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PL1.1

Chromosome conformation and long-distance gene regulation

N. Benabdallah’, S. Bhatia’, . Williamson', W. Bickmore?;

IMRC Human Genetics Unit, IGMM, University of Edinburgh, Edinburgh, United Kingdom,
2Edinburgh, United Kingdom.

Long-range gene regulation first became apparent in mammalian genomes
through Mendelian disease genetics associated with extreme phenotypes
in human, and developmental genetics in the mouse. It is now appreciated
that long-range enhancers - found as far away as 1 megabase from their tar-
get gene and located either in intergenic regions or in introns - are key in
controlling the precise spatial and temporal expression of genes. Deletion,
translocation or point mutations can abrogate the function of these ele-
ments in Rare Disease. However, the majority of human genetic variation
associated with common and complex disease and quantitative traits also
maps to intergenic regions that are likely the site of enhancers. Therefore,
lessons learnt from studying enhancer dysfunction in rare disease will be
important for an understanding of milder phenotypes.

It is hard to envisage how distant enhancers function if one only considers
the genome as a linear DNA sequence. Rather, three-dimensional chromatin
folding must play a fundamental role in enhancer-promoter communication.
[ will describe our work using different experimental approaches to investi-
gate the three-dimensional folding of the mammalian genome at genetically
defined long-range regulatory elements important in development.

PL1.2

Deciphering Developmental Disorders
M. Hurles;

Cambridge, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

PL1.3

Ribonucleotides embedded in genomic DNA
A.Jackson;

The University of Edinburgh, Edinburgh, United Kingdom.

Our identification of biallelic hypomorphic mutations in three RNase H2
genes in the neuroinflammatory disorder, Aicardi-Goutiéres syndrome
led us to investigate enzyme complex they encode. We subsequently esta-
blished this is an important genome surveillance enzyme that removes over
1,000,000 ribonucleotides embedded in the genomic DNA of every repli-
cating mammalian cell. Such ribonucleotides represent the most common
non-canonical nucleotides incorporated into the genome by replicative
polymerases and are an important potential source of genome instability.
Furthermore, we have now exploited embedded ribonucleotides as a tool
to trace the respective contribution of DNA polymerases, developing the
technique emRiboSeq, and use this to implicate replicative polymerases as a
determinant of local nucleotide substitution rates at functionally important
sites, shaping the mutational landscape of the genome.

PL2.1

De novo mutations in PLXND1 and REV3L cause Mobius syndrome

L. Tomas Roca??, A. Tsaalbi-Shtylik®, J. G. Jansen®, M. K. Singh**, ]. A. Epstein*, U.
Altunoglu®, H. Verzijl’, L. Soria’, E. van Beusekom’, T. Roscioli®, Z. Igbal’, C. Gilissen’,

A. Hoischen®, A. P. M. de Brouwer’, C. Erasmus’, D. Schubert’’, H. Brunner*'’, A. Pérez
Aytés'?, E. Marin?, P. Aroca Tejedor?, H. Kayserili®, A. Carta®, N. de Wind®, G. W. Padberyg’,
H. van Bokhoven’;

'Radboud University Medical Center, Department of Human Genetics, Donders
Institute for Brain, Cognition and Behaviour, Nijmegen, Netherlands, ?University of
Murcia, Murcia, Spain, *Leiden University Medical Center, Department of Human
Genetics, Leiden, Netherlands, *Department of Cell & Developmental Biology and
Cardiovascular Institute, Philadelphia, PA, United States, *Signature Research

Program in Cardiovascular and Metabolic Disorders, Duke, Singapore, ‘Medical
Genetics Department, Istanbul Medical Faculty, Istanbul University, Istanbul, Turkey,
’Radboud university medical center, Department of Neurology, Donders Institute for
Brain, Cognition and Behaviour, Nijmegen, Netherlands, ®Garvan Institute of Medical
Research, Sidney, Australia, ’Radboud university medical center, Department of Human
Genetics, Radboud Institute for Molecular Life Sciences (RIMLS), Nijmegen, Netherlands,
Radboud university medical center, Department of Cognitive Neuroscience, Donders
Institute for Brain, Cognition and Behaviour, Nijmegen, Netherlands, "' Maastricht
University Medical Center, Department of Clinical Genetics, Maatricht, Netherlands,
2Dysmorphology and Reproductive Genetics Unit. Moebius syndrome Foundation of
Spain. University Hospital La Fe, Valencia, Spain, *Ophthalmology Unit, Department of
Biomedical, Biotechnological & Translational Sciences (S.Bi.Bi.T.), University of Parma,
Parma, Italy.

Back to index

Introduction: Mébius syndrome (MBS) is a rare congenital neurological dis-
order characterized by facial and abducens nerve paralysis. Additional con-
genital anomalies are frequently associated. The etiology of this syndrome
has been intensely debated and both teratogenic factors and genetic causes
have been suggested. However, despite numerous clinical and molecular
investigations since the description of the first patients in 1880 it has re-
mained elusive.

Material and Methods: We hypothesized that de novo mutations contribute
to the MBS phenotype and therefore performed exome sequencing in eight
isolated MBS patients. All identified de novo variants were subsequently se-
quenced in a cohort of 103 MBS patients. The role of two candidate genes in
MBS was addressed by morphological analysis of the knockout mouse brain.
Results: We report de novo mutations in two different genes PLXND1 and
REV3L. Analysis of the Plxnd1 and Rev3l-knockout mice detected neuro-
pathological findings similar to those found in MBS. Strikingly, both mouse
models exhibited a reduced number of motoneurons in the facial motor nu-
cleus, caused by defective neural migration in the Plxnd1-mutant mice or
disrupted cellular proliferation in Rev3l-heterozygous mice. Conclusions:
Our study establishs for the first time a genetic cause for MBS. We show
morphological alterations in Plxnd1 and Rev3]l mutant mouse models simi-
lar to MBS patients clinical features. Although PLXND1 and REV3L are invol-
ved in different pathways a protein defect of any of them result in a decrease
of the number of motoneurons in the facial motor nucleus.

PL2.2

Beyond the ACMG 56: Parental choices and initial results from a
comprehensive WGS-based search for predictive secondary variants
in children

M. S. Meyn’?, N. Monfared', C. Marshall’, D. Merico®, D. . Stavropoulos®?, R. Z.
Hayeems'?, M. Szego®?, R. Jobling’, M. Gardia®’, G. D. Bader?, M. Brudno'? R. D. Cohn’? R.
Zlotnik-Shaul'?, C. Shuman®?, P. N. Ray'?, S. Bowdin'?;

'The Hospital for Sick Children, Toronto, ON, Canada, *University of Toronto, Toronto,
ON, Canada, St. Joseph's Health Centre and St. Michael's Hospital, Toronto, ON, Canada.

To pilot the implementation of paediatric genomic medicine we developed
the SickKids Genome Clinic, a multidisciplinary project supporting research
into clinical whole genome sequencing (WGS). The Genome Clinic conducts
diagnostic WGS for 150+ children/year who are undergoing genetic eva-
luations. With parents’ permission, we search childrens’ genomes for se-
condary medically-actionable variants (MAVs) in 2800+ disease genes listed
in the NIH Clinical Genomic Database.

Of 321 families approached to date, 54% agreed to participate. 58% of par-
ticipants chose to learn their child‘s secondary adult-onset MAVs. Among
these parents, 68% decided to learn their own status for the same risk vari-
ants. Parents declining secondary variants were most concerned about psy-
chological burdens and/or insurance discrimination.

Bioinformatics analysis of the first 80 patient genomes yielded 2382 candi-
date variants in 1117 genes that then underwent manual assessment (~30
variants/genome.) While ~15% were novel, the large majority of candida-
tes were listed in HGMD or ClinVar. Most variants listed in HGMD as disease-
causing failed manual assessment. E.g.,, >80% of variants found in the 56
ACMG genes and listed in HGMD as disease causing were rejected due to
inadequate evidence of pathogenicity.

We identified 7 reportable variants in the 56 ACMG genes in our first 80
patients (~9%). By expanding our search to 2800+ genes we are finding
secondary MAVs in >25% of children, ~40% of which lie in genes for adult
onset disorders. We conclude that parental opinions vary widely regarding
return of secondary variants, children may harbour more secondary MAVs
than adults, and disease prevalence and imperfect variant interpretation
constrain the number of reportable secondary MAVs.

PL2.3

Spotlight on the pathogenesis of Kabuki syndrome

N. Bégershausen’, I. Tsai?, E. Pohl, P. Simsek Kiper’, F. Beleggia’, F. E. Percin®, K. Keupp®,
A. Matchan®, E. Milz', Y. Alanay®, H. Kayserill’, Y. Liu’, S. Banka®, A. Kranz’, M. Zenker™,

D. Wieczorek™, N. Elcioglu®?, P. Prontera®, S. Lyonnet'*, T. Meitinger®, F. Stewart®, D.
Donnai®, T. M. Strom®’, K. Boduroglu?, G. Yigit!, Y. Li", N. Katsanis'®, B. Wollnik’;
1University of Cologne, Institute of Human Genetics, Cologne, Germany, ?Duke University,
Center for Human Disease Modeling, Durham, NC, United States, *Hacetteppe University,
Ankara, Turkey, *Gazi University Faculty of Medicine, Ankara, Turkey, °Oxford Gene
Technology, Hinxton, United Kingdom, °“Acibadem University, Istanbul, Turkey, Istanbul
University, Istanbul, Turkey, *Department of Genetic Medicine, St Mary's Hospital,
Manchester Academic Health Sciences Centre (MAHSC), University of Manchester,
Manchester, United Kingdom, °Genomics, BiolnnovationsZentrum, Dresden University
of Technology, Dresden, Germany, 1°University of Magdeburg, Institute of Human
Genetics, Magdeburg, Germany, "'University of Essen, Institute of Human Genetics, Essen,
Germany, ?Department of Pediatric Genetics, Marmara University Medical Faculty,
Istanbul, Turkey, *Medical Genetics Unit, Hospital and University of Perugia, Perugia,
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Italy, "*Université Paris Descartes-Sorbonne Paris Cité, Institut Imagine, INSERM U781,
Hépital Necker-Enfants Malades, Paris, France, **Institute of Human Genetics, Helmholtz
Zentrum Miinchen, Neuherberg, Germany, '°Center for Human Disease Modeling and
Department of Cell Biology, Duke University, Durham, NC, United States.

Kabuki syndrome (KS) is a genetic disorder characterized by developmental
delay and multiple congenital anomalies. KS is caused primarily by mutations
in KMT2D (MLL2), a methyltransferase that promotes active transcription
and, more rarely, in KDM64, a demethylase of the KMT2D complex. Although
the functions of chromatin modifying proteins have been well studied, the
physiological systems regulated by them are largely unknown. Using who-
le exome sequencing we found a mutation converted to homozygosity by
uniparental isodisomy (UPD) in RAP1A in a patient with KS, and a de novo
dominant mutation in the closely related gene RAP1B in a second patient.
We show that suppression of each of RAP1 (RAP1A and RAP1B), KMT2D,
and KDM6A leads to defective convergent-extension (CE) movements and to
context-dependent MAPK signaling dysfunction. We further show that RAP1
interacts genetically with KMT2D and that RAP1B expression is downregu-
lated in both kmt2d morphant zebrafish (zf) embryos and KMT2D deficient
patient cells. Regarding the frequent skeletal abnormalities in KS, we de-
monstrate that depletion of KS genes affects the layout of the pharyngeal
skeleton in zf by disturbed F-actin polymerization and cell-cell intercalation.
Interestingly, the CE and skeletal defects could be rescued in vivo by a small
molecule MAPK inhibitor. Taken together, this study (i) identifies RAP1A and
RAP1B as two novel genes for KS, (ii) reveals the first evidence that defective
MEK-ERK signaling is a common molecular driver for KS, (iii) suggests that
KS is a member of the RASopathy spectrum, and (iv) provides a potential
direction for treatment design.

Grants

BMBF: 01GM12114A, 01GM1109C, 01GM1211B; NIH: R01DK075972,
P50DK096415.

PL2.4

Disruptions of topological chromatin domains cause pathogenic
rewiring of gene-enhancer interactions

D. G. Lupianez’, K. Kraft', V. Heinrich?, P Krawitz"? F. Brancati’, E. Klopocki*, D. Horn®,
H. Kayserili®, J. Opitz’, R. Laxova’, E. Santos-Simarro®, B. Gilbert-Dussardier8’, L. Wittler?,
M. Borschiwer', S. Haas', M. Osterwalder'’, M. Franke', B. Timmermann’, J. Hecht*'!, M.
Spielmann®®'1, A. Visel'*!213, S. Mundlos">';

IMax Planck Institute for Molecular Genetics, Berlin, Germany, ? Institute for Medical and
Human Genetics, Charité Universitdtsmedizin Berlin, Berlin, Germany, *Medical Genetics
Unit, Policlinico Tor Vergata University Hospital, Rome, Italy, *Institute of Human
Genetics, Julius Maximilian University of Wiirzburg, Wiirzburg, Germany, *Institute for
Medical and Human Genetics, Charité Universitdtsmedizin Berlin, Berlin, Germany,
*Department of Medical Genetics, Istanbul University, Istanbul, Turkey, ’Department

of Pediatrics, School of Medicine, University of Utah, Salt Lake City, UT, United States,
SInstituto de Genética Médica y Molecular (INGEMM), IdiPAZ, Hospital Universitario

La Paz, Madrid, Spain, °Service de Génétique, C.H.U. de Poitiers, Poitiers, France,
Genomics Division, MS 84-171, Lawrence Berkeley National Laboratory, Berkeley, CA,
United States, 1 Berlin-Brandenburg Center for Regenerative Therapies (BCRT), Charité
Universitdtsmedizin Berlin, Berlin, Germany, 1?U.S. Department of Energy Joint Genome
Institute, Walnut Creek, CA, United States, *School of Natural Sciences, University of
California, Merced, CA, United States.

Mammalian genomes are organized into megabase-scale topologically as-
sociated domains (TADs) that have been proposed to partition the genome
into large regulatory units. Here we demonstrate that the disruption of TAD
structure can cause rewiring of functional interactions between genes and
distant-acting enhancers, resulting in pathogenic phenotypes in humans
and mice. We show that distinct limb malformations in human patients are
caused by deletions, inversions or duplications altering the structure of the
extended WNT6/IHH/EPHA4 /PAX3 locus. To examine these variants in de-
tail, we adapted CRISPR genome editing to generate mice with correspon-
ding large rearrangements. 4C-seq in mouse limb tissue and patient-derived
fibroblasts showed that the structural changes result in ectopic interactions
between promoters and non-coding DNA across adjacent TADs. On the di-
sease alleles, a cluster of limb enhancers normally associated with Epha4 is
misplaced relative to TAD boundaries, causing it to interact with and drive
ectopic limb expression of Wnt6, [hh or Pax3, respectively. Taken together,
our results demonstrate the critical importance of TADs for the functional
orchestration of the genome in vivo and support their utility in predicting
the pathogenicity of human structural variants.

PL2.5

A germline homozygous loss-of-function mutation in the base excision
repair gene NTHL1 causes adenomatous polyposis and colorectal
cancer

R.D. A. Weren’, M. J. L. Ligtenberg’, C. M. Kets", R. M. de Voer”, E. T. P. Verwiel’, L.
Spruijt’, W. A. G. van Zelst-Stams’, M. C. Jongmans’, C. Gilissen’, J. Y. Hehir-Kwa’, A.

ESHG 2015 | GLASGOW, SCOTLAND, UK | WWW.ESHG.ORG

Back to index

Hoischen’, J. Shendureé?, E. A. Boylé? E. J. Kamping', I. D. Nagtegaal’, B. B. ]. Tops’, E. M.
Nagengast!, A. Geurts van Kessel', ]. H. ]. M. van Krieken’, R. P. Kuiper', N. Hoogerbrugge';
'Radboud university medical center, Nijmegen, Netherlands, ?University of Washington,
Seattle, WA, United States.

Introduction: Patients diagnosed with adenomatous polyposis, i.e., the con-
stitutive development of multiple colorectal adenomatous polyps, are at an
increased risk to develop colorectal cancer (CRC). Currently, two adenoma-
tous polyposis-associated syndromes are known: familial adenomatous po-
lyposis (FAP) and MUTYH-associated polyposis (MAP). Whereas monoallelic
APC germline mutations underlie FAP, MAP is caused by biallelic germline
mutations in the base excision repair (BER) gene MUTYH. No other causati-
ve genes have been identified and, therefore, a considerable fraction of ade-
nomatous polyposis patients remains unexplained

Materials and Methods: Whole-exome sequencing was applied to germline
DNA derived from 51 individuals (from 48 families) with multiple colonic
adenomas. After candidate gene selection, co-segregation analyses were
performed. The somatic mutation spectrum of carcinomas and adenomas
was determined by sequencing of 409 cancer-related genes and by targeted
deep-sequencing of the APC gene, respectively.

Results: We identified a homozygous germline nonsense mutation in the BER
gene NTHL1 in seven affected individuals from three unrelated families. All
three families showed recessive inheritance of the adenomatous polyposis
phenotype, which was consistently and exclusively encountered in homozy-
gous carriers, indicating a high-penetrant predisposing effect. In controls,
this germline mutation was only found in a heterozygous state (MAF 0.0036,
n=2,329). Sequence analysis of carcinomas and adenomas from different af-
fected homozygous carriers revealed a non-hypermutated profile enriched
for C-to-T transitions, in line with a germline BER defect.

Conclusions: We show for the first time that a homozygous loss-of-function
germline mutation in the NTHLI gene predisposes to a novel subtype of
BER-associated adenomatous polyposis and CRC.

PL2.6

The genetic handicap principle: a severely deleterious mutation can
be tolerated if the genome-wide mutation load is sufficiently low

K. Popadin’, S. Peischl?, R. Sailani®, A. Letourneau’, F. Santoni’, M. Garieri, S. Nikolaev?,
D. Meyer*, L. Excoffier?, S. Antonarakis’;

'Department of Genetic Medicine and Development, Geneva, Switzerland, *Institute of
Ecology and Evolution, Bern, Switzerland, *Stanford School of Medicine, Stanford, CA,
United States, *University of Sao Paulo, Sao Paolo, Brazil.

Every human genome harbors hundreds of slightly-deleterious mutations.
Even though most of these mutations have each a small effect, their cumu-
lative effect (mutation load) could substantially reduce the fitness of an in-
dividual. Here we investigate an interaction between a severely deleterious
mutation and the mutation load, formulating the genetic handicap principle:
an individual bearing a severely deleterious variant (genetic handicap) is
viable only if the genome-wide mutation load is sufficiently low. We deve-
lop a population-genetic model, which predicts that live-born individuals
carrying a handicap mutation (causing, for example, 50-90% probability of
miscarriage) show a reduction (5-20%) in their number of slightly-delete-
rious mutations as compared to controls. To test this prediction, we used
data on trisomy of chromosome 21 (T21), a frequent chromosomal abnor-
mality in humans which is associated with high miscarriage rates. Three evi-
dences support the view that live-born T21 individuals have lower mutation
load than the euploid population: (i) there is a deficit of homozygotes for
rare derived alleles in the T21 cohort (N=338); (ii) the T21 cohort shows on
chromosome 21 a deficit of gain-of-expression and an excess of loss-of-ex-
pression regulatory variants that can partially compensate the effect of tri-
somy; (iii) inter-individual whole-transcriptome variation in fibroblasts of
the live-born T21 individuals (N=8) is lower than it is in the control cohort
(N=8), reflecting potential selection against T21 fetuses with non-optimal
pattern of expression. We conclude that the negative fitness consequences
of severe mutations such as trisomy can be partially compensated by a re-
duced mutation load.

PL3.5

Should clinical geneticists have their genome sequenced during their
training? Of course not!

Gijs W. Santen;

Leiden, Netherlands

Even asking the question whether clinical geneticists should have their ge-
nome sequenced would seem odd to any medical doctor: indeed, do we ask
of gastroenterologists to undergo a colonoscopy during their training? Do
anesthesiologist undergo anesthesia? Do radiologists undergo total-body
MRI's? However, there is an exception: psychoanalysts do have to undergo
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a 3-year ‘training analysis’ during their training. One can imagine that opti-
mal psychoanalysis does depend on having an in-depth knowledge of your
own psychological complexions and reactions to those of others. So the real
question is perhaps whether a clinical geneticist is more comparable to a
surgeon or a psychoanalysist. Does it help counseling a patient when you
have in-depth knowledge of your own genome and the process that got you
this knowledge?

An argument in favor of asking geneticists to sequence their own geno-
me would be that personal understanding of the process that patients go
through will improve counseling skill. However, there are important diffe-
rences between genome sequencing of patients and healthy individuals,
such as ourselves. In patients, we know that genome sequencing can be an
efficient method to determine the genetic cause of an illness, which has im-
plications for the patients themselves and their family. Indeed, that is the
whole point! Yes, there is a risk of incidental findings but for most patients
the risk-benefit ratio is acceptable. This is a different prospect than to ask
a healthy individual to have their genome sequenced: what is the benefit
that can be expected? To illustrate this, I have asked my Dutch peers who
would have their genome sequenced, and the response was overwhelmingly
negative. I think this reflects that we realize that at this point in time not
much can be learned from the genome that would have major implications
on our health, in the absence of symptoms in ourselves and a positive family
history.

There are also practical objections that could be raised. First of all: the law.
In the Netherlands at least, offering screening is bound to very strict laws
and therefore sequencing a healthy person’s genome might well be conside-
red illegal! Cost is another one, but with sharply decreasing genome prices
this may not be the most important hurdle. However, the data would have to
be interpreted as well, and psychosocial counseling should be available for
the geneticists who undergo sequencing. And who would analyze the data?
Can I ask my dear colleagues to look at my genome data but to withhold
information on late-onset untreatable disorders? And what if they find un-
classified variants in colon cancer genes? ‘How are you doing?’ coming from
the person who analyzed your data will never sound the same again!

In conclusion, although I do not believe all geneticists should have their ge-
nome sequenced during their training, I do think it might be interesting to
start a pilot to offer this to a few of us, monitor the consequences and the
costs. But I am not sure I would volunteer---

PL4.1

The neurexin enigma - from synapse formation to schizophrenia
T. Siidhof;
Stanford, CA, United States.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

PL5.1

ESHG Award Lecture

S. Pdabo;

Leipzig, Germany.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.
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S01.1

Integrative analysis of 80,000 whole exome sequencing and the
Human Knock-out Project

D. McArthur;

Boston, MA, United States.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S01.2

Identification of a large set of rare complete human knockouts
P. Sulem;

Reykjavik, Iceland.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S01.3

SISu project: 200,000 near complete sequences of Finns
A. Palotie;

Helsinki, Finland.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S02.1

Whole genome sequencing in newborn screening? A Statement on the
continued importance of targeted approaches in newborn screening
programmes

H. C. Howard?, B. M. Knoppers?, M. C. Cornel’, E. Wright Clayton®, K. Sénécal®, P. Borry®,
European Society of Human Genetics, the P3G International Paediatric Platform, the
Human Genome Organisation, the PHG Foundation;

1Centre for Research Ethics and Bioethics, Uppsala University, Uppsala, Sweden,
2Department of Human Genetics, Centre of Genomics and PolicyMcGill University,
Montreal, QC, Canada, *Department of Clinical Genetics and EMGO Institute for Health
and Care Research, VU University Medical Center, Amsterdam, Netherlands, *Center

for Biomedical Ethics and Society, Vanderbilt University, Nashville, TN, United States,
*Department of Human Genetics, Centre of Genomics and Policy, McGill University,
Montreal, QC, Canada, *Department of Public Health and Primary Care, University of
Leuven, Leuven, Belgium.

The advent and refinement of sequencing technologies has resulted in a
decrease in both the cost and time needed to generate data on the entire
sequence of the human genome. This has increased the accessibility of using
whole-genome sequencing and whole-exome sequencing approaches for
analysis in both the research and clinical contexts. The expectation is that
more services based on these and other high-throughput technologies will
become available to patients and the wider population. Some authors pre-
dict that sequencing will be performed once in a lifetime, namely, shortly
after birth. The Public and Professional Policy Committee of the European
Society of Human Genetics, the Human Genome Organisation Committee
on Ethics, Law and Society, the PHG Foundation and the P3G International
Paediatric Platform address herein the important issues and challenges sur-
rounding the potential use of sequencing technologies in publicly funded
newborn screening (NBS) programmes. This statement presents the rele-
vant issues and culminates in a set of recommendations to help inform and
guide scientists and clinicians, as well as policy makers regarding the ne-
cessary considerations for the use of genome-sequencing technologies and
approaches in NBS programmes. The primary objective of NBS should be
the targeted analysis and identification of gene variants conferring a high
risk of preventable or treatable conditions, for which treatment has to start
in the newborn period or in early childhood.

S02.2

The 2014 ASHG Statement on Genetic testing in Children and
Adolescence

J. Botkin;

Salt Lake City, UT, United States.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.
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502.3

Carrier testing in children and adolescents

S. A. Metcalfe;

Murdoch Childrens Research Institute and The University of Melbourne, Parkville
Victoria, Australia.

There are a number of circumstances in which a child or adolescent may be
identified, either unintentionally or intentionally, as a carrier for a recessive
condition. These are: following newborn screening (NBS) when the test also
reveals carrier results; as a secondary or incidental finding from investiga-
tions into an existing unrelated condition; cascade testing when another fa-
mily member, especially a sibling, is identified with a genetic condition (or
as a carrier through NBS); as a result of prenatal testing by carrier parents;
population-based or ethnicity-targeted carrier screening of adolescents,
most typically in high school. Since the purpose of carrier testing is to pro-
vide information for future reproductive planning, guidelines have traditio-
nally recommended against carrier genetic testing of minors, yet testing in
each of the above circumstances has occurred and, in some instances, for
many years.

Arguments against carrier testing include: notbeing in the bestinterest of the
child because it denies the child’s future autonomy and removes their right
to decide testing for themselves; the potential for psychological, emotional
and social harms, such as stigma and discrimination; possibility for misun-
derstanding the meaning of carrier status; uncertainty whether testing at a
young age would result in future reproductive behaviour. On the other hand,
many parents have indicated they would want to know their child’s carrier
status and arguments in favour acknowledge that parents make health care
decisions regularly for their child, and that the child’s interest is inevitably
intertwined with those of the parents and the family. Knowledge of a child’s
carrier status from newborn screening could be used by parents for their
own future reproductive decisions. Learning carrier status as a young child
allows them to adapt to the information and, as an older child, the infor-
mation can increase reproductive options before they are sexually active.
Proponents have also commented that there is a lack of evidence of harm to
the child while others have called for more empirical research.

These arguments will be further elaborated and research will be highlighted
that has examined the ethical and psychosocial aspects of carrier testing in
children and adolescents in the various circumstances described above.

S03.1

Heritable germline epimutations in humans

B. Horsthemke;

Essen, Germany.

Phenotypic variation results from genetic variation, epigenetic variation, en-
vironmental variation and cultural variation. While it is well established that
we inherit our genes, our environment and our culture from our parents, it
is less clear whether we also inherit epigenetic information. There is good
evidence for epigenetic programming of the fetus by the maternal environ-
ment (mainly maternal glucose and hormone levels), but the transmission
of epigenetic information through germ cells is a matter of debate. Epigene-
tic inheritance has been observed in plants and lower animals, but in mam-
mals it faces two barriers: 1. the early separation of the soma and germ line
(Weismann barrier) and 2. the epigenetic reprogramming of the genome du-
ring germ cell development and during early embryogenesis. Studies on epi-
genetic inheritance are hampered by the problem to distinguish epigenetic
variants that have been transmitted through the germ line from epigenetic
variants that arise anew in each generation as a consequence of inherited
genetic, environmental or cultural variants. In fact, several reports on he-
ritable germline epimutations have failed to recognize the presence of an
underlying genetic mutation. On the other hand, it has been shown in rare
cases that epigenetic states can - by accident - survive reprogramming in
the germline. In these cases heritable epigenetic variation is most probably
random and not adaptive. Nevertheless, it can be subject of selection.

S03.2

Maternal obesity during pregnancy and offspring later life disease

R. Reynolds;

University of Edinburgh, Edinburgh, United Kingdom.

One in five women in the UK is obese (body mass index BMI>30kg/m2)
at antenatal booking. Maternal obesity is associated with complications
for the mother including increased risk of developing gestational diabe-
tes, pre-eclampsia and need for caesarean section. For the offspring short
term complications include risk of macrosomia and need for admission to
the neonatal unit. It is now apparent that the effects of maternal obesity for
the offspring extend beyond the neonatal period with increased risk of obe-
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sity in childhood, adolescence and adult life. In addition there are risks of
metabolic disturbance in childhood and young adulthood including glucose
intolerance, hypertension and dyslipidaemia. In a record-linkage study we
demonstrated that maternal obesity is associated with increased risk of pre-
mature mortality and hospital admissions for cardiovascular events in her
adult offspring. Animal models suggest the adverse effects of maternal obe-
sity on offspring outcomes are ‘programmed’ in utero. To investigate under-
lying mechanisms we have been carrying out a case-control study of very se-
verely obese pregnant women (BMI>40kg/m2) vs. normal weight controls.
We characterise maternal weight, body composition, and metabolic profiles
through pregnancy and study infant growth and development at birth and
3 and 6 months. Placenta and cord blood are collected at birth and we are
comparing placental function and epigenetic modifications of candidate ge-
nes in the lean and obese women. Our findings suggest early interventions
to improve weight and diet in obese pregnant women are urgently needed.
We have tested one such intervention in a randomised controlled trial in
obese pregnant women using the insulin sensitiser metformin vs placebo
with the aim of improving birth outcome.

S03.3

Regional activation of the cancer genome by long range epigenetic
remodelling

S. Clark;

Sydney, Australia.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S04.1

Spliceosome biology: Understanding causes and consequences of
splicing mutations

M. J. Frilander;

University of Helsinki, Institute of Biotechnology, Helsinki, Finland.

Removal of noncoding intron sequences from the primary transcripts by
the spliceosome is an essential step in eukaryotic gene expression pathway.
Spliceosome is a molecular machine composed of five small nuclear RNAs
(snRNAs) and numerous integral protein components. Human cells contain
two separate spliceosomes, called as U2- and U12-dependent spliceosomes.
U2-type spliceosome excises 99.5% of all introns in humans, while the U12-
dependent spliceosome concentrates of a highly conserved subset of introns
(termed as U12-type introns) that are found from approximately 700-800
genes in humans.

In addition to the essential role in generating functional mRNA molecu-
les, the pre-mRNA splicing reaction serves also an important regulatory
function. In a process called alternative splicing multiple mRNA isoforms
are formed from a single gene. Alternative splicing is regulated through a
number of non-spliceosomal protein components that can bind to regula-
tory sequences present in exon and intron sequences. Together with RNA
secondary structure and chromatin modifications this leads to formation
multiple mRNA species from a single gene that increases protein diversity
but also provide important regulatory functions through regulating the sta-
bility of mRNA molecules.

A large number of human diseases are caused by defects in the pre-mRNA
splicing process. Most common are mutations in either the splices site se-
quences located at intron-exon boundaries, or in the regulatory elements
(splicing enhancers or suppressors) located in the exons or introns. Such
mutations result in defects in pre-mRNA splicing that affect single gene only.
In contrast, mutations in the components of the pre-mRNA splicing machin-
ery lead to complex pleiotropic effects and affect the pre-mRNA processing
in large number genes.

In my presentation I will describe the basic mechanism of intron recognition
and splicing process. [ will use the human disease causing mutations in the
U12-dependent spliceosome to illustrate the effects that splicing machinery
mutations have on pre-mRNA processing.

S04.2

Spliceosome and development in human

J. Amiel;

Institut Imagine, Paris, France.

Somatic and germline mutations of the spliceosomal machinery have first
been described in cancers and retinitis pigmentosa. More recently, muta-
tions in several genes involved in spliceosomal function or linked aspects
of mRNA processing have been identified in human disorders with specific
craniofacial malformations. As these gene products take part in widespread
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cellular events, the phenotypic restriction is surprising and not yet fully
understood. The syndromes and the pathophysiological hypotheses will be
reviewed.

S04.3

Spliceosome and cancer

P. A. Greif'?3;

'Department of Internal Medicine 3, Ludwig-Maximilians-Universitdt (LMU), Miinchen,
Germany, *German Cancer Consortium (DKTK), Heidelberg, Germany, *German Cancer
Research Center (DKFZ), Heidelberg, Germany.

The spliceosome machinery is a multi-subunit protein complex, responsible
for mRNA processing. Recently, somatic mutations of genes encoding spli-
ceosome components, such as SF3B1, U2AF1 and SRSF2, were discovered
in haematological malignancies including myelodysplastic syndrome (MDS)
and chronic lymphocytic leukemia (CLL).

While genetic lesions of the spliceosome are initiating events in MDS, they
occur during disease progression in CLL. In acute myeloid leukemia (AML)
spliceosome mutations seem to be rare and associated mostly with AML se-
condary to MDS, however, in the rare subgroup of AML with trisomy 13 the
frequency of spliceosome alterations is strikingly high, with 81% of the pa-
tients habouring SRSF2 mutations. Of note, the mutational hotspot in SRSF2
is not captured efficiently by standard exome enrichment protocols. Thus,
the burden of SRSF2 mutations might be underestimated.

Spliceosome mutations may alter gene expression or function by aberrant
splicing, which could result in imbalance between alternatively spliced pro-
tein isoforms, non-physiological transcripts or haploinsufficiency due to
nonsense-mediated RNA decay.

The exact mechanism of spliceosome dysfunction and the consequences for
critical downstream genes during the onset and progression of neoplasia
remain unclear.

Pharmacological inhibition of the spliceosome is currently being tested in
early stage clinical trials opening up potential therapeutic applications.

S05.1

Using XIST to Silence Trisomy 21: Implications for Cell and
Chromosome Therapy

J.Jiang!, Y. Jing’, G. Cost?, J. Chiang’, H. Kolpa’, A. Cotton®, D. M. Carone’, B. R. Carone*, M.
Byron®, P. D. Gregory?, C. J. Brown®, E. D. Urnov?, L. L. Hall*, ]. B. Lawrence®;

University of Massachusetts Medical School, Worcester, MA, United States, 2Sangamo
BioSciences, Richmond, CA, United States, *University of British Columbia, Vancouver, BC,
Canada, *Department of Cell and Developmental Biology, University of Massachusetts
Medical School, Worcester, MA, United States, *Department of Medical Genetics,
University of British Columbia, Vancouver, BC, Canada, °1Department of Cell and
Developmental Biology, University of Massachusetts Medical School, Worcester, MA,
United States.

Down syndrome, also known as trisomy 21, is the leading genetic cause of
intellectual disabilities, occurring in 1 out of 1000 live births. The millions
of Down syndrome patients across the world also face multiple other health
issues, including congenital cardiac defects, high incidence of Early-onset
Alzheimer disease, and hematopoietic disorders. Given that Down syndro-
me is caused by an extra copy of chromosome 21 that involves over-dosage
of 400 genes across a whole chromosome, it precludes any possibility of a
genetic therapy. Our lab has long studied the natural dosage compensati-
on mechanism for X chromosome inactivation. To “dosage compensate” X-
linked genes between females and males, the X-linked XIST gene produces a
large non-coding RNA that silences one of the two X chromosomes in female
cells. The initial motivation of this study was to translate the natural mecha-
nisms of X chromosome inactivation into chromosome therapy for Down
syndrome. Using zinc finger nuclease technology, we have successfully in-
serted a large XIST transgene into Chromosome 21 in Down syndrome iPS
cells, which results in chromosome-wide transcriptional silencing of the ex-
tra Chromosome 21. Remarkably, deficits in proliferation and neural growth
are rapidly reversed upon silencing one chromosome 21. Successful trisomy
silencing in vitro surmounts the major first step towards potential develop-
ment of “chromosome therapy” for Down syndrome. The human iPSC-based
trisomy correction system we established opens a unique opportunity to
identify molecular networks driving different aspects of pathogenesis and
study transplantation therapies for Down syndrome.

S05.2

Having developed an accurate noninvasive prenatal test for
aneuploidies- What else can we work on?

K. C. A. Chan;

The Chinese University of Hong Kong, Hong Kong, China.
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The discovery of the presence of fetal DNA in the plasma of pregnant women
has revolutionized the landscape of prenatal testing. In particular, the no-
ninvasive prenatal test for chromosomal aneuploidies through sequencing
maternal plasma DNA has been rapidly adopted throughout the world over
the last 5 years. It is estimated that over 1 million noninvasive prenatal tests
for chromosomal aneuploidies have been performed. The principle of this
test is based on the detection of the increased amount of DNA released from
the extra copy of the aneuploid chromosome of the fetus. The chromosome
dosage can be accurately determined by counting the number of sequen-
ced plasma DNA molecules mapping to the individual chromosomes. The
sensitivities and specificities of this approach are remarkable for detecting
trisomies 13, 18 and 21 in large-scale studies. However, this approach is re-
commended as a screening test and further confirmation of positive results
by testing of fetal tissues obtained invasive procedures is recommended. In
this lecture, the following questions as well as potential solutions will be
discussed:

1. Will this approach be accurate enough to serve as a diagnostic test instead
of a screening test?

2. Is it possible to differentiate chromosome aneuploidies coming from the
mother and from the fetus?

S05.3

Status and outcome of randomized trials for aneuploidy screening
preimplantation embryos

J. Traeger-Synodinos;

Department of Medical Genetics, University of Athens, Choremeio Research Laboratory,
St. Sophia’s Children's Hospital, Athens, Greece.

The primary aim of aneuploidy screening preimplantation embryos is to
optimize outcomes in couples undergoing infertility treatment. Since the
first in-vitro fertilization (IVF) cycle performed in 1978, it is estimated that
over 5 million babies have been born following IVFE. However, only about one
third of IVF cycles result in the birth of a baby. Selection of IVF embryos most
likely to implant is traditionally based on embryo morphology, although this
is relatively imprecise. Based on observations that aneuploidies in clinical
miscarriages increase with advanced maternal age (AMA), that aneuploidies
are found in preimplantation IVF embryos and that most aneuploidies are
incompatible with life, a rationale was developed to improve IVF pregnancy
rates through selecting chromosomally normal embryos for embryo trans-
fer. This procedure, usually called Preimplantation Genetic Screening (PGS),
was initially applied 20 years ago for AMA, using FISH to analyze select chro-
mosomes in single blastomeres biopsied from 3-day embryos (PGS version
1, PGS-1). Indications for PGS were subsequently widened to couples under-
going IVF for repeated implantation failure, spontaneous abortions and
severe male infertility. However, following 10 years of clinical application,
evidence from randomized trials did not support a clear benefit of PGS-1
(FISH on blastomeres). Reasons likely include high rates of mosaicism in
day-3 preimplantation embryos, the inability of FISH to analyse all chromo-
somes in a single cell and possibly a negative impact of blastomere biopsy
itself. Subsequent PGS strategies use 24-chromosome array-CGH analysis
on biopsied polar-bodies or trophectoderm biopsies from blastocyst-stage
embryos (PGS-2). Good randomized control trials are challenging, involving
stringent patient recruitment, satisfactory patient numbers, monitoring all
procedures/protocols, time and expense. The few on-going or recently pu-
blished randomized trials have not yet clarified the optimum strategy and
specific benefits (if any) of aneuploidy screening preimplantation embryos.
Results of recent randomized trials will be presented.

S06.1

DECIPHER

H. Firth;

Cambridge, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S06.2

»Sharing Data in Cancer Genomics; Lessons from the International
Cancer Genome Consortium*

S. Grimmond;

Glasgow, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.
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S06.3

The Challenge of the Global Variome
J. Burn;
Newcastle upon Tyne, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S07.1

The International Mouse Phenotyping Consortium: New insights into
the genetic and molecular bases of disease

S. Brown, International Mouse Phenotyping Consortium;

MRC Harwell, Harwell, United Kingdom.

A major challenge facing mammalian genetics over the next decade is the
systematic and comprehensive annotation of mammalian gene function. As
part of the International Knockout Mouse Consortium, several programmes
are ongoing to generate conditional mutants for all mouse genes. An even
greater challenge will be the determination of phenotypic outcomes for
each mutation and the identification of disease models. The International
Mouse Phenotyping Consortium (IMPC, www.impc.org) will undertake the
development of a comprehensive Catalogue of Mammalian Gene Function
and proposes to build on the several pilot programmes that have explored
the feasibility of large-scale mouse phenotyping, such as the EUMODIC pro-
gramme. The IMPC incorporates 16 major mouse centres around the world
that will undertake mouse production and phenotyping. The IMPC envisages
two phases to its programme: Phase 1,2011-2016, is already well underway
and is carrying out the phenotyping of around 5000 mouse lines; and Phase
2 from 2016-2021 which will undertake the analysis of 15,000 mouse lines.
IMPC centres operate a core, standardised, broad-based adult phenotyping
pipeline encompassing the major biological and disease systems, including
gross pathology and tissue collection as a mandatory requirement. Many
centres have also begun to employ a standardised embryonic phenotyping
pipeline to analyse the many homozygous lethals, incorporating an assess-
ment of time of lethality and morphological defects. In addition, lacZ expres-
sion data is being collected for adult organs and E12.5 embryos. All data
from each production and phenotyping centre is uploaded to a central Data
Coordination Centre (DCC), and following QC and analysis is archived and
disseminated to the wider biomedical sciences community along with ap-
propriate annotation tools. In the first 3 years of the programme, over 7000
ES cell lines have been injected, close to 4000 mouse mutant lines generated
and phenotype data from nearly 2000 mutants collected at the DCC. We will
describe many new insights into the genetic and molecular bases of disea-
se, report the generation of numerous novel disease models, and elaborate
a fundamental appraisal of the pleiotropic landscape of mammalian gene
function.

S07.2

Investigating genetic diseases with intellectual disability in the mouse
Y. Herault'?, The GENCODYS Network;

!INSTITUT CLINIQUE DE LA SOURIS, ICS, PHENOMIN, Illkirch, France, 2INSTITUT DE
GENETIQUE, BIOLOGIE MOLECULAIRE ET CELLULAIRE, IGBMC, Illkirch, France.

Intellectual disability (ID) involved impairment of mental abilities that im-
pacts adaptive functioning in the conceptual, the social or the practical do-
main. ID can occur during the developmental period and is defined by an
intellectual quotient below 70. Several genetic conditions, including Down
syndrome, copy number variants, and more than 500 genes, have been now
associated with ID. To better understand the physiopathology of the diffe-
rent causes of ID, we generated a large series of mouse mutants for ID genes
involved in different functions such as synaptic transmission or nuclear re-
gulation, during the GENCODYS program (www.gencodys.eu). Here we will
report the characterization of several ID mouse models using standardized
behavioural and cognitive paradigms. We also took advantage of the Inter-
national Mouse phenotyping resource to get additional information on the
phenotypes of the ID models. Based on the new series of models and further
studies, several ID genes were found inducing key defects in the mouse con-
firming, even for some challenged candidates, their involvement in ID. In
addition we went further investigating more complex genetic conditions,
such as copy number variant, and we were able to identify genes and their
impact on the behaviour and cognition. The data generated are challenging
our current knowledge on the role of ID genes, suggesting common outcome
for various genetic conditions. Such studies offer perspectives for a better
understanding of the ID and how the cognition and behaviour is affected
in human.
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Deciphering the genetic and epigenetic role in metabolic diseases
M. Hrabé de Angelis;
Miinchen, Germany.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S08.1

Constitutional and somatic variations in telomerase reverse
transcriptase and human cancer

R. Kumar;

Heidelberg, Germany.

Human telomerase reverse transcriptase (TERT) encodes a rate limiting
catalytic subunit of telomerase. We earlier described a disease segregating
causal mutation at the -57 bp from ATG start site of the TERT gene in a large
melanoma family with early on-set and severe form of the disease. Scree-
ning of the TERT core promoter in tumors from unrelated melanoma pati-
ents showed mutually exclusive mutations at the -124 and -146 bp from the
ATG site at a frequency higher than any other mutation in melanoma (Horn
etal. Science, 2013, 339:959-61). The familial and somatic mutations create
de novo CCGGAA/T binding motifs for E-twenty six/ternary complex factors
(Ets/TCF) transcription factors with consequent increase in TERT expressi-
on. 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. In bladder cancer, we de-
monstrated an association of the TERT promoter mutations with a poor pa-
tient survival and an increased disease recurrence (Rachakonda et al. PNAS
2013, 110:17426-31). While in glioma, TERT promoter mutations also as-
sociated with poor progression free and poor overall survival; in melanoma
those mutations associated with parameters connected with poor outcome
(Heidenreich et al. Oncotarget 2015; Heidenreich et al. Nature Communica-
tions 2014; 5:3401). Germline TERT promoter mutations in carriers result
in an increased leukocyte telomere length; however, tumors with somatic
TERT promoter mutations have shorter telomeres than tumors without
mutations (Hosen et al. International Journal of Cancer 2015). Those fin-
dings 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. The effects of the promoter mutations on TERT
transcription and telomere length emphasize the importance of telomere
biology in cancer genesis and outcome.

$08.2

The role of telomeres in aging

C. Bar;

Spanish National Cancer Research Centre, Madrid, Spain.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S08.3

Novel insights into the telomere syndromes

I. Dokal;

Blizard Institute, Barts and The London School of Medicine and Dentistry, Queen Mary
University of London, Barts Health NHS Trust, London, United Kingdom.

Dyskeratosis Congenita (DC) is a heterogeneous multi-system syndrome ex-
hibiting marked clinical and genetic heterogeneity. In its classical form it is
characterised by mucocutaneous abnormalities (abnormal skin pigmentati-
on, nail dystrophy, leucoplakia), bone marrow failure and a predisposition
to malignancy. Bone marrow failure is the principal cause of mortality and
patients display features of premature aging.

Studies over the last two decades have led to significant advances with 11
disease genes (DKC1, TERC, TERT, NOP10, NHP2, TINF2, USB1, TCAB1, CT(1,
RTEL1, and ACD) having been characterized. Ten of these are important in
telomere maintenance. DC is therefore principally a disease of defective
telomere maintenance and patients usually have very short/ and or abnor-
mal telomeres.

The genetic advances have also led to the unification of DC with a number
of other disorders. This includes the severe multi-system disorders Hoyer-
aal-Hreidarsson and Revesz syndromes as well as a subset of patients with
aplastic anaemia, myelodysplasia, leukaemia, liver disease and idiopathic
pulmonary fibrosis. This wide spectrum of diseases ranging from classical
DC to aplastic anaemia can be regarded as disorders of defective telomere
maintenance - “the telomereopathies”.
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Some cases of DC still remain uncharacterized. Using whole exome sequen-
cing we have identified novel biallelic mutations in the poly(A)-specific ri-
bonuclease (PARN) gene, in families exhibiting severe DC. PARN is an exo-
nuclease whose deadenylation activity in part controls mRNA stability and
therefore regulation of a large number of genes. The mutations identified
affect key domains within the protein and studies on patient cells show re-
duced deadenylation activity. This deficiency causes an early DNA damage
response, cell cycle arrest and reduced cell viability upon UV treatment. In-
dividuals with biallelic PARN mutations and cells that are depleted of PARN
have reduced RNA levels for several key genes associated with telomere bio-
logy (TERC, DKC1, RTEL1 and TERF1). They also possess critically short telo-
meres. Collectively, these results identify a role for PARN in telomere main-
tenance and demonstrate that it is a new disease-causing gene in a subset of
cases with severe DC.

S09.1

The AML Genome(s)

T. J. Ley, on behalf of the Genomics of Acute Myeloid Leukemia Program Project Grant,
and The Genome Institute;

Departments of Medicine and Genetics, Washington University School of Medicine, St.
Luis, MO, United States.

Acute myeloid leukemia (AML) is characterized by clinical, morphologic, ge-
netic, genomic, and epigenomic heterogeneity. AML genomes are the most
minimally mutated adult human neoplasms sequenced to date, with an ave-
rage of only 13 genic somatic mutations (of which only 5 are in recurrently
mutated AML genes). The complexity of the mutational associations is so
great that it has not yet been possible to create a new classification scheme
for all de novo AML patients based on the presence or absence of mutations
alone.

Virtually all AML cases are clonally heterogeneous at presentation; this he-
terogeneity is influenced by treatment, and usually evolves at relapse. Near-
ly all de novo AML genomes have a single founding clone, and one or more
subclones that are derived from it, or from another subclone. Although the
genetic rules governing resistance and relapse are not yet clear, mutations
that activate signaling pathways (e.g. FLT3, KIT, and RAS mutations, among
others) are most often late mutations that occur in subclones, where they
may provide a signal for explosive outgrowth. These mutations are usually
cleared by induction therapy, while initiating mutations (e.g. in DNMT3A or
TETZ2) are not.

Since we do not yet know the mutations that are relevant for resistance and/
or relapse, and since the clonal architecture of the tumor at presentation
may influence response and relapse, clinical sequencing will require not
only an ability to identify the genes that are mutated in each sample, but
also to an ability to define clonal architecture, and how subclones respond
to induction therapy. The failure to clear all mutations after induction the-
rapy significantly increases the risk of relapse, and reduces overall survival.
Additional studies focusing on the epigenomes of AML cells will be required
to fully understand the pathways and mechanisms that underlie the patho-
genesis of this disease.

S09.2

Reconstruction of clonal composition in cancer

V. Mustonen;

Sanger Institute, Cambridge, United Kingdom.

Cells from a tumour are often not isogenic. The fraction of cancerous cells
rather consists of a collection of subclones, with private and shared muta-
tions, related by their joint evolutionary history. Such heterogeneity poses
a challenge to cancer therapies. There is substantial evidence that it can
underpin the emergence of resistance and so adversely affects treatment
outcomes. Therefore, the ability to track subclonal dynamics and changes in
clonal composition can inform therapy.

The challenge is that it is still not possible to sequence individual cells rou-
tinely to capture the full information about their genotype. Instead, short-
read sequencing of cell populations is typically used in cancer genomics.
Therefore it is necessary to use computational methods to reconstruct the
subclonal lineages from sequenced samples.

Here we describe our work on the subclone reconstruction problem with
applications to chronic lymphocytic leukaemia, colorectal cancer and expe-
rimental evolution.

Back to index

S09.3

Genomic medicine to tailor cancer drugs
N. Normanno;
Naples, Italy.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

$10.1

Genomics and Hypertension

A. Dominiczak;

Institute of Cardiovascular and Medical Sciences, University of Glasgow, Glasgow, United
Kingdom.

Human primary or essential hypertension is a complex, polygenic trait with
some 50% contribution from genes and environment. Richard Lifton and
colleagues provided elegant dissection of several rare Mendelian forms of
hypertension, exemplified by the glucocorticoid remediable aldosteronism
and Liddle’s syndrome. These discoveries illustrate that a single gene muta-
tion can explain the entire pathogenesis of severe, early onset hypertension
as well as dictating the best treatment.

The dissection of the much more common polygenic hypertension has pro-
ven much more difficult. Early studies used a single polymorphic marker
such as the I/D polymorphism in the ACE gene and small numbers of ca-
ses and controls. Candidate gene studies have been largely non-informative
and non-reproducible. These were followed by linkage studies, which used
approximately 300 microsatellite markers distributed across the genome.
These studies resulted in large peaks covering regions with 50-100 genes,
with no easy way to quickly focus on a few genes of causal relevance. The
real breakthrough came with the initiation of the genome wide associati-
on studies (GWAS) characterised by a much more thorough coverage of the
genome with thousands single nucleotide polymorphisms (SNPs). Typi-
cally 500,000 - 2,5000,000 SNPs have been used for the big, collaborative
GWAS for hypertension. These studies resulted in several “hits” or signals
with a genome-wide significance and a high level of reproducibility between
studies. These “hits” have been used successfully to calculate genetic risk
scores for cardiovascular complications such as left ventricular hypertrophy,
stroke and coronary artery disease. Intragenic signals, such as for example
Uromodulin, are being used to examine new pathways for cardiovascular
protection and possibly new targets for drug discovery.

The next steps in genomic medicine belong to a combination of the next ge-
neration sequencing (NGS) and its linkage with electronic health records,
including preferably the real time clinical data, biochemistry, imaging, histo-
logy as well as longitudinal health outcomes. These modalities of stratified
or precision medicine are ready for the prime time now.

§10.2

Ten Years Later : How The Pcsk9 Gene Discovery Affects the Diagnosis
and Treatment of Hypercholesterolemia

C. Boileau;

Paris, France.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

$10.3

Genetic variation in APOC3, plasma triglycerides and risk of ischemic
cardiovascular disease

A. Jorgensen’, R. Frikke-Schmidt!, B. G. Nordestgaard?, A. Tybjaerg-Hansen’;

Dept. of Clinical Biochemistry, Rigshospitalet, Copenhagen University Hospital,
Copenhagen, Denmark, ?Dept. of Clinical Biochemistry, Herlev University Hospital,
Herlev, Denmark.

Background: High plasma levels of nonfasting triglycerides are associated
with increased risk of ischemic cardiovascular disease. Whether lifelong low
levels of nonfasting triglycerides, due to mutations in the gene for apolipo-
protein C3 (APOC3), associate with reduced risk of ischemic cardiovascular
disease in the general population is unknown. This is important, because
APOC3 is a potential drug target for reducing residual cardiovascular risk.
Methods: Using 75,725 individuals from two general-population studies, we
first tested whether low levels of nonfasting triglycerides were associated
with reduced risk of ischemic vascular disease and ischemic heart disea-
se. Second, we tested whether loss-of-function mutations in APOC3, which
were associated with reduced levels of nonfasting triglycerides, were also
associated with reduced risk of ischemic vascular disease and ischemic
heart disease. During follow-up, 10,797 individuals developed ischemic vas-
cular disease, of whom 7,557 developed ischemic heart disease.
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Results: Individuals with nonfasting triglyceride levels less than 1.00
mmol/L had significantly less cardiovascular disease than those with levels
of 4.00 mmol/L or higher (hazard ratio [HR] 0.43; 95% confidence interval
[CI], 0.35-0.54 for ischemic vascular disease and HR 0.40; 95% CI, 0.31-0.52
for ischemic heart disease). Heterozygosity for loss-of-function mutations
in APOC3 was associated with mean reductions in plasma nonfasting trigly-
cerides of 44% (P=2x10-54). The cumulative incidence of ischemic vascular
disease and ischemic heart disease was reduced in heterozygotes (P=0.009
and 0.05, respectively), with corresponding risk reductions of, respectively,
41% (HR: 0.59; 95% CI, 0.41-0.86; P=0.007) and 36% (HR: 0.64; 95% CI,
0.41-0.99; P=0.04).

Conclusions: Loss-of-function mutations in APOC3 are associated with low
levels of triglycerides, and with reduced risk of ischemic cardiovascular di-
sease. This suggests that APOC3 is an excellent drug target for reducing re-
sidual cardiovascular risk.

S11.1

Retrotransposons and human disease
J. Garcia-Pérez, S. Morell, E. Blanco-Jimenez, S. Amador-Cubero;
GENYO, Granada, Spain.

Long Interspersed Element-1 (LINE-1 or L1) is a family of active non-LTR
retrotransposons that comprise around a fifth of our genome. Despite this
substantial representation, an average human genome only contains 80-100
actively mobile or retrotransposition-competent L1s (RC-L1s). The mobili-
ty of RC-L1s continues to impact germline and somatic genomes and can
lead to human genetic disease. L1 retrotransposition normally occurs by
a mechanism known as target site-primed reverse transcription (TPRT),
which requires both the L1-encoded endonuclease and reverse transcripta-
se activities. However, it has been reported that L1 can mobilize through an
endonuclease-independent pathway (ENi), in which the element inserts at
sites of DNA disrepair. Notably, recent data from our lab has demonstrated
that the mobilization of L1 is de-regulated in Fanconi Anemia (FA) patients,
including the ENi pathway. FA is a rare disease characterized by infant mor-
tality and genomic instability, suggesting that de-regulated LINE-1 retro-
transposition may affect genomic fluidity in FA patients.

S$11.2

CNVs of noncoding cis-regulatory elements in human disease

E. Klopocki;

Institute for Human Genetics, Wiirzburg, Germany.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

S$11.3

A Novel Dicer1-miR328-Bace1 Signaling Axis Controls Ageing- and
Obesity-Induced Brown Fat Dysfunction

M. Oliverio, . C. Briining, J. W. Kornfeld;

Max-Planck Institute for Metabolism Research, Cologne, Germany.

Activated brown adipose tissue (BAT) contributes to control of energy and
glucose homeostasis in rodents and humans. Defining the cell-autonomous
processes that underly BAT differentiation and activation may thus reveal
novel therapeutic targets for obesity and type 2 diabetes mellitus interventi-
on. Here we show that ageing- and obesity-associated demises in BAT func-
tion coincide with coordinate down-regulation of mature microRNAs in BAT
in the presence of reduced expression of the microRNA processing enzyme
Dicerl. To mimic this partial down-regulation of microRNA processing in
obesity and ageing, we inactivated one allele of Dicer1 selectively in BAT of
mice. BAT-selective heterozygosity of Dicerl caused glucose intolerance in
lean mice and aggravated diet-induced-obesity (DI0)-evoked deterioration
of glucose homeostasis. Using combinatorial analyses of altered microRNA-
expression in BAT during in vitro brown preadipocyte commitment and
mouse models of premature ageing, longevity and DIO, we identified 23 mi-
croRNAs dysregulated among these conditions. Of these, we identified miR-
328 as a novel regulator of BAT differentiation. miR-328 over-expression
promotes BAT-differentiation and impairs muscle progenitor commitment,
while reducing miR-328 expression blocks brown but not white adipocyte
differentiation. We validated the f3-Secretase Bacel as a target of miR-328,
which is consequently over-expressed in BAT of obese and premature ag-
eing mice. Reducing Bacel expression enhances brown adipocyte, while
impairing myogenic differentiation in vitro. In vivo small-molecule Bacel
inhibition in obese mice delayed DIO-induced weight gain, ameliorated obe-
sity-associated deterioration of glucose metabolism and improved insulin
sensitivity. Collectively, these experiments reveal reduced Dicer1-miR-328-
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Bacel axis in presence of generalized impairment of microRNA processing
in ageing and obesity as a novel determinant of ageing- and obesity asso-
ciated decline in BAT function. This may define in vivo Bacel-inhibition as
an innovative therapeutic approach to not only target age-related neurode-
generative diseases but at the same time improving age-related impairment
of BAT-function and metabolism.

S$12.1

Mitochondria in neurodegeneration
E. Schon;
New York, NY, United States.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

$12.2

Alocalized autophagic filter prevents entry of mitochondria carrying
pathogenic Opal mutations in retinal ganglion cell axons

L. Scorrano;

Dept. of Biology, University of Padova, Padua, Italy.

Optic Atrophy 1 (Opal) is a multifunctional protein involved in mitochon-
drial fusion, apoptosis and metabolism, but how its mutations affect retinal
ganglion cell (RGC) health and result in Autosomal Dominant Optic Atrophy
(ADOA) remains unknown. Here we show that pathogenic Opal triggers
a localized accumulation of autophagosomes that filters mitochondria out
from RGC axons. Mitochondrial dysfunction caused by mutated Opal results
in localized AMPK activation and downstream axonal hillock autophagoso-
me accumulation. Pharmacological or genetic autophagy inhibition restores
axonal mitochondrial entry and rescues RGCs from apoptosis caused by mu-
tated Opal. In vivo, genetic autophagy inhibition rescues visual loss caused
by Opal ablation. Thus, localized mitochondria autophagy emerges as a me-
chanism of neuronal dysfunction.

$12.3
Gene therapy for mitochondrial neurogastrointestinal

encephalomyopathy (MNGIE)
R. Marti;
Vall d’Hebron Research Institute, Barcelona, Spain.

MNGIE (mitochondrial neurogastrointestinal encephalomyopathy) is a mi-
tochondrial disease caused by mutations in the nuclear gene TYMP, enco-
ding thymidine phosphorylase (TP). In recent years, knowledge gained from
basic research on the biochemical mechanisms involved in this disorder has
allowed us to design plausible therapy approaches. In MNGIE patients, TP
dysfunction leads to systemic overload of the nucleosides thymidine and
deoxyuridine, which results in alteration of the homeostasis of mitochondri-
al deoxyribonucleoside triphosphate (dANTP) pool. This imbalance interferes
the correct replication of mitochondrial DNA (mtDNA). As a consequence,
mtDNA depletion, multiple deletions and somatic point mutations occur in
several tissues in patients, ultimately leading to mitochondrial dysfunction.
As the clinical phenotype of MNGIE is the result of the toxic accumulation of
thymidine and deoxyuridine, therapy approaches have focused on clearing
the systemic overload of these nucleosides. First attempts to use hemodia-
lysis failed to reduce nucleoside overload because of the high rate of endo-
genous production of these compounds by human metabolism. By contrast,
hematopoetic stem cell transplantation restored nucleoside homeostasis in
patients with successful engraftment, and led to slow clinical improvement.
However, the high morbidity and mortality rates associated to the proce-
dure encouraged us to find alternatives, and the most obvious one, gene
therapy, has given very promising results in a murine model of the disease.
Two different vectors carrying the human TYMP gene (a lentiviral vector
transduced to hematopoietic stem cells, and an adeno-associated virus vec-
tor with targeted expression in liver) have been tested in a murine model
of the disease. In both cases, successful and long-term stable expression of
the transgene was achieved, resulting in permanent reduction of nucleoside
overload in vivo. These results demonstrate that gene therapy is a feasible
option for MNGIE patients; therefore, clinical trials should be implemented
to investigate the safety and efficacy of this option.
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S13.1

Nonsense suppression strategies to treat ocular malformations
C.Y. Gregory-Evans’, X. Wang’, K. M. Wasan?, K. Gregory-Evans’;

University of British Columbia, Vancouver, BC, Canada, *University of Saskatchewan,
Saskatoon, SK, Canada.

The extensive genetic and allelic heterogeneity observed with congenital
eye diseases is a major barrier to the development of therapeutics. Leber
congenital amaurosis is a typical example where more than 400 mutations
have been identified in at least 19 different genes. Conversely, more than
600 mutations in a single gene (PAX6) cause aniridia. Developing treatments
for each affected gene remains a significant challenge and would have to
overcome the ethical and technical barriers associated with the delivery of
a preventative prenatal treatment. To overcome these issues we have taken
advantage of the observation that approximately 12% of all disease-causing
mutations are nonsense mutations leading to premature stop codons. Our
approach has therefore focussed on pharmacological strategies that speci-
fically target nonsense mutations and are gene-independent. In our recent
work we used systemic prenatal and postnatal nonsense suppression to cor-
rect the underlying genetic defects in choroideremia, ocular coloboma, ani-
ridia, retinitis pigmentosa and most recently Leber congenital amaurosis.
During these studies we developed a topical eye drop formulation (called
START therapy) containing the nonsense suppression drug Ataluren that we
tested in a mouse model of aniridia. Topical delivery not only reversed the
malformation defects it also restored the electrical and behavioral respon-
ses of the retina. Further studies on the efficacy of this postnatal treatment
have shown that the eye responds to changes in Pax6 dosage over a specific
time window. These studies suggest that the eye retains significant develop-
mental plasticity into the post-natal period and therefore postnatal thera-
peutic strategies delivered early in life could now be considered as potenti-
ally practical for some congenital eye abnormalities. Not only would topical
drug delivery avoid the issue of systemic toxicity, but would likely lead to
high compliance in young children. Furthermore, this approach would be
relevant to new mutations that spontaneously occur without family history.

$13.2

Therapeutic targeting of the mTOR pathway

J. R. Sampson;

Institute of Medical Genetics, Cardiff University, Cardiff, United Kingdom.

Signalling through the mammalian (or mechanistic) target of rapamycin
(mTOR) complex 1 (mTORC1) is hyperactivated in many sporadic cancers
and in a family of inherited conditions such as tuberous sclerosis, PMSE
syndrome and the DEPDC5-associated epilepsies that are characterised by
variable combinations of hamartomas and other tumours, epilepsy and neu-
rodevelopmental disorders. Rapamycin and its derivatives (the “rapalogs”)
inhibit mMTORC1 and are being explored as therapies in these diverse clinical
settings. Successful clinical trials have led to regulatory approvals in Europe
and North America of Everolimus for the treatment of some sporadic can-
cers and tuberous sclerosis-associated renal and brain tumours. Promising
results from phase I trials have led to current phase Il trials in epilepsy and
phase Il trials are assessing efficacy and safety of rapamycin and rapalogs in
relation to neurocognitive and neurodevelopmental deficits. Pre-clinical re-
search and early phase trials are also exploring opportunities for targeting
the signalling networks upstream and downstream of mTORC1 in sporadic
cancers and tuberous sclerosis. In this talk I will review progress to date in
translation to the clinic and discuss new therapeutic strategies that are in
development.

J Sampson is Chief Investigator of the TRON trial which is funded significant-
ly by Novartis Pharmaceuticals and has received modest lecture fees/Hono-
raria from Novartis Pharmaceuticals

S$13.3

Efficient AAV gene therapy in cardiac and neurological murine models
for Friedreich ataxia

H. Puccio;

Institut de Génétique et de Biologie Moléculaire (IGBMC), lllkirch-Strasbourg, France.

Friedreich’s ataxia (FRDA), the most common autosomal recessive ataxia,
is characterized by a sensory and spinocerebellar ataxia, hypertrophic car-
diomyopathy and increase incidence of diabetes. FRDA is caused by reduced
levels of frataxin (FXN), an essential mitochondrial protein involved in the
biosynthesis of iron-sulfur (Fe-S) clusters. Impaired mitochondrial oxidative
phosphorylation, bioenergetics imbalance, deficit of Fe-S cluster enzymes
and mitochondrial iron overload occur in individuals with FRDA. To date
there are not effective treatment for FRDA, and cardiac failure is the most
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common cuase of mortality in FRDA. We recently showed that adeno-asso-
ciated virus (AAV) rh10 vector expressing human FXN injected intravenous-
ly not only prevented the onset of the cardiac disease in a faithful FRDA car-
diac mouse model, but also, when administered at the time of heart failure,
reversed rapidly and completely cardiac disease at the functional, cellular
and molecular level in all treated animals. Our results also demonstrated
the capacity of defective cardiomyocytes with severe energy failure and ul-
trastructure disorganization to be rapidly corrected and remodeled by gene
therapy. These results established the primary proof-of-concept for develo-
ping gene therapy of FRDA cardiomyopathy. We are currently performing
dose-response study in the mice to estimate the percentage of cardiomyo-
cytes that need to be corrected to have a therapeutic effect. In addition, we
have recently generated a novel mouse model that recapitulates faithfully
the sensory ataxia associated to FRDA. These mouse models will be essen-
tial to dissect the pathophysiological pathway associated to the disease but
also to test therapeutic approaches, including gene therapy.

S14.1

Chromatin organization and long-range control of gene expression
B. Ren;
University of California, San Diego, La Jolla, CA, United States.

Cell-type specific gene regulation is under the purview of enhancers. Great
strides have been made recently to characterize and identify enhancers
both genetically and epigenetically for multiple cell types and species, but
efforts have just begun to functionally characterize these long-range con-
trol elements. Mapping interactions between enhancers and promoters, and
understanding how the 3D landscape of the genome constrains such inter-
actions is fundamental to our understanding of enhancer function. I will
present recent findings related to 3D genome organization in mammalian
cells, with a particular focus on how chromatin organization contributes to
enhancer-mediated transcriptional regulation. I will describe higher-order
organizational features that are observed at the level of both the whole chro-
mosome and individual loci. I will highlight changes in genome organization
that occur during the course of differentiation, and discuss the functional
relationship between chromatin architecture and gene regulation. Taken to-
gether, mounting evidence now shows that the genome organization plays
an essential role in orchestrating the lineage-specific gene expression pro-
grams through modulating long- range interactions between enhancers and
target genes.

S$14.2

Biological consequences of regulatory variation and disease

E. Dermitzakis;

University of Geneva, Geneva, Switzerland.

Molecular phenotypes inform us about genetic and environmental effects
on cellular and tissue state. The elucidation of the genetic basis of gene ex-
pression and other cellular phenotypes is highly informative for the impact
of genetic variants in the cell and the subsequent consequences in the or-
ganism. In this talk I will discuss recent advances in key areas of the ana-
lysis of the genomics of gene expression and cellular phenotypes in human
populations and multiple tissues and how this assists in the interpretation
of regulatory networks and human disease variants. I will also discuss how
the recent advances in next generation sequencing and functional genomics
are informing us about the impact of regulatory variation in cancer. Finally, I
will present some perspectives on how these developments are bringing us
closer to the promise of personalized medicine.

$14.3

Mutations in regulatory domains in human disease

S. Lyonnet!, C. T Gordon?, S. Benko?, A. Pelet?, . Amiel’;

Paris, France, ’Imagine Institute, INSERM 1163, University Paris Descartes Hopital
Necker-Enfants Malades, Paris, France.

One of the key discoveries of vertebrate genome sequencing projects was
the unexpected amount of DNA that remained evolutionarily conserved un-
der selective pressure (or even non conserved despite likely functional; see
EnCode project). Two-thirds of it does not correspond to coding sequences
(exons and UTRs), which have been named conserved non-coding sequences
(CNCs) and represent a vast amount of DNA (> 3% of the human genome).
Interestingly, enrichment for CNCs has been demonstrated within gene
deserts nearest to physically isolated genes known or suspected to be im-
portant developmental regulators. It has thus been suggested that, in these
cases, CNCs may represent regulatory elements (enhancers or suppressors)
necessary for the correct spatiotemporal expression of these genes needed
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for embryonic development, and acting as modular, sometimes combinato-
rial, tissue-specific enhancers of gene transcription.

In that context, we will discuss a number of findings, following the seminal
discovery of long-distance genomic alterations altering the expression of
the SHH (Sonic Hedgehog) gene. Recent examples involve mutation of non-
coding RNA genes (such as the deletions observed at the mir17-92 cluster
in Feingold syndrome), but also regulatory DNA alterations that we will
discuss as:

- Enhancer variants located within or close to a gene, such as a genomic
variant in a highly conserved sequence located in a non-coding region of the
RET gene, altering the binding of a transcription factor expressed in neu-
ral crest cell precursors to the enteric nervous system, which predispose to
Hirschsprung disease.

- Long-distance disruption of CNCs, whatever their function, such as those
observed on both side of the SOX9 gene coding sequences in either Pierre
Robin sequence (PRS), a common orofacial cleft anomaly with mandibular
hypoplasia, or isolated disorders of sex determination (DSDs). In these ca-
ses, the disruption of distant tissue-specific regulatory elements, required
for the normal development of either the mandibula or the gonads, perturbs
embryonic expression of SOX9 and could account for the PRS or DSD pheno-
types respectively, as these evolutionarily constrained regions may be dis-
rupted in a modular fashion.

Collectively, these observations suggest that the domains to study for ge-
nomic alterations, resulting in tissue-specific misregulation of a develop-
mental gene and a subsequent malformation, should be much broader than
traditionally investigated.

S$15.1

How much of de novo is meiotic?

P. Stankiewicz'?;

Dept. of Molecular & Human Genetics, Baylor College of Medicine, Houston, TX, United
States, *Institute of Mother and Child, Warsaw, Poland.

Owing to the size and inherent instability of the human genome, more than
one mutation is estimated to arise per mitotic division, resulting in soma-
tic mosaicism. During the ~10'® mitotic cell divisions required to generate
an adult, mosaic mutations can go unnoticed, underlie genetic disease or
contribute to normal human variation, and may be transmitted to the next
generation as constitutional variants. Early somatic mosaic mutations in
the precursor somatic cells that will eventually constitute the germline can
cause unexpected intergenerational recurrences of genetic and genomic dis-
orders with multiple affected children born to unaffected parents, contrary
to Mendelian expectations. Using the sensitivity of individual-specific bre-
akpoint PCR, we prospectively screened 100 families with children affected
by genomic disorders due to rare deletion CNVs determined to be de novo
by clinical analysis of parental DNA. We found that an under-recognized and
significant fraction of apparently de novo CNVs are not meiotic in origin, but
rather arise during early post-zygotic mitoses and this can be identified eit-
her in the affected patients or their healthy parents. Our probabilistic model
of gametogenesis to consider parental mosaicism as a source of transmitted
mutations predicts that despite the fact that maternally transmitted muta-
tions are the minority of alleles, a greater proportion of somatically mosaic
transmitting mothers are at increased risk of recurrence. I will review the
influence of the developmental timing of mutations, the mechanisms by
which mutations arise, methods for detecting mosaic variants, and the risk
of mosaic mutations being passed on to the next generation.

$15.2

Selfish mosaicism: impact of somatic mutations occurring in the
paternal germline

A. Goriely;

Oxford, United Kingdom.

As mutations are at the origin of all genetic variations, understanding the
factors that influence the apparent rate at which de novo mutations occur is
crucial to the study of genome diversity, evolution and diseases. Although it
is well established that point mutations initially arise as random miscopying
events, preferentially from the paternal germline, we have described a new
mechanism which predicts that certain pathogenic mutations may hijack
the way sperm production is controlled to their own advantage. In doing so,
these ‘selfish’ mutations become progressively enriched in the testis as men
age and are therefore associated with an increased risk of transmission to
the next generation.

The concept of selfish spermatogonial selection was originally proposed to
account for the unusual presentation of a group of rare Mendelian diseases,
which we collectively called ‘paternal age-effect disorders’. It relies on prin-
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ciples similar to oncogenesis to explain why some paternally-derived muta-
tions, such as those causing Apert (FGFR2) and Costello (HRAS) syndromes
or achondroplasia (FGFR3), occur spontaneously at levels up to 1000-fold
higher than the genomic background rate. The evidence - gathered original-
ly through direct quantification of these ultra-rare pathogenic mutations in
human sperm - suggests that selfish mutations, although occurring rarely,
confer a selective advantage to mutant spermatogonial stem cells, leading to
their clonal expansion and progressive enrichment in sperm over time.

Our understanding of this process so far suggests that molecularly selfish
selection relies on the activation of the growth factor receptor-RAS signal-
ling pathway, which is a key regulator of stem cell homeostasis in the testis.
As RAS is required in many different cellular contexts, we will discuss to
which extend dysregulation of this pathway is likely to be relevant to the
pathology of common disorders, including cancer predisposition and neu-
rodevelopmental disorders, such as schizophrenia and autism - for which
paternal age-effects have been described epidemiologically.

§15.3

Somatic mutations in monozygotic twins

E. Slagboom;

Leiden, Netherlands.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

s16.1

The human Y chromosome in evolution and disease

C. Tyler-Smith;

The Wellcome Trust Sanger Institute, Hinxton, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

$16.2

Ancient pathogen genomics of re-emerging infectious diseases

J. Krause’?;

!Max Planck Institute, Jena, Germany, ?Department of Archeological Sciences, University
of Tiibingen, Tiibingen, Germany.

Genome wide data from ancient microbes may help to understand mecha-
nisms of pathogen evolution and adaptation for emerging and re-emerging
infectious disease causing agents. Using high throughput DNA sequencing in
combination with targeted DNA enrichment protocols we have reconstruc-
ted medieval bacterial genomes of Yersinia pestis, Mycobacterium leprae and
Mycobacterium tuberculosis from ancient skeletal remains. Phylogenetic
analysis indicate that the ancient Y.pestis strain from the Black Death pan-
demic is ancestral to most extant strains and falls very close to the ancestral
node of human infectious Y. pestis bacteria. Temporal estimates suggest that
the Black Death of 1346 - 1351 was the main historical event responsible
for the introduction and worldwide dissemination of currently circulating
Y. pestis strains pathogenic to humans, and further indicates that contem-
porary Y. pestis epidemics have their origins in the medieval era. In contrast
the medieval M. leprae strains fall within the current genetic diversity and
are found on at least two main branches in the phylogenetic tree of leprosy
bacteria. The reconstructed M.tuberculosis genomes from 1000 year old Pe-
ruvian genomes, however, cluster together with M.tuberculosis strains found
in modern mammalian species, suggesting a zoonotic origin for tuberculosis
in the pre-columbian New World, likely introduced into human populations
by contact to sea mammals. Dating analysis reveal a most recent common
ancestor of Ypestis, M.leprae and all M.tuberculosis strains within the last
6000 years, suggesting that all three human pathogens may have a recent
Neolithic origin.

S$16.3

Evaluating human genetic (and epigenetic) adaption to pathogen
pressures

L. Quintana-Murci;

Pasteur Institute, CNRS, Paris, France.

Different environmental, demographic and selective forces, together with
cultural and social characteristics of human lifestyle, shape the patterns of
variability of the human genome at the population level. In particular, in-
fectious diseases have been a major cause of human mortality, so natural
selection is expected to act strongly on host defence genes. This is particu-
larly expected for innate immunity genes, as they represent the first line of
host defence against pathogens. I will present different cases of how some
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of these genes and the pathways they trigger have been targeted by natural
selection, in its different forms and intensities, helping to delineate genes
that are important for host defence, with respect to those exhibiting high-
er immunological redundancy. I will also discuss how population-specific
genetic variation can profoundly impact immune-related molecular pheno-
types, such mRNA and miRNA expression upon infection (response eQTLs),
and how these studies increase our understanding of immunological me-
chanisms under genetic control that have been crucial for our past and
present survival against infection. Finally, I will discuss how the differences
in lifestyle and habitat of human populations, together with their distinct
patterns of genetic diversity, affect the epigenetic landscape of the human
genome. Specifically, our studies of populations of African rainforest hun-
ter-gatherers and sedentary farmers show that methylation variation as-
sociated with recent changes in habitat mostly involves immune functions,
whereas that associated with historical lifestyle primarily affects develop-
mental processes. Furthermore, methylation variation - particularly that
correlated with historical lifestyle - shows strong associations with nearby
genetic variants that, moreover, are enriched in signals of natural selection.
Our work increases our understanding of whether and how populations are
able to respond/adapt to environmental changes, including those related to
pathogen pressures, and provides a resource for assessing the role of (epi)
genetic mechanisms in human adaptation over different time scales.
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ES1.1

Applications of CRISPR-Cas9 for Genome Engineering

L. Cong;

Broad Institute, Cambridge, MA, United States.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

ES1.2

CRISPR-Cas9: biological roles, mechanisms, evolution and
applications

E. Charpentier’?’;

!Helmholtz Centre for Infection Research, Department of Regulation in Infection Biology,
Braunschweig, Germany, *The Laboratory for Molecular Infection Medicine Sweden
(MIMS), Umed Centre for Microbial Research (UCMR), Umea, Sweden, *Hannover
Medical School, Hannover, Germany.

The RNA-programmable CRISPR-Cas9 system has recently emerged as a
transformative technology in biological sciences, allowing rapid and effici-
ent targeted genome editing, chromosomal marking and gene regulation in
alarge variety of cells and organisms. In this system, the endonuclease Cas9
or catalytically inactive Cas9 variants are programmed with single guide
RNAs (sgRNAs) to target site-specifically any DNA sequence of interest given
the presence of a short sequence (Protospacer Adjacent Motif, PAM) jux-
taposed to the complementary region between the sgRNA and target DNA.
The system is efficient, versatile and easily programmable.

Originally, CRISPR-Cas is an RNA-mediated adaptive immune system that
protects bacteria and archaea from invading mobile genetic elements (pha-
ges, plasmids). Short crRNA (CRISPR RNA) molecules containing unique ge-
nome-targeting spacers commonly guide Cas protein(s) to invading cognate
nucleic acids to affect their maintenance. CRISPR-Cas has been classified
into three main types and further subtypes. CRISPR-Cas9 originates from
the type II CRISPR-Cas system that has evolved unique molecular mechanis-
ms for maturation of crRNAs and targeting of invading DNA, which my labo-
ratory has identified in the human pathogen Streptococcus pyogenes. During
the step of crRNA biogenesis, a unique CRISPR-associated RNA, tracrRNA,
base pairs with the repeats of precursor-crRNA to form anti-repeat-repeat
dual-RNAs that are cleaved by RNase III in the presence of Cas9 (formerly
Csn1), generating mature tracrRNA and intermediate forms of crRNAs. Fol-
lowing a second maturation event, the mature dual-tracrRNA-crRNAs guide
the endonuclease Cas9 to cleave cognate target DNA and thereby affect the
maintenance of invading genomes. We have shown that the endonuclease
Cas9 can be programmed with sgRNAs mimicking the natural dual-tracrR-
NA-crRNAs to target site-specifically any DNA sequence of interest. I will
discuss the biological roles of CRISPR-Cas9, the mechanisms involved, the
evolution of type Il CRISPR-Cas components in bacteria and the applications
of CRISPR-Cas9 as a novel genome engineering technology.

ES2.1

Leveraging molecular networks to reveal pathways underlying
complex diseases

D. Marbach’?;

University of Lausanne, Lausanne, Switzerland, *Swiss Institute of Bioinformatics,
Lausanne, Switzerland.

Genome-wide association studies (GWASs) have successfully identified
thousands of genetic loci associated with a broad range of complex traits
and diseases. However, translating these associations into a functional un-
derstanding of disease processes remains a difficult problem. One approach
to address this challenge are network-based association strategies, which
interpret genetic variants within the molecular circuits that sense and pro-
pagate them. The premise is that, for a given trait or disease, causal variants
tend to perturb genes that cluster in relevant pathways or network modu-
les. Based on this premise, methods identify dysregulated pathways and/or
prioritize candidate genes using network connectivity.

In this educational session, I will: (1) review basic concepts as well as the
latest developments in pathway and network-based GWAS analysis, (2)
discuss different types of networks that are used by these methods and how
they can be constructed, and (3) give a brief summary of our recent work.
We inferred a unique compendium of ~400 cell type and tissue-specific en-
hancer-gene regulatory networks and demonstrated their value for integra-
tion with GWAS data across a broad range of traits and diseases. Our results
suggest that cell type-specific regulatory circuits are key to understand the
fine-scale mechanism of genes underlying complex diseases. Web resources:
http://dream.broadinstitute.org, http://regulatorycircuits.org.
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ES2.2

Gene co-expression networks
L. Serrano;
Barcelona, Spain.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

ES3.1

Inherited and acquired kidney cancers: opportunities for targeted
therapeutic approaches

M. F. Di Renzo’?;

IDepartment of Oncology, University of Torino Medical School, Candiolo, Italy, ?Candiolo
Cancer Institute, Candiolo (Torino), Italy.

Hereditary renal cell carcinoma (RCC) may account for 5% to 8% of kidney
cancers. This approximation may be significantly underestimated. However,
the presentation will be focused on those inherited syndromes with kid-
ney cancers, which have been associated to germline mutations in possibly
“actionable” genes. Several hereditary RCC syndromes have been charac-
terized, including von Hippel-Lindau (VHL), hereditary papillary renal cell
carcinoma (HPRC), Birt-Hogg-Dube” (BHD), hereditary leiomyomatosis and
RCC (HLRCC), succinate dehydrogenase kidney cancer (SDH-RCC), tuberous
sclerosis complex (TSC) and Cowden syndrome and have been shown to
be associated with germline mutations in VHL, MET, FLCN, FH, SDHB/C/D,
TSC1/2 or PTEN respectively. Although these syndromes have similarities,
they vary in histology, aggressiveness, penetrance, and associated clinical
manifestations. Understanding the genetic basis of cancer of the kidney, and
in particular of the inherited forms, has significant implications for diagno-
sis and management of this disease and has provided the foundation for the
development of targeted therapeutics. VHL is the gene for clear cell kidney
cancer. The VHL protein forms a complex that targets the hypoxia-inducible
factors (HIFs) for degradation. Knowledge of this pathway resulted in the
development of therapeutic approaches now approved for treatment of this
disease. Clinical trials are ongoing with agents targeting the tyrosine kinase
MET in type [ papillary RCC. BHD is thought to be involved in energy and/or
nutrient sensing through the AMPK and mTOR signaling pathways. A here-
ditary form of type 2 papillary renal carcinoma is caused by inactivation of
a Krebs cycle enzyme (FH or SDH) due to mutation. Also in these cases HIF
might have a pathogenic role, but also other metabolic and signaling altera-
tions might be targeted for therapy.

ES3.2

From inherited breast/ovarian cancer to PARP inhibitors and beyond
W. Foulkes;

Dept Human Genetics, McGill University, Montreal, QC, Canada.

It is now 20 years since the BRCA1 and BRCA2 genes were localized and
identified. We know a tremendous amount about how these genes work,
and great strides have been made in applying this knowledge clinically, most
notably in the development of novel therapeutic approaches to cancers ari-
sing in mutation carriers. In addition, detailed, large-scale epidemiological
studies have resulted in accurate estimations of cancer risks, and modifier
genes are likely to be useful in the future to help stratify mutation carriers
into clinically-useful risk categories. Despite these advances, 85% of the fa-
milial risk, and 60% of strongly heritable breast cancer remains unexplai-
ned, and similarly, a significant fraction of the genetic causes of ovarian can-
cer remains unexplained.

In this presentation, I will discuss newer breast and/or ovarian cancer sus-
ceptibility genes such as PALB2, ATM, CHEK2 and newly identified candi-
date genes such as RECQL, and others. First, I will discuss the genes, their
key functions and their contribution to breast/ovarian cancer risk. Then I
will introduce gene panel testing for breast/ovarian cancer, and consider
the candidacy of these genes in the setting of testing unaffected women in
the medical genetics clinic. Following on from this, I will debate the pros and
cons of population-based testing for BRCA1, BRCA2 and other related genes.
Finally, I will review data that relates to the use of germ-line genetic infor-
mation about breast/ovarian cancer genes in making therapeutic decisions.

ES4.1

Patient perspective’s to rare diseases
Y. Le Cam;
Paris, France.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.
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ES4.2

European rare disease policies- what does it really mean for planning
services?

K. Bushby;

Newcastle University John Walton Centre for Muscular Dystrophy Research, Newcastle
upon Tyne, United Kingdom.

Rare diseases are chronically debilitating conditions, mostly inherited, that
affect less than 5 in 10000 people. It is estimated that in the EU 5,000-8,000
rare diseases affect 27-36 million people (6-8% of the population).

The EU objectives in the field of rare diseases have been defined in order
to assemble all the elements necessary for a global strategy to tackle rare
diseases efficiently. The foremost aim is to improve patients’ chances of ob-
taining the most appropriate and timely diagnosis, information and care on
the assumption that this aim can be achieved more effectively through colla-
borative, European action than by the Member States individually.

Most EU policies do not differ significantly from what most Member States
already have in place and these policies should not incur an extra burden for
the Member States, particularly those with greater economic challenges and
less-developed health systems.

In a nutshell, EU rare disease policies are aiming to make rare diseases more
visible through the promotion of an appropriate coding system that will
allow the correct and prompt identification of patients. Other key aspects
include the development and implementation of National Plans to ensu-
re equal access to prevention, diagnosis, treatment and rehabilitation for
people with rare diseases. In general, the European rare diseases policies
ensure that common guidelines are developed and shared everywhere in
Europe for areas such as research, centres of expertise, development of or-
phan drugs etc.

The concept of European reference networks (ERNs) for rare diseases is one
of the latest instruments provided by the EC to tackle rare diseases requiring
specialised care. They should serve as research and knowledge networks,
treating patients from other Member States and ensuring the availability of
subsequent treatment facilities where necessary. This concept will certainly
support the implementation of the “Cross-Border Healthcare Directive” and
the equity of care for patients according to the state of the art; however, it
will also be the measure that will likely inflict greater financial cost on Mem-
ber States. To establish effective ERNs will require not only technical but
also financial resources coupled with an EU-wide spirit of cooperation.

ES5.1

GeneConsult, Phenomizer, Face2gene with short presentations how
they work and test cases to compare the tools

P. Robinson;

Berlin, Germany.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

ES5.2

Clinical Face Phenotype Space: Using standard facial imaging to aid
diagnosis of genetic syndromes

M. Alvi', Q. Ferry', ]. Steinberg’, C. Webber', D. R. FitzPatrick? C. P. Ponting’, A.
Zisserman’, C. Nellaker’;

University of Oxford, Oxford, United Kingdom, ?MRC Human Genetics Unit, Edinburgh,
United Kingdom.

Clinical dysmorphology is a key discipline within clinical genetics and re-
quires an enormous breadth of experience to correctly classify and diagno-
se ultra-rare diseases. There has been a significant amount of research into
developing objective quantification methods to leverage clinician expertise.
I will give a brief introduction to imaging based computational phenotyping
research, touching on the morphometrics, anthropometry, 3D imaging mo-
dalities, and syndrome classification.

Recent developments in computer vision research have begun to enable
analyses based on ordinary photographs to be performed for the purpose
of computational phenotyping. [ will present Clinical Face Phenotype Space
(CFPS), an algorithm to automatically detect faces in photographs, annotate
locations of key anatomical parts and extract machine readable feature de-
scriptions of the facial gestalt. The approach uses machine learning to create
a multidimensional space shaped to account for spurious variations such as
lighting, pose, occlusions, and image quality. The CFPS locates patients in the
context of known syndromes, and thus can help generating disease hypothe-
ses. This holds promise as an impartial means of narrowing the search space
to suspected rare diseases, and could augment the prioritisation of testing
in clinical investigations. Moreover, CFPS allows the clustering of patients by
phenotype even when no known syndrome diagnosis exists, thereby aiding

disease identification.
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Finally, I will describe new approaches to learn the CFPS models and the
increased accuracies of facial phenotype representations, and how models
of phenotype variation can aid inferring causative genetic variants from cli-
nical sequencing.

ES6.1

The 100,000 Genomes Project, Bringing Personalised Medicine Into
Healthcare

M. Caulfield;

London, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

ES6.2

My vision on genomic medicine

A. Wojcicki;

Mountain View, CA, United States.

Consumer genetic testing and big data is a powerful combination proven
to have a significant impact on research. Large pools of genetic informati-
on - like that being collected in the UK, China and United States - can help
find treatments for disease and fuel scientific discoveries. But it begins with
people and their engagement. A people-powered research model is critical
to advancing research.

ES7.1

Imprinting and long noncoding RNAs in health and disease

M. S. Bartolomei;

University of Pennsylvania Perelman School of Medicine, Philadelphia, PA, United States.
Imprinted genes are expressed from a single parental allele and are the main
reason why mammals require both a maternal and paternal contribution for
normal development. Defects in imprinted gene expression or loss of a sin-
gle allele of an imprinted gene are responsible for a number of human syn-
dromes, including Prader-Willi Syndrome, Angelman Syndrome, Beckwith-
Wiedemann Syndrome and Silver-Russell Syndrome. There are fewer than
200 imprinted genes that have been described thus far in mice. The imprin-
ted expression and regulation of these genes is largely conserved between
rodents and humans, which allows mechanistic studies of this most unusual
form of gene expression using both animal models and human tissues and
cell models. Most imprinted genes reside in clusters that are located throug-
hout the mammalian genome. The clusters typically contain an imprinting
control region (ICR), which harbors allele-specific DNA methylation and
governs the imprinting of the entire domain. Deletion or inappropriate epi-
genetic modifications of the ICR causes deregulation of the entire cluster in
cis. Although most imprinted clusters use long non-coding RNAs to regulate
imprinted gene expression, a few are regulated by CTCF and allele-specific
insulator function. One such cluster harbors the H19 and Igf2 imprinted ge-
nes, and is controlled by an ICR that contains multiple CTCF binding sites.
Gain of maternal methylation and loss of paternal hypermethylation of the
H19/IGF2 ICR are associated with the human growth disorders Beckwith-
Wiedemann Syndrome and Silver-Russell Syndrome, respectively. Using
gene targeting and genome editing, we have generated ES cells, iPS cell lines
and mice to study the mechanisms of imprinting for these imprinted loci
and to model the epigenetic mutations in human syndromes. We have also
developed SNP-FISH to study the dynamics of allele-specific gene expression
at the single cell level in cell lines and tissues exhibiting loss of imprinting.

ES7.2

Diagnosing imprinting-related disorders

K. L. Temple;

University of Southampton, Faculty of Medicine, Southampton, United Kingdom.

Genomic imprinting is a good example of epigenetic regulation of gene ex-
pression. Imprinted genes are characterised by expression from only one
allele (of the pair) in a consistent parent of origin manner; often only in cer-
tain developmental windows and in some tissues of the body. The pattern is
set by targeted methylation within the male or female germ line that resists
the post fertilisation waves of demethylation of the zygote. Imprinted genes
play an important role in fetal growth and development. Their carefully re-
gulated expression is important for normal cellular metabolism and human
behaviour.

Imprinting Disorders.

A genetic or epigenetic mutation that impacts imprinting expression can
result in one of eight clinically recognisable disorders:-
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1. Silver Russell syndrome

chrm 7, 11p15 (Growth restriction, asymmetry)

2. Transient Neonatal Diabetes Mellitus (TNDM)

6q24 (Transient neonatal diabetes, intrauterine growth retardation, diabe-
tes)

3. Beckwith-Wiedemann syndrome (BWS)

11p15 (Overgrowth, omphalocoele, hypoglycaemia, tumour risk)

4. Wang-Kagami-Ogata syndrome (WKOS)

14932 (mild overgrowth, mental retardation)

5. Temple syndrome (TS)

14q32 (Growth retardation, early puberty, obesity)

6. Angelman syndrome (AS)

15q11q13 (Mental retardation, ataxia)

7. Prader-Willi Syndrome (PWS)

15q11q13 (Growth retardation, mental retardation, obesity)

8. Pseudohypoparathyroidism Ib (PHP1b)

20q13.2 (Overgrowth, parathyroid hormone resistance)

The major overlapping features in most of these conditions (except Angel-
man) are disordered fetal growth, either excessive or restricted growth,
neurodevelopmental delay and disordered metabolism. Diagnosis can be
difficiult as many of the features are non-specific.

Most patients with IDs either have uniparental disomy (inheritance of both
chromosome homologues from one parent with no contribution from the
other), copy number variation involving imprinted loci, imprinted gene mu-
tation or an epigenetic mutation.

To be discussed:

-examples of each phenotype together with the clinical challenges for dia-
gnosis

-genetic counselling and risks to sibs and offspring dependent on the under-
lying epigenetic or genetic mutation

ES8.1

Wishes for the end of life in Huntington’s Disease
S. Booij’, A. Tibben? R. A. C. Roos?, D. P. Engberts?;

'CWZ, Nijmegen, Netherlands, ?°CWZ, Leiden, Netherlands.

Introduction: In the Netherlands euthanasia or physician assisted suicide
(PAS) is legal since 2002 under strict conditions. Euthanasia or PAS is ex-
empt from prosecution when the euthanasia or PAS is performed by a phy-
sician after a direct request from a patient or based on an advance directive.
Furthermore the physician must be convinced that the patient suffers unbe-
arable and without prospect or relief.

Huntington’s Disease (HD) is an autosomal dominant progressive neuro-
degenerative disease, characterized by chorea and hypokinesia, psychiatric
symptoms and progressive cognitive decline leading to dementia. In The
Netherlands approximately 1,700 patients have HD and another 6,000-
8,000 persons are at risk. Primary cause of death is pneumonia, second
cause is suicide. Each year approximately 7 requests for euthanasia from
a HD patient are granted. We have observed an increase in conversations
about wishes for the end of life between physicians and patients, but this
was never investigated.

Objective: to investigate presence and content of wishes for the end of life
amongst HD patients, and the relationship with demographic or disease
specific characteristics.

Methods: First, 14 patients in different stages of the disease and 15 physi-
cians were interviewed. Based on the qualitative research a custom made
questionnaire was developed and sent to 242 Dutch patients registered in
the Leiden HD Registry Database. Information on demographic variables
and clinical characteristics such as TFC, MMSE, UHDRS-M was collected.
Results: The interviews showed that most patients had strong ideas about
things they do not want for the end of their life because of their experiences
with family members. Knowledge about how to effectuate the wishes ( for
example the role of the physician or family and the value of the advance
directive) was in some of them inadequate or lacking. In general, conversa-
tions about wishes for the end of life were not initiated by physicians. Phy-
sicians reported problems how to deal with an advance directive especially
in light of cognitive decline, psychiatric symptoms and signs and ‘response
shift’

The questionnaire was returned by 134 patients (55.4%) of whom 101 (75%)
reported to have some kind of thoughts for the end of life. These thoughts
concerned care (11%) and ; thoughts about euthanasia or PAS (64%). The
presence of thoughts about the end of life was related to being familiar with
HD but not to any other socio-demographic or clinical variable.
Conclusion: Thoughts about and wishes for the end of life are widely pre-
sent amongst patients with HD and known gene carriers and these thoughts
or wishes concern euthanasia or PAS in a majority of the respondents. Kno-
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wing if end-of-life wishes are indeed increasingly present and knowing the
content of these wishes could be helpful for physicians. It

could help treatment and guidance of HD patients, especially in light of the
absence of any effective treatment. Based on this study it seems impossible
to determine which patients will have thoughts or wishes for the end of life
and which patients do not. Therefore these questions should be addressed
in every patient with HD.

ES8.2

End of life decision making in neonates
A. A.E. Verhagen;
University Medical Center Groningen, Dept of Paediatrics, Groningen, Netherlands.

In the developed world, gone are the days were infants simply died. Now,
almost every death is preceded by some exposure to medical care, where
diagnoses and prognoses are rendered and decisions are made. The same
is true of infants who survive life-threatening illness: they have often been
through a long gauntlet of medical interventions. As a result, keeping track
of all the care and decisions that preceded the current moment in time is
essential to understand how the population of infants being observed came
into existence, and to what we can validly infer from comparisons of groups
of infants. And as our ability to intervene in the lives and deaths of these pa-
tients increases, and the decisions of what to do or not do hinge not only on
data but also diverse human values, the importance of understanding and
monitoring how infants die increases in equal measure. In this presentation,
the most common decisions about life-sustaining interventions in sick new-
born are being discussed. Special attention is given to recent developments
in practices such as neonatal euthanasia (in some countries) and withdrawal
of artificial fluid and nutrition that have may rendered boundaries between
withholding and withdrawing life-saving treatments more complex.

ES9.1

Functional prediction of DNA sequence changes

S. Tavtigian;

Salt Lake City, UT, United States.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

ES9.2

Protein structures to advance therapeutic discoveries

W. Yue;

Oxford, United Kingdom.

No abstract received as per date of production. Check http://www.eshg.org/
abstracts2015.0.html for possible updates.

ESHG 2015 | GLASGOW, SCOTLAND, UK | WWW.ESHG.ORG

Back to index

CONCURRENT SESSIONS

C01.1

Implementation of a non-invasive prenatal testing (NIPT) for
aneuploidy service in an NHS diagnostic laboratory

L. S. Chitty??, F. J. McKay?, S. Mason?, C. Boustred?, K. Lo", L. Jenkins?, R. Daley*?, M. HilP?,
C. Lewis?, S. Drury?, |. Fisher®, T. Verhoef®, S. Morris®;

1UCL Institute of Child Health, London UK, London, United Kingdom, ?North East Thames
Regional Genetics Service, Great Ormond Street NHS Foundation Trust, London, United
Kingdom, *UCLH, London, United Kingdom, *Antenatal Results and Choices, London,
United Kingdom, *Department of Applied Health Research, University College London,
London, United Kingdom.

Non-invasive prenatal testing (NIPT) for aneuploidies is widely available
through commercial providers, but implementation into public sector ma-
ternity care requires detailed evaluation because of the likely changes in
care pathway, educational requirements and potential economic impact.
Here we report the results of a study where a massively parallel sequencing
approach to aneuploidy was developed in our NHS Regional Genetics Labo-
ratory, along with health professional and patient educational materials be-
fore introducing it into the DSS pathway in eight UK maternity units. Before
the study we estimated that if NIPT cost ~£250 per case introduction as a
contingent test at a cutoff of 1:1000 would increase the DS detection, whilst
decreasing invasive testing with slight overall increase in cost of the DSS and
diagnostic pathway.

Women with a DSS risk =1:1000 were offered NIPT for trisomies 21, 18,
and 13. The study, in a population of ~40,000 women, resulted in over 2500
undergoing NIPT with results reported within 10 days, demonstrated the
feasibility of introducing NIPT into the DSS pathway in the NHS. Women
were very positive about NIPT, invasive testing rates fell significantly and
the detection of aneuploidy increased subsequent to the detection of aneu-
ploid cases in the intermediate (1:150-1:1000) risk group. The higher than
expected uptake of testing, some for information only, indicates that for in-
troduction of NIPT to be cost neutral, a lower risk cut off will be required.
These data are informing a report to the UK National Screening Committee
who are responsible for the UK DSS policy.

C01.2

TRIDENT: or monitored NIPT implementation in the Netherlands

E. A. Sistermans?, G. H. Schuring-Blom?, B. H. W. Faas®, E. M. ]. Boon®, C. J. Bax’, A. B. C.
Coumans®, A. T ]. I. Go’, K. Huijsdens-van Amsterdam?® M. V. E. Macville®, D. van Opstal’,
E. Pajkrt", B. Sikkema-Raddatz", R. E Suijkerbuijk’®, J. M. G. van Vugt'?, M. M. Weiss', G.
C. M. L. Page-Christiaens', D. Oepkes*S;

1Dept of Clinical Genetics, VU University Medical Center Amsterdam, Amsterdam,
Netherlands, 2Department of Medical Genetics, University Medical Center, Utrecht,
Netherlands, *Department of Human Genetics, Radboud University Medical Center,
Nijmegen, Netherlands, *Department of Clinical Genetics, LDGA, Leiden University
Medical Center, Leiden, Netherlands, *Dept of Obstetrics, VU University Medical Center
Amsterdam, Amsterdam, Netherlands, “Department of Obstetrics & Gynecology,
Maastricht UMC+, Maastricht, Netherlands, "Department of Obstetrics and Gynaecology,
Erasmus MC, Rotterdam, Netherlands, *Department of Clinical Genetics, Academic
Medical Centre, Amsterdam, Netherlands, °Department of Clinical Genetics, Maastricht
UMC+, Maastricht, Netherlands, "’Department of Clinical Genetics, Erasmus MC,
Rotterdam, Netherlands, ' Department of Obstetrics and Gynaecology, Academic
Medical Centre, Amsterdam, Netherlands, *?Department of Genetics, University Medical
Centre Groningen, University of Groningen, Groningen, Netherlands, **Department of
Obstetrics and Gynecology, Radboud University Medical Center, Nijmegen, Netherlands,
1“Department of Obstetrics and Gynaecology, University Medical Center, Utrecht,
Netherlands, **Department of Obstetrics, Leiden University Medical Centre, Leiden,
Netherlands.

In many countries, Non Invasive Prenatal testing (NIPT) has been introdu-
ced commercially, without governmental guidance. In the Netherlands the
Population Screening Act regulates the introduction of screening programs
for untreatable diseases such as Down syndrome. The Dutch NIPT consorti-
um, consisting of all relevant stakeholders, obtained a license for 2 years for
a nationwide NIPT implementation study called TRIDENT (Trial by Dutch
laboratories for Evaluation

of Non-Invasive Prenatal Testing). The study started on April 1 2014. In-
clusion criteria are an increased risk (>1:200) for trisomy (T) 21, 18 or 13
based on the first trimester combined test, or because of medical history.
After nine months of study, 2439 pregnant women have been tested and
2425 (99,4%) reports issued. We found 70 cases of T21 (2,9%), 8 cases of
T18 (0,3%) and 10 cases of T13 (0,4%). Follow-up was completed for 78
cases of which 72 were confirmed, 6 were false positives, presumably due
to confined placental mosaicism. Median turnaround time was 13 working
days. Data on pregnancy outcomes are currently being collected. An amend-
ment to TRIDENT to offer NIPT to all pregnant women as a first tier test is
momentarily pending.

The Netherlands are the first country where NIPT is incorporated into a go-
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vernmentally supported and health care funded prenatal Down syndrome
screening program. The incorporation of the test in a university hospital la-
boratory and clinical service guarantees appropriate counselling and allows
for proper follow up including thorough exploration of biological causes of
false positive and false negative findings including detailed placental exami-
nation.

C01.3

Non-invasive prenatal diagnosis; expansion from de novo to
autosomal recessive disorders using congenital adrenal hyperplasia
as an example

S. Drury’?, K. Lo? C. Boustred’, E McKay', S. Mason’, P. Twiss’, S. Edwards"*, M. Hill**, C.
Lewis'? R. Daley'*, L. Jenkins’, L. Chitty"**

INE Thames Regional Genetics, Great Ormond Street Hospital, London, United Kingdom,
2Genetics & Genomic Medicine, UCL Institute of Child Health, London, United Kingdom,
3UCL Genetics Institute, London, United Kingdom, *University College London Hospitals
NHS Foundation Trust, London, United Kingdom.

Introduction

Our public sector accredited laboratory offers non-invasive prenatal diagno-
sis (NIPD) but currently this is restricted to paternal exclusion and de novo
mutations. Here we review our experience of NIPD and introduce congenital
adrenal hyperplasia (CAH) as a model for NIPD of autosomal recessive (AR)
disease.

Materials and methods

An audit of cases was carried out from our internal database for 2014.
Agilent Sureselect Custom enrichment assay, targeted at heterozygous SNPs
around CYP21A2 was designed. CffDNA was prepared using Kappa Hyper
Prep Kit. Libraries were sequenced on the Illumina MiSeq and variants
called using BWA and Varscan. Parental and proband samples were used to
construct parental haplotype. Fetal inheritance was determined using the
constructed haplotypes.

Results

In 2014 203/337 (60%) molecular prenatal tests in our laboratory were
non-invasive. NIPD for fetal sex determination accounted for 73%, 14%
were for achondroplasia, 13% thanatophoric dysplasia and around 0.5% for
other monogenic disorders. Of those giving a definitive diagnosis in a mono-
genic condition 63/197 (32%) were NIPD.

CAH analysis of two families to date has correctly identified fetally inherited
alleles, consistent with either corresponding CVS sample or follow-up data
from the pregnancy.

Conclusions

Non-invasive referrals exceed invasive in our prenatal service. NIPD in our
laboratory is considered diagnostic and confirmatory invasive testing is not
recommended. We are validating non-invasive assays for other recessive
conditions including cystic fibrosis, sickle cell and beta-thalassemia.
Supported by International Fund Congenital Adrenal Hyperplasia and Eu-
ropean Society for Paediatric Oncology, NIHR and GOSH-UCL BRC and GOS-
HCC

C01.4

Non-invasive prenatal diagnosis (NIPD) of Duchenne and Becker
muscular dystrophies (DMD/BMD) by relative haplotype dosage

M. Parks, S. Court, S. Cleary, S. Clokie, ]. Hewitt, D. Williams, T. Cole, . MacDonald, M.
Griffiths, S. K. Allen;

Birmingham Women's NHS Foundation Trust, Birmingham, United Kingdom.

As part of the NIPSIGEN project (Non-Invasive Prenatal diagnosis for Single
Gene disorders), we are developing and validating a clinical test for NIPD
of DMD/BMD in at-risk pregnancies. Through highly targeted enrichment
(200 Kb across a 2.4 Mb region on ChrX) and massively parallel sequencing
(Illumina MiSeq) of cffDNA followed by relative haplotype dosage (RHDO)
analysis, we were able to determine fetal inheritance of the dystrophin gene
in six male pregnancies: four healthy pregnant donors and two pregnant
DMD carriers all undergoing invasive prenatal testing. Fetal genomic DNA
from CVS of healthy donors was used to identify the haplotype of interest
on ChrX. For the DMD pregnancies, the affected haplotype was identified
from genomic DNA from an affected sibling. Using RHDO analysis, the allelic
imbalance in 300-400 heterozygous SNPs was used to determine over /un-
der-representation of the reference haplotype in statistically independent
haplotype blocks. For all healthy pregnancies, over-representation of the
expected fetal haplotype was observed for all haplotype blocks. Both DMD
pregnancies were correctly diagnosed and a recombination event was de-
tected. The fetal portion of cfDNA inputted into the RHDO analysis was cal-
culated using the same allelic imbalance. This new assay for NIPD of DMD/
BMD has shown great promise in the initial stages of validation with high
sensitivity and specificity on samples tested so far. It is highly affordable
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(2-3 patients per sequencing run) and capable of detecting recombination
events within the DMD gene by splitting the RHDO analysis into multiple
statistically independent haplotype blocks across the targeted region.
Funded by: Health Innovation Challenge Fund (HICF) (DoH, Welcome
Trust).

C01.5

Incidental findings of genome wide non-invasive fetal aneuploidy
detection (NIPT): presymptomatic identification of maternal cancers
N. Brison’, K. Van Den Bogaert’, P. Brady', L. Dehaspe’, . Wlodarska’, F. Amant?, P
Vandenberghe', T. de Ravel', H. Peeters’, H. Van Esch’, K. Devriendt', E. Legius’, J. R.
Vermeesch’;

ICenter for Human Genetics, UZ Leuven, Leuven, Belgium, ?°Department of Obstetrics and
Gynaecology, UZ Leuven, Leuven, Belgium.

Non-invasive prenatal testing (NIPT) for fetal aneuploidy detection is incre-
asingly being offered in the clinical setting following studies demonstrating
high sensitivities and specificities for trisomies 21, 18 and 13 detection.
However, a baseline false positive and false negative rate remains. We in-
troduced an analysis pipeline which addresses some of the technical and
biologically-derived causes of error. Importantly, it differentiates high z-
scores due to fetal trisomies from those due to local maternal CNVs causing
false positives. Following routine clinical analysis of over 5000 prospective
pregnancies, several other genomic imbalances were found in addition to
detection of the common autosomal aneuploidies. These findings include (i)
other (segmental) aneuploidies (0,3% of cases), 4 of which could be confir-
med to be fetal (1 mosaic trisomy 16 and 1 mosaic trisomy 15 which contai-
ned a uniparental disomy cell line, 2 partial trisomies 18 and 1 terminal 5p
deletion) and (ii) maternal imbalances. Importantly, three aberrant genome
representation profiles were observed that could not be attributed to the
maternal nor the fetal genomic constitution. Whole body diffusion-weighted
magnetic resonance imaging and subsequent pathologic and genetic inve-
stigation uncovered the presence of respectively an ovarian carcinoma, a
follicular lymphoma and a nodular sclerosis classical Hodgkin lymphoma.
The copy number variations in those tumors were concordant with the NIPT
plasma profile. NIPT thus enables the accurate presymptomatic detection of
maternal tumors. These incidental findings are an unsuspected added be-
nefit of NIPT.

C01.6

Non-invasive prenatal testing for aneuploidy and beyond: challenges
of responsible innovation in prenatal screening - an ESHG/ASHG
position statement

W. Dondorp), G. de Wert!, C. G. Van EF, M. C. Cornel?;

!Maastricht University, dept of Health Ethics & Society, and Research Schools CAPHRI

& GROW, Maastricht, Netherlands, ?VU University Medical Center, section community
genetics and EMGO Institute for Health and Care Research, Amsterdam, Netherlands.
Several professional societies have issued position statements on noninvasi-
ve testing (NIPT) in prenatal screening for common autosomal aneuploidies.
Ethical aspects have not been a main focus of those statements. This ESHG/
ASHG document fills this lacuna. Emerging scenarios for introducing NIPT
into prenatal screening should not just be regarded as a matter of screening
technology and health economics; the question is also how the trade-offs
involved enable or impede meaningful reproductive choices and how they
affect the balance of benefits and burdens for pregnant women and their
partners. With improving screening technologies and decreasing costs of
sequencing and analysis, it will become technically possible to expand the
scope of prenatal screening beyond common autosomal aneuploidies. This
should be limited to serious congenital and childhood disorders, and only
following sound validation studies and a comprehensive evaluation of all
relevant aspects. In countries where prenatal screening for fetal abnormali-
ties is offered as a public health programme, governments and public health
authorities should adopt a more active role to ensure the responsible inno-
vation of prenatal screening on the basis of ethical principles. This requires
guarantees of the quality of the screening process as a whole (including
non-laboratory aspects such as information and counseling), education of
professionals, systematic evaluation in the light of the aim of the practice,
accountability to all stakeholders and promotion of equity of access. This
document is the result of a unique collaboration between the ESHG Public
and Professional Policy Committee, and the ASHG Social Issues Committee.
The final version was approved by the Boards of both Societies in December
2014.
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C02.1

Single cell analysis “simplification” dramatically increases
complexity: considerations in technique, quality control, analysis, and
possibilities for translation to the clinic

L. D. White, /. D. Landua, L. Simon, M. T. Bernardi, D. Xavier, C. A. Shaw, M. T. Lewis;
Baylor College of Medicine, Houston, TX, United States.

Introduction: New technology platforms intended for single cell analysis
(SCA) are bringing us to a new frontier in science and studies that were only
dreamt are very possibly within reach of researchers studying everything
from population dynamics, cell signaling, to cancer/metastases mutation
detection, and eventual move of SCA into diagnostics/personalized medi-
cine. We report on the challenges involved in developing SCA for RNA NGS:
workflow, experimental design, techniques, quality control, analysis, and
interpretation.

Materials and Methods: Utilizing Fluidigm’s C1™ system, we captured 4 cell
populations. cDNA was QCd with capillary electrophoresis. 96 single cells
were prepped for Illumina sequencing using a modified Nextera XT Kit.
Samples were sequenced on the HiSeq2500 Rapid (PE 100 base reads).
Results: Integrated workflow between flow sorting and C1 capture required
planning and a close relationship with the flow facility. Although cDNA, li-
brary preparation, and the sequencing run QC measurements passed, we
had 14% failure (13/96 libraries). Data analysis (approximately 3 million
reads/cell) demonstrates that accumulation of unique RNA species across
multiple single cells yields coverage estimates for genomic expression, but
that cell types can be differentiated.

Conclusions: SCA has great potential, however, variance in expression of in-
dividual genes requires detailed consideration, and cluster analysis of single
cells from multiple compartments should take mean-variance relationships
of individual genes into account. Analysis and experimental design require
a mind shift from the averaging method to which we have been chained and
there remains an inordinate amount of work to be done before single cell
clinical diagnostics is possible.

C02.2

Large-scale genotyping of polymorphic inversions in the human
genome

S. Villatoro’, R. Zaurin®, M. Gaya-Vidal’, C. Giner-Delgado®?, D. Vicente-Salvador?, D.
Izquierdo®, M. Oliva’, L. Pantano®, M. Puig?, M. Cdceres"*;

Institut de Biotecnologia i de Biomedicina, Universitat Autonoma de Barcelona,
Bellaterra (Barcelona), Spain, “Departament de Genética i de Microbiologia, Universitat
Autonoma de Barcelona, Bellaterra (Barcelona), Spain, *Institucié Catalana de Recerca i
Estudis Avancats (ICREA), Barcelona, Spain.

Inversions are known to be associated to phenotypic and functional diffe-
rences between individuals. Unfortunately, their study has lagged behind
due to the technical difficulties of their analysis, especially when they are
flanked by highly identical inverted repeats (IRs). Here, we present a new
method called inverse MLPA (iMLPA, patent pending) to genotype simul-
taneously multiple inversions mediated by IRs in hundreds of individuals,
which is based on a combination of inverse PCR and probe hybridization. In
particular, current developed assays are able to genotype more than 30 in-
versions using only 25 ng of DNA per inversion, although it should be easy to
include additional inversions as they are identified. To test the performance
of the technique, we have genotyped 24 of these inversions in 550 individu-
als of seven diverse human populations from the 1000 Genomes Project with
98.5% genotyping success rate. In addition, by comparing with the results
obtained by PCR for a subset of the samples, we have shown that iMLPA is
highly accurate and most errors accumulate in specific inversions affected
by restriction-site polymorphisms. Finally, we have established the popula-
tion distribution and evolutionary history of the inversions, their functional
effects on genes, and we have observed that most inversions with IRs are
recurrent and are not linked to SNPs. Therefore, having a high-throughput
technique to genotype these inversions is crucial to shed light on their as-
sociation with complex phenotypes and disease susceptibilities, and could
contribute to unravel the hidden heritability of the human genome.
Support: European Research Council (ERC) Starting Grant (INVFEST).

C02.3

Large-scale single-molecule sequencing of tandem repeats on the
human X chromosome

A. Zablotskaya'?, G. Peeters'?, W. I. M. Meert**, K. ]. Verstrepen®, G. Froyen>?S, J. R.
Vermeesch'?;

1Laboratory for Cytogenetics and Genome Research, Department of Human Genetics, KU
Leuven, Leuven, Belgium, ?Center for Human Genetics, University Hospitals Leuven, KU
Leuven, Leuven, Belgium, *Genomics Core, University Hospitals Leuven, Leuven, Belgium,
*VIB lab for Systems Biology & CMPG Lab for Genetics and Genomics, KU Leuven, Leuven,
Belgium, *"Human Genome Laboratory, Department of Human Genetics, KU Leuven,
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Leuven, Belgium, °Jessa Hospital, Laboratory for Molecular Diagnostics, Clinical Biology,
Hasselt, Belgium.

Tandem repeats are short DNA sequences that are repeated head-to-tail
with a propensity to be variable. They constitute a significant proportion of
the human genome, also occurring within coding and regulatory regions. Va-
riation in these repeats can alter the function and/or expression of genes al-
lowing organisms to swiftly adapt to novel environments. Importantly, some
repeat expansions have also been linked to certain diseases. Unfortunately,
due to the nature of short read sequencing technologies, tandem repeats are
not analyzed during whole genome or exome sequencing studies. We deve-
loped a novel capture assay for large-scale genotyping of tandem repeats
(Duitama J., Zablotskaya A. et al., Nucl. Acids Research, 2014) and extended
the assay for the identification of X linked disease-related repeats using long
read (averaging 12 kb) PacBio RS II technology. For 837 (83% of all) poten-
tially functional repeats, unique capture baits were designed, as well as for
1000 intronic and intergenic repeats. Of these, a full tandem repeat length
sequence was obtained for 84-89% of the targets in male DNA samples. We
are currently implementing this assay to screen for potentially causal varia-
tion underlying X-linked disorders that are not explained following array
and exome sequencing.

Grant references: Fonds voor Wetenschappelijk Onderzoek (FWO)-Vlaande-
ren [G.0795.11 to K.J.V, J.R.V, G.E]; Marguérite-Marie Delacroix [GV/B-155
to A.Z, G.F].

c02.4

The value of long-read single molecule sequencing in diagnostics

S. Y. Anvar’, H. Buermans’, R. Vossen', M. Liem’, M. Losekoot?, T. van der Straaten®, H.
van der Klift"?, ]. Wijnen*?, J. Swen®, D. Peters’, ]. T. den Dunnen'?;

'Human Genetics, Leiden University Medical Center, Leiden, Netherlands, *Clinical
Genetics, Leiden University Medical Center, Leiden, Netherlands, *Clinical Pharmacology
and Toxicology, Leiden University Medical Center, Leiden, Netherlands.

Sanger sequencing is THE standard to scan disease-genes for deleterious
variants. Although next generation sequencing is gradually taken over it will
not resolve all issues. A major limitation of both methods is their short read
length (~1,000 nucleotides), making it impossible to study certain rearran-
gements and/or resolve regions with repetitive sequences. We have applied
long-read single molecule sequencing (Pacific Biosciences) to overcome this
limitation and tackle some of the remaining diagnostic problems.

For targeted sequencing we apply a two-step procedure: target amplifica-
tion with gene-specific M13-tailed primers followed by barcoding using
reusable M13-tailed barcode primers. Barcoded samples are then pooled
and processed for smart-bell sequencing. Sequencing runs yield ~60,000
sequences with ~15kb read lengths.

Using this approach we have targeted several loci of interest. The CYP2D6
gene is amplified and sequenced as a 6.6kb fragment. Although homolo-
gous sequences may co-amplify (e.g. the CYP2D7 gene) the full length se-
quences simply their discrimination and recognition of both CYP2D6 alleles.
The latter is important to accurately predict the drug dose to use. In PKD1
long-reads allow us to start in unique 3 sequences and read far into highly
repetitive 5‘ sequences. In PMS2 they help to discriminate the active gene
from several PMS2 pseudogenes. When genomic structure complicates am-
plification or compromises analysis, we use RNA to synthesize full-length
cDNA and perform long-read sequencing. Finally, we use long-read single
molecule sequencing to resolve individual alleles from repeat expansion dis-
orders and to analyse complex disease-associated repeat structures (D4Z4
in FSHD). We conclude PacBio-sequencing is a powerful diagnostic tool faci-
litating analysis of complex genomic loci.

C02.5

Comparison of exome and genome sequencing technologies for the
complete capture of protein coding regions

S. H. Lelieveld’, M. Spielmann?3, S. Mundlos??, ]. A. Veltman'*, C. Gilissen’;

1Department of Human Genetics, Radboud Institute for Molecular Life Sciences, Radboud
University Medical Center, Nijmegen, Netherlands, *Institute for Medical Genetics and
Human Genetics, Charité Universitdtsmedizin Berlin, Berlin, Germany, *Max Planck
Institute for Molecular Genetics, Berlin, Germany, *Department of Clinical Genetics,
Maastricht University Medical Centre, Maastricht, Netherlands.

For next-generation sequencing technologies sufficient base-pair coverage
is the foremost requirement for the reliable detection of genomic variants.
We investigated whether whole genome sequencing (WGS) platforms offer
superior coverage of coding regions compared to whole exome sequencing
(WES) platforms, and compared single-base coverage for a large set of diffe-
rent exome and genome samples (24 Agilent V4 (at 78x and 160x coverage),
12 Agilent V5 (100x), 12 NimbleGen V3 (95x), 24 Complete Genomics (44x
and 87x), 11 llumina HiSeq (28x), 12 Illumina X-Ten (40x)).



CONCURRENT SESSIONS

We find that WES platforms have improved considerably in the last years,
but at comparable sequencing depth, WGS outperforms WES in terms of
covered coding regions. At higher sequencing depth (95x-160x) WES suc-
cessfully captures 95% of the coding regions with a minimal coverage of 20x,
compared to 98% for WGS at 87 fold coverage. A comparison to published
gene panel studies shows that these perform similar to WES and WGS in
terms of coverage. Three different assessments of sequence coverage bias
showed consistent biases for WES but not for WGS. We found no clear dif-
ferences for the technologies concerning their ability to achieve complete
coverage of 2,759 clinically relevant genes.

We show that WES performs comparable to WGS in terms of covered ba-
ses if sequenced at 2-3 times higher coverage. This does, however, go at the
cost of substantially more sequencing biases in WES approaches, which may
impact applications such as the identification of copy-number variants and
somatic variation. Our findings will guide laboratories to make an informed
decision on which sequencing platform and coverage to choose.

C02.6

A significant proportion of de novo point mutations arise post-
zygotically

R. Acuna-Hidalgo®, T Bo?, M. Kwint', M. van de Vorst!, M. Pinelli®, . A. Veltman’, H.
Alexander?, L. E. L. M. Vissers’, C. Gilissen’;

'Radboud university medical center, Nijmegen, Netherlands, % State Key Laboratory
of Medical Genetics, Central South University, Changsha, China, *Telethon Institute of
Genetics and Medicine, - Pozzuoli, Italy.

De novo mutations are recognized both as an important source of human
genetic variation and as a prominent cause of sporadic disease. Mutations
identified as de novo are generally assumed to have occurred during game-
togenesis and, consequently, be present as germline events in an individual.
However, Sanger sequencing does not provide the sensitivity to reliably di-
stinguish somatic from germline mutations. Therefore, the proportion of de
novo mutations occurring somatically rather than in the germline remains
unknown. To determine the contribution of post-zygotic events to de novo
mutations, we analysed a set of de novo mutations in 50 parent-offspring
trios using three sequencing techniques. We found that 8 out of 107 pre-
sumed germline de novo mutations (7.5%) were in fact present as mosaic
mutations in the blood of the offspring and were therefore likely to have oc-
curred post-zygotically. Furthermore, genome-wide analysis of de novo va-
riants led to the identification of 5 de novo mutations in the offspring which
were also detectable in the blood of one of the parents. This implies parental
mosaicism as the origin of these de novo mutations in 5 out of 50 trios. Re-
markably, none of the parental low-level mosaicisms detected by Whole Ge-
nome Sequencing and validated by amplicon-based deep sequencing, were
identified by Sanger sequencing. Our results show that a significant propor-
tion of de novo mutations presumed to be germline in fact occurred either
post-zygotically in the offspring or were inherited from low level mosaicism
in one of the parents.

C03.1

De novo and familial DDX3X mutations are associated with X-linked
intellectual disability and a diverse phenotypic spectrum

L. Snijders Blok', E. Madsen?, M. Reijnders’, H. Venselaar?, C. HelsmoorteP, C. Gillissen’,
A. Hoischen’, L. Vissers, T. Koemans', W. Wissink’, E. E. Eichler*, C. Romano®, H. Van
Esch®, C. Stumpel’, M. Vreeburyg’, E. Smeets’, B. van Bon'®, M. Shaw?, ]. Gecz®, M. Bienek®,
C. Jensen®, B. Loeys®, A. van Dijck®, A. M. Innes'’, N. Di Donato, S. G. Mehta®, K. Tatton-
Brown?3, D. Baralle', A. Henderson®S, S. Dijkstra’®, J. Schieving, S. Haas’, H. Brunner'’, F.
Kooy?, C. van Roozendaal’, R. Pfundt, V. Kalscheuer®, N. Katsanis?, T. Kleefstra’;
!Radboud University Medical Center, Nijmegen, Netherlands, ?Duke University Medical
Center, Durham, NC, United States, *University and University Hospital of Antwerp,
Antwerp, Belgium, *University of Washington, Seattle, WA, United States, °*IRCCS
Associazione Oasi Maria Santissima, Troina, Italy, °University Hospital Leuven, Leuven,
Belgium, ’"Maastricht UMC+, Maastricht, Netherlands, °The University of Adelaide,
Adelaide, Australia, °Max Planck Institute for Molecular Genetics, Berlin, Germany,
University of Calgary, Calgary, AB, Canada, ''Faculty of Medicine Carl Gustav Carus
TU Dresden, Dresden, Germany, *?Cambridge University Hospitals NHS Foundation
Trust, Addenbrooke’s Hospital, Cambridge, United Kingdom, 13St George's University
of London, London, United Kingdom, “*University of Southampton and Southampton
University Hospitals NHS Trust, Southampton, United Kingdom, “Institute of Genetic
Medicine, International Centre for Life, Newcastle upon Tyne, United Kingdom, °OR0,
Organisation for people with Intellectual Disabilities, Deurne, Netherlands.

Next generation sequencing studies have led to the identification of a large
number of novel autosomal intellectual disability (ID) genes. However, the
interpretation of disease causality of genetic variants on the X chromosome
has remained behind and up to now has been mostly dependent on segrega-
tion analysis in families. We identified de novo frameshift, missense, nonsen-
se and splice site mutations in DDX3X in 15 females within cohorts of spora-
dic ID patients. These females showed mild to severe ID and various other
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features including cortical dysplasia, hypotonia, movement disorders, beha-
viour problems and epilepsy. In seeming contrast with these observations,
we additionally identified three families with variants in DDX3X suggestive
for a X-linked recessive inheritance pattern, in which males had mild to se-
vere ID while carrier females were unaffected. Intriguingly, in silico predic-
tion and protein modelling programs could not discriminate between the de
novo variants in affected females and the variants associated with X-linked
recessive inheritance. The gene DDX3X encodes a multifunctional RNA heli-
case and is particularly intolerant to genomic variation. To further explore
the pathogenic mechanisms that might underlie the differences in disease
transmission and phenotypic outcomes, we have employed a combination
of in vitro and in vivo assays grounded on the known roles of DDX3X on the
regulation of B-catenin signaling. Preliminary studies indicate a dosage-de-
pendent effect of DDX3X on Wnt signaling that is altered by the introduction
of the majority of the missense changes found in our cohort.

This work was supported by the Netherlands Organization for Health Research
and Development (ZonMw, 907-00-365).

C03.2

De novo and recurrent PPP2R5D and PPP2R1A missense mutations
cause protein phosphatase 2A dysfunction and intellectual disability
D. Haesen', V. Janssens’, L. E. L. M. Vissers?, S. Mehta®, M. ]. Parker*, M. Wright®, ]. Vogt®,
S. McKee’, J. L. Tolmie®, N. Cordeiro’, T. Kleefstra?, M. H. Willemsen? M. R. E Reijnders?,

S. Berland'’, E. Hayman', E. Lahat", E. H. Brilstra®, K. L. 1. van Gassen'?, E. Zonneveld-
Huijssoon??, C. I. de Bie", A. Hoischen?, E. E. Eichler’’, R. Holdhus', V. M. Steen'’, S. O.
Dgskeland™, M. E. Hurles™, D. R. FitzPatrick'®, T. DDD-study"’, G. Houge'’;

"University of Leuven, Leuven, Belgium, ?Radboud University Medical Center, Nijmegen,
Netherlands, >Addenbrookes Hospital, Cambridge, United Kingdom, *Sheffield Children’s
Hospital, Sheffield, United Kingdom, *Newcastle upon Tyne Hospitals, Newcastle, United
Kingdom, °Birmingham Women'’s Hospital, Birmingham, United Kingdom, "Belfast City
Hospital, Belfast, United Kingdom, °NHS Greater Glasgow and Clyde, Glasgow, United
Kingdom, °Ayrshire Central Hospital, Ayrshire, United Kingdom, "’Haukeland University
Hospital, Bergen, Norway, "'Asaf Harofeh Medical Center, Zriffin, Israel, ?UMC Utrecht,
Utrecht, Netherlands, *University of Washington, Seattle, WA, United States, *University
of Bergen, Bergen, Norway, **Wellcome Trust Sanger Institute, Cambridge, United
Kingdom, ®MRC Human Genetics Unit, Edinburgh, United Kingdom, '’ Welcome Trust
Sanger Institute, Cambridge, United Kingdom.

For the first time, inherited dysregulation of protein serine/threonine de-
phosphorylation is found to cause genetic disease. De novo missense mu-
tations in two different subunits of protein phosphatase 2A (PP2A) were
identified in 15 individuals with mild to severe ID, long-lasting hypotonia,
epileptic susceptibility, frontal bossing, mild hypertelorism and downslan-
ting palpebral fissures.

The PP2A holoenzymes comprise catalytic (C), scaffolding (A) and regulato-
ry (B) subunits that determine subcellular anchoring, substrate specificity
and physiological function. Nine patients had mutations (E198K, E200K,
P201R or W207R) that brought a basic charge into a highly conserved acidic
loop of the PPP2R5D-encoded regulatory B5668 subunit, including six indivi-
duals who had the same de novo E198K mutation. Five others had de novo
mutations (P179L, R182W and R258H, all also cancer-associated) in the
PPP2R1A-encoded scaffolding Aa subunit. Large ventricles causing macro-
cephaly and suspicion of hydrocephalus were features in some cases, and all
Aa cases had partial or complete corpus callosum agenesis.

Functional studies showed that the mutant A and B subunits were stable
and uncoupled from the C subunit: Mutant B568 had deficient A and C subu-
nit binding, while mutant Aa had deficient binding of C, but not of B568. This
suggested that mutant B568 or mutant Aa-B568 complexes could hinder C
subunit access to B568-anchored PP2A substrates. Such a dominant-nega-
tive effect was supported by our finding of hyperphosphorylation of B565-
regulated substrates upon mutant subunit overexpression. This was also in
line with clinical observation indicating a correlation between the degrees
of ID and biochemical disturbance.

C03.3

Mutations in genes encoding components of protein phosphatase 2A
(PP2A) cause human overgrowth and intellectual disability

C. Loveday’, K. Tatton-Brown’, M. Clarke’, I. Westwood?, A. Renwick, E. Ruark’, E.
Ramsay’, R. van Montfort?, N. Rahman*;

Division of Genetics & Epidemiology, Institute of Cancer Research, London, United
Kingdom, ?Cancer Research UK Cancer Therapeutics Unit, Institute of Cancer Research,
London, United Kingdom, *Cancer Genetics Unit, Royal Marsden Hospital, London, United
Kingdom.

Overgrowth syndromes comprise a group of heterogeneous disorders cha-
racterised by excessive growth parameters, often in association with intel-
lectual disability. To identify new causes of human overgrowth, we have been
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undertaking trio-based exome sequencing studies in overgrowth patients
and their unaffected parents. Prioritisation of functionally relevant genes
with multiple unique de novo mutations revealed four mutations in three
related genes encoding components of the protein phosphatase 2A (PP24),
a key cellular serine-threonine phosphatase. All four mutations clustered
within a highly conserved functional domain of 27 nucleotides shared by
all three genes. Analysis of exome sequencing data from a follow-up cohort
of overgrowth probands identified a further mutation in the cluster regi-
on, bringing the total number of patients with PP2A-related mutations to
five. Mutation carriers shared some similar phenotypic features including
increased height, increased head circumference and intellectual disability.
We mapped the mutations onto the crystal structure of the PP2A holoenzy-
me complex to predict their molecular and functional consequences. These
studies suggest that the mutations may affect substrate binding, thus per-
turbing the ability of PP2A to dephosphorylate certain protein substrates.
PP2A is a major negative regulator of V-akt Murine Thyoma Viral Oncogene
Homolog (AKT). Thus, our data further expands the list of genes encoding
components of the PI3K/AKT signalling cascade that are disrupted in hu-
man overgrowth conditions.

This work was funded by the Wellcome Trust Grant 100210/Z/12/Z.

C03.4

De novo mutations in BCL11A cause developmental delay: additional
implications of the BAF SWI/SNF complex in intellectual disability
and autism

C. Dias’?, J. A. Hurst?, S. Joss*, S. E. Holder®, G. Sdnchez-Andradé’, S. ]. Sawiak®, S. Lee', P.
Liu*, M. E. Hurles', D. D. D. Deciphering Developmental Disorders Study’, D. W. Logan’;
"Wellcome Trust Sanger Institute, Hinxton, Cambridge, United Kingdom, St. John's
College, University of Cambridge, Cambridge, United Kingdom, *2North East Thames
Regional Genetics Service, Great Ormond Street Hospital for Children NHS Trust,
London, United Kingdom, *West of Scotland Clinical Genetics Service, Southern General
Hospital, Glasgow, Scotland, United Kingdom, *North West Thames Regional Genetics
Service, Kennedy-Galton Centre, North West London Hospitals NHS Trust, Harrow,
London, United Kingdom, ‘Wolfson Brain Imaging Centre, University of Cambridge,
Cambridge, United Kingdom.

Mutations in chromatin remodelling and histone modification genes are
increasingly recognized as a major cause of intellectual disability (ID) and
other frequently overlapping neurodevelopmental disorders such as autism.
BCL11A has recently been shown to be a stable subunit of the BAF SWI/SNF
complex in mammals. This evolutionary conserved complex is involved in
transcriptional regulation through ATP-dependent modification of chroma-
tin structure.

The Deciphering Developmental Disorders Study (DDD) has identified de
novo mutations in BCL11A (previously linked to autism spectrum disorder)
as a cause of non-syndromic intellectual disability. We present the clinical
features of these patients, as well as model organism studies that support
the role of Bcl11a in neurodevelopmental phenotypes.

In mouse embryonic development, Bcllla is expressed in the forebrain
and derivatives of the first and second pharyngeal arches. It maintains high
expression in the central nervous system and craniofacial mesenchyme
throughout postnatal stages. The study of the haploinsufficient mouse mo-
del of Bcl1la shows abnormal brain development, with overall decreased
brain size, particularly in regions of the limbic system. Behavioural pheno-
typing has identified impaired social behaviour in the haploinsufficient mice
compared to littermate controls.

Previously known for its role in lymphoid malignancies, BCL11A now joins
the increasing number of genes involved in neurodevelopment through a
putative role in chromatin remodelling.

C03.5

De novo loss-of-function mutations in WAC in the 10p12p11 critical
region cause intellectual disability

M. R. F. Reijnders’, D. Lugtenberg’, M. Fenckova’, E. K. Bijlsma?, B. W. M. van Bon’,

A. T Vulto- van Silfhout?, D. G. M. Bosch’, E. E. Eichler’*, H. C. Mefford®, R. Pfundt, H.

G. Yntemd, P F. de Vries', ]. A. Veltman’, B. B. A. de Vries', A. Hoichen’, A. Schenck?, T.
Kleefstra’, L. E. L. M. Vissers’;

IDepartment of Human Genetics, Radboud University Medical Center, Nijmegen,
Netherlands, ?Department of Clinical Genetics, Leiden University Medical Center; Leiden,
Netherlands, *Department Genome Sciences, University of Washington, Seattle, WA,
United States, *Howard Hughes Medical Institute, Seattle, WA, United States, *Division
of Genetic Medicine, Department of Pediatrics, University of Washington, Seattle, WA,
United States.

Background - Trio-based exome sequencing in 100 patients with intellectu-
al disability (ID) previously identified a de novo mutation in WAC, encoding
a protein regulating transcription-coupled histone H2B ubiquitination. The
WAC gene is located on chromosome 10p11.23 and has previously been im-
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plicated in a microdeletion syndrome also containing BAMBI. Here, we used
different strategies to identify additional patients with mutations in WAC to
establish the role of WAC in ID.

Methods - We collected de novo mutations affecting WAC through routine
diagnostic procedures including genomic microarray analysis and/or exo-
me sequencing, and supplemented these with mutations reported in (inter)
national databases. Moreover, we performed targeted resequencing of WAC
in 2,326 patients with unexplained ID. For patients with mutations, we per-
formed a detailed phenotypic comparison to the previously described phe-
notype for 10p12p11 microdeletion syndrome.

Results - We identified four additional de novo loss-of-function mutations in
WAC, including three point mutations and one partial deletion. Clinical re-
evaluation of our total cohort of five patients revealed phenotypic overlap
for mild ID, hypotonia, behavioral problems and distinct overlapping facial
dysmorphism, including a square shape of the face, deep set eyes, Kabuki-
like long palpebral fissures, broad mouth and broad chin. Notably, these cli-
nical features are comparable to the main features observed in 10p12p11
microdeletion syndrome.

Conclusions -We defined a clinically recognizable ID syndrome, caused by
de novo loss-of-function mutations in WAC, characterized by ID, hypotonia
and distinctive facial features. In addition, our data suggest that haploinsuf-
fiency of WAC contributes to the phenotypic appearance of patients with the
10p12p11 microdeletion syndrome.
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A novel syndrome of learning disability and obesity caused by 6q16
deletions encompassing the essential neurogenesis factor POU3F2
(Brn2) helps to delineate the neuro-endocrine pathway for body-mass
control

S. Banka'?, P. Kasher', K. E. Schertz®, M. Thomas*, S. Annunziata®, M. Ballesta®, P.
Campeat’, J. L. Eaton®®, T. Granata®, E. Guillén-NavarroS, A. Jackson*, C. E. Laverriere®, A.
Liedén®, 0. V. Marcos', A. Nordgren®, C. Pantaleoni®, C. Pebrel-Richard", E L. Sciacca®, C.
Sarret', R. Wright?, B. Kerr'?, E. Glasgow?;

"University of Manchester, Manchester, United Kingdom, °St. Mary's Hospital,
Manchester, United Kingdom, *Georgetown University, Washington, DC, United States,
“Blackpool Victoria Hospital, Blackpool, United Kingdom, *Fondazione I.R.C.C.S. Istituto
Neurologico ,C. Besta’, Milan, Italy, °Hospital Clinico Universitario Virgen de la Arrixaca,
El Palmar, Spain, "University of Montreal, Montreal, QC, Canada, *Summa Health
System, Akron, OH, United States, °Karolinska University Hospital, Stockholm, Sweden,
"Quantitative Genomic Medicine Laboratories, Barcelona, Spain, "'CHU - Estaing,
Clermont-Ferrand, France.

Studies of genetic causes of intellectual disability and identification of mo-
nogenic causes of obesity in humans have made immense contributions to-
wards the understanding of the brain and control of body mass. Here we
describe a novel disorder of global developmental delay, intellectual disa-
bility and susceptibility to obesity caused by 6q16 deletions encompassing
POU3F2 (Brn2 or N-Oct3 or OCT7) in nine patients from five families. The
developmental delay and intellectual disability varied from mild to severe in
our cohort. The body mass index (BMI) of all, but one patient, was above the
99th centile and in the obese category. BMI of one girl in our study was on
the 91st centile putting her in overweight category.

POU3F2 upregulates proneuronal genes, is required for production, migra-
tion and positioning of neocortical neurons, is an essential factor needed to
generate induced neuronal cells in vitro and is required for hypothalamic
development and function. Using zebrafish as model organism we show that
pou3f2 lies downstream of sim1 in the leptin>melanocortin>Sim1 pathway
and controls oxytocin expression in the hypothalamic neuroendocrine pre-
optic area. Our zebrafish work, previous work on mouse models and the
human phenotypes demonstrate that the molecular pathway linking the ge-
nes in the central molecular pathway that regulates body mass is conserved
across multiple species. This is further supported by our analysis of expres-
sion pattern of POU3F2 and related genes in human brain. This work helps
to delineate the neuro-endocrine pathway for energy balance/food intake
and its role in monogenic obesity.
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Mosaic loss of chromosome Y (LOY) in peripheral blood is associated
with smoking, shorter survival and increased risk of cancer

L. A. Forsberg??, C. Rasi’, M. Lonn® H. Davies', M. Ingelsson*, V. Giedraitis®, L. Lannfelt,
N. N. C. Cross®, D. Absher®, P K. E. Magnusson’, C. Lindgren®’, A. P. Morris®'’, D. Cesarini',
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Oxford, United Kingdom, *Broad Institute of MIT and Harvard University, Cambridge,
MA, United States, "’Department of Biostatistics, University of Liverpool, Liverpool,
United Kingdom, " Center for Experimental Social Science, New York University, New
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University, Uppsala, Sweden.

Smoking is a major preventable environmental risk factor related to human
health. Smoking killed about 100 million people during the 20th century
and is projected to kill one billion people during this century, assuming
that the current frequency of smoking is retained. Lung cancer is the prime
cause of cancer-associated death in relation to smoking. However, it is less
well appreciated that smoking also causes tumors outside the respiratory
tract, which are predominant in men, and cumulatively roughly as common
as lung cancer. Moreover, it is known that males have a higher incidence
and mortality from most sex-unspecific cancers, disregarding smoking
status, and this fact is largely unexplained by known risk factors. We have
shown that a male specific risk factor, acquired mosaic loss of chromosome
Y (LOY) in non-cancerous blood cells, is associated with an increased risk of
non-hematological tumors among aging males (Forsberg et al. 2014 Nature
Genetics, PMID: 24777449). We have also recently shown that smoking is
associated with LOY in blood cells in three independent cohorts (TwinGe-
ne: OR=4.3, 95% CI =2.8-6.7; ULSAM: OR=2.4, 95% CI=1.6-3.6; and PIVUS:
OR=3.5, 95% CI=1.4-8.4) encompassing in total 6014 men. Our data also
support a transient and dose-dependent mutagenic effect from smoking on
LOY-status (Dumanski et al. 2015 Science, PMID: 25477213). Thus, smoking
may induce LOY, linking the most common acquired human mutation with
a severe preventable risk factor. Our results could explain the observed sex
differences and why smoking seems a greater risk factor for cancer in men
than women.
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SNP-SNP interaction analysis of NF-KB signaling pathway on breast
cancer survival

M. Jamshidi’, R. Fagerholm’, S. Khan’, K. Aittomdki’, D. E. Easton®*, P Hall’, C.
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Department of Oncology, University of Cambridge, Cambridge, United Kingdom, *Centre
for Cancer Genetic Epidemiology, Department of Public Health and Primary Care,
University of Cambridge, Cambridge, United Kingdom, Center for Primary Health Care
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Institute, Antoni van Leeuwenhoek hospital, Amsterdam, Netherlands, *Breast Cancer
Association Consortium, BCAC, United Kingdom.

Aberrant regulation of the NF-kB pathway has been shown in breast cancer,
however, the impact of the genetic variation in the pathway on patient pro-
gnosis has been little studied. Possibly, for a complex disease such as breast
cancer a single SNP is not independently critical in the biological function un-
derlying the initiation or progression of the disease but multiple loci might
jointly exert a greater impact. We used an extensive data set of the Breast
Cancer Association Consortium (BCAC) with 30,431 cases to investigate the
NF-kB activating pathway for association between 917 germline SNPs in 75
genes and breast cancer survival. Assessing two-way SNP-SNP interaction
survival analyses, we found two pairs of genetic variations with interactive
effect on breast cancer survival, i.e. rs5996080 and rs7973914 (HRinterac-
tion 6.98, 95% CI 3.3-14.4, P=1.42E-07), and rs17243893 and rs57890595
(HRinteraction 0.51,95% CI 0.3-0.6, P=2.19E-05). Based on in-silico functio-
nal analyses, we hypothesize that the rs5996080 and rs7973914 may affect
the BAFFR and TNFR1/TNFR3 receptors and breast cancer survival possib-
ly by disturbing both the canonical and the non-canonical NF-kB pathways
or their dynamics, whereas rs17243893 and rs57890595 interaction on
patient survival may be mediated through TRAF2 and TRAIL-R4 interplay.
These results warrant further validation and functional analyses. BCAC is
funded by Cancer Research UK [C1287/A10118,C1287/A12014] and by the
European Community’s Seventh Framework Programme under grant agree-
ment number 223175 (grant number HEALTH-F2-2009-223175) (COGS).
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Towards understanding the genomic architecture of cancer genomes
E. T. Lam’, A. R. Hastie', M. B. Imielinski?, C. Zhang?, ]. Wala?, Z. Dzakula’, H. Cao’;
1BioNano Genomics, San Diego, CA, United States, °Broad Institute of Harvard and MIT,
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Understanding the genetic architecture of cancer requires genomic and
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integrative approaches. Cancers feature genomic alterations ranging from
single-base changes to large-scale structural variation (SV) involving gains
and losses, and rearrangements. Having a complete catalogue of mutati-
ons in cancer is crucial for identifying key drivers and providing accurate
diagnosis, prognosis, and targeted therapy. Whole-genome sequencing has
become more routine and affordable since the introduction of next-genera-
tion sequencing (NGS) technologies. However, NGS platforms have limited
power to decipher large, complex structural variants frequently observed
in cancer. Genome mapping represents a complementary technology that
provides critical structural information. It involves high throughput analysis
of single molecules spanning hundreds of kilobases in nanochannels. Long-
range information is preserved and direct interrogation of complex structu-
ral variants made possible.

Here, we present our analysis of well-studied and highly rearranged can-
cer genomes such as the near-tetraploid HCC1143 cell line. We construc-
ted completely de novo genome map assemblies with N50 lengths of more
than 1 Mb. We derived multi-sample normalized copy number profiles of
matched tumor-control pairs based on genome mapping data. We observed
that tumor samples had highly variable copy number profiles, correspon-
ding to focal and chromosome-scale changes. We also present a pipeline to
integrate NGS and genome mapping data to validate and refine translocati-
on calls. Genome mapping data helped bridge and phase neighboring trans-
location events. Finally, we present a computational approach to identify
translocations by clustering single molecules with abnormal alignment to
the reference and by performing local assemblies of these molecules. Over-
all, integrating NGS and genome mapping data provides a comprehensive
view of a cancer genome.

C04.4

Molecular classification of diffuse cerebral gliomas using genome-
and transcriptomewide profiling.
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Germany, "Dr. Senckenberg Institute of Neurooncology, University Hospital Frankfurt,
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Dresden, Dresden, Germany, **Institute of Neuropathology, University Medical Center
Hamburg-Eppendorf, Hamburg, Germany, *Department of Neurosurgery, Heinrich-
Heine-University, Diisseldorf, Germany, *Department of Neurosurgery, Ludwig
Maximilians University Munich, Munich, Germany, "*Department of Neurooncology,
University Hospital Heidelberg, Heidelberg, Germany, VInterdisciplinary Division of
Neuro-Oncology, University Hospital Tiibingen, Tiibingen, Germany, **Department

of Neurology, University Hospital Knappschaftskrankenhaus Bochum- Langendreer,
Bochum, Germany, **Division of Molecular Genetics, German Cancer Research Center
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Medical School, Bonn, Germany.

Cerebral gliomas of World Health Organization (WHO) grade II and III re-
present a major challenge in terms of histological classification and clinical
management. Here, we characterize genomic and transcriptional profiles in
a prospective patient cohort of the German Glioma Network. We performed
microarray-based genome- and transcriptome-wide profiling of 137 prima-
ry glioma samples, including 61 WHO grade Il and 76 WHO grade III tumors.
Integrative bioinformatic analyses were employed to define molecular sub-
groups, which were then related to histology, molecular biomarkers, inclu-
ding IDH1/2 mutation, 1p/19q co-deletion, TERT promoter mutation, and
patient outcome. Genomic profiling identified five distinct glioma groups.
Expression profiling revealed evidence for eight transcriptionally different
tumor groups. Correlation of molecular stratification with clinical outcome
defined three major prognostic groups with characteristic genomic aberra-
tions. The best prognosis was found in patients with /[DH1/2 mutant and
1p/19q co-deleted tumors. Patients with IDH1/2 wild-type gliomas and
glioblastoma-like genomic alterations, including gain on 7q, loss on 10q,
TERT promoter mutation and oncogene amplification, displayed the worst
outcome. Intermediate survival was seen in patients with IDH1/2 mutant
but 1p/19q intact, mostly astrocytic gliomas, and in patients with IDH1/2
wild-type gliomas lacking the +7q/-10q genotype and TERT promoter mu-
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tation. This molecular subgrouping stratified patients into prognostically
distinct groups better than histological classification. Addition of gene ex-
pression data to this genomic classifier did not further improve prognostic
stratification. In summary, molecular profiling of cerebral gliomas distin-
guishes biologically distinct tumor groups and provides prognostically re-
levant information beyond histological classification and IDH1/2 mutation
status.
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Vaccination with monocyte-derived dendritic cells in Lynch syndrome
patients: vigorous T cell responses to neoantigen frameshift-derived
peptides.

N. Hoogerbrugge, H. Westdorp, G. Schreibelt, K. Bol, M. Welzen, ]. Krieken, T. Bisseling,
M. Ligtenberg, W. Gerritsen, C. Figdor, 1. Vries;

Radboud University Medical Center, Nijmegen, Netherlands.

BACKGROUND: Mismatch repair (MMR) deficiency in tumor DNA causes
shifts in the translational reading frame resulting in the production of alte-
red peptides. Frame-shift peptides (FSP), such as Caspase-5 and TGF-bRII,
are considered ‘foreign’ by the immune system. Dendritic cells are (DC) the
professional antigen-presenting cells of the immune system and decisive
in inducing immunity. This is the rationale for vaccination with monocyte-
derived DC (moDC) loaded with FSPs to stimulate T-cells to combat Lynch
syndrome-associated tumors.

PATIENTS AND METHODS: Lynch syndrome CRC patients (n=3) and healthy
mutation carriers (n=20) were vaccinated with DC loaded with CEA and FSP
MHC class I binding peptides. After each vaccination round (up to 3), anti-
gen-specific CD8+ T cells were assessed in blood and challenged skin. Injec-
tion of minute amounts of the DC vaccine resulted in infiltration of immune
cells into the skin. Specificity of these lymphocytes was assessed by flow
cytometry with tetrameric MHC complexes binding to T cells that recognize
the indicated peptides.

RESULTS: In most patients, after moDC vaccinations, both FSP- and CEA-
specific CD8+ T-cells were present. Additionally CD8+ T-cells specific for
Caspase-5 and CEA were detectable. The functionality of skin infiltrating T-
cells was demonstrated by their production of IFN-g upon stimulation with
target cells loaded with CEA or one of the FSPs.

CONCLUSIONS: DC vaccination against CEA and FSP-antigens appears fea-
sible and immune responses towards Lynch syndrome tumor-specific pepti-
des are induced. Our data emphasize DC vaccination can enhance the host’s
antitumor immunity and underline consideration for cancer prevention in
Lynch syndrome.
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Through the looking glass: the reversion of EMT

P. Oliveira’, J. Carvalho’, S. Rocha®, M. Azevedo, A. Vieira®, D. Ferreira’, N. Mendes®, I.
Reis', ]. Vinagre, A. Heravi-Moussav#, J. Nunes’, J. Lima’, V. Maximo, A. Burleigh? C.
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Reversible transitions between epithelial and mesenchymal cellular sta-
tes (EMT/MET) are considered dynamic processes relevant during cancer
progression and metastatic spreading. Whereas EMT facilitates the initial
steps of tumour cell detachment, promoting migration and invasion, MET
is thought to be required for later on colonization at distant sites. However,
MET is generally perceived as a process mirroring EMT, devoided of its own
signature. We hypothesize that MET entails its own set of novel and/or diffe-
rentially active molecular circuitries, generating cells with features distinct
from the original epithelial state.

Using an in vitro TGFB1-induced EMT/MET model, we demonstrate that
MET is able to generate a heterogeneous population of cells (Reverted-
Epithelial or RE cells) with a biological signature not necessarily mirroring
that of EMT. These RE-cells displayed novel functional properties, such as
increased self-renewal potential and in vivo tumourigenesis ability. Moreo-
ver, whole-transcriptome analysis revealed de novo activation of several pa-
thways, such as Toll-like receptor signalling, further confirmed in RE-cells-
derived tumours. Considering the increasing evidences towards tumours as
a heterogeneous entities, our model is a valuable tool for the discovery of
novel pathways of relevance for tumour progression.

Grant References: This work has been supported by the Portuguese Founda-
tion for Science and Technology (PTDC/SAU-GMG/110785/2009, Post-Doc
Grant to PO: SFRH/BPD/89764/2012 and to JC: SFRH/BPD/86543/2012)
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MFAPS5 loss-of-function mutations underscore the involvement of
matrix alteration in the pathogenesis of Familial Thoracic Aortic
Aneurysms and Dissections
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Thoracic aortic aneurysm and dissection (TAAD) is an autosomal-dominant
disorder with major life-threatening complications. Thedisease displays
great genetic heterogeneity with some forms allelic to Marfan and Loeys-
Dietz syndrome, and an important numberof cases still remain unexplained
at the molecular level. Through whole-exome sequencing of affected mem-
bers in a large TAAD-affectedfamily, we identified the ¢.472C>T (p.Arg158%*)
nonsense mutation in MFAP5 encoding the extracellular matrix component
MAGP-2.This protein interacts with elastin fibers and the microfibrillar net-
work. Mutation screening of 403 additional probands identifiedan additio-
nal missense mutation of MFAPS5 (c.62G>T [p.Trp21Leu]) segregating with
the disease in a second family. Functional analysesperformed on both affec-
ted individual’s cells and in vitro models showed that these two mutations
caused pure or partial haploinsufficiency.Thus, alteration of MAGP-2, a com-
ponent of microfibrils and elastic fibers, appears as an initiating mechanism
ofinherited TAAD.

Grant references: Projet Hospitalier de Recherche Clinique (PHRC, AOM
10108); Agence Nationale de Recherche (ANR, GDPM2); Fédération
Francaise de Cardiologie, Société Francaise de Cardiologie, and

DHU-FIRE (Assistance Publique-Hopitaux de Paris).
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Mutations in a TGFp ligand, TGFB3, cause syndromic aortic
aneurysms and dissections
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Thoracic aortic aneurysms (TAA) are a common condition associated with
high mortality due to aortic dissection or rupture. Investigations of the pa-
thogenic mechanisms involved in syndromic types of TAA such as Marfan
(MFS) and Loeys-Dietz syndromes (LDS), have revealed an important con-
tribution of disturbed TGFf signaling. Genes with mutations leading to TAA
syndromes include FBN1, TGFBR1/2, SMAD3, TGFB2 and SKI.

To discover novel genes causing syndromic aortic aneurysms, we combi-
ned genome wide linkage analysis, whole exome sequencing and candidate
gene Sanger sequencing in a total of 470 index cases with thoracic aortic
aneurysms. Extensive clinical, cardiologic and imaging examinations were

performed.
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Presently, we report on 43 patients in 11 families with syndromic presen-
tations of aortic aneurysms caused by mutations in the TGFB3 gene. We
demonstrate for the first time that TGFB3 mutations are associated with
significant cardiovascular involvement, including thoracic/abdominal aor-
tic dissection and mitral valve disease. Other systemic features overlap cli-
nically with LDS, MFS and Shprintzen-Goldberg syndrome, including cleft
palate, bifid uvula, skeletal overgrowth, cervical spine instability and club
foot deformity. In line with previous observations in aortic wall tissues of
patients with mutations in effectors of TGFf signaling (TGFBR1/2, SMAD3
and TGFB2), we confirm a paradoxical upregulation of both canonical and
non-canonical TGFp signaling in association with upregulation of expressi-
on of TGFf ligands.

Our findings emphasize the broad clinical variability associated with TGFB3
mutations and highlight the importance of early recognition of the disease
due to high cardiovascular risk.
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Exome-chip meta-analysis identifies novel associations of coding
variants with cardiac conduction in 62,251 adults of European
descent from the Cohorts for Heart and Aging Research in Genomic
Epidemiology (CHARGE) Consortium.
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Introduction: Electrocardiogram measured QRS interval reflects ventricu-
lar depolarization and conduction time. Prolonged QRS is associated with
increased risk of sudden cardiac death and heart failure. In previous work,
we have identified common variants in loci associated with QRS interval du-
ration comprising non-coding regions of the genome. We hypothesized that
genes influencing this trait may harbour both common and rare variants in
protein-coding regions.

Methods: The [llumina HumanExome Beadchip (Ex-Chip) is an array focused
on rare and low frequency putative functional coding variation. We conduc-
ted an Ex-Chip meta-analysis for QRS interval duration in 62,251 partici-
pants from 17 studies collaborating in the CHARGE Ex-Chip EKG Consorti-
um. Ex-Chip significance threshold was set at 2.37x10-7 (a=0.05/211,270
polymorphic markers passing QC) for single variant association analysis
and 3.06x10-6 (a=0.05/16,326 genes with more than 1 polymorphic mar-
ker passing QC) for gene-collapsed variant analyses (SKAT).

Results: In addition to confirming previously associated loci, we identified
10 new loci associated with QRS duration, and provide suggestive evidence
for very rare coding variants in previously unknown QRS loci in ADAMTS6,
ARID1B, FHOD3 and KRT15 (P<1x10-5, MAF ~0.0021-0.000016).

Using SKAT we identified four novel genes harbouring uncommon and rare
variants associated with QRS duration (PSKAT<3.06x10-6).

Conclusion: This is the largest genetic association study for QRS duration
performed thus far. Replication studies are ongoing to validate the novel
loci. Our study provides greater understanding of the genetic contribution
to cardiac conduction and may ultimately lead to new approaches to diagno-
se, treat, and prevent SCD in humans.

C05.4

A genome-wide association study of nonsyndromic mitral valve
prolapse and functional studies of risk loci provide insight into
underlying biological mechanisms

N. Bouatia-Naji’, C. Dina?, N. Tucker®, R. A. Norris*, D. Milan®, S. Slaugenhaupt®, R. A.
Levines, J. Schott?, A. A. Hagége’, X. Jeunemaitre®;

!INSERM U970 Paris Cardiovascular Research Center, Paris, France, Inserm UMR1087,
CNRS UMR 6291, Institut du Thorax, Centre Hospitalier Universitaire (CHU) Nantes,,
Nantes, France, *Cardiovascular Research Center, Massachusetts General Hospital,
Boston, MA, United States, *Department of Regenerative Medicine and Cell Biology,
Cardiovascular Developmental Biology Center, Children’s Research Institute, Medical
University of South Carolina, Charleston, SC, United States, *Center for Human Genetic
Research, Massachusetts General Hospital and Harvard Medical School, Boston, MA,
United States, °Cardiac Ultrasound Laboratory, Massachusetts General Hospital and
Harvard Medical School, Boston, MA, United States, ’AP-HE, Department of Cardiology,
Hépital Européen Georges Pompidou, INSERM UMR970, Paris, France, °AP-HP,
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Cardiovascular Research Center, Paris, France.

Background. Nonsyndromic mitral valve prolapse (MVP) is a common
(2-4%) degenerative valvulopathy, a risk factor for cardiac failure and the
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most frequent indication for surgical repair of mitral regurgitation. We per-
formed a genome-wide association study to identify risk loci, which may
uncover novel pathogenic mechanisms.

Methods. We tested 4.8 million common genotyped/imputed variants in
1412 MVP cases and 2439 controls. Replication for 23 loci was performed
in 4 case control studies (Ncases=1442, NControls=6779). Candidate genes
were investigated for protein expression by immunohistochemistry on val-
ves in embryonic and adult mice and morpholino knockdown (KD) assessed
cardiac function in zebrafish.

Results. Six susceptibility loci were identified after replication (P<5x10-8).
Association was observed in LMCD1 (OR=1.32, P =1.3x10-11), a repressor
of GATA6 previously implicated in cardiac hypertrophy. KD of Lmcd1 in ze-
brafish induced significant atrioventricular (AV) valve defect with regurgita-
tion. Another signal on Chr2q35 (OR=1.25, P=3.1x 10-11) mapped upstream
to TNS1, which encodes a focal adhesion and actin interacting protein. We
found that tensinl is expressed during valve morphogenesis in mice and
maintained in the adult valvular interstitial cells. Nine months Tns1-/- mice
exhibited enlarged posterior mitral leaflets compared to wild type. In addi-
tion, zebrafish KD of Tns1 induced AV regurgitation.

Conclusions. In this multidisciplinary study we discovered 6 loci with mo-
derate effect sizes (OR range: 1.22-1.33) and identified new actors in valve
development and biology. We provide genetic and functional evidence im-
plicating LMCD1 and TNS1 in valve development and function for the first
time. This study reveals new pathways that can potentially be modified to
improve the natural history of MVP.

C05.5

Recessive mutations in matrix metallopeptidase 21 (MMP21) cause
heterotaxy in humans

A. Guimier’, G. GabrieP, F. Bajolle’, M. Tsang? M. Schwartz?, A. Noll*, L. Smith* H.

Yagi?, C. Saunders*, C. Baker®, M. Oufadem’, N. Miller*, K. Peterson®, 1. Thiffault’, N.
Klena?, C. Bole-Feysot!, P. Nitschke', S. Lyonnet?, L. de Pontual’, S. Murray®, D. Bonnet®, S.
Kingsmore*, J. Amiel’, P. Bouvagnet®, C. Lo?, C. Gordon’;

!Institut Imagine, Paris, France, 2Department of developmental biology, University of
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Human heterotaxy syndrome results from a failure to establish normal left-
right asymmetry early in embryonic development and comprises visceral
malformations among which congenital heart defects (CHDs) are the ma-
jor cause of morbidity and mortality. Mutations in several genes controlling
early left-right patterning have been implicated in heterotaxy but account
for a minority of cases.

We performed whole exome or genome sequencing in 2 families with re-
currence of complex CHDs associated with laterality defects of abdominal
organs. We identified compound heterozygous mutations (stop and mis-
sense or frameshift and exonic deletion) in matrix metallopeptidase 21
(MMP21) in both families. MMP family members are involved in extra-cel-
lular matrix turnover. Interestingly, mice homozygous for ENU-induced mis-
sense mutations in Mmp21 exhibit CHDs and heterotaxy. Also, we performed
knockdown of mmp21 in zebrafish using an antisense morpholino, which
resulted in abnormal cardiac looping, a consequence of disrupted left-right
patterning. We then performed next generation sequencing of MMP21 in a
cohort of 168 index cases with CHDs and heterotaxy. From this cohort we
identified 9 families with one or more affected siblings exhibiting variati-
ons in MMP21 on both alleles, including a homozygous missense affecting
the start codon in one family and a homozygous frameshift in another. The
frequency of MMP21-associated heterotaxy in this cohort is therefore po-
tentially as high as 6%, pending the validation of all missense mutations in
functional assays in zebrafish. Our results indicate that MMP21 is a novel
gene implicated in heterotaxy and CHDs and suggest that the regulation of
the extra-cellular matrix is key for the establishment of laterality.

C05.6

Somatic/mosaic mutations are an important cause of sporadic
vascular anomalies.

M. VikKula, A. Mendola, ]. Soblet, M. Schlégel, M. Amyere, P. Brouillard, N. Limaye, L. M.
Boon;

de Duve Institute, Brussels, Belgium.

Vascular anomalies are localized defects of the lymphatic or vascular system.
They are most commonly cutaneous, but can affect any body part. They are
divided according to vessel type into arterial, capillary, venous, lymphatic
and combined malformations.
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Based on familial inheritance of some malformations, we have identified
underlying germline changes, including in TIE2 (mucocutaneous venous
malformations; VMCM), in glomulin (glomuvenous malformations; GVM),
and RASA1 (capillary malformation-arteriovenous malformation; CM-AVM).
These patients are characterized by small multifocal lesions, which may
increase in number with time. We explained this by Knudson’s double-hit
theory and demonstrated somatic second-hits (intragenic or chromosomal
anomalies, including acquired uniparental isodisomy) in all three entities.
The frequency of somatic 2nd-hits made us study sporadic patients for so-
matic changes. We screened resected tissues from >100 venous (VM), >70
lymphatic (LM) and >30 capillary (CM) malformations for mutations in can-
didate genes, either by RT-PCR or lon Torrent PGM, for high sensitivity. We
frequently pinpointed somatic activating mutations: in +/-50% of VMs in
TIE2, 80% of LMs in PIK3CA, 50% of CMs in GNAQ, and in some syndromic
forms, like CLOVES syndrome, in PIK3CA. Interestingly, sporadic patients
with multifocal VMs were mosaic in blood with a somatic second-hit in tis-
sues, whereas in Blue Rubber Bleb Nevus syndrome, somatic cis-mutations
in distant lesions were shared, without blood mosaicism.

We conclude that somatic mutations are a common pathophysiologic cau-
se of sporadic vascular anomalies. Wider mosaicism is evident in sporadic
patients with multifocal lesions. Yet, migration of mutant “progenitor cells”
underlies multifocality in others. Similar scenario may hold true for various
other disorders.

Co06.1

Neurogenetic disease diagnostics by targeted capture and next
generation sequencing

N. G. Laing’?, K. Yau', R. Allcock’, R. Ong’, K. Mina'?, G. Ravenscroft!, M. Cabrera’, R.
Gooding? C. Wisé?, P. Sivadora#?, D. Trajanoski?, V. Atkinson’, S. Wagner?, K. ]. Nowak?, R.
M. Duff', P.J. Lamont®, M. R. Davis?;

"University of Western Australia, Nedlands, Australia, ?’Pathwest, QEIl Medical Centre,
Nedlands, Australia.

Introduction: Two problems for molecular diagnosis of neurogenetic disor-
ders are high levels of genetic heterogeneity and involvement of large genes,
e.g. titin.

Materials and Methods: To offset these problems we developed a TargetSeq
(Life Technologies) capture panel containing 277 genes in which mutations
detectable by next generation sequencing (NGS) cause neurogenetic di-
seases. The diseases range from foetal akinesia, through muscular dystro-
phies and peripheral neuropathies, to motor neuron disease. The targeted
genes were captured from pooled bar-coded patient DNA samples. Up to 24
patient samples were sequenced at a time using lon Proton™ (Life Techno-
logies) sequencing. Variant analysis was by either custom Annovar or Carta-
genia (Cartagenia, Inc.) based pipelines.

Results: Testing the panel identified 88% of the known small-scale mutati-
ons in 28 positive controls. Known mutations deliberately chosen in regions
not sequenced well by NGS were not detected. Using FishingCNV, we iden-
tified 90% of CNV controls, including 100% of CMT1A/HNPP duplication/
deletion controls. Although one single exon CNV was detected, not all small
CNVs were detected. We have screened approaching 600 molecularly undia-
gnosed probands, whose clinical diagnosis matched the diseases screened
by the panel. We identified mutations in 68 genes, 40 of which were not
previously analysed at all by the diagnostic laboratory due to Sanger se-
quencing costs. The overall success rate (Class 5 and 4 variants) was 34%,
varying from 20% in distal arthrogryposis and SMA/MND, to 57% in chan-
nelopathies.

Conclusions: It is remarkable that analyzing only 277 genes provides the
molecular diagnosis for 34% of the spectrum of neurogenetic patients.

C06.2

The SMCHD1 mutation spectrum in Facioscapulohumeral muscular
dystrophy

M. L. van den Boogaard?, R. J. L. F. Lemmers’, P ]. van der Vliet!, ]. Balog’, B. Bakker", S.
J. Tapscott?, S. Sacconi®, R. Tawil*, S. M. van der Maarel;

!Leiden University Medical Center, Leiden, Netherlands, ?Fred Hutchinson Cancer
Research Center, Seattle, WA, United States, *University Hospital of Nice, Nice, France,
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Facioscapulohumeral muscular dystrophy (FSHD) predominantly affects
the muscles in the face, trunk and upper extremities. FSHD is associated
with partial chromatin relaxation of the D4Z4 macrosatellite repeat array
localized on chromosome 4 and transcriptional derepression of the D4Z4-
encoded DUX4 gene in skeletal muscle. In the most common form, FSHD1,
this D4Z4 chromatin relaxation is caused by a D474 repeat array contraction
to 1-10 units (normal range 10-100 units). In the rare form of FSHD, FSHD2,
D474 chromatin relaxation occurs without repeat contraction, and is most
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often caused by loss of function mutations in the structural maintenance of
chromosomes hinge domain containing 1 (SMCHD1) gene. SMCHD1 is in-
volved in the maintenance of D4Z4 methylation and a repressed chromatin
structure.

An SMCHD1 mutation screen in a large cohort of FSHD2 individuals revealed
a mutation spectrum that ranges from large deletions causing SMCHD1 he-
mizygosity, to missense, nonsense and splice site mutations. In addition to
the autosomal dominant inheritance seen in most FSHD2 families, we also
identified a family with semidominant inheritance. Furthermore, SMCHD1
mutations can also modify disease severity in FSHD1.

This mutation spectrum shows that epigenetic sensitivity to disease pre-
sentation depends on the nature of SMCHD1 mutation in combination with
D474 array size with SMCHD1 open reading frame preserving mutations
being more deleterious for the maintenance of repressive D4Z4 chromatin
state, than open reading frame disrupting mutations. Collectively, our study
positions SMCHD1 central in the FSHD2 and FSHD1 disease mechanisms
and warrants further studies into SMCHD1 as therapeutic target.

Grant references:

Neuromics, Prinses Beatrix Spierfonds
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Plastin 3, a human protective modifier is highly upregulated in iPSC-
derived motoneurons in asymptomatic individuals and rescues spinal
muscular atrophy in mice

M. Peters’, L. Heesen'?, S. Hosseini Barkooie', M. Peitz*?, A. Kaczmarek', E. Janzen’, O.
Briistle®?, B. Wirth’;
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Spinal muscular atrophy (SMA) is a devastating motoneuron disorder
caused by functional loss of SMN1. Previously, we identified Plastin 3 (PLS3)
as a strong candidate protective modifier using transcriptome differential
expression analysis in SMA discordant families.

PLS3 was highly upregulated in lymphoblastoid cell lines of asymptoma-
tic but not SMA siblings at both, RNA and protein level. Instead fibroblast
cell lines from both SMA and asymptomatic siblings showed similar PLS3
expression, suggesting a tissue-specific regulation. To investigate whether
PLS3 is upregulated in motorneurons, the primary affected cells in SMA, we
generated induced pluripotent stem cells (iPSCs) from fibroblasts of three
asymptomatic and three SMA IlI-affected siblings. After full characterization
of pluripotency, small molecule neural precursor cells (smNPCs) were gene-
rated from iPSCs. Next, motoneurons were differentiated from smNPCs and
characterized for any possible changes including survival, gem counts, pro-
tein and RNA expression of SMN and PLS3. Most strikingly, PLS3 was highly
upregulated only in motoneurons from asymptomatic siblings pinpointing a
tissue-specific regulation.

To finally address the PLS3 rescuing effect in SMA disorder, we generated
PLS3 overexpressing mice, which were crossed into a severe SMA mouse
model. By applying low amounts of exon 7 inclusion SMN antisense oligonu-
cleotides (ASOs), we improved the multi-organ dysfunction in these severe
SMA mice and increased their survival from 14 to 28 days. Most importantly,
crossing the PLS3 transgene homozygously into these mice led to a robust
increase of survival (>60% survived >180 days). These combined data pro-
vide strong evidence for PLS3 as protecting modifier in humans and SMA
mouse model.

C06.4

Analysis of the Gdap1 knockout mice reveals calcium homeostasis
and mitochondrial dynamics defects in the Charcot-Marie-Tooth
disease pathogenesis

A. Civera-Tregon'? P, Judrez'?, M. Barneo-Muifioz', S. Ferndndez-Lizarbe?, D. Pla-
Martin? . Zenker®, C. Cuevas-Martin*>%, M. Sdnchez-Aragé*®s, J. Forteza-Vila'’, J. M.
Cuezva*>®, R. Chrast’, F. Palau*?;

Centro de Investigacién Principe Felipe, Valencia, Spain, ?CIBER de Enfermedades Raras
(CIBERER), Valencia, Spain, *Department of Neuroscience and Department of Clinical
Neuroscience, Karolinska Institutet, Stockholm, Sweden, *CIBER de Enfermedades
Raras (CIBERER), Madrid, Spain, *Centro de Biologia Molecular Severo Ochoa, UAM-
CSIC, Madrid, Spain, ®Instituto de Investigacién Hospital 12 de Octubre, Universidad
Auténoma de Madrid, Madrid, Spain, "Instituto Valenciano de Patologia, Catholic
University of Valencia, Valencia, Spain.

Definition of pathogenic mechanisms and druggable molecular targets in
Mendelian diseases requires investigating the pathophysiological conse-
quences of gene mutations in both cellular and animal disease models.

Mutations in GDAP1, which encodes a protein located in the mitochondri-
al outer membrane, cause axonal recessive (AR-CMT2), axonal dominant
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(CMT2K) and demyelinating recessive (CMT4A) forms of Charcot-Marie-
Tooth (CMT) neuropathy. Loss of function recessive mutations in GDAPI are
associated with decreased mitochondrial fission activity, while dominant
mutations result in impairment of mitochondrial fusion with increased pro-
duction of reactive oxygen species and susceptibility to apoptotic stimuli.
Knockout Gdapl mice show abnormal motor behaviour at early stage. Elec-
trophysiological and biochemical studies confirmed the axonal nature of the
neuropathy whereas histopathological studies showed progressive loss of
motor neurons (MNs) in the anterior horn of the spinal cord and defects in
neuromuscular junctions. Cultured embryonic MNs neurons showed large
and defective mitochondria, changes in the endoplasmic reticulum (ER) ci-
sternae and increased autophagy vesicles. We observed defects in cytoskel-
etal a-tubulin acetylation and in the axonal mitochondria transport. MNs
showed reduced Ca?* inflow through store-operated Ca?* entry (SOCE) upon
mobilization of ER-Ca?, in association with an abnormal distribution of the
mitochondrial network when treated with the ER stress inducer thapsigar-
gin.

The phenotypic and functional study of the Gdapl KO mice revealed the
presence of an axonal neuropathy. We propose that lack of GDAP1 induces
changes in the mitochondrial network biology and mitochondria-endoplas-
mic reticulum interaction leading to abnormalities in calcium homeostasis,
which may represent part of the GDAP1-related CMT pathophysiology.

C06.5

Junctophilin-1 expression levels could modify the effects of GDAP1
mutations in Charcot-Marie-Tooth disease

E. Calpena’?, V. Lopez'? V. Lupo'?, T. Sevilla®?, F. Palau®?, I. Galindo"?, C. Espinds*?;
Centro de Investigacion Principe Felipe (CIPF), Valencia, Spain, *?CIBER de
Enfermedades Raras (CIBERER), Valencia, Spain, *Hospital U. i P. La Fe, Valencia, Spain.

Charcot-Marie-Tooth (CMT) disease is a hereditary sensory and motor
neuropathy with more than 60 genes associated. CMT type 2K (CMT2K) is
caused by mutations in the GDAP1 gene and is characterized by incomplete
penetrance and intrafamilial clinical variability. We have recently described
the junctophilinl (JPH1) as a genetic modifier of GDAP1. We characterized
the combination of the JPH1 p.R213P and the GDAP1 p.R120W mutation
in one patient with a more severe clinical picture. Through cellular studies
we established that the combination of these two mutations significant in-
creases the basal cytosolic Ca2+ and reduces SOCE activity, and therefore,
JPH1 contribute to the phenotypical consequences of GDAP1 mutations.
Junctophilin genes are characterized by having a long 3’'UTR (from 1861 nt
of JP in Drosophila melanogaster to 2347 nt of JPH1 in humans) and that
is conserved in the case of JPH1. We searched for variants in the 3’'UTR of
JPH1 in CMT2K families with the GDAP1 p.R120W mutation. We have iden-
tified the ENST00000342232.4:¢.¥1962G>A (rs57375187) variant in two
brothers with an unusual early onset and severe clinical picture. We have
demonstrated that the ¢.*1962G>A increase the transcript levels by a luci-
ferase assay. Moreover, with the aim to gain insight into the disease mecha-
nisms, we have used a Drosophila models in order to investigate how altered
junctophilin expression levels could modify the effects of the Gdap1 related
neural degeneration. Moreover, the Drosophila model has allowed us to dis-
cover new pathways related to junctophilin.

Funds: IRDiRC & ISCIII (Grant no: IR11/TREATCMT)
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CCDC174 mutation underlies a syndrome of hypotonia and
psychomotor developmental delay with abducens nerve palsy
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Two siblings of non-consanguineous Ethiopian Jewish ancestry presented
with congenital axial hypotonia, weakness of the abducens nerve, psycho-
motor developmental delay with brain ventriculomegaly and variable thin-
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ning of corpus callosum, cardiac septal defects and undescended testes. Ho-
mozygosity mapping identified a single disease-associated locus of 3.5Mb
on chromosome 3. Studies of a Bedouin consanguineous kindred with 4
individuals affected with a similar recessive phenotype identified a single
disease-associated 18Mb homozygosity locus containing the entire 3.5Mb
locus of the Ethiopian family. Whole exome sequencing demonstrated one
homozygous mutation in CCDC174 (c.1404A>G, p.[*468Trpext*6]) within a
shared identical haplotype of 0.6Mb, common to both Bedouin and Ethiopi-
an affected individuals, suggesting an ancient common founder effect. The
mutation segregated as expected in both kindreds and was not found in 400
Bedouin and 100 Jewish Ethiopian controls. Knockdown of the CCDC174
ortholog in Xenopus laevis embryos resulted in poor neural fold closure at
the neurula stage with later embryonic lethality. Knockdown embryos ex-
hibited a sharp reduction in expression of n-tubulin, a marker for differen-
tiating primary neurons, and of hindbrain markers krox20 and hoxb. The
Xenopus phenotype could be rescued by the human normal, yet not the mu-
tant CCDC174 transcripts. CCDC174 is ubiquitously expressed and was pre-
viously shown to interact with EIF4a3 which is crucial for RYR1 formation in
frogs. In accordance, while maintaining normal mRNA level, RYR1 proteins
in skeletal muscle of our patients were not detectable by immunohistoche-
mistry. Also, in-vitro model showed co-localization of CCDC174 and EIF4a3
in the nucleus while overexpression of mutant but not wild-type CCDC174
caused rapid cell death.

C07.1

Does paternal imprinting of FOXF1 on 16q24.1 explain maternal
UPD(16) phenotype?
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Trisomy 16 in humans, typically resulting from maternal meiosis I nondis-
junction, is the most common prenatal trisomy and lethal unless rescued
early embryonically. In one-third of such cases, children with maternal
UPD(16) manifest IUGR (attributed to trisomic placenta) and multiple con-
genital malformations, including heart defects, pulmonary hypoplasia, tra-
cheosophageal fistula, gut malrotation, absent gall bladder, renal agenesis,
hydronephrosis, imperforate anus, and single umbilical artery. In contrast,
relatively normal phenotype was reported in few patients with paternal
UPD(16), and imprinted gene(s) on chromosome 16 were suggested as
causative for maternal UPD(16) phenotype. All the above clinical features,
except IUGR, are observed in the vast majority of children with a neona-
tally lethal lung developmental disorder Alveolar Capillary Dysplasia with
Misalignment of Pulmonary Veins (ACDMPV). ACDMPV is caused by hetero-
zygous point mutations or genomic deletions involving FOXF1 on 16q24.1,
previously shown to be paternally imprinted, incompletely and in a tissue-
specific manner. Most recently, genomic duplications involving FOXF1 were
associated with pyloric stenosis, mesenterium commune, and aplasia of the
appendix [PMID: 25472632]. We knocked-in a Cre-inducible FoxfI allele at
the ROSA26 locus and activated it with Tie2-cre to specifically overexpress
Foxf1 in endothelial and hematopoietic cells. Using timed-matings, microCT,
and plethysmography analyses, we found that these mice exhibit hypopla-
stic lungs, abnormal breathing, gastrointestinal abnormalities, edema, skin
hemorrhages, and die perinatally. We propose that FoxfI overexpression in
mice corroborates the clinical observations seen in patients with maternal
UPD(16) and conclude that paternal imprinting of FOXFI may be responsib-
le for the key phenotypic features of maternal UPD(16).
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Next-gen cytogenetics in prenatal diagnosis: lessons learned with
balanced de novo rearrangements

C. C. Morton!, Z. Ordulu’, T. Kammin, C. Hanscom? V. Pillalamarr#, J. L. Andujar’, B. B.
Currall’, ]. E Gusella?, M. E. Talkowski?;

'Brigham and Women's Hospital, Boston, MA, United States, “Massachusetts General
Hospital, Boston, MA, United States.

Specific identification of disrupted and dysregulated genomic regions is
critical in precision diagnosis and in management of some individuals with
constitutional and acquired rearrangements, especially considering the
accelerated increase in annotation of the human genome. Rapidly defining
structural chromosome abnormalities that underlie these genomic regi-
ons at the nucleotide level in a genome-wide fashion has become feasible
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in recent years with ongoing improvements in sequencing technologies,
and is revolutionizing the discipline of cytogenetics. The capability of map-
ping breakpoints precisely is the foundation of the Developmental Genome
Anatomy Project (DGAP, www.dgap.harvard.edu), in which more than 150
subjects with apparently balanced chromosome rearrangements have been
sequenced revealing a wide variety of genes in human development. In this
exciting era of “Next-Gen Cytogenetics,” in which traditional cytogenetic
techniques and next-gen sequencing are used synergistically, integration of
genomic sequencing into the prenatal diagnostic setting is possible within
an actionable time frame. To date, we have participated in the evaluation
of 10 prenatal cases of de novo balanced translocations and inversions for
next-gen cytogenetic analysis, and nine cases are completed. With the ex-
ception of a complex case involving multiple chromosome rearrangements,
all were interpreted by aCGH analyses to be without clinically significant
gains or losses of DNA. Use of convergent genomic evidence and quantitative
assessment of transcripts in the breakpoint regions are employed in inter-
pretation of potential pathogenicity. In overview, each case has contributed
uniquely to our experience in the evolution of this approach to a new stan-
dard of care in prenatal diagnosis.

NIH/NIGMS P01 GM061354
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Targeted prenatal screening as a successful and fast approach in cases
with increased nuchal translucency and/or abnormal ultrasound
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Gogoll', B. Onedd’, K. Steindl’, A. Rauch’;
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Since we have successfully established Next Generation Panel Sequencing
of more than 4800 known Mendelian disease genes in postnatal cases re-
sulting in an overall diagnostic yield of more than 45% we investigated the
diagnostic yield of targeted Next Generation Sequencing on prenatal cases.
Routine PTPN11 sequencing on 53 cases with increased nuchal translucen-
cy revealed in 4 (7.5%) pathogenic mutations. Sequencing of the “Mendeli-
ome” in so far 17 cases negative for PTPN11 and setting of specific in silico
filters for Noonan genes revealed one novel pathogenic mutation in KRAS
(c.149C>T/= (p.Thr50lle/=) in a case with increased nuchal translucency
and multiple heart anomalies, giving a diagnostic yield of about 6% in PT-
PN11-negative cases. Moreover, an average yield of less than one rare (MAF
< 2%) non-synonymous call per case allows a fast and straightforward ana-
lysis. An average coverage of 200x and a 20x coverage in almost 96% of the
targeted region assures also high sensitivity.

Additional analysis on further prenatal cases with intrauterine growth re-
tardation (2), hydrops fetalis (1), brain malformations (1), fetal bronchial
aplasia (1), or uniparental disomy 13 (1) unraveled one new possible di-
sease causing candidate gene in a case with complex brain malformations.
Furthermore, screening on 12 aborted samples achieved a diagnosis in 3
(25%) cases, i. e. autosomal recessive pathogenic mutations in the genes
FRAS1, MKS1 and CC2D2A.

We conclude that the fast workflow and the high sensitivity makes the ap-
proach ideal for targeted screening on prenatal and aborted cases.
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Comprehensive carrier genetic test using next-generation DNA
sequencing in infertile couples wishing to conceive trough assisted
reproductive technologies (ART)

T. M. Alberolal, J. Martin', A. Asan?, Y. Yuting?, B. Rodriguez-Iglesias’, ]. Jimenez!, Y. Xin*3,
C. Simon™*3;

!IGENOMIX, Paterna (Valencia), Spain, ?BGI-Tianjin, Tianjin, China, *BGI-Shenzhen,
Shenzhen, China, *Fundacion Instituto Valenciano de Infertilidad (FIVI), Valencia, Spain,
*Department of Obstetrics and Gynecology, Valencia University, Valencia, Spain.
Introduction: Next-generation sequencing (NGS) enables screening for a
wide range of conditions that a family history will never pick up. Here, we
report the clinical results of a NGS-based preconception carrier genetic test
(CGT) for mendelian conditions.

Materials and Methods: Massive sequencing of 548 autosomal recessive (AR)
and X-linked genes involved in severe childhood phenotypes reinforced with
5 non-NGS complementary tests, performed in ART patients. In case of ga-
mete donation, paired results (donor/patient) were blindly matched using
a proprietary software.

Results: We performed a total of 2,559 CGT analysis: 1,158 tests for gamete
donors; 1,127 tests for patients using donation, and 274 CGT for 137 coup-
les undergoing ART with their own gametes. Positive results for at least one
pathogenic or likely pathogenic variants were present in 92.5% samples
(2,368). The average carrier burden per sample was 2.94 mutations and
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14.39 variants of unknown significance. Female donors were discarded in
case of pathogenic variant was found in an X-linked gene. In our series 1.5%
resulted positive (8 premutated in FMR1 gene and 5 for other X-linked con-
ditions). Twelve couples using their own gametes (8.7%) were positive for
pathogenic mutations, 8 for AR genes and 4 X-linked genes. These couples
received genetic counseling and PGD or gamete change was recommended.
Conclusions: We have developed a carrier genetic test that constitutes a
powerful clinical tool to avoid more than 600 diseases in the offspring in
infertile couples undergoing ART.

C07.5

Non-manifesting AHI1 truncations indicate localized loss-of-function
tolerance in a severe Mendelian disease gene

S. M. Elsayed??, ]. B. Phillips®, R. Heller*, M. Thoenes*, E. Elsobky"?, G. Niirnberg®, P
Niirnberg®®, S. Seland*, I. Ebermann?, ]. Altmiiller**, H. Thiele®, M. Toliat®, F. Kérber’, X.
Hu®, Y. Wu?®, M. S. Zaki'’, G. Abdel-Salam™, ]. Gleeson’, E. Boltshauser'?, M. Westerfield®,
H.]. Bolz*%;

"Medical Genetics Center, Cairo, Egypt, *Children’s Hospital, Ain Shams University,
Cairo, Egypt, *Institute of Neuroscience, University of Oregon, Eugene, OR, United
States, *Institute of Human Genetics, University Hospital of Cologne, Cologne, Germany,
*Cologne Center for Genomics (CCG) and Centre for Molecular Medicine Cologne
(CMMC), University of Cologne, Cologne, Germany, °Cologne Excellence Cluster on
Cellular Stress Responses in Aging-Associated Diseases (CECAD), University of Cologne,
Cologne, Germany, "Department of Radiology, University of Cologne, Cologne, Germany,
8Lab of Computational Chemistry and Drug Design, Lab of Chemical Genomics, Peking
University Shenzhen Graduate School, Shenzhen, China, °College of Chemistry, Peking
University, Beijing, China, "°Department of Clinical Genetics, National Research Centre,
Cairo, Egypt, "'Laboratory of Neurogenetics, Howard Hughes Medical Institute,
Department of Neurosciences, University of California, San Diego, CA, United States,
ZDepartment of Paediatric Neurology, University Children’s Hospital of Zurich, Zurich,
Switzerland, *3Center for Human Genetics, Bioscientia, Ingelheim, Germany.

Determination of variant pathogenicity represents a major challenge in the
era of high-throughput sequencing. Erroneous categorization may result if
variants affect genes which are in fact dispensable. We demonstrate that this
also applies to rare, apparently unambiguous truncating mutations of an
established disease gene. By whole-exome-sequencing (WES) in a consan-
guineous family with congenital non-syndromic deafness, we unexpectedly
identified a homozygous nonsense variant, p.Arg1066*, in AHI1, a gene as-
sociated with Joubert syndrome (JBTS), a severe recessive ciliopathy. None
of four homozygotes expressed any signs of ]BTS, and one of them had nor-
mal hearing, which also ruled out p.Arg1066* as the cause of deafness. Ho-
mozygosity mapping and WES in the only other reported JBTS family with a
homozygous C-terminal truncation (p.Trp1088Leufs*16) confirmed AHI1 as
disease gene, but based on a more N-terminal missense mutation impairing
WD40-repeat formation. Morpholinos against N-terminal zebrafish Ahil,
orthologous to where human mutations cluster, produced a ciliopathy, but
targeting near human p.Arg1066 and p.Trp1088 did not. Most AHI1 mutati-
ons in JBTS patients result in truncated protein lacking WD40-repeats and
the SH3 domain; disease was hitherto attributed to loss of these protein-
interaction modules. Our findings indicate that normal development does
not require the C-terminal SH3 domain. This has far-reaching implications,
considering that variants like p.Glu984* identified by preconception scree-
ning (“Kingsmore panel”) do not necessarily indicate JBTS carriership. Ge-
nomes of individuals with consanguineous background are enriched for ho-
mozygous variants that may unmask dispensable regions of disease genes,
and unrecognized false positives in diagnostic large-scale sequencing and
preconception carrier screening.

Marie-Louise Geissler-, Kusen-, Imhoff-Stiftung; Koln Fortune; DC010447,
HD22486; NSFC 21133002, KQTD201103
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How to design expanded carrier screening panels? Results of an
interview study with European geneticists

D. Chokoshvili'?, S. Janssens?, D. Vears®, A. De Paepé?, P. Borry';

1University of Leuven, Leuven, Belgium, ?University of Ghent, Ghent, Belgium, University
of Melbourne, Melbourne, Australia.

Preconception carrier screening for recessive disorders makes it possible to
identify couples who, although unaffected by the disorder themselves, are at
risk of having an affected child. Historically, carrier screening has been per-
formed for a set of common pathogenic mutations associated with a limited
number of disorders. However, recent advances in genetic technology have
enabled a more comprehensive coverage of both disorders and pathogenic
variants at little additional cost. With the development of expanded carrier
screening (ECS) panels that screen for variants associated with hundreds of
recessive disorders, it has become increasingly important to devise suitable
criteria for the inclusion of disorders and specific pathogenic mutations on
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screening panels.

We conducted in-depth interviews with 16 geneticists from 8 EEA coun-
tries to investigate their views on the composition of ECS panels. Most par-
ticipants favored limiting carrier screening to disorders that, due to their
severe nature, would clearly justify altering reproductive plans by at-risk
couples. Notably, when discussing severity of the disease, some geneticists
considered the impact of the disease on the family as a whole, suggesting
screening should also be performed for severe conditions with effective yet
burdensome therapeutic interventions. There was disagreement on the in-
clusion of adult-onset and X-linked disorders, with some geneticists favoring
screening under certain conditions, while others supported active exclusion
of such disorders. Regarding the selection of specific pathogenic mutations,
all 16 participants were strongly in favor of limiting screening to the best-
studied variants with clearly established genotype-phenotype associations.

C08.1

Context-specific eQTLs identify hormonal effects in obese Finnish
men

A.Ko'? R. M. Cantor', B. Pasaniuc’**, E. Nikkola’, M. Alvarez', A. J. Lusis**, M. Civelec®, M.
Boehnke®, F. S. Collins’, K. L. Mohlke®, J. Kuusisto®, M. Laakso®, P. Pajukanta®®*;
'Department of Human Genetics, David Geffen School of Medicine at UCLA, Los Angeles,
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UCLA, Los Angeles, CA, United States, *Department of Medicine, David Geffen School

of Medicine at UCLA, Los Angeles, CA, United States, °Department of Biostatistics

and Center for Statistical Genetics, School of Public Health, University of Michigan,

Ann Arbor, M1, United States, ’National Human Genome Research Institute, National
Institutes of Health, Bethesda, MD, United States, °Department of Genetics, University of
North Carolina, Chapel Hill, NC, United States, °Department of Medicine, University of
Eastern Finland and Kuopio University Hospital, Kuopio, Finland.

Introduction: Obesity is a serious risk factor for cardiovascular and metabo-
lic disease. Considering the steady increase in obesity prevalence and that
GWAS variants explain <5% of body mass index variance, gene-environment
interactions may contribute to obesity. We hypothesized that expression
profiles in adipose tissue may reflect the molecular consequences of envi-
ronmental changes underlying obesity. Accordingly, in an obese cellular en-
vironment, context-specific expression quantitative trait loci (cseQTL) vari-
ants might regulate gene expression distinctly from non-obese conditions.
Materials and Methods: We performed eQTL mapping (FDR<1%) using
7,932,277 SNPs with adipose RNA-sequence data on 17,210 expressed ge-
nes in 582 men from the Finnish METSIM cohort. We considered the eQTLs
only observed in the obese group, but not in the non-obese or overall groups
as obese eQTLs (0B), and vice versa for non-obese (NOB). We tested the
OB and NOB eQTL genes for replication in an independent METSIM cohort
(n=771) using microarray data (FDR<5%).

Results: We discovered 2,450 OB eQTL genes regulated by 28,267 cis
(+/-1Mb) variants; and 1,455 NOB eQTL genes regulated by 10,814 vari-
ants, respectively. Of these 55% of the OB and 41% of the NOB genes were
consistent across RNA-seq and microarrays in independent cohorts. When
searching for potential drivers of context-specificity, we observed that
estrogen signaling genes were enriched among OB versus NOB eQTL genes
(P=0.001), including HSD17B12, which converts estrone into the most acti-
ve estrogen, estradiol.

Conclusion: OB eQTL genes exhibit genetic-dependent transcriptional regu-
lation mediated by obesity and involve genes in the estrogen pathway as
regulators of male obesity.

C08.2

Genetic variants affect expression of nearly all genes, but only in a
specific context

D. V. Zhernakova, The BIOS consortium;

Department of Genetics, University of Groningen, University Medical Centre Groningen,
Groningen, Netherlands.

The expression of nearly all genes is subject to genetic regulation. This is a
first conclusion from the largest population-based RNA-sequencing project
executed so far, including 4,000 total blood mRNA samples from five Dutch
biobanks. The large sample size, unprecedented resolution of this study
and the comparison with other large population-based studies revealed
that SNPs affecting expression (eQTLs) act in a context-dependent manner.
Whereas microarray-identified blood eQTLs (Westra et al., Nature Genetics,
2013) replicated well in our study (87%, including 6.8% with opposite al-
lelic direction), eQTLs identified by RNA-seq in lymphocyte cell lines (LCL)
(Lappalainen et al., Nature, 2013) replicated less well (78%, including 12%
with opposite allelic direction). This wasn‘t due to differences in data pro-
cessing as we analyzed all RNA-sequencing data with a common pipeline,
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but was partly due to differences in cell types. We inferred cell-type-specific
eQTLs, and observed that lymphocyte-specific eQTLs replicated well in LCL,
but neutrophil-specific eQTLs didn‘t. We also observed that higher order
effects (e.g. differences in proliferation, differentiation or metabolism) can
induce, abrogate or inverse eQTLs. We observed several examples where
genetic risk factors affect gene expression only in a specific context. We con-
clude that the effect of SNPs on gene expression depends on the cell and the
cellular state. Since eQTL data is not available for every tissue, cell or cellular
state (and their specific combinations), predictions of the effect of genetic
variation on gene expression should be carefully interpreted.

The BIOS project is funded by the BBMRI-NL, a research infrastructure fi-
nanced by the Netherlands Organization for Scientific Research (NWO pro-
ject 184.021.007).
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Pedigree-Associated Genetics and Recent Environment Make
Important Contributions to Metabolic Syndrome Traits.

C.Xia’, C. Amador’, J. Huffman’, H. Trochet!, A. Campbell’, G. Scotland?, D. Porteous’, N.
Hastie', C. Hayward', V. Vitart!, P. Navarro', C. S. Haley';

'MRC IGMM, Edinburgh, United Kingdom, ?A collaboration between the University
Medical School and NHS in Aberdeen, Dundee, Edinburgh and Glasgow, Edinburgh,
United Kingdom, *The Roslin Institute and R(D)SVS, Edinburgh, United Kingdom.

Genome-wide association studies (GWAS) have successfully identified thou-
sands of loci for a range of human complex traits and diseases but explain
only a limited proportion of trait variation. Mixed linear model analyses cap-
ture a greater proportion of phenotypic variance than GWAS single-SNP ana-
lyses and provide insight into the genetic and environmental architecture of
traits. Using this approach we analysed 18 traits related to metabolic syn-
drome in a Scottish cohort of ~14,000 individuals genotyped for ~550,000
common autosomal SNPs. Trait variation was partitioned into genetic ef-
fects associated with SNPs, genetic effects associated with pedigree, shared
family environment, shared couple environment and shared full-sibling
environment. On average across traits SNP-associated and pedigree-asso-
ciated genetic effects each explained around half the genetic variance with
recently-shared environment of couples accounting for ~10% of the pheno-
typic variance on average, all of the three being important sources of variati-
on in metabolic syndrome traits. On the other hand, the environment shared
largely in the past by members of a nuclear family or by full-siblings, had a
limited impact on trait variation. Our findings point to appropriate models
to use in future studies as pedigree-associated genetic effects and couple en-
vironmental effects have seldom been taken into account in genotype-based
analyses. In samples of unrelated individuals pedigree-associated effects
cannot be captured, explaining at least part of the missing heritability, but
even in such studies it may be necessary to account for unrelated couples
included in the sample to appropriately model the variation and hence make
accurate predictions and inferences.
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Genome-wide study for metabolic phenotypes identifies 62 loci and
elucidates the metabolic context of LPA in coronary heart disease
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Metabolic phenotypes are highly heritable and have great potential in provi-
ding insight into genetic variation influencing both metabolism and complex
diseases. We present the largest evaluation of genetic variance in human
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metabolism so far. We combined 123 metabolic phenotypes from blood
samples of 24,925 individuals from fourteen European cohorts and asso-
ciated 62 loci with blood metabolite concentrations. 8 of the loci were new.
For 15 loci the lead SNP was low frequency, for 8 a coding variant and 22
involved transcription factor binding sites. We showed that two loci, known
for Mendelian amino acid metabolism disease with severe neurological ma-
nifestations, also harbor low-frequency variants affecting the same circu-
lating amino acid in healthy population samples. Moreover, we show new
evidence that the biosynthesis of lipoprotein(a) (Lp(a)), a known coronary
heart disease (CHD) biomarker, is associated with very-low-density lipo-
protein metabolism and other lipoprotein particles. Causality of metabolite
associations was shown with a genetic risk score (GRS ) for Lp(a), which
composed of 18 SNPs independently associated with circulating Lp(a) le-
vels at genome-wide significance in a discovery cohort. GRS  SNPs were
confirmed in a replication cohort, where GRS = explained 45% of Lp(a)
variance. Linking GRS, to electronic health records of over 17 000 popu-
lation-based persons showed that the risk score was associated with CHD
outcomes but not with any other disease-category. (ICD10:120-125 category,
P=6.4x10"°, N =1251, OR=1.28 per one unit increment in GRS, ). We
present a new hypothesis for the biosynthesis of Lp(a) and our results to-
gether with previous findings reinforce the observation that LPA-targeting
treatment has great potential for CHD risk reduction in humans.

C08.5

Systematic identification of downstream trans-effects for 1,300
known disease associated SNPs

M. Bonder’, R. Luijk?, BBMRI-NL BIOS Consortium;

"University Medical Center Groningen, Groningen, Netherlands, *Leiden University
Medical Center, Leiden, Netherlands.

Geneticrisk factors identified in genome-wide association studies are mostly
non-coding, making it difficult to understand their functional consequences.
So far, large-scale trans-eQTL analyses have identified such downstream
functional consequences for only 233 SNPs (Westra et al, NG 2013). To in-
crease this, we used methylation-QTL mapping in peripheral blood of 4,000
population based samples from the Dutch BBMRI-NL BIOS consortium. We
observed that 1,300 different GWAS SNPs affect methylation of over 10.000
unique CpGs sites in trans (FDR <0.05), representing a six-fold increase in
the number of disease-associated SNPs for which downstream functional
effects can be detected.

To address the question in what particular biological processes these spe-
cific CpGs are involved, we also generated RNA sequencing data for 2,000
of the samples, permitting us to empirically relate CpG methylation to gene
expression effects (eQTMs) for over 18,500 CpG sites (FDR <0.05). By using
different genomic annotations we could accurately predict (AUC = 0.8) wh-
ether these methylation-gene expression relationships were positive (35%)
or negative (65%).

By finally integrating the trans-meQTLs and eQTMs and adapting pathway
enrichment method DEPICT, we obtained insights in the downstream func-
tional effects of many genetic risk factors: rs3774959 (mapping close to
NFKB1 and associated with ulcerative colitis) significantly affects methyla-
tion levels of 355 different CpG sites, of which many map within genes of the
NF-kappaB cascade.

These results indicate that large-scale meQTL mapping permits discovery
of previously unknown downstream molecular effects for many genetic risk
factors, and these effects on trans-methylation levels have a clear biological
basis.

BIOS (Biobank-based Integrative Omics Study) is a BBMRI-NL Rainbow pro-
ject.
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Integrated analysis of human and bacterial genomes in relation to
BMI and blood lipid metabolites.

A. Zhernakova'?, M. Bonder', M. Cenit!, E. Tigchelaar?, ]. Dekens'?, J. Marczynska®?,
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Institute of MIT and Harvard, Cambridge, MA, United States, °Massachusetts General
Hospital and Harvard Medical School, Boston, MA, United States.

Increased body mass index (BMI) and blood lipid levels are risk factors for
many metabolic diseases. We aimed to investigate the combined effect of gut
microbiome and host genetics on human lipid metabolites. We measured
LDL, HDL, triglycerides (TG) and total cholesterol (TC) in 893 individuals
from a Dutch population cohort LifeLines-DEEP. The microbiome composi-
tion was accessed by 16S rRNA gene sequencing. The genotypes of 157 SNPs
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previously associated to lipid levels were available for all subjects. We deve-
loped the 2-part analysis model to account for both binary and qualitative
features of microbiome. The variation of lipids explained by host genetics
risk and microbiome were estimated using 80% random samples as disco-
very and 20% as validation set.

After adjusting for age and gender we identified 66 bacterial operational
taxonomic units (OTUs) to be associated with BMI, 114 with TG, and 34 with
HDL at false discovery rate (FDR)<0.05. No significant associations were de-
tected for LDL or TC at FDR<0.05. Microbiome composition could explain up
to 6.0% of the variation in TG level, 4.0% in HDL and 4.5% in BMI, but only
1.5% in LDL level and 0.7% in TC level. We did not observe strong interac-
tion between genetics and microbiome in the respect to human lipid levels.
Mendelian randomization analysis suggested that the microbiome is an in-
dependent, causal determinant of BMI and lipid levels. Overall, age, gender,
genetics and gut microbiome could collectively explain 9.6% variation in
BMI, 17.1% variation in TG and 25.9% variation in HDL cholesterol. These
results provide rational for developing microbiome-targeting therapy.
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High yield of causative mutations by whole exome sequencing in
selected individuals with childhood cancer

M. Jongmans’, E. Waanders’, M. Ligtenberg’, E. Kamping’, P. Hoogerbrugge?, M.
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Groningen, Netherlands, *Leiden University Medical Center, Leiden, Netherlands,
*University of Adelaide, Adelaide, Australia, *University of Athens, Athens, Greece.

Childhood cancer predisposition shows extensive genetic heterogeneity
with currently over 100 conditions described, and likely many to be iden-
tified. Recognition of genetic predisposition in a child with cancer may lead
to better treatment choices and surveillance options. We applied whole exo-
me sequencing on germline DNA of children, and their parents, with cancer
and at least one of these features: intellectual disability, congenital anoma-
lies, adult type of cancer, a family history for childhood cancer or multiple
primary malignancies. All cases remained undiagnosed after consultation
by a clinical geneticist and often multiple genetic tests. Analysis of the first
15 patients resulted in a high yield of causative mutations. Three patients
carried mutations in the well-known cancer genes TP53 and DICER1 (n=2).
In three children, exome sequencing revealed syndromes that possibly con-
tributed to their malignancy (EP300 based Rubinstein Taybi syndrome in
a girl with acute myeloid leukemia; ARID1A based Coffin Siris syndrome
and ACTB based Baraitser Winter syndrome in boys with acute lymphatic
leukemia (ALL)). In addition, we identified novel candidate genes like a
NOTCH1 pathway activating mutation in MAML2 (p.P319T) and a mutation
in TYK2 (p.P760L), both in children with two primary ALL occurrences. The
latter finding is particularly interesting since we previously found p.G761V
in TYKZ in a patient with recurrent T-ALL. Both mutations were shown to
activate STAT signaling, an important pathway in ALL. Our study shows the
value of exome sequencing in childhood cancer predisposition, both to fa-
cilitate the diagnosis of known syndromes as well as to trace novel cancer
susceptibility genes.

C€09.2

Integration of somatic and germline exome data to evaluate
pathogenicity of rare variants in cancer predisposition genes

S. Yost!, M. Clarke, E. Ruark’, N. Rahman®?;

Division of Genetics & Epidemiology, Institute of Cancer Research, London, United
Kingdom, *Cancer Genetics Unit, Royal Marsden Hospital, London, United Kingdom.
Genes in which germline mutations confer substantial increased risks of
cancer are called cancer predisposition genes (CPG). To date characteri-
sation of cancers arising in CPG mutation carriers has been limited as has
utilisation of tumor data from CPG mutations carriers to facilitate clinical
interpretation of their germline data. To explore this we have downloaded
and reanalysed data from 7,632 germline exomes from the 28 cancer ty-
pes in The Cancer Genome Atlas (TCGA) using the OpEx exome analytical
pipeline which has high sensitivity and specificity for indel detection. In the
first instance we have focussed on the BRCA1 and BRCA2 germline data. We
identified 155 pathogenic BRCA mutations (PMs) in 7,632 samples and 856
rare nonsynonymous (missense) variants (RNVs), which would typically be
reported as variants of uncertain significance (VUS). Tumor data of multiple
types strongly suggest that the great majority of the RNVs are not patho-
genic. For example, the PMs are highly clustered in patients with breast or
ovarian cancer whereas the RNVs are equally distributed amongst 28 cancer
types. Also the alternate allele frequency of the 155 PMs was significantly
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higher in their matched tumor samples, but a similar pattern does not ap-
pear to be present for the RNVs (analyses still in process - data will be pre-
sented). These data indicate that integration of tumor and germline genetic
information may have considerable utility in the interpretation of variants
of uncertain significance. This work was funded by the RM/ICR NIHR BRC.
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Expanding the mutation spectrum and phenotype of Polymerase
Proofreading-Associated Polyposis (PPAP): novel and previously
reported POLE variants
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Constitutional mutations of the POLE and POLD1 genes, coding for DNA
polymerase € e § subunits, respectively, have been recently identified in pa-
tients with multiple colonic adenomas (MCA) and colorectal cancer (CRC).
So far, only few families with this autosomal dominant inherited cancer
predisposition, named PPAP, have been reported and the phenotype and
prevalence of the condition are not well defined. We therefore investigated
a total of 62 patients with MCA (> 10), early onset CRC (EA-CRC) and/or fa-
milial CRC for mutations in the POLE and POLD1 exonuclease proofreading
domains (aa 278-471 e 304-517, respectively), by direct sequencing of ge-
nomic DNA, to verify their frequency and associated clinical characteristics.
Patients were APC, MUTYH and MMR mutation-negative. In-silico analyses
were performed using Polyphen2, SIFT, Mutation Taster, ClustalOmega, Phy-
re2, and Chimera 1.6.2.

Five POLE variants were identified in 4/62 patients: p.L424V (which has
already been reported as germline mutation) in a family with an autoso-
mal dominant phenotype of Turcot syndrome (multiple polyps associated
with gliomas) and cutaneous manifestations (multiple pilomatricomas);
p.D392G and p.K425R in a patient with two metachronous CRC and familial
CRC; p.S459C in a patient with 3 colorectal adenomas and a positive family
history of EA-CRC; p.P436S in a proband with EA-CRC and MCA. Bioinforma-
tic analyses are concordant in predicting a pathogenetic effect for p.K425R,
p.S459C and p.P436S, while interpretations of p.D392G are discordant.

Our results contribute to a better definition of the phenotype and mutation
spectrum of PPAP caused by POLE defects.
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Germline mutations in patients with hereditary breast and ovarian
cancer establish ERCC2 as a cancer susceptibility gene.
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Background: Breast and ovarian cancer (BC/OC) predisposition is asso-
ciated with a number of high- and low-penetrance susceptibility genes. De-
spite comprehensive testing there is still a large portion of high risk cases
without mutation in any of the known susceptibility loci. Therefore novel
candidate genes need to be screened. Here we report on the results of te-
sting 94 genes in 717 patients from Germany and Lithuania.

Method: Inclusion criteria for the patients in this study were defined by the
German Consortium for Breast and Ovarian Cancer. NGS was performed
with 150 bp paired end sequencing (Illumina TruSight cancer panel).
Results: In 19.7 % of the patients, BRCA1/2 mutations have been found.
Additional 17.9 % of the patients had null-mutations and unclassified mis-
sense variants in the BC/OC susceptibility genes ATM, CDH1, CHEK2, NBN,
PALB2, RAD51C/D and TP53. Analysis of the non-BC/OC genes on the Tru-
Sight-panel identified 4 protein truncating mutations in the , excision repair
gene” ERCC2. Additionally we found 20 rare, unclassified missense varia-
tions in ERCC2. These variants have a cumulative allele frequency of 2.9%
in our BC/0OC cohort, which is 14.5-fold overrepresented compared to the
“exome aggregation consortium” cohort. Initial functional assays show that
at least some of the protein variants (e.g. NM_000400.3:p.Val536Met) have
lost their DNA repair ability.

Conclusion: Overrepresentation of deleterious mutations in our cohort de-
fines ERCC2 clearly as a susceptibility gene for BC/OC predisposition. As
part of ongoing research, affected individuals with excluded mutations in
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the known BC/OC predisposition genes should be tested for mutations in
ERCC2.

C09.5

Tumour risks and genotype-phenotype-proteotype analysis in ~800
patients with germline mutations in the succinate dehydrogenase
subunit genes SDHB, SDHC and SDHD

K. A. Andrews'?, D. B. Ascher®, D. E. V. Pires®, L. Vialard*, N. Bradshaw®, L. Izatt®, A.
Kumar’, E Lalloo®, R. Irving®, ]. Cook™, T. Cole*, D. Goudie'’, M. McConachie'’, R. Lindsay*,
C. Perry, J. Adlard®, V. Murday®, S. Stewart*, E. Woodward*, E. R. Maher®'#;
!Cambridge University Hospitals NHS Foundation Trust, Cambridge, United Kingdom,
2Department of Medical Genetics, University of Cambridge and NIHR Cambridge
Biomedical Research Centre, Cambridge, United Kingdom, *°Department of Biochemistry,
University of Cambridge, Cambridge, United Kingdom, *West Midlands Regional
Genetics service, Birmingham Women's Hospital, Birmingham, United Kingdom, *West
of Scotland Regional Genetics Service, Ferguson Smith Centre for Clinical Genetics,
Glasgow, United Kingdom, °Regional Genetics Service Guy'’s Hospital, London, United
Kingdom, "Department of Clinical Genetics, North East Thames Regional Genetics
Unit, Great Ormond Street Hospital, London, United Kingdom, *Department of Genetic
Medicine, Manchester Academic Health Science Centre, St. Mary’s Hospital, University
of Manchester, Mancheser, United Kingdom, °Department of ENT Surgery, University
Hospital Birmingham Foundation Trust, Birmingham, United Kingdom, "’Sheffield
Clinical Genetics Service, Sheffield Children’s Hospital, Sheffield, United Kingdom,
"Ninewells Hospital and Medical School, Dundee, United Kingdom, *Institute of
Cardiovascular & Medical Sciences, University of Glasgow, Glasgow, United Kingdom,
3Yorkshire Regional Genetics Service, Leeds, United Kingdom.

Germline mutations in the succinate dehydrogenase subunit genes SDHB,
SDHC and SDHD are the most frequent causes of inherited phaeochromocy-
tomas and paragangliomas. Since these genes were identified over a decade
ago, genetic testing for mutations in them has become a standard clinical
tool for many patients with these, and other, tumour types. However, the
lack of information regarding penetrance and phenotypic variability asso-
ciated with SDHB/C/D mutations hinders optimum clinical management of
individuals who are found to have a germline mutation. In order to address
these issues we undertook a retrospective survey of 800 individuals (in-
cluding 401 previously reported) with identified mutations in SDHB/C/D.
Analysis of age-related tumour risks according to relevant gene and mutati-
on type (for SDHB and SDHD) provided novel estimates of penetrance and
genotype-phenotype correlations. In silico structural prediction analyses
were performed to evaluate the functional effects of SDHB and SDHD muta-
tions. Increased knowledge of the molecular basis of phenotypic variability
commonly observed in individuals with germline SDHB/C/D mutations will
facilitate the development of personalised management protocols based on
gene and mutation-specific tumour risks.

We describe the distinct phenotypes of SDHB Ile127Ser and SDHD Pro81-
Leu carriers, which can be explained using structural prediction studies and
may indicate a need to move towards mutation-specific management plans
for these patients.

C09.6

Germline SMAD9 Mutation Destabilizes PTEN: Exome Sequencing
Reveals a Novel Susceptibility Gene For Hamartomatous Polyposis and
Gastrointestinal Ganglioneuromas

J. Ngeow??, W, Yu?, L. Yehida?, C. Eng?;

1Cancer Genetics Service, National Cancer Centre Singapore, Singapore, Singapore,
2Genomic Medicine Institute, Cleveland, OH, United States.

Hamartomatous polyposis syndromes (HPS) represent a small but ap-
preciable number of the gastrointestinal inherited cancer predisposition
syndromes associated with a substantial risk for developing colonic and
extracolonic malignancies. We present a unique case of familial juvenile
polyposis syndrome associated with gastrointestinal ganglioneuromas of
unknown etiology. The patient underwent genetic testing for the known
HPS genes (BMPR1A, SMAD4, ENG, PTEN, STK11) but no mutation was de-
tected. Exome sequencing identified a novel germline mutation in SMAD9
resulting in reduced PTEN expression. We subsequently screened 40 JPS pa-
tients and 40 CS patients with HPS for SMAD9 mutations but did not detect
any with SMAD9 mutations. Our patient, in addition to HPS, had significant
ganglioneuromatosis which is rare but is overrepresented in CS patients
with germline PTEN mutations. Our functional experiments show that our
patient’'s SMAD9 mutation results in gain-of-function in SMAD8 leading to
reduced PTEN mRNA and protein stability, together, yielding a phenotype
(ganglioneuromatous polyps) seen more commonly in patients with germli-
ne PTEN mutations. Our study suggests that this may be indirectly regulated
by miR21expression. We recommend that all patients with a clinical presen-
tation of hamartomatous polyposis especially those with gastrointestinal
ganglioneuromas be referred for genetics evaluation.
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Whole genome sequencing reveals the mutation characteristics in
Autism Spectrum Disorder

R. K. Yuen!, B. Thiruvahindrapuram’, D. Merico’, S. Walker’, K. Tammimies*?, N. Hoang’,
C. Chrysler’, T. Nalpathamkalam’, G. Pellecchia’, Y. Liu** M. ]. Gazzellone’, L. DAbate’, E.
Deneault?, J. L. Howe', R. S. Liu’, A. Thompson?®, M. Zarrei’, M. Uddin’, C. R. Marshall’, R. H.
Ring®, L. Zwaigenbaum¢, P. N. Ray’, R. Weksberg®, M. Carter, B. Fernandez’, W. Roberts’,
P. Szatmari’, S. W. Scherer’;

IThe Hospital for Sick Children, Toronto, ON, Canada, *Karolinska Institutet, Stockholm,
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Autism spectrum disorder (ASD) is genetically heterogeneous, with evi-
dence for hundreds of susceptibility loci. Previous microarray and exome-
sequencing studies have examined portions of the genome in simplex fami-
lies (parents and one ASD-affected child) having presumed sporadic forms
of the disorder. We used whole-genome sequencing (WGS) of 85 quartet
families (parents and two ASD-affected siblings), consisting of 170 indivi-
duals with ASD, to generate a comprehensive data resource encompassing
all classes of genetic variation (including noncoding variants) and accom-
panying phenotypes, in apparently familial forms of ASD. By examining de
novo and rare inherited single-nucleotide and structural variations in genes
previously reported to be associated with ASD or other neurodevelopmental
disorders, we found that more than two-thirds of the affected siblings car-
ried different ASD-relevant mutations. These siblings with discordant muta-
tions tended to demonstrate more clinical variability than those who shared
a risk variant. Our study emphasizes that substantial genetic heterogeneity
exists in ASD, necessitating the use of WGS to delineate all genic and non-
genic susceptibility variants in research and in clinical diagnostics. We have
now sequenced 200 additional ASD families using WGS. We will present our
complete data analysis as well as additional progress from this study.

C10.2

Identification of a common set of microRNAs deregulated in Autism
Spectrum disorders

L. Nguyen’, M. Lepleux?, M. Makhlouf®, C. Martin?, J. Fregeac’, A. Phillipe’, F. Ferron®, B.
Gepner?, C. Rougeulle®, Y. Humeau?, L. Colleaux’;

IINSERM UMR 1163, Paris Descartes - Sorbonne Paris Cité University, Imagine
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7216, Université Paris Diderot, Paris, France, *Faculté de Médecine Nord, Aix Marseille
Université, NICN, CNRS UMR 7259, Marseille, France.

Autism spectrum disorder (ASD) is a neurodevelopmental disease caused
by an interaction between genetic vulnerability and environmental factors.
MicroRNAs (miRNAs) have emerged as key post-transcriptional regulators
and are involved in multiple aspects of brain development and connectivity.
Here, using olfactory mucosal stem cells biopsied from living patients, we
identified a signature of four miRNAs (miR-146a, miR-221, miR-654-5p and
miR-656) commonly deregulated in ASD. This signature is conserved in pri-
mary skin fibroblasts and allows discriminating between ASD and intellec-
tual disability samples. Putative target genes of the differentially expressed
miRNAs were enriched for pathways previously associated to ASD and alte-
red levels of neuronal transcripts targeted by miR-146a, miR-221 and miR-
656 were observed in patients’ cells. In the mouse brain, miR-146a displays
strong neuronal expression in regions important for high cognitive func-
tions, and we demonstrate that overexpressing miR-146a leads to alteration
of neuronal dendritic arborisation. These findings have strong diagnostic
implications and emphasize the role of miRNA expression deregulation in
the etiology of ASD, opening new opportunities for therapeutic approaches.

C10.3

Rare variants in GABAA receptor genes in Rolandic epilepsy and
related syndromes

E. M. Reinthaler’, B. Dejanovic?, D. Lal’**, M. Semtner?®, Y. Merkler?, A. Reinhold®, D. A.
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Purpose: Mutations in GABA, receptor (GABA,-R) subunit genes have been
described in a range of epilepsy syndromes. Here, we tested whether muta-
tions in 18 genes encoding for GABA, receptor subunit genes contribute to
the etiology of Rolandic epilepsy (RE) or its atypical variants (ARE).
Methods: We performed exome sequencing in 204 European patients
with RE/ARE and compared the frequency of GABA, R genes variants with
728 platform matched controls. We functionally assessed nonsynonymous
GABRGZ2 variants for protein stability, trafficking, postsynaptic clustering
and receptor function.

Results: Out of 18 screened GABA,-R genes, we found a significant en-
richment of rare variants in the GABRGZ2 gene in RE/ARE patients (5/204,
2.45%) when compared to controls (1/723, 0.14%) (OR = 18.07, 95% CI =
2.01-855.07,p=0.0024, p = 0.043). We detected a splice variant (c.549-
3T>G) in two unrelated patients as well as three nonsynonymous GABRG2
variations (p.G257R, p.R323Q, p.I389V). Functional analysis of the nonsyn-
onymous variants showed reduced surface expression of p.G257R and de-
creased GABA-evoked currents for p.R323Q. The p.G257R mutation resul-
ted in reduced palmitoylation, a posttranslational modification crucial for
trafficking of proteins to the cell membrane. Enzymatically enhanced pal-
mitoylation levels restored the surface expression of the p.G257R variant
y2-subunit.

Conclusion: The presented statistical association and functional evidence
suggest that mutations in the GABRG2 gene increase risk of RE/ARE. Re-
storing the impaired membrane trafficking of some GABRGZ2 mutations by
augmenting palmitoylation levels offers a therapeutic perspective to reverse
the pathogenic effect of such mutants.

DFG: LE1030/11-1, BN416/5-1, NU50/8-1, SA434/5-1, FWF: 1643-B09,
VH-NG-246, ERA-Net NEURON II CIPRESS, NOW: 175.010.2005.011, 911-
03-012, and (NGI)/NOW 050-060-810

C104

Hyperexcitability or electrical silencing: de novo loss- or gain-of-
function mutations in KCNAZ2 cause epileptic encephalopathy
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Epileptic encephalopathies are a phenotypically and genetically he-
terogeneous group of severe epilepsies accompanied by intellectual
disability and other neurodevelopmental features. Using next gene-
ration sequencing, we identified four different de novo mutations in
KCNA2, encoding the potassium channel K| 1.2, in six isolated patients
with epileptic encephalopathy (one mutation recurred three times
independently). Four individuals presented with febrile and multiple
afebrile, often focal seizure types, multifocal epileptiform discharges
strongly activated by sleep, mild-moderate intellectual disability, de-
layed speech development and sometimes ataxia. Functional studies of
the two mutations associated with this phenotype revealed an almost
complete loss-of-function with a dominant-negative effect. Two further
individuals presented with a different and more severe epileptic en-
cephalopathy phenotype. They carried mutations inducing a drastic
gain-of-function effect leading to permanently open channels. These
results establish KCNA2 as a novel gene involved in human neurode-
velopmental disorders by two different mechanisms, predicting either
hyperexcitability or electrical silencing of K 1.2-expressing neurons.
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Cysteine Correction of NOTCH3: exon skipping as a potential
therapeutic strategy for CADASIL
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CADASIL is a disabling hereditary vascular dementia and stroke syndrome,
occurring worldwide in ~1:50.000 individuals, for which no treatment is
available. The disease is caused by stereotyped mutations in NOTCH3, which
alter the number of cysteines in one of the epidermal growth factor-like
repeat (EGFr) domains of the NOTCH3 protein. This causes toxic NOTCH3
aggregation and accumulation in the (cerebro)vasculature, leading to vascu-
lar smooth muscle cell degeneration and a reduced cerebral blood flow. We
hypothesized that re-establishing the correct number of 6 cysteines within
EGFr may prevent or reduce toxic NOTCH3 aggregation. To accomplish this
NOTCH3 ‘cysteine correction, we use antisense-mediated exon skipping.
Based on extensive in silico protein predictions, at least 12 NOTCH3 exons
are eligible for this approach, targeting the majority of CADASIL causing
mutations. We now have established that this targeted NOTCH3 exon skip-
ping is feasible both in a CADASIL patient derived cell model and in human
NOTCHS3 transgenic mice. Using ‘skip’ cDNA constructs, we show that the
modified NOTCH3 proteins are expressed at the cell surface and bind to
their canonical ligand Jagged1. This indicates that this selected exon exclusi-
on does not abrogate normal NOTCH3 processing and function. The human
NOTCHS3 transgenic mice which we generated for in vivo studies show pro-
gressive cerebrovascular NOTCH3 accumulation, and are therefore a good
model to test potential therapies aimed at preventing or reducing NOTCH3
accumulation. Ongoing studies focus on optimizing in vivo exon skipping, to
determine the effect of cysteine correction on vascular NOTCH3 accumulati-
on and ultimately the CADASIL phenotype.

C10.6

De novo deleterious genetic variations target a biological network
centered on A peptide in early-onset Alzheimer disease

A. Rovelet-Lecrux', C. Charbonnier’, D. Wallon’, G. Nicolas’, M. N. J. Seaman?, C. Pottier’,
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We hypothesized that de novo variants (DNV) might participate in the ge-
netic determinism of sporadic early-onset Alzheimer disease (EOAD, onset
before 65 years). We investigated first by array-CGH and then by whole
exome sequencing 14 sporadic EOAD trios. Two patients carried a de novo
copy number variation and 7, among the remaining 12, had at least one
non-synonymous DNV. Five of these 9 DNV (an APP duplication, a BACE2
intronic deletion, and three nucleotide variants affecting PSEN1, VPS35 and
MARK4) targeted a biological network centered on the Amyloid beta (AB)
peptide. Using appropriate statistical analyses, we showed that this a priori-
defined genetic network was significantly enriched in amino acid-altering
DNV, compared to the rest of the exome. In addition, we provided evidence
of the functional impact of 4/5 DNV targeting this network: the causality of
the APP de novo duplication (which is the first reported one) was obvious;
the novel PSEN1 variant resulted in exon 9 skipping in patient’s RNA, lea-
ding to a pathogenic missense at exons 8-10 junction; the VPS35 missense
variant led to partial loss of retromer function, which may impact neuronal
APP trafficking and A secretion; and the MARK4 multiple nucleotide vari-
ant resulted into increased Tau phosphorylation which may trigger enhan-
ced AB-induced toxicity. Despite the difficulty to recruit AD trios due to age
structures of the pedigrees and the genetic heterogeneity of the disease, this
strategy allowed us to highlight the role of de novo pathogenic events, the
putative involvement of three new genes in AD genetics and the key role of
AB network alteration in AD.
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Mutations in a novel dynein-2 light chain, TCTEX1D2, cause Jeune
Asphyxiating Thoracic Dystrophy (JATD) with incomplete penetrance
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Background: JATD is a very rare, autosomal recessively inherited ciliary
chondrodysplasia mainly characterised by short ribs resulting and narrow
thorax causing a life threatening respiratory phenotype, sporadic polydac-
tyly and variable extraskeletal findings such as renal, hepatic and retinal di-
sease. Known disease causing genes currently explain approximately 80%
of the cases. We have recently identified mutations in components of the
cytoplasmic dynein-2 complex, including the heavy chain and 2 novel inter-
mediate chains, but not any light chains.

Objectives, methods and results: To define the underlying genetic and
molecular basis, we have genetically explored a cohort of over 300 indi-
viduals using diverse DNA sequencing techniques including whole exome
sequencing, identifying 3 families with loss of function ("null”) mutations
in TCTEX1D2, a new cytoplasmic dynein-2 (IFT-dynein) light chain. We
observed an unusual inheritance pattern suggesting incomplete penetran-
ce and in patient cells and Chlamydomonas, impairment of retrograde IFT
seems milder than in models for other dynein-2 defects and in human, fish
and Chlamydomonas and loss of TCTEX1D2 conferred no apparent changes
in gross ciliary structure. Our proteomics analysis in Chlamydomonas and
human proteomic analysis confirmed that TCTEX1D2/Tctex2b represents
a component of an intermediate chain/light chain sub-complex within IFT
dynein and that in Chlamydomonas, the retrograde IFT defect observed is
caused by instability of the entire IFT dynein complex.

Conclusion: Together, our results suggest TCTEX1DZ2 is an integral compo-
nent of the I[FT-dynein complex in human, zebrafish and that loss of function
mutations cause JATD, however its loss may be compensated for under cer-
tain conditions.
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Mutations in DVL1 cause an osteosclerotic form of Robinow Syndrome
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Robinow Syndrome (RS) is a phenotypically and genetically heterogeneous
condition that can be caused by mutations in genes encoding components of
the non-canonical WNT signaling pathway. In contrast, germline mutations
that act to increase canonical WNT signaling lead to distinctive osteosclero-
tic phenotypes. Here we identify de novo frameshift mutations in DVL1, a
mediator of both canonical and non-canonical WNT signaling, as the cause
of a subtype of RS with osteosclerosis (RS-0S) in three unrelated individu-
als. The mutations all delete the DVL1 C-terminus and replace it, in each in-
stance, with a novel, highly basic sequence. We show the presence of mutant
transcript in fibroblasts from one individual with RS-0S, and demonstrate
unimpaired protein stability with transfected GFP-tagged constructs bearing
a frameshift mutation. In vitro TOPFlash assays, in apparent contradiction
to the osteosclerotic phenotype, revealed that the mutant allele is less active
than the wild type in the canonical WNT signaling pathway. However, when
the mutant and wild type alleles are co-expressed, there is a 2-fold increase
in canonical WNT activity over that of the wild type construct alone. This
work establishes that DVL1 mutations cause a specific subtype of RS, RS-0S,
and that the osteosclerosis may be the result of an interaction between the
wild type and mutant alleles leading to elevated canonical WNT signaling.
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Mutations in ZAK cause autosomal recessive split foot malformation
in humans and complex hindlimb defects in mice
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Split hand foot malformation (SHFM) is a clinically heterogeneous defect of
the central rays of hands and feet.
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By using a combination of homozygosity mapping and exome sequencing
in a consanguineous Pakistani family, we have identified a c.1103T>G /
p.Phe368Cys mutation in ZAK (also known as MLTK) on chromosome 2q31.1
as the cause of a unique autosomal recessive split foot-hearing loss syndro-
me with highly variable expressivity. Screening of genetically unresolved
SHFM cases identified an unrelated Tunisian individual with a homozygous
intragenic ZAK deletion. Our biochemical studies using a super negative GFP
gel assay show that the SAM domain of ZAK is monomeric. In situ hybridisa-
tion in mouse embryos revealed strong Zak expression in the heart as well
as in the developing forelimb and hindlimb between embryonic days (E) 9.5
and 11.5. Consistent with a role for Zak/Mltk in cartilage and bone develop-
ment morpholino oligonucleotide-mediated knockdown resulted in abnor-
mal cartilage development in Xenopus laevis embryos. Finally, CRISPR-Cas
mediated complete inactivation of Zak in mice caused lethality at E 9.5 due
to severe cardiac malformation. The targeted deletion of the SAM domain in
mice however was associated with a complex hindlimb malformation with
some animals showing severe clefting of the whole hindlimb including the
femur, tibia, fibula and the feet. Furthermore expression analysis of mutant
hindlimbs at E 10.5 and 11.5 showed a 60% decrease of Tp63 expression
compared to wild type hindlimbs, suggesting a functional link between Zak
and p63.
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Spondyloenchondrodysplasia: The expanding phenotype of TRAP
deficiency
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Spondyloenchondrodysplasia is a rare immuno-osseous dysplasia caused by
biallelic mutations in ACP5. Clinical, molecular and serological data from a
total of 22 patients from 17 families will be described, providing an update
regarding the skeletal, neurological and immune phenotype in this condi-
tion, in which the spectrum of disease continues to widen with increased
identification of affected individuals. Of particular note we propose that the
OMIM differentiation between Spondyloenchondrodysplasia and Spondylo-
enchondrodysplasia with immune dysregulation is not required, as we have
shown with molecular testing that they represent a continuum of the same
disorder. We observed a diverse immune phenotype, frequently including
autoimmune thrombocytopenia and systemic lupus erythematosus, and no-
ted a possible increased susceptibility to infection. In the majority of patients
tested we detected upregulated expression of type I interferon-stimulated
genes, in keeping with the autoimmune phenotype observed and the likely
immune regulatory function of the deficient protein: tartrate resistant acid
phosphatase. Interestingly, however we identified two mutation positive
patients without an upregulation of interferon-stimulated genes, including
one patient with significant autoimmune disease, which was controlled by
immunosuppressive therapy. This patient may demonstrate a useful therapy
for the immune manifestations of Spondyloenchondrodysplasia.
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Brachyolmia with amelogenesis imperfecta can be caused by a defect
in the TGFbeta signaling pathway
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Brachyolmia refers to a heterogeneous group of skeletal dysplasias with a
disproportionate short stature with short trunk. Radiographically the dis-
order is characterized by a predominant involvement of the axial skeleton
with variable degrees of vertebral flattening (platyspondyly). Amelogenesis
imperfecta (Al) is a defect in enamel formation/mineralization presenting
as an isolated anomaly or occuring in association with other anomalies. In
1996, Verloes et al. described an autosomal recessive form of brachyolmia
associated with Al (OMIM 601216). Bertola et al. (2009) subsequently pu-
blished two other families with the combination of vertebral anomalies and
enamel defects. Here we report on four additional families with the same
phenotype. Three of the eight affected individuals had significant short
stature. All patients had variable degrees of platyspondyly, very thin or al-
most absent enamel in both primary and permanent dentitions. A combined
strategy of homozygosity mapping and whole exome sequencing resulted
in the identification of recessive hypomorphic mutations in a gene involved
in the TGFbeta signaling pathway. We further investigated the gene expres-
sion during mouse and tooth development. At E18.5 labeling was restricted
to ameloblasts synthesizing enamel matrix proteins, and to odontoblasts.
Investigating an available knockout mouse model showed that the mutant
mice displayed thin to absent enamel in both incisors and molars, as well as
disorganised ameloblasts layer and matrix hereby recapitulating the amelo-
genesis imperfecta phenotype in our patients. Our study confirms the role of
the TFGbeta signaling pathway in both osteogenesis and amelogenesis.
EU-funded project (ERDF) A27 ,Oro-dental manifestations of rare diseases”
supported by the RMT-TMO Offensive Sciences initiative, INTERREG IV Up-
per Rhine program www.genosmile.eu.
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Pentosan Polysulfate: New Mechanistic Insights and Treatment of the
Mucopolysaccharidoses
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Pentosan polysulfate (PPS) is manufactured in both oral and injectable
forms, and has been used clinically for over 40 years. Due to the i) anti-in-
flammatory properties of PPS, ii) positive effects in arthritic animals and
patients, and iii) extensive safety history, we investigated the use of PPS
in the mucopolysaccharidoses (MPS). Comparative studies of oral (daily)
and injectable (weekly subcutaneous, s.c.) PPS were carried out in MPS VI
rats (Schuchman et al.,, 2013; Frohbergh et al., 2014). Both studies led to
reduced inflammatory markers, improved dentition and skull lengths, re-
duced tracheal deformities, and markedly improved mobility. Unexpectedly,
a significant reduction of urine and tissue glycosaminoglycans (GAGs), was
most evident after s.c. administration. Findings were confirmed by analysis
of total GAGs and by mass spectrometry. The mechanism(s) leading to PPS-
mediated GAG reduction in MPS are currently being investigated. Further
preclinical studies were carried out in MPS I dogs, with oral (daily) and s.c.
(every other week) PPS for >1 year. Significant reductions of inflammatory
markers, tissue and urine GAGs were most evident with s.c. administration.
Both treatment groups also exhibited reduced carotid and aortic inflamma-
tion with the absence of plaque formation, a common pathology in the va-
sculature of MPS I dogs and patients. Based on these findings, two clinical
studies evaluating s.c. PPS have been initiated, in adult MPS I (Germany) and
MPS 1II (Japan) patients. We conclude that PPS may be beneficial for MPS,
either as an adjunct therapy or as a stand alone treatment that reduces in-
flammation and GAG storage.

C12.1

A novel disorder reveals Clathrin Heavy Chain-22 is essential for
human pain and touch development
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A congenital inability to feel pain is very rare but the identification of causa-
tive genes has yielded significant insights into pain pathways and also novel



CONCURRENT SESSIONS

targets for pain treatment. We report a novel recessive disorder characte-
rised by congenital insensitivity to pain, inability to feel touch, and cognitive
delay. Affected individuals harboured a homozygous missense mutation in
CLTCL1 encoding the CHC22 clathrin heavy chain. The mutation p.E330K
renders CHC22 non-functional in mediating endocytosis at the cell mem-
brane. We found that CLTCL1 is significantly upregulated in the developing
human brain, displaying an expression pattern suggestive of an early neuro-
developmental role. Guided by the disease phenotype, we investigated the
role of CHC22 in two human neural crest differentiation systems; human
iPSC derived nociceptors and TRKB dependant SH-SY5Y cells. In both there
was a significant down-regulation of CHC22 upon the onset of neural diffe-
rentiation. Furthermore, knockdown of CHC22 induced neurite outgrowth
in neural precursor cells, which was rescued by stable overexpression of
siRNA resistant CHC22 but not by mutant CHC22. Similarly, overexpressi-
on of wild-type, but not mutant, CHC22 blocked neurite outgrowth in cells
treated with Retinoic Acid. Using a novel, quantitative proteomics approach
we have identified the protein complement of clathrin coated vesicles in
neuronal cells, and present insights into the neural-specific trafficking de-
fects resulting from loss of functional CHC22. These results reveal an essen-
tial and non-redundant role for CHC22 in neural crest development and in
the genesis of pain and touch sensing neurons.

C12.2

Exome sequencing of ataxia-blindness patients identifies atypical
Brown-Vialetto-Van Laere syndrome-2 (BVVLS2) presentation and
identifies PEX6 as the SCAR3 (MIM#271250) gene

C. Guissart’?, E. Acar’, H. Topaloglu?, B. Leheup?, S. Ferdinandusse®, M. Koenig"?;
"Laboratoire de Génétique Moléculaire, Centre Hospitalier Universitaire (CHU)
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We reported in 2000 the linkage of spinocerebellar ataxia with blindness
and deafness (SCAR3) to chromosome 6p23-p21 from the study of a single
multigenerational consanguineous family (Bomont et al.). We have now per-
formed exome sequencing of this family and found in all patients the homo-
zygous p.Gly306Arg missense mutation in SLC52A2, previously reported in
patients with BVVLS2, but located on chromosome 8qter. High recombinati-
on rate in the telomeric region and use of widely spaced microsatellite mar-
kers explains why correct linkage was initially missed. Exome sequencing of
a second family with two children affected with progressive ataxia, bilateral
optic atrophy and mild mental retardation revealed the novel homozygous
p.Pro134Leu missense mutation in SLC52A2, confirming that treatable (by
riboflavin supplementation) BVVLS2 should be considered for differential
diagnosis of syndromic autosomal recessive ataxia. Exome sequencing of a
third family with two children affected with progressive ataxia and retinitis
pigmentosa and with linkage to 6p23-p21 revealed the p.Ala912Val muta-
tion in PEX6. Retrospective analysis of peroxisomal markers showed just
above normal serum phytanic acid levels but fibroblasts from a subsequent
skin biopsy revealed absent peroxisomal catalase immunostaining, peroxi-
somal ghosts with abnormal structure and markedly increased C26/C22
ratio, confirming the pathogenicity of the p.Ala912Val mutation. Therefore,
despite initial false linkage, the SCAR3 locus is confirmed and corresponds
to PEX6 mutation. Identification of these hypomorphic missense mutations
lends further support to the concept that numerous recessive ataxias are
caused by partial loss of function mutations in a large variety of pathophy-
siological pathways (Anheim et al., NEJM, 2012).

Grant references: ANR/E-rare JTC 2011 ‘Euro-SCAR’ (2011-RARE-004-01)
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Heimler Syndrome is caused by unique hypomorphic mutations in the
peroxisome biogenesis genes PEX1 and PEX6
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Heimler syndrome (HS) is a rare recessive disorder characterized by sen-
sorineural hearing loss, enamel hypoplasia, retinal pigmentation and nail
abnormalities, for which no gene has been identified. We performed whole
exome sequencing in eight families with HS and identified biallelic muta-
tions in PEX1 or PEX6, in six affected families. Loss of function mutations
in both genes are known to cause peroxisome biogenesis disorders (PBDs),
such as Zellweger syndrome, which is a group of autosomal recessive dis-
orders, characterized by developmental brain abnormalities, sensorineural
hearing loss, retinopathy, and skeletal, craniofacial, and liver abnormalities.
We analyzed plasma, erythrocytes and cultured skin fibroblasts from affec-
ted individuals for biochemical peroxisomal parameters but did not detect
any significant aberrations. However, immunofluorescence microscopy of
the fibroblasts revealed a so-called mosaic peroxisomal pattern compatible
with a very mild peroxisomal dysfunction. The impaired peroxisomal bio-
genesis in the PEX1 or PEX6 mutant cells could be rescued by transfection
of PEX1 or PEX6 cDNA respectively and by functional expression studies
we demonstrated which of each mutant allele caused the mild mutant phe-
notype. Most of these mutations had not been reported previously in PBD
patients.

Although individuals with HS share subtle clinical features found in PBDs,
the overlap is minimal and the diagnosis was not suggested by routine plas-
ma analyses used to detect PBDs. In conclusion, our findings illustrate the
diagnostic utility of exome sequencing for rare syndromes and expand the
phenotypic spectrum associated with PEX mutations.
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An in-frame deletion in FOXL1 identifies the first gene causing
autosomal dominant otosclerosis
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Introduction: Otosclerosis, the most common cause of conductive hearing
loss in adults, is characterized by the cementing of the stapes bone to the
oval window, and is believed to be caused by dysregulation of bone remo-
deling in the otic capsule. Although considered sporadic, 10 distinct genetic
loci (OTSC1-10) have been mapped in families with autosomal dominant
forms, but no genes have been identified.

Materials and Methods: We used a combination of linkage, fine mapping
and exome sequencing in a multiplex AD family from the island of New-
foundland, Canada.

Results: We identified a 15 bp in-frame deletion in the FOXL1 gene
(c.976_990het_delGGGATCCCCTTCCTC) co-segregating in all relatives with
surgically confirmed otosclerosis. This in-frame deletion in FOXL1 is predic-
ted to cause the removal of 5 amino acids from the highly conserved C-ter-
minus (NM_005250). Screening of >100 patients from Canada and Europe
revealed a second family from Ontario, Canada, with the identical mutation
in FOXL1 and shared ancestral haplotype.

Conclusions: Expression studies using human cells suggest that mutant
FOXL1 causes dysregulation of cytokines, supporting the prevailing hypo-
thesis that patients with otosclerosis undergo activated bone remodeling in
the otic capsule. Interestingly, although not present in ethnically matched
controls, the novel ¢.976_990het_del GGGATCCCCTTCCTC deletion in FOXL1
was recently reported at a frequency of 0.16% in Europeans and 0.09% in
Africans. In summary, we report the identification of the first otosclerosis
gene.
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Submicroscopic deletions at 13q32.1 cause congenital microcoria
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Congenital microcoria (MCOR) is a rare autosomal dominant disorder cha-
racterized by inability of the iris to dilate owing to absence of dilator pupil-
lae muscle. So far, a dozen MCOR families are reported worldwide. By using
whole-genome oligonucleotide array CGH, we have identified deletions at
13q32.1 segregating with MCOR in six families originating from France, Ja-
pan and Mexico. Breakpoint sequence analyses showed nonrecurrent dele-
tions in 5/6 families. The deletions varied from 35 Kbp to 80 Kbp in size, but
invariably encompassed or interrupted only two genes: TGDS encoding the
TDP-glucose 4,6-dehydratase and GPR180 encoding the G protein-coupled
receptor 180, also known as intimal thickness-related receptor (ITR). Un-
like TGDS which has no known function in muscle cells, GPR180 is involved
in the regulation of smooth muscle cell growth. The identification of a null
GPR180 mutation segregating over two generations with iridocorneal angle
dysgenesis which can be regarded as a MCOR endophenotype is consistent
with the view that deletions of this gene, with or without the loss of elements
regulating the expression of neighboring genes, are the cause of MCOR.
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A molecular network surrounding dysregulated H3K9 di-methylation
in PRDM5-associated disease
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Introduction: Brittle cornea syndrome (BCS) is an inherited connective tis-
sue disease with a devastating ocular phenotype. Mutations in transcription
factors ZNF469 and PRDM5 cause BCS types 1 and 2, respectively. PR domain
containing 5 (PRDMS5) is hypothesised to exert epigenetic effects on histone
and DNA methylation, chromatin organisation, and microRNA regulation,
however its role in epigenetic regulation is not fully elucidated. PRDM5-re-
lated disease offers an in vivo opportunity to observe a subset of epigenetic
regulatory mechanisms in an inherited eye disease.

Methods and results: We report a retinal vascular phenotype in the eyes of
two patients with PRDM5-associated disease, and through mining PRDM5
ChIP-seq data performed in murine MC3T3 cells and our expression mi-
croarray data performed on patient fibroblasts suggest a role for PRDM5
in vasculogenesis. We confirmed PRDM5 binding at a subset of vasculoge-
nesis-related genes in skin fibroblasts by ChIP-QPCR. We examined PRDM5
interaction partners by pull-down and mass spectrometry and observed di-
minished interaction of a PRDM5 construct carrying a BCS-associated muta-
tion with repressive complexes, including NuRD complex protein CHD4, and
heterochromatin protein 1 binding protein 3 (HP1BP3). We investigated a
role for HP1BP3 in vivo, identifying reduced HP1BP3 staining in patient re-
tinas, and identifying H3K9 di-methylation as a molecular mechanism for
transcriptional repression at a subset of vasculogenesis-related PRDMS5 tar-
get genes. Western blotting studies on patient fibroblasts further suggested
a role for dysregulated H3K9 di-methylation in vivo. Conclusions: These
findings suggest a role for dysregulated H3K9 di-methylation in PRDM5-
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associated disease.
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Human-specific gene evolution and diversity of the chromosome
16p11.2 autism CNV
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Recurrent 600kbp deletions and duplications at 16p11.2 are associated with
autism, schizophrenia and extremes of BMI and head circumference. These
rearrangements occur via non-allelic homologous recombination (NAHR)
between BOLA2-containing directly oriented segmental duplications at BP4
(breakpoint 4) and BPS5. Illumina sequencing of 2,551 humans, 86 great
apes, a Neanderthal and a Denisovan showed that modern humans carry at
least one additional copy of BOLAZ (from 3 to 10 diploid copies) in contrast
to apes and archaic hominins. Through [llumina and PacBio sequencing of
large-insert clones from orangutan and chimpanzee, we identified three in-
versions in the human lineage after divergence from orangutan, affecting
>1Mbp of sequence and 45 genes, together with the addition of ~1Mbp via
segmental duplication. The latter includes a ~102kbp BOLAZ segment that
duplicated ~183kya, the time when Homo sapiens emerged as a species.
We sequenced four human haplotypes and discovered multiple ~102kbp
tandem duplications in BP4 and BP5, likely leading to different NAHR pre-
disposition. We are currently assaying BOLA2 copy number and refining
breakpoints in >125 patients with a BP4-BP5 deletion or duplication. BO-
LAZ is ubiquitously expressed, present in all eukaryotes, and involved in the
regulation of iron metabolism. Expression levels in human lymphoblastoids
correlate with copy number (r=0.29), expression of genes on 16p13 and
19p13, and of genes encoding mitochondrial and ribosomal proteins.
These findings suggest that a possible advantage linked to the emergence
of duplicated genes in the last 200,000 years of human evolution, underlies
the predisposition to recurrent rearrangements at 16p11.2 associated with
autism.
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Chromosomal contacts connect loci associated with autism, BMI and
head circumference phenotypes
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We identified the cis- and trans-acting long-range chromosomal contacts of
five genes located within the 16p11.2 600kb BP4-BP5 copy number variants
(CNVs). Its deletion is one of the most frequent known etiologies of autism
spectrum disorder (ASD), while this deletion and reciprocal duplication are
associated with mirror phenotypes on BM], head circumference and brain
volume. We observed complex chromatin looping between genes located
in the proximal 600kb BP4-BP5 and those mapping to the distal 16p11.2
220kb BP2-BP3 region, two loci separated by 650kb, successfully confir-
med by reciprocal 4C, FISH, Hi-C and associations between active regula-
tory regions. Phenotyping of 137 unrelated carriers of distal 16p11.2 220
kb BP2-BP3 deletion and duplication showed that these CNVs are similarly
associated with ASD and reciprocal impacts on BMI and HC.

Our results indicate that chromosomal contacts’ maps could uncover func-
tionally and clinically related genes. Consistent with this hypothesis, loci
chromatin-contacted by our selected viewpoints are enriched for ASD genes
(OR=2.15, P=1.65e-08). Furthermore, we uncovered 16p11.2 600kb BP4-
BP5 chromatin loops with (i) the 1q21.1 cytoband, whose deletions and du-
plications were previously linked to micro- and macrocephaly, respectively;
(ii) PTEN, mutations of which are associated with a macrocephalic-form of
ASD; and (iii) the 2p15 cytoband. We enrolled 35 carriers of 2p15-16.1 de-
letion and duplication and showed that they similarly display mirror pheno-
types on HC and weight.

Finally, we observe that genes differentially expressed in 16p11.2 BP4-BP5
CNV carriers are concomitantly modified in their chromatin interactions,
suggesting that disruption of chromatin interplays participates in the ob-

served phenotypes.
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C13.2

The impact and activity of mobile elements within the genome

J. Y. Hehir-Kwa’, D. Thung’, V. Guryev?, W. P. Kloosterman®, T. Marschall’, K. Ye®, ]. A.
Veltman™s;

!Radboud umc, Nijmegen, Netherlands, ?University Medical Center Groningen,
Groningen, Netherlands, *University Medical Center Utrecht, Utrecht, Netherlands,
“Max-Planck-Institut fiir Informatik, Saarbriicken, Germany, °The Genome Institute
Washington University, St Louis, MO, United States, *Maastricht University Medical
Centre, Maastricht, Netherlands.

Mobile genomic element insertions (MEIs) are DNA sequences that can be
autonomously copied or moved through the genome, yet their highly repe-
titive sequence structure makes them difficult to detect and genotype. In
addition to being a major evolutionary driver in changing the genomic archi-
tecture, MEIs can also directly resulted in pathogenic variation in a number
of human diseases by inserting into functionally important regions and dis-
rupting gene function, or indirectly by mediating deletions.

We have developed a method to identify both MEIs as well as gene retro-
transposition insertions (GRiPs) in whole genome sequencing data. Using
this tool we screened a cohort of 250 trios selected from the Dutch popula-
tion and whole genome sequenced to a mean depth of 14x. In total 11,680
MEIs and 5 GRiPs were identified. The majority of the MEIs were rare Alu
events (83%) with a frequency of less than 1% (56%). Per individual 1,200
MEIs were identified, including exonic insertions predicted to result in loss
of function in known disease genes. In addition we identified and validated 5
de novo MEI events and used the trio design to estimate the genotype error
rate (0.4%).

Due to developments in NGS it is now possible to perform genome wide
identification of both MEI and GRiP events. The discovery of these events in
large cohorts provides new insights into the role of genomic variation with
positional effects.

Grants: ERC DENOVO 281964, NWO 184.021.007

C13.4

Single-cell allele specific expression (ASE) in T21: a novel approach to
understand Down syndrome.

G. Stamoulis?’, P Makrythanasis?, F. Santoni’, A. Letourneau®, M. Guipponi?, M. Garieri’,
N. Panousis’, E. Falconnet!, P. Ribaux’, C. Borel', S. E. Antonarakis*?;

1Department of Genetic Medicine and Development, University of Geneva Medical School
1211, Geneva 4, Switzerland, Geneva, Switzerland, *Geneva University Hospitals-HUG,
Service of Genetic Medicine, 1211 Geneva 4, Switzerland, Geneva, Switzerland, *iGE3
Institute of Genetics and Genomics of Geneva, University of Geneva, 1211 Geneva 4,
Switzerland, Geneva, Switzerland.

Trisomy 21 is a model disorder of altered gene expression. We have pre-
viously used a pair of monozygotic twins discordant for T21 to study the
global dysregulation of gene expression, without the noise due to genetic va-
riation among individuals (Nature:508;345-350;2014). The majority of pre-
vious studies focused on aneuploidies were conducted on cell populations
or tissues. Studies on gene and allelic expression behavior at the single cell
level, may reveal important biological insights regarding the cellular impact
of aneuploidy and elucidate the fundamental mechanisms of gene dosage.
In this study we employed allele specific expression (ASE) using RNAseq
from 352 single cell fibroblasts (172 Normal and 180 T21 cells) from the
pair of monozygotic twins discordant for T21. A considerable number of
heterozygous sites throughout the non-chr21 genome were expressed mo-
noallelically (Normal: 73.2 % monoallelic in 559,134 observations, and T21:
78.8 % monoallelic in 573,670 observations). There was also considerable
monoallelic expression for chr21 genes in Normal and surprisingly in T21
cells as well (Normal: 67,2 % monoallelic in 4,985 observations, and T21:
76.07 % monoallelic in 6,723 observations). This metric was used to classify
genes on chr21 according to the level of monoallelic expression (9 monoal-
lelic, 29 intermediate, 2 biallelic). We hypothesize that different classes of
genes contribute with different mechanisms to the phenotypic variability
of Down Syndrome. Furthermore we have made a preliminary observation
that genomewide T21 cells showed more monoallelic expression than the
normal cells, but more analysis is needed to confirm these results. This stu-
dy provides a fundamental understanding of the allele specific expression
behavior in T21.

C13.5

High incidence of mosaic chromosomal aneuploidies in human cell
lines: a quantification of the frequency of the phenomenon

E. S. Dimitriadou’, M. Zamani Esteki?, N. Van der Ad? T. Voet?, ]. R. Vermeesch';
1Laboratory for Cytogenetics and Genome Research, Department of Human Genetics, KU
Leuven, Leuven 3000, Belgium., Leuven, Belgium, Laboratory of Reproductive Genomics,
Department of Human Genetics, KU Leuven, Leuven 3000, Belgium, Leuven, Belgium.

Maintenance of a balanced euploid genome is a key requisite for the success
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of all multicellular organisms. Broken chromosomes trigger repair pathways
and are known to block or delay mitosis. As a consequence, chromosome se-
gregation is generally thought to accurately transmit intact chromosomes.
Estimates of the whole chromosomal error rates derived from karyotyping
and FISH studies of cell lines or stimulated white blood cells, range bet-
ween 2-4x10-2 per cell division. The occurrence of segmental imbalances
is estimated to be 5x10-4 per cell division. Sporadic studies of single cell
genome wide CNV analysis suggested that the error rate might be higher
than currently estimated. To obtain accurate measures of chromosomal er-
ror rates, we plated fibroblast and analyzed the genomes of two daughter
cells following a single cell division, using array-based approaches. In total
152 cells (76 mitoses) from 5 different normal control fibroblast cell lines
were analyzed. At least one imbalance was detected in 23 cells, giving a an-
euploidy rate of 5.3-25% (median=15.1%) in the different cell lines tested.
In conclusion, the chromosomal stability is more than 100 times lower than
current dogma, showing that chromosomal instability is a common place
and putting the efficacy of the DNA repair mechanisms and control check-
points in question.

C13.6

Chromothripsis in healthy individuals affects multiple protein-coding
genes and can result in severe congenital abnormalities in offspring
M. S. de Pagter’, M. J. van Roosmalen’, A. F. Baas, I. Renkens, K. ]. Duran’, E. van
Binsbergen’, M. Tavakoli-Yaraki’, R. Hochstenbach’, L. T. van der Veken’, E. Cuppen®?, W.
P, Kloosterman’;

'UMC Utrecht, Utrecht, Netherlands, ?Hubrecht Institute, Utrecht, Netherlands.

Chromothripsis represents an extreme class of complex chromosome re-
arrangements (CCRs) with major effects on chromosomal architecture.
Although recent studies have associated chromothripsis with congenital
abnormalities, the incidence and pathogenic effects of this phenomenon
require further investigation. Here, we analyzed the genomes of three fami-
lies in which chromothripsis rearrangements were transmitted from a mo-
ther to her child. The chromothripsis in the mothers resulted in completely
balanced rearrangements involving 8-23 breakpoint junctions across 3-5
chromosomes. Two mothers did not show any phenotypic abnormalities,
although 3-13 protein coding genes were affected by breakpoints. Unba-
lanced but stable transmission of a subset of the derivative chromosomes
caused apparently de novo complex copy number changes in two children.
This resulted in gene dosage changes, which are likely responsible for their
severe congenital phenotypes. In contrast, one child with severe congenital
disease harbored all three chromothripsis chromosomes from his healthy
mother, but one of the chromosomes acquired de novo rearrangements lea-
ding to copy number changes. These results show that the human genome
can tolerate extreme reshuffling of chromosomal architecture, including
breakage of multiple protein coding genes, without noticeable phenotypic
effects. The presence of chromothripsis in healthy individuals affects repro-
duction and is expected to substantially increase the risk of miscarriages,
spontaneous abortions and severe congenital disease.

C14.1

External Quality Assessment of Genetic Counselling: experiences with
the first pilot assessment

C. M. A. van Ravenswaaij-Arts’, C. van Asperen? E. Dequeker’, L. Tranebjaerg®, L.
Garavelli®, B. Peterlin®, B. Cope’, H. Skirton®, R. Hastings’, ESHG Genetic Services Quality
Committee;

Dept. Genetics UMCG, Groningen, Netherlands, ?Dept. Genetics LUMC, Leiden,
Netherlands, *Dept. Genetics UzLeuven, Leuven, Belgium, *University of Copenhagen,
Copenhagen, Denmark, °S. Maria Nuova, Reggio Emilia, Italy, ‘UMC Ljubljana, Ljubljana,
Slovenia, "Genetic Alliance UK, London, United Kingdom, ®University of Plymouth,
Plymouth, United Kingdom, °John Radcliffe Hospital, Oxford, United Kingdom.

Quality assessment has long been associated with laboratory, but not clini-
cal, services. To address this gap, in 2012 the ESHG Genetic Services Quality
Committee (GSQC) explored the needs for a European Quality Assessment
(EQA) scheme for genetic counselling. All European national societies of
human genetics were surveyed. All participating 15 countries expressed a
need for an EQA for genetic counselling services.

A proposal for achieving an EQA for genetic counselling was launched at
an ESHG satellite symposium in 2013. The working group wrote four case
scenarios in the fields of cardiogenetics, oncogenetics, monogenetic disor-
ders and dysmorphology. Each scenario started with a referral letter and
consisted of multiple stages, to reflect an episode of clinical care. At each
stage more information was given and a number of questions presented. For
each question, consensus answers were obtained by the author of the case,
a patient organisation and at least two other experts.

A total of 16 genetic centres from 11 countries participated in the pilot EQA




CONCURRENT SESSIONS

and all answers were reviewed by two assessors per case. The whole pro-
cess was evaluated, both by the assessors and by the participating centres
(post pilot EQA questionnaire). The results highlighted some differences in
genetic counselling practice across Europe and indicated that few centres
offered psychosocial support. The conclusion was that an EQA for genetic
counselling is feasible and highly educational. A second exploratory pilot
EQA will be run in 2015 to further improve the process. The EQA process
will be demonstrated using one of the educational pilot cases.

C14.2

Hereditary breast and ovarian cancer syndrome: successful,
large-scale implementation of a group-based approach to genetic
counseling.

P.R. Benusiglio’, M. Di Maria’, A. Jouinot!, B. Claret?, D. Boinon?, D. Lejri’, O. Caron’;
IGustave Roussy Cancer Campus. Département de Médecine Oncologique, Villejuif,
France, ?Gustave Roussy Cancer Campus. Département de Psycho-Oncologie, Villejuif,
France, *Gustave Roussy Cancer Campus. Département de Psycho-Oncologie, Villejuif,
France.

Introduction. In the past two years, there has been a large increase in re-
ferrals to our cancer genetics clinic of patients with suspected BRCA1/2-
associated hereditary breast and ovarian cancer syndrome (HBOC), probab-
ly due to the “Angelina Jolie effect”. However, staffing has not increased in
proportion, and dealing with the demand has proved challenging. A group-
based approach to genetic counseling seemed an appealing way to increa-
se efficiency. Methods. From 9-October-2014, we systematically invited re-
ferred patients aged 35-75, with a good performance status and in which
assessment for HBOC was warranted, to group-based counseling. It consi-
sted of a 30-minute group session with a genetic counselor and a cancer
geneticist, followed by rapid face-to-face standard counseling, and genetic
testing when appropriate. Patients completed a form assessing their general
understanding of cancer genetics before and after the group session, and a
custom-made satisfaction questionnaire before leaving the clinic. Results.
As of 23-January-2015, 75 patients with a mean age of 50 had attended
group-based counseling. The number of patients seen in a three-hour slot
was 6, compared to 4 with traditional individual counseling. Cancer gene-
tics understanding improved by an average of 3/10 points after the group
session, and the average satisfaction score was 9.5/10. Conclusion. Large-
scale, systematic group-based genetic counseling is feasible in patients with
suspected HBOC. This novel approach has allowed us to increase efficiency
in the context of an ever-increasing number of referrals, and to maintain
waiting times of about a month between the referral and the consultation.
Updated data including a greater number of patients will be presented at
ESHG 2015.

C14.3

Experiences of systematic genetic testing involving women recently
diagnosed with epithelial ovarian cancer: a qualitative study

H. E. Shipman’, M. Tischkowitz'? S. Flynn®, C. MacDonald-Smith?, N. Hulbert-Williams?®,
GTEOC Study team;

1East Anglian Medical Genetics Service, Cambridge University Hospitals NHS Foundation
Trust, Cambridge, United Kingdom, 2Department of Medical Genetics, University of
Cambridge, Cambridge, United Kingdom, *Chester Research Unit for the Psychology of
Health, University of Chester, Chester, United Kingdom, *North Wales Cancer Treatment
Centre, Betsi Cadwaladr University Health Board, Rhyl, United Kingdom.

Newly available rapid genetic testing (RGT) for BRCA1/2 makes it possible
to identify mutation carriers soon after cancer diagnosis. There are bene-
fits for directing women'’s treatment and providing information for families,
but there are ethical concerns about testing this group at this point. These
women may be elderly, unwell and may have little or no family history of
cancer. Those found to have a mutation then have the task of communicating
this sensitive information to their families.

We explore the experiences of women recently diagnosed with epithelial
ovarian cancer who have been offered RGT through a project considering
the feasibility of integrating RGT into routine oncology services (The GTEOC
Study). Using data collected from twelve semi-structured interviews with
women that were analysed using Interpretive Phenomenological Analysis,
we consider how individuals make sense of genetic testing within their
broader cancer and life experiences.

Our results highlight the sensitivity of the timing of discussions about gene-
tic testing during a woman’s cancer journey. Women have much emotional
work to do as they confront their cancer diagnosis, their own mortality and
the impact on their family and others. Though genetic testing is welcomed
during this time by the women we interviewed, the burdens and comple-
xities are acknowledged. This foregrounds the necessity for appropriate
support for this patient group. Our work contributes to current discussions
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about the ethical issues arising from the introduction of genetic testing in
mainstream medicine.

C14.4

Sharing information with children and young people about adult-
onset inherited conditions: Using evidence to improve services for
parents and their children

K. Forrest Keenan, L. McKee, Z. Miedzybrodzka;

University of Aberdeen, Aberdeen, United Kingdom.

Background: A growing number of young people are undertaking predicti-
ve testing for adult-onset conditions. However, there is a lack of empirical
evidence about their information and support needs. Aim: To produce the
evidence for, and to develop materials to help parents and professionals in
sharing information with young people about serious adult-onset genetic
conditions.

Methods: Clinic observations and interviews with young people and parents;
an analysis of practitioners’ case notes and online web fora for young
people; collaborations with patient groups and interviews with genetics
professionals. We used two adult-onset inherited disorders as exemplars:
Huntington's disease and Familial Hypercholesterolaemia.

Results: In both patient groups the process of genetic testing could be a
positive and empowering experience for young people, but for some pati-
ents there were gaps in the provision of age-appropriate information and
emotional support, resulting in poor experiences. Children and young peop-
le could question their own risk earlier than literature suggests. Genetics
professionals used a range of strategies to support communication between
parents and children, but one third gave limited advice and felt under-skilled
in this area. Some parents also felt inadequate time was given to discussion
of disclosure strategies. We helped patient groups develop evidence based
materials for children and young people.

Conclusions: Practitioners should give serious consideration to parents
concerns about disclosure even in treatable inherited conditions, and the
provision of age-appropriate information. Facilitating family communicati-
on should be a goal of genetic counselling, but training for practitioners is
needed.

KFK was funded by a CSO Fellowship, Scottish Government.

C14.5

Attitudes towards returning data to participants in sequencing
research

A. Middleton’, C. Wright!, H. Firth!, M. Hurles, M. Parker?, on behalf of the DDD study;
Wellcome Trust Sanger Institute, Cambridge, United Kingdom, °Ethox, University of
Oxford, Oxford, United Kingdom.

Genome-wide sequencing in a research setting has the potential to reveal
health-related information of personal or clinical utility for the study par-
ticipant. There is increasing pressure to return research findings to partici-
pants that may not be related to the project aims, particularly when these
could be used to prevent disease. This cross-sectional, web-based survey
investigated the attitudes of 6944 individuals from 75 countries towards re-
turning results from genome research. Participants included four relevant
stakeholder groups: 4961 members of the public, 533 genetic health profes-
sionals, 843 non-genetic health professionals and 607 genomic researchers
who were invited via traditional media, social media and professional email
list-serve. Treatability and perceived utility of genomic data were deemed
important with 98% of stakeholders personally interested in learning about
preventable life-threatening conditions. Participants appeared to assign a
value to genomic data, there was a sense of ‘if the scientists know it, I'd like
to know it too’ - 59% were interested in being able to receive their raw se-
quence data, even though the majority would not do anything with this. 52%
of participants felt it was important that genomic researchers kept reanaly-
sing their data and had the ability to update them periodically with new fin-
dings; 85% of participants felt that if something serious was discovered they
would like this information delivered to them directly by an appropriately
trained health professional. This social studies study offers the largest data-
set, published to date, of attitudes towards issues surrounding the return of
results from sequencing research.

C14.6

Population-based Preconception Carrier Screening: how do potential
users view a preconception test for 70 severe autosomal recessive
diseases?

M. Plantinga’, E. Birnie’, S. Kaplan®, M. A. Verkerk?, A. M. Lucassen?, A. V. Ranchor*, I. M.
van Langen’;

1University of Groningen, University Medical Centre Groningen, Department of Genetics,
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Groningen, Netherlands, ?University of Groningen, University Medical Centre Groningen,
Department of Internal Medicine, Groningen, Netherlands, *University of Southampton,
Faculty of Medicine, Clinical Ethics and Law, Southampton, United Kingdom, *University
of Groningen, University Medical Centre Groningen, Department of Health Psychology,
Groningen, Netherlands.

Background

A preconception carrier screening (PCS) test can detect whether a couple
has an increased risk of having a child with a monogenetic disease. Next-ge-
neration sequencing (NGS) allows the testing of many genes or diseases si-
multaneously. The University Medical Center Groningen (UMCG) developed
an NGS PCS test for couples covering 70 very severe, autosomal recessive
diseases simultaneously and screening for all variants. This is the first non-
commercial population-based PCS test to be offered to prospective couples
in a healthcare setting in Europe. So far, little is known about how potential
users view such a population-based PCS test.

Methods

We examined potential users’ intentions to undergo the test and preferences
regarding who should offer the test. Data was collected in March 2014 by
means of an online survey among 500 people belonging to the target popu-
lation (people aged 18-40, with a partner and living in the Netherlands).
Results

One third of the respondents said they intend to take this test were it to
be offered. They prefer this to be offered via their GP and via face-to-face
pre-test consultation. Fifty-eight percent is willing to pay for the test, up to
a cost of 5,000 euro. Testing for later onset, treatable diseases or even traits
(e.g sportivity) is valued less. The UMCG will start an implementation study
soon in which the PCS test is supplied via selected GPs in the north of the
Netherlands. Our first aim is to measure the uptake, practical feasibility and
psychological impact of offering the test.

C15.1

Genome-wide association study of 200,000 individuals identifies
18 genome-wide significant loci and provides biological insight into
human cognitive function

T. Esko’?%, on the behalf of Social Science Genetic Association Consortium (SSGAC);
Estonian Genome Center, University of Tartu, Tartu, Estonia, ?Boston Children’s
Hospital, Boston, MA, United States, *Broad Institute of Harvard and MIT, Cambridge,
MA, United States.

Educational attainment, measured as years of schooling, is commonly used
as a proxy for cognitive function. A recent genome wide association stu-
dy (GWAS) of educational attainment conducted in a discovery sample of
100,000 individuals identified and replicated three genome-wide significant
loci. Here, we report preliminary results based on conducted in 200,000 in-
dividuals. We replicate the previous three loci and report 15 novel, genome-
wide significant loci for educational attainment. A polygenic score com-
posed of 18 single nucleotide polymorphisms, one from each locus, explains
~0.4% of the variance educational attainment. Applying data-driven com-
putational tools, we find that genes in loci that reach nominal significance (P
< 5.0x10-5) strongly enrich for 11 groups of biological pathways (false dis-
covery rates < 0.05) mostly related to the central nervous system, including
dendritic spine morphogenesis (P=1.2x10-7), axon guidance (P=5.8x10-6)
and synapse organization (P=1.7x10-5), and show enriched expression in
various brain areas, including hippocampus, limbic system, cerebral and en-
torhinal cortex. We also prioritized genes in associated loci and found that
several are known to harbor genes related to intellectual disability (SMAR-
CA2, MAPT), obesity (RBFOX3, SLITRKS5), and schizophrenia (GRIN2A)
among others. By pointing at specific genes, pathways and brain areas, our
work provides novel biological insights into several facets of human cogni-
tive function.

C15.2

Systematic phenotype-based deconvolution of intellectual disability
disorders into biologically coherent modules

C. Zweier’, K. Kochinke? B. Nijhof?, M. Fenckova?, P. Cizek®, F. Honti", S. Keerthikumar®, M.
A. W, Oortveld?, T. Kleefstra?, ]. M. Kramer®S, C. Webber*, M. A. Huynen®, A. Schenck?;
!Institute of Human Genetics, Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
Erlangen, Germany, ?Department of Human Genetics, Donders Institute for Brain,
Cognition and Behaviour, Radboud university medical center, Nijmegen, Netherlands,
3CMBI, Radboud Institute for Molecular Life Sciences, Radboud university medical
centre, Nijmegen, Netherlands, “MRC Functional Genomics Unit, Department of
Physiology, Anatomy and Genetics, University of Oxford, Oxford, United Kingdom,
*Department of Physiology and Pharmacology, Schulich School of Medicine and
Dentistry, Western University, London, ON, Canada.

Intellectual disability (ID) disorders, due to their frequency and enormous
genetic and phenotypic heterogeneity, represent a major unmet challenge in
health care and diagnostics. A comprehensive and systematic understanding
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of ID disorders and their underlying biology is still limited. We established
a curated database of 650 currently known ID genes, linked them to various
functional datasets and classified them according to ID manifestation and
severity and 27 associated core clinical features such as organic or neuro-
logical anomalies. Using this integrated resource we show that ID genes are
substantially enriched in protein-protein interactions and co-expression,
highest in the hippocampus. 86% of ID genes fall into 32 common Gene On-
tology based molecular processes: metabolism and nervous system deve-
lopment among the largest, and hedgehog and glutamate signalling among
the most enriched groups. Identification of highly enriched functional the-
mes and phenotypes systematically revealed characteristic phenoprofiles of
process-defined IDopathies including chromatin- and DNArepairopathies.
Strikingly, classification of ID genes according to their associated clinical
phenotypes efficiently breaks them down into subsets with significantly
elevated biological coherence and allows ID genes to predict each other. Fur-
thermore, we utilised custom-made datasets on ID gene function in Droso-
phila. Early onset behavioural and specific morphological wing phenotypes
were characteristic for ID genes in general, and several fly phenotypes were
particularly representative for specific human clinical phenotype classes.
Our study and resource provide systematic insights into the molecular and
clinical landscape of ID disorders and prove the utility of systematic human
and cross-species phenomic analyses in highly heterogeneous genetic dis-
orders.

C15.3

9.6% of mouse gene knockouts show abnormal neuroanatomy: a
resource to identify genes and gene networks involved in ID in human
B. YALCIN"?, A. Mikhaleva’, V. E. Vancollie’, M. Kannan?, H. Whitley?, A. Edwards®*,

C. Wagner?, J. EstabeP’, C. ]. Lelliott®, . K. White®, Sanger Mouse Genetics Project, D. J.
Adams®, D. A. Keays®, . Flint, Y. Herault?, A. Reymond’;

!Center for Integrative Genomics, University of Lausanne, Lausanne, Switzerland,
ZInstitute of Genetics and Molecular and Cellular Biology, Illkirch, France, *Wellcome
Trust Sanger Institute, Cambridge, United Kingdom, *Wellcome Trust Centre for Human
Genetics, Oxford, United Kingdom, °Research Institute of Molecular Pathology, Vienna,
Austria.

Intellectual disability (ID) affects 1-3% of the general population. Genetic
mutations account for about half of the currently undiagnosed cases, and
despite recent successes in identifying some of the mutations responsible,
it has been suggested that up to 1,000 further genes remain to be identified.
To identify genes involved in brain malformation and potentially associated
with ID, we are collaborating with the Sanger Mouse Genetics Project (MGP),
allied to the International Mouse Phenotyping Consortium (IMPC), to sy-
stematically study the neuroanatomy of the MGP/IMPC knockout mouse
strains. We are measuring a standardized set of 78 brain parameters across
22 brain regions to detect a variety of mechanisms that underlie brain mal-
formation disorders, such as aberrant cell proliferation, neuronal migration
defects or elevated cell death rates.

So far, we have assessed brain defects in 825 knockout mouse genes. These
preliminary data yielded success with the identification of 40 known ID ge-
nes including Ap4el, Cenpj, Chd7, Mcph1, Sc4mol and Ube3b demonstrating
the pertinence of our approach. We also discovered 41 other genes including
Mtal, Ccdc104, Caprin2 and Dusp3, which when disrupted caused modifica-
tion of brain structures and thus are good candidate genes for ID.

Our study is the largest screen of brain morphology from the MGP/IMPC. It
shows that we can detect abnormalities in about 10% of knockout mouse
mutants, and that these translate into human pathology. This offers a com-
plementary resource to human genetic studies.

The project is funded by the French National Research Agency and the Swiss
National Science Foundation.

C15.4

Finding new connections in the transcriptional regulation of
Lysine-specific demethylase 5C (KDM5C) a disease gene involved in
syndromic and non-syndromic XLID

A. Padula’, L. Poeta’, C. Shoubridge?, A. Ranieri’, K. Helin®, J. Gecz?, C. Schwartz*, M. V.
Ursini, H. vanBokhoven®, M. G. Miano’;

!IGB-CNR, Naples, Italy, *University of Adelaide, Adelaide, Australia, *University of
Copenhagen, Copenhagen, Denmark, *Greenwood Genetic Center, Greenwood, SC, United
States, °Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands.

X-linked Intellectual Disability (XLID) is a group of heterogeneous disorders
caused by mutations in genes on the X chromosome. Disease mutations in
~10% of X chromosome genes are implicated in causing XLID disorders in
~50% of known XLID disorders.

Mutations in Lysine-specific demethylase 5C (KDM5C) gene have been re-
ported as an important cause of both syndromic and non-syndromic (XLID)
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in males. KDM5C is a chromatin remodelling regulator with histone deme-
thylase activity for di- and trimethylated histone 3 lysine 4 acting as tran-
scriptional repressor during brain development and neuronal maturation.
With Regulatory Element-1-Silencing Transcription factor (REST), a critical
regulator of the spatio-temporal transition of neural progenitors to neurons,
KDMS5C co-occupies the promoters of a subset of REST target genes.

We identified a disease path, linking functionally KDM5C to another XLID/
Epilepsy gene, encoding the homeotic transcription factor ARX, whose mu-
tations impair severely KDM5C transcript regulation.

Furthermore, we analysed two additional XLID proteins that also bind
KDM5C promoter. They are PHD Finger Protein 8 (PHF8), a H3K9 deme-
thylase; and Zinc Finger Protein 711 (ZNF711), a transcriptional factor,
which role is almost unknown. We observed that PHF8 and ZNF711, which
co-occupy the target promoter, induce cooperatively the KDM5C stimula-
tion. This activity seems to be ARX-independent and we propose that the
transcriptional induction by ARX does not synergize with the action of the
PHF8/ZNF711 complex. Remarkable, our findings open new perspectives
towards the exploitation of rational strategies to treat the growing group of
ID and cognition diseases that are caused by chromatin and/or transcrip-
tional defects.

C15.5

HCFC1 is a dosage sensitive transcriptional coregulator of
neurodevelopment that influences neural progenitor and neuronal
cell function

L. A. Jolly??, L. S. Nguyen® D. Domingo', Y. Sun’, S. Barry'?, M. Hancarova*, P. Plevova®,
M. Vickova*, M. Havlovicova®, V. M. Kalscheuer®, C. Graziano’, T. Pippucci’, Z. Sedlacek?, E.
Bonord’, ]. Gecz"?;

"University of Adelaide, Adelaide, Australia, ?Robinson Research Institute, Adelaide,
Australia, *Imagine Institute, Paris, France, “*Charles University 2nd Faculty of Medicine,
Prague, Czech Republic, *University Hospital Ostrava, Ostrava, Czech Republic, “Max
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Initially we implicated HCFC1 in X-linked intellectual disability (XLID) by
a non-coding, regulatory mutation. The single base change abolished bin-
ding of the YY1 transcription factor at a highly conserved sequence proxi-
mal to the HCFC1 transcription start site resulting in loss of transcriptional
repression. We employed ex-vivo models of embryonic neural development
to show that this change was likely pathogenic; over-expression of HCFC1
caused cell cycle exit and differentiation of neural progenitor cells (NPCs),
and reductions in neurite growth of hippocampal neurons. Intriguingly, mis-
sense mutations that result in almost complete loss of HCFC1 have also been
reported to cause Cobalamin type X (CbIX), a VitaminB12 metabolic disor-
der with severe neurodevelopmental impairment including intractable epi-
lepsy. We extended our studies to show that in contrast to over-expression,
modest reduction (~50%) of Hcfcl expression promoted the cell cycling
of NPCs at the expense of differentiation, and enhanced neurite growth of
neurons. We further identified four additional missense variants in HCFC1
that segregate with ID in four families. Three of these variants caused partial
loss of function in multiple cell based assays, including complementation of
neurite growth. In line with only partial loss of function, metabolic features
of CblX were largely absent in affected individuals. Our identification and
functional assessment of HCFC1 mutations together with descriptions of a
broadened phenotypic spectrum reveals an emerging genotype-phenotype
correlation, dependent also on HCFC1 abundance and not just function. Fur-
thermore, we have identified relevant disease mechanisms of ID that con-
verge on the behaviour of cells present during embryonic stages of brain
development and Cobalamin metabolism.
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Clinical and experimental evidence establish a link between KIF7 and
C5orf42-related ciliopathies

R. Asadollahi’, J. E. Strauss?, M. Zenker®, 0. Beuing*, S. Edvardson®, O. Elpeleg®, P.
Joset!, T. M. Strom’, D. Niedrist!, B. Oneda’, S. Azzarello-Burri’, M. Papik’, A. Baumer’, K.
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Joubert syndrome (JBTS) is a ciliopathy characterized by developmental
delay, oculomotor apraxia, breathing abnormalities and a distinctive mid-
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hindbrain malformation on brain imaging known as molar tooth sign. It is
genetically heterogeneous with >20 causal genes identified to date and its
clinical and neuroradiologic findings overlap with other ciliopathies such
as acrocallosal syndrome (ACLS). However, craniofacial manifestations of
macrocephaly, prominent forehead and hypertelorism have been distinctive
features of ACLS among ciliopathies. Here, we evaluated eight families with
ACLS-like craniofacial appearance and other ciliopathy features by whole
exome or targeted Sanger sequencing which revealed biallelic mutations
affecting KIF7, the ACLS gene, or C5orf42, the |JBST gene. Given the known
role of KIF7 in primary cilia and Hedgehog signaling, we wondered if the-
re was a functional connection to C5orf42 which's function has remained
unknown. Therefore, we also assessed C5orf42 by evaluation of the pri-
mary cilia in affected individuals and in ovo RNAIi silencing in chicken em-
bryos. Consequently, in addition to the clinical overlap between KIF7 and
C5orf42-related craniofacial features, we found abnormal primary cilia in
the C5orf42-patients and evidenced its role in craniofacial development, pa-
thfinding of commissural axons and neural circuit formation in developing
chicken embryos.
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Systematic evaluation of patients with idiopathic short stature using
whole exome sequencing
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Shortness of stature is a common medical concern in childhood and has an
incidence of 3% in the general population. After excluding defects of the
growth hormone pathway and recognizable syndromes the underlying cau-
se remains unknown in approximately 70-80% of patients.

In some of these patients the underlying diagnosis is omitted by the lack of
clinical features characteristic for known syndromic forms of short statu-
re. To address this in patients with idiopathic short stature we thoroughly
built a study group of more than 500 families with idiopathic short stature.
We systematically selected 100 individuals where growth hormone defects,
common genetic causes of short stature or copy number variations were
excluded and performed whole exome sequencing. Variants were selected
unbiased based on all modes of inheritance in agreement with the segrega-
tion in the families and their potential effect on protein function using our
NGS Variant Analyzer software.

We confirmed mutations in known short stature genes in 11 patients. All
these syndromes have been reported to be associated with further clinical
issues providing mandatory medical guidance for these patients.
Furthermore, we recognized recessive, dominant and x-linked inherited
variants in novel candidate genes involved in epigenetic modification, cell
cycle regulation, ubiquitination and protein synthesis.

In conclusion, whole exome sequencing identified the underlying genetic
defect in 11% of the patients with idiopathic short stature. As the clinical
spectrum of most genetic defects is yet to be explored, an unbiased genetic
analysis of patients with idiopathic short stature can establish a diagnosis
in these cases.
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Mutations in the core NHE] components LIG4 and XRCC4 result in
microcephalic primordial dwarfism
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Non-homologous end joining (NHE]) is a vital cellular process repairing
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DNA double strand breaks. Previously, mutations in NHE] pathway compon-
ents have predominantly been associated with severe combined immunode-
ficiency, consistent with the requirement for NHE] during V(D)] recombi-
nation to ensure diversity of the adaptive immune system. In contrast, we
recently described biallelic truncating mutations in LIG4 as a common cause
of microcephalic primordial dwarfism (MPD), a disorder of prenatal-onset
extreme global growth failure; identifying a genotype-phenotype correlati-
on where the severity of growth failure is related to disruption of the XRCC4
binding domain in LIG4. LIG4 is required for the final ligation step in NHE]
forming a complex with XRCC4 and NHE] 1. Given its candidacy, we have now
identified biallelic XRCC4 mutations in a further five families and provide
confirmatory cellular studies establishing XRCC4 as a disease causing gene.
Both patient groups show similar anthropometric measurements with seve-
re microcephaly and short stature as well as similar facial features. However,
in contrast to LIG4 patients, pancytopenia leading to bone marrow failure
has not been observed in XRCC4 patients and overt immunodeficiency is not
apparent on clinical investigation despite reduced junctional diversification.
These findings suggest differential developmental requirements for grow-
th and immunity by specific components of the NHE] pathway. We found
LIG4 and XRCC4 mutations to be the second most common cause of MPD
in a large patient cohort behind mutations in PCNT (MOPDII) highlighting
the importance of NHE], and LIG4-XRCC4 binding in particular, in promoting
normal growth.
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Loss-of-Function Mutations in WDR73 Are Responsible for
Microcephaly and Steroid-Resistant Nephrotic Syndrome: Galloway-
Mowat Syndrome
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Galloway-Mowat syndrome is a rare autosomal-recessive condition cha-
racterized by nephrotic syndrome associated with microcephaly and neu-
rological impairment. Through a combination of autozygosity mapping and
whole-exome sequencing, we identified WDR73 as a gene in which muta-
tions cause Galloway-Mowat syndrome in two unrelated families. WDR73
encodes a WD40-repeat-containing protein of unknown function. Here, we
show that WDR73 was present in the brain and kidney and was located dif-
fusely in the cytoplasm during interphase but relocalized to spindle poles
and astral microtubules during mitosis. Fibroblasts from one affected child
and WDR?73-depleted podocytes displayed abnormal nuclear morphology,
low cell viability, and alterations of the microtubule network. These data
suggest that WDR73 plays a crucial role in the maintenance of cell architec-
ture and cell survival. Altogether, WDR73 mutations cause Galloway-Mowat
syndrome in a particular subset of individuals presenting with late-onset
nephrotic syndrome, postnatal microcephaly, severe intellectual disability,
and homogenous brain MRI features. WDR73 is another example of a gene
involved in a disease affecting both the kidney glomerulus and the CNS.
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Mutations in PLK4, encoding a master regulator of centriole
biogenesis, and its substrate, TUBGCP6, cause microcephaly, growth
failure and retinopathy
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Centrioles are microtubule-based structures that form the core of the cen-
trosome and are essential for ciliogenesis. However, mutations in centriole
biogenesis genes have been reported in primary microcephaly and Seckel
syndrome, disorders without the hallmark clinical features of ciliopathies.
Through linkage analysis and exome sequencing, we have identified mutati-
ons in the gene, PLK4, encoding PLK4 kinase, a master regulator of centriole
duplication, in individuals with microcephalic primordial dwarfism. PLK4
individuals also demonstrated retinopathy, a phenotypic feature normally
associated with cilium dysfunction. Two distantly related individuals are
homozygous for a frameshift mutation, where detailed molecular charac-
terization revealed a previously unrecognized alternative isoform which
rescued the null allele. An additional mutation was identified in a large
consanguineous family, where splicing altered the reading frame of the ter-
minal exon. Using cellular and developmental systems we established that,
through reduction in centriole number, PLK4 mutations resulted in aberrant
growth and retinal phenotypes. Exome analysis and resequencing also iden-
tified multiple individuals with mutations in the substrate of PLK4, TUBG-
CP6, in individuals with microcephalic primordial dwarfism and additional
congenital anomalies, including retinopathy, thereby extending the human
phenotypic spectrum associated with centriole dysfunction. Furthermore,
we establish that different levels of impaired PLK4 activity result in growth
and cilia phenotypes, providing a mechanism by which microcephaly disor-
ders can occur with or without ciliopathic features.
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Mutations in TUBGCP4 alter microtubule organization via the
Y-tubulin ring complex yTuRC in autosomal recessive microcephaly
with chorioretinopathy.
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Inherited congenital microcephaly is a clinically and genetically heteroge-
neous disorder. Autosomal dominant Microcephaly with or without Chori-
oretinopathy, Lymphoedema, or Mental Retardation (MCLMR) also known
as Alzial syndrome has recently been attributed to mutations in KIF11.
Autosomal recessive Microcephaly and Chorioretinopathy with or without
Mental Retardation, abbreviated as MCMR, is a very rare entity recently de-
scribed to be associated with TUBGCP6 mutations.

We have identified TUBGCP4 variants in individuals with autosomal reces-
sive microcephaly and chorioretinopathy. Whole exome sequencing perfor-
med on one family with two affected siblings and independently on another
family with one affected child revealed compound heterozygous mutations
in TUBGCP4. Subsequent Sanger sequencing was performed on a panel
of individuals with microcephaly and ophthalmic manifestations and one
other patient was identified with compound heterozygous mutations in
TUBGCP4. TUBGCP4 encodes the y-tubulin complex protein 4, a component
of the y-tubulin ring complex (yTuRC) known to regulate the nucleation and
organization of microtubules. Functional analysis of patient fibroblasts dis-
closed reduced levels of the YTuRC, altered nucleation and organization of
microtubules, abnormal nuclear shape, and aneuploidy. Moreover, zebrafish
treated with morpholinos against tubgcp4 were found to have a reduced
head volume and eye developmental anomalies with chorioretinal dyspla-
sia.

The identification of biallelic TUBGCP4 mutations described herein, as well
as the very recent TUBGCP6 mutations, confirms the existence of autosomal
recessive cases described as microcephaly and chorioretinopathy with or
without mental retardation and provides evidence for an important role for
the YTuRC in brain and eye development.
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From whole exome sequencing to functional studies in syndromic

microcephaly: using zebrafish for variant testing
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Microcephaly (MC) is a clinical condition characterized by abnormal small
head circumference for the respective age and sex which closely correlates
with reduced brain volume and most of the times with intellectual disabili-
ty. Many syndromes encompassing MC have been described and although
several genes have been recently reported in literature, a massive number
of unexplained cases still exist. We have collected and performed whole
exome sequencing (WES) on 21 patients displaying syndromic forms of MC
and on their parents for trio-based variant filtering. Since most of the index
patients were sporadic, the majority of causative variants were suspected to
be de novo. However, recessive models have also been taken into account.
We were able to identify causative mutation in 10/21 patients. For the re-
maining cases, we found de novo mutations in 8 novel candidate genes. We
used the zebrafish model to test the pathogenicity of candidate variants. The
morphant model for one of our main candidates showed a 10% head size
reduction, while preliminary mRNA overexpression data unexpectedly sho-
wed a slight head area increase. Our cohort was enriched with patients dis-
playing de novo mutations in CASK, responsible for an X-linked syndrome of
MC and pontocerebellar hypoplasia. CASK morphants displayed a pronoun-
ced head size reduction, while anti-acetylated tubulin staining revealed pro-
minent cerebellar abnormalities. For both genes, rescue experiments and
further functional assays are pending.

Fonds Wetenschappelijk Onderzoek-Vlaanderen Grant nr 1104813N to EC.
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RNF12 is essential for X-inactivation in female mouse embryonic
stem cells, is required for female mouse development, and might be

a target for future therapies to treat X-linked disorders in females:
evidence from a mouse knockout model

T. S. Barakat'?, J. Gribnau’;

!Department of Reproduction and Development, Erasmus MC-University Medical Center,
Rotterdam, Netherlands, ?’Laboratory of Embryonic Stem Cell Biology, MRC Center

for Regenerative Medicine, School of Biological Sciences, University of Edinburgh,
Edinburgh, United Kingdom.

X-chromosome inactivation (XCI) in females is a crucial mechanism which
equalizes X-linked gene-dosage between both sexes. In mice, a first wave of
imprinted XCI occurs during cleavage stages of embryonic development, fol-
lowed by X-chromosome reactivation (XCR) at the pre-implantation blasto-
cyst, and subsequent random XCI (rXCI) in the post-implantation epiblast.
rXCI can be simulated in differentiating mouse ES cells. We have previously
shown that the X-encoded RNF12 protein act as a dosage-sensitive XCI-ac-
tivator (PMID:19945382, PMID:21298085, PMID:24613346). When RNF12
becomes up-regulated during differentiation, it targets the pluripotency
factor Rex1 for proteasomal degradation (PMID:22596162). As Rex1 is a
repressor of the non-coding Xist RNA, which is crucial for initiating chro-
mosome-wide gene-silencing, down-regulation of Rex1 by RNF12 allows
female-specific Xist-expression and XCl-initiation in a stochastic manner
(PMID:20083102).Here we present the generation and analysis of a novel
Rnf12 knockout mouse model, and provide evidence that RNF12 is also cru-
cial for iXCI and rXCI in vivo. Whereas Rnf12-/Y males are viable, Rnf12-/-
female mice fail to undergo XCI leading to lethality at post-implantation.
Rnf12-/+ animals inheriting the maternal knockout allele are lethal due to
silencing of the paternal Rnf12 allele upon iXCI. Rnf12+/- females inheri-
ting the paternal knockout allele are healthy but show an XCI-defect, with
adult cells displaying XCR. This peculiar finding, together with our recent re-
sults on XCR in human induced pluripotent stem cells (Stem Cell Reports, in
press), opens a new area of research which might lead to novel approaches
for treating X-linked diseases, such as Rett syndrome, in females.
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Pattern of X chromosome inactivation across human tissues - insights
from population-scale and single-cell RNA sequencing
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Incompleteness and skewing of X chromosome inactivation (XCI) can result
in biases in disease susceptibility and presentation between sexes and across
individuals but the full extent and heterogeneity of XCI remains unclear. We
have comprehensively profiled the landscape, regulation and variability of
escape from XCI by deploying several complementary approaches based on
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high-throughput RNA sequencing.

Using detailed gene expression data from the GTEx consortium, we show
that a large majority of previously reported escape genes demonstrate
male/female expression differences detectable at population-level. For
many of these genes sex-biased expression is present and directionally si-
milar across the 38 tissues studied, a pattern distinct from autosomal sex-
biased expression, suggesting XCI is tightly and uniformly regulated across
human tissues. Notably, however, escape genes close to an edge of an escape
domain (e.g. KAL1) show more tissue heterogeneity and subtle sex-bias.

To complement these observations and assess individual-level variability in
escape we have analyzed single cell RNA-seq data across two tissue types,
and assessed the allelic imbalance across the X chromosome from deep se-
quencing of 17 tissues from a female with non-random XCI. These analyses
highlight well-known escape genes (e.g. USP9X), replicate novel candidates
from the population-scale analyses (e.g. ZRSR2) and confirm variable esca-
pe genes (e.g. TIMP1) and elaborate the underlying dynamics. While finding
little evidence for tissue-specific escape the analyses demonstrate tissue he-
terogeneity in expression from the inactive X (e.g. GYG2).

Together these analyses provide a comprehensive view of the landscape of
escape from XCI in adult tissues, essential for understanding the impact of
this process on sex differences and inter-individual variability.
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Genome wide DNA promoter methylation: Differences in human
subcutaneous vs. omental visceral adipose tissue
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Background: Differences in DNA methylation pattern between subcuta-
neous adipose tissue (SAT) and omental visceral adipose tissue (OVAT) may
help, together with corresponding changes in the mRNA profile, to elucidate
variances in metabolic activity. In the present study we examined genome
wide promoter methylation and mRNA expression pattern in 80 paired hu-
man SAT and OVAT samples including lean as well as obese subjects.
Methods: DNA methylation analysis was performed using methylated DNA
immunoprecipitation and subsequent hybridising on Affymetrix Human
Promoter 1.0R tilling arrays. Expression profiles were generated using II-
lunima human HT-12 chips. All genes with at least 30% methylation diffe-
rence between SAT and OVAT or lean and obese subjects in the same fat
depot were taken forward to overlap analysis with corresponding mRNA
expression levels.

Results: We identified 35 genes in the lean and 38 in the obese subgroup
conferring negative correlation between DNA methylation and mRNA ex-
pression comparing SAT and OVAT. 37 genes were found in the SAT and 76
in the OVAT subgroup comparing lean and obese individuals. The gene lists
included known candidate genes such as PPARG but also unexpected genes,
e.g. BHMT.

Conclusion: To the best of our knowledge, we show the first genome wide
epigenetic data set comparing SAT and OVAT in a considerably large cohort.
We identified significant differences in genome wide DNA methylation pat-
tern in paired human SAT and OVAT samples from lean and obese subjects
with corresponding changes in mRNA levels. This work helped to identify
novel interesting genes related to human obesity.
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Mapping genetic and epigenetic factors influencing human
hippocampal gene expression
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Genome-wide association studies have detected multiple loci associated
with psychiatric disorders. The majority of these associated variants are ob-
served in noncoding regions and their functional effects are unclear. Novel
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methods allow to systematically investigate the regulatory effects of genetic
variants by screening the genome for correlations between allelic variants
and gene expression (expression Quantitative Trait Loci / eQTLs) or DNA
methylation (meQTLs). Several studies have investigated the occurrence of
QTLs in human brain tissue; however the overlap of QTLs between these
studies is relatively low.

We employed 150 fresh frozen hippocampal biopsy samples derived from
surgery of patients with chronic pharmaco-resistant temporal lobe epilepsy
and performed genome-wide SNP genotyping, expression and methylation
profiling. Data from 115 brain samples was correlated using a linear regres-
sion model. To limit the effect of confounding factors, surrogate variables
were included.

At a false discovery rate threshold of 5%, 641 RNA transcripts and 19,953
CpGs showed a genetic regulation by common variants in cis. Enrichment
testing of our QTL data among the top hits from the public NHGRI GWAS
catalogue revealed an overlap for brain disorders.

Overall, we present an integrative functional analysis to explore the effects
of common DNA sequence variants on DNA methylation and mRNA expres-
sion. In contrast to all published studies, our samples were collected from
fresh frozen and not post-mortem brain tissue. Therefore, the identified
QTLs provide an extremely valuable resource for functional annotation of
SNPs and will help guiding the interpretation of GWAS hits in genetically
complex brain disorders.

C17.5

Analysis of monoallelic expression in human individual cells revealed
novel imprinting genes.

C. Borel, E Santoni, M. Garieri, E. Falconnet, P. Ribaux, S. E. Antonarakis;

University of Geneva Medical School, Geneva, Switzerland.

Genomic imprinting is defined as the mutually exclusive expression of either
the paternally or maternally inherited allele. Imprinted genes are implicated
in the etiology of rare syndromes and have been associated with common
diseases such as diabetes and cancer. We aim to identify novel imprinting
genes using a Single-Cell (SC) RNA sequencing approach. The detection of
average to low expressed genes allows a more comprehensive profiling of
the allelic imbalance of each gene as previously reported (Borel et al, AJHG,
2015). From the proband of a family trio, 380 individual fibroblasts were
RNA sequenced and more than 770’000 heterozygous SNVs were identi-
fied by WGS (25x). For each gene, we analysed the allelic specific expres-
sion using an in-house pipeline. We modeled the likelihood of a gene to be
monoallelically expressed with a beta-binomial distribution and evaluated
the significance of the aggregate monoallelic ratio (reads sum of the most
frequent allele per site / total reads) with the log-likelihood test. Genes
presenting with a significant (adjusted p-value <0.01) aggregate monoalle-
lic ratio between 0.9-1 were retained. We were able to detect 634 putative
imprinted genes and 16 known imprinted genes. We validated 118 of these
genes in 165 SC fibroblasts from an independent individual; in addition, 19
were imprinted in 48 SC lymphoblasts from the same individual. A SC tran-
scriptome analysis provides an unprecedented opportunity to discover the
full repertoire of imprinted genes per cell type, and will contribute to the
understanding of the molecular pathophysiology of genetic disorders. C.B.
and ES. contributed equally.

C17.6

Novel method reveals a large number of expression quantitative trait
loci (eQTLs) influencing transcript levels in a Parent-of-origin fashion
A. F. McDaid/, T. Esko? L. Franke’®, Z. Kutalik';

Institute of Social and Preventive Medicine (IUMSP), Centre Hospitalier Universitaire
Vaudois (CHUV), Lausanne, Switzerland, ’Estonian Genome Center, University of

Tartu, Tartu, Estonia, *University Medical Center Groningen, University of Groningen,
Groningen, Netherlands.

We investigate expression quantitative trait loci (eQTLs) and search for
SNPs that have a parent-of-origin effect (POE) with respect to transcript le-
vels in cis. We applied our recently published algorithm [Hoggart et al 2014]
to tease out SNPs where the contribution of the maternal allele to the nearby
gene expression is different to that of the paternal allele. In the case where
each parent's allele has a different effect, the variance in the expression le-
vels within the heterozygous group will be larger than the variance within
either homozygous group. We used genome-wide genotyping and gene-ex-
pression data from the EGCUT and Groningen cohorts and ran the quicktest
software to estimate the difference in effects.

Controlling the type I error at 5%, we selected 4,162 of the 59 million
SNP-gene pairs, where we could reject the null hypothesis of no difference
between paternal and maternal effects. We applied conservative pruning
(based on LD) to end up with 495 candidate lead SNP-gene expression pairs,
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where the parents‘ effects are expected to be different. By combining the
marginal effects from [Westra et al 2013] and our observed POE estimates
for the differences between maternal and paternal effects we found that 135
of these 495 candidates exhibit classical POE, i.e. where the effect from one
parent is exactly zero.

These 135 candidates are currently being validated in ~700 trios from the
Framingham study to confirm that the expression levels differ between he-
terozygous individuals that inherited the two alleles from different parents.

C18.1

Disassembly of MINOS complex by CHCHD10 mutations promotes

loss of mitochondrial cristae with defects in mitochondrial genome
maintenance and apoptosis

E. Genin’, M. Plutino’, S. BANNWARTH?, E. Villa*, E. Cisneros-Barroso®, M. Roy®, B.
Ortega-Vila®, K. Fragaki?, E Lespinasse’, E. Pinero-Martos®, G. Augé?, D. Moore’, F. Burté’,
S. Lacas-Gervais®, Y. Kageyama®, P. Yu-Wai-Man?®, H. Sesaki®, ]. Ricci*, C. Vives-Bauza®, V.
Paquis-Flucklinger’’;

"IRCAN, UMR CNRS 7284/INSERM U1081/UNS, NICE, France, ?Hépital Archet 2, CHU de
Nice, Service de Génétique Médicale, NICE, France, ’IRCAN, UMR CNRS 7284/INSERM
U1081/UNS, Nice, France, *INSERM U1065, NICE, France, *Research Health Institute of
Palma (1dISPa)-Research Unit, Palma, Spain, °Department of Cell Biology, Johns Hopkins
University School of Medicine, Baltimore, MD, United States, "Wellcome Trust Centre for
Mitochondrial Research, Institute of Genetic Medicine, Newcastle University, Newcastle,
United Kingdom, ®Joint Center for Applied Electron Microscopy, Nice Sophia-Antipolis
University, NICE, France, *Wellcome Trust Centre for Mitochondrial Research, Newcastle
University, Newcastle, United Kingdom, "’Hopital Archet 2, Service de Génétique
Médicale, NICE, France.

Recently, we described CHCHD10 as a novel gene responsible for mtDNA
instability disorder by studying a large family with a late-onset phenotype
including motor neuron disease, cognitive decline looking like frontotem-
poral dementia (FTD), cerebellar ataxia and mitochondrial myopathy with
accumulation of multiple mtDNA deletions. Subsequently, other groups and
ourselves, identified other CHCHD10 mutations in several cohorts with fron-
totemporal dementia-amyotrophic lateral sclerosis (FTD-ALS) or with pure
familial or sporadic ALS or late-onset spinal motor neuropathy (SMA]J).
Here, we show that CHCHD10 is a component of the mitochondrial inner
membrane organizing system (MINOS) complex. The expression of CHCHD10
mutantallele leads to MINOS complex disassembly and loss of mitochondrial
cristae in patient fibroblasts. The abnormalities of the inner membrane are
responsible for nucleoid disorganization leading to defect in mtDNA repair
after oxidative stress, which explains the multiple mtDNA deletions found
in patient muscles. Interestingly, the expression of CHCHD10 mutant alleles
inhibits apoptosis by preventing cytochrome c release. This result supports
previous studies suggesting that, in some ALS models, motor neuron death
can occur via caspase-independent apoptotic mechanism.

In conclusion, we show for the first time that mutations in a gene encoding
a MINOS component are responsible for human disorder. Dissecting the
cellular pathways disrupted by the expression of CHCHD10 mutant alleles
represents, therefore, a golden opportunity to gain powerful insight into the
sequence of events that link mitochondrial dysfunction with neurodegene-
rative disorders.

Grants: to V.P-F (FRM); to H.S: (NIH); to JER: Fondation ARC; to PYWM:
(MRC-UK),Fight for Sight (UK) and (NIHR); to C.V-B: Spanish Instituto de
Salud Carlos III.
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COQ4 mutations cause a broad spectrum of mitochondrial disorders
associated with CoQ10 deficiency

L. Kremer!, G. Brea-Calvo?, T. B. Haack’, D. KaralP’, A. Ohtake’, F. Invernizzi®, R.
CarrozzoS, S. Dusi®, C. Fauth®, S. Scholl-Biirg#, E. Graf', U. Ahting?, N. Resta’, N. Laforgia’,
D. Martinelli®, D. Verrigni®, Y. Okazaki*, M. Kohda*, P. Freisinger®, T. Strom’, T. Meitinger?,
C. Lamperti®, A. Lacson’, P. Navas?, |. Mayr®, E. Bertini®, K. Murayama®’, M. Zeviani*, D.
Ghezzi®, H. Prokisch';

!Helmholtz Zentrum Miinchen, Neuherberg, Germany, *Universidad Pablo de Olavide-
CSIC-JA and CIBERER, Sevilla, Spain, *Paracelsus Medical University Salzburg, Salzburg,
Austria, *Saitama Medical University, Saitama, Japan, °Institute of Neurology “Carlo
Besta’, Milan, Italy, ‘Bambino Gesu Children’s Hospital, Rome, Italy, "University of Bari
Aldo Moro;, Bari, Italy, °Klinikum Reutlingen, Reutlingen, Germany, *Walter Mackenzie
Health Sciences Centre, Alberta, AB, Canada, 1°Chiba Children’s Hospital, Chiba, Japan,
MRC Mitochondrial Biology Unit, Cambridge, United Kingdom.

Primary Coenzyme Q10 (CoQ10) deficiencies are rare, clinically heteroge-
neous disorders caused by recessive mutations in several genes encoding
proteins involved in CoQ10 biosynthesis. CoQ10, a lipoidal quinone, is an
essential component of the electron transport chain (ETC), shuttling elec-
trons from complex [/II to complex III. By whole exome sequencing we
identified five individuals carrying biallelic mutations in COQ4. The precise
function of human COQ4 is not known, but it seems to play a structural role
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in stabilizing a multiheteromeric complex, which contains most of CoQ10
biosynthetic enzymes. The clinical phenotypes of the five subjects varied wi-
dely, but four had a prenatal or perinatal onset with early fatal outcome. Two
unrelated individuals presented with severe hypotonia, bradycardia, respi-
ratory insufficiency and heart failure; two sisters showed antenatal cerebel-
lar hypoplasia, neonatal respiratory distress syndrome, and epileptic ence-
phalopathy. The fifth subject had early-onset but slowly progressive clinical
course, dominated by neurological deterioration with hardly any involve-
ment of other organs. CoQ10 amount was reduced in all available specimens
from mutant subjects, often associated with decrease of CoQ10-dependent
ETC complex activities and reduced oxygen consumption rate in cultured
cells. The pathogenic role of all identified mutations was experimentally va-
lidated in a recombinant yeast model: oxidative growth, strongly impaired
in strains lacking COQ4, was corrected by expressing a human wild-type
COQ4 cDNA but failed to be corrected by expressing COQ4 cDNAs with any
of the nucleotide variants identified in affected subjects. COQ4 mutations
are responsible for early-onset mitochondrial diseases with heterogeneous
clinical presentations associated with CoQ10 deficiency.

C18.3

MCT1 deficiency impairs ketone utilization and causes profound
ketoacidosis upon catabolic stress

P van Hasselt!, S. Ferdinandusse?, G. Monroe', . Ruiter?, M. Turkenburg? M. Geerlings’,
K. Duran’, M. Harakalova’, B. van der Zwaag’, A. Monavar#, 1. Okur*, M. Sharrard®, M.
Cleary?®, N. O‘Connell’, V. Walker?, E. Rubio Gozalbo®, M. de Vries', G. Visser’, R. Houwen’,
J. van der Smagt?, N. Verhoeven-Duif', R. Wanders?, G. van Haaften’;

1UMC Utrecht, Utrecht, Netherlands, ?’AMC, Amsterdam, Netherlands, *Childrens
University Hospital, Dublin, Ireland, *Gazi University School of Medicine, Ankara, Turkey,
Sheffield Children's Hospital, Sheffield, United Kingdom, °Great Ormond Street Hospital,
London, United Kingdom, "Department of Laboratory Medicine, Utrecht, Netherlands,
5Southampton General Hospital, Southampton, United Kingdom, °"MUMC, Maastricht,
Netherlands, "?Radboud university medical center, Nijmegen, Netherlands.

Ketoacidosis is a potentially lethal condition caused by an imbalance bet-
ween ketone body production and ketone body utilization. Ketone bodies
are mainly produced in the liver and used as an energy source in extrahe-
patic tissues. Currently only two genetic defects in ketone body metabolism
are known, whereas most patients with recurrent ketoacidosis remained
unresolved.

We performed targeted exome sequencing of homozygous genomic regions
in a patient from consanguineous parents with recurrent massive ketoaci-
dosis. We sequenced the main candidate gene and related genes in a cohort
of 96 patients suspected of a ketolysis defect, followed by functional, bioche-
mical and clinical characterization.

We identified a homozygous frameshift mutation in the monocarboxylate
transporter 1 (MCT1/SLC16A1), a known transporter of monocarboxylates
including lactate and ketones. Subsequent analysis of MCT1 and related ge-
nes in our cohort yielded 6 additional truncating mutations and 1 missense
mutation in MCT1. We identified both homozygous and heterozygous inac-
tivating mutations, correlating with the depth of ketoacidosis. Immunoblot
analyses revealed reduced and absent levels of MCT1 in heterozygous and
homozygous patients, respectively. A lactate transport assay in erythrocytes
showed absence of transport in homozygous patients and reduced trans-
port in heterozygotes.

We show that MCT1 deficiency is a novel cause of profound ketoacidosis.
Our results indicate that MCT1 is pivotal for import of ketones in extrahepa-
tic tissues. Contrary to the current concept of freely diffusing ketone bodies,
our study shows that during catabolic stress, facilitated transport of ketones
by MCT1 is essential to allow adequate ketone utilization and maintain acid-
base balance.

C18.4

Rare non-synonymous variations in the human ferroportin iron
transporter gene (haemochromatosis type 4): the quest for causal
mutations

L. Callebaut’, S. Pissard?, C. Kannengiesser’, V. Gérolami*, C. Ged®, F. Cartaults, . Rochette’,
C. Ka®, C. Férec®, G. Le Gac’;

!IMPMC, UMR7590, CNRS, Université Pierre et Marie Curie-Paris 6, Paris, France,

Paris, France, ?UPEC (Université Paris Est Creteil), GHU Henri Mondor, Laboratoire

de Génétique, Créteil, France, Créteil, France, *Inserm U1149 - Center for Research

on Inflammation, Université Paris Diderot, AP-HF, Hopital Bichat, Département de
Génétique, Paris, France, Paris, France, “CHU de Marseille, Hopital Conception, Biologie
Moléculaire, Marseille, France, *Inserm U1035, Biothérapies des Maladies Génétiques
et Cancers, Université de Bordeaux, CHU de Bordeaux, Péle de Biologie et Pathologie,
Bordeaux, France, Bordeaux, France, °CHU de la Réunion, Service de Génétique,
Saint-Denis, France, Saint-Denis, La Réunion, France, "UPJV EA4666, CHU dAmiens,
Laboratoire de Génétique Moléculaire, Amiens, France, Amiens, France, °Inserm U1078,
University of Western Brittany (UBO), University Hospital of Brest (CHRU de Brest),
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French National Blood Service (EFS), Brest, France.

Haemochromatosis type 4 is a rare form of primary iron overload transmit-
ted as an autosomal dominant trait caused by mutations in the gene enco-
ding the iron transport protein ferroportin 1 (SLC40A1). SLC40A1 mutations
fall into two functional categories (loss- versus gain-of-function) underlying
two distinct clinical entities (haemochromatosis type 4A-B). However, the
vast majority of SLC40A1 mutations are rare missense variations, with only
a few showing strong evidence of causality. The present study reports the
results of an integrated approach collecting genetic and phenotypic data
from 44 suspected haemochromatosis type 4 patients, with comprehensive
structural (3D model) and functional annotations."? Causality was demon-
strated for 10 missense variants, showing a clear dichotomy between the
two haemochromatosis type 4 subtypes. Two subgroups of loss-of-function
mutations were distinguished: one impairing cell surface expression and
one altering only iron egress. A new gain-of-function mutation was identi-
fied, and the degradation of ferroportin on hepcidin binding was shown to
probably depend on the integrity of a large extracellular loop outside of the
hepcidin-binding domain. Eight further missense variations, on the other
hand, were shown to have no discernible effects at either protein or RNA
level; these were found in apparently isolated patients and were associated
with a less severe phenotype. The present findings illustrate the importance
of combining in-silico and biochemical approaches to fully distinguish pa-
thogenic SLC40A1 mutations from benign variants. This has profound impli-
cations for patient management.

1Le Gac G et al. Hum Mut. 2013;34:1371-80

2 Callebaut I et al. Hum Mol Genet. 2014;23:4479-90.

C18.5

Companion diagnostics by comprehensive targeted NGS with evidence
for a threshold model in a cohort of 605 patients with atypical
haemolytic uremic syndrome and hereditary glomerulopathies

M. Grohmann?, N. Bachmann®, M. Hiersche®, T. Eisenberger?, H. J. Bolz!, T Ring?, B.
Hohenstein®, C. Mache*, M. J. Kemper®, C. S. Haas®, N. Heyne’, R. P. Wiithrich®, E. Thaiss’, B.
Ténshoff’’, L. Pape'’, M. Wiesener?, J. Menne?s, G. Walz', C. Bergmann®;

1Bioscientia Center for Human Genetics, Ingelheim, Germany, ?Aalborg University
Hospital, Nephrology, Aalborg, Denmark, *Department of Nephrology, University
Dresden, Germany, *Pediatrics University Graz, Graz, Austria, *Pediatric Nephrology,
University Hamburyg, Germany, *University of Hamburyg, Department of Medicine I,
Hamburg, Germany, ’Department of Nephrology, University Tiibingen, Germany, éClinic
for Nephrology, University Hospital Zurich, Zurich, Switzerland, *University Hospital
Eppendorf UKE, Center of Internal Medicine, Hamburg, Germany, "’Department of
Pediatrics 1, University Children’s Hospital, Heidelberg, Germany, ''Department of
Pediatric Nephrology, Hannover Medical School, Hannover, Germany, ?Department of
Nephrology and Hypertension, University Erlangen-Nuremberg, Erlangen-Nuremberg,
Germany, *Department of Nephrology and Hypertension, Hannover Medical School,
Hannover, Germany, **Renal Division and Center for Clinical Research, University
Freiburg Medical Center, Freiburg, Germany.

Genetic defects are responsible for the majority of primary renal diseases
leading to end-stage renal disease. The risk of recurrence after transplan-
tation depends on the genotype. Genetic testing becomes increasingly im-
portant for proper clinical management and therapeutic and prognostic
issues, but there is a need for novel comprehensive, time- and cost-efficient
strategies. We analysed 605 unrelated patients by a customized NGS-panel
of 347 genes for atypical haemolytic uremic syndrome (aHUS) and heredi-
tary glomerular disorders (nephrotic syndrome, FSGS, Alport syndrome,
MPGN, C3 glomerulopathies) which often show clinical and genetic overlap.
The alternative complement pathway is typically overactivated in aHUS and
C3 glomerulopathies, but genes implicated in coagulation and haemostasis
play a pivotal role too. Secondary triggers (e. g., hypertension, pregnancy,
transplantation, infection) and predisposing polymorphisms lower the
threshold for disease onset. Our study represents the by far largest cohort
analysed by comprehensive genetic testing. We present new disease genes
and demonstrate that variations in more than one gene contribute to the
phenotype with variable expressivity and incomplete penetrance. We show
that detailed information on the genotype is crucial for decisions on trans-
plantation, recurrence risk and treatment such as when and how long an ex-
pensive drug like the monoclonal antibody eculizumab should be given. The
diseases discussed represent an interesting model that may help to explain
basic genetic principles not confined to renal disorders and of relevance for
all geneticists. We demonstrate that genetic testing assists in the decision-
making process to treat patients adequately while handling public resources
responsibly.
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Common and rare variants associated with kidney stones and
biochemical traits

A. Oddsson’, P Sulem’, H. Helgason?, V. Edvardsson®*, G. Thorleifsson’, G.
Sveinbjornsson’, E. Haraldsdottir’, G. I. Eyjolfsson®, O. Sigurdardottir®, I. Olafsson’, G.
Masson’, H. Holm’, D. E Gudbjartsson??, U. Thorsteinsdottir**, O. S. Indridason®’, R.
Palsson®’, K. Stefansson**;
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Laboratory in Mjodd (RAM), Reykjavik, Iceland, *Department of Clinical Biochemistry,
Akureyri Hospital, Akureyri, Iceland, ’Department of Clinical Biochemistry, Landspitali
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Services, Landspitali - The National University Hospital of Iceland, Reykjavik, Iceland,
°Division of Radiology, Diagnostic Medicine Services, Landspitali - The National
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To search for novel sequence variants that confer risk of kidney stones, we
conducted a genome-wide association study using 28.3 million sequence
variants identified through whole genome sequencing of 2,636 Icelanders
and subsequent imputation into 5,419 kidney stone cases, including 2,172
cases with a history of recurrent kidney stones, and 279,870 controls. In
addition to replicating previous findings in an Asian population at SLC34A1
(rs12654812[A] ,OR=1.18, P=5.7x10"") we identified sequence variants as-
sociating with kidney stones at ALPL (rs1256328[T], odds ratio (OR) = 1.21,
P = 5.8x107) as well as a suggestive association at CASR (rs7627468[A],
OR =1.16, P = 2.0x10%). We specifically focused our analysis on coding se-
quence variants in 63 genes with preferential gene expression in the kidney.
The strongest associations observed were of two rare missense variants
SLC34A1 p.Tyr489Cys (OR = 2.38, P = 2.8x10%) and TRPV5 p.Leu530Arg
(OR =3.62, P = 4.1x107) for recurrent kidney stones. We further tested the
sequence variants identified in this study for association with biochemical
traits involved in calcium-phosphate and purine metabolism, kidney func-
tion, acid-base and ion homeostasis in a large population set. The results
demonstrate the role of sequence variants at genes involved in calcium-
phosphate homeostasis in the pathophysiology of kidney stones in humans.

C19.1

Large-scale, high-throughput testing of cancer predisposition genes
using the TruSight Cancer panel

S. Mahamdallie??, E. Ruark’, A. Fowler®, M. Miinz®, V. Cloke?, A. George'*, S. Seal®?, G.
Lunter®, N. Rahman*?*, Mainstreaming Cancer Genetics Programme;

Division of Genetics & Epidemiology, Institute of Cancer Research, London, United
Kingdom, *TGLclinical, Institute of Cancer Research, London, United Kingdom, *Wellcome
Trust Centre for Human Genetics, University of Oxford, Oxford, United Kingdom, *Cancer
Genetics Unit, Royal Marsden Hospital, London, United Kingdom.

Genetic testing of cancer predisposition genes is a major activity of Clinical
Genetics, but gene testing in most countries remains very restricted with re-
spect to the number of genes and number of people that can access testing.
In collaboration with Illumina we developed an NGS pulldown panel called
TruSight Cancer Panel (TSCP), which targets 97 cancer predisposition ge-
nes including BRCA1 and BRCAZ2. TSCP requires only 50ng of input DNA and
we multiplex to sequence 96 samples at a time on a HiSeq2500, generating
median coverage of 500X. We have developed and validated a bespoke ana-
lytical pipeline that detects small and large variants, which runs overnight
with no bioinformatic input.

To date we have processed >5000 individuals with TSCP and these data
will be presented. Furthermore, TSCP has now been implemented in our
accredited clinical testing laboratory, TGLclinical, as the test for BRCA1 and
BRCAZ2 mutations, with all mutations validated by Sanger or MLPA as appro-
priate. 376 clinical reports using TSCP have been issued, including 42 with
pathogenic mutations. Using our laboratory and analytical TSCP pipeline
one person can process 96 samples from DNA to variant calling in eight wor-
king days. The average turnaround time from sample receipt to report issue
is now 27 days. Expansion of clinical testing to other genes on the panel
is underway. These data provide multiple insights into integration of NGS
panel analysis in the clinical setting. This work was undertaken as part of
the MCG programme (www.mcgprogramme.com), funded by the Wellcome
Trust Grant 098518/Z/12/7Z.
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Increasing accessibility and affordability of genetic testing through
targeted clinical exome sequencing

S. Abbs’, H. Martin®, K. Brugger, I. Delon’, O. Spasic-Boskovic!, G. Sagoo?, F. Rodger®,
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1East Anglian Medical Genetics Service, Cambridge University Hospitals NHS Foundation
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900 patients have been sequenced for 4813 clinically relevant genes using
the Illumina TruSight One sequencing assay. This test has replaced nu-
merous alternative diagnostic sequencing tests, providing a single laborato-
ry workflow and financial savings.

Data is analysed for a panel of genes appropriate for the clinical presenta-
tion. To date 190 virtual gene panels have been developed, incorporating
1085 genes, averaging 7.9 genes per panel. Almost 1/3 of panels established
(60) are single genes, requested for patients with homogeneous clinical
presentations. Single gene analysis yields a higher mutation detection rate
(40%) than panel testing (27%), however we will present data showing that
panel testing would increase the diagnostic yield further if applied instead
of single gene analysis.

Gene panels are established on demand. As long as the required gene(s) are
captured and yield good sequencing coverage, a diagnostic test, which may
be unavailable or unaffordable by alternative methodology, can be offered
almost immediately. For example, we were able to offer rapid testing for a
couple presenting in pregnancy, after having a child with a tentative diagno-
sis of Schwartz-Jampel syndrome. Sequence data was filtered for skeletal
dysplasia and distal arthrogryposis gene panels. A biparentally inherited
homozygous pathogenic HSPG2 variant was detected in the affected indivi-
dual, confirming the diagnosis and enabling prenatal testing within 3 weeks
of receiving the referral.

This “clinical exome” sequencing approach offers flexible testing at ~25%
cost reduction over alternative tests, significantly increasing accessibility to
genetic testing for patients with a huge range of genetic disorders.

C19.3

The RD-Connect platform includes the first 360 analysed exomes
linked to phenotypic data and integrates user-friendly tools for rare
disease variant prioritization
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1Centro Nacional de Andlisis Genémico, Barcelona, Spain, *Centro Nacional de
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Marseille, France, “Department of Human Genetics, Leiden University Medical Center,
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Aveiro, Aveiro, Portugal, °Institute of Genetic Medicine, MRC Centre for Neuromuscular
Diseases, Newcastle University, Newcastle, United Kingdom, *°Dubowitz Neuromuscular
Centre, UCL Institute of Child Health and Great Ormond Street Hospital for Children,
London, United Kingdom, *Centre for Computational Medicine, Hospital for Sick
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Laboratory , European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome
Campus, Cambridge, United Kingdom, *APHM, Hépital TIMONE Enfants, Laboratoire de
Génétique Moléculaire, Marseille, France.

Around 300 million people worldwide are estimated to suffer from one of
the 6000+ known rare diseases. However, rare disease research faces par-
ticular challenges because patient populations, clinical expertise, and re-
search communities are small in number and highly fragmented. To overco-
me these challenges the EU FP7-funded RD-Connect project, in collaboration
with Neuromics and EURenOmics, is building a platform to harmonise and
securely integrate clinical data with biosample and -omics data. The geno-
mics side of the platform already includes over 360 NGS exomes linked to
detailed phenotypes stored in PhenoTips using the Human Phenotype On-
tology. Exomes were processed with v1 of the RD-Connect standard analysis
pipeline for genomics, which exceeds 99% precision and sensitivity when
compared to the NIST reference set of calls for NA12878. The platform runs
on a Hadoop cluster and uses technologies such as ElasticSearch, Postgres,
Scala and Angularjs, making it highly configurable and efficient. The exo-
mes can be combined in a very flexible manner and variants can be filtered
and prioritized through the user-friendly front-end using the most common
quality, genomic location, effect, pathogenicity and population frequency
annotations, including CADD and ExXAC. Moreover, additional tools can be
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integrated at the database level or at the interface through API queries. To
date, UMD Predictor, DiseaseCard, Alamut Functional Annotation (ALFA)
and gene-disease relationships in nanopublication format have been inte-
grated. The project aims to publicly release the first version of the platform
during 2015 for authorized users and will gladly accept submissions from
other projects in the future.

C19.4

Copy Number Analysis using Exon-level aCGH and Exome Sequencing
in over 3,000 Parent-Offspring Trios from the Deciphering
Developmental Disorders Project

T. W. Fitzgerald, /. McRae, D. de Vries, M. Hurles;

Wellcome Trust Sanger Institute, Cambridge, United Kingdom.

The Deciphering Developmental Disorders (DDD) project is a family based
study focused on rare genetic variants in patients with undiagnosed develop-
mental delay. Copy number (CNV) discovery in the DDD project is achieved
using a combination of exon-resolution array comparative genomic hybri-
dization (exon-CGH) and whole exome next generation sequencing (WES)
platforms. We have developed a new algorithm - CIFER (CNV Inheritance
From Exome Resources) that uses trio WES for the validation and inheri-
tance classification of CNVs detected using exon-CGH in probands. We screen
the genomes of over 3,000 parent-offspring trios for potentially pathogenic
CNVs to elucidate the genetic basis for numerous patient phenotypes from
the DDD project. The inheritance patterns for CNVs across the patient co-
hort are explored and compared to current CNV mutation rate estimates
from normal controls. An investigation into the potential for using WES as
the sole source for CNV discovery comparing against and using exon-CGH
as the gold standard is undertaken. By applying an automated CNV filtering
pipeline we present the overall characteristics of CNVs predicted to have
broad clinical relevance in approximately 10% of proband samples. We pro-
vide examples of recurrent CNVs in single known DD genes across multiple
patients with similar phenotypes. Additionally by using association based
testing and gene haploinsufficiency predictions we present initial findings
into suggestive novel DD genes based on CNV frequency rates, inheritance
patterns and patient phenotype similarities.

C19.5

Small exonic CNVs as causes of primary immunodeficiencies

A. Stray-Pedersen’?, H. S. Sorte’, T. Gambin**, P S. Samarakoon?, S. Gu?, L. R. Forbes®, I.
Chinn®, Z. H. C. Akdemir’, O. K. Rodningen®, B. Yuan’, P M. Boone', A. Patel’, S. . Penney?,
W. Wiszniewski’, S. N. Jhangiani®, D. Muzny’, R. A. Gibbs’, R. Lylé®, ]. S. Orange®, . R.
Lupski*5;

!Baylor-Hopkins Center for Mendelian Genomics (BHCMG) of the Department of
Molecular and Human Genetics, Baylor College of Medicine, Houston, TX, United

States, “The National Neonatal Screening Unit, Oslo University Hospital, Oslo, Norway,
3Department of Medical Genetics, Oslo University Hospital, Oslo, Norway, *Institute

of Computer Science, Warsaw University of Technology, Warsaw, Poland, *Center for
Human Immunobiology, Baylor College of Medicine and Texas Children’s Hospital,
Houston, TX, United States, °Department of Molecular and Human Genetics, Baylor
College of Medicine, Houston, TX, United States, ’THuman Genome Sequencing Center of
Baylor College of Medicine, Houston, TX, United States, *Department of Pediatrics, Baylor
College of Medicine, Houston, TX, United States.

Primary immunodeficiencies (PIDD) constitute a heterogeneous group of
genetic diseases affecting the immune system. Mutations in more than 300
genes are known to cause PIDD and the subtype symptoms can be overlap-
ping. Both disease severity, which can range from mild to life-threatening,
and treatment options depend on the genetic aetiology. We examined the
utility of whole exome sequencing (WES) to detect disease-causing single
nucleotide variants (SNVs) and copy number variations (CNVs) in PIDD
patients. Patients were recruited from Texas Children‘s Hospital (Houston,
US) and Oslo University Hospital (Norway). As of February 2015, patients
with extensive immunological and genetic testing from 258 families have
been WES tested. PIDD-causing SNVs were identified in 100 of the families.
A computational CNV prediction pipeline was applied to the exome data to
identify PIDD-causing CNVs. The predicted PIDD-causing CNVs were valida-
ted using a custom array CGH (aCGH) platform with exon-level resolution.
The same aCGH was also applied to a selection of the families with negative
WES. PIDD-causing CNVs were identified in 10 families, involving MAGT1,
SMARCAL1, DOCKS, IL7R, MYB, PGM3, DKC1, and FANCA. Five of the CNVs
spanned between 1-4 exons and would not have been detected by traditio-
nal diagnostic aCGH, with a typical resolution of 50 kb. This study shows
that exome sequencing is an efficient method to establish a genetic diagno-
sis for PIDD patients and that small exonic CNVs might be a neglected cause
of PIDD.
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Whole genome sequencing as a clinical diagnostic tool for
heterogeneous Mendelian disease

J. M. Ellingford’, S. Barton? S. Bhaskar? S. G. Williams?, P. I. Sergouniotis®, J. O‘Sullivan’,
J. A. Lamb*, R. Perveen’, G. Hall?, W. G. Newman?, P. N. Bishop?, S. A. Roberts®, S. Bayliss®, S.
C. Ramsden?, A. H. Nemeth®, G. C. M. Black?;

Institute of Human Development, University of Manchester, Manchester, United
Kingdom, ?“Manchester Centre for Genomic Medicine, Central Manchester University
Hospitals NHS Foundation Trust, Manchester Academic Health Sciences Centre,
Manchester, United Kingdom, *Manchester Royal Eye Hospital, Manchester Academic
Health Sciences Centre, Central Manchester University Hospitals NHS Foundation Trust,
Manchester, United Kingdom, *Institute of Population Health, University of Manchester,
Manchester, United Kingdom, *Centre for Biostatistics, Institute of Population Health,
University of Manchester, Manchester, United Kingdom, °The Division of Clinical
Neurology, Nuffield Department of Clinical Neurosciences, John Radcliffe Hospital,
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Background: Whole genome sequencing (WGS) enables the analysis of ge-
nome-wide genetic variation that can range from single nucleotide alterati-
ons to large structural genomic variants. WGS has become more affordable
and presents dramatic opportunities for a potential shift in diagnostic ser-
vices for genetic disease. This is exemplified by the recent commission of the
100,000 Genomes Project in England and the ‘precision medicine’ program-
me in the USA. However, diagnostic WGS pipelines are yet to be validated as
a clinical tool in the context of heterogeneous genetic disease.

Methods: We surveyed the diagnostic yield of an accredited, conventional
next-generation sequencing (NGS) diagnostic testing method for 537 pa-
tients with genetically and clinically heterogeneous single gene disorders
(specifically, inherited-retinal-disease). A subset of 47 patients also under-
went WGS, and we compare the diagnostic yield of a WGS pipeline to that
achieved by the conventional NGS diagnostic test.

Findings: The WGS pipeline achieved similar sensitivity and specificity rates
to the targeted NGS diagnostic testing method. Importantly, the WGS pipe-
line detected pathogenic variants that were not identified by current NGS
diagnostics and, amongst the 47 patients, facilitated an 85% increase in dia-
gnostic yield. If applied to the 537 patients surveyed, weighted estimates
suggest that the WGS pipeline could provide a 27% increase in diagnostic
yield.

Interpretation: We demonstrate the capability of a WGS pipeline to detect
pathogenic genetic variants missed by current methodologies, and to iden-
tify essential modifications for current and future molecular diagnostic
practice. We establish the potential utility of diagnostic WGS pipelines for
clinically and genetically heterogeneous Mendelian disorders.

C20.1

Ethical and legal challenges of genomic cloud computing

E. S. Dove’?, M. Phillips’, Y. Joly*, A. Tassé*, B. M. Knoppers"*;

IMcGill University, Montreal, QC, Canada, *University of Edinburgh, Edinburgh, United
Kingdom, 3Global Alliance for Genomics and Health, Toronto, ON, Canada, *Public
Population Project in Genomics and Society, Montreal, QC, Canada.

Genomic researchers are increasingly utilizing vast computer infrastructure
and advanced software tools to store and perform comprehensive analyses
of genomic data sets. Cloud computing is harnessed both to integrate data
from multiple sources and to analyze data to solve biomedical problems.
Cloud computing offers multiple advantages, including lower costs and the
enablement of greater international collaboration and research efficiency.
Yet, it also brings a number of new ethical and policy issues, particularly tho-
se concerning the protection of personal health data in an environment of
transnational, multidirectional data flow. Because cloud computing affects
multiple stakeholders situated across multiple jurisdictions, careful legal
and ethical analysis is warranted. In this presentation, we will characterize
and analyze the specific legal and ethical challenges emerging from cloud-
based genome analysis based on our analysis of publicly available cloud
service providers’ Terms of Service. These challenges include: data control;
data security and privacy; international data transfer; and, accountability.
Additionally, in conjunction with the collaborative work of P3G-IPAC (Public
Population Project in Genomics and Society - International Policy interope-
rability and data Access Clearinghouse) and the Global Alliance for Geno-
mics and Health, we will present an international policy for cloud-based
genomic research and clinical practice that sets an innovative but effective
and ethically responsible approach to conducting genomic medical research
in the cloud. Such a policy will robustly protect patient privacy and medical
confidentiality, and also facilitate secure access to genomic and clinical data-
-even when up in the clouds.
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In utero treatment of Down syndrome - proceed with care
G. M. W.R. de Wert, W. . Dondorp;

Maastricht University, Maastricht, Netherlands.

Non-invasive prenatal testing may well create an opportunity for in utero
treatment of Down syndrome (IUTDS) by means of compounds impro-
ving neurogenesis (1). While research is still in its infancy, experts invol-
ved rightly stress the importance of an anticipatory ethical debate. Clearly,
IUTDS would raise both conceptual and a cluster of normative issues, linked
with research ethics, the ethics of prenatal screening and responsible par-
enthood.

First, the suggested conceptualization of such treatment as ‘fetal persona-
lized medicine’ is debatable as this seems to presume a (rightly) contested
view regarding the status of the fetus (as a ‘person’). Second, future I[UTDS
will, obviously, be experimental for a longer period. What about the pro-
portionality of possible harms and benefits, taking account of the fact that
DS children with a somewhat higher IQ are not necessarily happier? Which
criteria should be used to measure success? How to guarantee well-consi-
dered decisions of women who may prematurely consider such IUTDS to be
evidence-based? Third, (how) would IUTDS change the ethics of NIPT for
DS? While IUTDS could circumvent traditional ‘pro life’ criticism, objections
may still come from ‘disability rights’ criticists - arguing that IUTDS reflects
a problematic ‘normalization’ of people with mental retardation - and from
feminists arguing that women may be pressurized to refrain from termina-
ting affected pregnancies, undermining their reproductive rights.

This exploratory ethical analysis will scrutinize the main moral issues and
contribute to agenda-setting for further debate

1. Bianchi D. From prenatal genomic diagnosis to fetal personalized medici-
ne: progress and challenges. Nature Medicine 2012;18(7):1-11.

C20.3

Should children’s carrier results be reported following diagnostic
WES/WGS?

D. F. Vears'?, K. Sénécal’, ]. Massie*’, P. Borry';

ICentre for Biomedical Ethics and Law, Leuven, Belgium, ?Centre for Health Equity,
University of Melbourne, Parkville, Australia, *Centre of Genomics and Policy, Mc Gill
University, Montreal, QC, Canada, *Department of Respiratory Medicine, The Royal
Children’s Hospital, Parkville, Australia, °Department of Paediatrics, University of
Melbourne, Parkville, Australia.

The ACMG recommend that if children undergo whole genome/exome se-
quencing (WGS/WES) for diagnostic purposes, results for their predisposi-
tion to 24 genetic conditions, predominantly autosomal dominant familial
cancer and vascular syndromes, should be reported to clinicians for discus-
sion with the family. They suggest the possible negative psychological im-
pacts from identifying children’s genetic risks and the loss of their future
autonomy, are outweighed by the potential benefits, both for the health of
the child and also their parents.

Yet ACMG do not recommend disclosure of children’s carrier status to fa-
milies, despite the potential benefits to the child, due to the possible health
implications for carriers of some X-linked conditions, such as Duchenne
Muscular Dystrophy (DMD), and their parents, who may benefit from re-
productive choices.

This paper explores the ethical implications of reporting incidental carrier
results from diagnostic WGS/WES. We draw on data from qualitative inter-
views with 17 genetic health professionals and 33 parents of children with
genetic conditions (cystic fibrosis, DMD and haemophilia), exploring the
practices, views and experiences of carrier testing in children to inform this
discussion. We consider these parents’ reactions to learning their child’s
carrier status and their intentions to communicate carrier information to
their children, and how this might impact on their abilities to manage inci-
dental findings from diagnostic WES/WGS.

Finally, we draw conclusions about the appropriateness of conveying in-
cidental carrier information from WGS/WES to families in contrast to the
recommendations of international guidelines against performing carrier
testing in siblings of children with genetic conditions.

C20.4

Informed consent for whole exome sequencing in pediatric disease
diagnostics: parental decision-making processes, their ethical
relevance and implications for policy development

C. Cornelis’, M. van Summeren?, 1. Bolt?, A. Tibben*, W. Dondorp®, M. van Haelst’, A.
Bredenoord’, M. Diiwell?, N. Knoers®;

1University Medical Center Utrecht; Ethics Institute, Utrecht University, Utrecht,
Netherlands, ?Department of General Pediatrics, Wilhelmina Children’s Hospital,
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University, Utrecht, Netherlands, *Department of Medical Psychology, Leiden University
Medical Center, Leiden, Netherlands, *Department of Health, Ethics & Society, Maastricht
University, Maastricht, Netherlands, *University Medical Center Utrecht, Utrecht,
Netherlands, ’Julius Center, Department of Medical Humanities, University Medical
Center Utrecht, Utrecht, Netherlands, °Ethics Institute, Department of Philosophy and
Religious Studies, Utrecht University, Utrecht, Netherlands, *Department of Medical
Genetics, University Medical Center Utrecht, Utrecht, Netherlands.

Introduction:

The empirical body of evidence on parents’ decision-making processes for
whole exome sequencing (WES) and return of unsolicited findings (UFs) in
pediatric disease diagnostics is limited. Yet understanding these processes
and the differences between them is needed for developing morally respon-
sible policy.

Method:

Twenty semi-structured interviews were conducted with parents of child-
ren ages <1 - 17, after consenting to WES (trio-analyses), but prior to feed-
back of results.

Results:

Parental preferences for return of UFs, reasoning patterns, and difficulties
experienced in decision-making diverged. Context-specific factors of per-
sons’ situations, such as uncertainty about whether their child will develop
into an autonomous adult capable of making future disclosure decisions,
and differences in persons’ moral starting points clarify this divergence.
Parents valued being given choices over most outcome categories of UFs
for various reasons. One reason was that decisional discretion necessitates
contemplation of the possible future consequences of hearing, or not hea-
ring, certain results - thereby ensuring parents’ confidence of having made
a well-informed decision for WES. A need was sometimes also expressed by
parents to understand the moral argumentation behind the center’s policy
choices regarding opt-ins and opt-outs for certain UFs, since seeing different
arguments can help one weigh alternatives in a systematic manner, thus,
adding to one’s confidence about having decided responsibly.

Conclusion:

These insights inform ethical theorizing on how policy for WES and UFs
should be structured in order to ensure persons’ well-informed decision-
making.

This projectis funded by ZonMw (grantno. 70-73000-98-047) - The Nether-
lands Organization for Health Research and Development.
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A Human Rights Approach to International Data Sharing?

B. Knoppers, E. Dove;

McGill University, Montreal, QC, Canada.

Human rights are engrained in international law. They offer many advan-
tages to translational and transnational genome science centred on data
sharing. First, their universalizing force can overcome site-specific factors
that drive a wedge between research initiative/funder data sharing policies
and harmonization. Second, because human rights have both political and
legal dimensions, they reach beyond the moral appeals of bioethics and can
provide a more robust governance framework for the regulation of geno-
mics research. If health care becomes a primary location for collecting the
phenotypic and genetic data needed to create learning systems for research
and clinical care, we need to reinforce the self-regulatory codes of ethics of
genomic researchers, and clinicians with legally recognized human rights,
that is, a co-regulatory system. Third, human rights belong to groups as well
as individuals (creating a reciprocity between the individual and public le-
vel) and reach beyond classic negative duties (i.e. forbidding State actors
from interfering with the rights of individuals), to positive, more progressive
duties, thereby urging action by governments (and ideally, industry, funders,
and researchers) to share the data, technologies and knowledge that are the
fruits of our science to achieve a goal desired by all, such as health. Fourth,
human rights can foster responsible protection in three critical areas: priva-
cy; anti-discrimination, and procedural fairness. This presentation will use
the Framework for Responsible Sharing of Genomic and Health-Related Data
of the Global Alliance for Genomics and Health as a case study for harnessing
human rights as mobilizing force for international data sharing.

C20.6

What's in it for me? A critical analysis of the notion of personal utility
in genomic testing

E. M. Bunnik;

Erasmus MC, Rotterdam, Netherlands.

Observers have suggested that in the ethical evaluation of genomic tests, the
criterion of clinical utility should be replaced or complemented with the cri-
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terion of personal utility. These suggestions are commonly made from a li-
beralist vantage point, in which it is held that patients or consumers should
be free to define the value of genomic tests for themselves and to access
genomic tests - through the healthcare system or through commercial chan-
nels - that may lack clinical utility, strictly defined. A paradigmatic example
is ApoE testing: while there are limited therapeutic options for Alzheimer’s
disease (i.e. clinical utility), many people prefer knowing their genetic risk
to make life choices or to psychologically prepare for possible scenarios.
Further, genomic tests for non-medical traits (e.g. ancestry, professional or
sports-related testing) can be interesting or fun and thus have personal va-
lue for consumers. But does a ‘consumer value’ imply that there is personal
utility in a genomic test? I will argue that genomic tests that lack predictive
ability cannot have personal utility. Further, I will argue - descriptively and
normatively - that the notion of personal utility should be demarcated nar-
rowly in order for it to have a role in the ethical evaluation of genomic tests. I
will set forth the conditions sine qua non of personal utility in genomic tests,
including clinical validity and reasonable potential use. Often, the notion of
personal utility is used to ethically justify genomic testing offers to the pu-
blic; such justifications, I will point out, are flawed.
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Recurrent de novo p.Arg83Cys mutations in the acetyl CoA binding
site of NAA10 are associated with atypical Cornelia de Lange
syndrome
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Rennes, France.

Cornelia de Lange syndrome (CdLS) is a variable multisystem disorder with
a broad phenotypic spectrum. Most typically-affected individuals carry de
novo heterozygous loss-of-function mutations in NIPBL. Mutations in other
components of the sister chromatid cohesion system, SMC1A, HDAC8, SMC3
and RADZ21, result in phenotypes that overlap with CdLS but which can be
highly atypical. In the present study, a recurrent de novo mutation was iden-
tified in the X-linked gene, NAA10 (c.247C>T [p.Arg83Cys]) in four unrelated
female individuals through trio-based exome sequencing and re-sequencing.
A fifth female was found to carry a de novo mutation affecting the adjacent
codon (p.Arg82Gln). Three of these cases have a CdLS-like appearance, with
the growth and dysmorphic features in all individuals being variable. Ana-
lysis of X-chromosome inactivation revealed complete skewing of X-inacti-
vation in 3/5 cases and borderline skewing in the remaining two. In vivo
analysis of a patient fibroblast cell line, only expressing the mutant allele,
showed no obvious defects in cell division. Molecular modelling suggests
that the p.Arg83Cys conversion is likely to alter binding of NAA10 to ace-
tyl CoA. A significant reduction in auto-acetylation of NAA10 was observed
in the presence of the p.Arg83Cys mutation in vitro. Furthermore, mouse
embryonic fibroblast cell lines derived from CRISPR-induced p.Arg83Cys
knock-in mouse embryos are being analysed for further characterisation of
this mutation in relation to cohesin function. A detailed clinical comparison
to published cases of NAA10 mutations will also be presented. Our results
identify recurrent de novo mutations in NAA10 as a possible cause of CdLS-
overlapping phenotypes.
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STAG1 haploinsufficiency is responsible for a new cohesinopathy
with intellectual disability and characteristic facial features in four
unrelated individuals
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Cohesinopathies are rare disorders arising from a dysfunction in the cohesin
pathway, which enables chromosome segregation and proper cell division.
So far, seven genes from this pathway have been reported in human disease.
Five of them are involved in autosomal dominant (NIPBL, SMC3, RAD21) or
X-linked (SMC1A and HDAC8) Cornelia de Lange syndrome, and two of them
in autosomal recessive Roberts (ESCO2) and Warsaw Breakage syndromes
(DDX11). All are severe neurodevelopmental conditions characterized by
intellectual disability, growth retardation, microcephaly, limb defects and
facial dysmorphism.

STAG1 belongs to the STAG subunit of the core cohesin complex, which,
along with three other subunits, mediates cohesion between sister chroma-
tids. Here, we report an international series of four unrelated individuals, 3
males and 1 female, aged 8 to 33 years, referred for moderate to severe intel-
lectual disability that could be attributed to STAG1 haploinsufficiency. Three
had history of intrauterine growth retardation, two with prenatal-onset
microcephaly, one with post-natal growth retardation. One individual had
epilepsy, two had autistic features. The four patients shared common facial
features, with widely spaced incisors, thin eyebrows, and high nasal bridge.
The mechanism for haploinsufficiency was a small deletion encompassing
STAG1 diagnosed by array-CGH in two individuals, an intragenic deletion in
STAG1 found by whole genome analysis in one individual, and a missense
heterozygous mutation (c.641A>G) revealed by exome analysis in the last
patient. All the variants were shown to be de novo. This series provides evi-
dence that STAG1 haploinsufficiency leads to a new cohesinopathy with a
clinically recognizable phenotype.

C21.3

Wiedemann-Steiner Syndrome: Expanding the phenotypic spectrum
associated with KMT2A (MLL) mutations
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In 2012 members of our group reported that de novo mutations in the histo-
ne methyl-transferase MLL (renamed KMT2A) underlie a distinct phenotype
of hypertrichosis, short stature, intellectual disability and a distinctive facial
appearance consistent with a diagnosis of Wiedemann-Steiner syndrome in
five individuals. Other phenotypic features observed were feeding difficul-
ties, behavioural difficulties, skeletal abnormalities and cardiac defects.

We have now identified 39 individuals with mutations in KMT2A. Our co-
hort contains 37 sporadic individuals and a set of monozygous twins. In
total 19 individuals with KMT2A mutations have undergone detailed clini-
cal phenotyping by members of our group and we have detailed phenotype
information for 20 further patients with KMT2A mutations. Recruitment to
our study, sequencing and detailed phenotyping is on going.

Our study has shown that hypertrichosis, which was initially identified, as
a typical feature is variable in individuals with KMT2A mutations. We have
expanded the list of phenotypic abnormalities associated with KMT2A mu-
tations and report novel features including seizures, renal abnormalities,
plantar fat pads, ptosis, and malrotation of the bowel. Review of the facial
appearance of individuals of KMT2A mutations shows that the facial phe-
notype evolves over time, clinical photographs will be presented at different
time points to illustrate this progression.

In addition to the expansion and clarification of the clinical features, grow-
th profile and mutational spectrum associated with KMT2A mutations, we
will review the overlap with other conditions and compare the phenotype of
individuals identified through non-targeted screening to those individuals
identified following clinician phenotyping to define the characteristic phe-
notype that should prompt consideration of KMT2A testing.

C21.4

Mutations in the endothelin receptor type A cause mandibulofacial
dysostosis with alopecia via a maxillary to mandibular
transformation
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The endothelin receptor type A (EDNRA) signaling pathway is essential for
the establishment of mandibular identity during development of the first
pharyngeal arch. We report four unrelated individuals with a novel syndro-
me, mandibulofacial dysostosis with alopecia (MFDA), who have de novo
missense variants in EDNRA. The MFDA phenotype includes eyelid and ear
dysplasia and hearing loss. Three of the four individuals have the same sub-
stitution in EDNRA, p.Tyr129Phe. Tyr129 is known to determine the selecti-
ve affinity of EDNRA for endothelin 1 (EDN1), its major physiological ligand,
and the p.Tyr129Phe variant increases the affinity of the receptor for EDN3,
its non-preferred ligand, by two orders of magnitude. The fourth individual,
previously described as having Johnson-McMillin syndrome, has a somatic
mosaic substitution in EDNRA, p.Glu303Lys. The zygomatic arch of indivi-
duals with MFDA resembles that of mice in which EDNRA is ectopically ac-
tivated in the maxillary prominence, resulting in a maxillary to mandibular
transformation, suggesting that the p.Tyr129Phe variant causes an EDNRA
gain of function in the developing upper jaw. Our findings highlight the im-
portance of finely-tuned regulation of EDNRA signaling during human cra-
niofacial development and suggest that modification of endothelin receptor-
ligand specificity was a key step in the evolution of vertebrate jaws.
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macrocephaly, cognitive deficits, diabetes, progressive muscle wasting
and deafness
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Many Mendelian disorders with isolated or syndromic short stature have
been recognized but the spectrum of conditions with increased growth
appears much more restricted. Among the latter, the 3q13.31 microdele-
tion (del3q13.31) syndrome is a multisystem disorder characterized by
increased postnatal growth, hypotonia, intellectual disability, disturbed
behavior and unusual face. Primrose syndrome is an overgrowth conditi-
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on characterized by macrocephaly, hypotonia, intellectual disability, autism
and other behavioral concerns. Facial signs resemble del3q13.31 syndrome.
Individuals with Primrose syndrome also develop diabetes in adulthood,
progressive muscle wasting, hearing loss and ectopic calcifications. We used
a WES-based strategy to identify the Primrose disease gene. We report that
mutations in ZBTB20, residing within the 3q13.31 microdeletion syndrome
critical region, underlie this disorder. Eight different missense mutations af-
fecting residues located in the N-terminal region of the DNA binding domain
of the transcription factor were identified. Mutations were predicted to af-
fect DNA binding, and biochemical data provided evidence for reduced in-
teraction with DNA and transactivation activity of disease-causing mutants.
Mutations were documented affect protein function through a dominant
negative action. Our findings establish a genetic link between this disorder
and the clinically related del3q13.31 syndrome, and delineate the impact of
ZBTB20 functional dysregulation and haploinsufficiency on development,
growth and metabolism.
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Mutations impairing GSK3-mediated MAF phosphorylation cause
cataract, deafness, intellectual disability, seizures, and a Down
syndrome-like facies.
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Transcription factors operate in developmental processes to mediate induc-
tive events and cell competence, and perturbation of their function or regu-
lation can dramatically affect morphogenesis, organogenesis, and growth.
We report that a narrow spectrum of mutations within the transactivation
domain of the v-maf avian musculoaponeurotic fibrosarcoma oncogene
homolog (MAF), a leucine zipper-containing transcription factor of the
AP1 superfamily, profoundly affects development. Seven different de novo
missense mutations involving conserved residues of the four GSK3 phos-
phorylation motifs were identified in eight unrelated individuals. The di-
stinctive clinical phenotype, for which we propose the eponym Aymé-Gripp
syndrome, is not limited to lens and eye defects as previously reported for
MAF /Maf loss-of-function, but includes sensorineural deafness, intellectual
disability, seizures, brachycephaly, distinctive flat facial appearance, skele-
tal anomalies, mammary gland hypoplasia, and reduced growth. Disease-
causing mutations impair proper MAF phosphorylation, ubiquitination and
proteosomal degradation, perturb gene expression in patient fibroblasts,
and induce neurodevelopmental defects in an in vivo model. Our findings
nosologically and clinically delineate a previously poorly understood reco-
gnizable multisystem disorder, provide evidence for MAF governing a wider
range of developmental programs than previously appreciated, and uncover
anovel example of protein dosage effect severely perturbing development.
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Genome-wide association studies (GWAS) have identified a large number of
disease associated loci, but in few cases have the functional variant and the
gene it controls been identified. To systematically identify candidate regula-
tory variants we sequenced ENCODE cell lines and used public ChIP-seq data
to find allele-specific transcription factor binding. We found 15,644 candi-
date regulatory SNPs of which more than 20% were rare, allele frequency
<1%, and showed evidence of larger functional effect than common SNPs.
This high frequency of rare functional variants adds heterogeneity to GWA
studies of traits and expression and may explain divergent GWAS results
between populations and why SNPs with the highest association signal rare-
ly are functional. The majority of allele specific variants (95%) were specific
to one of the six studied cell types. By examining GWAS loci we found >600
allele-specific candidate SNPs, 184 of which were highly relevant in our cell
types. Results were confirmed by luciferase assays, EMSA and stimulation
of primary cells. Functionally validated SNPs support identification of an in-
tronic SNP in MERTK associated to risk for liver fibrosis, a SNP in SYNGR1
affecting risk for rheumatoid arthritis and primary biliary cirrhosis as well
as a SNP in the last intron of COG6 affecting risk for psoriasis. We propose
that by repeating ChIP-seq experiments of 20 selected transcription factors
in three to ten people most common polymorphisms can be interrogated
for allele-specific binding, in different cell types and tissues. Our strategy
may help to alleviate the current bottle neck in functional annotation of the
genome.
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The ultimate goal of GWASs is to find disease-associated markers, preferab-
ly causal variants. GWASs use microarrays to interrogate tag SNPs, there-
fore many untyped variants need to be inferred through imputation, using
the available genotyped SNPs. As demonstrated recently [Pasaniuc et al.
(2014)], not only genotypes, but association summary statistics, generated
by large meta-analytic studies, can be imputed.

We propose several improvements to state-of-the-art summary statistic
imputation tools. We compute the optimal shrinking of the SNP-SNP cor-
relation matrix, which flexibly adapts to the reference panel size, local LD
structure, region size, etc. In addition, our method allows for summary sta-
tistics that are dervied from variable sample sizes. Finally, we search for the
optimal linear combination of reference panel sub-populations in order to
match their joint allele frequency distribution to that of the association stu-
dies. This is analogous to selecting the subset of the reference panel that
best represents the individuals in the GWAS cohorts.

Our extensive simulation study, using UK10K whole genome sequencing
data sets, showed that our optimized shrinkage constant significantly out-
performs all previously proposed choices when the reference panel is small
(<300). We also demonstrated the importance of ancestry weighted mixture
using 1000 Genomes subpopulation panels combined with summary stati-
stics simulated from our local CoLaus study (Firman et al,, 2008). Finally,
using cohort-level association summary data from the GIANT (Genetic In-
vestigation of ANthropometric Traits) Consortium, we found that applying
ancestry-matched imputation of individual cohort summary statistics before
meta-analysis substantially outperforms the imputation of meta-analysed
association summary statistics.

Financial support: Swiss National Science Foundation (31003A-143914,
51RTP0_151019).
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Recently, genome-wide association studies (GWAS) have been expanded
to analysis of low-frequency and rare variants (MAF<5%, both denoted by
RVs). Power for variant detection could also be increased by jointly analy-
sing multiple correlated phenotypes. We have developed software for geno-
me-wide Multi-phenotype Analysis of RVs (MARV), combining features from
both RV burden tests and multi-phenotype analyses. Specifically, the pro-
portion of rare variants at which an individual carries minor alleles within
a gene region is modelled on linear combinations of phenotypes in a regres-
sion framework. MARV also implements model selection via the Bayesian
information criterion (BIC). We have applied this new method on three cor-
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related phenotypes: fasting insulin (FI), triglycerides (TG) and waist-to-hip
ratio (WHR), using data from 4788 individuals from the Northern Finland
Birth Cohort 1966. Individuals were genotyped on the Illumina370CNV ar-
ray and imputed to the 1000 Genomes Project all ancestries reference panel
(March 2012). FI/TG/WHR were adjusted for body mass index and three
principal components to control for population structure. The following
transformations were applied: natural logarithm for FI and inverse normal
for the residuals of TG and WHR. We identified RV associations, at genome-
wide significance (p<1.7x10, Bonferroni correction for 30,000 genes) in
ZNF259, which maps to a common variant GWAS locus for TG and coronary
heart disease. Based on BIC, the model with TG and FI provided the best
fit (P, ,,=3-1x107), and stronger associations than in univariate analyses
(P,,=6.7x10%; P,=0.13). Using MARV, we demonstrate its ability to identify
RV multi-phenotype associations with greater statistical significance than
in univariate analyses.

Grant references: Supported by EU FP7 project MARVEL (WPGA-P48951).
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Introduction: Whole-exome sequencing has revolutionized rare disease re-
search. However, many cases remain unsolved due to the fact that ~100-
1000 loss of function, candidates remain after removing common and
non-pathogenic variants. Exomiser offers a suite of algorithms that address
this problem by additionally combining gene-based measures of candida-
cy. hiPHIVE (Human Interactome PHenotypic Interpretation of Variants in
Exomes) assesses each candidate gene by comparing the patient phenotype
to existing knowledge from disease and model organism databases. For ge-
nes with missing data, a guilt-by-association approach is applied, based on
the phenotypic similarity of near-by genes in a protein-protein association
network. PhenlX is designed for use in a clinical diagnostic setting where
only genes associated with existing Mendelian diseases are phenotypically
compared with the patient signs and symptoms. ExomeWalker ranks exome
candidates based on their proximity in protein-protein networks to genes
shown, or suspected, to be associated with the disease.

Results: In benchmarking experiments with known disease mutations ad-
ded to unaffected exomes, both hiPHIVE and PhenIX were able to detect the
causative variant as the top hit in 97% of samples. Further experiments,
where knowledge of the known disease-gene association was masked,
revealed hiPHIVE could detect novel associations as the top hit in 87% of
samples. Exomiser is freely available via download for command-line use or
through our web interfaces.

Conclusions: We are applying Exomiser to the NIH Undiagnosed Diseases
Program and detect causative variants as the top hit in most previously sol-
ved cases and have diagnosed several new cases including a novel associa-
tion.
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Allele-specific expression (ASE) occurs when the two alleles of a transcribed
polymorphic locus are differentially expressed. The advantages of ASEs are:
(1) they are a within individual comparison, so this avoids potential con-
founding factors; and (2) they can be interrogated in small sets, even single
samples, from rare tissues. ASEs can therefore help clinicians gauge the pa-
thogenicity of rare variants obtained from exome sequencing.

As part of the UKBEC project, we applied ASE analysis to paired RNA and
exome sequencing data from 84 substantia nigra and putamen samples ob-
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tained from 53 neuropathologically normal post-mortem human brains. We
analysed mRNA-enriched (but not mRNA-exclusive) total RNA, to explore
gene expression in both pre-mRNA and mRNA.

7.83% of the heterozygous variants we studied were identified as ASE si-
gnals at a False Discovery Rate < 5%. We found 66% concordance with the
lymphoblastoid cell line data of Lappalainen et al. (2013), giving strong va-
lidation considering the difference in tissues in both datasets. Signals that
showed a reversal in direction of ASE between individuals were seen to be
enriched for known imprinted genes. Additionally, 91 ASE sites that are also
known risk loci for a range of disorders and phenotypes were also identi-
fied, of which 64.84% were exonic and 30.76% were intronic SNPs. Amongst
ASE sites identified, 15% are risk loci for adult neurological disorders thus
providing insights into these disorders and indicating the power of this ap-
proach.
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Homozygosity has long been associated with rare, often devastating, Men-
delian disorders and Darwin was one of the first to recognise that inbree-
ding reduces evolutionary fitness. However, the effect of the more distant
parental relatedness common in modern human populations is less well
understood. Genomic data now allow us to investigate the effects of homo-
zygosity by measuring runs of homozygosity (ROH), however information
is required on very large numbers of people to provide sufficient power.
Here we use ROH in a study of 16 health-related quantitative traits in up
to 354,224 individuals from 102 cohorts and find statistically highly signi-
ficant associations between individual genome-wide summed ROH and four
complex traits: height, forced expiratory lung volume in 1 second (FEV1),
general cognitive ability (g) and educational attainment (nominal p<1 x 10-
300, 2.1 x10-6,2.5x 10-10, 1.8 x 10-10). In each case increased homozygo-
sity was associated with decreased trait value, equivalent to the offspring
of first cousins being 1.2 cm shorter and having 10 months less education.
Similar effect sizes were found across four continental groups and in po-
pulations with different degrees of genome-wide homozygosity, providing
convincing evidence for the first time that homozygosity, rather than genetic
or environmental confounding effects, contributes to observed phenotypic
variance. Directional dominance is predicted for traits under directional
evolutionary selection, so this study provides evidence that increased statu-
re and cognitive function have been positively selected in human evolution,
whereas many important risk factors for late-onset complex diseases have
not.
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Amyotrophic lateral sclerosis (ALS) is a genetically heterogeneous neurode-
generative disorder hallmarked by adult-onset loss of motor neurons and
fatal paralysis. Mutations in 29 genes have been linked to ALS pathogenesis
and are frequently also associated with fronto-temporal dementia (FTD).
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However, mutations in these genes explain less than 1/3 of ALS cases.

To evaluate the contribution of low-frequency variants in protein-coding ge-
nes to familiar ALS, we performed exome sequencing of 252 index cases and
827 control individuals. We performed gene-based rare variant analysis and
identified a single exome-wide significant enrichment of loss-of-function
(LoF) mutations in the gene TANK-binding kinase 1 (TBK1) in the patient
group. Seven different LoF mutations were found in nine patients, whereas
LoF variants were absent in controls and in 3,101 additional in-house exo-
mes.

No enrichment of LoF mutations was detected using a targeted mutation
screen of 1,010 sporadic cases and 650 Swedish control individuals.

Next, we recruited relatives from index mutation carriers to perform linkage
analysis. Incomplete penetrance was observed in all pedigrees. Linkage ana-
lysis in 3 extended families using a dominant model with reduced penetran-
ce resulted in a summary LOD score of 4.6 thus exceeding the genome-wide
significance threshold.

In vitro experiments including patient-derived cell lines confirmed loss of
expression of TBK1 LoF mutant alleles, or loss of interaction of the TBK1
coiled coil domain (CCD) with the TBK1 adaptor protein optineurin, an esta-
blished ALS target.

In conclusion, we provide parallel evidence from association testing and lin-
kage analysis that LoF TBK1 variants cause a monogenic form of ALS with
FTD and reduced penetrance.
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Non-progressive cerebellar ataxias (NPCAs) are a rare group of disorders,
with only 7 genes/loci described, for autosomal recessive NPCAs. NPCAs
manifest in infancy with abnormal gross motor development and hypotonia,
followed by the appearance of ataxia. Dysarthria, intellectual disability and
spasticity are often present.

We studied 17 patients from 4 families affected with NPCA, including the
large Lebanese family previously described by Megarbane et al (1999) and
localized to chromosome 9q34 (Delague et al, 2001; OMIM #213200). Ho-
mozygosity mapping and exome sequencing led to the identification of mu-
tations in PMPCA in all patients: a homozygous p.Ala377Thr missense mu-
tation in 16 patients, and compound heterozygous mutations, p.Ser96Leu
and p.Gly515Arg, in one. We describe a founder effect for the p.Ala377Thr
mutation, as patients from 3 a priori non-related Lebanese families share a
common haplotype at the PMPCA locus.

PMPCA encodes a-MPP, the alpha subunit of mitochondrial processing
peptidase (MPP), the primary enzyme responsible for the maturation of
nuclear-encoded mitochondrial proteins. Analysis of cells from patients ho-
mozygous for the PMPCA p.Ala377Thr mutation and carriers, demonstrate
that the mutation impacts both the level of a-MPP and the function of MPP.
Indeed, this mutation impacts the maturation process of frataxin, the defec-
tive protein in Friedreich ataxia.

Our results definitely implicate PMPCA as the causal gene in this rare form
of NPCA. This is the first time that the MPP enzyme, vital to life at the cellular
level, has been associated with a clinical phenotype in humans. Disruption
of mitochondrial protein precursor cleavage represents a new avenue for
investigation of the pathogenesis of NPCAs.
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Spinocerebellar ataxia type 28, from molecular hypothesis to human
therapy

E Maltecca’, E. Baseggio’, F. Consolato’, D. Mazza®, P. Podini#, A. Puliti®, . Codazzi’, A.
Quattrini?, G. Casari’;

Wita-salute San Raffaele University and San Raffaele Scientific Institute, Milan, Italy,
2San Raffaele Scientific Institute, Milan, Italy, *Istituto Giannina Gaslini and University of
Genoa, Milan, Italy.

Spinocerebellar ataxia type 28 (SCA28) is a neurodegenerative disease
caused by mutations of the AFG3L2 gene. The encoded protein assembles
into multimeric complexes (the m-AAA proteases), which exert protein
quality control in the inner mitochondrial membrane and participate to
the regulation of mitochondrial morphology. The Afg312 haploinsufficient
mouse recapitulates the symptoms of SCA28 patients, presenting a progres-
sive decline in motor skills caused by dark degeneration of Purkinje cells
(PC-DCD) of mitochondrial origin. In this work, we define the pathogenetic
mechanism of SCA28 and provide the first evidence of a pre-clinical treat-
ment of this disease. We demonstrated in cultured PCs that an inefficient
buffering of stimulus-evoked Ca2+ peaks by Afg312-deficient mitochondria
provokes an increase in cytoplasmic Ca2+ concentration, thus triggering PC-
DCD. Proving this mechanism, we completely recover the ataxic phenotype
of SCA28 mice by genetically reducing the metabotropic glutamate recep-
tors mGluR1, and thus decreased Ca2+ influx in PCs. The same result has
been successfully replicated by administration of an off-label therapy with
ceftriaxone that favors the synaptic glutamate clearance. This treatment is
effective when applied at both presymptomatic and after the ataxia onset in
the preclinical model, thus representing a safe and immediately accessible
therapy for presymptomatic carriers of AFG3L2 mutations and also SCA28
patients with overt symptoms.

C23.4

Homozygous truncating mutations in WDR73 cause a severe
nephrocerebellar syndrome, part of the Galloway Mowat syndrome
spectrum

E. L. Baple!?s, R Jinks*, E. Puffenberger®, B. Harding®, P. Crino’, A. Fogo®, O. Wenger®, H.
Wang?®, B. Xin’, A. Koehler’, M. McGlincy*, L. Tran*, M. Provencher”, J. Smith*, S. Al Turki®,
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Morton®, K. Strauss®, A. H. Crosby?;

!Wessex Clinical Genetics Service, Southampton, United Kingdom, *University of Exeter
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Kingdom, *Franklin & Marshall College, Lancaster, PA, United States, °Clinic for Special
Children, Lancaster, PA, United States, ‘University of Pennsylvania, Philadelphia, PA,

United States, “Temple University School of Medicine, Philadelphia, PA, United States,
8Vanderbilt University School of Medicine, Nashville, TX, United States, °New Leaf Clinic for
Special Children, Mount Eaton, OH, United States, ’DDC Clinic for Special Needs Children,
Middlefield, OH, United States, 'Wellcome Trust Sanger Institute, Cambridge, United
Kingdom, *?University of Arizona College of Medicine, Tucson, AZ, United States, *University
Hospitals Case Medical Center, Cleveland, OH, United States, **Harvard Medical School,
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DE, United States, °University of Connecticut, Storrs, CT, United States.

We investigated 30 Amish individuals (1-28yrs) with a severe nephrocerebel-
lar syndrome characterised by progressive microcephaly, visual impairment,
stagnant psychomotor development, abnormal extrapyramidal movements,
and steroid resistant nephrosis. Post-mortem neuropathology revealed mi-
crencephaly and atrophic cerebellar hemispheres with a unique pattern of
histological findings. Assuming autosomal recessive inheritance of a founder
mutation we used autozygosity mapping and next generation sequencing to
identify the underlying molecular cause, a homozygous frameshift variant
in WDR73 (c.888delT; p.Phe296Leufs*26). Interestingly, a second trunca-
ting frameshift variant (c.1264_1270delATAAAAG) (NM_001080435.2) was
also identified in the closely linked WHAMM gene, which was found to be
homozygous in all but one affected individual. A further novel homozygous
frameshift variant (WDR73 c¢.766dupC; Arg256Profs*18) was identified in
a Bulgarian child with similar clinical features. Our functional studies re-
vealed that wild type WDR73 protein is expressed in human cerebral cor-
tex, hippocampus, and cultured embryonic kidney cells and interacts with
«- and B-tubulin, heat shock protein 90 (HSP-90), and CAD; the mTORC1-
regulated multi-enzyme complex. We show that WDR73 protein is concen-
trated at mitotic spindles and midbody microtubules during mitosis, and
recombinant WDR73 mutant (p.Phe296Leufs*26, p.Arg256Profs*18) prote-
ins are unstable displaying increased interaction with a- and B-tubulin and
HSP-90. Together, our data confirm that mutation of WDR73 is responsible
for a complex nephrocerebellar syndrome best classified as part of Galloway
Mowat syndrome spectrum of disorders. However given that the phenoty-
pical outcome of WHAMM mutation is currently unknown, patients doubly
homozygous for WHAMM mutation in association with WDR73 mutation
may exhibit a composite phenotype.
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Mutations in PDE10A, resulting in a loss of PDE10A activity cause a
hyperkinetic movement disorder in humans and in a mouse model.
E. G. Sheridan’, R. Hinttald? J. Uusimaa? M. Kurian®, N. Brandon®, C. Diggle’;
1University of Leeds, Leeds, United Kingdom, University of Oulu, Oulu, Finland,
3University College LOndon, London, United Kingdom, *Astra Zeneca Neuroscience,
Cambridge, MA, United States.

Clinical trials with phosphodiesterase 10A (PDE10A) inhibitors are current-
ly underway in both Huntington’s disease and Schizophrenia. PDE10A inac-
tivates the critical intracellular signalling molecules Cyclic AMP and cyclic
GMP; it is specifically expressed in the medium spiny neurons (MSNs) of
the striatum.

In animal models PDE10A inhibitors ameliorate symptoms of schizophre-
nia, and the striatal pathology and clinical signs of HD, providing the ratio-
nale for these clinical trials in humans. However, very little is known about
the role of PDE10A in man.

We observed two families with a very distinctive phenotype of a hyperki-
netic movement disorder, variable mental retardation and abnormal skin
pigmentation.

The pedigree structure of both families suggested a recessive disorder.
Whole genome autozygosity mapping and exome sequencing revealed the
presence of different homozygous mutations in PDE10A. Modeling of one
of the mutations in cell lines showed that there was a reduction in protein
levels and abnormal localization of PDE10A to the cytosol rather than the
cell membrane where it is required for its activity.

We constructed a knock in mouse with one of the variants, this model animal
displayed deficient motor control. The animal had reduced levels of PDE10A
protein in the striatum, and furthermore there was a marked reduction in
striatal PDE10A activity, and a loss of downstream signaling activity.

These data show that in humans congenital loss of PDE10 activity results in
a movement disorder and variable cognitive impairment

C23.6

PLP1 mutations affecting PLP1/DM20 alternative splicing causes
Hypomyelination of Early Myelinating Structures

S. H. Kevelam'?, J. R. Taubé®, R. M. L. van Spaendonk®, E. Bertini®, K. Sperle®, M.
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BC, Canada, *°Child Neurology & Psychiatry Unit, C. Mondino National Neurological
Institute, Pavia, Italy, ’Dept. of Functional Genomics, Center for Neurogenomics &
Cognitive Research, VU University, Amsterdam, Netherlands, *Dept. of Biological
Sciences, University of Delaware, Newark, DE, United States, *Dept. of Pediatrics,
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Inherited leukodystrophies represent a diagnostic challenge and many pa-
tients remain without a diagnosis. In this study we investigated the gene-
tic etiology of the recently described X-linked disorder ‘Hypomyelination
of Early Myelinating Structures’ (HEMS) in 16 patients diagnosed by brain
MRI criteria. Using exome sequencing, we identified in all patients unusual
hemizygous mutations in the PLP1 gene, located either in exon 3B (1 dele-
tion, 1 missense and 2 silent), which is spliced out in isoform DM20, or in
intron 3 (5 mutations). The frameshift deletion led to truncation of PLP1,
but not DM20. In silico analysis of effects of the mutations on splicing and
secondary RNA folding showed that four mutations located deep in intron 3
were predicted to destabilize a long-distance interaction structure in the se-
condary PLP1 RNA fragment involved in regulating PLP1/DMZ20 alternative
splicing. The other four mutations were predicted to alter PLP1/DM20 al-
ternative splicing, either by creating exonic splicing silencers motifs, a splice
donor site or by affecting the local RNA structure of the PLP1 splice donor
site. In vitro studies confirmed a decreased PLP1/DMZ20 ratio in patients’
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fibroblasts and transfected immortalized immature oligodendrocytic cells.
Intriguingly, in patients with HEMS, brain structures that normally myelina-
te early, are hypomyelinated, in contrast to Pelizaeus-Merzbacher disease,
also caused by PLP1 alterations. This suggests that PLP1/DMZ20 alternative
splicing is important for early myelination, probably by an impact on the
PLP1/DM20 ratio. Our data extend the phenotypic spectrum of PLP1-related
disorders and support the need to include intron 3 in diagnostic sequen-
cing.
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Clinical experience with a SNP-based noninvasise prenatal test for
22q11.2 deletion syndrome

Z.DemkKo), S. J. Gross', M. Stosic’, A. Norvez', R. Dhamankar®, K. N. Jinnett!, P. Benn?;
!Natera, Inc., San Carlos, CA, United States, *University of Connecticut Health Center,
Farmington, CT, United States.

Objective: In contrast to whole chromosome aneuploidy, microdeletion syn-
dromes are smaller and thus harder to detect, and they occur with equal fre-
quency in women of different maternal ages. Here we report on the clinical
experience with our single-nucleotide polymorphism (SNP)-based noninva-
sive prenatal test (NIPT) for the microdeletion responsible for the 22q11.2
deletion syndrome (DiGeorge).

Method: 21,948 maternal blood samples received between February and
August 2014 were analyzed for the 22q11.2 deletion. Cell-free DNA and
maternal-specific DNA were isolated from the samples. 672 SNPs in a 2.91
Mb DNA segment commonly deleted in the 22q11.2 deletion syndrome were
PCR-amplified, sequenced, and analyzed using a proprietary algorithm to
determine fetal and maternal copy number at the interrogated region. Fol-
low-up information was sought for all high-risk cases.

Results: In the study cohort, 97 (0.5%) patients were found to be at high
risk for a 22q11.2 microdeletion, including two cases in which the mother
was suspected to have the deletion. Fetal diagnostic confirmation was avai-
lable for 58 high-risk cases: 11 were true positives and 47 were false posi-
tives, resulting in a positive predictive value (PPV) of 19%. Invasive testing
decisions were available for 81 high-risk cases: 60.5% had invasive testing
and 39.5% declined. Ultrasound abnormalities were confirmed for 81.8% of
true-positive and 10.6% of false-positive cases. Follow-up is ongoing.
Conclusions: Despite the small size of the 22q11.2 microdeletion, this
SNP-based NIPT was highly effective and may be considered as a first-line
approach for the general pregnancy population, not just for high-risk pati-
ents.
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Complete 46,XY female of 14 cases and review of the literature

S. Lee’, B. Leé’, J. Park’, E. Choi’, Y. Lee', A. Oh’, S. Park’, M. Kim? H. Ryu?;

!Laboratoy of Medical Genetics, Cheil General Hospital and Women's Healthcare Center,
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Introduction : The individual of phenotypically female with 46, XY karyotype
is caused by various abnormality such as gonadal formation and androgen
synthesis and sensitivity during sexual development. XY female individuals
are rarely found and have complex features. The degree of secondary sexual
characteristics, level of hormone and presence or absence of Miillerian or-
gan might be shown by various causes.

Materials and Methods : Cytogenetic analysis were performed in 9,472
female patients at Cheil General Hospital between September 1983 and
December 2014. Clinical findings, basal hormone profiles, radiological
readings were investigated. Additionally, DA-DAPI staining, CBG-banding,
quantitative fluorescence-polymerase chain reaction analysis, fluorescence
in situ hybridization were conducted to confirm the presence of Y chromo-
some and SRY gene.

Results : Among the 9,472 individuals, 14 cases found with complete 46,XY
female (0.0015 %). Indications of 12 cases were primary amenorrhea (86
%) and two cases were agenesis of uterus and ovary cyst dysgeminoma re-
spectively. Six cases had no uterus and high levels of testosterone. Four cases
were performed gonadectomy. Four cases were familial. Only one case was
diagnosed as androgen insensitivity syndrome.

Conclusions : Although further genetic testing and research is needed for an
accurate diagnosis, the present report would be helpful for genetic counse-
ling of XY female patient and their family, and understanding the one of the
genetic etiology as the causal factor in amenorrhea.

PS01.03

aCGH in three fetus with severe intrauterine growth retardation
(IUGR)

V. Gloning, M. Shoukier, C. Daumer-Haas, C. Bagowski, S. Minderer, T. Schramm, K.
Gloning;

Praenatal-Medizin Muenchen, Munich, Germany.

Background:

The application of aCGH technology in prenatal diagnostics enables the de-
tection of submicroscopic copy number changes that are associated with
clinically significant outcomes.

Objective:
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We report three cases of severe intrauterine growth retardation due to rare
chromosomal aberrations diagnosed by aCGH. Prenatal and postnatal phe-
notypes are presented.

Methods and Results:

Fetal growth retardation as the leading finding was seen on ultrasound
in the second/third trimester of pregnancy. In each case uterine artery
Doppler was normal. With aCGH pathogenic submicroscopic copy number
changes were identified, not detectable by cytogenetic chromosomal ana-
lysis: a) a terminal 11.4 megabase (Mb) deletion in 1q43q44, b) a 11 Mb
duplication in 10p15.3p14 and a 1.9 Mb deletion in 17p13.3, c) a duplicati-
onin 14q11.2q12 (8.3 Mb) and deletion in 15q11.2q12 (3.2 Mb). While the
copy number changes in cases a and b were de novo events, a pure deletion
1q43g44 in case a and a de novo translocation der(17)t(10;17)(p13;p13)
in case b, the imbalances in case c resulted from an unbalanced inheritance
of a reciprocal translocation t(14;15)(q12;q12). Beside growth retardation,
the three young patients showed multiple dysmorphic features und further
abnormalities after birth. For all, a distinct developmental delay/mental re-
tardation is expected.

Conclusion:

aCGH should be adopted as a first-tier genetic test in fetus with idiopathic
IUGR before routine G-banded karyotyping. The incremental information
provided by aCGH allows prognosis prediction and hereby improves paren-
tal counselling.

PMO01.04

Mutation analysis of androgen receptor gene:Multiple uses for a
single test

A. Shojaei;

Department of Medical Genetics and Molecular Biology, Faculty of Medicine, Iran
University of Medical Sciences,, Tehran, Iran, Islamic Republic of.

Abstract: Androgen receptor gene mutations are one of the leading causes
of disorders of sex development (DSD) exhibited by sexual ambiguity or sex
reversal. In this study, 2 families with patients whom diagnosed clinically
as androgen insensitivity syndrome (AIS) were physically and genetically
examined. This evaluation carried out by cytogenetic and molecular analysis
including karyotype and sequencing of SRY and AR genes. In familyl, two
brothers and their mother were hemizygous and heterozygous respective-
ly for c.2522G>A variant, while one of their healthy brother was comple-
tely normal hemizygous. Family 2 assessment demonstrated the c.639G>A
(rs6152) mutation in two siblings who were reared as girls. The SRY gene
was intact in all of the study’s participants. Our findings in family 1 could
be a further proof for the pathogenicity of the c.2522G>A variant. Given the
importance of AR mutations in development of problems such as sex assign-
ment in AIS patients, definitive diagnosis and phenotype-genotype corre-
lation could be achieved by molecular genetic tests that in turn could have
promising impacts in clinical management and also in prenatal diagnosis of
prospect offspring.

grant:Tehran University of Medical Sciences/89033010820
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Genome wide association analysis of Anti Millerian Hormone (AMH)
in about 1,300 caucasian women highlights 2 novel suggestive loci for
fertility.

C. Barbieri’, M. Traglia’, T. Nutilé?, S. Ulivi®, L. Portas®, C. Sala’, C. Masciullo?, M. Cocca®,
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AMH is a dimeric glycoprotein, member of the TGF-3 superfamily expressed
in the growing follicles of the ovary. AMH concentration in serum essentially
reflects the ovarian follicular pool. AMH levels vary broadly in women du-
ring reproductive life, until after 40 years old when the AMH level starts to
decrease sharply, becoming undetectable after menopause. The discovery of
genetic variants responsible for the high variability in AMH level could be a
useful marker to predict fertility and age of menopause.

AMH levels were measured in serum of 850 healthy women collected by the
Italian Network of Genetic Isolates (INGI) and of 461 fertile women collec-
ted by Obstetrics and Gynecology Unit of San Raffaele Hospital, Milano.

A meta-analysis for AMH adjusted for age of 1311 samples was performed
on genotypes imputed to the low variants enriched 1000G panel. Two sug-
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gestive loci were identified: a locus on chromosome 6 already associated to
menopause (MAF 0.017; p=2.081E-07) and a second novel locus on chro-
mosome 11 (MAF 0.012; p= 1.34E-07). A subset of 941 women was geno-
typed by high-coverage exome chip. A SKAT meta-analysis was performed to
highlight rare variants in the coding regions associated to AMH levels. A new
locus on chromosome 16 reached a suggestive p-value of 2E-05.
Meta-analysis will be enlarged by additional samples in order to increase
the statistical power of the analysis and confirm the suggestive loci.
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BACs-on-Beads technology and next-generation sequencing for
aneuploidy screening in trophectoderm cells of human blastocysts
T. Chareonsirisuthigul’, W. Jaranasaksakul’, W. Chantratita?, S. Tritruengtassana’, B.
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"Human Genetics Laboratory, Department of Pathology, Faculty of Medicine
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CLINIC, Bangkok, Thailand.

Introduction: Preimplantation genetic testing is a technique used to identify
genetic defects in embryos created through in vitro fertilization (IVF) before
pregnancy. Array comparative genomic hybridization (aCGH) was the first
technology to be widely available for provide more information by analyzing
all chromosomes at one time. However, the throughput and cost of aCGH
may limit widespread application in clinical laboratories. The purpose of
this study was to investigate the effectiveness of a new rapid aneuploidy
screening test based on BACs-on-Beads (BoBs) technology and next-gene-
ration sequencing (NGS).

Materials and Methods: Trophectoderm (TE) samples of 10 blastocysts
were subjected to analysis. The Karyolite™ BoBs kit was used to study aneu-
ploidies involving any of the 24 chromosomes. Low-coverage whole genome
sequencing was performed using the lon Torrent PGM with 316 chip. The
efficiency of these both approaches were estimated by comparing results
obtained by aCGH.

Results: Whole genome amplification (WGA) products of TE cells were de-
tected by both BoBs and NGS technology. One embryo (10.0%) was detected
as euploid, while three embryos (30.0%) contained single chromosomal an-
euploidy. Six of these (60.0%) were with multiple chromosomal abnormali-
ties. The results from both technologies were compared with aCGH revealed
that both methods were concordance 100% sensitivity and specificity.
Conclusions: Our study demonstrated both BACs-on-Beads technology and
next-generation sequencing could be applied to accurately detect embryo-
nic chromosomal abnormality with a flexible and cost-effective strategy and
higher potential accuracy.
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Maintenance of the methylation pattern on fresh and cultured
Chorionic Villi (CV) in normal and Beckwith Wiedemann Syndrome
(BWS)-suspected pregnancies
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BWS is an imprinting-related disorder that can be prenatally suspected fol-
lowing established clinical guidelines. Molecular confirmation is commonly
performed on amniocytes and the possibility to use fresh (CVF) and cultu-
red (CVC) CV has never been investigated.

To verify whether CVF and CVC are eligible sources of DNA, we tested by
pyrosequencing in normal pregnancies the methylation percentage at: ICR1,
ICR2, H19 promoter, PWS/AS-ICR, MGMT and RASSF1A genes. We highligh-
ted stable methylation levels at the imprinting-driving regions ICR1 (CVF:
45.38% +1.77; CVC: 45.04% + 1.81), ICR2 (CVF: 44.32% * 1.84; CVC: 43.67%
+2.10) and PWS/AS-ICR (CVF: 43.70% # 5.60; CVC, 43.15% * 3.41). Conver-
sely, H19 promoter was severely hypomethylated at both CVF (11.33% +
1.92) and CVC (19.30% * 4.30), and showed a significantly increased me-
thylation after culture. In two unrelated and biallelic genes, the methylation
remained stable at MGMT promoter and changed at RASSF1A.

As second step, we investigated ICR1 and ICR2 methylation level on both
CVF and CVC of two BWS-suspected fetuses (P1 and P2). P1 showed hypom-
ethylation at ICR2 both in CVF and CVC (CVF: 17.63% + 0.88; CVC: 16,13% +
0.18); P2 showed normal methylation profiles.

Taken together these findings suggest that: i) ICR1 and ICR2, but not H19,
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are reliable targets for BWS prenatal methylation test in CV also after cultu-
re; ii) similarly, PWS/AS-ICR is steadily hemimethylated in CV from healthy
pregnancies, independently from culture. Thus, methylation analysis of the-
se regions represents a very useful tool for prenatal diagnosis of imprinting
related syndromes.

This work was supported by intramural grant “Ricerca Corrente 2014-
2015".
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CDKN1C mutations in familial and prenatally diagnosed Beckwith-
Wiedemann syndrome cases.
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CDKN1C (cyclin dependent kinase inhibitor 1) gene mapping within the
11p15.5 cluster of imprinted genes, encodes an inhibitor of several cyclin
dependent kinases (Cdk) acting in the cell cycle G1 - S transition. The mo-
noallelic maternal expression of CDKN1C is under the control of the IC2
imprinting centre through the antisense non coding KCNQ10T1 transcript.
The protein comprises three functional domains including from the N- to
the C-terminus a CDK binding, a PAPA and a PCNA domain.

CDKN1C mutations underlie the Beckwith Wiedemann syndrome (BWS) ac-
counting for 10% of sporadic cases and up to 40% of familial cases.

Here we report on the clinical and molecular characterization of ten BWS
families, negative for the known 11p15 (epi)genetic alterations and 2 prena-
tal cases diagnosed because of omphalocele. Twelve distinct mutations were
detected, including 6 stop, 3 frameshift, two missense mutations and one
complex mutation, seven of which yet unreported. Most important 11/12
mutations were maternally transmitted allowing to provide the family with
genetic counseling and to assess the recurrence in two subsequent prenatal
diagnoses. The clinical presentation of the investigated cases was heteroge-
neous although severe in all the carriers of inactivating mutations, including
one case born prematurely at 28th week also displaying psychomotor delay
and another with autistic traits, not associated with de novo or inherited
CNVs as shown by array CGH.

Conversely the two patients with a missense mutations, predicted to be da-
maging by several bionformatic tools, exhibited a mild phenotype
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Expanded carrier screening of 311,688 individuals: the case for going
beyond CF

I. S. Haque, G. A. Lazarin, M. Raia, H. Bellerose, E. A. Evans, ]. Goldberg;

Counsyl, South San Francisco, CA, United States.

We report our experience performing expanded carrier screening for 98
recessive conditions on an ethnically-diverse group of 311,688 individuals
primarily from the USA, using targeted genotyping and next-generation se-
quencing. Individuals of European ancestry comprise 65% of the sample. All
tested diseases were categorized as “profound”, “severe”, or “moderate” by
a recently published methodology [Lazarin et al., PLoS One 2014]. “Severe”
diseases (e.g., cystic fibrosis) are those that cause intellectual disability or
shorten lifespan to adolescence or earlier; “profound” diseases (e.g., Cana-
van disease) do both.

We find that in every ethnic group, there is a higher absolute risk of fragile X
syndrome (FXS) than of spinal muscular atrophy, recommended for univer-
sal screening by the American College of Medical Genetics and Genomics; in
European groups, FXS is at least 50% as common as CF, and has higher risk
than CF in all non-European groups.

We find the absolute risk for “profound” disorders not on an ethnicity-spe-
cific panel to be 60-80% that of CF (classified as “severe”) in all European
populations. Non-CF “severe” disorders are even more common, from 3.9x
CF risk in Ashkenazi to 99.3x in East Asians.

Our data show that the absolute risk for diseases in expanded carrier scree-
ning panels is comparable to or significantly higher than the risk detected
by existing carrier screening guidelines, especially in non-Caucasian popu-
lations.

Absolute risk relative to CF risk

Absolute Spinal
- risk of CF pina FragileX = Profound Severe
Ethnicity . muscular . .
(1-in-X tronh syndrome diseases = diseases
births) = 2T OPY
African 12341 75% 300% 89% 518%
Ashkenazi 1745 14% 95% 131% 389%
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Mixed/Other Caucasian 1473 16% 44% 63% 389%
Northern European 1622 19% 51% 60% 374%
Southern European 1987 29% 53% 80% 286%
Unknown 2371 23% 86% 75% 499%
Hispanic 4348 39% 115% 72% 656%
East Asian 143037 935% 911% 3554% 9926%
Southeast Asian 90603 806% 724% 925% 4680%
Middle Eastern 9522 103% 768% 106% 2623%
South Asian 7079 56% 248% 29% 1693%
PMO01.10

p-Asn386Lys, a new putative cystic fibrosis mutation on a complex
allele discovered during assisted reproduction explorations, with an
unknown phenotypical impact

B. Herve', E. Girodon?, A. Taillandier®, E. Mornet®, M. Bailly*, T. Bienvenu?, B. Simon-
Bouy?, E Vialard', D. Molina-Gomes';
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Cystic fibrosis (CF) is an autosomal recessive genetic disease caused by
mutations in the CF transmembrane conductance regulator (CFTR) gene.
Almost 2,000 mutations have been described, resulting in CF and CFTR-
related disorders including male infertility by congenital absence of the vas
deferens (CBAVD). Here, we report a Portuguese couple undergoing assisted
reproduction because of CBAVD. The man was compound heterozygous for
the CF-mutation ¢.1000C>T (R334W) and the CFTR-RD associated complex
allele ¢.[1210-34TG[13]T[5];3705T>G] (TG13T5;S1235R). The genotype
was consistent with the phenotype. The partner carried three heterozygous
variants: ¢.1727G>C (G576A) and ¢.2002C>T (R668C), which are known as
a complex allele, per se not associated with CF but sometimes in association
with a third mutation, resulting in a CF or CFTR-RD allele, and c.1158C>A
(N386K), which was never reported previously. Family study led to cha-
racterize a new complex allele combining the three variants. Evaluation
of a possible impact of the c.1158C>A (N386K) mutation by bioinformatic
tools did not suggest an effect on splicing but showed a possible effect on
the protein level. This mutation, in the context of a complex allele, was thus
considered to be potentially associated with CF, although functional studies
would help document such an effect. This makes genetic counseling cau-
tious, with a 25% hypothetical risk for the couple of having a child with CF.
This case report illustrates the interest of thorough CFTR gene studies in
CBAVD couples requesting assisted reproduction in order to provide accu-
rate genetic counselling.
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An unusual presentation of a human chimera - case study and
investigation of the underlying mechanism by SNP array analysis.

C. A. Waterman?, S. Laird’, K. H. Ellis', H. E. White'?, D. Morrogh?, J. . Waters®, N. S.
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for Children NHS Foundation Trust, London, United Kingdom, *Wessex Clinical Genetics
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Human XX/XY chimerism, resulting from the fusion of two different zygotes,
is a rare finding and is usually identified in newborns with ambiguous ge-
nitalia. In the present study we describe an apparently normal male age 34
years who presented with infertility. Sperm analysis revealed a low sperm
count with decreased mobility, a diagnosis of severe oligoasthenoteratozoo-
spermia was made. The proband is otherwise healthy and has received no
blood or bone marrow transfusions. Karyotype analysis of peripheral blood
and subsequent FISH analysis of buccal cells showed a mixture of 46,XY and
46,XX cells. Several mechanisms have been proposed for the formation of
chimerism including 1) tetragametic chimera resulting from postzygotic fu-
sion of two separate zygotes, 2) dispermic fertilization of either an oocyte
and its second polar body, and 3) dispermic fertilization of two female ga-
metes arising from parthenogenetic division of a single oocyte. Comparative
QF-PCR studies of the proband and both parents provided evidence of a ge-
netic contribution in the proband from two different sperm but no evidence
of a genetic contribution from a second ovum, consistent with mechanism
2 or 3. A comparative genotyping SNP array analysis was undertaken to try
to further elucidate the underlying mechanism in this case. This genetic dia-
gnosis posed a challenging genetic counselling issue but has not fundamen-
tally altered the proposed ICSI treatment for this individual’s infertility.
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Reliability of chromosomal microarray-based analysis in CVS for the
detection of cryptic chromosomal abnormalities and fetoplacental
discrepancies

A. Sanchez'?3, . Mademont-Soler*, E. Margarit'?* V. Borobio’, S. Anna'%*;

'Hospital Clinic, Barcelona, Spain, 2IDIBAPS, Barcelona, Spain, *CIBERER, Barcelona,
Spain, *Institut d'Investigacié Biomédica Josep Trueta, Girona, Spain.

The study of chorionic villi samplings (CVS) by conventional cytogenetics
reveals chromosomal abnormalities in 12% of cases, and in 1-2% of preg-
nancies mosaicism is observed. In order to increase the diagnostic yield,
new molecular techniques that offer higher resolution have been develo-
ped, such as chromosomal microarray-based analysis (CMA). Similar to
cytogenetically visible chromosomal abnormalities, cryptic chromosomal
abnormalities (CCA) may also be presented as confined placental mosaics,
contributing to misinterpretations. The purpose of the present work was to
determinate the frequency of CCA and confined placental mosaicism of CCA
in CVS, and to evaluate the reliability of the strategy used.

We performed CMA in CVS of 50 pregnancies with normal karyotype or a
balanced familial rearrangement, in both trophoblast and mesenchyma.
Twenty two per cent of them were referred for ultrasound abnormalities
and 78% for abnormal first trimester screening.

In 94% of the CVS, CMA results could be obtained from both tissues. The
overall frequency of reportable non-mosaic CCA was 8,5%, and in 2% of
samples a CCA was only found in trophoblast. All the CCA were diagnosed in
the abnormal first trimester screening group.

Although the cohort presented is relatively small, it seems that CCA and
placental mosaicisms of CCA present a frequency similar to that of cytoge-
netically visible chromosomal abnormalities during the first trimester of
pregnancy. However, CCA do not seem to be generally associated with ultra-
sound abnormalities in the first trimester. The strategy used is reliable for
the detection of placental mosaicisms of CCA.
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The cleavage-stage bovine embryo is a valuable model to study
chromosome instability in early mammalian embryogenesis

0. TSuiko’?, M. Zamani Esteki®, A. Destouni®, M. Catteeuw®, K. Smits®, E. Dimitriadou®, M.
Nomm®, U. Jaakma®, A. Kurg’, A. Salumets?, A. Van Soom®, T. Voet?, . Vermeesch?;
!Department of Biotechnology, Institute of Molecular and Cell Biology, University of
Tartu, Tartu, Estonia, 2Competence Centre on Health Technologies, Tartu, Estonia,
3Laboratory of Reproductive Genetics, Center of Human Genetics, KU Leuven, Leuven,
Belgium, *Laboratory of Cytogenetics and Genome Research, Center of Human Genetics,
KU Leuven, Leuven, Belgium, *Department of Obstetrics, Reproduction and Herd Health,
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In vitro fertilization (IVF) is a widely used infertility treatment procedure,
but the IVF outcome may be influenced by the high rate of chromosome in-
stability (CIN) found in human preimplantation embryos. Although CIN has
been observed in recent studies, its precise etiology remains elusive. Ho-
wever, experimenting on human embryos is associated with ethical issues.
In this study, we investigate the incidence of CIN in in vitro cleavage-stage
bovine embryos, and provide substantial proof that bovine early embryoge-
nesis is a valuable model for the study of underlying mechanisms leading to
CIN in an in vivo research setting.

151 blastomeres from 25 cleavage-stage embryos were obtained on day 2
and day 3 post insemination (pi) and whole-genome amplified (WGA). Sub-
sequently, the samples were hybridized on the Illumina Bovine HD Bead-
Chip SNP arrays. We consequently applied a modified version of the siCHILD
algorithm (siCHILD-bovine) and haplarithmisis for the data analysis.

From 25 embryos analyzed, 7 were uniformly diploid (28%), while 18 em-
bryos had blastomeres with chromosomal anomalies (72%), of which 83%
were mosaic. Out of 124 blastomeres available for the analysis, 31% were
diploid, 47% had whole-chromosome abnormalities and 27% carried seg-
mental aberrations. Moreover, segmental reciprocal gains and losses in si-
ster blastomeres were identified in 3 embryos.

This study demonstrates that the nature of CIN in bovine cleavage-stage
and human cleavage-stage embryos are comparable. Therefore, cattle can
be employed as a model organism for CIN studies. Data acquired from such
studies could be used to raise the success rate of human IVF outcome.
Grant reference nr: EU 7FP SARM#324509
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EasyChip 8x15K: a new and useful tool for anomalies detection in low
risk pregnancies
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Microarray chromosome analysis is becoming a more and more routinely
test and its use in prenatal diagnosis has been discussed, raising controver-
sial opinions.

In order to limit incidental findings (IF) and variants of unknown signi-
ficance (VOUS) we designed EasyChip, a low resolution oligo 8x15K array
with a resolution of 3-4Mb on genomic backbone, 500Kb on subtelomeric
portions and 250Kb on 43 syndromic regions.

Syndromic regions were selected considering morbidity, penetrance (>75%)
and etiological mechanisms.

We evaluate EasyChip on 48 samples with known anomalies, and all the im-
balances were detected: 22 syndromic regions (86.7Kb-33Mb); 29 subtelo-
meric regions (233.8Kb-40Mb); 7 backbone regions (1.9Mb-5.5Mb).

A prospective study was carried out on 32 cases of prenatal samples from
low risk pregnancies, tested with both EasyChip and a higher resolution
platform (4x180K/8x60K).

The only positive result detected by both the platforms was consistent with
a female foetus presented with mosaicism 45,X/46X,i(X)(q10).

EasyChip did not detect 7 VOUS on genomic backbone, ranged 222.1-579
.6Kb, evidenced by high resolution platform.

EasyChip is a useful tool in prenatal diagnosis for screening purposes, as-
sociated with karyotype. It can support the standard cytogenetic analysis
for detection of submicroscopic imbalances, which could be lost especially
when working on not optimal quality samples. Moreover, it can detect cryp-
tic imbalanced subtelomeric rearrangements and microdeletions/duplicati-
ons within 43 specific regions associated with high morbidity syndromes.
Such a design has the advantage, over higher resolution platforms, to limit
the detection of VOUS or IF, which complicate genetic counselling increasing
parental anxiety, without providing certitude in pregnancy outcome.
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Tissue-specific mosaicism for CNV in human miscarriages

A. A. Kashevarova'?, N. A. Skryabin®?, T. V. Nikitina’, E. A. Sazhenovd’, D. I. Zhigalina?, I.
Lebedev'?;

!Institute of Medical Genetics, Tomsk, Russian Federation, ?Tomsk State University,
Tomsk, Russian Federation.

Introduction: Extensive load of somatic copy number variants (CNVs) has
recently been shown in human placenta, suggesting that it may be critical
for normal gestation. However, it is unclear weather the entire placenta or
just certain placental cell types promote this phenomenon. Also it may oc-
cur that prevalence of CNVs in one cell type may be essential for normal
development, while in another - responsible for embryolethality. We aimed
to investigate CNVs in the only two placental tissues available from blighted
ova - cytotropholast (CT) and extraembryonic mesoderm (EM).

Materials and Methods: Placental tissues of 10 euploid miscarriages were
investigated using Agilent 180K microarrays.

Results: Altogether 198 CNVs were detected: 91 in EM and 107 in CT, 24
(26%) and 50 (47%) of them were unique respectively (p=0.0032). Micro-
deletions and microduplications were equally represented in EM (11 vs.
13), while microdeletions prevailed in CT (41 vs. 9). Unique microdeletions
significantly more frequently were detected in CT (p=0.0014). The candida-
te developmentally important genes involved in tissue-specific CNV in EM
are PTPN18 (cell growth, differentiation), CFC1 (embryonic development),
OCLN (vascular integrity), WIST1 (cell lineage determination and differen-
tiation), TBX10 (embryonic cell fate and organogenesis), in CT - CTNNA3
(inhibitor of trophoblast invasion), PTPRR (cell growth, differentiation),
TSPAN8 (cell development, growth, motility), miR-296 (angiogenesis),
PCGF1 (embryogenesis).

Conclusions: The presented profiling of CNVs may be the hallmark of abnor-
mal pregnancy, specifically blighted ova, as according to Kasak et al. (2015)
normal gestation whole-placental material is, on the contrary, characteri-
zed by the prevalence of duplications. This study was supported by Russian
Foundation for Basic Research, 14-04-32047.
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Cytogenetics evaluation among infertile couples in a Southern Iranian
population; a targeted survey
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Introduction: The role of cytogenetics service in diagnosis, risk manage-
ment, and outcome of infertility is becoming more and more evident. An ab-
normal finding can have significant consequences to assisted reproductive
techniques and fertility treatment, and provide a firm diagnosis to couples
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with longstanding infertility. In the present study we investigated the status
of cytogenetic evaluations performed on infertile couples from a southern
population of Iran.

Methodology: Couples with a history of infertility were interviewed regar-
ding their medical history, any referrals into cytogenetics clinic, and genetic
counseling using a standard questionnaire.

Results: A total of 438 couples were included. The mean age was 24.8 + 5.2
years. Consanguinity was found among 23.4% of the couples. The majority
of the participants (98.3%) never performed any kind of cytogenetic testing
and 97.2% of them were never referred for genetic counseling. Finally, 10%
of the participants experienced at least one abortion and mental retardation
in their familial history.

Conclusions: While chromosomal abnormalities are responsible for a signi-
ficant portion of infertilities, miscarriages, and IVF/ICSI failure, just a negli-
gible number of the infertile couples in our study are offered cyotogentics
service. Our findings highlight a shortage accessibility of such services as
well as a lack of education amongst the involved clinicians about the cytoge-
netic causes of infertility in our target population.
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Identification and characterization of novel fetal specific differentially
methylated regions on chromosomes 13, 18, 21 and X
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DNA methylation is a conserved epigenetic mark that involves the addition
of a methyl group on carbon 5 of cytosines present in CpG dinucleotides.
Furthermore, tissue specific methylation patterns are investigated as bio-
markers for cancer and cell-free fetal DNA using various methodologies. Our
group has previously confirmed the presence of methylation variability on
differentially methylated regions (DMRs) on chorionic villus sampling (CVS)
and non-pregnant peripheral blood

samples (WBF). Despite the DNA methylation variability, the validated set
of DMRs was clearly distinguished between CVS and WBF samples, enabling
for robust tissue specific methylation identification. In this study we aimed
to expand the prenatal panel of DMRs, utilizing custom 1 million ultra-high
resolution aCGH chip designed for chromosomes 13, 18, 21 and X on nor-
mal/abnormal CVS and WBE. A subset of the identified DMRs was selected
according to established criteria and confirmed by utilizing methylated DNA
immunoprecipitation (MeDIP) and real-time quantitative PCR. In total we
confirmed the differential methylation status in 99 regions on chromoso-
mes 13, 18 and 21 and two on chromosome X; the majority of the DMRs
were found to be located on genes and associated with diseases. Interestin-
gly, four regions on chromosome 21 have been found to be correlated with
genes that may play a role in the pathophysiology of Down syndrome. In
conclusion, our work provides an expansion in the biomarker panel avai-
lable for NIPT for Down syndrome and can eventually provide the starting
point towards the development of assays towards the detection of all com-
mon chromosomal aneuploidies.
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Study of genetics of human disorders of sexual development in
Ukraine in the frame of SCOPES 2013-2016: Joint Research Projects
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The project “Genetics of Human Disorders of Sexual Development” is fun-
ded by Swiss National Science Foundation and fulfilled by the University of
Geneva Medical School (Switzerland), the Institute of Human Genetics (Po-
land), the Center of medical genetics and primary health care (Armenia) and
the Institute of Molecular Biology and Genetics (Ukraine).

The goal is to identify mutations underlying unresolved DSD phenotypes - in
novel DSD genes, or regulatory regions that lead to atypical gene expression.
Identification of new genes involved in human sex determination and diffe-
rentiation is carried out through exome sequencing and CGH microarray in
parallel.

Ukrainian partner is participating in all stages preceding the exome sequen-
cing: clinical data collecting (caryotype, family history, physical examina-
tion, ultrasound, hormonal status, surgery, histology), caryotyping, DNA
samplings (proband, parents, siblings), SRY gene deletion detecting and SRY,
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S0X9, WT1, SF1, LHX9, RSPO1, FOXL2, WNT4, DMRT1, DMRT2 genes San-
ger sequencing. During the first year a few main medical centres of Ukraine
joined the project: Institute of endocrinology and metabolism of Komisa-
renko and Regional centres of medical genetics of Zaporizhzhya, Kherson,
Chernigiv, Lutsk, Poltava, Zhytomyr, Khmelnitskyi.

For the first year Ukrainian part collected 38 DNA samples from 16 DSD
cases - 15 of 46,XY DSD females and 1 of 46,XX DSD male.

We expect the research will provide the opportunity to develop new genetic
tests for DSD diagnosis and to improve understanding of the molecular me-
chanisms of ovarian and testicular differentiation.

The results on the first cohort will be discussed in details.

SCOPES 2013-2016: Joint Research Projects
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Pathogenic compound heterozygous mutations in the ERCC2 gene in

a foetus with severe congenital ichthyosis and dysmorphic features: a
case report
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Background Mutations in the ERCC2/XPD gene cause rare autosomal reces-
sive NER (Nucleotide Excision Repair)- related diseases including tricho-
thiodystrophy (TTD), cerebrooculofacioskeletal syndrome (COFS), Cockay-
ne syndrome (CS) and xeroderma pigmentosum (XP), or a combination of
XP/TTD, XP/CS or COFS/TTD. These diseases share a number of clinical fea-
tures and encompass a wide spectrum of severity, in particular TTD, charac-
terised by sulphur-deficient brittle hair, short stature, intellectual disability,
microcephaly, facial dysmorphism and ichthyosis. To date, there have been
few reports describing foetal cases with mutations in ERCC2. Case report
We describe a male foetus, the second child of healthy unrelated parents,
who died in utero at 28 weeks of pregnancy. The autopsy revealed severe
harmonious intrauterine growth retardation (<3rd centile), delayed bone
maturation, congenital ichthyosis, and facial dysmorphism including low in-
sertion of the columella, beaked nose, large and low set ears, micrognathism
and retrognathism and upslanted palpebral fissures. The hands showed re-
tracted broad and tapering fingers with hypoplastic nails. Caryotype and ar-
ray-CGH were normal. Exome sequencing revealed compound heterozygous
nonsense and pathogenic missense mutations (p.GIn698* and p.Arg722Trp
respectively) in ERCC2, that were consistent with the clinical features. One
mutation was transmitted from each of the patient’s parents, respectively.
Functional studies are on going to test the patient’s NER capacities, using
standardized methods. Conclusion This case confirms the power of exome
sequencing in the rapid identification of rare clinically non-recognisable di-
seases, in particular in the absence of clinical clues suggesting a diagnosis,
as in severe congenital ichthyosis, a condition that includes several distinct
subtypes with significant genetic heterogeneity.
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Do people from the Jewish community prefer ancestry-based or pan-
ethnic expanded carrier screening?
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Background: Ancestry-based carrier screening in the Ashkenazi Jewish po-

ESHG 2015 | GLASGOW, SCOTLAND, UK | WWW.ESHG.ORG




POSTERS

pulation entails screening for specific autosomal recessive founder mutati-
ons, which are rare among the general population. As it is now technically
feasible to screen for many more diseases, the question arises whether this
population prefers an ancestry-based offer or a pan-ethnic expanded carrier
screening panel that goes beyond the diseases relatively frequent in their
own population, and is offered regardless of ancestry.

Methods: An online questionnaire was completed by 145 individuals from
the Dutch Jewish community (218 years) between April and July 2014.
Results: 64.8% were aware of the existence of ancestry-based carrier scree-
ning. Respondents were generally positive about screening and thought that
several categories of diseases should be included. About half (54%) prefer-
red pan-ethnic expanded carrier screening whereas 43% preferred ance-
stry-based screening. Reasons for preferring pan-ethnic screening included
“everyone has a right to be tested”, “fear of stigmatization when offering
ancestry-based panels”, and “difficulties with identifying risk due to mixed
backgrounds”. “Preventing high healthcare costs” was the main perceived
barrier to pan-ethnic carrier screening among those in favour of ancestry-
based screening.

Conclusion: These findings show that people from the Dutch Jewish com-
munity have a positive attitude regarding carrier screening in their commu-
nity for a wide range of diseases. Costs were the main perceived barrier for
pan-ethnic carrier screening panels. As costs of these panels are most likely
to drop in the near future, it may be expected that these will receive more
support in the future.

The study was funded by Netherlands Organization for Health Research and
Development (grant no 209040001).
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Congenital anomalies affect 1% to 2% of newborns, and approximately
4-5% of those children have abnormalities of urinary tract and kidneys
and 10% - have upper-extremity abnormalities. Combining of homozygo-
sity mapping using SNP arrays and sequencing of target regions has been
successfully applied for identification of mutations causing many autosomal
recessive diseases in patients diagnosed postnatally.

We used SNP array karyotyping and next generation sequencing to cla-
rify the etiology of a polymalformative syndrome detected prenatally. On
US scan at 18th g. w. the fetus of a second gravida was found to have: mild
growth retardation, right kidney agenesis and absent radii and thumbs of
both arms.

SNP Kkaryotyping with Illumina Human CoreExome-12 revealed a ho-
mozygous chromosome region encompassing 6.1 Mb in 3p: arr[hgl9]
3p26.1p25.3p25.2(6206901-12352468)x2hmz. The gene FANCD2 mapped
in the region and was found to be a good candidate for the fetal malformati-
ve syndrome. We used TruSight Cancer gene panel ([llumina) and the MySeq
sequencing system. The fetus was found to be homozygous for a novel hy-
pomorphic mutation in FANCD2 gene: p.Leu699del and both parents were
found to be carriers of the mutation.

The identification of an anomaly compatible with life during pregnancy is
a challenge for both prospective parents and the doctor. The anomalies re-
quire an accurate diagnosis and communication of relevant information to
the family. Certain anomalies occur in isolation, whereas others are asso-
ciated with systemic conditions. Prognosis of the developing fetus and re-
productive decisions of the family largely depend on the causes behind the
disease.

PM01.22

Perinatal outcome of fetal echogenic bowel

T. Lanxner Battat’, E. Kachko?, L. Novak®, A. Koifman*;

Soroka university Medical Center, Beer Sheva, Israel, *Clinical research center, Soroka
university Medical Center, Beer Sheva, Israel, *Department of public health, Faculty of
Health Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel, *Institute of
Human Genetics, Soroka university Medical Center, Ben-Gurion University of the Negev,
Beer Sheva, Israel.

Introduction: The aim of this study is to describe the association between
fetal echogenic bowel (FEB) during the second trimester and adverse pe-
rinatal outcome and to compare additional findings that contribute to the
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pregnancy outcome

Material and methods: We conducted a retrospective case control study. Pe-
rinatal outcome of 262 cases of FEB, reported between 2007-2014, were
compared to 2827 cases of pregnancies without abnormal sonographic fin-
dings.

Results: Of the 262 cases 36 cases (13.7%) were associated with maternal
vaginal bleeding and 15 cases (8.6%) of 174 who underwent serology te-
sting had evidence of CMV seroconversion during the pregnancy as oppo-
se to 0.1% in both parameters in the control group. 73 cases (27.8%) had
evidence of structural malformation. 122 cases underwent amniocentesis
and karyotyping, three of which had chromosomal abnormalities (2.45%).
The incidence of IUGR and fetal demise was 9.23% and 6.42% as oppose
to 2.9% and 0.5% in the control group, respectively. Composite endpoint
calculation demonstrated absolute risk increase for fetal demise, IUGR, SGA,
low apgar score of 10% in the isolated FEB group as compared to isolated
polyhydramnios group. Interestingly, elevated level of alpha-fetoprotein in
the FEB group were significantly (p<0.001) associated with preterm delive-
ry and fetal demise.

Conclusions: The presence of FEB is independently associated with an in-
creased risk for IUGR and fetal demise. Elevated aFP in addition to FEB con-
tributes to adverse perinatal outcome. This information should be conside-
red when counseling patients after FEB is diagnosed.

Grant references: None.
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Gene discovery in lethal fetal malformation phenotypes - the value of
human knockouts

1. Filges’, E. Bruder?, M. Schubach?, S. Biskup?, O. Lapaire®, 1. Hoesli®, S. Schulzke®, S.
Tercanli’, P. Miny';

"Medical Genetics, University Hospital Basel, Basel, Switzerland, ?Pathology, University
Hospital Basel, Basel, Switzerland, *Medical Genetics, University Hospital Charité, Berlin,
Germany, *CeGaT GmbH, Tiibingen, Germany, *Obstetrics and Gynecology, University
Hospital Basel, Basel, Switzerland, °Neonatology, University Children's Hospital Basel,
Basel, Switzerland, "Centre for Ultrasound and Fetal Medicine, Basel, Switzerland.

Prenatal ultrasonography identifies an increasing number of undescribed
malformation phenotypes. Little attention has been paid to using whole
exome and genome sequencing strategies for gene identification in fetal dis-
orders that are lethal in utero, because they are extremely rare, may appear
to be sporadic, and Mendelian inheritance can be easily missed. Some lethal
phenotypes, however, indicate an error of early development implying a ma-
jor malfunction of a gene with a crucial role in cellular and developmental
processes.

Hypothesizing that truncating autosomal recessive variants are an impor-
tant cause of early human lethality, we select families with phenotype re-
currence in sibs who died during pregnancy or after birth because of their
malformations. We correlate the malformation pattern, confirmed by auto-
psy, to developmental pathways in embryogenesis. Genes with homozygous
or compound heterozygous variants will be considered candidates. Those
harboring truncating variants will be prioritized, since loss of function vari-
ants are more likely to be causal compared to other variant classes.

We present two novel prenatal malformation patterns indicative of the dis-
ruption of pathways involved in ciliary and midline defect phenotypes. The
role in cell division of candidate genes identified suggests a link to these
developmental pathways. Causality is supported by cross-species phenoty-
ping.

Identifying mutations implicated in early fetal development will improve
recurrence risk counseling and allow prenatal diagnosis for future pregnan-
cies in affected families. Lethal fetal phenotypes may represent an impor-
tant model to study the genetic basis of natural human knockouts and the
roles of genes for which little to nothing is known.

PMO01.24

Microarray analysis of fetal cells isolated from maternal blood

A. Grabowska'? M. Bik-Multanowski?, J. ]. Pietrzyk'?*;

1Department of Medical Genetics, Chair of Pediatrics, Jagiellonian University Medical
College, Cracow, Poland, *University Children’s Hospital of Cracow, Cracow, Poland.
Introduction: Limitations of contemporary techniques of prenatal diagnosis
necessitate the need to develop new non-invasive prenatal test. The pres-
ence of microchimerism state during each pregnancy opened up new pos-
sibilities for fetal genome analysis. Despite of many studies there is still no
consensus protocol for identification of fetal cells in the maternal blood. We
aimed to compare the expression of maternal and fetus genomes to determi-
ne potential fetal microchimeric cells markers.

Materials and Methods: The experimental material consisted of 5 ml of peri-
pheral blood from women in the second trimester of pregnancy, who under-
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went amniocentesis procedure. Analysis was based on CD34 positive cells.
Cells were isolated from blood samples and were subsequently cultured
to obtain the targeted line of hematopoietic colonies. After the incubation
period, single erythroid colonies were collected and analyzed by means of
microarray technology using GeneChip Human Gene 1.0 ST Array.

Results: The analysis showed statistically significant differences in the ex-
pression of 958 genes between maternal and fetal cells. Most of the genes (n
= 591) showed higher expression in the fetus relative to the expression of
the mother’s genome. A total of 367 genes showed decreased expression in
the fetus. Initial protocols were developed for culture and identification of
fetal cells in the maternal blood.

Conclusions: The use of cell culture enables multiplication of the cells and
reduces the volume of maternal blood sample necessary for the analysis.
Transcriptome analysis of cells shows expression of specific genes, which
may be used as markers for the identification of fetal cells.

PS01.25

First Report of Prenatal Diagnosis for Severe Genodermatoses in
Egypt

K. S. Amr, G. El Kammah, M. Farag, H. Nasr, K. Gaber;

National Research Centre, Cairo, Egypt.

Introduction: Genodermatoses are mostly severe inherited disorders. A
great success in identifying responsible genes & characterizing mutations
within such genes paved the road for DNA-based prenatal diagnosis. Ex-
amples of severe genodermatoses candidate for prenatal diagnosis include
autosomal recessive congenital ichthyosis (ARCI), Xerodema pigmentosa
(XPA), Sjogren-Larsson syndrome (SLS) and papillon lefeuvre syndrome
(PLS) where clinical severity affects span &/or quality of life hence urging
prenatal diagnosis.

Materials and methods: The study included five amniotic samples (AF) from
carrier mothers descending from five pedigrees with history of affected sibs
with severe genodermatoses including; two mothers of previous ARCI ca-
ses, one XPA, one SLS and one PLS. DNA was extracted from AF samples by
QIA gene extraction kit followed by mutational screening for XPA, TGM1,
ALDH3A2 and CTSC genes.

Results: prenatal diagnosis was successfully performed in all cases. For the
family with history of XPA, the fetus was found to be heterozygous carrier
for E111X mutation; For ALDH3A2 gene the fetus was affected for E331X
nonsense mutation; for TGM1 gene the two fetuses were heterozygous car-
riers for R264W, R143H missense mutations. The fifth AF sample PLS sho-
wed homozygous wild type genotype.

Conclusion: The high incidence of consanguinity & consequently AR rare
disorders combined with the lack of curative therapy, points to the impor-
tance of implementing preventive programs. Prenatal diagnosis and genetic
counseling represent an important step in prevention & alleviating the bur-
den of severe genodermatoses on the family & community.

PMO01.26

Incremetal yield of Array Comparative Genomic Hybridization above
karyotyping in Fetal Increased Nuchal Translucency - A systematic
review and meta-analysis

A. Borrell!, M. Grande’, F. Jansen?, Y. Blumenfeld®, A. Fisher*, A. Odibo’, M. Haak?;
!Institute Gynecology, Obstetrics and Neonatology.Hospital Clinic Barcelona, Barcelona,
Spain, ?Leiden University Medical Center, Department of Obstetrics and Fetal Medicine,
Leiden, Netherlands, *Department of Obstetrics & Gynecology, Stanford University School
of Medicine, Stanford, CA, United States, *Elliot Health System, Manchester, Manchester,
NH, United States, *Department of Obstetrics & Gynecology, Division of Maternal Fetal
Medicine, University of South Florida, Tampa, FL, United States.

Objective: To perform a systematic review of the literature and meta-analy-
sis and estimate the incremental yield of genomic microarray over karyoty-
ping in fetuses with increased nuchal translucency (NT) diagnosed by first
trimester prenatal ultrasound.

Method: All articles identified in PubMed and Ovid, from January 2009 to
September 2014 describing copy number variants (CNVs) in fetuses with
increased NT were included. Search terms were: fetal or prenatal, nuchal
translucency or cystic hygroma or ultrasound anomaly, array comparative
genomic hybridization or copy number variants, with related search terms.
Case reports and studies using conventional comparative genomic hybridi-
zation were excluded.

Results: Seventeen publications met the inclusion criteria for the analysis. A
5% (95% CI 2.0-8.0) incremental yield by microarray was obtained pooling
the results. Stratified analysis demonstrated a 4% (95% CI 2.0-7.0) incre-
mental yield for isolated NT and 7.0% (95% CI 2.0-12) when other malfor-
mations are present.

Conclusion: The review found that the use of genomic microarray provides a
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5% incremental yield in fetuses with increased NT and normal karyotype.

PS01.27

Role of hereditary thrombophilia and antiphospholipid syndrome in
pregnancy complications and recurrent miscarriages in IVF programs
S. Zhukovskaya, S. J. Zhukovskaya, K. Mosse, N. Rumiantsava;

Center of Reproductive Medicine, Minsk, Belarus.

Introduction: Screening for hereditary thrombophilia and APS in women
undergoing IVF proved to reduce miscarriage and pregnancy complications
risk, to minimize thrombotic complications.

Materials and Methods: 420 women with pregnancy loss or preterm birth
after IVF were examined for hereditary thrombophilia and APS. Women
diagnosed with these conditions were administered antiaggregant thera-
py (aspirin, low-molecular-weight heparin), high doses of folic acid (5 mg
daily), vitamin B12 (in cases of MTHFR gene polymorphism and elevated
homocysteine concentration).

Results: 232 women (55.2%) were diagnosed with thrombophilia - 145 of
them had hereditary thrombophilia (34.5%), 41 of them presented eleva-
ted homocysteine levels (9.8%); APS was found in 87 women (20.7%). The
structure of hereditary thrombophilia carriers (145 cases): heterozygous
mutation 1691G>A Leiden in F5 gene - 11 women (7.6%), heterozygous po-
lymorphism G20210A in F2-prothrombine gene - 6 (4.1%), compound he-
terozygous carriers of 1691G>A Leiden + G20210A - 3 (2.1%), homozygous
carriers of 677T/T in MTHFR gene - 38 (26.2%), compound heterozygous
carriers of 677T + 1298C in MTHFR gene - 87 (60%). IVF with appropri-
ate thrombotic complications prophylaxis was performed for 145 women
with hereditary thrombophilia, 67 cases resulted in pregnancy (46.2%).
Pregnancies ended with term birth - 46 (68.7%), preterm delivery (32-36
weeks) - 12 (17.9%), reproductive failures - 9 (13.4%), which included 5
miscarriages in 1st trimester (7.5%), 3 in 2nd trimester (4.4%), 1 ectopic
pregnancy (1.5%).

Conclusion: Screening for hereditary thrombophilia and APS reduces risk of
miscarriages and pregnancy complications in IVF procedures; and should
be widely recommended, especially for women with thrombotic complicati-
ons or reproductive failures in anamnesis.

PM01.28

Association of a HRG polymorphism with ovarian reserve and
response to ovarian stimulation in women undergoing assisted
reproductive treatment

D. Tohlob??, S. Roberts®, C. Cerra'*, P. Pemberton®, L. Mohiyiddeen*, W. Newman®;
!Manchester center for genomic medicine, University of Manchester, Manchester,

United Kingdom, *Clinical Pathology Departement, Faculty of medicine, Mansoura
university, Mansoura, Egypt, *Centre for Biostatistics, Institute of Population Health,
Manchester Academic Health Sciences Centre (MAHSC), University of Manchester,
Manchester, United Kingdom, *Department of Reproductive Medicine, St. Mary's
Hospital, Central Manchester University Hospitals NHS Foundation Trust, Manchester,
United Kingdom, *Department of Clinical Biochemistry, Central Manchester Foundation
Trust, Manchester, United Kingdom, Central Manchester University Hospitals NHS
Foundation Trust,Manchester Academic Health Sciences Centre (MAHSC), Manchester,
United Kingdom.

Histidine-rich glycoprotein (HRG) is a plasma protein involved in many bio-
logical processes, including fibrinolysis, coagulation, apoptosis and angioge-
nesis. These processes are important in oocyte development

and pregnancy. In a recent Swedish study, a homozygous variant in HRG,
¢.633C>T was associated with poor ovarian response during the assessment
of women undergoing assessment for in vitro fertilization (IVF).!

The aim of our study was to investigate whether HRG c.633C>T is associated
with the ovarian reserve markers follicle stimulating hormone (FSH), an-
tral follicle count (AFC), and anti-Mullerian hormone (AMH) and ovarian
response (number of eggs retrieved, and gonadotropin dose required) to
controlled ovarian hyper-stimulation.

We genotyped HRG c.633C>T in 517 women, attending a tertiary referral
centre for reproductive medicine, undergoing their first cycle of controlled
ovarian hyper-stimulation for [VF/ICSI. We found no evidence of any signi-
ficant difference (p value <0.05) in FSH, AFC, AMH, the number of eggs re-
trieved, or the gonadotropin dose used between individuals with different
HRG genotypes.

These results indicate that this variant does not provide clinically relevant
data on which to base the individualization of the treatment of women
undergoing IVF/ICSL.

Ref. 1.
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Genetic associations for hypospadias: review of current knowledge
and replication

L. F. M. van der Zanden’, N. van Leeuwen’, R. R. Makkinje*>, W. F. ]. Feitz*, N.
Roeleveld"s;

!Department for Health Evidence, Radboud university medical center, Radboud Institute
for Health Sciences, Nijmegen, Netherlands, ?Department of Human Genetics, Radboud
university medical center, Donders Institute for Brain, Cognition and Behaviour,
Nijmegen, Netherlands, *Department of Psychiatry, Radboud university medical

center, Donders Institute for Brain, Cognition and Behaviour, Nijmegen, Netherlands,
“Department of Urology-Pediatric urology, Radboudumc Amalia Children’s Hospital,
Radboud university medical center, Nijmegen, Netherlands, *Department of Pediatrics,
Radboudumc Amalia Children’s Hospital, Radboud university medical center, Nijmegen,
Netherlands.

Background

Hypospadias is a common congenital malformation of the male external ge-
nitalia with a multifactorial etiology. We identified all genetic associations
reported for hypospadias and tried to replicate the most promising ones.
Methods

After a thorough literature search and SNP selection, we used Tagman as-
says to genotype seven SNPs in 816 Caucasian nonsyndromic hypospadias
patients and 668 population-based controls derived from the AGORA data-
and biobank in the Netherlands.

Results

When excluding studies using microarrays performed after our SNP selec-
tion, 36 polymorphisms in DGKK and 67 polymorphisms in 16 other genes
were identified. We already examined DGKK successfully in our cohort and
this gene was also associated with hypospadias in several other Caucasian
populations, but much less strong in a Chinese. Many of the polymorphis-
ms in other genes were found not to be associated with hypospadias, had a
MAF<2% in Caucasians, or were repeats or deletions, while four SNPs had
already been studied in our cohort. Therefore, we selected seven SNPs in
the genes HSD17B3, ESR1, ESR2, ATF3 and MAMLD]1 for this study. None of
the SNPs was associated with hypospadias, with the possible exception of
rs944050 in ESR2 (OR=1.5, p=0.045). This association was in the same di-
rection as in a Swedish study and in the opposite direction compared to a
Japanese study.

Conclusions

Summarizing all currently reported genetic association studies on hypospa-
dias shows that risk polymorphisms differ between populations. This stres-
ses the importance of studying generalizability of genetic association results
and points towards the need for gene-environment interaction analyses.

PM01.30

A family with deafness-infertility syndrome presenting in two
generations

P, Skiba, P. Karpinski, M. Sasiadek, K. Pesz;

Wroclaw Medical University Department of Genetics, Wroclaw, Poland.

Only few families with deafness and infertility syndrome, a contiguous gene
deletion syndrome at 15q15.3 locus, have been described so far.

It is rare and inherited as an autosomal recessive trait (homozygous for the
deletion females present with deafness whereas males with infertility and
deafness).

We present a family with two generations affected by sensorineural hearing
loss (mother and two sons). Both sons were diagnosed with infertility, one
of them had a child through assisted reproductive technology.

Using the array CGH method the deleted region in the proband has been de-
scribed to encompass 55 kb. It includes the gene CATSPER2 and a major part
of STRC, linked to infertility and deafness, respectively. The mother of the
proband has also a homozygous deletion in the region whereas the father
is a heterozygote.

For confirmation of the deletion a PCR was performed for an STR marker
and no products have been found in the proband and the mother.

The genotypes and the phenotypes of all affected individuals in the family
are discussed in detail.

A family with deafness-infertility syndrome presenting in two generations

PMO01.32

Recurrent microdeletions at Xq27.3-Xq28 are not associated with
infertility of males from the Czech Republic

B. Chylikovad®, I. Hrdlicka’, K. Veseld’, K. Rezabek?, E Liska’;

!Institute of Biology and Medical Genetics, Prague 2, Czech Republic, ?Department of
Obstetrics and Gynaecology, First Faculty of Medicine, Charles University in Prague and
General University Hospital in Prague, Prague 2, Czech Republic.

Introduction: Genetic causes of male infertility are hypothesized to involve
multiple types of mutations, from single gene defects to complex chromoso-
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me rearrangements. Recently, several recurrent X-chromosome microdele-
tions (located in subtelomeric region of the long arm) were reported to be
associated with male infertility in Spanish and Italian males (Lo Giacco et
al,, 2014). The aim of our study was to test their prevalence and infertility
association in population of men from the Czech Republic.

Materials and Methods: 146 males with idiopathic nonobstructive infertility
were compared to 109 males with normal fecundity. X-chormosome micro-
deletions were assessed by +/- PCR with three primer pairs for each region
Xcnv64 (Xq27.3), Xenv67 (Xq28) and Xcnv69 (Xq28). The latter microdele-
tion was also complemented with amplification across the deleted region,
dividing the deletion into three types.

Results: We detected presence of Xcnv64 in 10 patients and 12 controls,
Xcnv69 in 5 patients and 4 controls (3, 1 and 1 patient vs. 3, 1 and 0 control
for types A, B and C respectively). Thus the frequency was comparable in
patient and control groups (Fisher’s exact test P>>0.05). The patient with
Xcnv69 type C deletion also carries Xcnv64 deletion. This may indicate a
more extensive rearrangement with putative causal potential.

Conclusion: Association of X-chromosome microdeletions at Xq27.3 and
Xq28 with male infertility could not be confirmed for Czech males. One pati-
ent may carry a larger rearrangement that will be further dissected.
Supported by Ministry of Health of the Czech Republic grant No.
NT/12269-5
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Maternal plasma microbiome detection by analyzing sequencing data
of non-invasive prenatal test

H. Wang, F Jiang, Y. Wang, Y. Gao;

BGI Shenzhen, Shenzhen, China.

Introduction

MPS-based non-invasive prenatal test not just supply an effective method
for detecting chromosome abnormality, but accumulate large amount of se-
quence data of plasma cell free DNA. Main purpose of this research is unfol-
ding the plasma microbiome through using NIPT sequencing data. A whole
scene of exogenous organism in human blood would be presented, together
with exploring differences between T21-positive and T21-negtive samples.
Materials and Methods

A cohort of 40,934 plasma samples undergone NIFT test was obtained. Se-
quencing reads mapped on human reference were filtered out. The remai-
ning non-human reads were assembled to contigs by five different pipelines.
Contigs were annotated by Nucleotide database and then classified into
different taxonomy groups. Each sample’s raw reads were then remapped
to the constructed reference contig set. Clustering analysis was performed.
Moreover, non-human sequence abundance of trisome 21 samples and nor-
mal samples were calculated separately.

Result

15,350 contigs being annotated on nucleotide database constructed a refe-
rence set and classified into 16 taxonomic categories. The non-human rate
of T21-positive group and T21-negtive group did not show significant dif-
ference. However, remap rate of Trisomy 21 samples was lower than that
of non-trisomy samples. In addition, cluster analysis showed a remarkable
correlation between microbiome abundance distribution and sampling geo-
graphy locations.

Conclusions

This research built a reference set of plasma microbiome and demonstrated
the complexity of plasma microbita. Moreover, differences of the microbi-
ome between T21-positive and T21-negtive samples would supply evi-
dences for enhancing the prenatal test and assisting the detection of some
other diseases.

PMO01.34

Hsa-let-7c miRNA as a potential biomarker for congenital heart
disease

0. Biro, B. Nagy, J. Schénleber, J. Rigo Jr, L. Lazar;

Semmelweis University, 1st Dept. of Obstetrics and Gynecology, Budapest, Hungary.
Background: Congenital heart defects (CHD) are the most common fetal
malformations and often correlated with chromosomal abnormalities. The-
re is a great need for biomarkers which could detect CHD early with high
accuracy. The miRNAs are short, non-coding RNA molecules that play im-
portant role in regulation of eukaryotic gene expression. Let-7c miRNA is
located on the human chromosome 21 and broadly expressed by the major
types of cardiovascular cells. Recent studies revealed the possible role of let-
7c in heart development; therefore we hypothesize that it can be associated
with CHD.

Purpose: Based on our previous results, let-7c is significantly upregulated
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in the circulation of mothers who has fetuses with CHD. In this study, our
aim was to analyze the let-7c expression in diseased fetal heart samples to
confirm the miRNA's importance in pathogenesis of CHD.

Patients and methods: We have collected heart samples from fetuses with
CHD and/or trisomy 21 and from healthy controls. Total-miRNA was isola-
ted from the left ventricles; the quality was checked by UV-VIS spectrometry.
Total-miRNA samples were reverse-transcribed. RT-PCR was performed on
the cDNA templates using let-7c specific primers. U6 snRNA was used as
control.

Results: We found significant differences in the let-7c concentrations bet-
ween the control and the diseased fetal heart samples: 0.0021+£0.00075 ng/
ul vs. 0.031+0.041 ng/pl (p<0.05). The highest expression was observed in
the cases of trisomy 21 with accompanying CHD. According to our studies
elevated let-7c expression is associated with CHD and may be ideally suited
as a biomarker for the disease.

PS01.35

The genetic stability of human blastocysts can be effectively predicted
by the copy number of mitochochondrial DNA detected by next
generation sequencing (NGS)

f. f. wang’, k. Tan? X. Y. Yin', Y. Q. Tar?, G. Vajta’, F. Gong?, ]. Wang’, B. Xiong®, W. Wang’,
G. Lin, G. X. Lu*;

'BGI-Shenzhen, Shenzhen, China, *Central South University, Institute of Reproduction
and Stem Cell Engineering, Changsha, China, *Reproductive and Genetic Hospital

of CITIC-Xiangya, Reproductive center, ChangshaHunan, China, Changsha, China,
“Reproductive and Genetic Hospital of CITIC-Xiangya, Reproductive center, Changsha,
China.

Summary answer

Is the copy number of mitochondrial DNA (mtDNA ) correlated to the gene-
tic stability and developmental potentiality of blastocysts?

Whole genome amplification of single-cell and next generation sequencing
(NGS) can be used to analyze embryo genome and mtDNA.

Study design, Participants/materials, setting, methods

A retrospective study was performed at the Reproductive and Genetic Hos-
pital of CITIC-Xiangya, and BGI-Health, China, involving 440 couples with in-
dications to in vitro fertilization treatment, 1528 blastocysts were biopsied
and frozen embryo transplant was carried out using embryos with balanced
genome. Embryos were subjected to preimplantation genetic diagnosis/
screening using next generation sequencing (NGS-PGD/PGS) between Octo-
ber 2011 and September 2014.

Main results and the role of chance

The sequencing data covered 5.5% * 1.2% of the whole human genome
and 98.7% %3.1% of mtDNA.The copy number of mtDNA in euploid bla-
stocysts was significantly lower than that of the chromosomally abnormal
blastocysts(291.46 vs 317.39,P<0.001). Significantly reduced copy number
of mtDNA was also found in blastocysts from young women (age<35 years)
comparing to blastocysts from the aged women(300.07 vs 322.07,P=0.002).
Similarly, The copy number of mtDNA also correlated to the development
rate of the embryo and the blastocyst quality, blastocysts with higher ran-
king contained considerably fewer copies of mtDNA than blastocysts with
lower ranking and poor development(P<0.001).

Limitations

Complete pregnancy outcomes could not be obtained as some blastocysts
were not transferred yet. Future data collection is warranted.

PM01.37

Utilization of noninvasive prenatal screening and its relevance to
clinical practice: Update on clinical outcome metrics on over 85,000
cases

P. Taneja, H. Snyder, E. de Feo, K. Kruglyak, M. Halks-Miller, K. Curnow, S. Bhatt;
Illumina, Redwood City, CA, United States.

Objective: The

verifi® noninvasive prenatal screen (NIPS) has been available through
[llumina’s accredited clinical lab since February 2012. Professional socie-
ties have published statements supporting the use of NIPS and recommend
continued test performance monitoring. In follow-up to Illumina’s first pu-
blished clinical experience paper (Futch et al, June 2013), this study high-
lights continued efforts to provide clinically relevant metrics for chromoso-
mes 21, 18, and 13.

Method: Outcome information (karyotype or birth outcome) was requested
from providers for singleton samples reported as aneuploidy detected (AD)
or suspected (AS) for chromosomes 21, 18, or 13. Voluntary outcome repor-
ting was encouraged for all discordant outcomes.

Results: Of 86,658 cases, 85,298 (98.4%) met inclusion criteria for NIPS re-
sult reporting, 101 (0.1%) were cancelled for technical reasons and 1259
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(1.5%) were cancelled for administrative reasons. Average turn-around-
time was 3.3 business days. Of 85,298 reported samples, there were 2,142
(2.5%) positive results: 1,858 AD (2.2%) and 284 AS (0.3%); AS results have
significantly decreased since 2012. Informative clinical outcomes were avai-
lable for 851 (39.7%) positive samples. Of 85,298 reported samples, 108
(0.13%) AD cases were reported as putative false positives; 15 (0.02%) false
negatives were reported. The observed overall (all chromosomes) positive
predictive value was 94.2% for AD samples and 88.9% for AD/AS samples
combined. The overall observed negative predictive value was over 99.9%.
Conclusion: Test modifications have facilitated a refinement in borderline
result classification, and improvements in turn-around time and cancellati-
on rates.Information about clinical performance of NIPS aids in appropriate
pre- and post-test counseling.

PS01.36

Comparison of two academic software (RAPIDR and WISECONDOR)
for aneuploidies detection using semiconductor sequencing data in a
NIPT process
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Based on a statistical analysis of low coverage genome sequencing data,
non-invasive prenatal testing of aneuploidies is being provided in a growing
numbers of countries. It has proved a major improvement versus classic
screening strategies but still requires invasive procedures when positive.
Using five hundred samples included in our French multicenter study, we
aim to validate two different published bioinformatics tools for aneuploidy
calling. All patients included had an indicated invasive sampling to achieve
fetal karyotype in parallel.

WISECONDOR (WIthin SamplE COpy Number aberration DetectOR) and RA-
PIDR (Reliable Accurate Prenatal non-Invasive Diagnosis R package) both
require a reference set of euploid samples. RAPIDR establishes a baseline for
confrontation with unknown samples. WISECONDOR uses a “within samp-
le” normalization algorithm made from the reference set and preventing
from inter-individual variation. They both use a bin segmentation approach
to take into account the GC-content bias. Different QC metrics are used. Fetal
fraction, a well-known cause for false negative, can be estimated for male
pregnancies via RAPIDR. WISECONDOR uses an inter-chromosomal concor-
dance test to reduce technical noise. A training set of 50 samples has shown
comparable performances regarding False Negative and False Positive rates
for main aneuploidies (T21, T18, T13). The study will focus on the practi-
cality for use in routine diagnosis (time of calculation, necessary resources,
setting up), reliability of QC metrics and potential discrepancies.

Both applications were initially developed using data from Illumina dye se-
quencing technologies. In this study we will demonstrate that semiconduc-
tors sequencing data fit to these two turnkey methods.

PMO01.38

False negative NIPT results for trisomy 13, 18 and 21: risk figures
derived from cytogenetic investigations in chorionic villi

D. Van Opstal, M. Srebniak, ]. Polak, F. de Vries, C. van den Berg, R. H. Galjaard;

Erasmus MC, Rotterdam, Netherlands.

Background: Non-invasive prenatal testing (NIPT) demonstrated a small
chance for a false positive and false negative result. This is partly due to the
fact that the fetal DNA in maternal plasma is derived from the cytotropho-
blast of chorionic villi (CV). This cytotrophoblast is not always represen-
tative for the fetus because of its embryonic origin (trophoblast) and the
existence of chromosomal mosaicism. Therefore, accurate cytogenetic stu-
dies in CV involve the investigation of both cytotrophoblast (STC-villi) and
mesenchymal core, the latter having the same embryonic origin as the fetus
itself. We calculated the risk for a false negative trisomy 13, 18 and 21 NIPT
result of a biological nature based on our experience with CV.

Methods : All cases of fetal trisomy 13, 18 and 21 among 5967 CV samples of
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pregnancies at high risk that were cytogenetically investigated in our centre
between January 2000 and December 2011, were retrospectively studied
for the presence of a normal karyotype or mosaicism < 30% in STC-villi.
Results: 404 cases of trisomies 13, 18 and 21 were found amongst 5967
samples. Of these 404 cases, 14 (3,7%) had a normal or low mosaic karyo-
type in STC-villi and therefore would potentially be missed with NIPT. It in-
volved 2 % (5/242) of all trisomy 21 cases and 7.3% (9/123) of all trisomy
18 cases.

Conclusion: In 1:426 (14/5967) NIPT samples of patients at high risk, a tri-
somy 18 or 21 will be missed due to the biological phenomenon of absence
of the chromosome aberration in the cytotrophoblast.
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Identification of 22q11 microdeletions by noninvasive prenatal
testing (NIPT) - one year of clinical experience

R. M. McCullough’, T Boomer?, ]. Wardrop', . Hume', W. B. Paxton’, N. Dharajiya’, J.
Saldivar!, T. Monroé?, D. H. Farkas®;

1Sequenom Laboratories, San Diego, CA, United States, ’Sequenom Laboratories,
Morrisville, NC, United States, °Sequenom Laboratories, Grand Rapids, M1, United States.

Introduction: NIPT for fetal aneuploidies has become routine practice in
pregnancy management. A whole genome approach enables detecting sub-
chromosomal events by employing a novel algorithm that uses low coverage
sequencing data. The output for detected fetal microdeletion events is akin
to data from conventional microarray analysis of invasive testing.

Methods: Maternal blood samples submitted to Sequenom Laboratories
were subjected to DNA extraction and library preparation followed by who-
le genome massively parallel sequencing. Sequencing data were analyzed
using an algorithm to detect subchromosomal events such as 22q11 micro-
deletions. Results: The MaterniT21® PLUS test identified 32 cases with a
22q11 deletion. For twenty-one cases diagnostic invasive testing was per-
formed and for all cases the 22q11 deletion was confirmed. Eleven cases did
not have invasive testing results available. Seven of these cases had clinical
findings of complex heart defects or Tetralogy of Fallot consistent with the
NIPT result. For the remaining four cases, no clinical signs were identified
and outcomes were pending. Thus far no confirmed false positives have
been identified. One of the confirmed cases was a twin gestation where one
twin was positive for the 22q deletion.

Conclusion: It is imperative when testing for rare conditions that tests per-
form with the utmost specificity to yield high positive predictive values. By
using a whole genome sequencing approach, we have demonstrated that this
objective is achievable. This abstract provides further evidence to broaden
the scope of non-invasive testing to detect subchromosomal deletion/dupli-
cation events and the potential to derive fetal karyotypes in the future.

PM01.40

When isochromosomes and noninvasive prenatal testing (NIPT)
collide: The technical and clinical challenges of piecing together
puzzling cases

T. A. Boomer?’, N. D. Loid? L. Bensen®, M. N. Strecker?, ]. Wardrop?, T. . Monroe®, R.
McCullough?, J. Saldivar®, N. Dharajiya’;

ISequenom Laboratories, San Diego, CA, United States, ’New Jersey Perinatal Associates,
Livingston, NJ, United States, *St. Joseph's Hospital - Perinatal Assessment Unit, Tucson,
AZ, United States, *CombiMatrix, Irvine, CA, United States, *Sequenom Laboratories,
Morrisville, NC, United States.

Background: Noninvasive prenatal testing (NIPT) uses circulating cell free
DNA for the evaluation of fetal chromosomal abnormalities. Whole genome
sequencing combined with advanced bioinformatics enables detailed inter-
rogation of a variety of complex chromosomal changes. Here we highlight
three cases involving isochromsomes and relate their NIPT results to dia-
gnostic and clinical outcomes.

Case 1: mos 47,XX,+i(18)(p10)[3]/46,XX[16]

NIPT performed at 12 weeks gestation indicated Trisomy 18. CVS chromo-
somes revealed a mosaic marker chromosome and microarray detected an
18p duplication. Fetal ultrasound was normal. Amniocentesis chromosomes
revealed mosaicism for a supernumerary isochromosome 18p. NIPT traces
corroborated duplication of 18p.

Case 2: idic(Y)(q11.2)[15]

NIPT performed at 12 weeks gestation indicated Turner Syndrome. Fetal ul-
trasound showed male genitalia. Amniocentesis chromosomes and microar-
ray revealed an isodicentric Yp. Discordant NIPT results may suggest the
placenta is mostly 45,X, though traces reflect presence of Yp material.

Case 3: 46,X,i(X)(q10)[13]/45,X[7]

NIPT performed at 10 weeks gestation indicated Turner Syndrome. Fetal
ultrasound was normal other than a clubbed foot. Amniocentesis chromo-
somes revealed a mosaic karyotype including an isochromosome Xq. NIPT
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traces show no evidence of segmental abnormality and may suggest the pla-
centa is mostly 45,X.

Conclusions: Isochromosomes arise from an error in centromere division
during meiosis or mitosis. Most are de novo and mosaic in origin, conse-
quently having variable impact on developing embryologic tissues. As NIPT
reflects placenta tissue, results may be concordant or discordant with am-
niocentesis studies. NIPT can lend insight into the timing and origin of such
complex events and help explain inconsistencies between testing modali-
ties.

PM01.42

Comparison of NIPT clinical performance in 72,382 high-risk
pregnant women and 40,287 low-risk pregnant women

Y. Gao, H. Zhang, E Jiang, F. Chen, W. Wang;

BGI, Shenzhen, China.

NIPT has been applied in prenatal screening for fetal aneuploidy with re-
markable advances. However, clinical data from large scale of NIPT practice
in the general population has not been reported. We prospectively analyze
NIPT performance in 147,314 pregnancies with singleton and twins from
508 hospitals from January 1, 2012 to August 31, 2013, which is the largest
clinical experience to-date. NIPT sensitivity and specificity were validated
by karyotyping confirmation for positive cases and clinical follow-up of ne-
gative cases, showing comparable if not better performance comparing to
previous studies in small scale of high-risk population in detecting T21, T18,
and T13. A performance comparison was also performed between the high-
risk group and the low-risk group, which were divided based on maternal
age, prenatal screening results, nuchal translucency measurement, family
history and previous pregnancy of aneuploidy, showing the equivalent ef-
fectiveness of NIPT in the low-risk population as in the high-risk popula-
tion. In the total population, NIPT false positive and false negative results
were investigated for their corresponding reasons. Biological factors such as
maternal background and mosaicism were the major reasons causing NIPT
false positive and false negative results. Our data supports the use of NIPT in
the general population to screen for T21, T18, and T13.
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Non-Invasive Prenatal Testing for the most common aneuploidies
(trisomies 21, 18, and 13) using a semiconductor-sequencing
platform: a French multicenter pilot study

S. Brun, P. Gueguen?, L. El Khattabi®, N. Chatron®, J. Nectoux®, S. Schutz?, . Pipoli da
Fonseca®, E. Guichoux’, A. Sorlin®, M. Quere®, J. Boudjarane®’, C. Bonnet®, . Letourneur®,
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!Maternité Centre Aliénor dAquitaine, CHU Bordeaux, Bordeaux, France, *Laboratoire

de génétique moléculaire, INSERM U1078, CHRU de Brest, Brest, France, *Service de
Cytogénétique, APHP-HUPC, INSERM U1016, Université Paris Descartes, Paris, France,
*HCL, Service de Génétique, UCBL1, Lyon, France, *Service de Biochimie et Génétique
Moléculaire, HUPC Hopital Cochin, Paris, France, °Plateforme génomique - Inserm
U1016, Paris, France, "Plateforme Génome Transcriptome de Bordeaux, INRA Cestas,
Bordeaux, France, ®Service de génétique-CHRU Nancy-INSERM U954-Université de
Lorraine, Nancy, France, *Service de Génétique Médicale, Hopital de [Archet II, CHU

de Nice, Nice, France, ’Département de génétique médicale, CHU Timone, Marseille,
France, 'HCL, Service de Biostatistique, CNRS UMR 5558, UCBL1, Lyon, France, **Service
de Génétique Médicale, CHU Bordeaux, Université Bordeaux, Bordeaux, France, **Service
de Biochimie et Génétique Moléculaire, HUPC Hépital Cochin, Bordeaux, France.
Combined first-trimester screening has improved prenatal screening for
trisomy 21. However the number of unnecessary invasive diagnostic proce-
dures still remains high. Non-Invasive Prenatal Testing (NIPT) using massi-
vely parallel sequencing of cell-free fetal DNA from maternal plasma, which
is now part of the prenatal landscape, should drastically diminish the risk
associated with invasive techniques. Several publications have established
NIPT’s effectiveness using mainly the Illumina sequencing technology.

A French consortium of seven academic hospitals collaborates to validate a
common protocol and to evaluate the efficiency and reliability of NIPT of the
most common chromosomal aneuploidies using a semiconductor-sequen-
cing platform. Indeed many French laboratories are already equipped with
this technology.

A total of 500 pregnant women (between 12.3 and 35 weeks of gestation)
who presented a high risk of aneuploidy and underwent fetal karyotyping
were included in a prospective study. 15 % of these patients presented a
fetus with one of the most common aneuploidies: trisomies 21, 18 and 13.
The NIPT results matched the fetal karyotyping results in all of the cases: all
trisomies were detected. The analysis of whole genome sequencing data (in-
cluding notably librairies quantification, total raw reads per sample, estima-
te of plasma fetal DNA fraction) enabled us to establish the quality criteria
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required for its use in routine diagnosis.

NIPT using a semiconductor-sequencing platform is a rapid and cost-effec-
tive alternative technology, and represents an attractive approach for large
scale population NIPT.

PMO01.44

Validation of abnormal non-invasive prenatal testing (NIPT) by
conventional testing technologies - Tel Aviv Medical Center experience
M. Goldstein’, A. Bar-Shira', D. Barel’, S. Simchoni’, H. More’, D. Konik’, T. Naiman’, 1.
Kaplan-Ber?, A. Orr-Urtreger?, Y. Yaron'?, A. Reches’;

The Genetic Institute, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel, *The Sackler
Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel.

Accurate assessment of fetal aneuploidy risk is important for genetic coun-
seling in order to facilitate informed reproductive choices while avoiding
unnecessary pregnancy loss due to invasive testing. Recent non-invasive
prenatal testing (NIPT) using cell free DNA screens for common aneuploi-
dies and some microdeletion syndromes. This technology is offered in Is-
rael since 2012 as an out-of-pocket service. Abnormal results are usually
followed-up with invasive testing. We hereby describe our experience with
such cases.

During the years 2013-2014, twenty one women underwent invasive testing
in our institution due to abnormal NIPT results. These included 10 cases at
risk for trisomy 21, 5 for sex chromosome aneuploidy (SCA), 2 for trisomy
13, one for trisomy 18 and 3 for a suspected microdeletion. QF-PCR was per-
formed in 14 of the 18 cases at risk for aneuploidy, all cases underwent full
karyotyping. Chromosome microarray analysis (CMA) was performed for
cases at risk for microdeletions.

The overall rate of discordant results in our series was 40%. The highest de-
tection rate was for Down syndrome with a positive predictive value (PPV)
0f 90%. The PPV for SCA was 60% (3 of 5). None of the 3 cases suspected for
trisomies 13 and 18 were confirmed by karyotyping. Likewise, none of the 3
cases suspected for microdeletion were detected by CMA.

Validation of abnormal NIPT results by conventional invasive procedures
remains the gold standard and is essential for establishing fetal status, also
demonstrating the importance of physician education regarding the limita-
tions of NIPT.

PS01.45

Massively Parallel Sequencing (MPS) reliably identifies trisomy 21,

18, and 13 in maternal plasma with low-level fetal cell-free DNA
fractions.

S. Bono, F Pizzuti, M. Mariano, A. Polverari, S. Duca, G. Cottone, A. Nuccitelli, M. Sessa, F.
Spinella, M. Baldi, E. Fiorentino;

GENOMA GROUB Rome, Italy.

Noninvasive prenatal testing (NIPT) detects common fetal aneuploidies by
analyzing cell-free DNA (cfDNA). Current methods use massive parallel se-
quencing (MPS) or targeted sequencing. Several studies have reported that
NIPT accuracy is substantially affected by low-level of fetal fraction (FF), re-
ferred as to the fetal component of total (maternal + fetal) cfDNA. Targeted
sequencing-based NIPT approaches use a 4% FF cut-off, below this value a
redraw is requested. However, data describing the limit of detection (LOD)
at low FFs is lacking. Here, we determine the LOD for a MPS-based NIPT.
Serial dilutions were made using 26 confirmed fetal aneuploidy samples
with a known FF. Each aneuploidy sample was mixed with a euploid samp-
le to create 6 samples with effective aneuploid FFs of 1-4%. Additionally,
NIPT was performed on 1998 pregnancies with confirmed outcomes. Fe-
tal fraction was determined in aneuploid and male samples using MPS tag
counting.

Dilution experiments revealed a LOD of 2% for Trisomy (T) 21, and 1.5%
for T18 and T13. All (26/26) aneuploidy pregnancy samples were detec-
ted; 15.4% (4/26) had a FF of 2-4%, none were <2%. Of 1056 euploid male
samples, 23 (2.2%) had a FF <2% and 64 (6.1%) had a FF between 2-4%. All
NIPT data were concordant.

Our MPS-based NIPT detected aneuploidies down to 2% FF; 6% of samples
had a FF in the 2-4% range. Assay LOD should be determined prior to clini-
cal application, as this establishes an appropriate cut-off that lowers the risk
of false negative results and avoids unnecessary test cancellations.

PM01.46

Non invasive prenatal diagnosis (NIPD) of RHD using cell free fetal
DNA (cffDNA) from maternal plasma as a method for targeted anti
RhD prophylaxis

M. Madjunkov’?, S. Madjunkova®?, M. Mircevska®, T. Madgett’, N. Avent®, D. Plaseska-
Karanfilska®;
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IClinic of gynecology and obstetrics, Medical faculty, Skopje, Macedonia, The Former
Yugoslav Republic of, ?’Department of Clinical Pharmacology, Toxicology and Genetics,
The Hospital for Sick Children, Toronto, ON, Canada, *Macedonian Academy of Sciences
and Arts, Research Center for Genetic Engineering and Biotechnology “Georgi D.
Efremov’, Skopje, Macedonia, The Former Yugoslav Republic of, *School for Biological
and Biomedical sciences, University of Plymouth, Plymouth, United Kingdom.

Introduction: RhD blood group incompatibility between an RhD-negative
mother and an RhD-positive fetus followed by allosensitization and pro-
duction of maternal anti-D antibodies is still the major reason for hemolytic
disease of the fetus and newborn (HDFN). Routine antenatal and postnatal
anti-D prophylaxis has reduced the risk of RhD alloimmunization to 0.05-
0.4%. However about 10-20% of RhD-negative mothers would receive un-
necessary prophylaxis. Non-invasive diagnostic methods employing cell free
fetal DNA (cffDNA) from maternal blood overcome the risks associated with
invasive procedures used for fetal RHD genotyping.

Materials and Methods: We aimed to evaluate the results from non-invasive
fetal RHD typing using cffDNA from maternal plasma in a group of 24 RhD-
negative women with confirmed singleton pregnancy before receiving their
first prophylactic dose of anti-RhD-IgG. RHD genotyping was done using
real-time PCR amplification of exon 5 and 7 of RHD gene.

Results: Of the 24 RhD-negative pregnant women 5 (20.8%) were in the first
trimester (7+2 GW) and 19 (79.1%) were in their second trimester (20.4+2.6
GW). 20.8% (5/24) were in their third pregnancy and in the second trime-
ster. Non-invasive fetal-RhD typing showed that 20.8% (5/24) of the fetuses
were RHD negative. Three of them were in the second trimester and 2 in the
first trimester, but to mothers in their second and third pregnancy.
Conclusions: These results although limited, clearly show that non-invasive
fetal-RhD typing using cffDNA from maternal plasma can be used as a me-
thod in clinical practice for targeted anti-RhD prophylaxis and improvement
of management of RHD fetomaternal incompatibility.

PS01.49

Experiences of high-risk pregnant women who were offered a choice
between non-invasive prenatal testing, invasive testing or no follow-
up test

R. V. van Schendel, G. C. M. L. Page-Christiaens?, L. Beulen®, C. M. Bilardo*, M. A. de
Boer, A. B. C. Coumans®, B. H. W. Faas®, . M. van Langen®, K. D. Lichtenbelt?, M. C. van
Maarle®, M. V. E. Macville®, D. Oepkes’, E. PajkrtS, L. Henneman’;

WU University Medical Center, Amsterdam, Netherlands, *University Medical Center
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’Leiden University Medical Center, Leiden, Netherlands.

Objective: The TRIDENT study evaluates the implementation of non-invasi-
ve prenatal testing (NIPT) in the Dutch healthcare system. Here we report
on the preferences and experiences of high-risk pregnant women who were
offered a choice between NIPT, invasive testing or no follow-up test.
Methods: A nationwide prospective cohort study among pregnant women
at high-risk for fetal aneuploidy because of first-trimester screening re-
sults (risk >1:200) or medical history. Questionnaires were completed after
counselling (n=1,106, 86% response) and after test-results (n=686, 67%
response), at seven (of the eight) prenatal diagnostic centres.

Results: The majority of respondents (92%) preferred NIPT, 5% invasive
testing, 2% were unsure, and 1% declined testing. Main reason to prefer
NIPT was safety for the child (92%). Of the 60 women preferring invasive
testing, 52% did so because of test-accuracy, 25% desired more rapid test-
results, 5% because it provides more information, and 18% reported other
reasons. Most women (92%) felt that they made a well-informed decision,
and 75% reported that this decision was easy to make. Intention to termi-
nate the pregnancy for Down syndrome was lower among women choosing
NIPT (58%) vs. invasive testing (87%). Women were highly satisfied with
NIPT. However, 64% perceived the waiting time for NIPT results (mean:11
days (range 5-32)) as too long, while 3% in retrospect would have preferred
a different follow-up test, mostly to avoid the long waiting time.

Conclusion: Most pregnant women felt they could make an informed deci-
sion. The majority prefers NIPT, mainly because it has no miscarriage risk.
Reducing turnaround time for test-results is our next challenge in meeting
women’s needs.
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Non-invasive prenatal testing (NIPT) of aneuploidy by means of
next-generation sequencing (NGS) in high-risk pregnancies of fetal
abnormalities. The first experience in Russia.

E. Shubina’, E. Baranova? N. Karetnikova’, D. Korostin', A. Ekimov’, A. Gus®, V.
Bakharev', N. Tetruashvili®, D. Trofimov’, G. Sukhikh’;

1Federal State Budget Institution ,Research Center for Obstetrics, Gynecology and
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Perinatology” Ministry of Healthcare of the Russian Federation, Moscow, Russian
Federation, *Federal State Budget Institution, Moscow, Russian Federation.

Introduction: General prenatal screening estimates only indirect markers,
such as fetal ultrasound and maternal serum biomarkers. Chorionic villus
sampling or amniocentesis are highly precision but carry a risk of 1-3% of
cases procedure-related miscarriage. Non-invasive prenatal testing is active-
ly put into practice after discovered fetal cell-free DNA in maternal blood.
Objective: To evaluate the possibility of using non-invasive prenatal testing
of aneuploidy by means of next-generation sequencing (NGS) in high-risk
pregnancies of chromosomal fetal abnormalities. Materials and Methods:
Chorionic villus sampling or amniocentesis was done on 200 pregnant wo-
men at 11-14 (n=165) or 17-20 (n=35) weeks of gestation due to abnormal
maternal serum screening, increase in nuchal translucency and advanced
maternal age. Pregnant women also donate blood samples before having the
invasive test. NIPT samples were analyzed using low-coverage whole-geno-
me sequencing of plasma cell-free DNA. Z-score was used for fetal aneuplo-
idy detection and the results were validated by karyotyping confirmation.
Results: Aneuploidies were confirmed in 17 of 17 T21-positive cases, 8 of
8 T18-positive cases, and 1 of 2 T13-positive cases. 2 false negative cases
were identified, both T21 cases, and 1 false positive case - T13. The principal
factor contributing to NIPT false positive result was placental mosaicism,
whereas false negative results were due to low fetal fraction (<4%).
Conclusions: At this time, NIPT may be an option for women classified as
high-risk of aneuploidy, especially in pregnant women with advanced age.
Additional studies are needed to introduce NIPT into the routine workflow
of prenatal care.
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Non-invasive prenatal screening plus (NIPS+) for fetal trisomy 2 and
trisomy 5 mosaicism cases

H. Chia-Cheng??, L. Tzu-Hung?® S. Yi-Ning**;

Sofiva Genomics, Co., Ctd,, Taipei, Taiwan, *Graduate Institute of Medical Genomics

and Proteomics, National Taiwan University College of Medicine, Taipei, Taiwan,
*Dianthus Maternal Fetal Medicine Clinic, Taipei, Taiwan, *Department of Obstetrics and
Gynecology, School of Medicine, Taipei Medical University, Taipei, Taiwan.
Background: Non-invasive prenatal screening plus (NIPS+) has been proven
to be a powerful method for the routinely detection of trisomies 21, 18 and
13. However, few cases have been reported about other rare aneuploidies.
Here we describe two cases of fetal trisomy 2 mosaicism and trisomy 5 mo-
saicism identified by NIPS+.

Methods: We sequenced cell free DNA isolated from maternal plasma ob-
tained at 13 and 22 weeks of gestation from two health pregnant woman
with a singleton pregnancy. The sequenced data were mapped to human
genome sequence (hgl9). Z-scores were calculated for all the 23 pairs of
chromosomes.

Results: Z-score increasing significantly of chromosome 2 and 5 were obser-
ved in these two cases and the Z-score values were 2.80 and 10, respectively.
The results were confirmed by karyotyping of amniotic fluid cells and sho-
wed 47,XY,+2 and 47,XY,+5[5]/46,XY[35] mosaicism karyotypes.
Conclusion: This study show NIPS+ can provide information on other rare
chromosomal abnormalities. It can provide useful information for the
further investigation and practice of NIPS+.
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Noninvasive detection of fetal aneuploidies using targeted sequencing
of paired homologous regions

T.].Jensen’, S. K. Kim’, G. Hogg’, C. K. Ellison’, Y. Sun’, J. Fox', H. Tao’, E. McCarthy’,

B. Sagoe’, M. Abdellatef’, A. R. Mazloom’, ]. Tynan’, T. Burcham?, D. van den Boom?, M.
Ehrich%

1Sequenom Laboratories, San Diego, CA, United States, 2Sequenom, Inc., San Diego, CA,
United States.

Current clinical laboratory offerings for noninvasive prenatal testing (NIPT)
determine the presence or absence of fetal aneuploidies using aligned
sequence read counting methods or by leveraging single nucleotide poly-
morphisms (SNPs). We hypothesized that using the relative abundance of
paired homologous regions may enable an alternative way to detect fetal
aneuploidies noninvasively. This study describes the evaluation of paired
homologous regions for the detection of trisomy 21 (T21) and trisomy 18
(T18). Assays for 1,060 amplification targets were designed to determine
fetal aneuploidy status, fetal sex, and the proportion of fetal DNA present in
a sample. Circulating cell free (ccf) DNA was extracted from the plasma of
pregnant female donors and all target regions were co-amplified in a single
reaction. Amplified products were evaluated using massively parallel se-
quencing (Illumina) and homolog ratios were determined based on the read
depth from each homolog. We measured the performance of the developed
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assay in a blinded set of 480 ccfDNA samples with fetal genotypes ortho-
gonally validated by the MaterniT21® PLUS Laboratory Developed Test.
Samples were sequenced at a mean depth of 2.3 million reads per sample
with 432 (90%) assayed samples returning a result. Using orthogonal NIPT
results as a reference for each individual, we detected 31/31 T21 samples
and 14/16 T18 samples. No false positive results were observed. This stu-
dy introduces a novel NIPT aneuploidy detection approach using targeted
sequencing of paired homologous regions and establishes proof of concept
for a low-cost, highly scalable method for the identification of selected fetal
aneuploidies with performance and non-reportable rates similar to some
other published methods.
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Discordant results for sex chromosomal aneuploidies from
noninvasive prenatal testing

R. RAYNOVA, I. Bradinova, K. Vladimirova, A. Savov;

National Genetic Laboratory,University Hospital of Obstetrics and Gynecology, Sofia,
Bulgaria.

In the human fetus sex chromosome aneuploidies (SCA) have the same pre-
valence as the common autosomal aneuploidies 21, 18, 13. Non-invasive
prenatal testing (NIPT) of cell-free fetal DNA (cffDNA) for fetal aneuploidy
risk assessment has been shown to be both highly sensitive and highly spe-
cific for trisomy 21. However, it is less sensitive for trisomies 18, 13 and
sex chromosome aneuploidies. Discrepancies between positive NIPT result
and fetal karyotype on chorionic villus sampling or amniocentesis may oc-
cur. The source of aneuploidy may be due to maternal mosaicism, maternal
malignancy, true fetal mosaicism, a demised co-twin, an anembryonic sac,
confined placental mosaicism.

We present two cases of a 31-year-old woman, pregnant in 18 gestational
weeks and a 34-year-old woman, also pregnant in 18 gestational weeks.
Both were referred to our Unit for amniocentesis due to positive NIPT for
SCA: risk for monosomy X, for the first patient and risk for Kleinfelter’s syn-
drome for the second. The ultrasound scans were unremarkable.

DNA was extracted from uncultured amniocytes, amplified with commercial
QF-PCR kit and analyzed on ABI 3130. Karyotyping was performed on cultu-
red amniocytes using standard protocol.

QF-PCR and cytogenetic analysis showed normal results, SCA were exclu-
ded.

Both pregnancies were still ongoing, with no pathological findings on fetal
morphology ultrasound scans. Cytogenetic and molecular-genetic analyses
are to be done after delivery to reveal the source of the discordant results.
We expect maternal mosaicism and confined placental mosaicism to be the
main causes.

PM01.54

Noninvasive Prenatal Testing after discovery of fetal malformation by
ultrasound: two years of experience in France

G. VIOT, C. BERNABE DUPONT, L. LOHMANN, P. ERNAULT, E JACQUEMARD;

American Hospital of Neuilly, NEUILLY sur SEINE, France.

Detection of fetal DNA in maternal blood allows non-invasive prenatal te-
sting (NIPT) of aneuploidy with very high sensitivity and specificity. Using
NGS, this approach can be proposed to women with higher age, with history
of trisomy, with positive test for aneuploidy or in case of parental balanced
translocation involving chromosomes 13-18-21.

From January 2013 to December 2014, 2304 tests were carried out in your
unit mainly because of advanced maternal age or abnormal first trimester
screening (FTS). For 91 women (3.9%), fetal DNA was proposed while scan
detected fetal malformations (28.5%: thick nuchal translucency; 21.4%:
soft signs of trisomy 21; 12.85%: intrauterine growth retardation; other:
37.27%). For 2 cases, the result was positive for trisomy 21.

Classically, fetal DNA testing is not a good option in case of ultrasonic mal-
formations. For all these women, we granted the request for specific rea-
sons: refusal of patients to perform an invasive procedure due to the risk
of induced miscarriages, risk of premature delivery or history of premature
labor, decision to continue the pregnancy whatever the outcome, assisted
procreation history. Genetic counseling is mandatory before testing. Test
limitations were explained. Ultrasound evaluation in our unit was also per-
formed. Clinical evaluation of newborns and follow-up were always practi-
ced after birth.

In some specific situations, NIPT can be performed after genetic counseling
and explanation of its limitations. In the near future, it appears important
to evaluate the help of this non-invasive approach, mainly after discovery of
soft signs in favor of Down syndrome.
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Novel homozygous NLRP7 mutation in a Cypriot patient with
recurrent hydatidiform molar pregnancies

T Delikurt!, I. Touitou?, G. Sarrabay?, V. Christophidou-Anastasiadou’’, G. A. Tanteles’;
IThe Cyprus Institute of Neurology and Genetics; Clinical Genetics Clinic, Nicosia, Cyprus,
2Laboratory of Rare and Autoinflammatory Diseases, Montpellier, France, *Makarios
Medical Center; Clinical Genetics Clinic, Nicosia, Cyprus.

Hydatidiform mole (HM) is an aberrant human pregnancy associated with
abnormal embryonic development and has, in the majority of sporadic ca-
ses, a multifactorial basis. In Western countries, HM occurs once in every
600 pregnancies, however, this rate has been reported to be higher in other
parts of the world including the Middle East. Recurrent hydatidiform molar
(RHM) pregnancies are rare and are defined by the occurrence of at least
two HM pregnancies in the same patient. Recently, mutations in two diffe-
rent genes namely, NLRP7 and KHDC3L have been identified as a cause of
familial RHM pregnancies. We present a 37 year old Cypriot patient with
a history of four (three of which were histologically confirmed) HM preg-
nancies. NLRP7 mutation analysis revealed that the index case was homozy-
gous for the p.Leu820Cysfs*29 (c.2458delC) mutation in exon 7 of this gene.
This is a novel mutation, not previously reported in the literature. To our
knowledge, this is the first Cypriot case with a history of RHM pregnancies
in which a causative maternal-effect in the form of NLRP7 homozygosity has
been identified.

PMO01.56

First successful story of preimplantation genetic diagnosis for
pantothenate kinase-associated neurodegeneration

B. Panthan;

Ramathibodi Hospital, Bangkok, Thailand.

Here we report the first successful story of Preimplantation Genetic Diagno-
sis (PGD) for Pantothenate Kinase-Associated Neurodegeneration (PKAN).
We received a referral from Pediatric Neurologist concerning genetic dia-
gnosis and reproductive option for the couples bearing the first child affec-
ted by this particular disorder. A 2-year-old Thai boy was born from non-
consanguineous parents, developed dystonia and neurological deterioration
after the age of 1 and died within 1 year after establishing clinical diagnosis.
DNA sequencing of PANKZ in the patient’s leukocytes revealed novel homo-
zygous g.21738G>C, whereas the parents were identified as carriers. Genetic
counseling for PGD was performed to the couples and the ethical clearance
was done. In-Vitro fertilization (IVF) and Intra Cytoplasmic Sperm Injection
(ICSI) with PGD was performed. All of embryos were biopsied in the clea-
vage stage and subsequently performed for whole-genome amplification.
Genetic status was diagnosed with the linkage analysis using family-specific
short-tandem repeat markers and direct mutation testing using SNaPSHOT
Mini-sequencing. The aneuploidy screening was performed by Next-Gene-
ration Sequencing-based strategy. There were seven embryos from these
couples: two likely affected, three likely carriers, one likely unaffected and
one failed in the target genome amplification. Aneuploidy screening was
done before making decision of embryo transfer and only one unaffected
embryo passed the screening. Thereafter, this embryo was transferred in
frozen thawed cycle and the pregnancy was successful. The confirmation
was done by amniocentesis, which showed the consistent result to PGD. At
38 weeks of gestational age, a healthy male baby was born.

PS01.57

Algorithm for efficient analysis of perinatal samples: a three-year
prospective study

K. Wou!, Y. Hyun?, D. Chitayat**, K. Chong"**, S. Keating? P. Shannon? E. Kolomietz*;
1Department of Obstetrics and Gynecology, Mount Sinai Hospital, University of Toronto,
Toronto, ON, Canada, *Department of Pathology and Laboratory Medicine, Mount Sinai
Hospital, University of Toronto, Toronto, ON, Canada, *The Prenatal Diagnosis and
Medical Genetics Program, Mount Sinai Hospital, University of Toronto, Toronto, ON,
Canada, *Department of Pediatrics, Division of Clinical and Metabolic Genetics, The
Hospital for Sick Children, University of Toronto, Toronto, ON, Canada.

Objective: To evaluate the performance of a clinical algorithm for direct ge-
netic analysis done on fetal/neonatal tissue.

Methods: Study samples consisted of tissues obtained from miscarriage,
stillbirth and neonatal demise during the time period from July 1st, 2011
to June 30th, 2014. QF-PCR analysis was the initial test performed on all
specimens followed by chromosomal microarray analysis done on the nor-
mal QF-PCR specimens.

Results: A total of 1071 of 1195 submitted specimens were confirmed as of
true fetal origin. Of those 1071 informative specimens, 30.8% yielded ab-
normal results. Of the latter, 57.6% had abnormal QF-PCR and 42.1% had
abnormal microarray result. Autosomal trisomies were detected in 61.2%,
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7.6% had triploidy, 9.1% had monosomy X, 1.5% had sex-chromosome aneu-
somies, 5.8% were molar pregnancies and 14.2% had copy number variants
(CNV) including microdeletions/microduplications and cryptic unbalanced
rearrangements (Table 1). The highest diagnostic yield was observed in the
1st trimester specimens 67.9%, followed by 20.3% in the 2nd and 9.2% in
the 3rd trimester. We confirmed that maternal age is correlated with the
likelihood of autosomal trisomies but not with triploidy, sex chromosome
aneusomies, molar pregnancy, or CNVs.

Conclusion: This algorithm, based on uncultured specimens, has replaced
standard cytogenetic analysis method in testing of perinatal samples and
resulted in a substantially higher diagnostic yield and improved diagnostic
rate. Establishing the cause of a miscarriage and stillbirth has clinical and
reproductive implications and results in changes in the management of fu-
ture pregnancies, such as the decision to undertake preimplantation genetic
testing.

PMO01.58

Introducing CMA (chromosomal microarray) analysis into the
advanced IVF lab

T. Frumkin’, T Shwartz', T. Cohen’, V. Gold', S. Peleg’, L. Malki’, B. Almog’, D. Ben-Yosef’,
Y. Yaron?, A. Amit!, A. Reches?, M. Malcov’;

"Racine IVF Unit, Department of Ob/Gyn, Lis Maternity Hospital, Sourasky Medical
Center, Tel Aviv, Tel Aviv, Israel, ?’Prenatal Diagnosis Unit, Genetic Institute, Lis Maternity
Hospital, Sourasky Medical Center, Tel Aviv, Tel Aviv, Israel.

Introduction It is widely accepted that a main cause for IVF failure is an-
euploidity of the embryos. It is also claimed that normal morphokinetics of
early embryos, as demonstrated by the EmbryoScope, are correlated with
normal chromosomal constitution. Introducing CMA technique to the IVF
lab is aimed to contribute a reliable and objective test for the selection of
embryo with the best prognosis. This may enable the transfer of a single
embryo without decreasing pregnancy rates.

Aim To assess the additive prediction value of CMA for embryo selection,
compare to the known morphokinetic parameters.

Material and methods For CMA analysis 21 PGD embryos, that were not sui-
table for transfer, were re-biopsied on day 5-6. Single cells were subjected to
whole genome amplification followed by array hybridization (BlueGenome,
24 sure+) and scanning. CMA results were compared with morphokinetic
parameter: PB localization, timing and synchronization of cells division and
EmbryScope‘s score.

Results CMA results of 21 analyzed embryos were divided into 5 groups:
normal chromosomal constitution (3), X monosomy (2), unbalanced trans-
location (6), single trisomy (3) and chaotic chromosomal constitution (7).
Two out of 3 normal euploid embryos were graded with very low morpho-
kinetic score and 7 embryos with chaotic chromosomal constitution were
graded with various scores.

Conclusion This preliminary study demonstrates that the ploidity of cleava-
ge stage embryos can still be determined only by an invasive CMA method.
We suggest that timing and synchrony of cell cycles are probably dissatisfac-
tory morphokinetic parameters for predicting embryo chromosomal consti-
tution; however, other parameters may be better ones.

PS01.59

Clinical utility of blastocyst biopsy and vitrification for
Preimplantation Genetic Diagnosis by haplotyping (PGH) and
sequencing for Marfan syndrome caused by a de-novo FBN1 mutation.
P. RenwickK?, J. Ward’, E. Ronaldson’, J. Campbell?, C. Ogilvie’;

1Centre for Preimplantation Genetic Diagnosis, Guy's Hospital, London, United Kingdom,
2Viapath Genetics, Guy's Hospital, London, United Kingdom.

Background

PGH for monogenic disease requires prior construction of haplotypes
around the gene of interest using appropriate family members with known
disease status to assign phase to the haplotypes prior to undergoing IVF to
generate embryos for testing. In the absence of affected relatives, mutation-
carrying haplotypes cannot be identified.

We have therefore developed a strategy for de novo mutations which assigns
phase during the PGD cycle; this strategy is facilitated by our blastocyst bio-
psy and vitrification programme.

Methods

Grand-parental samples were used to construct haplotypes for each partner,
leaving phase to be set during the case. Nine eggs were collected; four bla-
stocysts were biopsied and vitrified. Due to allele drop out, phase can only
be accurately set when the mutation is present. Three embryos, arrested at
earlier stages with visible cells, were therefore collected to optimise finding
the mutation in a sibling embryo. Samples underwent MDA-based whole

ESHG 2015 | GLASGOW, SCOTLAND, UK | WWW.ESHG.ORG




POSTERS

genome amplification and tested using linked FBN1 polymorphic markers,
in conjunction with DNA sequencing of the de novo maternal c.2719C>T al-
lele.

Results

Of the 7 tested samples, 3 were heterozygous for the mutation; linkage con-
firmed their presence on the same maternal haplotype. Two of the four bi-
opsied embryos carried the opposite maternal FBN1 haplotype and will be
replaced in frozen embryo transfers.

Conclusion

Our blastocyst biopsy and vitrification programme has enabled a novel
strategy for PGD for carriers of de novo mutations. Extensive work up on
gametes or sacrifice of viable embryos in a cycle, required by previous ap-
proaches, has been circumvented.

PM01.60

The first experience with detection of aneuploidy using next-
generation sequencing within preimplantation genetic diagnosis
I. Soldatova, L. Krautova, M. Putzova, S. Horackova, I. Maresova, R. Kren, J. Mika, D.
Stejskal;

GENNET, Prague, Czech Republic.

Due to rapid development of genetic methods evolved in routine check of
embryos suitable for transfer after preimplantation genetic diagnosis (PGD)
of monogenic diseases, we have introduced the next-generation sequencing
(NGS) for detection of aneuploidies. Our aim is to join the both methods
together for routine examination and to increase probability to transfer
healthy embryos without chromosomal aneuploidies and unaffected alleles
of monogenic disease from parents.

The products derived from MDA of the embryos five days of age were sub-
jected to the PGD analysis and sequenced in the next step using Ion Proton
Sequencing machine and Ion Fragment Library Kit.

From June 2014 we have analysed twenty one families undergoing the PGD
of monogenic diseases with the aneuploidy detection using the NGS se-
quencing. Till now the total number of biopsied embryos has been sixty-six;
forty-three embryos have been concluded as suitable for the transfer after
the PGD but this number of embryos was decreased to thirty-one by the re-
asons of the NGS results. Twelve embryos were eliminated after NGS -: one
triploid embryo , one embryo with trisomy of chromosome 21, two embryos
with monosomy of chromosome 4, two embryos with monosomy of chro-
mosome 16, two embryos with trisomy of chromosome 16, one embryo with
monosomy of chromosome 18 in mosaic form and two chaotic embryos.
We concluded to involve NGS after the PGD during IVF is effective and sui-
table. Thereby, we are able to decrease risk of abortions after IVF caused by
the aneuploidies of the transferred embryos.

PS01.61

Shallow whole genome sequencing is well suited for the detection

of chromosomal aberrations in human blastocysts during
preimplantation genetic diagnosis

A.Dheedene’, L. Deleye?, D. De Coninck?, T. Sante’, C. Christodoulou®, B. Heindryckx®, E.
Van den AbbeeP’, P. De Sutter®, D. Deforce?, B. Menten’, F. Van Nieuwerburgh?;

ICenter for Medical Genetics, Ghent University Hospital, Ghent, Belgium, ?’Laboratory

of Pharmaceutical Biotechnology, Ghent University, Ghent, Belgium, *Department for
Reproductive Medicine, Ghent University Hospital, Ghent, Belgium.

Introduction: Preimplantation genetic diagnosis (PGD) for chromosomal
rearrangements is widely used to avoid transferring embryos with genomic
aberrations. Currently, genomic microarrays are predominantly used for
the detection of unbalanced structural abnormalities and aneuploidies in
embryos from parents at risk. In this study we evaluate whether massive
parallel sequencing (MPS) can be used in PGD for detecting chromosomal
abnormalities.

Materials and Methods: 15 patients with a balanced structural rearrange-
ment were included in the study: 8 reciprocal translocations, 4 Robertso-
nian translocations, 2 inversions and one insertional translocation. Whole
genome amplification and microarray analysis (24sure+, Illumina) was
performed on 47 trophectoderm samples from the cohort. In the current
study, low coverage MPS on a Nextseq 500 (Illumina) and Ion Proton (Life
Technologies) instrument was performed in parallel for those 47 amplified
samples. Aberrations were detected using the QDNAseq algorithm.

Results: An average read count per sample of 11 and 10 million was ob-
tained on the Nextseq 500 and the lon Proton instrument respectively. In
total, 6 normal and 41 abnormal embryos were analysed. All aberrations
previously detected with arrayCGH could be readily detected in the MPS
data and were correctly identified. The smallest detected abnormality was a
5 Mb deletion/duplication hence equaling or even exceeding the resolution
of the routinely used microarrays.
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Conclusions: This study demonstrates that MPS on a Nextseq 500 or lon
Proton instrument can be applied for the detection of chromosomal abnor-
malities in PGD embryos. MPS can serve as a more cost-effective and flexible
technology for PGD.

PM01.62

Human placental genome is enriched in somatic genomic
rearrangements

L. Kasak’, K. Rull’?, P. Vaas'?, P. Teesalu'?, M. Laan’;

"University of Tartu, Tartu, Estonia, “Women'’s Clinic, Tartu University Hospital, Tartu,
Estonia.

Placenta is a temporary, but an indispensable organ in human pregnancy.
Similarly to cancer, it is characterized by highly invasive nature facilitating
effective implantation of the embryo and its function to support fetal nu-
trition, growth and development. Rapid multiplication and invasiveness of
cancerous cells is facilitated by rearrangements in their genomes. So far only
cancerous tissues have been described with high profile of somatic copy
number variations (CNVs).

We hypothesized that similarly to cancer, somatic genomic rearrangements
are promoted to support placental function. We report for the first time an
extensive load of somatic CNVs, especially duplications, in the human pla-
cental genomes across gestation and suggest that this phenomenon may be
critical for placental development and function to guarantee the normal pro-
gression of pregnancy. Identified placental somatic CNVs were significantly
enriched in genes involved in cell adhesion, immunity, development, cell
cycle. Overrepresentation of imprinted genes in somatic duplications sugge-
sted that amplified gene copies may represent an alternative mechanism to
support parent-of-origin specific gene expression. The discovery may have
clinical implications as placentas from pregnancy complications exhibited
altered CNV profiles. Also, in prenatal testing based on cell-free DNA shed
into the maternal circulation by the placenta, extensive placental somatic
CNVs and mosaicism may interfere with the reliable detection of fetal CNV
profile.

REFERENCE: Kasak et al. Extensive load of somatic CNVs in the human pla-
centa. Sci. Rep. 5, 8342 (2015).

GRANTS: Wellcome Trust (070191/Z/03/A); Estonian Research Council
(ETF9030,SF0180022s12); ERDF, project HAPPY PREGNANCY (3.2.0701.12-
0047)
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Investigation of the polygenic genetics of Pre-eclampsia and its
relationship with other phenotypes

N. 0. Williams’, . Dudbridge?, S. Chappell’, C. Franklin’, R. McGinnis’, On behalf of the
InterPregGen Consortium;

Wellcome Trust Sanger Institute, Hinxton, United Kingdom, ?’London School of
Hygiene and Tropical Medicine, London, United Kingdom, *University of Nottingham,
Nottingham, United Kingdom.

Pre-eclampsia (PE) is a potentially life-threatening disorder characterised
by hypertension and proteinuria after the 20th week of pregnancy. Although
no single-locus PE associations have been replicated or achieved genome-
wide statistical significance in PE mothers or offspring (“fetal cases”), we
evaluated evidence for shared DNA variants responsible for PE and 6 other
disease phenotypes of Wellcome Trust Case-Control Consortium 1 (WTC-
CC1) by using polygenic score analysis (PGSA) and genome-wide complex
trait analysis (GCTA) methods (Nature 460:748-752,2009; AmJHumGenet
88:76-82,2011). For PGSA, GWAS SNPs with p-values below specific cut-
points were identified in PE “Discovery” meta-analysis results from com-
bined totals of 3830 maternal or 2650 fetal PE cases and ~47,000 controls
from the InterPregGen Consortium, deCODE, and ALSPAC. For GCTA, indivi-
dual-level SNP GWAS genotypes from InterPregGen (1900 maternal or 1000
fetal UK cases, 5500 UK controls) were tested for correlation with WTCCC1
phenotypes (~2000 UK cases, 3000 UK controls for each disease). Both PGSA
and GCTA found significant evidence (p<0.001) for shared genetic variants
responsible for the WTCCC1 Hypertension phenotype and maternal PE de-
spite strict exclusion of pre-pregnancy hypertensives from our maternal
cases. No significant evidence of variant sharing between maternal or fetal
PE and any other WTCCC1 phenotype was observed by PGSA or GCTA. GCTA
indicates that maternal and fetal PE arise from large numbers of causative
variants spread throughout the genome with the heritability contributed by
each chromosome being approximately proportional to chromosome length
(maternal PE r?=0.86; fetal PE r?=0.59).

Funding: European Union Seventh Framework Programme grant no.
282540;Wellcome Trust (WT090355/A/09/Z, WT090355/B/09/Z).
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Design of a preconception carrier-screening panel including more
than 200 genes associated to recessive and X-linked disorders. Our
experience sequencing DNA samples from 48 Spanish healthy semen
donors

J. Lezanal, C. Palma’, ]. LopeZz!, I. Manrique', P. Carrasco’, S. Carmond’, C. Torres’, S.
Zamora?, A. Yoldi®, A. Vaquerd?, |. RamireZ?, ]. Castilla?, J. Lopez';

IMGC Genetagq, Malaga, Spain, *Ceifer, Granada, Spain.

Introduction:

Next-generation sequencing (NGS) methods allow genetic testing for many
disorders with high fidelity, quick turnaround time and a lower cost.
Materials and Methods:

DNA from 48 healthy semen donors, with previous negative studies for the
most prevalent genetic disorders in Spain: Fragile X syndrome type 1, spinal
muscular atrophy and cystic fibrosis (32 common mutations).

Design and testing of a NGS gene panel including 203 genes for recessive
and X-linked disorders genes (106 complete coding and splicing region ana-
lysis, 97 partial analysis). Paired-end sequencing, alignment with BWA, and
variant calling using GATK.

Results:

Mean coverage: 308,76X (SD=62,62). Regions with >20X coverage: 99,53%
(SD=0,22).

Pathogenic variants (PV) and likely pathogenic variants (LPV) per donor:
2,04 (SD=1,50).

Variants of uncertain clinical significance (VUCS) per donor: 6,69
(SD=2,44).

Thirty nine donors presented at least 1 PV/LPV. All of them presented
VUCS.

Most PV/LPV were found in: CFTR (12 donors), CYP21A2 (10), BTD (7),
PCCB (5), DUOX2 (4), SLC12A3 (4), POMGNT1 (4), PAH (3).

Most of CFTR PV /LPV were low penetrance variants or associated to non-
classical phenotype. High rate of CYP21A2 PV/PPV could be due to co-
capture of pseudogene and false positive calls because of the methodology
employed. BTD variants obtained were associated with mild phenotype,
consistent with population allele frequencies described.

Conclusions:

Taking together all these results, some aspects should be considered: the
need to fully analyze CFTR and to confirm the results with gold-standard
methodology for genes with pseudogenes or high homology sequences, wh-
ether or not to analyze genes associated to mild phenotypes, and the high
number of VUCS obtained.

PS01.65

Contribution of chromosomal abnormalities and genes of the major
histocompatibility complex to early pregnancy losses

L. Tkach?, K. Sosnina’, N. Huleyuk?, O. Terpylyak’, D. Zastavna’, H. Akopyan’, A. Weise?, N.
Kosyakova?®, T. Liehr?;

Institute of Hereditary Pathology, NAMS of Ukraine, Lviv, Ukraine, ?Jena University
Hospital, Friedrich Schiller University, Institute of Human Genetics, Jena, Germany.
Background: Pregnancy losses (PL) in 60% to 80% of the cases are asso-
ciated with chromosomal abnormalities in embryos or fetuses. Immunolo-
gic factors contribute to PL especially at the early stages of gestation. In par-
ticular, 45% of cases of the early pregnancy losses (EPL) are accompanied
by immunologic intolerance to the fetus. One of the main factors involved in
immune responses is the major histocompatibility complex (MHC) encoded
by human leukocyte antigen (HLA) gene locus.

Aims: The determination of chromosomal abnormalities in samples from
EPL and allelic polymorphism of HLA-DRB1 and DQA1 genes in couples
with RM.

Methods: Banding cytogenetic analysis; interphase mFISH analysis with the
probe panel for chromosomes 13, 14, 15, 16, 17, 18, 21, 22, X and Y; DNA
extraction by salting method, PCR, agarose gel electrophoresis.

Results: Cytogenetic and molecular-cytogenetic investigations of EPL ma-
terial identified karyotype anomalies in 32.4% of cases with prevalence
of autosomal trisomy - 42.65%, triploidy - 30.38% and monosomy X -
19.11%. Complex analysis of frequency and distribution of allelic variants
of genes HLA-DRB1 and HLA-DQA1 allowed to establish alleles DRB1*0301,
DRB1*1101-1104 and DQA1*0501 to be aggressor alleles in women with
RPL. The cumulative homology of allelic polymorphism of more than 50%
of HLA-DRB1 and HLA-DQA1 loci between partners increases the risk of
RPL by almost four times. Conclusion: Detected chromosome aneuploidies
in samples from products of conception and changes in the MHC genes can
cause the failure of a couples reproductive function and can lead to an early
fetal loss.

This work was partially supported by the West-Ukrainian BioMedical Re-
search Center grant.
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The clinical utility of genetic testing of tissues from pregnancy losses:
the results of an ACGS audit.

C. A. Waterman’, N. Bowr?, L. Cresswell, C. Delmege*, C. English?, G. Fews®, L. Gaunt®,
L. Grimsley’, S. ]. Imrie®, A. Kulkarni®, K. Mann'’, K. Marks®, K. Martin', M. Wall??, D.
McMullan®;

1Wessex Regional Genetics Laboratory, Salisbury NHS Foundation Trust, Salisbury,
United Kingdom, ?Northern Genetics Service, Institute of Genetic Medicine, Newcastle
Upon Tyne, United Kingdom, *Cytogenetics Department, University Hospitals of
Leicester, Leicester, United Kingdom, *Bristol Genetics Laboratory, Southmead Hospital,
Bristol, United Kingdom, *West Midlands Regional Genetics Laboratory, Birmingham
Women's NHS Foundation Trust, Birmingham, United Kingdom, ®*Genomic Diagnostics
Laboratory, Manchester Centre for Genomic Medicine, Central Manchester University
Hospitals NHS Foundation Trust, Manchester, United Kingdom, ’NE Thames Regional
Genetics Laboratory, Great Ormond Street Hospital for Children NHS Foundation Trust,
London, United Kingdom, *West of Scotland Genetic Services, Glasgow, United Kingdom,
°SW Thames Regional Genetics Laboratory, St George’s Healthcare NHS Trust, London,
United Kingdom, °Genetics Department, Viapath Analytics, Guy's Hospital, London,
United Kingdom, 'Clinical Cytogenetics Laboratory, Nottingham University Hospitals,
Nottingham, United Kingdom, *?Cytogenetics Department, Royal Marsden Hospital,
London, United Kingdom.

Since the publication of the Royal College of Obstetricians and Gynaecolo-
gists green top guidelines for the investigation and treatment of couples ex-
periencing recurrent miscarriages, many UK regional genetics laboratories
have implemented the proposals and have ceased offering parental karyoty-
ping but instead are offering a range of genetic testing strategies for tissues
from 3" and subsequent miscarriages. The range of tests offered includes
QF-PCR, subtelomere MLPA, karyotyping and array CGH. Combinations
of these tests are also being used to investigate later gestation pregnancy
losses and fetal losses where phenotypic anomalies have been noted. The
ACGS scientific subcommittee has instigated an audit of the outcomes of
these tests with respect to gestational age and the presence or absence of
fetal anomalies. The data is being used to examine the clinical utility of this
testing in i) providing a likely cause for the pregnancy loss, ii) identifying
couples with a balanced rearrangement where there is a risk of recurrence,
iii) identifying which couples may benefit from prenatal genetic testing or
PGD, and iv) establishing the proportion of cases where there is substantial
risk of a future affected live born child. Outcomes have been measured in
terms of failure rates, diagnostic yield and the significance of genetic fin-
dings to the management of future pregnancies for couples. The evidence to
date supports the development of a more targeted and consistent approach
to genetic testing of fetal loss.

PS01.67

Early pregnancy loss and polymorphism in xenobiotics detoxification
genes

K. Saraev, A. Rodionov, E. Mashkina;

Southern federal university, Rostov-on-Don, Russian Federation.

Pregnancy loss and other pregnancy complication can be connected with
environmental and lifestyle risk factor, among which effect of chemical
compounds is the strongest. Effects of xenobiotics can be modified by allele
variants of xenobiotic detoxification enzymes phase I or II. A total of 71 wo-
men with early pregnancy loss and 101 control patients were examined by a
case-control methodology. The Ile462Val CYP1A1, Arg47His ADH1B, Glu487-
Lys ALDH, 1105V GSTP1 polymorphisms were genotyped by allele-specific
polymerase chain reaction. Our data demonstrated that the heterozygous
Glu487Lys ALDH genotypes rate were higher in the pregnancy loss patients
(12.71%) compared to the control group (2.0%). There was no difference
between two groups detected for other polymorphisms. However, presence
of polymorphic variants of genes of 1°*and 2" detoxification phases can have
additive effect and cause multifactorial pathology risk increase. It is shown,
that combination of polymorphic variants of ALDH2 v GSTP1 genes in geno-
type results in 5 fold pregnancy loss risk increase. Combination of polymor-
phic variants of ALDH2, ADH1B u GSTP1 genes in genotype results in 9 fold
pregnancy loss risk increase. The results demonstrated that combination of
allele variants of 1°t and 2" detoxification phases in woman genotype in-
creases the risk of early pregnancy loss. This study was supported by the
federal assignment N¢ 6.98.2014/K from Russian Ministry of Science and
Education.

PMO01.68

Blastocyst trophectoderm biopsy and Preimplantation Genetic
Diagnosis/Screening for aneuploidy using Array-Comparative
Genomic Hybridization: one-year results

1. Loddo’, E M. R. Pileio? C. Liuzzo?, S. Briuglia’, C. Salpietro’;

1U0C Genetics and Pediatric Inmunology, University of Messina, Messina, Italy, ?GAT]C
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Introduction: Preimplantation Genetic Diagnosis/Screening (PGD/PGS) is
the earliest form of prenatal diagnosis and allows identification of genetic
abnormalities in embryos produced in vitro, prior to their transfer into the
uterus.

The identification and transfer of embryos with normal set of chromosomes
allow to increase the implant rate per transfer and significantly reduce the
likelihood of miscarriage.

Materials and Methods: Array-CGH is performed on trophectoderm cells.
The biopsy of blastocyst during the fifth or sixth day of culture, ensures a
remarkable accuracy of the results of the genetic analysis, a significant re-
duction in the risk of mosaicism, and the absence of impairment in regular
embryonic development.

Results: During the last year 690 embryos were processed from ICSI cycles
performed on 313 infertile couples. In 11% of cases there weren’t clear re-
sults due to detection of DNA fragmentation or low concentration of DNA.
There was a result in 91% of embryos analyzed. Of these: 63% were found
to be normal; 37% were found with chromosomal abnormalities.

The pregnancy rate obtained by the transfer of embryos undergoing PGD,
resulted to be free of chromosomal abnormalities, was 14.6% higher, com-
pared to the transfer of embryos without PGD.

Conclusions: The intention of the PGD/PGS is to improve live births rates
after IVF treatment. PGD /PGS offers one more chance during IVF treatment
to increase the selection of embryos for certain groups of patients, including
those with advanced maternal age, repeated failure of IVF cycles, repea-
ted miscarriages in parents with normal karyotype or carriers of balanced
translocations.

PS01.69

Premature ovarian failure (POF/POI) and array-comparative genomic
hybridization (aCGH)

A. Beke'!, H. Piko? 1. Haltrich? J. Csomor?, A. Matolcsy*, J. J. Rigo’, V. Karcagi’, G. Fekete®;
11st Dept. of Obstetrics and Gynecology, Semmelweis University, Budapest, Hungary,
’National Institute of Enviromental Health, Dept. of Molecular Genetics and Diagnostics,
Budapest, Hungary, °2nd Dept. of Pediatrics, Semmelweis University, Budapest, Hungary,
*Ist Dept. of Pathology and Cancer Research, Semmelweis University, Budapest,
Hungary.

Background: One of the frequent reasons of the unsuccessful conception
is the premature ovarian failure/primary ovarian insufficiency (POF/POI)
that is defined as the loss of functional follicles below the age of 40 years,
and the incidence of this abnormality is 0.1% among the 30-40 years age
group. Among the genetic causes the most common one involves the X chro-
mosome, as in Turner syndrome, partial X deletion and X-autosome trans-
locations.

Methods: Here we report a case of a woman referred to genetic counsel-
ling because of POF. Genetic testing of the 27 year old female patient was
carried out due to suspected POF/POI. Molecular and cytogenetic analyses
were performed. We evaluated the FMR1 gene analysis using Southern blot
technique and Primed PCR. We performed the FISH method and the stan-
dard cytogenetic analyses by G-banding also. In order to detect the exact
breakpoints, we used a special cytogenetic array ISCA plus CGH array.
Results: We detected a large 67.355 Mb size deletion on the X chromosome
at the critical region (ChrX q21.31-q28) which is associated with the POF/
POI phenotype. At this region the concerned genes were those ones that
the different studies published as POF/POI associated (POF1B; BHLHBY;
DACH2; DIAPH2, FMR1; FMR2; XPNPEP2; PGRMC1, CENP1, BCORL1).
Conclusions: We conclude that the karyotyping is definitely helpful in the
evaluation of POF patients to identify the non submicroscopic chromosomal
rearrangement, and using the array CGH technique we can contribute to the
most efficient detection and mapping of exact deletion breakpoints of the
deleted Xq region.

PM01.70

The Belgian MicroArray Prenatal (BEMAPRE) database.

J. Muys?, K. Janssens?, 0. Vanakker?, C. Vilain®, G. Smits*, C. Bandelier®, S. Bulk®, . Caberg®,
A. De Leener®, M. De Rademaeker’, T. de Ravel®, . Desir’, A. Destree’, A. Dheedene’,

S. Gaillez®, B. Grisart®, A. Hellin®, S. Janssens®, K. Keymolen’, B. Menten®, B. Pichon®,

M. Ravoet®, N. Revencu®, S. Rombout’, C. Staessens’, A. Van Den Bogaert’, K. Van Den
Bogaert®, |. Vermeesch®, Y. Sznajer’, B. Blaumeiser?, Y. Jacquemyn’, K. Devriendt’;
!University Hospital Antwerp, Edegem, Belgium, *Center for Medical genetics,
Universiteit Antwerpen, Antwerp, Belgium, *Center for Medical genetics, Universiteit
Gent, Ghent, Belgium, *Center for Medical genetics, Université Libre de Bruxelles,
Brussels, Belgium, *Center for Medical genetics, Université Catholique de Louvain,
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genetics, IPG, Charleroi Gosselies, Belgium.

Objectives

Since 2013, samples for prenatal diagnosis in Belgium are analysed by Chro-
mosomal Microarray Analysis. Interpretation of prenatal copy number va-
riants (CNV) remains difficult given the limited phenotypic information. An
Ad Hoc Committee tries to resolve uncertain cases based on literature and
experiences with similar variants. A Belgian MicroArray Prenatal (BEMAP-
RE) database studies the association between laboratory, ultrasound and
postnatal data.

Method

Our database was customised in consultation with the Centers for Medical
Genetics to import, consult and extract genotype-phenotype data. Prenatal
cases in which a pathogenic CNV/UV(unclassified variant) >400kb was de-
tected, are imported. Phenotypic data are added postpartum and at the age
of 2-3 years. Meta-analysis is performed based on genotype-phenotype data
from hundreds of cases.

Results

Reporting policy is determined by classification of CNVs (benign, UV and
pathogenic). If UVs have intragenic deletions/duplications in a known gene;
are mentioned in literature and/or databases; consist of deletions/duplica-
tions covering more than 18 genes or comprise an X-linked gene in a XY fe-
tus, likeliness of pathogenicity is evaluated. In case of strong arguments for
pathogenicity, parents are tested. They are reported if parental phenotype is
potentially divergent or if de novo. Known pathogenic variants, risk factors
with high penetrance or ultrasound anomalies and actionable incidental fin-
dings are reported. Since 2013, 7875 arrays were performed; 293 (3.72 %)
were reported as pathogenic.

Conclusions

The BEMAPRE database is a source of scientific, clinical and ethical studies;
allows easy communication among Belgian genetic centers and will be made
available to other scientists. Most recent data are presented.

PS01.71

Chromosomal Microarray (CMA) for prenatal referrals with abnormal
ultrasound scan findings: experiences of moving to a frontline NHS
diagnostic service in the West Midlands, UK

S.J. Hamilton’, G. K. Hall', M. Drozniewska’, E S. Togneri’, S. K. Allen’, D. Williams?, D. ].
McMullan’;

West Midlands Regional Genetics Laboratory, Birmingham, United Kingdom,
2Department of Clinical Genetics, Birmingham, United Kingdom.

Prenatal testing by CMA has been established in the West Midlands Regio-
nal Genetics Laboratory (WMRGL) at Birmingham Women’s Hospital (BWH)
since 2009 via involvement in a local project (243 referrals) and the MRC-
funded EACH project (125 referrals), with cytogenetic analysis performed
concurrently on all samples tested as a stipulation of project criteria

From October 2014, all patients in the West Midlands presenting with
abnormal ultrasound scan (USS) findings and/or an NT measurement of
>3.5mm have been offered CMA instead of karyotyping, following exclusion
of common aneuploidy by QF-PCR. To date >200 CMA analyses have been
performed using the ISCA v2.0 8x60k platform.

Only CNVs interpreted to be clearly linked to USS findings or CNVs which are
determined to be clearly pathogenic, irrespective of USS, are reported. Gene
content and evidence of overlapping CNVs/syndromes in the literature are
the main criteria used to assign pathogenicity classifications. Abnormality
rate for reportable anomalies is 9.6%. CNVs considered to be sub-microsco-
pic (likely to be undetected by karyotyping) were observed in 4.9% of refer-
rals, consistent with larger published studies.

Decisions regarding clinical reporting and assignment of pathogenicity re-
main challenging in the current absence of a National UK consensus and
within the fast turn-around-times mandated in the prenatal setting. A local
review panel including both Consultant Clinical Scientists and Consultant
Clinical Geneticists is therefore convened virtually to support clinical re-
porting. Several complex cases highlighting the need for this approach will
be discussed, as will issues encountered in rolling out array-based testing
across the whole West Midlands.

PM01.72

Prenatal detection of a mosaic structurally abnormal chromosome 18
S. L. Britton;

Institute of Medical Genetics, Cardiff, United Kingdom.

Prenatal detection of a mosaic structurally abnormal chromosome 18
Prenatal detection of true mosaicism involving an autosomal structural im-
balance is a rare occurrence. An amniotic fluid sample was received at 20
weeks gestation following abnormal ultrasound scan findings including bi-
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lateral ventriculomegaly, possible neural tube defect and a cardiac anomaly.
QF-PCR analysis showed no evidence of aneuploidy for chromosomes 13 or
21. However, the chromosome 18 markers, D185S978 and D18S390, were
trisomic and there was marked skewing of D18S391 towards the trisomic
range. However, the centomeric marker D18S1002 gave a normal result.
Fluorescence in situ hybridisation (FISH) studies using the chromosome 18
centromeric probe showed two signals with no evidence of mosaicism. To-
gether, the QF-PCR and FISH findings were suggestive of a mosaic, structu-
rally abnormal chromosome 18. The QF-PCR result for chromosome 18 was
reported as being uninterpretable.

Subsequent cytogenetic analysis identified a mosaic, structurally abnormal
chromosome 18 in 26% of cells examined. The complex nature of the im-
balance could not be fully characterised by G-banding. FISH studies with a
wcp18 showed that no other chromosome was involved in the rearrange-
mentand 18p and 18q subtelomeric probes showed that there was both loss
of 18q and gain of 18p material. Array CGH was used to further characterise
the abnormality. The parental karyotypes were normal indicating that the
abnormality had arisen de novo in the fetus. Such cases present counselling
dilemmas in terms of the uncertainty in predicting the level and distribution
of abnormal cells in the fetus.

PS01.73

Non-invasive versus invasive prenatal diagnosis: What do pregnant
couples choose?

S. L. van der Steen’, S. R. Riedijk’, K. E. M. Diderich’, D. Van Opstal’, M. Polak?, M. F. C. M.
Knapen’, J. M. J. Cornette’, K. Prinsen’, A. T. ]. . Go', A. Tibben® R. ]. H. Galjaard’;
'Erasmus Medical Center, Rotterdam, Netherlands, ?Erasmus University, Rotterdam,
Netherlands, 3Leiden University Medical Center, Leiden, Netherlands.

Non-invasive versus invasive prenatal diagnosis: What do pregnant
couples choose?

Background: Women at increased risk of common trisomies can opt eit-
her for non-invasive prenatal testing (NIPT) or invasive prenatal diagnosis
(PND) using a SNP array at 0.5 Mb resolution. Array detects more clinically
relevant anomalies, and anomalies with variable penetrance and expressi-
on, while NIPT only aims to detect trisomy 13, 18 and 21.

Research questions: What do pregnant couples with an abnormal first
trimester screening result choose: NIPT or array? Which motivations do
pregnant couples have for this choice?

Method: Pregnant women (N=183) and 59 of their partners participated
after they were counselled by an obstetrician. Individually, women and their
partners filled out a questionnaire assessing anxiety, ambivalence and infor-
med choice, that was previously designed and published.

Results: Eighty-four percent of the women chose NIPT and 16% chose array.
The main reason for choosing NIPT was to prevent the risk of a miscarriage
and not wanting to test for ‘more than necessary’. Women who opted for an
array were inclined to obtain more genetic information to be ‘prepared for
the future’, and to mobilise adequate care if needed. Most mentioned they
preferred a quicker test result that was completely certain.

Conclusion: While most participants chose NIPT over invasive PND with
array, our study shows that for a significant number of pregnant women and
their partners, the opportunity to learn more about the health of their un-
born child might outweigh the miscarriage risk of an invasive procedure. It
therefore seems justified to keep offering this choice.

PMO01.74

Audit of prenatal samples referred for specific molecular tests to the
Wessex Regional Genetics Laboratory between 2012 and 2014

S. Thomas, A. Callaway, K. Ellis, M. Bateman;

Wessex Regional Genetics Laboratory, Salisbury, United Kingdom.

Prenatal testing is a significant component of Molecular Genetic Diagnostic
Laboratories because of the wide range of tests required and the rapid re-
porting time. The WRGL received 86, 80 and 91 prenatal referrals for speci-
fic molecular tests in 2012, 2013 and 2014 respectively.

There was a slight excess (55%) of amniotic fluid compared to CVS. The tests
most frequently requested were DGV (n=51), sequencing (49 referrals for
34 different genes), UPD (n=39), CF (n=38), and skeletal dysplasia (n=29).
Across all referrals, 49/257 results were abnormal. However, pick up was
0/21 for cases with an apparently de novo mutation in a previous pregnan-
cy, 15/46 for recessive conditions and 21 /47 for dominant and X-linked con-
ditions. Of 139 referrals with an “intermediate” risk, 11 were affected: this
category mainly comprised abnormal scans (9/101) and inherited Robert-
sonian translocations (0/32).

Abnormal scans accounted for 42% of all referrals, increasing from 34%
in 2012 to 45% in 2014; pick-up rate also increased from 0/29 in 2012 to
2/31 in 2013 and 7/41 in 2014. The most common tests indicated by an
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abnormal scan were DGV (n=47), skeletal dysplasia (n=26) and CF (n=20).
Five DGV referrals were affected, three with skeletal dysplasia and one with
BWS. There were no positive CF cases referred with echogenic bowel. AF
comprised the majority of abnormal scan referrals (88%) in contrast most
cases referred through family history were received as CVS (68%).
Additional referrals from abnormal scans, technological advances and in-
creases in the number of genetic tests available are all likely to affect the
future delivery of prenatal genetic testing.

PS01.75

Primary ovarian failure in two women with Xq deletion

V. JAUFFRETY, C. RAVEL? E. CHEROT', C. DUBOURG?, M. BLAYAU?, M. P. BEAUMONT-
EPINETTE? S. ODENT*, M. A. BELAUD-ROTUREAU', S. JAILLARD?;

IService de Cytogénétique et Biologie Cellulaire, CHU de Rennes, Rennes, France, *Service
de Biologie de la Reproduction, CHU de Rennes, Rennes, France, *Service de Génétique
Moléculaire et Génomique Médicale, CHU de Rennes, Rennes, France, *Service de
Génétique Clinique, CHU de Rennes, Rennes, France.

Primary ovarian failure (POF) is a pathology characterized by an absence of
the normal ovarian function before the age of 40 years. It can be suspected
by amenorrhea or premature menopause. Aetiologies are heterogeneous
and chromosomal abnormalities can represent 15 to 20 % of reported cau-
ses. Nine critical regions (Premature Ovarian Failure POF 1 to 9) were de-
scribed among which POF1 and POF2 loci localized on the long arm of chro-
mosome X (respectively Xq26-Xq28 and Xq13.3-Xq21.1). Among candidate
genes involved in ovarian development localized in these regions, besides
FMR1 (Xq27.3), we can pinpoint DIAPH2 (Xq22), XPNPEP2 (Xq25) and ZFX
(Xp22.2-p21.3) genes.

Karyotype, DNA microarray and fluorescent in situ hybridization were per-
formed in two women presenting POF.

The first patient presented a terminal 14.4 Mb Xq27.2q28 deletion inclu-
ding POF1 with FMR1 as the principal candidate gene. The second patient
presented an interstitial 8,4 Mb Xq23.2q22.1 duplication including DIAPH2
in POF2 and a terminal 53,5 Mb Xq22.1q28 deletion including POF1. These
two rearrangements are the result of an inversion-duplication-deletion me-
chanism not mediated by non-allelic homologous recombination (NAHR).
The presence of a Xq deletion involving POF1 in these two patients conso-
lidates the role of this region in the occurrence of a POF. Furthermore, no
case of inversion-duplication-deletion of the long arm of chromosome X in
women presenting POF has been reported in literature. Loss of function of
the DIAPHZ2 gene has already been described as responsible of POF. Never-
theless, the role of duplications involving POF2 and DIAPHZ remain to be
established.

PMO01.76

The modifier gene of Prokineticin 1 variant in human early pregnancy
M. Su;

Department of Obstetrics and Gynecology, National Cheng-Kung University Hospital,
Tainan, Taiwan.

Aim: One common missense variant of PROK1-V671 was suggested to play as
a modifier in PROK1-PROKR system of human early pregnancy. To explore
the modifier mechanism of PROK1-V671, we studies for functional compa-
rison in gene expression level and cell functions of V671 and its wild type
(WT) in transiently transfected cells.

Material and Methods: We investigated transcript expression of V671 and
WT in HTR-8/SV neo and HEK293 cells using quantitative RT-PCR, and pro-
tein levels of cell lysate and supernatant of culture medium in HTR-8/SV
neo, JAR and Ishikawa and HEK293 cells using ELISA method. Transient-
ly V671- or WT-transfected HTR-8/SV neo and HEK293 cells were used to
evaluate cell proliferation, cell invasion, tubal formation, and intracellular
calcium mobilization.

Results: The gene expression level of both transcript and protein were down-
regulated in all cell lines, ranging from 20% to 70% compared with WT. The
ligand activities of V671 and WT on cell proliferation, cell invasion, calcium
influx and tubal formation were of no difference. Both PROK1 allele promo-
ted cell invasion and induced intracellular calcium influx activities, whereas
they have no significant effect on cell proliferation, and tubal formation. In
conclusion, the common variant of PROK1 (V671) may play as a modifier in
PROK1-PROKR system through down-regulation of PROK1 expression. Our
investigation may provide a general modification mechanism for impact on
disease severity of PROK1-related pathophysiology.

PS01.77
The Baby Bio Bank: a collection of biological samples and medical
data from 2500 families affected by recurrent miscarriage, preterm
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birth, intrauterine growth restriction and pre-eclampsia available to
researchers internationally

N. SOLANKY?, S. Abu-Amero’, K. Rogers?, S. White?, A. Perez Miranda®, W. Baird’, C.
Williamson?, M. Johnson?, L. Regan?, G. Moore;

nstitute of Child Health, UCL, London,, United Kingdom, ?Imperial College, London,,
United Kingdom.

The Baby Bio Bank is a unique collection of over 55000 biological samp-
les collected from pregnancies complicated with recurrent miscarriage,
preterm labour, fetal growth restriction, preeclampsia and uncomplicated
pregnancies, available to researchers internationally interested in under-
standing pregnancy complications. Samples are being taken from the three
key members of the family, mother, father and baby, allowing hereditary fac-
tors from both parents to be tracked

Mothers and their partners were recruited from antenatal clinics and wards
from participating hospitals across London. Blood samples for DNA, serum
and plasma, were collected from all consenting participants, plus urine from
the mother. On the birth of the baby, we collected placental tissue, mem-
branes, umbilical cord and cord blood. As all the samples are intended for
DNA, RNA and protein isolation, they were collected, processed and stored
to the highest possible scientific standards. Quality control audits followed
by downstream applications such as real-time PCR and sequencing have
shown clearly that the samples are of high quality and can be used with con-
fidence by researchers.

The biological specimens have restricted value without clinical information.
We include clinical information relating to factors affecting pregnancy such
as parental height, weight and relevant medical history such as diabetes,
hypertension and smoking. Importantly, we also collect fetal outcome data
such as gestational age, birthweight and mode of delivery.

We have successfully recruited over 2500 participants and interested re-
searchers are able to apply to use the samples and data. More information
on the Baby Bio Bank is available at http://www.ucl.ac.uk/babybiobank in-
cluding the Baby Bio Bank protocol and information about the application
procedure.

PMO01.78

Association study of differentially expressed genes regulatory SNPs
and preeclampsia: results of a pilot study in Russia

E. Trifonova’, T. Gabidulind? V. Serebrova’, V. Stepanov’;

Institute for Medical Genetics, Tomsk, Russian Federation, The Institute for Obstetrics
and Gynecology, Tomsk, Russian Federation.

Preeclampsia is a pregnancy-specific disorder that leads among the causes
of maternal and infant morbidity and mortality worldwide. Prevention, ear-
ly detection, and specific treatment of preeclampsia are hindered by the fact
that the etiology has remained unknown. Current consensus implicates pla-
cental and endothelial dysfunction, inflammation and genetics in develop-
ment of preeclampsia. Our prior genome-wide transcriptional profiling of
placental tissue led to a novel set of 63 preeclampsia candidate genes. In this
report, we present preliminary study on the role of regulatory sites in some
of these genes in the genetic susceptibility to preeclampsia. We analyzed 48
regulatory SNPs (rSNPs) in 23 differentially expressed genes in 519 patients
with preeclampsia and 718 women with uncomplicated pregnancies from
Russian, Buryat and Yakut populations using MassArray iPLEX (Sequenom).
We have detected significant associations for preeclampsia with 15 rSNPs
in 11 genes (CORO2A, NDRG1, SASH1, BHLHE40, PLIN2, SYDE1, LHB, HK2,
INHA, ZNF175, PPP1R12C). These genes were associated with such biolo-
gical processes as synthesis and functional activity of hormones, protein
binding, ligand-receptor interaction and binding with DNA. Interestingly,
only one gene (CORO2A) has been associated with preeclampsia in all three
populations. These results demonstrate a significant role of genetic variabi-
lity of the differentially expressed genes regulatory sites in the formation of
susceptibility to pre-eclampsia in different ethnic groups. Nevertheless, the
clinical significance of these findings remains to be determined. This work
was supported by the Russian Foundation for Basic Research (grant Ne14-
04-01467).
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Autosomal gene defects investigation of male infertility in germ cell
aplasia cases

G. Koc!, A. Ozdemir?, G. Girgin’, T Avcilar’, D. Kirac?, K. Ulucan®, C. Akbal’, A. Guney';
!Marmara University, Faculty of Medicine, Department of Medical Genetics, Istanbul,
Turkey, 2Department of Urology, Zeynep Kamil Women and Children Training and
Research Hospital, Istanbul, Turkey, Istanbul, Turkey, *Yeditepe University, Faculty of
Medicine, Department of Medical Biology, Istanbul, Turkey, Istanbul, Turkey, “Marmara
University, Faculty of Dentistry , Istanbul, Turkey, Istanbul, Turkey, "Marmara University,
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Sertoli-cell-only (SCO) syndrome, also called germ cell aplasia, describes a
condition of the testes in which only Sertoli cells line the seminiferous tubu-
les and is diagnosed by testicular biopsy. SCOs is considered as irreversible
infertility. SCO syndrome, a histological diagnosis, consists of multifactorial
reasons including Y microdeletions, kleinefelter syndrome, cystic fibrosis
gene mutations, XYY syndrome, cryptorchidism, radiation, cytotoxic drugs
and viral infections. The etiology of the disease is currently unknown on the
other hand it is believed that autosomal gene defects could lead to SCOs. The
aim of this study is detecting autosomal genetic defects and determining
candidate genes in SCOs infertile men. Single nucleotide polymorphism +
comparative genomic hybridization microarray technology (SNP+CGH ar-
ray) was performed on 39 SCOs infertile patients in the study. Array CGH
compares the patient’s genome against a reference genome and identifies
uncover deletions, amplifications, ploidy abnormalities and loss of heterozy-
gosity (LOH). We examined a link between defected spermatogenesis genes
and infertility. Detected amplifications and deletions in several genes are
namely, SHBG, COL1A1, HOXD9, SYCE1, EMX2, EMX20S, CATSPER2 and loss
of heterozygosity in several genes are namely SPATA gene family (SPATA18,
SPATA17, SPATA16, SPATA12, SPATA4, SPATA2), TSSK gene family (TSSK3,
TSSK4, TSSK6), DNALI1, DNAH5, DNAH11, SPAG16, SPAG8, DMRT1, DMRT?2,
FSHR, LHCGR, GNRHR, SPACA1, SPACA3, TSGA10, SMCP, KIT, TCTE3, TEX14,
FGF8. Amplifications and deletions were detected on some of the genes who
play a role in epigenetic changes. Epigenetic genes (H19, KCNQ1, IGF2, CD-
KN1C) are expected to be linked with male infertility.

PMO01.80

Detection of sex chromosome aneuploidies using quantitative
fluorescent PCR

B. Nagy, O. Biro, G. R. Nagy, L. Lazar, ]. Schénleber, J. Rigo Jr;

Semmelweis University, 1st Dept. of Obstetrics and Gynecology, Budapest, Hungary.

Background: Aneuploidies are the most frequent chromosomal abnormali-
ties at birth. Autosomal aneuploidies cause serious malformations like triso-
my 21, trisomy 18 and trisomy 13. However sex chromosome aneuploidies
are causing less severe syndromes. For the detection of these the “gold stan-
dard” method is the cytogenetic analysis of fetal cells, karyograms shows
all numerical and structural abnormalities, but it takes 2-4 weeks to get the
reports. Molecular biological methods were developed to evercome on the
long culture time, FISH and quantitative fluorescent PCR were introduced.
In this work we show our experience with a commercial kit for the detection
of sex chromosome aneuploidies.

Methods: We analysed 20.173 amniotic fluid samples in a period of 2006-
2013 in our department. A conventional cytogenetic analysis was perfor-
med on the samples. We checked the reliability of quantitative fluorescent
PCR and DNA fragment analyis on those samples where sex chromosomal
aneuploidy was diagnosed.

Results: From the 20.173 amniotic fluid samples we found 50 samples with
sex chromosome aneuploidy. There were 19 samples showing 46, X0, 17
samples with 46, XXY, 9 samples with 47, XXX and 5 samples with 47, XYY
karyotypes. The applied quantitative fluorescent PCR and DNA fragment
analyses method is suitable to detect all abnormal sex chromosome aneu-
ploidies.

Conclusions: Quantitative fluorescent PCR is a fast and reliable method for
detection of sex chromosome aneuploidies.

PS01.81

Clinical outcomes for patients with single-nucleotide polymorphism
(SNP)-based noninvasive prenatal testing (NIPT) suggestive of fetal
sex chromosome trisomy

T. McKanna’, M. Stosic’, K. O'Brien?, Z. Demko’, S. J. Gross';

!Natera, Inc., San Carlos, CA, United States, *?Quest Diagnostics, Nichols Institute, San
Juan Capistrano, CA, United States.

Objective: To determine the clinical outcomes for patients within a gene-
ral screening population who received an NIPT result indicating a fetal sex
chromosome trisomy (SCT).

Method: 51,884 consecutive cases were collected from participating clinics
over 10 months. Isolated cell-free DNA was amplified and sequenced at
19,488 SNPs covering chromosomes 13, 18, 21, X, and Y; data was analy-
zed using a proprietary algorithm. Follow-up information was sought for
suspected SCT cases.

Results: 65 (0.1%) clinical samples were identified by NIPT as suggestive
of SCTs: XXX, XXY, or XYY. All were low-risk for fetal aneuploidy at other
interrogated chromosomes. Mean maternal age was 33.9 years and mean
gestational age was 15.3 weeks. Karyotype information was available for 19
cases: 17 true positives (5 XXX, 9 XXY, 3 XYY) and 2 false positives (XXX).
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This resulted in an overall positive predictive value (PPV) of 89.5%, with
PPVs for XXX, XXY, and XYY of 71.4%, 100%, and 100%, respectively. Of the
46 patients without confirmation, 25 declined invasive testing, and no data
is available for the remainder. Information about invasive confirmation de-
cisions was available in 44 cases: 17 (38.6%) had invasive confirmation and
27 (61.4%) declined; two of the cases that declined invasive confirmation
had genetic testing at birth. Follow-up is ongoing.

Conclusions: Results of this SNP-based approach for SCTs demonstrate good
PPVs in clinical practice. Confirmation rate for these disorders in a clinical
setting was limited as invasive testing was pursued in less than half of cases
where invasive testing decisions were known.

PM01.82

Why is there a relatively low uptake of prenatal diagnosis for sickle
cell disease?

P. Lakeman’, K. . L. Douma?, A. Zwagemaker®, H. E. Peters’, K. C. A. Holtkamp?, L.
Henneman?, C. L. Harteveld®, M. Peters’;

'Academic Medical Center, Department of Clinical Genetics, Amsterdam, Netherlands,
2Academic Medical Center, Department of Medical Psychology, Amsterdam, Netherlands,
3Academic Medical Center, Emma Children’s Hospital, Department of Paediatric
Haematology, Amsterdam, Netherlands, *VU University Medical Center, Department of
Clinical Genetics, Section of Community Genetics, EMGO Institute for Health and Care
Research, Amsterdam, Netherlands, °Leiden University Medical Center, Department of
Clinical Genetics, Hemoglobinopathies lab (LDGA), Leiden, Netherlands.

Background: In the Netherlands, each year 40 to 60 children with sickle cell
disease (SCD) are born. The uptake of prenatal diagnosis (PND) for SCD is
relatively low: an estimated 5 to 7.5% of couples at risk choose PND. Does
this reflect an informed choice? The aim was to explore factors affecting this
uptake.

Methods: Factors involved in reproductive decision-making of couples at
risk for offspring with SCD were explored by: a) performing semi-structured
interviews with 21 parents of a child identified with SCD after symptoms
(n=13) or by neonatal screening (n=8) (2009); and b) analysing 15 papers
(PubMed;1988-2013).

Results: Factors resulting in refraining from PND for SCD were: having no
experience with SCD, not experiencing SCD as severe, fear for miscarria-
ges, keeping the child’s diagnosis (and own carrier status) secret, fear for
stigmatization, religion, a strong wish to have a child, as well as insufficient
knowledge about SCD amongst couples at risk and care providers. Those
who considered PND, had experience with disease symptoms, were in early
pregnancy (when pregnant) instead of later gestational age, wanted to be
prepared before birth, had higher socio-economic status, more often single
marital status, and more extensively adopted the Dutch culture.

Conclusion: Lack of understanding about the severity of SCD, perceiving
high risks for obstetric complications and cultural aspects resulted in re-
fraining from PND for SCD. Improving knowledge among couples at risk and
care providers is important and counselling should be repeated. Future non-
invasive testing might influence the uptake for PND for SCD.

PS01.83

Prenatally suspected and after the birth confirmed Simpson-Golabi-
Behmel syndrome: familial case

E. Benusiene'? S. Tumene®?, A. Matuleviciene'?, R. Meskiene'?, V. Kucinskas'?;
!Department of Human and Medical Genetics, Faculty of Medicine, Vilnius University,
Vilnius, Lithuania, *Center for Medical Genetics, Vilnius University Hospital Santariskiu
Clinics, Vilnius, Lithuania, *Clinic of Obstetrics and Gynecology, Faculty of Medicine,
Vilnius University, Vilnius, Lithuania.

We present fetal ultrasound, newborn clinical and molecular testing fin-
dings in a case of Simpson-Golabi-Behmel syndrome (SGBS) diagnosed
prenatally and confirmed after the birth. In the first pregnancy (2009), ul-
trasound examination at 29 weeks of gestation revealed fetal macrosomia
(parameters>99%o), macroglossia, depressed nasal bridge, hypertelorism,
nephromegaly, clinodactyly and polyhydramnios.

The differential diagnosis between overgrowth syndromes was performed,
but most of these syndromes share the same pathological findings, so it was
difficult to differentiate them prenatally. However, after comprehensive lite-
rature analysis, we notice specific phenotype sings in mother as suspected
mutation carrier (Golabi and Rosen, 1984) and fetal facial 3D evaluation,
gender, absence of omphalocele and CNS structural defects enabled to con-
centrate on SGBS as the most probable diagnosis. Since the molecular ge-
netic testing of GPC3 and GPC4 genes in Lithuania was impossible at that
moment, genetic counselling after delivery was recommended.

Child (male) was born at 34 weeks of gestation via s/c. After the birth brea-
thing insufficiency, macrosomia, macrocephaly, broad forehead, hypertelo-
rism, depressed nasal bridge, macrostomia, macroglossia, midline grooves
under the lower lip, epicanthus, low-set ears, clinodactyly, brachydactyly,
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polythelia, cryptorchidism and hypotonia were observed. These symptoms
coincided with SGBS diagnosis, so molecular genetic testing of GPC3 gene
was performed. Deletion of exons 5-8 in GPC3 gene was detected.

In 2011 the same mother gives birth to a healthy son. The third pregnancy
(2012) ended in miscarriage at the 13th week of gestation after CVS. Sono-
graphy of fetus showed increase NT (3.1mm), enlarge liver and diaphragma-
tic hernia. The familial mutation was detected.

PM01.84

Prenatal whole genome SNP array diagnosis: relevance of unexpected
abnormal results in pregnancies with and without ultrasound
anomalies

M. Joosten, K. E. M. Diderich, D. Van Opstal, L. C. P. Govaerts, S. R. Riedijk, A. K. E. Prinsen,
E A. T De Vries, R. J. H. Galjaard, M. I. Srebniak;

Erasmus MC, Rotterdam, Netherlands.

Background: We routinely perform SNP array analysis as a first-tier test
for all prenatal indications. Array detects more clinically relevant anomalies
including pathogenic aberrations that are not related to the indication. The
chance of finding these so-called unexpected diagnoses (UD) is one of the
reasons that the use of array in prenatal diagnosis is controversial. We will
show the relevance of detecting UDs, based on the nature, prevalence, coun-
seling and outcome of the affected pregnancies.

Methods: In 2010-2014 3,326 patients were referred for prenatal SNP
array testing (Illumina): 1,682 pregnancies with and 1,644 without ultra-
sound anomalies. All cases of UD were discussed in a multidisciplinary team
consisting of laboratory specialists and clinical geneticists before disclosure.
All patients received pre- and post-test counseling. Psychological help was
available if required.

Results: In 1:208 (16/3,326) cases an UD was found. Eleven were severe
early-onset untreatable diseases. In 9/11 severe cases (e.g. Duchenne mus-
cular dystrophy, Angelman syndrome) the UD helped the couples in making
a decision about the course of their pregnancy. In 1 case the UD (22q11 de-
letion) was found later in the pregnancy when termination was no longer
a possibility. In this case delivery was transferred to a tertiary hospital. No
severe late-onset diseases were detected.

Conclusion: We will show that in the great majority the UD was relevant
for counseling and pregnancy management. This adds another reason to the
known recommendations to use SNP array for all prenatal indications.

PS01.85

Molecular cytogenetic examination of female somatic gonadal cells in
cryopreserved ovarian tissues: detection of chromosomal aneuploidy
and mosaicism.

J. Chrudimska’, T. Borgbo®?, M. D. Libik’, L. Dvordkovd’, H. Ziinovd*, J. Drabova®, N.
Ptdkovd’, M. Macek jr.%, C. Y. Andersen®, M. Macek sr.%;

1Charles University - 2nd Faculty of Medicine and University Hospital Motol, Prague,
Czech Republic, ?Aarhus University, Aarhus, Denmark, *Rigshospitalet, Copenhagen,
Denmark, *University of Chemistry and technology Prague, Prague, Czech Republic,
University Hospital Motol, Prague, Czech Republic.

We studied somatic ovary cells (SOCs) by molecular cytogenetic methods
since they have an important role in nurturing of oocytes.

DNA from ovarian tissue cells of females in their reproductive age (women
29 +/-0.,8 years) who had their ovarian tissue cryopreserved and consented
to research was subjected chromosomal aneuploidy screening by VeriSeq
(Illumina), MLPA (Subtelomeric mix, MRC Holland), QF-PCR (Devyser) and
arrayCGH examinations (24Sure V3, [llumina).

VeriSeq detected low level mosaicism in 4/39 cases (10.3%) with monosomy
of chromosome 19, trisomy 4, 21 (isolated) and combined with trisomies 4,
12. QF-PCR did not confirm trisomy 21 mosaicism revealed by VeriSeq, since
it is below the detection limit of QF-PCR. On the other hand, MLPA (sub-
telomeric mix) revealed duplications/deletions of long and short arms in
5/36 (13.9 %): dupl. chrom. 21p (gene STCH), associated in 2/5 cases with
del. chrom. 16p (DECR2), in 2/7 with deletion of chromosome 16q (GAS8),
in 1/5 with dupl. chrom. 2p/3p (ACP1), including del. chrom. 13p (PSPC1).
All suspective results will be expanded by centromeric mix and verified by
a-CGH, including low level mosaicism from the VeriSeq assay.

Although the biological significance of these observations is currently not
clear, our pilot study indicates that molecular cytogenetic testing in SOCs
could provide additional evidence on the genetic quality of cryopreserved
ovaries and thus improve outcomes of assisted reproduction from this tis-
sue. Supported by FNM00064203, CZ.2.16/3.1.00/24022, NF-CZ11-PDP-3-
003-2014, LD14073 and IGA NT13770.
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Nuclear envelope remodelling during human spermiogenesis involves
somatic B-type lamins and a spermatid specific B3 lamin isoform

R. Elkhatib’, G. Longepied’, M. Paci’, V. Achard?, ]. Grillo?, N. Levy', M. Mitchell’, C.
Metzler-Guillemain'?;

!Inserm - Aix Marseille Université UMR_S910, Marseille, France, ’APHM Hépital La
Conception, Marseille, France.

The nuclear lamina (NL) is a filamentous protein meshwork, composed es-
sentially of lamins, situated between the inner nuclear membrane and the
chromatin. Evidence from rodents suggests a role for the NL during sper-
miogenesis. The mouse spermatid NL is composed of the ubiquitous lamin
B1 and the spermatid-specific lamin B3, an N-terminally truncated isoform
of lamin B2. To explore the NL in human spermatids, we used RT-PCR on
RNA extracted from spermatozoa (remnants of spermatid transcripts) and
immunofluorescence on human testis to reveal a lamin B3 transcript pre-
sent in human spermatids, and B-type lamins as the only lamins detectable
in human spermatids. Unlike the mouse, we detected lamin B2 expression in
human spermatids. Like the mouse proteins, we show that human lamin B3,
but not lamin B2, induces nuclear deformation, when ectopically expressed
in HeLa cells. We detected B-type lamins at the nuclear periphery in human
spermatids, except in the region covered by the acrosome, and as sperma-
tids mature the B-type lamins recede towards the flagellum. Only lamin B1
remains detectable on 33-47% of ejaculated spermatozoa. On spermatozoa
selected for normal head density, however, this fell to <6%, suggesting that
loss of the NL signal may accompany sperm nucleus compaction. We also
show that the presence of lamin B2 transcripts is variable in human sper-
matozoa samples. The similarities between lamin expression during human
and rodent spermiogenesis, strengthens evidence that the NL and lamin B3
have conserved functions during the remodelling of the mammalian sper-
matid nucleus.

PS01.87

Familial cases of severe oligozoospermia associated with a
homozygous nonsense mutation in a meiotic gene of unknown
function

M. J. Mitchell!, E. Streichemberger?, G. Longepied’, V. Delague’, C. Metzler-Guillemain®?,
N. Levy!, A. Megarbane®;

!Inserm - Aix Marseille Université UMR_S910, Marseille, France, ’APHM Hopital La
Conception, Marseille, France, St Joseph University, Beirut, Lebanon.

Gametogenesis is central to human biology, ensuring the faithful and effici-
ent transmission of genetic and epigenetic information to the next generati-
on. An estimated 10% of couples have difficulty conceiving their own child
and in 40% of cases there is evidence of a male cause, most often reduced
sperm production. Assisted reproductive techniques provide solutions for
many couples, but in most cases the primary cause of infertility, and the con-
sequences for future generations, remain undetermined, with only a handful
of causal mutations identified.

We have studied a consanguineous family in which five of the six sons have
severe oligozoospermia, 0.05x106 sperm per ml (normal = > 20x106).
Genome-wide linkage analysis identified a critical region of homozygosity,
containing 134 genes (LOD score Z=3.1 at 6=0.01). Sequencing the entire
region revealed a single coding variant that was homozygous in the five
oligozoospermic sons, heterozygous in the father and absent from public
databases. The variant, p.Glu101Ter, is in a gene of unknown function that
we have termed OZF13 (Oligozoospermia factor 13), and is predicted to pre-
vent expression of the protein. We have sequenced 0ZF13 in 100 infertile
men with severe oligozoospermia or azoospermia and identified a unique
missense variant affecting a conserved amino acid. In human and mouse,
we show that 0ZF13 predominates in the testis and localises to the cyto-
plasm of spermatocytes. We conclude that OZF13 is required for efficient
progression through meiosis, and we have created a mouse model to study
the effects of 0ZF13 loss on spermatogenesis and gamete quality.

PM01.88

Could teratological counseling be used as an effective method in the
prevention of unnecessary pregnancy losses among women exposed
to diagnostic radiation

M. Seven!, E. Fenercioglu®, E. Koparir?, E. Kirtas', H. Ulucan’, E. Kirat!, A. Koparir', M.
Demir’;

Istanbul University Cerrahpasa Medical School, Istanbul, Turkey, ?Kanuni Sultan
Suleyman Training and Research Hospital, Istanbul, Turkey.

Women are commonly exposed by radiation in the radiology and nuclear
medicine departments being unaware of their pregnancies. In such situati-
ons, mothers have often deep concern about possibility of having baby with
the congenital anomalies. Moreover, families are usually faced to make the
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decision for termination. In this study, the risk of the congenital anomalies
due to radiation exposure was calculated and the importance of ,teratolo-
gical counseling” was demonsrated to avoid unnecessary pregnancy termi-
nations. 139 pregnant women with the history of radiation exposure were
evaluated via medical records, retrospectively. Fetal radiation dose was gi-
ven between 0.01-10.30 (Med. 0.75£1.59 R) to women exposed to radiation
for diagnostic purposes, being unaware of their pregnancy. 65% of those
pregnant women were suggested to terminate their pregnancy while others
were also adviced that their babies may have congenital abnormalities at
some level before admitted for teratological counseling. Only 6 women ter-
minated their pregnancy following teratological counseling. Of remaining
133 pregnants, 3 were terminated for medical purposes while 4 were resul-
ted as spontaneous abortion. Remaining 126 pregnancies lasted as normal
birth and none of the babies had abnormalities checked by physical exami-
nation. In conclusion, we suggest that teratological counseling is necessary
to reduce the anxiety of families and it is an effective method to prevent
unnecessary pregnancy terminations.

PS01.89

Comparison of microRNA expression in chorionic tissue of healthy
and trisomic fetuses

1. Svobodova, S. Pospisilova, E. Pazourkova, M. Korabecna, A. Horinek;

General faculty hospital in Prague, Prague 2, Czech Republic.

Recently, there is an effort to associate specific pregnancy pathologies, espe-
cially risk of preeclampsia, with particular miRNAs in plasma, which could
serve as biomarkers for the detection of the corresponding pathology and
so enable its early diagnosis. Direct miRNA analysis in the trisomic placental
tissue is an unexplored topic yet.

The aim of this study was to compare physiological and pathological gravi-
dities at level of placental miRNAs expression.

The chorionic villi samples (CVS) collected for the purposes of invasive pre-
natal diagnosis between 11%-14" gestational weeks from patients with in-
creased fetal trisomy risk were examined. We supposed the differences in
presence and concentration of the specific miRNAs between the group of
16 CVS samples with cytogenetically confirmed fetal trisomy of 21, and 10
samples with normal karyotype. The expression of 381 miRNA pattern (Ta-
qMan® Array Human MicroRNA A Cards) was determined using real-time
PCR technology in both groups of samples. The results were then statisti-
cally evaluated via ExpressionSuite and qBase software. Mammalian small
nuclear RNA U6 in combination with small nucleolar RNA RNU48 was used
as endogenous controls for appropriate results normalization.

The nonparametric Mann-Whitney test was applied to the both group’s ex-
pression data.

The group of 20 miRNAs which were significantly elevated in placental
tissue of trisomic pregnancies was determined. The p-values ranged from
0.008 to 0.05. The miRNA which most significantly differed between both
groups was miR-542-5p. The current results will be subsequently verified
in maternal circulation.

Supported by the Ministry of Health of the Czech Republic RVO VFN64165.
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Azoospermia and trisomy 18p syndrome: a fortuitous association? A
patient report and a review of the literature

G. Jedraszak?, H. Copin?, M. Demailly®, C. Quibel’, M. Gallet?, M. Benkhalifa?, A. Receveur?;
Laboratoire de génétique moléculaire - CHU dAmiens, AMIENS, France, ?’Laboratoire de
Cytogénétique et Biologie de la Reproduction - CHU dAmiens, AMIENS, France, *Service
d’Urologie et Transplantation - CHU dAmiens, AMIENS, France.

Complete, isolated trisomy of the short arm of chromosome 18 is very rare.
To date, only 24 cases of trisomy 18p have been reported in the literature,
making it difficult to define a potentially associated phenotype. However,
the available evidence suggests that few clinical features are shared by the-
se patients: only variable intellectual disability, variable facial dysmorphism
and epilepsy are reported in a few patients. Although three inherited cases
of trisomy 18p have already been reported, all were of maternal origin.

We report on a patient carrying an isolated complete trisomy 18p transloca-
ted to the short arm of chromosome 14 and presenting with facial dysmor-
phism, mild intellectual disability and non-obstructive azoospermia.
Chromosomal abnormalities are more frequent in infertile men with poor
sperm quality than the general population. Both numerical and structural
chromosomal aberrations have been already reported within the context of
azoospermia. To our knowledge, this is the first patient with trisomy 18p to
present a fertility impairment due to totally altered spermatogenesis and
azoospermia. Although fertility disorders were not mentioned in the four
previous reports of men with trisomy 18p, none of the latter had children.
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We suggest that azoospermia is a previously uncharacterized feature of tri-
somy 18p syndrome. We further hypothesize that two mechanisms could
be responsible of the fertility impairment: a meiotic synapsis defect due to
the additional 18p arm that blocks meiosis, and/or overexpression of a gene
located on the 18p chromosome involved in the normal testicular develop-
ment.
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Case report: male patients with normal phenotype and various
Y-chromosome rearrangements

K. Goldmann;

Centre for Reproductive Genetics, Munich, Germany.

Introduction

Chromosomal rearrangements of the Y-chromosome are known causes for
male infertility. Microdeletions in the azoospermia factor (AZF) regions are
found in up to 15% of azoospermic or severely oligospermic men (1).
Material & Methods

Here we present data from four patients with normal phenotype, but abnor-
mal sperm count and infertility. For all patients, we performed conventional
karyotyping and revealed various rearrangements affecting the Y-chromo-
some. For more detailed analysis, we performed diagnostics on either mole-
cular-cytogenetic or molecular genetic level.

Results

Screening of the AZFa, AZFb, and AZFc revealed a partial deletion of AZFb in
one patient, a partial deletion of AZFb and AZFc in the second one and in the
third one, we revealed a complete deletion of AZFb and AZFc. Here, none of
the 36 most common mutations in CFTR-gene were found. These data are in
concordance with the previously diagnosed oligozoospermia and azoosper-
mia respectively. Interestingly, we could determine a deletion of the PAR2 in
two patients using FISH and additionally a duplication of the PAR1 in one
of those. We performed SNParray analysis in two patients to determine the
constitution of the Y-chromosome. Analysis of one revealed an unclear de-
letion pattern in the region Yq11.223-q11.23. The analysis of the other one
resulted in a huge deletion on Yq11.221-q12.

Conclusions

We will provide detailed case comparison which shows, that performing ad-
ditional FISH and SNParrays can help to clarify the aberration status of the
Y-chromosome.

Literature:

1. Mc Lachlan RI, Mallidis C, Ma K, Bhasin S & de Kretser DM. Genetic disor-
ders and spermatogenesis. Reprod Fertil Dev. 10(1):97-104. 1998.
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SLC24A5 recent albinism gene (OCA6): detection of a homozygous
mutation in two patient from French Guiana

E. Lasseaux’, A. Bertelotti?, C. Plaisant’, A. Trimouille’, E. Morice-Picard’, C. Rooryck-
Thambo', D. Lacombe’, P. Brousse?, P. Couppie?, B. Arveiler’;

ICHU Bordeaux, Bordeaux, France, ?A. Rosemon Hospital Dermatology Departement,
Cayenne, France.

Oculocutaneous albinism (OCA) is an autosomal recessive disorder charac-
terized by hypomelanosis of the skin, hair, and eyes, associated with redu-
ced visual acuity, nystagmus, and photophobia. Recently, two new types of
albinism non syndromic have been identified 0CA6 (SLC24A5) and OCA7
(C100rf11).(1)

Cases : Two women, aged 22 and 65 years, lived in a village along the Ma-
roni River in South America. They were not from the same family. They had
a particular albinism, with similar clinical ophtalmologic characteristics :
brown iris, photophobia, reduced visual acuity and nystagmus,but their hair
was blond at birth and become darker with age. Their skin was light brown.
They were sensitive to the sun exposure and might turn brown. The second
patient had a significant pachydermia with age (2).

We analyzed these patients by Next Generation Sequencing technology with
a panel of genes involved in syndromic and non syndromic OCA (TYR, OCA2,
TYRP1,SLC45A2, GPR143, HPS 1 to 6, SLC24A5, MITF, PAX3, SOX10, EDN3,
EDNRB). We found the same homozygous variant in these two patients,
¢.521G>A/ p.Argl74Lys in exon 5 of SLC24A5 gene. This variant had never
been described before in the literature. This variant was not reported in the
international database of mutations HGMD. There is no frequency data in
ESP, EXAC, dbSNP. The prediction software Polyphen and Mutation taster
predicted this variant as probably damaging.

Our finding of a novel homozygous mutation in SLC24A5 in two patients
from french Guiana strengthens the importance of screening this gene in
0CA (3).

(1) Wei etal,, 2013 (2) Montoliu et al. 2014 (3) Morice-Picard et al.,2013
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The COL4A4 p.Gly533Asp mutation is prevalent in Czech Romani
families with Alport syndrome

P. Plevova’, P. Turska’, P. Vojta?, A. Balcar’, D. Cerna’, J. Dusek?, . Stepankova®, J.
Nemeckova®, E. Zemankova®;

!Department of Medical Genetics, University Hospital Ostrava, Ostrava, Czech Republic,
ZInstitute of Molecular and Translation Medicine, Palacky University, Olomouc, Czech
Republic, *Department of Pediatrics, 2nd Medical Faculty of the Charles University and
University Hospital Motol, Prague, Czech Republic, *“Department of Nephrology, Institute
of Clinical and Experimental Medicine, Prague, Czech Republic, °Department of Medical
Genetics, University Hospital Brno, Brno, Czech Republic, °Gennet Lab, s.r.o., Pribram,
Czech Republic.

Introduction: Alport syndrome is characterized by progressive hereditary
nephritis, hearing loss and ocular anomalies. The disease is caused by CO-
L4A5, COL4A3 and COL4A4 gene mutations.

Materials and Methods: Twelve patients with hematuria and sensorineural
hearing loss were included, in whom carriership of p.Gly624Asp COL4A5
mutation (the most frequent one in Czech patients) was excluded. Sequen-
cing of the whole coding sequence of the COL4A3, COL4A4 and COL4A5 genes
was performed using either Sanger sequencing on ABI3130 (1 patient) or
the ALPORT MASTR kit (Multiplicom) with subsequent next generation se-
quencing at [llumina platform (11 patients). MLPA was performed to detect
genomic COL4A5 and COL4A3 rearrangements. In one patient wholegenome
SNP array was performed.

Results: Five of the twelve patients carried c.1598G>A, p.Gly533Asp muta-
tion in COL4A4 gene in either homozygous (4 patients) or heterozygous (1
patient) state. All the homozygots also carried the same 44 polymorphisms
in COL4A3 or COL4A4 genes in homozygous state. MLPA excluded deletion
of COL4A3, thus making deletion of the whole region unprobable. SNP array
showed loss of heterozygosity of 250 Mb at various sites of the genome of
one patient due to consanguinity, including 48 Mb at 2q32.1 to 2q37.1 regi-
on (COL4A3 and CO4A4 genes are localised at 2q36.3). All the patients with
the mutation were of Romani origin.

Conclusion: The COL4A4 p.Gly533Asp mutation is prevalent in Czech Alport
syndrome patients of Romani origin, consanguinity being responsible for its
frequent occurrence in homozygous state.

Acknowledgements: The work was supported by IGA MZ CR, project No.
NT12246.
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Phenotypic and genotypic findings in a large cohort of patients with
eye anomalies
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10xford Brookes University, Oxford, United Kingdom, 2°CHU Toulouse, Service de
Génétique Médicale, Toulouse, France, *Birmingham Women's NHS Foundation Trust,
Birmingham, United Kingdom.

Anophthalmia, microphthalmia and coloboma (AMC) are genetically hete-
rogeneous conditions responsible for ~25% of childhood blindness. We ai-
med to identify causative genes in 311 AMC subjects recruited through a UK
national study. Clinical phenotyping and genetic analysis were performed
using various methods: single gene sequencing, MLPA, aCGH, custom panel
and exome sequencing. Our cohort was subdivided into phenotypic sub-
groups for analysis: 56 participants (18%) had bilateral anophthalmia/seve-
re microphthalmia, 37 (12%) had bilateral microphthalmia (+/- coloboma),
175 (56%) had unilateral anophthalmia/microphthalmia (+/- contralateral
defects), and 43 (14%) had other phenotypes e.g. isolated colobomas or Pe-
ters’” Anomaly. Thirty-four of the 56 severe cases received a diagnosis, in-
cluding deletion/mutations in: SOX2 (15 [27%]), OTX2 (7 [14%]), VSX2 (3
[5.4%]), ALDH1A3 (2 [3.6%]), TFAP2A (2 [3.6%]), FOXE3 (2 [3.6%]), also
one each: PAX6, STRA6, BMP7, GJA8. SOX2 (7.4%), OTX2 (3.5%) and FO-
XE3 (1.6%) were the most common causative genes identified, with VXS2,
BMP7, CHD7 and TFAP2A each accounting for 1%. Seventy-two participants
who initially received single gene screening proceeded to 187 targeted gene
sequencing. Pathogenic variants in known genes were found in 5 (including
CHD7 and FOXE3); a further 51 had variants of unknown significance (VUS)
in known/candidate genes. Of 15 participants with whole exome analysis;
3 had pathogenic variants in known genes (including PAX6 and BCOR) and
9 had VUS. This study represents the largest reported phenotype-genotype
study of patients with eye anomalies. To date, 21.5% of participants have
a definitive diagnosis and a further 24.4% have VUS and are undergoing
further analysis.
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Novel variants in OLFM2 in patients with developmental eye disease
R.J. Holt!, S. A. U. [seri, S. Broadgate’, R. G. Dunn®, A. Gallagher?, C. Ogilvie®, N. K.
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Microphthalmia, anophthalmia and coloboma are developmental anomalies
of the eye and occur in approximately 3 in 10,000 births. They are a he-
terogeneous group of genetic conditions, with 111 genes identified based
on published case reports and genetic databases. We identified a hetero-
zygous de novo deletion of chromosome 19p13.2 affecting a minimum of
46kb spanning regions of Olfactomedin 2 (OLFM2) and collagen, type V, al-
pha 3 (COL5A3) by array CGH in a patient with bilateral microphthalmia
and cloudy vascularised corneas. While COL5A3 has not been implicated in
mammalian eye function, Olfm2 is expressed in the retina and ganglion cells
during mouse eye development. OLFM2 has also been implicated in open-
angle glaucoma and elevated intraocular pressure in a Japanese population.
Therefore, we screened the exons and flanking regions of OLFM2 for vari-
ants in a cohort of 261 patients with developmental eye anomalies using
LightScanner® technology, with subsequent validation by Sanger sequen-
cing. We identified novel mutations in three members of this cohort. These
included two variants in the 5’ untranslated region (UTR) of OLFM2 and an
intronic C>A 20bp 5’ of exon 5. Of the 5’ UTR variants, one is a 4bp insertion/
deletion and the second is a G/C substitution, both occurring approximately
60bp 5’ of translation start site, separated by only 4bp and predicted to af-
fect transcription factor binding.

We suggest that OLFM2 is a new gene for eye developmental anomalies, in
particular associated with microphthalmia, and should be included when
considering eye genes to screen in these conditions.
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SF3B2, a novel candidate gene for autosomal dominant retinitis
pigmentosa, encodes a component of the U2 small nuclear
ribonucleoprotein

C. Van Cauwenbergh’, M. Karlstetter?, K. Vleminckx'?, G. Manes*, T. Langmann?, C.
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Neurosciences de Montpellier, Montpellier, France, *Dept of Ophthalmology, Ghent
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The aim of this study was to identify and functionally characterize a novel
candidate gene for autosomal dominant retinitis pigmentosa (adRP). Ten in-
dividuals of a Belgian adRP family in which known adRP loci were excluded
underwent genome-wide linkage analysis, resulting in two novel candidate
loci with a maximum LOD score of 1.7. Whole exome sequencing in two af-
fected individuals (HiSeq, lllumina) revealed a missense variant c.2417A>G
p.(Tyr806Cys) in the SF3B2 gene encoding the splicing factor 3b, subunit 2.
The Tyr residue is highly conserved, several predictions suggest an effect on
protein function. The change is predicted to disrupt a phosphorylation site.
The variant co-segregates with adRP and is absent in 300 controls. No addi-
tional SF3B2 mutations were found in 472 unrelated adRP patients (ERDC
consortium). Ubiquitous expression of SF3B2 was demonstrated in human
tissues, including retina and RPE. Localization in perinuclear and nuclear
areas was shown in 661W mouse cells. Sf3b2 knockdown in Xenopus was
performed using targeted injection of a splicing blocking morpholino (Gene-
Tools), showing gross developmental anomalies affecting the eye.

In conclusion, SF3B2 was identified as a novel candidate gene for adRP.
SF3B2 is required for binding of the U2 small nuclear ribonucleoprotein
(snRNP) to the branchpoint and is involved in early spliceosome assem-
bly. Protein-protein interactions have been identified between SF3B2,
SNRNP200 and PRPF8, two proteins implicated in adRP. So far, of the seven
known adRP genes involved in splicing, six encode components of the U4/
U6-US5 triple small nuclear ribonucleoprotein (tri-snRNP) complex. Our stu-
dy potentially involves other components of the spliceosome apart from the
tri-snRNP complex in adRP.
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Introduction: Autosomal recessive nonsyndromic hearing loss (ARNSHL)
is usually prelingual, nonprogressive and severe to profound. Up to date it
was accounted to mutations in 55 genes (Hereditary Hearing Loss Home-
page, http://hereditaryhearingloss.org), where the number is still rising.
TMPRSS3 gene mutations account for less than 1 % of autosomal recessive
nonsyndromic hearing loss (ARNSHL) in Caucasians. In Slovenians, 26.6 %
of congenitally deaf patients and 11 % of progressive hearing loss patients
had biallelic GJB2 mutations, where other genetic causes of ARNSHL were
not exploited so far.

Material and Methods: Targeted next generation sequencing in the index
family with congenitally deaf parents and their son was performed initially,
followed by Sanger sequencing of selected TMPRSS3 region in 35 patients
with ARNSHL and no mutation identified in GJB2 or GJB6 genes.

Results: Next generation sequencing in the index family revealed that a son
and his mother were homozygous for TMPRSS3 ¢.208delC (p.His70Thrfs*19)
variant. Father was digenic compound heterozygote for the same variant
and common GJB2 c.35delG variant. Additionally, we identified 3 patients
homozygous for TMPRSS3 ¢.208delC in a cohort of ARNSHL patients.
Conclusions: TMPRSS3 mutations detected in altogether 13,1% of the stu-
died patients seem to be an important cause of ARNSHL in Slovenia resul-
ting in uniform phenotype with profound congenital hearing loss and satisf-
actory hearing and speech recognition after cochlear implantation.
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Behr syndrome (MIM#210000) is characterized by early-onset optic neu-
ropathy associated with ataxia, spasticity, peripheral neuropathy and de-
velopmental delay. Although this disorder is believed to be inherited in
an autosomal recessive pattern, it might be heterogeneous encompassing
several etiologies. Recently, we reported two brothers affected with adult-
onset Behr-like syndrome caused by a heterozygous mutation in the optic
atrophy 1 (OPA1) gene. Heterozygous mutations in OPA1, a gene encoding
for a dynamin-related GTPase involved in mitochondrial dynamics and mtD-
NA maintenance, are the main causes of autosomal dominant optic atrophy
(DOA). As many as 20% of persons carrying heterozygous OPA1 mutations
are affected with the so-called ‘DOA plus’ consisting in optic neuropathy as-
sociated with extra-ocular signs including deafness, ataxia, peripheral neu-
ropathy and mitochondrial myopathy with multiple mtDNA deletions.

We here report four children affected with early-onset Behr syndrome
caused by compound heterozygous OPA1 mutations. These four children
are affected with a strikingly similar early-onset neurological syndrome as-
sociating severe optic neuropathy (4/4), cerebellar ataxia with cerebellar
atrophy at MRI (4/4), peripheral neuropathy (4/4), digestive involvement
(2/4) and deafness (1/4).

To date, compound heterozygosity in OPA1 has been proven in 6 patients
(including those reported here) all affected with severe early-onset syndro-
mic optic atrophy.

Intriguingly, the same variant p.lle382Met, involving a highly conserved re-
sidue in the OPA1 GTPase domain, was recurrently found in five of six pati-
ents in this series. Although the p.lle382Met mutation on its own might have
only mild consequences, it may combine with another mutation to induce
a severe pathological condition which is consistent with a semi-dominant
mode of inheritanc