducing severe defects 
in mitosis and spindle organization and resulting in cells with abnor-
mal nuclei and centrosomal pattern. These data provide first evidence 
that mutations in CDK5RAP2 are associated with both primary micro-
cephaly and Seckel syndrome.
Furthermore, we identified the first homozygous mutation, c.2524G>A, 
in RAD50 predicted to result in the change p.Val842Ile. RT-PCR analy-
sis of mRNA derived from primary patient fibroblasts showed that the 
c.2524G>A mutation induces skipping of exon 15 of RAD50 causing 
a frameshift and premature protein truncation (p.Met800Phefs*7), 
thereby leading to complete loss of protein function.
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Additionally, we identified a German family with three children all pre-
senting with severe neonatal, persistent, therapy-resistant seizures, and 
severe postnatal microcephaly who were compound heterozygous for 
the mutations c.228dupA and c.638dupA in the BRAT1 gene proving 
further evidence that mutations in BRAT1 underlie this new clinical 
entity referred to as lethal neonatal rigidity and multifocal seizure syn-
drome.
Finally, in a consanguineous family with two affected children present-
ing with primary microcephaly we were able to identify a homozygous 
frameshift mutation in a novel, non-characterized centrosomal protein 
of the CCDC family. The c.813_814delGA mutation is predicted to lead 
to premature protein truncation, p.M271Ifs*2, indicating further het-
erogeneity in primary microcephaly.
In summary, we were able to expand the spectrum of genes and muta-
tions associated with primary or syndromic microcephaly and we 
could prove causality and identify new genes involved in the pathogen-
esis of microcephaly.

W7-04
Loss of CRIM1 causes colobomatous macrophtalmia with 
microcornea in human and mouse
Beleggia F.1, Li Y.1, Fan J.2, Elcioglu N.H.3, Akarsu N.A.4, Meitinger T.5, 
Strom T.M.5, Lang R.2, Wollnik B.1 
1Institute of Human Genetics; University of Cologne, Cologne, Germany; 
2The Visual Systems Group; Abrahamson Pediatric Eye Institute; Division 
of Pediatric Ophthalmology; Cincinnati Children’s Hospital Medical 
Center, Cincinnati; Ohio, USA.; 3Genetic Disorders Unit; Department 
of Pediatrics; Marmara University Medical Faculty, Istanbul, Turkey; 
4Department of Medical Genetics; Hacettepe University Medical Faculty, 
Ankara, Turkey; 5Institute of Human Genetics; Helmholtz Zentrum 
München, Neuherberg, Germany 

Macrophtalmia, colobomatous, with microcornea (MACOM, OMIM 
602499), is a rare, autosomal dominantly inherited malformation of 
the eye, which is characterized by microcornea with increased axial 
length, coloboma usually involving the optic disc, and severe myopia. 
The causative gene has been mapped to the 2p23-p16 region, but it has 
not been identified to date. We performed whole-exome sequencing 
(WES) in two affected individuals from the largest reported pedigree 
of MACOM, which includes 13 affected individuals from three genera-
tions. Since no shared novel variation was found in the WES data in 
the linked region from both individuals, we performed CNV analysis 
by comparing the coverage of all exons in the WES data of the patients 
with the coverage of 26 controls. We detected a total of 110 and 89 sta-
tistically significant CNVs (p<0.05), but only one of them was present 
in both patients within the linked interval (p=1.2*10^-27 and p=6.4*10-
21).  This heterozygous deletion was predicted to span 22 kb and to 
include exons 14 to 17 of CRIM1 and most of the 3‘UTR of FEZ2. We 
performed a quantitative PCR using primers for exon 6 of CRIM1. 
Genomic DNA from 11 affected individuals from this family showed 
a reduction in the amount of CRIM1 when compared to healthy fam-
ily members. To identify the breakpoints, we analyzed the WES data 
looking for split-reads, which align to both ends of the deletion. Even 
though our WES protocol did not include enrichment of the UTRs, one 
of the breakpoints was close enough to the last exon of FEZ2 to be cov-
ered by 4 reads in one patient and 5 reads in the other. We could thus 
precisely identify the breakpoints at chr2:36757668 and chr2:36780274 
and interestingly, we found a 4-bp microhomology (CTTG) flank-
ing the deletion. We confirmed this result with a breakpoint-PCR, 
which was positive in all affected family members and in none of the 
healthy family members. Crim1 is a transmembrane protein contain-
ing six cysteine-rich von Willenbrand factor type C repeat domains 
(VWFC) and an insulin-like growth factor-binding domain, with 
pleiotropic roles in the development of different organs, including eye, 
central nervous system, kidney, vasculature and placenta. The deletion 
is predicted to produce a truncated protein, missing the last VWFC 

domain, the transmembrane domain and the cytoplasmic domain. To 
investigate the mouse ocular phenotype caused by loss of Crim1, we 
crossed a Crim1-flox mouse line with the Ap2α-cre mouse line, which 
expresses Cre in the head surface ectoderm. Strikingly, we observed 
developmental alterations of eye development in these mice leading to 
severe anatomical and morphological changes, which are overlapping 
with the abnormalities observed in human. Taken together, these find-
ings identify CRIM1 as the causative gene for MACOM syndrome, and 
provide an example of how WES can be used for identifying CNVs and 
determining the exact location of breakpoints.

W7-05
Mutations in CERS3 cause autosomal recessive congenital 
ichthyosis in humans.
Radner F. P. W.1, Marrakchi S.2, Kirchmeier P.1, Kim G.J.1, Ribierre F.3, 
Kamoun B.4, Abid L.5, Leipoldt M.1, Turki H.2, Schempp W.1, Heilig R.6, 
Lathrop M.3,7,8, Fischer J.1,3 
1Institute for Human Genetics; University Medical Center Freiburg, 
Freiburg, Germany; 2Department of Dermatology and the Laboratory 
of Immunology; Hedi Chaker Hospital; Sfax University, Sfax, Tunisia; 
3CEA; Institut de Génomique; Centre National de Génotypage, Evry, 
France; 4Department of Ophthalmology; Hedi Habib Bourguiba Hospital; 
Sfax University, Sfax, Tunisia; 5Department of Cardiology; Hedi Chaker 
Hospital; Sfax University, Sfax, Tunisia; 6CEA; Institut de Génomique; 
Centre National de Séquencage; Genoscope, Evry, France; 7CEPH, Paris, 
France; 8McGill University and Génome Québec Innovation Centre, 
Montréal H3A 0G1, Canada 

Autosomal recessive congenital ichthyosis (ARCI) is a rare genetic dis-
order of the skin characterized by abnormal desquamation over the 
whole body. In this study we report four patients from three consan-
guineous Tunisian families with skin, eye, heart, and skeletal anoma-
lies, who harbor a homozygous contiguous gene deletion syndrome on 
chromosome 15q26.3. Genome-wide SNP-genotyping revealed a homo-
zygous region in all affected individuals, including the same microdele-
tion that partially affects two coding genes (ADAMTS17, CERS3) and 
abolishes a sequence for a long non-coding RNA (FLJ42289). Whereas 
mutations in ADAMTS17 have recently been identified in autosomal 
recessive Weill-Marchesani-like syndrome in humans and dogs pre-
senting with ophthalmologic, cardiac, and skeletal abnormalities, no 
disease associations have been described for CERS3 (ceramide syn-
thase 3) and FLJ42289 so far. However, analysis of additional patients 
with non-syndromic ARCI revealed a splice site mutation in CERS3 
indicating that a defect in ceramide synthesis is causative for the pres-
ent skin phenotype of our patients. Functional analysis of patient skin 
and in vitro differentiated keratinocytes demonstrated that mutations 
in CERS3 lead to a disturbed sphingolipid profile with reduced levels 
of epidermis-specific very long-chain ceramides that interferes with 
epidermal differentiation. Taken together, these data present a novel 
pathway involved in ARCI development and, moreover, provide the 
first evidence that CERS3 plays an essential role in human sphingolipid 
metabolism for the maintenance of epidermal lipid homeostasis.

W7-06
Sensory neuropathy with bone destruction due to a mutation in 
the membrane-shaping atlastin GTPase 3
Kornak U.1, Mademan I.2, Schinke M.3, Voigt M.4, Krawitz P.1, Hecht J.5, 
Hübner CA.4, Gal A.3, Amling M.3, Mundlos S.1, Baets J.2, Kurth I.4 
1Charité-Universitätsmedizin Berlin, Berlin, Germany; 2University of 
Antwerp, Antwerp, Belgium; 3University Medical Center Hamburg-
Eppendorf, Hamburg, Germany; 4Jena University Hospital, Jena, 
Germany; 5Berlin-Brandenburg Center for Regenerative Therapies, Berlin, 
Germany 
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A hallmark of hereditary sensory and autonomic neuropathies (HSAN) 
is loss of nociception, which can have deleterious consequences. We 
analysed a family with therapy-refractory plantar ulcerations and pro-
gressive destruction of the pedal skeleton necessitating amputation 
in one member. The inheritance pattern was autosomal dominant. 
Subsequently sensory neuropathy with loss of pain perception and 
mildly impaired touch sensation without muscle atrophy was noted. By 
whole-exome sequencing in the two most distant affected family mem-
bers we detected a missense mutation in a highly conserved amino acid 
residue of atlastin GTPase 3 (ATL3), an endoplasmic reticulum shaping 
GTPase. The same mutation (p.Tyr192Cys) was identified in a second 
family with similar clinical outcome by screening a large cohort of 115 
patients with hereditary sensory and autonomic neuropathies. In both 
families the mutation segregated with the disorder and showed com-
plete penetrance. ATL3 is a paralog of ATL1, a membrane-curvature 
generating molecule involved in spastic paraplegia and hereditary sen-
sory neuropathy. ATL3 proteins are enriched in three-way junctions, 
branch points of the endoplasmic reticulum that connect membranous 
tubules to a continuous network. Mutant ATL3-p.Tyr192Cys failed to 
localize to branch points, but instead disrupted the structure of the 
tubular endoplasmic reticulum, suggesting that the mutation exerts a 
dominant-negative effect. Identification of ATL3 as novel disease-asso-
ciated gene exemplifies that alterations in membrane shaping-proteins 
are a major emerging pathway in axonal degeneration. Furthermore, 
this case illustrates the central role of nociception for the preservation 
of the weight-bearing parts of the skeleton.

W8 Epigenetics

W8-01
Automated methylation analysis of amplicons from bisulfite 
flowgram sequencing
Rahmann S., Beygo J., Kanber D., Martin M., Horsthemke B., Buiting K. 
University of Duisburg-Essen, Essen, Germany 

The Roche 454 GS Junior sequencing platform allows locus-specific 
DNA methylation analysis using deep bisulfite amplicon sequencing. 
However, bisulfite-converted DNA reads may contain long T homopol-
ymers, and the main sources of errors on pyrosequencing platforms are 
homopolymer over- and undercalls. Furthermore, existing tools do not 
always meet the analysis requirements for complex assay designs with 
multiple regions of interest (ROIs) from multiple samples. We have 
developed the amplikyzer software package to address the above chal-
lenges. It directly aligns the intensity sequences from standard flow-
gram files (SFF format) to given amplicon reference sequences, without 
converting to nucleotide FASTA format first, avoiding information loss 
by rounding flow intensities, and taking special measures to correctly 
process long homopolymers. It offers a variety of options to analyze 
complex multiplexed samples with several regions of interest and out-
puts useful statistics and publication-quality analysis plots without 
mandatory manual interaction. This allows our software to be used 
as part of automated pipelines as well as interactively. The underlying 
analysis algorithms, using a novel hybrid flowgram-DNA sequence 
representation are described. We also discuss configuration options 
and use cases of our open source amplikyzer software and present 
exemplary results. The software, including required libraries, is avail-
able at https://bitbucket.org/svenrahmann/amplikyzer/downloads.

W8-02
A mouse model for human RB1 imprinting
Steenpass L., Hiber M., Kanber D., Buiting K., Horsthemke B., Lohmann 
D. 
Institut für Humangenetik, Essen, Germany 

The human retinoblastoma gene, RB1, is imprinted. Parent-of-origin 
specific DNA methylation is acquired on CpG85, a CpG island within 
the pseudogene PPP1R26P1, which got integrated into intron 2 of the 
RB1 gene. The unmethylated CpG85 on the paternal allele serves as 
promoter for an alternative RB1 transcript, transcript 2B. Transcrip-
tion of transcript 2B interferes with transcription of the regular RB1 
transcript on the same allele. PPP1R26P1 contains a second CpG island 
(CpG42), which is biallelically methylated.
The mouse Rb1 does not contain PPP1R26P1 and is not imprinted. 
To determine if the integration of PPP1R26P1 is sufficient to result 
in skewed expression of Rb1, we generated a knock-in of human 
PPP1R26P1 in intron 2 of the murine Rb1 gene, using homologous 
recombination in mouse embryonic stem (ES) cells.
To be able to distinguish expression of the two Rb1 alleles in ES cells, 
a single nucleotide variant in exon 3 of Rb1 was introduced first. In 
vitro methylation and expression analyses were performed. Next gen-
eration bisulfite sequencing of CpG85 and CpG42 revealed differences 
in their susceptibility to DNA methylation, gaining methylation at a 
median level of 4% and 18%, respectively. We showed enrichment of 
RNA polymerase II at and transcription from the unmethylated CpG85 
in PPP1R26P1. However, these transcripts could not be connected to 
downstream exons of Rb1 so far. Using the single nucleotide variant 
in exon 3 of Rb1, quantitative primer extension analyses (SNaPshot) 
revealed reduced expression of full-length Rb1 from the targeted allele. 
These results identify human PPP1R26P1 as a cis-repressive element in 
vitro.
To determine if CpG85 acquires imprinted differential DNA methyla-
tion in the mouse germ line, we used targeted ES cells to generate mice 
carrying human PPP1R26P1 in the Rb1 gene. Chimeras were obtained 
from two independent ES cell clones, but germ line transmission of the 
targeted allele was achieved with one clone only. The selection cassette 
was already removed by breeding with a Cre expressing mouse strain. 
Currently, the mice are backcrossed to obtain them on a pure strain 
background for DNA methylation and allelic expression analyses. First 
results will be presented.

W8-03
Epigenetic Changes during Male Germ Cell Development – The 
Role of SPOC1 (PHF13) in Meiosis
Nelkenbrecher C.1, Lukassen S.1, Haydn T.1, Schwab A.1, Holfelder J.1, 
Prochnicki A.1, Ekici A.1, Scherthan H.2, Winterpacht A.1 
1Institute of Human Genetics; Friedrich-Alexander-University, Erlangen-
Nürnberg, Germany; 2Bundeswehr Institute of Radiobiology affiliated to 
the University of Ulm, Munich, Germany 

Germ cells are responsible for the transmission of an individual´s 
genome to the next generation. Correct and sustained germ cell devel-
opment is therefore of fundamental importance for genome integrity. 
In addition, transmission of epigenetic information to the next genera-
tion via the male germ line has been demonstrated recently. Spermato-
genesis is controlled by unique gene expression programs involving 
epigenetic reprogramming of histone modifications and DNA meth-
ylation. The main event of this reprogramming takes place at the pro-
phase I of meiosis during which homologous chromosomes pair and 
recombine. At unpaired regions, chromatin is repressed at the pachy-
tene stage by meiotic silencing, a tightly epigenetically regulated pro-
cess known as Meiotic Sex Chromosome Inactivation (MSCI).
We have recently identified the gene SPOC1 (PHF13) which encodes 
a protein involved in protein-chromatin interaction binding to the 

Abstracts

100 | Medizinische Genetik 1 · 2014



histone modification H3K4me3. We could show that deletion of Spoc1 
leads to severe hypoplasia of the testis and infertility in male mice. 
These mice showed progressive loss of germ cells due to apoptosis in 
the pachytene stage. Functional analyses of the Spoc1-knockout mice 
using whole genome expression arrays revealed a defect in the tran-
scriptional silencing of the sex chromosomes (MSCI) during meiosis.
Here we report on the molecular mechanisms responsible for altered 
MSCI and infertility in the Spoc1-/- mice. We were able to demonstrate 
that the induction of the XY-body, the subnuclear compartment where 
MSCI takes place, appeared normal in the knockout mice, indicating 
that the increased level of transcription on the sex chromosomes repre-
sents the result of an epigenetic effect. Extensive immunofluorescence 
experiments with meiocyte spreads showed specific changes of the his-
tone modifications H3K27me2, H3K36me2/3, H3K9ac, H3K27ac, and 
H2AK119ub within the XY-body of knockout cells. Interestingly, some 
of these modifications are also important in epigenetic regulation of 
developmental genes by bivalent chromatin. Furthermore we detected 
a clonal apoptosis pattern of the pachynemas in the knockout testes. 
Together with the fact that expression of Spoc1 in the testis is restricted 
to undifferentiated spermatogonial stem cells (SSCs) in the germinal 
epithelium, this strongly suggests that epigenetic misregulation takes 
place during SSC differentiation but becomes deleterious later in dif-
ferentiation, during meiosis and MSCI.

W8-04
DNA methylation profiling of pediatric acute lymphoblastic 
leukemia with MLL translocations
Bergmann A.K.1, Ammerpohl O.2, Kolarova J.2, Castellano G.3, Möricke 
A.4, Stunnenberg H.5, Martin-Subero J.I.3, Schrappe M.4, Siebert R.2 
1Institute for Human Genetics and Department of Pediatrics, Christian-
Albrechts-University Kiel & University Hospital Schleswig-Holstein, Kiel; 
Germany; 2Institute for Human Genetics, Christian-Albrechts-University 
Kiel & University Hospital Schleswig-Holstein, Kiel; Germany; 
3Departamento de Anatomia Patologica/Farmacologia y Microbiologia, 
Universitat de Barcelona, Institut d’Investigacions Biomediques August Pi 
i Sunyer; Barcelona; Spain; 4Department of Pediatrics, Christian-Albrechts-
University Kiel & University Hospital Schleswig-Holstein, Kiel; Germany; 
5NCMLS, Radboud University Nijmegen, Nijmegen; Netherlands 

Acute lymphoblastic leukemias (ALL) with rearrangements of the 
Mixed-Lineage Leukemia (MLL) gene account for the majority of 
infant ALL cases and are associated with an unfavorable prognosis. The 
MLL gene is highly promiscuous and undergoes fusion with more than 
70 translocation partners. Pathomechanisms and prognosis might vary 
depending on the respective partner genes. Besides the chromosomal 
translocation involving the MLL gene, which is supposed to be the 
primary genetic event in these ALLs, the genome of MLL rearranged 
leukemias seem to be very stable. Only very few recurrent somatic 
mutations (mainly affecting the FLT3 and RAS genes) and chromo-
somal imbalances have been described and the mutation rate is com-
parably low (~0,23 per Mb). The MLL (alias: KMT2A) gene is located 
in chromosomal region 11q23 and encodes a lysine (K)-specific methyl-
transferase. Besides others the protein contains a SET domain, which is 
responsible for its histone H3 lysine 4 (H3K4) methyltransferase activ-
ity which mediates chromatin modifications associated with epigenetic 
transcriptional activation. Thus, deregulation of the epigenome seems 
to be the major pathogenetic mechanism driving leukemogenesis in 
MLL-rearranged ALL.
As part of the International Human Epigenome Consortium project 
BLUEPRINT (funded by EU under 282510) we aim at providing full 
reference epigenomes of MLL rearranged pediatric ALL in order to bet-
ter characterize and understand the epigenetic mechanisms underlying 
the pathogenesis of these leukemias. As an initial step to this goal, we 
here performed array-based DNA methylation profiling on genomic 
DNA from leukemic cells of 26 pediatric patients with MLL+ ALL of 
the BFM-ALL pediatric study group. These data were compared to 22 

samples from different non-neoplastic B-cell precursor populations. 
The patient cohort included 21 infants (<1 year) and 5 children aged 2, 
5,7,17 and 18 years. The majority of the patients carried the transloca-
tions t(4;11) (15 cases) or t(11;19) (6 cases). The aberration t(9;11) was 
present in two cases, t(1;11) was present in one case.
The methylation patterns of the analyzed ALL samples were strik-
ingly homogenous. The few methylation differences detected between 
e.g. ALLs with t(4;11) and t(11;19) are confounded by the different  age 
at diagnosis associated with the both translocations. We identified 
774 CpG loci hypermethylated and 201 CpG loci hypomethylated in 
MLL rearranged leukemias compared to the benign B-cell precur-
sors. Whereas hypermethylated regions were enriched for CpG islands 
and polycomb repressed regions, hypomethylation seems to preferen-
tially target enhancer regions. The differentially methylated loci were 
enriched mainly for 5 different transcription factor binding sites.
In summary, the DNA methylation patterns of MLL rearranged ALLs 
significantly differs from that of normal B-cell precursor cells but is 
quite homogenous within the leukemias with some variation in depen-
dence of translocation and age.

W8-05
(Epi-)genomic analyses of lung cancer patients for prediction of 
chemotherapy resistance
Isau M.1, Neubert K.1, Lienhard M.1, Fischer A.1, Yildirimann R.1, Becker 
M.2, Boerno S.1, Rolff J.2, Merk J.3, Fichtner I.2, Kuner R.4, Sueltmann H.4, 
Lehrach H.1, Herwig R.1, Schweiger M.1 
1Max Planck Institute for Molecular Genetics, Berlin, Germany; 
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3Evangelische Lungenklinik, Berlin, Germany; 4DKFZ, Heidelberg, 
Germany 

Lung cancer is the most frequent cause of cancer-related death world-
wide. This is partly due to high incidence rates, but also due to the 
fact that they are diagnosed at advanced stages and that they are fre-
quently resistant against chemotherapies. To identify chemotherapy 
resistance mechanisms we collected primary lung tissue and xenograft 
tumor material from 25 lung cancer patients and performed next gen-
eration sequencing to identify copy number variations, mutations and 
epigenetic alterations. Chemotherapy response values were generated 
for each of these mice for five different chemotherapeutic drugs and 
used to group the tumors in responders and non-responders. Here we 
will present comprehensive data on genomic and epigenomic differ-
ences likely underlying chemotherapy resistance. In addition we used 
a mathematical computer model (PyBios) for the simulation of cancer-
related cellular processes and the prediction of the effectiveness of che-
motherapies. The approach we present may function as a prototype for 
the identification of therapy resistance mechanisms and will result in 
biomarkers for the stratification of tumor patients.

W8-06
Structure / function relationships between the inactive X 
chromosome territory (CT) and active CTs studied by super-
resolution microscopy
Smeets D.1, Markaki Y.1, Schmid VJ.2, Schermelleh L.3, Cremer T.1, 
Cremer M.1 
1University of Munich, Martinsried, Germany; 2University of Munich, 
Munich, Germany; 3University of Oxford, Oxford, UK 

Transcriptional silencing of most of the genes in one X chromosome 
in female mammals has evolved as a dosage compensation mechanism 
between males and females. X chromosome inactivation (XCI) starts at 
the blastocyst stage when Xist RNA is transcribed from the committed 
inactive X (Xi). Maintenance of inactivation is further accomplished by 
epigenetic factors corporately mediating the chromosome-wide silenc-
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ing of gene activity. XCI is associated with a distinct chromatin con-
densation resulting in Xi territories that are highlighted as structural 
hallmarks in female nuclei by a prominent DNA staining intensity, the 
so-called “Barr body”. Thus, the Xi territory (Barr body) represents a 
unique system to analyze structure-function relationships of repressed 
versus transcriptionally active chromosome territories (CTs).
Using DNA probe sets, which target physically or functionally defined 
sub-chromosomal segments, we compared the higher order folding 
structure in Xi-and Xa-territories at the subchromosomal level by 
3D multicolor FISH and quantitative 3D image analysis. Using super-
resolution 3D-structured illumination microscopy (3D-SIM), we 
compared the 3D ultrastructure of the Xi with active CTs in somatic 
cells. We demonstrate that chromatin condensation in the Xi does not 
result from a uniformly increased compaction at the nucleosome level, 
but rather from a collapse of a specific nuclear subcompartment.  All 
CTs form a network of structurally linked chromatin domain clusters 
(CDCs). CDCs of active CTs are lined by a spatially confined perichro-
matin region (PR), which harbors decondensed chromatin enriched 
with transcriptionally competent markers. The PR network is co-
aligned with a contiguous channel system, the interchromatin com-
partment (IC), which starts at nuclear pores and pervades CTs. PR and 
IC channels together form the intricate active nuclear compartment 
(ANC) where transcription occurs at the periphery of compact CDCs. 
The Xi differs from active CTs by a significant collapse of the ANC 
and a closing up of CDCs clusters. The mainatenance of rudimentary 
ANC channels may be essential for the structural integrity of Xi and 
for providing accessibility of factors required for (sparse) transcription 
and replication. Xist RNA foci localize within the rudimentary ANC 
channels suggesting their dynamic interaction with silenced genes / 
regulatory sequences. Exploring the spatio-temporal process of Barr 
body formation in early differentiating embryonic stem cells (ESCs) we 
found that initial Xist RNA spreading precedes Barr body formation 
which occurs together with subsequent RNA polymerase II (RNAP II) 
exclusion. Autosomal transgenic Xist induction triggers an “autosomal 
Barr body” with less compacted chromatin and incomplete RNAP II 
exclusion demonstrating the X-chromosomal context required for a 
typical Barr body.

W9 Disease Mechanisms and 
Treatment

W9-01
Mapping the genetic architecture of gene regulation in whole 
blood
Schramm K.1,2, Marzi C.3, Schurmann C.4, Carstensen M.5, Reinmaa E.6,7, 
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Greifswald, Germany; 18Hannover Unified Biobank - Hannover Medical 
School, Hannover, Germany 

Background: We aimed to assess whether whole blood expression 
quantitative trait loci (eQTLs) with effects in cis and trans are robust 
and can be used to identify regulatory pathways affecting disease sus-
ceptibility.
Materials and Methods: We performed whole-genome eQTL analyses 
in 890 participants of the KORA F4 study and in two independent rep-
lication samples (SHIP-TREND, N=976 and EGCUT, N=842) using 
linear regression models and Bonferroni correction.
Results: In the KORA F4 study, 4,116 cis-eQTLs (defined as SNP-probe 
pairs where the SNP is located within a 500 kb window around the 
transcription unit) and 94 trans-eQTLs reached genome-wide signifi-
cance and overall 91% of all eQTLs (92% of cis-, 84% of trans-eQTLs) 
were confirmed in at least one of the two replication studies. Differ-
ent study designs including distinct laboratory reagents (PAXgeneTM 
vs. TempusTM tubes) did not affect reproducibility (separate overall 
replication overlap: 78% and 82%). Immune response pathways were 
enriched in cis- and trans-eQTLs and significant cis-eQTLs were 
partly coexistent with published results from other tissues (cross-tissue 
similarity 40-70%). Furthermore, four chromosomal regions displayed 
simultaneous impact on multiple gene expression levels in trans, and 
746 eQTL-SNPs have previously reported clinical relevance. We dem-
onstrated cross-associations between eQTL-SNPs, gene expression lev-
els in trans, and clinical phenotypes as well as a link between eQTLs 
and human metabolic traits via modification of gene regulation in cis.
Conclusions: Our data suggest that whole blood is a robust and infor-
mative tissue for eQTL analysis and may be used both for biomarker 
studies and to enhance our understanding of molecular mechanisms 
underlying gene-disease associations.
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Deletions of Chromosomal Regulatory Boundaries are 
Associated with Congenital Disease
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Recent data from chromosome confirmation capture analysis (Hi-
C) indicate that the human genome is divided into conserved mega-
base-sized local chromatin self-interacting regions called topological 
domains. These topological domains form the regulatory backbone of 
the genome and are separated by regulatory boundary elements or bar-
riers. Copy-number variations (CNVs) can potentially alter the topo-
logical domains architecture by deleting or duplicating the barriers 
and thereby allowing enhancers from neighboring domains to ectopi-
cally activate genes causing misexpression and disease, a mutational 
mechanism that has recently been termed “enhancer adoption”. The 
Human Phenotype Ontology (HPO) database provides information 
for over 2,800 genes associated with the known Mendelian diseases, 
and was used in this study to relate the phenotypes of the CNVs to 
those of monogenic diseases of genes in or adjacent to 922 deletion 
cases recorded in the DECIPHER database.
We identified human enhancers specific to ten different tissue types 
by analysis of DNAse hypersensitivity data, and used these results and 
the HPO information to categorize the DECIPHER deletions. Using 
this computational approach most deletions can best be explained by 
dosage effects affecting phenotypically relevant genes located within 
the deletions themselves. However, up to 12% of the deletions can be 
best explained by the potential effects of tissue-specific enhancers that 
are brought by the deletion into the genomic vicinity of phenotypically 
relevant genes that lie adjacent to the breakpoints, or by a combination 
of the two mechanisms. Our results suggest that enhancer adoption 
caused by deletions of regulatory boundaries may contribute to a sub-
stantial minority of CNV phenotypes and should thus be taken into 
account for their medical interpretation.

W9-03
Functional analysis of SHANK2 mutations identified in 
schizophrenia patients
Peykov S.1, Berkel S.1, Boeckers T.2, Weiss K.3, Schratt G.3, Cichon S.4, 
Rietschel M.5, Noethen M.6, Rappold G.1 
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Chemistry, Marburg, Germany; 4University of Basel, Basel, Switzerland; 
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Human Genetics, Bonn, Germany 

Mutations in the SHANK3 gene and common variants associated with 
the SHANK1 gene were previously described in schizophrenia patients 
suggesting a role for these genes in pathological processes. In our study 
we focused on the last remaining member of the SHANK gene fam-
ily – SHANK2. We sequenced all exons and exon-intron boundaries 
of the ProSAP1A_AB208026 isoform of SHANK2 by Sanger sequenc-
ing using genomic DNA isolated from 481 schizophrenia patients (177 
trios and 304 singleton patients) and 374 unaffected individuals. We 
found ten variants that affect protein structure which are only pres-
ent in the patient group. We used mutation prediction tools that are 
based on evolutionary protein conservation and chemical properties of 
amino acids to select the four most promising variants. Such in silico 
investigation is helpful to estimate a functional relevance of mutations, 
but cannot substitute the functional analysis itself. To analyze the func-
tional impact of the four selected mutations, we conducted overexpres-
sion and knockdown-rescue experiments in primary hippocampal 
neurons from rat with a major focus on morphological changes of the 
neurons. Another major point of our study was to investigate the effect 
of different SHANK2 isoforms and schizophrenia mutations on the 
actin structures. We used COS-7 cells as a model system and live cell 
TIRF (Total Internal Reflection Fluorescence) microscopy for imaging 
of actin structures. Additionally, we also performed actin polymeriza-
tion assays to measure in vivo F-actin/G-actin ratio in our mutants 
compared to SHANK2 wild type. With these functional tests we were 
able to show for the first time a functional effect of SHANK2 variants 
which were identified in schizophrenia patients.

W9-04
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Irritable bowel syndrome (IBS) is a complex gastrointestinal (GI) dis-
order in which disturbed motility is thought to play a role.  5-HT4 
receptors regulate motor function and are targeted therapeutically in 
the treatments of IBS with constipation (IBS-C) and functional con-
stipation. We hypothesize that disturbed 5-HT4 receptor regulation or 
functional defects in the 5-HT4 receptor gene (HTR4) may be involved 
in the motor dysfunction seen in these patients.
As 3’ untranslated regions (3’UTRs) are a major site of posttranscrip-
tional regulation, we screened different HTR4 isoforms in a small IBS 
pilot cohort for variants in their 3’UTRs. In this cohort, we identified 
the rare SNP (rs201253747) HTR4b c.*61T>C to be exclusively present 
in IBS with diarrhoea (IBS-D) patients (2/98 in IBS-D, 0/100 in IBS-C 
and 0/92 in controls). In a subsequent replication study, we confirmed 
the polymorphism as significantly enriched in IBS-D patients com-
pared with healthy controls (p=0.033; OR=3.09; 2185 healthy controls, 
613 IBS-C and 829 IBS-D patients were tested in total).
The SNP locates in a putative miR-16 family binding site. We show that 
HTR4 is specifically downregulated by this miRNA family via multiple 
target sites. Furthermore we describe a novel isoform of HTR4b with 
an alternatively spliced 3’UTR. This isoform escapes miR-16 regulation 
in reporter assays when the HTR4b c.*61C allele is present, suggesting 
an increase of 5-HT4 receptor expression in HTR4b c.*61C carriers .
In conclusion, we have shown for the first time that HTR4 is suscepti-
ble to miRNA regulation and that the c.*61T>C polymorphism impairs 
the regulation of HTR4 via the miR-16 family. Thus we postulate that 
people carrying this SNP may have a higher 5-HT4 receptor activity 
and therefore higher risk of developing IBS-D.
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Osteoporosis: Filamentous-actin bundling, a novel mechanism 
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Osteoporosis affects a large proportion of the human population, par-
ticularly women after menopause. Recently we reported that patho-
genic loss-of-function variants in the plastin 3 (PLS3) gene, localized on 
Xq23 are causative of familial osteoporosis and osteoporotic fractures 
at a young age in males and can lead to osteoporosis at a variable age 
in females. Furthermore a rare variant in PLS3 (rs140121121) associated 
with a 2-fold increased risk for fractures among elderly heterozygous 
women in two large cohorts from Rotterdam. This data indicates that 
PLS3 is also a novel etiologic factor involved in common, multifactorial 
osteoporosis (Van Dijk et al., N Engl J Med, Oct 2013).
PLS3 is an ubiquitously expressed actin bundling protein that largely 
influences the dynamics of the actin cytoskeleton. We have demon-
strated that PLS3 mRNA co-injection dose dependently rescued mal-
formations of the craniofacial muscular-skeletal system induced upon 
pls3 morpholino injection in 3 dpf and 5 dpf col1a1:eGFP transgenic 
zebrafish. Additionally, body axis and tail phenotype were also rescued 
upon PLS3 mRNA co-injection. Remarkably, affected patients with 
PLS3 loss of function mutations only presented a bone phenotype. 
The absence of systemic manifestations has led us to hypothesise that 
other F-actin bundling proteins may compensate for the loss of PLS3 in 
other tissues. Interestingly, α-Actinin (ACTN) was found to be overex-
pressed in fibroblasts of affected individuals, possibly preventing more 
severe disease manifestations.  Indeed co-injection of zebrafish with 
pls3 morpholinos and ACTN1 or ACTN4 mRNA, rescued the muscu-
lar-skeletal phenotype induced by pls3 knock-down. Moreover, analy-
sis of femora by micro computed tomography (µCT) in 3 months old 
transgenic mice overexpressing human PLS3 showed significant differ-
ences between male and female cortical and trabecular bone structures 
depicting increased cortical thickness as well as increased trabecular 
thickness and altered shape when compared to control mice. These 
results strongly indicate an essential function of PLS3 and other F-actin 
bundling proteins as new regulators of bone development and mainte-
nance. From these observations we further speculate that women over-
expressing PLS3, a situation found in 5% of the population may show 
decreased risk for osteoporosis.

W9-06
iPS-cell derived basal keratinocytes for autosomal recessive 
congenital ichthyosis
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The generation of induced pluripotent stem (iPS) cells from a somatic 
source like dermal fibroblasts by transient or permanent introduc-
tion of the four stemness factors OCT4, cMYC, SOX2, and KLF4  is 
today a widely accepted technique to preserve cells from patients with 
rare conditions and to study underlying pathomechanisms. We are 
on the way to establish patient-specific 3D full-thickness skin models 
with iPS-cell derived keratinocytes to enhance our studies on protein-
replacement therapies, especially for patients with autosomal recessive 
congenital ichthyosis (ARCI). Up to date treatment for most keratinisa-
tion disorders is only symptomatic and clearly insufficient, especially 
owing to the critical lack of suitable disease models. Therefore we have 
generated iPS cells from patients with ARCI and other genodermato-
ses. To investigate the disease of our patients in differentiated cells, we 
have focused on ectodermal differentiation of iPS cells using stringent 
culture methods and selected feeder techniques. Recently we were able 
to generate highly pure keratinocytes expressing markers of the basal 
epidermis, including keratin 18, keratin 14, p63, as well as integrins of 
the basement membrane zone in feeder and defined culture systems. 
Thus we were successful to suppress neuronal outgrowth at the neuro-
ectodermal switch and to enhance ectodermal commitment repress-
ing noggin expression with human recombinant BMP4 supplemen-
tation during early differentiation. Our strategy omits cell sorting to 
minimize cell loss and costs and produces iPS-derived keratinocytes 
within 40 days of differentiation. The ectodermal marker keratin 18 is 
expressed in most cells from day 12. In contrast, from day 12-18 few 
single cells show keratin 14 expression; only from day 29-35 all cells 
show a clear and structured keratin 14 expression signal indicative of 
epidermal development. At this time point cells also express integrin 
alpha 6 and integrin beta 4 as markers for basal keratinocytes, but no 
keratin 10. Currently, we are using our iPS cell-derived keratinocytes 
for first 3D tissue model studies. Only iPS-cell derived keratinocytes 
allow us to generate patient-specific 3D tissue models in larger quanti-
ties, which will be essential to assess drugs for these orphan diseases 
and pave the way for individualized therapies.
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E D U C AT I O N A L  S E S S I O N S

EDU 1
Panel- und Exomdiagnostik
Peter Bauer (Tübingen), Tim M Strom (Neuherberg, München)
Die Einführung von Next-Generation Sequenziertechnologien in die 
klinische Diagnostik erfordert neue Strukturen für die Datenproduk-
tion und Datenauswertung. Dabei geht es einerseits darum, das dieser 
Technik inhärente Potential zur Automatisation zu nutzen. Anderer-
seits müssen Elemente der Qualitätssicherung für diese Technologie 
definiert werden, damit nicht nur eine leistungsfähige, sondern auch 
eine sichere Diagnostik angeboten werden kann. Im Prinzip erfordert 
die Datenauswertung lediglich einen Vergleich einer vollständigen 
Liste der sequenzierten Varianten mit einer umfassenden Liste von 
krankheitsverursachenden Varianten. In der Praxis stellen weniger 
die technischen Limitationen der Sequenziertechnik als die fehlende 
Annotation der meisten seltenen Varianten ein Problem dar, das in 
Zukunft nur durch eine umfassende Sammlung der Allelefrequenzen 
von bevölkerungsweiten Sequenzierprojekten und durch hochwertige 
Mutationsdatenbanken gelöst werden kann.
Für die Diagnostik werden derzeit vor allem die Multi-Gen Panel 
Sequenzierung (MGPS) und die klinische Whole Exome Sequenzie-
rung (WES) verwendet. Während die technische Datenproduktion in 
entsprechend ausgestatteten Diagnostiklaboren zentralisiert werden 
kann, verlangt die diagnostische Auswertung eine enge Kommunika-
tion zwischen Labor und den Einsendern, oft vermittelt über speziali-
sierte klinische Genetiker. Dabei zeichnet sich jetzt schon ab, dass diese 
Kommunikation, die Vernetzung von Diagnostiklaboren insgesamt 
und der Datenaustausch zwischen diesen, einem fundamentalen Wan-
del unterworfen werden. Darüber hinaus erfordert die Anwendung 
im klinischen Umfeld spezifische Vorbereitungen im Umgang mit der 
Mitteilung von sekundären Befunden, den Vorgaben des Gendiagno-
stik-Gesetzes, der Datenspeicherung, des Datenschutzes und den Nor-
men in akkreditierten Laboren. 

In dieser EDU-Session werden wir an Beispielen aus der MGPS und 
WES diese Aspekte vorstellen und diskutieren. Insbesondere sollen 
neue Elemente für die Indikationsstellung, Qualitätssicherung und 
Datenverarbeitung bei der diagnostischen Anwendung von NGS vor-
gestellt werden, die das außerordentliche technologische Potential für 
Patient und Arzt zu einer sicheren Diagnostikanwendung machen 
können.

EDU 2 
Mikrozephalie 
Moderation: Bernd Wollnik (Köln) und Ute Hehr (Regensburg)
Mikrozephalie ist ein häufig vorkommendes klinisches Zeichen unter-
schiedlichster Entwicklungsstörungen des Gehirns. Die weltweite Prä-
valenz wird mit etwa 2 % angegeben. Eine Mikrozephalie ist durch ein 
verringertes Volumen des Gehirns gekennzeichnet und häufig mit gei-
stiger Behinderung und dem Auftreten einer Epilepsie assoziiert. Die 
Identifizierung und funktionelle Charakterisierung ursächlicher Gene 
für die primären, isolierten Formen (MCPH) als auch für syndromale 
Mikrozephalien (z. B. Seckel-Syndrom und MOPDII) haben uns faszi-
nierende Einblicke in die molekulare Pathogenese von Mikrozephalien 
verschafft. Es konnte gezeigt werden, dass Veränderungen fundamen-
taler zellulärer Mechanismen zu neuronalen Differenzierungsstörun-
gen und Mikrozephalie führen. Bekannte Gene und zugrunde liegende 
Mechanismen werden vorgestellt. 
Im klinischen Alltag ist die genetische Abklärung isolierter und auch 
syndromaler Mikrozephalien eine große, nicht selten frustrane Her-

ausforderung. Für den Großteil der derzeit publizierten, mit einer pri-
mären Mikrozephalie assoziierten Gene wurden ursächliche Mutatio-
nen überwiegend in arabischen Populationen in häufig konsanguinen 
Familien beschrieben. Systematische, Genotyp-basierte Daten zur 
Mutationshäufigkeit, dem genspezifischen klinischen Spektrum und 
der Häufigkeit assoziierter extrazerebraler und Hirnfehlbildungen 
u.a. auch in mitteleuropäischen Populationen liegen bisher nicht vor. 
Jedoch erscheint auch für sporadische Patienten mit primärer Mikro-
zephalie und ansonsten altersgerechter Entwicklung eine molekular-
genetische Untersuchung zumindest von ASPM und WDR62 gerecht-
fertigt. Umgekehrt finden sich Mikrozephalien nicht selten auch bei 
Patienten mit angeborenen Hirnfehlbildungen und erfordern erwei-
terte individuelle differentialdiagnostische Erwägungen. Als Faustre-
gel kann dabei gelten, dass Patienten mit angeborenen strukturellen 
Hirnfehlbildungen mit wenigen Ausnahmen  tendenziell eher erst 
postnatal eine Mikrozephalie entwickeln und eine altersgerechte psy-
chomotorische Entwicklung eher die Ausnahme ist.  Obwohl zukünftig 
die Anwendung von Hochdurchsatz-Sequenzierverfahren hilfreich für 
eine molekulare Diagnosestellung sein wird, kann sie auch in Zukunft 
den klinischen Sachverstand bei der differentialdiagnostischen Abklä-
rung der Mikrozephalie nicht ersetzen. Unverändert ist die klinische 
Expertise zwingende Voraussetzung sowohl für die Erarbeitung ziel-
führender diagnostischer Strategien unter Berücksichtigung der Fami-
lienanamnese und des individuellen klinischen Bildes incl. assoziierter 
(Hirn)fehlbildungen als insbesondere auch für die Interpretation gene-
tischer Varianten.

EDU3 
DNA-Methylierung: Vom Nachweis bis zur klinischen Relevanz
Moderation: Bernhard Horsthemke (Essen), Reiner Siebert (Kiel)
Die Identifizierung und der Nachweis epigenetischer Veränderungen 
gewinnen zunehmend an Bedeutung nicht nur in der humangeneti-
schen Forschung sondern auch in der klinischen Diagnostik. Unter den 
epigenetischen Modifikationen ist die DNA-Methylierung die bislang 
am besten untersuchte. Da sie zudem vergleichsweise stabil ist, eignet 
sie sich auch gut für den diagnostischen Einsatz. Dieser Workshop hat 
deshalb zum Ziel, über den aktuellen Stand der Bedeutung von Verän-
derungen der DNA-Methylierung im klinischen Kontext zu informie-
ren und die verschiedenen Methoden für deren Nachweis vorzustellen.
Im ersten Teil wird T. Haaf (Würzburg) die Grundlagen der DNA-
Methylierung vorstellen. Neben den verschiedenen Formen der DNA-
Methylierung (Methyl-Cytosin und Hydroxymethyl-Cytosin) wird auf 
die Mechanismen der Methylierung und Demethylierung eingegan-
gen. In die Relevanz der DNA-Methylierung für Entwicklung, Zelldif-
ferenzierung und Krankheitsentstehung wird eingeführt.
K. Buiting und J. Beygo (Essen) werden über konstitutionelle Verän-
derungen der DNA-Methylierung berichten. Insbesondere wird dabei 
auf die Diagnostik von Imprintingerkrankungen und auf die Untersu-
chung der X-Inaktivierung bei X-chromosomal-rezessiven Erkrankun-
gen eingegangen. In die Methoden zum Nachweis Locus-spezifischer 
DNA-Methylierung wird eingeführt. Die Prinzipien sowie die Vor- 
und Nachteile von z.B. Methylierungsspezifischer MLPA und „Tar-
geted Next-Generation Bisulfite-Resequencing“ werden vorgestellt. 
Diagnostische Algorithmen, wie sie u.a. im Rahmen des BMBF-geför-
derten Netzwerkes „Imprinting-Erkrankungen“ erarbeitet werden, sol-
len erörtert werden.
Im dritten Teil wird die Bedeutung somatischer Veränderungen der 
DNA-Methylierung diskutiert (R. Siebert, Kiel). Dabei wird auf die 
Bedeutung der DNA-Methylierung als Biomarker z.B. bei der chro-
nisch lymphatischen Leukämie (CLL) und bei Hirntumoren eingegan-
gen. Array-basierte Methoden zum Nachweis von Veränderungen der 
DNA-Methylierung und ihr Einsatz zur Identifizierung von Biomar-
kern für häufige Erkrankungen z.B. im Rahmen des Internationalen 
Humanen Epigenom-Consortiums (IHEC) werden vorgestellt.
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C. Bock (Wien) gibt abschließend eine Übersicht über zukünftige Ent-
wicklungen in der Analyse der DNA-Methylierung einschließlich des 
„Whole Genome Bisulfite Sequencing“, wobei insbesondere die bio-
informatischen Herausforderungen beleuchtet werden. Darüber hin-
aus werden internationale Vergleichsstudien zum Benchmarking der 
verschiedenen Technologien zum Nachweis von DNA-Methylierung 
vorgestellt.

EDU 4 
Der ungelöste Fall 
Moderation: Dagmar Wieczorek (Essen), Anita Rauch (Zürich)
Diese EDU-Session soll dazu dienen, ungeklärte Fälle aus dem Audito-
rium zu besprechen, ein diagnostisches Procedere zu entwickeln und 
optimalerweise auch Diagnosen zu finden. Schön wäre es aber auch, 
wenn neben ungelösten Fällen auch ungewöhnliche und/oder seltene 
gelöste Fälle aus dem Auditorium vorgestellt würden. Es können  auch 
Fälle vorgestellt werden, die durch „Next Generation Sequencing“ 
gelöst wurden entweder als ‚call for patients‘ oder zur Diskussion frag-
lich kausaler Befunde.

Optimalerweise sollten die (un)gelösten Fälle (max. 6 Folien) bis zum 
15.03.2013 per e-mail an anita.rauch@medgen.uzh.ch und dagmar.
wieczorek@uni-due.de geschickt werden. Zumindest aber sollte ein 
Beitrag mit Angabe des Titels angemeldet werden, damit wir einen 
Überblick über die Anzahl der Präsentationen haben. Ein Vorschlag 
für eine Powerpoint-Präsentation für die gelösten und ungelösten Fälle 
ist unter http://www.gfhev.de/de/kongress/wissenschaftl_programm.
htm abrufbar.

P O S T E R

P-Basic Molecular Mechanisms

P-Basic-001
Characterization of a neuronal phenotype in a mouse model for 
Noonan Syndrome
Altmüller F.1,2, Schanze D.2, Schanze I.2, Fejtova A.1, Zenker M.2 
1Leibniz Institute for Neurobiology, Magdeburg, Germany; 2Institute for 
Human Genetics, University Hospital Magdeburg, Magdeburg; Germany 

Constitutional dysregulation of the Ras-mitogen activated protein 
kinase (MAPK) signaling pathway can lead to Noonan Syndrome 
(NS), Neurofibromatosis type 1 (NF1), Costello Syndrome or similar 
disorders, collectively called “RASopathies”. These disorders are char-
acterized by an overlapping pattern of physical abnormalities and mild 
to severe cognitive impairment. Their common molecular basis is an 
overactive Ras-MAPK signaling pathway due to mutations in the genes 
of components or modulators of this signaling cascade. In animal mod-
els for NF1 and NF1-like Syndrome, it has been shown that mutations 
in the homologous genes can lead to impaired cognitive function and 
reduced synaptic plasticity (Costa et al., 2002, Denayer et al., 2008). 
However, the molecular pathogenesis for the cognitive impairment still 
remains to be elucidated. This study was aimed at further investigat-
ing the consequences of dysregulated Ras-MAPK signaling in neuronal 
cells of a mouse model for NS.
We used a conditional knock-in mouse model expressing the onco-
genic allele Ptpn11D61Y (Chan et al., 2009) bred with an EMX1IREScre 
strain that starts cre expression from embryonic day 10.5 (Gorski et al., 
2002). In this way we circumvent embryonic lethality and receive het-
erozygous offspring with an activated mutation restricted to the excit-
atory cells of forebrain. Primary cultures of dissociated hippocampal 
neurons from newborn Ptpn11D61Y animals and control littermates 
were prepared to characterize the neuronal phenotype.
ERK is downstream kinase of the Ras-MAPK signaling pathway, which 
translocates to the nucleus upon phosphorylation and is involved in 
the regulation of cellular gene expression. In the brain, reconfigura-
tion of expression of neuronal genes represents an important mecha-
nism that underlies functional adaptations of neuronal function during 
experience-induced and homeostatic plasticity. While the Ptpn11D61Y 
mutation is usually found to lead to a higher level of phosphorylated 
ERK (pERK) in overexpression studies, we found no differences in 
the nuclear level of pERK comparing wild type and heterozygous cells 
under basal conditions. However, a neuronal activity-driven induction 
of nuclear translocation of pERK was severely affected in the hetero-
zygous Ptpn11D61Y neurons, suggesting dysregulation of the activity-
induced neuronal signaling. In line with this finding, we found dif-
ferences in the size of total recycling synaptic vesicle pools, which is 
subject of regulation during homeostatic adaptation in neurons.
In summary the results show no changes under basal conditions, but 
upon stimulation we found a lack of response in the heterozygous 
mutant cells, which has not been described so far. This suggests aber-
rant activity-induced nuclear signaling and deficits in homeostatic 
plasticity in Ptpn11D61Y neurons, which might underlie the intellectual 
disability found in patients with NS.
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P-Basic-002
Autistic-like behaviour and neurodevelopmental disruption in 
mice lacking Foxp1
Bacon C.1, Schneider M.2, Le Magueresse C.3, Froehlich H.1, Rappold G.1 
1Institute of Human Genetics, Heidelberg, Germany; 2Central Institute of 
Mental Health, Mannheim, Germany; 3University Pierre and Marie Curie, 
Paris, France 

Neurodevelopmental disorders are multi-faceted diseases that can 
lead to intellectual disability, autism spectrum disorder and language 
impairment.  Mutations in the Forkhead box   FOXP1 gene in humans 
have been linked to all these disorders, suggesting that it may play a 
central role in various cognitive and social processes. To address these 
questions, we have generated and characterised a mouse where Foxp1 is 
deleted specifically in the brain.  Foxp1 KO mice exhibit a distinct neu-
rodevelopmental phenotype, including disruption of the developing 
striatum. Foxp1 mutant mice also show an affected neuronal morpho-
genesis, a reduced excitability and an imbalance of excitatory to inhibi-
tory input in CA1 hippocampal neurons. Loss of Foxp1 also results in 
hyperactivity and cognitive and social deficits. Together, these findings 
provide first insights into how defects in the FOXP1 gene in the brain 
may lead to cognitive and social disorders in affected patients.

P-Basic-003
Deep sequencing unravels the molecular signatures in two 
different mouse models for Alzheimer disease
Bayer T. A.1, Bouter Y.1, Sperling C.2, Albrecht M.3, Weißmann R.2, Jen-
sen L. R.2, Kuss A. W.2 
1Georg-August-University Goettingen; University Medicine Goettingen; 
Div. of Molecular Psychiatry, Goettingen, Germany; 2Human Molecular 
Genetics; Institute for Human Genetics & Department for Human 
Genetics of the Institute for Genetics & Functional Genomics; University 
Medicine Greifswald, Greifswald, Germany; 3University Medicine 
Greifswald, Greifswald, Germany 

Alzheimer disease (AD) is a progressive neurodegenerative disorder 
characterized by the development of extracellular amyloid plaques, 
which are composed of amyloid-β (Ab). It has been demonstrated that 
soluble oligomeric Ab, but not plaque-associated Ab, correlates best 
with cognitive dysfunction in AD patients. In the present work we used 
deep sequencing to identify genes that are differentially expressed two 
different AD mouse models. We intended to compare the molecular 
profile comparing the 5XFAD model having a robust plaque pathol-
ogy and at 12 months of age deficits in the spatial reference memory, 
with the novel Tg4-42 model expressing only Abeta4-42. The Tg4-42 
model also develops spatial reference memory at the same age without 
any evidence of plaque formation. We identified ~100 genes differen-
tially expressed in the 5XFAD compared to wildtype mouse brain. In 
the Tg4-42 we were able to detect 40% genes that were also found in 
the 5XFAD mouse. 60% of the genes in the Tg4-42 mouse are novel and 
not found in the 5XFAD mouse. Taking into account that the 5XFAD 
mouse is a model for the rare familial variant of AD and that the Tg4-
42 model mimics the sporadic AD variant, the novel genes might be of 
special interest to better understand the molecular cascade of patho-
logical events leading to neuronal death and eventually memory loss.

P-Basic-004
The role of MEST in the etiology of Silver-Russell syndrome: 
Expression analysis  in upd(7) fibroblasts
Begemann M.1, Stratmann S.1, Soellner L.1, Elbracht M.1, Prawitt D.2, 
Enklaar T.2, Graul-Neumann L.3, Schröder C.4, Cardenas de Bäuerle P.5, 
Moore G.6, Abu-Amero S.6, Eggermann T.7 
1Institute of Human Genetics; RWTH Aachen University, Aachen, 
Germany; 2Section of Molecular Pedriatics; University Medical Centre of 

the Johannes Gutenberg-University Mainz, Mainz, Germany; 3Institut für 
Medizinische Genetik und Humangenetik; Charité am Standort Virchow 
Klinikum, Berlin, Germany; 4Klinik für Kindermedizin; Universitätsklinikum 
für Kinder und Jugendmedizin, Greifswald, Germany; 5Sektion 
Pädriatische Endokrinologie und Diabetologie; Universitätsklinik für 
Kinder und Jugendmedizin, Ulm, Germany; 6Institute of Child Health; 
University College London, London, UK; 7Institute of Human Genetics 
RWTH Aachen, Aachen, Germany 

Silver-Russell syndrome (SRS) is a congenital imprinting disorder char-
acterized by pre- and postnatal growth restriction. SRS patients show 
a typical triangular face with a prominent forehead; body asymmetry, 
a clinodactyly V and feeding difficulties are also reported. Molecular 
defects of two chromosomes are known to be associated with SRS: Up 
to 50% of patients show an epigenetic alteration in the imprinting con-
trol region 1 (ICR1) on chromosome 11p15, and 7-10% are carriers of a 
maternal uniparental disomy of chromosome 7 (upd(7)mat). On chro-
mosome 7, several genes are consistently discussed to contribute to the 
pathophysiology of SRS: GRB10 in 7p13 as well as COPG2 and MEST in 
7q32 have been suggested as candidates because of their imprinting sta-
tus, their expression patterns and their function in embryonic develop-
ment delineated from mouse models.  In 11p15, in particular the genes 
H19, IGF2, KCNQ1OT1 and CDKN1C are promising candidates as they 
exhibit similar properties like the chromosome 7 factors. To elucidate 
the pathophysiological influence of the upd(7)mat we analyzed the 
expression patterns of the chromosome 7 encoded imprinted genes as 
well as of other genes that are associated with imprinting disorders. 
Expression analysis was performed in fibroblasts from patients with 
an upd(7)mat and a carrier of a segmental upd(7q)mat with an addi-
tional MEG3-DMR hypomethylation. As expected, we could confirm 
the down regulation of MEST by qPCR. Furthermore, we observed 
a reduced expression for CDKN1C, KCNQ1OT1 as well as for IGF2. 
These patterns were compatible with those from studies in upd(11p)mat 
fibroblasts reported recently and therefore indicate that the pathoetiol-
ogy is similar for chromosome 7 and 11 associated SRS. The patient with 
the additional MEG3-DMR epimutation also presented an increased 
expression of MEG3 and DLK1. To further characterize the molecular 
basis of SRS in upd(7)mat patients and to elucidate the role of MEST 
in the so called imprinted gene network (IGN) we performed a siRNA 
knockdown of MEST in a placenta derived trophoblastic cell line: first 
findings correspond to that obtained from upd(7)mat fibroblasts.

P-Basic-005
FTO levels affect the miRNAome
Berulava T.1, Rahmann S.2, Horsthemke B.1 
1Institut für Humangenetik; Universitätsklinikum Essen; Universität 
Duisburg-Essen, Essen, Germany; 2Genominformatik; Institut für 
Humangenetik; Universitätsklinikum Essen; Universität Duisburg-Essen, 
Essen, Germany 

A block of single nucleotide polymorphisms (SNPs) within intron 1 of 
the FTO (fat mass and obesity associated) gene is associated with vari-
ation in body weight. The gene encodes a 2-oxoglutarate-dependent 
RNA demethylase, which has been shown to demethylate 3meU, 3meC, 
1meA in vitro and 6meA in vitro and in vivo. Our previous work sug-
gests that increased expression of FTO leads to increased body weight. 
Overexpression of FTO in HEK293 cells affected the transcript levels of 
genes related to RNA splicing and metabolism, whereas knockdown of 
FTO was followed by changes in the transcripts levels of genes involved 
in the response to starvation. Interestingly, in FTO deficient cells the 
mRNA level of LIN28B - a master regulator of the biogenesis of let-7 
miRNAs - was reduced by 50%.
To investigate whether FTO levels affect the levels of let-7 and other 
miRNAs, we performed high-throughput sequencing of small RNA 
preparations from HEK293 cells overexpressing and lacking FTO. In 
cells with increased expression of FTO, five miRNAs – let-7e, miR-
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3945, miR-3622b, miR-372 and miR-566 showed significantly increased 
steady-state levels. Decreased levels (>20%) were revealed for 12 miR-
NAs. In case of FTO deficiency, 40 miRNAs showed increased lev-
els >20%, with the following top ten scorers (from ≈50 to 1330 fold 
changes): miR-651, miR-152, miR-5704, miR-210, miR-6739, miR-6514, 
miR-6506, miR-6787, miR-5583, miR-7158. Decreased levels (>20%) 
were observed for 217 miRNAs. The following miRNAs – miR-137, 
miR-548ay, miR-656, miR-1908, miR-548h, miR-22, miR-196a, miR-
769, miR-4755 and miR-335 were those with most decreased levels. Five 
members of let-7 family –let-7a, let-7e, let-7f, let-7g and let-7c showed 
a moderate reduction (20-50%), however, these differences could not 
be detected by qPCR. Interestingly, qPCR revealed a reduction of the 
mature miR-7 miRNA in FTO deficient cells (confirming the RNA-
seq data), but not of the primary transcripts of miR-7 (pri-miRNA), 
indicating that FTO affects the processing of pri-miRNAs to pre- and 
mature miRNAs, possibly by modulating the degree and/or pattern of 
RNA methylation.
We suggest that altered levels of FTO do not only affect mRNA levels, 
but also miRNA levels. Currently we investigate whether miRNAs (or 
pri- and pre-miRNAs) are methylated at adenosine residues. Further 
investigations will help to find a possible link between FTO function, 
miRNA biogenesis and obesit

P-Basic-006
Functional analysis of CBL germline mutations: aberrant EGFR 
trafficking underlies a Noonan syndrome-like phenotype
Brand K., Kentsch H., Rosenberger G. 
Institute of Human Genetics; University Medical Center Hamburg-
Eppendorf, Hamburg, Germany 

Noonan syndrome is a congenital disorder comprising a characteris-
tic face, short stature, various heart defects, learning difficulties and a 
predisposition to malignancies. Heterozygous germline mutations in 
genes encoding components of RAS-MAPK signaling pathways cause 
Noonan syndrome. In addition, mutations in the CBL tumor suppres-
sor gene have been reported in patients with a Noonan syndrome-like 
phenotype. CBL encodes a multivalent adaptor protein with ubiquitin 
ligase activity, which promotes vesicle-mediated internalization and 
degradation of the epidermal growth factor (EGF) receptor (EGFR). 
Here, we investigated the functional consequences of disease-associated 
CBL amino acid changes p.K382E, p.D390Y and p.R420Q on ligand-
induced EGFR trafficking. Expression of CBLK382E, CBLD390Y or CBLR420Q 
in EGF-stimulated COS-7 cells resulted in increased levels of surface 
EGFR and significantly reduced amounts of intracellular EGFR; both 
consequences indicate ineffective EGFR internalization. Accordingly, 
receptor-mediated uptake of EGF was decreased. Moreover, p.K382E, 
p.D390Y and p.R420Q lesions abrogated the promoting effect of CBL 
on EGFR degradation. Together these data suggest that pathogenic 
CBL mutations severely affect vesicle-based EGFR trafficking. Since 
we detected stronger ERK phosphorylation in cells expressing mutant 
CBL than in those expressing wild-type CBL, we concluded that aber-
rant EGFR trafficking results in augmented RAS-MAPK signaling, the 
common trait of Noonan syndrome and related RASopathies. Thus, 
our data establish EGFR trafficking as a novel disease-relevant regula-
tory level in the RASopathy-network.

P-Basic-007
In-depth characterisation of retinal pigment epithelium (RPE) 
cells derived from human induced pluripotent stem cells (iPSC)
Brandl C.1,2, Zimmermann S.1, Grassmann F.1, Milenkovic V.3, Milenkovic 
A.1, Federlin M.4, Hehr U.1, Wetzel C.3, Helbig H.2, Weber BHF.1 
1Institute of Human Genetics; University of Regensburg, Regensburg, 
Germany; 2Department of Ophthalmology; University Hospital 
Regensburg, Regensburg, Germany; 3Department of Psychiatry and 

Psychotherapy; Molecular Neuroscience; University of Regensburg, 
Regensburg, Germany; 4Department of Conservative Dentistry and 
Periodontology; University Hospital Regensburg, Regensburg, Germany 

Purpose: To establish and comprehensively characterise retinal pig-
ment epithelium (RPE) cells derived from adult human dermal fibro-
blasts via induced pluripotent stem cell (iPSC) technology.
Materials and Methods: Adult human dermal fibroblast cultures were 
established from skin biopsy material and subsequently reprogrammed 
following polycistronic lentiviral transduction with OCT3/4, Sox2, 
Klf4 and l-Myc. Chromosomal integrity was assessed by karyotyping. 
RPE cell differentiation was achieved by induction with RPE medium 
enriched for nicotinamide and Activin A. After 8 weeks, pigmented 
clusters of RPE cells were manually excised and subcultured. Human 
iPSCs were characterised by RT-PCR expression of specific stem cell 
markers and immunofluorescence. Induced RPE cells were character-
ised by confocal microscopy, scanning electron microscopy (SEM) and 
functional analysis, the latter including feeding experiments with por-
cine photoreceptor outer segments (POS) and measurements of tran-
sepithelial resistance (TER).
Results: Fibroblast-derived human iPSCs showed typical morphology 
and regular karyograms. Furthermore, they revealed distinctive stem 
cell marker properties based on RNA- and protein-expression profil-
ing. Subsequently, human iPSCs were differentiated into pigmented 
clusters reminiscent of RPE cells. These cells maintained typical hex-
agonal RPE-morphology during subcultivation. Starting at passage 
6 replicative senescence increased. RNA expression of mature PRE 
markers RPE65, RLBP and BEST1 were found in comparison to human 
iPSCs. Confocal microscopy demonstrated localisation of BEST1 at the 
basolateral plasma membrane while SEM demonstrated typical micro-
villi at the apical side of RPE cell. With regard to functional aspects, 
iPSC-derived RPE cells phagocytosed and shredded POS. Finally, TER 
measurements showed a significant increase and maintained high lev-
els of TER indicating functional formation of tight junctions.
Conclusion: Our data demonstrate the successful reprogramming of 
human adult skin biopsy-derived fibroblasts to iPSCs and their differ-
entiation to RPE-cells histologically and functionally indistinct from 
native RPE cells.

P-Basic-008
Overexpression of synphilin-1 promotes clearance of soluble 
and misfolded alpha-synuclein without restoring the motor 
phenotype in aged A30P transgenic mice.
Casadei N.1, Tomás-Zapico C.2, Torres-Peraza J.2, Pöhler A.3, Klucken J.3, 
Lucas J.J.2, Kahle P. J.4, Krüger R.5, Nuber S.6, Riess O.1 
1Institute of Medical Genetics and Applied Genomics, University 
Tübingen, Germany; 2Center for Molecular Biology “Severo Ochoa”, CSIC-
UAM & Ciberned Madrid, Spain; 3Department of Molecular Neurology, 
University Hospital Erlangen, Germany; 4Laboratory of Functional 
Neurogenetics, Hertie Institute Tübingen, Germany; 5Department of 
Neurodegenerative Diseases, Hertie Institute Tübingen, Germany; 
6Department of Neurosciences, University of California San Diego, USA 

Lewy bodies and neurites are the pathological hallmark of Parkinson‘s 
disease. These structures are composed of fibrillized and ubiquitinated 
alpha-synuclein suggesting that impaired protein clearance is an 
important event in aggregate formation. The A30P mutation is known 
for its fast oligomerization, but slow fibrillization rate. Despite its toxic-
ity to neurons, mechanisms involved in either clearance or conversion 
of A30P alpha-synuclein from its soluble state into insoluble fibrils and 
their effects in vivo are poorly understood. Synphilin-1 is present in 
Lewy bodies, interacting with alpha-synuclein in vivo and in vitro and 
promotes its sequestration into aggresomes, which are thought to act 
as cytoprotective agents facilitating protein degradation. We therefore 
crossed animals overexpressing A30P alpha-synuclein with synphilin-1 
transgenic mice to analyze its impact on aggregation, protein clear-
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ance and phenotype progression. We observed that co-expression 
of synphilin-1 mildly delayed the motor phenotype caused by A30P 
alpha-synuclein. Additionally, the presence of N- and C-terminal 
truncated alpha-synuclein species and fibrils were strongly reduced 
in double-transgenic mice when compared with single-transgenic 
A30P mice. Insolubility of mutant A30P and formation of aggresomes 
was still detectable in aged double-transgenic mice, paralleled by an 
increase of ubiquitinated proteins and high autophagic activity. Hence, 
this study supports the notion that co-expression of synphilin-1 pro-
motes formation of autophagic-susceptible aggresomes and con-
secutively the degradation of human A30P alpha-synuclein. Notably, 
although synphilin-1 overexpression significantly reduced formation of 
fibrils and astrogliosis in aged animals, a similar phenotype is present 
in single- and double-transgenic mice suggesting additional neurotoxic 
processes in disease progression.

P-Basic-009
A comparative transcriptome analysis identifies FGF23-
regulated genes in HEK293 cells stably expressing KLOTHO
Diener S.1, Schwarzmayr T.1, Schmittfull A.1, Wieland T.1, Lorenz-Depie-
reux B.1, Strom T.M.1,2 
1Helmholtz Zentrum München, Neuherberg, Germany; 2Klinikum Rechts 
der Isar der Technischen Universität München, Munich, Germany 

Phosphate is the most abundant anion in the human body and is cru-
cial for various biological functions like cellular activity and bone min-
eralization. Phosphate homeostasis is regulated in a complex process 
that involves the interplay of different organs, tissues and systems. A 
key regulator of phosphate homeostasis is fibroblast growth factor 23 
(FGF23). It is mainly secreted from osteocytes and osteoblasts, circu-
lates in the blood and binds to a specific receptor complex composed 
of FGF receptor 1 (FGFR1) and KLOTHO in the kidney. As elevated 
FGF23 levels are the main cause of hypophosphatemia in monogenic 
disorders of phosphate homeostasis (XLH (MIM 307800), ADHR 
(MIM 193100), ARHR1 (MIM 241520) and ARHR2 (MIM 613312)), 
further studies on the regulation of phosphate metabolism are neces-
sary to identify possible therapeutic targets. FGF23 activates FGFR1/
KLOTHO to inhibit renal phosphate reabsorption and to suppress 
1,25-dihydroxyvitamin D3 synthesis. However, little is known about 
FGF23/FGFR1/KLOTHO signaling and downstream targets of FGF23 
contributing to its phosphaturic action. For this purpose, we estab-
lished an in vitro cell system of FGF23-inducible HEK293 cells that sta-
bly express KLOTHO (HEK293-KL). To find differentially expressed 
FGF23-induced transcripts, we performed whole transcriptome 
analysis. We used the technology of RNA-Seq, which is a massively 
parallel sequencing approach to allow genome-wide analysis of gene 
expression profiles at a far higher resolution than is available with 
microarray-based methods. Genome-wide transcriptional changes in 
HEK293-KL cells specifically caused by FGF23 were defined by com-
paring the transcriptome of FGF23-induced HEK293-KL cells with the 
transcriptome of not induced HEK293-KL cells. We tried to identify 
new FGF23-responsive genes that might belong to a network of factors 
involved in the regulation of phosphate homeostasis.

P-Basic-010
Upstream open reading frames regulate cannabinoid receptor 1 
expression under baseline conditions and during stress
Eggert M.1, Pfob M.1, Schelling G.2, Steinlein OK.1 
1Institute of Human Genetics University Hospital Ludwig-Maximilians-
University, Munich, Germany; 2Department of Anesthesiology University 
Hospital Ludwig-Maximilians-University, Munich, Germany 

The endocannabinoid system (ECS) plays a crucial role in the regu-
lation of a variety of physiological functions, such as learning and 

memory processing, vegetative control, energy homeostasis, immunity 
and stress response. It acts through different endogenous endocannabi-
noids which are able to bind to the cannabinoid receptor subtypes 1 
and 2 (CNR1 and CNR2). The CNR1 is not only associated with phe-
notypes such as cognitive performance, addiction and anxiety, but 
is also known to be crucially involved in cellular responses to acute 
and chronic stress conditions. The molecular mechanisms leading to 
altered CNR1 expression under acute or chronic stress exposure are 
not completely understood so far. It is known that the 5’- and 3’untrans-
lated regions (UTRs) of genes can harbor regulatory elements, such as 
upstream open reading frames (uORFs) that are capable of influencing 
the expression pattern of the main protein coding region.
In our study, we investigated the influence of putatively functional 
uORFs present in the five known mRNA variants of the human CNR1 
gene on transcription and translation under baseline conditions and 
various stress conditions in vitro. The functional analysis performed 
with reporter gene assay and quantitative realtime PCR revealed that 
two of these variants contain upstream open reading frames that mod-
ulate gene expression both under baseline condition and conditions 
of cellular stress. Thus our findings suggest that the functionally rel-
evant uORFs found in the 5’UTR variants of CNR1 are part of the stress 
response mechanisms that protect cells from unfortunate conditions.

P-Basic-011
Respiratory Distress and Early Neonatal Lethality in Hspa4l/
Hspa4 Double Mutant Mice.
Elkenani M.1, Mohamed BA.1, Barakat AZ.2, Held T.1, Mühlfeld C.3, Män-
ner J.4, Adham IA.1 
1Institut für Humangenetik, Göttingen, Germany; 2National Research 
Centre, Cairo, Egypt; 3Institute of Functional and Applied Anatomy, 
Hannover Medical School, Hannover, Germany; 4Department of Anatomy 
and Embryology, Georg-August-University of Göttingen, Göttingen, 
Germany 

Heat shock protein HSPA4L and HSPA4 are closely related mem-
bers of the HSP110 family that acts as co-chaperone. We generated 
Hspa4l-/-Hspa4-/- mice to investigate a functional complementar-
ity between HSPA4L and HSPA4 during embryonic development. 
Hspa4l-/-Hspa4-/- embryos exhibited marked pulmonary hypoplasia, 
and neonatal death. Compared to lungs of wild-type, Hspa4l-/- and 
Hspa4-/- embryos, Hspa4l-/-Hspa4-/- lungs were characterized by 
diminished saccular spaces and increased mesenchymal septa. Mesen-
chymal hypercellularity was determined to be due to an increased cell 
proliferation index and decreased cell death. A significant increase in 
expression levels of pro-survival protein BCL-2 may be the cause for 
inhibition of apoptotic process in lungs of Hspa4-/-Hspa4l-/- embryos. 
Accumulation of glycogen and diminished expression of surfactant 
protein B, prosurfactant protein C and aquaporin 5 in saccular epithe-
lium suggested impaired maturation of type II and type I pneumocytes 
in the Hspa4l-/-Hspa4-/- lungs. Further experiments showed a signifi-
cant accumulation of ubiquitinated proteins in the lungs of Hspa4l-
/-Hspa4-/- embryos, indicating an impaired chaperone activity. Our 
study demonstrates that HSPA4L and HSPA4 collaborate in embryonic 
lung maturation, which is necessary for adaptation to air breathing at 
birth.

P-Basic-012
RAD51B: A crucial player in Homologous Recombination
Endt D., Niklaus A., Schindler D. 
Institute of Human Genetics, Wurzburg, Germany 

The five RAD51 paralogs RAD51B (B), RAD51C (C), RAD51D (D), 
XRCC2 (X2) and XRCC3 (X3) are known to play a key role in DNA 
maintenance via Homologous Recombination Repair (HRR). Two 
different structures are formed by the paralogs: the RAD51C-XRCC3 
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(CX3) complex and the RAD51B-RAD51C-RAD51D-XRCC2 (BCDX2) 
complex. The latter was found to consist of two subcomplexes, 
RAD51B-RAD51C (BC) and RAD51D-XRCC2 (DX2). The interplay 
between these proteins was shown by Yeast Two/Three-Hybrid (2/3H) 
studies in vivo and purified proteins derived from baculovirus or 
human cell systems in vitro. In our study we investigated the interac-
tions between the paralogs and RAD51 in the Mammalian 2/3H system. 
Our experiments confirm the disposition of RAD51B to engage in a 
dimeric subcomplex with RAD51C. In addition, they show a crucial 
role of RAD51B for the formation of the BCDX2 complex by activating 
RAD51C for interaction with RAD51D or by stabilizing this interaction. 
Moreover, we observed an interaction between RAD51B and XRCC2 
which was assisted by RAD51D. This finding lends support to a likely 
ring structure of the BCDX2 complex, previously only observed by 
electron microscopy. Such ring formation may require the presence of 
certain DNA configurations as we could not demonstrate an interac-
tion between RAD51B and XRCC2 by co-immunoprecipitation using 
DNA-free HEK 293 protein extracts. XRCC3 inhibited the interaction 
within the BC and DX2 complexes, in varying degrees. On the other 
hand, CX3 complex formation was influenced by other paralogs and 
RAD51. These findings suggest regulatory effects of different complex 
formation among one another which function up- (BCDX2) or down-
stream (CX3) of RAD51 recruitment to DNA damage sites. Damage 
induction by the DNA interstrand crosslinking agent mitomycin C 
increased the interaction strength between C and B, that of C and D 
with additional B and that of C and X3 to form the CX3 complex in 
M2H and in M3H analyses using B and D as additional proteins. These 
findings lend further support to regulatory influences between BCDX2 
and the CX3 complex formation. The Fanconi anemia mutation R258H 
of RAD51C did not to diminish or even abolish the interactions of the 
protein with B, D or XRCC3 suggesting other pathogenic effects.

P-Basic-013
Single-nucleotide profiling of 5-hydroxymethylcytosine on a 
genome-wide scale in TET1-overexpressing HEK293 cells
Grosser C., Wagner N., Horsthemke B. 
Institut für Humangenetik; Universitätsklinikum Essen, Essen, Germany 

In mammals, 5-methylcytosine (5mC) predominantly exists in the con-
text of CpG dinucleotides. This DNA modification is often associated 
with gene repression and essential for normal development. To date, 
little is known about the mechanisms regulating DNA methylation 
dynamics. Recently, it has been shown that enzymes of the TET fam-
ily - consisting of TET1, 2 and 3 - can convert 5mC into 5-hydroxy-
methylcytosine (5hmC). 5hmC is found at low levels in the genome and 
several biological functions of 5hmC have been proposed. On the one 
hand, it could represent an intermediate product in active or passive 
DNA demethylation, on the other hand, it might also have direct effects 
by displacing 5mC-binding proteins or recruiting 5hmC-specific effec-
tors. Apart from the conversion of 5mC into 5hmC it has been shown 
that the TET enzymes can also modulate transcription by recruiting 
other protein complexes to their target sites.
To further elucidate the function of TET1, we generated a stable 
HEK293 cell line that inducibly overexpressed TET1. Overexpres-
sion was induced in three biological replicates and verified by qRT-
PCR and western blotting. DNA dot blot analysis revealed a global 
increase of 5hmC in TET1-overexpressing cells. Reduced Representa-
tion Hydroxymethylation Profiling (RRHP, Zymo Research) was per-
formed to map 5hmC modifications at single-nucleotide resolution on 
a genome-wide scale. We observed a 3.7-fold increase in total 5hmC 
levels. More detailed analyses showed a moderate increase of 5hmC 
at most sites, whereas a small fraction of sites showed a very strong 
increase of 5hmC. Interestingly, this fraction consisted mostly of sites 
that had a basal level of 5hmC before TET1 overexpression. The sites 
showing a strong increase of 5hmC were present in all genomic regions 

analyzed, including promoters, exons, introns, CpG islands and inter-
genic regions.
Our data suggests that many 5mC sites in the genome can be oxidized 
by increased levels of TET1, that they differ in their susceptibility to 
oxidation by TET1, and that this differential susceptibility is not related 
to structural elements of a gene but probably to the DNA sequence or 
chromatin context.

P-Basic-014
MicroRNA 497-195 cluster miRNAs antagonize Bmp-signaling 
in bone
Grünhagen J.1,2, Bhushan R.1, Geissler S.3,4, Degenkolbe E.3,5, Jäger M.1, 
Schwarz C.3,4,5, Duda G.3,4,5, Seemann P.1,3, Knaus P.5,6, Mundlos S.1,2,3, 
Robinson PN.1,2, Ott CE.1,2 
1Institute for Medical Genetics and Human Genetics, Charité – 
Universitätsmedizin Berlin, Germany; 2Research Group Development 
and Disease, Max Planck Institute for Molecular Genetics Berlin, 
Germany; 3Berlin-Brandenburg Center for Regenerative Therapies, 
Charité – Universitätsmedizin Berlin, Germany; 4Julius Wolff Institute 
and Center for Musculoskeletal Surgery, Charité – Universitätsmedizin 
Berlin, Germany; 5Berlin-Brandenburg School for Regenerative Therapies, 
Charité – Universitätsmedizin Berlin, Germany; 6Institute for Chemistry 
and Biochemistry, Freie Universitaet Berlin, Berlin, Germany 

Background: Treatment with recombinant BMP2 has become a thera-
peutic option for poor fracture healing in conditions such as large size 
defects, spinal fusion, and oral surgery. However, in these procedures 
supraphysiological doses of BMP2 are necessary. Extracellular factors 
such as follistatin, gremlin, noggin, and sclerostin play a major role in 
the antagonism of Bmp-signaling as they sequester BMPs to an inactive 
complex and prevent their interaction with BMP receptors.
Methods/Results: In this study we identified the miR-497-195 cluster as 
the most prominent member of the miR-15 family in bone formation 
in vivo and during osteoblast differentiation in vitro. Using alkaline 
phosphatase assays and alizarin red staining we showed an inhibitory 
effect of early miR-195-5p overexpression on differentiation and miner-
alization of primary calvaria osteoblasts. Microarray experiments and 
quantitative PCR were used to identify BMP2 responsive genes and 
to confirm differential expression of known BMP2 target genes upon 
miR-195-5p mimic treatment. Western blots were used to character-
ize the impact of miR-195-5p on proteins of the BMP signaling cas-
cade in the context of BMP2 treatment. Using human mesenchymal 
stem cells we analyzed the impact of BMP2 treatment on miR-497-195 
cluster microRNA expression in osteoblast precursor cells. Finally, in a 
rat large-size defect model we were able to show that high dose BMP2 
treatment is associated with increased miR-195-5p and miR-497-5p 
expression levels.
Conclusion: Here, we present evidence that the miR-497-195 cluster 
miRNAs act as an intracellular antagonist of Bmp-signaling in bone 
cells. Interestingly, these miRNAs were upregulated in response to 
treatment of bone defects with recombinant BMP2. We suggest that 
the inhibition of Bmp-signaling by miR-497-195 cluster miRNAs might 
be a possible explanation for the need of supraphysiological concentra-
tions to promote healing of non-unions and large-size defects.

P-Basic-015
Spectrum of NEK1, DYNC2H1, and IFT80 mutations in short rib-
polydactyly syndrome / asphyxiating thoracic dystrophy
Kessler K.1, Giessl A.2, Brandstätter JH.2, van Bon B.3, Pottinger C.4, Ellis 
I.4, Dikow N.5, Lefebvre M.6, Thiel G.7, Hehr U.8, Hamel C.9, Zenker M.10, 
Hoertnagel K.11, Shalev S.12, Rauch A.13, Reis A.1, Thiel CT.1 
1Institute of Human Genetics Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 2Animal Physiology Friedrich-Alexander 
Universität Erlangen-Nürnberg, Erlangen, Germany; 3Department of 
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Human Genetics Radboud University, Nijmegen, Netherland; 4Liverpool 
Woman’s Hospital, Liverpool, UK; 5Institute of Human Genetics University 
of Heidelberg, Heidelberg, Germany; 6Medical Genetics University of 
Montreal, Montreal, Canada; 7Genetic clinic, Berlin, Germany; 8Institute 
of Human Genetics University of Regensburg, Regensburg, Germany; 
9Institut des Neurosciences de Montpellier, Montpellier, France; 10Institute 
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Several disorders have been associated with defects of a variety of 
proteins involved in cilia formation, maintenance and function. 
These ciliopathies affect the intraflagellar transport, components of 
the cilia, the basal body, or the centrosome. Many of the associated 
phenotypes include brain malformations, polydactyly, kidney cysts, 
and skeletal abnormalities. In particular, this phenotypic spectrum is 
present among patients with short rib-polydactyly syndromes (SRPS). 
This group constitutes the most frequent lethal autosomal reces-
sive osteochondrodysplasias. According to their phenotype the SRPS 
are classified into four distinct types: Saldino-Noonan (I), Majewski 
(II), Verma-Naumoff (III) and Beemer (IV) and include the pheno-
typically related asphyxiating thoracic dystrophy (ATD) and Ellis-van 
Crefeld syndromes (EVC). From this group of disorders, the under-
lying cause has been identified in NEK1, DYNC2H1, IFT80, TTC21B, 
WDR19/34/35/60 and EVC1/EVC2 for patients with SRPS or overlap-
ping phenotypes.
Characterizing the underlying cause of SRPS II, we identified NEK1 
mutations and postulated a digenic diallelic inheritance in the NEK1 
and DYNC2H1 genes. Screening of additional 16 patients referred with 
the diagnosis of SRPS/ATD we identified further NEK1 and DYNC2H1 
mutations in 8 patients. No mutations in NEK1, DYNC2H1 or IFT80 
were present in 8 of 16 patients. All of the identified DYNC2H1 muta-
tions were missense or nonsense, whereas the NEK1 mutations include 
splice-site, nonsense, missense mutations or complex rearrangements.
Overall we identified 6 different NEK1 mutations in 4 patients. Only 
one patient was homozygous for a missense mutation. Surprisingly, 
two non-related patients showed the same splice-site mutation in the 
NEK1 gene on one allele indicating a possible founder mutation. Until 
now, all known NEK1 mutations were localized in the kinase, basic, 
coiled-coil domain or in the c-terminal region of the protein. 4 differ-
ent DYNC2H1 mutations were present compound heterozygous in 2 
patients according to an autosomal recessive inheritance. No further 
patients with mutations in both genes, NEK1 and DYNC2H1, were 
identified, but in 2 additional patients we only found one heterozygous 
DYNC2H1 mutation, each. Here, we neither found a mutation in the 
second allele of DYNC2H1 nor an additional mutation in NEK1 or 
IFT80. Considering a possible digenic diallelic inheritance, this might 
indicate a mutation in another, yet to be identified, gene.
In summary, even though we were able to identify the underlying cause 
in 50% of the patients, our results confirm the genetic heterogeneity 
and the broad clinical spectrum of ciliary disorders. Based on our esti-
mation of more than 400 cilia-associated genes we expect to identify 
mutations in other yet unknown genes in the remaining patients using 
further exome sequencing.

P-Basic-016
Unraveling The Genetic Basis Of Innate Immune Response In 
TLR4-Activated Human Monocytes
Kim S.1, Bechheim M.2, Becker J.1, Pütz B.3, Nöthen MM.1, Hornung V.2, 
Schumacher J.1 
1Institute of Human Genetics, University of Bonn, Germany; 2Institute 
for Clinical Chemistry and Clinical Pharmacology, University of Bonn, 
Germany; 3Max-Planck-Institute of Psychiatry, Munich, Germany 

Toll-like receptors (TLRs) play a key role in innate immunity. Apart 
from their function in host defense, dysregulation in TLR-signaling 
can confer risk to autoimmune diseases, septic shock or cancer. Despite 
major advancements in our understanding of how the innate immune 
system recognizes pathogens, the genetic basis for differences in innate 
immune responses is only poorly defined. This study was aimed to 
characterize the genetic basis of variation in gene expression in TLR4-
stimulated human monocytes. For this purpose we isolated monocytes 
of 136 individuals and stimulated them with lipopolysaccharide (LPS) 
to activate Toll-like receptor 4 (TLR4). From these donors, we per-
formed transcriptome profiling at three time points (0 min/90 min/6 
h) and genome-wide SNP-genotyping. Using the differential expres-
sion upon LPS treatment revealed 222 genes that are regulated by 
expression quantitative trait loci (eQTLs) at 90 min. and 213 genes at 6 
hours. Among these, we show that SNPs conferring risk to primary bil-
iary cirrhosis (PBC), inflammatory bowel disease (IBD) and celiac dis-
ease are immune response eQTLs for novel candidate genes, bringing 
new insights into the pathophysiology of these disorders in the context 
of TLR4-activation. Altogether this study significantly enhances our 
knowledge on the innate immune system and its genetic determinants.

P-Basic-017
Profiling the Methylomes of Neurons and Glia
Kraus T. F. J.1, Geyer J.1, Bultmann S.2, Gasparoni G.3, Walter J.3, Leon-
hardt H.2, Kretzschmar H. A.1 
1Center for Neuropathology and Prion Research at the Ludwig-
Maximilians-University, Munich, Germany; 2Department of Biology II 
at the Ludwig-Maximilians-University, Planegg-Martinsried, Germany; 
3Institute of Genetics at the University of Saarland, Saarbrücken, Germany 

The epigenome exerts an essential influence on the regulation of cellu-
lar proliferation and differentiation. One of the most emerging fields in 
epigenome research is the analysis of post-DNA synthesis base modifi-
cations, e.g. the methylation of cytosine (5mC).
It is known that the DNA-methyltransferases (DNMTs) add a 5-meth-
ylation to cytosine residues preferentially within so called CpG-islands 
in the promoter region of genes. This modification can lead to a sub-
sequent inactivation of transcription. This way the gene transcription 
can be regulated on DNA level. DNA-methylations then contribute to 
the cellular diversity but they also contribute to the development of 
diseases that are not based on mutations within the DNA-sequence. 
Important examples are neurodegenerative diseases like Alzheimer’s 
disease or Parkinson’s disease as most of these cases do not show muta-
tions within the DNA-sequence.
The human brain consists of a mixture of different cell types. The most 
important ones are neurons and glia. The latter ones can be divided into 
astrocytes, oligodendrocytes and microglia. This enormous diversity of 
cells in the human brain leads to numerous problems for researchers 
that exert to investigate mechanisms that occur only in distinct cellular 
sub-populations of the human brain.
Till date, it is almost impossible to investigate distinct cell types of the 
brain. Even a precise isolation of cortical regions leads to a mixture of 
numerous different cell types as there are up to 50 % glial cells within 
the human cortex.
Here, we describe a novel, highly efficient method that allows us to 
isolate and investigate highly pure neurons and glia from human brain 
samples.
We evaluated the efficiency and purity of our technique and performed 
genome-wide methylation-analysis on human neurons and glia using 
highly pure isolated neurons and glia.
Analysis of genome-wide methylation data reveal, that human neurons 
and glia show distinct epigenetic methylation profiles that are very 
homogenious within one cell type but that show highly significant dif-
ferences between different cell types.

Abstracts

111Medizinische Genetik 1 · 2014 | 



In summary, we were able to use our newly developed highly efficient 
method of isolating neurons and glia in order to generate high-resolu-
tion methylation profiles in isolated human neurons and glia.

P-Basic-018
Deletion of the Epigenetic Factor SPOC1 Leads to Highly 
Variable Abnormalities during Murine Development
Lukassen S.1, Nelkenbrecher C.1, Sirch M.1, Schwab A.1, Ekici A.B.1, Kohl 
Z.2, Winterpacht A.1 
1Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 2Department of Molecular Neurology; 
Universitätsklinikum Erlangen; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany 

SPOC1 (PHF13) was identified as a novel epigenetic factor whose 
expression is negatively correlated with the survival time in patients 
with ovarian cancer. The gene is located in chromosome region 1p36 
and is deleted in a number of patients with 1p36 deletion syndrome 
(MIM #607872). Associating dynamically with chromatin in cell lines, 
the protein could be shown to play a role in chromosome condensa-
tion and cell division. SPOC1 binds to H3K4me3 and is indispensable 
for spermatogonial stem cell differentiation in the testis and sustained 
spermatogenesis in mice due to its role in epigenetic regulation of 
meiosis. Spoc1-/- mice show a wide range of defects. The homozygous  
mice surviving until weaning age are viable and adult animals do not 
show any obvious malformation. However, offspring genotype distri-
bution is strongly shifted towards wildtype due to high perinatal lethal-
ity in the Spoc1-/- mice.
Here we report on an additional developmental phenotype in prenatal 
and newborn Spoc1 knockout mice in a congenic C57Bl/6 background. 
These mice show highly variable CNS defects ranging from appar-
ently healthy animals to mice with severe embryonic defects in head 
development, marked by exencephaly, anencephaly, malformations of 
the facial skeleton, and anophthalmia. The severe abnormalities are 
perinatal lethal and may, at least in part, explain the reduced number 
of Spoc1-/- offspring. Spoc1 is ubiquitously expressed in all proliferat-
ing cells but shows exceptionally high expression in undifferentiated 
spermatogonia and stem cells of the hair follicle. Comparative genome 
wide expression analyses performed on E15.5 Spoc1-/- and wild type 
embryos revealed a number of developmental factors and pathways to 
be dysregulated. Among the differentially regulated genes, a signifi-
cantly enriched portion shows trimethylation of both lysines 4 and 27 
of histone H3 in the E14.5 mouse brain. This bivalent chromatin state, 
marked by both activating and repressive histone modifications, is a 
hallmark of a large number of developmental genes. This combination 
of histone modifications is known for its ability to exert temporal con-
trol of transcription, allowing for rapid activation and inactivation of 
genes. Bivalent chromatin is associated with the activity of trithorax 
and polycomb complexes. Components of the latter have been dem-
onstrated to interact with SPOC1, suggesting a similar role in develop-
ment.
With respect to its general role in maintenance and differentiation 
of stem cells the present data indicate a role in the epigenetic control 
of differentiation processes during development as well. The histone 
modification patterns of its target genes suggest that it may perform 
its function through an effect on bivalent chromatin marks and via an 
interaction with polycomb repressive complexes.

P-Basic-019
Population-specific differences in gene conversion patterns 
between human SUZ12 and SUZ12P indicate the dynamic 
nature of interparalog gene conversion
Mussotter T.1, Bengesser K.1, Högel J.1, Cooper D.N.2, Kehrer-Sawatzki 
H.1 
1Institute of Human Genetics, University of Ulm, Germany; 2Institute of 
Medical Genetics, School of Medicine, Cardiff University, United Kingdom 

Nonallelic homologous gene conversion (NAHGC) resulting from 
interparalog recombination without crossover represents an impor-
tant influence on the evolution of duplicated sequences in the human 
genome. In 17q11.2, different paralogous sequences mediate large NF1 
deletions by nonallelic homologous recombination with crossover 
(NAHR). Among these paralogs are SUZ12 and its pseudogene SUZ12P 
which harbour the breakpoints of type-2 (1.2-Mb) NF1 deletions. Such 
deletions are caused predominantly by mitotic NAHR since somatic 
mosaicism with normal cells is evident in most patients. Investigating 
whether SUZ12 and SUZ12P have also been involved in NAHGC, we 
observed gene conversion tracts between these paralogs in both Afri-
cans (AFR) and Europeans (EUR). Since germline type-2 NF1 deletions 
resulting from meiotic NAHR are very rare, the vast majority of the gene 
conversion tracts in SUZ12 and SUZ12P are likely to have resulted from 
mitotic recombination during premeiotic cell divisions of germ cells. A 
higher number of gene conversion tracts was noted within SUZ12 and 
SUZ12P in AFR as compared to EUR. Further, the distinctive signature 
of NAHGC (high number of SNPs per paralog, high number of shared 
SNPs between paralogs), a characteristic of many actively recombining 
paralogs, was observed in both SUZ12 and SUZ12P but only in AFR 
and not in EUR. A novel polymorphic 2.3-kb deletion in SUZ12P was 
identified which exhibited a high allele frequency in EUR. We postu-
late that this interparalog structural difference, together with low allelic 
recombination rates, caused a reduction in NAHGC between SUZ12 
and SUZ12P during human evolution.

P-Basic-020
Pelota regulates the development of extraembryonic endoderm 
through activation of bone morphogenetic protein (BMP) 
Signaling
Nyamsuren Gunsmaa., Raju Priyadharsini., Engel Wolfgang., Adham 
Ibrahim M. 
Institute of Human Genetics, University of Göttingen, Göttingen, 
Germany 

Abstract
Pelota (Pelo) is ubiquitously expressed, and its genetic deletion in mice 
leads to embryonic lethality at an early post-implantation stage. In the 
present study, we conditionally deleted Pelo and showed that PELO 
deficiency did not markedly affect the self-renewal of embryonic stem 
cells (ESCs) or their capacity to differentiate in teratoma assays. How-
ever, their differentiation into extraembryonic endoderm (ExEn) in the 
embryoid bodies (EBs) was severely compromised. Conversely, forced 
expression of Pelo in ESCs resulted in
spontaneous differentiation towards the ExEn lineage. Failure of Pelo-
deficient ESCs to differentiate into ExEn was accompanied by the 
retained expression of pluripotency-related genes and alterations in 
expression of components of the bone morphogenetic protein (BMP)
signaling pathway. Further experiments have also revealed that attenu-
ated activity of BMP signaling is responsible for the impaired devel-
opment of ExEn. The recovery of ExEn and down-regulation of plu-
ripotent genes in BMP4-treated Pelo-null EBs indicate that the failure 
of mutant cells to down-regulate pluripotency-related genes in EBs 
is not a result of autonomous effect, but rather to failed signals from 
surrounding ExEn that induce the differentiation program. Moreover, 
Pelo-null fibroblasts failed to reprogram towards induced
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pluripotent stem cells (iPSCs) due to inactivation of BMP signaling and 
impaired mesenchymal-to-epithelial transition. Thus, our results indi-
cate that PELO plays an important role in the differentiation of ESCs 
into ExEn through activation of BMP signaling.

P-Basic-021
Dppa3 binds to the IG-DMR of the Dlk1-Dio3 imprinting cluster 
and prevents its imprinting loss during iPS cell generation.
Pantakani Krishna.1, Xu Xingbo.1, Nakamura Toshinobu.2, Smorag Lu-
kasz.1, Dressel Ralf.3, Fitzner Antje.4, Linke Matthias.4, Zechner Ulrich.4, 
Engel Wolfgang.1 
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Reprogramming of somatic cells into induced pluripotent stem cells 
(iPSCs) often results in defects at the genetic and epigenetic level. Of 
particular interest is the loss of imprinting at the paternally imprinted 
Dlk1-Dio3 cluster in a majority of the iPSC clones, which ultimately 
fail to show full pluripotent cell characteristics. In the present study, 
we analyzed the expression of germ cell (GC) marker genes (Blimp1, 
Fragilis, and Dppa3), that have been described to become activated 
early during somatic cell reprogramming. We found that Dppa3, the 
guardian of the maternal genome and imprinted loci that protects them 
against DNA demethylation during early embryonic development, 
was present only in iPSC lines showing expression of Gtl2 (Gtl2on), 
an indicator of normal imprinting at Dlk1-Dio3 cluster, but not in 
iPSCs with loss of imprinting (Gtl2off). Subsequently, we found that 
exogenous Dppa3 together with classical reprogramming factors can 
efficiently reprogram somatic cells into iPSC clones that all display 
normal imprinting at Dlk1-Dio3 region. Next, we performed chroma-
tin immunoprecipitation assays with a Dppa3 antibody on embryonic 
stem cell (ESC) chromatin and found Dppa3 to be associated with a 
specific region within the intergenic differentially methylated region 
(IG-DMR) of Dlk1-Dio3. Further studies indicated that the forced 
expression of Dppa3 during reprogramming leads to the maintenance 
of imprinting at this cluster by counteracting and reducing the binding 
of Dnmt3a, a de novo DNA methyltransferase that establishes DNA 
methylation. Collectively, our results show that Dppa3 is a genetic fac-
tor necessary for preventing abnormal imprinting at the Dlk1-Dio3 
region during somatic cell reprogramming.

P-Basic-022
Molecular genetic analysis of Autosomal Recessive Retinitis 
Pigmentosa & Leber congenital amaurosis in Pakistani 
Population
Ravesh Z.1, Reuter P.2, Bonin M.3, Wissinger B.2, Ansar M.4 
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Retinitis pigmentosa (RP) and Leber congenital amaurosis (LCA) are 
devastating eye diseases that cause degeneration of Rod and Cone 
photoreceptors leading to severe vision impairment and blindness. 
LCA is known to be the most severe type of retinal dystrophy causing 
blindness or severe visual impairments in early infancy whereas in RP 

disease onset is later and progression can be rather variable. LCA is 
usually inherited as an autosomal recessive trait while RP has different 
patterns of inheritance such as autosomal dominant, autosomal reces-
sive, or X-linked. LCA and RP have in common an immense genetic 
heterogeneity with 18 and 50 known genes causing LCA and RP, respec-
tively. Little is known about the prevalence of these different disease 
genes in different populations.
In this study we aimed to identify the genetic defects associated with 
retinal dystrophies in the Pakistani population focusing on selection 
of consanguineous families with multiple affects. We applied homo-
zygosity mapping based on genotyping data from genome-wide SNP 
arrays followed by candidate gene analysis (direct sequencing of coding 
exons as well as deletion mapping) in homozygous regions. Using this 
approach we were able to identify a novel homozygous 110 kb dele-
tion encompassing exons 1-4 of the LCA5 gene and further upstream 
sequence in all three affected members of family MA23.
Direct sequencing of all exons and flanking introns of the NMNAT1 
gene detected a missense mutation of c.25G>A, p.Val9Met in MA31 
family. Segregation analysis further revealed the mutation in the 
remaining three affected members.
In family MA48 with three affected members suffering from autosomal 
recessive retinitis pigmentosa we observed larger homozygous regions 
on chromosomes 8 and 10 including several known RD genes. Sanger 
sequencing of all exons and flanking intron sequences revealed a novel 
putative splice site mutation at c.256-2 A>G in the C8ORF37 gene. As 
it was previously known that splice site mutations could result in exon 
skipping, activation of cryptic splice sites, creation of a pseudo-exon 
within an intron, or intron retention [Nakai and Sakamoto, 1994], we 
are currently performing a Minigene assay (which is currently ongo-
ing) to clarify the functional consequence of this acceptor site muta-
tion.
Our findings reveal a novel gene ‘C8ORF37’ among the Pakistani popu-
lation to be the cause of autosomal recessive Retinitis Pigmentosa in 
our family and a large homozygous deletion in LCA5 to be the reason 
behind the recognizable phenotype cause of MA23, and a missense 
mutation to be responsible for Leber congenital amaurosis in MA31 
family.
In conclusion our results suggest that Homozygosity mapping is an 
efficient strategy for mapping rare recessive disorders affecting mem-
bers of inbred populations.

P-Basic-023
Interaction of the Cohen Syndrome-associated protein Coh1 
with Rab6 and Ric1/Rgp1 emphasizes its role for Golgi function
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Postnatal microcephaly, mental retardation, and progressive retinal 
dystrophy are major features of the autosomal recessive Cohen syn-
drome, which is caused by mutations in COH1 (VPS13B). COH1 is a 
protein of 3997 amino acids, which harbors two short regions homolo-
gous to yeast vacuolar protein sorting-associated protein 13 (Vps13p), 
and was therefore classified as one of four mammalian VPS13 fam-
ily members. Recently, our cell biological characterization identified 
COH1 as Golgi-enriched scaffold protein important for Golgi structure 
maintenance. Similarly to previous results for Vps13p in yeast, we show 
that the function of mammalian COH1 as a membrane-associated scaf-
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fold at the Golgi is linked to its interaction with the Golgi-associated 
small GTPase RAB6 and its guanine nucleotide exchange factor (GEF) 
complex RIC1/RGP1. We observed strong co-immunoprecipitation of 
COH1 with the constitutive active mutant of RAB6. Further analysis 
using RNAi-mediated depletion of RAB6A/A´ results in dispersal of 
COH1 into the cytoplasm, suggesting that Golgi-association of COH1 
is dependent on RAB6 activity. Confirming results were found by 
overexpression of wild-type and mutant RAB6B constructs showing 
decreased membrane association of COH1 upon constitutive inactive 
RAB6B co-expression. However, RAB6 localization is not affected by 
RNAi-mediated depletion of COH1. Recently, inactivity of RAB6 was 
found to interfere with neurite extension in primary hippocampal neu-
rons. To analyze a potential impact of COH1 on neuron development, 
we depleted Coh1 in primary rat hippocampal neurons (E18) using 
RNAi. Down-regulation of the Coh1 mRNA level to ~50% significantly 
reduced the length of the longest forming neurite by ~40% compared 
to control-transfected neurons, establishing a critical role for RAB6-
dependent COH1 function in neuritogenesis. Our collective data sug-
gest that neurological manifestations in Cohen syndrome may be due 
to deficient Golgi-associated membrane traffic and signalling during 
neuronal differentiation.
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One third of cerebral cavernous malformation probands are 
minors: predictive genetic testing becomes an issue
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Cerebral cavernous malformations (CCM) are prevalent vascular mal-
formations occurring in familial autosomal dominantly inherited or 
isolated forms. Once CCM are diagnosed by magnetic resonance imag-
ing, the indication for genetic testing requires either a positive fam-
ily history of cavernous lesions or clinical symptoms such as chronic 
headaches, epilepsy, neurological deficits, and hemorrhagic stroke or 
the occurrence of multiple lesions in an isolated case. Following these 

stringent inclusion criteria, the mutation detection rates are extraor-
dinarily high: in a consecutive series of 105 probands, mutations were 
found in 87% of familial and 57% of isolated cases. 31 novel mutations 
were identified with a slight shift towards proportionally more CCM3 
mutations carriers than previously published (CCM1: 60%, CCM2: 
18%, CCM3: 22%). In-frame deletions and exonic missense variants 
requiring functional analyses to establish their pathogenicity were rare: 
An in-frame deletion within the C-terminal FERM domain of CCM1 
resulted in decreased protein expression and impaired binding to the 
transmembrane protein heart of glass (HEG1). Notably, 20% of index 
cases carrying a CCM mutation were below age 10 and 33% below age 
18 when referred for genetic testing. Since fulminant disease courses 
during the first years of life were observed in CCM1 and CCM3 muta-
tion carriers, predictive testing of minor siblings became an issue.

P-Basic-025
Developmental defects and premature ageing in lamin B 
receptor deficient mice
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Shultz L.D.4, Hoffmann K.3 
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The lamin B receptor (LBR) is a multifunctional inner nuclear mem-
brane protein with structural impact on nuclear shape and chromatin 
organisation. Further, LBR belongs to the C14 sterol reductase family 
and has enzymatic activity in sterol metabolism.  LBR mutations have 
been shown previously to cause dose-dependent hyposegmentation 
of granulocyte nuclei in heterozygous or homozygous Pelger-Huët-
Anomaly. Heterozygous LBR mutations change blood morphology 
without causing any associated pathology. In contrast, homozygous 
mutations in LBR cause a spectrum of systemic malformations rang-
ing from heart defects, brachydactyly and mental retardation, as occurs 
in Pelger-Anomaly, to severe cutaneous derangements, as seen in the 
recessive ichthyotic mice (ic), and finally to prenatal lethality, which is 
found in Greenberg dysplasia.
To elucidate the mechanisms responsible for the variety of disease 
manifestations in individuals with lamin B receptor deficiency, we 
studied prenatal and postnatal development in ic/ic mice (Spontane-
ous mutation Lbr icJ 1088insCC, which is a functional null mutation).   
We found first but modest differences in some of the homozygous 
embryos around mouse embryonic day E10. However, we noticed the 
highest mortality perinatally and around weaning. The survival varied 
between a few hours and several weeks or months. Generally, all homo-
zygous mice display growth retardation and severe ic/ic skin defects. In 
addition to the previously described phenotypes ichthyosis, alopecia, 
nuclear hyposegmentation and occasional soft tissue syndactyly, we 
observed other manifestations as increased frequency of hydrocepha-
lus, abnormal histology of heart and muscle cells and an abnormal fat 
distribution. The latter manifestations of Lbr deficiency overlap with 
those of Lamin A diseases, especially with Progeria, and with processes 
in physiological ageing. We therefore studied protein glycation as a bio-
marker of ageing. Compared to liver and heart of controls, ic/ic mice 
showed a significantly increased accumulation of intracellular glycated 
proteins Arg-pyrimidine, carboxyethyllysine and pentosidine. In con-
trast, we did not see changes in the accumulation of carboxymethylly-
sine as well as in advanced glycosylated end product (AGE) modifica-
tion of the extracellular matrix.
Summarizing, manifestation in ic/ic mice start prenatally and are life 
threatening perinatally and around weaning.If homozygous mice sur-
vive these critical intervals, symptoms overlap with premature ageing. 
We conclude that the lamin B receptor is essential both for develop-
ment and healthy ageing.
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Deciphering the genetic basis of idiopathic short stature
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Human growth is a highly complex and multifactorial trait, with an 
estimated heritability of about 80 - 90 %. Since 3 % of the general 
population present with shortness of stature, growth retardation in an 
individual is one of the common medical concerns in childhood. After 
excluding common defects like Turner Syndrome, SHOX defects and 
known syndromic forms, the underlying cause remains unknown in 
approximately 80 % of patients (idiopathic short stature).
Uncovering the genetic basis of short stature is therefore not only 
important for clinical diagnosis, prognosis and genetic counseling of 
affected individuals and their families, but is also a prerequisite for 
future development of therapeutic approaches.
While Genome-wide association studies identified hundreds of com-
mon single nucleotide polymorphisms and copy number variants 
(CNVs) contributing to the height variation in the healthy population, 
we confirmed a frequent disease – rare variant hypothesis by the identi-
fication of pathogenic CNVs in patients with severe short stature.
Our results implied a heterogeneity with more than 200 genes involved 
in idiopathic short stature by power analysis. Furthermore, we found 
evidence for both autosomal recessive and autosomal dominant inheri-
tance in several families. To attribute this problem in the identification 
of monogenic causes of short stature we established the SHORT-NET 
project. By identification of novel genes and functional characteriza-
tion of their impact on a cellular level we aim to unravel the underlying 
mechanisms involved in idiopathic short stature.
The project now includes more than 400 clinically characterized fam-
ilies with idiopathic short stature. As part of this project we already 
identified and functionally characterized mutations in a histonacet-
yltransferase, KAT6B, and a novel microtubuli associated protein, 
MAP4, as novel rare causes of short stature based. In individuals where 
positional data is not available we expect to find disease causing muta-
tions in 2 or more patients within the same gene by exome sequencing 
of 50 patients with a probability 0.84. The SHORT-NET project will 
address the problem of heterogeneity in short stature, and the results 
will help to demonstrate the complex genetic mechanisms involved in 
both cellular and individual growth.
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About 5% of patients with NF1 have large deletions within the NF1 gene 
region located on chromosome 17q11.2. These NF1 microdeletions do 
not only encompass the NF1 gene but also its flanking genes. The mech-
anisms underlying recurrent NF1 microdeletions have been investi-
gated in great detail, whereas those underlying non-recurrent (atypi-

cal) NF1 microdeletions are not well characterized. NF1 microdeletions 
with non-recurrent breakpoints are highly variable in terms of their 
size, breakpoint position and number of deleted genes. In this study, 
we investigated 20 atypical NF1 deletions using high-resolution custom 
aCGH and performed breakpoint-spanning PCRs. Sequence analy-
sis of breakpoint-spanning PCR products indicated that 15 deletions 
exhibit simple breakpoint junctions without further complexities and 
hence were probably mediated by NHEJ/MMEJ. These findings suggest 
that microhomology-dependent mechanisms are frequently underly-
ing atypical NF1 deletions. However, two of the 20 deletions investi-
gated exhibit insertions of truncated SVA elements at their breakpoints 
causing considerable breakpoint complexity, as determined by inverse 
PCR, semi-specific PCR and Genome Walker analysis. Large genomic 
deletions associated with SVA element insertions at the breakpoints 
have not been previously reported. We postulate that SVA insertions, 
occurring via retrotransposition, that trigger large genomic rearrange-
ments may represent an as yet uncharacterized mechanism responsible 
for causing CNVs with non-recurrent breakpoints.
We further noted that 14 (70%) of the 20 atypical NF1 microdele-
tions had their proximal breakpoints located within a 38-kb region 
of SUZ12P. This enrichment of atypical NF1 deletion breakpoints in 
SUZ12P is remarkable since the breakpoints of recurrent type-2 NF1 
deletions are also located within the pseudogene. The accumulation of 
breakpoints associated with recurrent and non-recurrent NF1 deletions 
within SUZ12P is indicative of its genomic instability. The analysis of 
FISH, microsatellite markers and insertion/deletion polymorphisms 
indicated somatic mosaicism in 12 of the 20 (60%) atypical NF1 dele-
tions. Thus, not only recurrent type-2 NF1 deletions, but also a consid-
erable proportion of atypical NF1 deletions, are of postzygotic origin.

P-Cancer Genetics
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Background: MYCN amplification (MNA) is the most powerful ther-
apy-stratifying marker in neuroblastoma (NB). With recent technolog-
ical advances and the analysis of different pieces of individual tumors it 
became evident that approximately 20% of MYCN amplified NBs carry 
the amplification in only a fraction of tumor cells ranging from a few 
amplified cells to up to the majority (~70%) of all tumor cells. Although 
the existence of intratumor heterogeneity of MNA (hetMNA) is well 
known today, its clinical meaning is still unclear, compromising the 
patients’ assignment to specific treatment strategies. To learn whether 
the genomic background of hetMNA tumors differs to the genomic 
background of homogenously MNA (homMNA) tumors and non-
amplified NBs, we looked for common segmental and numerical 
chromosome aberrations, allelic imbalances and the expression of the 
favorable NB marker (CD44).
Material and methods: Ultra-high resolution SNParray analyses (2.6 
million copy number markers) and interphase FISH on various tumor 
and bone marrow samples (BM) obtained from 20 hetMNA, 22 hom-
MNA and 110 nonMNA NB patients were performed. Median patient 
age of the hetMNA patients group was 13.5 months (range 6-168), 13 
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patients were below and 7 above 18 months of age. CD44 staining was 
done by fluorescence labeled antibodies on cryo-sections.
Results: Besides hetMNA, seven tumors showed no segmental chro-
mosomal aberrations (noSCA), another four were heterogeneous con-
cerning both, MNA and SCA (hetSCA), one with two SCAs and eight 
exhibited a high number (>7) of SCAs (highSCA) from these eight one 
with chromothripsis and two with deletions within the ATRX1 gene. 
Acquired whole chromosome uniparental disomy (wcUPD) occurred 
in 15/20 (75%) of hetMNA tumors, in 4/22 (18.2%) homMNA tumors 
and in 38/110 (34.5%) of the nonMNA NBs. wcUPD of chromosome 
11 was predominately found in the hetMNA group (10/15), three out 
of four in the homMNA group and 7/38 in the nonMNA group also 
showed wcUPD11. The increase of SCAs correlated with age (no/
hetSCA: 11/13 infants and highSCA: 7/7 patients >18m). By contrast, 
UPD11 decreased with age (UPD11: 9/13 infants and 1/7 patients >18m). 
Furthermore, hetMNA tumors were frequently CD44+, which is not 
the case in homMNA tumors.
Conclusions: The high frequency of wcUPDs, especially UPD11, in 
hetMNA tumors has not been described so far and could represent a 
hallmark of hetMNA NBs. Moreover, it was unexpected that hetMNA 
tumors in contrast to homMNA tumors can either totally lack SCAs 
or also bear a multitude of them. Taken together, hetMNA tumors dif-
fer in their genomic make up from fully amplified and non-amplified 
tumors.
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Lung cancer is the most common cause of cancer related death in males 
and the third common cause in females in Germany. Identification of 
molecular mechanisms by which environmental factors contribute to 
the development of lung cancer might improve not only lung cancer 
prevention but also prognosis and therapy of this cancer entity. DNA 
methylation, an enzymatically catalyzed and reversible covalent modi-
fication of the DNA, belongs to the family of epigenetic modifications 
allowing the cell to adapt its genetic activity according to the environ-
mental conditions. In the German Center for Lung Diseases (DZL, 
supported by the BMBF) we investigate alterations in the DNA methyl-
ation pattern in lung cancer tissue samples and corresponding normal 
controls using an array-based BeadChip approach.
It is known that fixation of the sample material with formalin prior to 
BeadChip analysis can affect the results of BeadChip analyses. Conse-
quently, we first compared the influence of fixation on the outcome of 
BeadChip analysis. From 6 patients each a lung cancer tissue sample 
and a corresponding tumor free lung tissue sample were collected. The 
samples were separated into three pieces. One piece of each sample 
was fixed with formalin, another one by the non-crosslinking HOPE-
technique (Hepes-glutamic acid buffer mediated Organic solvent Pro-
tection Effect). Subsequently, both became paraffin embedded. As a 
reference, the remaining third piece was cryo-preserved. We showed 
that using the HOPE-technique instead of formalin largely prevents the 
introduction of formalin-fixation related artifacts.
Subsequently, we investigated the DNA methylation pattern of 90 lung 
tumor samples of selected entities (e.g. squamous cell carcinoma, ade-
nocarcinoma, large cell carcinoma, PECA) and compared the meth-
ylation status between entities and the corresponding normal controls. 
Altogether, we identified >620 loci aberrantly methylated in lung can-
cer as compared to controls (FDR<1.62x10-24, s/smax> 0.415).
In this study we compared suitability of formalin and HOPE fixation 
for array based DNA methylation analysis and subsequently analyzed 

alterations in the DNA methylome of 90 lung tumor samples as com-
pared to the corresponding controls.

P-CancG-030
Whole-genome sequencing of plasma DNA reveals frequently 
occurring copy number changes in patients with metastatic 
breast cancer
Auer M.1, Heitzer E.1, Ulz P.1, Pristauz G.2, Petru E.2, Jahn S.3, Speicher 
MR.1, Geigl JB.1 
1Medical University of Graz; Institute of Human Genetics, Graz, Austria; 
2Medical University of Graz; Division of Gynaecology and Obstetrics, 
Graz, Austria; 3Medical University of Graz; Department of Pathology, Graz, 
Austria 

With the increasing number of available predictive biomarkers, clinical 
management of cancer is becoming more and more reliant on the accu-
rate serial monitoring of tumor genotypes. Circulating cell-free DNA 
(cf-DNA) collected from plasma of patients offers a unique opportu-
nity for monitoring tumor genomes in a non-invasive manner. It is a 
potential surrogate for the tumor itself, and often referred to as “liquid 
biopsy”. The amount of cf-DNA that derives from tumor cells changes 
owing to the size and state of the tumor. The proportion is also con-
ditioned by clearance, degradation and other physiological filtering 
events of the blood and lymphatic circulation.
We addressed whether complex tumor genomes may be identified non-
invasively from peripheral blood of metastatic breast cancer patients. 
Plasma DNA concentration and size distribution were determined and 
followed by qualitative and quantitative analysis for subsequent whole-
genome sequencing at a shallow sequencing depth using the Illumina 
MiSeq® platform to establish genome-wide copy number profiles. In 
order to identify highly significant somatic copy-number changes and 
genes affected by such copy-number alterations 25 plasma samples 
were enrolled in a GISTIC2.0 (Genomic Identification of Significant 
Targets in Cancer) analysis. Furthermore, to test whether the observed 
copy-number changes are specific for breast cancer, we conducted a 
comparison with data of 913 breast tumor samples that were generated 
from the Broad Institute.
A subset of metastatic patients had a biphasic size distribution of 
plasma DNA fragments with elevated concentrations of plasma DNA, 
and a high percentage of mutated DNA fragments. Using GISTIC2.0 
analysis 15 significant gains and 13 significant losses were detected in 
the plasma DNA samples. Regions on chromosome 11q13.3 (including 
the CCND1 or FGF3/4/19 gene) and 12q15 were significantly gained, 
whereas chromosomal regions on 8p23.1 and 6q21 were frequently 
deleted. In comparison with 913 breast tumor samples from the Broad 
Institute 10 gains and 8 losses were shared implying that the detected 
copy-number changes were breast cancer specific.
The techniques used in this study allow serial monitoring of tumor 
genomes with a simple blood test. They could revolutionize the man-
agement of cancer patients through the detection of mutations leading 
to resistance to targeted therapies, personalized therapeutic monitor-
ing and non-invasive follow-up of the disease.

P-CancG-031
Sequential Cytogenetic Evolution of Burkitt lymphoma/
leukemia
Aukema SM.1,2, Theil L.1, Rohde M.3, Burkhardt B.3,4, Nagel I.1, Siebert 
R.1, Murga Penas EM.1 
1Institute of Human Genetics; University Hospital Schleswig-Holstein 
Campus Kiel/Christian-Albrechts University Kiel, Kiel, Germany; 
2Department of Pathology & Medical Biology and Department of 
Hematology; University Medical Center Groningen, Groningen, the 
Netherlands; 3NHL-BFM Group Study Center and Department of Pediatric 
Hematology and Oncology; Justus Liebig University, Giessen, Germany; 
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4NHL-BFM Group Study Center and Department of Pediatric Hematology 
and Oncology, University Children’s Hospital, Muenster 

Burkitt lymphoma/leukemia (BL) is a highly aggressive B-cell lym-
phoma. The biological hallmark of BL is the overexpression of the 
oncogene MYC on chromosome 8 due to its juxtaposition to the immu-
noglobulin heavy chain (IGH) locus on chromosome 14 in the trans-
location t(8;14)(q24;q32) or, in its variants, to the IG light chain loci on 
chromosomes 2 and 22 in the translocations t(2;8)(p12;q24) and t(8;22)
(q24;q11). Typical BL is characterized by an overall low chromosomal 
complexity and favorable prognosis with only few relapses. However, 
in addition to MYC rearrangements, secondary chromosomal rear-
rangements may be present contributing to disease evolution and pro-
gression. We have investigated the karyotypic evolution of 5 pediatric 
and one adult BL sequential samples using conventional cytogenetic 
techniques. For validation, we performed a review of karyotypes of 
(primary) BL listed in the Mitelman database.
In total 14 samples from 6 BL patients comprising 6 samples at primary 
diagnosis, 7 samples at relapse at different times, and 2 samples during 
monitoring of front-line chemotherapy were investigated. The pres-
ence of the t(8;14) or its variants was confirmed by fluorescence in situ 
hybridization (FISH) with a specific break-apart probe for the MYC 
gene and a MYC-IGH tri-color-dual-fusion probe (all from Abbott 
Vysis). Five out of 6 samples (83%) showed the t(8;14) and one sample 
(17%) the t(8;22). Complex karyotypes with >3 alterations were seen 
in 2 cases at diagnosis and in all 6 cases at relapse or during moni-
toring. The mean number of aberrations (including MYC rearrange-
ment) at diagnosis was 2. Sequential specimens showed significantly 
higher karyotypic complexity with a mean number of alterations of 8 
(p<0.05). Third samples presented more aberrations than second sam-
ples (12 and 6, respectively). Analysis of the Mitelman database deliv-
ered similar results. Recurrent secondary cytogenetic numerical and 
structural alterations were +7, +12, +21, duplication of 1q, and losses of 
6q, 13q22 and 17p11-13.
In conclusion, we present here a longitudinal study of BL with sequen-
tial cytogenetics available showing clonal evolution and an increasing 
load of karyotypic changes. Moreover, in addition to increasing karyo-
type complexity we also observed strong evidence for a direct (sub)
clonal evolution in BL. These findings point to an important role for 
karyotype complexity and clonal evolution in disease progression and 
relapse of BL and therefore might contribute to the dismal prognosis of 
patients with relapsing disease.
This work was supported by the German Ministry for Education and 
Science (BMBF) in the framework of the MMML-MYC-SYS network 
(0316166).

P-CancG-032
HOPX a putative tumour suppressor gene involved in cervical 
carcinogenesis
Backsch C.1, Schneider A.1, Steinbach D.1, Jansen L.1, Scheungraber C.1, 
Gajda M.2, Runnebaum I.B.1, Dürst M.1 
1Department of Gynecology - Jena University Hospital - Friedrich Schiller 
University, Jena, Germany; 2Institute for Pathology - Jena University 
Hospital - Friedrich Schiller University, Jena, Germany 

Background:
Persistent infection with a high risk (HR) human papillomavirus 
(HPV) type is a prerequisite for the development of cervical cancer 
(CxCa). This process is accompanied by numerous genetic altera-
tions. In previous investigations we observed a frequent under-rep-
resentation of chromosome 4 and different parts of chromosome 4. 
These chromosomal regions are thus of particular interest, since loss 
of genetic information is indicative for the location of putative tumour 
suppressor genes. In microarray analyses we found the homeobox gene 
HOPX (4q12) to be consistently down-regulated in cervical cancers.
Objectives:

The aims of the present study were to validate the differential expres-
sion of HOPX in cervical tissues and to analyze its properties in differ-
ent functional assays.
Methods:
Validation of the candidate gene expression was done by qRT-PCR and 
by immunohistochemical staining in normal cervical tissues, high-
grade precancers (CIN2/3) and CxCa. To assess the promoter methyla-
tion status of HOPX, methylation specific qRT-PCR was performed. 
Moreover, HOPX was expressed ectopically in various cell lines to 
analyze its effect on cell proliferation, colony formation, anchorage-
independent growth, cell migration, apoptosis and cellular senescence.
Results:
The mRNA expression level of HOPX was significantly (p<0.01) lower 
in CxCa as compared to CIN2/3 or normal tissue. Immunohistochemi-
cal analyses revealed that protein expression of HOPX is in line with 
the RNA data. Methylation data showed that promoter methylation of 
HOPX was observed in the majority of CxCa. Reconstitution of HOPX 
expression resulted in a significant reduction in cell proliferation and 
colony formation in CaSki and HPKII cells. These effects are not due to 
an increase in apoptosis or senescence.
Conclusions:
In conclusion, our results suggest that HOPX has characteristic tumour 
suppressor gene properties and loss of HOPX function may contrib-
ute to the transformation process in cervical carcinogenesis. On-going 
gene knock-down experiments may provide further support for this 
hypothesis.

P-CancG-033
Functional Characterisation of the Isocitrate Dehydrogenase 1 
(IDH 1) R132H Mutation in Gliomas
Biedermann J.1, Conde M.2, Wiedemuth R.2, Richter S.3, Krüger A.1,4, 
Peitzsch M.3, Eisenhofer G.3,5, Kunz-Schughart L.4, Temme A.2, Schröck 
E.1, Klink B.1, Abou-El-Ardat K.1 
1Institut für Klinische Genetik TU Dresden, Dresden, Germany; 2Klinik und 
Poliklinik für Neurochirurgie Sektion Experimentelle Neurochirurgie/ 
Tumorimmunologie Universitätsklinikum Carl Gustav Carus Dresden, 
Dresden, Germany; 3Institut für Klinische Chemie und Labormedizin 
Universitätsklinikum Carl Gustav Carus Dresden, Dresden, Germany; 
4OncoRay National Center for Radiation Research in Oncology 
Universitätsklinikum Carl Gustav Carus Dresden, Dresden, Germany; 
5Medizinische Klinik und Poliklinik III Universitätsklinikum Carl Gustav 
Carus Dresden, Dresden, Germany 

Glioblastoma multiforme (GBM) is the most prevalent and aggres-
sive brain tumor in adults. A patient diagnosed with GBM and receiv-
ing therapy is left with a median survival time of one year. This poor 
prognosis emphasizes the importance of understanding the genetic 
processes leading to tumor development in the human central nervous 
system in order to find new therapeutic strategies.
There are two types of GBMs: primary GBMs, which arise de novo, 
and secondary GBMs, which progress from lower grade astrocytoma. 
It was shown that both types differ in their genetic and epigenetic pro-
files as well as in their clinical outcome. Most notable is the prevalence 
of Isocitrate Dehydrogenase 1 and 2 (IDH1/2) mutations, which are 
more frequently found in secondary GBM (~80% of cases as opposed 
to ~5% of primary GBM). The enzyme IDH1 converts isocitrate to 
alpha-ketoglutarate (αKG) while reducing nicotinamide dinucleotide 
phosphate (NADP+).  Due to the mutation at arginine 132 of IDH1, 
the enzyme has a reduced ability to produce αKG while its produc-
tion of 2-hydroxyglutarate (2HG) is increased. Mutations in IDH1/2 are 
thought to be an early, if not initiating, event in gliomagenesis, but their 
mechanism is not entirely elucidated. The accumulation of 2HG, which 
is considered to be an oncometabolite, cannot explain all the observed 
phenomena of the mutation.
We have stably transduced three cell lines (one established cell line 
of GBM origin, one primary patient-derived GBM cell line, and one 
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of immortalized astrocytes) with IDH1 R132H using viral vectors and 
checked the presence of the mutation on the genomic, transcriptomic, 
and protein level using Sanger sequencing and Western blot. Using 
liquid chromatography-tandem mass spectrometry (LC-MS/MS), we 
could detect a significant increase of 2HG in cells with the IDH1 R132H 
as compared to cells transduced with IDH1 wt. Interestingly, there was 
a decrease in proliferation of the cells with IDH1 R132H and an increase 
in cell size in 2D cell cultures. This effect was confirmed in 3D spheroid 
cell cultures.
In summary, we have developed an in vitro model to further study the 
effect of the IDH1 R132H mutation on the energy balance and the tran-
scriptome of the cells. We are currently running experiments to check 
the metabolic and transcriptomic profiles of the transduced cells. These 
results will also be presented.
Acknowledgements: This project is supported by Else Kröner-Frese-
nius-Stiftung and the GlioMath-DD project (SAB-Number 100098214), 
funded by the European Social Fund (ESF) and the Free State of Sax-
ony.

P-CancG-034
Rapid and efficient method for molecular diagnostics of 
patients with Peutz-Jeghers syndrome
Borun P.1, Bartkowiak A.1, Nedoszytko B.2, Nowakowska D.3, Teisseyre 
M.4, Lubinski J.5, Banasiewicz T.6, Walkowiak J.6, Limon J.2, Cichy W.6, 
Plawski A.1 
1Institute of Human Genetics, Poznan, Poland; 2Medical University, 
Gdansk, Poland; 3Oncology Center, Warszawa, Poland; 4Children`s 
Memorial Health Institute, Warsaw, Poland; 5Pomeranian Medical 
University, Szczecin, Poland; 6University of Medical Sciences, Poznan, 
Poland 

Peutz-Jeghers syndrome [PJS, MIM # 175200] is a rare, hereditary pre-
disposition characterized by the presence of hamartomatous polyps in 
the gastrointestinal tract, occurrence of lentigines on mucous mem-
branes (mainly on lips, oral cavity and nostrils) as well as by increased 
risk of malignant tumours of various internal organs. The incidence of 
the syndrome, depending on the examined population, is estimate to 
fluctuate from 1:300 000 even up to 1:25 000 of births.
PJS is an autosomal dominant disease caused by mutations in the 
STK11 gene [MIM # 602216] located on the small arm of chromosome 
19 at position 19p13.3. This gene comprising 22 637 base pairs consists of 
10 exons, nine of which contain a coding sequence of 48.6 kDa protein 
made up of 433 amino acids which fulfils the function of serine-threo-
nine kinase. Small mutations of the STK11 gene constitute the highest 
percentage of changes causing the disease, therefore, the elaboration of 
a rapid and cost-effective method of their detection is a key aspect in 
the advancement of genetic diagnostics of patients suffering from PJS.
Aim of our study was to develop such methodology based on high 
resolution melting (HRM) analysis, one of the more novel techniques 
employed in screening investigations which allows identification of 
small, unknown sequence changes within the examined fragments. 
The tests were performed on DNA obtained from 41 probands with 
diagnosed Peutz-Jeghers syndrome.  The small mutations of the STK11 
gene were detected in 22 families (54%). No additional small mutations 
were found in the remaining patients subjected to sequencing of the 
entire coding sequence of the gene. The employed HRM method exhib-
ited 100% effectiveness with respect to the group of our patients.
The study was financed by the Ministry of Education and Science, 
Poland, grant number N402 481537

P-CancG-035
Reliable single cell array CGH for clinical samples
Czyz TZ.1,2, Hoffmann M.2, Schlimok G.3, Polzer B.2, Klein CA.1,2 
1Chair of Experimental Medicine and Therapy Research; University of 
Regensburg, Regensburg, Germany; 2Project Group Personalized Tumor 
Therapy; Fraunhofer Institute of Toxicology and Experimental Medicine 
ITEM, Regensburg, Germany; 3Hospital Augsburg, II. Medical Center, 
Augsburg, Germany 

Comprehensive analysis of minute quantities of genomic DNA has 
become relevant in a variety of forensic, diagnostic and biological stud-
ies. In cancer research, single-cell technologies become increasingly 
important to study the course of metastatic spread of cancer cells. Dis-
seminated cancer cells (DCCs) and circulating tumor cells (CTCs) that 
comprise the precursor cells of distant metastases or therapy resistant 
cells are extremely rare. The detailed molecular analysis of these cells 
may help to identify key events of cancer cell dissemination, metastatic 
colony formation and development of therapy resistance. Using the 
Ampli1™ whole genome amplification (WGA) technology and high-
resolution oligonucleotide aCGH microarrays we optimized condi-
tions for the analysis of structural copy number changes in single cells. 
The resulting protocol enables reliable detection of numerical genomic 
alterations as small as 0.1 Mb. Moreover, analysis of single cells sub-
jected to fixation and staining procedures used to detect DCCs showed 
no significant impact on the outcome of the analysis, proving the 
usability of our method for clinical cancer research. In a proof-of-prin-
ciple study we tracked the chromosomal changes of single DCCs over 
a full course of high-dose chemotherapy treatment by isolating and 
analyzing DCCs of an individual breast cancer patient at four different 
time points. The developed protocol enables detailed genome analysis 
of single-cell genomes. The results from an exemplary case report of a 
breast cancer patient provide evidence that DCCs surviving selective 
therapeutic conditions may be recruited from a pool of genomically 
less advanced cells, which display a stable subset of specific genomic 
alterations. Preliminary results have shown that the analysis can be 
completed within 48 hours, indicating its applicability to pre-implan-
tation genetic diagnosis.

P-CancG-036
Calcium and CaSR dependent bone metastasis in renal cell 
carcinoma
Eider CS.1,2, Schneider E.1, Haber T.1, Jessen W.2, Junker K.3,4, Roos FC.1,4, 
Prawitt D.2, Brenner W.1,4 
1Department of Urology; Johannes Gutenberg University Medical 
Centre, Mainz, Germany; 2Molecular Pediatrics; Centre for Pediatrics 
and Adolescent Medicine; Johannes Gutenberg University Medical 
Centre, Mainz, Germany; 3Department of Urology; Saarland-University, 
Homburg/Saar, Germany; 4The German Renal Cell Tumour Network, 
Homburg/Saar, Germany 

Renal cell carcinoma (RCC) is the most frequent type of kidney cancer. 
It is associated with poor prognosis for affected patients due to its high 
metastatic potential. The process of metastasis begins with the disso-
ciation of single tumour cells through the extracellular matrix into the 
blood circuit. Once in the blood system the tumour cells can get stuck 
in the capillary system and finally invade the corresponding organs. 
The high incidence of bone metastases that occur in approximately 30% 
of patients with RCC suggests, that the microenvironment of the bone-
tissue especially attracts renal carcinoma cells to form bone metastases. 
To date it is not known why some renal cell carcinomas tend to form 
metastasis in bones, while others of the same type do not. We there-
fore aimed to determine if Ca2+ originating from bone (e.g. due to the 
bone remodelling processes) is a chemotaxin for circulating tumour 
cells that could facilitate bones as a target organ. One way of perceiv-
ing extracellular Calcium is via the Calcium sensing receptor (CaSR). 
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Since expression of the CaSR is either reduced in different cancers, or 
CaSR signalling may differ dependent on the type of cancer, stage and 
grade, we aimed to correlate CaSR expression and signalling with the 
fate of primary RCCs in respect of their metastatic behaviour. Based on 
our study with 11 matched specimens and 3 primary RCC cells for each 
of the 3 categories non-metastasized RCC, RCC metastasized into the 
lung and RCC metastasized into bones during a five-year period after 
nephrectomy, we can show that a higher expression of CaSR in primary 
RCCs correlates with the appearance of bone metastases. Our data 
also argues for a Calcium dependent physiological switch as soon as 
tumour cells with high CaSR levels reach the bones by upregulating the 
Akt pathway and downregulating the gate keeper of apoptosis PTEN.

P-CancG-037
Somatic neurofibromatosis type 1 (NF1) inactivation events in 
cutaneous neurofibromas of a single NF1 patient
Emmerich D.1,2, Zemojtel T.2,3,4, Hecht J.1, Krawitz P.2, Kühnisch J.1,2, Ko-
bus K.1,2, Osswald M.1, Berlien P.5, Müller U.5, Mautner V.6, Wimmer K.7, 
Robinson P. N.2, Vingron M.3, Tinschert S.7,8, Mundlos S.1,2,9, Kolanczyk 
M.1,2 
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Charité Universitätsmedizin Berlin, Berlin, Germany; 3Max Planck 
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Austria; 8Institute of Clinical Genetics Carl Gustav Carus Medical Academy, 
Technical University, Dresden, Germany; 9Berlin-Brandenburg Center for 
Regenerative Therapies BCRT, Berlin, Germany 

Background NF1 (MIM#162200) is a relatively frequent genetic con-
dition which predisposes to tumor formation. Main types of tumors 
occurring in NF1 patients are cutaneous and subcutaneous neurofi-
bromas, plexiform neurofibromas, optic pathway gliomas (OPG), and 
malignant peripheral nerve sheath tumors (MPNST).
Methods To search for somatic mutations in cutaneous (dermal) neu-
rofibromas, whole exome sequencing (WES) was performed on seven 
spatially separated tumors and two reference tissues (blood and unaf-
fected skin) from a single NF1 patient. Validation of WES findings were 
done using routine Sanger sequencing or Sequenom IPlex SNP geno-
typing.
Results Exome sequencing confirmed existence of the known famil-
ial splice site mutation NM_000267:c.3113+1G>A in exon 23 of NF1 
gene (HGMD ID CS951480) in blood, unaffected skin, and all tumor 
samples. In five out of seven analyzed tumors we additionally detected 
second hit mutations in the NF1 gene. Four of them were novel and 
one was previously observed. Each mutation was distinct demonstrat-
ing the independent origin of each tumor. Only in two of seven tumors 
we detected an additional somatic mutation not associated with NF1.
Conclusion Our study demonstrated that somatic mutations of NF1 are 
likely the main driver of cutaneous tumor formation. The study pro-
vides evidence for the rareness of single base pair level alterations in the 
exomes of benign NF1 cutaneous tumors.

P-CancG-038
Inhibition of Tumorigenic Properties of Metastatic Breast 
Cancer by miR-122-5p Targeting ADAM10
Ergun S., Bayraktar R., Ulaslı M., Igci YZ., Igci M., Camci C., Arslan A., 
Oztuzcu S. 
University of Gaziantep, Gaziantep, Turkey 

MicroRNAs are negative regulators of protein coding genes. Recently, 
microRNA-122 was proved to play an important role in hepatocellular 
carcinoma, but its functions in breast cancer (BC) remain unknown. 
Overexpression and activating mutations of ErbB family members were 
implicated in the development and progression of most of tumor types. 
In most of metastatic breast cancer cells, HER2 receptors are known 
cleaved by an ectodomain sheddase, ADAM10, to liberate HER2 extra-
cellular domain (ECD). This provides ligand-independent growth to 
breast cancer cells and Trastuzumab, anti-HER2 agent, cannot inacti-
vate HER2 by binding ECD portion of it. This process is clinically cru-
cial since high levels of serum HER2 ECD in metastatic breast cancer 
patients are associated with a poorer prognosis. Also, HER2-amplified 
patients with low-HER2 ECD levels may get more benefit from Trastu-
zumab-based scheme. Thus, our aim is to provide a novel therapeutic 
approach for breast cancer by inhibiting HER2 sheddase activity with 
miR-122-5p and increasing activity of Trastuzumab. Real-time PCR 
was used to identify use of transcriptional profiling of miR-122-5p in 
vitro approaches to identify major source of HER2 sheddase activity in 
breast cancer cell lines (CRL-2329,MDA-MB-231,CRL-1500,MCF-7,SK-
BR-3) and in CRL-4010 (control). First four breast cancer cell lines are 
Her2-, but SK-BR-3 is Her2+. We found down-regulation in expression 
of miR-122-5p that selectively inhibited ADAM10 expression in mRNA 
level and so increased HER2 shedding in our cell lines, except SK-BR-
3. miR-122-5p expression level was significantly higher in SK-BR-3 
cell line than other cell lines and control. Moreover, SK-BR-3 cell line 
showed highest expression level among the other four and control. This 
result is very consistent with our hypothesis because our results indi-
cates that ADAM10 expression level increases in Her2+ cell line and 
miR-122-5p expression level also increases to suppress the sheddase 
activity of ADAM10 however increase in miR-122-5p expression is not 
high as increase in ADAM10 expression in Her2+ cell line so shed-
dase activity of ADAM10 cannot be inhibited totally in Her2+ cell line. 
So, we proved a positive correlation observed only between ADAM10 
inhibition and reduction of HER2 ECD shedding in a cell based assay. 
In brief, we suggest that the inhibition of ADAM10 by miR-122-5p spe-
cifically may provide a novel therapeutic approach by sensitizing breast 
cancer cells to Trastuzumab targeting ECD of HER2 in these cells with 
active HER2 signaling.

P-CancG-039
A new missense germline mutation affecting the proofreading 
domain of polymerase δ (POLD1) apparently predisposes to 
colorectal adenomas and carcinomas
Grossmann M.1, Kinzel M.2, Reif S.1, Kreuz F. R.1, Plaschke J.1, Krüger S.1 
1Gemeinschaftspraxis für Humangenetik, Dresden, Germany; 2Praxis für 
Medizinische Genetik, Berlin, Germany 

The lifetime risk of colorectal cancer (CRC) is increased by several 
tumour predisposition syndromes such as Lynch syndrome (caused by 
Mismatch Repair Gene mutations), Familial Adenomatous Polyposis 
(APC mutations) or Familial Adenomatous Polyposis type 2 (MUTYH 
mutations). Recently, germline mutations in the exonuclease domain 
of the genes POLE (p.Leu424Val) and POLD1 (p.Ser478Asn) have been 
identified conferring a high risk of colorectal adenomas and carcino-
mas. These mutations exhibit high penetrance and autosomal domi-
nant inheritance. The phenotype includes early onset development of 
multiple colorectal adenomas and carcinomas. In addition, the muta-
tion in POLD1 was also associated with endometrial carcinomas and 
brain tumours. Both mutations map within the proofreading (exo-
nuclease) domains of the resulting polymerases (residues 268-471 and 
304-517 of POLE and of POLD1, respectively). Therefore the term Poly-
merase Proofreading-Associated Polyposis (PPAP) was suggested. Fur-
thermore, a probably pathogenic mutation in POLD1 (p.Pro327Leu) 
was detected in a patient with multiple adenomas. Authors concluded 
the loss of proofreading activity in a still working polymerase as the 
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pathogenic mechanism (Palles et al. Nat Genet 2013; 45:136-44; Briggs 
and Tomlinson J Pathol 2013; 230:148-53).
Here we report on a 63 year old patient who presented with approxi-
mately 40 colorectal polyps developed throughout the last six years. 
Firstly, this raised the suspicion of attenuated familial adenomatous 
polyposis. His brother died of colorectal cancer at the age of 63. The 
paternal grandfather also had polyps and died of colorectal cancer at 70 
years of age. The father of the patient died an accidental death at the age 
of 36. At the age of 19 the patient’s daughter died of a tumour located 
in the spine. Two sons of one of the patient’s sisters also suffered from 
colorectal polyps. The sister herself refused a colonoscopy.
Molecular genetic analysis revealed no mutation in the genes APC, 
MUTYH and POLE. However, the heterozygous sequence alteration 
c.1379T>G, p.Leu460Arg was detected in POLD1 (NM_002691.2). The 
affected nucleotide is highly conserved (phyloP 4.4; phastCons 1.0) as 
well as the coded amino acid residue up to Saccharomyces cerevisiae 
(considering 11 species). All four in silico prediction programs applied 
(SIFT, PolyPhen-2, AGVGD, MutationTaster) categorised the mutation 
as pathogenic. Especially the location of the alteration within the exo-
nuclease domain of POLD1 is indicative of an apparently pathogenic 
mutation.
The family resembles the recently reported two POLD1 mutation 
(p.Ser478Asn) carrying families, with a family history of polyps and 
CRC and missense mutation located within the exonuclease domain 
of POLD1.
In conclusion, molecular analysis of POLE and POLD1 should be con-
sidered in families with clustering of colorectal adenomas, CRC or 
other cancers, in which no mutations in APC, MUTYH or Mismatch 
Repair Genes could be identified.

P-CancG-040
Increasing genomic and epigenomic complexity is a hallmark 
of the evolution from in situ to clinically manifest follicular 
lymphoma
Haake A.1, Salaverria I.1, Schmidt J.2, Bonzheim I.2, Quintanilla-Fend L.2 
1Institute of Human Genetics, University Hospital Schleswig-Holstein 
Campus Kiel/Christian-Albrechts University Kiel, Germany; 2Institute 
of Pathology, Eberhard-Karls-University of Tübingen/ Comprehensive 
Cancer Center Tübingen, Germany 

In situ Follicular Lymphoma (FLIS) is characterized by the presence of 
a clonal B-cell population with immunophenotypic features of classi-
cal follicular lymphoma but restricted to one or few germinal centers. 
Like classical follicular lymphoma, the cells carry the t(14;18)(q32;q21) 
translocation which juxtaposes the BCL2 gene to the immunoglobulin 
heavy chain (IGH) locus, causing constitutive expression of the anti-
apoptotic protein BCL2. FLIS is considered to be a potential precur-
sor lesion of clinically manifest Follicular Lymphoma (mFL). How-
ever, the events associated with progression of FLIS to mFL are largely 
unknown. Thus, we here studied the presence of chromosomal imbal-
ances and changes of DNA methylation in selected genes in 6 paired 
samples of microdissected FLIS and mFL from the same patient using 
DNA extracted from formalin-fixed, paraffin-embedded (FFPE) tis-
sue. Bisulfite pyrosequencing was performed on a selected set of genes 
(DAPK1, EYA4, GRB10, TWIST1, GAS7, TUSC3, ETV1) known to be 
de novo hypermethlyated in mFL (Martin-Subero et al., Blood. 2009, 
PlosOne. 2009). Chromosomal imbalances were studied by array CGH 
using the Human Genome CGH Microarray 244K platform (Agilent 
Technlogies, Santa Clara USA). Five out of six patients showed copy 
number alterations (CNA) only in the manifest FL whereas no altera-
tions were observed in the in situ counterpart (FLIS 0.8 CNA/case; 
mFL 6.3 CNA/case). In a comparison of methylation status between 
FLIS and classical FL, 2 out of 4 cases presented a higher levels of DNA-
methylation in the manifest FL as compared to FLIS (p=0.012 and 
p=0.012). These data support the hypothesis that FLIS represents a FL 
precursor lesion of long-lived clonal B-cells carrying the t(14;18) with 

no or few secondary genetic changes. Moreover, we provide evidence 
that there may be more than one distinct lesion driving the progression 
from FLIS to manifest lymphoma.
This study was supported from Bundesministerium für Bildung und 
Forschung through the network “HämatoSys”.

P-CancG-041
Functional analysis of mutations in polymerase epsilon gene 
that predispose to polymerase proofreading associated 
polyposis (PPAP)
Heitzer E.1, Palles C.2, Ulz P.1, Speicher M.R.1, Kearsey S.3, Tomlinson I.2 
1Institute of Human Genetics, Medical University of Graz, Austria; 
2Wellcome Trust Centre for Human Genetics, University of Oxford, UK; 
3Department of Zoology, University of Oxford, UK 

Germline mutations in the exonuclease domain of genes encoding the 
catalytic subunits Polymerase δ and ε, i.e. POLD1 and POLE, predis-
pose to “polymerase proofreading associated polyposis” (PPAP) result-
ing in multiple colorectal adenomas and carcinoma with high pene-
trance and dominant inheritance. Moreover, somatic mutations in the 
ED of POLE have been frequently found in sporadic CRCs and endo-
metrial carcinoma. Tumors, with both inherited and somatic EDMs, 
were microsatellite stable and showed a mutator phenotype with a dra-
matic increase of base substitutions indicating impaired proofreading. 
To assess the functional consequences of POLE germline and somatic 
mutations, we characterized exonuclease domain mutant alleles in 
S.pombe. We therefore generated constructs encoding the equiva-
lent changes in the fission yeast protein and determined the effect of 
this change on reversion of the ade6-485 allele, 5-fluoroorotic acid 
and canavanine resistance. The somatic mutations including P286R, 
S297F, and S459F showed a dramatically increased mutation rate (up to 
more than 100-fold) compared to the wild type strain. V411L was only 
slightly increased (4-7 fold). Also the germline variant L424V showed 
increased mutation rates (2-11-fold) compared the wild type strain. As 
expected whole genome sequencing of POLE mutated strains revealed 
an elevated rate of base substitutions with a similar mutation spectrum 
as observed in human tumors. This data indicate that EDMs in POLE 
indeed lead to proofreading deficiency and can induce replication 
errors during synthesis of oncogenes and tumor suppressors resulting 
in tumor formation.

P-CancG-042
No association between biallelic MSH6 germline mutations and 
MUTYH-associated polyposis phenotype
Holzapfel S.1, Spier I.1, Altmüller J.2, Horpaopan S.1, Vogt S.1,3, Sengteller 
M.1, Heinimann K.4, Nürnberg P.2, Hoffmann P.1,4,5, Nöthen M.1,5, Thiele 
H.2, Aretz S.1, Steinke V.1 
1Institute of Human Genetics, University of Bonn, Germany; 2Cologne 
Center for Genomics, University of Cologne, Germany; 3MVZ Dr. 
Eberhard & Partner, Dortmund, Germany; 4Division of Medical Genetics 
and Department of Biomedicine, University of Basel, Switzerland; 
5Department of Genomics at the Life & Brain Center, University of Bonn, 
Germany 

Background: Biallelic mutations in mismatch repair (MMR) genes (in 
heterozygous state causative for hereditary non-polyposis colorectal 
cancer (HNPCC/Lynch syndrome)) are known to cause an early onset 
tumor predisposition syndrome (constitutional mismatch repair defi-
ciency, CMMR-D) including colorectal cancer, hematologic cancer, 
brain tumors, and café-au-lait macules. One patient of our HNPCC 
cohort was found to carry a biallelic MSH6 missense mutation 
(c.3226C>T;p.Arg1076Cys) that is likely to be pathogenic. The patient’s 
phenotype however is not typical for a biallelic MMR gene muta-
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tion, but rather dissembles a MUTYH-associated polyposis (MAP). 
MUTYH analysis in this patient revealed no mutation.
Gu et al. (2002) reported on a functional interaction between the base 
excision repair (BER) protein MUTYH and the MSH6 protein. They 
showed that the MSH2/MSH6 complex enhances the binding affin-
ity to the mismatched DNA substrate and the glycosylase activities 
of MUTYH. Hence we hypothesized that biallelic mutations in the 
MSH6 gene (especially the MSH6 missense mutation c.3226C>T;p.
Arg1076Cys) might impair MUTYH function and therefore lead to an 
MAP-like phenotype.
Methods: To investigate, if there are more patients with a polyposis 
phenotype and biallelic MSH6 mutations, we examined 145 appar-
ently unrelated polyposis patients without APC or MUTYH mutations 
(most of these patients show an attenuated phenotype and are sporadic 
cases). MSH6 mutation screening was performed by a targeted next-
generation sequencing approach (Truseq Custom Enrichment Kit, Illu-
mina) on an Illumina HiSeq2000 sequencer. Data analysis was done 
by standard protocols using the VARBANK pipeline (CCG, Cologne).
Results: We identified nine different heterozygous missense mutations 
in MSH6, one of those in four, another one in three different patients. 
Four of these mutations are known variants presumed to be benign. 
For the other five rare mutations no data regarding pathogenicity were 
found in databases or literature. Based on in-silico tools (Mutation 
Taster, PolyPhen-2, SIFT) no definite prediction regarding pathogenic-
ity could be made either. We did not find the mutation c.3226C>T;p.
Arg1076Cys in any further patient. Only one patient harboured two 
MSH6 variants, both probably benign. Therefore no further patient 
was found to carry two presumably pathogenic MSH6 mutations.
Conclusions: We could not find further evidence that biallelic muta-
tions in the MSH6 can cause a MAP-like phenotype. A minor effect of 
MSH6 variants on MUTYH function can still not be excluded. Func-
tional analyses are needed to elucidate the impact of MSH6 variants on 
MSH6/MUTYH-interaction.

P-CancG-043
OncomiRs Variation in Cancer Tissues, Act as a Tumor 
Suppressor and Oncogene
Hosseini Bereshneh A.1, Sadr-Nabavi A.2 
1Medical Genetics Department, Tehran University of Medical Sciences, 
Tehran, Iran; 2Medical Genetics Department, Mashhad University of 
Medical Sciences, Mashhad, Iran. 

Background: Over than 530 types of microRNA-noncoding RNA 
molecules, about 22 nucleotides- are encoded by human genome that 
interference with mRNA and by destruction or repression of transla-
tion adjusts their expression. Each mi RNA regulates the expression of 
about 200 genes and their mutation would increases the probability of 
malignancies dramatically. 10% of mi RNAs have shown lack of expres-
sion balance in several tumors so they act as tumor suppressors (TS) 
and also as oncogenes. The micro RNAs that are involved in inducing 
neoplasm are named as oncogenic micro RNAs (OncmiR).
Objective and Design: This is to scrutinize OncomiRs express variation 
in tumors by reviewing articles published at NCBI database from 1995 
to 2012. The headings “OncomiRs variation in cancer”, “miRNA irregu-
lar expression”, “OncomiR and cancer” were searched.
Result: miRNAs regulate cell-cycle control, cell differentiation and 
development, cell proliferation and apoptosis and also play consider-
able role in tumor initiation and progression. . These molecules are 
interfering with some crucial oncogenes and TSs such as MYC, RAS, 
p53, etc and modify their expression. Studies have shown widespread 
dysregulation of these molecules at an early stage in various cancers. 
Specific oncomirs loss- or gain-of-function contributes to specific 
tumors. E.g. MicroRNA-21 (miR-21) which functions as an oncogene 
is overexpressed in breast cancer. MiR-196a2 variant boosts colorectal 
cancer probability. MiR-15 and miR-16 induces apoptosis and deletion 
of their gene in B-lymphocyte cells causes chronic lymphocytic leu-

kemia (CLL). MiR-34a acts as neuroblastoma tumorigenesis repres-
sion and loss of function causes neuroblastoma. Amplification and of 
the miR-17-92 cluster played a role in development of lymphoma and 
lung cancer. Overexpression of miR-221 and miR-222 are contributed 
to papillary thyroid carcinoma. MiR-31, miR-96, miR-133b, miR-135b, 
miR-145 and miR-183 are correlated with colorectal cancer and etc.
Conclusion: one of the marked characteristic of cancer tissues is the 
oncomiRs irregular expression; the dysregulation of miRNAs disrupt 
tissues critical pathway, act as a tumorgenesis and develops cancer 
subsequently. Expression profiling of tumors has identified prognos-
tic, diagnostic and therapeutic horizons in deal with diverse cancers. 
Diagnosing the type of mutation in oncomiRs would be efficacious 
for choosing the appropriate therapeutic approaches by inducing the 
expression of tumor suppressor or repressing the expression of onco-
gene.

P-CancG-044
Variant c.*126G>A in NFKBIA gene as a risk allele in Polish 
patients with differentiated thyroid cancer
Hryhorowicz S.1, Kaczmarek-Ryś M.2, Ziemnicka K.3, Hoppe-
Gołębiewska J.2, Skrzypczak-Zielińska M.2, Pławski A.2, Woźniak A.1, 
Gołąb M.3, Szkudlarek M.3, Ruchała M.3, Słomski R.1,2,4 
1The Nanobiomedical Center; Adam Mickiewicz University, Poznań, 
Poland; 2Institute of Human Genetics; Polish Academy of Sciences, 
Poznań, Poland; 3The Department of Endocrinology and Internal 
Diseases; University School of Medical Sciences, Poznań, Poland; 4The 
Department of Biochemistry and Biotechnology; University of Life 
Sciences, Poznań, Poland 

Thyroid carcinomas belong to tumors with well prognosis, slow prog-
ress and low benignity but with tendency to recurrences and regional or 
remote metastasis. Papillary and follicular thyroid cancer are the most 
frequent in endocrine system with unidentified genetic background.
In this focus, very important seems to be searching for molecular mark-
ers of disease course, good or poor prognosis and response on medical 
treatment as well. It is expected that SNP polymorphisms research in 
genes demonstrating association with neoplastic diseases will be help-
ful in understanding of molecular mechanisms of thyroid gland tumors 
development and allow to better diagnosing.
We analyzed c.*126G>A polymorphism (rs696) in NFKBIA gene. 
Groups of  548 patients with differentiated thyroid cancer and 535 indi-
viduals from population group were examined. Sequence variants were 
determined by pyrosequencing.
There were observed differences in allele and genotype frequencies. 
In patients with thyroid cancer allele G was present with frequency 
0,581and allele A with frequency 0,418 compared with 0,521 and 0,478 
in population group respectively. The differences were more significant 
when considerate men and women separately. Allele G in males with 
DTC was observed with frequency 0,651 comparing with males popu-
lation control 0,533; allele A with frequency 0,349 in patient males and 
0,467 in males population.
Regarding lower frequency of the disease in males, detected differences 
may indicate on association of allele G with thyroid cancer risk.

P-CancG-045
Detection of presumably low penetrance germ line mutations 
associated with colorectal cancer  – results of a prospective 
comparative study of germ line mutation analysis by next 
generation sequencing and classical molecular pathology 
testing
Kraus C.1, Rau T.2, Lux P.3, Erlenbach-Wünsch K.2, Stöhr R.2, Agaimy A.2, 
Croner R.3, Stürzel M.3, Hohenberger W.3, Hartmann A.2, Reis A.1 
1Institute of Human Genetics, Friedrich-Alexander-Universität 
Erlangen-Nürnberg, Erlangen, Germany; 2Institute of Pathology, 
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Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany; 
3Department of Surgery, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany 

Colorectal adenocarcinoma (CRC) is one of the most commonly diag-
nosed malignancies worldwide and ranks fourth and third for cancer-
related deaths among males and females, respectively. Current studies 
estimate that up to 25% of CRCs involve inherited susceptibility. How-
ever, germ line mutation testing is typically offered only to a subset of 
patients fulfilling defined diagnostic criteria. The aim of our study was 
to determine whether unbiased screening of colorectal cancer cases 
increased the overall detection rate of germ line mutations.
We tested 18 CRC associated genes for germ line mutations in 152 
consecutive cases from the university hospital Erlangen-Nuremberg, 
who underwent CRC surgery using a customized NGS gene panel 
(AmpliSeq) on the Ion Torrent PGM (LifeTech). In parallel, all patients 
were evaluated for Bethesda criteria with a standardized clinical pro-
cedure and all tumors were investigated for microsatellite instability 
(MSI), immunohistochemistry (IHC) for the classical MMR genes and 
for the BRAF*V600E somatic mutation. We identified 11 cases with 
bona fide germ line mutations, 10 in known MMR genes and one in 
APC, all predicted to be causative by several in silico prediction pro-
grams suggesting a diagnosis of HNPCC or FAP. Of the 10 cases with 
mutations in MMR genes only one with a MLH1 mutation showed MSI 
and loss of MLH1 according to IHC in the tumor.
To further characterize tumor status we sequenced the same gene panel 
in tumor DNA from the 11 patients with predictive causative mutations, 
from 12 patients with unclassified variants and from 5 BRAF*V600E 
positive tumors. All BRAF*V600E positive tumors and the tumor 
from the MSI positive case showed a hypermutated phenotype indica-
tive of defective MMR. All other tumors investigated showed a non-
hypermutated phenotype despite the predisposing germ line mutation 
indicative of a sporadic cancer. In 2 cases, one with the germ line APC 
missense mutation and one with an unclassified variant, we found a 
somatic nonsense second hit mutation in the tumor suggestive of an 
attenuated FAP. Interestingly, these cases did not show polyposis, com-
patible with the extreme spectrum of attenuated FAP with older age of 
onset and fewer to no polyps.
In conclusion somatic mutation pattern was in agreement with tumor 
IHC and MSI testing. Only one of the 10 MMR mutation cases was 
confirmed as a HNPCC case based on germline and tumor analyses, 
while in the other 9 cases the tumor was suggestive of a sporadic ori-
gin, indicating non-penetrance of the germline mutation. Overall, in 3 
cases (2%) a fully penetrant germ line mutation was identified by unbi-
ased sequencing of which only one would have been identified using 
established diagnostic protocols. Thus by the use of NGS screening in 
CRC cases we were able to identify low penetrant germline variants in 
MMR and APC genes in cases who did not fulfill current diagnostic 
criteria. In mutation positive cases, confirmatory analysis in the tumor 
is warranted.

P-CancG-046
Retrospective analysis of genomic and transcriptional changes 
in a case of Ewing sarcoma tumor progression determined 
by whole transcriptome and exome semiconductor-based 
sequencing
Meredith G.1, Sun Y.1, Hernandez N.1, Taylor M.1, Sanderson B.1, Giorda 
K.1, Woodburn T.2, Dhingra D.1, Bee G.1, Bishop J.1, Ghosh S.1, Kapranov 
P.3, Buckley J.4, Bramlett K.1, Stephan O.5, Reynolds C.2, Triche T.6 
1Life Technologies, Carlsbad, USA; 2Cancer Center Texas Tech University, 
Lubbock, USA; 3St. Laurent Institute, Providence, USA; 4Keck School 
of Medicine of USC, Los Angeles, USA; 5Life Technologies, Darmstadt, 
Germany; 6The Saban Research Institute Children’s Hospital, Los Angeles, 
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Ewing sarcoma is a cancer that often presents in the second decade of 
life and is usually associated with a chromosomal translocation t(11;22)
(q24;q12) that results in a EWS/FLI1 gene fusion. Long term survival 
rates for subjects with metastases can be less than 10%. Four indepen-
dent cell-lines have been established from a subject who succumbed to 
metastatic disease following relapse after myeloablative chemotherapy. 
Whole-transcriptome and exome sequencing of normal primary bone 
marrow-derived stromal fibroblasts (cell-line COG-FB-425), Epstein-
Barr Virus (EBV) transformed normal lymphoblasts (cell-line COG-
V-455), a pre-therapy primary tumor-derived cell-line (CHLA-9), and 
a post-chemotherapy metastatic tumor-derived cell-line (CHLA-10), 
was conducted on an Ion Torrent Proton™ system to profile the differ-
ences in gene expression and differences in exonic DNA sequence to 
characterize the molecular changes associated with primary tumori-
genesis and disease persistence after treatment. All cell lines matched 
by short-tandem repeat analysis. The presence of the EWS/FLI1 fusion 
gene in the tumor cells was confirmed and the breakpoint determined 
from both observation of chimeric reads in the RNA-seq data and 
exome sequence analysis. Exome datasets, collected to >140X average 
depth of coverage, indicate apparent loss of heterozygosity genome-
wide in CHLA10 consistent with cytogenetic analysis that shows tetra-
ploidy in this cell-line. Results from RNA-seq also indicate numerous 
instances, genome-wide, of differing transcript isoform expression and 
exon usage between normal, primary tumor, and metastatic tumor cells 
suggesting an increasing genomic mutational burden in the evolution 
of the disease, and pointing in particular toward aberrant regulation 
of RNA-splicing components. One co-expressed, first exon-sharing 
pair of sense/antisense transcripts corresponding to the gene FEZF1 
and transcript FEZF1-AS1 that is unique to the tumor lineage is the 
subject of further investigation. Taken together, the combination of 
RNA-seq and exome-sequencing on normal cells and primary vs. post-
chemotherapy tumor is providing a broad and deep view of molecular 
signatures in tumor progression and indicating that a significant role is 
played by changes in non-coding RNA expression.

P-CancG-047
Acute Lymphoblastic Leukemia (ALL) with Low-Hypodiploid/
Near-Triploid Karyotype is a Specific Clinical Entity 
Characterized by a High TP53 Mutation Frequency
Mühlbacher V., Zenger M., Schnittger S., Weissmann S., Pötzinger P., 
Kohlmann A., Bellos F., Kern W., Haferlach T., Haferlach C. 
MLL Munich Leukemia Laboratory, Munich, Germany 

Background: B lymphoblastic leukemia/lymphoma by the WHO clas-
sification 2008 (ALL) is subdivided into 5 subgroups defined by spe-
cific translocations (t(9;22); t(v;11q23); t(12;21); t(5;14); t(1;19)) and by 
the number of chromosomes, respectively. The hyperdiploid subset is 
well defined containing blasts with 51 to 65 chromosomes. In contrast, 
the hypodiploid subgroup is heterogeneous and comprises ALL with 
<46 chromosomes.
Aim: To characterize ALL with low hypodiploidy with respect to cyto-
genetic abnormalities, molecular mutations and clinical outcome.
Patients and Methods: Out of 878 ALL patients we selected 29 cases 
harboring a hypodiploid clone with 1) a chromosome number of ≤40 
or 2) a near triploid clone with 56-78 chromosomes that had arisen 
from a low hypodiploid clone by duplication of the chromosome set. 
Data on karyotype, array CGH and mutation status of NRAS, KRAS, 
TP53, NOTCH1, FBXW7 and intragenic deletions of IKZF1 was avail-
able in all pts.
Results: All cases were negative for t(12;21)/ETV6-RUNX1, t(9;22)/
BCR-ABL1 and translocations involving the MLL gene. The pattern of 
chromosomal losses was non-random: One chromosome (chr.) 3 and 
7 was lost in all 29 cases. Also frequently deleted were chr 17 (n=28), 15 
(n=27), 16 (n=26), 13 (n=25), 9 (n=20), 4 (n=19), 12 and 20 (n=18, each). 
Less frequently lost were chr 2 (n=14), 8 (n=12), 14 (n=10), 5 (n=8), 
18 (n=7) and 11 (n=6). Rarely lost were chr 6, 22 (n=5, each), 1, 10, 19 
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(n=4, each), the sex chr X (n=4) and Y (n=3). Chr 21 was retained in 
all cases. In 14 pts with doubling of the low-hypodiploid karyotype we 
observed the same typical pattern of gains and losses with two copies 
of lost chr and four copies of retained chr. The only recurrent struc-
tural abnormality was a submicroscopic 9p deletion encompassing the 
CDKN2A/B locus (heterozygous n=3, homozygous n=4) detected by 
aCGH. As 16 additional pts showed a monosomy 9, only in 6/29 pts 
two CDKN2A/B copies were present. Mutational analyses revealed no 
mutations in IKZF1, FBXW7, NOTCH1 and KRAS and only one muta-
tion in NRAS. However, we discovered a remarkably high frequency 
of TP53 mutations in 93.1% (27/29) of pts. In 26/27 pts with TP53mut 
and in both pts with TP53wt chromosome 17 was monosomic. Further, 
both pts with TP53wt and monosomy 17 showed a remarkably low chr 
number of 25 and 28 chr compared to TP53mut pts who showed at least 
32 chr. The median overall survival was 18.5 months.
Conclusions: ALL with low hypodiploidy is characterized by a typical 
pattern of chromosome losses, a very high TP53 mutation frequency 
and poor outcome. A duplication of the low-hypodiploid karyotype 
occurs frequently and results in a near triploid karyotype based on the 
definition by merely counting chromosomes but in fact is a very low 
tetraploid chromosome set. Our data suggests the introduction of a 
novel WHO entity within the B lymphoblastic leukaemia/lymphoma 
group showing low-hypodiploid/very low-tetraploid karyotype and 
concomitant TP53 mutation.

P-CancG-048
Prostate cancer risk regions in 8q24 and 17q24 are differentially 
associated with somatic TMPRSS2:ERG fusion status
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T.16, Leinonen K. A.16, Tammela T. L. J.17, Cooper C. S.7,18, Kote-Jarai Z.7, 
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Deep sequencing of prostate cancer (PrCa) genomes has recently 
pointed at an early role of ETS gene fusions in tumorigenesis, and 
revealed a characteristic landscape of structural rearrangements 
accompanying the oncogene translocation. Since PrCa in general has 
been proven partially heritable, we considered fusion positive PrCa as a 
distinct tumor entity that may be traced back to specific sets of germline 
risk factors. In a collaborative setting involving 1,221 cases with somatic 
status of the oncogene TMPRSS2:ERG we have investigated 27 common 
PrCa risk variants, known from previous GWAS studies, for their par-
ticular contributions to fusion positive or negative subclasses. Mantel-
Haenszel meta-analysis was used to compare frequencies of risk alleles 
between the two subtypes. In a first set of 552 cases the PrCa risk loci 
10q11 (rs10993994: OR = 1.35; p = 0.015), 19q13 (rs2735839: OR = 1.73; p = 
0.0035), 17q24 (rs1859962: OR = 1.29; p = 0.038) and 8q24 (rs16901979: 
OR = 0.53; p = 0.021) appeared associated with TMPRSS2:ERG status 
at nominal significance. A replication round comprising a further 669 
cases verified a selective involvement of 17q24 in fusion positive PrCa 
(stage 1 and 2 combined: p = 0.0016), and of 8q24 in fusion negative 
PrCa (stage 1 and 2 combined: p = 0.0007). Both loci, 17q24 and 8q24, 
are gene deserts, where the causal process for PrCa susceptibility is not 
fully understood to date. Noteworthy, one additional locus (rs1447295) 
in 8q24, which represents a risk region independent from rs16901979, 
also showed association with fusion status in our study (stage 1 and 2 
combined: OR = 0.70; p = 0.0025). The concurrence of both 8q24 vari-
ants being associated with fusion negative PrCa is not due to linkage 
disequilibrium, and indicates a common pathogenic mechanism that is 
unrelated to ETS activity. In contrast, ETS pathway involvement at the 
17q24 locus is plausible, since long range interactions have previously 
been described between risk genotypes and the nearby SOX9 gene, 
encoding a transcription factor which was observed to be co-expressed 
with ERG in the androgen driven profile of fusion positive tumors. In 
brief, our study further supports the distinctness of ETS positive vs. 
negative PrCa, and demonstrates in principle, that molecular subtypes 
could represent different entities also on the germline level. Larger sets 
of PrCa cases with somatic typing will be required in order to identify 
patterns of corresponding predisposing factors.

P-CancG-049
Functional consequences of epigenetically regulated tumor 
suppressor miRNA-449 family in hepatocellular carcinoma
Sandbothe M., Buurman R., Bütepage M., Schlegelberger B. 
Institute of Cell and Molecular Pathology Hannover Medical School, 
30625 Hannover, Germany 

Introduction:
Chromatin remodeling is a common hallmark in human tumor cells 
and this process strongly alters the transcription of many genes and 
microRNAs (miRNAs). We could show that histone deacetylases 
(HDAC1-3) are consistently upregulated in primary hepatocellular car-
cinoma (HCC). Selected miRNAs have been shown to play important 
roles in carcinogenesis. Until now, it is largely unknown which miRNA 
genes are altered due to histone deacetylation in HCC.
Aims:
We hypothesized that the altered expression of miRNAs due to chro-
matin remodeling may play a fundamental role in hepatocarcinogen-
esis.
Methods:
Therefore, we induced histone acetylation by HDAC inhibitors tricho-
statin A (TSA) and by siRNA silencing of HDAC1-3, respectively, to 
identify deregulated miRNAs and their target genes in four HCC cell 
lines (HepG2, HLE, HLF, and Huh7) and two immortalized liver cell 
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lines (THLE-2 and THLE-3). Differentially expressed mRNAs and 
miRs were identified by expression profiling.
Results:
Upon histone acetylation, the tumor suppressor miRNA-449a was 
reactivated and its target gene c-MET downregulated, which induced 
strong effects on proliferation and survival in HCC. MiR-449a together 
with miR-449b and miR-449c belong to the relatively unknown miR-
449 family which is coded in the second intron of the CDC20B gene. 
So far, only a few direct targets of miR-449a have been validated. MiR-
449b and miR-449c have not yet been analyzed in depth. The miR-449 
family shares seed sequences and target genes with the p53-inducible 
miR-34 family. Using qPCR we also found that miR-449b and miR-
449c are significantly upregulated after HDAC inhibition, in contrast 
to the p53-inducible miR-34 family. Interestingly, our first results indi-
cate that miR-449b and miR-449c reduce proliferation and strongly 
promote apoptosis in HCC cell lines after HDAC inhibition.
Recently, we could show that transfection of miR-449a, b and c into 
the cell lines HLE led to a significantly reduced expression of BCL9L 
in RNA. BCL9L increases the expression of a subset of canonical Wnt 
target genes but also regulates genes that are required for
initiation of colon cancer.
Conclusions:
In particular we expect that histone deacetylation and many putative 
target genes of epigenetically deregulated tumor suppressor miR-449 
family can be targeted by new therapeutic agents.

P-CancG-050
Community Driven Development of the Ion AmpliSeq™ AML 
Genes Research Panel
Sartori A.1, Ainali C.1, Stephan O.1, Ferlinz A.1, Viernes H.2 
1Life Technologies, Darmstadt, Germany; 2Life Technologies, Carlsbad, 
USA 

Acute myeloid leukemia (AML) is characterized by somatic alterations 
in a set 30-40 genes. Identification of these aberrations in a cost effective 
manner has become an important aspect of hematological research. We 
describe the development, together with four leading European centers 
in leukemia research, of the Ion AmpliSeq™ AML genes research panel 
. In a first step, the collaborating centers agreed on the list of relevant 
targets to go into amplicon design, then the targets were shared with a 
larger number of centers in various geographies for review in order to 
yield broad acceptance of the AML research panel in the community. 
After design we conducted internal performance, specificity and sensi-
tivity testing. Finally, the panel will undergo verification testing across 
the four initial centers to demonstrate robustness and reproducibility.

P-CancG-051
Recurrent mutation of the JAK3 gene in T-cell prolymphocytic 
leukemia
Schneppenheim S.1, Bergmann A. K.1,2, Seifert M.3, Betts M.J.4, Haake 
A.1, Lopez C.1, Murga Penas E. M.1, Vater I.1, Jayne S.5, Dyer M.5, 
Schrappe M.2, Dührsen U.6, Ammerpohl O.1, Russell R. B.4, Küppers R.3, 
Dürig J.6, Siebert R.1 
1Institute for Human Genetics; Christian-Albrechts-University Kiel & 
University Hospital Schleswig Holstein; Campus Kiel, Kiel, Germany; 
2Department of Pediatrics; Christian-Albrechts-University Kiel & 
University Hospital Schleswig Holstein; Campus Kiel, Kiel, Germany; 
3Institute of Cell Biology; Medical School Essen; University of Duisburg-
Essen, Essen, Germany; 4Cell Networks Excellenz Cluster; University of 
Heidelberg, Heidelberg, Germany; 5The MRC Toxicology Unit; University 
of Leicester, Leicester, UK; 6Department of Hematology; University 
Hospital Essen; University of Duisburg-Essen, Essen, Germany 

T-lymphocytic leukemia (T-PLL) represents a highly aggressive malig-
nancy in the group of T-cell lymphomas with a median survival time 
of less than one year. The hallmark chromosomal aberration of T-PLL 
is the inv(14)(q11;p32)/t(14;14)(q11;q32) or its variant t(X;14)(q28;q11). 
These aberrations, which lead to activation of the TCL1 or MTCP1 
oncogene, respectively, are supposed to be primary genetic events in 
T-PLL. Nevertheless, they cannot drive leukemogenesis alone and 
additional aberrations are required for full transformation into T-PLL.
Janus Kinase 3 (JAK3) plays an important role in T-cell maturation. 
Moreover, activating JAK3 mutations have recently been reported in 
various T-cell malignancies including early T-cell precursor acute lym-
phoblastic leukemia (ETP ALL), T-cell acute lymphoblastic leukemia 
(T-ALL), adult T-cell leukemia/lymphoma (ATLL) and natural killer/t-
cell lymphoma (NKTCL).  Therefore we analyzed the JAK3 gene in 
T-PLL cells from a cohort of 32 T-PLL.
In all cases, we confirmed the presence of the hallmark changes inv(14)
(q11;p32), t(14;14)(q11;q32) or t(X;14)(q28;q11) by interphase FISH using 
probes for the TCRAD, TCL1 and MTCP genes. By this approach 
we determined that the tumor cell content in all cases exceeded 31% 
(median: 67%, range 31-99%). Then, we applied a sequential Sanger 
sequencing strategy for analysis of JAK3, targeting the regions of the 
gene recurrently affected in T-cell neoplasms. By this approach we dis-
covered 14 potentially activating mutations in JAK3 in 11 of 32 patients 
(34%). The most frequently detected mutation in JAK3 was M511I in 
exon 11 which was present in 8 of the samples with a JAK3 mutation and 
has previously been described as an activating change in other T-cell 
malignancies. Furthermore we detected a R657Q mutation in exon 15 
in two patients coexisting with M511I. In another case the mutations 
V674F and V678L in exon 15 could be shown to be located on the same 
allele in cis.
Protein modelling and comparison to mutation analysis in other JAK 
family members suggest the mutations likely to activate JAK3, e.g. by 
disrupting the activation loop and the interface between N and C lobes, 
increasing the accessibility of the catalytic loop.
In addition to molecular changes of JAK3 we detected alterations 
affecting chromosome band 19p13 containing the JAK3 locus in 4 of 
21 patients lacking a JAK3 point mutation indicating that alterations of 
JAK3 other than point mutation might also contribute to T-PLL patho-
genesis.
In conclusion we show recurrent activating mutations of JAK3 in 
T-PLL. The inhibition of JAK3 in patients carrying an activating aber-
ration in JAK3 could, thus, provide new therapeutic opportunities to 
treat this severe malignancy with a currently very poor prognosis.

P-CancG-052
Genome-wide methylation analysis in skin fibroblasts of 
patients with secondary malignant neoplasms after childhood 
cancer
Sierakowski A.1, Weis E.1, El Hajj N.2, Schneider E.2, Haaf T.2, Zechner U.1, 
Galetzka D.1 
1Institute of Human Genetics, University Medical Center of the Johannes 
Gutenberg University Mainz, Germany; 2Institute of Human Genetics, 
University of Würzburg, Germany 

Despite its rarity, childhood cancer is the leading cause of disease-
related death in children aged under 15 years. Due to significant 
advances in treatment over the past 30 years, a cure or long-term 
remission for a substantial proportion of children (75%) can be nowa-
days achieved. Nevertheless, a careful long-term follow-up program 
is essential, as besides endocrine, metabolic and skeletal sequela the 
development of an unrelated second malignant neoplasm (SMN) is 
common and occurs in about one of five patients. It is well known 
that radiation and/or chemotherapy constitute risk factors for second 
malignancies, but as interindividual variability exists, it is reasonable 
to assume that inherited or acquired genetic and epigenetic changes 
are also involved.
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To test the hypothesis, that the methylome signature of somatic cells 
in SMN patients reflects their secondary cancer risk, we analyzed the 
genome-wide DNA methylation in untreated primary fibroblasts of 
ten SMN cases compared to ten matched single neoplasm controls, 
using Infinium HumanMethylation27 BeadChip. Descriptive analysis 
revealed 84 CpG sites out of a total of 27.578 CpG sites showing meth-
ylation differences of 10% or higher in the SMN group in comparison 
to the control group. The conspicious CpG sites and corresponding 
genes were prioritized using the degree of methylation differences and 
literature data on known association with tumor formation and/or can-
cer susceptibility. Genes that were chosen for further analysis amongst 
others are CDKN2B, KCNA3, PHACTR3, BCL2, FXYD2 and RIP1. 
Methylation in these genes is currently validated by bisulfite pyrose-
quencing in a larger cohort consisting of 22 cases versus matched 22 
controls.
To our knowledge, this is the first study whose aim is to establish a 
methylation signature specific for second neoplasms after a childhood 
cancer. By this approach we intend to gain knowledge on susceptibility 
factors that will enable further research on the underlying mechanisms 
and the development of preventive strategies. On the other hand, the 
development of a methylation-based SMN risk profile will permit the 
diagnostic identification of persons at particular high risk to offer them 
special monitoring programs.

P-CancG-053
Exome sequencing identifies potential new candidate genes for 
colorectal adenomatous polyposis
Spier I.1, Drichel D.2, Kerick M.3, Altmüller J.4, Laner A.5,6, Holzapfel S.1, 
Horpaopan S.1, Vogt S.1,7, Becker T.2,8, Nürnberg P.4, Perner S.9, Holinski-
Feder E.5,6, Nöthen M. M.1,10, Steinke V.1, Hoffmann P.1,10,11, Timmermann 
B.12, Schweiger M.3, Aretz S.1 
1Institute of Human Genetics, University of Bonn, Germany; 2German 
Center for Neurodegenerative Diseases; DZNE, Bonn, Germany; 
3Department of Vertebrate Genomics; Max Planck Institute for Molecular 
Genetics, Berlin, Germany; 4Cologne Center for Genomics; CCG, University 
of Cologne, Germany; 5Medizinische Klinik und Poliklinik IV; Campus 
Innenstadt, Klinikum der Universität München, Germany; 6Medizinisch 
Genetisches Zentrum, München, Germany; 7MVZ Dr. Eberhard & Partner, 
Dortmund, Germany; 8Institute of Medical Biometry; Informatics; and 
Epidemiology, University of Bonn, Germany; 9Department of Prostate 
Cancer Research; Institute of Pathology, University Hospital Bonn, 
Germany; 10Department of Genomics; Life & Brain Center, University 
of Bonn, Germany; 11Division of Medical Genetics; University Hospital 
Basel and Department of Biomedicine, University of Basel, Switzerland; 
12Next Generation Sequencing Group; Max Planck Institute for Molecular 
Genetics, Berlin, Germany 

Background: In up to 50% of families with colorectal adenomatous 
polyposis no germline mutation in the currently known genes APC 
(causing familial adenomatous polyposis (FAP)) or MUTYH (causing 
MUTYH-associated polyposis (MAP)) can be identified.
Methods: To uncover new causative genes, the exomes of 11 unre-
lated APC and MUTYH mutation negative polyposis patients were 
sequenced (Illumina HiSeq platform). For data analysis and variant 
filtering the GATK software 2.1-8, ANNOVAR, and in-house tools 
were applied. The variants were filtered for truncating variants and fre-
quent alterations were excluded. Afterwards a targeted next-generation 
sequencing approach (Truseq Custom Enrichment Kit, Illumina) of the 
candidate genes was performed using a validation sample of 192 unre-
lated patients (145 mutation negative polyposis patients and 47 familial 
colorectal carcinoma cases with microsatellite stable tumors meeting 
the Amsterdam I or II criteria).
Results: In one patient, an APC nonsense mutation in mosaic state 
(10% of reads, coverage 249) was recognized. In the remaining 10 
cases, 66 genes were affected by biallelic truncating variants (recessive 
model) in at least 1 patient and 63 genes were affected by truncating 

heterozygous variants (dominant model) in at least 2 patients. After 
detailed visual inspection of the variants in a read browser (Integrative 
Genomics Viewer) to exclude obvious sequencing artifacts, and data 
mining according to functions and pathways, 6 genes of high inter-
est remained (2 for the recessive, 4 for the dominant approach), some 
of which are involved in cell adhesion, proliferation, or recombination 
repair. By Sanger sequencing 1 of the recessive genes (ZSWIM7) and 
3 of the dominant genes could be confirmed (DSC2, HEATR5A and 
PDE4DIP). The mutation in PIEZO1 presented in heterozygous rather 
than homozygous state (recessive model; low coverage). In the vali-
dation cohort, no additional truncating mutation was found in either 
of the five genes. Missense variants were filtered for a MAF < 0.001 
and a deleterious effect predicted by at least 2 in silico analysis tools. 
Altogether, 8 different non-recurrent heterozygous rare missense vari-
ants were identified in single patients. In PIEZO1, 4 variants could be 
detected, 2 variants were identified in DSC2 and HEATR5A, respec-
tively. Further workup including segregation analysis in the familial 
cases is ongoing.
Conclusions: In a pilot exome sequencing study we identified new 
potentially causative genes for yet unexplained adenomatous polypo-
sis. By targeted sequencing of the affected genes in a validation sample 
of 192 unrelated polyposis / familial colorectal carcinoma patients 
several heterozygous missense mutations with a predicted deleteri-
ous effect could be detected in 3 of the 5 genes (PIEZO1, DSC2 and 
HEATR5A). PIEZO1 and DSC2 are interesting candidates due to their 
involvement in cell adhesion. (Supported by German Cancer Aid and 
BONFOR programme of the University of Bonn)

P-CancG-054
The Association of Mutations in RUNX1 and CSF3R with the 
Development of Leukemia in Severe Congenital Neutropenia: A 
new pathway in leukemogenesis
Steinemann D.1, Skokowa J.2, Katsman-Kuipers J.3, Zeidler C.2, Klimenk-
ova O.2, Klimiankou M.2, Uenalan M.2, Kandabarau S.2, Makaryan V.4, 
Beekman R.3, Stocking C.5, Obenauer J.3, Schnittger S.6, Kohlmann A.6, 
Valkhof M.3, Hoogenboezem R.3, Göhring G.7, Reinhard D.8, Schlegel-
berger B.7, Stanulla M.8, Vandenberghe P.9, Donadieu J.10, Zwaan M.3, 
Touw I.P.3, Heuvel-Eibrink van den M.M.3, Dale D.C.4, Welte K.2 
1Institute of Cell and Molecular Pathology Hannover Medical School, 
Hannover, Germany; 2Department of Molecular Hematopoiesis; Hannover 
Medical School, Hannover, Germany; 3Pediatric Oncology/Hematology; 
Erasmus MC/Sophia Children’s Hospital, Rotterdam, Netherlands; 
4Department of Medicine; University of Washington, Seattle, WA, USA; 
5Heinrich-Pette Institute; Leibniz Institute for Experimental Virology, 
Hamburg, Germany; 6MLL Munich Leukemia Laboratory, Munich, 
Germany; 7Institute of Cell and Molecular Pathology; Hannover Medical 
School, Hannover, Germany; 8Department of Pediatric Hematology and 
Oncology; Hannover Medical School, Hannover, Germany; 9Center For 
Human Genetics; KU Leuven and University Hospital Leuven, Leuven, 
Belgium; 10Hôpital Trousseau, Paris, France 

Congenital neutropenia (CN) is a rare inherited disorder of hematopoi-
esis with a 20% risk of evolving into acute myeloid leukemia (AML) or 
myelodysplastic syndrome (MDS). Using next-generation sequencing 
in 31 CN patients who developed leukemia, we found that 20 of the 31 
patients (64.5%) had mutations in RUNX1 (runt-related transcription 
factor 1). Of these 20 patients, 19 had inherited mutations associated 
with CN. Intriguingly, the majority of patients with RUNX1 mutations 
(80.5%) also had acquired CSF3R (colony stimulating factor 3 receptor) 
mutations. Other leukemia-associated mutations (EP300, FLT3-ITD, 
CBL, and SUZ12) were less frequent. In eight patients, we detected two 
distinct heterozygous RUNX1 mutations. Ten patients with RUNX1 
mutations developed monosomy 7 and six patients developed trisomy 
21 at diagnosis of leukemia. In contrast to their high frequency in CN 
evolving into AML, RUNX1 mutations were found in only 9 of 307 
(2.9%) patients with de novo pediatric AML. RUNX1 mutations were 
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mainly found in pediatric AML patients with an adverse prognosis. A 
sequential analysis at stages prior to overt leukemia in ten CN/AML 
patients showed that RUNX1 mutation is a late event in leukemogenic 
transformation.
In 6 of the 10 patients with RUNX1 mutations, a CSF3R mutation 
occurred prior to RUNX1 mutations (24-192 months prior to CN/AML 
for CSF3R mutations vs. 1-36 months prior to CN/AML for RUNX1 
mutations). Interestingly, monosomy 7 or trisomy 21 appeared after 
acquisition of RUNX1 mutations and no additional chromosomal 
aberrations were detected by array-CGH. Single-cell analyses in two 
patients revealed that RUNX1 and CSF3R mutations were segregated in 
the same malignant clone. Moreover, functional studies demonstrated 
elevated G-CSF-induced proliferation with diminished myeloid dif-
ferentiation of hematopoietic CD34+ cells after co-transduction with 
mutated RUNX1 and CSF3R, in comparison to cells transduced with 
mutated RUNX1 or mutated CSF3R only. The importance of RUNX1 
mutations in leukemogenic transformation was substantially strength-
ened by the analysis of a unique family with two siblings suffering from 
CN that subsequently transformed to AML. In both children, cooper-
ating RUNX1 and CSF3R mutations were detected that were not pres-
ent in healthy family members. Taken together, the high frequency and 
the time course of cooperating RUNX1 and CSF3R mutations in CN 
patients who developed leukemia suggests a unique molecular pathway 
of leukemogenesis similar to that reported in the Gilliland-Griffin two-
hit hypothesis for AML development. The concomitant detection of 
RUNX1 and CSF3R mutations represents a useful biomarker for identi-
fying CN patients with a high risk of progressing to leukemia or MDS.

P-CancG-055
Unexpectedly high prevalence of Immunoglobulin Light Chain 
Gene aberrations as revealed by FISH in Multiple Myeloma and 
MGUS
Türkmen S.1,2, Binder A.2, Gerlach A.3, Niehage S.3, Dörken B.4, Burmei-
ster T.4,5 
1Labor Berlin Abteilung Tumorzytogenetik, Berlin, Germany; 2Institut 
für Medizinische Genetik und Humangenetik Charité CVK, Berlin, 
Germany; 3Labor Berlin, Abteilung Tumorzytogenetik, Berlin, Germany; 
4Medizinische Klinik für Hämatologie Onkologie und Tumorimmunologie 
Charité, Berlin, Germany; 5Labor Berlin Abteilung Molekulare 
Tumorgenetik, Berlin, Germany 

Multiple myeloma (MM) is a malignant B-cell neoplasm characterized 
by an uncontrolled proliferation of aberrant plasma cells in the bone 
marrow. Chromosome aberrations in multiple myeloma are complex 
and represent a hallmark of the disease, involving many chromo-
somes that are altered both numerically and structurally. Nearly half 
of the patients are non-hyperdiploid and show IGH translocations 
with the following partner genes: CCND1, FGFR3 and MMSET, MAF, 
MAFB and CCND3. The remaining 50% of the patients are grouped 
into a hyperdiploid group that is characterized by multiple trisomies 
involving chromosomes 3, 5, 7, 9, 11, 15, 19 and 21. In this study we ana-
lyzed the immunoglobulin light chain kappa (IGK, 2p12) and lambda 
(IGL, 22q11) loci in 150 patients, mostly with multiple myeloma and 
in a few cases monoclonal gammopathy of undetermined significance 
(MGUS), without IGH translocations. We identified aberrations in 
26.6% (= 40 patients) including rearrangements (12%), gains (12%) and 
deletions (4.6%). In the 6 of 18 patients with IGK or/and IGL rearrange-
ments, we detected a MYC rearrangement which suggests that MYC is 
the translocation partner.

P-CancG-056
The mutational landscape of primary lymphomas of the central 
nervous system determined by whole exome sequencing
Vater I.1, Montesinos Rongen M.2, Schlesner M.3, Alexandrov L.B.4, Gut-
wein J.1, Haake A.1, Nagel I.1, Nazzal I.2, Purschke F.2, Richter J.1, Sprute 
R.2, Deckert M.2, Siebert R.1 
1Institute of Human Genetics; Christian-Albrechts-University, Kiel, 
Germany; 2Department of Neuropathology; University Hospital of 
Cologne, Cologne, Germany; 3Division of Theoretical Bioinformatics; 
Deutsches Krebsforschungszentrum Heidelberg, Heidelberg, Germany; 
4Cancer Genome Project; Wellcome Trust Sanger Institute; Wellcome Trust 
Genome Campus, Hinxton; Cambridgeshire CB10 1SA, UK 

Primary lymphomas of the central nervous system (PCNSL) are aggres-
sive B cell lymphomas confined to the central nervous system associ-
ated with a poor prognosis. They are classified as diffuse large B cell 
lymphoma (DLBCL) but there is evidence that they have unique fea-
tures with respect to their molecular features and pathogenesis as com-
pared to systemic DLBCL. To allow deeper insight into this malignant 
disease, we performed whole exome sequencing in 9 PCNSL. Exclud-
ing single nucleotide polymorphisms (SNP) this analysis detected 
a median of 728 aberrations per lymphoma (range: 521-958). A total 
of 1809 of these mutations (median: 203, range: 139-253) were poten-
tially protein-changing. The spectrum of somatic point mutations was 
conserved, with G>A/C>T transitions being the most frequent events. 
With regard to mutational processes, we identified three distinct muta-
tional signatures contributing to a significant number of somatic muta-
tions in the PCNSL analyzed. Comparison of previously generated 
PCNSL and systemic DLBCL gene expression profiles revealed 22 of 
the mutated genes identified to exhibit a differential mRNA expression. 
Considering SNP array data of PCNSL, a total of 34 genes mutated in 
at least two PCNSL are involved in recurrent genomic imbalances and 
partial uniparental disomies. Thus, novel gene candidates potentially 
contributing to lymphomagenesis were identified. Otherwise, the genes 
recurrently targeted by mutations widely resembled those recurrently 
mutated in extracerebral DLBCL. This study provides novel insights 
into PCNSL mutational processes, which might be of relevance in the 
pathogenesis of this lymphoma entity.

P-CancG-057
Mutational landscape of ALK-positive diffuse large B-cell 
lymphoma
Wagener R.1, Richter J.1, Burkhardt B.2, Schlesner M.3, Damm-Welk C.4, 
Woessmann W.4, Vater I.1, Siebert R.1 
1Institute of Human Genetics Christian-Albrechts-University, Kiel, 
Germany; 2Department of Pediatric Hematology and Oncology, 
University Children’s Hospital, Münster, Germany; 3Division of Theoretical 
Bioinformatics, Deutsches Krebsforschungszentrum Heidelberg, 
Heidelberg, Germany; 4Department of Pediatric Hematology and 
Oncology, Justus-Liebig University, Giessen, Germany 

Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous entity of 
mature aggressive B-cell malignancies. We have recently described a 
very rare subtype of DLBCL characterized by activation of the ALK 
gene through chromosomal translocation which particularly affects 
children and young adults (Gascoyne et al., Blood, 2003; Gesk et al., 
Leukemia, 2005). Here we characterized the mutational landscape of an 
ALK-positive DLBLC cell line with a complex near-tetraploid karyo-
type using a combination of SNP array analysis and exome sequencing.
Custom exome sequencing of the ALK-positive DLBCL cell line identi-
fied a total of 456 somatic mutations. Of those, 30% (135/456) were pro-
tein changing including 86% missense and 8% stopgain mutations. To 
identify those mutations which might be driver mutations we applied 
different filters. As the tetraploid karyotype carried the supposedly 
initiating ALK-translocation in duplicate, we can conclude that the 
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malignant transformation occurred before the polyploidization. By 
using the mutated allele frequency (MAF) we can, thus, distinguish late 
occurring mutations from early occurring mutations, as e.g. a MAF of 
~1 means that all alleles carry the mutations which points to an early 
mutation event. In contrast, a low MAF indicates a late event likely 
derived from culturing. Therefore, we eliminated those mutations with 
a MAF lower than 0.3. Further filter criteria were the occurrence of 
the mutation within a functional domain, a prediction indicating the 
mutation to affect protein function, a previously described association 
of the mutated protein with cancer and/or lymphoma, the detection of 
mutations in the same gene in other DLBCL and overlap with known 
copy number changes derived from SNP array analyses including the 
mutated gene. Applying these criteria we came up with 20 possible can-
didate genes which might play a role in development of ALK-positive 
DLBCL. Using Sanger sequencing we were able to validate all these 20 
candidate gene mutations as somatic events in the tumor cell line.
These results offer a starting point for the identification of the gene(s) 
relevant for the development and progression of ALK-positive DLBCL. 
To unravel the clinical significance of the identified candidate genes 
further studies on primary tumor tissues have to be performed.

P-CancG-058
RAD51C unclassified variant and a pathogenic MSH2 mutation 
in a male patient with breast and pancreatic cancer
Waschk D.E.J., Lichey N., Tüttelmann F., Bohring A., Wieacker P., 
Preisler-Adams S., Bogdanova N. 
Institute of Human Genetics, Münster, Germany 

The cumulative risk for breast cancer is 10% for females and less than 
1‰ for males in the general population. A monogenic cause is sus-
pected in about 5-10% of these cases. An increased risk for breast can-
cer has been reported for male carriers of mutations in the BRCA1 and 
BRCA2 genes. However, the contribution of mutations in other cancer 
related genes to male breast cancer remains unknown.
We report on a 57-year-old man who was diagnosed with pancreatic 
cancer at the age of 52 years and with breast cancer at the age of 53 years. 
Family history showed breast and multiple ovarian cancers in female 
relatives, as well as early-onset colon cancers and further malignancies 
suggestive of Lynch syndrome (HNPCC).
The pathogenic mutation c.1661+1G>A in the MSH2 gene was detected 
in our patient, thus confirming the diagnosis of Lynch syndrome. 
Furthermore, analysis of the BRCA1, BRCA2 and RAD51C genes was 
performed in our patient as well. BRCA1 and BRCA2 analysis yielded 
normal results. In the RAD51C gene the previously described possibly 
damaging missense mutation c.790G>A (p.Gly264Ser) was identified.
Patients with Lynch syndrome are predisposed to pancreatic cancer 
and the cumulative risk may be increased approximately 8 to 9 fold. 
The risk for ovarian cancer for carriers of a mutation in the MSH2 
gene is estimated at about 8%-11%. However, studies have not consis-
tently demonstrated a higher than expected incidence of breast cancer 
in Lynch syndrome. It has been shown that mutations in the RAD51C 
gene are associated with a markedly increased risk for ovarian/breast 
cancer. Therefore, a possible functional role of the mutation c.790G>A 
in the RAD51C gene in the pathogenesis of breast cancer in our patient 
needs to be taken into consideration.

P-CancG-058a
Beyond BRCA1 and BRCA2: results from screening 94 genes in a 
large cohort of patients with familial breast and ovarian cancer.
Rump, A.1, Hackmann, H.1, Beer, M.1, Beyer, A.1, DiDonato, N.1, Klink, B. 1, 
Schrock, E. 1, Kast, K.2, Wimberger, P. 2

1) Institut für Klinische Genetik, Medizinische Fakultät Carl Gustav Carus, 
Technische Universität Dresden, Dresden, Germany, 2) Abteilung für 

Gynäkologie und Geburtshilfe, Universitätsklinikum Carl Gustav Carus, 
Technische Universität Dresden, Germany

Background. Breast and ovarian cancer (BC/OC) predisposition, often 
seen in families with a high incidence of BC or young patients, has 
been associated with a number of high-, moderate-, and low-pene-
trance susceptibility genes. Prior to the introduction of next genera-
tion sequencing (NGS), only a small subset of these susceptibility genes 
(mostly BRCA1, BRCA2 and RAD51C) have been sequenced on a rou-
tine basis. With the advent of NGS-based panel sequencing, a routine 
screening of all genes currently associated with familial breast cancer 
became feasible. Here we report the results of panel-based screening of 
94 genes that have been associated with hereditary cancer predisposi-
tion.
Method. Selection criteria for patients to be included in this study 
were defined by the German Consortium for Breast and Ovarian Can-
cer. They include, for instance, the number of cases within the fam-
ily, the age of onset and the occurrence of ovarian cancer. High risk 
patients with previously excluded mutations in BRCA1 and BRCA2 
were also included in the study. NGS was performed on an Illumina 
MiSeq sequencer, with 150 bp paired end sequencing chemistry. Target 
enrichment was performed with the Illumina TruSight cancer panel, 
which includes 94 genes associated with both common (e.g., breast, 
colorectal) and rare cancers (http://www.illumina.com/products/tru-
sight_cancer.ilmn).
Results. In 28 % of the patients, BRCA1 or BRCA2 variations have 
been found. These were either clearly pathogenic protein truncating 
mutations (12 %) or very rare, unclassified missense variations with 
high probability of effect (16 %). In 39 % of the patients we found rare, 
unclassified missense variants in low penetrance susceptibility genes, 
especially NBN (nibrin) and ATM. In one case with early onset of 
breast cancer and no familial history, a putative splice relevant muta-
tion in TP53 could be identified, which is currently being investigated 
on cDNA level. Despite the large set of 94 genes, 33 % of the patients 
did not reveal any convincing sequence variation. In order to comple-
ment the sequence variant detection by a comprehensive copy num-
ber analysis, a custom array has been designed that covers the same 94 
target genes that are represented on the sequencing panel. Since many 
of the susceptibility genes are tumor suppressors, it is likely that exon 
losses or amplifications will also contribute to the mutation spectrum 
of these genes.
Conclusion. The extension of mutation screening beyond BRCA1 and 
BRCA2 reveals disease-causing mutations in high-penetrance genes, 
like TP53, as well as mutations in low-penetrance susceptibility genes. 
However, the enormous number of unclassified sequence variants and 
the detection of mutations and of carriers for hereditary diseases other 
than breast cancer predisposition poses a huge challenge for genetic 
counselling.

P-Clinical Genetics

P-ClinG-059
Experience of CARID: large scale sequencing and sharing data 
to decipher the genetics of autosomal recessive intellectual 
disability
Abou Jamra R.1, Popp B.1, Uebe S.1, Buchert R.1, Tawamie H.1, Al-Kha-
teeb M. A.2, Haj Ahmad A.3, Zyada A.4, Hamdan S.5, Ismael A.6, Muham-
mad S.7, Strom T. M.8, Reuter M.1, Basel-Vanagaite L.9, Gleeson J.10, 
Madrigal I.11, Vincent J.12, Antonarakis S.13, Rauch A.14, van Bokhoven 
H.15, Colleaux L.16, Sticht H.17, Ekici A. B.1, Reis A.1 
1Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 2Praxis for Pediatrics, Sanameen, Syria; 
3Praxis for Pediatrics, Manbej, Syria; 4Praxis for Pediatrics, Daria, Syria; 

Abstracts

127Medizinische Genetik 1 · 2014 | 



5Praxis for Pediatrics, Alkurraya, Syria; 6Praxis for Pediatrics, Jesser 
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High-throughput DNA sequencing recently led to progress in under-
standing the genetics of autosomal recessive intellectual disabil-
ity (ARID). It also has become evident that intellectual disability is 
extremely heterogeneous and that the majority of the underlying genes 
are still unknown. In Erlangen, we performed exome sequencing in 68 
index patients, so far. We identified a pathogenic mutation in a known 
ARID gene in 11 families. We identified a convincing homozygous can-
didate mutation in novel genes in 33 families and in 5 of those partly 
proved the pathogenicity on functional level. Hence, we probably clari-
fied ARID etiology in 44 families (65% of the samples). Nevertheless, 
proving the relevance of a particular gene for ARID is often lacking; 
therefore additional mutations in independent families are necessary.
For this purpose, we initiated the Consortium of Autosomal Reces-
sive Intellectual Disability (CARID) to join forces and as a platform for 
exchanging information on candidate ARID genes. CARID includes 10 
international groups interested in the genetics of ARID. So far, 174 fami-
lies and 290 candidate mutations are registered in the CARID database. 
On average, each family has 1.67 homozygous candidate mutations. 7 
genes have mutations in two different families. Based on this, Lincoln-
Petersen analysis (mark and capture) predicts that the total number 
of ARID genes may be as high as 3,553 genes which is in agreement 
with recent literature. Identifying at least two mutations in each gene 
would be similar to the coupon collectors’ problem. We simulated the 
number of needed families under the simplified assumption that the 
prevalence of mutations in different genes is equal and found out that 
about 39,429 cases are needed to identify 2 mutations in each of 3,500 
genes. We also simulated this under the rather realistic assumption of 
an exponential distribution of the prevalence of mutations in genes; the 
number of needed families is then much higher; about 2.37 millions. 
Taken large scale sequencing efforts as a precondition, it becomes obvi-
ous that deciphering the genetics of ARID can only be approached via 
intensive cooperation and sharing of data worldwide.

P-ClinG-060
Prenatal Diagnostics in a Case of Inherited Mitochondrial DNA 
Mutation (m.13513G>A)
Ahting U.1,2, Hartig M.1,2, Makowski C.1,3, Taylor R.4, Meitinger T.2 
1Zentrum für Mitochondriale Stoffwechseldiagnostik, München/Salzburg, 
Germany/Austria; 2Institut für Humangenetik Klinikum Rechts der Isar, 
Technische Universität München, Germany; 3Klinik für Kinder- und 
Jugendmedizin, Technische Universität München, Germany; 4Welcome 
Trust Centre for Mitochondrial Res, Newcastle, United Kingdom 

An index case of infantile mitochondriopathy with hypertrophic car-
diomyopathy, lactic acidosis and MRT changes was diagnosed with 
complex I defect in the muscle biopsy and subsequent mitochon-

drial DNA sequencing revealing the variant m.13513G>A. This variant 
results in a missense mutation in complex I subunit ND5: p.D393N and 
is known to be associated with mitochondriopathy. It was found with a 
heteroplasmy of 77% in muscle and 74% in blood.
In the healthy mother the sequence variant was found at a lower degree 
(30% in urine, 10% in saliva and 8% in blood) as compared to the index 
patient.
To test if the foetus of an ongoing pregnancy would be affected we 
decided to test chorion tissue material with respect to the m.13513G>A 
variant. In this tissue the variant was found with a heteroplasmy of 35% 
and thus in the range of the healthy mother. Pregnancy was continued 
and showed no abnormalities. In the newborn child testing of the vari-
ant revealed a heteroplasmy of 25% in blood. Up to now the child is 
apparently healthy.
The case report demonstrates that prenatal diagnosis is feasible in cases 
of mitochondrial DNA sequence variants. Prerequisite for this proce-
dure is the estimation of the threshold for the respective sequence vari-
ant which requires diagnostic experience in cases with the same variant 
and investigation of different tissues in the pedigree.

P-ClinG-061
Severe end of Baraitser-Winter cerebro-fronto-facial syndrome 
due to a specific ACTB mutation
Albrecht B.1, Rump A.2, Di Donato N.2 
1Institut für Humangenetik; Unversitätsklinikum; Universität Duisburg-
Essen, Essen, Germany; 2Institut für Klinische Genetik; Medizinische 
Fakultät Carl Gustav Carus TU Dresden, Dresden, Germany 

Our patient is the second daughter of a healthy, non-consanguineous 
German couple. Pregnancy was complicated by hygroma colli, pleural 
effusions and ascites. She was born 38th gestational week with normal 
birth measurements.  Hypertelorism, broad nasal root and tip, high 
arched eyebrows, long palpebral fissures with ectropion of lower lid, 
wide mouth, long flat philtrum, grooved chin, large posteriorly rotated 
ears, pterygium colli and low posterior hairline were described. In addi-
tion widely spaced nipples, pectus excavatum, prominent umbilicus, 
short 5th fingers and preaxial polydactyly of both feet were observed. 
Bilateral coloboma of iris, retina and chorioidea were diagnosed. MRI 
scan showed periventricular nodular heterotopias as a sign of a migra-
tional defect. The patient walked with 2 ½ years, spoke with 3 years and 
seizures started at the age of 3 years. At the age of 10 and 24 years she 
was small, obese and microcephalic, had severe intellectual disability 
and was very shy.
Conventional and molecular karyotyping was normal, mutation 
analysis of ACTB gene showed the same heterozygous missense 
mutation as described in the first patient by Di Donato et al in 2013 
(NM_001101.3:c.359C>T; p.Thr120Ile). Both patients resemble each 
other and show an identical malformation pattern and were both 
initially diagnosed with Fryns-Aftimos syndrome. The discovery of 
the mutations in the non-muscular actin genes as the cause of both 
Baraitser-Winter and Fryns-Aftimos syndrome led to the lumping of 
both conditions within the Baraitser-Winter cerebro-fronto-facial syn-
drome. Although no clear genotype-phenotype correlation could be 
made so far, the mutations affecting Thr at position 120 in actin beta 
seem to cause the most severe end of the clinical spectrum. In contrast, 
the same amino acid change in actin gamma presents with a signifi-
cantly milder phenotype and is not associated with any malformation 
additional to pachygyria.
Reference:  N. Di Donato et al., Eur. J. Hum. Genet. 2013, 1-5
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P-ClinG-062
Whole exome sequencing indentifies CCDC22 missense 
mutation as a cause of X-linked recessive Ritscher-Schinzel / 3C 
syndrome
Kolanczyk M.1, Krawitz P.1, Hecht J.1, Hupalowska A.2, Miaczynska M.2, 
Marschner K.1, Schlack C.1, Emerich D.1, Kobus K.3, Doelken S.1, Kornak 
U.1, Robinson PN.1, Horn D.1, Mundlos S.1 
1Institute for Medical Genetics and Human Genetics, Charité 
Universitätsmedizin Berlin, Germany; 2International Institute of Molecular 
and Cell Biology, Laboratory of Cell Biology; Warsaw, Poland; 3Max Planck 
Institute for Molecular Genetics, Berlin, Germany 

Background Ritscher-Schinzel (RSS) syndrome / 3C (cranio-cerebro-
cardiac) syndrome (OMIM#220210) is a rare and clinically heterog-
enous developmental disorder characterized by craniofacial abnor-
malities, congenital heart defects, and cerebellar brain malformations. 
Affected individuals have severe developmental delay. A recent study 
of Canadian cohort identified mutations in KIAA0196 gene, which 
encodes WASH complex subunit strumpellin, being a cause of a form of 
RSS/3C syndrome. We have searched for genetic causes of the RSS/3C 
like phenotype in the Austrian family with two affected children.
Methods To search for disease-causing mutation, whole exome 
sequencing (WES) was performed on samples from parents and two 
affected male children. Prior to WES, CGH array comparative genomic 
hybridization was applied. Validations of WES and segregation studies 
were done using routine Sanger sequencing.
Results Exome sequencing detected revealed a missense mutation 
(c.1670A>G;) in exon 15 of CCDC22 gene, which maps to chromo-
some Xp11.23. Western blots of immortalized lymphoblastoid cell lines 
(LCLs) showed decreased expression of CCDC22 and an increased 
expression of WASH1 but a normal expression of strumpellin and 
FAM21 in the patients cells.
Conclusion We identified a mutation in CCDC22 gene as the cause 
of the form of RSS/3C syndrome characterized in the described fam-
ily. A hypomorphic mutation in CCDC22 was previously reported in 
association with the case of syndromic X-linked intellectual disability, 
which had phenotypic overlap with RSS/3C syndrome. Thus, different 
inactivating mutations affecting CCDC22 associate with RSS/3C syn-
drome like phenotypes.

P-ClinG-063
NGS panel for diagnostics of myofibrillar myopathies
Bach J.E.1, Rost S.1, Semmler A.L.2,3, Claeys K.G.2,3, Kress W.1, Müller C.R.1 
1Department of Human Genetics, University of Würzburg, Germany; 
2Department of Neurology, RWTH Aachen University, Germany; 3Institute 
of Neuropathology, RWTH Aachen University, Germany 

Myofibrillar myopathies (MFMs) have in common a slowly progres-
sive weakness of distal and proximal muscles with usually late onset 
and typical morphological alterations starting at the Z-disk of muscle 
fibres. Known causative genes of MFMs are DES, CRYAB, MYOT, 
LDB3 (ZASP), FLNC and BAG3. Mutations in FHL1, DNAJB6 and 
TTN have also been reported as causative for MFM, but can also cause 
other subtypes of myopathies. Inheritance is mostly autosomal domi-
nant except for X-linked FHL1 mutations and rare autosomal recessive 
mutations in DES or CRYAB.
We developed a NGS panel with eight MFM genes and applied it for 
36 clinicopathologically diagnosed MFM patients. The coding exons of 
all thus far known causative genes of MFM except the large TTN gene 
were included in the panel. Target enrichment was performed with the 
Access Array System of Fluidigm followed by sequence analysis on 
Roche’s GS Junior. NGS data were analysed with GenSearch NGS (Phe-
noSystems) and variants confirmed by Sanger sequencing. Twenty-
four patients were analysed by this panel. In 12 additional patients, only 
FLNC was sequenced by this method since mutations in all the other 

genes had previously been excluded by Sanger sequencing. Exon 343 of 
TTN (NM_001267550) comprising a mutation hot spot for MFM was 
screened separately by Sanger analysis in all 36 patients.
Five of the patients were diagnosed with a causative heterozygous muta-
tion. The known DES mutation c.1049G>C, p.Arg350Pro (rs57965306) 
was found in two patients. In another patient the known ZASP muta-
tion c.494C>T, p.Ala165Val (rs121908334) was identified. A further 
patient was diagnosed with the CRYAB mutation c.116C>T, p.Pro39Leu 
which has not been described before, but was uniformly predicted as 
damaging by tools like SIFT, PolyPhen-2 and MutationTaster. The fifth 
patient was diagnosed with the BAG3 variant c.626C>A, p.Pro209Gln. 
It has not been described before, but prediction tools classify it as dis-
ease causing and a C>T (Pro>Leu) exchange at the same position is 
known as causative for MFM (rs121918312).
In three further patients, the variants could not reliably be classified as 
pathogenic or polymorphism and were categorised as unclassified vari-
ants (UVs). In two patients, different heterozygous variants were found 
in the TTN gene. The variant c.95297C>T, p.Ser31766Phe is known as 
rs191484894 with a minor allele frequency of 0.2 % and was found three 
times in the 1000 Genomes Project. The other variant, c.95351C>T, 
p.Ala31784Val, has not been described before. Both are predicted as 
causative. The FLNC variant c.6595G>A, p.Gly2199Arg is predicted 
inconsistently and not annotated in any database.
In total, five pathogenic mutations and three UVs were found with this 
panel for MFMs comprising eight genes and a hot spot TTN exon. The 
genes DNAJB6 and FHL1 provided no variants during this study of 36 
patients. The panel has proven to be a fast and practical method for the 
diagnostic screening of several MFM genes in parallel.

P-ClinG-064
Next-generation sequencing detects an ASXL3 stop mutation 
(Bainbridge-Ropers syndrome) in a patient with intellectual 
disability but untypical symptoms
Beck-Woedl S.1, Tzschach A.1, Junker S.1, Riess O.1, Bevot A.2, Kraegeloh-
Mann I.2, Bauer P.3, Grasshoff U.4 
1Institute of Medical Genetics and Applied Genomics, University of 
Tübingen, Germany; 2Paediatric Neurology and Developmental Medicine 
University Children’s Hospital Tübingen, Tübingen, Germany; 3Institute 
of Medical Genetics and Applied Genomics, University of Tübingen, 
Tübingen; 4Institute of Medical Genetics and Applied Genomics, 
University of Tübinge, Tübingen 

Bohring-Opitz syndrome (BOS, OMIM 605039) is characterized by 
distinct craniofacial features and postures, feeding problems, intra-
uterine growth restriction, failure to thrive and severe intellectual dis-
ability (ID) and is associated with mutations in ASXL1. Mutations in 
its ortholog ASXL3 lead to a Bohring-Opitz syndrome like phenotype 
(Bainbridge-Ropers syndrome, OMIM 615485). Affected children show 
a very variable clinical phenotype with BOS-like features.
We report on a 13 year old Turkish boy from non-consanguineous 
parents with prenatal regular growth. He had postnatal microcephaly, 
severe ID, hypertrichosis, hypotonia of the trunk, feeding problems, 
crowded teeth, alternating periods of apnoe and hyperventilation and 
postnatal short stature (<P3). He did not speak and was unable to walk. 
Defining features for Bohring-Opitz syndrome like nevus flammeus 
of the forehead, seizures and intrauterine growth restriction were not 
present. Karyotyping, SNP array, diagnostics for Smith-Lemli-Opitz 
syndrome, ATRX syndrome, CDG syndrome and metabolic disorders 
gave normal results.
We used next-generation sequencing for diagnosis using Kingsmore 
panel and detected a de novo heterozygous stop mutation in the ASXL3 
gene in exon 11 (c.G1369T; p.E457*). The mutation is located in a region 
with high vertebrate conservation, and where previously reported 
mutations had severe phenotypic effects.
Considering the highly conserved protein position together with 
already published pathogenic mutations (Bainbridge et al. Genome 
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Medicine 2013, 5:11) we consider this de novo stop mutation as disease 
causing.  This example shows clearly that a patient with untypical phe-
notype can be diagnosed using panel diagnostics.

P-ClinG-065
Genotype-phenotype dilemma in a patient with the 
homozygous SCN5A mutation E1053K
Beckmann B.M.1, Osterhues H.H.2, Kauferstein S.3, Schmidt U.4, Wolpert 
C.5, Miny P.6, Marschall C.7, Alders M.8, Bezzina C.9, Wilde A.10, Kääb S.1 
1Medizinische Klinik und Poliklinik I, Universitätsklinik der Ludwig 
Maximilians University München, Germany; 2Kreiskrankenhaus Lörrach, 
Lörrach, Germany; 3Institut für Rechtsmedizin der Universität Frankfurt, 
Frankfurt am Main, Germany; 4Institut für Rechtsmedizin der Universität 
Freiburg, Freiburg, Germany; 5Klinikum Ludwigsburg, Ludwigsburg, 
Germany; 6Medizinische Genetik des Universitätsspitals Basel, Basel, 
Switzerland; 7Labor Dr. Klein und Dr. Rost, Martinsried, Germany; 
8Department of Clinical Genetics, Academisch Medisch Centrum 
Universiteit van Amsterdam, Netherlands; 9Department of Experimental 
Cardiology, Academisch Medisch Centrum Universiteit van Amsterdam, 
Netherlands; 10Department of Cardiology, Academisch Medisch Centrum 
Universiteit van Amsterdam, Netherlands 

Background:
Mutations in the cardiac sodium channel gene may cause either Bru-
gada syndrome (BrS, loss of function), long qt-syndrome (LQTS, gain 
of function), dilated cardiomyopathy or progressive conduction dis-
ease. Usually from the electrocardiographic phenotype either a gain 
or loss of function can be supposed. In most of the inherited cardiac 
arrhythmias syndromes phenotypical expression can be very variable. 
In particular this is often the case in cardiac sodium channelopathies, 
where in some cases SCN5A mutations are not directly causal for the 
occurrence of BrS (1, 2).
Case: A young female patient without any known cardiac disease suf-
fered from sudden cardiac death while sleeping at the age of 16 years. 
Autopsy did not reveal any explanation for her sudden death. By 
sequencing of exon spanning region of the genes KCNQ1, KCNH2, 
SCN5A, KCNE1 and –E2, KCNJ2, SCN4B, PKP2, DSP, DSG2, DSC2 
and most of the exons (3,8,10,12,14,15,37,41,44-47,49,50, 83,88,89,90,93-
97,99,100-105) of RYR2 gene, a mutation in the SCN5A gene (p.E1053K, 
heterozygous) could be detected.
This mutation was previously described in a Patient with BrS (3) as well 
as in a patient with LQTS (4) and in a patient with syncope and the 
suspicion of a latent dilated cardiomyopathy in MRI (5).
Calculation of the functional effect with PolyPhen2, Mutation taster 
and SIFT did not show consistent results (PolyPhen-2 possibly dam-
aging 0,824; Mutation Taster: disease causing 0,9999; SIFT: tolerated 
0,07).
Cascade family screening revealed a homozygous carriership of this 
mutation in the 41year old aunt and a heterozygous carriership in the 
mother of the index patient.
Suprisingly, a thorough clinical examination including resting ECG, 
Ajmaline testing, exercise ECG, cardiac MRI did not reveal any patho-
logical phenotype in the homozygous carrier.
Unfortunately, the mother of the deceased girl refuses any clinical 
examination at present and their parents have already died for non-
cardiac causes.
The SCN5A H558R polymorphism, known as a genetic modifier in 
SCN5A mutation carriers, could be excluded in the deceased as well as 
in the homozygous mutation carrier.
Conclusion: Until now, genetic information in this case was even more 
confusing than helpful for risk stratification of the remaining family 
members. Either the mutation p.E1053K is not the disease causing 
mutation or it is only disease causing in the context of a specific genetic 
or other unknown background what remains currently unclear.
(1) Probst et al., Circ Cardiovasc Genet 2009
(2) Postema et al., J Cardiovasc Eletrophysiol 2011

(3) Mohler PJ et al., 2004, Proc Natl Acad Sci USA 2004
(4) Kapplinger et al, 2009, Heart Rhythm
(5) Kiehne, N., Dissertation FB Biologie der TU Darmstadt 2011

P-ClinG-066
A de novo 2p15 microduplication with global development 
delay and muscular hypotonia
Beer M., Schröck E., Di Donato N., Hackmann K. 
Institute of Clinical Genetics, Dresden, Germany 

Background
Microdeletion syndrome 2p15-16.1 was first described in 2007 and 
goes along with intellectual disability, autistic features, structural brain 
anomalies, microcephaly and distinctive craniofacial dysmorphism. 
Literature search for microduplication 2p15 does not reveal any case 
reports so far. The Decipher database includes 10 cases of microdu-
plication of the 2p15 region, two of which occurred de novo and are 
similar in size to the duplication of the propositus.
Case report and results
We saw a 23 month old boy with global development delay and mus-
cular hypotonia. Sleeping and feeding difficulties were reported during 
the first two years of life. Solid food was not tolerated until the age of 18 
month.  Physical examination showed normal measurements and sev-
eral nonspecific minor facial anomalies. The family history was unre-
markable except febrile seizures in the father and three paternal aunts.
By Molecular Karyotyping we detected a de novo duplication of 0.9 Mb 
in size on chromosome 2 arr[hg19] 2p15(61,406,990-62,311,815)x3dn. 
The duplicated region comprises 6 genes: AHSA2, CCT4, COMMD1, 
FAM161A, USP34, and XPO1.
Conclusions
We found a de novo microduplication 2p15 in a patient with global 
developmental delay and muscular hypotonia. The patient and two 
comparable cases reported in the Decipher database share the common 
feature of developmental delay. We suggest that the microduplication 
at 2p15 might be the cause for the observed global developmental delay 
of the patient.

P-ClinG-067
Partial duplication of ZFHX4 causes a recognizable phenotype 
with congenital ptosis and intellectual disability
Beyer A., DiDonato N., Rump A., Schrock E., Hackmann K. 
Institut für Klinische Genetik, Medizinische Fakultät Carl Gustav Carus, 
Technische Universität Dresden 

Background: Microdeletions in 8q21.11 have been associated with a 
recognizable phenotype including intellectual disability, bilateral pto-
sis, macrocephaly and prominent low set ears. The region of overlap 
from individuals with very similar phenotypes comprises three genes, 
MRPL9P1, LOC100192378, and ZFHX4. The loss of the latter gene was 
assumed to be responsible for the phenotype.
Case report and results:
The patient is the only child of non-consanguineous Caucasian par-
ents. The child presented prenatally with a symmetric ventriculomeg-
aly and white matter cysts detected by fetal MRI. The cysts could not 
be seen anymore, when the MRI was repeated postnatally at the age of 
four months. At the age of 1 year the girl showed developmental delay, 
bilateral ptosis, macrocephaly and prominent low set ears. Her mother 
also showed bilateral ptosis, but none of the other symptoms.
By molecular karyotyping we found an intragenic duplication 
of approximately 30 kb affecting two exons of ZFHX4 (arr[hg19] 
8q21.11(77.606.817-77.636.835)x3mat). Customized array CGH revealed 
that the mother was a carrier of the duplication in a mosaic form.
Conclusions:
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It seems very probable that the duplicated fragment was inserted into 
ZFHX4. This should have led to the disruption of this allele and there-
fore caused the phenotype. Our data therefore support the hypothesis 
that mutations in ZHFX4 cause a recognizable phenotype.

P-ClinG-068
Unexpected molecular genetic findings by Next-Generation-
Sequencing in a young ataxia patient.
Bickmann J. K.1, Nia S.2, Schulze M.1, Sturm M.1, Kootz B.1, Baumgartner 
C.2, Riess O.1, Bauer P.1 
1Institute of Medical Genetics and Applied Genomics, Tübingen, 
Germany; 22nd Department of Neurology Center of Neurology 
Rosenhügel, Vienna, Austria 

Background: An 18 year-old patient of non-consanguineous parents 
had experienced ataxic symptoms since age 16. The symptoms in the 
once excellent student were accompanied by progressive dementia, 
psychiatric changes, ocular apraxia, vertical ophthalmoparesis and 
non-specific elevation of liver enzymes, lactate and CK. He has a 14 
year old brother with similar symptoms. Her father and half-brother 
also have psychiatric symptoms, the half-brother suffers from schizo-
phrenia, autism and facial hypotonia.
Material and Methods: The patient was evaluated for Niemann-Pick-
type C disease and SCA17 but no mutation could be identified. His 
DNA was subjected to Next Generation Sequencing of 128 ataxia-asso-
ciated genes on the next diagnostic level.
Results: The patient was found to carry a published autosomal domi-
nant Emery Dreyfuss Muscular Dystrophy type 4 (EDMD4) mutation 
in SYNE1. Moreover, he carried heterozygous mutations in WFS1 and 
PEX7, and a potential splicing variant in VPS13A. Of those, only the 
WFS1 mutation was also present in his brother. All mutations had been 
inherited through the mother. VPS13A alone has not been tested in all 
first-grade relatives, yet.
Conclusion: The unexpected diagnosis of EDMD4 was made in the 
patient explaining some but not all of his symptoms. Post-hoc, this 
could be confirmed by further clinical investigations. Moreover, NGS 
has provided a few more equally surprising differential diagnoses that 
will allow a targeted in-depth clinical evaluation of the patient and his 
brother. Afterwards, the most promising candidate genes will be com-
pletely evaluated by complementary sequencing and MLPA analysis. 
There is some evidence that at least two different monogenic disorders 
segregate in the family. Segregation analysis of all variants is warranted 
in the rest of the patient’s family.

P-ClinG-069
Clinical variability in a family with EFTUD2-associated 
mandibulofacial dysostosis, Guion-Almeida type
Brämswig NB.1, Albrecht B.1, Hehr U.2, Wieczorek D.1 
1Institut für Humangenetik; Universitätsklinikum Essen, Essen, Germany; 
2Zentrum und Institut für Humangenetik; Universität Regensburg, 
Regensburg, Germany 

Mandibulofacial dysostoses (MFD, OMIM 610536) comprise a clini-
cally and etiologically heterogeneous group of conditions which are 
caused by an improper development of the first and second branchial 
arches. Distinguishing the different types of MFD can be challenging 
as many entities are not well characterized and the etiologies of many 
MFD types remain unknown. Recently, heterozygous mutations in 
the EFTUD2-gene (elongation factor Tu GTP binding domain con-
taining 2-gene), encoding for a spliceosomal GTPase, were identi-
fied as the cause for mandibulofacial dysostosis, Guion-Almeida type 
(MFDGA) (Lines et al., 2012). MFDGA is a rare craniofacial condi-
tion originally characterized by severe and progressive microcephaly, 
choanal atresia, maxillary and mandibular hypoplasia, microtia, and 

developmental delay. In addition, Gordon and colleagues found that 
8 out of 10 patients presenting with MFDGA had esophageal atresia 
(Gordon et al., 2012). Further descriptions of patients with EFTUD2-
mutations suggested that microcephaly is a variable phenotypic feature 
of MFDGA (Luquetti et al., 2013; Voigt et al., 2013). One third of the 
patients present with thumb-anomalies so that it remains to be deter-
mined whether MFDGA should be re-classified as an acrofacial dysos-
tosis (Voigt et al., 2013).
We now report three individuals, a mother (patient 1) and her two sons 
(half-brothers, patients 2 and 3) with heterozygous EFTUD2-muta-
tions. All three family members presented with mandibular hypopla-
sia. Both boys had developmental delay and microcephaly. Patient 2 
also presented with confirmed sensorineural hearing loss, a submucous 
cleft palate, downslanting palpebral fissures, hypoplastic maxillary and 
zygomatic bones, microtia, cup-shaped ears and bilateral preauricu-
lar skin tags. Patient 3 had suspected hearing loss, abnormally shaped 
helices, but did not show any of the other features seen in patient 2. 
Interestingly, the mother presented with a normal head circumference.
The clinical features of these patients underscore the phenotypic and 
intrafamilial variability of EFTUD2-associated mandibulofacial dys-
ostosis and emphasize that microcephaly is not an obligatory feature. 
The observed variability might suggest that MFD caused by EFTUD2-
mutations is an underdiagnosed entity and must be included in the 
differential diagnosis.

P-ClinG-070
A novel case with mosaic genome wide paternal uniparental 
disomy: a rare condition which is possibly underdiagnosed?
Buiting K.1, Di Donato N.2, Beygo J.1, Lüdecke H-J.1, Horsthemke B.1, 
Worm K.3, Forberger A.4, Hackmann K.2 
1Institut für Humangenetik; Universitätsklinikum Essen, Essen, Germany; 
2Institut für Klinische Genetik;Technische Universität Dresden, Dresden, 
Germany; 3Institut für Pathologie; Universitätsklinikum Essen, Essen, 
Germany; 4Institut für Pathologie; Universitätsklinikum Carl Gustav Carus, 
Dresden, Germany 

Mosaic genome wide paternal uniparental disomy is a rare condition 
which is viable only in the presence of normal biparental cells (andro-
genic/biparental). So far, only thirteen cases have been described in the 
literature. Among others, mosaic genome wide paternal uniparental 
disomy leads to dysregulation of imprinted genes and can therefore 
result in complex phenotypes including partial features of various 
imprinting disorders. Interestingly, in almost all cases reported the ini-
tial clinical diagnosis was Beckwith-Wiedemann syndrome. Here we 
report on a newborn girl presenting prenatally with placentomegaly 
and polyhydramnion, and postnatally with macrosomia, adrenocorti-
cal macrocyst, severe hypoglycemia, hyperinsulinism, hepato- and pan-
creatomegaly, features typical for BWS. She also showed jejunum atre-
sia, progressive chylothorax and chylous ascites, features not described 
in BWS so far. The child died at the age of 23 days due to abdominal 
compartment syndrome and cardio-respiratory insufficiency. Because 
of the initial clinical diagnosis of BWS, MS-MLPA and microsatellite 
analysis (MSA) in peripheral blood was performed, and a paternal uni-
parental disomy (UPD) for chromosome 11 was detected. CGH array 
analysis revealed in addition a triplication of about 350 kb on 14q32.13 
in the patient and a duplication of the identical size in the father. To 
further clarify this finding, MSA for chromosome 14 was performed 
and showed paternal UPD for chromosome 14 also. Subsequently, 
extended MSA for other chromosomes was performed and showed 
paternal UPD for each chromosome tested, leading to the molecular 
diagnosis of a genome wide paternal uniparental disomy (GWpUPD), 
which could be confirmed by SNP array analysis. In the MSA analyses, 
a very faint peak for a maternal allele was visible for some loci, indicat-
ing that the patient is a somatic mosaic for the GWpUPD and has a 
low degree of biparental cells in blood. To learn more about the degree 
of mosaicism and its tissue distribution, we performed methylation 
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analysis at differentially methylated regions of five imprinted loci by 
high throughput bisulfite sequencing on the Roche 454 GS Junior sys-
tem in blood, pancreas and heart. By this we found that the patient has 
10-20% biparental cells in pancreas, ~20% biparental cells in blood, but 
~70% biparental cells in heart, indicating that the degree of mosaicism 
varied between different tissues and that the amount of GWpUPD cells 
in pancreas and blood is very high and might explain the severe phe-
notype of the patient. In conclusion, the BWS phenotype seems to be 
the predominant phenotype in our patient and in almost all patients 
with mosaic GWpUPD reported so far. Without the molecular find-
ing of the triplication on chromosome 14 in our patient the GWpUPD 
would probably not have been recognized. Thus, it is possible that 
mosaic GWpUPD is underdiagnosed in patients with clinical signs of 
Beckwith-Wiedemann syndrome plus additional clinical features.

P-ClinG-071
A Homozygous ARL13B Mutation Leads to Joubert Syndrome 
with Renal Cysts and Retinal Dystrophy
Busche A.1, Hellenbroich Y.2, Vater I.3, Hirt N.1, Gaspar H.1, Bergmann 
C.4,5, Bolz H.J.4,6, Fischer J.1 
1Institute of Human Genetics; University Medical Center Freiburg, 
Freiburg, Germany; 2University of Lübeck; Institute of Human Genetics, 
Lübeck, Germany; 3Christian-Albrechts-University Kiel and University 
Hospital Schleswig-Holstein; Campus Kiel; Institute of Human Genetics, 
Kiel, Germany; 4Center for Human Genetics; Bioscientia, Ingelheim, 
Germany; 5Center for Clinical Research; University Hospital of Freiburg, 
Freiburg, Germany; 6Institute of Human Genetics; University Hospital of 
Cologne, Cologne, Germany 

Introduction: Joubert syndrome is an inherited ciliopathy clinically 
characterized by muscular hypotonia, cerebellar ataxia, oculomotor 
apraxia, breathing anomalies, and developmental delay. Due to a dis-
tinct cerebellar and brain stem malformation, axial MRI scans typi-
cally show the “molar tooth sign”. Additional features such as kidney 
anomalies, retinal dystrophy, polydactyly, and other findings consis-
tent with ciliopathies are frequently observed. So far, biallelic reces-
sive mutations in more than 20 autosomal genes and mutations in 1 
X-linked gene have been identified. To date, only four patients from 
two families have been published with mutations in ARL13B. None of 
them had renal abnormalities, and only one patient had a “nonspecific 
pigmentary retinopathy”.
Case report: We present a 20-years-old female patient with Joubert 
syndrome as well as renal cysts and cone-rod dystrophy. Screening for 
mutations in CEP290, AHI1 and TMEM67 revealed no causative muta-
tion. Based on suspected consanguinity of the parents, an SNP array 
analysis was performed and showed homozygosity for a chromosomal 
region on 3q11.2. Subsequent sequencing of the ARL13B gene which 
is located in the homozygous region revealed a homozygous muta-
tion, c.598C>T (p.Arg200Cys). The mutation results in an amino acid 
change at a conserved position within the coiled-coil domain and is 
predicted to alter protein function. Since the same mutation has been 
identified before in another patient with Joubert syndrome, it is sup-
posed to be pathogenic.
Conclusion: We present a new patient with ARL13B-associated Joubert 
syndrome. To our knowledge, this is the first ARL13B patient with renal 
cysts and cone-rod dystrophy, expanding the phenotypic spectrum of 
patients with ARL13B mutations. Therefore, presence of renal cysts and 
cone-rod dystrophy should not exclude ARL13B from genetic analyses. 
Furthermore this case is an example for the need of a carefully recorded 
family history. In case of consanguinity, homozygosity screening can 
still be helpful to identify causative mutations in autosomal recessive 
disorders, also in times of gene panel diagnostics.

P-ClinG-072
Analysis of a novel gene for Noonan syndrome, RIT1 in patients 
suggestive of Noonan syndrome and negative for other known 
Noonan syndrome genes
Chahrokh-Zadeh S., Vogl I., Eck SH., Datter S., Küçük S., Scherer S., 
Scholz M., Rost I. 
Center for Human Genetics and Laboratory Diagnostics, Martinsried, 
Germany 

Noonan syndrome (NS) is among the most common Mendelian 
genetic diseases (approximately 1/2,000 live births). Most cases (50%-
84%) are sporadic. This multisystem disorder showing autosomal 
dominant inheritance is caused by mutations dysregulating the RAS-
MAPK (RAS/mitogen-activated protein kinase) pathway. It is charac-
terized by short stature, heart defects, pectus excavatum, webbed neck, 
learning problems, cryptorchidism and facial dysmorphism. RASopa-
thies describe a class of disorders, including Noonan syndrome (NS), 
Costello syndrome (CS), cardio-facio-cutaneous syndrome (CFC), 
neurofibromatosis type 1 (NF1) and others that share a common pattern 
of congenital anomalies. Recently a new gene, RIT1, encoding a mem-
ber of the RAS subfamily was identified. Gain-of-function mutations in 
RIT1 gene were found in 9% of individuals with Noonan syndrome or a 
related condition but with no detectable mutations in known Noonan-
related genes. Clinical manifestations in the RIT1-mutation-positive 
individuals were consistent with those of Noonan syndrome.
In order to confirm these findings we examined 11 patients suspi-
cious of Noonan syndrome/RASopaties including one abortion with 
Hydrops fetalis and one prenatal case showing increased nuchal trans-
lucency > 6mm in the 15.th week of gestation and normal karyotype. In 
an initial study all patients were screened for mutations in well known 
genes for Noonan syndrome or RASopathies. We designed a RASopa-
thies/Noonan syndrome gene panel comprising 12 chromosomal genes 
(including PTPN11, SOS1, RAF1, KRAS, BRAF, NRAS, MAP2K1, CBL, 
SHOC2, MAP2K2, HRAS and NF1). Sequencing was performed on 
the Illumina MiSeq Next-Generation Sequencing platform. Data 
analysis was performed using the CLCbio workbench (v6.5) and cus-
tom developed Perl scripts. The target regions, in total encompassing 
46,485bp, were enriched via in-solution oligonucleotide hybridization 
and capture (Illumina TSCE). On average, 95-97% of the reads could be 
mapped to the human genome (build hg19), of which between 63-66% 
were on target. Target regions with a coverage level of less than 20x 
were re-analyzed by Sanger sequencing to obtain complete coverage of 
all coding regions and adjacent splice sites (-20/+10). No causal muta-
tions could be identified in all patients.
In a second step all patients were screened for mutations in RIT1 gene 
(NM_006912.5 and NM_001256821.1) via Sanger sequencing.

P-ClinG-073
A novel homozygous truncating mutation in the ALS2 gene 
leading to juvenile primary lateral sclerosis
Diederich S.1, Cornelia P.1, Hao Hu C.2, Ropers HH.2, Zechner U.1, 
Schweiger S.1 
1Institute of Human Genetics, Mainz, Germany; 2Max Planck Institute of 
Molecular Genetics, Berlin, Germany 

Primary lateral sclerosis affects the upper motor neurons. The age of 
onset of the juvenile form is less than 25 years. It generally progresses 
over one to two decades of life. Juvenile primary lateral sclerosis is an 
autosomal recessive form and is caused by truncating mutations in the 
ALS2 gene presumably leading to a loss of function of the gene prod-
uct. ALS2 codes for ALSIN which is a guanine nucleotide exchange 
factor for the small GTPase RAB5 and is involved in intracellular endo-
somal trafficking.
We report here on a 12-year-old girl with ALS2 due to a novel homo-
zygous truncating mutation in the ALS2 gene. The patient is the only 
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child of a healthy consanguineous couple. She started to walk without 
support at the age of 11 months. However, at the age of 17 months, she 
still could not properly run and felt very insecure in her movements. A 
computed tomography at this age revealed osteochondrosis with dis-
copathy (L 1/2) and discopathy with small medial protrusion at L5/S1. 
She began to speak first words at the age of 12 months. She increasingly 
lost the ability to walk and had to use a rollator at nursery age. At the 
age of 8 years, her clubfoot and leg muscles were corrected surgically. 
After that, her muscle power further decreased. Now, at the age of 12 
years, she attends a special education school and has increasing dif-
ficulties in handwriting. She is also weel chair bond and has difficulties 
to speak and swallow.
We examined the patient´s DNA for causative mutations using a 
gene panel that allows parallel sequencing of 1222 genes known to be 
involved in rare, recessive pediatric genetic diseases, mental retarda-
tion and related disorders. It had been developed in the group of Hans-
Hilger Ropers at the Institute for Molecular Genetics. We identified a 
homozygous insertion of guanine at position 3783 (c.3783insG) in exon 
24 of the ALS2 gene. This insertion leads to a frameshift (p.1261fs*6X) 
and a premature stop codon at aminoacid position 1267 (wt. 1658) of 
the ALSIN protein. The resulting C-terminally truncated ALSIN pro-
tein lacks the VPS9 (vacuolar protein sorting 9) domain that is essen-
tial for the activation of RAB5 via the guanine-nucleotide exchanging 
reaction and the endosomal localization of the ALSIN protein. In a 
previous study, a patient with another homozygous truncating muta-
tion at a nearby position (p.M1206X) also resulting in a loss of the 
VPS9 domain showed a clinical presentation very similar to that of the 
patient reported here. Overall, our data strongly support the usage of 
the gene panel mentioned above for diagnostic purposes and it sup-
ports the role of ALS2 mutations in neurodegenerative disorders.

P-ClinG-074
The phenotype of proximal microdeletion 3p25.3: two patients 
with intellectual disability, epilepsy and stereotypic behaviour
Dikow N.1, Maas B.1, Janssen J.W.G.1, Jauch A.1, Karch S.2, Hinderhofer 
K.1, Granzow M.1, Van der Aa N.3, Moog U.1 
1Institute of Human Genetics; Heidelberg University, Heidelberg, 
Germany; 2Center for Child and Adolescent Medicine Pediatric Neurology 
Heidelberg University Hospital, Heidelberg, Germany; 3Department of 
Medical Genetics, Antwerp University Hospital and University of Antwerp, 
Antwerp, Belgium 

Background
Interstitial deletions in 3p25.3 ranging in size from 0.64 to 6.3 Mb have 
been published for 6 patients. These patients show variable features 
of the 3p- syndrome consisting of intellectual disability (ID), short 
stature, microcephaly, hypotonia, facial dysmorphism and congenital 
malformations such as congenital heart disease. Microdeletions of the 
proximal part of 3p25.3 have not been reported so far.
Clinical reports
Patient 1 is a 3-year-old girl affected by severe developmental delay 
(DD) accompanied by absence of speech, generalized epilepsy with 
absence seizures, mild truncal ataxia and stereotypic hand movements. 
Patient 2 was referred at 5 years of age because of severe DD, exhibiting 
an inability to speak until the age of 4, myoclonic seizures, impaired 
social interaction, stereotypic behavior with handwringing and ataxia 
with a broad-based gait. Both children showed normal growth. Dys-
morphism or congenital malformations could not be detected. The 
respective brain MRIs were unspecific and normal.
Results
Molecular karyotyping showed overlapping de novo interstitial dele-
tions 3p25.3 of 1.125 Mb and 1.5 Mb in the two unrelated patients. The 
deletions are localized proximal to the published cases.
Discussion
Both patients have severe DD with absence of speech or significant 
delay in speech development, epilepsy and Rett-like stereotypic hand 

movements in common. In addition, both patients presented symp-
toms of ataxia leading to the differential diagnostic consideration of 
Angelman syndrome. The patients do not show facial features or mal-
formations of the 3p- syndrome supporting that the responsible genes 
are localized more telomeric. DECIPHER indicates a further patient 
with a similar phenotype (Pat. 251803) who has an overlapping 1.33 Mb 
deletion in 3p25.3. The smallest region of overlap of these three patients 
is approximately 540 kb in size and contains five genes, including 
SLC6A1 and the 3’ end of SLC6A11, two sodium- and chloride-depen-
dent GABA transporters that may contribute to their neurodevelop-
mental and seizure phenotype.
Conclusion
Two novel patients and one patient reported in the Decipher database 
with overlapping microdeletions 3p25.3 show a similar phenotype with 
severe DD, epilepsy, ataxia and stereotypic behaviour in the absence of 
dysmorphism and major malformations. The deletion is assumed to be 
causative for the phenotype. The smallest region of overlap contains 
two sodium- and chloride-dependent GABA transporters.

P-ClinG-075
Germline PTPN11 mutation in a boy with megalencephaly-
capillary malformation (MCAP) syndrome
Döcker D.1, Menzel M.2, Spaich C.1, Gabriel H-D.1, Bartholdi D.1, Biskup 
S.1,2 
1Institute of Clinical Genetics, Stuttgart, Germany; 2CeGaT GmbH, 
Tübingen, Germany 

BACKGROUND: Megalencephaly-capillary malformation (MCAP) 
syndrome is an overgrowth syndrome which is diagnosed by clinical 
criteria. Recently, somatic and germline mutations in genes that are 
involved in the PI3K-AKT-pathway (AKT3, PIK3R2 and PIK3CA) 
have been described to be associated with MCAP and/or other related 
megalencephaly syndromes.
METHODS AND RESULTS: We performed trio-exome sequencing in 
a 6-year-old boy and its parents. Striking features were macrocephaly, 
cutis marmorata, angiomata, asymmetric overgrowth, developmen-
tal delay, midline facial naevus flammeus, toe syndactyly and post-
axial polydactyly – thus, clearly an MCAP phenotype. Interestingly, 
we could deduce only one pathogenic de novo germline mutation in 
the PTPN11 gene, which has so far been associated with the Noonan 
syndrome, as well as the related LEOPARD syndrome. In the blood, 
even a deep sequencing approach did not reveal any alteration in the 
known megalencephaly genes. Deep sequencing results from saliva are 
still pending.
CONCLUSIONS: To our knowledge, this report is the first description 
of a PTPN11 germline mutation in an MCAP patient. Data from basic 
science suggest that some PTPN11 mutations might lead to the activa-
tion of the PI3K-AKT-pathway, which has been associated with mega-
lencephaly syndromes.

P-ClinG-076
NGS based whole X-exome analysis reveals a novel WDR45 
missense mutation in a family with 3 males with non-syndromic 
intellectual disability
Dufke A.1, Grasshoff U.1, Dufke C.1, Kalscheuer V.2, Schroeder C.1, Beck-
Wödl S.1, Tzschach A.1, Riess O.1, Krägeloh-Mann I.3, Bauer P.1 
1Institute of Medical Genetics and Applied Genomics; University of 
Tübingen, Tübingen, Germany; 2Max Planck Institute for Molecular 
Genetics; Department of Human Molecular Genetics, Berlin, Germany; 
3Paediatric Neurology and Developmental Medicine; University Children’s 
Hospital Tübingen, Tübingen, Germany 

X-exome sequencing in an adult male patient with intellectual disabil-
ity, epileptic seizures during childhood and otherwise normal somatic 
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development revealed a novel missense mutation c.698G>A; p.R233H 
at a highly conserved position in WDR45, a gene located in Xp11.23. 
Segregation analysis confirmed the presence of the mutation in his 
two similarly affected monocygotic younger twin brothers and their 
healthy mother with skewed X-inactivation (15:75). The mutation could 
be excluded in the maternal grandfather and both healthy maternal 
uncles of the patients.
De novo mutations located throughout the coding sequence in the 
autophagy gene WDR45 have been previously described in patients 
with a recently established subtype of neurodegeneration with brain 
iron accumulation (NBIA). Mutations in WDR45 have been associ-
ated with an X-linked dominant form of NBIA, predominantly affect-
ing females and presumed to be nonviable in males with germline 
mutations. Most mutations were truncating, with the exception of 
two missense mutations affecting highly conserved residues. Similar 
phenotypes in few reported males and females have been attributed to 
somatic mosaicism in surviving males and skewing of X-inactivation of 
females (Haack et al. AJHG 91, 1144-1149, 2012; Saitsu et al. Nat Genet 
45, 445-450, 2013).
Taking into account the highly conserved position together with the 
segregation mode in the family we consider the missense mutation 
c.698G>A; p.R233H to be probably pathogenic. A retrospective analy-
sis of brain MRI in the index patient at the age of 10 years was not 
suspicious for iron deposition in the globus pallidus. The primary 
developmental delay and stable course of the disease until young adult-
hood and transmission of the mutation via a healthy carrier expends 
the clinical spectrum of the WDR45 associated phenotype in X-linked 
intellectual disability.

P-ClinG-077
A duplication of the HNF1ß gene as a rare cause of cystic kidney 
disease?
Eggermann K.1, Knopp C.1, Hansen A.2, Hohmann A.3, Eggermann T.1, 
Zerres K.1, Ortiz Bruechle N.1 
1Institute of Human Genetics RWTH University Hospital Aachen, Aachen, 
Germany; 2Department of Nephrology Heinrich Heine University Hospital 
Duesseldorf, Duesseldorf, Germany; 3Gemeinschaftspraxis Nephrologie, 
Moenchengladbach, Germany 

Microdeletions in 17q12 including the HNF1ß gene and point muta-
tions of the HNF1ß gene (17q12) are well known to cause MODY type 
V. Furthermore, a broad spectrum of renal malformations has been 
associated. The most common kidney manifestation is cystic dysplasia 
(type POTTER II). Renal agenesis and hypoplasia, hyperuricaemia, as 
well as other urogenital malformations may also be part of the phe-
notypic spectrum, which is then denoted as RCAD (Renal Cysts and 
Diabetes) syndrome. Further features like mild mental retardation and 
neurological symptoms have rarely been associated with the syndrome. 
However, so far no reliable genotype-phenotype correlation could 
be delineated. In about 50% of cases a deletion of the whole HNF1ß 
gene and the flanking chromosomal material including further genes 
like the LHX1 gene can be detected. Although break points are rarely 
determined because of the applied methods (Multiplex ligation-depen-
dent probe amplification), studies including array data narrow down 
the minimal critical region of the deletion to app. 1.1 Mb or 1.5 Mb 
respectively. In contrast, patients carrying the reciprocal duplication 
of the 17q12 region frequently present with global developmental delay, 
behavioural disturbances, learning difficulties, epilepsy and/or autism 
but without kidney findings. Oesophageal atresia has been associated 
in two families. To our knowledge only one family carrying the 17q12 
microduplication has so far been described with multicystic kidney 
dysplasia (Faguer et al. Kidney Int. 2011).
Here, we present the molecular and clinical data of a 21-year-old female 
with hypertension, diabetes and moderate chronic renal insufficiency 
with proteinuria. The patient suffered from seizures with onset at the 
age of 8 years and was afterwards adjusted to anticonvulsant treatment. 

Enlarged kidneys with multiple cysts were diagnosed in early child-
hood; renal ultrasound at the age of 20 showed only slight progression 
of renal impairment. Molecular analysis revealed a 17q12 duplication 
including the HNF1ß gene. We therefore assume that cystic dysplasia 
might also be associated to the microduplication in rare instances. To 
determine the exact break points of the duplication further studies are 
currently carried out.

P-ClinG-078
11p15-associated Imprinting Disorders: complex molecular 
findings require multilocus testing
Eggermann T.1, Heilsberg AK.1, Bens S.2, Siebert R.2, Beygo J.3, Buiting 
K.3, Begemann M.1, Soellner L.1 
1Institute of Human Genetics; RWTH Aachen University, Aachen, 
Germany; 2Institute of Human Genetics; Christian-Albrechts-University 
Kiel, Kiel, Germany; 3Institute of Human Genetics; University of Duisburg-
Essen, Essen, Germany 

The chromosomal region 11p15 is a key player in molecular processes 
regulated by genomic imprinting. Genomic as well as epigenetic distur-
bances affecting the two imprinting control regions (ICRs) in 11p15 are 
associated either with Silver-Russell syndrome (SRS) or Beckwith-Wie-
demann syndrome (BWS): SRS patients carry ICR1 hypomethylations, 
maternal 11p15 duplications or maternal uniparental disomies (UPD), 
whereas the opposite alterations are characteristic for BWS. In the last 
years, a growing number of patients affected by imprinting disorders 
(IDs) has been reported to show a hypomethylation at the two ICRs 
in 11p15 as well as at further imprinted loci on other chromosomes. 
The molecular basis of these multilocus methylation defects (MLMDs) 
is widely unknown, however an interaction between trans-localized 
imprinted genes via a so-called Imprinted Gene Network (IGN) has 
been suggested. Cases with other types of molecular disturbances than 
aberrant methylation (e.g. UPD, chromosomal imbalances) support 
this IGN concept. The complex molecular alterations as well as the 
overlapping and sometimes ambiguous clinical findings in ID patients 
often make the decision for a specific ID test difficult. As aforemen-
tioned, the 11p15 loci are consistently affected in all ID patients with 
more complex alterations, but the pattern of affected loci is nearly 
unpredictable. We therefore suggest to implement molecular tests in 
routine ID diagnostics which allow the detection of a broad range of 
(epi)mutation types (epimutations, UPDs, chromosomal imbalances) 
and cover the currently known ID loci. The need to apply multilocus 
tests (methylation-specific MLPA, MS-SNuPE) is corroborated by our 
experience from routine diagnostics in more than 710 patients referred 
as SRS or BWS: (a) Multilocus tests increase the detection rates as the 
tests ascertain numerous loci. Thereby the chance to identify even 
slight mosaic hypomethylation patterns is growing. (b) Patients with 
unusual phenotypes and unexpected molecular alterations will be 
detected. (c) The testing of rare imprinting disorders becomes more 
efficient and quality of molecular diagnosis increases. (d) The tests 
identify MLMDs.
In future, the detailed characterization of clinical and molecular find-
ings in ID patients will help us to decipher the complex regulation of 
imprinting and thereby provide the basis of an individualized thera-
peutic management in IDs.

P-ClinG-079
Targeted and genomewide NGS data disqualify mutations in 
MYO1A, the „DFNA48 gene“, as a cause of deafness
Eisenberger T.1, Di Donato N.2, Baig S.M.3, Neuhaus C.1, Beyer A.2, Dek-
ker E.1, Bergmann C.1,4, Bolz H.J.1,5 
1Bioscientia, Center for Human Genetics, Ingelheim, Germany; 
2Institute for Clinical Genetics, Carl Gustav Carus TU Dresden, Dresden, 
Germany; 3Human Molecular Genetics Laboratory, National Institute 
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for Biotechnology and Genetic Engineering, Faisalabad, Pakistan; 
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MYO1A is considered the gene underlying autosomal dominant non-
syndromic hearing loss type DFNA48, based on eight heterozygous 
mutations, including six small in-frame alterations and one nonsense 
mutation, reported in a single publication. By next-generation sequenc-
ing (NGS) targeting 66 deafness genes in 109 hearing-impaired patients, 
we identified three families that provide strong evidence against a caus-
ative role of MYO1A in inherited deafness: Two novel nonsense muta-
tions (p.Tyr740* and p.Arg262*) and a previously described missense 
mutation were identified not only in the index patients in heterozy-
gous state, but also in unaffected relatives. The hearing deficit in these 
families was clearly due to mutations in other deafness genes, MYO7A, 
EYA1 and CIB2, respectively. All but two of the altogether ten MYO1A 
mutations have been annotated in dbSNP, and population frequencies 
(dbSNP, 1000 Genomes and Exome Sequencing Project) above 0,1% 
contradict pathogenicity under a dominant model. Moreover, one 
healthy individual was even homozygous for the nonsense mutation 
p.Arg262*, compatible with a previously reported homozygous Myo1a 
knockout mice lacking any overt pathology. We conclude that MYO1A 
is dispensable for normal hearing and may even represent a non-essen-
tial gene. MYO1A adds to the list of „erroneous disease genes“ which 
will constantly expand with increasing availability of data from large-
scale sequencing projects. The potential of NGS to reveal such „false 
disease genes“ is important to avoid pitfalls in diagnostics and genetic 
counseling.

P-ClinG-080
Renal fibrosis is the common feature of Autosomal Dominant 
Tubulointerstitial Kidney Diseases (ADTKD) caused by MUC1 or 
UMOD mutations
Ekici A. B.1, Hackenbeck T.2, Moriniere V.3, Pannes A.4, Buettner M.5, 
Janka R.6, Uebe S.1, Wiesener A.1, Hermann I.2, Grupp S.2, Hornberger 
M.7, Huber T. B.8,9, Isbel N.10, Mangos G.11, McGinn S.12, Soreth-Rieke 
D.13, Beck B. B.4, Uder M.6, Amann K.5, Antignac C.14,15, Eckardt K.-U.2, 
Wiesener M. S.2, Reis A.1 
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For decades ill-defined autosomal dominant renal diseases have been 
reported, which originate from tubular cells and lead to tubular atro-
phy and interstitial fibrosis. These diseases are clinically indistinguish-
able, but caused by mutations in at least four different genes: UMOD, 
HNF1B, REN and, as recently described, MUC1. Affected family mem-
bers show renal fibrosis in the biopsy and gradually declining renal 

function, with renal failure usually occurring between the 3rd and 6th 
decade of life.
In this study we describe 10 families and define eligibility criteria to 
consider this type of inherited disease, as well as propose a practicable 
approach for diagnosis. In contrast to what the frequently used term 
“Medullary Cystic Kidney Disease” (MCKD) implies, development of 
medullary cysts is neither an early, nor a typical feature, as analyzed 
by MRI.
Having found the putative genetic cause in three of ten families, the 
other seven families remained unclear. Two families were sufficiently 
large and we were able to collect blood samples from numerous mem-
bers consecutively. We performed a genome-wide linkage analysis and 
subsequently a haplotype analysis narrowing down the location of the 
disease-linked locus. This analysis confirmed a significant 3.4 Mb locus 
at a predescribed locus on chromosome 1q21 for the first family. As the 
results of the second family coincide with this locus we had a shared 
linkage locus with an overall LOD-score clearly reaching genome-
wide significance. Therefore, it is very likely that these families belong 
to the formerly classed MCKD1 disease. We performed whole exome 
sequencing for affected and healthy individuals of these two families. 
In a further attempt, we performed targeted genomic sequencing for 
the complete linkage locus at 1q21 for these two families and affected 
individuals of further families without mutation, which showed no 
segregating variants in any of the genes, including MUC1. However, it 
needs to be stressed that the VNTR region of the MUC1 gene is masked 
in both these analyses due to fundamental technological deficiency. 
Next to Sanger sequencing and semiconductor-based gene panel 
sequencing of the aforementioned four genes, we established SNaPshot 
minisequencing for the predescribed insertion mutation in the high 
GC-containing VNTR region of MUC1. In 3 and 4 families we found 
mutations in the UMOD and the MUC1 gene, respectively, leaving 3 
families unsolved to date.
On the basis of clinical and pathological characteristics we propose 
the term “Autosomal Dominant Tubulointerstitial Kidney Disease” 
(ADTKD) as a new name for this entity. We anticipate that using 
this new terminology will enhance recognition and correct diagno-
sis of affected individuals, facilitate genetic counseling and stimulate 
research into the underlying pathomechanisms.

P-ClinG-081
A novel de novo mutation in PIK3CA in a boy with 
megalencephaly, hemangiomas and multiple anomalies
Endele S., Kraus C., Reis A., Hüffmeier U. 
Institute of Human Genetics, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany 

We report on a male patient whose macrocephaly was noted prenatally. 
At birth, his length was 50cm, his weight 3870g and his head circumfer-
ence 38.7cm (+3 SDS). Postnatally, he was readmitted due to hypogly-
cemia. He was also diagnosed with hyperbilirubinemia and two small 
ventricular septum defects which closed spontaneously within the first 
year of life; furthermore an umbilical granuloma, hypospadias, muscu-
lar hypotonia and multiple hemangiomata at several fingers and both 
ears were noted. His megalencephaly (+5.3 SDS at last visit, 3 y. old) and 
its resulting particular head formation characterized by dolichocephaly 
and long face had prompted MRT and CT analyses which excluded 
premature closure of cranial sutures, but revealed an Arnold-Chiari 
malformation. Moreover, he had cutis laxa particularly at the hands 
and feet and a suspected left doubled kidney. Gross motor development 
was delayed with sitting and crawling at 12-14 months and walking at 
23 months. Fine motor activity and speech development were appro-
priate for his age. Genetic testing for several overgrowth syndromes 
and conventional and molecular karyotyping revealed no mutation. 
X-inactivation pattern in the mother was normal.
Recently, de novo germline or postzygotic mutations in three core com-
ponents of the phosphatidylinositol 3-kinase(PIK)-AKT pathway have 
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been described in children with megalencephaly, capillary, cortical as 
well as distal limb malformations and mild connective tissue dysplasia 
(Rivière et al., Nat Genet. 2012). When screening mutational hot spots 
of these three genes in our patient, we identified a yet undescribed het-
erozygous de novo variant c.333G>C; p.Lys111Asn in exon 2 of PIK3CA. 
This variant is neither annotated in dbSNP (build 138) nor listed in 
NHLBI Exome Sequencing Project (ESP) or 1000 genomes database. 
The corresponding amino acid position is highly conserved in verte-
brates and is located in a hydrogen-bonded turn between the PIK-ABD 
and PIK-RBD domains of the protein. For a mutation in the neighbor-
ing region (c.353G>A, p.Gly118Asp), significant structural alterations 
have been described (Orloff et al. Am J Hum Genet 2012). A further 
variant Arg -> Gln at amino acid position 88 has been described in 
patients with megalencephaly. It may disrupt the interaction between 
the PI3K-ABD domain and the N-terminal lobe of PI3K/PI4K kinase 
domain possibly affecting the conformation of the kinase domain. 
Indeed, functional data for this variant demonstrated increased lipid 
kinase activity resulting in constitutive PI3K signaling. Since the novel 
mutation p.Lys111Asn lies in a hydrogen-bonded turn between the PIK-
ABD and PIK-RBD domain, it most probably also affects the confor-
mation of the protein and therefore affects protein function.
We suggest that patients with megalencephaly, capillary malfomations 
and mild connective tissue dysplasia should be considered for muta-
tion screening of members of the phosphatidylinositol 3-kinase(PIK)-
AKT pathway.

P-ClinG-082
Highly variable intrafamilial manifestations of a CCM3 mutation 
ranging from acute childhood cerebral haemorrhage to late-
onset meningiomas
Fauth C.1, Rostasy K.2, Rath M.3, Gizewski E.4, Sure U.5, Zschocke J.1, 
Felbor U.3 
1Division of Human Genetics, Innsbruck Medical University, Innsbruck, 
Austria; 2Clinical Department of Pediatrics I, Innsbruck Medical University, 
Innsbruck, Austria; 3Department of Human Genetics, University of 
Greifswald, Greifswald, Germany; 4Department of Neuroradiology, 
Innsbruck Medical University, Innsbruck, Austria; 5Department of 
Neurosurgery, University Hospital Essen, Essen, Germany 

Familial cerebral cavernous malformations (CCM) are vascular mal-
formations due to loss-of-function mutations in one of three genes, 
CCM1, CCM2 and CCM3. The disorder follows autosomal-dominant 
inheritance. Major symptoms are headaches, seizures, cerebral haemor-
rhages and focal neurological deficits. However, penetrance is reduced 
and clinical presentation may be highly variable as illustrated by the 
following three-generation family with a segregating CCM3 mutation.
The index patient presented at the age of 2 years with acute gait distur-
bance and a right-sided hemiparesis. Magnetic resonance susceptibility 
weighted imaging (MR-SWI) showed an acute intracerebral haemor-
rhage of a left-sided central cavernoma as well as multiple smaller cav-
ernomas. The haemorrhagic lesion was treated surgically and the boy 
recovered from his neurological symptoms.
Family history revealed that the mother of the boy experienced a tran-
sient left-sided ptosis and miosis at the age of 22 which led to the detec-
tion of multiple supratentorial cavernomas. She is currently 41 years 
old and didn´t develop any further neurological symptoms. Physical 
examination showed several pinhead-sized red spots on her palms and 
bluish subcutaneous nodules on the arm, leg and waist.
The maternal grandfather had a history of intermittent blurred vision, 
dizziness, and tickling since his fifties. At the age of 55, he was diag-
nosed to have four extraaxial dural-based meningiomas which were 
treated with gamma knife radiosurgery. Cerebral cavernomas were not 
reported in the grandfather.
The tentative diagnosis of familial CCMs was made, and direct 
sequencing of the CCM3 gene in the index patient showed a typical 
yet previously unpublished heterozygous one basepair deletion in exon 

7 (c.317delA) which is predicted to cause a frameshift and a prema-
ture stop codon (p.K106Rfs*20). The same mutation was found in the 
mother and in the maternal grandfather.
Until recently extra-axial dural-based MRI lesions in patients with 
CCM3 mutations were assumed to be cavernous angiomas, but so 
far no histopathological data were available. Surprisingly, Riant et al. 
recently showed that at least some of these lesions are histologically 
true meningiomas. This finding is of importance since meningio-
mas and cavernomas usually show different biological behaviour and 
require different treatment strategies.
The present case underlines the high clinical variability of CCM3 muta-
tions and should raise awareness that CCM3 mutations are a potential 
cause of multiple meningiomas.

P-ClinG-083
Classical karyotyping vs molecular karyotyping (arrayCGH) in a 
case of trisomy 9 mosaicism
Fiedler E.1, Gläser B.2, Spaich C.1, Bartholdi D.1, Biskup S.1 
1Institut für Klinische Genetik, Olgahospital, Klinikum Stuttgart; Germany; 
2Institut für Klinische Genetik, Olgahospital, Klinikum Stuttgar; Germany 

Trisomy 9 mosaicism is considered to be a rare chromosomal abnor-
mality with limited survival and a characteristic pattern of multiple 
anomalies. The features commonly associated with trisomy 9 include 
growth retardation, facial dysmorphisms, skeletal abnormalities, con-
genital heart disease and intellectual disability. More than 50 cases have 
been reported, most of which were diagnosed after birth.
We report a case of a one month old baby girl with craniofacial abnor-
malities, hydronephrosis and multiple contractures. ArrayCGH analy-
sis was performed and detected trisomy 9 mosaicism in approximately 
40% of the cells. Classical karyotyping of lymphocytes revealed trisomy 
in about 3% of the metaphases. Previous prenatal analysis of cell cul-
tures from amniotic fluid had not shown the mosaic trisomy 9 consti-
tution. Mosaicisms are expected to be exhibited at different levels in 
different tissues. In addition, cell culturing leads to a bias in terms of 
the ratio between trisomic and disomic clones and very likely under-
estimates the percentage of trisomic cells in conventional karyotyping.
Our data show the importance of using uncultured tissue (amniotic 
fluid and blood) and the value of microarray technology in the assess-
ment of mosaicisms.

P-ClinG-084
Investigation of the association of trinucleotide expansion in 
intron 2 of the TCF4 gene and Fuchs Dystrophy
Foja S.1, Luther M.1, Gruenauer-Kloevekorn C.2, Hoffmann K.1 
1Institute of Human Genetics; Martin-Luther-University Halle-Wittenberg, 
Halle/Saale, Germany; 2Praxisklinik der Augenärzte am Markt, Halle/Saale, 
Germany 

Fuchs endothelial corneal dystrophy (FECD) is a genetic disorder of 
the corneal endothelium. The late onset form of this disorder affects 
as much as 4% of the population in the USA over the age of 40 with 
symptoms such as corneal edema and visual acuity decreases up to 
complete blindness. Therefore, FECD is a significant reason of the cor-
neal transplantation performed every year. The FECD is genetically 
heterogeneous. Repeat expansion and variations (e.g. rs613872) in the 
transcription factor 4 (TCF4) have been identified as a major contribu-
tor to the disease (Wieben et al. 2012, Stamler et al. 2013).
Up to now, we tested an association between the intronic TGC trinu-
cletide repeat expansion in TCF4 and FECD in 16 affected patients and 
81 control persons. The investigation was done by sequencing, ALF- 
investigations as well as special bidirectional triplet-primed (TP)-PCR. 
The TP-PCR is a method to analyze the presence or absence of repeat 
expansions. TP-PCR is easier and faster than southern blotting. The 
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TP-PCR is a PCR with three primers. This method is already used 
for diagnostic analysis of other repeat expansion diseases. Behind the 
expanded TGC the highly associated single nucleotide polymorphism, 
rs613872 in intron 3 of the TCF4 is under investigation.
We found in 14 FECD patients (87%) a TGC repeat expansion>50. Two 
patients (13%) had a normal repeat length <40. In comparison, 9 (11%) 
of the 81 unaffected controls showed a repeat expansion >50. 72 (89%) 
of control persons showed normal TGC repeats length < 40.
The single nucleotide polymorphism rs613872 in intron 3 of the TCF4 
showed in 14 patient (87,5%) the heterogeneous genotype TG vs. 21/81 
(24%) in unaffected controls.  One patient (1/16; 6,25%) showed the 
genotype GG vs. 5 controls  (5/81; 6%).  One patient showed the geno-
type TT (1/16, 6,25%) vs. 60 probands in the control group (60/81;70%).
In summary, TP-PCR is a fast and sensitive method for the detection 
of the presence or absence of repeat expansion. The TGC repeat expan-
sion in the TCF4 is strongly associated with FECD. A repeat length >50 
is highly specific for the FECD disease.
Further, the genotype TG for the polymorphism rs613872 was found 
in 87,5% of patients. The correlation from polymorphism and repeat 
expansion regarding prediction and syndromes will be analyzed on the 
end of this study. We assumed that repeat expansion and the polymor-
phism rs613872 are disease causing for FECD. It is not yet clear whether 
rs613872 or the repeat expansions are causative for FECD.
Literatur:
Wieben et al. (2012): A Common Trinucleotide Repeat Expansion 
within the Transcription Factor 4 (TCF4, E2-2) Gene Predicts Fuchs 
Corneal Dystrophy; Plos One, November 2012, Volume 7, Issue 11
Stamler et al. (2013): Confirmation of the association between the 
TCF4 risk allele and Fuchs endothelial corneal dystrophy in patients 
from the Midwestern United States. Ophtalmic Genet. 2013 Mar-Jun; 
34(1-2):32-4.

P-ClinG-085
Unique duplication 2p16.3p23.1 in a male newborn with 
growth retardation, tachypnoea, congenital heart defect and 
hypothyroidism
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Some 30 cases of partial trisomy 2p have been reported,  most of them 
in the pre-microarray era as unbalanced segregational products of 
parental translocations. Growth retardation and intellectual disability 
(ID) were common symptoms but reported phenotypes show consid-
erable variability. We report on a newborn with growth retardation, 
multiple congenital anomalies (MCA), tachypnoea, and hypothyroid-
ism associated with a unique and pure duplication 2p16.3p23.1.
The patient is the first child of healthy, non-consanguineous, cauca-
sian parents (maternal age 33 years, paternal age 36 years. The family 
history is unremarkable. The mother was treated with Levothyroxin 
throughout the pregnancy due to hypothyroidism. At 24 weeks of ges-
tation sonography showed a ventricular septal defect, oligohydramnios 
and intrauterine growth retardation. Following a cesarean section at 
36 weeks, the APGAR score was 5/6/7, birth weight 2310 g (p27), head 
circumference 32 cm (p25) and length 48 cm (p50). Postnatal respi-
ratory distress required intubation. After extubation at the age of two 
weeks the child developed tachypnoea without significant impact on 
the blood gas parameters. Echocardiography confirmed a perimem-
braneous ventricular septal defect with a significant left-right-shunt, 
a patent foramen ovale (PFO) and patent ductus arteriosus (PDA). 
Due to a high TSH level with normal thyroid sonography medication 
with Levothyroxin was started. Brain MRI showed a hypoplastic ver-
mis cerebelli and a „pale optic nerve“. Abdominal ultrasound and EEG 

were normal. Convergent strabism was diagnosed. Feeding problems 
required  a gastric tube.
First seen as a newborn the baby showed dysmorphic features includ-
ing a slightly asymmetric head, micrognathia, hypertelorism, a short 
neck, short fingers, a low frontal and parietal hairline, prominent infra-
orbital wrinkles and widely spaced nipples.
At the age of one month episodes of tachypnoea, stridor due to laryn-
gomalacia and feeding problems were persistent. All growth param-
eters were below the third percentile.
Conventional as well as chromosomal microarray analysis (Affyme-
trix Cytoscan HD Array; hg19) showed an interstitial duplication of 
approximately 21 Mb on the short arm of chromosome 2 (46,XY,arr2p
16.3p23.1(30,798,825-52,506,229)x3) harbouring at least 16 OMIM dis-
ease genes. The karyotypes of both parents were normal.
This is a unique, apparently de novo interstitial duplication of 21 Mb in 
the chromosomal region 2p16.3-p23.1. The patient shares some com-
mon clinical features such as growth retardation, heart defect, facial 
dysmorphisms with published cases with similar and overlapping 
duplications. The persisting tachypnoea remains unexplained. Detailed 
genotype-phenotype correlations will be presented.

P-ClinG-086
A non-classical IFITM5 mutation located in the coding region 
causes severe Osteogenesis imperfecta with prenatal onset
Garbes L.1, Hoyer-Kuhn H.2, Semler O.2, Zimmermann K.1, Becker J.1, 
Wollnik B.1,3,4, Schoenau E.2, Netzer C.1 
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Associated Diseases; University of Cologne, Cologne, Germany 

Osteogenesis imperfecta (OI) is a hereditary connective tissue disorder 
characterized by a wide range of skeletal symptoms. Most patients have 
dominantly inherited or de novo mutations in COL1A1 or COL1A2. Up 
to 5% of patients have OI type V, characterized by hyperplastic callus 
formation after fractures, calcification of the membrane interossea of 
the forearm, and a mesh-like lamellation pattern observed in bone his-
tology. Recently, a heterozygous mutation in the 5´-untranslated region 
of IFITM5 (c.-14C>T) was identified as the underlying cause of OI type 
V, and only this specific mutation was subsequently identified in all 
patient cohorts with this OI subtype. We now present the first case of a 
heterozygous mutation within the coding region of IFITM5 (c.119C>T; 
p.S40L). The mutation occurred de novo in the patient and resulted in 
severe OI with prenatal onset and extreme short stature. At the age of 
19 months, the typical clinical hallmarks of OI type V were not present. 
Our finding has important consequences for the genetic “work-up” of 
patients suspected to have OI, both in pre- and in postnatal settings: 
The entire gene – and not only the 5´-UTR harbouring the “classical” 
OI type V mutation – has to be analyzed to exclude a causal role of 
IFITM5. We propose that this should be part of the initial diagnostic 
steps for genetic laboratories performing SANGER sequencing in OI 
patients.

P-ClinG-087
Panel analysis of 60 lower motor neuron disease genes using 
the Ion Torrent PGM
Garbes Lutz.1, Naghiyeva Leyla.1, Schmitz-Steinkrüger Lea.1, Zimmer-
mann Katharina.1, Sigurðsson Jóhann Haukur .2, Magnusson Olafur.2, 
Heller Raoul.1, Wirth Brunhilde.1 
1Institute of Human Genetics; Institute of Genetics and Center for 
Molecular Medicine Cologne, University of Cologne, Germany; 2deCODE 
genetics, Reykjavik, Iceland 
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Comprehensive and prompt molecular genetic diagnostics of geneti-
cally heterogeneous disorders is one of the key challenges in current 
DNA diagnostics – especially in neonates. Due to financial and time 
reasons, genetic testing is most often focussed on the genes with high-
est detection rates. While this certainly produces the highest diagnos-
tic yield, such an approach self-evidently leaves a certain portion of 
patients without diagnosis. Among the medical conditions currently 
rather selectively tested, lower motor neuron disease are one of the 
toughest nuts to crack: Differential clinical diagnosis, which would 
allow targeted molecular genetic testing, often requires elaborate or 
even invasive testing such as muscle biopsies while time is short.
In the frame of NeurOmics, a large European Union-funded FP7 proj-
ect we compiled a panel of 60 genes known to be associated with medi-
cal conditions from phenotypically overlapping spectrum of lower 
motor neuron diseases (LMNDs) including proximal and distal spinal 
muscular atrophies, amyotrophic lateral sclerosis and hereditary motor 
neuropathies. Our panel covers nearly 300 Kb of genomic material and 
comprises the coding sequences as well as the UTRs of these genes. Fol-
lowing exclusion of the most obvious candidates as the first diagnostic 
tier, target DNA fragments from the patient’s sample were enriched 
using our custom Haloplex LMND enrichment kit. Subsequent mas-
sive parallel sequencing was carried out on an IonTorrent PGM using 
200 bp sequencing chemistry. Major challenges in setting up our pipe-
line were the known pitfalls of semiconductor sequencing such as reli-
able calling of homopolymeric regions. In addition to the NGS pipe-
line, an extended questionnaire was developed, which collects detailed 
clinical information about the patients and thereby allows drawing 
genotype-phenotype correlations in cases with an uncertain diagnosis.
Initial validation using samples with known mutations as well as sam-
ples of which exome data was available demonstrated a robust detec-
tion rate of previously detected variants. Sequencing of DNA from 
more than 20 unsolved LMND cases identified detrimental variants 
in several genes initially not considered as potential candidates for the 
respective individuals based on their clinical records. However, subse-
quent segregation analysis and concerted clinical examination verified 
our molecular genetic report thus demonstrating the diagnostic power 
of our LMND panel. In parallel, the diagnostic yield of our panel was 
evaluated by performing whole-exome-sequencing (WES) as well as 
panel sequencing of one and the same individuals. These first results 
already illustrate the potential and diagnostic valence of our panel.
This project has been funded by the European Community‘s Seventh 
Framework Program FP7/2007-2013  no 2012-305121 (NeurOmics)

P-ClinG-088
Genetic heterogeneity in Möbius-Kallmann phenotype: 
reclassification of patients with congenital facial paresis and 
Kallmann syndrome into CHARGE Syndrome and ‘TUBB3 E410K 
Syndrome’
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Möbius syndrome is a rare entity clinically defined by congenital pare-
sis of sixth and seventh cranial nerve (CN) and associated findings. 
Kallmann syndrome is defined by disturbance of the first CN with 
impaired sense of smell and hypogonadotropic hypogonadism. To date, 
only a few patients with a combination of Möbius syndrome and Kall-
mann syndrome were described. Not all of them had abducens paresis. 
One patient showed a mutation in the FGF8 gene and very recently 8 
patients with congenital facial paresis and Kallmann syndrome with a 

specific mutation c.1228G>A (p.E410K) in the TUBB3 gene called the 
‘TUBB3 E410K syndrome’ were described.
We here report on three further patients with congenital facial paresis 
and Kallmann syndrome, unraveling the genetic cause in two of them.
The first patient is a 36 years old female with congenital facial paresis 
on the right side, hearing impairment on both sides and impaired sense 
of smell. She had hypogonadotropic hypogonadism which was treated 
with estrogen and growth hormone therapy during puberty. She was 
diagnosed with Kallmann syndrome and Möbius syndrome since 
childhood. On clinical examination she showed a dysplastic right ear. 
FGFR1 analysis did not reveal pathogenic mutations. In CHD7 gene 
analysis a mutation c.7879C>T (p.Arg2627*) was detected, confirming 
CHARGE syndrome.
The second patient is an 18 years old male patient with bilateral con-
genital facial paresis, congenital strabismus divergens, ptosis, impaired 
sense of smell and hypogonadotropic hypogonadism. Analysis of the 
TUBB3 gene showed the mutation p.E410K confirming the ‘TUBB3 
E410K syndrome’.
The third patient is a 36 years old female with congenital paresis of the 
6th and the 7th CN, involvement of the 1st CN with impaired sense of 
smell and hypogonadotropic hypogonadism. She was also diagnosed 
with Möbius syndrome and Kallmann syndrome since childhood. 
Screening the HOXB1 and TUBB3 genes did not show pathogenic 
mutations. Screening the genes associated with Kallmann syndrome 
(PROKR2, CHD7, FGFR1, FGF8, PROK2) also did not show patho-
genic changes. Chromosomal analysis in this patient was normal.
We here describe three patients with overlapping phenotype show-
ing congenital facial paresis and Kallmann syndrome resembling the 
Möbius-Kallmann phenotype described in literature in rare cases. 
Two of the patients were reclassified into CHARGE syndrome and 
’TUBB3 E410K syndrome’, respectively. These examples illustrate the 
genetic heterogeneity in Möbius-Kallmann phenotype. We would like 
to emphasize the importance of clinical examination, especially regard-
ing facial dysmorphisms and eye movement disorders to classify these 
patients.

P-ClinG-089
Next-Generation-Sequencing (NGS) diagnostics in X-linked 
intellectual disability – mutation and spectrum and the role of 
skewed X-inactivation in carrier mothers
Grasshoff U.1, Tzschach A.1, Dufke C.1, Bauer C.1, Kehrer M.1, Evers C.2, 
Moog U.2, Oehl-Jaschkowitz B.3, Di Donato N.4, Maiwald R.5, Jung C.6, 
Kuechler A.7, Schulz S.8, Meinecke P.9, Spranger S.10, Kohlhaase J.11, 
Seidel J.12, Rieger M.13, Riess A.1, Sturm M.1, Bickmann J.1, Beck-Woedl 
S.1, Schroeder C.1, Dufke A.1, Riess O.1, Bauer P.1 
1Institute of Medical Genetics and Applied Genomics, Tuebingen, 
Germany; 2Institute of Human Genetics, Heidelberg, Germany; 3Practice 
of Human Genetics, Homburg/Saar, Germany; 4Institute of Clinical 
Genetics, Dresden, Germany; 5Medical Care Center, Moenchengladbach, 
Germany; 6Centre for Human Genetics, Mannheim, Germany; 7Institute 
of Human Genetics, Essen, Germany; 8Institute of Human Genetics, Jena, 
Germany; 9Institute of Human Genetics, Hamburg-Eppendorf, Germany; 
10Practice of Human Genetics, Bremen, Germany; 11Centre for Human 
Genetics, Freiburg, Germany; 12Practice of Pediatrics, Jena, Germany; 
13Practice of Medical Genetics, Dresden, Germany 

Background
X-linked intellectual disability (XLID) is a genetically heterogeneous 
disorder with more than 100 genes known to date. Most genes are 
responsible for a small proportion of patients only, which has hitherto 
hampered the systematic screening of large patient cohorts.
Methods
We performed targeted enrichment, next-generation sequencing and 
analysis of the coding and flanking intronic regions of 107 XLID genes 
in a cohort of 150 male patients. 100 patients had sporadic intellectual 
disability, and 50 patients had a family history suggestive of XLID. We 
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also analyzed two female patients with severe ID and epilepsy because 
they had strongly skewed X-inactivation.
Results and conclusions
Target enrichment and high parallel sequencing allowed a diagnos-
tic coverage of >10 reads in males and >20 reads in females for ~95% 
of all coding bases of the XLMR genes.  The average depth on target 
was 64,99x. Systematic gene dosage analysis for low coverage exons 
detected one pathogenic hemizygous deletion in one patient. More-
over, we found 18 pathogenic mutations in 13 XLID genes (AP1S2, 
ATRX, CUL4B, DLG3, IQSEC2, KDM5C, MED12, OPHN1, SLC9A6, 
SMC1A, UBE2A, UPF3B and ZDHHC9). 13 mutations were present in 
the group of 50 familial patients (26%), and 5 mutations among the 
100 sporadic patients (5%). Mutations in IQSEC2 were detected in both 
female ID patients, suggesting that this gene might play a considerable 
role in female encephalopathies.
The mutation rate in the cohort of sporadic patients corroborates 
previous estimates of 5-10% for X-chromosomal defects in male ID 
patients. This study broadens the mutational and associated clinical 
spectrum of rare XLID genes for which fewer than 10 mutations had 
been reported to date. The application of NGS-based approaches on 
larger patient cohorts will provide the basis for a comprehensive and 
detailed understanding of the genetics of XLID.

P-ClinG-090
Disease course and mutational spectrum in neurodegeneration 
with brain iron accumulation caused by mutations in C19orf12
Hartig M.1, Haack T.1, Kmiec T.2, Klopstock T.3, Meitinger T .1,4, Prokisch 
H.1,4 
1Institute of Human Genetics, Technische Universität München, 
Germany; 2Memorial Children’s Health Institute, Warsaw, Poland; 3Dept. 
of Neurology; Friedrich-Baur-Institute, Ludwig-Maximilians-University, 
Munich, Germany; 4Institute of Human Genetics, Helmholtz Zentrum 
München, Germany 

Background  Neurodegeneration with brain iron accumulation (NBIA) 
encompasses a group of rare neurodegenerative disorders hallmarked 
by brain iron deposits. A growing list of genetic loci has been sub-
sumed under the NBIA umbrella, including PANK2, PLA2G6, FA2H, 
ATP13A2, C20orf72, CP, WDR45 and FTL. Absence of the orphan 
mitochondrial protein C19orf12 leads to mitochondrial membrane 
protein-associated neurodegeneration (MPAN). It was identified as the 
second most common cause of NBIA in a Polish cohort, accounting 
for 19 out of 52 index cases. Preliminary observations indicated a wide 
clinical spectrum ranging from formerly idiopathic NBIA to Parkinson 
disease.
Methods and Results  In order to complete the clinical picture of this 
NBIA subtype and to investigate the prevalence of C19orf12 mutations 
in non-Polish populations, we performed a mutation screen in undiag-
nosed NBIA cases coupled to standardized assessment of clinical phe-
notype data. This analysis established a genetic diagnosis in 35 cases. 
Clinical features initially encompassed gait changes or neuropsychiat-
ric abnormalities followed by progressive spastic paresis, progressive 
dystonia and cognitive decline. Optic atrophy, axonal neuropathy and 
absence of the “eye of the tiger” sign in MRI are features to distin-
guish MPAN from pantothenate kinase-associated neurodegeneration 
(PKAN) which is the most frequent subtype of NBIA.  In contrast to 
early-onset PKAN, MPAN patients survive well into adulthood. In the 
end-stage of disease MPAN patients suffer from severe dementia, spas-
ticity, dystonia, and parkinsonism.
Conclusions  Our results suggest that mutant C19orf12 is the second 
most common cause of NBIA not only in Poland but also in other 
European populations and should be tested in “eye of the tiger” nega-
tive NBIA patients especially if the patient is affected by optic atrophy, 
neuropsychiatric features and neuropathy.

P-ClinG-091
Large deletions in the NSDHL gene in two patients with CHILD 
syndrome
Hartmann B.1, Ma L.2, Yang Z.2, Zhang L.2, Xu Z.2, Wang Z.2, Happle R.3, 
Fischer J.1 
1Institute of Human Genetics; University Medical Center Freiburg, 
Freiburg, Germany; 2Department of Dermatology; Beijing Children’s 
Hospital, Capital Medical University, Beijing, China; 3Department of 
Dermatology; University Medical Center Freiburg, Freiburg, Germany 

CHILD syndrome is a very rare X-linked disorder characterized by 
congenital hemidysplasia, icthyosiform nevus and ipsilateral limb 
defects that can range from digital hypoplasia to complete amelia. 
Mutations in the NSDHL gene (NAD(P)H steroid dehydrogenase-like 
protein) have been identified in patients suffering from CHILD syn-
drome. The NSDHL gene encodes for an enzyme involved in choles-
terol biosynthesis. In most cases, small mutations in the NSDHL gene, 
usually being nonsense-mutations, have been reported to date. Also, 
three patients carrying a large deletion have been identified: a deletion 
encompassing the complete NSDHL gene, a deletion including exon 
6-8 and a microdeletion in the promoter/enhancer region including 
exon 1 of the NSDHL-gene.
Here, we report on two unrelated Chinese girls diagnosed with CHILD 
syndrome.. Patient 1 had an inflammatory ichthyosiform nevus on the 
right side of her body and absence of phalangeal bones of the right foot. 
Patient 2 showed an inflammatory epidermal nevus and deformed toes 
and fingers on the right side of her body. Sequencing of the NSDHL 
gene in both patients did not identify a mutation. A subsequently per-
formed qPCR analysis to detect deletions or duplications revealed a 
large deletion encompassing exon 4-7 of the NSDHL gene in patient 
1 and a deletion including exon 5-8 in patient 2. Our findings indicate 
that large deletions in the NSDHL locus may be rather common in 
cases of CHILD syndrome.

P-ClinG-092
Coincidence of reciprocal translocation and COL2A1 mutation in 
a fetus with severe skeletal dysplasia
Heinrich T.1, Nanda I.1, Rehn M.2, Zollner U.2, Ernestus K.3, Wirth C.4, 
Schlüter G.5, Schmid M.1, Kunstmann E.1 
1Institute of Human Genetics, University of Würzburg, Germany; 
2Departments of Gynecology and Obstetrics, University Hospital 
Würzburg, Germany; 3Institute of Pathology, University of Würzburg, 
Germany; 4Institute of Radiology - Department of Paediatric Radiology, 
University Hospital Würzburg, Germany; 5Prenatal Medicine and Genetics 
- MVZ, Nürnberg, Germany 

Prenatal sonographic examinations during the first pregnancy of a 
28-year-old woman revealed generalized hydrops fetalis and severe 
micromelia; therefore, fetal achondrogenesis was suspected. Chorion 
villus sampling was performed during 12th week of gestation. A recip-
rocal translocation t(4;17) was detected. Subsequent chromosomal 
analysis of maternal and paternal blood showed that the patient’s 
mother was carrier of the same reciprocal translocation. SNP array 
analysis of both fetus and mother did not provide evidence for chromo-
somal imbalances or copy number variations that could be associated 
with the fetal phenotype. Due to the poor prognosis, the family opted 
for termination of the pregnancy. Radiography and autopsy revealed 
small chest, micromelia, cupping of the metaphysis of the tubular 
bones, absent ossification of vertebral bodies and an underdeveloped 
and severely disorganized growth plate. As these features suggested a 
possible diagnosis of achondrogenesis, molecular genetic analyses were 
carried out which led to the detection of a heterozygote mutation in 
the COL2A1 gene (c.1529G>A, p.Gly510Asp). This mutation has been 
described earlier as a cause of achondrogenesis type II, an autosomal-

Abstracts

139Medizinische Genetik 1 · 2014 | 



dominant disease leading to severe micromelic dwarfism. Both parents 
were proven not to be carriers of this mutation.
The coexistence of a cytogenetic (reciprocal translocation) and a 
molecular genetic (COL2A1 mutation) abnormality in the fetus car-
ries important implications for genetic counselling. Recurrence risk 
for achondrogenesis type II (the actual fetal disorder) in the case of a 
de novo mutation seems to be low, although there are recent reports 
on recurrence of this disease within the same family, probably due to 
germline mosaicism. However, the risk of unbalanced gametes as a 
possible consequence of the maternal reciprocal translocation (which 
might be considered an incidental finding in this pregnancy) is an 
important issue to be discussed with the family.

P-ClinG-093
Identification of a new intronic BMPR2 mutation due to an Alu 
insertion and early diagnosis of heritable pulmonary arterial 
hypertension in a large family with a mean clinical follow-up of 
12 years
Hinderhofer K.1, Fischer C.1, Pfarr N.1,2, Szamalek-Hoegel J.1, Lichtblau 
M.2, Nagel C.2, Egenlauf B.2, Ehlken N.2, Grünig E.2 
1Institute of Human Genetics, University of Heidelberg, Germany; 2Centre 
for pulmonary hypertension of the Thoraxclinic, University Hospital of 
Heidelberg, Germany 

Mutations in the bone morphogenetic protein receptor 2 (BMPR2) 
gene can lead to hereditary pulmonary arterial hypertension (HPAH) 
and are detected in more than 80% of cases with familial aggregation 
of the disease. Factors determining disease penetrance are largely 
unknown.
A mean clinical follow-up of 12 years was accomplished in 46 family 
members including echocardiography, stress-Dopplerechocardiogra-
phy and genetic analysis of TGF-β pathway genes. Right heart catheter-
ization and RNA analysis was performed in members with pathological 
findings. Manifest HPAH was diagnosed in 8 members, 4 were already 
deceased, two died during the follow-up, two are still alive. Normal 
pulmonary artery systolic pressure at rest but hypertensive response 
to exercise (HR) has been identified in 19 family members. Analysis 
of BMPR2 transcripts revealed aberrant splicing due to an insertion 
of an intronic Alu element adjacent to exon 6. All HPAH patients and 
12 further asymptomatic family members carried this insertion. Dur-
ing follow-up two family members carrying HR and the Alu insertion 
developed manifest HPAH.
This is the first report of an intronic BMPR2 mutation due to an Alu 
element insertion causing HPAH in a large family which has been con-
firmed on RNA level. Only those members that carried both HR and 
the mutation developed manifest HPAH during follow-up. Our find-
ings highlight the importance of including further methods such as 
RNA analysis into the molecular genetic diagnostic of PAH patients. 
They suggest that at least in some families HR may be an additional risk 
factor for disease manifestation and penetrance.

P-ClinG-094
Genetic dosage compensation in a family with co-occurrence of 
PMP22 duplication and PMP22 deletion
Hirt N.1, Eggermann K.2, Busche A.1, Munk-Schulenburg S.1, Botzenhart 
E.1, Rudnik-Schöneborn S.2, Fischer J.1, Gaspar H.1 
1Institute of Human Genetics; University Medical Center Freiburg, 
Freiburg, Germany; 2Institute of Human Genetics; RWTH University 
Hospital Aachen, Aachen, Germany 

Charcot-Marie-Tooth disease, type 1 A (CMT1A) and Hereditary Neu-
ropathy with liability to Pressure Palsies (HNPP) are two autosomal 
dominantly inherited neuropathies caused by converse gene dosage 
alterations of chromosome 17p11.2-p12 including PMP22. CMT1A 

based on a heterozygous PMP22 duplication is characterized by 
peripheral neuropathy, distal muscular atrophy, sensory deficits and 
general reduced nerve conduction velocities. In contrast, a hetero-
zygous PMP22 deletion results in HNPP characterized by recurrent 
episodes of focal compression neuropathy with weakness and sensory 
deficits. To date there has been no report of an individual harboring 
both a PMP22 duplication on one chromosome 17 and a PMP22 dele-
tion on the other chromosome.
We describe a large three generation family with CMT1A or HNPP 
patients, as well as two sisters with co-occurrence of PMP22 duplica-
tion and PMP22 deletion who neither have a characteristic CMT1A nor 
HNPP phenotype.
MLPA assay was performed on several relatives of a 55-year-old female 
patient with CMT1A due to PMP22 duplication. Her mother and one 
of her sisters with typical features of CMT1A carried the PMP22 dupli-
cation as expected. Remarkably, one of her brothers carried a PMP22 
deletion consistent with his neuropathic symptoms characteristic for 
HNPP. Furthermore, MLPA analysis of two sisters both with unspecific 
neurologic symptoms and minimal electrophysiological aberrations 
neither characteristic for HNPP nor CMT1A presented with normal 
genotypes. However, analysis of a daughter of one of these sisters dis-
played a heterozygous PMP22 deletion. We therefore assumed co-
occurrence of a maternally inherited PMP22 duplication and a pater-
nally inherited PMP22 deletion in the initially inconspicuous woman. 
Her father was deceased; further paternal family members were not 
available. Familial segregation of 3 polymorphic microsatellite markers 
within the segment in region 17p11.2-p12 confirmed that the two sisters 
having normal results in MLPA both carried the maternal duplication 
of PMP22 and the paternal deletion of PMP22.
To our knowledge, this is the first report of co-occurrence of PMP22 
duplication and PMP22 deletion. While double trouble of separate 
neuropathy causing mutations generally results in a more severe phe-
notype, this is an exceptional situation where an increased protein 
expression from a duplicated allele seems to be fully compensated by 
the reduced expression of the deleted allele. The neurological findings 
of the two sisters are currently under detailed review.
Despite normal MLPA findings in these sisters, their offspring carry 
either the PMP22 duplication or the PMP22 deletion.
The reported family is a unique and exceptionally rare example of inde-
pendently segregating and partly compensating gene defects in CMT1A 
and HNPP and gives exciting insights into PMP22 gene function.

P-ClinG-095
Potential Modifier Effects in Senior-Løken Syndrome
Hoefele J., Datter S., Rath S., Klein HG., Eck S., Rost I. 
Center for Human Genetics and Laboratory Medicine Dr. Klein, Dr. Rost 
and Colleagues, Martinsried, Germany 

Nephronophthisis (NPHP), an autosomal recessive cystic kidney dis-
ease, is the most frequent genetic cause for end-stage renal disease in 
the first two decades of life. To date, mutations in more than 15 genes 
have been identified as causative with a homozygous deletion in the 
NPHP1 gene being the most common mutation. Ten percent of the 
affected individuals additionally suffer from retinitis pigmentosa, con-
stituting the renal-retinal Senior-Løken syndrome (SLSN). Some of 
the SLSN patients carry the mutations in one of the NPHP genes, a 
genotype-phenotype correlation, however, could not be observed. By 
positional cloning and exome capture, two additionally genes (IQCB1, 
SDCCAG8) were identified, which are specifically associated with 
SLSN.
Here, we present a 24-year old man with SLSN. Visual loss started at 
the age of 3 years, retinitis pigmentosa was diagnosed at the age of 8 
years. At the age of 19 years the patient suffered from renal impairment 
leading to the diagnosis of a Senior-Løken syndrome. The family his-
tory was inconspicuous.
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In a first step, multiplex ligation-dependent probe amplification 
(MLPA) was performed in this patient showing a heterozygous dele-
tion in NPHP1, which is not sufficient to explain SLSN in this patient. 
Further mutational analysis in the NPHP1 gene did not show an addi-
tional point mutation. Using sequencing by synthesis (next generation 
sequencing) all remaining NPHP genes were analyzed demonstrating 
two causative heterozygous mutations in IQCB1 (p.Phe142Profs*5, 
p.Arg489*) and an additional heterozygous mutation in NPHP4 
(p.Ala983Thr). Prediction tools like MutationTaster and PolyPhen-2 
classified all identified mutations as most likely pathogenic. All iden-
tified mutations were confirmed by Sanger sequencing. Segregational 
analysis was denied from the parents.
In this case the IQCB1 mutations could explain the SLSN phenotype 
but are potentially modified by the heterozygous mutations in NPHP1 
and NPHP4. For a small number of NPHP patients a digenic/oligo-
genic inheritance has previously been suggested. However, it cannot be 
ruled out, that both mutations in NPHP1 and NPHP4 in this patient 
are not pathogenic. This case demonstrates the challenge of interpret-
ing mutations and their clinical significance. Further functional studies 
will be needed to elucidate the pathogenic mechanisms.

P-ClinG-096
Genetics in disguise - role of pharmacogenetics in the fetal 
anticonvulsant syndrome?
Hoeltzenbein M.1, Scherneck S.1, Wacker E.1, Salzmann E.2, Juch H.3, 
Schaefer C.1 
1Berlin Institute of Clinical Teratology and Drug Risk Assessment in 
Pregnancy; Charité Universitätsmedizin, Berlin, Germany; 2Beuth 
University of Applied Sciences, Berlin, Germany; 3Institute for Cell 
Biology; Histology und Embryology; Medical University, Graz, Austria 

There is an increasing discussion on the genetic susceptibility for 
adverse pregnancy outcomes like drug-induced birth defects. One of 
the main principles of teratology is the interaction of environmental 
and genetic factors. This has been confirmed by several animal stud-
ies with different strain-specific risks for malformations after exposure 
to teratogens. In humans, a strong genetic susceptibility for adverse 
events has been proposed based on the higher recurrence risk for fetal 
anticonvulsant or valproate syndrome, including neural tube defects, 
after a first affected child (Moore et al., 2002).
Valproate is frequently used for the treatment of epilepsy, but is also a 
well-known teratogen leading to an increased risk of malformations 
and neurodevelopmental delay. In the Berlin Institute of Clinical Tera-
tology outcomes of 415 prospectively ascertained pregnancies with first 
trimester exposure to valproate were evaluated. Pregnancy outcomes 
were 324 live births (including two twin pregnancies), 33 spontaneous 
abortions, 57 elective terminations of pregnancy and one stillborn. The 
cumulative incidence of spontaneous abortion was within the normal 
range (21%, 95%-CI 12-36). Congenital anomalies were observed in 16% 
of prospectively ascertained cases.
Although valproate is considered a drug with a high teratogenic 
potential, only a minority of women treated during pregnancy have 
children with congenital anomalies. Pharmacogenetic studies could 
help to identify risk factors for the development of adverse pregnancy 
outcomes. For this approach well documented cases, including care-
ful individual clinical and comprehensive genetic evaluation of each 
case are required. Candidate genes that might protect the embryo/fetus 
from teratogenicity include a variety of genes involved in metabolism 
and drug transport as well as specific receptors. In the special situation 
of pregnancy both the fetal and maternal genome have to be consid-
ered.

P-ClinG-097
Excessive mutational fallout of STRC in patients with high 
frequency hearing loss
Hofrichter M. A. H.1, Vona B.1, Neuner C.1, Schröder J.1, Gehrig A.1, Kraus 
F.2, Shehata-Dieler W.2, Klopocki E.1, Nanda I.1, Haaf T.1 
1Institute of Human Genetics; Julius Maximilians University, 
Würzburg, Germany; 2Comprehensive Hearing Center; Department of 
Othorhinolarynogology; University Hospitals, Würzburg, Germany 

Approximately half of all hearing loss is due to genetic defects, with 
non-syndromic hearing loss comprising 70% of all genetic cases. 
Nearly one out of every 1000 newborn children is affected by hearing 
loss. Molecular genetic analysis of genes responsible for hearing loss is 
important for diagnosis.  Defects in GJB2 (connexin 26; MIM: 121011) 
and GJB6 (connexin 30; MIM: 604418) constitute many of the non-
syndromic cases that are solved. The GJB2 and GJB6 mutation negative 
cases require further investigation, which calls for the development of 
new diagnostic assays that can detect causative mutations and solve 
these otherwise unsolvable cases. Based on a genome-wide SNP array 
study, we successfully determined STRC (MIM: 606440) as a larger 
than expected contributor of non-syndromic hearing loss. STRC is on 
chromosome 15q15.3, has 29 exons and is included in the DFNB16 locus 
for non-syndromic hearing loss. The coded protein, stereocilin, is asso-
ciated with the outer hair cells. In knockout mouse experiments, ste-
reociliary crosslinks were absent in the outer hair cell. These crosslinks 
are responsible for opening transduction channels when outer hair 
cells are mechanically deflected. In humans, STRC hearing loss is pro-
gressive and is characterized by increased thresholds in the higher fre-
quencies with childhood onset. In a SNP array study which contained 
93 GJB2/GJB6 mutation negative non-syndromic hearing loss patients, 
we detected five heterozygous deletions, two homozygous deletions 
and ten individuals with a copy-neutral loss of heterozygosity (LOH) 
overlapping with STRC. One additional case was a confirmed hetero-
zygous deletion carrier by quantitative real-time PCR.  For molecular 
clarification of the heterozygous and the LOH cases, a Sanger sequenc-
ing method was established, which excludes the STRC pseudogene. 
This pseudogene is 100 kb away and shows a coding sequence identity 
of 99.6% and a genomic identity of 98.9% to the STRC gene. Three more 
cases having a heterozygous mutation could be solved through an addi-
tional hemizygous mutation, which are predicted as having negative 
effect on the protein. Furthermore, twenty patients with characteristic 
high frequency hearing loss but negative microarray result were Sanger 
sequenced using our method. One heterozygous and one compound 
heterozygous mutation could be identified. Altogether, 6% of our 
patient cohort was diagnosed by homozygous deletion, heterozygous 
deletion with Sanger sequence hemizygous mutation and compound 
heterozygous mutation, which is more than what we would normally 
expect given the genetic heterogeneity of non-syndromic hearing loss. 
We detected heterozygous carriers in five of 94 patients. This supports 
the understanding that STRC is an important gene to screen in hearing 
loss diagnostics.

P-ClinG-098
Identification of a 2q31.1-32.1 Interstitial Deletion in a Female 
Patient with Developmental Delay, Mild Mental Retardation 
and Dysmorphic Features
Holzmann C., Krueger G., Bauer I. 
Institute of Medical Genetics, Rostock, Germany 

We report on a patient with an interstitial deletion of the long arm of 
chromosome 2 at 2q31.12q32.1. She had a mild mental retardation, a 
high forehead, upslanting palpebral fissures, telecanthus, unusual ear 
shape with dysmorphic, simple pinnae, a bulbous nasal tip, full cheeks 
and a short philtrum. She showed delayed dentition and dental crowd-
ing, spoon fingers, deep palmar creases, short feet with flat foot arches, 

Abstracts

141Medizinische Genetik 1 · 2014 | 



hallux valgus, x-legs, stamping gait and striae rubrae on hips and 
thigs. The deleted region overlaps with the deletions found in previ-
ously reported cases. Array CGH analysis (Agilent 244K) revealed an 
interstitial deletion of 5.43 Mb leading to hemizygosity for 25 genes. 
A few of these genes are known disease-causing genes (OMIM) and 
good candidates to explain the cognitive and behavioral phenotype 
associated with the 2q31.1q32.1 deletion, namely AGPS, PRKRA, TTN, 
ITGA4, NEUROD1 and PDE1A. The HOXD Cluster is not deleted in 
our patient.

P-ClinG-099
Hyperphosphatasia with Mental Retardation syndrome: clinical 
spectrum and genetic heterogeneity due to defects of the GPI 
anchor synthesis pathway
Horn D.1, Wieczorek D.2, Metcalfe K.3, Barić I.4, Demuth S.5, Heinritz W.6, 
Linden T.7, Robinson P.N.1, Krawitz P.1 
1Institut für Medizinische Genetik und Humangenetik; Charité 
Universitätsmedizin Berlin, Berlin, Germany; 2Institut für Humangenetik 
Essen; Universitätsklinikum Essen, Essen, Germany; 3Clinical Genetics, 
Genetic Medicine; St. Mary´s Hospital, Manchester, UK; 4Department of 
Pediatrics; University Hospital Center Zagreb, Zagreb, Croatia; 5Praxis 
für Humangenetik Erfurt, Erfurt, Germany; 6Praxis für Humangenetik 
Cottbus, Cottbus, Germany; 7Klinik für Kinder- und Jugendmedizin; 
Universitätsklinikum Münster, Münster, Germany 

Four different genes of the glycosylphosphatidylinositol anchor syn-
thesis pathway, PIGV, PIGO, PGAP2, and PGAP3 have recently 
been implicated in hyperphosphatasia-mental retardation syndrome 
(HPMRS), also known as Mabry syndrome, a rare autosomal recessive 
form of intellectual disability. The aim of this study was to delineate the  
mutation spectrum of these genes as well as the associated phenotypic 
spectrum in a cohort of 18 individuals diagnosed with HPMRS on the 
basis of intellectual disability and elevated serum alkaline phosphate as 
minimal diagnostic criteria. Biallelic PIGV mutations were identified 
in about 50 % of unrelated families with HPMRS. The most frequent 
mutation detected in about 80 % of affected families is the c.1022C>A 
PIGV mutation, which was found in both, the homozygous as well 
as the heterozygous state. Six further mutations found in PIGV and 
PIGO are novel. Our findings in the largest reported cohort to date 
significantly extend the range of reported clinical manifestations and 
demonstrate that the severe end of the clinical spectrum presents as 
a multiple congenital malformation syndrome with a high frequency 
of Hirschsprung disease, vesicoureteral and renal anomalies as well as 
anorectal malformations. At the other end of this spectrum HPMRS 
could present as apparently non-syndromic form of intellectual dis-
ability. PIGV mutations are the major cause of hyperphosphatasia-
mental retardation syndrome, whereas mutations of the other involved 
genes are less frequent.
HPMRS displays a clinical variability regarding associated malforma-
tions and growth patterns but the main clinical features are develop-
mental delays often with seizures, hyperphosphatasia, particular facial 
anomalies, and brachytelephalangy.

P-ClinG-100
Two novel mutations in the LOR gene in two families with 
loricrin keratoderma
Hotz A.1, Bourrat E.2, Hausser I.3, Fischer J.1 
1Institute of Human Genetics, University Medical Center Freiburg, 
Freiburg; Germany; 2Centre de Reference des Genodermatoses, Hôpital 
Saint-Louis, Paris; France; 3Department of Dermatology, University 
Hospital of Heidelberg, Heidelberg; Germany 

Loricrin keratoderma (MIM #604117) is a rare autosomal dominant 
disorder characterized by honeycomb palmoplantar keratoderma and 

generalized mild ichthyosis, often associated with digital constriction 
(pseudoainhum). Loricrin keratoderma is caused by heterozygous 
mutations in the LOR gene (MIM *152445). Loricrin is a small glycine-
serine-cysteine-rich basic protein, synthesized in the granular layer. It 
is deposited beneath the plasma membrane and cross-linked to several 
cytosolic proteins, which form the cornified cell envelope (CE), a pro-
tective barrier against environment. The clinical phenotype of patients 
with mutations in the LOR gene can be very variable. These patients 
can be diagnosed with the ichthyotic variant of Vohwinkel’s syndrome, 
progressive symmetric keratoderma or the congenital ichthyosiform 
erythroderma born as a collodion baby. Until now, 11 families with 
loricrin keratoderma with 4 different heterozygous single base pair 
insertions in the LOR gene have been reported. All mutations lead to 
an elongated loricrin protein because of delayed termination.
Here we report two novel heterozygous insertion mutations in the LOR 
gene in three patients from two French families with the clinical charac-
teristics of loricrin keratoderma. Patient 1 is a 21 year old woman with the 
novel heterozygous insertion mutation c.646_647insGCAGCAGGTC, 
p.Gln216Argfs*123 in exon 2 of the LOR gene. Patient 2 (29 year old 
man) and patient 3 (his 68 year old mother) carried both the novel 
heterozygous insertion mutation c.798_799insT, p.Gly267Trpfs*69 in 
exon 2 of the LOR gene.
Our report confirms the causal association of the LOR gene with loric-
rin keratoderma and the importance of insertion mutations in loricrin 
keratoderma.

P-ClinG-101
A 24 bp deletion in ELN causing a Marfan-like phenotype
Hoyer J., Kraus C., Reis A. 
Institute of Human Genetics, Erlangen, Germany 

We report on a 27 year old male presenting with a Marfan-like pheno-
type. The patient had a mild myopia, a high palate and broad uvula, 
skin striae, a plain flat foot, a positive wrist sign as well as long fingers 
and toes and an increased arm span-to-height ratio. Moreover a three-
fold patellar luxation was reported. Marfan syndrome was suspected 
three years ago when funnel chest surgery was performed. A cardio-
logical examination was consecutively recommended but revealed no 
abnormalities.
The recently revised diagnostic criteria for Marfan syndrome integrate 
information from multiple sources including personal medical history 
and physical examination. Those features are weighted and grouped 
to derive a “systemic score”. In the absence of a family history of Mar-
fan syndrome, a systemic score ≥7 in combination with an aortic root 
enlargement (Z-score ≥2.0) is sufficient for the diagnosis. Our patient 
achieved a systemic score of 7 but did not show an aortic dilatation.
We used an individual, Multiplex-PCR based Ion AmpliSeq Kit captur-
ing 98,44% of coding regions to analyze the genes FBN1, ACTA2, ELN, 
CBS, FBN2, MYH11, COL3A1, SLCA10, SMAD3, TGFBR1, TGFBR2 
and TGFB2. Surprisingly we identified a small heterozygous in frame 
deletion of 24 bp (c.1178_1201del24bp) in exon 20 of the ELN gene lead-
ing to a loss of 8 amino acids (p.Gly393_Ala401delinsAla). This result 
was confirmed by Sanger sequencing. We suppose that expression of a 
mutated protein leads to the disruption of elastic fibre architecture. Up 
to now mutations in Elastin are only known for autosomal dominant 
Cutis laxa (ADCL) and as a cause for aortic aneurysms but are not 
described as causative for other Marfan phenotype features.
For further evaluation physical examination and molecular analysis in 
the patient´s parents is planned.
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P-ClinG-102
A familial case of Cornelia de Lange syndrome caused by NIPBL 
gene mutation
Jenke A.1, Linné M.1, Eichholz S.2, Fahsold R.1 
1Mittedeutscher Praxisverbund Humangenetik, Dresden, Germany; 
2Städtisches Krankenhaus Dresden-Neustadt, Zentrum für Kinder- und 
Jugendheilkunde, Dresden, Germany 

Cornelia de Lange syndrome (CdLS) is caused by mutations in the 
NIPBL gene in 60% of the cases. The most important clinical signs are 
typical craniofacial features, upper limb defects, mental retardation, 
short stature and hirsutism.
In the literature NIPBL mutations have been described both in individ-
uals with mild and severe clinical symptoms. Typically individuals with 
truncating NIPBL mutations have a severe phenotype. The majority of 
cases are caused by de novo mutations and less than 1% of individuals 
with NIPBL-related CdLS have an affected parent.
We describe a rare case of familial CdLS with a mild phenotype caused 
by a NIBPL mutation. The index patient was a two year old Caucasian 
boy with microcephaly, synophrys and arched eyebrows, ptosis of the 
left eye, small hands with simian crease, short stature, cryptorchidism 
and speech delay. Interestingly, his 30 year old mother was found to 
carry the same mutation. She presented with characteristic facial CdLS 
features including synophrys with arched eyebrows, short stature, 
brachydactyly and learning disabilities.
Molecular analyses revealed a previously unknown frameshift muta-
tion c.8307delA (p.Asp2770Thrfs*9) in the last exon (exon 47) of the 
long isoform of the NIBPL gene (NM_133433.3). This mutation is 
predicted to affect a functionally noncritical region of Nipped-B-like 
protein. In addition, this mutation does not alter the short isoform 
(NM_015384.4) of the NIPBL gene, which lacks the last exon contain-
ing the mutation. In conclusion, these findings may explain the milder 
phenotype observed in our patients.

P-ClinG-103
Bi-allelic PTEN mutation in two patients with extreme 
macrocephaly and mild intellectual disability
Khaled A.1, Buchert R.1, Radwan F.1, Schürmann M.2, Hallak B.3, 
Gillissen-Kaesbach G.2, Reis A.1, Uhlig H.4, Abou Jamra R.1 
1Institute of Human Genetics; Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany; 2Institute of Human Genetics; Universität 
zu Lübeck, Lübeck, Germany; 3Praxis for Pediatrics, Kefrenbel, Syria; 
4Translational Gastroenterology Unit; John Radcliff Hospital, Oxford, 
United Kingdom 

Heterozygous mutations in PTEN cause a spectrum of disorders 
including macrocephaly, tumor predisposition, autism and cognition 
impairment as well as skin lesions. Homozygous or compound hetero-
zygous mutations have not been reported yet. Based on mouse models 
it was assumed that those would be lethal.
We examined two siblings with an extreme macrocephaly of 63 cm (17 
years old female, + 5.9 SD) and 64 cm (15 years old male, + 5.5 SD) and 
a mild intellectual disability that presented at the institute of human 
genetics in Lübeck. All further examinations were unremarkable. Espe-
cially, the affected persons show no autistic symptoms, no skin lesions, 
and no tumors. Their heterozygous parents as well as further obliga-
tory carriers are healthy and there is no excess of tumors in the family 
history.
Since the parents were consanguineous, we assumed autosomal reces-
sive inheritance. We undertook autozygosity mapping and identified 
one candidate locus on chromosome 10 between 87.99 and 91.02 Mb 
(3.03 Mb). Exome sequencing revealed one mutation located in the 
candidate locus that is not reported in public databases and in over 
300 in house exomes, and which is highly conserved and predicted to 
be pathogenic by four in silico programs. This mutation is located in 

PTEN; NM_000314: g.Chr.10:89711927T>C; c.T545C; p.Lys182Ser and 
has been recently described in patients with PHTS (PTEN hamartoma 
tumor syndrome).
The clinical phenotype of intellectual disability and macrocephaly sug-
gests a clear impact of this mutation on the protein function. Since the 
heterozygous carriers in our family are healthy and this homozygous 
mutation is obviously not lethal, we assume that this mutation is hypo-
morphic. Functional analyses to test the residual catalytic activity of 
PTEN are ongoing using cell lines of our patients as well of healthy 
persons and of patients with different mutations in PTEN.
We illustrate in this study that a bi-allelic mutation in PTEN is not nec-
essarily lethal and does not always lead to tumor predisposition; we 
postulate an extension of the phenotype of PTEN mutations to autoso-
mal recessive macrocephaly with mild intellectual disability.

P-ClinG-104
Twenty-one years to the right diagnosis - Clinical overlap of 
Simpson-Golabi-Behmel syndrome and Beckwith-Wiedemann 
syndrome
Knopp C.1, Zerres K.1, Rudnik-Schöneborn S.1, Gencik A.2, Spengler S.2, 
Eggermann T.1 
1Institute of human genetics RWTH University Hospital Aachen, Aachen, 
Germany; 2Praxis für Humangenetik/diagenos, Osnabrück, Germany 

Simpson-Golabi-Behmel syndrome (SGBS) is an X-linked recessive 
overgrowth syndrome caused by mutations in the glypican 3 (GPC3) 
gene. SGBS is characterized by pre- and postnatal overgrowth, “coarse” 
facial features and a spectrum of congenital malformations (e.g. mac-
roclossia, organomegaly, Wilms tumor, umbilical hernia) which over-
lap with Beckwith-Wiedemann syndrome (BWS).
We report on a 21 year old patient who was diagnosed BWS shortly 
after birth. Polyhydramnios, macrosomia, splenomegaly and large 
hypoechogenic kidneys were noted at 30 weeks gestation by prenatal 
ultrasound. The boy was born at 36 weeks of gestation by cesarian sec-
tion due to fetal macrosomia. Birth weight was 4300 g, length 55 cm 
and head circumference 38 cm (all >97th centile). Apart from mac-
rosomia examination after birth showed macroglossia, mild progna-
thism, nephromegaly, peripheral pulmonary stenosis, slightly dilated 
cerebral ventricles, ear lobe creases and rather small hands and feet. 
Due to a persistent ductus omphaloentericus with Meckel diverticu-
lum, surgical intervention took place 2 weeks after birth. Tube feed-
ing was necessary during the first weeks of life, and recurrent apnea 
and bradycardia episodes persisted. At 3 months, a Wilms tumor of 
the left kidney was removed. In addition, a cyst of the right kidney 
was documented. At 5 months exomphalos-macroglossia-gigantism 
(EMG) syndrome was diagnosed clinically by Professor Wiedemann. 
However, at that age it was documented that some features were not 
typical for EMG syndrome like rather small hands with short fingers 
and notably a supernumerary nipple on the left side. At the age of 6 
years a tongue reduction surgery was performed and a submucous cleft 
palate was corrected. Motor and speech development were delayed, 
and the boy received special education.
The patient’s clinical history was reviewed again at the age of 21 years, 
after the clinical diagnosis of BWS could not be confirmed by molecu-
lar genetic testing for molecular mutations in 11p15 by MLPA. At this 
time, his height was 2,04 m and his frontal head circumference was 68 
cm. He is of normal intelligence, after successfully passing his A-Levels 
he started with engineering studies. Physical examination showed pec-
tus excavatum, 2 supernumerary nipples, several areolar skin tags and 
a large mandible, resulting in marked facial dysmorphism. Based on 
the clinical features the diagnosis of BWS was withdrawn and SGBS 
suspected. Sequencing of the GPC3 gene subsequently revealed a hemi-
zygosity for the nonsense mutation p.Tyr81X (c.243C>G) in exon 2. In 
comparison to the initial diagnosis of BWS, this finding has an impor-
tant implication for the recurrence risks in the family.
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We will demonstrate the evolution of the phenotype in SGBS from 
infancy to adulthood and compare the clinical features of SGBS and 
BWS. Despite the advances in molecular genetic testing, an accurate 
clinical diagnosis still has an important place in genetic syndromology.

P-ClinG-105
Blepharophimosis-ptosis-epicanthus inversus syndrome plus
Koenig R.1, Schweiger S.2, Schaefer D.1 
1Institute of Human Genetics, University Hospital, Frankfurt, Germany; 
2Institute of Human Genetics, University Medical Center, Mainz, Germany 

Blepharophimosis-ptosis-epicanthus inversus syndrome (BPES; 
OMIM #110100) is a rare autosomal dominant syndrome, which is 
characterized by the main and partly name-giving features: blepharo-
phimosis, ptosis, epicanthus inversus and lateral displacement of the 
inner canthi with normal interpupillary distance (telecanthus). Two 
types of BPES can be recognized: type I BPES with female infertility 
due to premature ovarian failure, and Type II BPES, presenting with 
eyelid abnormalities only.
Our patient was born after an uneventful dicygotic twin pregnancy at 38 
weeks of gestation. Birth weight was 1195 g(<10%), length 39 cm (<10%) 
and head circumference 26 cm (<10%).  She had the typical facial fea-
tures, and in addition abducted thumbs. Her development was delayed.  
She sat at 18 months, and walked with one hand held at 20 months 
with a broad-based gait. She spoke her first real words at 20 months 
and followed one-step commands. At 20 months her height was 78 cm 
(3-10%), weight 8,8 kg (<3%) and CFC 43 cm (<3%). Karyotype and 
sequence analysis of the FOXL2-gene were normal, but array-CGH 
revealed a 10 Mb microdeletion [arr 3q22.1q23(130.724.444-141.632.618)
x1], spanning more than 70 genes, including FOXL2.
BPES is caused by FOXL2 mutations, subtle FOXL2 deletions or 3q23 
microdeletions, or deletions of the FOXL2 regulatory region.  Patients 
with larger deletions more often present with associated anomalies, 
like mental retardation, microcephaly or short stature. We discuss the 
molecular mechanisms underlying the features of our patient.

P-ClinG-106
Molecular investigations in a family with 3-methylglutaconic 
aciduria, optic atrophy and facioscapulohumeral muscular 
dystrophy (FSHD) phenotype
Kragesteen B.1,2, Fischer B.1,2, Spielmann M.1,2, Hoffmann K.3, Mundlos 
S.1,2, van Maldergem L.4, Kornak U.1,2 
1Institut für Medizinische Genetik und Humangenetik, Berlin, Germany; 
2Max-Planck-Institut für Molekulare Genetik, Berlin, Germany; 3Institut für 
Humangenetik, Halle-Saale, Germany; 4Centre de Génétique Humaine, 
Besançon, France 

Different syndromes have been described in which mutations affecting 
components of the mitochondria leading to increased urinary excre-
tion of the metabolite 3-methylglutaconic acid. The affected gene prod-
ucts play important roles in mitochondrial structure, function, and 
dynamics; Mitochondrial dysfunction typically affects tissues with a 
high energy demand like muscle, brain, and nerves.
The aim of this project was to find the disease causing mutation in a 
consanguineous family with increased levels of 3-methylglutaconic-
acid in urine and plasma. The four patients also show optic nerve atro-
phy and a neuromuscular phenotype resembling facioscapulohumeral 
muscular dystrophy (FSHD) with onset in early adulthood. Homozy-
gosity mapping revealed a candidate interval on chr. 11, whole-exome 
sequencing failed to detect any disease-causing variant and no copy 
number variantion was found in Array-CGH.
Currently, our investigations focus on non-coding and potential regu-
latory regions close to described mitochondrial genes within the link-
age interval.

P-ClinG-107
Identification of potential causative gene loci for an autosomal 
recessive novel syndrome with brain anomalies, vision 
impairment and distinct facial dysmorphism.
Kroisel P.M.1, Birnbacher R.2, Wagner K.1, Petek E.1, Quasthoff S.3, Spei-
cher R.M.1, Windpassinger C.1 
1Institute of Human Genetics; Medical University of Graz, Graz, Austria; 
2Department of Pediatrics; Regional Hospital Villach, Villach, Austria; 
3Department of Neurology; BB-Hospital Graz, Graz, Austria 

In a large family of Turkish origin, two affected offspring’s were born. 
Both children, a girl (10 years old) and a boy (6 years of age) show 
similar clinical anomalies, like a severe mental retardation with corpus 
callosum agenesis, ataxia, moderate microcephaly, square face, hyper-
telorism, bilateral ptosis, arched eyebrows, epicanthal folds, downslant-
ing palpebral fissures, strabismus, amblyopia, broad nasal bridge, low 
set ears, a relatively short philtrum and downturned corners of the 
mouth. Pediatric and neurological examinations including brain MRI, 
myography and electroneurography of both patients did not reveal 
any additional disorder and a hereditary motor sensory neuropathy 
(HMSN) could be ruled out. Since the mothers of both patients are first 
degree cousins and both fathers are second degree cousins too, pedi-
gree analysis allowed concluding that an autosomal recessive mode of 
inheritance of this particular syndromic disorder is very likely. Based 
on these findings we performed a 250 k Affymetrixs SNP array anal-
ysis using DNA of both patients for homozygosity mapping. By this 
approach it was possible to reduce the homozygous genomic regions 
that are shared by both patients to only 4 segments ranging from about 
3.05 Mb to about 8.84 Mb in size. Because the number of potential can-
didate genes in these genomic regions (hg19) according to the obtained 
RS-loci on chromosome 1 (1p36.22), chromosome 2 (2q22.3), chromo-
some 3 (3p14.1) and chromosome 9 (9q21.13) is still considerable, we 
will as a next step apply a whole exome next generation sequencing 
approach to identify homozygous mutations in both patients and will 
then be able to focus just on the 4 genomic segments mentioned above. 
Since none of these segments to the current knowledge contains any 
known appropriate disease causing gene and although the phenotype 
of our patients shows some similarities with Toriello-Carey syndrome 
and Charlevoix disease or Andermann syndrome, it clearly does not 
resemble these syndromes, so we think that our patients exhibit a new 
syndromic disorder. As soon as we have a causative gene mutation 
identified, it will be of highest priority to find another non related fam-
ily with this new syndrome and an independent mutation in this gene 
as well.

P-ClinG-108
Dominant mutations in beta-catenin 1 (CTNNB1) appear to be a 
frequent cause of intellectual disability
Kuechler A.1, Albrecht B.1, Cremer K.2, Czeschik JC.1, Graf E.3, Lüdecke 
H-J.1, Wieland T.3, Zink AM.2, Engels H.2, Strom TM.3, Wieczorek D.1 
1Institut für Humangenetik; Universitätsklinikum Essen, Essen, Germany; 
2Institute of Human Genetics; University of Bonn, Bonn, Germany; 
3Institute of Human Genetics; Helmholtz Zentrum München, Neuherberg, 
Germany 

Intellectual disability (ID, IQ<70) affects up to 3% of the general popu-
lation. Until recently, the underlying reason of ID was unclear in about 
half of the affected individuals, also due to its high locus heterogene-
ity. The introduction of whole exome sequencing (WES) techniques 
enables elucidating the underlying genetic background of ID.
We performed WES in a cohort of 250 individuals with unexplained 
ID in a trio design with their unaffected parents. We identified and 
confirmed heterozygous de novo CTNNB1 (beta-catenin 1) mutations 
in four unrelated individuals (three of Caucasian and one of Asian 
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descent) – two frameshift mutations, one stop mutation, and one splice 
mutation.
All four patients have a severe motor delay and profound speech 
impairment. In addition they have a hypotonia of the trunk and hyper-
tonia of the legs. The craniofacial phenotype comprises a microcephaly 
in three of four patients (in two of them already present at birth) and 
some consistent facial features - a broad nasal tip, small alae nasi, a long 
philtrum and a thin upper lip vermillion.
Beta-catenin is a key downstream component of the canonical Wnt 
signaling pathway, and acts as a negative regulator of centrosome cohe-
sion. Whereas somatic gain-of-function mutations in CTNNB1 have 
already been found in various tumor types, germline loss-of-function 
mutations were suspected in animal models to influence neuronal 
development and maturation. This was supported by the finding of 
dominant inactivating CTNNB1 mutations as a cause of ID in three 
out of 865 patients (0.35 %) (de Ligt et al., NEJM 367:1921-1929, 2012). 
The clinical phenotype was characterized by absent or limited speech, 
microcephaly and spasticity with severely impaired ability to walk.
Our finding of four individuals in our cohort of 250 with ID (1.6 %) 
suggests that CTNNB1 loss-of-function mutations might be a more 
frequent cause of ID than estimated from the data of de Ligt and col-
leagues. Our data further emphasize the importance of Wnt signalling 
in human brain development and/or function.

P-ClinG-109
Targeted next-generation sequencing identifies two novel 
TRIM32 mutations in a patient with LGMD phenotype
Kuhn M.1, Buske A.2, Gläser D.1 
1genetikum, Neu-Ulm, Germany; 2Praxis für Medizinische Genetik, Berlin, 
Germany 

Limb-girdle muscular dystrophy (LGMD) is a genetically heteroge-
neous group of muscular disorders. Causative mutations in about 30 
genes have been identified over the last 10 years. LGMD2H is a rare 
autosomal recessive disorder characterized by proximal weakness, 
atrophy and mildly to moderately raised levels of creatine kinase (CK) 
with an onset between the first and fourth decade. Besides a slowly pro-
gression, some of the symptoms include facial weakness and respira-
tory weakness. LGMD2H results from mutations in the gene encoding 
the tripartite motif-containing protein-32 (TRIM32) on chromosome 
9q33.1.
We report on a 45-year-old male patient with a general weakness and 
a decreased load-carrying capacity for about 3 years. The fact that the 
CK level is between five and seven times the upper limit of normal and 
a conspicuous muscle biopsy leading to LGMD as a suspected diagno-
sis. We performed targeted next-generation sequencing (NGS) with a 
panel including 37 genes that are associated with limb-girdle muscu-
lar dystrophy. We identified two heterozygous novel mutations in the 
TRIM32 gene, namely c.626_627delCT and c.1901A>G (p.Asp634Gly). 
The deletion is leading to a frameshift and most probably to a trun-
cated protein. The substitution changes the amino acid aspartic acid 
to glycine and effects the C-terminal NHL region, like every known 
mutation in the TRIM32 gene that causes LGMD2H. Further substitu-
tions in TRIM32 have been reported as causative before. Both muta-
tions were confirmed by Sanger sequencing.
Therefore gene-panel diagnostics with next-generation sequencing is 
an appropriate method to detect causative mutations in case of diseases 
with clinical and genetic heterogeneity.

P-ClinG-110
Partial MED13L deletion in a patient with developmental 
delay, muscular hypotonia, dysmorphic features, and minor 
heart anomalies: further evidence for a recognizable MED13L 
haploinsufficiency syndrome
Maas B.1, Dikow N.1, Jauch A.1, Janssen J.W.G.1, Spachholz E.1, Schmitt 
K.1, Karch S.2, Bartram C.R.1, Hinderhofer K.1 
1Institute of Human Genetics; Heidelberg University, Heidelberg, 
Germany; 2Center for Child and Adolescent Medicine; Pediatric 
Neurology, Heidelberg University Hospital, Heidelberg, Germany 

MED13L (mediator complex subunit13-like) is a component of the 
Mediator, a multiprotein complex that is involved in transcriptional 
regulation. A balanced translocation disrupting the gene was previously 
identified in a patient with intellectual disability and transposition of 
the great arteries (TGA). Subsequent mutation analysis of patients with 
isolated TGA revealed three heterozygous missense mutations and led 
to the assumption that MED13L is involved in early brain and heart 
development. Recently, haploinsufficiency of the MED13L gene in two 
patients has been associated with a phenotype including hypotonia, 
moderate intellectual disability, facial dysmorphism, and congenital 
heart defects (CHD).
Here we report on a boy who was referred to us for evaluation of his 
developmental delay. He was born after 29 weeks of gestation following 
a twin-pregnancy. His twin sister is healthy and shows normal psycho-
motor development. In the neonatal period he had respiratory distress 
and sucking weakness. Echocardiography revealed a persistent ductus 
arteriosus botalli and patent foramen ovale; later mild pulmonal and 
tricuspid valve insufficiency and supraventricular extrasystoles were 
detected. At the age of 2 years and 9 months, he showed significant 
motor and speech delay, strabism, severe muscular hypotonia and 
dysmorphic features including facial hypotonia, hypoplastic alae nasi, 
micrognathia as well as large ears. Oligo/SNP array analysis (Affyme-
trix CytoScan HD) revealed a 100 kb deletion in chromosomal region 
12q24.21 encompassing exons 4 to 9 of the MED13L gene. MLPA (mul-
tiplex ligation dependent probe amplification) analysis of the patient 
and his parents confirmed the deletion and showed a de novo occur-
rence.
The striking similarities between our patient and the previously 
reported deletion patients support the hypothesis of a distinct syn-
drome with recognizable facial features caused by haploinsufficiency of 
the MED13L gene. However, the cardiac phenotype of MED13L haplo-
insufficiency appears to be variable since the boy presented here shows 
only minor cardiac anomalies compared to CHD reported in previ-
ously published cases.

P-ClinG-111
A patient with partial trisomy 16q: Case report and review of 
the literature
Mackenroth L., Doelken S. C. 
Institute of Medical and Human Genetics; Charité-Universitätsmedizin 
Berlin, Berlin, Germany 

Duplications of the long arm of chromosome 16, leading to a partial 
or complete trisomy 16q, are a rare group of disorders with a highly 
variable phenotype. Variable intellectual disability, behavioural abnor-
malities, dysmorphic features, malformations, and often limited sur-
vival have been reported. It has been suggested that the length of the 
16q duplication correlates with clinical phenotype and survival - other 
studies suggest that the site of the duplication correlates with the clini-
cal phenotype.
We present an 8 year old boy with facial dysmorphism consisting of 
downward slanting palpebral fissures, hypertelorism, thin everted 
upper lip, dysplastic helices, facial and scull asymmetry, as well as 
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moderate to severe intellectual disability, muscular hypotonia, struc-
tural heart defect, hydronephrosis and unilateral postaxial polydactyly.
Karyotyping revealed a de novo duplication of part of the long arm 
of chromosome 16: 46,XY,dup(16)(q11.2q23). In addition we performed 
Array-CGH (180K, Bluegnome) to determine the exact size and locali-
sation of the duplication.
We present the clinical and molecular-cytogenetic information of our 
patient and a review of the literature of 16q trisomy including a discus-
sion of possible genotype-phenotype correlations.

P-ClinG-112
Novel calmodulin (CALM2) mutations associated with 
congenital arrhythmia susceptibility
Mastantuono E.1, Beckmann BM.2, Makita N.3, Yagihara N.4, Johnson 
CN.5, Lichtner P.1, Shigemizu D.6, Ishikawa T.3, Takeshi A.7, Tsunoda T.6, 
Satake W.8, Toda T.8, Nakagawa H.6, Tsuji Y.3, Tsuchiya T.9, Yamamoto 
H.3, Miyamoto Y.7, Endo N.4, Kimura A.10, Ozaki K.6, Motomura H.3, Suda 
K.11, Tanaka T.6, Schwartz PJ.12, Watanabe H.4, Shimizu W.7,13, Chazin 
WJ.5, Kääb S.2,14, George AL.5, Meitinger T.1,14,15, Crotti L.1,12,16 
1Helmholtz Zentrum München, Munich, Germany; 2Ludwig-Maximilians 
University, Munich, Germany; 3Nagasaki University, Nagasaki, Japan; 
4Niigata University, Niigata, Japan; 5Vanderbilt University, Nashville, 
USA; 6RIKEN Center for Integrative Medical Sciences, Yokohama, Japan; 
7National Cerebral and Cardiovascular Center, Suita, Japan; 8Kobe 
University, Kobe, Japan; 9EP Expert Doctors-Team Tsuchiya, Kumamoto, 
Japan; 10Tokyo Medical University, Tokyo, Japan; 11Kurume University 
School of Medicine, Kurume, Japan; 12IRCCS Istituto Auxologico Italiano, 
Milan, Italy; 13Nippon Medical School, Tokyo, Japan; 14Deutsches Zentrum 
für Herz-Kreislauf-Forschung, Munich, Germany; 15Technische Universität 
München, Munich, Germany; 16University of Pavia, Pavia, Italy 

Background: Genetic predispositions to life-threatening cardiac 
arrhythmias such as in the congenital long-QT syndrome (LQTS) and 
(CPVT) represent treatable causes of sudden cardiac death in young 
adults and children. Recently, mutations in calmodulin (CALM1, 
CALM2) have been associated with severe forms of LQTS and CPVT, 
with life-threatening arrhythmias occurring very early in life. Defects 
in calmodulin function alter crucial calcium-dependent mechanisms 
involved in cardiac membrane ion channels activity, suggesting novel 
molecular basis for life-threating conditions occurring at an early stage 
of life.
Methods: We employed next-generation sequencing approaches (tar-
geted exon capture, exome sequencing) along with conventional tar-
geted mutation screening in three cohorts of genotype-negative LQTS 
probands.
Results: We identified three novel de novo missense mutations in 
CALM2, in two subjects with LQTS and one subject with clinical fea-
tures of both LQTS and CPVT.
One mutation (p.D132E) was discovered by targeted screening of 
calmodulin genes. The proband was an adult German female with a 
history of perinatal bradycardia and neonatal LQTS  as well as clinical 
features consistent with CPVT in later childhood.
A second CALM2 mutation (p.D134H) was detected by targeted can-
didate gene sequencing of 11 Japanese LQTS probands. This mutation 
was found in a girl who had suffered at age 19 months a syncopal event 
associated with long QTc (579 ms) followed by several episodes of car-
diac arrest during exertion.
Another mutation (p.N98S) was discovered by analyzing exomes of 190 
genotype-negative Japanese LQTS probands. This mutation was pres-
ent in a 5 year-old boy with multiple episodes of exercise-induced syn-
cope and dizziness along with a QTc of 478 ms.  Interestingly, p.N98S 
mutation in a different calmodulin gene (CALM1) was previously asso-
ciated with CPVT in an Iraqi child.
All mutations affect highly conserved residues located within the third 
(p.N98S) or forth (p.D132E, p.D134H) calcium binding loops in the 

carboxyl-terminal domain, and mutant calmodulin proteins exhibited 
reduced calcium binding affinity.
Conclusions: CALM2 mutations can be associated with less severe 
forms of LQTS and with overlapping features of LQTS and CPVT, sug-
gesting the possibility of multiple ion channel targets of dysfunctional 
calmodulins.

P-ClinG-113
A family with microcephaly, visual problems, mild intellectual 
disability (ID) and a mutation in KIF11
Mikat B.1, Jones G.2, Mansour S.3, Ostergaard P.4, Wieczorek D.1 
1Institut für Humangenetik; Universitätsklinikum Essen; Universität 
Duisburg-Essen, Essen, Deutschland; 2Leicester Clinical Genetics 
Department; University Hospitals Leicester NHS Trust, Leicester, UK; 
3South West Thames Regional Genetics Service; St. George’s University 
of London, London SW17 0RE, UK; 4Medical Genetics Unit; Biomedical 
Sciences; St. George’s University of London, London SW17 0RE, UK 

Mutations in KIF11 cause the autosomal dominant condition micro-
cephaly with or without chorioretinopathy, lymphoedema, or mental 
retardation (MCLMR, MIM 152950). It is a rare condition and so far 
only a few families with mutations in KIF11 have been reported (Oster-
gaard et al., 2012, Jones et al., 2013, Hazan et al., 2012).
Here we present a mother and her daughter, presenting with congenital 
microcephaly, visual problems and mild intellectual disability (ID). The 
mother had chorioretinopathy and the daughter myopia. They did not 
show any signs of lymphoedema. They shared the same dysmorphic 
features with a prominent nose, thickened eyebrows, thick lower lip 
and a prominent chin. These dysmorphic features are consistent with 
those patients previously described (Vasudevan et al., 2006, Ostergaard 
et al., 2012, Jones et al., 2013). Molecular analysis of the KIF11 gene con-
firmed a nonsense mutation (c.1159C>T, p.Arg387*) in the mother and 
her daughter.
We present the clinical and molecular data from this family and give 
a short review on this rare condition characterized by microcephaly 
with or without chorioretinopathy, lymphoedema, or mental retarda-
tion (MCLMR) with a wide clinical spectrum.

P-ClinG-114
A novel hemizygous OFD1 mutation leads to aberrant splicing 
in a five year old boy with Joubert syndrome
Mitter D.1, Decker E.2, Bader I.3, Bolz H.J.2,4 
1Institut für Humangenetik Universitätsklinikum, Leipzig, Germany; 
2Bioscientia Zentrum für Humangenetik, Ingelheim, Germany; 
3Kinderzentrum München Heiglhofstr. 63, München, Germany; 4Institut 
für Humangenetik Universitätsklinikum, Köln, Germany 

Joubert syndrome (JBTS) is characterized by a distinctive midhind-
brain malformation. The corresponding hallmark of JBTS in axial MRI 
imaging is the ‘molar tooth sign’. Postnatal breathing abnormalities, 
muscular hypotonia and developmental delay are common, additional 
symptoms such as retinal dystrophy, cystic kidney disease, hepatic 
fibrosis and polydactyly may be present. JBTS is genetically heteroge-
neous with mutations in more than 20 causative genes reported to date. 
Whereas inheritance is mostly autosomal recessive, mutations of OFD1 
(OMIM 300170) cause the only known X-linked JBTS subtype (OMIM 
300804). We present a 5 year old boy with severe developmental delay, 
muscular hypotonia, absent speech development, epilepsy, and bilat-
eral polydactyly. In addition he has dysphagia with frequent aspiration. 
MRI scan showed cerebellar hypoplasia with molar-tooth-sign, arach-
noid cyst, and right sided abnormal gyration with polymicrogyria and 
pachygyria. By targeted massively parallel sequencing of all known 
JBTS genes, we identified a novel OFD1 mutation: c.2488+5G>T, which 
affects the extended splice donor motif of intron 18. The mutation 
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was inherited from the unaffected mother. Sequencing of OFD1 RT-
PCR products showed no wild-type transcript but revealed aberrant 
transcript variants with skipping of exon 18, exons 18/19, and exons 
18/19/20. All aberrant transcript variants disrupt the reading frame and 
very likely lead to mRNA degradation due to nonsense-mediated decay 
(NMD) or a truncated non-functional protein. In any case, they were 
all present besides the wild-type transcript in the patient’s mother. In 
conclusion, a constitutive c.2488+5G>T splice site mutation in OFD1 
is pathogenic and causes X-chromosomal JBTS in the patient reported 
here.

P-ClinG-115
Case-control study of the MTHFR polymorphism C677T in 
case-mothers of children with neural tube defects and control-
mothers of Pakistani origin.
Nauman N.1, Jalali S.2, Shami S.2, Rafiq S.1, Große G.3,4, Hilger A.3,4, Draa-
ken M.3,4, Nöthen MM.4,5, Ludwig M.6, Reutter H.5,7 
1Department of Pathology;Holy Family Hospital, Rawalpindi, Pakistan; 
2Department of Animal Sciences;Quaid-i-Azam University, Islamabad, 
Pakistan; 3Institute of Human Genetic, Bonn, Germany; 4Department 
of Genomics Life & Brain Center, Bonn, Germany; 5Institute of Human 
Genetics, Bonn, Germany; 6Department of Clinical Chemistry and Clinical 
Pharmacology, Bonn, Germany; 7Department of Neonatology, Bonn, 
Germany 

Introduction: Neural tube defects (NTDs) are congenital malforma-
tions accompanied with low birth weight, which result from a failure 
of the neural tube to close during the fourth week of embryogenesis. 
Genetic studies examining the gene coding for the folate metabolis-
ing methylenetetrahydrofolate reductase (MTHFR) enzyme suggest 
that the functional 677C/T thermolabile polymorphism contributes a 
genetic risk to NTDs. Previous studies suggest that not only the fetal 
genotype but also the maternal genotype might have an impact on the 
fetal development. Here we carried out a case-control study of case-
mothers and control-mothers of Pakistani origin.
Patients and Methods: We examined 109 case-mothers of children 
born with NDTs and of 100 control-mothers without history of NTDs 
in their offspring. Both, case-mothers and control-mothers were of 
Pakistani origin. Genotype comparisons were carried out using Fish-
er‘s exact test.
Results: Genotype analysis of case-mothers and control-mothers 
revealed 11(10.09%) and 2(2%) respectively to be homozygous for the 
MTHFR 677T allele,furthermore 32(29.35%) case-mothers and 26(26%) 
control-mothers to be heterozygous (two-tailed p-value 0.0331).
Conclusion: We found the homozygous and heterozygous MTHFR 
677TT/CT genotypes to be more frequent among case-mothers com-
pared to control-mothers. Combined analysis of these results with the 
information of folate supplementation during the periconceptional 
period of case-mothers and control-mothers is warranted to further 
elucidate the role of the MTHFR genotype and folate supplementation 
per se in the risk of NTDs in pregnancies of women of Pakistani origin.

P-ClinG-116
Incidental detection of chromosomal aneuploidy by targeted 
NGS for retinitis pigmentosa
Neuhaus C.1, Kron A.1, Eisenberger T.1, Decker C.1, Seipel B.1, Kraus C.2, 
Bergmann C.1,3, Bolz H.J.1,4 
1Bioscientia, Center for Human Genetics, Ingelheim, Germany; 2Institute 
of Human Genetics, Friedrich-Alexander University Erlangen-Nuremberg, 
Erlangen, Germany; 3Center for Clinical Research, University Hospital of 
Freiburg, Freiburg, Germany; 4Institute of Human Genetics, University 
Hospital of Cologne, Cologne, Germany 

With more than 80 causative genes identified to date, retinitis pigmen-
tosa (RP) is a genetically extremely heterogeneous condition. We have 
established targeted next-generation sequencing (NGS) of more than 
120 genes associated with non-syndromic retinal dystrophy. Besides 
mere sequence analysis, we routinely quantify NGS reads to detect 
structural rearrangements such as deletions comprising one to mul-
tiple exons. Through this approach, we are able to identify the causative 
mutations in the majority of patients with RP and related conditions. 
Here, we report a 4 bp deletion in an X-linked recessive RP gene, RP2, 
predicted to result in a loss-of-function allele, in a male simplex patient 
with early-onset and rapidly progressive RP. Surprisingly, the wildtype 
sequence was also present in about half of the reads, and the heterozy-
gous state of the mutation was confirmed by Sanger sequencing. Quan-
titative readout for all X-chromosomal genes in our panel comparing 
the patient with male and female controls consistently indicated the 
presence of additional X-chromosomal material in the patient. Chro-
mosome analysis revealed a 47,XXY karyotype in all cells, consistent 
with Klinefelter syndrome. Clinical manifestation of RP2 mutations in 
females (and very likely, in individuals with Klinefelter syndrome) is 
unusual. X chromosome inactivation assay revealed a skewed X inacti-
vation pattern. Therefore, RP in our patient likely results from prefer-
ential expression of the mutant RP2 copy. Combined sequence analysis 
and quantification of NGS data was instrumental in identifying the 
complex cause of RP (sex chromosome aneuploidy, X-linked point 
mutation and skewed X-inactivation) in this patient. We suggest that 
patients should be informed that NGS aimed at the identification of 
mutations for Mendelian diseases may incidentally reveal sex chromo-
some aneuploidies that would have remained undiagnosed otherwise.

P-ClinG-117
The updated PKHD1 mutation database for autosomal recessive 
polycystic kidney disease (ARPKD) meets the ARegPKD 
multinational European ARPKD patient registry
Ortiz Bruechle N.1, Rieck I.1, Venghaus A.1, Liebau M. C.2, Ebner K.2, 
Feldkoetter M.3, Knopp C.4, Doyon A.5, Göbel H.6, Hoppe B.3, Konrad 
M.7, Büttner R.6, Illig T.8, Eggermann T.9, Haffner D.10, Schaefer F.5, 
Doetsch J.2, Bergmann C.11,12, Zerres K.4 
1Institute of Human Genetics RWTH University Hospital Aachen, 
Aachen, Germany; 2Department of Paediatrics University of Cologne, 
Cologne, Germany; 3Center for Paediatrics University Hospital Bonn, 
Bonn, Germany; 4Institute of Human genetics RWTH University Hospital 
Aachen, Aachen, Germany; 5Center for Pediatrics and Adolescent 
Medicine Heidelberg University Hospital, Heidelberg, Germany; 6Institute 
of Pathology University of Cologne, Cologne, Germany; 7Pediatric 
Nephrology University Children’s Hospital Muenster, Muenster, Germany; 
8Hannover Unified Biobank Hannover Medical School, Hannover, 
Germany; 9Institute of human genetics RWTH University Hospital Aachen, 
Aachen, Germany; 10Department of Paediatric Kidney Liver and Metabolic 
Diseases, Hannover Medical School, Hannover, Germany; 11Center for 
Human Genetics Bioscientia, Ingelheim, Germany; 12Department of 
Medicine Renal Division University of Freiburg Medical Center, Freiburg, 
Germany 

Mutations in the PKHD1 (Polycystic Kidney and Hepatic Disease 1) 
gene on 6p12 are causative for autosomal recessive polycystic kidney 
disease (ARPKD). The incidence of ARPKD is about 1 in 20,000 live 
births. It is characterized by massively enlarged bilateral polycystic kid-
neys and congenital hepatic fibrosis. The PKHD1 gene is complex due 
to its genomic size (longest ORF 66 exons) and its transcript structure. 
The detection rate of about 90% for at least one pathogenic variant in 
our patient cohort is in line with data from the literature. The muta-
tions are distributed over the whole coding region and the adjacent 
intronic sequences. Common mutations account for only 10–20% of 
all PKHD1 mutations whereas the remaining mutations are largely 
unique to individual families (private mutations).  Our PKHD1 muta-
tion database (http://www.humgen.rwth-aachen.de) has been estab-
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lished in 2003 to catalogue all changes detected in the PKHD1 gene in 
a disease specific database. Almost 750 PKHD1 pathogenic mutations, 
variants of unknown significance and polymorphisms are currently 
listed. We continuously update the database and include new data 
and information to further improve the data quality. In detail about 
150 variants were added within the last two years. To strengthen the 
accuracy of predictions regarding a possible pathogenicity of variants 
the frequency in control chromosomes data were revised. Furthermore 
the minor allele frequency (MAF) was extracted from the dbSNP137 
database and included if available. Additionally data regarding segre-
gation analyses, the evolutionary conservation among six species and 
rs-numbers in case of dbSNP137 annotated variants have been included 
now. The bioinformatic validation with web-applications was reevalu-
ated with PolyPhen2 (http://genetics.bwh.harvard.edu/pph2/) and the 
MutationTaster tool (http://www.mutationtaster.org/).
Further plans encompass the inclusion of mutations documented in 
the international ARegPKD patient registry. ARegPKD was recently 
established with support of the German Pediatric Nephrology Asso-
ciation (GPN) in cooperation with the European Study Consortium 
for Chronic Kidney Disorders Affecting Pediatric Patients (ESCAPE 
Network) with the aim to collect data on the clinical courses of ARPKD 
patients. A multicenter multinational approach has been chosen to 
achieve deep phenotyping of a well-described cohort to increase the 
knowledge about this severe kidney disorder.
To sum up: details on the mutation database update are presented and 
the ARegPKD patient registry is introduced.

P-ClinG-118
Evaluation of Results of Patients Subjected to Cardiovascular 
Disease (CVD) Panel in South-East Region of Turkey
Oztuzcu S., Ergun S., Ulaslı M., Nacarkahya G., Igci YZ., Igci M., Bayrak-
tar R., Tamer A., Cakmak EA., Arslan A. 
University of Gaziantep, Gaziantep, Turkey 

Cardiovascular  disease (CVD) risk factors, such as arterial hyper-
tension, obesity, dyslipidemia or diabetes mellitus, as well as CVDs, 
including myocardial infarction, coronary artery disease or stroke, are 
the most prevalent diseases and account for the major causes of death 
worldwide. In the present study, 4,709 unrelated patients subjected 
to CVD panel in south-east part of Turkey between the years 2010–
2013 were enrolled and DNA was isolated from the blood samples of 
these patients. Mutation analyses were conducted using the real-time 
polymerase chain reaction (RT-PCR) method to screen six common 
mutations (Factor V G1691A, PT G20210A, Factor XIII V34L, MTHFR 
A1298C and C677T and PAI-1 -675 4G/5G) found in CVD panel. The 
prevalence of these mutations were 0.57%, 0.25%, 2.61%, 13.78%, 9.34% 
and 24.27% in homozygous form, respectively. Similarly, the muta-
tion percent of them in heterozygous form were 7.43%, 3.44%, 24.91%, 
44.94%, 41.09% and 45.66%, respectively. No mutation was detected in 
92 (1.95%) patients in total. Because of the fact that this is the first study 
to screen six common mutations in CVD panel in south-east region of 
Turkey, it has a considerable value on the diagnosis and treatment of 
these diseases. Upon the results of the present and previous studied, a 
careful examination for these genetic variants should be carried out in 
thrombophilia screening programs, particularly in Turkish population.

P-ClinG-119
Screening of Common and Novel Familial Mediterranean Fever 
Mutations in South-East Part of Turkey
Oztuzcu S.1, Ulaslı M.1, Ergun S.1, Igci YZ.1, Igci M.1, Bayraktar R.1, 
Nacarkahya G.1, Tamer A.1, Cevik MO.2, Cakmak EA.1, Arslan A.1 
1University of Gaziantep, Gaziantep, Turkey; 2University of Adıyaman, 
Adıyaman, Turkey 

Familial Mediterranean Fever (FMF) is an autosomal recessive auto-
inflammatory disorder (MIM#249100), particularly common in popu-
lations of Mediterranean extraction. MEFV gene, responsible for FMF, 
encoding pyrin has recently been mapped to chromosome 16p13.3. In 
the present study, 3,341 unrelated patients with the suspicion of FMF in 
south-east part of Turkey between the years 2009–2013 were enrolled 
and genomic sequences of exon 2 and exon 10 of the MEFV gene were 
scanned for mutations by direct sequencing. We identified 43 different 
type of mutations and 9 of them were novel. DNA was amplified by 
PCR and subjected to direct sequencing for the detection of MEFV 
gene mutations. Among the 3,341 patients, 1,598 (47.8%) were males 
and 1,743 (52.1%) were females. The mutations were heterozygous in 
804 (62.3%), compound heterozygous in 188 (14.5%), homozygous in 
281 (21.8%) and mutations had complex genotype in 17 (1.32%) patients. 
No mutation was detected in 2,052 (61.3%) patients. The most frequent 
mutations were M694V, E148Q, M680I (G/C) and V726A. We could 
not find any significant differences between the two common muta-
tions according to the gender. Molecular diagnosis of MEFV is a useful 
tool in clinical practice, thus a future study relating to genotype/phe-
notype correlation of FMF in more and larger group in Turkish popula-
tion involving the whole MEFV gene mutations is necessary.

P-ClinG-120
Single Nucleotide Polymorphisms of the Glucocorticoid–
Receptor Gene Influence the Outcome of Cardiac Surgery
Pfob M.1, Hauer D.2, Toth R.3, Giel M.2, Kowalski Ch.1, Kilger E.2, Eggert 
M.1, Steinlein OK.1, Schelling G.2 
1Department of Human Genetics, Munich, Germany; 2Department of 
Anaesthesiology, Munich, Germany; 3Department of Heart Surgery, 
Budapest, Hungary 

Cardiac surgery triggers a systemic inflammatory response which is 
associated with postoperative morbidity and mortality. Hydrocorti-
sone is sometimes used to blunt this phenomenon and is known to 
influence the outcome of cardiac surgery. Glucocorticoid effects are 
mediated by glucocorticoid receptors (GRs) for which a number of 
common single nucleotide polymorphisms (SNPs) exist that influence 
GR sensitivity to cortisol. We selected three common SNPs of the GR 
gene that are known to affect GR sensitivity and analyzed these data in 
relation to early outcome variables in patients undergoing cardiac sur-
gery. We tested the effects of the following GR-SNPs: rs4123247 (BcII, 
increased cortisol sensitivity), rs33388 (cortisol hypersensitivity) and 
rs10052957 (FPB5, cortisol resistance). The GR-SNP rs12054797 with no 
known effect on cortisol sensitivity was used as a control. Hydrocorti-
sone was administered according to a previously validated algorithm. 
All study personal was blinded with regard to the patients` genotype. 
Study endpoints (primary outcome variables) were the required dos-
ages of hydrocortisone during surgery and in the Intensive Care Unit. 
Secondary outcome variables were the maximal dosage of vasopres-
sors (norepinephrinemax and epinephrinemax) required to achieve 
hemodynamic stability, postoperative plasma concentrations of corti-
sol and interleukin-6 and the duration of Intensive Care Unit therapy. 
The study was approved by the Ethical Committee of the University 
hospital of Munich and all patients gave informed consent. The study 
population consisted of 95 patients. There was no significant difference 
in demographic variables, ASA scores or the duration of cardiopulmo-
nary bypass between genotypes. Homozygous carriers of alleles associ-
ated with increased GR sensitivity (Bcll *G, n=10 and rs33388 *G, n=25) 
required significantly lower dosages of hydrocortisone in the Intensive 
Care Unit than non-carriers of the respective alleles. Homozygous 
individuals (n=6) for the TT–allele of the FPB5–SNP required sig-
nificantly higher dosages of hydrocortisone during surgery and in the 
Intensive Care Unit than heterozygous carriers. They also needed sig-
nificantly higher norepinephrinemax and epinephrinemax dosages in 
the Intensive Care Unit to achieve hemodynamic stability and showed 
a significantly longer duration of Intensive Care Unit therapy than het-
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erozygous or non-carriers of the T-allele. GR–SNPs had no direct effect 
on p. op. plasma levels of cortisol or interleukin-6. The SNP rs12054797 
with no known effect on GR sensitivity did not influence any of the 
outcome variables. In summary, hydrocortisone dosages administered 
according to evidence based algorithm to cardiac patients during and 
after cardiac surgery are influenced by SNPs in the GR.

P-ClinG-121
A Large Homozygous Microdeletion in the RAB3GAP1 Gene 
causes Warburg Micro Syndrome
Picker-Minh S.1, Busche A.2, Hartmann B.2, Spors B.3, Klopocki E.4, Hüb-
ner C.1, Horn D.5, Kaindl A.1 
1Department of Pediatric Neurology; Charité – Universitätsmedizin Berlin, 
Berlin, Germany; 2Institute of Human Genetics - Universitätsklinikum 
Freiburg, Freiburg, Germany; 3Department of Pediatric Radiology; 
Charité – Universitätsmedizin Berlin, Berlin, Germany; 4Institute of 
Human Genetics - University Medical Center Freiburg, Freiburg, Germany; 
5Institute of Human Genetics; Charité – Universitätsmedizin Berlin, Berlin, 
Germany 

Warburg micro syndrome (WARBM) is characterized by microceph-
aly, severe intellectual disability, neocortical malformation, dysplasia of 
the corpus callosum, specific ocular manifestations, and hypothalamic 
hypogonadism. This rare and genetically heterogeneous, autosomal 
recessive syndrome is caused by biallelic mutations of the RAB3GAP1 
(RAB3 GTPase-activating protein 1), RAB3GAP2, or RAB18 (RAS-
associated protein RAB18) gene. Here, we delineate the so far largest 
intragenic homozygous RAB3GAP1 gene microdeletion of 50.8 kb 
encompassing exons 4-15 in two siblings of a consanguineous family 
of Kurdish-Armenian descent. The two affected children present with 
a severe phenotype of WARBM1 (MIM #600118). This mutation was 
identified by Sanger sequencing and confirmed by array CGH. The 
reported deletion of about 45% of the coding gene sequence does not 
provoke a specific phenotype. Rather, the severe phenotype is consis-
tent with previous descriptions of the syndrome. This finding supports 
the hypothesis that RAB3GAP1 mutations mostly cause nonsense-
mediated decay of the corresponding mRNA or a severe truncation of 
the RAB3GAP1 protein with loss of function.

P-ClinG-122
Exome Sequencing Identifies Compound Heterozygous 
Mutations in C12orf57 in Two Siblings With Severe Intellectual 
Disability, Hypoplasia of the Corpus Callosum, Chorioretinal 
Coloboma and Intractable Seizures
Platzer K.1, Hüning I.1, Obieglo C.1, Schwarzmayr T.2, Gabriel R.3, Strom 
TM.2, Gillessen-Kaesbach G.1, Kaiser FJ.1 
1Institut für Humangenetik; Universität zu Lübeck, Lübeck, Germany; 
2Institute of Human Genetics; Helmholtz Zentrum München; German 
Research Center for Environmental Health, Neuherberg, Germany; 3Praxis 
für Neuropädiatrie, Lüneburg, Germany 

In patients with genetically heterogeneous disorders such as intellec-
tual disability (ID) or epilepsy, exome sequencing is a powerful tool to 
elucidate the underlying genetic cause. Homozygous and compound 
heterozygous mutations in C12orf57 have recently been described to 
cause an autosomal recessive syndromic form of intellectual disabil-
ity, including hypoplasia of the corpus callosum, optic coloboma and 
intractable seizures. Here, we report on two siblings from non-con-
sanguineous parents harboring the two compound heterozygous trun-
cating mutations c.1A>G, p.Met1 and c.184C>T, p.Gln62* in C12orf57 
detected by exome sequencing. Both mutations could be confirmed 
by subsequent Sanger sequencing. C12orf57 shows it’s most abundant 
expression in fetal brain amongst others, but very little is known about 
its specific function.

Up to now, 21 patients in eight families have been identified with homo-
zygous or compound heterozygous mutations in C12orf57. All patients 
showed developmental delay. In more than half of the cases the degree 
of intellectual impairment was further specified as severe ID. Almost 
all patients developed seizures. Cranial imaging showed either hypo-
plasia or agenesis of the corpus callosum in most of the patients. In 
addition, one third of the patients were found to have optic coloboma.

P-ClinG-123
Interstitial deletion affecting the region 7q31.2q32.3, but 
not the FOXP2 gene, in a boy with global developmental  and 
speech delay
Prütz D.1, Schneiders R.1, Belitz B.2, Heinritz W.1 
1Private Practice for Human Genetics, Cottbus, Germany; 2Practice for 
Medical Genetics, Berlin, Germany 

Chromosomal microdeletions and microduplications play a significant 
role in the etiology of intellectual disability, developmental delay, con-
genital anomalies and autism spectrum disorders.
In 1998, Fisher et al. used molecular genetic studies in a large pedi-
gree, the KE family, to assemble a critical interval for speech and lan-
guage disorders (SPCH1, #602081) to a 5.6-cM region of 7q31 between 
D7S2459 and D7S643 encompassing the FOXP2 gene. On further stud-
ies by O`Brien et al. (2003), the FOXP2 gene was confirmed to be asso-
ciated with speech and language impairment, including autism.
We report on a 2,5-year-old boy presented to us with growth and men-
tal retardation, muscular hypotonia and facial dysmorphism. Further 
clinical examination revealed overlapping of the third and fourth toe, 
but no other skeletal anomalies. Examination at birth showed no mal-
formations of inner organs, but some mild abnormalities on cerebral 
MRI. Additionally, in early childhood he suffered recurrent respiratory 
infections. The boy has a severe communication disorder with con-
siderably delayed speech and language development. He is the second 
child of healthy, non-consanguineous parents and has a phenotypically 
normal sister.
G-banded chromosomal studies (resolution 550 bands) revealed an 
interstitial deletion within the long arm of the chromosome 7 con-
firmed by FISH analyses. The karyotype is: 46,XY,del(7)(q31).ish del(7)
(q31q31)(D7S486-). Array-CGH analysis using a CytoChip ISCA 
4x180K v1.0 (181.873 Oligonucleotide, BlueGnome, Cambridge, GB) 
disclosed an interstitial deletion within 7q of about 15,2 Mb (arr [hg19] 
7q31.2q32.3(115,523,306-130,699,177)x1; ISCN 2013). The deleted region 
contains 66 OMIM genes (including CFTR, FLNC, WNT2), 24 of them 
listed in the OMIM database of genetic disorders. The FOXP2 gene, 
which is also located within 7q, was not deleted.
Parental karyotyping including FISH studies and molecular analysis 
for mutations on the remaining CFTR allele are in progress.
Finally, we review the small number of reported cases with interstitial 
deletion of 7q31.2q32.2 and present the clinical and molecular data of 
our patient in comparison to the literature.

P-ClinG-124
Phenotype associated methylation differences in monozygotic 
twins – a genome wide approach
Pulverer W., Kallmeyer R., Beikircher G., Mayer T., Breitenberger C. 
Austrian Institute of Technology GmbH, Vienna, Austria 

Monozygotic twins are genetically and epigenetically nearly identi-
cal. However differences in the epigenetic profile between the twins 
increase with age due to environmental influences. Nevertheless they 
provide an unequivocal source to study disease related changes, as 
they are perfect matched controls. Recent epigenome-wide association 
studies of disease-discordant twins revealed an association between the 
phenotypes and differentially methylated regions for several traits.
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In the presenting study we investigated the methylome of 24 mono-
zygotic twin pairs (n=48) using Illumina’s Infinium HumanMethyl-
ation450 BeadChips. Illumina’s Bead Chip interrogates 485577 single 
CpG’s distributed over the whole genome and returns the methylation 
state of each individual investigated cytosine in terms of percentage. 
Statistical analysis was conducted to identify differentially methylated 
regions between the twin pairs with respect to different phenotypes 
like discordances in birth weight, birth height or blood pressure. The 
top loci showing differential methylation further underwent validation 
experiments using targeted deep amplicon sequencing on an Ion Tor-
rent.
Statistical evaluation of both the BeadChip derived as well as the Ion 
Torrent derived data revealed the presence of unique methylation pat-
terns and differentially methylated loci between the different inves-
tigated phenotypes. Although differential methylation between the 
twins was highly significant, it was also shown that the difference in 
methylation intensities was for many CpGs below 10%.
Consequently, the conducted epigenome-wide association study con-
firmed differential methylation in phenotype-discordant monozygotic 
twins. In the future longitudinal studies would be needed to identify 
the role of epigenetic characteristics in disease.

P-ClinG-125
Mutations in CERS3 cause autosomal recessive congenital 
ichthyosis in humans.
Radner F. P. W.1, Marrakchi S.2, Kirchmeier P.1, Kim G.J.1, Ribierre F.3, 
Kamoun B.4, Abid L.5, Leipoldt M.1, Turki H.2, Schempp W.1, Heilig R.6, 
Lathrop M.3,7,8, Fischer J.1,3 
1Institute for Human Genetics; University Medical Center Freiburg, 
Freiburg, Germany; 2Department of Dermatology and the Laboratory 
of Immunology; Hedi Chaker Hospital; Sfax University, Sfax, Tunisia; 
3CEA; Institut de Génomique; Centre National de Génotypage, Evry, 
France; 4Department of Ophthalmology; Hedi Habib Bourguiba Hospital; 
Sfax University, Sfax, Tunisia; 5Department of Cardiology; Hedi Chaker 
Hospital; Sfax University, Sfax, Tunisia; 6CEA; Institut de Génomique; 
Centre National de Séquencage; Genoscope, Evry, France; 7CEPH, Paris, 
France; 8McGill University and Génome Québec Innovation Centre, 
Montréal H3A 0G1, Canada 

Autosomal recessive congenital ichthyosis (ARCI) is a rare genetic dis-
order of the skin characterized by abnormal desquamation over the 
whole body. In this study we report four patients from three consan-
guineous Tunisian families with skin, eye, heart, and skeletal anoma-
lies, who harbor a homozygous contiguous gene deletion syndrome on 
chromosome 15q26.3. Genome-wide SNP-genotyping revealed a homo-
zygous region in all affected individuals, including the same microdele-
tion that partially affects two coding genes (ADAMTS17, CERS3) and 
abolishes a sequence for a long non-coding RNA (FLJ42289). Whereas 
mutations in ADAMTS17 have recently been identified in autosomal 
recessive Weill-Marchesani-like syndrome in humans and dogs pre-
senting with ophthalmologic, cardiac, and skeletal abnormalities, no 
disease associations have been described for CERS3 (ceramide syn-
thase 3) and FLJ42289 so far. However, analysis of additional patients 
with non-syndromic ARCI revealed a splice site mutation in CERS3 
indicating that a defect in ceramide synthesis is causative for the pres-
ent skin phenotype of our patients. Functional analysis of patient skin 
and in vitro differentiated keratinocytes demonstrated that mutations 
in CERS3 lead to a disturbed sphingolipid profile with reduced levels 
of epidermis-specific very long-chain ceramides that interferes with 
epidermal differentiation. Taken together, these data present a novel 
pathway involved in ARCI development and, moreover, provide the 
first evidence that CERS3 plays an essential role in human sphingolipid 
metabolism for the maintenance of epidermal lipid homeostasis.

P-ClinG-126
Non allelic homologous recombination during meiosis leading 
to a variable pattern of SHOX deletion or duplication in familial 
dyschondrosteosis
Riedel S., Linné M., Bernt K., Leubner S., Fahsold R. 
Mitteldeutscher Praxisverbund Humangenetik, Dresden, Germany 

Leri Weill dyschondrosteosis is caused by haploinsufficiency of the 
SHOX gene and its downstream transcriptional regulatory region. The 
clinical characteristics include disproportionate short stature, meso-
melic limb shortening and Madelung deformity. The phenotype of dis-
orders associated with SHOX anomalies is characterized by high inter- 
and intrafamilial heterogeneity and a lack of correlation with genotype. 
Thus it is possible that affected members of the same familiy develop 
variable clinical signs ranging from absent, mild to severe forms of dys-
chondrosteosis.
We report on an unusual case of familial dyschondrosteosis. MLPA 
analyses and FISH were performed to detect the deletions and duplica-
tions within the SHOX region.
The index patient was found to carry a classic SHOX deletion in com-
bination with a partial deletion of the regulatory region proximal of the 
SHOX gene on his Y-chromosome. His phenotype was remarkable for 
short stature and mesomelic limb shortening. His daughter (5 years) 
and his son (3 years) were subsequently shown to carry an extended 
deletion including the entire SHOX gene and the complete proximal 
regulatory region. Both children presented with borderline short stat-
ure and mild to moderate mesomelic limb shortening. Interestingly, 
his third child, a newborn daughter, carried a duplication of a part of 
the regulatory region of the SHOX gene, which was not seen in the 
father. This child developed no symptoms yet. These findings suggest, 
that nonallelic homologous recombination during male meiosis leads 
to different patterns of SHOX deletions or duplications even within the 
same family.

P-ClinG-127
Fragile X- like phenotype in a boy with maternally inherited 
microduplication 7q11.23 syndrome
Rittinger O.1, Kronberger G.1, Bader I.2, Sander G.3 
1Children’s Department, Paracelsus Medical University, Salzburg, Austria; 
2Children’s Department, Paracelsus Medical University, Salzburg. Austria; 
3Children’s Hospital, Paracelsus Medical University, Salzburg, Austria 

Background. Language impairment is considered to be a complex dis-
order with several gene loci interacting with one another and influ-
enced by environmental factors. Somerville et al described 2005 for 
the first time a syndrome associated with reciprocal duplication of the 
Williams syndrome microdeletion region. In affected patients expres-
sive language presents the area of greatest weakness. Recent reports 
estimate this microduplication to be clinically recognizable. Here we 
report a case with high similarity to a fra X syndrome phenotype, tall 
stature and vertical transmission.
Clinical report  T.Z. is the first child of unrelated parents.The patient’s 
mother showed mild intellectual disability but normal speech, the 
father is healthy.He was born after full-term pregnancy without any 
neonatal problem.  All parameters of the neonate were in the upper 
normal range. Motor development was slightly delayed, unaided walk-
ing became possible with 14 mo.  At the age of 3a severe delay in expres-
sive language was noted, as well as behavioural disturbance with atten-
tion deficit disorder, and a clinical-genetic investigation was initiated. 
At this time, the patient presented with tall stature (Pc 97), but normal 
weight and OFC, broad forehead, large protruding and simply formed 
ears, happy mood, joint laxity and hyperagility. Receptive language was 
adaequate, expressive language however completely lacking. The syn-
dromatic aspect was highly suggestive for fragile X-syndrome.
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Lab investigations.Lymphocyte culture (GTG banding) resulted in 
a normal male karyotype. PCR amplification of the CGG repeat of 
the FMR-1 gene revealed a product with normal allel size. MicroAr-
ray analysis (Affimetrix) showed an interstitial 1.5 Mb duplication in 
7q11.23 including the whole region of the 7q11.23 duplication syndrome. 
Lastly, FISH and MLPA investigations revealed the identical duplica-
tion in the patient’s mother.
Discussion The most common clinical feature of 7q11.23 microdupli-
cation is expressive speech delay. This hallmark is in contrast to the 
ability to speak in Williams syndrome-patients. In addition, some 
dysmorphic features and behavior characteristics show a contrary phe-
notype to Williams syndrome. In our patient the facial features, the 
relatively tall stature and somewhat autistic behaviour were suggestive 
for fragile X syndrome. The maternal transmission of the duplication 
was reported so far only in singular cases (Dixit, 2013). Given the still 
limited number of patients known to be affected with this particular 
microduplication and the variable phenotypic expression it seems 
reasonable to consider this probably underdiagnosed condition in all 
similar fraX-negative cases by array investigations.

P-ClinG-128
Clinically Significant Variant (CSV) Analysis
Robubi A., Huber KR., Krugluger W. 
Donauspital-Zentrallabor, Vienna, Austria 

With the ingression of next generation sequencing (NGS) into clinical 
laboratories, a new level of medical diagnoses has been reached. NGS is 
assumed to be a fast and easy way for in depth analyses at the molecular 
level. Clinicians require diagnoses of genetic diseases and send their 
requests to the laboratory with a delineation of the suspected illness. 
In the laboratory, the genes involved in the clinical presentation have 
to be depicted and an in silico synthesis of an appropriate primer panel 
for NGS is started. This process needs some iterations because the 
sequencing coverage of the genes sought must be optimized. Once suc-
cessful sequence analysis is completed, a variant list of the deviations 
from the reference sequences can be compared with several databases 
for clinically significant variations. Consequences of variations without 
curated clinical significance can be predicted, but their meaning for the 
referring clinician is doubtful.
Thus, NGS still presents substantial efforts for laboratories not special-
ized in just particular genetic diseases. Therefore, for a more general 
approach, we have come up with CSV analysis (as proposed by A. R.). 
To this end, we have devised a primer panel covering all OMIM curated 
clinically significant variations (CSV) for NGS. By utilizing only this 
panel, we can optimize the performance of this panel, it can be adapted 
at will, and the interpretation of the results is streamlined. All varia-
tions found are curated and meaningful for the clinician. The search for 
genes involved in the clinic of a particular genetic disease is omitted, 
but mutations in exactly these respective genes will still be found. Of 
course, care must be taken to only report variations that are specific to 
the referral in order not to violate ethical considerations and judicial 
regulations concerning genetic analyses. With the upcoming ClinGen 
database, this primer panel can be further optimized to cover only 
variations that are explicitly causing genetic diseases.

P-ClinG-129
Clinical variability of MFN2 mutations, the major cause of 
axonal Charcot-Marie-Tooth neuropathy
Rudnik-Schöneborn S.1, Tölle D.1, Senderek J.2, Eggermann K.1, Egger-
mann T.1, Zerres K.1 
1Institute of Human Genetics, RWTH Aachen, Germany; 2Friedrich-Baur-
Institute, LMU Munich, Germany 

Charcot-Marie-Tooth (CMT) neuropathy is clinically and genetically 
heterogeneous. MFN2 gene mutations are responsible for autosomal 

dominant CMT2A and account for 10-30% of axonal CMT disease. 
Rarely, biallelic mutations are seen confirming autosomal recessive 
neuropathy. Several studies imply that CMT2A is characterized by an 
early onset in childhood and severe impairment with a large propor-
tion of patients becoming nonambulatory before age 20. Additional 
features include pyramidal tract sings, optic atrophy, and brain MRI 
abnormalities. The estimated rate of de novo mutations is high (about 
20-30%) and reflects the clinical severity. Few families have a late onset 
between 20 and 40 years and mild disability, suggesting a bimodal dis-
tribution of severity. Familial concordance indicates that severe and 
mild phenotypes are determined mainly by the position of mutations 
in the MFN2 gene.
Within a large series of unrelated axonal CMT patients who under-
went genetic testing in our laboratory (n=289), we detected 20 patients 
out of 14 families with MFN2 gene mutations, representing 5% of all 
patients with axonal CMT or 8% of those with dominant inheritance 
(n=89). Age at onset and severity showed a broad spectrum with 7 
patients starting with symptoms under age 10. Four patients had an age 
at onset of 10-20 years, 4 patients received the diagnosis at age 40-70 
years being mildly affected relatives of index patients, and in 4 patients 
no clinical data were available. One patient was a marathon runner up 
to his late fifties and started with peroneal weakness at age 70-75. When 
examined at age 82, he had calf muscle atrophy and used a walking 
stick. Eight patients had a negative family history, 2 of whom had a 
de-novo dominant mutation confirmed. Patients with an early onset 
and negative family history had mutations upstream or in the GTPase 
domain of MFN2 (p.R94W, p.R94Q, p.T206I, p.Q235H), however, this 
also applied to the patient starting in his 70ies (p.R250E). Most patients 
had a clinical picture similar to other CMT types, apart from one 
patient with mild spasticity and increased tendon reflexes, none had 
optic atrophy or other features pointing towards CMT2A. One patient 
with early onset used a wheelchair at age 19 for longer distances, but 
all other patients, of whom clinical details were available, were still 
ambulatory at the time of examination (median age 13 years, range 4-82 
years). Electroneurographic results were documented in 9 patients who 
generally showed normal motor nerve conduction velocities (median 
nerve 46-60 m/s), while no motor nerve potentials were recordable in 
the lower extremities in 3 patients.
To conclude, MFN2 gene mutations are rare causes of hereditary neu-
ropathies but correspond clinically well to other more prevalent types. 
If reduced nerve conduction velocities are present, CMT2A is highly 
unlikely. NGS based gene panels will facilitate genetic diagnosis in the 
heterogeneous group of CMT disease.

P-ClinG-130
Dominant forms of Hereditary Motor and Sensory Neuropathy  
type I: spectrum of mutations and phenotype for Belarusian 
patients
Rumiantsava N., Asadchuk T., Naumchik I. 
Republican Medical Centre Mother and Child, Minsk, Belarus 

Hereditary motor and sensory neuropathy I type (HMSNI) is geneti-
cally heterogeneous group of peripheral nervous system disorders 
with distinct prevalence of dominant forms: HMSN subtype IА (MIM 
118229) and IB (MIM 118200) showed autosomal dominant (AD), 
HMSNIХ (MIM 302800) - Х- linked dominant (Х-D) inheritance.
We presented a whole spectrum of mutations identified in selective 
group of the patients with presumably HMSNI. Results. DNA investi-
gations of 3 most frequently involved genes - PMP22 (location 17p11.2), 
MPZ (location 1q22.1-q23) and GJB1 (location Xq13.1) - made for 
patients whose disease manifested by symmetrical progressive weak-
ness, atrophy of distal limb muscles, foot deformity, diminished or 
absent tendon reflexes, sensory disturbances, reduced nerve conduc-
tion velocities (NCV<38 m/s) revealed HMSNI in 101 cases in 51 fami-
lies (46 males, 55 female). Ratio of subtypes is HMSNIА 82.4% (42/51), 
HMSNIХ 13.7% (7/51), HMSNIВ 3.9% (2/51). 23 families showed 2-4 
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affected persons. Prenatal DNA diagnostics performed in one family 
detected healthy fetus. HMSNIА (AD). DNA study of PMP22 gene 
using locus-specific markers D17S2218, D17S2220, D17S2223, D17S2226, 
D17S2229 identified dup17р11.2 in 76 patients from 42 families. 
HMSNIВ (AD). DNA resequencing of 6 exons of MPZ gene detected 
2 point mutations (IVS1-2A�C*; Thr124Met) in 2 and 3 exons accord-
ingly with following myelin protein Ро defect in 5 patients from 2 fami-
lies. HMSNIХ (X-D). Mutational analyses of GJB1 gene identified 7 
mutations (Ser50Cys*, Leu90Ile*, Trp133Stop*, Tyr135Cys, Val181Met, 
Glu208Lys, Stop284Leu*) in 20 patients from 7 families. Phenotypes 
were compared with purpose to delineate the clinical peculiarities of 
HMSNI subtypes for the DNA diagnostics selection. Patients with 
HMSNIА showed common course and clinical picture of peripheral 
neuropathy with demyelinating findings (median NCV <32 m/s). In 
adult HMSNIВ patients the disease manifested by symmetrical distal 
motor and sensory disturbances, tremor, ataxia, demyelinating-axonal 
electrophysiological signs, visceral abnormalities. Additional features: 
myopia, hearing impairment, scoliosis, urethrohydronephrosis, enure-
sis, neurogenic uric bladder. Affected HMSNIВ offspring (boys aged 3 
and 5 years old) showed reduced nerve conduction velocities at earlier 
stage of disorder. Males suffering from HMSN1Х showed more severe 
phenotype than affected female. Inter- and intra-familial variability 
was found in all HMSNI subtypes. Diagnostics. Genetic counseling of 
patients with suspected HMSNI for clinical, genealogical, NCV data 
→ DNA studies: PMP22 gene (dup17p11.2) > GJB1 gene>MPZ gene> 
HMSNI confirmation → Genetic prognoses → Prenatal DNA diagnos-
tics. Conclusion. Detection of the mutation makes it possible to calcu-
late genetic risk for outcome and to perform prenatal DNA diagnostics 
of HMSNI in the affected families.
* - mutations described for the first time for Belarusian patients

P-ClinG-131
Autosomal recessive congenital ichthyosis: Mutation screening 
by Next Generation Sequencing
Schlipf N.1, Heinz L.1, Bourrat E.2, Tadini G.3, Vabres P.4, Fischer J.1 
1University Medical Center Freiburg; Institute of Human Genetics, 
Freiburg, Germany; 2Centre de Reference des Genodermatoses; 
HôpitalSaint-Louis, Paris, France; 3Department of Pediatric Dermatology; 
University of Milan, Milan, Italy; 4Dermatology; Centre Hospitalier 
Universitaire de Dijon, Dijon, France 

Autosomal recessive congenital ichthyosis (ARCI) constitutes a het-
erogeneous group of keratinization disorders characterized mainly by 
abnormal skin scaling over the whole body. These disorders are mostly 
non-syndromic and limited to skin; a total of 60–70% of patients pres-
ent with severe symptoms, including a collodion membrane at birth. 
The main skin phenotypes are lamellar ichthyosis and congenital ich-
thyosiform erythroderma, although phenotypic overlap in the same 
patient or in patients of the same family can occur. The different forms 
of ARCI can be caused by mutations in 8 genes (TGM1, ALOXE3, 
ALOX12B, NIPAL4 (ICHTHYIN), ABCA12, CYP4F22, PNPLA1 and 
CERS3). Consequently, the genetic diagnosis of this disease has so far 
been very complex. Stepwise analysis of various genes with traditional 
Sanger sequencing is elaborate, time-consuming and expensive. There-
fore, next generation sequencing (NGS) technologies are the most 
promising approaches to identify mutations in ARCI.
We established amplicon-based high-throughput sequencing for 
ARCI. A sample of 17 patients with typical clinical symptoms of the dis-
ease was included to DNA mutational screening. Multiplex PCR were 
performed by the use of primers composed by a gene-specific part and 
a universal tail. Each primer was labeled by a molecular identifier (bar-
code), which serve to identify specific patient´s DNA sample.
Depending on the initial clinical diagnosis, we identified causative 
mutations in 71% of the ARCI patients by this comprehensive genetic 
testing. The genes ALOX12B and NIPAL4 were more frequently affected 
than others. In 29% of patients with autosomal recessive congenital ich-

thyosis no mutation could be identified. NGS-based mutation analyses 
are reliable and cost-efficient approaches in gene diagnostics of geneti-
cally heterogeneous diseases like ARCI.

P-ClinG-132
A NCAM2 deletion in a patient with autism
Scholz C.1, Steinemann D.2, Maelzer M.1, Roy M.3, Arslan-Kirchner M.1, 
Schmidtke J.1, Stuhrmann M.1 
1Institute of Human Genetics; Hannover Medical School, Hannover, 
Germany; 2Institute for Cellular and Molecular Pathology; Hannover 
Medical School, Hannover, Germany; 3Psychiatric Clinic; Hannover 
Medical School, Hannover, Germany 

An 8-year-old boy with autism spectrum disorder, speech delay, behav-
ioural problems, disturbed sleep and macrocephaly presented in our 
genetics clinic. He is the first child of non-consanguineous parents. 
Chromosomal analysis had revealed a normal male karyotype 46,XY, 
and testing for fragile X syndrome and PTEN sequencing  was incon-
spicuous.
Array-CGH analysis indicated a microdeletion of 1.6MB: arr 21q21.1-
q21.2(22444986-24047363)x1. This region of  chromosome 21 contains 
the entire NCAM2 gene and no other functional genes. His mother 
also carries this microdeletion and is macrocephalic. Results of psy-
chological assessments of the mother revealed no behavioural features 
of autism. Three maternal blood relatives are reported to have speech 
problems. However, two of these do not carry the NCAM2- deletion. 
Instead, the deletion was present in at least two non-autistic family 
members, as shown by MLPA.
Autism spectrum disorder (ASD, OMIM 209850) encompasses dif-
ferent forms of autism with a broader phenotype. Two-thirds of all 
patients with ASD suffer from mental retardation. Among the genes 
involved, NCAM2 has been assumed to play a role in the development 
of  ASD because of  its function in neurites (outgrowth, bundling). In 
the literature, there is one report of an autistic boy with an 8.8 MB-
microdeletion involving 19 genes including NCAM2 and another 
autism-related candidate gene, GRIK1. Our results indicate, that 
although the heterozygous deletion of NCAM2 might play a role in the 
development of ASD, there must be other genetic and/ or non-genetic 
variants leading to the presentation of clinical symptoms in our patient.

P-ClinG-133
Diagnosing hereditary ataxias in a cohort of consanguine 
patients using a Next-Generation-Sequencing panel
Schulze M.1, Bauer P.1, Sturm M.1, Bickmann J.1, Riess O.1, Lohmann E.2, 
Synofzik M.3, Schicks J.3, Topaloglu H.4, Schöls L.3 
1University Hospital of Tübingen, Tübingen, Germany; 2Istanbul University 
Medical School Department of Neurology, Istanbul, Turkey; 3Department 
of Neurology and Hertie Institute for Clinical Brain Research, Tübingen, 
Germany; 4Hacettepe University Faculty of Medicine Department of Child 
and Adolescent Psychiatry, Ankara, Turkey 

Background: Hereditary ataxias impose a relevant challenge when 
molecular diagnosis is sought. While more than 100 genes are involved 
in Mendelian diseases with ataxia, only a small proportion of these 
genes have been systematically tested in cohorts of patients with a con-
sanguine family history. With the advent of next-generation-sequenc-
ing (NGS) a massive sequencing approach can be implemented with 
relatively ease. We investigated the occurrence of disease causing vari-
ants sequencing a cohort of closely related patients recruited for the 
EUROSCA and NEUROMICS EU projects respectively.  The families 
originated mainly from the Mediterranean area. Each patient was 
strictly selected to avoid sequencing of persons suffering non heredi-
tary kinds of ataxia or ataxia due to triplet repeat enrichment.
Methods: We have established a selector-based enrichment method 
(HaloPlex, Agilent) specifically targeting 140 known ataxia genes as 
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well as genes causal for rare diseases possessing a phenotypic overlap 
with ataxia. The panel covers most known genes causal for pure ataxia, 
mitochondrial ataxia and metabolic ataxia as well. A total of 582kb 
genomic DNA is specifically enriched and sequenced by Illumina 
MiSeq (2x 150 bp paired-end). Data analysis is accomplished using an 
in house bioinformatics pipeline based on ANNOVAR.
Results: Although massive parallel sequencing usually brings up a cou-
ple of variants (Ø 384 ± SD 16), filtering for rare variants (in our own 
NGS database and in 1000g, ESP6500) and for functional relevance 
(ns,ss,indel) reduced this count to Ø 20 ± SD 4. A statistical evaluation 
of the panels performance shows superior coverage (Ø > 96 % cov 20X 
± SD 1,8) and target enrichment values (Ø 178 ± SD 48 mapping depth 
on target) as well. Several disease causing mutations could be identi-
fied in genes like APTX, FGF14, NPC1, PLEKHG4, SACS, SETX, SIL1, 
SPTBN2, SYNE1 and many others.
Conclusion: A panel sequencing approach offers a cheap and fast pos-
sibility to screen large patient cohorts for rare disease causing variants. 
Focusing on patients with a consanguine family background allows the 
discovery of rare and new variants for ataxia in a relatively high fre-
quency.

P-ClinG-134
CHARGE and Kabuki syndrome. Two related syndromes?
Schulz Y.1, Freese L.1, Mänz J.1, Zoll B.1, Völter C.2, Brockmann K.3, Bö-
gershausen N.4, Becker J.4, Wollnik B.4, Pauli S.1 
1Institute of Human Genetics, Göttingen, Germany; 2Phoniatrics and 
Pedaudiology, Göttingen, Germany; 3Department of Paediatrics and 
Paediatric Neurology, Göttingen, Germany; 4Institute of Human Genetics, 
Cologne, Germany 

CHARGE syndrome (coloboma, heart defects, atresia of the choanae, 
retarded growth and development, genital hypoplasia and ear anoma-
lies) is an autosomal dominant malformation syndrome due to muta-
tions in the chromodomain helicase DNA-binding member CHD7. 
Kabuki syndrome, a congenital malformation syndrome, as well, is 
characterized by developmental delay, typical facial features (long pal-
pebral fissures and ectropion of the lateral third of the lower eyelids), 
prominent digit pads, and skeletal and visceral abnormalities. The 
underlying cause of Kabuki syndrome are mutations in the MLL2 gene, 
which encodes for a H3K4 histone methyl transferase.
Here, we describe a patient who was initially diagnosed as having 
CHARGE syndrome based on the spectrum of inner organ malforma-
tions like choanal hypoplasia, heart defect, anal atresia, vision prob-
lems and conductive hearing disorder. However, mutation screening 
of CHD7 revealed no mutation, while sequencing analysis of the MLL2 
gene identified the heterozygous de novo nonsense mutation c.5263 
C>T (p.Gln1755*). Because of the remarkably overlap between the 
symptoms seen in CHARGE and Kabuki syndrome patients we per-
formed interaction studies.
Indeed, we could describe by Co-immunoprecipitation and Duolink 
Pla II method proteins which interact with both, MLL2 and CHD7. 
Therefore, we propose that CHD7 and MLL2 are working in the same 
chromatin remodelling and chromatin modification machinery, regu-
lating a subset of same genes which might explain the overlapping phe-
notype of both syndromes.

P-ClinG-135
From entire short arm to submicroscopic duplications of 
chromosome 16 - is there a common phenotype?
Schwaibold EMC.1, Bartels I.1, Küster H.2, Lorenz M.3, Burfeind P.1, Adam 
R.1, Zoll B.1 
1Institute of Human Genetics, Göttingen, Germany; 2Department of 
Pediatric Cardiology and Intensive Care Medicine, Göttingen, Germany; 
3Department of Pediatric Surgery, Göttingen, Germany 

Patients with duplication of the whole short arm of chromosome 16 as 
well as those with pure interstitial trisomy 16p13.3 are both very rare 
with only a few cases reported in the literature. When the first patients 
with entire 16p duplications were reported in the 1970s only standard 
karyotyping could be used to detect the chromosomal aberration. 
Today, even submicroscopic 16p duplications can be analyzed by array 
techniques.
Here we report the case of a female infant with de novo whole arm 
duplication of chromosome 16p detected by chromosomal analysis. 
Fluorescence in situ hybridization and array CGH were performed to 
characterize the duplication in more detail. Our patient displayed the 
typical clinical findings of patients with 16p duplication including dys-
morphic features with proximally placed hypoplastic thumbs, severe 
psychomotoric retardation and constitutional growth delay. In addi-
tion, she exhibited evidence of neonatal hemochromatosis. We com-
pared the malformation spectrum in our patient with that of patients 
with much smaller 16p13.3 duplications described in the literature and 
report on the overlapping clinical features.

P-ClinG-136
AmplideX FMR1 Process Control facilitates broader access to 
fragile X testing by enabling calibration of repeat sizing across 
electrophoresis platforms.
Shroff R.1, Heyne B.2, Filipovic Sadic S.1, Hadd A G.1, Latham G J.1, 
Mukherjee D R.1 
1Asuragen Inc, Austin TX, USA; 2Praxis für Medizinische Genetik, Berlin, 
Germany 

Introduction   Fragile X syndrome is caused by the expansion of CGG 
repeats in the 5’ untranslated region of the fragile X mental retarda-
tion (FMR1) gene.  Clinical phenotypes are apparent in both premu-
tation carriers (55-200 repeats) and full mutation individuals (>200 
repeats) with links to autism, intellectual disability, anxiety, seizures, 
ADHD and adult onset disorders including infertility (FXPOI) and 
ataxia (FXTAS). For research and routine testing, laboratories rely on 
PCR and different electrophoresis platforms to determine the num-
ber of CGG repeats. Therefore, a method is needed to improve sizing 
accuracy that can expand access to fragile X testing and to standardize 
results between laboratories.
Methods   PCR products produced using AmplideX® FMR1 PCR 
reagents were compared between different electrophoresis platforms: a 
3500xl Genetic Analyzer and 310 Genetic Analyzer (Life Technologies), 
a 2100 Bioanalyzer (Agilent Technologies) and a FlashGel™ DNA Sys-
tem (Lonza). The repeat lengths were standardized between platforms 
using the AmplideX® FMR1 Process Control which was formulated as 
a mixture of cell line DNA comprised of alleles corresponding to 18, 
30, 32, 56, 85, 116 and >200 CGG. CGG repeat lengths for samples were 
derived from a linear fit of the size of the process control amplicon 
peaks on each platform to their expected repeat length. A combina-
tion of 5 cell line DNA and 41 clinical samples were tested with the 
310 Genetic Analyzer and compared to Southern blot analysis.  Two 
samples in this set, a male CVS and normal female, failed PCR due to 
low quality DNA. A separate set of 97 clinical samples was compared 
between the 3500xL, Bioanalyzer and FlashGel systems.
Results.  The concordance was 100% for samples tested on both the 310 
and 3500xL and >98% between the Bioanalyzer and the 3500xL. Sam-
ples that differed by a single CGG repeat could be distinguished on the 
310 and 3500xL, whereas lower resolution and sensitivity was observed 
on the Bioanalyzer and Lonza gel systems. Clinical samples tested on 
the 310 were 100% concordant to Southern blot results or results from 
previous testing. Triplet repeat primed PCR products could be ana-
lyzed on the 310 or 3500xL but only gene specific PCR products could 
be analyzed on the other systems.
Conclusions.   We demonstrate that pooled cell line controls such as 
the AmplideX® FMR1 Process Control can serve as a calibration tool, 
allowing fragile X alleles to be accurately sized and compared across 
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multiple platforms. In this study, higher resolution, accuracy and sensi-
tivity were observed using capillary electrophoresis. Overall, our find-
ings expand FMR1-based screening and diagnostic testing options for 
researchers and laboratories.

P-ClinG-137
Identification of a Mutation causing Hereditary Tyrosinemia 
type 1 in an Infant with Parainfluenca and Pneumonia
Strehlow V.1, Beblo S.2, Wand D.1 
1Institut für Humangenetik Uniklinikum Leipzig, Leipzig, Germany; 
2Universitäts-Kinderklinik, Leipzig, Germany 

Hereditary Tyrosinemia type 1 (HT1; OMIM 276700) is an autoso-
mal recessive disorder resulting in the accumulation of tyrosine in 
body fluids and tissues due to deficiency of fumarylacetoactase. It is 
caused by mutations in the fumarylacetoacetate hydrolase (FAH) 
gene (OMIM 613871). Clinical manifestations in untreated infants and 
young children are severe liver and renal tubular dysfunction, abdomi-
nal pain, neurological deficits and/or respiratory problems associated 
with growth failure. The most severe complications are hepatic cancer 
and acute neurological crises. Typical biochemical findings include 
increased succinylacetone concentration in blood and urine, elevated 
plasma concentration of tyrosine, methionine and phenylalanine. 
Without therapy (diet low in phenylalanine and tyrosine and NTBC 
for tyrosinemia) this disorder is fatal.
We report a six-month-old girl of non-consanguineous healthy par-
ents, presenting with severe pneumonia associated with parainfluenca 
and influenca A infection (H1N1). The clinical findings were hepato-
megaly, liver cirrhosis, renal tubular acidosis and impaired blood coag-
ulation. Urine organic acid analysis showed elevated succinylacetone, 
consistent with the diagnosis of HT1. Analysis of the FAH gene iden-
tified a homozygous mutation c.1062+5G>A. This patient responded 
well to intensive respiratory and antiinfection therapy, tyrosine-free 
formula and oral treatment with NTBC [2-(2nitro-4-trifluorometh-
ylbenzoyl)-1,3- ciclohexanedione. This resulted in correction of renal 
tubular acidosis and improved liver function.
HT1 usually presents in infancy with features suggestive of liver dis-
ease or sepsis like symptoms. All patients need for life long dietary and 
pharmalogical therapy.
Neonatal screening is essential for the early diagnosis and timely ther-
apy of this treatable disease, that otherwise may be lethal.

P-ClinG-138
UBR1 Deletions in Johanson-Blizzard Syndrome
Sukalo M.1, Schanze I.1, Everman D.2, Deshpande C.3, Rezaei N.4, Lorda 
Sanchez I.5, Zenker M.1 
1Institute of Human Genetics; University Hospital Magdeburg, 
Magdeburg, Germany; 2Greenwood Genetic Center, Greenwood SC, USA; 
3Clinical Genetics Department; Guy’s & St Thomas’ NHS Foundation Trust, 
London, UK; 4Research Center for Immunodeficiencies; Children’s Medical 
Center; and Department of Immunology; Tehran University of Medical 
Sciences, Tehran, Iran; 5Genetic Department. Fundación Jiménez Díaz, 
Madrid, Spain 

Johanson-Blizzard syndrome (JBS; MIM #243800) is a rare disorder 
that is inherited in an autosomal recessive manner. The major clini-
cal characteristics are exocrine pancreatic insufficiency, hypo-/aplasia 
of alae nasi and oligodontia of permanent teeth. Further anomalies 
include hearing loss, scalp defects, and cognitive impairment of vari-
able degree. JBS is caused by homozygous or compound-heterozygous 
mutations of the UBR1 gene. UBR1 encodes for a ligase of the N-end 
rule pathway, called ubiquitin-protein ligase E3 component N-recognin 
1. Up to now, all known mutations have been point mutations or small 
deletions detected by Sanger sequencing.

Our cohort consisted of 63 patients from 52 unrelated families with a 
clinically well defined JBS phenotype. We detected 98 mutations in 104 
alleles by Sanger sequencing of the complete UBR1 gene, which equals 
a mutation detection rate of 94%. To discover larger deletions and 
duplications, we designed MLPA probes for each of the 47 exons. The 
MLPA analysis was performed using reagents and enzymes that were 
provided by MRC-Holland (Amsterdam, The Netherlands).
In two patients with an unambiguous JBS phenotype, Sanger sequenc-
ing revealed a mutation in only one allele; two further patients were 
not found to harbour any mutations by sequence analysis. Those four 
patients were additionally analysed by MLPA technology. In patient 
1, a heterozygous nonsense mutation was detected when sequencing 
the UBR1 gene. MLPA revealed an additional heterozygous deletion 
of three exons; thus, we were able to detect two pathogenic mutations 
in the patent’s two UBR1 alleles. Patient 2 presented with a heterozy-
gous missense mutation in UBR1. We were not able to detect a second 
mutation by using MLPA analysis, so one out of two alleles of patient 
2 remains unresolved. In patient 3, who was born to consanguineous 
parents, no pathogenic alteration of the UBR1 gene was detected by 
Sanger sequencing; MLPA revealed a homozygous deletion of one 
exon. Patient 4 also had no identifiable mutations using the sequenc-
ing approach. A heterozygous deletion of four exons could be demon-
strated by applying MLPA technology. In the second allele, an altera-
tion has not been detected so far.
We were able to identify four UBR1 deletions (including one homo-
zygous deletion due to parental consanguinity) by MLPA analysis in 
the six alleles that did not show a pathogenic alteration by sequenc-
ing. This raises the mutation detection rate from 94% (Sanger sequenc-
ing) to 98% (additional MLPA analysis). Those results are in line with 
other findings in autosomal recessively inherited disorders. The two 
expected, but undetected, mutations are assumed to affect the pro-
moter or to be inversions or insertions that cannot be detected by 
the employed methods. Applying both Sanger sequencing and MLPA 
analysis, we could detect at least one pathogenic mutation in each of 
the clinically well-defined JBS cases, giving further proof that JBS is a 
non-heterogeneous disorder.

P-ClinG-139
A new case of de novo 22q11.2 distal deletion syndrome in a 
dysmorphic girl without congenital heart defects
Teichmann AC., Demmer P., Hirt N., Leipoldt M., Fischer J., Gaspar H. 
Institute of Human Genetics; University Medical Center Freiburg, 
Freiburg, Germany 

The 22q11.2 distal deletion syndrome is characterized by a rare micro-
deletion localized adjacently distal to the common 22q11.2 deletion 
(DGS/VCFS). It´s occurrence derives from a high number of low copy 
repeats (LCRs) within this region. While the DGS deletion is caused by 
recombination between LCRs in the regions LCR22-2 to LCR22-4, the 
uncommon distal 22q11.2 deletion arises from recombination of two 
LCRs from LCR22-4 to LCR22-8, with LCR22-4 being the most proxi-
mal LCR in almost all cases. The phenotypic features reported for the 
22q11.2 distal deletion syndrome are developmental delay, especially 
of expressive language, learning disability, microcephaly, prenatal and 
postnatal growth retardation, congenital heart defects, minor skeletal 
anomalies, prematurity, and relatively common facial dysmorphic fea-
tures such as upslanting palpebral fissures, dysplastic ears, long smooth 
philtrum and thin upper lip.
We report on a 3-year-old girl, who is the second child of healthy, non-
consanguineous parents. The pregnancy was uneventful. She was born 
in the 41st week of gestation. The birth length was 50 cm (25th centile), 
the birth weight was 2610 g (<3rd centile) and the head circumference 
was 34 cm (25th centile). The further course showed developmental 
delay, postnatal microcephaly and recurrent infections. Echocardiog-
raphy did not show any heart defects. We saw the girl at the age of 3 
years in the clinical genetics department. Clinical examination revealed 
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dysmorphic findings: slightly rotated ears with Darwinian tubercles, 
narrow upslanting palpebral fissures, long philtrum, thin upper lip, flat 
midface and flat forehead. Her body length was normal (50th centile), 
the head circumference was 47 cm (-2SD).
We performed chromosomal analysis, FISH analysis to exclude DGS 
and array CGH analysis (Agilent® Sure Print G3 Human CGH 180K 
Microarray).
Conventional chromosomal analysis was normal and FISH analysis 
for DGS did not yield pathological findings. Molecular karyotyping 
revealed a 1.16 Mb interstitial deletion of 22q11.21q11.22 (21.798.705-
22.963.000) containing 19 genes including HIC2, MAPK1 and TOP3B. 
FISH analyses (using a deletion-specific probe for 22q11.21) of the par-
ents were unremarkable which is suggestive for a de novo deletion in 
the affected girl.
MAPK1 is discussed as a potential candidate gene for congenital heart 
defects that are often observed in 22q11.2 distal deletion syndrome. 
Here we report on another rare case of 22q11.2 distal deletion including 
MAPK1 gene in a patient not affected by cardiac defects.

P-ClinG-140
Causative mutations in two Turkish families with Retinitis 
pigmentosa as identified by exome sequencing
Thiemann IJ.1, Dekomien G.1, Akkad AD.1, Günes S.2, Günes S.3, Bagci 
H.2, Kropatsch R.1, Epplen JT.1,4 
1Human genetics, Ruhr University, 44780 Bochum, Germany; 2Faculty of 
Medicine; Department of Medical Biology; Ondokuz Mayis University, 
55139 Samsun, Turkey; 3Department of Ophthalmology; Samsun 
Education and Research Hospital, Samsun, Turkey; 4Faculty of Health, 
University Witten/Herdecke, 58448 Witten, Germany 

Abstract
Purpose: Retinitis pigmentosa (RP) comprises a group of inherited 
retinal diseases, which is genetically highly heterogeneous. Typical 
symptoms are night blindness and loss of peripheral and the central 
visual field, eventually leading to blindness. The study’s purpose is to 
identify the causative mutations in two Turkish families with RP using 
whole exome sequencing.
Methods: The exomes of three female members of two Turkish families 
were sequenced using the Illumina platform. All candidate genes for 
retinal degeneration were screened, because the inheritance mode has 
been less than clear at the outset. PCR, Sanger sequencing, fragment 
length analysis and denaturing high performance liquid chromatogra-
phy were used to verify the results.
Results: Mutation screening in pedigree 1 revealed a 4 bp deletion 
(p.Glu555Glyfs*14) in exon 14 of RP GTPase regulator (RPGR) gene on 
the X chromosome which leads to a frameshift and a stop codon. The 
screening of pedigree 2 showed a 1 bp deletion in the VCAN gene on 
chromosome 5 (p.Ser1707Valfs*44). The mutations were detected in all 
affected individuals and were excluded in all healthy family members. 
In addition, 160 German and 60 Turkish controls showed the wild type 
for both mutations. The RPGR deletion has already been described, the 
VCAN mutation has not been reported before.
Conclusions: The mutation in exon 14 of RPGR causes a severe form 
of RP in males and females. A female carrier did not exhibit RP symp-
toms which can be explained with non-random X-inactivation, vari-
able expressivity of RPGR mutations and/or modifying genetic factors. 
All these phenomena have already been described in association with 
X-linked RP. VCAN has been described as a candidate gene for retinal 
dystrophies, the mutation identified here leads to a RP phenotype with 
an autosomal dominant inheritance mode.

P-ClinG-141
Reporting incidental findings of carrier status for recessive 
disorders, and the need for trio testing: Results of a study using 
a comprehensive NGS panel for intellectual disability
Tzschach A., Beck-Wödl S., Grasshoff U., Sturm M., Schröder C., Kehrer 
M., Bickmann J., Riess A., Riess O., Bauer P. 
Institute of Medical Genetics and Applied Genomics, University of 
Tübingen, Tübingen, Germany 

Intellectual disability (ID) is characterized by extensive genetic het-
erogeneity. Apart from chromosome disorders, mutations in several 
hundred genes that follow autosomal dominant, autosomal recessive 
or X-linked modes of inheritance have been associated with ID to date. 
In patients with syndromic ID, additional clinical findings can be spe-
cific enough to suspect causative mutations in a small subset of genes. 
However, the majority of ID patients provide no clinical clues for tar-
geted analyses, which renders parallel screening of all known ID genes 
the method of choice.
We have applied an NGS-based panel including 1222 genes (the so-
called Kingsmore panel) to a cohort of 40 patients with mostly spo-
radic and non-syndromic ID. As a result, we detected unambiguously 
causative mutations in genes such as SYNGAP1, ASXL3 and CTSD, 
which proved the suitability of this panel. The interpretation of vari-
ants in dominant genes was, however, hampered by the fact that only 
the patients, but not their parents (i.e., no trios) were analyzed, which 
necessitated parental testing of potential de novo variants by conven-
tional Sanger sequencing. In routine diagnostics, trio testing should 
therefore be taken into consideration in spite of the initially higher 
costs.
We also detected deleterious heterozygous mutations in recessive genes 
in a large proportion of patients. Those mutations were in most cases 
not related to the clinical problems of the respective patients, but they 
potentially posed risks for the offspring of family members. Strategies 
for dealing with such incidental findings that take pre-analytical coun-
selling, severity and prevalence of the respective disorder and charac-
teristics of the variant into account will be discussed and illustrated 
with selected examples.

P-ClinG-142
Clinical spectrum of females with HCCS mutation: cell selection 
mechanisms determine the phenotype of microphthalmia with 
linear skin defects (MLS) syndrome
van Rahden V. A.1, Rau I.2, Fuchs S.2, Kosyna F. K.2, de Almeida Jr H. 
L.3, Fryssira H.4, Isidor B.5, Jauch A.6, Joubert M.7, Lachmeijer A. M. A.8, 
Zweier C.9, Moog U.6, Kutsche K.2 
1Institute of Human Genetics; University Medical Center Hamburg-
Eppendorf, Hamburg, Germany; 2Institute of Human Genetics; 
University Medical Center, Hamburg, Germany; 3Federal and Catholic 
University of Pelotas, Pelotas, Brazil; 4Medical Genetics; University of 
Athens, Athens, Greece; 5Unité de Génétique Clinique; CHU Nantes, 
Nantes, France; 6Institute of Human Genetics; Heidelberg University, 
Heidelberg, Germany; 7Department of Pathology; CHU Nantes, Nantes, 
France; 8Department of Clinical Genetics; VU University Medical Center, 
Amsterdam, The Netherlands; 9Institute of Human Genetics; Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany 

Background: Segmental Xp22.2 monosomy or an heterozygous HCCS 
mutation is associated with the microphthalmia with linear skin defects 
(MLS) or MIDAS (microphthalmia, dermal aplasia, and sclerocornea) 
syndrome, an X-linked disorder with male lethality. HCCS encodes the 
holocytochrome c-type synthase involved in mitochondrial oxidative 
phosphorylation (OXPHOS) and programmed cell death.
Methods: We characterized the X-chromosomal abnormality encom-
passing HCCS or an intragenic mutation in six new female patients 
with an MLS phenotype by cytogenetic analysis, fluorescence in situ 
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hybridization, sequencing, and quantitative real-time PCR. The X 
chromosome inactivation (XCI) pattern was determined and clinical 
data of the patients were reviewed.
Results: Two terminal Xp deletions of ≥11.2 Mb, two submicroscopic 
copy number losses, one of ~850 kb and one of ≥3 Mb, all covering 
HCCS, 1 nonsense, and one mosaic 2-bp deletion in HCCS are reported. 
All females had a completely (>98:2) or slightly skewed (82:18) XCI 
pattern. The most consistent clinical features were microphthalmia/
anophthalmia and sclerocornea/corneal opacity in all patients and con-
genital linear skin defects in 4/6. Additional manifestations included 
various ocular anomalies, cardiac defects, brain imaging abnormalities, 
microcephaly, postnatal growth retardation, and facial dysmorphism. 
However, no obvious clinical sign was observed in three female carriers 
who were relatives of one patient.
Conclusion: Our findings demonstrate a wide phenotypic spectrum 
ranging from asymptomatic females with HCCS mutation to patients 
with a neonatal lethal MLS form. Somatic mosaicism and the differ-
ent ability of embryonic cells to cope with an OXPHOS defect and/or 
enhanced cell death upon HCCS deficiency likely underlie the great 
variability in phenotypes.

P-ClinG-143
Panel Diagnostics for Deafness Disorders using Next-
Generation Sequencing
Vogl I., Chahrokh-Zadeh S., Eck S.H., Datter S., Küçük S., Wahl D., Klein 
H.-G., Rost I. 
Center for Human Genetics and Laboratory Diagnostics Dr. Klein, Dr. Rost 
and Colleagues, Martinsried, Germany 

Hearing impairments can be classified in many different ways and have 
an incidence rate of approximately one in 1000 births and additionally 
affect 50% of the population at age 80 or higher. There are multiple 
genetic or non-genetic causes for hearing loss. The non-genetic factors 
include ototoxic drugs, perinatal infections or traumas. In most cases 
both exogenous factors and mutations in one or more genes contribute 
to the phenotype. 80% of all familial, non-syndromic deafness cases are 
inherited in an autosomal recessive manner. In half of them mutations 
in the GJB2 (gap junction protein connexin 26) are responsible for the 
phenotype. Sometimes heterozygous mutations in the GJB2 can occur 
in combination with a heterozygous deletion del(GJB6-D13S1830) in 
GJB6 (gap junction protein connexin 30). Furthermore there are over 
70 genes known which can cause different types of deafness (autosomal 
dominant, autosomal recessive, X-linked recessive or mitochondrial).
In a pilot study we designed a deafness gene panel comprising 75 
nuclear genes and 6 mitochondrial genes associated with hear-
ing impairment. In addition to 3 positive and 7 negative controls we 
sequenced 2 related patients with non-syndromic deafness. Conven-
tional diagnostics by GJB2 sequencing and GJB6 deletion analysis was 
exhausted and yielded no results. Sequencing was performed on the 
Illumina MiSeq Next-Generation Sequencing platform. Data analysis 
was performed using CLCbio workbench (v6.5) and custom developed 
Perl scripts. The target regions, in total encompassing 463,987bp, were 
enriched via in-solution oligonucleotide hybridization and capture 
(Illumina TSCE). On average, 95- 97% of the reads could be mapped 
to the human genome (build hg19), of which between 69- 71%, respec-
tively were on target. On the basis of the above mentioned controls a 
variant calling pipeline was established and validated.
Using that pipeline the 2 patients were analyzed. Mother (age 47) and 
daughter (age 7) are both affected with hearing impairment showing 
variability in the individual clinical appearance. The mother’s disease 
onset was at the age of 4. Her hearing loss is more severe than her 
daughter’s. The daughter was diagnosed with ‘minimal peripheral hear-
ing loss’: she presented with slight delay of speech and behavioral prob-
lems. At age 5 hearing threshold measurement was conspicuous, show-
ing decreased bone conduction threshold. Her symptoms improved 
over the last years. Any intake of ototoxic drug was not investigated. 

After no causal mutation in the nuclear chromosomes was detected, the 
A7445G mutation of the mitochondrial genome was found. This muta-
tion is known in the literature to be associated with deafness induced 
by ototoxic drugs or independent of them. Any intake of ototoxic drug 
was not investigated. The mutation was confirmed independently by 
Sanger sequencing.

P-ClinG-144
SCN9A related pain-disorders: expanding the mutation 
spectrum of this channelopathy
Voigt M.1, Leipold E.2, Hübner C.A.1, Kurth I.1 
1Institute of Human Genetics; Jena University Hospital, Jena, Germany; 
2Center for Molecular Biomedicine; Department of Biophysics; Friedrich 
Schiller University Jena, Jena, Germany 

Pain stimuli are detected by nociceptors - neurons that transmit sen-
sory information via long axons from the body periphery to the spinal 
cord. Nociceptor function critically depends on voltage-gated sodium 
ion (NaV) channels that are essential for electrogenesis in excitable 
cells. Nine pore-forming α-subunits of such channels (NaV1.1–NaV1.9) 
have been identified in mammals and three of them (NaV1.7, NaV1.8 
and NaV1.9) are preferentially expressed in peripheral neurons. NaV1.7, 
encoded by SCN9A, is a “chameleon” concerning the clinical pheno-
type associated with mutations in the gene. Mutations in the gene have 
been linked to human pain disorders ranging from a congenital insen-
sitivity to pain (CIP) on the one hand to extreme pain disorders termed 
primary erythromelalgia (PE) and paroxysmal extreme pain disorder 
(PEPD) on the other hand. Recently, mutations in the channel have 
also been identified in Small Fiber Neuropathy, a neurodegenerative 
disorder of small sensory nerve terminals.
Using next-generation-sequencing in patients with different pain dis-
orders we identified novel mutations in SCN9A. In a sporadic case of 
PE, characterized by burning pain of the lower extremities, we identi-
fied a heterozygous de novo missense-mutation (c.2623C>G, p.Q875E) 
in SCN9A. Heterologous expression of the mutant channels shifted 
the activation of NaV1.7 in a hyperpolarized direction, allowing the 
mutant channels to open in response to a weaker depolarization. 
This gain-of-function effect results in hyperexcitability of nerve cells. 
In a large family with severe episodic rectal pain, which is typical for 
autosomal dominant PEPD, we identified a novel causative gain-of-
function missense-mutation (c.4880T>C, p.M1627T) that segregated 
with the disease phenotype in four generations. Finally, we identified 
novel biallelic loss-of-function mutations in SCN9A in a patient with 
congenital indifference of pain, who suffers from recurrent injuries, 
burns and fractures. He also shows anosmia, a feature that is part of the 
SCN9A-related CIP. Deletions in both copies of SCN9A in this patient 
(c.3309delC and c.5340delC) result in loss-of-function and prevent 
action potential generation of nociceptors. The findings illustrate the 
central role of the NaV1.7 molecule in a broad range of pain-spectrum 
disorders.

P-ClinG-145
A comprehensive approach for identifying mutations involved 
in non-syndromic hearing loss
Vona B.1, Hofrichter M. A. H.1, Neuner C.1, Schröder J.1, Müller T.2, 
Shehata-Dieler W.3, Klopocki E.1, Nanda I.1, Haaf T.1 
1Institute of Human Genetics; Julius Maximilians University, Würzburg, 
Germany; 2Department of Bioinformatics; Julius Maximilians University, 
Würzburg, Germany; 3Comprehensive Hearing Center; Department of 
Otorhinolaryngology; University Hospitals, Würzburg, Germany 

The compounded nature of non-syndromic hearing loss (NSHL) stems 
from both genetic and environmental origins. Genetic causes account 
for approximately half of NSHL, have an affection rate of approximately 
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1 in 1000 newborns, exhibit genetic heterogeneity, and typically follow 
standard Mendelian inheritance patterns, whereby monogenic muta-
tions confer dominant or recessive phenotypes.
We engaged in a comprehensive study to evaluate genetic mutations 
involved in NSHL using a variety of techniques, each with their speci-
fied detection limits to interrogate copy number and nucleotide varia-
tion. We analyzed 93 NSHL patients using the Illumina Omni-1 Quad 
SNP array, whereby we could solve a number of clear cases, particu-
larly, one X-linked POU3F4 (MIM: 300039) hemizygous deletion and 
one DFNA24 (MIM: 606282) heterozygous deletion case, as well as two 
homozygous STRC (Stereocilin, MIM: 603720; DFNB16) deletions, 
through informative copy number variation (CNV). Remarkably, 
the importance of CNVs in the context of disease becomes realized 
when array CGH/SNP arrays are combined with other methods. For 
instance, recurrent STRC heterozygous deletions fueled further inves-
tigation of the mutational fallout of this gene; however, orderly muta-
tional analysis was hindered due to a neighbouring pseudogene with 
98.9% genomic and 99.6% coding sequence identity, prompting the 
development of a carefully designed Sanger sequencing assay for clean 
pseudogene exclusion. This combined array and Sanger sequencing 
approach solved an additional three cases and highlights a limitation 
of next generation sequencing (NGS) investigation of disease-relevant 
genes that have pseudogene counterparts.
We continued with 32 NSHL individuals from the microarray cohort 
composing a total of 25 index cases for targeted gene panel sequencing. 
We were able to further solve or identify a probable mutation in 14 out 
of 25 cases and found NGS particularly helpful for quickly sequencing 
large genes that would otherwise be too time and resource intensive 
to resolve through classical Sanger sequencing approaches, including a 
microarray patient with both a heterozygous deletion and compound 
missense mutation in the 72 exon gene, USH2A (MIM: 608400). Tar-
geted panel NGS also provides the advantage of correcting initial clini-
cal misdiagnosis and is invaluable for the exclusion of additional muta-
tions in cases with previously identifiable mutations.
Herein, we present a summary of our experience using a variety of 
approaches for NSHL diagnostics and describe how we circumvented 
pseudogene sequence in a gene in which many of our patients pre-
sented mutations and ultimately resulted in the development of a new 
sequencing method for routine diagnostics. We present and suggest 
an optimal diagnostic algorithm for comprehensive NSHL diagnostics 
that has contributed to our solve rate of approximately one in three 
patients already screened for GJB2 and GJB6 mutations.

P-ClinG-146
A pitfall of the molecular diagnostic of congenital adrenal 
hyperplasia
Wagner S.1, Gaspar H.1,2, Mass B.1, Spachholz E.1, Bartram C.R.1, Hinder-
hofer K.1 
1Institute of Human Genetics; Heidelberg University, Heidelberg, 
Germany; 2Institute of Human Genetics; University Medical Center 
Freiburg, Freiburg, Germany 

We herein present a case of a 26 year old pregnant woman with hir-
sutism, hyperandrogenemia, and oligomenorrhea, who was presumed 
to be affected with congenital adrenal hyperplasia (CAH) by an exter-
nal genetic analysis. CAH is an autosomal recessive disorder, which 
comprises several inherited metabolic diseases of the adrenal cortex. 
The major cause of CAH is a 21-hydroxylase deficiency (21OHD), 
due to inactivation of the highly polymorphic 21-hydroxlyase gene 
(CYP21A2). CAH is characterized by reduced glucocorticoid and min-
eralocorticoid, and increased androgen production. This can lead to 
an altered development of primary and secondary sex characteristics. 
Hence, the woman was already treated with dexamethasone to prevent 
virilization in case of a female affected fetus. Reanalysis of the CYP21A2 
gene in our lab during the pregnancy indeed confirmed the hetero-
zygous nonsense mutation (p.Q319*). However, MLPA (Multiplex 

ligation-dependent probe amplification) analysis additionally revealed 
three copies of the gene. Based on the molecular testing of her parents, 
a paternal inherited CYP21A2 gene duplication with the p.Q319* muta-
tion on one gene copy was identified. Therefore, no pathogenic allele 
could be detected in the pregnant woman. These findings do not sup-
port the clinical diagnosis of CAH. Furthermore, the analysis of her 
partner displayed the presence of the p.Q319* mutation and a dupli-
cated CYP21A2 gene on both alleles. Since both the pregnant woman 
and her husband do not carry a pathogenic allele, there is no increased 
risk for CAH for the fetus. Because of these findings, the prenatal treat-
ment with dexamethasone was discontinued. Thus to exclude misdi-
agnosis, it is important to consider that even a pathogenic mutation 
can result in no phenotypic effects due to a duplication of the gene. In 
conclusion, these results highlight the importance of gene copy num-
ber analysis to complement the mutation screening in CAH-patients.

P-ClinG-147
Turcot- syndrome associated with glioblastoma and café-au-lait  
spots in a young girl
Wand D.1, Starke S.2, Christiansen H.2, Müller W.3, Passarge E.1 
1Institut für Humangenetik Universitätsklinikum Leipzig, Leipzig, 
Germany; 2Universitäts-Kinderklinik Leipzig, Leipzig, Germany; 3Institut 
für Neuropathologie Universitätsklinikum Leipzig, Leipzig, Germany 

Turcot-syndrome (TS, OMIM 276300) is a genetically ill defined rare 
genetic disorder of DNA mismatch repair. It is characterized by the 
occurrence of primary tumors of the central nervous system and of the 
colon during the first and second decades of life, associated with café-
au-lait spots, axillary freckling and hypopigmented spots.TS is usually 
caused either by a mutation of the APC gene (OMIM 611731,Adeno-
matous polyposis coli)or of mismatch repair genes associated with the 
different genetic forms of Lynch syndrome (OMIM 120435). Whereas 
medulloblastoma usually is associated with an APC mutation, a glio-
blastoma usually occurs in one of the mismatch repair gene mutations. 
Molecular diagnosis may contribute to the appropriate diagnoses and 
appropriate care of affected patients. We present a 14-year-old girl with 
TS. She presented with signs of a tumor of the central nervous system 
(glioblastoma multiforme) and café-au-lait spots without adeno-car-
cinoma of the colon or numerous adenomatous colorectal polyposis. 
Other symptoms were headache and vomiting. She had no history 
of headache or of single tonic seizures, weakness, and no loss of con-
sciousness or memory disturbance. On her skin there were six café-
au-lait spots >2 cm in diameter  and areas of hypopigmenation. Colon 
endoscopy revealed no colorectal polyposis or carcinoma, however 
multiple unclear hyperpigmentations. Brain CT showed intraparen-
chymal hemorrhage with an infratentoriell tumor and multiple bilat-
eral thalamus lesions. Histopathological findigs confirmed the glial 
origin of the tumor and a high rate of cell proliferation. The tumor 
was diagnosed as glioblastoma with giant cell features WHO grade IV. 
Our patient underwent right parietotemporal craniotomy and gross 
total resection of the tumor. A molecular study of the tumor tissue 
showed micro-satellite instability of MSH 6, which is rarely present 
in Lynch syndrome. We found in the genetic analysis of lymphocyte 
DNA a compound heterozygous mutation in the MSH6 gene (OMIM 
600678), c.1665A>G;  and c.3226C>T.The family is negative for colonic 
cancer or colonic polyposis and café-au-lait spots.It is important to 
perform molecular testing and genetic counseling for early diagnosis 
of Lynch syndrome and preventive management in this family. This 
observation shows that glioblastoma, café-au-lait spots and a mutation 
in a mismatch repair gene (Lynch syndrome) may be associated with 
clinical manifestations of Turcot-syndrome.
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P-ClinG-148
Differential DNA methylation of genes involved in neuronal 
gene regulation and function in the brain of patients with 
progressive supranuclear palsy (PSP)
Weber A.1, Tost J.2, Hoffmann P.3, Dickson DW.4, Höglinger GU.5, Müller 
U.1 
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FL 32224, USA; 5Dept. of Neurology; Klinikum rechts der Isar; Technische 
Universität München, D-81675 Munich, Germany 

Progressive supranuclear palsy (PSP) is an atypical Parkinson syn-
drome characterized by abnormal eye movement, frequent falls, and 
memory loss in addition to parkinsonism. Histopathologically, neu-
ronal and glial immunoreactive filamentous tau inclusions are found 
in the affected brain regions. In a previously published genome wide 
association study several genes were identified that contribute to PSP in 
combination with mostly unknown environmental factors.
In order to study potential environment-gene effects we analyzed the 
methylation pattern in forebrain DNA from PSP patients and controls. 
DNA was extracted from postmortem forebrains of n=94 PSP patients 
and of n=72 controls. After bisulfite conversion DNA was used to inter-
rogate Illumina Infinium HD Methylation arrays (Illumina Human 
Methylation450_v1.1 Bead Chip). Bioinformatic analysis was done 
according to a previously published protocol that corrects for differ-
ences in dye saturation of the different Illumina bead versions and that 
provides corrected p-values for the methylation differences detected. 
Highly stringent criteria (>5% methylation difference at several sites at 
p<0.001) were applied.
Several genes met these criteria. Most significantly, hyper-methylation 
of genes involved in development and function of the forebrain such as 
DLX1 and SLIT1 were identified. Among the genes hypo-methylated 
in PSP, ZIC4 was the most significant. ZIC4 is a zinc family member 
gene. It encodes a transcription factor that is involved in the regulation 
of developmental processes. It appears to be mainly expressed in the 
cerebellum. Furthermore, two genes (HDAC4 and TRRAP) involved 
in epigenetic regulation at the histone level were also hypo-methylated. 
HDAC4 encodes a histone deacetylase and TRRAP codes for a compo-
nent of a histone acetylase. Thus the potential upregulation of these two 
genes results in abnormal repression (HDAC4) or expression (TRRAP) 
of additional genes that may play a role in the pathogenesis of PSP.
Methylation differences found by analysis of Illumina methylation 
arrays were confirmed by pyrosequencing of relevant genes. Prelimi-
nary data demonstrate that expression of these genes is altered in PSP. 
In conclusion, the data reveal an essential role of epigenetically medi-
ated dysregulation of specific genes in the molecular pathogenesis of 
PSP.

P-ClinG-149
Four novel mutations confirm the pathogeneity of POFUT1 
in Dowling-Degos disease and illustrate a clinically variable 
phenotype
Wehner M.1, Basmanav F.B.1, Lestringant G.2, Bygum A.3, Pachat D.4, 
Fischer J.1, Wolf S.1, Thiele H.5, Altmüller J.5, Rütten A.6, Kruse R.7, Danda 
S.4, Hanneken S.8, Betz R.C.1 
1Institute of Human Genetics; University of Bonn, Bonn, Germany; 
2Division of Dermatology; Tawam Hospital [ret.], Al Ain, United Arab 
Emirates; 3Department of Dermatology and Allergy Centre; Odense 
University Hospital, Odense, Denmark; 4Department of Clinical 
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Dowling-Degos disease (DDD) is an autosomal dominant form of a 
reticulate pigmentary disorder characterized by progressive and dis-
figuring hyperpigmentation at the flexures, large skin folds, trunk, face 
and extremities. We previously identified loss-of-function mutations 
in the keratin 5 (KRT5) gene and in POGLUT1, which encodes protein 
O-glucosyltransferase 1. A recent report of two Chinese families with 
DDD presented causative mutations in POFUT1, which encodes pro-
tein O-fucosyltransferase 1 from the Notch pathway.
In this study, we report four novel mutations in POFUT1 in simplex 
patients or families of different ethnical origins affected by DDD and 
describe the clinical manifestation of disease in our patients in rela-
tion to the patients reported in the Chinese study. Briefly, we identified 
two missense mutations and one nonsense mutation in three simplex 
cases from Germany, Denmark and India, respectively. All these muta-
tions were identified by Sanger sequencing of POFUT1 in all DDD 
cases without mutations in KRT5 and POGLUT1.  We also identified 
another novel nonsense mutation  by exome sequencing of two affect-
eds in a Yemeni family comprising 7 individuals initially suspected 
to be affected by DDD which segregated in an autosomal dominant 
pattern. These novel mutations and the extensive clinical description 
confirm the pathogeneity of POFUT1 in DDD and illustrate a clinically 
variable phenotype.

P-ClinG-150
Compound heterozygous MPDZ mutations in a girl with 
congenital hydrocephalus and a complex cardiovascular defect
Wickert J.1, Kortüm F.1, Behrens H.1, Denecke J.2, Zahn S.3, Hempel M.1, 
Kutsche K.1 
1Institute of Human Genetics, University Medical Center Hamburg-
Eppendorf, Germany; 2Department of Pediatrics, University Medical 
Center Hamburg-Eppendorf, Germany; 3MVZ GenteQ GmbH, Hamburg, 
Germany 

We report on a 21-months-old German girl, the first child of her 
healthy and unrelated parents, with a combination of cerebral and car-
diovascular malformations. Prenatal ultrasound at 30 weeks of gesta-
tion revealed macrocephaly due to severe congenital hydrocephalus 
internus as the result of aquaeductal stenosis. Amniocentesis with 
subsequent prenatal cytogenetic analysis revealed a normal female 
karyotype (46,XX). The girl was born by Caesarian section at 39th week 
of gestation. Birth weight was 3770 g (85th P.), length 52 cm (65th P.) 
and head circumference 45 cm (7.4 cm > 99th P.); APGAR score were 
8-9-10. Beside macrocephaly the girl had facial dysmorphism with low 
set ears with pits, down slanting palpebral fissures and a deep nasal 
root. In the postnatal period a complex cardiovascular malformation 
was detected, consisting of juxta-ductal stenosis of the aortic isthmus, 
hypoplasia of the aortic arch, persistent superior vena cava, and atrial 
septum defect.
Hydrocephaly was treated post-partum by implantation of a ventri-
culo-peritoneal shunt. Within the first 6 months of life, the girl devel-
oped epilepsy, which was treated with levetiracetam. 180k microarray 
analysis detected a heterozygous 260-kb microdeletion at 9p23 affect-
ing almost the entire MPDZ gene. The microdeletion was confirmed by 
quantitative RT-PCR.
Recently, a homozygous nonsense mutation in the MPDZ gene has 
been described to cause congenital hydrocephalus. MPDZ encodes 
the multiple PDZ domain protein that is primarily located at cellular 
tight junctions where it serves as a scaffold protein. As the micro-
deletion covering MPDZ was found in the heterozygous state in the 
patient, we sequenced the 46 coding exons of MPDZ and identified the 
hemizygous 4-bp deletion c.3853_3856delTCAG in exon 28. This muta-
tion leads to a frameshift and introduction of a premature stop codon 
(p.(E1286Qfs*58)). Segregation analysis revealed the heterozygous 4-bp 
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deletion in the mother, while the father carried the 260-kb microde-
letion in the heterozygous state strongly suggesting that the female 
patient is compound-heterozygous for the two MPDZ mutations.
To the best of our knowledge, this is the first report of compound-
heterozygous mutations in the MPDZ gene causing congenital hydro-
cephalus. Our observation confirms an association of biallelic MPDZ 
mutations with congenital hydrocephalus. The role of MPDZ in proper 
formation of cellular tight junctions resembles the cell-cell adhesion 
function of the protein encoded by L1CAM, the gene which is asso-
ciated with X-linked hydrocephalus and stenosis of the aqueduct of 
Sylvius.  Thus, it is tempting to speculate that disturbance of cell-cell 
interaction is one pathophysiological mechanism underlying congeni-
tal hydrocephalus. Further investigations are necessary to determine 
the frequency of MPDZ mutations in patients with aqueduct stenosis 
and congenital hydrocephalus and its associated clinical features.

P-ClinG-151
The first gross genomic in-frame duplication of FBN1 in humans 
could define a new subclass of Marfan syndrome
Zacher P.1, Robinson P. N.2, Reif S.1, Kreuz F. R.1, Plaschke J.1, Krüger S.1, 
Bier A.1 
1Gemeinschaftspraxis für Humangenetik, Dresden, Germany; 2Institut für 
Medizinische Genetik und Humangenetik; Charité Universitätsmedizin, 
Berlin, Germany 

Marfan syndrome is an autosomal-dominant connective tissue disor-
der characterized by abnormalities primarily in the ocular, skeletal, and 
cardiovascular systems. Depending on the FBN1 gene mutations pres-
ent, the phenotype may vary from minor isolated features to severe 
forms with neonatal onset.
We report on a 32-year-old woman suspected of having Marfan syn-
drome because of a spontaneous pneumothorax at the age of 18. The 
family history revealed no signs or symptoms indicative of the disease.
The patient was of tall stature with a height of 187 cm, which is 9 cm 
above the 97th percentile. She had long slender limbs, a thin body 
habitus and weighed only 60 kg, corresponding to a BMI of 19. Her 
arm span was 185 cm and thus she had a normal armspan/height ratio 
of 0.99. The upper/lower body segment ratio of 1.03 was also normal. 
She exhibited arachnodactyly and slender feet, but had no other skel-
etal characteristics attributed to Marfan syndrome. The patient had a 
positive wrist sign and negative thumb sign. Her face did not exhibit 
marfanoid features. Two teeth had been extracted due to her narrow 
jaw. Cardiac evaluation, including echocardiography, was normal. 
Ophthalmological examination revealed myopia of -3 diopters as well 
as exophthalmos.
We performed DNA sequencing of the whole coding region of FBN1, 
as well as screening for gross genomic deletion or duplication by MLPA 
analysis. Two mutations, both have not yet been reported, were identi-
fied in a compound heterozygous state: The first mutation is a duplica-
tion of exons 10 to 24 (c.989_2854dup) resulting in an in-frame dupli-
cation of 622 amino acids. This mutation was inherited from the father. 
The second variant is the missense mutation c.3362C>G; p.P1121R in 
exon 28 of FBN1, which was inherited from the mother. The affected 
amino acid residue is highly conserved up to Tetraodon nigroviridis 
(considering 11 species). All four in silico prediction programs applied 
(SIFT, PolyPhen-2, AGVGD, MutationTaster) but AGVGD categorised 
the mutation as pathogenic. Both parents have a tall and thin habitus 
but no signs or symptoms of Marfan syndrome.
Whereas missense mutations are a frequent cause of Marfan syndrome, 
gross insertions or duplications in FBN1 have until now only been 
described in Tight skin mice. In these mice a heterozygous duplication 
of Fbn1 causes a larger than normal in-frame transcript, and fibroblasts 
secrete normal as well as mutant oversized Tight skin fibrillin-1 pro-
teins that are stably incorporated into beaded microfibrilis with altered 
molecular organization. This alteration on the cellular level causes an 
accumulation of extracellular matrix. The skin thickens, adheres firmly 

to the hyperplastic subcutaneous tissue, lacks elasticity and has altered 
wound healing properties. Given the lack of Marfan syndrome symp-
toms in the parents, the missense mutation may act in a hypomorphic 
fashion and therefore result in phenotypic expression of the in-frame 
duplication.

P-ClinG-152
Overgrowth and developmental delay associated with a 200 kb 
deletion in 16p11.2 in two families
Zweier C.1, Krumbiegel M.1, Peters H.2, Reis A.1 
1Institute of Human Genetics, Erlangen, Germany; 2Institute for Medical 
and Human Genetics, Berlin, Germany 

Due to a high density of segmental duplications, the short arm of chro-
mosome 16 is prone to a number of recurrent rearrangements. A com-
mon 600 kb microdeletion or –duplication in 16p11.2 has been asso-
ciated with autism, intellectual disability, schizophrenia and mirrored 
weight and head circumference phenotypes. An adjacent, but separate 
distal 200 kb region in 16p11.2, which contains the SH2B1 gene, has 
been associated with isolated obesity as well as with developmental 
delay. Both aberrations go in hand with high variability and incom-
plete penetrance.
We now report on two families harboring the 200 kb deletion in 16p11.2.
A 5 years 9 months old girl was referred to our clinics with suspected 
Sotos syndrome due to tall stature and developmental delay. Birth mea-
surements were unsuspicious but at time of consultation her height 
and weight were above the 97th centile, and bone age was advanced 
by 18 months. She could walk with 18 months, started to speak with 
20 months and attended special school due to learning disabilities 
at the age of 7 years. Whereas NSD1 testing revealed normal results, 
molecular karyotyping showed the 200 kb deletion in 16p11.2, which 
was inherited from the healthy mother.
The second family consisted of a 12 year old boy with unspecific mild 
to moderate intellectual disability and mild obesity and his 4 year old 
half-sister with severe obesity, tall stature, macrocephaly and mild 
motor delay. Due to suspected Sotos syndrome in the girl, NSD1 testing 
was performed and normal. Molecular karyotyping revealed the 200 
kb deletion in 16p11.2 in both siblings. Interestingly, the girl, but not the 
boy, additionally harbored a microduplication 1q21.1, which has been 
recurrently associated with variable and incompletely penetrant devel-
opmental delay, ID, behavioural anomalies and large head circumfer-
ence. Both aberrations were inherited from the mother, who was obese 
but otherwise healthy and without cognitive problems.
These two families further characterize the variable spectrum of phe-
notypes associated with the 200 kb microdeletion in 16p11.2. Our find-
ings in family 2 also show that not even the co-occurrence of two ID-
associated microaberrations necessarily leads to cognitive impairment.

P-Complex Genetics / Complex 
Diseases
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Idiopathic achalasia is a severe disorder of the lower esophageal sphinc-
ter (LES) with a lifetime prevalence of 1:10,000. The disease is charac-
terized by the degeneration of neurons in the myenteric plexus leading 
to the development of a megaesophagus with irreversible loss of LES 
function. On the etiological level, achalasia is a multifactorial disorder 
with environmental and genetic factors being risk-associated. By test-
ing markers in immune-relevant loci using the Illumina’s Immunochip, 
we already identified strong association signals reaching genome-wide 
significance within the HLA-DQ complex indicating that autoimmune 
processes contribute to the pathophysiology of achalasia.
The aim of the present study was to determine the role of exonic vari-
ants in the development of achalasia. We performed an association 
study using Illumina’s Exomechips which have been developed based 
on the data of 12,000 exomes. The chip contains more than 240,000 – 
mainly functional-relevant – markers. We genotyped 674 patients with 
idiopathic achalasia and 2,316 population-based controls from Central 
Europe and after quality control (QC) steps 106,417 markers remained 
for association testing.
The analysis yielded a strong association signal within the HLA region 
(P < 5x10-08). We carried out a conditional analysis adjusting for the 
variants within the HLA-DQ complex identified before within the 
Immunochip study. This analysis revealed that the HLA signal on the 
Exomechip is not independent of the already known achalasia risk 
variants within this region. Next, we focused on variants outside the 
HLA region and identified 139 markers reaching a P < 10-03. In total, 31 
of the 139 markers are common variants (MAFcontrols > 5%, best hit P 
= 1.55x10-05). In contrast, 49 are low-frequent markers (MAFcontrols < 
5%) and the minor allele is more frequent in patients compared to con-
trols (best hit P = 2.57x10-06). Furthermore we used the INTERSNP-
RARE software to test if there is an enrichment of rare, associated vari-
ants within specific genes. This analysis revealed an overload within the 
genes EDNRB and PLBD1 (P < 8x10-5).
The present study provides evidence that low-frequent and common 
exonic variants play a role in the pathophysiology of achalasia. Cur-
rently, we genotype a subset of the associated variants identified in this 
study in an independent sample of > 400 achalasia patients and > 1,000 
controls in order to confirm the contribution of these variants to the 
development of achalasia.

P-Compl-154
Investigating the role of SHANK3 in Schizophrenia
Berkel S.1, de Sena Cortabitarte A.1, Weiss B.1, Roeth R.1, Cichon S.2, 
Noethen M.3, Rietschel M.4, Rappold G.1 
1Institute of Human Genetics, Heidelberg, Germany; 2University of Basel, 
Basel, Switzerland; 3Institute of Human Genetics, Bonn, Germany; 4Central 
Institute of Mental Health, Mannheim, Germany 

Recent studies have shown that mutations in the postsynaptic scaffold-
ing proteins SHANK1, SHANK2 and SHANK3 are linked to a spec-
trum of neurodevelopmental disorders, including intellectual disability 
and autism spectrum disorders. To elucidate a putative contribution of 
genetic variants in SHANK3 to schizophrenia etiology, we sequenced 
the exons and flanking intronic regions of the gene in 500 affected 
individuals. Schizophrenia (SCZ) is a neuropsychiatric disorder with 
high variability in the clinical phenotype and is characterized by major 
impairments of perception of reality. Our sequencing results were com-
pared to ancestrally matched controls from the EVS (exome variant 
server) and the 1000 genomes project. We identified a putatively delete-
rious missense variant in 40 SCZ individuals with a significantly higher 
frequency in cases compared to controls (P=0.00004, OR 1.96, CI 1.4 
– 2.7). This variant is homozygous in two patients and heterozygous in 

2 further patients where it was found in combination with a second rare 
deleterious variant. We identified deleterious SHANK3 missense vari-
ants in 0.9 % of the SCZ individuals that were not detected in controls. 
One deleterious missense variant, identified in our SCZ cohort, was 
previously found in a SCZ individual from a different study (combined 
data 2/685). The same variant was also detected in four individuals with 
autism spectrum disorder (4/1972) but has not been found in any of 
6768 controls, proposing a genetic overlap for these two neuropsychiat-
ric disorders. Our findings suggest that rare deleterious SHANK3 vari-
ants predispose to the development of schizophrenia.

P-Compl-155
Extending the population spectrum for nonsyndromic orofacial 
clefting: Recruitment and genetic analyses in an Arabian 
population from Yemen
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Nonsyndromic orofacial clefting (nsOFC) is among the most com-
mon of all congenital disorders and has a genetically complex etiol-
ogy. Based on embryological and epidemiological data, the pheno-
type can be differentiated into nonsyndromic cleft lip with or without 
cleft palate (nsCL/P) and nonsyndromic cleft palate only (nsCPO), 
with nsCL/P being the most frequent form. Recent genetic research 
has identified numerous genetic susceptibility loci for nsCL/P. How-
ever, most studies have been performed in populations from Europe 
and Asia, and few data are available concerning genetic susceptibility 
to nsCL/P in Arabian populations. The present study investigated a 
large, newly recruited nsOFC sample from Yemen. Twenty-four single 
nucleotide polymorphisms (SNPs) representing all 15 currently known 
nsCL/P risk loci were genotyped in 242 nsCL/P cases and 420 healthy 
controls. Single marker association analysis revealed significant associ-
ations for four loci (8q24, 9q22, 10q25, 13q31). The strongest association 
was for the European high risk locus at 8q24 (Pcorrected = 5.09x10-4; 
heterozygous odds ratio (ORhet) = 1.74, 95% confidence interval (CI 
95% CI) = 1.22-2.47, homozygous odds ratio (ORhom) = 2.47, CI 95% = 
1.55 - 3.93). Five additional loci (1q32.2, 3q12, 8q21, 17q22, 20q12) showed 
nominal significance that did not withstand correction for multiple 
testing. Two loci (1p36, 2p21) failed to reach nominal significance but 
displayed a trend towards association with P < 0.1. Although the four 
remaining loci (1p22, 3p11, 15q22, 17p13) failed to reach nominal sig-
nificance, the risk alleles were in the same direction as in the discovery 
studies. Due to insufficient sample size (n=49), we did not analyze the 
nsCPO sample.
This study represents the first investigation of the currently known 
nsCL/P genetic risk factors in a large Arabian case-control sample from 
Yemen. The results suggest that the majority of the 15 risk loci identi-
fied in European and Asian ethnicities also confer risk for nsCL/P in 
Arabian populations.
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DDX3X 3´UTR splicing control in human male germ 
cells is impaired in men with AZFc deletion and severe 
hypospermatogenesis
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The human DDX3X DEAD-box RNA helicase is a master gene, func-
tionally conserved from yeast to human, involved in nuclear cell cycle 
control and in the control of translation of a still unknown number of 
gene transcripts in the cytoplasm of soma cells. In mammals, its origi-
nal autosomal chromosome location shifted to the sex chromosomes 
due to evolution of the X and Y chromosome structures. In human, 
this resulted in functionally restriction of its homologous Y gene copy, 
DDX3Y, to the testis, solely expressing its protein in premeiotic male 
germ cells. In contrast, the DDX3X protein is expressed in the testis 
solely in postmeiotic male germ cells. This suggests a specific transla-
tion control for DDX3X transcripts in the male germ line.
We found that DDX3X testis transcripts are mainly starting from a spe-
cific core promoter activated predominantly in germ cells after meio-
sis and processed for polyadenylation in the proximal 3´UTR. Inter-
estingly, a minor fraction of these transcripts are processed in their 
3´UTR, differently. Their primary 3´UTR first extends ~17kb, becomes 
then subsequently spliced at distinct sites to result in short 3´UTRs. We 
identified six different 3´UTR splicing variants by sequence analysis 
(I-VI; Rauschendorf et al. 2013, submitted).
We found that the expression pattern of these DDX3X 3´UTR splicing 
variants is severely impaired in infertile men with AZFc deletion. This 
microdeletion in the distal part of the Y long arm (Yq11.23) is known 
as the most frequent genetic lesion causing male infertility (Vogt et al. 
2008). It usually cause hypospermatogenesis and a histological picture 
of mixed atrophy in their testis tubules; i.e., with no sperm in their 
ejaculate but still a low amount in some of their testis tubules isolated 
by testicular biopsy.
We, therefore wanted to analyse whether any AZFc gene, expressed after 
meiosis (i.e. CDY1; DAZ), and additional other genes also known to be 
involved in transcriptional and translational control mechanism(s) of 
germ line genes functional expressed first in spermatids (i.e. CREM), 
might be involved in the 3´UTR splicing control of the postmeiotic 
DDX3X transcripts.
We found an aberrant expression pattern of DAZ but not CDY1 tran-
scripts, in all testicular tissue samples with severe hypospermatogen-
esis and a distorted DDX3X 3´UTR splicing process. It suggests that 
the functional expression of DAZ is required during the 3´UTR splic-
ing process of the postmeiotic DDX3X germ cell transcripts with long 
3´UTRs.
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Nonsyndromic orofacial clefting and cancer  – evaluating a 
possible common genetic background by analyzing GWAS data
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Nonsyndromic orofacial clefting is one of the most frequent congenital 
malformations. Based on epidemiological studies it has been suggested 
that nonsyndromic orofacial clefting and cancer may have a com-

mon etiology. Both nonsyndromic orofacial clefting and cancer have 
a genetically complex background. For nonsyndromic cleft lip with or 
without cleft palate (nsCL/P), the most common cleft subtype, and also 
for many cancer subtypes, molecular studies, mainly recent GWAS, 
have identified several susceptibility factors.
To test the hypothesis that frequent variants showing strong effects in 
one trait might confer a possibly less strong risk in the other trait we 
used unbiased genome-wide SNP data from large cohorts of patients 
with sporadic cancers and cohorts of individuals born with nsCL/P. We 
first searched for cancer entities that have been reported to be associ-
ated with nsCL/P based on literature data. This search revealed 10 stud-
ies, covering 11 different cancer entities (brain cancer, breast cancer, 
colon cancer, leukemia, liver cancer, lung cancer, lymphoma, neuro-
blastoma, prostate cancer, retinoblastoma, skin cancer). GWAS results 
were found for 9 of the 11 cancer entities.
We then performed two approaches: i) Data on genetic variants associ-
ated with nsCL/P were retrieved from our recently published meta-
analyses of the two largest GWAS on nsCL/P (Ludwig et al., 2012). We 
analyzed 204 conclusively identified cancer susceptibility variants in 
this large genome-wide SNP dataset. One of the cancer-associated 
SNPs, rs6457327, on chr. 6p21.33, originally found to be significantly 
associated with follicular lymphoma, remained almost significant (P = 
0.0528) after correction for multiple testing. ii) Corresponding authors 
of all cancer GWAS which we had used for SNP selection were con-
tacted. For each of the 12 top SNPs from 12 nsCL/P risk loci, the authors 
were asked to retrieve association information in their cancer GWAS 
data sets. 29 different cancer sample sets that were available for the 
above named 11 cancer entities. We found an association for the nsCL/P 
risk locus at chr. 20q12 (rs13041247) with squamous cell cancer of the 
skin, and this finding remained significant after a conservative Bonfer-
roni correction (P = 0.0016, data extracted from the Icelandic Cancer 
Registry). The risk allele for this SNP in squamous cell cancer of the 
skin, however, is not identical with the risk allele in the cleft patients.
Our study is the first to characterize possible pleiotropic risk loci for 
the two frequent disease traits nsCL/P and cancer, at an unbiased level, 
using large genome-wide datasets. Our results demonstrate a lack of a 
particular marker with very strong effects on both traits and rather sug-
gest that variants strongly associated with one trait might act as modi-
fier for the second one. Thus, although not entirely conclusive at the 
single-marker level, our study might serve as starting point for further 
projects.
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Nonsyndromic cleft lip with or without cleft palate (nsCL/P) is one of 
the most common congenital malformations with a complex multifac-
torial etiology. Although many cases occur sporadically, families with 
multiple affected members also exist. In these pedigrees, dominantly 
inherited genetic alterations with high penetrance might be respon-
sible for the presence of nsCL/P in affected individuals. In the context 
of a large collaborative study, whole exome sequencing (WES) was 
performed in two affected members of an extended nsCL/P family of 
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German origin. The entire pedigree comprised 11 affected individu-
als spread  over three generations. The two index probands were dis-
tantly related cousins, and were expected to share 1/128 of their genetic 
information. After stringent filtering of variants shared between both 
individuals, one variant in the grainy-head like 3 (GRHL3) gene was 
identified as potentially causal. This variant, rs138381915, is located in 
exon 13 and the risk allele mediates an amino acid change from Argi-
nine to Histidine at position 490 of the GRHL3 protein. Prediction pro-
grams (Polyphen, Mutation Taster) predict the alteration to be disease-
causing. In sequencing datasets derived from the general population 
(ESP6500, dbSNP, 1000genomes), the frequency of the minor allele at 
rs138381915 is reported to be below 0.5 %. Literature research revealed 
GRHL3 as an interesting candidate gene for nsCL/P and has recently 
been shown to be activated by Interferon Regulatory factor 6 (IRF6) 
in the periderm and oral epithelium (de la Garza et al., 2013). Based on 
the hypothesis that rs138381915 might be the causal variant in the family 
studied, we first confirmed the presence of the variant in the two index 
probands by Sanger Sequencing. We then tested all family members for 
whom DNA was available for the presence of the putative risk allele. 
Of 29 members that were sequenced (11 affected, 18 unaffected), the 
risk allele was observed in a heterozygous state in seven individuals, 
only two of whom were affected. These two affected individuals’ geno-
types for this SNP were identical to the index probands analyzed in the 
WES study. Five individuals carried the putative risk allele but were not 
affected, while nine individuals did not carry the minor allele but were 
affected. These data suggest that rs138381915 is unlikely to be a causal 
variant regarding the nsCL/P phenotype in this particular family.
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Multiple genetic and environmental factors are leading reasons in the 
etiology of Parkinson disease (PD) but only few patients (10%) have 
been identified with monogenic forms of PD. However, until now it is 
unclear whether there are simple genetic variations or polygenic cases 
which have an influence on disease risk, could explain cases of incom-
plete penetrance (LRRK2) or cases with only one heterozygous allele in 
autosomal recessive (AR) PD genes.
In order to identify additional genetic risk factors or digenic cases 
in patients with ambiguous genetic testing results we designed a PD 
specific HaloPlex gene panel including 13 monogenic PD genes, 17 
susceptibility genes, 8 risk factors and 23 single nucleotide polymor-
phisms (SNPs). Therewith our study cohort of 207 MeFoPa samples 
from carriers with only one mutation in a recessive PD gene (PARK2, 
PINK1, DJ1,…) or with mutations and variants in LRRK2 and GBA 
were sequenced for the target region of 91.487 bp. This was done by use 

of an Illumina MiSeq next generation sequencing platform followed by 
the bioinformatics analyses using our in house pipeline.
By this approach, on average, >97% of the target region was covered by 
>20 reads with a mean coverage of 806 ± 211 reads. In 29 of 38 target 
genes the coding region was completely (100%) sequenced including 
almost every monogenic PD gene.
We confirmed 204 (91%) of all reported mutations with a sequence 
depth of ≥20 reads. The false-negatives are due to lack of coverage or 
the difficulties to identify heterozygous exon copy number variations 
(CNV) but they are just under investigation.
Within the subgroup of LRRK2 mutation carriers we additionally 
found 58 different rare variants in 25 different genes whereof three 
of them turned out as known disease causing alleles, two in GBA 
(p.E365K, p.N409S), one in LRRK2 (p.R1441G). We have also found 
the previously described risk factor p.M1646T (Lancet 2011) in 22 of 65 
(33,8%) affected and in only 2 of 24 (8,3%) unaffected mutation carriers. 
Subsequent analyses identified a shared p.R1441G - p.M1646T haplo-
type of ~140kb ranging from Exon1 to Exon 49 in LRRK2.
This approach has shown to be robust for the efficient screen of large 
sample cohorts which should further help to decipher the complex 
genetic nature of PD.
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Male pattern baldness (androgenetic alopecia, AGA) is a highly herita-
ble trait and the most common form of hair loss in humans. Genome-
wide association studies (GWASs) including a meta-analysis and large-
scale replication study have identified twelve genome-wide significant 
risk loci for AGA, which explain a major proportion of the genetic risk 
for AGA. However, the efficiency of contemporary GWASs for detect-
ing disease associations is restricted by the burden of multiple testing 
due to the large numbers of single nucleotide polymorphisms (SNPs) 
considered in these analyses. Thus, only highly significant individual 
disease associations (P<5×10–8) can be detected. It is therefore likely, 
that additional genetic risk factors with smaller individual effect sizes 
still await identification. Their sensitivity for detecting individual dis-
ease associations is limited but GWAS datasets can be used to analyze 
whether there is a collective contribution (polygenic contribution) of 
common SNPs that show disease association above the P-value thresh-
old for genome-wide significance (P>5×10–8). Irrespective of their 
small individual effect sizes, these loci might jointly explain a signifi-
cant proportion of the overall genetic risk for AGA. Polygenic score 
analysis is a method for determining this collective contribution. This 
study used a German case-control sample for AGA, which comprised 
581 severely affected patients and 617 controls, to determine the contri-
bution of polygenic variance to genetic risk for AGA. The sample was 
divided evenly into discovery and test samples. An additive polygenic 
risk score was calculated from risk alleles with increasingly liberal 
P-values in the discovery dataset, which was then used to test for the 
enrichment of AGA risk score alleles in the independent test samples. 
The analysis provided significant evidence for the specific contribu-
tion of a polygenic component to AGA where the amount of variance 
explained was 1.4-4.5%. It is likely that the contribution of a polygenic 
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component and the large number of genes involved reflect the com-
plexity of the AGA associated biological pathways. Further studies are 
required to progress from evidence for a polygenic contribution to 
understanding the specific genetic factors that comprise this polygenic 
component.
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Rare duplications in the chromosomal region 16p11.2 are an established 
risk factor for the development of schizophrenia. Deletions in the same 
region increase the susceptibility to autism and intellectual disability. 
The risk-bearing copy number variants (CNVs) have large effect sizes 
and span > 25 genes. Several of these genes are interesting candidate 
genes. However, the underlying risk gene/genes have not been identi-
fied, yet. Based on genetically modified zebrafish, Golzio et al. identi-
fied KCTD13 as the major driver of the neuroanatomical phenotype of 
CNVs in 16p11.2 (Golzio et al., 2012).
The aim of the study was to analyze, whether small changes in the DNA 
sequence contribute to the allelic spectrum of KCTD13. The identifica-
tion of genetic variants in patients with schizophrenia would further 
support KCTD13 as a strong candidate gene for the disorder.
Targeted Sanger resequencing of all six exons was performed in 576 
patients. All patients had a DSM-IV diagnosis of schizophrenia. Of 
these, 285 individuals had an early age-at-onset (< 21 years). Publicly 
available data from the 1000 Genomes Project and the Exome Vari-
ant Server were used to determine the frequency of the identified vari-
ants in population-based cohorts and individuals collected for studies 
focusing on lung and heart phenotypes.
We identified one point mutation in exon 1 and one point mutation 
in exon 5. In silico, both were predicted to be at least possibly dam-
aging. Neither was listed in the 1000 Genomes Project or the Exome 
Variant Server. We were unable to check whether the mutation in 
exon 1 occured de novo as no DNA from the patient’s parents was 
available. The identified mutation in exon 5 was probably inherited by 
the patient’s father. No DNA of the father was available. However, the 
brother of the affected patient but not their mother carried the same 
mutation. The patient’s brother did not fulfill the diagnostic criteria for 
schizophrenia but suffered from depression, agoraphobia and an eating 
disorder.
This is the first study that focused on the systematic detection of DNA 
sequence variants in the gene KCTD13. The identification of two novel 
point mutations provides additional support for it being a candidate 
gene for schizophrenia. Currently, we are analyzing whether small 
exon affecting deletions or duplications in KCTD13 are associated with 
schizophrenia.
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Known as a rare genetic disorder, Fanconi anemia (FA) is characterized 
by congenital malformations. Patients also often show progressive bone 
marrow failure and susceptibility to hematological and non-hematolo-
cigal malignancies.  Responsible for the disease are biallelic or hemizy-
gous mutations in any one of at least 16 genes (FANC-A, -B, -C, -D1/
BRCA2, -D2, -E, -F, -G, -I, -J, -L, -M, -N/PALB2, -O/RAD51C, -P/SLX4, 
Q/ERCC4) whose products interact with each other and with related 
proteins in the FA/BRCA DNA pathway for genomic maintenance. 
Few patients are left who cannot be assigned to any reported gene. One 
of these patients is a 7-year old German boy of non-consanguineous 
origin with a typical FA –phenotype. We performed haplotype recon-
struction of the family and Whole Exome Sequencing (WES) and com-
bined the resulting information. On the basis of segregation, function 
and suggested connection to the FA/BCA pathway we selected 26 genes 
apparently containing 73 compound heterozygous sequence variants, 
including RCC2, CDC14A, ZRNAB3, ALDH1L1, TOPBP1, ECT2, 
SMARCAD1, BAT3, AP5Z1, FBXO24, PRKCD, UBE2W, RAD54B, 
SMC5, APB1, MEN1, RECQL, UBE2N, PARPBP, PDS5B, RAD51B, 
HERC2, SLX4, SMARCA4, TOP3B and CDK5RAP3 for further analy-
sis. All of the potential mutations were verified by Sanger sequencing 
but only the variants in SLX4, ALDH1L1, PRKDC, UBE2W and TOP3B 
were proved pathogenic. Unfortunately we could not detect any second 
pathogenic variant in these genes. Therefore further investigations will 
be necessary to resolve the gene defect in this patient. Nevertheless, our 
study nicely exemplifies ways of candidate gene exclusion by combina-
torial genetic approaches.
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Psoriatic Arthritis (PsA) is a chronic inflammatory joint disease, 
mainly occurring in patients with the most common skin manifesta-
tion of psoriasis, psoriasis vulgaris (PsV). From the genetic point of 
view, both disease entities are complex diseases.
In a follow-up study of our genome wide association study, we had 
identified a new susceptibility factor for PsA at RUNX3 (Apel et al. 
Arthritis & Rheumatism 2013). The most significantly associated SNP 
(p=1.40x10-8) had been located in the first intron of the gene. RUNX3 
codes for a transcription factor that is involved in CD8+-T lymphocyte 
differentiation, which is remarkable when considering PsA as a T-cell 
mediated disease.
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Previously, variants in the 5’ region of RUNX3 – located in the neigh-
boring linkage disequilibrium (LD) block of our most significantly 
SNP in PsA - have been identified as susceptibility factors for ankylos-
ing spondylitis (Evans et al., Nat Genet 2011), celiac disease (Dubois 
et al. Nat Genet 2010; Trynka et al. Nat Genet 2011) and PsV (Tsoi et 
al Nat Genet 2012). In order to test whether the susceptibility factor 
for PsA might be located within that LD block, we genotyped further 
three SNPs in our large European case-control-study. Interestingly, the 
ETS1 gene - coding for a transcription factor involved in regulation of 
RUNX3 - has been identified as a susceptibility factor for PsV (Tsoi 
et al. Nat Genet 2012). Therefore, we tested 5 SNPs at the ETS1 locus 
for association to PsA as well. The 5 SNPs were genotyped by using 
Taqman technology. In order to take into account the different origin 
of our German, Italian, Swedis, and British case-control-cohorts, a 
Cochran-Mantel-Haenszel test was performed.
The most significantly associated SNP at the ETS1 locus did not reach 
the level of genome-wide significance - though a notable p-value 
(4.27x10-5) -, while one of the SNPs at the 5’ region of RUNX3 exceeded 
this threshold (p=2.68x10-8) and showed a similar odds ratio as our 
previously published SNP (1.26 [1.16-1.36]).
Using in silico analysis tools like Regulome DB (Boyle et al. Genome 
Research 2012), evidence for altered binding of transcription factors 
was minimal for the newly identified SNP at RUNX3. In contrast, for 
one of the SNPs being in strong LD, an effect on binding to transcrip-
tion regulatory elements was indicated.
Further enlargement of our case-control-cohorts and analyzing them 
for the RUNX3-SNPs is ongoing to further fine-map the association 
signal. After the identification of the most promising SNP/ LD block at 
this locus, functional studies investigating e.g. effects on the transcrip-
tion of RUNX3 will help to prove the pathogenicity of those variants 
in PsA.
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Palmoplantar pustular psoriasis (PPP) is a chronic inflammatory skin 
disease characterized by sterile pustules, erythema and hyperkeratosis 
on palms and soles. In at least 25% of PPP cases, psoriasis vulgaris (PsV) 
is also present and a significant proportion of patients suffers from pso-
riatic arthritis. Smoking and female sex are more frequent in PPP com-
pared to PsV. So far, there are no confirmed genetic risk factors for PPP. 
Recently, in generalized pustular psoriasis, an extreme manifestation of 
pustular psoriatic disease, homozygous and compound-heterozygous 
mutations in the IL36RN gene have been identified to be causal. The 
same mutations have been described to be more frequent in a group of 
139 PPP patients of European origin.
Here, we recruited a group of >140 PPP patients, most of them were 
female and smokers (>60%, respectively). About half of them had a 
manifestational age of ≤40 years.
We could confirm previous data showing that the frequency of the 
HLA-C risk allele, the major genetic risk factor for PsV, was compa-

rable to the frequency of controls, indicating that PPP is genetically 
different from PsV.
We further analyzed IL36RN for mutations in coding exons as well as 
for intragenic deletions and duplications. We identified three hetero-
zygous carriers of mutations and no carriers of copy number variants. 
Compared to a population-based control group of 4.300 European 
individuals, there was no significant difference in the frequency of 
mutations in IL36RN.
Our data indicate that PPP is genetically distinct both from PsV and 
generalized pustular psoriasis. Further effort is needed to identify 
genetic factors contributing to PPP.
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Schizophrenia is a severe, disabling mental disorder affecting ~1 % of 
the population characterized by a heterogeneous phenotypic presen-
tation- One major source of heterogeneity that may contribute sub-
stantially is age at onset (AAO). AAO of SCZ is highly variable and 
sex-specific, ranging from mid adolescence to late adult life. Previous 
studies suggest that AAO is under genetic control but few studies have 
systematically focused on AAO in SCZ in a genome-wide association 
study (GWAS).
In this study we performed a GWAS of AAO in SCZ using a German 
case-control sample. A total of 1187 cases and 1742 controls from the 
HNR, Kora, PopGen and MooDS Imaging studies were genotyped on 
Illumina BeadChips (Human 550K, 610K and 660K). AAO was defined 
as the age when the subject first suffered from a mental disease.
According to the statistical framework described by Power et al. in 
their recently published paper [Power et al. 2012] three distinct sta-
tistical methods were used to test for a genetic influence on AAO for 
Schizophrenia, each testing distinct hypotheses:
1) A time-to-event analysis with cases classified by their AAO and con-
trols censored at their age of recruitment,
2) a case-control-analysis with subsets of cases compared to all controls 
using different AAO cutoffs, and
3) a quantitative trait analysis of AAO in cases only.
In addition, sex specific analyses were performed as a secondary analy-
sis for the case-control analyses and the quantitative trait analysis. All 
tests were conducted with PLINK and R.
The analysis of AAO as a quantitative trait and using AAO specific 
cohorts provided novel association results, but no finding reached 
genome-wide significance in the primary analysis. The sex-specific 
analysis yielded slightly more robust findings for the quantitative trait 
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analysis in cases. However, larger sample sizes will be needed to inves-
tigate AAO in SCZ on a genome-wide level.
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Hearing loss is the most common sensory disorder worldwide with a 
prevalence of 1 in 1,000 newborns. More than half of the congenital 
cases are due to genetic causes and of these 70% are non-syndromic 
and 30% are syndromic forms. Pendred syndrome (PS) as well as the 
non-syndromic enlarged vestibular aqueduct (EVA) are caused by 
homozygous or compound heterozygous mutations in the SLC26A4 
gene. Additionally, two studies demonstrated digenic inheritance with 
double heterozygosity of mutations in the SLC26A4 gene together with 
mutations in the KCNJ10 in two patients with EVA and in the FOXI1 
gene in one patient with EVA, respectively. However, this is regarded as 
a very rare condition since a digenic inheritance with pathologic muta-
tions in both genes could not be supported in subsequent studies.
Here, we report a family case with three deaf patients. Both non-con-
sanguineous parents are affected by hearing loss, the father bilateral 
since birth, the mother progressing since the age of three. The index 
patient, a 17-year-old daughter, shows a mixed hearing impairment 
with an inner ear component particularly on the left side.
Following a negative analysis of the connexin genes GJB2 and GJB6, 
we performed direct sequencing of the SLC26A4 gene in the three 
affected family members. The index patient carries the common 
mutation p.Leu236Pro (c.707T>C) in exon 6 which she has inherited 
from her father who is also heterozygous for the common mutation 
IVS8+1G>A (c.1001+1G>A) in intron 8. Hence, the father’s hearing 
impairment can be explained by compound heterozygosity for these 
two SLC26A4 mutations. The mother was found to be heterozygous 
for the known SLC26A4 mutation c.1003T>C (p.Phe335Leu) in exon 9. 
To complete the diagnostic testing of the index patient and her mother 
we analyzed the genes KCNJ10 and FOXI1 and found the heterozygous 
missense variant p.Lys354Arg (c.1061A>G) in the coding exon of the 
KCNJ10 gene in both patients. This variant is listed in the NCBI dbSNP 
database (rs142596580), but its overall heterozygosity rate in the Exome 
Variant Server is only 0,1%. Likewise, a multiple sequence alignment 
revealed evolutionary conservation of the affected amino acid and the 
biometric tools “MutationTaster”, “SIFT Sequence” and “PolyPhen-2” 
interpreted p.Lys354Arg as pathogenic. Only the tool “PMut” predicted 
it to be neutral but with a low reliability score of only 3. Accordingly, 
a pathogenic effect of the KCNJ10 variant p.Lys354Arg is very likely.
Our examined family presents two new cases of double heterozygosity 
for causative mutations in the genes SLC26A4 and KCNJ10 in patients 
with non-syndromic hearing loss. Both, the index patient and her 
mother, carry the probably pathogenic KCNJ10 mutation p.Lys354Arg 
(c.1061A>G) but different known pathologic SLC26A4 mutations. This 
is the second study supporting a digenic inheritance involving the 
SLC26A4 and KCJN10 genes in non-syndromic EVA (DFNB4).
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The thiopurine methyltransferase (TPMT) and inosine triphosphatase 
(ITPA) are crucial enzymes in metabolism of thiopurine drugs: aza-
thioprine and 6-mercaptopurine which are used in the treatment of 
leukemia or inflammatory bowel diseases (IBD). Currently, the poly-
morphisms and changes frequency of the ITPA and TPMT genes in 
different populations are known. However, do not exist convenient 
methods for quick molecular haplotyping of most frequently detected 
changes: 460G>A and 719A>G in the TPMT gene and 94C>A and 
IVS2+21A>C in the ITPA gene.
The aim of this study was to establish a rapid and highly sensitive 
methodology for the easy determination of haplotype structure for the 
above-mentioned polymorphisms using Long ASO-PCR combined 
with RFLP for TPMT gene and ASO-PCR combined with sequenc-
ing for the ITPA gene. In the study we used DNA of 38 subjects with 
known genotype at position: 460G>A and 719A>G in the TPMT gene 
(8 samples) and in the ITPA gene at position 94C>A and IVS2+21A>C 
(30 samples). Among the tested samples, four were compound hetero-
zygote for the both changes in the ITPA gene. Based on the analysis 
developed in this study, it was determined that they are located in trans 
position. Five of the TPMT samples have both changes in a heterozy-
gous state. A result of Long ASO-PCR with sequencing showed that 
this changes are situated in a cis position (allele TPMT*3A).
After optimizing and initial validation we confirmed that the devel-
oped method can be successfully used as an efficient supplement for 
the TPMT and ITPA genes molecular analysis.

P-Cytogenetics / CNVs

P-CytoG-168
Clinically significant genomic alterations are enhanced in 
placentas from pregnancies with fetal growth restriction (FGR) - 
Preliminary results
Amiel A.1, Biron-Shental T.2, Storch-Asor A.1, Bonin M.3 
1Genetic Institute, Kfar-Saba, Israel; 2Department of OBGYN, Kfar-Saba, 
Israel; 3Department of Medical Genetics, Tuebingen, Germany 

Inroduction: Advances in microarray technology allow high-resolution 
genome wide evaluation for DNA copy number variations: deletions 
or duplications. Fetal growth restriction (FGR) secondary to placental 
insufficiency is associated with substantially increased childhood and 
adulthood morbidity and mortality. The long term outcome is related 
to placental aberrations and intra-uterine programming.
Our aim was to demonstrate the usefulness of microarray testing in 
FGR placentas.
Methods: Using Affimetix (California, USA) genetic chip for chromo-
somal microarray (CMA), we performed an analysis of 10 placentas 
from pregnancies with FGR attributed to placental insufficiency. We 
analyzed 5 placentas from FGR below the 5th percentile and 5 placentas 
of FGR between 5 and <10th percentile. All the fetuses had a normal 
anomaly scan and normal karyotypes. The results were compared to 4 
placentas from uncomplicated pregnancies with healthy neonates.
Results: Microarray analysis identified more clinically significant 
genomic alterations in FGR placentas compared to healthy controls. 
There was a correlation to the severity of the FGR (see the table). The 
genomic alterations were below the resolution of normal karyotyping. 
Genes that were altered in the severe FGR placentas are related to adult 
human height, stress reaction and also to cellular migration, differen-
tiation and adhesion.
Conclusions: Though very preliminary, our data support placental 
evaluation using CMA for FGR placentas. Larger data sets are needed 
for further evaluation of our findings and its clinical implications.
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FGR
<5% FGR
5% - <10% Control P Value
Normal CMA 20% 80% 100% P<0.001
Gene gain 80% 0 0 P<0.001
Gene loss 0 20% 0 P<0.001
Average size 249±204.4 126.8 0 NS

P-CytoG-169
SPAG7 is a candidate gene for the periodic fever, aphthous 
stomatitis, pharyngitis, and adenopathy (PFAPA) syndrome
Bens S.1, Zichner T.2, Stütz A. M.2, Caliebe A.1, Wagener R.1, Hoff K.1,3, 
Korbel J. O.2, von Bismarck P.4, Siebert R.1 
1Institute of Human Genetics Christian-Albrechts-University Kiel & 
University Hospital Schleswig-Holstein Campus Kiel, Kiel, Germany; 
2European Molecular Biology Laboratory Genome Biology Research 
Unit, Heidelberg, Germany; 3Department of Congenital Heart Disease 
and Pediatric Cardiology Christian-Albrechts-University Kiel & University 
Hospital Schleswig-Holstein Campus Kiel, Kiel, Germany; 4Department 
of Pediatrics Christian-Albrechts-University Kiel & University Hospital 
Schleswig-Holstein, Kiel, Germany 

Periodic fever, aphthous stomatitis, pharyngitis, and adenopathy 
(PFAPA) syndrome is an auto-inflammatory disease for which a 
genetic basis has been postulated. Nevertheless, in contrast to the other 
periodic fever syndromes no candidate genes have yet been identi-
fied. By cloning, following long insert size paired-end sequencing, of 
a de novo chromosomal translocation t(10;17)(q11.2;p13) in a patient 
with typical PFAPA syndrome lacking mutations in genes associated 
with other periodic fever syndromes we identified SPAG7 as a candi-
date gene for PFAPA. SPAG7 protein is expressed in tissues affected by 
PFAPA and has been functionally linked to antiviral and inflammatory 
responses. Haploinsufficiency of SPAG7 due to a microdeletion at the 
translocation breakpoint leading to loss of exons 2-7 from one allele 
was associated with PFAPA in the index. Sequence analyses of SPAG7 
in additional patients with PFAPA point to genetic heterogeneity or 
alternative mechanisms of SPAG7 deregulation, such as somatic or epi-
genetic changes.

P-CytoG-170
Chromosomes in a genome-wise order change the landscape of 
Genetics in form and function
Chaudhuri J.P.1, Piaszinski K.2, Walther J.U.3, Kosyakova N.4, Xiaobo F.4, 
Alhourani E.4, Liehr T.4, Weise A.4 
1Kinderklinik, Ludwig Maximillians Universität, 80337 Munich, Germany; 
2University Hospital Jena, Institute of Human Genetics, 07740 Jena, 
Germany; 3Kinderklinik; Ludwig Maximillians Universität, 80337 Munich, 
Germany; 4University Hospital Jena; Institute of Human Genetics, 07740 
Jena, Germany 

Since our observations in the gsf, Munich, Abteilung Medizinphysik of 
PD Dr Georg Burger [†] in 1989 it was indicated in a series of publica-
tions that the two sets of human chromosomes are organized genome-
wise. In our latest publication we demonstrated this order in nuclei in 
interphase and metaphase reflecting that this order is maintained dur-
ing the cell cycle (Chaudhuri and Walther, Acta Haematologica 2013, 
129:159-168). Application of the parental-origin-determination FISH 
(pod-FISH) supported the separation of the two parental genomes in a 
cell nucleus (Weise et al., Medizinische Genetik 2013, 25(1):155).
As a rule rather than an exception this genome-wise haploid order of 
chromosomes we find in a variety of samples from other species like 
different macaques or in  mice and also in aberrant human karyotypes 
with triploidy, tetraploidy, uniparental disomy (UPD) and in samples 
with small supernumerary marker chromosomes (sSMC). The detailed 

analysis of 3 clinical cases, one with maternal heterodisomy 14 and an 
additional minute 14 chromosome in mosaic state, another case with 
maternal isodisomy 7 and an additional minute chromosome 7 in 
mosaic state, and a third case with an additional maternal inherited 
marker chromosome 22 shed light on the functional rule of this more 
general genome-wise order compared to a strict parental genome wise 
order that we introduced before (Medizinische Genetik 2013, 25(1):155).
This genomic order may now substantially change the landscape of 
genetics, for example, by upgrading the tools of diagnosis (Chaud-
huri et al., Anticancer Res 2008, 28:3573-78) and the understanding of 
genetic operations like epigenetics or codominance of the two alleles 
of a gene (Chaudhuri et al., Cellular Oncol 2005, 27:327-34). Similarly 
we may have to refine the terms Comparative Genomic Hybridization 
(CGH) or Loss of Heterozygosity (LOH) by specifying the involvement 
of the maternal and/or paternal genomes. Practical models may dem-
onstrate the forthcoming advancements.
Supported by a grant from Carl Zeiss MicroImaging GmbH, Ger-
many and in parts by the Katholischer Akademischer Austauschdienst 
(KAAD) and China Scholarship Council (CSC).

P-CytoG-171
Variation of short arms of acrocentric chromosomes: benign 
polymorphism or relevant aberration?
Dietze-Armana I.1, Fritz B.2, Köhler A.3, Raabe-Mayer G.4, Mehnert K.1 
1genetikum, Neu-Ulm, Germany; 2Institute of Clinical Genetics, 
Philipps-University Marburg, Germany; 3Institute of Human Genetics, 
Justus-Liebig-University Gießen, Germany; 4Praxis für Humangenetik, 
Hannover, Germanay 

Short arms of acrocentric chromosomes are composed of heterochro-
matin, satellites, and satellite stalks containing multiple copies of the 
genes for ribosomal RNA (NORs - nucleolar organizing regions). 
Variations in size of the short arms are frequently observed in routine 
karyotyping. Staining techniques as C-banding, silver staining, or Flu-
orescence-in situ-hybridisation with appropriate probes may be per-
formed to confirm the harmlessness of such variants.
Rarely, however, an enlarged p-arm of an acrocentric chromosome 
may involve euchromatic material resulting in a balanced or unbal-
anced karyotype, the latter resulting in a clinical phenotype.
Here we present six cases of an enlarged p-arm with suspicious appear-
ance of chromosomes 13, 15 and 22. Partial trisomies were identified 
in four cases using molecular cytogenetic methods. 1) the unbalanced 
translocation der(13)t(10;13)(p12.3;p11.2) was found in the prenatal 
diagnosis because of a suspicious ultrasound scan; 2) chromosome 
analysis in a girl with developmental delay resulted in the unbalanced 
translocation der(15)t(9;15)(p13;p11.1.); 3) in a boy with microcephaly, 
failure to thrive, and developmental delay the unbalanced karyotype 
der(22)t(17;22)(p13.1;p12) was diagnosed; 4) the unbalanced karyotype 
der(22)t(18;22)(p11.1;p13) in a girl with mental retardation was identi-
fied.
Furthermore, prenatal diagnosis because of elevated maternal age 
revealed an enlarged short arm of chromosome 15. The karyotype 
der(15)t(Y,15)(q12;p11.2) confirmed the clinically irrelevant transloca-
tion of Yq-chromosomal heterochromatin onto the short arm of chro-
mosome 15. Finally, in a man with azoospermia a balanced translo-
cation t(13;21)(p13;q21.2) was identified. Obviously, spermatogenesis is 
severely impaired in this case.
In general, minute chromosomal aberrations may escape cytogenetic 
identification. This might be particularly true if chromosomal regions 
are involved which are known to be polymorphic like the short arms 
of the acrocentrics. Therefore, prominent or suspicious short arms of 
acrocentrics should be clarified using conventional and/or molecular 
cytogenetic methods.
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P-CytoG-172
Molecular karyotyping significantly contributes to the 
molecular diagnosis in growth-retarded patients
Eggermann T.1, Spengler S.2, Eggermann K.1, Elbracht M.1, Ortiz Brüchle 
N.1, Kordaß U.3, Zerres K.1, Begemann M.1 
1Institut für Humangenetik, RWTH Aachen, Germany; 2Praxis für 
Humangenetik, Osnabrück, Germany; 3Praxis für Humangenetik, 
Greifswald, Germany 

Recents studies provide evidence for a significant contribution of (sub)
microscopic imbalances to the etiology of growth retardation syn-
dromes without mental retardation, e.g. up to 20% of patients with 
features of Silver-Russell syndrome (SRS) carry pathogenic deletions 
or duplications. These aberrations have either been assigned to syn-
dromes with a clinical overlap with SRS or they are unique for SRS. 
To further determine the spectrum of chromosomal imbalances in 
this group of patients, we performed molecular karyotyping with the 
Affymetrix SNP6.0 array in 15 patients ascertained as SRS but without 
defects on chromosomes 7 and 11 typical for SRS. In 4 patients, patho-
genic copy number variations could be detected. They were all associ-
ated with known congenital disorders whose features overlap with SRS: 
one newborn carried a deletion of 4p16.3 (Wolf-Hirschhorn, WHS) 
and a duplication of 7q36, the other patients showed a deletion of 
2q14.2 associated with holoprosencephaly (HPE), a deletion in 22q11.21 
atypical for DiGeorge syndrome (DGS), and a 45,X karyotype (Ulrich-
Turner, UTS). It is worthy to mention that these patients had initially 
not been clinically diagnosed as WHS, HPE, DGS or UTS, respectively, 
as they were either too young or represent ambiguous phenotypes. 
Summarising our data and those from precedent studies, a frequency 
of up to 20% for pathogenic deletions or duplications can be expected 
in growth-retarded patients with features reminiscent of SRS. As the 
different chromosomal imbalances in SRS cohorts as well as the clinical 
heterogeneity in these patients show, duplications and deletions have 
to be considered in patients with unspecific clinical findings consistent 
with SRS. In particular, the majority of the “SRS” cohort with patho-
genic chromosomal imbalances illustrate that mental retardation is 
not an obligate attribute of microdeletion and –duplication carriers. In 
case of growth retardation, the identification of the basic genetic defect 
is needed for a personalized therapy, e.g. treatment with growth hor-
mone. Therefore, molecular karyotyping should be implemented in the 
diagnostic algorithm in growth-retarded dysmorphic patients without 
mental retardation.

P-CytoG-173
Deletions of the cis-regulatory exonic enhancers 15 and 17 
of the DYNC1l1 gene are associated with Split hand/foot 
malformation type I (SHFM1)
Flöttmann R.1, Jamsheer A.2, Sowinska A.2, Tayebi N.1,3, Mundlos S.1,3,4, 
Spielmann M.1,3 
1Institute for Medical Genetics and Human Genetics Charité 
Universitätsmedizin Berlin, Berlin, Germany; 2Department of Medical 
Genetics, Poznan University of Medical Sciences, Poznan, Poland; 
3Max Planck Institute for Molecular Genetics, Berlin, Germany; 4Berlin-
Brandenburg School for Regenerative Therapies - BSRT, Berlin, Germany 

The Split hand/foot malformation type I (SHFM1) disease locus maps 
to chromosome 7q21.3-q22, a region that includes the genes dista-
less homeobox 5 and 6 (DLX5/6). It has been shown that the double 
knock out of Dlx5 and Dlx6 in mice results in a split hand/foot phe-
notype. However except for one recessive DLX5 missense mutation no 
other coding mutations have been identified so far in individuals with 
SHFM1.
Recently several DLX5/6 associated cis-regulatory elements have been 
identified within the 1.2 Mb SHFM1 critical region on chromosome 
7q21.3-q22. Interestingly, two limb specific enhancer elements are 

located within the coding exons 15 and 17 of the dynein cytoplasmic 1 
intermediate chain 1 gene (DYNC1l1) termed “exonic enhancer” (eEx-
ons).
Here we analysed several individuals with SHFM by high resolution 
array-CGH. In two unrelated families presenting with an autosomal 
dominant SHFM phenotype we detected overlapping microdeletions 
of 167 kb and 202 kb respectively. The deletions encompass the two 
limb specific enhancer elements eExons 15 and 17 of DYNC1l1 as well as 
the last two exons of the SLC25A13 gene. Both genes have been shown 
not to be involved in limb development. Therefore we propose that 
deletions of the cis-regulatory eExons 15 and 17 of DYNC1l1 are the 
molecular cause of SHFM1 in the families investigated.
In this study we define a new minimal critical region for SHFM1 of 115 
kb over 900 kb centromeric to DLX5/6 including the two limb specific 
cis-regulatory eExons 15 and 17 of DYNC1l1. Furthermore, we screened 
our cohort of SHFM individuals to determine the prevalence of copy 
number variations in this enhancer exons and their relevance for clini-
cal diagnostics of SHFM.

P-CytoG-174
Interstitial 5.6 Mb microdeletion in the chromosome region 
6q13q14.1 in a boy with intellectual disability and skeletal 
features
Gläser B., Fiedler E., Spaich C., Döcker D., Bartholdi D., Biskup S. 
Institut für Klinische Genetik; Klinikum Stuttgart, Stuttgart, Germany 

Interstitial 6q deletions are associated with intellectual disability, hypo-
tonia and mild facial anomalies, but the reported cases are rare and 
mostly represent large cytogenetically detectable deletions. We report 
on a male patient referred at the age of 18 months for evaluation due to 
developmental delay, hypotonia, mild facial dysmorphism and syndac-
tyly II/III. Conventional karyotyping of lymphocyte- and fibroblast-
cultures showed a normal male karyotype.
Subtelomere screening by fluorescence in situ hybridization as well as 
diagnostic analysis concerning Smith-Lemli-Opitz and Fragile X syn-
drome revealed also normal results. Upon reevaluation at the age of 13.5 
years he showed intellectual disability and a distinctive pattern of skel-
etal anomalies (scoliosis, kyphosis, broad phalanges, foot anomaly). 
Molecular karyotyping using array CGH analysis showed an interstitial 
deletion in the chromosome region 6q13q14.1 with a deletion size of 5.6 
Mb, encompassing amongst others the COL12A1 gene. We will present 
our data in comparison to the cases of the literature.

P-CytoG-175
Isodicentric Yq chromosome without AZF deletion in a patient 
with azoospermia and short stature
Glas J.1, Schüler H.M.1, Soellner L.1, Bender U.2, Vogt P.H.2, Zerres K.1 
1Institute of Human Genetics, Rheinisch-Westfälische Technische 
Hochschule Aachen, Aachen, Germany; 2Reproduction Genetics Unit; 
Department of Gynecological Endocrinology and Reproductive Medicine, 
University of Heidelberg, Heidelberg, Germany 

The human Y chromosome contains large palindromes playing an 
important role for intrachromosomal recombination. Aberrant recom-
bination events by homologous crossing over between opposing arms 
of these palindromes on sister chromatids can result in formation of 
isodicentric Y (idicY) chromosomes. Most recombination events occur 
within Yq resulting in idicYp chromosomes containing a doubled Yp 
and a breakpoint within Yq frequently resulting in deletions of the 
AZF regions of different extent. Rarely, the recombination event occurs 
within Yp resulting in idicYq chromosomes. The phenotype is depend-
ing on the presence of the SRY gene located immediately centromeric 
to the pseudoautosomal region 1. Deletions of SRY result in a female 
phenotype while deletions including the SHOX gene located in the 
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telomeric part of PAR1 may cause growth retardation. Moreover, idic 
Y chromosomes and particularly idic Yq chromosomes seem to cause 
meiotic and mitotic instability. A loss of substantial parts of PAR1 may 
cause a breakdown of meiosis during spermatogenesis resulting in azo-
ospermia.
We report on a 37 year old male patient with azoospermia and short 
stature. A testicular biopsy displayed only few spermatids in few 
semniferous tubules. The patient displayed a body height of 150,5 cm 
differing substantially from his familial background but no further 
abnormalities. The microscopic chromosomal analysis showed an idic 
Yq chromosome in 81 %, a 45,X karyotype in 15 % and secondary aber-
rant Y chromosomes in 4 % of analyzed cells. To further characterize 
the observed idic Yq chromosome FISH analyses were performed using 
probes specific for the centromeric region, the SRY gene region and the 
SHOX gene region, respectively. The FISH of the centromeric region 
confirmed the presence of two centromeres on the aberrant Y chro-
mosome but in approximately 80 % only one of the two centromeres 
was active. Furthermore, the FISH of the SRY gene region revealed two 
specific signals in the vast majority of the analyzed cells whereas the 
FISH of the SHOX gene region did not show a specific signal on the 
altered Y chromosome in any analyzed cell. An MLPA detected a dele-
tion of approximately 700 Kb of the telomeric part of Yp while at least 
75 % of PAR1 were preserved. In the molecular analysis of the AZFa, 
AZFb and AZFc regions, respectively, no deletion of any AZF gene was 
detected. We conclude that the aberrant Y chromosome is an isodicen-
tric chromosome generated by a fusion of two Y chromosomal copies 
within the telomeric part of the pseudoautosomal region 1 resulting 
in a loss of the SHOX gene while the major part of PAR1 and the SRY 
gene are doubled. Thus, there could be some potential in the patient to 
generate few spermatozoa, although this question may depend on the 
stability of meiotic recombinations of the sex chromosomes. To answer 
this question further analyses of the spermatogenesis process from a 
new testicular biopsy to elucidate the meiotic potential may be helpful.

P-CytoG-176
Male patient with a non-mosaic idic Yp, short stature and 
infertility with azoospermia
Karim Zad Hagh J.1, Bartz U.1, Ritterbach J.1, Günscht M.2, Behrend C.1 
1Praxisgemeinschaft für Medizinische Genetik, Düsseldorf, Germany; 
2Department Biologie der Mathematisch-Naturwissenschaftlichen 
Fakultät, Heinrich Heine University Düsseldorf, Germany 

Isodicentric Y chromosome is the most common structural aberration 
of the Y chromosome. They are mitotically unstable and during cell 
division resulting in mosaicism with an additional cell line. Only 5% 
of the patients with dic(Y) were manifested in non-mosaic form. It is 
assumed that this event occurs probably during spermatogenesis.
Isodicentric Y chromosomes idic(Y) cause several sex-linked pheno-
types. Patients carrying a dicentric Y chromosome have a wide range 
of somatic, genital, and gonadal phenotypic manifestations, depend-
ing on the structure of the dicentric Y chromosome, the breakpoints, 
the types of mosaicism and proportion of idic(Y)-containing cells in 
gonads and other tissues. As previously reviews have shown 41% of 
affected subjects were phenotypical females, 32% were phenotypical 
males, and 27% had different degrees of intersexuality.
We describe a 36-year-old male with a non-mosaic idic(Yp) chromo-
some, short stature and male infertility with azoospermia. Analysis, 
using G,Q,C banding, Fluorescence in situ hybridization (FISH) and 
Polymerase chain reaction (PCR) DNA techniques, revealed an abnor-
mal non-mosaic karyotype of:
46,X,iso dic(Yp)(pter→q11.223::q11.223→pter)

P-CytoG-177
Human dicentric chromosomes and their centromeric activity
Klein E.1, Hamid AB.1, Volleth M.2, Liehr T.1 
1Jena University Hospital; Institute of Human Genetics, Jena, Germany; 
2University Hospital; Institute for Human Genetics, Magdeburg, Germany 

Dicentric chromosomes are known in many species and are described 
in connection with mitotic instability. But since ~40 years stable 
dicentric chromosomes have been reported in human. A connection 
between their stability and the mitotic activity of both centromeres of 
the dicentric chromosome was assumed. This study presents the first 
large systematic study to characterize human dicentric chromosomes. 
Both large human dicentric chromosomes and dicentric small super-
numerary marker chromosomes (sSMC) were investigated. Dicentric 
sSMC served as a model system for the analysis of centromere func-
tion, properties and centromere activity as they can be found more 
often than other human dicentrics.
After characterization on cytogenetic and molecular cytogenetic level, 
immunofluoresence experiments using antibodies against centromeric 
proteins were performed. 103 cases with dicentric sSMC and 41 large 
human dicentric chromosomes were investigated.
In dicentric sSMC, five different centromere activation patterns were 
detected and four different patterns in large dicentric chromosomes. 
The patterns varied in signal intensity and distribution as well as with 
respect to centromere structure. Two main parameters were found to 
influence the activity pattern: the chromosomal origin of the chromo-
some and the intercentromeric distance. This suggests a complex pro-
cess of inactivation and stabilization at the centromeres influenced also 
by epigenetic parameters.
Supported in parts by the Else-Kröner-Fresenius Stiftung (2011 A42).

P-CytoG-178
PhenogramViz: A tool for cross-species phenotype analysis and 
interpretation of copy-number variations
Köhler S.1, Schoeneberg U.2, Czeschik JC.3, Robinson PN.1 
1Institut für Medizinische Genetik und Humangenetik; Charité-
Universitätsmedizin Berlin, 13353 Berlin, Germany; 2Foundation Institute 
Molecular Biology and Bioinformatics; Freie Universität Berlin, 14195 
Berlin, Germany; 3Institut für Humangenetik; Universitätsklinikum Essen; 
Universität Duisburg-Essen, 45122 Essen, Germany 

Clinical geneticists are often confronted with lists of several copy 
number variants (CNVs) in a patient’s genome containing hundreds 
of genes. Thus, at first, suspected pathogenic CNVs have to be sepa-
rated from probably benign CNVs, e.g. by investigating the set of genes 
located in the affected regions. Often, further information on those 
genes is missing. Thus, model organism databases that record the phe-
notypic consequences of knocking out the homolog of a human gene 
are used. However, searching and aligning the model organism’s phe-
notype to the patient‘s symptoms can be a laborious and time-consum-
ing challenge, given the missing integration of phenotype information 
across species and the lack of dedicated software tools.
Cytoscape is a dedicated network visualisation software. We have 
implemented a Cytoscape app (plug-in) called PhenogramViz, specifi-
cally aimed at assisting the clinical geneticist in interpreting long lists 
of CNVs, given a set of phenotypes seen in a patient. The tool makes 
use of the integrated cross-species phenotype ontology ‚Uberpheno‘.
PhenogramViz can easily be used to automatically visualise gene-to-
phenotype relations by generating so-called phenograms. We show 
that a score based on these phenograms can be used to prioritize CNVs 
that are more likely to be responsible for the patient’s phenotype. Phe-
nogramViz is a user-friendly Cytoscape App that may help in routine 
diagnostics of CNVs by integrating and visualising phenotype infor-
mation on the affected genes. PhenogramViz is freely available under 
http://compbio.charite.de/contao/index.php/phenoviz.html.
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P-CytoG-179
46,XX,der(6)(pter-->q27::q27-->q24::q27-->qter) in a fetus with 
multiple malformations and complex mosaic in the placenta: 
unexpected cytogenetic findings, limitations in array-analysis 
and clinical findings.
Mau-Holzmann UA.1, Singer S.1, Bonin M.1, Schaeferhoff K.1, Kagan 
K-O.2, Haen S.3, Liehr T.4 
1Institute of Medical Genetics and Applied Genomics, Tuebingen, 
Germany; 2Department of Gynecology, Tuebingen, Germany; 
3Department of Pathology, Tuebingen, Germany; 4Institute of Human 
Genetics; University of Jena, Jena, Germany 

We present the findings of a malformed fetus of a 31 year old healthy 
female. It was her first pregnancy, conceived after ICSI. Short- and 
longterm culture after chorionic villus sampling (CVS) primarily 
showed a normal female karyotype. Because of multiple malformations 
the mother opted for termination of pregnancy. Chromosome analysis 
of fetal material revealed a morphologically abnormal chromosome 
6, which was finally diagnosed as 46,XX,der(6)(pter-->q27::q27--
>q24::q27-->qter). The fetal anomalies are concordant with formerly 
described cases in the literature. Interestingly, re-analysis of the for-
mer short- and longterm culture after CVS confirmed the results in the 
originally examined mitoses except for two. Additionally analysed cells 
of the CVS longterm culture showed a mosaic of normal female cells 
and at least 3 different cell lines with morphologically different abnor-
mal chromosomes 6. Here we present the intriguing data from the 
microarray (duplication of a large part, quadruplication of a small part 
of 6q in the fetal material, possible mosaic state in the placenta) and 
FISH-banding analysis (multicolour banding - MCB) as well as a dis-
cussion of and model for the possible origin of this complex anomaly. 
This case strongly indicates, that only the use of these different technol-
ogies leads to clarification of such complex chromosomal alterations.

P-CytoG-180
Inverted segment size and the presence of recombination hot 
spot clusters matter in sperm segregation analysis
Mrasek K.1, Bhatt SS.1, Manvelyan M.1, Moradkhani K.2, Hunstig F.1, 
Puechberty J.3, Lefort G.3, Sarda P.3,4, Weise A.1, Liehr T.1, Pellestor F.3,4 
1Jena University Hospital; Institute of Human Genetics, Jena, Germany; 
2Department of Medical Genetics; Institute of Biology, Nantes, France; 
3Department of Genetics; CHU Montpellier, Montpellier, France; 
4University of Montpellier, Montpellier, France 

As outlined by Anton et al. (2005), heterozygous carriers of chromo-
somal inversions have an enhanced risk of producing unbalanced 
gametes. This is due to the occurrence of recombination events within 
the inverted segment which leads to duplications/deficiencies. During 
meiosis pericentric inversions (PEI) can lead to at least four types of 
different meiotic configurations and for paracentric inversions (PAI) 
at least six different kinds of meiotic configurations can be hypoth-
esized. Recombinant gametes can be generated if a single crossing 
over occurs within an inversion loop (Anton et al., 2005). Morel et al. 
(2007) suggested that in PEI, no recombinants are produced when the 
inverted segment size is <30%, a few recombinants are produced when 
the inverted segment size is within 30-50% and significant numbers of 
recombinants are produced when the inverted segment size is >50% 
of total length of the affected chromosome. However, for PAI, due to a 
limited number of reported cases with segregation analyses, a correla-
tion between inverted segment size and the formation of recombinant 
gametes has not yet been done. We analyzed three own and 7 PAI cases 
from the literature and showed that the assumptions of Anton et al. 
(2005) and Morel et al. (2007) for PEI are not completely applicable to 
PAI. Our analysis reveals that the larger the inversion size in relation to 
the chromosome arm, the more likely recombination takes place. When 
the size of the PAI is smaller than 50% of the corresponding chromo-

some arm, the percentage of recombinant sperms is only between 0% 
and 3.72%. When the size is larger than ~50% then the percentage of 
recombinant sperms goes up to 10% and more (preliminary data). Such 
risk figures for the occurrence of recombination events within the seg-
ment involved in PAI carriers are urgently needed in genetic counsel-
ing. In summary, we hypothesize that the formation of recombinants 
in PAI can be correlated with at least three underlying principles: (i) 
GTG-band features (light or dark), (ii) the percentage of the chromo-
somal arm involved in the inverted segment, and (iii) to some extent 
the presence or absence of recombination hot spots around the break-
point and/or the inverted chromosomal segment. Besides, the recently 
shown major influence of fragile sites on the breakpoint formation 
should also not been neglected (Liehr et al., 2011).

P-CytoG-181
Supernumerary ring chromosome 8 with complex 
rearrangement
Pabst B.1, Scholz C.1, Miller K.1, Schmidtke J.1, Schlegelberger B.2, 
Steinemann D.2 
1Institute of Human Genetics; Hannover Medical School, Hannover, 
Germany; 2Institute of Cell and Molecular Pathology; Hannover Medical 
School, Hannover, Germany 

We report on a 26 year old female patient with mild mental retardation, 
illiteracy, behavioural problems and dysmorphic features. The patient 
is the second child of non-consanguineous parents. The parents and 
the sister are reported to be mentally retarded as well, but were not 
available for examination. Length, weight and head circumference were 
within a normal range. The patient presented with malar hypoplasia, 
retrognatism, high arched palate, asymmetric alae nasi, exophthalmos, 
kyphosis, pes valgus, hypoplastic toe nails and recurrent patellar luxa-
tion. During childhood, dislocation of the hip was described. Cytoge-
netic analysis revealed a female karyotype with a small supernumerary 
ring chromosome in approx. 71% of analysed lymphocytes. The ring 
chromosome was identified as a derivative of chromosome 8 by multi 
colour FISH analysis present in 55% of the analysed metaphases. Three 
signals were shown in approx. 50% of nuclei from buccal mucosa cells 
using a centromere 8 specific probe. Chromosome analysis of lympho-
cytes from the parents and the sister revealed normal karyotypes. To 
characterise the ring chromosome 8 in more detail, array-CGH analy-
ses were performed on DNA from peripheral blood and buccal mucosa 
cells. In both tissues the amplified region was assigned to 8p11.22-q12.1. 
This region shows a complex rearrangement with altogether four trip-
lications that alternate with four duplicated regions, with some of them 
may also be inverted. The complex aberration with frequent oscilla-
tion between the two copy number states might be due to chromosome 
shattering and rearrangement of part of the chromosomal segments 
resembling chromothripsis. Phenotypic manifestations of patients with 
supernumerary ring chromosome 8 depend mainly on the location of 
the duplicated chromosomal region and the degree of mosaicism. Sev-
eral of the clinical features in our patient are also reported in cases of 
mosaic trisomy 8.

P-CytoG-182
CNV and Aneuploidy Detection by Ion Semiconductor 
Sequencing
Rhodes K.1, Hyland F.1, Konvicka K.1, Rajesh Gottimukkala R.1, Gulsah 
Altun G.1, Roth C.1, Rico A.2, Stephan O.2, Dowds C.1 
1Life Technologies, Carlsbad, USA; 2Life Technologies, Darmstadt, 
Germany 

Ion Torrent™ semiconductor sequencing, combined with Ion 
AmpliSeq™ technology, provides simultaneous identification of copy 
number variants (CNVs), single nucleotide variants (SNVs), and small 
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insertions and deletions (indels) from a research sample by means of 
a single integrated workflow. 100% of assayed CNV regions (n=34) 
were detected using a reference set of 31 samples with known chro-
mosomal aberrations. Low-pass whole-genome sequencing data, with 
approximately 0.01x read coverage, allowed the rapid ≤10 hour analy-
sis of aneuploidies from research samples with extremely low initial 
input DNA amounts—even from a single cell. Using a control set of 
10 samples with known chromosomal aberrations, 100% of the copy 
number changes were found, ranging from gains or losses of whole 
chromosomes to subchromosomal alterations tens of megabases (Mb) 
in size. The Ion PGM™ System minimizes the high cost and complex-
ity of next-generation sequencing and, with Ion Reporter™ Software, 
facilitates user-defined CNV and aneuploidy detection, with three sen-
sitivity options so that copy number analysis workflows can be tuned to 
achieve desired levels of sensitivity and specificity.

P-CytoG-183
Clinical variability in carriers of SHOX duplications
Rittner G., Galetzka D., Jacob S., Beyer V., Zechner U., Schweiger S., 
Bartsch O. 
Institute of Human Genetics, Mainz University Medical Center; Mainz, 
Germany 

Introduction: The SHOX gene is a member of the paired homeobox 
family and is located in the pseudoautosomal region 1 (PAR1) of the X 
and Y chromosomes. SHOX deletions are associated with idiopathic 
familiar short stature (MIM 300582) Leri-Weill Dyschondrosteosis 
(MIM 127300) and Langer mesomelic dysplasia (MIM 249700). In the 
literature, SHOX gene duplications are underrepresented compared to 
deletions and have been associated in rare cases with the Mayer-Roki-
tansky-Kuster-Hauser syndrome, which is characterised by malforma-
tions of the structures derived from the Müllerian ducts and associated 
with skeletal and urological abnormalities (1).
Clinical background: Here we report on 8 probands from four differ-
ent families, including three unrelated boys (patients 1–3), two sisters 
(patients 4–5) and three clinically healthy relatives.
Patient 1, a 14 month old boy, presented with a diagnosis VACTERL 
association; his findings included Anal atresia, Cardiac defects (ASD, 
VSD, tetralogy of Fallot), Renal anomalies (multiple renal cysts), 
microcephaly and developmental delay.
Patient 2. a 5 year old boy, presented with a learning disability.
Patient 3, a boy aged 6 years, had bilateral hearing loss, speech and 
motor delay, and behavioural and concentration disorder.
Patients 4 (age 5 years) and 5 (age 3 years) were sisters, both showed 
an epicanthus. Both had pulmonal stenosis as newborns, and patient 
5 also had an open ductus arteriosus. Some time ago cardiac controls 
showed rescue of all abnormalities for both girls. Furthermore, patient 
4 had astigmatism, strabismus, and reduced social competence, and 
patient 5 had a bilateral double kidney anlage.
Genetic studies and findings: All patients showed normal karyo-
types. All microduplications were identified using MLPA subtelomere 
screening (kits P036 and P070) and were confirmed and specified 
using microarray analysis (Affymetrix).
In patient 1, the duplication comprised substantial parts of the SHOX 
and CSF2RA genes; it had been inherited from the unaffected mother 
and was also present in the unaffected maternal aunt. In patient 2, the 
duplication included four genes (PLCXD1, GTPBp6, PPP2R3B and 
SHOX) and had been paternally inherited via the Y-chromosome.
In patient 3 the duplication comprised only the SHOX gene. The par-
ents still have to be studied. Patients 4 and 5 showed identical duplica-
tions including only the SHOX gene. Results in the parents are pend-
ing.
Conclusion: There is an apparent heterogeneity in both the size of the 
duplicated area in the SHOX region and clinical phenotypes of carriers 
including not only the patients but also apparently healthy parents and 
other relatives. A disease causing relationship could not be established. 

However, the affected children should be closely surveyed for possible 
growth defects and their sexual and psychomotor development.
(1) Gervasini C. et al., Genet Med 2010:12(10):634-640

P-CytoG-184
Partial trisomy 5p associated with sagittal craniosynostosis
Schrom E.-M.1, Engmann L..1, Schweitzer T.2, Kress W.1, Klopocki E.1 
1Institute of Human Genetics University of Würzburg, Würzburg, 
Germany; 2Department of Pediatric Neurosurgery University of Würzburg, 
Würzburg, Germany 

Craniosynostosis is defined as the premature fusion of one or more cra-
nial sutures resulting in characteristic skull deformities. An increased 
intracranial pressure may cause neurological impairments and mid-
face hypoplasia leads to eye and respiratory problems. Craniosynos-
tosis is a frequent craniofacial malformation and estimated to affect 
1 in 2100-2500 newborns. Premature fusion of the cranial sutures can 
occur either as isolated malformation in non-syndromic craniosynos-
toses or as part of a syndrome. So far genetic causes have been identi-
fied mainly for syndromic craniosynostoses, i.e. mutations in FGFR2, 
FGFR3, TWIST1 and EFNB1. However, in more than 50% of cases the 
underlying genetic cause remains unknown.
Here we present a patient with premature closure of the sagittal suture. 
He underwent cranial surgery during the first year of life. Furthermore, 
the patient showed additional clinical features like posteriorly rotated 
ear, pectus carinatum, mild scoliosis, and mild intellectual disability. 
Initially, FGFR associated craniosynostosis was excluded by sequenc-
ing of FGFR1, FGFR2 and FGFR3. Because of the additional clinical 
features we performed an array CGH analysis using a 1M array (Agi-
lent, Santa Clara, USA) to screen for submicroscopic copy number 
variations. Using standard analysis setting we detected a 13.1 Mb dupli-
cation on chromosome 5p [arr[hg19] 5p15.1p13.3(17,686,734-30,849,372)
x3]. This region includes 6 OMIM genes. After visual inspection of 
the profile and changing of the analysis settings a considerably larger 
duplication extending further proximal on the short arm was detected 
[arr[hg19] 5p15.1p12(17,452,895-46,115,086)x3]. This 28.6 Mb duplica-
tion encompasses more than 40 OMIM genes. Investigation of the par-
ents to determine the origin of the aberration is on-going.
We hypothesize that the partial trisomy 5p might be caused by a small 
supernumerary marker chromosome. To proof our hypothesis we 
intend to perform a conventional chromosome analysis in combina-
tion with FISH using probes located within the aberrant regions of 
chromosome 5p.
A review of published cases with partial trisomy 5p indicates that dis-
tal duplications (5p13.3-pter) are associated with a milder phenotype, 
whereas patients with proximal duplications (5p11-p13.2) show more 
severe phenotypes. Common clinical features are facial and limb mal-
formations, cardiac defects, renal and intestinal malformations as well 
as mental retardation. In line with these data our patient with a proxi-
mal duplication presents with a relatively mild phenotype. A precise 
genotype-phenotype correlation remains difficult due to small sample 
size.
Interestingly, the duplication encompasses the gene encoding for 
FGF10, a ligand which has been shown to interact with FGFR2. Since 
FGFR2 mutations have been associated with craniosynostosis it is con-
ceivable that an over/misexpression of FGF10 causes disturbed FGFR2 
signaling resulting in premature fusion of the sagittal suture in our 
patient.
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CNV analysis in a cohort of 174 patients with bladder-
exstrophy-epispadias complex
von Lowtzow C.1,2, Ebert AK.3, Hofmann A.1,2, Engels H.1, Rösch W.4, 
Stein R.5, Boemers T.6, Utsch B.7,8, van Rooij IALM.9, Marcelis C.10, 
Feitz WFJ.11, Schmidt D.1,12, Nöthen MM.1,2, Ludwig M.13, Reutter H.1,14, 
Draaken M.1,2 
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The clinical presentation of the bladder-exstrophy-epispadias complex 
(BEEC) ranges from epispadias (E) and classical bladder exstrophy 
(CBE), to the most severe form, cloacal exstrophy (CE), often referred 
to as the OEIS complex. The birth prevalence for the complete spec-
trum has been reported to be 1 in 10,000 live births, with a male-to-
female ratio of 2.4:1. Although the etiology for the majority of cases 
remains elusive, there are several lines of evidence, that de novo copy 
number variations (CNVs) represent a major genetic contributor.
Here we array-based molecular karyotyping in a large cohort of 174 
BEEC patients, aiming to identify disease related de novo CNVs. For 
array-based molecular karyotyping we used the Illumina HumanOm-
niExpress-12v1.1 bead-chip, comprising a total number of 719,665 
markers. All genotype data were analyzed by QuantiSNP using an 
Objective-Bayes Hidden-Markov model. To narrow down the com-
puted number of 13,828 putative CNVs, we used different filter criteria 
and implemented various procedures for data analysis.
In total, 17 putative disease related autosomal CNVs ranging from 2,52 
kb to 6,08 Mb in size, including one duplication in the Cat eye syn-
drome relevant region (22pter-22q11.21) remained. Validation of the 
CNVs and testing for their de novo occurrence with parallel investi-
gation of the parents using quantitative PCR and MLPA is currently 
performed. Array-based molecular karyotyping furthermore identified 
triple X syndrome in an isolated CBE patient.

P-CytoG-186
Genetic stability within chondrocyte cultures using GTG, SKY, 
and locus-specific FISH
Wallenborn M.1, Hantmann H.1, Rudolf D.1, Ahnert P.2, Holland H.1 
1Translational Centre for Regenerative Medicine; University of Leipzig, 
Leipzig, Germany; 2Translational Centre for Regenerative Medicine and 
Institute for Medical Informatics, Statistics and Epidemiology; University 
of Leipzig, Leipzig, Germany 

The development of cell-based therapy raises the question whether the 
application of cell-based products to humans is safe. Therefore, it is 
important to determine whether the manufacturing process leads to 
chromosomal aberrations.
In a preclinical study, we analyzed 200 chondrocyte samples (40 
adherent cultures and 160 spheroids) from three donors using Tryp-
sin-Giemsa staining (GTG-banding), spectral karyotyping (SKY), and 
locus-specific fluorescence in situ hybridization (FISH).
Applying these techniques, the genetic analyses revealed no significant 
chromosomal instability for at least 3 passages. We detected clonal 
occurrence of polyploid metaphases and endomitoses with increasing 

cultivation time (passage 4-10). Y-chromosomal losses were identified 
in the two male donors with increasing frequency during the cultiva-
tion time. Interestingly, one donor showed trisomy of chromosomes 
1,7,8,12, and translocation of chromosomes 7 and 9, which are also 
described for extraskeletal myxoid chondrosarcoma.
Our results attest to the necessity of (molecular) cytogenetic analyses 
at certain cultivation times in preclinical studies. More investigations 
are needed to evaluate the potential tumorigenic risk for osteoarthritic 
patients to an extension of articular chondrocyte implantation.
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P-Counse-187
Clinical utility of high-throughput sequencing in intellectual 
disability – the diagnostic implementation of an expanded 
„Kingsmore“ gene panel with 1.222 disease-related genes
Bauer P., Grasshoff U., Beck-Wödl S., Sturm M., Tzschach A., Kehrer M., 
Rieß A., Dufke A., Rieß O. 
Institute of Medical Genetics and Applied Genomics, Tübingen, Germany 

Since de-novo mutations have been established as major contributor 
to intellectual disability in patients, sequencing has become a massive 
challenge for diagnostic laboratories (Vissers, 2009). Likewise, trio 
whole exome sequencing (WES) has become a standard detection tool 
with considerably high demands in sequencing capacities and bioin-
formatics resources. Here, we tested the diagnostic use of a targeted 
gene panel (Kingsmore gene panel, adapted by Ropers and colleagues) 
for the diagnostic implementation with special attention towards sen-
sitivity, accuracy and efficiency.
Forty patients have been included and DNA has been enriched for 
exon-specific regions according to standard protocols (Illumina Cus-
tom TruSight Enrichment). Sequencing was done using Illumina SBS 
sequencing (Illumina, GA2x Sequencer) with an average of 41 million 
reads and a mean coverage of 160 reads per target base. Standard bioin-
formatics tools were used for mapping (stampy), annotation (annovar) 
and filtering to exclude frequent (non-pathogenic) variants.
For reporting, we evaluated 513 genes that have been published in more 
than one family with intellectual disability using OMIM datasets and 
the phenomizer database (http://compbio.charite.de/phenomizer/). 
Reducing target genes and increasing sequencing depth, as compared 
to standard exome sequencing metrics, reduced the fraction of low 
covered target bases with less than 20 reads to <5%. A total of 4.800 
variants per patient decreased the potentially relevant variability to 12 
novel, uncertain variants per patient on average. The latter includes 
potential de-novo mutations and other mutation types (recessive, 
X-linked). Several de-novo and inherited disease causing mutations 
have been identified among others in the SYNGAP1 and ASXL3 gene. 
As compared to WES, this approach offers a targeted diagnostic evalu-
ation of published ID genes with high diagnostic sensitivity, a signifi-
cantly reduced sequencing load, and a very limited risk for unsolicited 
findings.
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Only consistent avoidance of acoustic triggers finally lead to 
absence of symptoms in a severely affected patient with long 
QT-syndrome type 2
Beckmann B. M.1, Martens E.2, Sattler S.1, Feddersen B.3, Noachtar S.4, 
Kääb S.1 
1Medizinische Klinik und Poliklinik I der Ludwig Maximilians Universität, 
München, Deutschland; 2Kliniken an der Paar, Krankenhaus Friedberg; 
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Universität, München, Deutschland 

Introduction:
It is well established that in patients with long QT-syndrome (LQTS) 
type 2 due to a mutation in KCNH2 an acoustic startle response rep-
resents a specific trigger for the occurrence of ventricular cardiac 
arrhythmia.
We report of the vital importance of avoidance of the specific trigger 
“getting startled” for the course of the disease.
Case report:
A meanwhile 32year old female patient with a heterozygous mutation in 
KCNH2 (heterozygous 2bp-deletion, c.1275_1276delAC Thr425fsX517) 
suffered from countless syncopes due to cardiac arrhythmias since 
the age of 6 years. Despite optimal medical treatment  (Metoprolol , 
resp. Propranolol 2-3 mg/kgKG and regular potassium and magnesium 
supplement) she experienced non-sustained and sustained ventricular 
arrhythmias leading to convulsive syncopes sometimes accompanied 
by considerable injuries caused by the falls (1) .
The patient was familiar with the known preventive measures for 
patients with LQTS ( early antipyretic measures, avoidance of QT 
prolonging drugs, no loud alarm clock at the bedside, no competitive 
sports, no grapefruit juice) and followed them reliably, but neverthe-
less there was a recurrence of syncopes, resp. documented ventricular 
tachycardia.
For this reason, at the age of 28 an implantable cardiac defibrillator was 
implanted (11/2009). Her events were regularly triggered by startling 
from sudden loud noise (e.g. ringing of the telephone, alarm clock).
Since 02/2010 she paid attention to consequently avoid the known trig-
ger, this means that telephones next to her were turned down, her alarm 
clock at the bedside was removed, and she knowingly does not relax 
completely in places where sudden loud noises can not be avoided.
Following those precautions she has now been asymptomatic for 3 
years and 10 months. 

Conclusion: 
What initially appears to be a barely workable lifestyle modification 
can now be easily integrated into every day life by our patient.  Since 
only getting startled by loud noises but not loud noises occurring while 
she was under “basic tension” (quote of the patient) led to syncope, 
she paid attention to stay awake and not doze off in public, e.g. on the 
subway. She´s working  full-time as a graphic designer, does sports in a 
moderate intensity, feels hardly any restrictions in her leisure activities 
and wakes up without an alarm clock. Next to the medical treatment, 
which could not completely prevent syncopes, it was ultimately the 
avoidance of the trigger that led to a so far almost 4 year symptom-free 
interval in a severely affected patient.

(1) Feddersen et al., Lancet 2009

P-Counse-189
Adaptation of CUGC guidelines to next-generation sequencing 
(NGS) - a database for diagnostic NGS panels
Dierking A., Schmidtke J. 
Institute of Human Genetics, Hannover Medical School; Hannover, 
Germany 

EuroGentest unit 2 „Genetic testing as part of health care“ and the 
European Society of Human Genetics collaborate on the establishment 
and administration of Clinical Utility Gene Cards (CUGCs). These 
disease-specific guidelines evaluate the risks and benefits of the appli-
cation of genetic tests in the clinical setting.
Each CUGC is authored by a multinational expert team; potential 
authors are identified based on e.g. their publication record and prac-
tical experience. Subsequent to the peer-review, the documents are 
published in the European Journal of Human Genetics (EJHG). Euro-
Gentest commissions the establishment as well as the annual update of 
the guidelines. CUGCs mainly aim at clinicians, geneticists, referrers, 
service providers and payers in their decision to offer a genetic test to a 
person. Each CUGC is freely accessible.
With the long-term goal of adapting the CUGC format to next-gener-
ation sequencing (NGS) technologies, EuroGentest designed the NGS 
panel database. This data collection presents diagnostic NGS panels 
from different providers including panel name and tested genes. This 
information is further linked to the according disease(s) and genetic 
background, including OMIM genotype and Orpha number. On the 
one hand this database gives users the opportunity to quickly iden-
tify diagnostic options according to the different search terms: disease, 
gene, OMIM number, panel name, provider and Orpha number. On 
the other hand it determines any overlap or gap of tested genes between 
different panels. Based on these „core genes“ the CUGC initiative can 
be expanded in order to cover NGS-based genetic test application in 
diagnostics. The according NGS guideline template is in progress.
NGS panel providers were identified through a web search using the 
web search engine Google. In order to specify the test information the 
respective laboratory websites were reviewed. We initially focused on 
European NGS panel providers. A prototype of our data collection 
is available at the EuroGentest website: https://eurogentest.eshg.org/
index.php?id=668. As of November 26 2013, we identified 27 labora-
tories having launched a total of 853 clinical NGS tests covering 2254 
genes.

P-Counse-190
De novo deletion at 16p11.2
Dragicevic N.1, Indrajit N.1, Klopocki E.1, Unkelbach S.2, Kunstmann E.1 
1Institute of Human Genetics, University of Würzburg, Germany; 2Children 
and Adolescent Medicine, Volkach, Germany 

We report on a 12 year old boy with mental retardation, autism spec-
trum disorder (ASD), and growth parameters above 97th centile 
(length, weight, head circumference). Motor development milestones 
were significantly delayed and speech problems were observed.
Microarray-based comparative genomic hybridization analysis (CGH) 
was performed on this patient using the CGHTM HD v1.0 4-plex array 
which includes 180K oligonucleotide probes. qPCR detecting frag-
ments in the chromosomal band 16p11.2 (ViiA 7 Real-Time PCR Sys-
tem) were used for investigation of healthy family members.
Fragile X syndrome was ruled out at the age of four years. Cytogenetic 
analysis revealed a normal male karyotype (46,XY). Array analysis 
showed a microdeletion of 75 oligonucleotide probes on chromosome 
16p11.2 that spanned 535 kb, encompassing 17 genes.)
The microdeletion 16p11.2 is characterized by a spectrum of primarily 
neurocognitive phenotypes showing incomplete penetrance and vari-
able expressivity. People with 16p11.2 deletion syndrome usually have 
developmental delay and intellectual disability. Most patients also have 
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at least some features of ASD being characterized by impaired com-
munication and socialization skills, as well as delayed development of 
speech and language. Some affected individuals have minor physical 
abnormalities such as low-set ears or partially webbed toes (partial syn-
dactyly). These features are not seen in our patient.
Signs and symptoms of the disorder vary even among affected mem-
bers of the same family. Some people with the deletion have no iden-
tified physical, intellectual or behavioral abnormalities (reduced pen-
etrance). The inheritance of 16p11.2 deletion syndrome is considered 
autosomal dominant. Most cases of 16p11.2 deletion syndrome are de 
novo. In our family only the mother´s carrier status was examined and 
revealed negative. The father was not available for testing. Both broth-
ers of our index patient suffer from ASD. Therefore, they were tested 
and the microdeletion was ruled out.
In conclusion, patients with growth parameters above 97th centile and 
ASD should be investigated for 16p11.2 deletion syndrome.

P-Counse-191
First description of a patient with Vici Syndrome due to a 
mutation specifically affecting isoform 1 of EPG5
Ehmke N.1, Parvaneh N.2, Hecht J.1, Mundlos S.1, Robinson P.N.1 
1Institute of Medical and Human Genetics; Charité-University of Berlin, 
Berlin, Germany; 2Department of Pediatrics; Division of Allergy and 
Cinical Immunology; Tehran University of Medical Sciences, Tehran, Iran 

Vici syndrome is a rare autosomal recessively inherited multisystem 
disorder characterized by agenesis of the corpus callosum, cataracts, 
cardiomyopathy, combined immunodeficiency and hypopigmentation 
[1, 2]. Cullup et al. recently showed mutations in the gene EPG5 to be 
causative for Vici syndrome [3]. EPG5 is involved in autophagy, an evo-
lutionary conserved lysosomal degradation process, essential for cell 
homeostasis [4]. Following the first description in 1988 by Vici et al. 
[1], 24 other cases of Vici syndrome have been published with variable 
expression of the defining features [3, 5-10]. We report a further case 
of Vici syndrome with a homozygous truncating mutation of EPG5, 
identified by whole exome sequencing. The mutation in our patient is 
the first reported affecting only isoform 1 of EPG5 and presenting with 
typical clinical manifestations of Vici syndrome. Thus we assume that 
Vici syndrome is largely due to defects of isoform 1 of EPG5.
References
[1] Vici et al., Am J Med Genet (1988), [2] del Campo, Am J Med Genet 
(1999), [3] Cullup et al., Nat Genet (2012), [4] Mizushima et al., Nature 
(2008), [5] Chiyonobu et al., Am J Med Genet (2002), [6] Miyata et al., 
Am J Med Genet (2007), [7] McClelland et al., Am J Med Genet (2010), 
[8] Al-Owain et al., Am J Med Genet (2010), [9] Rogers et al., Case Rep 
Genet (2011), [10] Said et al., Am J Med Genet (2012)
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We describe a boy with intellectual disability (ID), language delay and 
minor dysmorphic features with a heterozygous de novo 459 kb dele-
tion in chromosomal region 2p13.3 (ranging from 72,555,328-73,013,836 
bp, hg 19), involving only parts of the gene EXOC6B. This gene is nearly 
ubiquitously expressed and encodes the exocyst complex component 
6B which is part of a multiprotein complex required for targeted exo-
cytosis. Little is known about the effect of EXOC6B haploinsufficiency. 

Recently, a heterozygous deletion of EXOC6B along with a deletion 
of the CYP26B1 gene has been reported in a boy with ID, language 
delay, hyperactivity, facial asymmetry, a dysplastic ear, brachycephaly, 
and mild joint contractures. In 2008, a patient with a complex syn-
dromic phenotype, including left renal agenesis, neutropenia, recur-
rent pulmonary infections, long bone diaphysis broadening, growth, 
and developmental delay (DD) was found to carry a de novo transloca-
tion t(2;7) involving the genes TSN3 and EXOC6B. Further character-
ization of the translocation indicated that disruption of TSN3 may be 
responsible for the phenotype. Recently, disruption of EXOC6B by a de 
novo balanced translocation t(2;8) has been described in a patient with 
DD, epilepsy, autistic, and aggressive behavior. This is the first report 
of a de novo deletion affecting only EXOC6B in an individual with ID. 
In conclusion, based on our findings and recent data from literature, 
there is evidence that EXOC6B may play an important role in intel-
lectual development.
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Differentiation of stem cell derived cardiomyocytes of the 
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The rhythmic beating of the heart is initiated by a population of pace-
making cells located in the sinoatrial node. The investigation of path-
ways controlling pacemaker function is of crucial relevance to our 
understanding of cardiac conduction disorders, e.g. arrhythmia.
Based on previous analysis using different animal models (Mouse, 
Zebrafish, Xenopus), we have established a functional link between 
the homeodomain transcription factor Shox2 and the development 
of the sinoatrial node as well as arrythmogenic phenotypes including 
bradycardia. Using Shox2 as a molecular tool, we are now investigating 
molecular pathways regulating early cardiac conduction differentiation 
using a refined embryonic stem (ES) cell based model system. We have 
isolated pluripotent Shox2+/+, Shox2+/- and Shox2-/- murine ES cells 
from blastocysts of Shox2 deficient mice to address the following ques-
tions: 1) Differentiation of mouse ES cells into ES cell derived cardio-
myocytes followed by enrichment of sinus-node like cells, 2) Morpho-
logical and electrophysiological characterization of Shox2 dependent 
phenotypes during cardiomyocyte differentiation and 3) Identification 
of Shox2 dependent signaling pathways by comparing expression pro-
files of differentiated Shox2+/+ and Shox2-/- ES cells using RNA-Seq 
technology.
In summary, we have successfully established a cardiac differentiation 
model based on ES cells isolated from Shox2 deficient mice. This model 
will contribute fundamentally to the current knowledge of early pace-
maker development and provides a basis for future biomedical applica-
tions.

P-Counse-194
Sequencing of the PTF1A gene and 1.5 kb of its promoter region 
in neural tube defects (NTDs).
Große G.1,2, Nauman N.3, Hilger A.1,2, Draaken M.1,2, Nöthen MM.2,4, 
Ludwig M.5, Merz WM.6, Reutter H.4,7 
1Institute of Human Genetic, Bonn, Germany; 2Department of Genomics 
Life & Brain Center, Bonn, Germany; 3Department of Pathology; Holy 
Family Hospital, Rawalpindi, Pakistan; 4Institute of Human Genetics, 
Bonn, Germany; 5Department of Clinical Chemistry and Pharmacology, 
Bonn, Germany; 6Department of Obstetrics and Prenatal Medicine; 
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University of Bonn Medical School, Bonn, Germany; 7Department of 
Neonatology, Bonn, Germany 

Objective: Recently a retrotransposon insertion in the 5‘ regulatory 
domain of Ptf1a was found to result in ectopic gene expression and 
multiple congenital defects in Danforth‘s short tail mouse (Sd) includ-
ing neural tube defects (NTDs). We speculated that gain-of-function 
mutations in human PTF1A or its promoter would be involved in the 
formation of human NTDs.
Patients and methods: Molecular genetic analysis of the PTF1A gene 
and 1.5 kb of its 5’ flanking sequence was performed in blood samples 
of 72 aborted fetuses with severe NTDs.
Results: Examination of all PTF1A exons and their adjacent splice sites 
failed to reveal any likely causative sequence variant. A total of three 
variants (non-synonymous coding in exon 2: rs7918487; non-coding in 
the 3’UTR: rs10828415, rs149560393), deposited in dbSNP (Build 138) 
were detected. These SNPs showed similar frequencies as reported in 
the databases and are all unlikely to be causative for human NTDs.
Conclusion: Mutations in PTF1A or its promoter region are not a 
frequent cause for human NTDs. Due to its role in the Sd mouse we 
speculate that mutations in one of the genes targeted by this transcrip-
tion factor might contribute to human NTDs. In mice, the complex 
tempospatial expression pattern of Ptf1a was reported to be controlled 
by at least three regions occupying around 30 kb in the 3’ and 5’ flank-
ing regions of the gene. Hence, a more extended sequence analysis may 
also allow for detection of variants involved in the formation of human 
NTDs.

P-Counse-195
Mutational and phenotypic spectrum of MTFMT and lessons 
learned from a combined exome sequencing and candidate 
gene screening study
Haack T.B.1, Gorza M.2, Danhauser K.2, Mayr J.A.3, Haberberger B.1, 
Wieland T.2, Kremer L.2, Strecker V.4, Graf E.2, Memari Y.5, Ahting U.1, 
Kopajtich R.2, Wortmann S.B.6, Rodenburg J.R.6, Kotzaeridou U.7, 
Hoffmann G.F.7, Sperl W.3, Wittig I.8, Wilichowski E.9, Schottmann G.10, 
Schuelke M.10, Plecko B.11, Stephani U.12, Strom T.M.1, Meitinger T.1, 
Prokisch H.1, Freisinger P.13 
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Paracelsus Medical University Salzburg, 5020 Salzburg, Austria; 
4Functional Proteomics; SFB 815 core unit; Faculty of Medicine, Goethe-
University, 60590 Frankfurt am Main, Germany; 5Wellcome Trust Sanger 
Institute, Hinxton, United Kingdom; 6Nijmegen Center for Mitochondrial 
Disorders; Department of Pediatrics; Radboud University Nijmegen 
Medical Centre, Nijmegen 6500 HB, The Netherlands; 7Department of 
General Pediatrics; Division of Inherited Metabolic Diseases; University 
Children’s Hospital, 69120 Heidelberg, Germany; 8Functional Proteomics; 
SFB 815 core unit; Faculty of Medicine; Goethe-University, 60590 
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Neurology; Universitätsmedizin Göttingen, 37075 Göttingen, Germany; 
10Department of Neuropediatrics and NeuroCure Clinical Research Center; 
Charité Universitätsmedizin Berlin, 13125 Berlin, Germany; 11Department 
of Neurology; Kinderspital Zürich, Zürich, Switzerland; 12Department of 
Neuropediatrics; University Hospital, 24105 Kiel, Germany; 13Department 
of Pediatrics; Inherited Metabolic Disease Centre; Klinikum Reutlingen, 
72764 Reutlingen, Germany 

Defects of mitochondrial oxidative phosphorylation (OXPHOS) are 
associated with a wide range of clinical phenotypes and time courses. 
Diagnostic strategies rely on the biochemical analysis of tissue samples 
and may reveal isolated or combined respiratory chain deficiencies. 
OXPHOS deficiencies can be caused by mutations of nuclear genes that 
are involved in mitochondrial protein translation. Due to their genetic 
heterogeneity such disorders cannot be diagnosed on clinical grounds 

alone. Hence next generation sequencing (NGS) provides a distinct 
advantage over candidate gene sequencing to discover the underlying 
genetic defect in a timely manner. One recent example is the identifica-
tion of mutations in MTFMT that impair mitochondrial protein trans-
lation through decreased formylation of Met-tRNAMet.
Here we report the identification of eight additional patients from 
seven families who were affected with Leigh encephalopathy or white 
matter disease, microcephaly, mental retardation, ataxia, and muscu-
lar hypotonia. In three patients, the causal mutations were identified 
by exome sequencing followed by stringent bioinformatic filtering. In 
one index case, exome sequencing identified only a single heterozy-
gous mutation, while the second one in the non-covered first exon was 
later detected by Sanger sequencing. High-resolution melting curve-
based mutation screening of MTFMT identified pathogenic mutations 
in another three index cases, one of them previously unsuccessfully 
investigated by exome sequencing.
Patients’ fibroblast cell lines showed a severe decrease in MTFMT 
protein and reduced steady-state levels of complex I and IV subunits. 
We provide detailed clinical descriptions on ten MTFMT patients and 
review five previously reported cases. Together, this study expands the 
clinical phenotype and contributes to the analysis of genotype-pheno-
type relations.

P-Counse-196
Targeted high-throughput sequencing provides additional 
evidence for the causal relevance of new candidate genes in 
colorectal adenomatous polyposis identified by CNV analysis
Horpaopan S.1, Spier I.1, Altmueller J.2, Vogt S.3, Keppler K.1, Raeder S.1, 
Holzapfel S.1, Laner A.4,5, Holinski-Feder E.4,5, Noethen M.1,6, Steinke V.1, 
Hoffmann P.7,8,9, Thiele H.2, Aretz S.1 
1Institute of Human Genetics, University of Bonn, Germany; 2Cologne 
Center for Genomics; CCG, University of Cologne, Germany; 3MVZ Dr 
Eberhard & Partner, Dortmund, Germany; 4Medizinische Klinik - Campus 
Innenstadt; Klinikum der LMU, Munich, Germany; 5MGZ - Center of 
Medical Genetics, Munich, Germany; 6Department of Genomics; Life & 
Brain Center, University of Bonn, Germany; 7Institute of Human Genetics; 
University of Bonn and Department of Genomics; Life & Brain Center, 
University of Bonn, Germany; 8Division of Medical Genetics, University 
Hospital Basel, Switzerland; 9Department of Biomedicine, University of 
Basel, Switzerland 

Background: Adenomatous polyposis syndromes are characterized 
by multiple colorectal adenomas and a high lifetime risk of colorectal 
cancer. Germline mutations of the APC and MUTYH genes cause the 
autosomal dominant Familial Adenomatous Polyposis (FAP) and auto-
somal recessive MUTYH-associated Polyposis (MAP. However, in up 
to 50% of families no germline mutation can be identified. To uncover 
new causative genes we performed a genome-wide copy number varia-
tion (CNV) analysis followed by high-throughput sequencing of can-
didate genes.
Methods: By CNV analysis we identified 97 candidate genes in 221 
patients with unexplained colorectal adenomatous polyposis. To val-
idate the functional relevance of the affected genes, we performed a 
systematic screening for point mutations in a validation cohort of 192  
unrelated cases (145 mutation negative polyposis patients and 47 famil-
ial colorectal carcinoma cases with microsatellite stable tumors meet-
ing the Amsterdam I or II criteria) using a targeted next generation 
sequencing approach (TruSeq enrichment protocol, Illumina). Data 
analysis was done by standard protocols using the VARBANK pipeline 
(CCG, Cologne, https://anubis.ccg.uni-koeln.de/varbank/).
Results: We verified 15 different truncating point mutations in 11 genes. 
In two genes, multiple mutations were found; CNTN6 shows a differ-
ent truncating mutation in each of four patients and FOCAD shows a 
different mutation in two cases. All other truncating mutations were 
found only once. Although KIF26B shows just one frameshift muta-
tion, it harbors 10 rare missense variants, five of which are predicted to 
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be deleterious by three in-silico programs. The genes have previously 
been reported to be involved in cell adhesion and Notch signaling or to 
be related to early-onset colorectal cancer.
Conclusions:  We found truncating point mutations in 11 % of candi-
date genes identified by CNV analysis providing additional support for 
their functional relevance in unexplained adenomatous polyposis. A 
segregation analysis was not possible in any of the families. To confirm 
the causality and phenotype spectrum of these genes, larger sample 
sizes and functional studies are needed.

P-Counse-197
PCR- and Southern blot-based analysis of  the C9orf72 
hexanucleotide repeat in different motor neuron diseases
Hübers A.1, Marroquin N.2, Schmoll B.2, Vielhaber S.3, Just M.4, Mayer 
B.5, Högel J.2, Dorst J.1, Mertens T.4, Just W.2, Aulitzky A.1, Wais V.1, 
Ludolph A.1, Kubisch C.2, Weishaupt J.1, Volk A.2 
1Department of Neurology; University of Ulm, 89081 Ulm, Germany; 
2Institute of Human Genetics; University of Ulm, 89081 Ulm, Germany; 
3Department of Neurology; University of Magdeburg, 39120 Magdeburg, 
Germany; 4Institute of Virology; University of Ulm, 89081 Ulm, Germany; 
5Institute of Epidemiology and Medical Biometry; University of Ulm, 
89075 Ulm, Germany 

The GGGGCC-hexanucleotide repeat expansion in C9orf72 is the most 
common genetic cause of familial amyotrophic lateral sclerosis (fALS) 
and frontotemporal dementia (FTD). Here we report the frequency of 
C9orf72 repeat expansions in different motor neuron diseases (ALS, 
motor neuron diseases affecting primarily the first or the second 
motor neuron and hereditary spastic paraplegia (HSP)). Whereas most 
studies on C9orf72 repeat expansions published so far rely on a PCR-
based screening we applied both PCR-based techniques and Southern 
blotting. Furthermore, we determined the sensitivity and specificity 
of Southern blotting of the C9orf72 hexanucleotide repeat in DNA 
derived from lymphoblastoid cell lines (LCLs). C9orf72 repeat expan-
sions were found in 27.1 % of familial ALS patients, only once in 68 
sporadic ALS patients, and not in 61 HSP patients or 62 patients with 
motor neuron diseases affecting clinically primarily either the first or 
the second motor neuron. We found hints for a correlation between 
C9orf72 repeat length and the age of onset. Somatic instability of the 
C9orf72 repeat was observed in LCLs compared to DNA derived from 
whole blood from the same patient and therefore caution is warranted 
for repeat length determination in immortalized cell lines.

P-Counse-198
Extended in vitro maturation of bovine oocytes affects 
methylation of the oocyte-specific isoform DNMT3Lo and 
embryonic development
Mattern F.1, Heinzmann J.2, Aldag P.2, Wrenzycki C.3, Niemann H.2, Haaf 
T.1 
1Institute of Human Genetics; Julius-Maximilians-University, Wuerzburg, 
Germany; 2Institute of Farm Animal Genetics; Friedrich-Loeffler-Institut, 
Mariensee, Germany; 3Clinic for Obstetrics; Gynecology and Andrology; 
Justus-Liebig-University, Giessen, Germany 

Correct DNA methylation patterns are essential for normal mamma-
lian development. The DNA methyltransferase 3-like (DNMT3L) gene 
is expressed during germ-cell developmental stages where genomic 
imprints are established. Here we used the bovine model to study the 
epigenetic reprogramming during oocyte development, maturation 
and fertilization. We analyzed the methylation and mRNA expression 
of several developmentally important genes (H19, SNRPN, OCT4, 
DNMT3A and DNMT3Lo) in oocytes from three different follice size 
(<2 mm, 3-5 mm and >6 mm) and two different in vitro maturation 
groups (standard IVM for 24 h versus extended maturation for 48 h). 

The matured oocytes were then in vitro fertilized and in vitro cultured. 
In the three different size groups of premature oocytes we could not 
find any significant methylation differences but a reduced transcript 
abundance in oocytes from <2 mm and >6 mm follicles. When com-
paring oocytes matured for 24 h versus 48 h, we detected a significantly 
(p=0.03) increased methylation of the oocyte specific promotor of 
DNMT3L (DNMT3Lo) in the 48 h group. Although oocyte fertiliza-
tion rates did not differ significantly, we observed a reduced cleavage 
rate (24 h: 51.9±3 vs. 48 h: 38±7%) and a reduced number of embryos 
developing to the blastocyst stage (24 h: 21.1±2.5% vs. 48 h: 0.4±0.35%) 
in the 48 h group. Our findings suggest that an extended maturation 
time reduces the developmental potential of the oocyte, which may 
directly or indirectly be related to abnormal DNMT3Lo methylation.

P-Counse-199
Ichthyosis prematurity syndrome in Germany: Results from 
ichthyosis registry NIRK
Oji V.1, Müller-Wielsch K.2, Hartz T.1, Rösler B.3, Demmer P.3, Traupe H.1, 
Hausser-Siller I.4, Fischer J.3 
1Department of Dermatology, Münster, Germany; 2Pediatric Hospital 
Harlaching, Municipal Hospital Munich, Germany; 3Institute of Human 
Genetics; University Medical Center Freiburg, Freiburg, Germany; 
4Department of Dermatology; University Hospital of Heidelberg, 
Heidelberg, Germany 

Introduction: Autosomal recessive congenital ichthyosis (ARCI) refers 
to a heterogeneous group of keratinization disorders. One important 
differential diagnosis of this ichthyosis group is the Ichthyosis Prema-
trity Syndrome (IPS). Children are born prematurely and are at high 
risk for neonatal asphyxia due to occlusions in the bronchial tree from 
amniotic fluid debris. The autosomal recessive disease is caused by 
mutations of the FATP4 gene.
Objective: Pilot study of the disease frequency and clinical course of 
patients in Germany.
Method: Databank and clinical record analysis of the registry of the 
Network for Ichthyoses and related Keratinization Disorders (NIRK).
Results: Within one year >3 patients with the diseases have been reg-
istered in Münster. The disease was unequivocally diagnosed by the 
distinct ultrastructural phenotype (EM type 4) and confirmed by 
mutation analysis (if done so far). One of the patients was affected by 
moderate cerebral impairment due to birth complications/asphyxia. 
Others survived without any complications. All of them shortly after 
birth showed a rapid healing of the ichthyosis, but had a residual form 
of dry skin.
Conclusion: Considering the critical neonatal period in IPS, we would 
like to raise the awareness for the disease, e .g. the prenatal observation 
of dense amniotic fluid should be taken as an early sign for risk of pre-
maturity with severe but transient complications at birth.

P-Counse-200
A Twenty-Year Follow-up of a Familial Chromosomal 
Translocation resulting in Trisomy 3q13.3-qter leading to 
Infantile Death
Passarge E. 
Institute of Human Genetics, University of Duisburg-Essen, Germany 

In 1994 I was contacted by the DRK Kinderklinik Siegen for evaluation 
of a 4-week-old male infant with multiple congenital malformations 
and partial trisomy 3q13-qter und partial monosomy 4q35 (46,XY,t(3;4)
dup(3)(3q13.3-qter),del4(q35-qter)). This imbalanced karyotype was 
due to a maternal balanced reciprocal translocation (46,XX,t(3;4)
(q13.3;q35)). The infant (R.A.T. 120894/94E1266/6934) was born at 35 
weeks gestation with a birth weight of 2090 g, length of 42 cm and 
OFC 31 cm, Apgar 7/8/10. Dysmorphic facial features included upward 
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slanting palpebral fissures, broad depressed nasal bridge, anteverted 
nostrils, micrognathia, low set ears, short neck, and short extremities. 
He had a high arched palate without clefting. A large ventricular septal 
defect and a type II atrial septal defect were diagnosed, but no signs of 
cardiac insufficiency. X-ray signs of a skeletal dysplasia were absent. 
The infant was discharged in satisfactory general condition at the age 
of two months with a weight of 2850 g, length 49 cm and OFC 34.8 cm. 
He had left facial paralysis and developed opisthotonus and respiratory 
stridor. At home he responded to external stimuli. Respiratory stridor 
and breathing difficulties increased. At the age of 5 months the infant 
died at home in his sleep. The parents did not consent to an autopsy. 
I presented a preliminary report at the 21st Arbeitstreffen Klinische 
Genetik Nordrhein on October 10, 1995 in Düsseldorf.
Prior to the birth of this infant the mother had had three spontane-
ous abortions at 7, 11, and 28 weeks gestation and had given birth to a 
normal girl, at that time five years old. Chromosomal analysis in Essen 
confirmed the imbalanced karyotype in the infant and revealed the 
presence of the balanced reciprocal translocation in the mother and 
the daughter. The maternal grandmother had a normal karyotype, the 
paternal grandfather was not available for study. The parents of the 
patient were informed of the situation by genetic counseling and my 
written reports. These emphasized that their 5-year-old daughter with 
the balanced translocation should be reexamined and receive genetic 
counseling when she reached adulthood. I marked the record of this 
family not to be discarded after ten years. In addition, I sent an infor-
matory letter to the family in 2001, six years after the patient had died.
In November 2013 the patient’s sister, now age 25 years, contacted me 
in Leipzig for genetic counseling to aid in her family planning. Chro-
mosomal analyses of her and her partner are being done, and various 
options for prenatal diagnosis will be discussed with the couple on 
December 4, 2013. The size of the patient’s duplication 3q appears to be 
the largest  documented in a live-born infant, albeit without a distinc-
tive phenotype. This observation emphasizes the importance of provid-
ing long-term follow-up in disorders that can re-occur in consecutive 
generations in one family.

P-Counse-201
Integrated care for high-risk patients with breast and ovarian 
cancer in the Regensburg Centre for Hereditary Breast and 
Ovarian Cancer
Pechlatova I.1, Schönbuchner I.1, Seitz S.2, Stroszczynski Ch.3, Ortmann 
O.2, Weber B.H.F.1 
1Institute of Human Genetics University of Regensburg, Regensburg, 
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In 1996, the Deutsche Krebshilfe (Dr. Mildred Scheel Foundation) 
established 12 Centres for Hereditary Breast and Ovarian Cancer in 
Germany. The major goal was to develop standards for interdisciplin-
ary counselling, genetic testing, patient care and therapy in families 
with hereditary breast and ovarian cancer. In 2011, three additional 
centres were affiliated with the Consortium, including the Centre for 
Hereditary Breast and Ovarian Cancer Regensburg.
The Regensburg Centre brings together genetic counsellors, molecu-
lar geneticists, gynaecologists, onco-psychologists and radiologist and 
offers an integrated care for patients with increased risk for breast and 
ovarian cancer. Catchment area is a population of approximately 2 Mio. 
from the Upper Palatinate and Lower Bavaria. For two years now our 
Center is firmly established in the structure of the German Consor-
tium for hereditary breast and ovarian cancer and provides the genetic 
and gynecological counseling, molecular diagnostics, early detection, 
preventive measures, treatment and care in high-risk patients based 
on state-of-the-art knowledge in breast and ovarian cancer. Rising 
demand in counselling was met with the effect that waiting times for 
counselling sessions generally do not exceed 6 weeks. For molecular 
diagnostics BRCA1, BRCA2, and RAD51C gene analysis is offered by 

applying Next Generation Sequencing technology. This approach has 
significantly reduced the turn-around time for DNA testing to less than 
5 weeks. Together, our Centre has been well received in the area and 
demonstrates the urgent need of integrated care in cancer predisposi-
tion syndromes.

P-Counse-202
Is Prenatal Diagnosis an Eugenic Question to Society? Growth of 
Genome Testing Needs Debate
Petermann H. 
Institute of Ethics, History and Theory; Muenster, Germany 

The number of tests for prenatal diagnostics is steadily increasing, 
more and more.
This raises the question, in which way this will influence the future of 
mankind and society.
1) Since 1958, when I. Douglas made for the first time an ultrasonogra-
phy of an unborn foetus, there is an increasing number of non-invasive 
and invasive (amniocentesis 1966) methods for prenatal diagnosis. The 
aim is till today to detect hereditary diseases, mutations or abnormali-
ties. In the first years prenatal diagnosis was only performed, when 
there was a tentative diagnosis.
Eugenic ideas rose at the beginning of the 20th century and the aim 
was the improvement of mankind (Galton). Prevention of hereditary 
diseases is one way of improving mankind.
2) The availability of many different methods offers new possibilities 
for prospective parents to get a lot of information of their unborn child. 
This depends not on the question, whether this facts are important for 
therapy. Nowadays a foetus’s entire DNA sequence can be determined 
by sequencing its fragments of the mother’s blood. This is not needed to 
avoid diseases that are genetic determined. Nowadays prenatal diagno-
sis is an individual decision and not forced by any law like before 1945 
in several states of the USA and in Germany by NS-government: the 
significant difference to eugenics before 1945.
3) Another aspect are offered by Next Generation Sequencing (NGS) 
that allow to develop new and simple tests like the so called Praena-
Test for testing on trisomy 13, 18 and 21. The result is not necessary for 
therapy, only to decide, whether abortion should be performed. This is 
continuity to abortion because of eugenic reasons before 1945. At this 
time eugenic ideas focussed on the societal value, after Second World 
War this changed to individual ones.
4) Neither societies nor governments are prepared for the availability of 
an increasing number of genetic information. Today the genome of an 
unborn child can be analysed; this creates new individual and societal 
questions: Prospective parents can influence the genome of their child 
according to their own beliefs. Today we have no idea, what risks this 
will create in the future. Also, ff parents get an unfit child, their relatives 
may ask the question, whether this had been necessary.
New opportunities are offered by prenatal diagnostic, but also create 
new ethical questions and need to be discussed of as many people as 
possible.
• Prenatal diagnostic will improve mankind in the future and therefore 
it is eugenic.
• The consequences of prenatal diagnostic must be discussed within 
the scientific community but also with the lay public, because those 
will influence society.
• Legal regulations must base on consent in society and are not only a 
legislative question.
Therefore, the possibilities of prenatal diagnosis ask emphatic for a 
debate of a great amount of people.
This is task of public policy.
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Beyond BRCA1 and BRCA2: results from screening 94 genes in a 
large cohort of patients with familial breast and ovarian cancer.
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Schrock E.1, Kast K.2, Wimberger P.2 
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Background: Breast and ovarian cancer (BC/OC) predisposition, often 
seen in families with a high incidence of BC or young patients, has 
been associated with a number of high-, moderate-, and low-pene-
trance susceptibility genes. Prior to the introduction of next genera-
tion sequencing (NGS), only a small subset of these susceptibility genes 
(mostly BRCA1, BRCA2 and RAD51C) have been sequenced on a rou-
tine basis. With the advent of NGS-based panel sequencing, a routine 
screening of all genes currently associated with familial breast cancer 
became feasible. Here we report the results of panel-based screening of 
94 genes that have been associated with hereditary cancer predisposi-
tion.
Method: Selection criteria for patients to be included in this study 
were defined by the German Consortium for Breast and Ovarian Can-
cer. They include, for instance, the number of cases within the fam-
ily, the age of onset and the occurrence of ovarian cancer. High risk 
patients with previously excluded mutations in BRCA1 and BRCA2 
were also included in the study. NGS was performed on an Illumina 
MiSeq sequencer, with 150 bp paired end sequencing chemistry. Target 
enrichment was performed with the Illumina TruSight cancer panel, 
which includes 94 genes associated with both common (e.g., breast, 
colorectal) and rare cancers (http://www.illumina.com/products/tru-
sight_cancer.ilmn).
Results: In 28 % of the patients, BRCA1 or BRCA2 variations have 
been found. These were either clearly pathogenic protein truncating 
mutations (12 %) or very rare, unclassified missense variations with 
high probability of effect (16 %). In 39 % of the patients we found rare, 
unclassified missense variants in low penetrance susceptibility genes, 
especially NBN (nibrin) and ATM. In one case with early onset of 
breast cancer and no familial history, a putative splice relevant muta-
tion in TP53 could be identified, which is currently being investigated 
on cDNA level. Despite the large set of 94 genes, 33 % of the patients 
did not reveal any convincing sequence variation. In order to comple-
ment the sequence variant detection by a comprehensive copy num-
ber analysis, a custom array has been designed that covers the same 94 
target genes that are represented on the sequencing panel. Since many 
of the susceptibility genes are tumor suppressors, it is likely that exon 
losses or amplifications will also contribute to the mutation spectrum 
of these genes.
Conclusion: The extension of mutation screening beyond BRCA1 and 
BRCA2 reveals disease-causing mutations in high-penetrance genes, 
like TP53, as well as mutations in low-penetrance susceptibility genes. 
However, the enormous number of unclassified sequence variants and 
the detection of mutations and of carriers for hereditary diseases other 
than breast cancer predisposition poses a huge challenge for genetic 
counselling.

P-Counse-204
Epigenetic characteristics in inflammatory candidate genes in 
aggressive periodontitis: The role of interleukin 17C
Schulz S.1, Schaller HG.1, Immel UD.2, Just L.3, Glaeser C.4, Reichert S.1 
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Halle-Wittenberg, Institute of Human Genetics and Medical Biology, 
Halle; Germany 

Background: Periodontitis has been described as a chronic inflamma-
tory disease which is triggered by specific host dependent immune 
response. It is established that the immune response is influenced 
among others by a genetic predisposition. In recent times it was shown, 
that the gene expression is affected also by epigenetic modifications. 
Therefore, we investigated the CpG methylation pattern of 22 inflam-
matory candidate genes (ATF2, CCL25, CXCL14, CXCL3, CXCL5, 
CXCL6, FADD, GATA3, IL10RA, IL12A, IL12B, IL13, IL13RA1, IL15, 
IL17C, IL17RA, IL4R, IL6R, IL6ST, IL7, INHA, TYK2) in dependence of 
the periodontal status. Patients and methods: In this preliminary study 
11 patients with aggressive periodontitis (54.5% males, 40.6+11.5years) 
and 10 periodontal healthy persons (40% males, 37.7+17.1years) were 
included. Gingival biopsies were obtained and immediately frozen in 
liquid nitrogen. After DNA isolation (QIAamp® DNA Micro Kit) the 
methylation pattern was quantified using EpiTect® Methyl II Signature 
PCR Array Human Inflammatory Response (Qiagen).
Results: In gingival inflamed tissues of patients with aggressive peri-
odontitis there was a significant reduction in CpG methylation pattern 
of interleukin 17C compared with tissues of periodontal healthy per-
sons (6.1% vs. 26.4%, p=0.007). The methylation pattern of all other 
genes investigated was not significantly modified regarding periodon-
tal inflammation.  Discussion: In our study we show for the first time a 
differential methylation pattern for IL17C in periodontitis. Interleukin 
17C is an essential autocrine cytokine that regulates innate epithelial 
immune responses induced by bacterial challenge and inflammatory 
stimuli. The decrease in CpG methylation is presumably accompanied 
by an increase in gene expression. This could lead to a greater availabil-
ity of interleukin 17C and the induction of epithelial immune response 
in inflamed oral tissue.

P-Counse-205
Targeted Resequencing of the schizophrenia candidate gene 
RB1CC1
Strohmaier J.1, Giegling I.2, Rujescu D.2, Streit F.1, Forstner AJ.3,4, Schult-
ze TG.5, Mössner R.6, Rietschel M.1, Nöthen MM.3,4, Degenhardt F.3,4 
1Department of Genetic Epidemiology in Psychiatry, Central Institute of 
Mental Health, Mannheim, Germany; 2Department of Psychiatry, Halle, 
Germany; 3Institute of Human Genetics, Bonn, Germany; 4Department of 
Genomics at Life and Brain, Bonn, Germany; 5Department of Psychiatry 
and Psychotherapy, Göttingen, Germany; 6Department of Psychiatry, 
Bonn, Germany 

Schizophrenia is a severe neuropsychiatric disorder with heritability 
estimates of ~80%. In 2011, Xu et al. (2011) published the first exome-
sequencing study focusing on de novo mutations in patients with 
schizophrenia. In 53 patients with schizophrenia, 22 unaffected controls 
and their parents a total of 40 de novo mutations were detected. The 
large number of genes reported to carry de novo mutations, together 
with the very low frequency of mutations among the patients, makes it 
difficult to pinpoint the genes that are relevant for disease pathogenesis. 
In order to provide additional genetic evidence for any of the genes 
suggested by the exome-sequencing study, we performed a follow-up 
study focusing on copy number variants.
We screened the genome-wide SNP array data from 1,637 patients 
with schizophrenia and 1,627 controls for the presence of copy number 
variants in any of the genes suggested by the exome-sequencing study. 
Duplications in RB1CC1 on chromosome 8 were overrepresented in 
patients. The duplications were followed-up in independent European 
samples. In the combined analysis, comprising of 8,461 patients and 
112,871 controls, duplications in RB1CC1 were found to be associated 
with schizophrenia (P = 1.29 x 10-5; odds ratio = 8.58).
The aim of the present study was to further explore RB1CC1 as a candi-
date gene for schizophrenia.
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The gene RB1CC1 consists of 24 exons. For two main reasons we focused 
our targeted Sanger resequencing on exon 15: (i) this exon contains > 
30% of the gene’s total protein-coding sequence, and (ii) Xu et al. (2011) 
identified a de novo frameshift deletion in this exon. A total of 1900 
patients with the DSM-IV diagnosis of schizophrenia were included 
in our study. Publicly available data from the 1000 Genomes Project 
and the Exome Variant Server were used to determine the frequency 
of the identified variants in population-based cohorts and individuals 
collected for studies focusing on lung and heart phenotypes.
After quality control, the data from 1740 patients were available. Among 
22 patients, a total of 17 different variants were identified and verified 
by sequencing the complementary strand. Of these, 10 were neither 
detected in the 1000 Genomes Project nor the Exome Variant Server. 
Currently, we are analyzing whether these variants co-segregate with a 
psychiatric diagnosis within the families of the affected probands. Fur-
thermore, detailed phenotypic descriptions of the mutation carriers are 
being assembled.
RB1CC1 is a brain expressed gene and has been implicated in cell cycle 
progression and neurodegeneration. Our study is the first to systemati-
cally screen exon 15 in a large number of patients with schizophrenia 
for mutations that might be associated with the disorder. Currently, 
detailed statistical analyses (focusing on rare variants) are being per-
formed. The results will be presented at the meeting.

P-Counse-206
Validation of a commercial 46 gene next generation sequencing 
assay for mutations causing cardiomyopathies
Waldmüller S., Imbrich K., Juncker S., Sturm M., Bauer P., Rieß O., Bonin 
M. 
Institute of Medical Genetics and Applied Genomics, Tübingen, Germany 

Introduction: Genetic testing for mutations causing cardiomyopa-
thy has recently entered international guidelines and is now widely 
accepted as a mean to nail down a suspected diagnosis and to timely 
identify pre-symptomatic carriers at risk. Due to the high degree of 
genetic heterogeneity, reliable and highly parallel sequencing tech-
niques are required to allow cost-effective, high-yield mutation detec-
tion.
Objective: To determine the performance characteristics of next gen-
eration sequencing (NGS) using the Illumina TruSight Cardiomyopa-
thy panel.
Subjects Materials and Methods: In experiment 1, DNA was extracted 
from peripheral blood of twelve samples previously shown to carry ten 
pathogenic mutations as well as 63 single nucleotide variants (SNVs) 
in the genes MYBPC3, MYH7, TNNI3, TNNT2 and TPM1. Exon 
sequences and adjacent splice sites of 46 genes previously linked to 
cardiomyopathy were enriched using the Illumina TruSight Cardio-
myopathy panel. In experiment 2, two of the mutation-positive refer-
ence samples were enriched (same DNA sample) and analyzed again, 
together with six consecutive clinical samples (thus the run comprised 
eight samples instead of twelve in exp. 1). A proprietary NGS data pro-
cessing pipeline was used.
Results: The average read depth was 210 (exp. 1) and 407 (exp. 2). A 
mean of 0.36 % (0.13 % in exp. 2) of the target region showed low cover-
age (<20X), corresponding to an average of 893 base-pairs (332) in 13 
(5) genes. Of the 73 reference mutations/SNVs tested in Exp. 1, all were 
recovered, corresponding to an analytical sensitivity of 100% (95% CI: 
≥95%). The analytical specificity was estimated by the evaluation of 73 
exons known to be homozygous wild-type and was found to be 100% 
(95% CI: ≥95%). Of the 96 mutation/SNVs detected by NGS in two 
samples of exp. 1, all were recovered in exp. 2 and no additional muta-
tion/SNV was found, indicating a high degree of intermediate preci-
sion. Across the six novel samples, an average number of 1.7 putative 
mutations were detected which required follow-up.
Conclusions: The determined performance characteristics indicate that 
NGS using the Illumina Cardiomyopathy panel is sufficiently accurate 

to be used as a clinical genetic test. More reference mutation/SNVs may 
be tested to increase the statistical power of the validation assay.

P-Counse-207
Interrogating the Clinically Relevant Genome with Targeted 
Exome Sequencing and Computational Phenotype Analysis
Zemojtel T., Köhler S., Makenroth E., Jäger M., Dölken S., Krawitz P., 
Krüger U., Hecht J., Horn D., Graul-Neumann L., Spielmann M., Mund-
los S., Robinson P.N. 
Institute for Medical and Human Genetics; Charité-Universitätsmedizin 
Berlin, Berlin, Germany 

Traditional methods of diagnosis for individuals affected by rare genetic 
disease fail to identify a definitive molecular cause for many individu-
als, often resulting in a so called diagnostic odyssey with extensive and 
often expensive and invasive clinical investigations. The advent of next-
generation sequencing approaches and especially whole-genome and 
whole-exome sequencing (WGS/WES) have led to an unprecedented 
acceleration in the pace of disease gene discovery in research settings, 
and targeted NGS gene-panel investigations are now becoming routine 
in many countries. Nevertheless, the clinical utility of WGS/WES in 
routine diagnostics remains to be proven. A major difficulty involves 
the fact that WGS/WES identifies tens of thousands (WES) or millions 
(WGS) of variants, and bioinformatic filtering on variant rarity and 
predicted pathogenicity alone does not perform well. Furthermore, it 
may not be useful to identify a convincing variant in a candidate gene 
with no validated significance for human disease, meaning that WGS/
WES interrogates more genes and other sequences than can currently 
be interpreted in a clinical setting. What’s more, at typical coverage lev-
els, WES typically does not provide enough read data for up to 20% of 
the enriched exons. For these reasons, we have developed a combined 
genomic and bioinformatic approach towards enriching those parts of 
the genome that can be clinically interpreted today at high levels, and 
prioritizing the identified variants using semantic similarity analysis 
based on data from the Human Phenotype Ontology project. We have 
performed a pilot project with 96 samples from individuals with known 
and unknown genetic diagnoses, using a custom SureSelect enrich-
ment panel comprising 2875 genes (7.1 Mbp) currently known to have 
an associated Mendelian disease. Since about 98% of the targeted bases 
had a coverage of 20-fold or better, this resulted in sufficient coverage 
to identify all of the known disease mutations amongst the patients 
with known diagnoses. We will present our bioinformatic strategy of 
first filtering all identified variants for rarity and likely pathogenicity 
and then prioritizing the remaining genes based on similarity of the 
associated diseases to the phenotypic features observed in the patient 
being examined. Using this approach, approx. 15% of hard-to-diagnose 
cases could be solved. We will present the final study results as well as 
an online server that can be used to perform the bioinformatic analysis.

P-Monogenic Disease -  
From Gene Identification to 
Pathomechanism

P-MonoG-208
TALEN-mediated generation of a cell culture model for 
ichthyosis with confetti
Aushev M.1, Itin PH.2, Reichelt J.1, Burger B.3 
1Institute of Cellular Medicine, Newcastle, United Kingdom; 2Department 
of Dermatology, Basel, Switzerland; 3Department of Biomedicine, Basel, 
Switzerland 
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Ichthyosis with confetti (IWC) is a very rare genodermatosis. Patients 
affected by IWC are born with a generalized scaly erythroderma. Dur-
ing childhood they develop patches of normal skin in a confetti-like 
pattern. This type of ichthyosis is caused by heterozygous frameshift 
mutations in the keratin 10 (KRT10) gene resulting in an arginine-rich 
C-terminus of the aberrant K10 protein. The normal areas develop as 
a consequence of a gene conversion or mitotic recombination, which 
leads to an LOH at chromosome 17q where the mutated KRT10 allele is 
replaced by a copy of the wildtype allele. The exact mechanism under-
lying this progressive revertant mosaicism is currently unknown. Due 
to the rareness of IWC it is difficult to receive enough skin biopsies for 
studying the mechanism of this “natural gene therapy”.
Transcription activator-like effectors (TALEs) are bacterial transcrip-
tion factors which contain specific DNA-binding domains. These 
domains are composed of modules, each of which binds to one specific 
nucleotide. Recently, it was shown that TALE proteins also function 
when fused to a FokI nuclease domain, making these TALE nucleases 
(TALENs) a perfect tool for genome editing.
We engineered KRT10-specific TALENs and targeted the K10 locus 
in an immortalised keratinocyte line and introduced a known IWC-
causing frameshift mutation - thus creating a model system which can 
be used to investigate the mechanism of LOH in IWC.

P-MonoG-209
Multi-gene-panel diagnostics detects MKS1- gene mutations in 
a boy with Joubert-Syndrome
Bader I.1, Rittinger O.1, Sander G.1, Kronberger G.1, Pietsch P.2, Cohen 
M.2, Jakobeit M.2, Wieser S.1, Decker E.3, Bolz H.3, Ertl-Wagner B.4, Koch 
J.1, Bergmann C.3,5 
1Clinical Genetics Unit; Children’s Hospita; Paracelsus Medical University, 
Salzburg, Austria; 2Kinderzentrum München, Munich, Germany; 
3Bioscientia;Center for Human Genetics, Ingelheim, Germany; 4Institute 
for Clinical Radiology, Ludwig-Maximilians-University Munich, Germany; 
5Center for Clinical Research and Department of Nephrology; University 
Hospital, Freiburg, Germany 

Background: Mutations in the MKS1 gene are known to be a major 
cause for Meckel-Gruber-Syndrome, a genetically heterogeneous con-
dition and the most common form of syndromic neural tube defect 
characterized by occipital encephalocele, liver ductal plate malforma-
tion, polydactyly, and kidney cysts.
The MKS1 gene also accounts for a minor fraction of the total muta-
tional load in Bardet-Biedl-Syndrome, a genetically heterogeneous 
syndrome characterized by rod-cone dystrophy, truncal obesity, post-
axial polydactyly, cognitive impairment, male hypogonadotrophic 
hypogonadism, complex female genitourinary malformations, and 
renal abnormalities. To our knowledge MKS1-mutations have not yet 
been reported to cause classical Joubert-Syndrome phenotypes.
Clinical report: We report the phenotype of a five year old boy from 
Austria with episodes of apnoe during the first 7 months of life, severe 
hypotonia, psychomotor retardation, congenital nystagmus and a 
molar tooth sign detected in the MRI of the brain, which suggested 
the diagnosis of Joubert syndrome. The boy has additional symptoms 
that previously were described in children with Joubert syndrome, 
like facial dysmorphic features, agenesis of corpus callosum and slight 
changes in the retinal epithelium of the left eye. Renal abnormalities 
were not present and measurements of the head circumferences were 
in the normal range, as were length and weight. Ankyloglossia and 
symmetric camptodactyly of digits III + V was also detected.
Lab investigations: Lymphocyte culture (GTG banding) resulted in 
a normal male karyotype. Next-Generation sequencing based multi-
gene-panel diagnostics from a blood sample of the boy revealed three 
mutations. Two mutations were located in the MKS1 gene on 17q23.2: 
The first mutation, c.1407-7_1408_35del29, has already been reported 
and is known to be a major cause for Meckel-Gruber-Syndrome in 
homozygous state. The second mutation in the MKS1 gene, a missense-

mutation has not yet been reported in the medical literature and is not 
present in public databases. Five bioinformatic tools predict an altera-
tion of protein function. We therefore assume that these two mutations 
in compound heterozygous state are causative for the phenotype in 
the boy. Multi-gene-panel testing additionally revealed a heterozy-
gous mutation in exon 2 of the TCTN3 gene on 10q24.1, which is not 
reported in the literature yet and which is bioinformatically predicted 
to likely alter the protein function.
Discussion: Mutations in the MKS1 gene are primarily reported in 
patients with Meckel-Gruber-Syndrome, a phenotype which denotes 
the most severe (usually lethal) end of the spectrum of ciliopathies with 
occipital encephalocele and other early embryonic malformations. 
Here we describe a patient with classical Joubert syndrome which 
underlines the genetic  heterogeneity in Joubert syndrome and illus-
trates the pleiotropy of MKS1 mutations.

P-MonoG-210
Deep next- generation sequencing as a tool in the diagnostics 
of McCune-Albright Syndrome
Busch A.1, Schulz S.1, Husain R.2, Hennig K.1, Ferrari- Kühne K.3, Ferrari- 
Kühne K.4, Ferrari- Kühne K.5, Hübner Ch. A.1, Kurth I.1 
1Jena University Hospital; Department of Human Genetics, Jena, 
Germany; 2Jena University Hospital; Clinical Genetics Department of 
Pediatrics, Jena, Germany; 3Jena University Hospital; Department of 
Immunology, Jena, Germany; 4Jena University Hospital; Department 
of Cardiothoracic Surgery, Jena, Germany; 5Jena University Hospital; 
Integrated Research and Treatment Center Center for Sepsis Control and 
Care, Jena, Germany 

McCune-Albright Syndrome is a sporadic disorder characterized by the 
classic triad of polyostotic fibrous dysplasia, café-au-lait skin pigmenta-
tion, and peripheral precocious puberty. Usually it is caused by postzy-
gotic activating mutations in the guanine-nucleotide-binding protein 
alpha-subunit (Gsalpha), leading to a mosaic distribution of cells with 
constitutively active adenylate cyclase. We report of a 6 year old boy 
with monoostic fibrous dysplasia (FD), but only minor clinical signs of 
McCune-Albright syndrome (MAS). No mutation could be identified 
by Sanger sequencing of GNAS Exon 8 on DNA extracted from either 
whole blood or bone tissue. We subsequently reanalyzed this patient 
with deep next-generation sequencing (NGS). With a coverage of >100 
000 we identified the causative missense mutation GNAS c.2531G>A 
(p.Arg201His) in 0.85% of sequencing reads (1536/180745 reads) in 
DNA isolated from peripheral blood. This frequency is far below the 
detection limit of most standard sequencing methods like e.g. Sanger 
sequencing. With NGS the mutation was detected in 20% of the reads 
(24953/123199 reads in DNA extracted from bone tissue) after whole 
genome amplification. Analysis of DNA isolated from sorted T- and 
B-lymphocytes, monocytes and granulocytes revealed variable degrees 
of mosaicism. Our report highlights the power of deep next-generation 
sequencing to identify low-frequency mutations in mixed cell popu-
lations that are missed by less sensitive approaches. In this case deep 
sequencing allowed the detection of the disease causing mutation in a 
primarily not affected tissue (blood and saliva). Thus deep sequencing 
might reduce the need of invasive tissue biopsies for molecular testing 
in selected disorders.

P-MonoG-211
Clinical and molecular characterisation of PYCR1-related Cutis 
laxa
Fischer B.1,2, Dimopoulou A.1, Gardeitchik T.3, Schlack C.1, Fauler B.2, 
Mundlos S.1,2, Nijtmans L.4, Morava E.5, Wollnik B.6, Kornak U.1,2 
1Institut für Medizinische Genetik und Humangenetik, Berlin, Germany; 
2Max-Planck-Institut für Molekulare Genetik, Berlin, Germany; 3Radboud 
University Nijmegen Medical Center, Nijmegen, The Netherlands; 
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4Nijmegen Centre for Mitochondrial Disorders, Nijmegen, The 
Netherlands; 5Tulane University Medical Center, New Orleans, USA; 
6Institute of Human Genetics, Cologne, Germany 

Autosomal recessive cutis laxa type 2B (OMIM #612940) is a segmental 
progeroid disorder characterized by intrauterine growth retardation, 
lax and wrinkled skin, a typical triangular face, and intellectual disabil-
ity. This variable phenotype is often diagnosed as gerodermia osteodys-
plastica wrinkly skin, or De Barsy syndrome. Mutations in the PYCR1 
gene encoding pyrroline-5-carboxylate reductase 1 were identified to 
be causative. This protein is part of a conserved metabolic pathway 
(proline-cycle) described to generate cytoplasmic NAD(P)+ via syn-
thesis of proline.
In this study, we analysed 33 patients from 27 families. In comparison 
with all patients identified so far, we could further delinate the genetic 
and clinical spectrum and found PYCR1 to be the second most fre-
quent disease-causing gene in individuals with autosomal recessive 
cutis laxa. A detailed analysis of the subcellular distribution revealed 
an exclusive mitochondrial localization of PYCR1. After in vitro RNAi-
induced depletion of PYCR1 we found a severe fragmentation of the 
mitochondrial network, a decreased membrane potential and an 
increased apoptosis rate.
Thus, we conclude a role of PYCR1 in the regulation of the mitochon-
drial redox state, which influences mitochondrial dynamics and pos-
sibly metabolic activity. This combination of defects is likely to be a key 
event in the pathogenesis of ARCL2B.

P-MonoG-212
Screening for CDKN1C point mutations in growth retarded 
patients
Heilsberg A.1, Spengler S.2, Soellner S.1, Binder G.3, Begemann M.1, 
Eggermann T.1 
1Institut für Humangenetik, RWTH Aachen, Germany; 2Praxis für 
Humangenetik, Osnabrück, Germany; 3University Children´s Hospital, 
Tübingen, Germany 

The significance of loss-of-function mutations in the imprinted 
CDKN1C gene (11p15) for the aetiology of Beckwith-Wiedemann syn-
drome (BWS; OMIM # 130650) is widely accepted. With the recent 
identification of gain-of-function mutations in growth retarded 
patients with IMAGe syndrome (OMIM # 614732) the central role of 
this factor in human growth could be impressively confirmed. Fur-
thermore, a broad spectrum of opposite 11p15 mutations and epimuta-
tions has been identified both in BWS and growth retarded patients 
with Silver-Russell syndrome (SRS; OMIM # 180860) features. In SRS, 
single carriers of duplications affecting the maternal CDKN1C copy 
have been reported, and in these patients an increased expression of 
the maternally expressed growth-inhibiting factor CDKN1C has been 
detected. Considering the functional similarity of the CDKN1C altera-
tions and the clinical overlaps between IMAGe syndrome and SRS 
(e.g. intrauterine growth retardation, prominent forehead, ear anoma-
lies), we screened a cohort of SRS patients without one of the known 
molecular SRS defects (n=20) for point mutations in CDKN1C. As we 
did not detect any pathogenic mutation we conclude that mutations 
in CDKN1C are associated with the IMAGe syndrome features but 
that they can be neglected in SRS. We therefore suggest that testing for 
CDKN1C point mutations should be included in routine diagnostics 
of IMAGe syndrome and BWS but not of SRS. However, we cannot 
exclude that CDKN1C mutations account for single patients with SRS 
features.

P-MonoG-213
Classification of Fanconi-anemia cells using FANCD2 
immunoblots
Hofmann L., Steigerwald D., Schindler D. 
Department of Human Genetics, University of Wuerzburg, Wuerzburg, 
Germany 

Fanconi anemia (FA) is a rare autosomal or X-chromosomal recessive 
disease. It is characterized by symptoms including endocrine patholo-
gies, hematological disorders, congenital malformations and tumors, 
with varying manifestation and severity. The cause of FA involves a 
DNA repair defect leading to genomic instability. The disease can be 
diagnosed by the hypersensitivity of FA cells against DNA-crosslinking 
agents. To date there are 16 FA genes have been reported: FANCA, -B, 
-C, -D1, -D2, -E, -F, -G, -I, -J, -L, -M, -N, -O, -P and -Q. The protein 
products of these genes are involved in the FA-BRCA pathway, which 
is regarded as exceedingly important for the repair of DNA interstrand 
lesions through Homologous Recombination. Monoubiquitination of 
FANCD2 and FANCI by the FA core complex plays a key role for FA-
BRCA pathway activation in S phase. Together with its partner protein, 
FANCI, monoubiquitinated FANCD2 is then targeted to chromatin 
and facilitates DNA crosslink repair. Because of the critical monou-
biquitination step we can classify cells into “upstream”, “D2”or “down-
stream” defects, via D2 immunoblotting. On these blots the monoubiq-
uitinated FANCD2 form is visible at 162 kDa (D2-L) in addition to the 
non-monoubiquitinated form at 155 kDa (D2-S). If there is almost no 
D2 protein detectable the cells can be assigned to the subtypes FA-D2. 
Is the monoubiquitinated FANCD2 protein present the disease caus-
ing mutation is located in one of the downstream FA genes. If only 
D2-S band is present on the immunoblot the patient can be categorized 
as “upstream” or FA-I. With this technique we have classified several 
patients.
For a more specific assignment further investigations are necessary, 
like MLPA, Whole Exome sequencing or target enrichment.

P-MonoG-214
Genetic studies on congenital forms of cataract in 
consanguineous families from Pakistan
Kakar Naseebullah.1, Kakar Naseebullah.2, Friedrich Katrin.1, Nürnberg 
Gudrun.3, Nürnberg Peter.3, Ahmad Jamil.2, Borck Guntram.1, Kubisch 
Christian.1 
1Institute of Human Genetics, University of Ulm, Germany; 2Department 
of Biotechnology and Informatics, BUITEMS, Quetta Pakistan; 3Cologne 
Center for Genomics, University of Cologne, Cologne, Germany 

Cataract is defined as an opacity of the lens that impairs vision and 
congenital cataracts are a leading cause of childhood blindness world-
wide. Hereditary cataracts show considerable heterogeneity, both clini-
cally and genetically, and non-syndromic forms can be inherited as 
autosomal-recessive (AR), autosomal-dominant, or X-linked traits. To 
date, more than 40 genetic loci have been identified in humans, includ-
ing 20 loci for autosomal-recessive non-syndromic cataracts, with the 
underlying gene identified at 14 of these loci. The purpose of this study 
was to investigate the genetic basis of congenital cataracts in consan-
guineous Pakistani families. We enrolled 23 consanguineous families 
with non-syndromic AR cataract with three or more affected individu-
als per family. Linkage analysis using flanking or intragenic microsatel-
lite markers at known AR cataract loci was performed in all families. 
This resulted in linkage to a locus containing HSF4 in one family and 
the identification of a novel HSF4 nonsense mutation (c.1213C>T / 
p.R405*). In addition, we identified the same homozygous 93 kb dele-
tion at the GCNT2 locus segregating with cataract in 6 independent 
families by combinations of targeted linkage analysis, long-range PCR, 
and breakpoint sequencing. The deletion encompasses exons 1B, 1C, 2 
and 3 of GCNT2. We are currently investigating whether the deletion is 
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the product of a repeated Alu–Alu repeat-mediated non homologous 
recombination or a founder effect. In a family excluded for all known 
loci of AR cataracts, we performed genome-wide SNP-based genotyp-
ing and linkage analysis and identified a 22 Mb region on chromo-
some 22 with a maximum LOD score of 2.6. Exome sequencing in two 
affected individuals revealed 9 rare homozygous variants in the linkage 
region. Sanger sequencing of all variants in the family identified can-
didate mutations in three genes that co-segregate with cataracts in this 
family. In conclusion, a causative mutation was identified in 7/23 Paki-
stani families (30%), with a high prevalence of an intragenic GCNT2 
deletion in this population. Absence of linkage to known AR cataract 
loci and the identification of a new chromosome 22 locus suggest even 
more extended genetic heterogeneity in AR cataract in Pakistan.

P-MonoG-215
Adrenal hyperplasia associated with biallelic Nf1 inactivation in 
adrenal cortex of Nf1Prx1 mice and in the NF1 patient.
Kobus K.1,2, Emmerich D.1,2, Ott C. E.1, Kühnisch J.1,2, Morreau H.3, Hes 
F. J.4, Hartl D.1, Mautner V. F.5, Osswald M.2, Harder A.6, Tinschert S.7, 
Mundlos S.1,2,8, Kolanczyk M.1,2 
1Institute for Medical Genetics and Human Genetics Charité, 
Universitätsmedizin Berlin, Germany; 2Max Planck Institute for Molecular 
Genetics FG Development & Disease, Berlin, Germany; 3Deptartment 
of Pathology Leiden University Center Albinusdreef 2, 2333ZA, The 
Netherlands; 4Department of Clinical Genetics Leiden University Center 
Albinusdreef 2, 2333ZA, The Netherlands; 5Department of Maxillofacial 
Surgery University Hospital Eppendorf, Hamburg, Germany; 6Institute of 
Neuropathology University Hospital, Münster, Germany; 7Department 
of Medical Genetics Molecular and Clinical Pharmacology Medical 
University Innsbruck, Innsbruck, Austria; 8Berlin-Brandenburg Center for 
Regenerative Therapies BCRT, Berlin, Germany 

Background NF1 (MIM#162200) is a relatively frequent genetic con-
dition, which predisposes to tumor formation. Main types of tumors 
occurring in NF1 patients are the benign cutanous neurofibromas, 
plexiform neurofibromas, optic pathway tumors, and aggressive malig-
nant peripheral nerve sheath tumors. Less frequent are hematopoetic 
malignancies and the tumors of adrenal medulla, the pheochromocy-
tomas. Apart of tumors individuals with NF1 often exhibit endocrine 
abnormalities, which are thought to underline such complications as 
precocious puberty (6% of NF1 patients), short stature (25% of NF1 
patients) and possibly hypertension (4% of NF1 patients). Cases of pre-
cocious puberty in NF1 are frequently linked to optic gliomas and pri-
mary or secondary hypothalamic involvement. However multiple cases 
of precocious puberty in NF1 were described which occurred without 
hypothalamic involvement.  Several cases of adrenal cortex adenomas 
have been described in neurofibromatosis type I patients suggesting 
NF1 might play a role in adrenal cortex development and homeostasis.
Methods We observed increased size of adrenal glands in the Nf1Prx1 
mice, in which Nf1 is inactivated in the developing limbs and head mes-
enchyme as well as in adrenal gland cortex, but not adrenal medulla. 
We conducted histological and molecular analysis to determine if 
adrenal hyperplasia correlates with the changes in adrenal histology 
and gene expression as well as MAPK and cAMP signaling status. We 
also characterized genetically a single case of macronodular adrenal 
hyperplasia in neurofibromatosis type I patient who showed cortisol 
overproduction without indication of adrenal malignancy.
Results Mouse model data suggest that Nf1 is involved in the develop-
ment and homeostasis of adrenal cortex. We also present a single NF1 
patient with macronodular adrenal hyperplasia of the right adrenal 
gland and cortisol overproduction. The patient showed NF1 germ line 
mutation NM_000267:c.405 delG and the sequencing of the DNA iso-
lated from the adrenal hyperplasia tissue revealed loss of heterozygos-
ity (LOH) in NF1 locus, indicating somatic mutation occurred in the 
hyperplastic adrenal gland ablating second copy of NF1.

Conclusions Our study indicates that biallelic inactivation of NF1 in 
adrenal cortex in mouse model is associated with adrenal hyperplasia 
and ACTH independent, female specific corticosterone / aldosterone 
overproduction. The finding of biallelic Nf1 inactivation in adrenal 
macronodular hyperplasia of NF1 patient suggests that somatic inac-
tivation of NF1 in adrenal cortex underlines the adrenal adenoma with 
overproduction of cortisol.

P-MonoG-216
Finding the genetic cause of rare Mendelian disorders by whole 
exome sequencing: first experiences from the Institute of 
Human Genetics in Hamburg
Kortüm F.1, Alawi M.2, Korenke G. C.3, Meinecke P.1, Tinschert S.4, Zenker 
M.5, Rosenberger R.1, Kutsche K.1 
1Institute of Human Genetics; University Medical Center Hamburg-
Eppendorf, Hamburg, Germany; 2University Medical Center Hamburg-
Eppendorf; Bioinformatics Service Facility, Hamburg, Germany; 3Klinikum 
Oldenburg; Zentrum für Kinder- und Jugendmedizin, Neuropädiatrie, 
Oldenburg; 4Institut für Klinische Genetik; TU Dresden, Dresden, 
Germany; 5Institut für Humangenetik; Otto-von-Guericke-Universität 
Magdeburg, Magdeburg, Germany 

Whole exome sequencing (WES) has been successfully applied to the 
discovery of mutations in rare Mendelian disorders. We established 
WES on the Illumina HiSeq2500 sequencing platform. During the last 
two years, we sequenced a total of 130 exomes; here we report data on 
three cases.
We enrolled a three-generation family with one affected individual in 
each generation. The index patient showed short stature, bilateral cata-
racts, sensorineural deafness, hypotrichosis and multiple freckles. He 
had significantly delayed ossification of carpal and tarsal bones. His 
mother and maternal grandfather were also affected. We did WES in 
the index patient, his affected grandfather and healthy brother and 
filtered for heterozygous variants in both patients that were absent in 
the unaffected child. Variants from dbSNP, 1000Genomes, and Exome 
Sequencing Project were filtered out. Sanger sequencing of eleven 
variants in the family ended up with one variant, c.44A>G (p.Q15R) 
in STX10 co-segregating with the disease. Another missense vari-
ant, c.125G>T (p.S42I) in STX18 was found in one healthy and three 
affected persons in the family. Both STX10 and STX18 encode syntax-
ins involved in vesicular trafficking. We conclude that either autosomal 
dominant or digenic inheritance may underlie the phenotype in the 
family.
The second individual had coarse face, gingival fibromatosis, intel-
lectual disability, microcephaly, short stature, hypertrichosis, and 
brachydactyly. We performed WES in the patient, filtered for hetero-
zygous variants absent in the databases and initially focused on vari-
ants in disease genes. We found the heterozygous missense mutation 
c.3493C>A (p.Q1165K) in SMARCA2 (SWI/SNF related, matrix associ-
ated, actin dependent regulator of chromatin, subfamily a, member 2) 
which occurred de novo. Dominant SMARCA2 mutations cause the 
Nicolaides-Baraitser syndrome (NBS). Our patient has originally been 
diagnosed with Zimmermann-Laband syndrome (ZLS). Phenotypic 
overlap between NBS and ZLS suggest that ZLS may belong to the dis-
ease group converging on altered SWI/SNF chromatin remodeling.
The third patient had IUGR, microcephaly, progeroid facial appear-
ance, cataracts, microphthalmia, hypotrichosis, and paucity of subcu-
taneous fat suggestive of the Hallermann-Streiff syndrome. He showed 
heart and brain malformations and lax skin on his neck and extremi-
ties. After parent-child sequencing we filtered for compound hetero-
zygous mutations and detected the variants c.1910T>A (p.L637Q) and 
c.89-2A>G in ALDH18A1 in the patient. Biallelic ALDH18A1 mutations 
result in cutis laxa type IIIa suggesting that our patient had a severe 
form of this rare neurocutaneous disorder. Our data further under-
score that WES allows efficient identification of coding mutations in 
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rare Mendelian disorders and should become clinically relevant in 
genetic diagnosis.

P-MonoG-217
MORF4L1: A member of the homologous recombination DNA 
repair pathway and a candidate gene for Fanconi anemia
Kuehl J.1, Surralles J.2, Pujana M.3, Schindler D.1 
1Dept. of Human Genetics; University of Würzburg, Würzburg, Germany; 
2Dept. of Genetics and Microbiology; Universitat Autonoma de Barcelona, 
Bellaterra, Spain; 3Bioinformatics and Biostatistics Unit; Catalan Institute 
of Oncology; IDIBELL; L’Hospitalet, Barcelona, Spain 

To date, 16 genes are known to cause Fanconi anemia (FA) if mutated. 
Yet there remain FA patients who do not reveal mutations in the 
reported FANC genes. This leads to the conclusion that there are still 
unknown members of the FA/BRCA DNA damage response network. 
Certain proteins represent FA candidates because they interact with 
authentic FA proteins. Therefore, we are screening unassigned FA cell 
lines for defects of those proteins. MORF4L1/MRG15 was character-
ized by Sy et al. (2009) as a novel PALB2/FANCN-interacting factor 
involved in homologous recombination. MORF4L1 also interacts with 
BRCA2, RAD51 and RPA1 suggesting a participation of that protein in 
the repair of DNA double-strand lesions (Martrat et al. 2011). Hayakawa 
et al. (2010) demonstrated that MORF4L1-deficient cells show reduced 
efficacy of homology-directed DNA repair and hypersensitivity to 
DNA interstrand cross-linking agents similar to PALB2- or BRCA2- 
deficient cells. They also found that MORF4L1 knockdown diminished 
the recruitment of PALB2, BRCA2 and RAD51 to DNA damage sites.
Based on the capability of FANCD2 monoubiqutination, cell lines 
derived from FA patients without mutations in the reported FA 
genes were classified as upstream or downstream. We examined 13 
downstream FA lines unassigned to any complementation group by 
immunoblotting for MORF4L1 expression. Since PALB2, its interac-
tor, is required for RAD51 foci formation, we included six RAD51 foci-
negative FA lines. The levels of MORF4L1 protein in the FA lines were 
compared with normal controls. We did so by forming ratios of pixel 
counts, on the same blots, between MORF4L1 bands and those of the 
nuclear antigen P84 used as loading control. In the six FA lines defi-
cient in RAD51 foci formation, we additionally screened MORF4L1 by 
Sanger sequencing of all exons and adjacent intron portions.
Protein extracts from 13 unclassified, FANCD2 monoubiquitination-
proficient FA cell lines showed MORF4L1 expression levels similar to 
controls. This held in particular true for six FA lines deficient of RAD51 
foci formation (FA ratio range, 0.9 – 1.6; control ratios, 0.4 – 2.0). 
Sequencing of gDNA from those six lines was performed to exclude 
any missense mutations that would not decrease protein expression 
levels. It revealed common SNPs, registered in the dbSNP database, 
and a few single-base substitutions and deletions deeper in introns in 
four of the six lines.
Our data suggest that MORF4L1 can be excluded as a candidate FA 
gene, at least in the studied group of patients.

P-MonoG-218
Characterization of large deletions in the DHCR7 gene
Lanthaler B.1, Hinderhofer K.2, Sawyer H.3, Burton-Jones S.3, Carter K.4, 
Suri M.4, Witsch-Baumgartner M.1 
1Division Human Genetics, Medical University Innsbruck, Austria; 
2Institute of Human Genetics, University Heidelberg, Germany; 3Bristol 
Genetics Laboratory, North Bristol NHS Trust, United Kingdom; 4City 
Hospital Campus, Nottingham University Hospitals NHS Trust, United 
Kingdom 

Mutations in the DHCR7 gene cause the Smith-Lemli-Opitz Syndrome 
(SLOS, MIM 270400) which is an autosomal recessive congenital met-
abolic malformation disorder. Up to date more than 130 mutations in 

the DHCR7 gene have been described. All patients described in the lit-
erature have been submitted to the DHCR7 database (http://databases.
lovd.nl/shared/genes/DHCR7). In approximately 4% of the patients the 
second mutations remains unidentified, in some cases due to regional 
deletions not detectable by DNA sequencing. Small deletions in the 
DHCR7 gene associated with a mild phenotype have been described 
earlier. Weaver et al. (2010) described the deletion of the 3rd and 4th 
exon in a fetus with a severe form of HPE (holoprosencephaly).
Here we present two unrelated fetuses with large deletions in the 
DHCR7 gene.
Case 1
At birth the girl was small for gestational age, had syndactyly of toes 2 
and 3, an atrial septal defect, horseshoe kidney, and typical facial fea-
tures. During the first year psychomotor retardation, muscular hypo-
tonia, and feeding difficulties evolved. Plasma sterol analysis showed 
typical results for SLOS. Molecular analysis of the DHCR7 gene showed 
a heterozygous deletion of exon 3 to 6 inherited from her father. This 
large deletion is equal to a null mutation. The translation start is in 
exon 3, a second ATG in exon 4 cannot be used. On the second allele 
a c.1054C>T (p.Arg352Trp) substitution was detected. This common 
mutation was also detected in the patient’s mother.
Case 2
The patient presented with high 7DHC levels and typical features of 
SLOS: cleft palate, secundum atrial septal defect, short phallus with 
hypospadias and undescended testes, bilateral 2/3 toe syndactyly, FTT, 
and typical facial features. Molecular analysis of genomic DNA showed 
a deletion of 1784 bp (c.-1065_-7+171del) encompassing the transcrip-
tion start in exon 1 and exon 2. The DHCR7 promotor sequence lacks 
788 bp upstream of exon 1. Therefore this allele will not be transcribed. 
This mutation has also been detected in the patient‘s mother. The pater-
nal mutation is the common mutation c.278C>T (p.Thr93Met).
Diagnosis of SLOS was confirmed by molecular analysis. We were able 
to characterize the breakpoints on molecular level in both cases. Such 
large deletions in the DHCR7 gene have not been described before.

P-MonoG-219
SMCHD1 mutations cause FSHD type 2 and act as modifiers of 
disease severity
Larsen M., Rost S., Kress W., El Hajj N., Müller C.R. 
Department of Human Genetics, University of Würzburg, Germany 

Facioscapulohumeral muscular dystrophy (FSHD) is considered the 
most frequent autosomal dominant muscle disorder. Symptoms start in 
the second decade of life with muscular weakness in the face, shoulder 
girdle and upper arm muscles. Progression is mostly slow but disease 
severity varies widely ranging from asymptomatic carriers to wheel-
chair dependency.
The more common form FSHD1 is associated with a contraction of 
the D4Z4 repeat array on a FSHD-permissive chromosome 4 genetic 
background. The copy number variation ranges between 11-150 cop-
ies in the normal population and 1-10 in FSHD patients. Recently, a 
digenic inheritance has been reported to cause the rarer form FSHD2. 
These patients do not show the D4Z4 repeat contraction but also 
carry the FSHD-permissive chromosome 4 allele and a heterozygous 
loss-of-function mutation in the SMCHD1 gene on chromosome 18. 
As a common pathogenic mechanism, both FSHD types share a state 
of hypomethylation of the D4Z4 repeat array. In FSHD1, chromatin 
decondensation and hypomethylation are effects of the repeat contrac-
tion. In FSHD2, haploinsufficiency of the SMCHD1 protein results in 
hypomethylation of D4Z4. An open chromatin structure of the D4Z4 
locus results in activation of the DUX4 gene whose expression is highly 
cytotoxic and causes skeletal muscle cell death.
In this study, we screened patients from 85 unrelated families (41 with 
a contraction in D4Z4, 44 without contraction, all showing the typi-
cal FSHD phenotype and the FSHD permissive haplotype 4qA161) for 
mutations in SMCHD1 by next generation sequencing (NGS). Further-
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more, we developed a pyro-sequencing assay to determine the meth-
ylation status of the D4Z4 repeat.
We identified seven novel and one reported mutation in SMCHD1, 
ranging from missense mutations (p.Gly478Glu, p.Arg1449Lys, 
p.Val615Asp, p.Gln1463Pro, p.Pro1485Leu) and deletions of the 3’ splice 
site (p.Val1093Leufs*26, p.Lys1092del) to the first nonsense mutation 
(p.Leu1663*). All mutations were confirmed by Sanger sequencing and 
predicted as pathogenic by the bioinformatics tools of Alamut (interac-
tive biosoftware). The methylation status of the D4Z4 repeat array for 
FSHD2 patients (5-19 %) was found significantly lower than for healthy 
controls (30-65 %) and also lower than for FSHD1 patients (14-55 %). 
In addition to the mutation in SMCHD1, two of the patients showed a 
contracted D4Z4 allele and therefore have a double trouble situation 
for FSHD1 and 2.
Comparing the phenotype of the patients, all FSHD2 patients were 
mildly affected while patients with FSHD1 plus 2 were much more 
severely affected than expected from the number of repeat units (10 
units) on the contracted allele.
Our findings confirm mutations in SMCHD1 as being causative of 
FSHD2 and a modifier of disease severity in FSHD1. With SMCHD1 
mutations found in 9,4 % of the patients analyzed, FSHD2 cannot be 
considered a very rare disease. We therefore suggest including sequenc-
ing of SMCHD1 and methylation analysis in the diagnostic workup of 
FSHD.

P-MonoG-220
The role of the NR2A and NR2B subunits of the NMDA receptor 
in epileptogenesis
Lemke J.1, Geider K.2, Laube B.2, Lal D.3,4, Reinthaler E.5, Weckhuysen 
S.6,7, Biskup S.8,9,10, EuroEPINOMICS RES Consortium.11, von Spiczak S.12 
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Neurology, Antwerp University Hospital, Belgium; 7Department of 
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NMDA receptors are tetrameric ligand-gated ion channels perme-
able to Na+, K+ and Ca2+ composed of two glycine binding NR1 sub-
units and two glutamate binding NR2 subunits (NR2A, NR2B, NR2C, 
NR2D) regulating synaptic plasticity.
Mutations in the NR2A and NR2B subunits encoded by the genes 
GRIN2A and GRIN2B have been associated with different phenotypes 
of intellectual disability. Mutations in GRIN2A were known to cause 
unspecific intellectual disability and epilepsy as well as other neuro-
developmental disorders, whereas mutations in GRIN2B have so far 
mainly been associated with autism spectrum disorders (ASD) but 
never with seizures.
We show for the first time that mutations of NR2 subunits of the 
NMDA receptor cause different and specific epilepsy phenotypes. NR2 
mutations are involved in benign Rolandic epilepsy, the most frequent 
childhood epilepsy as well as in a variety of rare infantile epileptic 
encephalopathies, such as Landau-Kleffner syndrome and West syn-
drome.
Furthermore, we demonstrate distinct genotype-phenotype correla-
tions. Severe encephalopathic phenotypes are significantly more often 
caused by truncating mutations in GRIN2A whereas missense muta-
tions are by far more common in benign Rolandic epilepsy patients. 

For GRIN2B, the majority of ASD individuals presents with truncating 
mutations, whereas all epilepsy cases appear to have gain-of-function 
mutations. The severity of phenotypes correlates with the affected 
domain and the extent of activation of the receptor.
Our observations underline the so far underestimated role of dysregu-
lated NMDA signalling in both frequent and rare epilepsy disorders 
and reveal promising pharmacologic targets for future therapeutic 
approaches.

P-MonoG-221
Genetic heterogeneity of congenital ichthyosis and the use of 
iPS cells to study rare genetic skin diseases
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Autosomal recessive congenital ichthyosis (ARCI) is a rare mendelian 
disorder of cornification and is physiologically characterised by skin 
barrier dysfunction, the main clinical symptoms being generalized 
scaling of the skin and variable erythema. Because it includes extensive 
clinical and genetic heterogeneity, a clear genotype/phenotype correla-
tion has not yet been found in ARCI and 20% of patients have no muta-
tions in any of the known genes associated with the disease.
Human keratinocytes have a short life-span when cultured, as they 
either terminally differentiate or enter senescence. Induced pluripotent 
stem cells (iPSC) technology is a promising way to overcome this prob-
lem, as keratinocytes can be differentiated in vitro from reprogrammed 
human fibroblasts, which are more often available and better suitable 
for expansion, producing an endless source for keratinocytes.
Hence, the aim of this project is to create an iPSC-based in vitro skin 
model for characterisation of the molecular mechanisms of ARCI and 
elucidate pathways for therapies. In parallel, genetic mapping includ-
ing exome sequencing is being conducted in order to broaden the 
mutation spectrum of the disease as well as to identify unknown genes 
involved in ARCI.
We have generated an iPSC line from ARCI patient dermal fibroblasts, 
which is currently under characterisation. This cell line presents typi-
cal embryonic stem cell-like morphology and colonies were positive 
for Alkaline Phosphatase (AP) activity, which confirms their undif-
ferentiated state. Immunocytochemistry was performed and positive 
signals were found for the pluripotency markers SSEA-4, TRA-1-60, 
TRA-1-81, OCT4, and NANOG. A normal karyotype was revealed after 
G-banding karyotype analysis. We are currently assessing mRNA levels 
of pluripotency marker genes by qRT-PCR as well as STR genotypes to 
test genomic stability.
The generation of further iPSC lines derived from ARCI patient fibro-
blasts is now in progress, using a non-integrating/excisable system con-
sisting of the polycystronic “stem cell cassette” encoding the stemness 
factors Oct4, Klf4, Sox2, and cMyc (STEMCCA).This system provides 
a consistent reprogramming strategy that also addresses the safety 
concerns of transgene integration in iPS cells. Our approach promises 
straight forward cell models for the functional study of genetic variants 
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identified in a very heterogeneous group of diseases and of pharmaco-
logical interventions possibly leading to patient-specific therapies.

P-MonoG-222
Functional characterization of NAA10 gene missense mutations 
in N-terminal acetyltransferase deficiency with severe global 
developmental delay
Popp B.1, Støve S.2, Endele S.1, Myklebust L.2, Hoyer J.1, Sticht H.3, Rauch 
A.4, Arnesen T.2, Reis A.1 
1Institute of Human Genetics; Universität Erlangen-Nürnberg, Erlangen, 
Germany; 2Department of Molecular Biology; University of Bergen, 
Bergen, Norway; 3Institute of Biochemistry; Universität Erlangen-
Nürnberg, Erlangen, Germany; 4Institute of Medical Genetics; University 
of Zurich, Schlieren, Switzerland 

Recently we reported the identification of 2 de novo missense variants 
in the NAA10 gene by trio exome sequencing in 2 unrelated patients, 
a girl and a boy, with unexplained severe global developmental delay 
and without any major dysmorphisms. The girl is heterozygous for 
p.Val107Phe in exon 5 and the boy hemizygous for p.Arg116Trp in exon 
6.  A single hypomorphic missense mutation p.Ser37Pro has been pre-
viously associated with Ogden syndrome where it was reported in eight 
affected males from two different families. The phenotype in these 
boys was characterized by an aged appearance, craniofacial anoma-
lies, hypotonia, global developmental delay, cryptorchidism, cardiac 
arrhythmias and death in infancy.
In an attempt to explain the discrepant phenotype we used in vitro 
N-terminal acetylation assays to show that the severity of the pheno-
type correlates with the remaining catalytic activity. Our functional 
analyses provide evidence of the severe heterozygous variant in the girl 
and the milder hemizygous variant in the boy being causative for their 
phenotypes. The mutation in the Ogden syndrome patients exhibited 
a lower activity than the one seen in the boy with intellectual disabil-
ity, while the mutation in the girl was the most severe exhibiting only 
residual activity in the acetylation assays used. We propose that N-ter-
minal acetyltransferase deficiency is clinically heterogeneous with the 
overall catalytic activity determining the phenotypic severity.
Our study adds to the growing evidence that candidate genes identi-
fied through next generation sequencing technologies require further 
replication studies and functional analysis to establish pathogenicity.

P-MonoG-223
Zinc- from a natural Cofactor to a Pharmacoperone in Doss 
Porphyria
Reintjes N.1, Pannes A.1, Hoppe B.2, Salido E.C.3, Fontanellas A.4, Beck 
B.B.1 
1Institute of Human Genetics; University of Cologne, Cologne, Germany; 
2Department of Pediatric and Adolescent Medicine; Division of Pediatric 
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The vast majority of acute porphyria attacks are due to acute intermit-
tent porphyria (AIP) which is inherited in an autosomal dominant 
manner with incomplete penetrance. In contrast ALAD/Doss por-
phyria constitutes a rare, autosomal recessive, highly penetrant type 
of acute porphyria with only 12 cases reported in the literature. Muta-
tions in the ALAD gene cause profound deficiency of aminolevulinic 
dehydratase responsible for the second step in heme biosynthesis. If left 
untreated or in therapy refractory cases acute porphyria may become a 
life-threatening disorder resulting in tetraplegy and ventilator depen-
dence.

WT-ALAD forms predominantly a high-activity homo-octameric 
structure, while human ALAD mutations commonly shift the equi-
librium towards low-activity hexameric or dimeric quarternary struc-
tures.
At our hospital we follow a patient suffering from Doss porphyria with 
an unusual congenital onset of disease initially misdiagnosed as spinal 
muscular atrophy (SMA). His further medical course was complicated 
by endstage renal disease in adolescence which resulted in severe poly-
neuropathy due to the inability to excrete neurotoxic aminolaevulinic 
acid (ALA). Subsequent sequence analysis identified two missense 
ALAD variants (c.724G>A (p.V242I), c.838G>A (p.G280R)) in com-
pound heterozygous state in our patient. ALAD activity and stability 
assays performed in RBCs of the family revealed a drastic reduction in 
the patient and surprisingly low values in the mother (G280R carrier) 
while the father (V242I carrier) exhibited values close to the normal 
range. Assessment of the paternal V242I variant by prediction pro-
grams was benign and the variant could be found at the EVS at a fre-
quency of 2/6503.
Under the conception that Doss porphyria is mainly a conforma-
tional disease and against the background of his deleterious medical 
condition the patient received zinc substitution, the natural cofactor 
of ALAD, prior to living related kidney transplantation. 4 years after 
initiation of zinc treatment and 3.5 years after kidney transplantation 
the patient’s general condition has improved dramatically.
Further analysis showed that zinc significantly increased ALAD activ-
ity in RBCs of the patient. As the main load of porphyrine synthesis 
occurs in the liver we expressed both variants in mouse liver. Low 
hepatic G280R-ALAD activity confirmed the pathogenic nature of this 
mutation. V242I-ALAD showed activity near wildtype, but decreased 
stability at incubation with 48ºC (± ALA substrate). Interestingly native 
WB analysis of G280R- and V242I-ALAD in HEK293 cells could not 
detect the expected shift of morpheein equilibrium from high-activity 
octameric towards low-activity hexameric/dimeric ALAD as seen with 
most reported causative mutations. Apart from demonstrating the 
chaperone potential of zinc we propose a new pathomechanism and 
are currently investigating the effects of G280R/V242I oligomerization 
when coexpressed in mouse liver.

P-MonoG-224
HIBCH deficiency in a patient with phenotypic characteristics of 
mitochondrial disorders
Reuter M. S.1, Sass J. O.2, Ekici A. B.1, Schanze I.3, Leis T.4, Uebe S.1, Abou 
Jamra R.1, Reis A.5 
1Institute of Human Genetics; FAU Erlangen-Nürnberg, Erlangen, 
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Guericke-Universität Magdeburg, Magdeburg, Germany; 4Department 
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The catabolic pathway of the amino acid valine is dependent on a spe-
cific 3-hydroxyisobutyryl-CoA hydrolase (HIBCH), a nuclear-encoded 
mitochondrial protein. Only two patients with HIBCH deficiency and 
biallelic mutations in the HIBCH gene have been reported in the litera-
ture. Both of them demonstrated delayed motor development, muscu-
lar hypotonia, and early-onset deterioration of neurological functions.
We report on a third patient, first child of healthy consanguineous 
parents, with a homozygous one-base pair insertion resulting in a 
premature stop codon (c.1129_1130insT, p.K377_S378delinsX) in the 
HIBCH gene (NM_014362). The mutation was detected by homozy-
gosity mapping and whole-exome sequencing on a SOLID 5500xl plat-
form. HIBCH activity in fibroblasts was below the limit of detection. 
The patient displays a variety of symptoms indicative of mitochondrial 
dysfunction; like severe muscular hypotonia, intellectual disability, 
Leigh-like hyperintensities of the basal ganglia in MRI, progressive 
brain atrophy, repeatedly elevated blood lactate, optic nerve atrophy, 
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seizures, and respiratory chain complex 1 deficiency with borderline 
depletion of mitochondrial DNA in non-frozen muscle tissue. Meta-
bolic screening for aminoacidopathies and organic acidurias yielded 
normal results.
The phenotype of the patient further elucidates the clinical spectrum of 
HIBCH deficiency. Physical malformations do not appear to be a con-
sistent feature of HIBCH deficiency. Instead, a mitochondrial dysfunc-
tion, presumably caused by an accumulation of toxic valine metabo-
lites, seems to contribute to the phenotype. We suggest that HIBCH 
deficiency should be considered as a differential diagnosis in patients 
with suspected mitochondrial disorders, particularly with regard to the 
potential treatability of amino acid metabolism disturbances.

P-MonoG-225
Experiences in using target enrichment and next-generation 
sequencing in Fanconi anemia diagnostics
Rost I., Schindler D. 
Institute of Human Genetics; University of Wuerzburg, Wuerzburg, 
Germany 

Biallelic or hemizygous mutations in any of so far 16 identified FA 
genes (FANCA, -B, -C, -D1, -D2, -E, -F, -G, -I, -J, -L, -M, -N, -O, -P, 
-Q) which are components of the FA/BRCA DNA damage response 
pathway, are known to be causative for FA. Given the clinical variabil-
ity among FA subgroups, early diagnosis and identification of FANC 
mutations is essential. While FA-A patients often have a relatively mild 
phenotype with later onset of bone marrow failure, patients with muta-
tions in FANCD1 tend to have an earlier onset and show increased inci-
dence of leukemia and solid tumors.
The diagnosis of FA is based on the defect in DNA repair. FA cells show 
increased chromosomal instability, reduced survival rates and accumu-
lation in the G2 phase of the cell cycle, in particular in response to DNA 
interstrand crosslinking agents (ICLs), such as diepoxbutane (DEB) or 
mitomycin C (MMC). On the molecular level, diagnosis of FA is more 
challenging as it is time-consuming, labor-intensive and expensive to 
sequence all reported FA genes and it becomes even more demanding 
the more FA genes are identified.
The high demand for low-cost sequencing has driven the development 
of massively parallel sequencing technologies. Hence, we used target 
enrichment and next-generation sequencing to analyze all known FA 
genes as well as several promising candidate genes in parallel.
In a first approach we used a solution-based NimbleGen SeqCap EZ 
Choice library. During hybridization with specific probes patient 
DNAs were multiplexed and sequenced on a Roche GS Junior. Data 
analysis was performed using the NextGENe software. We were able 
to detect and confirm pathogenic mutations in the majority of our 
patients. Among the mutations in FANCA, -C, -D2, -L, -P and –Q,  we 
found homo- and heterozygous single base pair substitutions, splice 
site mutations, an 18 bp duplication as well as several deletions up to 
138 bp. We present our method and recent data.
Our results suggest that target enrichment combined with next-gener-
ation sequencing is a valuable tool for complementation group assign-
ment and mutation analysis in FA diagnostics.
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Dystroglycan (DG), encoded by the DAG1 gene, plays a central role 
as anchor for diverse extracellular proteins to the cytoskeleton. Post-
translationally it is cleaved into a transmembrane beta-subunit (beta-
DG) and a highly glycosylated extracellular alpha-subunit (alpha-DG). 
Hypoglycosylation of alpha-DG has been shown to result in a wide 
spectrum of distinct congenital or limb girdle muscular dystrophies 
including the most severe clinical manifestations as Walker-Warburg 
syndrome (WWS) and Muscle-Eye-Brain disease (MEB). In addition 
to congenital muscular dystrophy with highly elevated CK values, 
patients with WWS or MEB present with a complex brain malforma-
tion including cobblestone lissencephaly, hypoplastic or absent corpus 
callosum and hypoplasia of pons, brain stem and cerebellum as well 
as various eye malformations. In WWS families, severe hydrocephalus 
today is commonly recognized prenatally as the first clinical manifesta-
tion during the second trimester. About 50-60% of those most severe 
clinical manifestations are currently explained by homozygous or com-
pound heterozygous mutations in any of 12 WWS genes known to date. 
Only one primary dystroglycanopathy, resulting from a homozygous 
DAG1 missense variation p.Thr192Met within the extracellular alpha-
subunit, has been described so far in a patient with a milder form of 
limb-girdle muscular dystrophy and hypoglycosylation of alpha-DG 
(Hara et al., 2011).
Over the last 10 years we have analyzed 39 WWS/MEB families with 
at least 2 affected siblings and/or consanguineous parents by linkage 
analysis and subsequent sequence analysis of candidate regions. In only 
13 families obtained haplotypes were compatible with linkage to any 
of the tested loci (on average 5,8 loci/family), resulting in identifica-
tion of the underlying mutation(s) in 6 families. Our linkage data sup-
port extensive genetic heterogeneity, more recently confirmed by the 
description of further genes associated with WWS/MEB.
Here we describe first results, obtained by a wider genomic approach 
including targeted NGS or exome sequencing for selected WWS/MEB 
families without linkage or mutations in any of the currently known 
genes including identification of the first mutation within beta-DG. 
The observed homozygous DAG1 missense mutation p.Cys669Phe 
affects a highly conserved cysteine residue, postulated to form an 
essential intrachain covalent disulfide bound within beta-DG. The two 
affected Libyan girls of non-consanguineous parents presented with a 
severe Muscle-Eye-Brain disease-like phenotype with the exceptional 
additional findings of macrocephaly and extended bilateral multi-
cystic white matter disease, overlapping with the cerebral findings in 
megalencephalic leukencephalopathy with subcortical cysts (MLC). 
This novel clinical phenotype further expands the clinical spectrum of 
dystroglycanopathies and suggests a role of DAG1 not only for dystro-
glycanopathies but also for some forms of multicystic leukodystrophy.

P-MonoG-227
Novel mutations in the ENPP1 gene associated with Cole-
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Cole-disease is a rare autosomal dominant genodermatosis defined 
clinically by congenital or early-onset punctate keratoderma associ-
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ated with irregularly shaped hypopigmented macules, which are typi-
cally found on the arms and legs, but neither on the trunk nor on acral 
regions. Histopathological examinations of hypopigmented macules 
reveal a reduction in melanin content in keratinocytes and a normal 
number of melanocytes whereas hyperkeratosis was present in the pal-
moplantar lesions. Ultrastructural studies support these findings show-
ing a remarkable discrepancy between the amount of melanosomes in 
keratinocytes and melanocytes suggestive of a derogated melanosome 
transfer. Mutations in the gene for ectonucleotide pyrophoshatase/
phosphodiesterase 1 (ENPP1), which is responsible for the genera-
tion of inorganic pyrophosphate, a natural inhibitor of mineralization, 
has recently been reported to cause Cole-disease (Eytan et al., 2013). 
Although an extracutaneous involvement for Cole-disease has not 
been described, mutations of the causative ENPP1 gene are associated 
with ectopic calcification in muscle and soft tissue as well as in case of 
an impaired somatomedin-B (SMB) domain of ENPP1 with an altered 
insulin-receptor interaction. Interestingly, insulin signaling plays a 
critical role in epidermal homeostasis and keratinocyte differentiation.
To date, three different mutations in two unrelated French families and 
one Family from the United States have been published in the autoso-
mal dominant ENPP1 gene.
Here, we identified two novel heterozygous ENPP1 mutations in two 
families with typical features of Cole disease. Family A, a large, three-
generation family is of Spanish origin. Family B, which included one 
affected child, originates from Germany. All affected individuals dis-
played hypopigmented macules located over the extremities and 
hyperkeratotic papules over the palms and soles. In agreement with the 
previously published study, the two mutations identified affect highly 
conserved cysteine residues (p.Cys133Arg and p.Cys177Ser) within the 
somatomedin-B (SMB) domain. We confirmed co-segregation of the 
mutations with the disease phenotype in each of the two families.
Our study represents the second mutation report to date on patients 
with Cole-disease and supports that alterations in ENPP1 are causative 
for Cole-disease. The finding supports the role for the SMB domain in 
the pathogenesis and the genetic evidence of ENPP1 in the regulation 
of epidermal differentiation and pigmentation.
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Clinical study: Search for early neurobiological and 
neurobehavioral markers in Huntington´s disease
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S.1 
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Mathematics, Dundee, Scotland 

Chorea Huntington is an autosomal-dominant inherited neurodegen-
erative disease leading to choreatic impaired movement, dystonia, loss 
of coordination, cognitive deterioration and disturbed behaviour. Age 
of onset (approx. 35-50 years) is inversely correlated to the length of 
the CAG-extension in the Huntingtin-gene. The timespan between 
diagnosis and death is 20 years on average. Clinical diagnosis is typi-
cally made at a stage where remarkable motoric problems (hyperki-
netic movements, changes in muscular tone, bradykinesia, motoric 
tics, speech impediments and dysphagia) can be observed. However, 
the degeneration of neurons as well as substantial changes in different 
cerebral regions occur in a much earlier stage when no or only subtle 
symptoms can be noted.  The putamen and the nucleus caudatus seem 
to be afflicted with atrophic changes first – up to 12 years before any 
apparent motoric symptoms. Additionally, neurons show a reduced 
detectability of proteins related to synaptic function and axonal trans-
port in these early stages.
Clinical studies (Predict-HD, Track-HD, Enroll-HD) already have 
demonstrated that mutation carriers show subtle symptoms several 
years before clinical diagnosis. Features of this “pre-manifest phase” 

can include increased irritability and impulsiveness, difficulties in con-
centrating, forgetfulness as well as motoric unrest. Changes in person-
ality, manic or psychotic episodes, depression and suicidal impulses are 
also often observed.
The precise pathophysiologic mechanisms leading to neurologic symp-
tomatic in HD patients and the identification of therapeutic targets 
are subject of intensive research in our laboratory. To make a clinical 
control of therapeutic effects of potential medications possible, we are 
currently characterizing the pre-manifest phase more precisely: Firstly, 
we have developed a motion-sensor to carry on the wrist measuring 
involuntary/ spontaneous motoric activity. Probands are asked to 
wear it for 48 hours in their home environment to document subtle 
changes of motor activity in situations of daily life. Secondly, according 
to other diseases with autoimmune components, we are expecting spe-
cific antibody/antigene profiles in the early stage of the disease. These 
will be analysed using protein microarray techniques. Lastly, we have 
established an extensive battery of neuropsychological testings, includ-
ing parts of the Unified Huntington´s disease rating scale (UHDRS), 
tests of the Consortium to Establish a Registry for Alzheimer‘s Disease 
(CERAD) and memory tests of the Cambridge Cognition Board (Can-
Tab®). To validate our system we will start with patients already severely 
affected and continue with pre-manifest probands. This study will con-
tribute to the elucidation of early disease progression and pathogenesis 
in HD.
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Ichthyosis with confetti (IWC; also referred to as congenital reticular 
ichthyosiform erythroderma (CRIE)) was first described as ichthyosis 
en confetti in 1984. ICW is a very rare genodermatosis with only 16 
patients genetically described to date, which includes the six patients 
described here. Patients are often noticed as newborns, with exfoliation 
of the skin and a generalized extensive erythema. Histological findings 
in the ichthyotic skin are an epidermal thickening and a disordered 
differentiation of the keratinocytes. During childhood numerous con-
fetti-like patches of pale healthy-appearing skin begin to form, which 
enlarge very slowly over the years. Histology of the patches confirms, 
that the skin is indeed normal. The adult manifestation of IWC is a gen-
eralized scaly erythroderma interspersed with hundreds to thousands 
of confetti-like patches of healthy skin.
As shown by Choate et al. heterozygous defects in keratin 10 (KRT10) 
are responsible for the ichthyotic phenotype. Individuals affected by 
ichthyosis with confetti (IWC) carry small heterozygous deletions, 
insertions, or duplications in the C-terminus of the gene encoding 
KRT10 leading to a frame shift. As a consequence the altered proteins 
are predicted to be slightly shortened and to feature an arginine-rich 
C-terminus. It is assumed that this altered protein tail is responsible for 
the relocalisation of the protein from the cytoplasm into the nucleus 
and the nucleolus. In the healthy-appearing spots the pathologic muta-
tion is found to be reverted to the wild type sequence by copy neutral 
LOH. By analyzing several confetti-like spots in the same individual it 
was shown that the expanse of the LOH differs in each spot: The LOH 
extends from different sites proximal to the centromere of chromo-
some 17q to the end of the chromosome. This might indicates separate 
gene conversion or recombination events during mitosis. The exact 
mechanism and point in time of this somatic revertant mosaicism is 
currently unknown.
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Here we describe six patients with IWC in clinical detail along with 
their pathologic genetic mutations. We are hence able for the first time 
to make a correlation between genotype and phenotype of this rare 
disease and to describe minor as well as major disease criteria in a sub-
stantial number of patients. Furthermore we describe minor as well as 
major disease criteria for IWC. By analyzing the disease locus in fifteen 
control individuals without dermatologic manifestations we further-
more found an unexpected and presently undescribed genetic variance 
at the C-terminus of KRT10.
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Identification of two Bloom syndrome patients, novel BLM 
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Bloom syndrome (BS, OMIM #210900) is an autosomal recessive dis-
order that is marked by pre- and postnatal growth retardation, inflam-
matory skin changes due to hypersensivity to UV light, telangiectatic, 
hypo- and hyper-pigmented skin flecks, and predisposition to malig-
nancy. On the cellular level the syndrome can be characterized by a tre-
mendously higher rate of sister chromatid exchanges (SCEs) compared 
to normal control cells. BS is caused by mutations in the BLM gene. 
Located on chromosome 15q26.1, which encodes a RecQ helicase, BS 
belongs to the group of genomic instability disorders with DNA repair 
defects. The mutational spectrum of BS includes many founder muta-
tions in distinct ethnic groups.
We report on two BS patients, offspring of white British couples, with 
truncating BLM mutations. The first patient was diagnosed at age 10y. 
He had a histiocytic fibrosarcoma removed at 7 months and was since 
monitored for growth retardation. He revealed two previously reported 
compound heterozygous mutations that were also both listed as a SNP. 
One nonsense mutation in exon 7 (c.1642C>T, p.Gln548*, rs200389141) 
led to an immediate STOP and one delins mutation in exon 10 
(c.2207_2212delinsTAGATTC, p.Tyr736Leufs*5, rs113993962) led to a 
STOP after 5 amino acids. These mutations were present in peripheral 
blood and a lymphoblast cell line and consist with an elevated SCE rate 
of 29,1 ± 10,4 in that line compared to normal lymphoblast lines (2,2 ± 
1,5) (mean ± SD).
The second patient presented with ALL and treatment-related AML 
was diagnosed with BS at age 9y. He revealed a novel deletion in 
exon 7 (c.1624delG), which results in a shift of the reading frame and 
a premature STOP (p.Asp542Thrfs*2), and the previously described 
base exchange c.3415C>T in exon 18, which results in an immediate 
STOP (p.Arg1139*). Both mutations were present in genomic DNA 
and inconsistent with normal BLM function. A lymphoblastoid cell 
line showed the c.1624delG mutation but the c.3415C>T mutation was 
no longer detectable, implying total reversion in that cell type, consis-
tent with a normal SCE rate of 4.1 ± 2.6 SCEs per metaphase similar to 
those in normal control lymphoblast lines. We also sequenced sequen-
tial samples obtained from bone marrow at diagnosis of the ALL after 
induction chemotherapy, and at diagnosis of the AML. At all stages of 
disease progression both mutations were detected, suggesting that the 
leukemia developed from cells with the BS phenotype.
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The lamin B receptor (LBR) is a multifunctional inner nuclear mem-
brane protein with structural impact on nuclear shape and chromatin 
organisation. Further, LBR belongs to the C14 sterol reductase family 
and has enzymatic activity in sterol metabolism. LBR mutations have 
been shown previously to cause dose-dependent hyposegmentation 
of granulocyte nuclei in heterozygous or homozygous Pelger-Huët-
Anomaly. Heterozygous LBR mutations change blood morphology 
without causing any associated pathology. In contrast, homozygous 
mutations in LBR cause a spectrum of systemic malformations rang-
ing from heart defects, brachydactyly and mental retardation, as occurs 
in Pelger-Anomaly, to severe cutaneous derangements, as seen in the 
recessive ichthyotic mice (ic), and finally to prenatal lethality, which is 
found in Greenberg dysplasia.
To elucidate the mechanisms responsible for the variety of disease 
manifestations in individuals with lamin B receptor deficiency, we 
studied prenatal and postnatal development in ic/ic mice (Spontane-
ous mutation Lbr icJ 1088insCC, which is a functional null mutation). 
We found first but modest differences in some of the homozygous 
embryos around mouse embryonic day E10. However, we noticed the 
highest mortality perinatally and around weaning. The survival varied 
between a few hours and several weeks or months. Generally, all homo-
zygous mice display growth retardation and severe ic/ic skin defects. In 
addition to the previously described phenotypes ichthyosis, alopecia, 
nuclear hyposegmentation and occasional soft tissue syndactyly, we 
observed other manifestations as increased frequency of hydrocepha-
lus, abnormal histology of heart and muscle cells and an abnormal fat 
distribution. The latter manifestations of Lbr deficiency overlap with 
those of Lamin A diseases, especially with Progeria, and with processes 
in physiological ageing. We therefore studied protein glycation as a bio-
marker of ageing. Compared to liver and heart of controls, ic/ic mice 
showed a significantly increased accumulation of intracellular glycated 
proteins Arg-pyrimidine, carboxyethyllysine and pentosidine. In con-
trast, we did not see changes in the accumulation of carboxymethylly-
sine as well as in advanced glycosylated end product (AGE) modifica-
tion of the extracellular matrix.
Summarizing, manifestation in ic/ic mice start prenatally and are life 
threatening perinatally and around weaning. If homozygous mice sur-
vive these critical intervals, symptoms overlap with premature ageing. 
We conclude that the lamin B receptor is essential both for develop-
ment and healthy ageing.
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Congenital hyperinsulinism (CHI) is a disorder of persistent hypo-
glycemia due to irregular insulin secretion in newborns and infants. 
Mutational analysis of 136 unrelated patients mainly from Central 
Europe was performed in the genes ABCC8 and KCNJ11 encoding the 
SUR1 and Kir6.2 subunits of the KATP-channel expressed in pancre-
atic ß-cells. Mutations in either ABCC8 or KCNJ11 were detected in 
61 (45%) patients by conventional Sanger sequencing and multiplex 
ligation-dependent probe amplification (MLPA) of ABCC8, which 
was applied when sequencing revealed a heterozygous or no causative 
mutation in either gene. Biparental recessive inheritance was observed 
in 34% and dominant inheritance in 11% of mutation-positive patients. 
One patient was compound-heterozygous for two mutations known 
for recessive and dominant inheritance modes, respectively. Paternal 
transmission of a mutation associated with a focal form of CHI was 
observed in 38% of mutation-positive patients. Pancreatic tissue was 
also analyzed by RT-PCR and sequencing and MLPA. Both, ABCC8 
and KCNJ11, are located in proximity to the BWS imprinted critical 
region of chromosome 11p15. We demonstrate monoallelic expression 
due to somatic mosaicism for paternal uniparental isodisomy (UPD) 
for 11p15 associated with BWS specifically in focal pancreatic lesions 
but not in surrounding pancreatic tissue or blood cells. In conclusion, 
CHI is caused by recessive inheritance of either biparental or hetero-
zygous paternal mutations in ABCC8 and KCNJ11 in the majority of 
patients of this cohort. A major second genetic event in focal form of 
CHI appears to be paternal UPD for 11p15.
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The introduction of exome and whole genome sequencing into clinical 
diagnostics requires new structures for sequencing and data analysis 
to leverage the potential of automation inherent to these techniques. 
In principle, data analysis in this context is as simple as comparing a 
comprehensive list of variants identified in a patient with a comprehen-
sive list of disease causing variants. In practice, this is currently limited 
by the substantial number of DNA variants with false annotation or 
uncertain significance.
As a pilot project, three cooperating diagnostic teams are investigat-
ing 250 trios consisting of patients with severe to mild ID as the only 
inclusion criterion together with their healthy parents for which high 
coverage (mean 110-times) exome sequences have been generated. 
In most individuals, causative copy number variations, FMR1 repeat 
expansions, and mutations of clinically plausible candidate genes had 
previously been excluded.
We set up an IT environment that supports central sequencing and 
automated primary data analysis and subsequently provides the results 
via a web interface to researchers and geneticists for manual curation, 
annotation and experimental validation.
Variant calling was performed with SAMtools (v0.18) for SNVs and 
short indels, with Pindel for larger indels and with ExomeDepth for 
CNVs. We further implemented algorithms for the detection of uni-
parental disomies and regions of homozygosity. Preliminary analysis 
of de novo variants revealed 1.7 de novo non-synonymous coding and 
canonical splice site mutations per patient which is above of the esti-

mated average of de novo mutations per individual and generation. Of 
the de novo mutations, 24% were classified as gene-disrupting (non-
sense, frameshift, splice site), 72% were missense mutations, and 4% 
were in-frame indels. 20% of the investigated cases carried a mutation 
in genes already known to cause ID. Interestingly, approximately half 
of the mutations in known ID genes are gene-disrupting mutations, 
indicating that loss-of-function is a common disease causing mecha-
nism for ID. In addition, evidence for novel ID candidate genes is being 
generated from the detection of SNVs and indels in specific genes from 
known microdeletion regions.
In summary, we show that exome sequencing in a multicenter setting 
with an appropriate IT environment can efficiently be used to generate 
clinical diagnoses by integrating the advantage of standardized central 
sequencing and distributed evaluation and annotation of the resulting 
data in the clinical context.
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During the last several years, a lot of efforts have been devoted to deter-
mine potential risk factors of colorectal cancer. One of such agents 
which might increase susceptibility to sporadic CRC is an ailment of 
digestive system called lactose intolerance, since it negatively affects 
functioning of intestines (after lactose consumption). It is caused by 
acidification of the lumen, osmotic balance disturbance, and altera-
tion in intestinal bacteria composition. Primary lactose intolerance is 
a genetic disorder caused by several loci, from which, the most impor-
tant for Caucasian population is LCT-13910T>C (C/C - lactose intoler-
ant phenotype, C/T and T/T - lactose persistent). It is located in the 13 
intron of MCM6 gene and operates as an enhancer of LCT gene. The 
major aim of the following studies was to check a correlation between 
incidence of lactose intolerance and increased risk of sporadic CRC 
development. The studies rest on genotyping of LCT-13910 loci in a 
group of control and 279 cases of sporadic CRC and comparison of 
frequencies of particular genotypes between those groups. Genotyping 
was performed by means of high resolution melting (HRM) analysis as 
a credible and fast genotyping method. Next, the results were subjected 
to statistical analysis by χ2 test of independence. The test, concerning 
association between lactose intolerance and sporadic CRC, achieved 
statistical significance. This observation may indicate the role of lac-
tose intolerance as a risk factor for CRC (about 8% higher frequency of 
LCT-13910C/C genotype among CRC patients).
The research was funded by Polish Ministry of Science and Higher 
Education, project number N402 431438. mail  andp@man.poznan.pl
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Osteogenesis imperfecta (OI) is a rare genetic disorder of the skeletal 
system. The main clinical characteristic of OI is an increased bone 
instability causing high susceptibility to fractures. Depending on 
the severity of the disease, patients can present with a range of skel-
etal features such as reduced bone mineralization density, abnormal 
bone bending, short stature, scoliosis and hypermobility of the joints. 
The vast majority of OI cases carry autosomal dominant mutations in 
COL1A1 or COL1A2 coding for collagen I. Approximately 10% of OI 
cases are autosomal recessively inherited and a total of 15 genes have 
been yet identified, many of them encoding proteins involved in col-
lagen I biosynthesis.
So far, little is known about specific distributions and gene frequencies 
of OI-associated genes in different populations. In our study, we inves-
tigated an Iranian cohort of 17 affected individuals of 15 consanguin-
eous families diagnosed with a likely autosomal recessively inherited 
form of OI. We used a mixture of different mutation screening strat-
egies combining multiplex microsatellite marker analysis, single gene 
Sanger-sequencing, and whole-exome sequencing.
We identified a total of 11 different mutations in five known OI genes 
in 14 of 15 OI families. In six families we found homozygous muta-
tions in FKBP10 (p.Gly278Argfs*95, p.Met326Trpfs*39, p.Glu113Lys, 
c.392-3C>G) representing over 40% (6/14) of all detected mutations. 
The p.Gly278Argfs*95 (c.831dupC) mutation in exon 5 of FKBP10 was 
homozygously present in affected individuals from three families indi-
cating that this mutation represents a hot spot mutation in the Iranian 
population. Furthermore, we identified one homozygous mutation in 
PLOD2 (p.Glu625Ala) in two unrelated families as well as one homo-
zygous mutation in CRTAP (p.Leu67Pro). Remarkably, we identi-
fied five families with dominant mutations in COL1A1 (p.Gly248Arg, 
p.Pro417Ala, c.696+2T>G, c.2236-1G>A) and COL1A2 (p.Gly1012Ser) 
although we only tested consanguineous families in our study. Here, 
the majority of mutations arose de novo and determined the molecular 
cause in 35% of all investigated Iranian consanguineous OI families. 
Only in one family we did not observe any mutation in known OI genes 
analysed by whole-exome sequencing and studies are ongoing to iden-
tify a novel OI-associated gene in this family.
In conclusion, our study provides the first results on mutation frequen-
cies in Iranian OI families. The detection of a major contribution of 
FKBP10 mutations is highly relevant for molecular diagnostic strate-
gies in Iranian OI patients from consanguineous families. Moreover, 
the presence of high percentage of dominant COL1A1 and COL1A2 
mutations in consanguineous families is critical and should be consid-
ered in further diagnostic testings.

P-NormV-236
Highly variable DNA methylation of ALU and LINE1 repeats in 
single sperm and their role in fertilization
Pliushch G.1, Schneider E.1, El Hajj N.1, Linek B.2, Schorsch M.2, Haaf T.1 
1Institute of Human Genetics, University of Wuerzburg, 97074 Wuerzburg, 
Germany; 2Fertility Center Wiesbaden and University Medical Center 
Mainz, 55128 Mainz, Germany 

Epigenetic modifications, in particular DNA methylation plays an 
important role in gene regulation. We propose that sperm DNA meth-
ylation can influence expression of the paternal genome  and devel-
opmental potential of the early embryo. We have used bisulfite pyro-

sequencing to determine the average methylation level of ALU and 
LINE1 repeats, representing 10% and 17% of the genome, respectively, 
in approximately 100 single sperms each of one fertile and one infertile 
male. Among individual sperms of the same donor, ALU methylation 
varied from 18% to 46% and LINE1 methylation from 57% to 94%, how-
ever there was no significant difference in the methylation distribution 
between the fertile (mean ALU methylation 26.0%, LINE1 80.9%) and 
the infertile donor (ALU 29.0%; LINE1 78.7%) or between sperms with 
normal (ALU 25.4%; LINE1 80.7%) and abnormal morphology (ALU 
25.1%; LINE1 78.9%). In addition, plasmid bisulfite sequencing of indi-
vidual sperms was performed for single molecule methylation analysis. 
Fully unmethylated, partially methylated, and completely methylated 
ALU repeats coexisted within the same sperm cell. On average, 15.5% 
of ALUs were completely unmethylated in sperm of the infertile and 
13.9% in the fertile donor. Collectively, our results suggest a high varia-
tion in the methylation of individuals repeats within the same sperm 
cell as well as between different sperms of the same donor. The biologi-
cal consequences of this varying repeat methylation for sperm function 
and embryo development remain to be elucidated.

P-NormV-237
Evolutionary origin and methylation status of human intronic 
CGIs not present in mouse
Rademacher K., Horsthemke B. 
Institut für Humangenetik, Universitätsklinikum Essen; Universität 
Duisburg-Essen; Essen, Germany 

CpG islands (CGIs) are clusters of CpG dinucleotides which meet spe-
cific sequence criteria. Most CGIs are located in the promoter region 
or in the transcription start site (TSS) of a gene and play a role in gene 
regulation. Former studies have shown that imprinting of the human 
RB1 gene is due to the presence of a differentially methylated CGI 
(CpG85) in intron 2, which is part of a retrotransposon derived from 
the PPP1R26 gene on chromosome 9. The murine Rb1 gene does not 
have this retrotransposon and is not imprinted. We have investigated 
whether the RB1/Rb1 locus is unique with respect to these differences.
For this we have compared the CGIs from human (n=27,718) and 
mouse (n=15,997) by in silico analyses. We serially numbered all CGIs 
from one organism with a unique ID and classified the location of each 
CGI with regard to protein coding regions. The following five classes 
to characterise the location were defined: TSS, 5’UTR, CDS(Exon), 
CDS(Intron) and 3’UTR, where a CGI can belong to one or more 
classes. We compared the sequences of 2,174 human intronic CGIs with 
the sequences of 579 murine intronic CGIs performing pairwise align-
ments (blast2seq) and found that there are 2033 human intronic CGIs 
that are not present in the mouse. A MEGA Blast search with human 
sequences has resulted in sequence similarities of 135 CGIs to sequences 
elsewhere in the human genome, which are suggestive of retrotrans-
position. By BLAT searches in seven primate genomes (chimpanzee, 
gorilla, orang-utan, gibbon, rhesus, marmoset and bushbaby), using 
the sequence of the additional human intronic CGI and flanking exons, 
we have determined the time points when these CGIs appeared during 
evolution. Most of the CGIs (72%) are present in all analysed members 
of the superfamily Hominoidea (human, chimpanzee, gorilla, orang-
utan and gibbon). The methylation status of these CGIs was analysed in 
a monocyte methylome dataset from whole genome bisulfite sequenc-
ing. While most of the 135 CGIs appear to be fully methylated, five CGIs 
(including CpG85 of RB1) show differential methylation, which is sug-
gestive of imprinting. The differential methylation was determined by 
methylation status analysis of each single read and single CpG dinucle-
otides. The five differentially methylated CGIs are located in introns of 
the following genes: ASRGL1, PARP11, RB1, PDXDC1 and MYO1D. Of 
these, RB1 is the only gene known to be imprinted.
Our study supports the notion that imprinting builds on host defence 
mechanisms by which the genome protects itself against retrotranspo-
sons and foreign DNA elements and that the epigenetic fate of a ret-
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rotransposon depends on the DNA sequence and selective forces at the 
integration site.

P-Prenatal Diagnosis / 
Reproductive Medicine

P-Prenat-238
Further insights into the role of the M2/ANXA5 haplotype as 
recurrent micarriage factor
Bogdanova N.1, Tüttelmann F.1, Ivanov P.2, Dietzel C.1, Sofroniou A.1, 
Tsvyatkovska T.2, Komsa-Penkova R.3, Wieacker P.1, Markoff A.4 
1Institute of human genetics, Münster, Germany; 2Clinical Institute for 
Reproductive Medicine, Pleven, Bulgaria; 3Department of Chemistry and 
Biochemistry, Medical University of Pleven, Bulgaria; 4Institute of medical 
bichemistry and IZKF, Münster, Germany 

M2 is a haplotype in the proximal core promoter region of the annexin 
A5 (ANXA5) gene and it is a confirmed risk factor for recurrent mis-
carriage (RM). Despite uncertainties concerning the exact pathology 
triggered by M2 carriage, the most favored explanation of its effects on 
early pregnancy losses points to a decreased expression of ANXA5 in 
placenta. ANXA5 is most abundant at the apical surface of placental 
villi, well in line with its extensively studied anticoagulant properties, 
important for the maintenance of hemodynamic balance during preg-
nancy. Since reduced ANXA5 expression should be largely tissue and 
cell specific, the development timing of the relevant pathology in the 
course of pregnancy is an important question. With the current study 
we sought to determine when in the course of gestation M2/ANXA5 
is mostly associated with RPL and to confirm the role of paternal car-
riage.
The prevalence of M2 was estimated in groups of German and Bul-
garian RM patients, presenting at respective centers and compared to 
appropriate independent population control groups. Women were pre-
screened negative for carriage of the Factor V Leiden (FVL) and pro-
thrombin (PTm) mutations and RM was defined as 2 or more losses. 
236 RM Bulgarian women, 243 RM German women and 109 male part-
ners thereof were included in this study. German population controls 
were from the PopGen biobank, UKSH Kiel (n = 533) and Bulgarian 
population controls were from the resource of the Naional Genetics 
Laboratory (n= 200), Sofia. According to fetal development at the time 
of miscarriage, patients were stratified into three subgroups: subgroup 
1, embryonal losses, 5–10 gestational weeks (GW); subgroup 2, early 
fetal losses, 10–15 GW; subgroup 3, late fetal losses, >15 GW. Incidence 
of M2 carriage was estimated in the patients and control groups/sub-
groups, odds ratios were calculated and RPL risk was evaluated.
The meta-analysis of both populations confirmed a highly signifi-
cant association of M2/ANXA5 with RM (combined OR, 1.6; 95% CI, 
1.2–2.1; p=.003), Similarly, when compared with population controls, 
German male partners carrying M2 exhibited a trend towards a com-
parable RPL risk (OR, 1.5; 95% CI, 0.8–2.5). After meta-analysis of the 
German and Bulgarian samples, the ORs for subgroup 1 and subgroup 
3  were 1.4 (95% CI, 0.9–2.0; p=.093) and 1.8 (95% CI,1.0–3.1; p=.049). 
However, the highest and most significant OR was found for subgroup 
2 at 1.9 (95% CI, 1.3–3.0; p=0.003), with miscarriages in GWs 10–15.
M2/ANXA5 appears as an RPL risk factor in male and female carriers 
with most remarkable effects between the 10th and 15th week of gesta-
tion, which relates to a time in the course of pregnancy when vascular 
remodeling is most active to accomplish the transition from high- to 
low-resistance blood vessels.
This study provides relevant pointers to be considered for future poten-
tial therapies in large patient screens.

P-Prenat-239
The necessity to discuss combined PGD/PGS and the 
demonstration of its feasibility with currently available 
methods
Bug S., Moser T., Solfrank B., Pricelius J., Laitinen-Forsblom P.-J., 
Nevinny-Stickel-Hinzpeter C. 
synlab Medizinisches Versorgungszentrum Humane Genetik, Munich, 
Germany 

While Germany still awaits commencement of valid legal restrictions 
on preimplantation genetic analyses, the awareness of this reproduc-
tive option increases among ART-professionals and patients. Referring 
gynaecologists and couples ask for detailed description of associated 
clinical, technical and ethical issues. Genetic literacy develops at high 
speed and an increasing number of requests are made for combined 
testing for a single gene defect (PGD) and aneuploidy (PGS). Of note, 
with this our genetic counselling interview routine raises a topic that is 
yet rarely debated among experts.
The literature merely provides single case studies and thus mirrors our 
personal impression from exchange with other European centers: The 
clinical indication and motivation for a couple to ask for PGD/PGS are 
unique and are to be met on individual basis.
The procedure itself constitutes a diagnostic challenge. Blastocyst mor-
phology does not allow every trophectoderm to be biopsied twice. 
Therefore it is not always possible to generate separate specimen to be 
assessed with each method specifically. For unification of protocols, we 
established a combined amplification of DNA from single cells with 
multiple displacement (MDA) and random priming (REPLI-g Single 
Cell Kit, Qiagen, Hilden, Germany and SurePlex Amplification Sys-
tem, BlueGnome, Cambridge, UK). Optimization was done utilizing 
cells isolated from buccal swabs of reference individuals. For valida-
tion, PCR products were generated from 15 pg genomic DNA each of 
20 products of conception harboring various trisomies as previously 
determined by cytogenetics. Hybridization onto 24sure V3 BAC arrays 
resulted in profiles that were well within quality parameters provided 
by the manufacturer (BlueGnome). For each sample, there was suffi-
cient MDA-product of optimal molecular weight to perform PGD as 
well. Thus, we demonstrated that PGD/PGS can be conducted with 
already well implemented means.
The advent of new methods utilizing high resolution SNP haplotyping 
or next generation sequencing promises to revolutionize simultaneous 
testing of mutations of interest and aneusomy on single cell level. Ini-
tial reports suggest, that the methodological fusion of PGD and PGS 
will become technical standard very soon. Novel genome-wide PGD 
approaches provide higher quality than locus- and family-specific 
assays. At the same time they deliver a PGS-result.
There is a serious need for professional discussion on how to deal with 
the outcomes of such analyses. Since technical progress has already 
outrun the legal regulation for Germany before it came into effect, 
clinicians and geneticists should debate on indications for PGD/PGS, 
communication of the physical and psychological demands a couple 
has to face, as well as consideration of the ethical and financial burden 
that comes with it. We contribute to this with the presentation of our 
experience from appeals to our center and the technical implementa-
tion of PGD/PGS in our genetic lab.

P-Prenat-240
Poly(A) tail length of maternal-effect gene mRNAs in murine 
oocytes is influenced by postovulatory aging
Dankert D.1, Demond H.2, Trapphoff T.3, Heiligentag M.3, Eichenlaub-
Ritter U.3, Horsthemke B.2, Grümmer G.1 
1Institute of Anatomy, Essen, Germany; 2Institute of Human Genetics, 
Essen, Germany; 3Institute of Gene Technology/Microbiology, Bielefeld, 
Germany 
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The maternal effect (ME) is the influence of the mother’s genotype 
on the phenotype of her offspring. In the zygote and during the first 
cell divisions after fertilization the embryonic genome is not active 
and therefore early embryonic development depends on the ME gene 
mRNAs and proteins of the oocyte. It has been shown before that post-
ovulatory aging of oocytes from Xenopus tropicalis led to developmen-
tal defects which appear mainly due to age-dependent deadenylation of 
maternal transcripts. To investigate if such processes are also relevant 
for the reduced developmental potential of aged oocytes in mammals, 
poly(A) tail dynamics of selected ME genes were analyzed in postovu-
latory aged mouse oocytes.
For isolation of in vivo matured oocytes, 5 to 8 weeks old C57/Bl6J mice 
were superovulated and oocytes were either directly frozen after isola-
tion from the ampullae or aged in vitro for 12 or 24 hours. For in vitro 
maturation of oocytes, preantral follicles were isolated from the ovaries 
of 12-day old prepubertal C57Bl/6J x CBA/Ca F1 hybrid mice, and cul-
tured for 12 days in presence of rFSH to the antral stage before being 
stimulated by rEGF/rhCG for in vitro ovulation. Postovulatory aging of 
in vitro matured oocytes was for 12 hours in culture. qRT-PCR-analysis 
was performed with random-hexamer primed cDNA to quantify total 
amount of mRNA of specific ME genes or with oligo(dT)16 primed 
cDNA to indicate poly(A) tail length. To specify changes in poly(A) tail 
length, qPCR results were confirmed by ePAT (extension Poly(A) test) 
for two representative genes (Zar1 and Dnmt1).
Postovulatory aging of in vivo matured oocytes led to a decrease in 
total mRNA amount of the selected ME genes as well as in poly(A) 
tail length. After 12 hours of aging only Nlrp5 of the 10 genes investi-
gated showed a trend in poly(A) tail reduction. Additional aging for a 
total of 24 hours resulted in a stronger decrease of total mRNA amount 
and poly(A) tail length affecting 6 genes (Tet3, Trim28, Dnmt1, Nlrp5, 
Nlrp14 and Oct4). In vitro matured oocytes appeared more susceptible 
to postovulatory age-related decrease of mRNA amount and poly(A) 
tail length of most of the ME genes investigated (Tet3, Trim28, Zfp57, 
Dnmt1, Nlrp5, Zar1) already after 12 hours of aging.
In conclusion, postovulatory aging of oocytes may not only lead to a 
decrease in total mRNA amount but also to a poly(A) tail reduction 
of specific ME gene transcripts that are developmentally relevant. The 
age-dependent deadenylation of the poly(A) tail appears progressive 
and independent on egg activation, and seems to be more pronounced 
in postovulatory aged in vitro matured mouse oocytes compared to in 
vivo matured oocytes. This may contribute and predispose to develop-
mental failures after fertilization in both systems.

P-Prenat-241
Preovulatory aging of murine oocytes affects transcript levels 
and poly(A) tail length of maternal effect genes
Demond H.1, Dankert D.2, Trapphoff T.3, Heiligentag M.3, Eichenlaub-
Ritter U.3, Grümmer R.4, Horsthemke B.5 
1Institute of Human Genetics, University Hospital Essen, Germany; 
2Institute of Anatomy, University Hospital Essen, Germany; 3Institute 
of Gene Technology/Microbiology, University of Bielefeld, Germany; 
4Institute of Anatomy, Universtity Hospital Essen, Germany; 5Institute of 
Human Genetics, Universtity Hospital Essen, Germany 

Embryonic development between fertilization and zygotic genome 
activation (ZGA) is regulated by maternal effect (ME) genes of the 
maternal genome, which are expressed in the oocyte. Transcription in 
oocytes ceases at the onset of maturation and is resumed only after 
ZGA. The synthesis of new proteins during this period is regulated at 
the posttranscriptional level, for example by modification of poly(A) 
tail length of mRNA. We could show in a previous study that preovu-
latory aging, caused by delayed ovulation, is associated with develop-
mental defects in mice. The molecular and genetic mechanisms under-
lying these defects are unknown. Here, we investigated the transcript 
levels and poly(A) content of mRNA from 10 ME genes in preovula-
tory aged murine metaphase II oocytes. Oocytes were obtained from 

C57Bl/6J mice after superovulation (in vivo maturation). Preovulatory 
aged oocytes were generated by delaying ovulation for 3 days using the 
GnRH antagonist cetrorelix. Transcript levels were determined by qRT-
PCR using random hexamer-primed cDNA. qRT-PCR of oligo(dT)-
primed cDNA was taken as an indicator of poly(A) tail length. Ran-
dom hexamer priming showed significantly decreased transcript levels 
of in vivo aged oocytes compared to controls for Brg1 and Tet3. Small 
or no effects were found for Trim28 (Kap1/Tif1β), Zfp57, Dnmt1, Nlrp2, 
Nlrp5 (Mater), Nlrp14, Oct4 (Pou5f1), and Zar1. Using oligo(dT) prim-
ing, we did not observe any significant effects of aging, although there 
was a trend towards increased poly(A) mRNAs indicated by increased 
cDNA levels for Brg1, Tet3, Trim28, Zfp57, Dnmt1, Nlrp2 and Nlrp5. 
This could be a sign of continuing polyadenylation and precocious 
recruitment of maternal mRNAs during preovulatory in vivo aging, 
while overall transcript levels decline. In a second set of experiments, 
oocyte overmaturity was studied after in vitro growth and maturation 
of follicles in a preantral follicle culture system. For the control group, 
preantral follicles were isolated from prepubertal mice and cultured to 
the large antral stage for 12 days in vitro. For the aged group, follicles 
were cultured for 14 instead of 12 days before initiation of ovulation. 
During in vitro preovulatory aging of oocytes, transcript levels did not 
change significantly, whereas poly(A) content decreased for most of the 
transcripts. Taken together, these data suggest that preovulatory aging 
affects transcript levels and poly(A) tail length of selected ME genes. 
Also, aging of oocytes in vitro shows adenylation changes opposite to 
those observed after preovulatory aging in vivo. Since in vivo preovu-
latory aging can occur during prolonged hormonal treatment in the 
course of assisted reproduction, and cryopreservation of follicles fol-
lowed by in vitro culture is handled as an option for fertility preserva-
tion in women diagnosed with cancer, our results may be of clinical 
relevance.

P-Prenat-242
Studying Paternal Age Effects on the Sperm Epigenome via 
Deep Bisulfite Sequencing
El Hajj N.1, Zimmermann L.1, Schneider E.1, Horsthemke B.2, Gromoll E.3, 
Schorsch M.4, Haaf T.1 
1Department of Human Genetics, University of Würzburg, Germany; 
2Department of Human Genetics, Universitätsklinikum Essen, Germany; 
3Center of Reproductive Medicine and Andrology, University of Münster, 
Germany; 4Fertility Center, Wiesbaden, Germany 

Epidemiological studies provide evidence for an influence of paternal 
age on the prevalence of certain diseases in the offspring, including 
autism and cancer. Genome-wide sequencing techniques revealed that 
the offspring of older men carry more genetic mutations.  It is well 
known that the number of germ cell divisions in males increase with 
age; therefore, the higher de novo mutation rate in the offspring of 
older fathers may have originated in sperm. We speculated that in addi-
tion to an increased number of genetic mutations, the sperm of older 
males contain more epigenetic perturbations when compared to their 
younger counterparts. The inheritance of sperm-specific epimutations 
may contribute to the etiology of disorders showing a “paternal age 
effect”. To explore this possibility, we performed deep bisulfite sequenc-
ing analysis of well-selected candidate genes to detect rare epimuta-
tions in young and old males with normal sperm parameters. Deep 
bisulfite sequencing using the GS Junior permits methylation analysis 
of several amplicons at single molecule level (representing one sperm) 
with a high coverage depth. Single molecules are clonally amplified and 
sequenced at single base resolution. This permits the identification of 
very rare methylation aberrations affecting a few cells (needle-in-a-
haystack). Using deep bisulfite sequencing, we analyzed the promoter 
methylation of 2 imprinted genes (MEST and KCNQ1OT1), 4 tumour 
suppressor genes (BRCA1, PTEN, RAD51C, and NF1), an achondropla-
sia associated gene (FGFR3), one alzheimer’s related gene (PSEN1), and 
one autism linked gene (SHANK3). On average; we had 1462 reads for 
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BRCA1, 1290 reads for PTEN, 780 reads for RAD51C, 406 for MEST, 
249 for PSEN1, 322 for LIT1, 262 for SHANK3, 703 for FGFR3, and 496 
reads for NF1 per sperm sample. We detected several fully methylated 
alleles in MEST, KCNQ1OT1, and FGFR3; nevertheless no association 
with paternal age was evident. NF1 displayed a significant increase in 
CpG errors (p<0.0001) when comparing the sperm of young versus old 
males.  NF1 is a negative regulator of the RAS pathway which is impli-
cated in selfish spermatogonial stem cell propagation. These results 
provide insight on the epigenetic effect of paternal aging on sperm that 
might have consequences on the offspring of older fathers.

P-Prenat-243
Identifying genes in early development: cross species 
phenotyping confirms mutations in KIF14 to cause a fetal lethal 
ciliary phenotype
Filges I.1,2, Shan X.3, Nosova E.4, Bruder E.5, Tercanli S.6, Townsend K.4, 
Gibson W.T.4, Wasserman W.W.4, Hall J.G.4, Miny P.1, Gregory-Evans C.Y.3, 
Friedman J.M.4 
1Medical Genetics, University Hospital Basel, Basel, Switzerland; 
2Department of Medical Genetics, University of British Columbia, 
Vancouver, Canada; 3Department of Ophthalmology and Visual Sciences, 
University of British Columbia, Vancouver, Canada; 4Medical Genetics, 
University of British Columbia, Vancouver, Canada; 5Department of 
Pathology, University Hospital Basel, Basel, Switzerland; 6Centre for Fetal 
Medicine and Ultrasound, Basel, Switzerland 

Gene discovery using whole exome sequencing (WES) has focused 
on postnatal phenotypes such as well-characterized syndromes or 
intellectual disability. Little attention has been paid to using WES in 
fetal disorders that are lethal in utero, because they often appear to be 
sporadic and have not been recognized to be Mendelian. The prenatal 
clinical data are frequently imprecise. Even if autopsy data are available, 
associating a fetal multiple congenital anomaly (MCA) phenotype to a 
specific clinical diagnosis is often difficult. These issues considerably 
limit WES approaches.
We used WES in a family with a recurrent pattern of an undescribed 
fetal MCA syndrome, diagnosed in the 2nd trimester by ultrasound, 
which we expected to be lethal because of distinct brain and kidney 
malformations. The clinical signs confirmed by autopsy include severe 
flexion arthrogrposis, IUGR, severe microcephaly, complex brain 
malformations and renal cystic dysplasia/ agenesis and overlap with 
the characteristic of ciliopathies, but were not diagnostic of a known 
condition. We hypothesized biallelic disruption of a gene leading to a 
defect related to primary cilia.
Family-based WES identified novel truncating autosomal recessive 
mutations in KIF14. Kinesins are microtubule-dependent molecular 
motors, and KIF14 depletion was shown to induce cytokinesis failure. 
Recent studies in mice demonstrate that autosomal recessive muta-
tions in the same gene recapitulate the human phenotype. In our kif14 
zebrafish morpholino knockdown we investigated assays for ciliary 
defects and confirmed the role of cilia in the disease mechanism, cor-
responding to our prior phenotypic prediction. We provide a further 
example of the emerging relation between cytokinesis and the primary 
cilium.
WES can be used in individual families with undiagnosed lethal MCA 
syndromes to discover responsible autosomal recessive mutations, pro-
vided that prior to data analysis the fetal phenotype can be correlated 
to a particular developmental pathway in embryogenesis. Cross species 
phenotyping allows to validate genes involved in those extremely rare 
phenotypes and increase our knowledge about normal and abnormal 
human developmental processes. Ultimately, families will benefit from 
the option of early prenatal diagnosis.

P-Prenat-244
Partial rescue of the KIT deficient embryonic phenotype in TSPY 
transgenic B6;NMRI-KitWv/KitWv mice
Freese L., Gerkens C., Schmidtke J., Schubert S. 
Institute of Human Genetics; Hannover Medical School, Hannover, 
Germany 

The TSPY gene is conserved in placental mammals and encodes the 
testis-specific protein, Y-linked. It is assumed that TSPY plays a role 
in proliferation and/or meiotic differentiation of testicular germ cells. 
Recently, TSPY copy number variations and mutations within the first 
exon have been identified as modifiers of spermatogenesis and risk fac-
tors for male infertility. Because the laboratory mouse is carrying only 
a single-copy Y-chromosomal Tspy pseudogene (Tspy-ps), we gener-
ated a TSPY transgenic mouse line on a NMRI-outbred strain genetic 
background (NMRI-Tg(TSPY)9Jshm) that carries a human TSPY 
gene in approximately 50 copies on the mouse Y chromosome. TSPY 
transgenic B6;NMRI-KitWv/KitWv mice on a mixed B6;NMRI genetic 
background are able to partially rescue spermatogenesis and fertility of 
homozygous KitWv-mutant males. Whether this effect is mediated by 
a function of TSPY on the survival and/or proliferation of primordial 
germ cells and gonocytes during embryonic development or caused by 
an effect of TSPY in proliferation and differentiation of differentiated 
type A spermatogonia in the postnatal testis, is currently unknown.
To analyze whether the human transgene exercises a proliferative 
and/or apoptosis protective effect on embryonic or early postnatal 
male germ cells, we analyzed the testes of 15,5 dpc and 4,5 dpp old 
TSPY transgenic B6;NMRI-KitWv/KitWv mice and non transgenic 
B6;NMRI-KitWv/KitWv controls immunhistochemically by means of 
Ki-67 or activated caspase-3 antibodies and TUNEL-assay. We observed 
neither for 15,5 dpc nor for 4,5 dpp old TSPY transgenic KIT deficient 
testes significant differences in Ki-67, caspase 3 and TUNEL labelled 
tubular cells in comparison to controls. However, quantification of 
gonocytes in TSPY-transgenic and non transgenic embryos revealed a 
notably increased number of gonocytes and testis cords with gonocytes 
in TSPY transgenic B6;NMRI-KitWv/KitWv testes in comparison to 
B6;NMRI-KitWv/KitWv testes. These findings point to a promoting 
effect of TSPY on early foetal development of male germ cells.

P-Prenat-245
Parallel prenatal testing for trisomies (-13, -18 and -21), turner 
syndrome, 22q11.2 del/dup-syndromes (e.g. DiGeorge), Smith-
Lemli-Opitz syndrome and Noonan syndrome in fetuses with 
increased nuchal translucency using the AmpliSeq™  technology 
(Life
Gabriel H., Biskup S. 
Institut f. Klinische Genetik, Stuttgart, Germany 

Increased nuchal translucency (NT) is a common ultrasound finding 
in fetuses with an abnormal karyotype (mainly trisomies 13, -18, -21 and 
turner syndrome).
Beside of gross chromosomal defects increased NT is also a feature 
seen in a wide range of rare genetic syndromes.  In most cases prenatal 
testing strategies in fetuses with increased NT has so far been restricted 
to karyotyping and/or microarray analysis.
Recently, it has been suggested to perform diagnostic prenatal testing 
for Noonan syndrome in cases with increased NT and a normal karyo-
type. Noonan syndrome is an autosomal dominant condition charac-
terized by short stature, congenital heart defects, skeletal abnormalities 
and developmental delay. The incidence is 1:1500 live births. Noonan 
syndrome can be the result of mutations in several genes of the RAS-
MAPK pathway, therefore genetic testing for all Noonan syndrome 
genes is time and money consuming.
During the last years high throughput next generation sequencing 
(NGS) has been implemented into genetic diagnostics allowing paral-
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lel testing of many genes in a short time and for lower costs. More-
over, NGS data can be also used for the detection of gain and/or loss of 
genetic material by counting the relative number of reads mapped to 
the targeted region.
Consequently, NGS is a perfect tool for prenatal testing in fetuses with 
increased nuchal translucency covering much more relevant genetic 
aberrations than karyotyping.
We decided to use the AmpliSeq™   technology (Lifetechnologies) 
on the Ion PGM platform to test for mutations in genes of the RAS-
MAPK pathway (PTPN11, BRAF, SHOC2, MAP2K1, MAP2K2, HRAS, 
RAF1, NRAS, KRAS, SOS1), for the multiple pterygium syndrome 
(CHRND, CHRNA1, CHRNG) and for the Smith-Lemli-Opitz syn-
drome (DHCR7). Additionally, our design included genes on the chro-
mosomes -13, -18, -21, X and Y. Another gene was located within the 
critical region of the DiGeorge syndrome on 22q11.2. Only the number 
of reads mapped to these genes, were used to detect gains or losses of 
these regions.
Our first validation experiments on these disorders showed that our 
approach is able to detect PTPN11 point mutations, 22q11.2 deletions, 
Turner syndrome and trisomies 13, -18 and -21 with high sensitivity.
In conclusion, our results demonstrate that our customer-designed 
AmpliSeq™   systeme is able to detect point mutations (e.g. in the 
PTPN11 gene) as well as deletions (DiGeorge syndrome) or trisomies 
in a diagnostic setting. Our approach can extend the scope of prenatal 
testing in fetuses with increased nuchal translucency.

P-Prenat-246
Prenatal manifestation of HNF1B (TCF2) mutations – four cases
Gloning V., Daumer-Haas C., Bagowski C., Shoukier M., Minderer S., 
Schramm T., Gloning K. 
Pränatal-Medizin München, Munich, Germany 

Background:
HNF1B (TCF2, OMIM 189907), the gene encoding for hepatocyte 
nuclear factor 1beta, is involved in early renal development. HNF1B 
mutations can cause the ‚renal cysts and diabetes syndrome‘ (RCAD), 
an autosomal dominant disorder comprising renal disease and matu-
rity-onset diabetes of the young (MODY). Additional findings, derived 
from HNF1B mutations, are anomalies of the genital tract, pancreatic 
anomalies, liver function abnormalities and hyperuricemia. Patients 
with a microdeletion or microduplication of the chromosomal region 
17q12, encompassing the HNF1B gene, may also show dysmorphism, 
developmental delay, learning difficulties, autism spectrum disorders, 
psychiatric disorders or other malformations.
The HNF1B associated nephropathy is highly variable and includes 
mainly cystic renal dysplasia, renal agenesis, horseshoe kidney, tubular 
anomalies and hydronephrosis. Prenatal ultrasound may show hyper-
echogenic and cystic kidneys. In most cases, the diagnosis of HNF1B 
associated nephropathy is made postnatally.
Objective:
We report four cases of HNF1B derived renal disease, three of them 
diagnosed prenatally because of fetal renal abnormalities and one diag-
nosed in the neonatal period. Prenatal phenotypes and outcomes are 
presented. Similarities and differences between cases are discussed and 
compared to current literature data.
Methods and Results:
Fetal renal disease was detected by ultrasound in the second/third tri-
mester of pregnancy. All four cases showed cystic renal dysplasia with 
hyperechogenic parenchyma and slightly enlarged kidneys, not typical 
for autosomal dominant or recessive polycystic kidney disease. One 
case presented in the first trimester with fetal hydrops.
In three cases microdeletion 17q12, encompassing the HNF1B gene, was 
identified by aCGH, in one case a point mutation in the HNF1B gene 
was detected by Sanger sequencing.
Conclusion:

Fetal HNF1B associated nephropathy should be suspected in cases with 
cystic renal dysplasia not typical for ADPKD and ARPKD. Prenatal 
aCGH is of crucial importance for the genetic diagnostics.

P-Prenat-247
Non-invasive prenatal testing (NIPT) for common fetal trisomies 
in multiple gestations and a case report of a discordant result 
due to a vanishing twin
Grömminger S.1, Yagmur E.2, Erkan S.3, Schöck U.1, Smerdka P.1, Wegner 
R.4, Hofmann W.1, Stumm M.4 
1LifeCodexx AG, Konstanz, Germany; 2Bahçeçi Fulya Tüp Bebek Merkezi, 
Istanbul, Turkey; 3BioGen Medical Instruments Co. Ltd., Istanbul, Turkey; 
4Zentrum für Pränataldiagnostik und Humangenetik, Berlin, Germany 

Objective
PrenaTest, a non-invasive molecular genetic prenatal test (NIPT) for 
the most common fetal autosomal trisomies based on massively paral-
lel sequencing of cell-free fetal (cff) DNA in maternal plasma, has been 
widely used in singleton pregnancies since its commercial launch in 
August 2012. Multiple pregnancies as well as vanishing twins had to 
be excluded from the clinical routine due to the lack of validation data 
for such cases. Thus, the purpose of this study was to validate the Pre-
naTest for multiple pregnancies.
Methods
40 blood samples from women pregnant with multiple gestations 
(mono-, di- and trichorionic) have been consecutively collected for 
research & development (R&D) purposes between November 6th 2012 
and November 16th 2013. Two blood samples came from women preg-
nant with triplets, the remaining 38 samples came from twin pregnan-
cies. In 15 cases the pregnancy was caused by assisted reproduction, 
thereof one case using an egg donation. The cffDNA fraction has been 
determinded by a quantitative PCR assay (QuantYfeX). The samples 
have been analysed within about two weeks after receipt of the blood 
samples and the results have been communicated to the pregnant 
women by their responsible doctor as non-validated R&D result. Only 
in positive cases the test results have been confirmed by invasive diag-
nostic methods.
Results
The blood samples have been taken in pregnancy week 9+3 to 23+0, 
with the median at 14+2. The required minimal cffDNA fraction of 4% 
in monochorionic and 8% in dichorionic twin pregnancies has been 
failed in four cases. In another four cases the cffDNA fraction has not 
been determined. There were two positive results for trisomy 21 in twin 
pregnancies, one monochorionic and one dichorionic. Both have been 
confirmed by invasive diagnosis. All other results were negative.
Case report
For a PrenaTest in a pregnancy designated as singleton a reputed false-
positive result for a trisomy 21 has been reported back by the respon-
sible doctor. Methodical failure of the PrenaTest has been ruled out by 
analysis of a second and third blood sample, taken at later stages in the 
pregnancy, all with the same, positive result for trisomy 21. Investiga-
tion of the placenta after birth revealed a fetus papyraceus, proven to be 
positive for trisomy 21 by karyotyping.
Conclusions
The PrenaTest NIPT method is regarded as reliable also for twin preg-
nancies and probably as well for multiple pregnancies if cffDNA frac-
tions are about 4% per fetus. Undisclosed vanished twins can contribute 
a sufficient proportion to the total cffDNA fraction to cause discordant 
NIPT results, thus being a limitation to the NIPT method.
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P-Prenat-248
Preimplantation genetic diagnosis for monogenic disorders – 
impact of different biopsy forms and transfer time points on the 
rate of transfer cycles and pregnancies
Hehr A.1, Paulmann B.2, Gassner C.2, Seifert D.2, Seifert B.2, Hehr U.1,3 
1Center for Human Genetics Regensburg, Regensburg, Germany; 2KITZ 
Fertility center Regensburg, Regensburg, Germany; 3Department of 
Human Genetics, University of Regensburg; Regensburg, Germany 

In Germany, preimplantation genetic diagnosis (PID) will legally be 
restricted to the analysis of pluripotent cells obtained by trophecto-
derm biopsy (TEB) on day 5 and/or 6. TEB more recently has been 
established as a relatively new, but promising biopsy technique, provid-
ing higher sample sizes with more than one embryonic cell, lower costs 
of genetic testing due to the limited number of available blastocysts per 
cycle and presumably lower rates of mosaicism.
At our center in Regensburg so far polar body diagnosis (PBD) has 
been applied for monogenic disorders for more than 12 years. In addi-
tion, during a legal time window between 2010 and 2011 we have estab-
lished and performed add-on TEB in 9 PGD cycles for monogenic 
disorders.
We here compare our PBD results in Regensburg to the current PGD 
results for monogenic disorders, reported so far after blastomere 
biopsy and TEB with a special focus on the main outcome parameters: 
percentage of transfer cycles and obtained clinical pregnancy rates.
So far, 147 diagnostic PBD cycles have been performed at our center for 
a total of 71 independent families with autosomal recessive (n=27 fami-
lies), X-linked (n=23) or rare autosomal dominant (n=21) conditions. 
At our center in Regensburg a clinical pregnancy could be obtained for 
37 of the 71 families (52,1%) with 2,07 oocyte retrieval cycles per family. 
A genetic diagnosis could be established for 56% of mature oocytes, 245 
embryos have been transferred in 122 diagnostic cycles.
Within the wide time window of embryo transfer (ET) after PBD, clini-
cal pregnancy rates per ET at our center were: 31,65% (ET at day 2/3), 
34,38% (ET at day 5) and 13,64% (cryo with ET in subsequent cycle), 
respectively. However, the implantation rate per embryo was higher 
after ET on day 2/3 (19,9%) when compared to day 5 (15,5%).
Our overall clinical pregnancy rate per PBD cycle to ET (31,97%) is 
comparable to the pregnancy rate after PGD for monogenic disorders 
published by the ESHRE PGD consortium mainly performed by day 
3 biopsy + day 5 transfer (29,17% - data collection I-XI), with similar 
proportions of PGD cycles to ET in 81,5% (ESHRE cohort) and 83,0% 
in our overall PBD cohort.
Only very limited data are currently available on TEB, indicating some 
benefits for cycles with higher numbers of available blastocysts as well 
as drawbacks of the long tissue culture, late biopsy and the frequently 
required cryo conservation with transfer in a subsequent cycle.
Preliminary TEB data on PGD for monogenic disorders, published by 
McArthur et al. 2008 (177 OR cycles), suggest an expected substantially 
lower ET rate after TEB (63,84%) with higher implantation and clinical 
pregnancy rates per ET, resulting in an overall clinical pregnancy rate 
per OR cycle of 32,7%. Additional prospective studies will be necessary 
to determine, which couples might ultimately benefit from blastocyst 
culture und TEB to perform PGD for monogenic disorders.

P-Prenat-249
Non-invasive prenatal testing (NIPT): Laboratory experiences of 
PrenaTest®
Hofmann W., Grömminger S., Schöck U., Bonnet J., Smerdka P. 
LifeCodexx AG, Konstanz, Germany 

Non-invasive prenatal testing (NIPT) is an emerging new option 
in prenatal care. According to the International Society for Prenatal 
Diagnosis (ISPD) NIPT is an advanced screening method for women 
at increased risk of common fetal aneuploidies. The commercially 

available PrenaTest® has been introduced in Europe in August 2012 
with focus on Germany, Switzerland and Austria and exhibits sensi-
tivities and specificities around 99%. The laboratory experiences from 
routine application of NIPT service are reported, and test accuracy, 
quality parameters as well as patient profiles are discussed. PrenaTest® 
for common fetal trisomies is done by massively parallel sequencing 
(MPS) of cell-free DNA from maternal plasma. Presented data were 
collected during laboratory routine from August 2012 to January 2013 
for the detection of trisomy 21 only, and from February 2013 onwards 
for the detection of trisomies 13, 18 and 21.Within one year about 5,600 
successful PrenaTest® analyses have been reported, with 98.0% negative 
results, 1.5% positive for trisomy 21, 0.4% positive for trisomy 18 and 
0.1% positive for trisomy 13. In about 0.2% of cases, no result could be 
reported even after repeat of the analyses, if requested. According to ad 
hoc feedback from the ordering specialists there were no false-negative 
results up to now. In eight false-positive results reported hitherto (one 
trisomy 13, five trisomy 18 and two trisomy 21) the result from NIPT is 
suspected to be discordant from the result of amniocentesis because of 
confined placental mosaicism or an undiscovered vanished twin. Cur-
rently, the main indications for the application of the PrenaTest® are 
an increased maternal age and an increased risk for aneuploidy based 
on primarily first trimester screening test. Particularly women in week 
12+0 through 13+6 - the period in which the nuchal translucency mea-
surement is done - opt for the PrenaTest®. Interestingly, a second peak 
at week 17+0 to 17+6 is seen, which coincides with the period when 
amniocenteses are usually carried out. This might be an indication that 
women who would otherwise have chosen an amniocentesis to obtain 
information about the health of their child now select the PrenaTest®, 
instead. In the near future, to characterize the limitations of NIPT 
more precisely, it is important to analyse thoroughly the discrepan-
cies between NIPT results and the results of conventional karyotyping. 
It is intriguing that the majority of recently reported “false” positive 
NIPT results seem in fact to be the consequence of fetal vs. extra fetal 
cytogenetic discrepancies, thus of biological origin as expected from 
our knowledge collected from chorionic villi analyses. These findings 
suggest that biological reasons rather than methodical failures play the 
major role, emphasising the highly important collaboration between 
geneticists and gynecologists specialized in ultrasonography.

P-Prenat-250
Meckel Gruber syndrome – Mutational spectrum and double 
encephalocele as an underdiagnosed characteristic feature
Knopp C.1, Schoner K.2, Rehder H.2, Steuernagel R.3, Eggermann T.1, 
Zerres K.1, Ortiz Brüchle N.1 
1Institute of Human Genetics RWTH University Hospital Aachen, Aachen, 
Germany; 2Institute of Pathology UKGM University Hospital Marburg, 
Marburg, Germany; 3Institute of Human Genetics Hospital Oldenburg, 
Oldenburg, Germany 

Meckel Gruber syndrome (MKS) is a rare autosomal recessive disorder 
characterized by multicystic kidney dysplasia, central nervous system 
malformations (usually occipital encephalocele), ductal plate malfor-
mation of the liver and postaxial polydactyly. Death occurs often before 
or shortly after birth. MKS is genetically heterogeneous with so far of 
nearly 12 known disease causing genes.  Identifying the underlying 
genetic defect is therefore often challenging. However, there is a con-
siderable clinical and genetic overlap between the ciliopathies MKS, 
Joubert syndrome and related disorders and severe manifestations of 
Bardet-Biedl syndrome.
Among 43 cases with Meckel syndrome we found mutations in 33 cases 
(77%) in the following genes: MKS1 (33%), MKS3 (39%), MKS4 (18%) 
and MKS6 (9%), which is in accordance with frequencies reported in 
literature. Exact data, however, are highly variable and are difficult to 
assess because of heterogeneous study groups.
On the background of a broad overlap of features of other syndromes 
a thorough evaluation of cases is important. On this background we 
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will present a case with a double encephalocele, a typical finding in 
MKS with two truncating mutations in the MKS3 gene. The fetus addi-
tionally showed microcephaly with a hemorrhagic necrotic occipital 
meningoencephalocele and a second smaller skin-covered meningo-
encephalocele of cerebellar tissue protruding through a defect of the 
lower occipital defect with inclusion of the foramen magnum. Further-
more autopsy revealed large polycystic dysplastic kidneys and hypo-
plastic lungs. No polydactyly was present. Histological examination of 
the kidney displayed cysts in medullary and cortical region and fibrosis 
of interstitial connective tissue. The liver showed increased bile duct 
formation in portal tracts and mild duct proliferation was also found 
in pancreas and epididymis.
It is well known, that a double encephalocele is a common and typical 
finding in MKS which, however, is often not diagnosed. The demon-
stration of a double encephalocele makes the diagnosis of MKS in addi-
tion to other findings likely (Rehder and Labbé, Prenatal Diagnosis, 
1981).
Because a detailed phenotypic description of affected cases with MKS 
is often not available in a routine clinical setting we want to emphasize 
a NGS-based diagnostic algorithm including the four mentioned genes 
to achieve a complete coverage of these “core” genes followed by diag-
nostic exome sequencing.

P-Prenat-251
DNA methylation analysis of in vitro matured human oocytes 
retrieved from small antral follicles
Kuhtz J.1, Anckaert E.2, Romero S.2, De Vos M.2, Smitz J.2, Haaf T.1 
1Institute of Human Genetics University of Wuerzburg, Wuerzburg, 
Germany; 2Follicle Biology Laboratory and Center for Reproductive 
Medicine UZ Brussel Vrije Universiteit Brussel, Brussels, Belgium 

Polycystic ovary syndrome (PCOS) is the most common endocrine 
disorder in women of reproductive age. When undergoing standard 
assisted reproductive technologies (ART) for infertility treatment, 
PCOS patients have a high risk of developing ovarian hyperstimula-
tion syndrome (OHSS), which is due to an increased response to ovar-
ian stimulation. To avoid hormonal stimulation and OHSS, immature 
oocyte-cumulus complexes can be retrieved from 2-10 mm follicles 
without an ovulatory dose of hCG and matured in vitro.
ART coincides with genome-wide epigenetic reprogramming dur-
ing late oocyte and early embryo development. Due to the increased 
vulnerability of the oocyte to adverse environmental factors during 
in vitro culture and maturation, it is important to evaluate whether in 
vitro maturation (IVM) interferes with epigenetic reprogramming of 
maternal methylation patterns.
To investigate the influence of IVM on the epigenetic status of human 
oocytes, we examined 61 in vitro and 40 in vivo matured oocytes from 
PCOS patients. We analysed four imprinted genes (maternally meth-
ylated LIT1, PEG3, SNRPN and paternally methylated GTL2) as well 
as three developmentally important non-imprinted genes (DNMT3Lo, 
OCT4 and NANOG), using limiting dilution bisulfite pyrosequenc-
ing. This technique allows one to determine the methylation patterns 
of individual alleles of several genes in single cells. Both in vitro and 
in vivo matured oocytes showed only few abnormal alleles, consistent 
with epimutations. Although the number of abnormally (de)methyl-
ated imprinted alleles was slightly higher in the in vitro group, this 
difference was not statistically significant. The observed abnormali-
ties may be due to the fact that the in vitro matured oocytes were not 
yet completely matured. We also found slightly increased numbers of 
abnormal alleles in immature in vivo matured oocytes, compared to 
mature in vivo oocytes. We conclude that the human IVM technique 
by itself does not significantly alter the epigenetic status of oocytes.

P-Prenat-252
Prenatal molecular genetic diagnosis of skeletal dysplasias. A 
single center experience
Lindner M., Daumer-Haas C., Bagowski C., Shoukier M., Minderer S., 
Gloning K.-P., Schramm T. 
Pränatal-Medizin München, München, Germany 

Skeletal dysplasias are a large, heterogeneous group of conditions 
involving the formation and growth of bone. Some skeletal dysplasias 
are associated with additional abnormalities in other organ systems.
Prenatal diagnosis relies primarily on fetal ultrasound findings, but 
molecular analysis is used to confirm the presumptive diagnosis and to 
determine the recurrence risk.
The diagnosis  of a substantial number of the most frequent skeletal 
dysplasias can be confirmed in a short period of time by molecular 
genetic analysis of the involved genes (e.g. thanatophoric dysplasia, 
diastrophic dysplasia, campomelic dysplasia, Ellis-van Creveld syn-
drome or hypophosphatasia).
We present a retrospective analysis of 300 prenatally diagnosed cases 
seen in a single tertiary center between 1985 and 2013 by an expert team 
of experienced sonographers and human geneticists.
Thus, we demonstrate clinical findings and molecular genetic data and 
construct work-ups  for the diagnosis of  „difficult“ cases (e.g. short 
rib-polydactyly syndromes, Filamin B associated skeletal dysplasias) 
including suggestions for gene panel or whole exome investigations. 
We were able to establish a final diagnosis in 50% of all cases by molec-
ular genetic testing. Some cases are exampflified with clinical, radio-
logical, pathological and molecular genetic data.
We want to point out the importance of molecular genetic diagnosis for 
confirming the clinical diagnosis of skeletal dysplasias and providing 
exact information for genetic counselling.

P-Prenat-253
The proximal promoter of the pluripotency gene Oct4 
displays strain-specific DNA methylation differences in mouse 
spermatocytes
Linke M.1, Wiese E.2, Reifenberg K.2,3, Zechner U.1 
1Institute of Human Genetics, University Medical Center of the Johannes 
Gutenberg University, Mainz; Germany; 2Animal Facility, University 
Medical Center of the Johannes Gutenberg University, Mainz; Germany; 
3Animal Laboratory Facility, German Cancer Research Center, Heidelberg; 
Germany 

Global analysis of the mouse methylome revealed striking similari-
ties in DNA methylation patterns of promoter regions between the 
highly specialised sperm cell and different pluripotent cell types. Thus, 
the promoter epigenome of spermatocytes is already largely repro-
grammed towards a pluripotent state. It is also well known that dif-
ferent mouse strains respond significantly different to standardized in 
vitro-fertilization (IVF) protocols. The question arises whether intra-
specific differences in epigenetic modifications of mouse gametes con-
tribute to this phenomenon.
We used bisulfite pyrosequencing to quantify the DNA methylation 
levels of several imprinted genes (H19, Igf2r, Plagl1 and Snrpn) and 
the pluripotency marker gene Oct4 in spermatocytes of Mus musculus 
domesticus (C57B6/J) and Mus musculus castaneus (CAST/Ei) male 
mice. DNA methylation of the repetitive short interspersed element 
(SINE) B1 served as an indicator of global methylation levels. We found 
no significant differences in the methylation levels of the above men-
tioned imprinted genes and the B1 elements between the two strains. 
Surprisingly, however, we could detect an almost two-fold higher 
methylation level of the proximal Oct4 promoter in CAST/Ei (~40%) 
compared to C57B6/J (~20%) males. To verify if our finding is a general 
phenomenon applying to regulatory regions of pluripotency genes, we 
will extend our methylation analysis to other pluripotency genes and 

Abstracts

195Medizinische Genetik 1 · 2014 | 



other regulatory elements at the Oct4 gene locus, like the distal and 
proximal enhancer. In addition, we will include spermatocytes of fur-
ther mouse inbred strains in our studies.
Our data support a model, in which the regulation of pluripotency fac-
tors in spermatocytes has a major impact on the outcome of assisted 
reproduction techniques.

P-Prenat-254
„Meckel-like” prenatal presentation of Bardet-Biedl syndrome
Ortiz Bruechle N.1, Knopp C.2, Lemmens M.3, Pleyers A.3, Marquet KL.4, 
Braunschweig T.5, Goecke T.6, Eggermann T.1, Zerres K.1 
1Institute of Human Genetics RWTH University Hospital Aachen, Aachen, 
Germany; 2Institute of Human Genetics, RWTH University Hospital 
Aachen, Aachen, Germany; 3Praxis Dr. med. M. Lemmens, Aachen, 
Germany; 4Praenatalpraxis Marquet Bewermeyer, Aachen, Germany; 
5Institute of Pathology RWTH University Hospital Aachen, Aachen, 
Germany; 6Clinic for Gynecology and Obstetrics RWTH University Hospital 
Aachen, Aachen, Germany 

Bardet-Biedl syndrome (BBS) is a heterogeneous autosomal recessive 
ciliopathy mainly associated with obesity, postaxial polydactyly, retinal 
dystrophy, learning disability and male hypogenitalism. According to 
the literature an impaired kidney function can be diagnosed in about 
80 % of patients over the age of 16 either as a result of tubulointerstitial 
lesions or also secondary to persisting hypertension and/or diabetes. 
Sever cystic kidney dysplasia (CKD) has also been described but is not 
a very frequent finding in BBS. On average the patients are diagnosed 
as BBS at the age of about 10 years. However the prenatal ultrasono-
graphic detection of a postaxial polydactyly often in combination with 
kidney pathology has lead to prenatal clinical confirmation of the syn-
drome in some cases often with a known family history.
So far, at least 15 different causative BBS genes have been identified. 
Genetic and clinical overlap with other primary ciliopathies exists, 
e.g. to Joubert syndrome (JS) or - in case of a prenatal CKD (with or 
without enlarged kidneys and oligohydramnios) - to Meckel syndrome 
(MKS).
The latter severe clinical presentation is rare and has been termed as 
“Meckel-like” phenotype. In affected fetuses in addition to polydactyly, 
CKD and hepatic fibrosis neural tube/brain abnormalities can be pres-
ent e.g. as a Dandy Walker malformation. On molecular level, muta-
tions in the genes BBS2 (n=3/13), BBS4 (n=2/13), BBS6 (n=1/13), BBS10 
(n=4/20) and recently in BBS1 (n=1/1) have been detected in fetuses 
with “Meckel-like” features.
We report on 7 “Meckel-like” BBS patients. We could identify mutations 
in all cases. Whereas 4 cases carried mutations in the already known 
“Meckel-like” genes BBS1 (n=1/7), BBS4 (1/7) and BBS10 (n=2/7), 3 
patients carried mutations in the BBS12 gene, which has not yet been 
known to cause this phenotype. In addition to these molecular data 
we will present clinical features of our patients to illustrate the phe-
notype. Furthermore we will present our diagnostic algorithm in this 
phenotype on the basis of two affected sibs. In that family the diagnos-
tic workup included SNP array based homozygosity testing followed 
by direct sequencing of the BBS4 gene leading to the identification of a 
previously not described splice site mutation.
Clinical and genetic data of severe manifestations of fetuses with the 
features of the Meckel/Joubert/BBS spectrum give strong evidence that 
a delineation of a clinical basis alone is not useful.

P-Prenat-255
Mutational analysis of the NR5A1 (SF1) gene in infertile males
Röpke A.1, Tewes A.1, Bröcher A.1, Kliesch S.2, Wieacker P.1, Tüttelmann 
F.1 
1Institut für Humangenetik, Universität Münster, Germany; 2Klinische 
Andrologie; Centrum für Reproduktionsmedizin und Andrologie, 
Universität Münster, Germany 

The steroidogenic factor 1 (SF1) protein, encoded by the NR5A1 gene 
(OMIM 184757), plays a central role in gonadal development and ste-
roidogenesis. Mutations in NR5A1 were first described in patients with 
primary adrenal insufficiency. Subsequently, NR5A1 mutations were 
also identified in patients with 46,XY disorders of sexual development 
as well as in men with hypospadias, bilateral anorchia and micropenis 
and women with primary ovarian insufficiency. Recently, heterozygous 
missense mutations were found in 4% of infertile men with unexplained 
reduced sperm counts living in France, but all mutation carriers were 
of non-Caucasian ancestry. Therefore, we sequenced the NR5A1 gene 
in 488 predominantly Caucasian patients with azoo- or severe oligo-
zoospermia. 237 men with normal semen parameters were sequenced 
as controls. In addition to several synonymous variants of unclear 
pathogenicity, three heterozygous missense mutations predicted to be 
damaging to SF1 protein function were identified. Functional studies 
of these three missense mutations indicated only minor consequences 
on transactivational activity using a luciferase assay. The andrological 
phenotype in infertile but otherwise healthy mutation carriers seems 
variable. In conclusion, mutations altering SF1 protein function and 
causing spermatogenic failure are also found in men of German origin, 
but the prevalence seems markedly lower than in other populations.

P-Prenat-256
DMRT1 mutations are rarely associated with male infertility
Tewes A.C.1, Ledig S.1, Tüttelmann F.1, Gromoll J.2, Kliesch S.2, Wieacker 
P.1 
1Institute of Human Genetics, University of Münster, Germany; 2Centre of 
Reproductive Medicine and Andrology, University of Münster, Germany 

Male infertility is a heterogeneous disorder including genetic causes 
such as chromosome aberrations or AZF deletions of the Y chromo-
some. So far only few monogenetic causes for male infertility could 
be identified. In vivo experiments with knockout mice demonstrated 
that the transcription factor DMRT1 plays a pivotal role in testis devel-
opment and spermatogenesis by influencing the differentiation of Ser-
toli cells and cell cycle control of germ cells. Analyses of male Dmrt1-
/- mice showed severe testis hypoplasia, disorganized seminiferous 
tubules and non-differentiated Sertoli cells. In addition, germ cells 
were missing. In humans, deletions of DMRT1 are associated with XY 
gonadal dysgenesis, XY ovotesticular disorder of sexual development 
(DSD) but also with impaired spermatogenesis. Obviously, deletions 
of DMRT1 can cause a wide spectrum of disorders of gonadal develop-
ment. We assumed that missense mutations in DMRT1 in males may 
rather cause infertility than gonadal dysgenesis.
Therefore, we performed sequence analysis of DMRT1 in a total of 163 
patients with severe oligozoospermia (sperm concentration < 5 Mill. /
ml, N = 86) or non-obstructive azoospermia (N = 77). The latter group 
encompasses 63 patients with SCO (Sertoli-cell-only)-syndrome and 14 
patients with meiotic arrest, while 86 of the oligozoospermic patients 
had a mixed atrophy testicular phenotype. The control group contained 
215 fertile men.
In total, we identified 4 putative pathogenic mutations in the DMRT1 
gene in 6 patients. One of the variants, c.132C>T, found in a patient 
with spermatogenesis arrest, causes no amino acid exchange and is not 
listed in dbSNP. However, the Alamut Splicing prediction algorithms 
showed in 2 of the 5 cases that this variant possibly generates an alter-
native donor splice site. A second variant, c.671A>G (p.Asn224Ser, 
rs140506267) was found in two patients with SCO syndrome and 
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is listed in dbSNP with a very low MAF (0.0023). The third variant 
c.991G>C (p.Asp331His, rs139434590) was found in another patient 
with SCO syndrome. Both variants are predicted to be damaging for 
DMRT1 protein function. The putative mutation c.991G>C was also 
detected in heterozygous state in one of the control samples. The vari-
ant c.783C>T (rs34946058) was detected in two patients with mixed 
atrophy, but also in one of the fertile control samples. This variation 
causes no amino acid exchange (p.Pro261Pro). While in silico analysis 
showed no indication for the creation of alternative donor or accep-
tor splice sites, this variant entirely diminishes the exonic splicing 
enhancer (ESE) motif for SF2/ASF.
In summary, we detected two variants which are predicted to be dam-
aging for DMRT1 protein function and also two variants which pos-
sibly generate an alternative donor or acceptor splice site. Because of 
these findings we suggest that DMRT1 mutations are rarely associated 
with male infertility.

P-Prenat-257
Loss of Msy2-mRNA interaction might affect transcript level and 
poly(A) tail length of maternal effect genes after postovulatory 
aging in mouse metaphase II oocytes
Trapphoff T., Heiligentag M., Eichenlaub-Ritter U. 
University of Bielefeld, Bielefeld, Germany 

Introduction: Mammalian oocytes are structured with functional 
domains like the subcortical RNP domain, subcortical maternal com-
plex, or spindle-chromosome-complex (SCC), discussed in control of 
gene expression (1). mRNA stability and storage is regulated by the 
germ cell-specific RNA binding protein Msy2 (2). Knock-down of 
Msy2 in oocytes decreased mRNA and caused sub-fertility(2). Post-
ovulatory ageing (PostOA) affects the transcript level and poly(A) tail 
length of select maternal effect genes (MEGs)(3).
Study question: Does PostOA affect the subcellular localization and 
abundance of Msy2 in in vivo and in vitro grown and matured oocytes 
exposed to PostOA, or trimethylation of histone H3K9?
Methods: Metaphase II oocytes were isolated 18h post the ovulatory 
stimulus after 13 days of preantral follicle culture4, or 12 hours later 
(PostOA, in vitro group), or after ovulation in vivo, or PostOA for 24h 
in M2 medium (PostOA, in vivo group).
Spindle, chromosomes, pattern of H3K9 trimethylation and distribu-
tion and abundance of Msy2 was analyzed by confocal microscopy(4,5) 
and Western Blot.
Results: PostOA in vitro caused an increase in spindle aberrations and 
unaligned chromosomes. Trimethylation of H3K9 was significantly 
decreased. Msy2 was in ooplasm, and enriched in the subcortical RNP 
domain and in the SCC in controls. Msy2 becomes redistributed to the 
central ooplasm upon PostOA in vivo. There is a shift in abundance 
and molecular weight of Msy2 protein upon maturation in Western 
Blot, and a dramatic decrease in Msy2 level during PostOA.
Conclusions: Epigenetic alterations in H3K9me3 were implicated in 
susceptibility to meiotic errors and epimutations (5), and in chronolog-
ical aging of GV oocytes6. In accordance, H3K9me3 is also decreased 
in PostOA. Phosphorylation of Msy2 triggers maternal mRNA degra-
dation during mouse oocyte maturation (2). PostOA in vivo for 24h 
and in vitro for 12h reduced the total mRNA content and poly(A) tail 
length of several MEGs essential for developmental competence (3). 
It is shown for the first time that Msy2 is enriched in the spindle at 
metaphase II. Similarly, Dnmt1 message is enriched at the spindle1 and 
reduced poly(A) mRNA was present after PostOA. Msy2 localization 
at SCC and in the subcortical RNP domain possibly provides for pro-
tecting and regulating MEG mRNAs and translation. Further studies 
have to show whether the mRNA deadenylation and degradation of 
MEGs is causally related to spindle alterations and phosphorylation, 
and redistribution and decrease in Msy2 protein during PostOA, thus 
contributing together with alterations in chromatin to changes in gene 

expression during development, increased susceptibility to meiotic 
errors, and reduced developmental potential.
1Romasko et al 2013; Genetics
2Medvedev et al 2008; DevBiol
3Dankert et al 2013; Abst. 7th IntConf FemRepTract
4Trapphoff et al 2010; HumRep
5Trapphoff et al 2013; FertilSteril
6Manosalva et al 2008; Theriogenology
(Supported by DFG)

P-Prenat-258
Gene Expression Patterns in a disturbed Karyotype: Keys to the 
Clinical Conundrum of Klinefelter Patients
Tüttelmann F.1, Bongers R.2, Werler S.2, Bogdanova N.1, Wistuba J.2, 
Kliesch S.2, Gromoll J.2, Zitzmann M.2 
1Institute for Human Genetics, Münster, Germany; 2Centre for 
Reproductive Medicine and Andrology, Münster, Germany 

Background: Klinefelter Syndrome (KS) is the most common chromo-
some disorder in men (47,XXY), exhibiting a phenotype with marked 
variation, frequent hypogonadism and increased mortality. It is unclear 
whether and to what extent the genetic impact of the supernumerary 
X-chromosome contributes to the pathology.
Methods: EXAKT (Epigenetics, X-chromosomal features and Clinical 
Applications in Klinefelter syndrome Trial) is a Münster-based as yet 
largest prospective non-interventional project involving 132 Klinefelter 
men and their parents assessing a wide range of cardiovascular, inflam-
matory and metabolic factors in comparison to age-matched male 
(n=50) and female controls (n=50) in relation to genetic investigations. 
The main objective was to elucidate whether differential gene expres-
sion patterns could be detected in KS patients and whether these pat-
terns would be related to inherent pathologies.
Results: Gene-expression was substantially disturbed in patients with 
KS vs. male and female controls, respectively. This dysregulation with 
differential expression of 36 not only X-chromosomal but also auto-
somal genes puts these phenotypical males into a genetic framework 
located between men and women with normal karyotypes. A range of 
these genes has previously been attributed to gender-specific modu-
lations of immune responses. Simultaneously, the EXAKT KS cohort 
exhibited increased insulin resistance/inflammatory status, a procoag-
ulatory state, higher waist circumference, dyslipidemia and an altered 
cardiac rhythmogenic setting (shorter QT-interval being partly located 
within the pathological range) vs. controls. Affiliatingly, the extent of 
clinical dyshomeostasis was associated with the degree of expression 
of dysregulated genes in KS. Paternal origin of the supernumerary 
X-chromosome was an additional enforcing confounder regarding 
insulin resistance and cardiac phenotype. In testosterone-treated KS 
patients, the pathophysiological pattern persisted in general, albeit 
depending on inflammatory-regulating gene expression.
Conclusions: In KS patients, the supernumerary X-chromosome con-
tributes to a number of pathologies by altering the pattern of gene 
expression: insulin resistance, dyslipidemia, enhanced inflammation 
markers as well as altered cardiac rhythmogenic setting are involved; 
this was observable independently from testosterone substitution 
treatment which may have attenuated responses in KS.
Funding: IZKF Münster CRA03/09; DFG WI2723/4-1
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P-Technology and Bioinformatics

P-Techno-259
Ex-Exome  - Sequencing in Human Genetics.
Boehm D.1, Gencik A.1, Gencik M.2 
1diagenos, Osnabrück, Germany; 2Center for Human Genetics, Vienna, 
Austria 

The selection of genes based on the principle of cause and effect in 
hereditary diseases was and is still a reasonable paradigm in human 
genetic diagnostics. On this basement, the advent of Next Genera-
tion Sequencing (NGS) was consequently first evolved  to simultane-
ously target and analyze comprehensive lists of known genes that have 
already been described as the cause of a specific genetic disease. The 
main limitation of these by definition termed “diagnostic panels” is, 
that design, improvement and maintenance of a diagnostic panel for 
a specific disease was and is hard to realize and can be obtained by 
Research and Development (R&D) teams only. Technically, the unifor-
mity and completeness of coverage is hard to achieve, and logistically, 
new genes need to be included as soon as they are discovered. The ini-
tial genome- or  exome- partitioning technologies for targeting these 
genes and their related costs are mostly stable nowadays, in principle 
still consume the same cost for targeting 1 Mb, 7 Mb, or even 30 Mb of 
the genome. Instead the sequencing cost dropped dramatically and will 
further decrease in the near future.
We utilized a highly flexible diagnostic Ex-Exome approach by using 
commercially available Exome contents paired-end sequenced on an 
Illumina machine, and build up a diagnostic pipeline focused on the 
selection, reliability and completeness of the analysis of those genes, 
that are in the range of a specific disease. National law for the diag-
nostic setup and analysis pipeline were addressed, as well as promises, 
limitations and validity of the technology regarding mutation types, 
error rate, sensitivity and specificity.

P-Techno-260
Computational prioritization of disease genes by network 
analysis
Czeschik J.C.1, Wieczorek D.1, Rahmann S.2 
1Institut für Humangenetik, Essen, Germany; 2Lehrstuhl für 
Genominformatik - Institut für Humangenetik, Essen, Germany 

In recent years, the knowledge about genetic variation in humans has 
increased substantially with the advent of next generation sequenc-
ing (NGS) methods. For instance, whole exome sequencing (WES) 
has been successfully established as a tool for discovery of new dis-
ease genes and diagnosis of patients with unknown syndromes. When 
the exome of a single human individual is sequenced and compared to 
a reference genome, 20.000 to 50.000 variants are usually identified. 
After removing synonymous and non-coding variants and presumably 
non-pathogenic variants present in public databases, several hundreds 
still remain. Because further manual filtering of all variants in ques-
tion is very time-consuming, a variety of computational methods to 
predict disease-causing genes have been suggested, so-called gene pri-
oritization methods. Among these, network analysis of protein-protein 
interaction networks has previously been successful in the prediction 
of disease genes. Here, we propose a new method for the prediction 
of causative genes based on 1.) the STRING database‘s protein-protein 
interaction (PPI) network and 2.) a set of seed genes derived from the 
individual patient‘s phenotypes, using associations between genes 
and phenotypes available as part of the Human Phenotype Ontology 
(HPO). After construction of the PPI network, the distribution of the 
ratio of the number of seed genes to the total number of genes in the 
vicinity of a candidate gene (i.e. at different distances from the cor-
responding network node) is analyzed. Distribution shapes are com-

pared for verified disease genes (obtained from the OMIM database) 
and random genes. To predict the causative role of a candidate gene 
in an individual patient, the distribution of seed genes specific for the 
patient‘s phenotype is then compared to previously obtained distribu-
tions of verified disease genes. The method is analyzed for accuracy 
and applied to real patient data.

P-Techno-261
High throughput sequencing in a diagnostic laboratory: Pros 
and cons of enrichment technologies
Dworniczak B., Fleige-Menzen S., Pennekamp P. 
Department of Human Genetics, University Hospital Muenster, Germany 

Molecular diagnosis of complex human genetic diseases is still chal-
lenging because in most cases multiple genes harboring putative 
deleterious mutations have to be analyzed. So far in most diagnostic 
laboratories Sanger sequencing is still used as the golden standard 
but capillary sequencing is excessive time-consuming and expensive 
at least for the screening of multiple genes. However, recently there 
was a shift away from Sanger sequencing after introduction of high-
throughput sequencing methods, which are often collectively referred 
to as “next-generation” sequencing (NGS) which have facilitated sub-
stantial increases in sequencing content while dramatically decreasing 
the cost per base.
But because these technologies are originally introduced especially for 
large sequencing projects it is difficult to scale down this technology 
for screening disease causing genes in a diagnostic laboratory with its 
specific needs and requirements. To fill this gap table top NGS Systems 
have been introduced by Life Sciences (Ion Torrent PGM and Proton) 
by Illumine (MiSeq) and by Roche (GS Junior). While lllumina and 
Roche launched sequencer adapted to established technology Ion Tor-
rent introduced a sequencing device using a sequencing technology 
based on the detection of hydrogen ions that are released during the 
replication of DNA. To validate this technology in respect to usabil-
ity, software requirements and accuracy we tested several gene panels 
comprising between 3 and 420 genes covering between 100 and 16000 
exons. Regions of interest were enriched in different ways: single PCR; 
multiplex-PCR (AmpliSeq: Ion Torrent; GeneRead NGS System: Qia-
gen) or HaloPlex custom designed kits (Agilent).
Our validation showed that technically multiplex PCR seems to be the 
superior technology for target enrichment because of its easy workflow, 
but that severe problems can emerge for proper detection of sequence 
variants if the user is not aware of its limitations. Especially the forma-
tion of sequencing blocks of the target region prevents the detection of 
complex variants at the ends of these blocks facilitating false negative 
claiming. This serious problem might impair the overall use of PCR 
amplification for target enrichment at least as long as software solu-
tions cannot handle the problem.

P-Techno-262
Next-Generation Sequencing in the Molecular Diagnostics of 
Rare Diseases using a Gene Panel Approach
Eck SH., Vogl I., Datter S., Küçük S., Rupprecht W., Busse B., Höfele J., 
Chahrokh-Zadeh S., Wahl D., Marshall C., Mayer K., Rost I., Klein HG. 
Center for Human Genetics and Laboratory Medicine Dr.Klein Dr.Rost and 
Colleagues, Martinsried, Germany 

The implementation of Next-Generation Sequencing in a clinical diag-
nostic setting opens vast opportunities through the ability to simulta-
neously sequence all genes contributing to a certain indication at a cost 
and speed that is superior to traditional sequencing approaches. Espe-
cially in the case of rare, heterogeneous disorders this may lead to a sig-
nificant improvement in diagnostic yield. On the other hand, the prac-
tical implementation of NGS in a clinical diagnostic setting involves a 
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variety of new challenges which need to be overcome. Among these 
are the generation, analysis and storage of unprecedented amounts of 
data, strict control of sequencing performance, validation of results, 
interpretation of detected variants and reporting.
We present a panel approach for the molecular diagnostics of rare 
disorders. Exonic regions of more than 250 custom selected genes 
are enriched in parallel by oligonucleotide hybridization and cap-
ture (Illumina TSCE), followed by massively-parallel sequencing on 
the Illumina MiSeq instrument. During analysis, only genes from 
the requested indication (grouped in subpanels) are selected to limit 
analysis to relevant genes, while simultaneously minimizing the pos-
sibility of unsolicited findings. Data analysis is performed using the 
CLC Genomics Workbench (v.6.5.1, CLCbio) and custom developed 
Perl scripts. Target regions which fail to reach the designated cover-
age threshold of 20X are re-analyzed by Sanger sequencing. Addition-
ally, identified candidate mutations are independently confirmed. All 
detected variants are imported into an in-house relational database 
scheme which may be queried via a web interface for dynamic data 
analysis and filtering. Information from all 250 genes is used in an ano-
nymized way for internal variant frequency calculation, quality control 
and the detection of potential sequencing artifacts.
We have applied this approach to more than 200 samples from a vari-
ety of different disorders. In particular we use the outlined approach 
for the diagnostics of arrythmogenic cardiac disorders (LQTS, HCM, 
DCM), connective tissue disorders (EDS, TAAD), rare kidney disor-
ders (Nephrotic Syndrome, CAKUT), neurological disorders (Noonan 
syndrome, Microcephalies), metabolic disorders (MODY diabetes) 
and coagulopathies.

P-Techno-263
Approaches to increase diagnostic yield for clinical genomic 
sequencing
Garcia S., Chandratillake G., Pratt M., Lam H., Harris J., Shujun L., Gabor 
B., Li M., Chervitz S., Clark M., Leng N., West J., Chen R. 
Personalis Inc., Menlo Park, USA 

Exome and genome sequencing is increasingly utilized to diagnose 
individuals where other genetic testing has been unsuccessful or would 
be cost-inefficient.  However, diagnostic yield estimates from clinical 
exome testing remain low (~25%). We have developed a comprehensive 
approach aimed at improving accuracy and completeness in genomic 
sequencing with specific improvements made in sequencing, variant 
calling, and interpretation to increase diagnostic yield.
Our approach has three parts:
1. Increased sequence coverage over regions of biomedical importance 
with the aim of creating a finished medical exome. On many samples, 
we quantified average coverage over all exons and developed special-
ized sequencing libraries to improve performance over regions with 
low (<20x) or absent coverage. We also targeted regulatory regions and 
other non-exonic regions known to contain disease and pharmacoge-
netic-associated variation.
2. Development of an approach integrating four orthogonal methods 
to identify and rank SVs based on their predicted likelihood of causing 
disease.
3. Implementation of a novel, knowledge-based ranking system to 
rank detected variation by likelihood of being causally related to the 
observed phenotype. Samples with described clinical features and 
known causative variants representing a broad range of conditions and 
variant types (including SVs) were obtained, sequenced, and our pro-
prietary pipeline was used to align reads and call variants. Our internal 
database linking clinical features to genes was used to identify and rank 
candidate genes for each sample. We identified all possible inheritance 
patterns, and allowed for de novo events and non-penetrance, ranking 
genotype expectations by likelihood.
Our approach results in greater sensitivity to detect causal variation:

1. We increase the number of biomedically-relevant genes covered at 
>99% sensitivity for variant detection from 2000 to >3000.
2. We have substantially greater sensitivity (96.27% compared to 55.6% 
average), and a lower false discovery rate (1.37% compared to 27.55% 
average) on SV detection in genome sequence than any of the four 
methods used independently.
3. We reduce the number of candidate variants requiring manual 
review and in all cases tested the known causative variant was ranked 
first by our approach.
By increasing sequencing coverage over genes and variants of bio-
medical importance, improving detection of structural variation, and 
developing ranking approaches to highlight those variants most likely 
to be causally related to phenotype, we increase the likelihood that the 
underlying genetic etiology of cases submitted for exome or genome 
sequencing will be determined.

P-Techno-264
Similarity metrics for filtering duplicate entries in databases of 
genomic sequence variants
Heinrich V., Zhu N., Parkhomchuk D., Robinson P.N., Krawitz P.M. 
Institute of Medical Genetics and Human Genetics Charité, Berlin, 
Germany 

Removing frequently detected variants is one of the most effective
approaches to reduce the number of candidate mutations in the data
analysis of next-generation sequencing studies. The incidence of a
rare disorder in a population serves as an upper bound for the allele
frequency or genotype frequency that can be used as a filter for
dominant or recessive disorders. However, the frequentist inference
requires that genotypes of a single individual are represented in the
database only once. With many and decentralized data submitters the
risks increases that samples of the same individual are sequenced
multiple times and are contributed independently under different
pseudonyms. We developed a metric that computes the distances to
reference samples of the 1000 genomes project. The distance profile of
a sample is a unique signature that may be used to assess whether a
list of sequence variants has already been submitted. We show that
this distance signature is highly specific for a sample but still
error tolerant. This allows the identification of replicates from
different enrichment procedures, sequencing platforms and
bioinformatics pipelines. Furthermore the distance signature of a
sample provides also the possibility to identify a pseudonymized sam-
ple
without using the sequencing variants itself and might help to protect
medically sensitive patient information.

P-Techno-265
Framework based on Shannon-entropy of SNP-marker 
combinations for sample tagging in re-sequencing projects
Hu H.1, Liu X.2, Jin W.3, Ropers H.H.1, Wienker T.F.1 
1Max-Planck Institute for Molecular Genetics, Berlin, Germany; 
2BlackBerry Deutschland GmbH, Bochum, Germany; 3National Institute of 
Health, Bethesda, USA 

Sample tagging is designed for identification of accidental sample swap, 
which is among the major problems in re-sequencing studies. In this 
work, combinations of SNP-markers are evaluated in terms of Shan-
non-entropy, so that the fixed-length combinations approach the max-
imal entropy. The test results show that the optimized combinations 
of 23 SNP-markers can differentiate the individuals in the simulated 
samples with the comparable size to the present world population. The 
average Hamming distances among random individuals by the opti-
mized 23-SNP-marker and 48-SNP-marker combinations, are 17 and 
41, respectively. This scheme of samples re-identification and discrimi-
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nation is proved robust with large sample size, including different eth-
nic groups. The optimized sets of SNP-markers are designed for Whole 
Exome Sequencing (WES), the burgeoning branch of re-sequencing 
projects, and a software is provided for customer-design. The sample 
tagging plan based on this framework will improve re-sequencing proj-
ects in a reliable and cost-effective way.

P-Techno-266
Integrated sequence analysis pipeline provides one-stop 
solution for identifying disease-causing mutations
Hu H.1, Wienker T.F.1, Musante L.1, Kalscheuer V.1, Robinson P.N.2, 
Ropers H.H.1 
1Max-Planck Institute for Molecular Genetics, Berlin, Germany; 
2Universitätsklinikum Charité, Berlin, Germany 

Defects of single genes play an important, previously underestimated 
role in the etiology of rare and common disorders, but the vast major-
ity of such disease-causing changes are still unknown. Next generation 
sequencing (NGS) has greatly accelerated the search for these defects, 
and various bioinformatic tools have been developed to facilitate NGS-
based variant detection, filtering, annotation and prioritization. Even 
for experts, however, the implementation of these tools can be a major 
challenge, and there is recent evidence that their performance is poorer 
than widely assumed.
To facilitate the processing and interpretation of NGS data in a clini-
cal setting, we have developed a novel Medical Re-sequencing Analysis 
Pipeline (MERAP). MERAP assesses the yield and quality of sequenc-
ing results, and it has optimized modules for calling a broad spectrum 
of variants, including Single Nucleotide Variant (SNV), insertion / 
deletion (indel), Copy Number Variation (CNV), and other structural 
variants such as tandem duplications. MERAP identifies polymorphic 
variants as well as known disease-causing mutations by filtering against 
relevant public-domain databases, and it flags non-synonymous and 
splice site changes. MERAP uses its Logit score to estimate the like-
lihood that a given missense variant is disease-causing, by integrat-
ing various different pathogenicity scores. MERAP also considers 
other relevant information such as phenotype as well as interaction 
with known disease-causing genes and proteins. In various respects, 
MERAP compared favorably with GATK, one of the most widely used 
sequence analysis tools, e.g. because of its significantly higher sensi-
tivity for detecting medium-sized indels, its easy and fast installation, 
minimal need for training and manual intervention and its economical 
use of computational resources. Upon testing more than 1200 individu-
als with mutations in known and novel disease genes, MERAP proved 
highly sensitive and specific, as illustrated here for 5 families with plau-
sible, apparently disease-causing variants, including a novel ANKS1A 
mutation identified in a patient with autosomal recessive non-syn-
dromic intellectual disability. We believe that the clinical implemen-
tation of MERAP will expedite the diagnostic process as well as the 
identification of many disease-causing gene defects that are hitherto 
still unknown.

P-Techno-267
Combined High Throughput Assay Design and Analysis 
Pipelines for DNA methylation analyses
Kallmeyer R., Pandey R. V., Pulverer W., Weinhaeusel A., Kriegner A. 
AIT - Austrian Institute of Technology GmbH, Vienna, Austria 

Epigenetics refers to the study of heritable changes in gene expression 
that are flexible enough to respond to environmental influences with-
out changes in the underlying DNA sequence. Occurring epigenetic 
abnormalities are playing an important role in e.g. cancer, genetic dis-
orders, autoimmune diseases, pediatric syndromes and aging. There-
fore, epigenome-wide, mainly DNA methylation studies are increas-

ing to complement genome-wide association studies and to search for 
novel disease genes, as well as clinically relevant biomarkers. However, 
feature selection in highly multivariate data (e.g. from genome-wide 
screening methods) often leads to a large proportion on false positive 
results. Thus, it is critical to put forward a large number of identified 
features for independent validation in larger sample cohorts. As a result 
we have developed several validated assay design pipelines for 100-
1000 targets from high-throughput experiments. The pipelines pro-
vided can be used for primer design of methylation-sensitive restric-
tion enzyme-based qPCR (MSRE), methylation-specific PCR (MSP), 
targeted deep bisulfite sequencing (TDBS), SNP-testing (SNP qPCR) 
and targeted resequencing. Furthermore, we have developed assay 
analysis pipelines for visual (methylation level, assay quality and data-
base links) and statistical evaluation of qPCR results from MSRE, MSP, 
TDBS, SNP and targeted resequencing. All pipelines are integrated in 
the XworX platform, a user-friendly workflow-based software which 
can be downloaded from the XworX website (http://www.xworx.org). 
This systematic approach to epigenomic-wide screening by using bio-
informatics pipelines can significantly increase the speed and success 
rate of DNA methylation studies, and significantly improve the ability 
to evaluate and compare laboratory results.

P-Techno-268
Infinium Methylation Assay Analyses Pipeline – A Key for 
genome-wide DNA methylation analyses
Kallmeyer R., Ziegler S., Vierlinker K., Pulverer W., Weinhaeusel A., 
Kriegner A. 
AIT - Austrian Institute of Technology GmbH, Vienna, Austria 

Epigenome-wide association studies and technologies hold promise 
for the detection of new regulatory mechanisms that may be suscep-
tible to modification by environmental and lifestyle factors affecting 
susceptibility to disease. DNA methylation as one of the epigenetics 
mechanisms plays a critical role in the regulation of gene expression 
and is known to be an essential factor in e.g. age-related diseases, can-
cer and some chronic diseases. The “Infinium HumanMethylation450 
BeadChip” is a whole genome approach to interrogate methylation 
sites per sample at single-nucleotide resolution and several bioinfor-
matic approaches for analyses are made. Nonetheless, one of today’s 
challenges is the analysis of big data. Therefore, this pipeline aims on 
combining several approaches and introducing a graphical user inter-
face, as well as adding additional statistical methods and annotation, 
for personalized, easy and fast data processing. The pipeline includes 
analyzing and visualizing of Illumina‘s 450k array data, normalization 
steps, peak correction, batch removal, as well as analysis of methylation 
patterns and gene expression leading to significant probe lists depend-
ing on user’s choices. Thereby, we focus on transparency of data and 
methods by including quality reports of each analysis step and warn-
ings if a statistical analysis step may not be appropriate. The pipeline is 
integrated in the XworX platform, a user-friendly workflow-based soft-
ware which can be downloaded from the XworX website (http://www.
xworx.org). This systematic approach to epigenomic-wide screening by 
using bioinformatics pipelines can significantly increase the speed and 
success rate of biomarker development.

P-Techno-269
Mutational Screening of BRCA1 and BRCA2 using the Ion 
AmpliSeq technology
Krumbiegel M., Kraus C., Büttner C., Uebe S., Ekici A. B., Reis A. 
Institute of Human Genetics; Univ. of Erlangen-Nuremberg, Erlangen, 
Germany 

The introduction of benchtop Next generation sequencing (NGS) tech-
nologies in diagnostic laboratories offers a faster, more comprehensive 
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and cost-effective methodology for mutational screening than Sanger 
sequencing.
In this study, we present a strategy for the diagnosis of hereditary breast 
and ovarian cancer using Ion AmpliSeq multiplex PCR technology on 
the Ion Torrent PGM system (Life Technologies). A global consortium 
consisting of seven laboratories was created. The technical protocol was 
developed and piloted by centers in the Netherlands and Portugal, as 
well as tested and validated in five additional centers including our own 
laboratory. Non-overlapping primers were designed to cover all cod-
ing regions and exon-intron boundaries of the two tumor suppressor 
genes BRCA1 and BRCA2 resulting in a multiplex PCR approach of 167 
amplicons using 30 ng of genomic DNA. 165 patients (~30 patients per 
center) with germline BRCA mutations previously detected by Sanger 
sequencing were selected, with the aim to assess the ability to detect 
and call the full spectrum of mutation types. Both BRCA1 and BRCA2 
genes were amplified using the designed Ion AmpliSeq primer panels 
and sequenced on the Ion Torrent PGM system by loading eight bar-
coded samples onto an Ion 316 chip. Data from all PGM runs of each 
study center were processed using Ion Torrent Suite 3.1. Ion Reporter 
Software was used for mapping and variant calling. The target regions 
were covered 100% with a minimum coverage of 100x. Only one ampli-
con in exon 23 of BRCA2 gene was covered less (>60x) in some runs. 
All selected mutations including point mutations and deletions/inser-
tions as well as mutations in homopolymer stretches were reproducibly 
detected, and no true variant was missed.
These BRCA gene analyses using Ion AmpliSeq multiplex PCR tech-
nology on the Ion Torrent PGM system are successfully performed in 
our routine molecular diagnostics. Barcoding enables the simultane-
ous analysis of ten patients on an Ion 316 chip. The SeqNext module of 
the Sequence Pilot software (JSI medical systems) is used for variant 
calling. Amplicons with insufficient coverage (<50x) are resequenced 
by the Sanger method. All identified disease-causing variants are vali-
dated using Sanger sequencing as well. Additionally, MLPA analyses 
are performed to identify exon deletions/insertions in the BRCA genes. 
To date, we have screened about 100 breast and/or ovarian cancer 
patients using this methodology. A disease-causing mutation has been 
identified in approximately 25% of the patients indicating a high sensi-
tive strategy.
Furthermore, Ion AmpliSeq custom panel sequencing on Ion Torrent 
platforms provides a time- and cost-effective strategy for the identifi-
cation of mutations and can be applied to other breast cancer genes 
and adapted to several disease groups. Additionally, the integration of 
copy number variation detection into this methodology will enhance 
the efficiency in the future.

P-Techno-270
High Resolution Melting (HRM) Analysis in Noonan Syndrome
Lissewski C., Wieland I., Zenker M. 
Institute of Human Genetics; University Hospital, Magdeburg, Germany 

Noonan syndrome is an autosomal dominant disorder characterized 
by short stature, heart defects, developmental delay and typical facial 
appearance. Mutations causative for this syndrome have been found in 
genes encoding protein components of the RAS/MAPK pathway. Cur-
rently 8 genes are known to cause mainly Noonan syndrome, but 4 
more genes are known that may cause one of the other RASopathies. It 
may be difficult to clinically distinguish Noonan syndrome from other 
RASopathies, especially in young children. Thus, up to 12 genes, com-
prising about 140 coding exons, may need to be analyzed when com-
prehensive genetic testing is considered. Sanger sequencing for such a 
number of amplicons is laborious and relatively expensive. Therefore 
we explored an alternative possibility of using High Resolution Melt-
ing (HRM) analysis to screen for mutations in patients with Noonan 
syndrome.
24 samples of patients with known mutations in different exons of the 
genes PTPN11, SOS1, RAF1, SHOC2 and KRAS as well as 267 patients 

with a phenotype suggestive of Noonan syndrome were included 
in this study. Genomic DNA was extracted from blood samples or 
saliva using different methods. Some samples required whole genome 
amplification (GenomiPhi V2) before usage, because very little DNA 
could be obtained. Mutation hot spot amplicons were selected from 
the 5 genes to include 32 HRM amplicons covering all known muta-
tions in the respective genes, except for exons 1 and 4 in PTPN11 and 
KRAS respectively. High Resolution Melting analysis was performed 
on a Roche Light Cycler 480 instrument. In all of the 24 DNA samples 
with a known mutation the amplicon carrying the mutation was cor-
rectly identified by HRM. In the study cohort, only amplicons that pro-
duced curves deviating from normal were further analysed by Sanger 
sequencing, which is necessary to determine the specific mutation. Fol-
lowing this strategy, only 962 of the 8544 amplicons (11,3%) had to be 
sequenced. 126 patients (47,2%) were found to have a mutation in one 
of the amplicons and of those 88 (69,8%) had a mutation in the PTPN11 
gene, 21 (16,7%) in SOS1, 11 (8,7%) in RAF1, 2 (1,6%) in KRAS and 4 
(3,2%) in SHOC2.
High Resolution Melting was successfully used to pre-screen patients 
for the hot spot regions of some of the known RASopathy genes. HRM 
had been used for PTPN11 mutation screening in patients with Noonan 
syndrome before (Lo et al., Clinica Chimica Acta 2009; 409:75–77), but 
this is the first large scale project to have screened so many patients. 
Using HRM reduced the costs by 60% in our laboratory compared to 
standard bidirectional sequencing. HRM analysis is a robust method 
that works well with differently extracted DNAs and also whole 
genome amplified samples and saliva DNA. The method had 100% sen-
sitivity in the cases with previously known mutations. We can conclude 
that HRM analysis is an alternative to screen for mutations in Noonan 
syndrome and the other RASopathies.

P-Techno-271
Development of a generic fully automated sequencing 
workflow using the Ion Torrent PGM as a conceivable 
replacement of Sanger sequencing in routine diagnostics
Neveling K., Diekstra A., Bosgoed E., Derks R., Kamsteeg EJ., van Lier 
B., Rikken A., Tychon M., Mensenkamp A., Nelen M. 
Department of Human Genetics; Radboud university medical center, 
Nijmegen, The Netherlands 

Sanger sequencing has been the workhorse in molecularly working 
laboratories for more than three decades. With the implementation of 
NGS technologies, completely new possibilities are emerging, enabling 
to sequence several genes, and even complete exomes and genomes 
simultaneously. Most DNA laboratories are using these new technolo-
gies besides conventional Sanger sequencing, and choose between the 
different technologies dependent on their needs. However, it is also 
possible to essentially substitute the old Sanger sequencing technology, 
without any need for a major re-design of the sequencing approach. In 
our department, we offer, next to diagnostic exome sequencing, around 
800 different genes for routine DNA diagnostics using a fully auto-
mated Sanger sequencing workflow. In addition, we are currently offer-
ing DNA diagnostics using the Ion Torrent PGM for the breast cancer 
genes BRCA1 and BRCA2, for the calcium-release channel gene RYR1, 
and for mitochondrial DNA. For each of these approaches, a specific 
design was developed in order to obtain most optimal results: the 
breast cancer genes are enriched using an AmpliSeq design, the RYR1 
gene using an amplicon design optimized for PGM, and the mitochon-
drial DNA using a long-range PCR. Although these approaches are 
working well, we find that establishing and optimizing a new design 
for each gene or panel to be studied by NGS is costly and inefficient. 
We therefore investigated the possibility to transfer the complete auto-
mated Sanger sequencing workflow, which processes ~600.000 ampli-
cons a year, into a completely automated NGS workflow using the Ion 
Torrent PGM. We here describe that it is possible to use the original 
Sanger-optimized amplicons, without any need for a re-design, and 
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sequence them on the PGM instead of performing Sanger sequencing. 
A special pooling strategy, pooling unique amplicons in common pools 
and recurrent amplicons in different pools, allows to perform a limited 
number of library preparations, and thereby reduces sequencing costs 
dramatically when compared to Sanger sequencing. Data analysis of 
the such generated sequencing data using the commercially available 
software SeqNext resulted in a sensitivity of 99.59% and specificity of 
99.99%, claiming that the PGM is as good as the gold standard Sanger 
sequencing. Given these data, we are confident to replace our current 
fully automated Sanger sequencing workflow by a new, fully automated 
semiconductor sequencing workflow, and we believe that this will be 
initiating the end of the Sanger sequencing era.

P-Techno-272
MutAid - A NGS based integrated and user-friendly mutation 
screening and decision support system for human molecular 
diagnostics
Pandey R.V., Kreuzhuber R., Weinhäusel A., Kallmeyer R., Visne I., Dilav-
eroglu E., Yildiz A., Kriegner A. 
AIT - Austrian Institute of Technology GmbH, Vienna, Austria 

Recent development of high throughput, next generation sequenc-
ing (NGS) technology has revolutionized the molecular diagnosis of 
human genetic disease. The ability to generate enormous amount of 
sequence data in a short time at an affordable cost makes this approach 
ideal for a wide range of applications from sequencing a group of 
candidate genes, all coding regions (exome sequencing) to the entire 
human genome. The technology brings about an unprecedented appli-
cation to the identification of the molecular basis of genetic disorders 
caused by rare and common genetic variants. However, the benefits 
offered by NGS technologies come with a number of challenges such as 
NGS data management, quality control, mapping, variant calling and 
their annotation via a robust and user-friendly pipeline that must be 
adequately addressed before they can be transformed from research 
tools to routine clinical practices.
We have developed a mutation screening and decision support pipeline 
for analysis of data generated by the most common sequencing plat-
forms: Illumina, 454, Ion Torrent, and traditional Sanger Sequencing. 
The system furthermore allows the clinician to identify causal muta-
tions through NGS data analysis and suggests which regions need to 
be validated with ABI Sanger sequencing. The analysis detects SNVs, 
insertions, deletions, copy number variations and translocations. Mul-
tiple patients can be analyzed in parallel and data is managed efficiently 
which allows easy and fast inter-patient multi-platform analyses and 
comparisons. One example is its use in breast cancer risk assessment by 
analyzing sequencing data (patients and family background) produced 
by a commercial BRCA1/2-genes test kit. Another is the targeted ampli-
con re-sequencing data analysis. Support is offered in decision-making 
as mutations are visualized using the UCSC genome. Corresponding 
information of common SNP-databases is linked. By the integrated 
report-generation module our system facilitates and improves the 
whole process of decision-making and the elaboration of diagnostic 
findings. This helps improving diagnosis quality and saves valuable 
time of the clinician. All sequence variants are automatically identified 
in a robust pipeline developed for specific sequencing platform and 
annotated with human reference genomes. In order to keep the records 
all operations and manipulations on the imported data is tracked 
transparently. MutAid therefore enables efficient and well documented 
analyses of complex sequencing data, paving the way towards efficient 
whole genome sequence analysis.

P-Techno-273
DMD deletions comprising partial exonic sequences not 
detected by MLPA analyses
Rost S., Schrooten K., Emmert G., Meng G., Müller C. R. 
Department of Human Genetics, University of Würzburg, Germany 

Duchenne muscular dystrophy (DMD) is caused by mutations in the 
X-linked DMD gene encoding dystrophin, a large rod-shaped protein 
interacting with integral membrane glycoproteins of the sarcolemma 
in skeletal muscle fibers. The most common causes are exon-spanning 
deletions or duplications typically leading to frame-shifts and prema-
ture stop codons in the dystrophin transcript. These copy number vari-
ations (CNVs) are usually detected in patients by multiplex ligation-
dependent probe amplification (MLPA).
Here, we report on two DMD patients with highly elevated creatine 
kinase (CK) levels, in whom no CNVs in the DMD gene could be 
detected by MLPA analyses. Amplification of all 79 exons of the DMD 
gene for direct sequencing revealed no PCR products for exon 12 
in patient 1 and for exon 46 in patient 2. Multiplex PCR analyses in 
these patients confirmed the loss of exon 12 and exon 46, respectively, 
which disagrees with the results of the MLPA analyses. As the adjacent 
introns of the respective exons are very large, a primer walking strat-
egy followed by Sanger sequencing was performed in order to detect 
the breakpoints of the deletions in the DMD gene of both patients. In 
patient 1, a deletion of 258 bp was detected comprising 188 bp of intron 
11 and 70 bp of exon 12. According to Alamut (Interactive Biosoftware), 
this deletion alters the acceptor splice site of exon 12 and skipping of 
this exon is very likely. In patient 2, extensive primer walking revealed 
a fragment consisting of a sequence segment located deeply in intron 
45 and a part of exon 46. Sanger sequencing of this fragment showed a 
large deletion involving about 13,000 bp of intron 45 and 17 bp of exon 
46 combined with an insertion of 50 bp. This indel also leads to an 
alteration of the acceptor splice site, presumably resulting in skipping 
of exon 46. Most likely, both deletions detected are causative for the 
muscular dystrophies in patients 1 and 2.
Although only the 5’-parts of exons 12 and 46 are deleted, amplifica-
tions of these exons completely failed because the forward primers for 
sequencing and multiplex PCRs are located within the deleted intronic 
regions in both cases. MLPA analyses in contrast didn’t detect these 
deletions because the respective probes are located in the non-deleted 
downstream regions of exons 12 and 46, respectively. A recently per-
formed next generation sequencing (NGS) approach on an Illumina 
MiSeq after enrichment of 37 muscle disease genes by Nextera Rapid 
Capture (Illumina) confirmed the breakpoints of both CNVs. In 
patient 1, the deletion and its breakpoints could directly be identified 
using the software GensearchNGS (PhenoSystems), while in patient 2 
the more complex CNV required some additional bioinformatic analy-
ses, especially BLAST.
Generally, MLPA analyses and time-consuming primer walking strate-
gies for detailed characterization of CNVs could now be replaced by 
more convenient enrichment methods based on hybridization com-
bined with NGS technology.

P-Techno-274
Rapid exome sequencing using the Ion Proton™ System and Ion 
AmpliSeq™ Technology
Rozenzhak S.1, Allen M.1, Van Loy C.1, Rhodes K.1, Broomer A.1, Roman 
S.1, Allen C.2, Andersen M.1, Stephan O.2 
1Life Technologies, Carlsbad, USA; 2Life Technologies, Darmstadt, 
Germany 

Exome sequencing reveals important genetic variation through inter-
rogation of the interpretable part of a genome via enrichment strategies 
that target all the coding regions of a genome. Ion AmpliSeq™ technol-
ogy has been expanded to target the human exome to create an easy-to-
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implement, cost-effective, flexible exome sequencing workflow using 
the Ion Proton™ System with the Ion PI™ Chip, and data analysis using 
Ion Reporter™ Software.  The simplicity and speed of PCR allows the 
most rapid method of exome enrichment with a total library construc-
tion time of <6 hours, requiring the least amount of hands-on time and 
the fewest pipetting steps compared to alternative capture methods.
The technology enables the enrichment and sequencing of over 19,000 
genes in 294,000 amplicons in a two day workflow.  Results show 
high uniformity with >92% of targeted bases covered at 20x, with two 
exomes per Ion PI ™ v2 chip; 88% coverage at 20x for 3 exomes samples 
per chip. Exome-specific workflows in Ion Reporter™ Software enabled 
the identification of high confidence loss-of function variants through 
trio analysis.

P-Techno-275
Micro-RNA depletion protocol for next generation sequencing 
technology in blood samples
Schaeferhoff K., Walter M., Poths S., Vosseler V., Bonin M. 
MFT Services; Institute of Medical Genetics and Applied Genomics, 
Tuebingen, Germany 

Micro-RNAs (miRNAs) are a class of small non-protein coding RNAs 
playing a role in post-transcriptional gene regulation. Deregulation of 
miRNA expression has been observed in numerous human pathologies 
as cancer, inflammation, intellectual disability, neurodegeneration and 
metabolic or organic diseases. Within the last decade miRNA expres-
sion analyses via microarrays as well as next generation sequencing 
techniques have become an important tool in clinical research where 
blood represents a widely used and easily obtained sample type. How-
ever, expression profiling of blood samples implicate many challenges 
since it is composed of heterogeneous cell types, and the different 
methods for handling and processing blood may cause changes in 
expression profiles ex vivo.
Another challenge that comes along with mRNA expression profiling 
in whole blood samples is the strong expression of globin that results 
in decreased Percent Present calls, decreased call concordance, and 
increased Signal variation in microarray analysis and a saturation of 
the amount of sequenced reads in next generation sequencing tech-
niques. Globin reduction protocols have been established to overcome 
this issue.
We have discovered that a similar problem arises with miRNA-486-5p, 
applying next generation sequencing technology on miRNA expres-
sion profiling in blood samples. miRNA-486-5p appears to be a vast 
abundant miRNA in RNA samples deriving from blood and has been 
considered to be a plasma miRNA biomarker expressed by blood cells. 
miRNA-486-3p is actually involved in the regulation of γ–Globin 
expression in human.
According to globin reduction protocols we have developed a new pro-
tocol for miRNA-486-5p depletion based on bead technology. Using 
a biotin labelled antisense oligonucleotide and streptavidin beads we 
could reduce miR-486-5p expression up to 300 fold. This depletion was 
confirmed via qRT-PCR. Possible off-target effects were analyzed by 
microarray and next generation sequencing experiments. The miRNA-
486-5p reduction achieved in this protocol is sufficient to perform next 
generation sequencing technology with blood samples successfully.

P-Techno-276
Exomate: an easy to use exome sequencing analysis pipeline
Schröder C.1, Köster J.1, Stahl C.1, Venier S.1, Rahmann S.1, Martin M.2 
1Genome Informatics; Institute of Human Genetics; Faculty of Medicine; 
University of Duisburg-Essen, Essen, Germany; 2Bioinformatics for High-
Throughput Technologies; Chair of Algorithm Engineering; Faculty of 
Computer Science; TU Dortmund, Dortmund, Germany 

High throughput exome sequencing is a widely used technology for 
deciphering mutations in the coding regions of a genome at rela-
tively low cost. While bioinformatics analyses of exome sequencing 
data mostly agree on best practices regarding the analysis steps (e.g. 
using the GATK guidelines), called genomic variants rely on the set of 
parameters and applied filtering.
We present Exomate, a software that combines a best practices variant 
calling workflow with a web frontend. By storing the called variants in 
a PostgreSQL database, Exomate allows filtering and parameter tuning 
in almost real time. This enables iterative tuning of thresholds, or the 
selection of different samples for filtering by non computer scientists 
via the web interface. The web interface presents metadata, annota-
tions, quality control data and statistics to facilitate a comprehensive 
data analysis on different levels. So far, the software has been used in 
several successful studies, e.g. [1,2,3].
[1] Martin et al. „Exome sequencing identifies recurrent somatic muta-
tions in EIF1AX and SF3B1 in uveal melanoma with disomy 3“. Nature 
Genetics 2013
[2] Czeschik et al. „Clinical and mutation data in 12 patients with the 
clinical diagnosis of Nager syndrome“. Human Genetics 2013
[3] Voigt et al. „Oto-facial syndrome and esophageal atresia, intellec-
tual disability and zygomatic anomalies - expanding the phenotypes 
associated with EFTUD2 mutations“. Orphanet Journal of Rare Dis-
eases 2013.

P-Therapy for Genetic Disease

P-Therap-277
Development of a new therapeutic strategy for glutaric aciduria 
type 1
Biagosch CA.1,2, Sauer SW.3, Hensler S.1, Hoffmann GF.3, Kühn R.1, Mei-
tinger T.1,2, Koelker S.3, Prokisch H.1,2 
1Helmholtz Zentrum München, Neuherberg, Germany; 2Technische 
Universität München, München, Germany; 3University Children‘s Hospital, 
Heidelberg, Germany 

Glutaric aciduria type 1 is an autosomal recessive metabolic disorder 
caused by mutations in GCDH. It is characterized by gliosis and neu-
ronal loss in the basal ganglia and a progressive movement disorder 
that usually begins during the first year of life. The only available treat-
ment is a protein reduced diet, which reduces the accumulation of 
the neurotoxic metabolites glutaric acid, 3-hydroxyglutaric acid, and 
glutaryl-CoA. The analysis of glutaric aciduria type I is part of the new-
born screening in Germany and revealed 52 patients between 1999 and 
2009. The outcome of these patients was evaluated in relationship to 
therapy. The treatment lowers the risk of movement disorder, but less 
than half of patients follow the strict recommendation. Recently, by 
exome sequencing of individuals with 2-aminoadipic and 2-oxoadipic 
aciduria we identified mutations in DHTKD1, coding for dehydroge-
nase E1 and transketolase domain-containing protein1. We could show 
that this enzyme acts directly upstream of GCDH in the L-lysine-deg-
radation pathway, mediating the last unresolved step in the L-lysine-
degradation pathway.
Since patients with DHTKD1 mutations showed only a mild phenotype 
with developmental delay, this opened the possibility to treat glutaric 
aciduria type1 patients with DHTKD1 inhibitors. In order to verify this 
treatment option, we created a Dhtkd1 knock-out mouse using a TAL-
ENs (transcription activator-like effector nucleases) approach. These 
nucleases bind to the desired DNA sequence and disrupt gene func-
tion by small insertions or deletions with high specificity. Our initial 
characterization of the Dhtkd1 mouse model revealed no obvious neu-
rological phenotype.
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An existing Gcdh mouse is known to develop a severe phenotype upon 
lysine-rich diet. To clarify whether inhibition of DHTKD1 activity can 
rescue the severe phenotype of GCDH deficiency we are currently gen-
erating the Gcdh/Dhtkd1 double knock-out mouse.
This approach mimics the condition of a glutaric aciduria type 1 
patient, who receives an inhibitor for DHTKD1 activity. In parallel, 
we are working on a DHTKD1 enzyme activity assay to investigate the 
effect of potential DHTKD1 inhibitors.
This study aims to develop a drug balancing the metabolic flow in the 
lysine degradation pathway, which should result in an improved clini-
cal outcome of patients with glutaric aciduria type 1.

P-Therap-278
Molecular pathology of X-linked megalocornea and 
translational concept for regenerative medical therapies of 
corneal injuries
Emmerich D.1, Auw-Hädrich C.2, Buchen R.2, Ruokonen P.3, Hoffmann 
K.4, Hecht J.5,6, Krawitz P.1, Salfelder A.7, Lausch E.7, Zabel B.7, Villavicen-
cio-Lorini P.7 
1Institute of Medical and Human Genetics, University Medicine Charité 
Berlin; Berlin, Germany; 2Department of Ophthalmology, University Eye 
Hospital Freiburg; Freiburg, Germany; 3Department of Ophthalmology, 
University Medicine Charité Berlin; Berlin, Germany; 4Institute of Human 
Genetics, Martin Luther University Halle-Wittenberg; Halle Saale, 
Germany; 5Berlin-Brandenburg Center for Regenerative Therapies, 
University Medicine Charité Berlin; Berlin, Germany; 6Max-Planck-Institute 
for Molecular Genetics, Berlin, Germany; 7Department of Pediatrics and 
Adolescent Medicine, University of Freiburg; Freiburg, Germany 

Corneal lesions are a frequent cause for blindness worldwide. Advances 
in cellular regeneration concepts using autologous limbal stem cells 
or ex vivo cornea tissue engineering are becoming reasonable thera-
peutic options for allogenic transplantation. Thus, more knowledge 
about the regulatory gene network underlying corneal organogenesis is 
needed to target specifically cellular differentiation mechanisms. This 
prompted us to search for stem cell niche and differentiation factors 
in the cornea by unravelling the molecular pathology of monogenic 
cornea disorders with presumably disturbed differentiation processes.
By biometric corneal analysis of affected male members of a family 
with X-chromosomal recessive megalocornea we assumed that typi-
cal features of the disorder like the non pressure-associated cornea 
enlargement as well as the deep anterior eye chamber might be caused 
by accelerated cornea maturation during embryonic development. The 
identification of a disease causing frameshift mutation in the Chordin-
like 1 (CHRDL1) gene which encodes for the bone morphogenetic 
protein (BMP) 4/7 antagonist Ventroptin supported this assumption 
as the affected TGFβ-signalling is essential for cellular differentiation. 
By expression analysis of Ventroptin and BMP4 in normal cornea sam-
ples from anatomical sections we found a protein distribution pattern 
consistent with the assumed Ventroptin-BMP4 antagonism especially 
in the corneal epithelium. While BMP4 was more or less uniformly 
distributed over the whole corneal epithelium Ventroptin was strongly 
expressed in the basal epithelium with a high-low expression gradient 
from the limbal stem cell niche to the mid corneal region.
By RT-PCR analysis using lymphocytes and granulocytes of the patients 
and controls we could demonstrate that two mutational effects have to 
be considered depending on the cellular context. While the frameshift 
mutation of CHRDL1 caused nonsense-mediated RNA decay in granu-
locytes, the mutated CHRDL1 mRNA was not completely abolished in 
lymphocytes most probably resulting in a truncated Ventroptin. In this 
case the remaining shortened protein is presumed to contain two of the 
three Cysteine-rich domains which are essential for the BMP4 binding 
affinity. At least this should lead to a partial reduction of protein func-
tion if there is not a higher impairment by protein misfolding. These 
findings could be a starting basis for understanding the phenotypic 
variability of X-linked megalocornea, but also contribute to insights 

into protein structure-function relations with regard to therapeutic 
approaches using recombinant Ventroptin to manipulate cellular dif-
ferentiation processes.
In conclusion, our study shows that the elucidation of the molecular 
pathology of monogenic cornea disorders like X-linked megalocornea 
could contribute to the identification of stem cell niche factors of the 
corneal limbus which might be used as targets in regenerative medical 
therapies of corneal injuries.

P-Therap-279
Protein substitution in keratinocytes for enzyme replacement 
therapy in autosomal recessive congenital ichthyosis
Plank R.1,2, Rauch M.1, Casper R.2, Küchler S.3, Eckl K. M.1, Hennies H. C.1,2 
1Center for Dermatogenetics; Div. of Human Genetics & Dept. of 
Dermatology; Innsbruck Medical University, Innsbruck, Austria; 2Center 
for Dermatogenetics; Cologne Center for Genomics; Univ. of Cologne, 
Cologne, Germany; 3Institute of Pharmacy; Freie Universität Berlin, Berlin, 
Germany 

12R-LOX and eLOX-3 belong to the epidermis-type lipoxygenases 
(LOX) and are crucial enzymes acting in the same pathway involved 
in building up the skin barrier. Mutations in ALOX12B and ALOXE3 
lead to autosomal recessive congenital ichthyosis (ARCI), a cornifica-
tion disorder which is characterized by impaired skin barrier function, 
scaling and erythema. About 15% of ichthyosis-patients have muta-
tions in one of these two LOX genes. So far only symptomatic treat-
ment like moisturizing creams, bathing and mechanical removing of 
the skin scales are available to ameliorate the phenotype. Hence, there 
is a clear demand for new, causative treatment options. Substitution of 
the protein either via a cream formulation or using newly developed, 
advanced topical drug delivery systems will be an enormous benefit 
for the patients.
Therefore we have cloned the genes ALOX12B and ALOXE3 from differ-
entiated keratinocytes and transferred into GFP- and His-tagged plas-
mid vectors, respectively. Using the GFP-tagged vectors two mamma-
lian expression systems (HEK 293F-cells, CHO-cells) have been tested 
under different conditions in order to produce the active enzymes 
12R-LOX and eLOX-3. Transfection efficiency was analysed with fluo-
rescence microscopy and quantified with FACS analysis. ALOX12B 
showed the highest expression after 48-72 hours and cell lysates were 
collected at these time points. Protein expression was then determined 
by Western blot analysis. In a next step HEK cells are transfected with 
His-tagged 12R-LOX and eLOX-3 in a larger-scale setup in order to 
purify the enzymes from the whole cell lysates and to test them for 
their specific activity. Since the active enzymes 12R-LOX and eLOX-3 
are needed for restoration of the LOX pathway in mutant keratinocytes 
and the products of these enzymes are unstable, activity assays are chal-
lenging. In addition to RP-HPLC analysis of LOX reaction products, 
we will thus analyse critical lipid components involved in keratinocyte 
differentiation and the formation of the epidermal barrier, and contrib-
uting to the pathophysiology of ARCI. Purified enzymes are packaged 
for drug delivery and applied to our in vitro patient skin models.
This approach of therapy is flexible and personalized and in compari-
son to the currently available symptomatic treatment it aims to substi-
tute the missing protein. Once the principle is established we will adapt 
this type of therapy also to other known genes involved in the develop-
ment of congenital ichthyosis.
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Beaty T P-Compl-158
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W6-02, W6-03, 
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P-ClinG-064, 
P-ClinG-089, 
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Beekman R P-CancG-054

Beer M P-Canc-058a, 
P-ClinG-066, 
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Beetz C W1-01
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P-ClinG-078, 
P-CytoG-172, 
P-MonoG-212

Behrend C P-CytoG-176
Behrens F P-Compl-163
Behrens H P-ClinG-150
Behrens J W5-02
Beikircher G P-ClinG-124
Beiser KU P-Counse-193
Beleggia F W7-03, W7-04
Belitz B P-ClinG-123
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Bellos F P-CancG-047
Bender U P-Compl-156, 

P-CytoG-175
Bengesser K P-Basic-019, 
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Benlloch S P-CancG-048
Bens S P-ClinG-078, 
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Bergmann C W4-03, W4-04, 

P-ClinG-071, 
P-ClinG-079, 
P-ClinG-116, 
P-ClinG-117, 
P-MonoG-209

Berkel S W9-03, 
P-Compl-154

Berlien P P-CancG-037
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Bevot A P-ClinG-064
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205Medizinische Genetik 1 · 2014 | 

AutorenregisterAutorenregister



Bhaskar S W1-01
Bhatt SS P-CytoG-180
Bhushan R P-Basic-014
Biagosch C W7-01, 
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Binder G P-MonoG-212
Birnbacher R P-ClinG-107
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Bohring A P-CancG-058
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P-Compl-167, 
P-NormV-234

Bosgoed E P-Techno-271
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Brandl C W6-01, 
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Brandstätter JH P-Basic-015
Braunholz D W4-05
Braunschweig T P-Prenat-254
Breitenberger C P-ClinG-124
Brems H P-Basic-027
Brena M P-MonoG-229
Brennan P W6-02
Brenner W P-CancG-036
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Breuer R W6-02
Brice A P-Compl-159
Bröcher A P-Prenat-255
Brockmann K P-Basic-024, 

P-ClinG-134, 
P-Compl-159

Brockschmidt FF P-Compl-160
Broomer A P-Techno-274
Brors B sel-04
Bruce IN P-Compl-163
Bruder E P-Prenat-243
Brunner C P-CancG-028
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Buchert R W1-02, W1-

05, W5-05, 
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Buettner M P-ClinG-080
Bug B P-Compl-156
Bug S P-Prenat-239
Buiting K W8-01, W8-02, 
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Bülow L W3-06
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Burger B P-MonoG-208, 
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Burkhardt B P-CancG-031, 
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Burkhardt H P-Compl-163
Burmeister T P-CancG-055
Burn J W1-01
Burton-Jones S P-MonoG-218
Burwinkel B W9-04
Busch A P-MonoG-210
Busche A P-ClinG-071, 

P-ClinG-088, 
P-ClinG-094, 
P-ClinG-121

Buske A P-ClinG-109

Busse B P-Techno-262
Bütepage M P-CancG-049
Büttner C P-Techno-269
Büttner R P-ClinG-117
Buurman R P-CancG-049
Bygum A W1-04, 

P-ClinG-149
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Cakmak EA P-ClinG-118, 
P-ClinG-119

Calebiro D W7-02
Caliebe A P-CytoG-169
Camci C P-CancG-038
Campbell P S5-03
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P-CancG-048
Cardenas de Bäuerle P 
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Carter K P-MonoG-218
Casadei N P-Basic-008
Casper R W9-06, 

P-MonoG-221, 
P-Therap-279

Castellano G W8-04
Cetiner M W4-03
Cevik MO P-ClinG-119
Chahrokh-Zadeh S 

P-ClinG-072, 
P-ClinG-143, 
P-Techno-262

Chandratillake G P-Techno-263
Chanudet E W4-02
Chaudhuri JP P-CytoG-170
Chazin WJ P-ClinG-112
Chen R P-Techno-263
Chervitz S P-Techno-263
Christiansen H P-ClinG-147
Christou S W4-02
Chuchalin A W6-02, W6-03
Chung H W9-02
Cichon S W6-02, W6-

03, W9-03, 
P-Compl-154, 
P-Compl-161

Cichy W P-CancG-034
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Claeys KG P-ClinG-063
Clark M P-Techno-263
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Clementi M W5-06
Coe BP W5-01
Cohen M P-MonoG-209
Colleaux L P-ClinG-059
Conde M P-CancG-033
Congiu C W3-04
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Cooper CS P-CancG-048
Cooper DN W3-01, 

P-Basic-027, 
P-Basic-019

Cornelia P P-ClinG-073
Cortes C W4-02
Cramer P W5-03

Cremer K W5-06, 
P-ClinG-108, 
P-MonoG-233

Cremer M W8-06
Cremer T W8-06
Croner R P-CancG-045
Crotti L P-ClinG-112
Czerski PM W6-02
Czerski PM W6-03
Czeschik JC W1-01, W5-06, 

P-ClinG-108, 
P-CytoG-178, 
P-MonoG-233, 
P-Techno-260

Czyz ZT W2-02, 
P-CancG-035
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D’Amato M W9-04
Dahl A W4-01
Dale DC P-CancG-054
Dallapiccola B W5-03
Daly SB W1-01
Damm-Welk C P-CancG-057
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Danda S P-ClinG-149
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P-ClinG-095, 
P-ClinG-143, 
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de Almeida Jr HL P-ClinG-142
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De Mesmaeker J P-MonoG-229
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De Vos M P-Prenat-251
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Demond H P-Prenat-240, 
P-Prenat-241

Demuth S P-ClinG-099
Denecke J P-ClinG-150
Dentici ML W5-03
Derks R P-Techno-271
Deshpande C P-ClinG-138
Dhingra D P-CancG-046
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P-Basic-009
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Dikow N P-Basic-015, 
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Dilaveroglu E P-Techno-272
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Dlugosz A W9-04
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P-Compl-167
Döcker D P-ClinG-075, 
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Doetsch J P-ClinG-117
Dölken S sel-03, 

P-ClinG-062, 
P-ClinG-111, 
P-Counse-207

Dominguez M-A W3-03
Donadieu J P-CancG-054
Donner B P-ClinG-085
Donner M W3-04
Dörken B P-CancG-055
Dorst J P-Counse-197
Doss S W1-03
Douzgou S W1-01
Dowds C P-CytoG-182
Doyon A P-ClinG-117
Draaken M P-ClinG-115, 
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P-CytoG-185

Dragicevic N P-Counse-190
Dressel Ralf P-Basic-021
Drichel D P-CancG-053
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Dufke A P-ClinG-076, 

P-ClinG-089, 
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Dufke C P-ClinG-076, 
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Dührsen U P-CancG-051
Duncan E W4-02
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Dürig J P-CancG-051
Dürst M P-CancG-032
Dworniczak B P-Techno-261
Dyer M P-CancG-051
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Easton DF P-CancG-048
Ebbinghaus M sel-02
Ebert AK P-CytoG-185
Ebner K P-ClinG-117
Eck S P-ClinG-095
Eck SH P-ClinG-072, 

P-Techno-262
Eck SH P-ClinG-143
Eckardt KU P-ClinG-080
Eckhold J W4-05
Eckl K M W9-06, 

P-MonoG-221, 
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Eckstein G W9-01
Eckstein V P-Counse-193
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Eeles RA P-CancG-048
Egenlauf B P-ClinG-093
Eggermann K P-ClinG-077, 
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P-ClinG-129, 
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Eggermann T P-Basic-004, 
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Eggert M P-Basic-010, 
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Ehlken N P-ClinG-093
Ehmke N P-Counse-191
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Eichholz S P-ClinG-102
Eichler EE W5-01
Eider CS P-CancG-036
Eigelshoven S W3-05, 

P-Compl-160
Eils R sel-04
Eisenberger T W4-03, W4-04, 

P-ClinG-079, 
P-ClinG-116

Eisenhofer G P-CancG-033
Ekici A W8-03
Ekici AB W1-02, W5-

02, W5-05, 
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P-Basic-026, 
P-ClinG-059, 
P-ClinG-080, 
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P-MonoG-224, 

P-Techno-269
El Hajj N W3-06, 

P-CancG-052, 
P-MonoG-219, 
P-NormV-236, 
P-Prenat-242

El Shabrawi-Caelen L W1-04
Elbracht M P-Basic-004, 

P-Basic-024, 
P-CytoG-172

Elcioglu N W4-02, W7-04, 
W7-03

Elkenani M P-Basic-011
Ellis I P-Basic-015
ElSharawy A W4-01
Emerich D P-ClinG-062
Emmerich D P-CancG-037, 

P-MonoG-215, 
P-Therap-278

Emmert G P-Techno-273
Empting S P-MonoG-232
Endele S P-ClinG-081, 

P-MonoG-222
Endo N P-ClinG-112
Endres M W1-03
Endt D P-Basic-012
Engel W P-Basic-020, 

P-Basic-021
Engelberg S P-MonoG-232
Engels H W5-02, W5-06, 

P-ClinG-108, 
P-CytoG-185, 
P-MonoG-233

Engmann L P-CytoG-184
Enklaar T P-Basic-004
Epplen JT P-ClinG-140
Ergun S P-CancG-038, 

P-ClinG-118, 
P-ClinG-119

Erkan S P-Prenat-247
Erlenbach-Wünsch K 

P-CancG-045
Ernestus K P-ClinG-092
Ertl-Wagner B P-MonoG-209
Esmail AH P-Compl-155
Espinosa A W3-03
EuroEPINOMICS RES Consortium 

P-MonoG-220
Everman D P-ClinG-138 
Evers C P-ClinG-089, 
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Fagerberg C W1-04 
Fahsold R P-ClinG-102, 

P-ClinG-126 
Falkenstein D W1-01 
Fan J W7-04 
Farrer LA W3-03 
Fassnacht M W7-02 
Faucz FR W7-02 
Fauler B P-MonoG-211 
Fauth C W9-06, 

P-Basic-024, 
P-ClinG-082 

Feddersen B P-Counse-188 
Federlin M P-Basic-007 
Feitz WFJ P-CytoG-185 
Fejtova A P-Basic-001 
Felbor U P-Basic-024, 

P-ClinG-082 
Feldkoetter M P-ClinG-117 
Feliciello G W2-02 
Ferbert A P-Basic-024 
Ferlinz A P-CancG-050 
Ferrari- Kühne K P-MonoG-210, 

P-MonoG-210, 
P-MonoG-210 

Fichtner I W8-05 
Fiedler E P-ClinG-083, 

P-CytoG-174 
Fier H sel-01 
Filges I P-ClinG-085, 

P-Prenat-243 
Filipovic Sadic S P-ClinG-136 
Fischer A W4-01, W8-05 
Fischer B W1-06, 

P-ClinG-106, 
P-MonoG-211 

Fischer C W9-04, 
P-ClinG-093 

Fischer J W7-05, 
P-ClinG-071, 
P-ClinG-088, 
P-ClinG-091, 
P-ClinG-094, 
P-ClinG-100, 
P-ClinG-125, 
P-ClinG-131, 
P-ClinG-139, 
P-ClinG-149, 
P-Counse-199, 
P-MonoG-227, 
P-MonoG-229 

FitzGerald LM P-CancG-048 
FitzGerald O P-Compl-163 
Fitzner Antje P-Basic-021 
Fleige-Menzen S P-Techno-261 
Flöttmann R P-CytoG-173 
Foja S P-ClinG-084 
Fontanellas A P-MonoG-223 
Forberger A P-ClinG-070 
Forlino A W7-02 
Forstner A W3-02, W6-03 
Forstner AJ W6-02, 

P-Compl-161, 
P-Counse-205 

Frambach Y P-Compl-164 
Frank V W4-03, W4-04 
Franke A W4-01 
Freese L P-ClinG-134, 

P-Prenat-244 
Freimann K W1-03 
Freisinger P W7-01, 

P-Counse-195 
Freudenberg L P-Basic-024 
Friedman JM P-Prenat-243 
Friedrich Katrin P-MonoG-214 
Fritz B P-CytoG-171 
Fritz G W1-04 
Froehlich H P-Basic-002 
Frye M S4-01 
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Fryssira H P-ClinG-142 
Fuchs S P-ClinG-142 
Füessl BC P-ClinG-085 
Fullerton JM W6-02, W6-03 
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Gabor B P-Techno-263 
Gabriel C W6-03 
Gabriel H P-ClinG-075, 

P-Prenat-245 
Gabriel R P-ClinG-122 
Gajda M P-CancG-032 
Gal A W7-06 
Galetzka D P-CancG-052, 

P-CytoG-183 
Garbes L P-ClinG-086, 

P-ClinG-087 
Garcia Bartels N  W3-05 
Garcia S P-Techno-263 
Gardeitchik T P-MonoG-211 
Gasch C W2-03 
Gaspar H P-ClinG-071, 

P-ClinG-088, 
P-ClinG-094, 
P-ClinG-139, 
P-ClinG-146 

Gasparoni G P-Basic-017 
Gasser T P-Compl-159 
Gassner C P-Prenat-248 
Gehrig A P-ClinG-097 
Geider K P-MonoG-220 
Geigl JB W2-03, 

P-CancG-030 
Geis T W4-06, 

P-MonoG-226 
Geissler S P-Basic-014 
Gencik A P-ClinG-104, 

P-Techno-259 
Gencik M P-Techno-259 
George AL P-ClinG-112 
Gerkens C P-Prenat-244 
Gerlach A P-CancG-055 
Geyer J P-Basic-017 
Ghosh S P-CancG-046 
Giardina E P-Compl-163 
Gibson WT P-Prenat-243 
Gieger C W9-01, 

P-Compl-163 
Giegling I P-Counse-205 
Giehl KA W3-05 
Giel M P-ClinG-120 
Giesselmann S sel-02 
Giessl A P-Basic-015 
Gilaberte Y P-MonoG-227 
Gilissen C W5-01, W6-06 
Gillessen-Kaesbach G W4-05, 

P-ClinG-103, 
P-ClinG-122 

Ginsberg MH P-Basic-024 
Giorda K P-CancG-046 
Gizewski E P-ClinG-082 
Gkalympoudis S P-Basic-024 
Glaeser C P-Counse-204 
Glas J P-CytoG-175 
Glaser A P-Counse-193 

Gläser B P-ClinG-083, 
P-CytoG-174 

Gläser D P-ClinG-109 
Gleeson J P-ClinG-059 
Gloeckner CJ W3-04 
Gloning KP P-Prenat-246, 

P-Prenat-252 
Gloning V P-Prenat-246 
Göbel H P-ClinG-117 
Gockel I P-Compl-153 
Godlewski P P-NormV-234 
Goecke T P-Prenat-254 
Goh CL P-CancG-048 
Göhring G P-CancG-054 
Gołąb M P-CancG-044 
Goldmann T P-CancG-029 
Gölz L P-Compl-155, 

P-Compl-158 
Goral RO sel-02 
Gordon SD W6-02, W6-03 
Gorza M P-Counse-195 
Götz J W3-06 
Götz M W3-06 
Grabe H-J W9-01 
Graf D sel-01 
Graf E W1-01, W7-01, 

P-ClinG-108, 
P-Counse-195, 
P-MonoG-233 

Grallert H W9-01 
Granzow M P-ClinG-074 
Grasshoff U P-Basic-024, 

P-ClinG-064, 
P-ClinG-076, 
P-ClinG-089, 
P-ClinG-141, 
P-Counse-187 

Grassmann F W6-01, 
P-Basic-007 

Graul-Neumann L 
P-Basic-004, 
P-Counse-207 

Gregor A W5-04 
Gregory-Evans CY 

P-Prenat-243 
Grigoroiu-Serbanescu M 
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Lippke B P-Compl-155 
Lissewski C P-Techno-270 
Lissowska J W6-02 
Liu J P-Basic-024 
Liu X P-Techno-265 
Lohmann D W6-04, W8-02 
Lohmann E W1-03, 

P-ClinG-133, 
P-Compl-159 

Lohmann J P-Compl-163 
Lohmann K W1-03 
Löhr S P-Compl-163 
Lohse MJ W7-02 
López Arrieta J W3-03 
Lopez C P-CancG-051 
López-Otín C S5-02 
Lorda Sanchez I P-ClinG-138 
Lorenz M P-ClinG-135 

Lorenz-Depiereux B 
P-Basic-009 

Love M W9-02 
Lubinski J P-CancG-034 
Lucae S W6-02, W6-03 
Lucas JJ P-Basic-008 
Lüdecke HJ W1-01, W5-06, 

P-ClinG-070, 
P-ClinG-108, 
P-MonoG-233 

Ludolph A P-Counse-197 
Ludwig KU sel-01, 

P-Compl-157, 
P- Compl-155, 
P-Compl-158, 
P-Compl-160 

Ludwig M P-ClinG-115, 
P-Counse-194, 
P-CytoG-185 

Luedeke M P-CancG-048 
Lukassen S W8-03, 

P-Basic-018 
Luther M P-ClinG-084 
Lutz G W3-05 
Lux P P-CancG-045 

M 

Ma L P-ClinG-091 
Maas B P-ClinG-074, 

P-ClinG-110, 
P-Counse-192 

Machtel P P-NormV-234 
Mackenroth L P-ClinG-111 
Mademan I W7-06 
Madrigal I P-ClinG-059 
Maeda Y W1-05, W1-06 
Maelzer M P-ClinG-132 
Mage DT W3-04 
Mägi R W9-01 
Magini P W5-06 
Magnusson Olafur 

P-ClinG-087 
Maier C P-CancG-048 
Maier W W3-03, W6-02, 

W6-03 
Mair M P-Basic-024 
Maiwald R P-ClinG-089 
Makaryan V P-CancG-054 
Makenroth E P-Counse-207 
Makita N P-ClinG-112 
Makowski C P-ClinG-060 
Mancini GMS W7-03 
Mangold E sel-01, 

P-Compl-155, 
P-Compl-157, 
P-Compl-158, 
P-Compl-160 

Mangos G P-ClinG-080 
Männer J P-Basic-011 
Mansour S P-ClinG-113 
Manvelyan M P-CytoG-180 
Mänz J P-ClinG-134 
Marcelis C P-CytoG-185 
Maritzen T P-Basic-023 
Markaki Y W8-06 

Markoff A P-Prenat-238 
Marquard K P-MonoG-226 
Marques Lourenco C W1-01 
Marquet KL P-Prenat-254 
Marrakchi S W7-05, 

P-ClinG-125 
Marroquin N P-Counse-197 
Marschall C P-ClinG-065 
Marschner K P-ClinG-062 
Marshall C P-Techno-262 
Martens E P-Counse-188 
Martimasso J P-Compl-159 
Martin M W8-01, 

P-Techno-276 
Martin N S6-02 
Martin NG W6-02, W6-03 
Martinsson T P-CancG-028 
Martin-Subero JI W8-04 
Marwitz S P-CancG-029 
Marzi C W9-01 
Mass B P-ClinG-146 
Mastantuono E P-ClinG-112 
Mattern F P-Counse-198 
Mattheisen M W6-02, W6-03, 

P-Compl-157 
Mauermann O W2-03 
Mau-Holzmann UA 

P-CytoG-179 
Mauleón A W3-03 
Mautner V P-Basic-027, 

P-CancG-037, 
P-MonoG-215 

Mayer B P-Counse-197 
Mayer EA W9-04 
Mayer K P-Techno-262 
Mayer T P-ClinG-124 
Mayeux R W3-03 
Mayoral F W6-02, W6-03 
Mayr J W7-01 
Mayr JA P-Counse-195 
Mazzanti L W5-06 
McCarthy F P-CancG-048 
McGinn S P-ClinG-080 
McHugh NJ P-Compl-163 
McInerney-Leo AM W4-02 
McKay JD W6-02 
McManus R P-Compl-163 
Medeira A W5-03 
Medland SE W6-02, W6-03 
Mehnert K P-CytoG-171 
Meier S W6-02 
Meinecke P P-ClinG-089, 

P-MonoG-216 
Meister G W6-01 
Meitinger T W1-01, W3-

04, W7-01, 
W7-02, W7-03, 
W7-04, W9-01, 
P-ClinG-060, 
P-ClinG-090, 
P-ClinG-112, 
P-Counse-195, 
P-MonoG-233, 
P-NormV-235, 
P-Therap-277 

Memari Y P-Counse-195 
Mendoza Ferreira N W9-05 

Meng G P-Techno-273 
Mensenkamp A P-Techno-271 
Menzel M P-ClinG-075 
Meredith G P-CancG-046 
Merk J W8-05 
Mertens T P-Counse-197 
Merz WM P-Counse-194 
Messiaen L P-Basic-027 
Metcalfe K P-ClinG-099 
Metspalu A W9-01 
Mewes HW W3-04 
Meyer S P-MonoG-230 
Meyer-Lindenberg A 

P-Compl-165 
Miaczynska M P-ClinG-062 
Micha D W9-05 
Mihailov E W9-01 
Mikat B P-ClinG-113 
Milbradt J W9-05 
Milenkovic A P-Basic-007 
Milenkovic V P-Basic-007 
Miller K P-CytoG-181 
Minderer S P-Prenat-246, 

P-Prenat-252 
Miny P P-ClinG-065, 

P-ClinG-085, 
P-Prenat-243 

Mitchell D W1-06 
Mitchell PB W6-02, W6-03 
Mitchison HM W4-02 
Mitter D P-ClinG-114 
Miyamoto Y P-ClinG-112 
Moebus S W6-02, W6-03, 

P-Compl-165 
Moessner R P-Compl-164 
Mohamed BA P-Basic-011 
Mohnike K P-MonoG-232 
Mönnikes H W9-04 
Montesinos Rongen M 

P-CancG-056 
Montgomery GW W6-02, W6-03 
Moog U P-ClinG-074, 

P-ClinG-088, 
P-ClinG-089, 
P-ClinG-142, 
P-Counse-192 

Moore G P-Basic-004 
Moradkhani K P-CytoG-180 
Morava E P-MonoG-211 
Möricke A W8-04 
Moriniere V P-ClinG-080 
Morreau H P-MonoG-215 
Morris-Rosendahl DJ W7-03 
Moser T P-Prenat-239 
Mossey PA sel-01 
Mössner R P-Compl-161, 

P-Compl-165, 
P-Counse-205 

Mostoslavski G P-MonoG-221 
Motomura H P-ClinG-112 
Mrasek K P-CytoG-180 
Muhammad S P-ClinG-059 
Mühlbacher V P-CancG-047 
Mühleisen TW W6-02, W6-03 
Mühlfeld C P-Basic-011 
Mukherjee DR P-ClinG-136 
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Müller CR P-ClinG-063, 
P-Techno-273, 
P-MonoG-219 

Muller M P-Compl-164 
Müller T P-ClinG-145 
Müller U P-CancG-037, 

P-ClinG-148 
Müller W P-ClinG-147 
Müller-Myhsok B W6-02, W6-03 
Müller-Wielsch K P-Counse-199 
Mundlos S sel-03, W1-06, 

W7-06, W9-02, 
P-Basic-014, 
P-CancG-037, 
P-ClinG-062, 
P-ClinG-106, 
P-Counse-191, 
P-Counse-207, 
P-CytoG-173, 
P-MonoG-211, 
P-MonoG-215 

Mungall C W6-06, W9-02 
Munk-Schulenburg S 

P-Basic-024, 
P-ClinG-094 

Murakami Y W1-05, W1-06 
Murga Penas EM P-CancG-031, 

P-CancG-051 
Musante L P-Techno-266 
Mussotter T P-Basic-019 
Myklebust L P-MonoG-222 

N 

Näbauer M W3-04 
Nacarkahya G P-ClinG-118, 

P-ClinG-119 
Nagel C P-ClinG-093 
Nagel I P-CancG-031, 

P-CancG-056 
Naghiyeva Leyla P-ClinG-087 
Najafi K W5-06 
Najm J P-Basic-024 
Nakagawa H P-ClinG-112 
Nakamura T P-Basic-021 
Nanda I P-ClinG-092, 

P-ClinG-097, 
P-ClinG-145 

Nauman N P-ClinG-115, 
P-Counse-194 

Naumchik I P-ClinG-130 
Navarrete Santos A 

P-Basic-025, 
P-MonoG-231 

Naz S W1-03 
Nazzal I P-CancG-056 
Nedoszytko B P-CancG-034 
Neitzel H P-Compl-162 
Nelen M P-Techno-271 
Nelkenbrecher C W8-03, 

P-Basic-018 
Nenadic I P-Compl-165 
Netzer C P-ClinG-086, 

P-NormV-235 
Neubert K W8-05 

Neuhaus C P-ClinG-079, 
P-ClinG-116 

Neuner C P-ClinG-097, 
P-ClinG-145 

Neveling K P-Techno-271 
Nevinny-Stickel-Hinzpeter C 

P-Prenat-239 
Newman WG W1-01 
Nia S P-ClinG-068 
Niebisch S P-Compl-153 
Niehage S P-CancG-055 
Niehoff A W9-05 
Niemann H P-Counse-198 
Niesler B W9-04 
Nijtmans L P-MonoG-211 
Niklaus A P-Basic-012 
Nikoubashman O P-Basic-024 
Nik-Zainal S S5-03 
Noachtar S P-Counse-188 
Nöhammer C W2-04 
Nosova E P-Prenat-243 
Nöthen MM sel-01, W2-01, 

W3-02, W3-03, 
W3-05, W6-02, 
W6-03, W9-03, 
P-Basic-016, 
P-CancG-042, 
P-CancG-053, 
P-ClinG-115, 
P-Compl-153, 
P-Compl-154, 
P-Compl-155, 
P-Compl-157, 
P-Compl-158, 
P-Compl-160, 
P-Compl-161, 
P-Compl-165, 
P-Counse-194, 
P-Counse-196, 
P-Counse-205, 
P-CytoG-185, 
P-MonoG-233 

Nothnagel M W3-01 
Novelli G P-Compl-163 
Nowakowska D P-CancG-034 
Nuber S P-Basic-008 
Nürnberg G P-MonoG-214 
Nürnberg P sel-02, W1-03, 

W1-04, W2-01, 
W5-03, W6-
05, W7-03, 
P-CancG-042, 
P-CancG-053, 
P-MonoG-221, 
P-NormV-235 

Nürnberg Peter P-MonoG-214 
Nyamsuren G P-Basic-020 

O 

O’Roak BJ W5-01 
O’Sullivan J W1-01 
Obenauer J P-CancG-054 
Obieglo C W4-05, 

P-ClinG-122 

Oehl-Jaschkowitz B 
P-ClinG-089 

Oellrich A W6-06 
Ohlsson B W9-04 
Oji V W9-06, 

P-Compl-164, 
P-Counse-199, 
P-MonoG-227 

Oprisoreanu AM W1-04 
Ørom UA  S4-02 
Ortiz Brüchle N P-ClinG-077, 

P-ClinG-117, 
P-CytoG-172, 
P-Prenat-250, 
P-Prenat-254 

Ortmann O P-Counse-201 
Ortolf S P-ClinG-088 
Osswald A W7-02 
Osswald M P-CancG-037, 

P-MonoG-215 
Ostergaard P P-ClinG-113 
Osterhues HH P-ClinG-065 
Ostrander EA P-CancG-048 
Otega G W3-03 
Ott CE P-Basic-014, 

P-MonoG-215 
Ott E W4-04 
Ozaki K P-ClinG-112 
Oztuzcu S P-CancG-038, 

P-ClinG-118, 
P-ClinG-119 

P 

Pabst B P-CytoG-181 
Pachat D P-ClinG-149 
Padyukov L P-Compl-163 
Pagnamenta AT W1-06 
Palles C P-CancG-041 
Pals G W9-05 
Pandey RV P-Techno-267, 

P-Techno-272 
Pannes A P-ClinG-080, 

P-MonoG-223 
Pantakani K P-Basic-021 
Pantel K W2-03 
Pantelejeva G W6-02, W6-03 
Parker C P-CancG-048 
Parkhomchuk D P-Techno-264 
Parmentier L W1-04 
Parvaneh N P-Counse-191 
Passarge E P-ClinG-147, 

P-Counse-200 
Pasternack SM W1-04 
Pasutto F P-Compl-163 
Pauli S P-Basic-024, 

P-ClinG-134 
Paulmann B P-Prenat-248 
Paulo P P-CancG-048 
Pechlatova I P-Counse-201 
Peitsch WK P-MonoG-227 
Peitzsch M P-CancG-033 
Pellestor F P-CytoG-180 
Pennekamp P P-Techno-261 
Pericak-Vance MA W3-03 

Perner S P-CancG-048, 
P-CancG-053 

Petek E P-ClinG-107 
Petermann H P-Counse-202 
Peters A W3-04, W9-01 
Peters H sel-01, 

P-ClinG-152 
Peters M W9-05 
Petersmann A W9-01 
Petru E P-CancG-030 
Petru P W2-03 
Peykov S W9-03 
Pfarr N P-ClinG-093 
Pfeffer K W6-05 
Pfennig A W6-02, W6-03 
Pfeufer A W3-04 
Pfob M P-Basic-010, 

P-ClinG-120 
Pfohl M P-Compl-161 
Philipp S P-Compl-164 
Phillips III JA W1-06 
Piaszinski K P-CytoG-170 
Picker-Minh S P-ClinG-121 
Pietsch P P-MonoG-209 
Plank R P-Therap-279 
Plaschke J P-CancG-039, 

P-ClinG-151 
Platzer K P-ClinG-122 
Plawski A P-CancG-034, 

P-CancG-044, 
P-Compl-167, 
P-NormV-234 

Plecko B P-Counse-195 
Pleyers A P-Prenat-254 
Pliushch G P-NormV-236 
Plötz T W3-04 
Pöhler A P-Basic-008 
Pöhner S W9-04 
Polonikov A W6-02 
Polzer B W2-02, 

P-CancG-035 
Popp B P-ClinG-059, 

P-MonoG-222 
Poths S P-Techno-275 
Pottinger C P-Basic-015 
Pötzinger P P-CancG-047 
Pozojevic J W4-05 
Pramana I P-ClinG-085 
Pratt M P-Techno-263 
Prawitt D P-Basic-004, 

P-CancG-036 
Preisler-Adams S P-CancG-058 
Pricelius J P-Prenat-239 
Priebe L W6-02 
Pristauz G W2-03, 

P-CancG-030 
Prochnicki A W8-03 
Prokisch H W7-01, W9-01, 

P-ClinG-090, 
P-Counse-195, 
P-Therap-277 

Propping P W6-02, W6-03 
Prucha H W3-04 
Prütz D P-ClinG-123 
Puechberty J P-CytoG-180 
Pujana M P-MonoG-217 
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Pulverer W W2-04, 
P-ClinG-124, 
P-Techno-267, 
P-Techno-268 

Purschke F P-CancG-056 
Pütz B P-Basic-016 

Q 

Quasthoff S P-ClinG-107 
Quintanilla-Fend L 

P-CancG-040 

R 

Raabe-Mayer G P-CytoG-171 
Rademacher K P-NormV-237 
Radner FPW W7-05, 

P-ClinG-125 
Radwan F P-ClinG-103 
Raeder S W2-01, 

P-Counse-196 
Rafiq S P-ClinG-115 
Rahman KF W3-06 
Rahmann S W8-01, 

P-Basic-005, 
P-Techno-260, 
P-Techno-276 

Raitner K W2-06 
Rajesh Gottimukkala R 

P-CytoG-182 
Raju Priyadharsini 

P-Basic-020 
Ramirez A W1-03, W3-03 
Rappold G W9-03, W9-04, 

P-Basic-002, 
P-Compl-154, 
P-Counse-193 

Rath M P-ClinG-082 
Rath S P-ClinG-095 
Rau I P-ClinG-142 
Rau T P-CancG-045 
Rauch A EDU 4, 

P-Basic-015, 
P-ClinG-059, 
P-MonoG-222 

Rauch M W9-06, 
P-MonoG-221, 
P-Therap-279 

Ravesh Z P-Basic-022 
Reck M P-CancG-029 
Redler S W3-05 
Rehder H P-Prenat-250 
Rehn M P-ClinG-092 
Reichelt J P-MonoG-208 
Reichert S P-Counse-204 
Reif A W6-02, W6-03 
Reif S P-CancG-039, 

P-ClinG-151 
Reifenberg K P-Prenat-253 
Reincke M W7-02 
Reinhard D P-CancG-054 
Reinmaa E W9-01 
Reinmuth N P-CancG-029 
Reinthaler E P-MonoG-220 

Reintjes N P-MonoG-223 
Reis A W1-02, W1-05, 

W4-01, W5-02, 
W5-04, W5-05, 
P-Basic-015, 
P-Basic-026, 
P-CancG-045, 
P-ClinG-059, 
P-ClinG-080, 
P-ClinG-081, 
P-ClinG-101, 
P-ClinG-103, 
P-ClinG-152, 
P-Compl-163, 
P-MonoG-222, 
P-MonoG-224, 
P-Techno-269 

Reithuber E W2-04 
Reiz B W4-05 
Renner R P-Compl-164 
Reuter M P-ClinG-059 
Reuter MS P-MonoG-224 
Reuter P P-Basic-022 
Reutter H P-ClinG-115, 

P-Compl-158, 
P-Counse-194, 
P-CytoG-185 

Reynolds C P-CancG-046 
Rezaei N P-ClinG-138 
Rhodes K P-CytoG-182, 

P-Techno-274 
Ribierre F W7-05, 

P-ClinG-125 
Richter J sel-04, 

P-CancG-056, 
P-CancG-057 

Richter S P-CancG-033 
Rico A P-CytoG-182 
Rieck I P-ClinG-117 
Riedel S P-ClinG-126 
Rieder H W4-05 
Rieger M P-ClinG-089 
Riess A P-ClinG-089, 

P-ClinG-141 
Rieß A P-Counse-187 
Riess O P-Basic-008, 

P-ClinG-064, 
P-ClinG-068, 
P-ClinG-076, 
P-ClinG-089, 
P-ClinG-133, 
P-ClinG-141, 
P-Compl-159, 
P-Counse-187, 
P-Counse-206 

Riessland M W9-05 
Riethdorf S W2-03 
Rietschel M W6-02, W6-

03, W9-03, 
P-Compl-154, 
P-Compl-161, 
P-Compl-165, 
P-Counse-205 

Rikken A P-Techno-271 
Rinckleb AE P-CancG-048 
Ritterbach J P-CytoG-176 

Rittinger O P-ClinG-127, 
P-MonoG-209 

Rittner G P-CytoG-183 
Rivas F W6-02, W6-03 
Rizk-Rabbin M W7-02 
Roberts CWM S1-03 
Robinson PN sel-03, W1-06, 

W6-06, W9-02, 
P-Basic-014, 
P-CancG-037, 
P-ClinG-062, 
P-ClinG-099, 
P-ClinG-151P-
Counse-191, 
P-Counse-207, 
P-CytoG-178, 
P-Techno-264, 
P-Techno-266 

Robubi A P-ClinG-128 
Roden M W9-01 
Rodenburg JR P-Counse-195 
Rödl T W4-06, 

P-MonoG-226 
Rodríguez O W3-03 
Roeth R P-Compl-154 
Rohde M P-CancG-031 
Rolff J W8-05 
Rolletschek A P-Counse-193 
Roman S P-Techno-274 
Romano C W5-01 
Romero S P-Prenat-251 
Ronchi CL W7-02 
Roos FC P-CancG-036 
Ropers HH P-ClinG-073, 

P-Techno-265, 
P-Techno-266 

Röpke A P-Prenat-255 
Rösch W P-CytoG-185 
Rosenbaum T P-Basic-027 
Rosenberger G P-Basic-006 
Rosenberger R P-MonoG-216 
Rosende-Roca M W3-03 
Rosenstiel P sel-04 
Rösler B P-Counse-199, 

P-MonoG-227 
Rost I P-ClinG-072, 

P-ClinG-095, 
P-ClinG-143, 
P-MonoG-225, 
P-Techno-262 

Rost S P-ClinG-063, 
P-MonoG-219, 
P-Techno-273 

Rostasy K P-ClinG-082 
Roth C P-CytoG-182 
Röth R W9-04, 

P-Counse-193 
Rouleau GA W6-02 
Roy M P-ClinG-132 
Rozenzhak S P-Techno-274 
Rubin MA P-CancG-048 
Rubini M sel-01 
Ruchała M P-CancG-044 
Ruczinski I P-Compl-158 

Rudnik-Schöneborn S 
P-Basic-024, 
P-ClinG-094, 
P-ClinG-104, 
P-ClinG-129 

Rudolf D P-CytoG-186 
Ruiz A W3-03 
Ruiz S W3-03 
Rujescu D P-Compl-161, 

P-Compl-165, 
P-Counse-205 

Rumiantsava N P-ClinG-130 
Rump A W4-01, 

P-Canc-058a, 
P-ClinG-061, 
P-ClinG-067, 
P-Counse-203 

Runnebaum IB P-CancG-032 
Ruokonen P P-Therap-278 
Rupprecht W P-Techno-262 
Russell RB P-CancG-051 
Rütten A W1-04, 

P-ClinG-149 
Ryan AW P-Compl-163 

S 

Sadr-Nabavi A P-CancG-043 
Salaverria I P-CancG-040 
Salfelder A P-Therap-278 
Salido EC P-MonoG-223 
Salpea P W7-02 
Salviati L W5-06 
Salzmann E P-ClinG-096 
Samani NJ  S3-02 
Sandbothe M P-CancG-049 
Sander G P-ClinG-127, 

P-MonoG-209 
Sanderson B P-CancG-046 
Sarda P P-CytoG-180 
Saric T W9-06, 

P-MonoG-221 
Sartori A P-CancG-050 
Sass JO P-MonoG-224 
Satake W P-ClinG-112 
Sattler S P-Counse-188 
Sauer SW P-Therap-277 
Sawyer H P-MonoG-218 
Sayuk G W9-04 
Sbiera S W7-02 
Scambler PJ W4-02 
Schaaf M P-Compl-165 
Schaak K W7-02 
Schaefer C P-ClinG-096 
Schaefer D P-ClinG-105 
Schaefer F P-ClinG-117 
Schaeferhoff K P-CytoG-179, 

P-Techno-275 
Schäfer Z W3-04 
Schaffer S W1-05 
Schaible HG sel-02 
Schaller HG P-Counse-204 
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Februar 2014
14. – 15. Februar 2014, Würzburg

Alles Zufall? Statistik in der Humangenetik
[K94-14]

Dozenten

Dr. sc. hum. Christine Fischer (Heidelberg)  
Prof. Dr. med. Tiemo Grimm (Würzburg)  
Dipl.-Math. Barbara Peil (Heidelberg)

Beschreibung/Lerninhalte

In der Humangenetik sind statistische Methoden äußerst hilfreiche Werk-
zeuge für die Forschung. Dieser Kurs gibt eine Einführung in die Wahrschein-
lichkeitsrechnung und  Statistik mithilfe von Beispielen aus der Populations-
genetik, der Kopplungsanalyse und der Assoziationsanalyse.
Ein grundlegendes Verständnis für die statistischen Prinzipien wird vermittelt, 
um danach beim Literaturstudium und bei eigenen Forschungsprojekten die 
richtigen Ansatzpunkte zu finden.

Zielgruppe

Der Kurs richtet sich an Ärzte/innen und Interessierte, die im Bereich Human-
genetik tätig sind.

Zeit

Freitag, 14. Februar 2014,  14.00 – 19.00 Uhr 
Samstag, 15. Februar 2014 09.00 – 15.00 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 15.1.2014 ein Abrufkontingent an Ein-
zelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert.  
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach, E-Mail 
H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 15.1.2014

Spätbucher  
ab 16.1.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung  
(Kaffeepausen, Abendessen am Freitag, Mittagessen am Samstag inkl. 
 Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 16. Januar 2014.

Mitteilungen Akademie Humangenetik
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Mai 2014
7. – 10. Mai 2014 und 28. – 30. Mai 2014, Würzburg

Qualifikation fachgebundene genetische Beratung
[K92-14]

Dozenten

Prof. Dr. med. Tiemo Grimm (Würzburg) 
Prof. Dr. med. Thomas Haaf (Würzburg) 
Dr. rer. nat. Simone Heidemann (Kiel),  
Prof. Dr. rer. nat. Eva Klopocki (Würzburg) 
Dr. rer. nat. Wolfram Kress (Würzburg) 
Prof. Dr. rer. nat. Clemens Müller-Reible (Würzburg) 
Prof. Dr. med. Gerhard Wolff (Freiburg)

Beschreibung/Lerninhalte

In insgesamt zwei Kurseinheiten wird das Grundwissen für die Qualifika-
tion zur Fachgebundenen Genetischen Beratung vermittelt. Gemäß § 7 
Abs. 3 GenDG darf „Eine genetische Beratung […] nur durch […] Ärztinnen 
oder Ärzte, die sich für genetische Beratungen qualifiziert haben, vorgenom-
men werden“. Die Ausführungsbestimmungen für den Erwerb der Qualifi-
kation zur genetischen Beratung hat die Gendiagnostik-Kommission (GEKO) 
in Form einer Richtlinie für die Anforderungen an die Qualifikation zur und 
Inhalte der genetischen Beratung (Kapitel VII3.3. und VII3.4.) festgelegt. 

Die beiden Kurseinheiten gliedern sich in vier Blöcke:
Block I: Basisteil Humangenetik
Block II: Psychosozialer und ethischer Teil
Block III: Fachspezifischer Teil
Block IV: Praktisch-kommunikativer Teil (fakultativ, deshalb getrennt buchbar 
als Kurs K93-14).
Der Block IV ist nur erforderlich, kein Nachweis der psychosomatischen Grund-
versorgung erworben wurde.

Ein Teil der Qualifikation (14 von 72 Std.) wird mit Hilfe von Unterlagen per 
E-Learning erworben. Die Unterlagen werden Ihnen vor dem Kurs elektro-
nisch zur Verfügung gestellt.

Zertifizierung der theoretischen Qualifikationsmaßnahme
Nach regelmäßiger Teilnahme an der Qualifizierungsmaßnahme erhalten die 
Teilnehmer ein Zertifikat, das die Qualifizierung zur Fachgebundenen Geneti-
schen Beratung mit Bezug zum Arzt-/Facharztstatus bescheinigt.

Zielgruppe

Der Kurs richtet sich an Ärzte/Ärztinnen, die die Qualifikation für die fachge-
bundene genetische Beratung benötigen.

Zeit

Mittwoch, 7. Mai 2014 11.15 – 18.00 Uhr
Donnerstag, 8. Mai 2014 09.00 – 18.00 Uhr
Freitag, 9. Mai 2014 09.00 – 18.00 Uhr
Samstag, 10. Mai 2014 09.00 – 16.15 Uhr
Mittwoch, 28. Mai 2014 11.15 – 18.00 Uhr
Donnerstag, 29. Mai 2014 09.00 – 18.00 Uhr
Freitag, 30. Mai 2014 09.00 – 15.30 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 7.4.2014 ein Abrufkontingent an Ein-
zelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert.  
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach, E-Mail 
H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 7.4.2014

Spätbucher  
ab 8.4.2014

Mitglieder GfH € 970,00 € 1020,00

Nichtmitglieder € 1030,00 € 1080,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung  
(Kaffeepausen, Mittagessen inkl. Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt. 
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 8. April 2014.

Mitteilungen Akademie Humangenetik

218 | Medizinische Genetik 1 · 2014



Mai 2014
30. – 31. Mai 2014, Würzburg

Qualifikation fachgebundene genetische Beratung 
Praktisch-kommunikativer Teil
[K93-14]

Dozenten

Prof. Dr. med. Tiemo Grimm (Würzburg) 
Dr. rer. nat. Wolfram Kress (Würzburg) 
PD Dr. med. Erdmute Kunstmann (Würzburg)

Beschreibung/Lerninhalte

Dieser Kurs vervollständigt das Grundwissen für die Qualifikation zu fach-
gebundener genetischer Beratung in Form von Übungen, Rollenspiele und 
Erläuterungen von Fallbeispielen in Übungsgruppen nach Fachgebieten 
unterteilt 
Dieser vierte Block entspricht dem praktisch-kommunikativen Teil gemäß 
Punkt  VII.3.4. der Richtlinie Genetische Beratung der Gendiagnostik-Kom-
mission (GEKO). Er ist nur erforderlich, wenn im Rahmen der jeweiligen Fach-
arztweiterbildung kein Nachweis der psychosomatischen Grundversorgung 
erworben wurde.
Zertifizierung der praktisch-kommunikativen Qualifizierungsmaßnahme
Die Teilnahme an der praktisch-kommunikativen Qualifizierungsmaßnahme 
wird bescheinigt. Der Nachweis des Erwerbs der psychosomatischen Grund-
versorgung oder äquivalenter Weiterbildungs- oder Fortbildungsinhalte kann 
den Nachweis praktischer Übungen nach VII.3.4. bzw. ggf. VII.4.4. ersetzen.
Sie können den Praktisch-kommunikativen Teil als Fortbildung/Auffrischung 
auch buchen, ohne an der Fortbildung
K93-14 teilzunehmen. Möchten Sie an beiden Kursen teilnehmen (also Block I 
- IV), sind beide Kurse separat zu buchen.

Zielgruppe

Der Kurs richtet sich an Ärzte/Ärztinnen, die die Qualifikation für die fachge-
bundene genetische Beratung benötigen.

Zeit

Freitag, 30. Mai 2014 15.45  – 18.30 Uhr 
Samstag, 31. Mai 2014 09.00 – 15.30 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 7.4.2014 ein Abrufkontingent an Ein-
zelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert. 
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach, E-Mail 
H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 7.4.2014

Spätbucher  
ab 8.4.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung  
(Kaffeepausen, Abendessen am Freitag, Mittagessen am Samstag inkl. 
 Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt. 
Eine Mitteilung, ob diese beiden Kurse stattfindet, erhalten Sie bis 8. April 2014.

September 2014
19. – 20. September 2014, Würzburg

Genetische Beratungssprechstunden –  
Vorbereitung und Organisation
[K95-14]

Dozenten

Dr. rer. nat. Simone Heidemann (Kiel) 
Prof. Dr. med. Andreas Gal (Hamburg 
Dr. med. Ute Grasshoff (Tübingen)

Beschreibung / Lerninhalte

Im Rahmen dieses Kurses soll nicht-akademischen Mitarbeitern von human-
genetischen und interdisziplinären Beratungsstellen ein Einblick in die gene-
tische Beratung gewährt werden. Dazu werden Begrifflichkeiten der Syndro-
mologie und genetischen Diagnostik erläutert und Grundlagen der Erbgänge 
vermittelt. Des Weiteren wird eine strukturierte Erhebung der Familienanam-
nese erlernt/geübt und rechtliche Grundlagen (Einwilligung, Schweigepflicht-
sentbindung, Datenschutz etc). erläutert.  
Es wird ausreichend Möglichkeit zur Diskussion mit den Referenten und Klä-
rung offener Fragen aus dem eigenen Arbeitsalltag geben.

Zielgruppe

Der Kurs richtet sich an Funktionsschwestern, Arzthelferinnen, study nurses 
und andere Mitarbeiter, die genetische Beratungen vorbereiten oder geneti-
sche Beratungssprechstunden organisieren, z. B. in Krebszentren und human-
genetischen Einrichtungen.

Zeit

Freitag, 19. September 2014 14.00 – 19.00 Uhr 
Samstag, 20. September 2014 09.00 – 17.00 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 20.8.2014 ein Abrufkontingent an Ein-
zelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert.  
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach, E-Mail 
H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 20.8.2014

Spätbucher  
ab 21.8.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung  
(Kaffeepausen, Abendessen am Freitag, Mittagessen am Samstag inkl. 
 Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 20. August 2014.
 

Mitteilungen Akademie Humangenetik
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September 2014
26. – 27. September 2014, Würzburg

Molekulargenetische Diagnostik
[K96-14]

Dozenten

Prof. Dr. rer. nat. Thomas Eggermann (Aachen) 
Prof. Dr. med. Andreas Gal (Hamburg) 
Dr. rer. nat. Stephanie Kleinle (München) 
Dr. rer. medic. Nadina Ortiz Brüchle (Aachen) 
Dr. rer. nat. Michael Zeschnigk (Essen)

Beschreibung/Lerninhalte

Theoretische Grundlagen:
·  Formalgenetik
·  Methoden (nach Vorkenntnissen; PCR, Mikrosatelliten,  
Sanger-Sequenzierung, NGS)

·  Mutationsmechanismen (Sequenzveränderungen, Gendosisanalyse, 
 Trinukleotiderkankungen, Methylierungsanalysen/Imprintingerkrankungen, 
Mitochondriopathien)

·  Molekulargenetik in der Pränataldiagnostik
·  Befundabfassung

Zielgruppe

Der Kurs richtet sich an Naturwissenschaftler, Ärzte und technische Mitarbei-
ter mit Vorkenntnissen in der Molekulargenetik. 

Zeit

Freitag, 26. September 2014 14.00  – 19.00 Uhr 
Samstag, 27. September 2014 09.00 – 15.00 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 27.8.2014 ein Abrufkontingent an Ein-
zelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert.  
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach, E-Mail 
H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 27.8.2014

Spätbucher  
ab 28.8.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung  
(Kaffeepausen, Abendessen am Freitag, Mittagessen am Samstag inkl. 
 Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 28. August 2014.

September 2014
26. – 27. September 2014, Frankfurt

Aufbau eines Qualitätsmanagementsystems  
nach DIN EN ISO 15189 (2012) im humangenetischen Labor
[K98-14

Dozenten

Dr. rer. nat. Simone Heidemann (Kiel) 
Prof. Dr. med. Dietmar Lohmann (Essen) 
Prof. Dr. rer. nat. Clemens Müller-Reible (Würzburg) 
Dr.-Ing. Uwe Hildebrandt (Frankfurt)

Beschreibung/Lerninhalte

Im Rahmen dieses Kurses sollen die Anforderungen der DIN EN ISO 
15189:2012 an akkreditierte Labore dargestellt und die Besonderheiten für 
humangenetische Labore erläutert werden. Dabei wird der Aufbau eines 
QM-Systems auch anhand praktischer Beispiele aus zytogenetischen, mole-
kularzytogenetischen und molekulargenetischen Laboren in humangeneti-
schen Einrichtungen erläutert. Schwerpunkt sind u. a. Dokumentenlenkung, 
Methodenvalidierung/-verifizierung und Prä-/Postanalytik.
Es besteht die Möglichkeit zum Erfahrungsaustausch der Teilnehmer unterei-
nander. Eine individuelle Beratung durch die Referenten findet jedoch nicht 
statt. 

Zielgruppe

Der Kurs richtet sich an Ärzte, Naturwissenschaftler, MTA und andere Mitar-
beiter aus humangenetischen Laboren, die eine Akkreditierung nach der DIN 
EN ISO 15189:2012 anstreben oder in Erwägung ziehen.

Zeit

Freitag, 26. September 2014 13.00 – 19.00 Uhr 
Samstag, 27. September 2014 09.00 – 17.00 Uhr

Veranstaltungsort

Station Lounge
Am Hauptbahnhof 10
60329 Frankfurt am Main
Tel 069-36600550
info@station-lounge.de 

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 27.8.2014

Spätbucher  
ab 28.8.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung 
(Kaffeepausen, Abendessen am Freitag,  
Mittagessen am Samstag inkl. Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 28. August 2014.

Mitteilungen Akademie Humangenetik
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November 2014
7. – 8. November 2014, Würzburg

Der aberrante Klon in der Tumorzytogenetik:  
Wie finde, beschreibe und bewerte ich ihn?
[K97-14]

Dozenten

Dr. med. Lana Harder (Kiel) 
Dr. rer. nat. Simone Heidemann (Kiel)

Beschreibung/Lerninhalte

Im Rahmen dieses Kurses werden allgemeine Grundlagen der Tumorzyto-
genetik und des Internationalen Systems der zytogenetischen Nomenklatur 
(ISCN 2013) vermittelt und aufgefrischt sowie deren Anwendung geübt. 
Inhalte sind Besonderheiten der Tumorzytogenetik (Proliferationsverhalten 
von Tumorzellen, Anpassung der Kultivierungsbedingungen, Einsatz von Sti-
mulanzien), Anwendung der ISCN-Nomenklatur in der klassischen und mole-
kularen Tumorgenetik sowie Befunderstellung. Begleitet wird der Kurs von 
Übungsteilen, in denen anhand von Fallbeispielen das differentialdiagnosti-
sche Vorgehen und die Anwendung des ISCN in Kleingruppen praktisch geübt 
werden.

Zielgruppe

Der Kurs richtet sich an Naturwissenschaftler in Weiterbildung zum Fachhu-
mangenetiker (GfH), Ärzte in Weiterbildung zum Facharzt für Humangene-
tik und sonstige an der Tumorgenetik interessierte Berufsgruppen, wie z. B. 
Hämatologen, Pathologen, MTA.

Zeit

Freitag, 7. November 2014 14.00 – 19.00 Uhr 
Samstag, 8. November 2014 09.00 – 15.00 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 8.10.2014 ein Abrufkontingent an Ein-
zelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert.  
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach, E-Mail 
H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 8.10.2014

Spätbucher  
ab 9.10.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung 
(Kaffeepausen, Abendessen am Freitag,  
Mittagessen am Samstag inkl. Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 9. Oktober 2014.

November 2014
15. November 2014, Frankfurt

Qualitätsmanagementsystem im humangenetischen Labor – 
Umstellung der Norm DIN EN ISO 15189 von 2007 auf 2012
[K99-14]

Dozenten

Dr. rer. nat. Simone Heidemann (Kiel) 
Prof. Dr. med. Dietmar Lohmann (Essen) 
Prof. Dr. rer. nat. Clemens Müller-Reible (Würzburg) 
Dr.-Ing. Uwe Hildebrandt (Frankfurt)

Beschreibung/Lerninhalte

Im Rahmen dieses Kurses sollen die Änderungen der  DIN EN ISO 15189:2012 
gegenüber der DIN EN ISO 15189:2007 dargestellt  und anhand praktischer 
Beispiele aus zytogenetischen, molekularzytogenetischen und molekular-
genetischen Laboren in humangenetischen Einrichtungen erläutert werden. 
Schwerpunkt wird u. a. die neue Risikoanalyse sein.
Es besteht die Möglichkeit zum Erfahrungsaustausch der Teilnehmer unterei-
nander. Eine individuelle Beratung durch die Referenten findet jedoch nicht 
statt.

Zielgruppe

Der Kurs richtet sich an Ärzte, Naturwissenschaftler, MTA und andere 
 Mitarbeiter aus humangenetischen Laboren, die bereits nach der  
DIN EN ISO 15189:2007 akkreditiert sind und ihr QM-System auf die  
DIN EN ISO 15189:2012 umstellen wollen.

Zeit

Samstag, 15. November 2014 11.00 – 17.00 Uhr

Veranstaltungsort

Station Lounge
Am Hauptbahnhof 10
60329 Frankfurt am Main
Tel 069-36600550
info@station-lounge.de 

Kursgebühren

Tarifgruppe Frühbucher  
bis 15.10.2014

Spätbucher  
ab 16.10.2014

Mitglieder GfH € 175,00 € 225,00

Nichtmitglieder € 235,00 € 285,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung 
(Kaffeepausen und Mittagssnack inkl. Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 16. Oktober 2014..
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November 2014
28. – 29. November 2014, Würzburg

Extremitätenfehlbildungen
[K101-14]

Dozenten

Prof. Dr. med. Denise Horn (Berlin) 
Prof. Dr. rer. nat. Eva Klopocki (Würzburg) 
Prof. Dr. med. Peter Meinecke (Hamburg)

Beschreibung/Lerninhalte

Vermittelt werden zunächst die biologischen Grundlagen der Entwicklung der 
Extremitäten sowie die radiologischen Grundlagen zur Beurteilung von Extre-
mitätenfehlbildungen. Anschließend werden dann die wichtigsten Gruppen 
von isolierten Extremitätenfehlbildungen wie die Syndaktylien, Polydaktylien, 
Spalthandfehlbildung, Reduktionsanomalien, Brachydaktylien sowie Synos-
tosen als auch syndromale Formen mit Extremitätenbeteiligung an Beispielen 
erörtert  und eingeübt. Die molekularen Ursachen der jeweiligen Fehlbildung 
werden dargestellt. Ausführliche diagnostische Übungen werden angefügt.
Ziel der Veranstaltung ist es, die Teilnehmer in die Lage zu versetzen, anhand 
von Fallbeispielen die diagnostisch wegweisenden Veränderungen zu erken-
nen und zu deuten, um auf dieser Grundlage eine Verdachtsdiagnose zu stel-
len, die dann molekulargenetisch überprüft werden kann.

Zielgruppe

Der Kurs richtet sich an Ärzte und interessierte Naturwissenschaftler.

Zeit

Freitag, 28. November 2014,  14.00 – 19.00 Uhr 
Samstag, 29. November 2014 09.00 – 15.00 Uhr

Veranstaltungsort

Novotel Würzburg 
Eichstr. 2 
97070 Würzburg 
Telefon 0931-3054 432 
H5362@accor.com

Unterbringung

Die Unterbringung erfolgt durch die Teilnehmer selbst. Unter dem Stichwort 
„Akademie Humangenetik“ ist bis zum 29.10.2014 ein Abrufkontingent an 
Einzelzimmern zum Preis von 100 Euro/Nacht inkl. Frühstück reserviert.  
Bitte setzen Sie sich bei Bedarf mit dem Novotel, Jutta Feuerbach,  
E-Mail H5362-SL@accor.com oder Telefon 0931-3054 442 in Verbindung. 
Zimmerpreise sind nicht in den Kursgebühren enthalten. 

Kursgebühren

Tarifgruppe Frühbucher  
bis 29.10.2014

Spätbucher  
ab 30.10.2014

Mitglieder GfH € 270,00 € 320,00

Nichtmitglieder € 330,00 € 380,00

Die Gebühren beinhalten die Kosten für Kursmaterial und die Verpflegung  
(Kaffeepausen, Abendessen am Freitag, Mittagessen am Samstag inkl. 
 Mineralwasser).

Der Kurs findet nur bei ausreichender Teilnehmerzahl statt.  
Eine Mitteilung, ob dieser Kurs stattfindet, erhalten Sie bis 30. Oktober 2014.
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Kalender 2014

2014 | 08. Februar, Tübingen
Interdisziplinäre Fortbildung „Seltene Ionenkanalerkrankungen“ 
www.fakse.de

2014 | 13. – 16. Februar, Bangkok, Thailand
3rd Global Congress for Consensus in Pediatrics and Child Health 
www.cipediatrics.org

2014 | 14. – 15. Februar, Frankfurt (Deutschland)
Gynäkologie und Geburtshilfe Frankfurt 2014 
www.congressfrankfurt.de

2014 | 14. – 15. Februar, Würzburg
Alles Zufall? Statistik in der Humangenetik
www.akademie-humangenetik.de

2014 | 25. – 27. Februar, München
Cell Culture World Congress 2014 
www.terrapinn.com/conference/cell-culture

2014 | 05. – 07. März, Heidelberg
VIZBI 2014: Visualizing biological data 
www.vizbi.org/2014/

2014 | 10. – 11. März, Berlin
Lab-on-a-Chip European Congress / Advances in  
Biodetection & Biosensors / Advances in Microarray Technology 
http://selectbiosciences.com/conferences/index

2014 | 19. – 21. März, Essen (Deutschland)
25. Jahrestagung der Deutschen Gesellschaft für Humangenetik 
www.gfhev.de

2014 | 19. März, Essen
Datenbank genomischer Varianten für die klinische Anwendung und die 
medizinische Forschung 
www.gfhev.de

2014 | 20. – 21. März, Köln
Personalized Medicine Convention – PerMediCon – Die Zukunft der 
Gesundheit gestalten 
www.permedicon.de/de/permedicon/home/index.php

2014 | 23. – 28. März, Oberstdorf
Keystone Meeting on Chromatin Mechanisms and Cell Physiology 
http://www.keystonesymposia.org

2014 | 01. – 03. April, München (Deutschland)
analytica 
http://www.analytica.de/de/Home/besucher/daten-fakten/messeprofil

2014 | 11. April, Lausanne (Schweiz)
Meeting der Schweizerischen Gesellschaft für Medizinische Genetik 
guedel@medmolgen.uzh.ch

2014 | 27. – 30. April, Genf (Schweiz)
HGM 2014: Genome Variation and Human Health Human Genome 
 Meeting 2014 
www.hgm2014-geneva.org

2014 | 7. – 10. Mai und 28. – 30. Mai,Würzburg
Qualifikation fachgebundene genetische Beratung
www.akademie-humangenetik.de

2014 | 30. – 31. Mai, Würzburg 
Qualifikation fachgebundene genetische Beratung 
Praktisch-kommunikativer Teil
www.akademie-humangenetik.de

2014 | 31. Mai – 03. Juni, Mailand (Italien)
European Human Genetics Conference 2014 
https://www.eshg.org/eshg2014.0.html

2014 | 13.–15. Juni, Berlin (Deutschland)
Kinder- und Jugendärztetag 2014 
bvkj.kongress@uminfo.de

2014 | 13. – 14. Juni, Würzburg
Die Fazies: vom Befund zur Diagnose
www.akademie-humangenetik.de

2014 | 17.–18. Juni, Hamburg
eHealth Conference 2014 
http://ehealth.gvg.org/

2014 | 23.–24. Juni, Paris (Frankreich)
Worldwide Innovative Networking in personalized cancer medicine 
www.winsymposium.org

2014 | 05.–10. Juli, Nice, France
13th International Congress on Neuromuscular Diseases – ICNMD 2014 
icnmd2014.org/

2014 | 08.–11. Juli, CRTD - Center for Regenerative Therapies Dresden
5th International Congress on Stem Cells and Tissue Formation: 
 Quantitative Stem Cell Biology - From Models to Application 
www.stemcellcongress-dresden.org

2014 | 27.–31. August, Chicago (USA)
36th Annual International Conference of the IEEE Engineering in Medicine 
and Biology Society (EMBC’14) 
http://embc.embs.org/2014/

2014 | 30. August–04. September, Paris (Frankreich)
FEBS (Federation of European Biochemical Societies) – 
EMBO 2014 Conference 
info@febs-embo2014.org

2014 | 11.–14. September, Leipzig
110. Jahrestagung der Deutschen Gesellschaft für Kinder- und 
 Jugendmedizin 
http://www.dgkj2014.de/

2014 | 15.–19. September, München (Deutschland)
87. Kongress der Deutschen Gesellschaft für Neurologie mit Neurowoche 
2014 
http://www.dgn.org/

2014 | 18.–20. September, Gießen
26. Jahrestagung der Deutschen Gesellschaft für Andrologie e. V. (DGA) 
www.dga-jahrestagung.de

2014 | 19. – 20. September, Würzburg 
Genetische Beratungssprechstunden – Vorbereitung und Organisation
www.akademie-humangenetik.de
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2014 | 26. – 27. September, Würzburg 
Molekulargenetische Diagnostik
www.akademie-humangenetik.de

2014 | 26. – 27. September, Frankfurt 
Aufbau eines Qualitätsmanagementsystems nach DIN EN ISO 15189 (2012) 
im humangenetischen Labor
www.akademie-humangenetik.de

2014 | 05.–08. Oktober, Dresden
4. Gemeinsame Jahrestagung der Deutschen Gesellschaft für Hygiene und 
Mikrobiologie (DGHM) e. V. zusammen mit der Vereinigung für Allgemeine 
und Angewandte Mikrobiologie (VAAM) e. V. 
ww.dghm-vaam-kongress.de

2014 | 07.–09. Oktober, Hannover (Deutschland)
Biotechnica 2014 
www.biotechnica.de

2014 | 10.–14. Oktober, Hamburg (Deutschland)
Jahrestagung der Deutschen Gesellschaft für Hämatologie und 
 Medizinische Onkologie e. V (DGHO), ÖGHO, SGMO und SGH 
http://www.dgho.de/informationen/veranstaltungen/veranstaltungskalen-
der_14/jahrestagung-der-dgho-oeg

2014 | 18.–22. Oktober, San Diego (USA)
American Society of Human Genetics 2014 
society@ashg.org

2014 | 7. – 8. November, Würzburg 
Der aberrante Klon in der Tumorzytogenetik:  
Wie finde, beschreibe und bewerte ich ihn? 
www.akademie-humangenetik.de

2014 | 12.–15. November, Düsseldorf (Deutschland)
MEDICA 
http://www.medica.de/

2014 | 15. November, Frankfurt 
Qualitätsmanagementsystem im humangenetischen Labor –  
Umstellung der Norm DIN EN ISO 15189 von 2007 auf 2012
www.akademie-humangenetik.de

2014 | 28. – 29. November, Würzburg 
Extremitätenfehlbildungen
www.akademie-humangenetik.de

Mittwoch, 19.3.2014, 9:00-12:00 Uhr 
Congress Center Essen, Raum Brüssel 

 

 „Next Generation Sequencing“ (NGS) erlaubt die Untersuchung des 
kompletten Exoms oder Genoms eines Patienten mit vertretbarem zeit-
lichem und finanziellem Aufwand. Für die Diagnostik der molekularen 
Ursachen schwerwiegender genetisch bedingter Krankheiten bedeutet 
dies einen bahnbrechenden Fortschritt, die auch unter rechtlichen, e-
thischen und ökonomischen Aspekten vielfältige Auswirkung auf die 
Patientenversorgung hat. Die Einführung des NGS in die Routinedia-
gnostik steht momentan jedoch noch vor einigen Hürden. Insbesondere 
ist zu erwarten, dass mittels NGS bei einem Patienten eine ganze Reihe 
seltener Varianten entdeckt wird, die nach derzeitigem Wissensstand 
klinisch nicht eindeutig interpretierbar sind. Molekular-pathophysio-
logisch überzeugend scheinende Varianten können erst dann als aetio-
logisch validiert angesehen werden, wenn mindestens ein phänoty-
pisch wie genotypisch gleich gelagerter Fall nachgewiesen ist. Bei selte-
nen Erkrankungen, um die es hier in erster Linie geht, können diese In-
formationen auf dem Wege der traditionellen wissenschaftlichen Kom-
munikation nur schwer oder gar nicht zusammengeführt werden. Auf 
dem Workshop soll als ein erster Schritt zur Lösung dieses Problems das 
Konzept einer Datenbank vorgestellt werden, die systematisch genoty-
pische und phänotypische Information aus dem Versorgungskontext in 
Deutschland integrieren soll. Angesprochen werden sollen aber auch in 
diesem Zusammenhang entstehende ethische und rechtliche Probleme. 
Eine solche Datenbank könnte den klinisch tätigen Humangenetikern 
die notwendige Evidenzbasis für eine zuverlässige Bewertung ihrer pa-
tientenbezogenen Sequenzierungsdaten bieten; sie wäre darüber hin-
aus eine wertvolle wissenschaftliche Ressource. 

Gebühren für die Teilnahme an diesem Workshop werden keine erho-
ben. Workshopsprache ist Deutsch. Die Platzzahl ist jedoch beschränkt, 
deshalb wird um Anmeldung gebeten: www.tmf-ev.de/anmelden 

TMF - Technologie- und Methodenplattform  
für die vernetzte medizinische Forschung e.V., Berlin 

TMF-Satellitenworkshop  
im Rahmen der GfH-Tagung 2014  

in Essen 
 

Datenbank genomischer Varianten  
für die klinische Anwendung  

und die medizinische Forschung 
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