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The BeSHG 
 

 

Dear Colleagues, 

Dear Friends, 

 

For the second time in the 15 years of the BeSHG, in March 2015, the Belgian Human 

Genetics Meeting is returning to Charleroi. 

 

On behalf of the BeSHG Board and the Local Organising Committee, we are honoured 

to welcome you in our city of the Belgian Comics. 

 

Twin studies, quantitative trait mapping by linkage to allelic variants, and more 

recently epigenetic analysis have modified our understanding of how behavioural traits 

are established, maintained or influenced by environmental cues. 

 

This Annual Meeting of the BeSHG will showcase, to scientists and clinicians, the recent 

developments in genetic approaches to behavioural epigenetics and heritability of 

personality traits.  For the first time, we include a talk on genetic counselling. The 

program provides a cross-disciplinary expertise in psychopathological domains, 

including violent behaviour, satiety, arousal and stress regulation. Ethical and social 

implications will also be also addressed. 

 

We are grateful to all sponsors who have made this meeting possible. 

 

Thank you for attending this conference which we trust will be of interest to both 

clinicians and research scientists. 
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Coffee break, posters session and Sponsor exhibition 

Lunch, posters session and Sponsor exhibition 
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BehaviourBehaviour: is it geneticall: is it genetically detey determinedrmined??  
 
 

Palais des Beaux-Arts – Salle de congrès – Place du Manège, 1 – 6000 Charleroi 
 
 
08.00 –  08.45 Registration and Coffee 

08.45 –  09.00 Welcome and introduction 

  Thomy de Ravel, president BeSHG  

  Karin Dahan (for the local organizing committee) 

 

09.00 – 10.30  Plenary session I 
   Chair: Karin Dahan and Paul Coucke 

  

 09.00 The monoamine oxidase A gene and behaviour: 
  Impact on science and society from 1993 to 2014 

   Han Brunner, the Netherlands 

 09.30 Are your genes to blame when your jeans don’t fit ? 

  Giles Yeo, UK 

 10.00 Non-genetic inheritance of the impact of traumatic stress across 
  generations in mice 

  Isabelle Mansuy, Switzerland 

 

10.30 – 11.00 Coffee break, Poster session and Sponsor Exhibition 

 

11.00 – 12.30  Parallel sessions I and II 
 

   Session I ➥ Auditoire 
   Chair: Catherine Vilain, Urielle Ullmann 

 

  Selected abstracts by Young Investigators 

  Francesca Cristofoli 
  From Whole Exome Sequencing to Functional Studies in 
  Syndromic Microcephaly: Using Zebrafish for Variant Testing 
 
  Hannah Verdin 
  Profiling of upstream enhancers of SHOX in idiopathic short stature and 
  functional characterization of the cis-regulatory landscape of SHOX 
 
  Caroline Van Cauwenbergh 
  SF3B2, a novel candidate gene for autosomal dominant retinitis 
  pigmentosa, encodes a component of the U2 small nuclear 
  ribonucleoprotein 
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  Marije Meuwissen 
  Human USP18 Deficiency Leads to Type I interferon-mediated  
  Brain Damage, and Perinatal Demise 

  Matthieu Schlögel 
  Lymphatic malformations are caused by somatic activating 
  mutations in PIK3CA 

  Miriam Bauwens 
  An augmented ABCA4 screen targeting non-coding regions reveals 
  a deep intronic founder causal variant in Belgian Stargardt patients 
 

 

   Session II ➥ Salle(de(congrès(
   Chair: Lut Van Laer and Katrina Rack 

 

  Charlotte Gistelinck 
  Defects in TAPT1, a novel centrosomal protein, cause defective 
  ciliogenesis, bone fractures and delayed ossification 

  Jacoba Louw 
  Exome Sequencing and Linkage Analysis as Tools in solving an 
  Uncommon Cardiomyopathy in a Small Family 

  Heleen Masset 
  Unraveling the mechanistic origin of chromoanasynthesis 

  Elyse Cannaerts 
  Mutations in a TGFβ ligand, TGFB3, cause syndromic aortic 
  aneurysms and dissections 

  Celina Szanto 
  Single-cell genome sequencing to characterize chromosome 
  instability in human cleavage stage embryos 

  Lucie Evenepoel 
  Identification of markers predictive for malignant behavior of 
  pheochromocytomas and paragangliomas 

 

12.30 – 13.15 AGM 

13.15 – 14.00 Lunch, Poster session and Sponsor Exhibition 

 

 

14.00 – 14.30  Plenary session II 
   Chair: Sonia Van Dooren and Isabelle Maystadt 

 

 14.00 Opportunities and challenges of next generation sequencing in 
  diagnostic laboratories 

   Jean-Baptiste Rivière, France 
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14.30 – 15.30  Parallel sessions III - IV  
 

   Session III  Bioinformatics : tools for discovery     ➥ Auditoire 
        Chair: Sonia Van Dooren and Cécile Libioulle 

 
 14.30 A magrebscale study aimed at identifying causative genes for 
  inherited predisposition to Crohn's disease: bioinformatic aspects  

   Yukihide Momozawa, Japan 

 Selected abstracts by young investigators 

  Amin Ardeshirdavani 
  NGS-logistics: Federated analysis of NGS sequence variants 

  Andrea Gazzo 
  DIDA : a first database of digenic diseases 

 

   Session IV  Wet lab : implementation of new 
        techniques in the diagnostic laboratory 
                    ➥ Salle(de(congrès 
        Chair: Hélène Antoine Poirel and Pascale Hilbert 

 
 14.30 Multiplicom’s targeted non-invasive prenatal testing approach: 
  results and roadmap 

   Jurgen Del-Favero, Multiplicom 

 Selected abstracts by young investigators 

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

  Paul Brady 
  Clinical Implementation of NIPT – Results from 4000 pregnancies 
 

15.30 – 16.00 Coffee break 
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16.00 – 17.00  Plenary session III 
      Chair: Thomy de Ravel and Damien Lederer 

 

 16.00 Sharing the load – Clinical Genetics in the 21st century 

    Susan Fairgrieve, UK 

 

 16.30 Am I My Genes?  Social and ethical questions 
  regarding behavioral genetics 

    Robert Klitzman, USA 

 

17.00  Awards 

17.10  Closing reception 
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The BeSHG thanks the sponsors of this meeting: 
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welcomes 
 
 

 
The Netherlands Society for Human Genetics 

 
 

Joint Meeting 
 

Thursday 4 February 2016 & Friday 5 February 2016 
 

Leuven, Belgium 

  
 

watch the www.beshg.be website for details 
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Invited Speakers 
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The monoamine oxidase A gene and behaviour: Impact on science and society 

from 1993 to 2014 

 

Han G. Brunner  

 

Radboud UMC, Department of Human Genetics, Nijmegen, and Maastricht University 

Medical Center, Department of Clinical Genetics, The Netherlands, 

 
 

In 1993, we described a single large family with a truncating mutation in MAOA that 

was associated with various impulsive behaviours, including abnormal sexual 

behaviours and impulsive aggression.  

Only a handful of families and patients with complete MAOA deficiency have been 

described since then all with behavioural problems. It has been established that mice 

with a knock-out mutation of MAOA also show abnormal behaviour including aggressive 

behaviours. A landmark study from 2003 demonstrated that a frequent polymorphism 

in the MAOA promoter leads to antisocial behaviours but only in the presence of severe 

maltreatment in childhood. This study has been influential in supporting a nature AND 

nurture paradigm. This polymorphism has been invoked in court cases, and on at least 

one mutation the presence of the minor allele (which occurs in 1/3 of all males) was 

reason to reduce the sentence of a killer. Most recently, two studies supported the 

hypothesis that convicts with the minor allele for the MAOA polymorphism might be 

more likely to use aggression in their criminal acts.  

All of this has implications for the ever-continuing nature-nurture debate in society. 

 



  Fifteenth(Annual(Meeting 
 

( ( ( 15th(ANNUAL(MEETING(2015%%%%%%%17 

Are your genes to blame when your jeans don’t fit? 

 
Giles Yeo, UK  

 

University of Cambridge Metabolic Research Labs, Wellcome Trust-MRC Institute of 

Metabolic Science, Addenbrookes Hospital, Cambridge, UK  

 

It is an inescapable fact that the underlying cause of obesity is a result of consuming 

more energy than you burn.  The question that is more complex to answer is why 

some people eat more than others.  Over the past 15 years, insights from human and 

mouse genetics have illuminated multiple pathways within the hypothalamus, 

brainstem and higher brain regions that play a key role in the control of food intake.  

We now know for example, that the brain leptin-melanocortin signalling pathway is 

central to the control of mammalian food intake.  However, although monogenic 

alterations in these pathways result in extreme Mendelian obesity, these remain 

incredibly rare. The major burden of disease is carried by those of us with “common 

obesity,” which to date has resisted yielding meaningful biological insights.  Progress 

however, has been made with genomewide association studies.  For example, 

sequence variants in the first intron of FTO (Fat mass and Obesity related) are strongly 

associated with human obesity and carriers of the risk alleles show evidence for 

increased appetite and food intake. Further GWAS have now revealed more than 30 

different candidate genes, most of which are highly expressed or known to act in the 

CNS, emphasizing, as in rare monogenic forms of obesity, the role of the brain in 

predisposition to obesity. 
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Non-genetic inheritance of the impact of traumatic stress across generations 

in mice 

 

Isabelle M. Mansuy 

 

Brain Research Institute, University/ETH Zürich, Winterthurerstrasse 190, Zürich, 

Switzerland.  

 

Behavior in mammals is strongly influenced by environmental factors, particularly 

when experienced during early postnatal life. While positive factors can favor proper 

behavioral responses, negative factors such as traumatic events can alter behavior and 

induce diseases like borderline personality disorder, bipolar depression and antisocial 

behaviors. Such disorders are usually marked in the individuals directly exposed but 

can affect their offspring sometimes across several generations. The biological 

mechanisms responsible for the transmission of trauma-induced symptoms from parent 

to offspring are thought to involve non-genetic mechanisms. This talk will present an 

experimental model of early traumatic stress in mice and show evidence for the 

implication of non-genetic mechanisms in the expression and inheritance of the impact 

of such trauma. This mouse model exhibits altered social behaviors, depressive-like 

symptoms, cognitive deficits, and impaired glucose regulation in adulthood. The 

symptoms are pronounced and persist throughout life, but are also transmitted to the 

following offspring across several generations, through both females and males. They 

are associated with epigenetic alterations involving persistent changes in DNA 

methylation at the promoter-associated CpG island of several genes, in the brain of the 

offspring and the germline of their father. Further to DNA methylation, other non-

genetic mechanisms involving regulation by non-coding RNAs and histone 

posttranslational modifications are also involved.  These findings suggest that non-

genetic processes largely contribute to the impact of negative environmental factors in 

early life on adult behavior, and its inheritance. 

 

Acknowledgments: The University Zürich, the Swiss Federal Institute of Technology 

Zürich, the Swiss National Science Foundation, Roche, DOC-fForte.  
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Opportunities and challenges of next generation sequencing in diagnostic 

laboratories 

 

Jean-Baptiste Rivière, France 

 
Fédération Hospitalo-Universitaire Médecine Translationnelle et Anomalies du 

Développement (TRANSLAD), Centre Hospitalier Universitaire de Dijon et Université de 

Bourgogne, Dijon, France 

 
Mendelian disorders are individually rare but collectively frequent, affecting 6 to 8% of 
the population in the course of their lives. Genetic diagnosis is key for the management 
of affected families, with significant implications for genetic counseling, reproductive 
planning and prenatal testing, prognosis, treatment, prevention, and quality of life. 
Although capillary sequencing is currently considered the gold standard for DNA 
sequencing in diagnostic laboratories, it rapidly becomes cost- and time-prohibitive 
when large or multiple genes need to be tested. Next generation sequencing (NGS) 
now allows for the sequencing of gene panels, individual exomes or whole-genomes in 
a cost-effective and timely manner, in addition to enabling new applications such as 
the sensitive detection of somatic mutations, and non-invasive prenatal detection of 
chromosomal anomalies from maternal blood. As the cost of NGS technologies is 
constantly decreasing, it is no longer a barrier to their widespread use in research and 
clinical settings. However, their implementation is complex, requiring significant 
infrastructure and expertise in bioinformatics, biostatistics and genomics. These tests 
also require more collaboration between clinicians and genetics laboratories to enable 
accurate data interpretation and appropriate communication of results to patients. The 
goal of this presentation is to share our experience of the implementation of NGS-
based diagnostic tests for developmental anomalies in a small, regional University 
Hospital (Dijon, France). The implementation, diagnostic rate and utility of whole-
exome sequencing in undiagnosed or genetically heterogeneous disorders, as well as 
the challenges associated with this highly complex test will be discussed. The use of 
ultra-deep targeted sequencing of individual genes for detecting postzygotic mutations 
in mosaic skin disorders, such as PIK3CA in mosaic overgrowth syndromes, will also be 
presented. Finally, our local solutions in terms of informatics infrastructure, and data 
analysis and storage will be discussed. 
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A margebscale study aimed at identifying causative genes for inherited 

predisposition to Crohn's disease. 

 
Yukihide Momozawa, Japan 

 
Center for Integrative Medical Sciences, RIKEN, Japan 

GIGA-R & Faculty of Veterinary Medicine, University of Liège, Belgium 

 

GWAS have mapped hundreds of risk loci for tens of complex diseases, including 

inflammatory bowel disease (IBD). However, for most risk loci the causative genes 

amongst positional candidates remain unknown. 

To aid in the identification of causative genes, we have generated transcriptome data 

for nine IBD-relevant cell-types in more than 350 healthy individuals. We have mapped 

cis- and trans-eQTL in all cell types. We first quantified tissular overlap between eQTL 

as well as their tissue-specific degree of coincidence with IBD risk loci.  

We then used the ensuing eQTL information to pinpoint likely causative genes in known 

risk loci as follows. It is becoming increasingly apparent that a substantial proportion of 

inherited risk is due to regulatory variants that alter the expression profile of the 

causative genes. In such cases, and independently of the number of risk variants 

involved, disease association profile (i.e. the combination of p-values exhibited by all 

variants in a risk locus) and eQTL association profile are bound to be highly correlated 

in the disease-relevant tissue. We have devised and characterized the behavior of 

metrics that measure such correlations. These metrics are made independent of known 

disease-associated coding SNPs mapping to the risk loci of interest. We have used 

these metrics to prioritize candidate genes in the 163 known risk loci associated with 

Crohn’s disease and/or Ulcerative Colitis. eQTL-informed high-throughput resequencing 

of 72 candidates in > 19,000 individuals to confirm their causality is in progress. Latest 

results will be presented. 
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Sharing the load – Clinical Genetics in the 21st century 

 
Susan Fairgrieve 

 

University of Newcastle, Newcastle, UK 

 

The advances in Genetics in the 21st century call for more health professionals to help 

clients and their families deal with the implications of having a genetic diagnosis. 

Genetic Counsellors (GC) are an integral part of the multidisciplinary team approach to 

care in the UK. A GC is a non-medical health professional providing genetic counselling, 

who may also develop expertise in a specific area of genetics. 

There are two pathways to becoming a GC either from a graduate nurse or midwife 

background or a graduate with a first degree in a subject related to genetics and a 

Masters in Genetic counselling. The career pathway starts with a trainee post working 

towards registration.  

The GC helps the individual or family to understand their genetic condition, the genetic 

testing available and provides non-judgemental support to the client through their 

decision making. They are able to spend time with the worried well explaining their 

risks and supporting families who have received a diagnosis of a genetic disorder. The 

GC provides a holistic prospective on the implications of genetic testing. 

The GC carries their own caseload of patients who do not see a clinical geneticist which 

is cost effective. Sharing the load by working in close liaison as a multidisciplinary team 

has benefits for the clinicians, scientific staff and GCs through support, discussion and 

sharing of information. 



Belgian(Society(of(Human(Genetics(  
 

22( Behaviour:(is(it(genetically(determined?(

Am I My Genes? Social and ethical questions regarding behavioral and 

psychiatric genetics 

 

Robert Klitzman 

 

Columbia University Medical Center, New York, USA. 

 

This presentation will examine several critical social and ethical issues concerning 
behavioral and psychiatric genetics. Researchers are seeking, and often finding genetic 
markers associated with complex psychiatric disorders and behavioral traits - from 
depression, schizophrenia and autism, to impulsivity, intelligence, types of athletic 
performance, and homosexuality. Yet these efforts raise several ethical and social 
questions and concerns. Genes associated with psychiatric disorders may potentially 
help prevent, diagnose and treat certain conditions. However, fears of discrimination 
and stigmatization exist, as well as questions about how patients, medical providers, 
health and life insurance companies, institutions (e.g., schools, prisons) and others will 
understand such information. Evidence thus far suggests that many of these diagnoses 
and behavioral traits are highly complex, possibly involving multiple genes - each 
contributing to, or preventing such mental phenomena to small degrees - along with 
various environmental and experiential factors. Misunderstandings are also common 
concerning genetics, genetic tests, and statistics. Recent research I have conducted 
with colleagues suggests that large numbers of psychiatrists and neurologists have a 
wide range of views concerning the genetic predictability of these phenomena, and 
most feel needs for more information and training about genetics. Genetic associations 
concerning mental phenomena may also affect individuals' reproductive decision-
making. Preimplantation genetic diagnosis (or PGD) allows prospective parents to 
screen embryos for various genes, including potentially those associated to varying 
degrees with psychiatric and behavioral phenomena. Non-invasive prenatal diagnosis 
(or NIPD) can also reveal the whole genome of the fetus, including genetic markers 
associated with mental phenomena. Questions arise of whether these procedures 
should be used to screen for these genetic markers, and if so, for which. Recent 
research by Appelbaum et al. also suggests that information about the presence of 
such genes in criminal defendants may affect jury's decisions concerning guilt and 
sentencing. Research on these potential genetic contributions to these mental and 
behavior phenomena thus pose complex questions about definitions of "cause" and 
"causality". This presentation will thus examine these and related social and their 
ethical questions their broad implications. 
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Selected Oral Presentations 
By Young Investigators 
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O1: From Whole Exome Sequencing to Functional Studies in Syndromic Microcephaly: 
Using Zebrafish for Variant Testing 
 
Francesca Cristofoli1, Erica E. Davis2, Koen Devriendt3, Hilde Peeters3, Hilde Van Esch3 & Joris R. 
Vermeesch4 
 
1 Laboratory for Cytogenetics and Genome Research, KU Leuven 
2 Center for Human Disease Modeling, Duke University, Durham (NC) 
3 Center for Human Genetics, UZ Leuven 
4 Laboratory for Cytogenetics and Genome Research, KU Leuven - Center for Human Genetics, 
UZ Leuven 
 
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 mental retardation. 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 remaining 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 mRNA overexpression experiments unexpectedly 
showed a slight head area increase. Our cohort was enriched with patients displaying de novo 
mutations in CASK, responsible for an X-linked syndrome of MC and pontocerebellar hypoplasia. 
CASK morphants displayed a pronounced head size reduction, while anti-acetylated tubulin 
staining revealed prominent cerebellar abnormalities. For both genes, rescue experiments and 
further functional assays are pending. 
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O2: Profiling of upstream enhancers of SHOX in idiopathic short stature and functional 
characterization of the cis-regulatory landscape of SHOX 
 
Hannah Verdin1, Ana Fernández-Miñán2, Sara Benito-Sanz3, Kim De Leeneer1, Liza Borms1, 
Sandra Janssens1, Bert Callewaert1, Fransiska Malfait1, Ariana Kariminejad4, Michaela Maes5, 
Kathleen De Waele5, Jean De Schepper5, Inge François6, Annelies Dheedene1, Björn Menten1, 
Karen E. Heath3, José Luis Gómez-Skarmeta2 & Elfride De Baere1 
 
1 Center for Medical Genetics Ghent, Ghent University, Ghent, Belgium 
2 Centro Andaluz de Biología del Desarrollo, Universidad Pablo de Olavide, Sevilla, Spain 
3 INGEMM, Hospital Universitario La Paz, Universidad Autónoma de Madrid, IdiPAZ, Spain 
4 Kariminejad-Najmabadi Pathology & Genetics Center, Shahrak Gharb, Tehran, Iran 
5 Department of Pediatrics, Ghent University Hospital, Ghent, Belgium 
6 Department of Pediatric Endocrinology, University Hospitals Leuven, Leuven, Belgium 
 
SHOX mutations and deletions of the downstream regulatory region have been reported in 
cases with idiopathic short stature (ISS) and Leri-Weill dyschondrosteosis (LWD). Recently, a 
deletion and duplication of upstream enhancers have been described in ISS. Here, we aimed to 
evaluate the contribution of upstream copy number variations (CNVs) to the pathogenesis of 
ISS, and to functionally characterize the chromatin architecture of the upstream cis-regulatory 
landscape of SHOX.  
 
CNV analysis of three upstream conserved non-coding elements (CNEs) CNE-5, CNE-3 and CNE-
2 in 501 ISS referrals with no established molecular diagnosis revealed two deletions and one 
duplication. To characterize the chromatin interaction profile of the SHOX region, chromosome 
conformation capture assays (3C and 4C-seq) were performed in chicken embryo limb buds, 
revealing interactions of the upstream CNEs with the Shox promoter. Enhancer activity of the 
upstream CNEs was corroborated by luciferase assays in human osteosarcoma U2OS cells and 
by H3K27ac ChIP-seq marks in human embryonic limb buds. The 4C-seq interaction map and 
H3K27ac marks indicated that the cis-regulatory landscape of SHOX encompasses 1 Mb, 
suggesting additional cis-regulatory elements controlling SHOX. 
 
In conclusion, we showed that upstream CNVs of SHOX are rare in ISS and have incomplete 
penetrance. Chromatin interactions in chicken limb buds, luciferase assays in U2OS cells and 
H3K27ac marks in human limb buds further support acis-regulatory and enhancer role of the 
upstream CNEs. Finally, we demonstrated that the cis-regulatory landscape of SHOX is larger 
than previously anticipated, which has potential impact on genetic testing of the SHOX region. 



Belgian(Society(of(Human(Genetics(  
 

26( Behaviour:(is(it(genetically(determined?(

O3: SF3B2, a novel candidate gene for autosomal dominant retinitis pigmentosa, 
encodes a component of the U2 small nuclear ribonucleoprotein 
 
Caroline Van Cauwenbergh1, Kris Vleminckx2, Frauke Coppieters1, Marcus Karlstetter3, Thomas 
Langmann3, Gaël Manes4, Christian P. Hamel4, Bart P. Leroy5 & Elfride De Baere1 
 
1 Center for Medical Genetics, Ghent University, Ghent, Belgium 
2 Department of Biomedical Molecular Biology, Ghent University, Ghent, Belgium 
3 Department of Ophthalmology, University of Cologne, Cologne, Germany 
4 INM -Institut des Neurosciences de Montpellier Hôpital Saint-Eloi, INSERM U1051, Montpellier, 
France 
5 Dept of Ophthalmology, Ghent University Hospital, Center for Medical Genetics, Ghent, 
Belgium 
 
Purpose: Identification and functional characterisation of a novel candidate gene for autosomal 
dominant retinitis pigmentosa (adRP). 
 
Methods: Five affected individuals of a Belgian adRP family in which known adRP loci were 
excluded, were enrolled. They underwent genome-wide (GW) linkage analysis (BeadChip, 
Illumina). Whole exome sequencing was carried out in two affected individuals (HiSeq, Illumina; 
CLC bio). Targeted resequencing of SF3B2 was performed (Miseq, Illumina) in 472 unrelated 
adRP patients. SF3B2 expression was tested using a commercial cDNA panel. Localisation 
studies were carried out in 661W mouse cells using commercial anti-SF3B2 antibodies. SF3B2 
knockdown in Xenopus was done using targeted injection of a splicing blocking morpholino (MO) 
(GeneTools). 
 
Results: GW linkage analysis revealed two novel candidate loci with a maximum LOD score of 
1.7. In the 11q13 region, a missense variant c.2417A>G p.(Tyr806Cys) was found in the SF3B2 
gene encoding the splicing factor 3b, subunit 2. The Tyr residue is highly conserved, the 
Grantham distance between Tyr and Cys is 194, predictions suggest an effect on protein 
function. The change is predicted to disrupt a phosphorylation site. The variant cosegregates 
with adRP and is absent in 300 controls. No additional mutations were found in a large adRP 
cohort. Ubiquitous expression of SF3B2 was demonstrated in human tissues, including retina 
and RPE, and showed gross developmental anomalies affecting the retina. Rescue experiments 
are ongoing. 
 
Conclusions: SF3B2 was identified as a novel candidate gene for adRP. SF3B2 is required for 
binding of the U2 small nuclear ribonucleoprotein (snRNP) to the branch point and is involved in 
early spliceosome assembly. Interestingly, protein-protein interactions have been identified 
between SF3B2, SNRNP200 and PRPF8, the latter being two proteins implicated in adRP. So far, 
of the seven known adRP genes involved in splicing, six encode components of the U4/U6-U5 
triple small nuclear ribonucleoprotein (tri-snRNP) complex. Our study potentially involves other 
components of the spliceosome apart from the tri-snRNP complex in adRP. 
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O4: Human USP18 Deficiency Leads to Type I interferon-mediated Brain Damage, and 
Perinatal Demise 
 
Marije E. Meuwissen1, Rachel Schot1, Gretel Oudesluijs1, Sigrid Tinchert2, Leontine van Unen1, 
Daphne Heijsman3, Maarten H. Lequin4, Max Kros5, Rob Willemsen1, Rutger Brouwer6, Wilfred 
van IJcken6, Rene de Coo7, Jeroen Dudink8, Aida Bertoli Avella1, Frans Verheijen1 & Grazia M. 
Mancini1 
 
1 Dept. of Clinical Genetics, Erasmus University Medical Center, Rotterdam, The Netherlands 
2 Medizinische Fakultät Carl Gustav Carus, Technische Universität Dresden, Dresden, Germany and Divisi 
3 Dept. of Bioinformatics, Erasmus University Medical Center, Rotterdam, The Netherlands  
4 Dept. of Radiology, Erasmus University Medical Center, Rotterdam, The Netherlands 
5 Dept. of Pathology, Erasmus University Medical Center, Rotterdam, The Netherlands 
6 Biomics Core, Erasmus University Medical Center, Rotterdam, The Netherlands 
7 Dept. of Child Neurology, Erasmus University Medical Center, Rotterdam, The Netherlands 
8 Dept. of Neonatology, Erasmus University Medical Center, Rotterdam, The Netherlands  
 
BACKGROUND Pseudo-TORCH syndrome (PTS) is characterized by microcephaly, cerebral and 
cerebellar atrophy, enlarged ventricles and cerebral calcification and is sometimes associated 
with systemic features, resembling the sequelae of congenital infection, albeit in the absence of 
an infectious agent. These features can be seen in some cases of Aicardi-Goutières syndrome 
(AGS), a well-described type I interferonopathy. In AGS, an defective removal of endogenous 
nucleic acid, or constitutive activity of nucleic acid sensing, causes systemic activation of the 
type 1 interferon loop and increased expression of type 1 interferon stimulated genes (ISGs), 
commonly referred as an interferon signature, both in cerebrospinal fluid and in peripheral 
blood mononuclear cells. Many cases of PTS do not harbour mutations in known AGS-associated 
genes.  
 
METHODS We studied five patients from two unrelated families conforming to the clinical 
diagnosis of PTS, characterised by severe cerebral hemorrhage and brain damage leading to 
perinatal demise. In addition to detailed clinical evaluation, we performed post-mortem brain 
electronmicroscopy and genomic, molecular and biochemical analysis in primary patient 
fibroblasts. 
 
RESULTS We identified loss-of-expression and loss-of-function mutations in USP18 leading to an 
autosomal recessive PTS mediated through an autoinflammation of the brain. Histology of brain 
autopsy material demonstrated features of features similar to congenital infections such as 
caused by cytomegalovirus and lymphocytic choriomeningitis including dystrophic calcification 
and polymicrogyria, suggesting an early detrimental effect on brain development. USP18 is a 
potent negative regulator of the type I interferon response. Mechanistically, we observed an 
exacerbated type 1 interferon response in patient fibroblasts with augmented ISG levels, 
constituting a cellular type 1 interferon signature.  
 
CONCLUSIONS Our findings demonstrate that USP18 deficiency causes a severe type I 
interferon-mediated disorder, thereby defining a novel genetic etiology of PTS. Phenotypic 
overlap with congenital infection highlights the fact that damage secondary to in utero infection 
may be as much induced by the host anti-viral response as by the infective agent per se. 
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O5: Lymphatic malformations are caused by somatic activating mutations in PIK3CA 
 
Matthieu J. Schlögel1, Elodie Fastré1, Pascal Brouillard1, Marc Hamoir2, Laurence M. Boon3, 
Raphaël Helaers1 & Miikka Vikkula4 
 
1 Human Molecular Genetics, de Duve Institute, UCL. 
2 Oto-rhino-laryngologie, Cliniques universitaires St Luc, Université catholique de Louvain, 
Brussels, 
3 Center for Vascular Anomalies, Cliniques universitaires St Luc, Université catholique de 
Louvain, Br 
4 Human Molecular Genetics, de Duve Institute, UCL & WELBIO 
 
Lymphatic malformations (LMs) are congenital, localized, cystic lesions that slowly develop with 
the growth of the child. Treatments are limited to sclerotherapy, surgical resection and 
debulking. LMs are usually sporadic. Their etiopathogenesis has remained unknown. In 
syndromic patients with congenital lipomatous overgrowth, vascular malformations, epidermal 
nevi, and skeletal/spinal abnormalities (CLOVES), somatic activating mutations were identified 
in PIK3CA. We wanted to test, if PIK3CA is also involved in LMs. 
 
We screened lymphatic malformations resected from 73 non-syndromic patients. We used 
targeted next-generation sequencing (Ion Torrent). 12 samples were run in parallel to reach a 
depth to identify mutant alleles in as low as 0,5% frequency. Mean depth was 2682x. We found 
a hot-spot mutation in 80% of patients (59/73): 21 E542K mutations, 17 E545K mutations, 13 
H1047R mutations and 8 others. Mutations in the helical domain accounted for 64% of the 
mutations found. The same amino acid substitutions are found in cancers, with activation of 
PIK3CA. 
 
Mutant allele frequency was sometimes only 1%. Since the phenotype differs from CLOVES, we 
assume that in LMs, the somatic mutation appears later in development and in a more 
restricted number of cells, possibly exclusively in lymphatic endothelial cells. The high 
frequency of mutations identified suggests that LMs are mainly caused by PIK3CA mutations. As 
LMs do not transform into cancer, these data also demonstrate that activating PIK3CA 
mutations alone cannot be the only cause of malignancy. 
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O6: An augmented ABCA4 screen targeting non-coding regions reveals a deep intronic 
founder causal variant in Belgian Stargardt patients 
 
Miriam Bauwens1, Julie De Zaeytijd2, Nicole Weisschuh3, Susanne Kohl3, Françoise Meire4, Karin 
Dahan5, Fanny Depasse4, Sarah De Jaegere1, Thomy De Ravel6, Marjan De Rademaeker7, Bart 
Loeys8, Frauke Coppieters1, Bart P. Leroy2 & Elfride De Baere1 
 
1 Center for Medical Genetics, Ghent University and Ghent University Hospital, Ghent 
2 Department of Ophthalmology, Ghent University Hospital, Ghent, Belgium 
3 Molecular Genetics Laboratory, Institute for Ophthalmic Research, Centre for Ophthalmology, Universi 
4 Department of Ophthalmology, Queen Fabiola Children’s University Hospital, Brussels, Belgium 
5 Centre de génétique humaine. Institut de Pathologie et de Génétique, Gosselies, Belgium 
6 Center for Human Genetics, Leuven University Hospitals, Leuven, Belgium 
7 Center for Medical Genetics, Free University of Brussels, Belgium 
8 Center for Medical Genetics, University of Antwerp and Antwerp University Hospital, Antwerp, Belgium 
 
Purpose: Autosomal recessive Stargardt disease (STGD1) is hallmarked by a large proportion of 
patients with a single heterozygous causative variant in the disease gene ABCA4. Braun et al. 
(2013) reported deep intronic variants of ABCA4, prompting us to perform an augmented 
screen in 131 Belgian STGD1 patients with one or no ABCA4 variant to uncover deep intronic 
causal ABCA4 variants. 
 
Methods: All 131 prescreened patients underwent targeted resequencing of four deep intronic 
ABCA4 regions using next-generation sequencing (NGS) (Miseq, Illumina). Haplotype analysis 
was performed on patients with variant c.4539+2001G>A (known as V4) and family members. 
Analysis and comparison of clinical and molecular data allowed us to establish phenotype-
genotype correlations of V4. Data analysis was performed with CLC Bio. Filtering of noncoding 
variants was based on criteria such as minor allele frequency, conservation score, splicing 
predictions and regulatory potential.The cohort without an identified second mutation currently 
undergoes targeted NGS with a customized Haloplex panel that includes the entire ABCA4 gene 
and its regulatory domain, and the entire genomic regions of BEST1, RDH12 and PRPH2.  
 
Results: Our augmented screen revealed a second variant in 28.6% of cases. Twenty-six 
percent of these carry the same causal variant V4. Haplotyping in V4 carriers showed a 
common region of 63 kb, suggestive of a founder mutation. Genotype-phenotype correlations 
indicate a moderate-to-severe impact of V4 on the STGD1 phenotype. The remaining patients in 
whom no second ABCA4 mutation was identified undergo NGS of the entire genomic regions of 
ABCA4, BEST1, RDH12 and PRPH2, some of which are regulatory regions (~ 500 kb in total). 
Preliminary sequence data of five patients show that the standard filtering yields approximately 
130 variants per patient that require further investigation. 
 
Conclusions: Causal variant V4 occurs in a high fraction of Belgian STGD1 patients and 
represents the first deep intronic founder mutation in ABCA4. This emphasizes the importance 
of augmented molecular genetic testing of ABCA4 in Belgian STGD1 patients. Finally, more 
extensive resequencing in the remainder of the STGD1 patients without an identified second 
ABCA4 mutation, will allow us to identify novel deep intronic and non-coding mutations and to 
establish a more definite molecular diagnosis. 
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O7: A zebrafish model for Bruck Syndrome caused by PLOD2 mutations 
 
Charlotte A. Gistelinck1, Andy Willaert2, Pascal Simoens2, Sofie Symoens2, Eckhard P. Witten3, 
Ann Huysseune3, Christian Van Hove4, Fransiska Malfait2, Anne De Paepe2 & Paul J. Coucke2 
 
1 Center for Medical Genetics Ghent, University Ghent, Ghent, Belgium  
2 Center for Medical Genetics Ghent, University Ghent, Ghent, Belgium 
3 Biology Department, Ghent University, Ghent, Belgium 
4 Department of Electronics and information systems, University Ghent, Ghent, Belgium 
 
Bruck syndrome, a disorder caused by recessive mutations in either PLOD2 or FKBP10, is 
characterized by contractures and bone fractures and shows strong clinical overlap with 
Osteogenesis Imperfecta (OI). Animal models for OI are indispensable for unraveling molecular 
mechanisms in OI pathogenesis. The zebrafish was recently shown to be a useful vertebrate 
organism to model OI both at the phenotypic and molecular level. Zebrafish mutants that model 
OI display generalized reduced bone density and misshapen bones with evidence of fractures. 
Although the molecular role of PLOD2 has been documented, no animal models for Bruck 
syndrome, caused by PLOD2 mutations, have been reported. To elucidate the function of PLOD2 
in vertebrate skeletal development, zebrafish harbouring a homozygous plod2 nonsense 
mutation were phenotyped using µCT scanning, alizarin red staining for bone, toluidine blue 
staining and ultra-thin sectioning. Mutants presented with a shortened body axis and malformed 
craniofacial structures. The skeleton was severely affected with evidence of bone fragility and 
fractures, bowing and kinking of the ribs and fin bones. The vertebral column was scoliotic with 
compressed vertebrae and excessive periosteal bone formation at the vertebral end plates. The 
observed phenotype is concordant with the clinical findings detected in Bruck Syndrome 
patients. Therefore, the plod2 zebrafish mutant is a promising model for elucidation of the 
underlying pathogenetic mechanisms leading to Bruck Syndrome. 
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O8: Exome Sequencing and Linkage Analysis as Tools in solving an Uncommon 
Cardiomyopathy in a Small Family. 
 
Jacoba J. Louw1, Celine Verdoodt2, Anniek Corveleyn2, Yaojuan Jia2, Marc Gewillig1, Hilde 
Peeters1 & Koenraad Devriendt1 
 
1 University Hospitals Leuven, Leuven, Belgium; Katholieke Universiteit Leuven, Leuven, 
Belgium 
2 Katholieke Universiteit Leuven, Leuven, Belgium 
 
Introduction: We present a small family with three siblings of which two are affected by an 
uncommon and lethal cardiomyopathy, i.e. restrictive cardiomyopathy of the right ventricle. The 
parents are non-consanguineous of Caucasian descent. An autosomal recessive hypothesis is 
most likely, as this is a very rare and unique phenotype, occuring in a male and female sibling. 
Analysis using linkage analysis and exome sequencing was performed.  
 
Methods: Genomewide parametric linkage analysis was performed, SNP typing platform was 
used in a recessive model. Genotyping was done in parents and both the unaffected and 
affected siblings. Exome sequencing analysis was performed. Data analysis was done using 
commercial and in-house developed software. Only variants in genes from the linkage regions 
were retained. All homozygous calls were excluded in the parents and the unaffected sibling, 
reference calls were excluded in the affected siblings. Only exonic and splicing variants were 
included, synonymous variants were excluded. Variants occurring with a frequency of <1% in 
the 1000 genomes project or with an unknown frequency were included. 
 
Results: After variant filtering, candidate genes were identified in the linkage regions with 
homozygous mutations in the patients, inherited from both parents, and for which the 
unaffected sibling is heterozygous or reference. One candidate gene was identified using 
functional data and genotypephenotype correlations. Results were confirmed by Sanger 
sequencing. 
 
We identified two compound heterozygous variants in the KIF20A as the most likely cause. 
Further functional studies were performed showing increased multiploidy segregation patterns 
and demonstrating delayed cell growth with lowered transcription and protein steady-state 
levels. 
 
Conclusions: Linkage analysis combined with exome sequencing identified two compound 
heterozygous variants in KIF20A. This has never been described in literature. This further 
illustrates the role of KIF20A in cytokinesis. Reaching a genetic diagnosis in rare disorders 
remains a challenge. We illustrate that even in a small family with only two affected individuals, 
the identification of the underlying mutation is feasible, using a combination of the sophisticated 
genetic tools. 
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O9: Unraveling the mechanistic origin of chromoanasynthesis. 
 
Heleen Masset1, Luc Dehaspe2, Matthew S. Hestand1 & Joris R. Vermeesch1 
 
1 Department of Human Genetics, KU Leuven, Belgium 
2 Genomics Core, UZ Leuven, Belgium 
 
Chromothripsis is the phenomenon by which tens of clustered chromosomal gains and losses 
occurred in a single event in localised and confined genomic regions. The phenomenon is well 
known in cancer and is occasionally observed in constitutional disorders. During copy number 
variation screens by comparative genomic hybridization of patients with congenital disorders we 
identified four individuals with only clustered gains but no losses, a pattern reminiscent to but 
different from chromothripsis and coined chromoanasynthesis. To characterize these complex 
chromosomal rearrangements and uncover the mechanism of origin, both Illumina short read 
and PacBio long read sequencing was performed. All copy number gains detected by aCGH were 
identified by sequencing and several of the breakpoints could be mapped. FISH using BACs of 
the duplicated regions, PCR over those breakpoints and Sanger sequencing of the PCR products 
reveal the location of the gains as well as the repair signatures. This analysis is revealing a 
complex pattern of chromosomal rearrangements generated by a novel repair process. 
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O10: Mutations in a TGFβ ligand, TGFB3, cause syndromic aortic aneurysms and 
dissections 
 
Elyssa Cannaerts1, Aida Bertoli-Avella2, Elisabeth Gillis1, Hiroko Morisaki3, Judith Verhagen2, 
Gerarda van de Beek1, Elena Gallo4, Koen Devriendt5, Inez Rodrigus6, Marlies Kempers7, Johan 
Saenen8, Emeline Van Craenenbroeck8, Ingrid van de Laar2, Harry Dietz4, Lut Van Laer1, 
Takayuki Morisaki3, Marja Wessels2 & Bart Loeys1 
 
1 Center of Medical Genetics, University of Antwerp and Antwerp University Hospital, Antwerp, 
Belgium 
2 Department of Clinical Genetics, Erasmus University Medical Center, Rotterdam, the 
Netherlands 
3 National Cerebral and Cardiovascular Center, Suita, Osaka, Japan 
4 Johns Hopkins University School of Medicine, Baltimore, USA 
5 Center for Human Genetics, Leuven, Belgium 
6 Department of Cardiac Surgery, Antwerp University Hospital, Antwerp, Belgium 
7 Department of Human Genetics, Radboud University Medical Center, Nijmegen, the 
Netherlands 
8 Department of Cardiology, University Hospital Antwerp, Antwerp, Belgium 
 
Aneurysms affecting the aorta are a common condition associated with high mortality due to 
aortic dissection or rupture. Investigations of the pathogenic mechanisms involved in syndromic 
types of thoracic aortic aneurysms such as Marfan and Loeys-Dietz syndromes, have revealed 
an important contribution of disturbed TGFβ signaling.  
 
We combined genome wide linkage analysis, exome sequencing and candidate gene Sanger 
sequencing in a total of 470 index cases with thoracic aortic aneurysms.  
 
Here we report on 43 patients from 11 families with syndromic presentations of aortic aneurysm 
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 aortic dissection and mitral valve disease. Other systemic features overlap 
clinically with Loeys-Dietz, Shprintzen-Goldberg and Marfan syndrome and include cleft palate, 
bifid uvula, skeletal overgrowth, cervical spine instability and club foot. 
 
In line with previous observations in aortic wall tissues of patients with mutations in effectors of 
TGFβ signaling (TGFBR1/2, SMAD3 and TGFB2), we confirm a paradoxical upregulation of 
canonical and non-canonical TGFβ signaling in association with upregulation of expression of 
TGFβ ligands. These findings underscore the high clinical variability associated with TGFB3 
mutations and highlight the importance of early recognition of the disease due to cardiovascular 
risk.  
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O11: Single-cell genome sequencing to characterize chromosome instability in human 
cleavage stage embryos  
 
Niels Van der Aa1, Elia Fernandez Gallardo2, Celina Szanto1, Masoud Zamani Esteki1, Parveen 
Kumar1, Eftychia Dimitriadou3, Koen Theunis1, Sophie Debrock2, Diane De Neubourg2, Thomas 
D'Hooghe2, Joris R. Vermeesch3 & Thierry Voet1 
 
1 KU Laboratory of Reproductive Genomics, Department of Human Genetics, KU Leuven, 
Belgium  
2 Leuven University Fertility Centre, Department of Obstetrics and Gynaecology, UZ Leuven, 
Belgium 
3 Laboratory for Cytogenetics and Genome Research, Department of Human Genetics, KU 
Leuven, Belgium 
 
Chromosome instability (CIN) is common in human cleavage stage embryos following in vitro 
fertilization. DNA copy number analysis of single human blastomeres using microarrays has 
revealed frequent missegregations and structural rearrangements of chromosomes in the 
embryo, however the entire spectrum of DNA mutation as well as the mechanisms involved 
remain largely unknown. Here, we applied single-cell genome sequencing to all available 
individual blastomeres of 13 human cleavage stage embryos, of which 6 were followed by live-
cell imaging since fertilization. We discover novel natures of chromosome rearrangement 
including interstitial (submicroscopic) copy number variants, as well as novel mechanisms of 
CIN including absorption of a polar body by a blastomere with subsequent vast chromosomal 
rearrangement following division of the blastomere. In addition, we deliver unambiguous proof 
for the occurrence of breakage fusion bridge cycles, a mechanism of chromosome 
rearrangement frequently observed in cancer, in the first cell cycles of human life. 
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O12: Identification of markers predictive for malignant behavior of 
pheochromocytomas and paragangliomas 
 
Lucie Evenepoel1, Francien H. van Nederveen2, Lindsey Oudijk3, Thomas G. Papathomas3, David 
F. Restuccia3, Eric J. Belt4, Gaston J. Franssen4, Richard A. Feelders5, Suzanne van Eeden6, 
Henri Timmers7, Wouter W. de Herder5, Selda Aydin8, Miikka Vikkula1, Ronald R. de Krijger9, 
Winand N. Dinjens3, Alexandre Persu10 & Esther Korpershoek3 
 
1 Human Molecular Genetics, de Duve Institute, UCL 
2 Laboratory for Pathology, PAL Dordrecht, Dordrecht, The Netherlands 
3 Department of Pathology, Erasmus MC Cancer Institute, Rotterdam, The Netherlands 
4 Department of Surgery, Erasmus MC Cancer Institute, Rotterdam, The Netherlands 
5 Internal Medicine, Erasmus MC Cancer Institute, Rotterdam, The Netherlands 
6 Department of Pathology, Academic Medical Center, Amsterdam, The Netherlands 
7 Department of Human Genetics, Radboud University Nijmegen Medical Centre, Nijmegen, The 
Netherlands 
8 Department of Pathology, Cliniques universitaires Saint Luc, UCL 
9 Department of Pathology, Reinier de Graaf Hospital, Delft, The Netherlands 
10 Pole of Cardiovascular Research, Institut de Recherche Expérimentale et Clinique, UCL 
 
Pheochromocytomas and paragangliomas (PPGL) are relatively rare and mostly benign tumours. 
Approximately 10% of PPGL are malignant, as defined by the presence of metastases, i.e 
chromaffin tissue at a location that usually does not contain chromaffin cells. However, up to 
35% of tumours in patients carrying an SDHB mutation appears to be malignant. Nowadays, no 
reliable marker allows to predict whether a PPGL is, or will become malignant. In addition, there 
are no curative treatments if metastases occur. In order to identify genetic markers allowing to 
distinguish benign from malignant tumours, 40 benign and 12 malignant PPGL were 
investigated for differences in mRNA expression with Affymetrix arrays. Expression data were 
normalized according to Affymetrix recommendations. Then, using Pomelo II 
(http://pomelo2.bioinfo.cnio.es/), a Limma t-test was performed, to assess which genes were 
differentially expressed between benign and malignant PPGL. First, a non-clustered analysis was 
performed and 10 genes with a False Discovery Rate (FDR) below 0.05 and a relative 
overexpression ratio of at least 4 were found, including Interleukin 13 Receptor α 2 (IL13RA2) 
and Monooxygenase DBH-like 1 (MOXD1). Secondly, a supervised cluster analysis was 
performed (based on HIF target genes), resulting in 2 groups, which were both investigated for 
differences in mRNA expression between benign and malignant tumours. Five genes showed an 
FDR below 0.01 and were overexpressed in malignant tumours with a ratio higher than 4, 
including Contactin 4 (CNTN4), Iroquois Homeobox 3 (IRX3), and Sulfatase 2 (SULF2). These 
genes were further investigated using qRT-PCR, and immunohistochemistry on Tissue Micro 
Array including 91 benign and 12 malignant PPGL. Significant overexpression of Contactin 4 was 
shown in malignant compared to benign tumours, and may therefore contribute to distinguish 
malignant from benign PPGL. 
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O13: NGS-Logistics: Federated analysis of NGS sequence variants across multiple 
locations 
 
Amin Ardeshirdavani1, Erika Souche 2, Luc Dehaspe 2, Jeroen Van Houdt 2, Joris Vermeesch2 & 
Yves Moreau 1 
 
1 KU Leuven, ESAT, STADIUS. iMinds Medical IT Department. Belgium 
2 KU Leuven, Center of Human Genetics 
 
As many personal genomes are being sequenced, collaborative analysis of those genomes has 
become essential. However, analysis of personal genomic data raises important privacy and 
confidentiality issues. We propose a methodology for federated analysis of sequence variants 
from personal genomes. Specific base-pair positions and/or regions are queried for samples to 
which the user has access but also for the whole population. The statistics results do not breach 
data confidentiality but allow further exploration of the data; researchers can negotiate access 
to relevant samples through pseudonymous identifier. This approach minimizes the impact on 
data confidentiality while enabling powerful data analysis by gaining access to important rare 
samples. Our methodology is implemented in an open source tool called NGS-Logistics, freely 
available at https://ngsl.esat.kuleuven.be. 
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O14: DIDA: A FIRST DATABASE OF DIGENIC DISEASES 
 
Andrea Gazzo1, Dorien Daneels2, Guillaume Smits1, Sonia Van Dooren2, Maryse Bonduelle2, Elisa 
Cilia1 & Tom Lenaerts1 
 
1 Interuniversity Institute of Bioinformatics in Brussels, ULB-VUB, La Plaine Campus, Belgium 
2 Center for Medical Genetics, Universitair Ziekenhuis Brussel, Belgium 
 
A genetic disorder is a disease triggered by a change within the DNA, which may be caused by a 
mutation in a single gene (monogenic), by mutations in multiple genes (oligo or polygenic) or 
by damage to large portions of a chromosome. Although many disease-related genetic 
mutations databases exist, no effort is made to organize the data so that one can investigate 
oligo- and polygenic nature of diseases. Nevertheless, research has shown that many disorders 
considered monogenic may be better described by more complex inheritance mechanisms. 
Inheritance models with imperfect genotype-phenotype correlation, which are considered as 
reduced penetrance in monogenic disorders, may be better explained by a digenic disease (DD) 
model. This modelling problem pinpoints the need to develop new databases and services 
focused on complex inheritance models, starting from the poorly understood oligogenic 
diseases. This is an ambitious goal since it is not possible to retrieve records regarding 
oligogenic diseases from existing biomedical databases. Even the simplest information 
concerning the combinations of variants, responsible for the development of a disease, is often 
not available. This underlines the necessity to develop ex-novo an oligogenic-centered 
database, where the initial focus should be first in DD. 

Here we present DIDA (DIgenic DAtabase): a manually curated database collecting DD 
instances, which provides a resource for any future analysis in di- and oligogenic diseases. 

DIDA was created by collecting all the DD data published in literature until now. We mined 
manually the medical literature to ensure the high quality of this ex novo DD variant database. 
For every article describing patients affected by a disease explained with a DD inheritance 
model, we annotated causative mutation-pairs, enriching every instance with different features. 
These features include coordinates of the mutations, gene names, disease name, inheritance 
model, symptoms, digenic effect (influence on severity, age onset, or 'on/off' situation) and 
additional notes (e.g. comparison with other patients, replication of the study, etc.). In addition, 
annotations have been mapped onto domain ontologies (e.g. HPO) and three types of mutation-
coordinates have been integrated (genomic, exomic, and proteomic). Finally, additional 
information about the mutations and involved genes were collected for later analysis from 
external databases like dbNSFP. These data provide insights into the biomolecular relationships 
between the gene-pairs associated with certain diseases and the loci of the genes within the 
genome, enhancing recent studies. 

DIDA is a novel database of known variants-pairs involved in different DD: it represents a first 
systematic effort in collecting information related to DD in a single repository. As such, this 
database is the basis for understanding how the combined interplay and weight of variants 
leads to disease, which in turn may provide novel insights into diseases classically considered 
monogenic. 

DIDA will have a clear impact on the future of the research on DD (clinical diagnosis, 
benchmarking of bioinformatics tools, etc.), it is available to the research community and we 
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are currently working on a user-friendly web-interface that will allow extracting tailored 
information. 
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O15: Large-scale single-molecule sequencing of tandem repeats on the human X 
chromosome 
 
Alena Zablotskaya1, Greet Peeters1, Wim I. M. Meert2, Kevin J. Verstrepen3, Guy Froyen4 & Joris 
R. Vermeesch1 
 
1 Lab for Cytogenetics and Genome Research, Center for Human Genetics, KU Leuven, 3000 
Leuven, Belgium 
2 Center for Human Genetics & Genomics Core, UZ Leuven, KU Leuven, 3000 Leuven, Belgium 
3 VIB lab for Systems Biology & CMPG Lab for Genetics and Genomics, KU Leuven, 3001 
Leuven, Belgium 
4 Center for Human Genetics, KU Leuven, 3000 Leuven, 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. Variation in these repeats can alter the function and/or 
expression of genes allowing 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 developed 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) potentially 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 
variation underlying X-linked disorders that are not explained following array and exome 
sequencing. 



Belgian(Society(of(Human(Genetics(  
 

40( Behaviour:(is(it(genetically(determined?(

O16: Clinical Implementation of NIPT – Results from 4000 pregnancies 
 
Nathalie Brison, Paul D. Brady, Kris Van Den Bogaert, Thomy de Ravel, Hilde Peeters, Hilde Van 
Esch, Koen Devriendt, Eric Legius & Joris R. Vermeesch 
 
Centre for Human Genetics, KU Leuven 
 
Non-invasive prenatal testing (NIPT) for fetal aneuploidy detection is increasingly 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 introduced an analysis pipeline which addresses some of the technical as well as the 
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. 
 
In addition to detection of the common autosomal aneuploidies in pregnancies at high risk, we 
also detect common aneuploidies in the low risk group. Furthermore, values indicative for 
trisomy were also observed for other chromosomes, as were segmental imbalances. Two of the 
trisomies were confirmed to be mosaic, one of which contained a uniparental disomy cell line. 
Since placental trisomies pose a risk for low grade fetal mosaicism as well as uniparental 
disomy, we propose that genome wide non-invasive aneuploidy detection is improving prenatal 
management. 
 
Following routine clinical analysis of over 4000 prospective pregnancies we found test failure 
rates of only 0.6% upon first sampling (due to poor quality) and a success rate upon resampling 
of 82.6%. In 4 cases a poor quality score was observed upon second sampling, suggestive of a 
biological cause. One of those pregnant women with reproducible abnormal NIPT results 
received a follow-up MRI investigation which revealed a mediastinal mass. Subsequent 
cytogenetic investigations of biopsied material allowed for diagnosis of early-stage nodular 
sclerosis Hodgkin lymphoma (NSHL) in the pregnant woman. We show that a genome-wide 
analysis can lead to a better clinical management. 
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P1: From Sanger to NGS: a rapid, cheap, easy and efficient move to Next Generation 
Sequencing. 
 
Karin Segers, Amaury Bynens & Vincent Bours 
 
Human Genetics, CHU, Liège 
 
Development of Bench sequencer for Next Generation Sequencing allows laboratories to access 
this revolutionary technology for common diagnostic analysis. Preparation of libraries and/or 
development of panels are however still time-consuming and/or expensive. 
In order to avoid design of expansive panels or use of commercial kits, we implement our usual 
PCR dedicated to Sanger sequencing for NGS sequencing on the Miseq. For this purpose, we 
adapted our pcr-primers by addition of sequences complementary to the Universal primers of 
Multiplicom. These universal primers are complementary to the Miseq P5 and P7 adaptors and 
carry the MIDs. 
We first tested our usual PCR independently with these new primers. We then tested the second 
universal PCR. Each PCR was tested independently. Obtention of all the expected PCR products 
was tested by performing the GS-labelling PCR recommended by multiplicom by using their GS-
labelling primers and running the samples on our ABI3130. 
We pursuit by testing these new PCRs in multiplex. This procedure was followed for each gene 
individually. Several genes can be mixed to allow multiplex PCR of overlapping PCR and to 
reduce number of multiplex PCR and cost. 
Amplified samples were quantified and purified following our standard procedure for NGS 
sequencing and loaded on the Miseq. Resulting sequences were analysed by SeqNext Software 
(JSI). Sequences show good quality and all the expected mutations were identified. 
By this way, we moved most of our genes from Sanger sequencing to NGS without any 
expensive experiment, even small genes and/or genes that are screened individually, out of a 
panel context. 
We describe an easy, fast, cheap and efficient implementation of our usual sequence analysis 
from Sanger sequencing to NGS. 
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P2: Ocular manifestations of Microcephaly with or without Chorioretinopathy, 
Lymphedema or Intellectual Disability (MCLID) syndrome associated with mutations 
in KIF11 
 
Irina Balikova1, Anthony G. Robson2, Graham E. Holder2, Pia Ostergaard3, Sahar Mansour4 & 
Anthony T. Moore2 
 
1 Free University of Brussels, Brussels, Belgium 
2 Moorfields Eye Hospital London, London, UK  
3 Cardiovascular & Cell Sciences Research Institute, St George’s University of London, UK  
4 SW Thames Regional Genetics Service, St George’s Healthcare NHS Trust, London, UK 
 
Purpose: Microcephaly with or without Chorioretinopathy, Lymphedema, or Intellectual 
Disability (MCLID) is an autosomal dominant condition. Mutations in KIF11 have been found to 
be causative in approximately 75%. This study defines the ocular phenotype in patients with 
confirmed KIF11 mutations. 

Methods: Standard ophthalmic examination and investigation including visual acuity; 
refraction; fundus examination was done in all patients. Fundus autofluorescence imaging (FAF) 
was performed in 3 patients and 4 patients underwent spectral domain optical coherence 
tomography (OCT). Flash electroretinography was performed in all 7 patients and 5 underwent 
additional pattern electroretinography (ERG, PERG).  
Results: The patients ranged in age from 1-10 years. Most presented with visual acuity loss. 
Fundus examination revealed lacunae of chorioretinal atrophy. Pigmentary macular changes and 
optic disc pallor were present in 3/7 patients. Fundus autofluorescence demonstrated 
hypoautofluorescence at the macula in 2/3 patients. The lacunae of chorioretinal atrophy were 
hypoautofluorescent. The OCT showed atrophic maculae in 3/4 patients. Follow-up in one 
patient showed no deterioration of the vision over a 9 year period. The lesions appear not to be 
progressive on the follow up imaging. Electrophysiology showed generalized rod and cone 
dysfunction and severe macular dysfunction. Inner retinal dysfunction was evident in 3/7 
patients.  
Conclusions: Patients with KIF11 mutations show a specific ocular phenotype with variable 
expressivity and intrafamilial variability. Macular atrophy and dysfunction have not been 
consistently documented before. The fundus lesions appear nonprogressive. The findings assist 
in providing an accurate diagnosis and thus improving the management and follow up of 
patients with this syndrome. 
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P3: Genetic screening of WNT5B in patients with monogenic sclerosing bone disorders 
and healthy men with an extreme bone mineral density 
 
Gretl Hendrickx1, Eveline Boudin1, Torben L. Nielsen2, Marianne Andersen2, Kim Brixen2 & Wim 
Van Hul1 
 
1 Department of Medical Genetics, University of Antwerp, Belgium 
2 Department of Endocrinology, Odense University Hospital, Denmark 
 
The past decade, genome wide association studies (GWAS) have been performed to reveal the 
links between genomic variation and the occurrence of osteoporosis. These studies revealed the 
WNT5B gene, being associated with bone mineral density (BMD) at the level of the femoral neck 
and the lumbar spine with genome-wide significance (p< 5x10-8). This finding made WNT5B 
interesting for further genetic studies to verify the influence of common and rare genetic 
variation in this gene in patients with high BMD disorders and on the BMD of healthy 
individuals. 
First, a mutation screening was performed in a population of patients with monogenic sclerosing 
bone disorders (n=43), which all tested negative for mutations in the known causative genes 
(SOST, LRP5 and LRP4). All coding exons of WNT5B and their intron-exon boundaries were 
analyzed by using Sanger sequencing. Here, WNT5B showed no disease-causing mutations. 
Moreover, re-sequencing of WNT5B was performed on healthy men of the Odense Androgen 
Study (OAS). Here, based on their extreme high or low BMD values, two cohorts of 63 subjects 
each were selected. Again, all coding exons and their intron-exon boundaries were screened for 
rare and common variation using Sanger sequencing. As a result, no coding variation could be 
detected in the WNT5B gene. Five intronic variants were detected to be varying across the 
cohorts, but showed no significant difference in genotype frequencies between the lower and 
higher BMD cohort. 
Despite the results from GWAS in the past, we were not able to replicate or further verify an 
important role for WNT5B in the genetic determination of BMD. 
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P4: Pathogenetic study at the intersection of Marfan syndrome and autosomal 
dominant polycystic kidney disease 
 
Dorien Schepers1, Christelle Golzio2, Erica Davis2, Charlotte Claes1, Edwin Reyniers1, Ann Raes3, 
Nicholas Katsanis2, Lut Van Laer1 & Bart Loeys1 
 
1 Center of Medical Genetics, University of Antwerp and Antwerp University Hospital, Antwerp, 
Belgium 
2 Center for Human Disease Modeling, Duke University Medical Center, Durham, NC, USA 
3 Department of Pediatrics, Ghent University, Ghent, Belgium 
 
Thoracic aortic dissections are among the most life threatening forms of cardiovascular disease. 
Thoracic aortic aneurysm, preceding dissection, is a prominent clinical feature of several 
heritable connective tissue disorders, including Marfan syndrome (MFS). MFS is caused by 
mutations in FBN1, which encodes fibrillin-1, an important extracellular matrix protein. 
Mutations in PKD1 or PKD2, two polycystin encoding genes, are responsible for autosomal 
dominant polycystic kidney disease (ADPKD). Aortic and arterial aneurysms also occur in 
ADPKD. Vice versa, kidney cysts have also been observed in MFS. This clinical overlap suggests 
a mechanistic link between ADPKD and MFS.  
Here we describe a four generation family with nine affected individuals presenting with both 
thoracic aortic aneurysm and mild cystic kidneys. FBN1, PKD1 and PKD2 were excluded as 
disease causing genes by linkage analysis and/or sequencing. Subsequently, whole genome 
linkage analysis resulted in the delineation of a unique linked region on chromosome 16q21-
q24.1. Exome sequencing was performed but no putative causal variants were found in the 
linked region. Copy number variation analysis identified two duplicated regions in the linkage 
interval, one (chr16: 86862531-870228808) gene-less and the other (chr16: 86357163-
86725305) containing seven genes, including three genes encoding transcription factors of the 
FOX gene family (FOXC2, FOXF1, FOXL1), one gene encoding a methenyl tetrahydrofolate 
synthetase containing domain protein (MTHFSD) and three long non coding RNAs (LOC732275, 
FENDRR, FLJ30679). The presence of the first duplication and its segregation in the family was 
confirmed using Multiplex Amplicon Quantification analysis. By overexpressing these genes 
separately and in combination with each other in zebrafish, we will explore the pathogenic 
mechanisms underlying not only MFS and ADPKD, but aneurysm and cyst formation in general. 
Preliminary results of these experiments will be presented. 
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P5: Targeted next generation sequencing of 51 genes involved in primary electrical 
disease 
 
Dorien Proost1, Geert Vandeweyer1, Annelies Rotthier2, Johan Saenen3, Geert Mortier1, 
Christiaan Vrints3, Jurgen Del-Favero2, Bart Loeys1 & Lut Van Laer1 
 
1 Center of Medical Genetics, Faculty of Medicine and Health Sciences, University of Antwerp  
2 Multiplicom, Niel 
3 Department of Cardiology, Faculty of Medicine and Health Sciences, Antwerp University 
Hospital 
 
Primary electrical disease (PED) encompasses a diversity of syndromes including the Short QT 
Syndrome, Long QT Syndrome, Brugada Syndrome, Early Repolarization Syndrome, and 
Catecholaminergic Polymorphic Ventricular Tachycardia. Each of these disorders predisposes to 
ventricular arrhythmias (i.e. polymorphic ventricular tachycardia, Torsade de Pointes, 
bidirectional ventricular tachycardia) that can degenerate into ventricular fibrillation which often 
results in sudden cardiac death. These disorders are all genetically heterogeneous and a 
significant phenotypic and genetic overlap exists. This overlap might be a source of 
misdiagnosis resulting in negative genetic testing. Therefore we suggest to test these patients 
for all genes involved in these disorders. 
We developed and optimized a MASTR (Multiplex Amplification of Specific Target for 
Resequencing) assay comprising 51 genes involved in PED. The MASTR protocol consists of a 
multiplex PCR whereby a first PCR is performed to amplify all target regions followed by a 
secondary PCR in which patient specific barcodes and sequencing adaptors are incorporated. 
The PED assay consists of 951 amplicons distributed over 11 multiplexes. Following the MASTR 
assay, 2x250bp sequencing is performed on MiSeq v2. Next, data-analysis and –interpretation 
is performed using our local Galaxy-instance and our in-house developed variant database. For 
validation purposes, 20 CEPH samples (variants present in 1000G) and 20 positive controls 
were analysed, and we have achieved 100% sensitivity. Currently, we are in the process of 
screening 100 PED patients with unknown genetic defect. The results of this analysis will be 
presented. Subsequently, this panel will be implemented in a genetic diagnostic setting. 
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P6: Recessive RHO mutation E150K and SAMD7 regulatory variants in a 
consanguineous family with retinitis pigmentosa 
 
Kristof Van Schil1, Marcus Karlstetter2, Alexander Aslanidis2, Bart P. Leroy3, Frauke Coppieters1, 
Fanny Depasse4, Thomas Langmann2 & Elfride De Baere1 
 
1 Center for Medical Genetics, Ghent University and Ghent University Hospital, Ghent, Belgium 
2 Department of Ophthalmology, University of Cologne, Cologne, Germany 
3 Department of Ophthalmology, Ghent University and Ghent University Hospital, Ghent, 
Belgium 
4 Department of Ophthalmology, Queen Fabiola Children’s University Hospital, Brussels, Belgium 
 
Purpose: To identify the genetic cause of a retinitis pigmentosa phenotype observed in a 
Turkish consanguineous family. 

Methods: The family consists of five sibs, two of which are affected. All family members 
underwent homozygosity mapping using the HumanCytoSNP-12 BeadChips (Illumina). 
Subsequent candidate gene screening was performed by Sanger sequencing. Functional 
analysis of non-coding SAMD7 variants was performed by luciferase assays in HEK293 cells and 
electroporation assays in mouse retinal explants with SAMD7 CBR-reported constructs 
(Hlawatsch et al. 2013). 

Results: Homozygosity mapping revealed several large homozygous regions, in which two 
interesting candidate genes were located, namely RHO and SAMD7. A homozygous RHO 
mutation (c.448G>A, p.E150K) was found in the two affected sibs, while all other sibs were 
heterozygous carriers. No coding SAMD7 mutations were found. Interestingly, sequencing of the 
SAMD7 promoter and an enhancer region in the two affected sibs revealed four homozygous 
variants located in the binding regions of the cone-rod homeobox (CRX) transcription factor. 
The variants are known SNPs, with a low minor allele frequency of 1,6 %. The first three SNPs 
are located in a CRX-binding region called CBR1, while the fourth SNP is located in CBR2. A 
potential regulatory effect of these SNPs on SAMD7 expression was assessed by in vitro 
luciferase assays in HEK293 cells and electroporation assays in mouse retinal explants, using 
constructs with either CBR1 or CBR2 apart, or in tandem. The combined CBR1/CBR2 mutated 
construct showed a significantly decreased SAMD7 reporter activity compared with the wild type 
(WT) CBR1/CBR2 construct, both in the cellular luciferase and mouse electroporation assays 
respectively. 

Conclusions: A rare recessive RHO mutation (E150K) was found in RP patients from 
consanguineous origin, consistent with previous reports (Kumaramanickavel et al., 1994; Azam 
et al., 2009 and Zhang et al., 2013). Moreover, functional analysis of four variants located in 
non-coding, CRX-binding regions of SAMD7, suggested a regulatory and synergistic effect of 
these upstream SNPs on SAMD7 expression. As Samd7 has recently been identified as a novel 
Crx-regulated transcriptional repressor in retina (Hlawatsch et al., 2013), we hypothesize that 
these SAMD7 variants might have a modifying effect on the retinal phenotype observed in this 
family. 

 
P7: Modeling of the arterial tortuosity syndrome (ATS) in zebrafish using TALEN and 
CRISPR-Cas9 based mutagenesis of the slc2a10 gene 
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Annekatrien Boel, Andy Willaert, Bert Callewaert, Anne De Paepe & Paul Coucke 
 
Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium 
 
Introduction: Recently, genome editing techniques using TALENs and CRISPR-Cas have become 
widely-used because of their capacity for site-specific genome targeting and their ease of use. 
TALENs are artificial restriction enzymes consisting of a site-specific DNA-binding domain fused 
to a non-specific DNA cleavage domain. The CRISPR-Cas9 system consists of a site-specific 
DNA-binding RNA molecule (sgRNA) and a Cas9 restriction enzyme. Both techniques rely on the 
generation of a DNA double strand break and the repair of it by the error-prone non-
homologous end joining repair pathway. Our aim was to generate a stable zebrafish (ZF) 
mutant for slc2a10, the causal gene for ATS, using TALENs or CRISPR-Cas. 
 
Results: First, we designed two TALEN sets targeting different parts of exon 2 of the slc2a10 
gene, following guidelines described in literature, and injected either TALEN RNA or protein in 1-
cell stage ZF embryos. However, sequencing of the slc2a10 gene in 2 days old injected ZF 
embryos did not reveal any mutation. Next, we designed two different CRISPR sgRNAs targeting 
exon 2 of slc2a10, using the Zifit Targeter software and injected a combination of sgRNA and 
Cas9 protein in ZF embryos. Only one of the two designed sgRNAs was efficient with an indel 
frequency of approximately 15 %.  
 
Discussion: Our results show that both mutagenesis methods differ in efficiency, with CRISPR-
Cas being the most promising. Future perspectives will be the establishment of a stable mutant 
line for slc2a10 and the use of this line to further investigate the pathogenesis of ATS in several 
stages of the development. 
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P8: Type III collagen is important for type I collagen fibrillogenesis and for dermal 
and cardiovascular development 
 
Sanne D'hondt1, Brecht Guillemyn1, Sofie Symoens1, Wendy Toussaint2, Leen Vanhoutte2, Riet 
De Rycke2, Paul Coucke1, Patrick Segers3, Bart Lambrecht2, Anne De Paepe1, Sophie Janssens2, 
Mathieu Bertrand2 & Fransiska Malfait1 
 
1 Center for Medical Genetics, Ghent University Hospital 
2 Inflammation Research Center, VIB, Ghent University 
3 Institute Biomedical Technology, Ghent University 
 
Vascular Ehlers-Danlos Syndrome (vEDS) is a severe, life-threatening heritable connective 
tissue disorder, characterized by translucent skin, easy bruising, and propensity to rupture of 
arteries and hollow organs. The molecular basis of vEDS has been well-studied, showing a wide 
range of mutations in COL3A1, encoding type III procollagen. Most mutations are glycine 
substitutions in the triple helical domain of procollagen. However, the mechanisms by which 
mutant type III collagen cause dermal and vascular fragility are not well understood. 
 
To study the role of type III collagen in development and disease, we generated two transgenic 
mouse models using a BAC transgenic approach. The col3a1-MUT highly expresses a col3a1 
transgene that harbours a typical glycine substitution (p.(Gly183Ser); c.547G>A) within the 
α1(III)-procollagen helical domain, whereas the col3a1-WT overexpresses WT col3a1. Col3a1-
MUT male mice display a thin, fragile skin and develop severe transdermal skin wounds by 3-4 
months of age. Biomechanical testing reveals significantly reduced tensile strength of skin and 
aortic wall. These features are not observed in col3a1-WT. 
 
Ultrastructural analysis of skin from col3a1-MUT mice reveals reduced thickness of the 
epidermis and disturbed cornification. The collagen fibril diameter in the dermis and adventitia 
is highly variable and cytoplasmic accumulation of large aggregates is observed. Smooth muscle 
cells of the aorta produce normal collagen fibrils, but make less connection with the lamina 
elastica. These ultrastructural abnormalities are not observed in col3a1-WT, indicating that the 
observed phenotype in col3a1-MUT is due to the Gly substitution, and not caused by 
overexpression of normal type III collagen. Interestingly, collagen fibrils embedded within the 
cytoplasm and completely enclosed by intracellular membranes, reminiscent of the fibripositor 
structures described in embryonic mouse tail tendon [1], are seen in skin fibroblasts of adult 
mice. 
 
Together, our findings underscore a key role for type III collagen in collagen fibrillogenesis in 
skin and arterial tissue. This novel animal model provides opportunities for the study of 
secretion and co-trafficking of fibrillar collagens and in-depth analyses of the role of abnormal 
type III collagen in vEDS. 
 
[1] Canty EG, Kadler KE: Procollagen trafficking, processing and fibrillogenesis. J Cell Sci 2005, 
118:1341-1353.  
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P9: Extensive clinical, hormonal and genetic screening in a large consecutive series of 
46,XY neonates and infants with atypical sexual development. 
 
Dorien Baetens1, Mladenov Wilhelm2, Barbara Delle Chiaie1, Björn Menten1, An Desloovere3, 
Violeta Iotova2, Bert Callewaert1, Erik Van Laecke4, Piet Hoebeke4, Elfride De Baere1 & Martine 
Cools3 
 
1 Ghent University (Hospital), Center for Medical Genetics, Ghent, Belgium 
2 Medical University of Varna, Department of Pediatrics and Medical Genetics, Varna, Bulgaria 
3 Ghent University (Hospital), Pediatric Endocrinology, Ghent, Belgium 
4 Ghent University (Hospital), Pediatric Urology, Ghent, Belgium 
 
Background: One in 4500 children is born with ambiguous genitalia, milder phenotypes occur in 
one in 300 newborns. Conventional time-consuming hormonal and genetic work-up provides a 
genetic diagnosis in around 20-40% of 46,XY cases with ambiguous genitalia. All others remain 
without a definitive diagnosis. The investigation of milder cases, as suggested by recent reports 
remains controversial.  
Methods: Integrated clinical, hormonal and genetic screening was performed in a sequential 
series of 46, XY children, sex-assigned male, who were referred to our pediatric endocrine 
service for atypical genitalia (2007-2013). 
 
Results: A consecutive cohort of undervirilized 46,XY children with external masculinization 
score (EMS) 2-12, was extensively investigated. In four patients, a clinical diagnosis of 
Kallmann syndrome or Mowat-Wilson syndrome was made and genetically supported in 2/3 and 
1/1 cases respectively. Hormonal data were suggestive of a (dihydro)testosterone biosynthesis 
disorder in four cases, however no HSD17B3 or SRD5A2 mutations were found. Array-CGH 
revealed a causal structural variation in 2/6 syndromic patients. In addition, three novel NR5A1 
mutations were found in non-syndromic patients. Interestingly, one mutation was present in a 
fertile male, underlining the inter- and intrafamilial phenotypic variability of NR5A1-associated 
phenotypes. No AR, SRY or WT1 mutations were identified. 
 
Conclusion: Overall, a genetic diagnosis could be established in 19% of non-syndromic and 
33% of syndromic cases. There is no difference in diagnostic yield between patients with more 
or less pronounced phenotypes, as expressed by the external masculinisation score (EMS). The 
clinical utility of array-CGH is high in syndromic cases. Finally, a sequential gene-by-gene 
approach is time-consuming, expensive and inefficient. Given the low yield and high expense of 
Sanger sequencing, we anticipate that massively parallel sequencing of gene panels and whole 
exome sequencing hold promise for genetic diagnosis of 46,XY DSD boys with an undervirilized 
phenotype. As a follow-up of this study, we are implementing new protocols for the genetic 
investigation of patients with a DSD condition. Specifically, these include next-generation 
sequencing applications, such as targeted resequencing of gene panels (in a routine context) 
and whole exome sequencing/WES (in a research context). 
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P10: Identification of a novel LRP4 mutation in a patient diagnosed with 
sclerosteosis. 
 
Eveline Boudin1, Igor Fijalkowski1, Ana Maria Fortuna2 & Wim Van Hul1 
 
1 Department of Medical Genetics, University of Antwerp, Edegem, Belgium 
2 Centro Genética Médica, Centro Hospitalar Porto EPE, Porto, Portugal 
 
Sclerosteosis is a rare, monogenic sclerosing bone disorder characterized by an increased bone 
mass mainly at the skull and tubular bones. Furthermore, patients with sclerosteosis often have 
additional features such as syndactyly and tall stature. Due to the increased bone mass of the 
skull, patients can suffer from headaches, hearing loss and facial palsy. So far, mutations in two 
genes, SOST encoding for sclerostin and LRP4, have been reported to be causative. Both 
sclerostin and LRP4 are involved in the regulation of the canonical Wnt signaling pathway. 
Sclerostin is an inhibitor of the pathway and is almost exclusively expressed by the osteocytes. 
LRP4 is a member of the Low density lipoprotein (LDL) receptor related protein family that binds 
to sclerostin and inhibits the canonical Wnt signaling pathway. So far, only two sclerosteosis 
causing mutations were identified in LRP4, namely R1170W and W1186S.  
 
Here, we report the identification of the third sclerosteosis causing mutation in LRP4 in a 48 
year old Portuguese male patient with the typical sclerosteosis features; hyperostosis and 
sclerosis of the calvarium and tubular bones, tall stature, bilateral syndactyly of 3rd and 4th 
finger and hearing loss. Genomic DNA of the patient was obtained from peripheral blood 
mononuclear cells and subjected to mutation screening with the use of Sanger sequencing 
techniques. All coding exons and exon-intron boundaries of the LRP4 gene were screened. The 
identified mutation, c.G3509A, affects the same amino acid (p.Arg1170) that was previously 
found to be mutated in another sclerosteosis patient. Using an in vitro luciferase reporter 
experiment, we demonstrated that the presence of the p. Arg1170Gln mutation decreases the 
inhibitory capacity of LRP4 on canonical Wnt signaling activity both in the presence and absence 
of sclerostin. This effect was similar as reported for the previously described sclerosteosis 
mutations in LRP4.  
 
Based on the data presented, we conclude that the novel LRP4 mutation, p.Arg1170Gln, is 
causative for the patient phenotype and we confirmed that LRP4 is necessary for the inhibitory 
actions of sclerostin on Wnt/β-catenin signaling.  
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P11: Identification of intellectual disability genes in female patients with skewed X-
inactivation 
 
Nathalie Fieremans1, Stephanie Belet2, Hilde Van Esch2, Koen Devriendt2, Francisco Martinez3, 
Peter Marynen2 & Guy Froyen2 
 
1 Center for Human Genetics, KU Leuven, VIB Department of the biology of disease, Leuven, 
Belgium 
2 Center for Human Genetics, KU Leuven, Leuven, Belgium 
3 Genetics Unit, Hospital Universitario La Fe, Valencia, Spain 
 
Intellectual disability (ID) is a very heterogeneous disorder and the etiology remains unknown 
in many cases. Traditionally, X-linked ID (XLID) studies focused on males due to the 
hemizygous state of the X chromosome. Healthy females can be carrier of the mutation but are 
generally not affected due to inactivation of the mutant X chromosome in most of their cells 
(skewing). Previously we identified two female patients with RETT-like phenotypes caused by a 
de novo microduplication including MECP2. While carrier females of MECP2 duplications are 
generally unaffected due to skewing of X-inactivation of the X carrying the duplication, these 2 
females show complete inactivation of the apparently normal X chromosome. We therefore 
expect a harmful mutation on the other X causing skewing in these patients, which then forces 
the MECP2 duplication to be expressed, resulting in the RETT-like phenotype (Fieremans et al. 
2014). Since this two-hit mechanism could also occur in other female patients with sporadic ID 
and skewed X-inactivation we analyzed the X-inactivation patterns of 286 ID females and found 
that 8.0% had extreme skewing which is much higher than in the general population (3.6%). X-
array-CGH and exome sequencing of skewed females already revealed two de novo Xq28 
duplications, Xp11 deletions and mutations that could explain their ID phenotypes. Our data 
thus demonstrate that skewing can be used to screen for (novel) genetic mutations resulting in 
XLID in females. 
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P12: Homozygous mutation of the IGF1 receptor gene (IGF1R) in two siblings with 
severe short stature, intellectual disability, congenital malformations, impaired 
glucose tolerance and deafness. 
 
Isabelle Maystadt1, Shayne Andrew2, Jean De Schepper3, Nathalie Wauters4, Geert Mortier5, 
Valérie Benoït1, Pascal Joset6, Beatrice Oneda6, Ron Rosenfeld2, Anita Rauch6 & Vivian Hwa2 
 
1 Center for Human Genetics, Institut de Pathologie et de Génétique, Gosselies, Belgium 
2 Department of Pediatrics, Oregon Health and Science University, Portland, Oregon, USA 
3 Department of Paediatric Endocrinology, Ghent University Hospital, Ghent, Belgium 
4 Department of Pediatrics, Hopital Civil de Charleroi, Charleroi, Belgium 
5 Center for Medical Genetics, University of Antwerp, Antwerp, Belgium 
6 Institute of Medical Genetics, University of Zurich, Zurich-Schwerzenbach, Switzerland 
 
Heterozygous mutations in the insulin-like growth factor 1 receptor (IGF1R) can lead to partial 
resistance to IGF1 and cause intrauterine growth retardation and postnatal short stature. The 
most severe cases have been associated with compound heterozygous mutations, described in 
two patients, one of whom also presented with insulin-dependent diabetes. Only one 
homozygous IGF1R mutation has been reported to date, in a patient presenting with severe 
growth failure, mild intellectual impairment, microcephaly, dysmorphic features, acanthosis 
nigricans and cardiac malformations.  
 
Here we report on two siblings, an 11-year-old girl and a 7-year-old boy, born from healthy 
consanguineous Yemenite parents (mother’s height 145cm, father’s height 160cm). They 
presented with severe intrauterine growth retardation (birth weight and length, -6SD) and 
postnatal growth failure (height -5.5SD) and microcephaly (head circumference -7SD). Both 
patients have mild intellectual disability, deafness, congenital cardiac malformations, partial 
vermis hypoplasia, enamel hypoplasia and dysmorphic features. The youngest patient has 
second and fifth fingers clinodactyly, and cryptorchidism. Skeletal X-rays showed delayed bone 
age and epiphyseal abnormalities in both patients. Endocrine investigations revealed normal 
basal growth hormone, elevated IGF1, and normal IGFBP3 concentrations. Both probands have 
hypertriglyceridemia. Fasting glucose levels were normal, but an impaired glucose tolerance 
without an hyperinsulinemic response were documented at OGTT.  
 
In both probands, exome sequencing analysis identified a homozygous, in-frame, 
p.711_714delAEKE deletion in the extracellular domain of the IGF1R. Flow-cytometric analysis 
of cell surface IGF1R by fluorescence-activated cell sorting (FACS) of live fibroblasts derived 
from both patients showed normal expression and localization of the mutated IGF1R protein. 
However, the mutated IGF1R exhibited significantly reduced, but not abrogated, IGF1-induced 
signal transduction.  
In conclusion, this is only the second homozygous IGF1R mutation identified. Functional 
investigations showed normal expression but partial loss of function of the IGF1R protein. 
Severe growth failure, mild intellectual disability, microcephaly, dysmorphic features, disturbed 
glucose tolerance and cardiac malformations are common symptoms between our two siblings 
and the homozygous IGF1R mutated patient previously reported in the literature. Phenotype of 
the heterozygous parents is limited to moderate short stature. The relationship between the 
IGF1R defect and diabetes, congenital malformations and deafness remains to be elucidated.  
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P13: Mutation analysis of the MRAP2 gene in Prader Willi like patients and obese 
children and adolescents 
 
Ellen Geets1, Doreen Zegers1, Sigri Beckers1, An Verrijken2, Guy Massa3, Kim Van 
Hoorenbeeck4, Stijn Verhulst4, Luc Van Gaal2 & Wim Van Hul1 
 
1 Department of Medical Genetics, University of Antwerp, Antwerp, Belgium 
2 Department of Endocrinology, Diabetology and Metabolic Diseases, Antwerp University 
Hospital,Antwerp 
3 Department of Pediatrics, Jessa Hospital, Hasselt, Belgium 
4 Department of Pediatrics, Antwerp University Hospital, Antwerp, Belgium 
 
Background: In general, there is increasing recognition that accessory proteins can modulate G 
protein-coupled receptor (GPCR) trafficking, ligand binding and signaling to the cell surface. In 
vitro studies showed that melanocortin receptor 2 accessory protein 2 (MRAP2) can interact 
with the melanocortin 3 (MC3R) and 4 receptor (MC4R), two GPCRs which play an important 
role in the leptin melanocortin signaling. MRAP2 is located on chromosome 6q14.2, a region 
which is associated with a Prader Willi like (PWL) phenotype, a syndromic form of obesity. In 
addition, Asai et al. identified four rare heterozygous variants in four unrelated, nonsyndromic, 
severely obese individuals. Therefore we decided to perform mutation analysis in both a PWL 
and obese cohort.  
 
Method: We screened 122 PWL patients and 280 obese children and adolescents for mutations 
in MRAP2 using high-resolution melting curve analysis. Sanger sequencing was performed for 
samples with melting patterns deviating from wild-type. 
 
Results: Mutation analysis of all coding exons and intron-exon boundaries of MRAP2 resulted in 
the identification of one rare non-synonymous heterozygous variant A40S (c.118G>T) in one 
PWL patient. Screening of the 280 obese individuals didn’t lead to any variants in the gene.  
 
Conclusions: In silico analysis showed a probably damaging effect of the A40S variant on the 
protein structure of MRAP2. Further functional analysis is necessary to investigate the influence 
of the variant on the MRAP2 function. This would indicate a possible role of MRAP2 in the 
pathogenesis of Prader Willi like phenotype, albeit in a limited number of patients. 
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P14: Highlander: variant filtering made easier 
 
Raphael Helaers & Miikka Vikkula 
 
Human Molecular Genetics, de Duve Institute, UCL 
 
The field of human genetics is being revolutionized by exome and genome sequencing. A 
massive amount of data is being produced at ever-increasing rates. Targeted exome sequencing 
can be completed in a few days using NGS, allowing for new variant discovery in a matter of 
weeks. The technology generates considerable numbers of false positives, and the 
differentiation of sequencing errors from true mutations is not a straightforward task. Moreover, 
the identification of changes-of-interest from amongst tens of thousands of variants requires 
annotation drawn from various sources, as well as advanced filtering capabilities. We have 
developed Highlander, a Java software coupled to a MySQL database, in order to centralize all 
variant data and annotations from the lab, and to provide powerful filtering tools that are easily 
accessible to the biologist. Data can be generated by any NGS machine (such as Life 
Technologies’ Solid or Ion Torrent, or Illumina’s HiSeq) and most variant callers (such as Life 
Technologies’ LifeScope or Broad Institute’s GATK). Variant calls are annotated using DBNSFP 
and SnpEff, then imported into the database. The Highlander GUI easily allows for complex 
queries to this database, using shortcuts for certain standard criteria such as “sample-specific 
variants”, “variants common to specific samples” or “combined-heterozygous genes”. Users can 
then browse through query results using sorting, masking and highlighting of information. 
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P15: Screening for genetic and structural variation in the NPY2R gene in obese 
children and adolescents  
 
Evi Aerts1, Doreen Zegers1, Laure Sorber1, Sigri Beckers1, An Verrijken2, Guy Massa3, Kim Van 
Hoorenbeeck4, Stijn L. Verhulst4, Luc F. Van Gaal2 & Wim Van Hul1 
 
1 Department of Medical Genetics, University of Antwerp, Antwerp, Belgium 
2 Department of Endocrinology, Diabetology and Metabolic Diseases, Antwerp University 
Hospital,Antwerp 
3 Department of Pediatrics, Jessa Hospital, Hasselt, Belgium 
4 Department of Pediatrics, Antwerp University Hospital, Antwerp, Belgium 
 
Objective: NPY2R is a G-protein-coupled receptor which is highly expressed in orexigenic 
NPY/AGRP neurons within the arcuate nucleus, a major integrator of appetite control in the 
hypothalamus. Genetic evidence coming from animal and association studies, has identified 
NPY2R as a candidate gene for obesity. Therefore we have designed an extensive mutation and 
CNV-analysis investigating the prevalence of genetic and structural variation in NPY2R. 
 
Design and Methods: In the first part of this study we screened 306 obese children and 
adolescents and 300 healthy lean individuals for mutations in the NPY2R coding region with 
high-resolution melting curve analysis. Direct sequencing was performed for samples with 
melting patterns deviating from wild-type.  
In the second part of this study, Multiplex Amplicon Quantification (MAQ) analysis was 
performed in 308 obese children and adolescents to detect copy number variation (CNV) in 
NPY2R.  
 
Results: Mutation analysis resulted in the identification of 1 rare non-synonymous heterozygous 
variant F87I in an obese patient. Furthermore, we identified 5 different synonymous variants of 
which three (L53L, G326G and G370G) could solely be detected among obese children and two 
(P105P and A278A) were only present in lean individuals. L53L was identified among three 
different obese patients and was not present in the control population.  
MAQ analysis could not identify copy number variation in the NPY2R region in our population. 
 
Conclusion: By performing in silico analysis, we determined that the F87I variant is probably 
damaging to the protein structure and might have a disease causing effect. Further functional 
testing will be necessary to fully understand the impact on NPY2R. 
As we could not identify any CNV in the NPY2R region, structural variation in NPY2R is not likely 
to cause obesity.  
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P16: From Identification of Differing TIE2 Mutations with Distinct Cellular 
Characteristics in Four Types of Venous Anomalies towards a Murine Model and a 
Therapeutic Pilot Study.  
 
Nisha Limaye1, Julie Soblet1, Antonella Mendola1, Melanie Uebelhoer1, Marjut Natynki2, Elisa 
Boscolo3, Lauri Eklund2, Joyce Bischoff4, Laurence M. Boon5 & Miikka Vikkula1 
 
1 Human Molecular Genetics, de Duve Institute, UCL. 
2 Oulu Center for Cell-Matrix Research, University of Oulu. 
3 Cancer and Blood Disease Institute, Cincinnati Children’s Hospital Medical Center 
4 Boston Children's Hospital, Harvard Medical School. 
5 Cliniques universitaires Saint Luc, UCL. 
 
Venous anomalies are composed of ectatic veins with irregular smooth muscle coverage. They 
are commonly cutaneous. They usually occur as a single lesion without family history (sporadic 
Venous Malformation, VM). Some sporadic patients have multifocal lesions (Multifocal Sporadic 
Venous Malformation, MSVM). In the sporadic Blue Rubber Bleb Nevus syndrome (BRBN), 
patients also have multifocal lesions; pathognomonic are rubbery palmoplantar lesions and 
those located in the GI-track. In rare cases, venous malformations are multifocal because of 
autosomal dominant inheritance (Mucocutaneous Venous Malformation, VMCM). VMs 
progressively expand causing deformity, pain and local intravascular coagulopathy. Despite 
sclerotherapy or excision, lesions often progress or recur. 
 
We have identified activating mutations in the endothelial tyrosine kinase receptor TIE2 in all 
four forms. VMs are mostly due to a single somatic amino acid change L914F. MSVMs and 
BRBNs are due to double mutations in cis. The BRBN mutations are somatic, whereas MSVM 
mutations seem mosaic. Moreover, a distinct cis-mutation is seen in MSVM. The inherited VMCM 
is due to a germline mutation combined with a somatic second-hit. These clinico-genetic entities 
are reflected by phenotypic differences in cells overexpressing mutant receptors. Activation of 
AKT is yet a common phenomenon. The capacity to form lesions clearly resides in mutant 
endothelial cells, which when injected to immunodeficient mice generate lesions mimicking 
human VM. Interestingly, an mTOR inhibitor is able to deter lesion development. Finally, in our 
therapeutic pilot study comprising five patients with VMs refractory to standard-of-care, an 
mTOR inhibitor diminished pain, intravascular coagulopathy and improved quality of life.  
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P17: A new female case of de novo Xp11.23p11.3 duplication 
 
Anne Destree1, Alec Aeby2 & Bernard Grisart1 
 
1 Centre de Génétique Humaine - IPG, Charleroi (Gosselies), Belgique 
2 Service de neuropédiatrie, CHU Tivoli, La Louvière, Belgique 
 
Duplications of Xp11.23p11.3 are rare. We report the clinical features and cytogenetic 
abnormalities of a 14 year-old girl with a de novo Xp11.23p11.3 duplication. The phenotype of 
our patient includes severe intellectual deficiency, absence of speech, autistic features, 
epilepsy, obesity, precocious puberty, macrocephaly and facial dysmorphism. The array-CGH 
analysis showed a microduplication of about 4,15Mb between 45,2Mb and 49,4Mb (hg19). A q-
PCR analysis of the patient and her parents confirmed the duplication and showed that it was a 
de novo event. X-inactivation study showed a complete skewed pattern (100%). In 2009, 
Giorda et al have reported a recurrent Xp11.22p11.23 duplication in 6 girls and 2 boys. The 
phenotype was similar in these patients and our patient : moderate to severe intellectual 
deficiency, severe speech delay, epilepsy, obesity and precocious puberty. This microduplication 
is mediated by non allelic homologous recombination between D-REP and P-REP duplicons and 
has a size of about 4,5 Mb. The distal breakpoint of our patient is localized in a more telomeric 
region than the reported cases. The proximal breakpoint correspond to the M-REP duplicon 
localized between the recurrent breakpoints D-REP and P-REP reported in the litterature (Giorda 
et al). This could suggest the existence of other repeated sequences that could mediate a 
duplication by non allelic homologous recombination. The overlap between the duplication of 
our patient and the recurrent duplication is about 1 Mb. We can define a smaller candidate 
region for the phenotype. This segment encompasses a lot of genes involved in X-linked mental 
retardation such as PQBP1, FTSJ1, WDR45 and SYP. The features of our patient will be 
presented with a review of the litterature and public databases. 
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P18: Sample tracking using a multiplex HRM approach of a SNP panel 
 
Céline Helsmoortel, Geert Vandeweyer & Frank Kooy 
 
Department of Medical Genetics, University of Antwerp, Antwerp, Belgium 
 
When performing high throughput Next Generation Sequencing experiments, samples are taken 
along a whole series of processes in sample preparation, data-analysis and validation. As 
sample swaps may occur at each stage of these processes, it is important to be able to confirm 
the identity of each sample. Therefore, a SNP profiling panel has been established by Pengelly 
et al. (Genome Medicine 2013, 5(9): 89). This panel consists of 24 SNPs that are uniformly 
covered by the all of the different whole exome enrichment technologies. By comparing the 
genotypes of just 24 SNPs generated using an independent technique with the genotypes 
generated by the NGS, samples can be discriminated with a high power. There is however no 
practical method described so far to easily genotype this set of SNPs. 
 
We developed a multiplex high resolution melting (HRM) method to generate these genotype 
profiles in a quick and cheap manner. Therefore we combined primers interrogating two to 
three SNPs per HRM reaction, enabling the generation of the SNP genotype profile in only eight 
reactions per sample. This way the hands on time is very limited and a minimum of reagents is 
required. When adding the 24 SNPs to the target region of custom enrichment panels, this SNP 
profiling approach can also be used to track samples in these experiment, allowing for the - 
often necessary – independent validation of the samples in both clinical and research settings. 
 
Pengelly, R. J., et al. (2013). "A SNP profiling panel for sample tracking in whole-exome 
sequencing studies." Genome Med 5(9): 89. 
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P19: Macrocephaly and increased weight in two patients with a 1q21.1 triplication 
 
Anke Van Dijck1, Ilse M. van der Werf2, Edwin Reyniers1, Stefaan Scheers1, Geert Mortier1, 
Meron Azage3, Jill Rosenfeld4 & R. F. Kooy2 
 
1 Department of Medical Genetics, University and University Hospital Antwerp, Belgium 
2 Department of Medical Genetics, University of Antwerp, Belgium 
3 Department of Medical Genetics, Children's Hospital of Pittsburgh, Pennsylvania, USA 
4 Signature Genomic Laboratories, Washington, USA 
 
Recurrent rearrangements of chromosome 1q21.1 that occur as a consequence of non-allelic 
homologous recombination (NAHR) show considerable variability in phenotypic expression and 
penetrance. Chromosome 1q21.1 deletions (OMIM 612474) have been associated with 
microcephaly, intellectual disability, autism, schizophrenia, cardiac abnormalities and cataracts. 
Phenotypic features in individuals with 1q21.1 duplications (OMIM 612475) include 
macrocephaly, learning difficulties, developmental delay, intellectual disability and mild 
dysmorphic features. Half of these patients show autistic behavior. In an attempt to better 
define the phenotype associated with copy number gains of 1q21.1, we describe two unrelated 
male patients with a 1q21.1 triplication. Both patients appear macrocephalic and overweight but 
otherwise show little similarity in clinical presentation. The diversity of other symptoms 
observed in these triplication carriers confirms that these two characteristics are the hallmarks 
of copy number gains at 1q21.1. Interestingly, in one patient with a de novo triplication, the 
rearrangement contained copies of both maternal alleles, suggesting it was generated by a 
combination of inter- and intrachromosomal recombination. 
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P20: Accurate quantification of transcripts: a qPCR versus ddPCR comparison 
 
Mattias Van Heetvelde1, Wouter Van Loocke2, Kim De Leeneer1, Brecht Crombez1, Annelot 
Baert3, Katrien Vanderheyden1 & Kathleen Claes1 
 
1 Center for Medical Genetics Ghent 
2 Faculty of Bioscience Engineering UGent 
3 Department of Basic Medical Sciences UGent 
 
Genetic variations at intron/exon borders can give rise to aberrant splicing. One of the major 
challenges when dealing with this kind of variants, is understanding their impact on the 
functionality of the gene product.  
mRNA assays are required to study their effect on expression. However, the interpretation can 
be complicated by the existence of naturally occurring alternative mRNA transcripts. Therefore, 
correct quantification of the transcripts is an important feature in understanding the pathology 
of splicing variants.  
 
Here we investigate the strengths and limitations of both qPCR and ddPCR for the quantification 
of transcripts. As a model we use the BRCA1c.212+3A>G mutation, a Belgian founder mutation 
associated with a highly increased risk for breast and ovarian cancer. This mutation leads to 
altered expression of naturally occurring alternative transcripts. 
 
We studied the expression levels of three transcripts in RNA extracted from EBV cell lines from 
both carriers and controls at different time points. Quantitative data obtained by qPCR and 
ddPCR are compared, in order to determine which can be considered as the most optimal 
technique. Our preliminary results do not show advantages for the more expensive ddPCR 
approach compared to qPCR. Targeted RNA sequencing will be performed on all samples to 
identify any other possible alternative transcripts. Accurate quantitative assessment of 
transcript levels in patients and controls is important for informed interpretation of mRNA 
assays. Our conclusions will be useful to study the effect of other splicing variants leading to 
altered expression of alternative transcripts that complicate interpretation of the assays. 



Belgian(Society(of(Human(Genetics(  
 

62( Behaviour:(is(it(genetically(determined?(

P21: Trisomy rescue mechanism: the first case of concomitant mosaic trisomy 14 and 
maternal uniparental disomy 14. 
 
Samuel Balbeur1, Bernard Grisart1, Benoit Parmentier1, Daniel Sartenaer1, Pierre-Emmanuel 
Leonard1, Sébastien Boulanger1, Luc Leroy2, Silviu-Constantin Lungu3, Philippe Lysy4 & Isabelle 
Maystadt1 
 
1 Centre de Génétique Humaine, Institut de Pathologie et de Génétique, Gosselies, Belgium 
2 Département d'Anatomopathologie, Institut de Pathologie et de Génétique, Gosselies, Belgium 
3 Service de Pédiatrie, INDC Entité Jolimontoise, Lobbes 
4 Unité d’Endocrinologie Pédiatrique, Cliniques Universitaires Saint-Luc, Bruxelles 
 
Introduction: 
Mosaic trisomy 14 (T14) is a very rare chromosomal abnormality responsible for a 
polymalformative syndrome. Maternal uniparental disomy 14 (upd(14)mat) is reported in 
Prader-Willi-like patients. The coexistence of both abnormalities in postnatal was not described 
to date. 
 
Case report: 
A 15-year-old girl, born at term with low birth weight (2kg) and height (48cm), was referred for 
short stature, hyperextensible joints, developmental delay and early-onset puberty. The 
neonatal period was marked by hypotonia, poor succion, early feeding difficulties with a catch-
up and a progressive overweight after the age of 2 years. She presented with developmental 
delay and moderate intellectual disability. She also developed early onset puberty with breast 
development and menarche before the age of 8 years. 
On clinical examination, she showed mild facial dysmorphic features with broad and depressed 
nasal bridge, short nose and up-slanting palpebral fissures but also truncal obesity, hyperlaxity 
of metacarpophalangeal and interphalangeal joints with camptodactyly of the last 
interphalangeal joints, and irregular skin hyperpigmentation following Blaschko lines. 
Endocrine evaluation revealed no specific abnormalities except for advanced bone age of 17 at 
the age of 14 years. 
Brain MRI and ophthalmologic examination were normal. 
Genetic analysis, performed on blood sample, saliva and skin biopsy, revealed the coexistence 
of cell lines with trisomy 14 and euploid cell lines with upd(14)mat. 
 
Discussion: 
Upd(14)mat is a rare chromosomal disease in which both chromosomes 14 are inherited from 
the mother. The main phenotypic characteristics are prenatal and postnatal growth retardation, 
hypotonia, initial feeding difficulties with a catch-up after 4 years and progressive overweight 
after 6 years, joint hyperlaxity, motor delay and early onset puberty. Mild dysmorphic features 
may be observed. 
T14 mosaicism is a rare chromosomal condition associating failure to thrive, hypotonia, 
developmental delay, congenital heart and genitourinary abnormalities and abnormal skin 
pigmentation. Dysmorphic features such as broad nose, hypertelorism, ear abnormalities, 
micrognatia and cleft or highly arched palate are observed. 
In our case, the genetic findings are explained by maternal meiosis non disjunction leading, 
after fertilization, to trisomy 14. Then, the postzygotic loss of the paternal chromosome 14 copy 
in some trisomic cell (called trisomy rescue) has resulted in mosaic upd(14)mat. 
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In 1999, a case of upd(14)mat detected prenatally in a fetus with mosaic T14 was reported. 
However, trisomy 14 cell lines are usually not found anymore with cytogenetic investigations 
after birth. Here, we report on the coexistence of trisomy 14 cell lines and euploid cell lines with 
upd(14), confirming that, in this case, upd(14)mat resulted from loss of the paternal homologue 
in a maternal meiosis non-disjunction trisomic zygote.  
 
Conclusion: 
We report on the first case of coincidence of mosaic T14 and upd(14)mat in a 15 years old girl, 
corresponding with the complex patient’s phenotype. 
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P22: The prevalence of ATM sequence variants in a Belgian (fe)(male) (breast cancer) 
population. 
 
Kim De Leeneer1, Tom Van Maerken1, Ilse Coene1, Brecht Crombez1, Annelies De Jaegher1, 
Geneviève Michils2, Karin Leunen2, Eric Legius2, Gert Matthijs2, Bruce Poppe1 & Kathleen Claes1 
 
1 Center for Medical Genetics, University Hospital Ghent, Ghent, Belgium 
2 Department of Human Genetics, Catholic University Leuven, Leuven, Belgium 
 
ATM has been recognized as a breast cancer susceptibility gene. However, there is no 
consensus on the associated risks for heterozygous carriers. This may depend on the type of 
sequence variant, the position in the gene or the functional effect (haploinsufficiency versus 
dominant negative effect). 
 
We investigated the complete coding region and splice sites of ATM in 185 unrelated female and 
110 male breast cancer patients. We compared the prevalence of heterozygous potentially 
deleterious variants in 190 healthy controls. The female breast cancer patients were 
investigated by High resolution melting, followed by Sanger sequencing of the aberrant melting 
curves. The male breast cancer patients and controls were sequenced on the Miseq platform. 
 
We detected 4 truncating and 2 splice site mutations in the female breast cancer population 
(6/185=3,2%) and 3 splice site mutations in 110 male breast cancer patients (2.7%). A 1% 
(2/190) prevalence of deleterious mutations was detected in the control individuals. 
Additionally, 32 different missense variants were detected in the female and male breast cancer 
population of which 12/32 were predicted to be pathogenic by Alamut prediction software. The 
missense variants were detected with a comparable prevalence in the cases versus the healthy 
controls, including missense mutations in the functional domains at the 3’ end of the gene. 
Unfortunately, our study did not have sufficient power to estimate the risks associated with 
different variants. 
This study provides strong evidence for a role of ATM sequence variants in both male and 
female breast cancer. Further analyses using the G2 micronucleus test (Claes et al., 2013) will 
be performed for the missense variants to distinguish neutral from more likely pathogenic 
variants. 
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P23: Partial ARID1B gene deletion as a cause of Coffin-Siris syndrome in two (maybe 
three) siblings 
 
Benoit Parmentier, Bernard Grisart, Sonia Rombaut & Julie Desir 
 
Centre de Génétique Humaine - IPG, Charleroi (Gosselies), Belgique 
 
Coffin-Siris syndrome (CSS) has been described as mental retardation associated with coarse 
facial features, hypertrichosis, and hypoplastic or absent fifth fingernails or toenails and other 
variable clinical manifestations. Heterozygous mutation or genomic rearrangement in the five 
following genes have been reported to be causative for CSS (highest to lowest proportion of 
reported cases): ARID1B (6q25.3), SMARCA4 (19p13.3), SMARCB1 (22q11.23), ARID1A 
(1p36.1-p35), and SMARCE1 (17q21.2). These genes encode subunits of the BAF complex, 
which is involved in regulation of gene expression during development. 
 
We report the case of a non consanguineous portuguese couple. Their first pregnancy of a 
female fetus was interrupted at 23 weeks because of corpus callosum agenesis and cardiac 
defect. No genetic analysis or autopsy was requested at this time. Their second pregnancy of a 
female fetus was also characterized by corpus callosum agenesis, and unique umbilical artery. 
The girl was born at 40 weeks par cesarean section. At 2 years of age, she is affected by 
hydrocephalus, laryngomalacia, myopia, diaphragmatic hernia, gastrostomy feeding, failure to 
thrive, psychomotor retardation, coarse facial features, hypertrichosis, hypoplastic fifth toenails. 
No genetic analysis was requested before we saw her. Their third pregancy was characterized 
by a male fetus with left hydronephrosis, unilateral club foot, and corpus callosum poorly 
visualized.  
 
Microarrays CGH analysis was requested for the third fetus, using a 60K Agilent whole genome 
array. It revealed a 230 kb intragenic deletion of ARID1B gene (exons 6-10) at position 6q25.3. 
This discovery was clearly suggestive for the phenotype of the living daughter and the analysis 
found the same deletion confirming a clinical suspicion of Coffin-Siris syndrome. Medical 
interruption of the third pregnancy was asked by the parents at 23 weeks, but no autopsy was 
requested. Parental CGH microarrays testing did not reveal any copy number abnormality at 
this 6q25.3 region. However, familial history with two siblings affected (possibly three but no 
genetic material was conserved for the first pregancy to verify this hypothesis) strongly suggest 
that one of the parents is a carrier of a germinal mosaicism. 
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P24: 2q22.1q22.3 deletion, upstream ZEB2, causes intellectual disability, myoclonic 
epilepsy, omphalocele, genital anomalies and facial similarities with Mowat-Wilson 
syndrome 
 
Ana Beleza-Meireles1, Marie Ravoet1, Florence Christiaens2 & Nicole Revencu1 
 
1 Centre de Génétique Humaine, Cliniques universitaires St. Luc 
2 Department of Neuropaediatrics, Cliniques universitaires St. Luc 
 
BACKGROUND 
Array-CGH has improved the diagnostic yield in patients with intellectual disability (ID) and/or 
multiple congenital anomalies (MCA), allowing the definition of novel microdeletion and 
microduplication syndromes.  
 
 
CASE REPORT 
We report a boy with severe ID, dysmorphisms, myoclonic epilepsy, omphalocele and chordee, 
both requiring early surgery. He presents distinctive facial features comprising large, prominent 
forehead, thick eyebrows, deep-set eyes, strabismus, wide nasal bridge, bilateral epicanthus, 
large ear lobes, prominent, rounded nasal tip, deep philtrum, open, large mouth with M-shaped 
upper lip, small teeth and pointed chin, which were somewhat evocative of Mowat-Wilson 
syndrome. He has wide-spaced nipples and prominent finger pads in hands and feet. His growth 
parameters are normal. Cerebral MRI shows thin corpus callosum. 
 
RESULTS 
Array-CGH identified a de novo 2q22.1q22.3 (140,509,156-144,980,623) deletion, comprising 
the genes LRP1B, KYNU, ARHGAP15 and GTDC1 partially. Interestingly, the ZEB2 gene, 
responsible for Mowat-Wilson syndrome, is located about 150Kb downstream the deletion.  
 
DISCUSSION 
Two other patients have been previously reported with de novo similar deletion and no other 
genomic rearrangement:  
- in DECIPHER, patient 1607 (del 139,813,180-145,063,389), who presents ID, craniofacial 
dysmorphism (including bulbous nose, depressed nasal bridge, deep philtrum, large uplifted 
earlobe and wide mouth), strabismus, absent nipples, and prominent fingertip pads  
- in the literature, Mulatinho et al describe a Brazilian patient (del 138,750.000-144.750.000) 
presenting ID, lack of speech, craniofacial dysmorphism (including deep-set eyes, pointed chin 
and bulbous nose), omphalocele, balanic hypospadias and bilateral cryptorchidism. 
 
CONCLUSION 
A novel case of 2q22.1q22.3 deletion is documented, defining a rare, but recognizable, ID/MCA 
syndrome, bringing the total number of known cases to 3. Omphalocele and genital anomalies 
are present in 2 of the 3 patients. Patients present similar craniofacial features, somewhat 
evocative of Mowat-Wilson syndrome, suggesting a possible positional effect over ZEB2. 
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P25: Search and functional evaluation of rare variants in RSPO3 gene. 
 
Igor Fijalkowski1, Eveline Boudin1, Torben L. Nielsen2, Marianne Andersen2, Kim Brixen2 & Wim 
Van Hul1 
 
1 University of Antwerp 
2 Odense University Hospital 
 
R-spondin 3 is a member of the RSPO family of secreted Wnt-signaling agonists, an important 
pathway in the regulation of bone metabolism. Furthermore, genetic variation in RSPO3 is 
previously reported to be associated with BMD. Therefore, the aim of this study was to confirm 
the previously reported association and to identify a possible caustive variant by screening the 
exons of RSPO3 using Sanger sequencing in two subpopulations of the Odense Androgen Study 
(OAS). The two subpopulations contain the 64 individuals with the lowest and highest BMD-
values (t-score <-1.38 and t-score >1,54).  
 
We identified 4 known common intronic variants, however, genotype frequencies didn’t differ 
significantly between the high and the low BMD cohort. In addition, we identified one rare 
coding variant (rs140821794) located in exon 1. The variant was found in one individual (T-
score=-1,515) and according to the prediction program SIFT, the variant has a deleterious 
effect on the protein function while Polyphen2 predicts that is benign. Consequently, we tested 
the effect of the variant on canonical Wnt-signaling with an in vitro reporter assay in HEK293 
and Saos-2 cells. Although we were able to show cell-type dependent differences in the 
activation of the pathway by RSPO3, we didn’t find a significant difference in the effect of the 
WT or mutated RSPO3 on Wnt-signalling activity.  
 
In conclusion, we were not able to replicate the previously reported associations of common 
genetic variation in RSPO3 with BMD in our population. Although we did identify a possible 
interesting rare variant, we were not able to show an effect of the variant on the regulation of 
canonical Wnt signalling using functional studies. This can be due to the fact that the effect is 
too small to detect with our assay. Therefore, more studies are needed to elucidate the role of 
RSPO3 in maintaining bone mass.  
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P26: Inherited Interstitial 14q32.31 microdeletion: a first report and literature 
review  
 
Yves Sznajer1, Marie Ravoet1, Claude Bandelier1, Laurence Duprez2 & Nicole Revencu1 
 
1 Center for Human Genetics, UCL, Tour R Franklin Cliniques St Luc Brussels 
2 Pediatric Dept, Epicura Hospitals - Baudour and Ath 
 
Pure interstitial 14q32 microdeletion appeared to be sporadic and reported in less then 20 
patients so far. Most common identification relied on ring (chromosome) 14 or unbalanced 
translocation as for some in mosaic state (Telford 1992, Magnagni 1993, Wintle 1995,Ortigas 
1997, Van Karnebeek 2002 Maurin 2006, Schneider 2008).  
 
We report on the natural history of a 5 year-old boy referred for intellectual disability and 
speech delay. He was dysmorphic: long face with high and large front, downslanting palpebral 
fissures with mild ptosis and a large nose. Weight was along the 50th Centile as height between 
50-75th as OFC along 50th. Family history was unremarkable but for mild mental retardation, 
speech delay and dysmorphic features to the mother (long face with a large and high front, long 
narrow palpebral fissures and epicanthic folds). Index patient as his mother had total IQ 77 and 
70, respectively. Growth parameters to the mother were along 25th Centile for weight, between 
50-75th for height and along 50th for OFC. Work-up in the boy lead to SNP-array analysis using 
Affimetrix Cytoscan 750k. A 1.8 Mb deletion was identified: arr14q32.31-q32.33 (102.528.756-
104.373.531)x1 encompassing 26 ‘coding genes’. This deletion was confirmed to be inherited as 
mother was identified with the deletion.  
 
To our knowledge, reports on 14q32 deletion patients were so far sporadic. Pure Interstitial 
14q32 deletion patient’s phenotype includes dysmorphic features (>50%, Van Karnebeek 
2002): microcephaly, high and prominent forehead, blepharophimosis, epicanthic folds, broad 
and flat nasal bridge, short bulbous nose, broad philtrum, thin upper lip, small ‘carpe-shaped’ 
mouth, high arch palate, abnormal dentition, low set ears and micrognathia; Distal deletion 
may be associated with anatomic heart defect as the sole congenital malformation. Intellectual 
disability and hypotonia are associated findings. One additional patient is included in Decipher 
(#248522; 1.1 Mb deletion) with ophthalmic findings: ptosis, nystagmus and strabismus and 
growth retardation of prenatal onset, obesity, intellectual disability. Present patient and his 
mother developed dysmorphic features encountered in ‘pure 14q32 deletion syndrome‘ but for 
the lower part of the face and for external ears. Microcephaly was almost constantly noted but 
in the present boy and mother as in the two patients by Schneider et al. (Schneider 2008). 
Brain MRI did not show any corpus callosum anomaly to the boy and not completed to his 
mother so far. At time of submission, SNP-array to maternal grand-parents are performed. This 
last will define parent-of-origin of the deleted chromosome for index patient’s mother. We may 
possibly better understand Intrafamilial variability since 14q32 region is submitted to 
imprinting. Blepharophimosis was postulated to be characteristic for paternal UPD14 (Sutton 
2002) and PatUPD14 and differentially methylated regions (for RTL1, DLK1 genes) usually may 
be additionally responsible for chest as skeletal anomalies (Ogata 2008). 
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P27: Characterization of a col1a1a haploinsufficient zebrafish model for Osteogenesis 
Imperfecta type I 
 
Pascal L. Simoens1, Charlotte A. Gistelinck1, Sofie Symoens1, Christian Vanhove2, Fransiska 
Malfait 1, Anne De Paepe1, Paul J. Coucke1 & Andy Willaert 1 
 
1 Center for Medical Genetics Ghent, University Ghent, Ghent, Belgium 
2 Department of Electronics and information systems, University Ghent, Ghent, Belgium 
 
Introduction: ‘Osteogenesis Imperfecta (OI) is heritable fragile bone disorder, in most cases 
caused by autosomal dominant mutations in the genes encoding the type I collagen alpha 
chains. Animal models have proved indispensable for unraveling molecular mechanisms in OI 
pathogenesis. The zebrafish has recently shown to be a useful vertebrate organism to model OI 
both at the phenotypic and molecular level. Two different zebrafish mutants, harboring 
missense mutations in the triple helical domain of col1a1a, encoding the α1 chain of the type I 
collagen protein, have been described. They display generalized reduced bone density and 
misshapen bones with evidence of fractures. However, until now, no zebrafish mutants carrying 
a nonsense mutation in col1a1a have been described. Such mutant, displaying a quantitative 
defect of collagen type I synthesis, could serve as a model for the mild OI type I. We have 
characterized a zebrafish mutant that is heterozygous for a nonsense mutation in the col1a1a 
gene and evaluated this mutant as a possible model for OI type I. 
 
Methodology: The described col1a1a nonsense mutant was generated by the Zebrafish Mutation 
Project (ZMP). The bone was visualized using alizarin red staining. Adult zebrafish were scanned 
with a Triumph µCT scanner to determine bone densities. To assess osteoblast activity, 
embryos were treated with the osteoblast stimulating agent Retinoic Acid (RA) or DMSO from 4 
days post fertilization (dpf) to 8 dpf and stained with alizarin complexone in order to evaluate 
the ossification in the trunk region. 
 
Results: Heterozygous col1a1a zebrafish mutants were phenotyped both at larval and adult 
stages. Larvae displayed no abnormalities in bone structure and geometry or delayed 
ossification at 8 dpf. The fin folds, appeared to have an overall normal appearance at 3 dpf. 
Adult mutant fish appeared to have the same body length as their wild type siblings. Bone 
staining and µCT-scanning revealed no skeletal abnormalities or reduced Bone Mineral Density 
(BMD). Quantification of type I collagen by western blotting revealed a 25% decrease of the 
α1(I) chain, in both larval and adult mutants. Osteoblast activity in mutant embryos was similar 
to wild type embryos as assessed by RA treatment.  
 
Discussion: . Thorough phenotypic analysis of a zebrafish mutant carrying a heterozygous 
nonsense mutation in the col1a1a gene did not reveal bone fractures or other skeletal 
malformations. Moreover, no decrease in bone density or osteoblastic activity could be detected 
Protein analysis in the heterozygous mutants revealed a decrease of only 25 % of the α1(I) 
chain, a reduction that is considered to be insufficient to give rise to a skeletal phenotype. This 
reduction of only 25% can be explained by the existence of a paralogue of col1a1a, col1a1b, 
also encoding for the α1(I) chain Therefore, we are currently creating a double mutant where 
both col1a1a and col1a1b paralogues are knocked out with the expectation that this will be a 
more relevant model for OI type I.  
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P28: Defects in TAPT1, a novel centrosomal protein, cause defective ciliogenesis, bone 
fractures and delayed ossification 
 
Charlotte A. Gistelinck1, Sofie Symoens1, Aileen M. Barnes2, Fransiska Malfait1, Brecht 
Guillemyn1, Wouter Steyaert1, Delfien Syx1, Sanne D'hondt1, Martine Biervliet3, Julie De 
Backer1, Sergey Leikin4, Elena Makareeva4, Andy Willaert1, Gabriele Gillessen-Kaesbach5, Ann 
Huysseune6, Kris Vleminckx1, Anne De Paepe1, Joan C. Marini2 & Paul J. Coucke1 
 
1 Center for Medical Genetics Ghent, University Ghent, Ghent, Belgium  
2 Bone and Extracellular Matrix Branch, NICHD, NIH, Bethesda, MD 20892, USA 
3 Center for Medical Genetics, Brussels University Hospital, Brussels, Belgium  
4 Section on Physical Biochemistry, NICHD, NIH, Bethesda, MD 20892, USA 
5 Institut für Humangenetik Lübeck, Universität zu Lübeck Schleswig-Holstein, Lübeck, Germany 
6 Biology Department, Ghent University, Ghent, Belgium 
 
TAPT1 encodes the evolutionary highly conserved Transmembrane Anterior Posterior 
Transformation-1 protein. ENU mutagenesis of TAPT1 results in embryonic lethality of murine 
homozygotes, with posterior to anterior transformations of thoracic and lumbar vertebrae. The 
mechanism by which this ubiquitously expressed protein causes a specific patterning defect and 
lethality is unknown. We describe a Moroccan family with three lethal fetuses affected with 
fractures of ribs and long bones, undermineralized skull and axial skeleton, hydramnios with 
ascites and dilated ventricles. Because of the occurrence of multiple fractures and 
undermineralized skeleton, a clinical diagnosis of lethal autosomal recessive Osteogenesis 
Imperfecta was suggested. Although type I collagen folding was slightly delayed, causing mild 
overmodification of type I collagen, thorough molecular analysis of all known OI genes did not 
detect a causal mutation. We combined homozygosity mapping with exome sequencing, which 
identified a homozygous c.1108-1G>C mutation in TAPT1, causing in-frame skipping of exon 
10. A second homozygous TAPT1 missense mutation in exon 9 (c.1058A>T, p.(Asp353Val)) was 
identified by direct sequencing in a complex Syrian pedigree with three lethal fetuses with 
fractures and multiple congenital anomalies of brain, face, heart and lungs. 
Immunocytochemical staining of dermal fibroblasts revealed co-localization of TAPT1 with the 
centrosomal protein γ-tubulin, while co-staining with acetylated tubulin detected that TAPT1 
forms a pocket in which the primary cilium is inserted. Increased TAPT1 expression was 
observed during cilium formation. Moreover, we showed in patients’ dermal fibroblasts that 
primary cilium formation is severely disturbed. A zebrafish tapt1b morpholino-approach 
revealed severe cartilage malformation and a delay in bone formation. Our results show that 
defects in TAPT1 underlie a novel autosomal recessive disorder, which is characterized by 
multiple fractures in utero, generalized undermineralization of the skeleton, 
microbrachycephaly, ascites and pleural effusion. We also prove that TAPT1 is a centrosomal 
protein that is of crucial importance for proper cilium formation, thereby suggesting that this 
disorder is a novel ciliopathy. 
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P29: Somatic activating GNAQ mutations are frequent in capillary malformations 
(port-wine stains) 
 
Mustapha Amyere1, Nicole Revencu2, Laurance Boon3 & Miikka Vikkula1 
 
1 Human Molecular Genetics, de Duve Institute, UCL, Brussels 
2 Centre for Human Genetics, Cliniques Universitaires Saint-Luc, UCL, Brussels 
3 Centre for Vascular Anomalies, Division of Plastic Surgery, Cliniques Universitaires Saint-Luc, 
UCL 
 
Vascular malformations are localized defects of vascular development and are classified into 
capillary, venous, arterial, lymphatic, and combined anomalies. Capillary malformation (CM) is 
the most common vascular malformation affecting cutaneous capillary vessels in 0.3% of 
newborns. These lesions are usually unifocal, except in the autosomal dominant capillary 
malformation–arteriovenous malformation (CM-AVM), in which they increase in number with 
age. CM most often occurs as an isolated and sporadic feature. Syndromic forms have also been 
reported, such as Sturge-Weber syndrome, Klippel-Trenaunay syndrome, and Parkes Weber 
syndrome (Boon et al., 2005). CM-AVM is caused by haploinsufficiency, most likely combined 
with a tissular second-hit, of p120-RasGAP, the protein product of RASA1. A third of patients 
have a fast-flow anomaly, which is commonly located in the head and neck region.  
 
A series of Sturge–Weber syndrome and capillary malformations were recently shown to harbor 
a nonsynonymous somatic single-nucleotide variant in GNAQ, encoding guanine nucleotide 
binding protein (G protein). We assessed by Sanger sequencing for the presence of the 
c.548G→A hot-spot mutation on cDNA from 14 lesions with similar vascular phenotype. The 
activating somatic mutation was detected in 50 % of the lesions. The fact that some tissues 
were negative in the screen could be due to a low proportion of mutated cells in the resected 
lesion. To increase our detection rate, targeted amplicon sequencing of GNAQ is now prepared 
in a set of 44 paired (biopsied lesions /blood) using Ion AmpliSeq Panels on PGM. This study 
should allow sensitive detection and quantitation of the mutant allele for each tissue. This will 
help study genotype/phenotype correlation (Miikka.Vikkula@uclouvain.be). 
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P30: Mutations in ten lymphangiogenic genes acting around VEGFC / VEGFR3 
signaling explain 25% of primary lymphedema 
 
Elodie Fastré1, Matthieu J. Schlögel1, Antonella Mendola1, Pascal Brouillard1 & Miikka Vikkula2 
 
1 Human Molecular Genetics, de Duve Institute, UCL 
2 Human Molecular Genetics, de Duve Institute & WELBIO, UCL 
 
Purpose: 
Primary lymphedema can be inherited as an autosomal dominant or recessive trait, with 
reduced penetrance and variable expression. Both syndromic and non-syndromic cases have 
been linked to mutations in ten genes. VEGFR3, and its ligand VEGFC, as well as Connexin 47 
and 43 are mutated in patients with isolated (non-syndromic) autosomal dominant or recessive 
primary congenital lymphedema of the extremities, or hydrops fetalis. In contrast, mutations in 
several other genes cause syndromic primary lymphedema: mutations in the transcription 
factors FOXC2 and SOX18 cause lymphedema-distichiasis and hypotrichosis-lymphedema-
telangiectasia, respectively, mutations in the extracellular CCBE1 cause Hennekam syndrome, 
and those of the protein tyrosine phosphatase PTPN14, rare cases of lymphedema associated 
with choanal atresia. Mutations in GATA2 and KIF11 (EG5) were shown to cause Emberger 
syndrome (lymphedema associated with myelodysplasia), and autosomal dominant 
lymphedema associated with microcephaly and/or chorioretinopathy, respectively. On the basis 
of current knowledge, the encoded proteins interact around a central VEGFC/VEGFR3 signaling 
pathway. Distribution of mutations and the percentage of primary lymphedema that can be 
explained by them have not been reported in any single cohort. The remaining patients are 
important clues to identify other factors important for human lymphatic function. 
Methods: 
We screened these genes in a large series of sporadic and familial index patients (n=461) with 
primary lymphedema, and available family members. Moreover, we designed a panel approach 
using high throughput massive parallel sequencing (targeted next generation sequencing) using 
PGM (Ion Torrent) to enable more efficient screening of all these genes. 
Results: 
We discovered mutations in about 40% of patients with familial lymphedema and 25% of 
patients when sporadic ones were also accounted for. Mutations included dominant, recessive 
and de novo forms. The latter underscores genetic etiology even for non-inherited primary 
lymphedema. Most mutations were found in patients whose phenotype fit with that known to be 
caused by mutations in the mutated gene. Although disease penetrances were high, the 
penetrances of separate signs and symptoms in syndromic forms were below 100%. For the 
majority of patients, no genetic cause could be identified. Some of the known genes, such as 
FOXC2, SOX18 and GJC2 are not well covered with this approach, likely due to high GC content. 
 
Conclusion: 
A molecular diagnosis can be given to 25% of primary lymphedema patients. This helps their 
molecular classification, as well as development of more precise follow-up and, especially, 
treatment. The panel approach enables more efficient and timely screens. Finally, the samples 
without a mutation are invaluable for targeted and whole exome screens using massive parallel 
sequencing to identify novel genes causing primary lymphedema. Logic candidates are proteins 
interacting with the identified common pathway. 
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P31: Polymerase specific error rates identified by single molecule sequencing 
 
Matthew S. Hestand, Jeroen Van Houdt, Francesca Cristofoli & Joris R. Vermeesch 
 
Department of Human Genetics, KU Leuven, Belgium 
 
DNA polymerases have an innate error rate which is polymerase and DNA context specific. 
Historically the mutational rate and profiles have been measured indirectly. Here we used the 
unique properties of PacBio single molecule sequencing to evaluate the mutational rate and 
profiles of 6 commonly used polymerases. PacBio enables circular sequencing of a double 
stranded DNA molecule, where one strand is sequenced, then the next, and the process is 
repeated for multiple passes. Two amplicons were generated with each polymerase and error 
rates were evaluated across a range of minimum passes to call a consensus read. We observed 
at a minimum of 10 passes error rates become asymptotic. At this point remaining errors are 
likely in the DNA molecule itself and hence generated by the polymerase during PCR. With this 
method we could accurately determine transversions and transitions in double strands. In 
addition, PacBio circular sequencing provides the capability to determine when a base in the 5′ 
to 3′ strand is not complimentary to a base in the other strand, termed a heteroduplex. Using 
heteroduplex analysis we could determine strand specific polymerase errors and therefore 
directly observe which strand errors were generated on. In conclusion, PacBio sequencing 
enabled us to observe that error rates not only vary by polymerase, but that the most common 
transitions also differed amongst polymerases. 



Belgian(Society(of(Human(Genetics(  
 

74( Behaviour:(is(it(genetically(determined?(

P32: Novel FRMD7 mutations and genomic rearrangement expand the molecular 
pathogenesis of X-linked idiopathic infantile nystagmus 
 
Basamat Almoallem1, Miriam Bauwens1, Sophie Walraedt2, Patricia Delbeke2, Julie De Zaeytijd2, 
Philippe Kestelyn2, Françoise Meire3, Koenraad Devriendt4, Bart P. Leroy2 & Elfride De Baere1 
 
1 Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium 
2 Department of Ophthalmology, Ghent University Hospital, Ghent, Belgium. 
3 Department of Ophthalmology, Queen Fabiola Children’s University Hospital, Brussels, 
Belgium. 
4 Center for Medical Genetics, Leuven University, Leuven, Belgium 
 
Purpose: Idiopathic Infantile nystagmus (IIN [MIM# 310700]) is one of the most common 
forms of infantile nystagmus that arises independently leading to low visual acuity scores. The 
inheritance patterns of IIN are heterogeneous with X-linked inheritance as the most frequent 
one (OMIM 31700). Up to date three X-linked loci have been identified, more specifically at 
Xp11.4-p11.3 (CASK), Xp22 (GPR143), and Xq26-q27 (FRMD7) respectively. FRMD7-related 
Infantile Nystagmus (FIN) represents 50% of cases with X-linked IN. Thus far 45 unique FRMD7 
mutations have been reported in FIN, all of which are coding mutations apart from one partial 
gene deletion. Here, we investigated the role of FRMD7 and GPR143 mutations and copy 
number variations (CNV) in the molecular pathogenesis of Idiopathic Infantile Nystagmus (IIN) 
in fifty unrelated Belgian probands. 
 
Methods: We set up a comprehensive molecular genetic workflow based on Sanger sequencing, 
targeted next generation sequencing (NGS) of FRMD7 (NM_194277.2) and GPR143 
(NM_000273.2), and CNV analysis of FRMD7 and GPR143 using multiplex ligation-dependent 
probe amplification (MLPA). 
 
Results: In 11/49 unrelated probands, ten unique FRMD7 changes were found, five of which are 
novel: frameshift mutation c.2036del p.(Leu679Argfs*8), missense mutations c.801C>A 
p.(Phe267Leu) and c.875T>C p.(Leu292Pro), splice site mutation c.497+5G>A, and one 
genomic rearrangement (1.29 Mb deletion) in a syndromic case. Additionally, five known 
mutations were found: c.70G>A p.(Gly24Arg), c.886G>C p.(Gly296Arg), c.910C>T 
p.(Arg303*), c.2036del p.(Leu679Argfs*8) and c.660del p.(Asn221Ilefs*11). The latter was 
found in three independent families. Haplotype reconstruction suggests a potential founder 
effect. In silico predictions and segregation testing of these mutations support their pathogenic 
effect. No GPR143 mutations or CNVs were found in the remainder of the patients. 
 
Conclusions: Overall, genetic defects of FRMD7 were found in 12/50 (24%) probands, five of 
which are novel. We found, for the first time, a genomic rearrangement of FRMD7 in IIN, 
expanding its mutational spectrum. In addition haplotype analysis suggested a founder effect 
for c.660del. Our study generates a discovery cohort of IIN patients harboring either undetected 
non-coding mutations of FRMD7 or mutations in genes at known or novel loci sustaining the 
genetic heterogeneity of IIN. 
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P33: A robust protocol to increase Nimblegen SeqCap EZ multiplexing capacity to 96 
samples 
 
Ilse van der Werf, Frank Kooy & Geert Vandeweyer 
 
University of Antwerp, Department of Medical Genetics 
 
Contemporary genetic studies frequently involve sequencing of a targeted gene panel, for 
instance consisting of a set of genes associated with a specific disease. The Nimblegen SeqCap 
EZ Choice kit is commonly used for the targeted enrichment of sequencing libraries comprising 
a target size up to 7 Mb. A major drawback of this commercially available method is the 
exclusive use of single-indexing, meaning that at most 24 samples can be multiplexed in a 
single reaction. In case of relatively small target sizes, this will lead to excessive amounts of 
data per sample. We present an extended version of the Nimblegen SeqCap EZ protocol which 
allows to robustly multiplex up to 96 samples. We achieved this by incorporating Illumina dual-
indexing based custom adapters into the original protocol. To further extend the optimization of 
cost-efficient sequencing of custom target panels, we studied the effect of higher pre-
enrichment pooling factors and show that pre-enrichment pooling of up to 12 samples does not 
affect the quality of the data. To facilitate evaluation of capture efficiency in custom design 
panels, we developed a detailed reporting tool. 
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P34: A tale of two anomalies. A paternal duplication and a maternal deletion of 15q13 
 
Saskia Bulk1, Thierry De Cortis2, Gilles Rondia2, Jean-Hubert Caberg1 & Vincent Bours1 
 
1 CHU de Liège 
2 CHR de la Citadelle, Liège 
 
A newborn baby boy presented with an antenatally detected cardiac malformation. Postnatal 
examinations revealed a double chambered left ventricle. A CGH-array was performed. 
 
Using array-CGH molecular karyotyping we identified a heterozygous deletion of the 
15q13.2q13.3 region (hg19, 30,954,726-31,972,705;1018kb). The deletion included 21 genes, 
among others TRPM1, MTMR10, OTUD7A, KLF13, ARHGAP11B and FAN1. 
 
Further familial analyses showed that his mother was carrier of a deletion overlapping the same 
region (30,954,726-32,509,926; 1555 kb) while his father carried a duplication of the same 
chromosomal region (32,065,000-35,509,926; 445kb). The father of our patient presented with 
a congenital cataract of the right eye and a congenital deafness of the left ear both attributed to 
the consequences of neonatal asphyxia; his medical records were no longer available. The 
mother presented with a hypophysary microadenoma. Both the parents had a normal 
intelligence. A healthy brother with a normal development at the age of 3 was not tested. 
 
None of the (congenital) anomalies described in our index case or his father have been 
described previously. However, other congenital cardiac anomalies have been described in 
patients with a 15q13 deletion, possibly associated with haploinsufficiency of KLF13. Possibly, 
the co-occurrence of two chromosomal anomalies of the same 15q13 region has contributed to 
the occurrence of the (very rare) double chambered left ventricle in our index case. 
 
The theoretical possibility of a co-occurrence of a parentally inherited duplication on one allele 
with a complementary deletion of the allele inherited from the other parent has been postulated 
in the literature, bus has never yet been described. This is the first such case described in the 
medical literature. 
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P35: Terminal and pericentromeric deletions resulting from rare 3:1 segregation and 
tertiary monosomy: an indication for conventional karyotype analysis 
 
Marie Ravoet, Claude Bandelier, Ana Beleza-Meireles , Nicole Revencu & Yves Sznajer 
 
Center for Human Genetics, UCL/Cliniques Universitaires Saint-Luc 
 
INTRODUCTION 
We report on two patients with 22q11.1-q11.21 deletion, compatible with a velo-cardio-facial 
(VCF) syndrome, associated with terminal autosomic deletion due to a 3:1 segregation and 
tertiary monosomy from balanced parental translocation.  
 
CASE REPORT #1 
The first patient is a 4-month old boy born with facial dysmorphism (low-set ears, downslanting 
palpebral fissures), unilateral post-axial polydactyly, abnormal palmar creases, congenital 
cardiopathy (aortic arch stenosis and ventricular septal defect), velopharyngeal insufficiency 
requiring nasogastric feeding, recurrent infections in the neonatal period and neurosensorial 
hearing loss. Chromosome molecular analyses (CMA) using CytoScan 750k-array (Affymetrix) 
revealed a terminal deletion spanning 7.5Mb at 4q35.1-q35.2, a 3.0Mb interstitial deletion at 
22q11.1-q11.21 and a mosaic trisomy 21. The 22q11 deletion starts 400kb downstream the 
first centromeric probe and stretches to the LCR-B of the VCF syndrome. A derivative 
der(4)t(4;22)(q35.1;q11.21) chromosome and a monosomy 22 was detected by karyotype, 
leading to partial 4q35.1→qter and 22pter→q11.21 monosomies. The der(4) chromosome was 
inherited from the father. The two copies of the 400kb adjacent to the centromere 22 were 
transmitted by the mother, who carries a polymorphic duplication.  
 
CASE REPORT #2 
The second patient is a 16-month old boy presenting at birth congenital cardiopathy (tetralogy 
of Fallot), posterior cleft palate with bifid uvula, microstomia, low-set ears with thick helices. 
Over time he developed immune T cell deficiency. CMA revealed a terminal deletion covering 
3.2Mb at 12p13.33-p13.32 and a 3.4Mb interstitial deletion on 22q11.1-q11.21 encompassing 
LCR-A/LCR-B as well as the whole proximal region. These copy number anomalies result from 
monosomy 22 associated with a derivative der(12)t(12;22)(p13.32;q11.32) chromosome, 
inherited from the mother. In addition, the older brother of the proband testing by array 
analysis presents duplications of the identical 12p13.33-p13.32 and 22q11.1-q11.21 regions. 
Karyotype identified 47 chromosomes with a supplementary derivative 
der(22)t(12;22)(p13.32;q11.32) chromosome due to a 3:1 segregation with tertiary trisomy.  
 
CONCLUSION 
The 3:1 segregation pattern and tertiary monosomy is uncommon in liveborn infants (Gardner 
and Sutherland, 2012). In most published cases to date, this meiotic malsegregation results 
from parental (sub)metacentric/acrosomic reciprocal translocations leading to deletions of small 
chromosomal segments. These results highlight the importance of testing by conventional 
cytogenetic analyses patients with pericentromeric and telomeric deletion:deletion or 
duplication:duplication, in order to determine the risk of recurrence and to offer an accurate 
genetic counselling. 
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P36: Perturbation of Specific Pro-mineralizing Signalling Pathways in Human and 
Murine Pseudoxanthoma Elasticum 
 
Mohammad J. Hosen1, Paul J. Coucke1, Olivier Le Saux2, Anne De Paepe1 & Olivier M. Vanakker1 
 
1 Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium 
2 Department of Cell and Molecular Biology, John A. Burns School of Medicine, Honolulu, HI, 
USA 
 
Pseudoxanthoma elasticum (PXE) is characterized by skin, ocular and cardiovascular 
manifestations, due to calcification and fragmentation of elastic fibres. Caused by mutations in 
the ABCC6 gene, the mechanisms underlying this disease remain unknown. The knowledge on 
the molecular background of soft tissue mineralization largely comes from insights in vascular 
calcification, with involvement of the osteo-inductive Transforming Growth Factor beta (TGFβ) 
family (TGFβ1-3 and Bone Morphogenetic Proteins [BMP]), together with ectonucleotides 
(ENPP1), Wnt signalling and a variety of local and systemic calcification inhibitors. In this study, 
we have investigated the relevance of these signalling pathways as well as apoptosis and ER 
stress using immunohistochemistry and mRNA expression profiling in dermal tissues and 
fibroblasts of PXE patients, and the eyes and whiskers of the PXE knock-out mouse. Apoptosis 
was evaluated by TUNEL staining. We demonstrate upregulation of the BMP2-SMADs-RUNX2 
and TGFβ-2-SMAD2/3 pathway, co-localizing with the mineralization sites, and the involvement 
of MSX2-canonical Wnt signalling. Further, involvement of apoptosis is shown with activation of 
Caspases and Bcl-2. In contrast to vascular calcification, neither the other BMPs and TGFβs nor 
endoplasmic reticulum stress pathways were perturbed in PXE. Our study shows that we cannot 
extrapolate knowledge on cell signalling in vascular calcification to a multisystemic 
mineralization disease as PXE. Contrary, we demonstrate a specific set of perturbed signalling 
pathways in PXE patients and the mouse model, and propose a preliminary cell model of ECM 
calcification in PXE. 
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P37: Co-inherited ENPP1 mutations can intensify the cardiovascular phenotype of 
pseudoxanthoma elasticum  
 
Mohammad J. Hosen1, Ignaas Vermeulen1, Daniel G. Devos2, Julie De Backer3, Laurence 
Campens3, Suzanne Fisher3, Paul J. Coucke1, Anne De Paepe1 & Olivier M. Vanakker1 
 
1 Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium 
2 Department of Radiology, Ghent University Hospital, Ghent, Belgium 
3 Department of Cardiology, Ghent University Hospital, Ghent, Belgium 
 
Pseudoxanthoma elasticum (PXE) is characterized by aberrant mineralization and fragmentation 
of elastic fibers, leading to skin, ocular and cardiovascular symptoms with a significant 
variability in severity. The molecular etiology of PXE has become increasingly challenging as 
mutations in both ABCC6 and ENPP1 were shown to cause overlapping phenotypes and modifier 
genes are beginning to be identified. We evaluated the causal role of ENPP1 mutations in PXE 
patients with an incomplete ABCC6 genotype in both an autosomal recessive or digenic 
inheritance model. Further, we assessed whether ENPP1 variants, which also cause a severe 
cardiovascular disease called Generalized Arterial Calcification of Infancy (GACI), could have a 
disease modifying effect in PXE patients with an exceptionally severe and rapidly progressive 
(cardio)vascular phenotype. ABCC6 and ENPP1 genotyping of 40 clinically and histologically 
confirmed PXE patients was performed by Sanger sequencing and MLPA. A vascular calcium 
score was obtained through whole body CT scanning. In a cohort of 40 PXE patients (13 with an 
unidentified and 17 with an incomplete ABCC6 genotype; 10 with severe cardiovascular 
disease), no additional ENPP1 mutations could be found. In one patient of the cardiovascular 
cohort, an additional ENPP1 mutation co-inherited with biallelic ABCC6 mutations was identified. 
The vascular calcification score of this patient was exceptionally high (Agatston score of 3600 
compared to an average of 422 in PXE patients), resembling the findings in GACI patients. We 
demonstrate that while ENPP1 analysis did not enable us to further clarify the genotype of 
patients with an incomplete ABCC6 genotype, the co-inheritance of ENPP1 mutations together 
with ABCC6 mutations has an intensifying effect on the cardiovascular phenotype of PXE. 
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P38: Expanding the phenotypic and mutational spectrum of EDS dermatosparaxis 
type: a report of five new patients 
 
Tim Van Damme1, Sofie Symoens1, Yasemin Alanay2, Cecilia Giunta3, Uschi Lindert3, Marianne 
Rohrbach3, Pelin Ozlem Simsek Kiper4, Alain Colige5, Anne De Paepe1 & Fransiska Malfait1 
 
1 Center for Medical Genetics, Ghent University, Ghent, Belgium 
2 Department of Pediatrics, Acibadem University School of Medicine, Istanbul, Turkey 
3 Division of Metabolism, University Children’s Hospital, Zurich, Switzerland 
4 Ihsan Dogramaci Children’s Hospital, Clinical Genetics Unit, Hacettepe University, Ankara, 
Turkey 
5 Laboratory of Connective Tissues Biology, University of Liège, Liège, Belgium 
 
Ehlers-Danlos syndrome (EDS) dermatosparaxis type is a recessively inherited connective tissue 
disorder, caused by deficient activity of ADAMTS2, which cleaves the amino (N-)propeptide of 
type I procollagen. Only ten human EDS dermatosparaxis patients have been reported, in six of 
whom a homozygous p.(Gln225*) was identified. Due to the decreased N-proteinase activity, 
uncleaved pN-collagen molecules are incorporated in the collagen fibrils, resulting in fibrils with 
a pathognomonic ‘hieroglyphic’ appearance. All reported patients present a recognizable 
phenotype with a characteristic dysmorphic facies, extreme skin fragility and laxity, excessive 
bruising and sometimes internal complications. 
 
We report clinical, molecular, biochemical and ultrastructural findings in five new EDS 
dermatosparaxis patients from four independent families. Three patients display a strikingly 
milder phenotype than that of previously reported patients, mainly with regard to skin fragility 
and laxity and dysmorphic features. Molecular ADAMTS2 analysis revealed three novel 
homozygous lossof-function mutations (c.2927_2928delC, p.[Pro976Argfs*42]; c.669670dupG, 
p.[Pro224Alafs*41]; c.27512A>T) and a compound heterozygous mutation (c.2T>C, 
p.[Met1Thr]; c.888 891delTGAA, p.[Met295Asnfs25*])). 
 
SDS-PAGE showed accumulation of bands representing pN alpha chains and decrease of bands 
representing mature alpha chains of type I procollagen in all patients. Ultrastructural dermal 
analysis revealed milder collagen fibril abnormalities than those of previously reported patients. 
Collagen fibrils showed irregular contours and a somewhat branched appearance, but their 
general cylindrical appearance was preserved. These observations suggest incomplete N--
propeptide cleavage, either due to residual enzyme activity or compensating enzymes. 
 
Together our findings show that milder forms of EDS dermatosparaxis type exist, which may 
remain undiagnosed (in a nonspecialised clinical setting). 



  Fifteenth(Annual(Meeting 
 

( ( ( 15th(ANNUAL(MEETING(2015%%%%%%%81 

P39: Dermatofibrosarcoma Protuberans adult case with COL1A1 aberrations with no 
apparent COL1A1-PDGFB fusion 
 
Gaëlle Tilman1, Judith Luciani1, Geneviève Ameye1, Khadija Bahloula1, Sandrine Nonckreman1, 
Sandra Schmitz2, Etienne Marbaix3, Liliane Marot3, Pascal Van Eeckhout3 & Hélène Antoine-
Poirel1 
 
1 Centre de Génétique Humaine, Cliniques universitaires Saint-Luc, Université catholique de 
Louvain 
2 Service d’ Oto-rhino-laryngologie, Clinique universitaire Saint-Luc, Université catholique de 
Louvai 
3 Service d’Anatomie Pathologie, Cliniques universitaires Saint-Luc, Université catholique de 
Louvain 
 
The Dermatofibrosarcoma Protuberans (DFSP) is a superficial, low-grade, locally aggressive 
fibroblastic neoplasm. It is cytogenetically characterized by either the presence of 
supernumerary ring chromosomes generally containing interspersed amplified sequences from 
chromosomes 17 (17q22-qter) and 22 (22q10-q13.1) in the majority of adult patients, or 
unbalanced t(17;22)(q21.3;q13.1) translocations in most pediatric cases. Both ring and linear 
der(22) chromosomes contain a chimeric gene that fuses COL1A1 (17q21) with PDGFB (22q13) 
detected in approximately 90% of DFSP cases. This fusion protein is proteolytically processed to 
a mature PDGFb ligand which probably drives tumorigenesis due to autocrine activation of 
platelet-derived growth factor receptor-β (PDGFRB).  
 
We report a DFSP adult case occurring in a 48-year-old patient who developed a cervical mass. 
The pathological examination of the initial biopsy suggested the diagnosis of a DFSP with a 
myxoid component. Six months later, the tumor was resected. The morphological analysis 
showed a DFSP with dedifferentiated fibrosarcomatous foci. Conventional karyotype carried out 
on the resected tumor showed several chromosomal aberrations including a supernumerary ring 
chromosome. Fluorescence in situ hybridization using the K_ON COL1A1/PDGFB single fusion 
probe revealed an amplification of the 17q21.33 probe without any obvious amplification of 
22q13.1 probe and did not detect the classically described COL1A1-PDGFB fusion. The 
additional study with home-made break-apart probes confirmed the rearrangement of the 
COL1A1 locus but not of the PDGFB locus. SNP-array analysis confirmed the amplification of the 
17q21.33-17q25.3 region including the 5’ part of COL1A1 gene. Once again, there was no 
obvious evidence of PDGFB/22q13.1 amplification. However, several copy number variations 
were detected including an amplification of another region located in 22q11.1-q11.21. 
 
In conclusion, our observations do not fit with the specific cytogenetic features usually 
associated with DFSP. It could be suggestive of either a cryptic molecular rearrangement of 
PDGFB or the involvement of a new fusion partner gene of COL1A1. Further characterization is 
under process. 
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P40: Evaluation of Glomulin Function 
 
Ha-Long Nguyen1, Pascal Brouillard1, Younes Achouri2, Patrick Jacquemin3, Frédéric Lemaigre3 & 
Miikka Vikkula1 
 
1 Human Molecular Genetics, de Duve Institute, UCL 
2 Transgenesis Core, UCL 
3 Liver and Pancreas Development, de Duve Institute, UCL 
 
Glomuvenous malformations (GVMs) are pink to bluish-purple superficial vascular lesions in 
which distended venous channels are surrounded by abnormally differentiated vascular smooth 
muscle cells (vSMC). GVMs are caused by loss-of-function mutations in the Glomulin (GLMN) 
gene. Due to the nature of GVMs and according to in situ hybridization studies on mice and in 
vitro data, GLMN is believed to be expressed specifically in vSMCs. Functionally, not much is 
clearly known about GLMN. Conventional knockout of Glmn in mice results in embryonic 
lethality at E8.5. Thus, Glmn was conditionally knocked-down (KD) in mouse embryos, using 
RNAi technology. Smooth muscle-specific Glmn KD (Glmn-RNAi;Tagln-cre) embryos 
recapitulated the conventional knockout phenotype. Furthermore, Glmn was KD ubiquitously or 
within endothelial cells (EC) by crossing Glmn-RNAi mice with CAG-CreERT2 or Cdh5(PAC)-
CreERT2 mice, respectively, then treating pregnant females with tamoxifen at E10.5 and E11.5. 
The time of embryonic lethality varied, depending on mouse background (between E13.5-18.5). 
The ubiquitous and EC-specific Glmn KD embryos exhibited consistent multifocal hemorrhages, 
with edema in many; however, there was not 100% penetrance of the phenotype. Histological 
analyses revealed several vessels were dilated. Surprisingly, as embryos in which Glmn was KD 
in ECs were affected and based on expression analyses, it appears GLMN is essential within ECs, 
in addition to vSMCs. In all, the Glmn KD models have potential to clarify Glmn’s role in 
angiogenesis and the vasculature and may eventually lead to a GVM mouse model. 



  Fifteenth(Annual(Meeting 
 

( ( ( 15th(ANNUAL(MEETING(2015%%%%%%%83 

P41: A new ILRAPL1 point mutation: clinical report of a X-linked mental retardation 
family. 
 
Urielle Ullmann1, Sébastien Boulanger2, Pascale Hilbert2 & Valérie Benoit2 
 
1 Centre de Génétique Humaine, Institut de Pathologie et de Génétique, Charleroi, Gosselies, 
Belgium  
2 Départment biologie moléculaire, Centre de Génétique Humaine, Institut de Pathologie et de 
Génétique 
 
X-linked mental retardation (XLMR) is a heterogeneous condition due to mutation in genes 
located on X chromosome and implicated in central nervous system. IL1RAPL1 (interleukin-1 
receptor accessory protein-like 1) located at Xp21.3-21.2 has been shown to be deleted in 
XLMR patients with contiguous gene syndrome. Rarely, intragenic deletions or mutations have 
been identified. Non-specific intellectual disability, behavior impairment with autistic spectrum 
disorder (ASD) and mild dysmorphism are actually recognized to be associated with IL1RAPL1 
mutations. 
 
IL1RAPL1gene comprises 11 exons, encodes a 696-amino acid protein that has homology to 
IL1RAP. It harbors 3 extra-cellular Ig-like domains (NM_014271.3) and contains an intracellular 
Toll/Il-1 Receptor domain and a 150 amino acids extension that interacts with the neuronal 
calcium sensor 1 protein. IL1RAPL1 protein does not bind interleukin-1 but is regulating the 
formation of synapses of the cortical neurons. IL1RAPL1 forms with the protein tyrosine 
phosphatase rho (PTPrho) a complex inducing pre and postsynaptic differentiation (Hayashi et 
al., 2013).  
 
So far, very few papers reported family with XLMR caused by point mutations in IL1RAPL1 gene 
(Ramos-Brossier et al., 2014). We report here a family with XLMR with two brothers as 
probands, their mother and sister carrying a new point IL1RAPL1 mutation c.1054C>T 
(p.Arg352*). The mutation was identified after X-chromosome analysis by next generation 
sequencing technique. This new mutation is lying at the median part of the gene, in exon 8 and 
induces a premature stop codon. The resulting truncated protein is predicted to lack part of 
extracellular domain, transmembrane domain and the entire cytoplasmic domain. This 
substitution is to our knowledge not yet described in the literature but being a truncating 
mutation, its pathogenic character is highly likely. 
 
Co-segregation with the symptomatic patients was confirmed at the family level. We describe in 
details our clinical findings and so participate to the phenotypic description of the IL1RAPL1-
associated MR and ASD. 
Interestingly, in contradiction with the so far published data, all the female carriers were found 
with mild learning disabilities, and some behavior impairments without any X-skewed 
inactivation detected at the level of lymphocytes DNA 
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P42: Copy number variations in Congolese patients with ID 
 
Aime Lumaka, Hilde Peeters, Prosper Lukusa & Koenraad Devriendt 
 
Center for Human Genetics, KU Leuven, Belgium 
 
1. Introduction 
Chromosomal Microarray (CMA) has become the first-tiers diagnostic tests for patients with 
Intellectual Disability (ID) (Schaefer and Mendelsohn, 2013). With High Resolution CMA 
(HRCMA) the detection rate of chromosomal aberrations has increased up to 13 - 31 % among 
patients with idiopathic ID (Wincent et al 2012; Lundvall et al., 2012). CMA allowed 
identification of novel CNVs and refinement of known chromosomal aberrations. Using such 
technology in understudied population such as Congolese may reveal novel CNVs and refine 
known aberrations. We applied the CMA to Congolese patients with idiopathic ID. The first aim 
of this study is to determine the frequency and nature of pathogenic variations among the study 
population. This is an ongoing study and we hereby report the preliminary results. 
 
2. Material and Methods 
2.1. Study population: 
We recruited 128 indexes (34 Females and 94 Males) from 6 specialized institutions across 
Kinshasa. 
Seventeen patients (14.84 %) had clinically recognizable syndromes of known etiology (17 
Down Syndrome, 1 Williams Syndrome and 1 Partington Syndrome); 50 (39.06 %) were 
dysmorphic but without clinically recognizable syndromes, 54 (42.18 %) showed (< 3 minor 
dysmorphic features) and 5 (3.90 %) had strong history of environmental exposure or trauma 
that could explain the developmental problem. We investigated the 109 patients from the last 3 
groups for chromosomal aberration using CMA. 
IQ was available only for 35 patients: 2 Borderline, 22 Mild, 9 Moderate, 2 Severe, 0 Profound. 
 
2.2. Methods 
We used 8x60k Agilent Microarray slides previously used once. These slides were washed on an 
Agilent Robot for 30 minutes in bath 1 at 35°C (mix of 350 ml of wash buffer 1 and 350 ml of 
MilliQ water, stirring at speed 7) and 1 minute in bath 2 at room temperature. The experiment 
followed the manufacturer’s procedure except that we extended the labeling period to 22 hours 
to reach the best QCmetrics. We validated our protocol against the Illumina 8v1 and 4x180 
Agilent Microarray slides. Reused slides reported additional false positives calls and all of them 
were removed when we raised the threshold for report to 350 kb.  
 
3. Results 
At current stage 74 patients have been tested with reused 8x60k Agilent Microarrays out of the 
109 (67.89 % of the cohort). Pathogenic copy number changes were detected in 9 patients 
(12.16 %) with size ranging from 787kb to 47 Mb. The two biggest aberrations were mosaic.  
 
 
 
 
 
 
Table 1. Detected Copy Number aberrations 
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CNVs Size 
1 arr 13q32.1(49,189,356-97,091,014)x1 (Mosaic) 47,9Mb 
2 arr 15q11.2(22,698,520-23,217,513)x1 518,99Kb 
3 arr 15q24.1-q24.2(72,963,962-75,535,357)x1 2.57Mb 
4 arr 17p11.2(16,782,547-20,294,010)x1 3,51Mb 
5 arr 20p13-q11.22(60,734-33,254,059)x3 (Mosaic) 33.19Mb 
6 arr 20q11.22-q11.23(33,186,305-34775,792)x1 1,59Mb 
7 arr 22q13.31q13.33(43,364,329-49,567,789)x1 6.2Mb 
8 arr 8p23.3-p23.1(61.749-11.985.357)x1 11.98Mb 
9 arr2q24.3(165,828,304-166,616,001)x1 787.7Kb 
 
4. Discussion 
The detection rate for CMA thus far (12.16 %) in our study is similar to other populations 
(Wincent et al 2012; Lundvall et al., 2012, Rauch et al., 2006). Majority of detected aberrations 
are recurrent. Reused slides have shown a reliable output in our study. This is great opportunity 
to implementing CMA in limited resources setting. 
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P43: Evidence of pyelocalicial dilation in antenatal ultrasound as a very unusal clue 
for the diagnosis of Pfeiffer Syndrome  
 
Anne-Sophie Truant1, Patricia Steenhaut2, Wim Wuyts3, Renaud Menten4, Ana Beleza -
Meireles1 & Yves Sznajer1 
 
1 Centre for Human genetics, UCL,Brussels 
2 Obstetric unit, UCL, Brussels 
3 Centre for genetics, UZ, Antwerpen 
4 Paediatric Radiology Unit, UCL, Brussels 
 
Introduction 
The acrocephalosyndactylies are a group of inherited congenital malformation disorders 
characterized by craniosynostosis and fusion or webbing of the fingers or toes, often with other 
associated manifestations. They are mainly secondary to the presence of mutation in FGFR1, 
FGFR2, FGFR3 or TWIST1 gene.  
 
Clinical report  
We report the story of a pregnancy referred for second opinion after detection of a bilateral 
pyelocalicial dilation with hyperechoic kidneys. Morphological ultrasound revealed an abnormal 
appearance of the brain structures with dilatation of the third ventricle and a possible corpus 
callosum agenesis. Anomalies of the extremities were also observed, suggesting either a 
oligosyndactyly or a polysyndactyly of hands and feet with bilateral clubfeet. A syndromic 
presentation was postulated. However no additional anomaly was observed.  
 
Family history was unremarkable in this non-consanguineous pedigree. Given the unknown 
neurological and/or orthopedic prognosis, and mainly because of the poor renal prognosis, the 
couple opted for a medical termination of pregnancy. Fetal examination at 22 weeks gestation 
revealed normal growth parameters. Facial dysmorphism was made of a high forehead and a 
frontal bossing, a bilateral exophthalmos, flattening of the midface and root of the nose. The 
extremities were characterized by the presence of spatulated fingers with wide thumbs and 
halluxes.  
This presentation was typical for Pfeiffer syndrome. Sequencing of FGFR 1 did not found any 
mutation or deletion and FGFR2 gene sequencing identified the mutation c.3455C> G in exon 8 
of the FGFR2 gene which confirms the diagnosis.  
 
Discussion  
Pfeiffer syndrome is a rare autosomal dominant syndrome. It is characterized by 
craniosynostosis, wide and abducted thumbs and halluxes, partial syndactyly of the hands and 
feet. Hydrocephalus, proptosis, ankylosed shoulder joints, visceral anomalies and 
developmental delay may occasionally be present. Three forms of Pfeiffer syndrome have been 
described (type 1, type 2, and type 3 depending on the severity and of the affected gene). 
Genetic diagnosis is confirmed by identification of a mutation in either FGFR1 or FGFR2 genes. 
In nearly 100%, it is a de novo mutation. In these cases, the risk of recurrence in a subsequent 
pregnancy is low and linked to the risk of germline mosaicism. Diagnosis of Pfeiffer syndrome 
can be suspected in the prenatal ultrasound by the identification of craniofacial and extremities 
anomalies or sometimes by other associated malformations.  
 
Conclusions 
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This case illustrates the importance of detailed morphologic ultrasound in prenatal setting. 
Relevance of a multidisciplinary approach remains crucial to guarantee appropriate diagnostic 
work-up. Termination of pregnancy must lead to evaluation of the fœtus by a geneticist, the 
pathologic exam and orientate molecular analyses to precise genetic counseling. 
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P44: A novel SCL9A6 mutation in a patient with Christianson syndrome : further 
molecular description and clinical manifestations 
 
Stéphanie Moortgat1, Marie Depez2, Christine Verellen-Dumoulin1, Lydie Burglen3 & Isabelle 
Maystadt1 
 
1 Centre de Génétique Humaine, Institut de Pathologie et de Génétique, 6041 Gosselies, 
Belgique 
2 Département de Neuropédiatrie, Clinique Sainte Elisabeth, Namur 
3 Service de Génétique Médicale, APHP, Hôpital Trousseau, Paris, France 
 
Christianson syndrome (CS, OMIM 300243) is an X-linked intellectual disability syndrome 
caused by mutations in the SLC9A6 gene encoding the NA+/H+ exchanger NHE6. This 
syndrome is characterized by severe to profound intellectual disability with absent speech, post-
natal microcephaly, global developmental delay, early-onset seizures, ophtalmoplegia and 
ataxia. Clinical phenotype can mimic Angelman Syndrome or Pitt-Hopkins syndrome. Carrier 
females may be mildly affected. CS should constitue 1 to 2% of X-linked intellectual disability.  
 
We report on a 10year-old male patient with CS carrying a novel mutation in SLC9A6 
(c.1631C>G or p.S544X). His clinical features include a progressive global developmental 
retardation, ataxia and a posnatal microcephaly. At the age of 18 months manual stereotypies 
and epilepsy were described. At the age of 10, he presents profound intellectual disability, 
autistic and hyperkinetic behavior, sleep disturbance and a retinitis pigmentosum that was 
previously only once reported in this condition. Clinical examination reveals facial dysmorphism 
characterized by a long face, sparse eyebrows, short nose and philtrum, a wide mouth with full 
lower lip, large ears and joint laxity. As 35 to 50% patients with CS, no cerebellar atrophy has 
been detected by brain MRI and no developmental regression has been occured. Molecular 
analysis of the SCL9A6 gene identified a hemizygous nonsense mutation c.1631C>G in exon 13 
of the gene, resulting in the premature stop codon p.S544X. Patient’s mother does not carrier 
the mutation. 
We discuss phenotype and molecular results of our patient and compare to the litterature. 
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P45: Absence of Nested Inversion Polymorphism at 22q11.2  
 
Wolfram Demaerel1, Reinhilde Thoelen2 & Joris Vermeesch1 
 
1 KU Leuven, Center of Human Genetics, Herestraat 49, 3000 Leuven, Belgium 
2 UZ Leuven, Center of Human Genetics, Herestraat 49, 3000 Leuven, Belgium 
 
The 22q11 deletion syndrome is with its prevalence of 1 in 2000 to 4000 live births the most 
frequent occurring microdeletion in the population. The 3Mb deletion causing the syndrome is 
the result of non-allelic homologous recombination between low copy repeats termed A and D 
at chromosome 22q11.2. Whereas most other genomic disorders are induced by the presence 
of an inversion polymorphism in one of the parents, it remains unclear why the 22q11.2 locus 
has a high susceptibility for NAHR. The 22q11.2 region has previously been tested for an 
inversion polymorphism between LCRs A and D, however, without positive result. In this study 
we investigate the possibility of a smaller, nested inversion polymorphism in 22q11.2, located 
between LCRs B and C causing NAHR of the surrounding region between LCRs A and D. We 
assessed the frequency of an inversion by testing 20 EBV cell lines using fiber-FISH and 
confirmed by long range PCR for 3 cases. No evidence for a nested inversion polymorphism was 
found. The high susceptibility of the 22q11.2 region for rearrangements remains intriguing and 
should be further investigated. 
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P46: Whole Exome Sequencing (WES) to Analyze the Genetic Basis of Non Syndromic 
Cleft Lip and Palate  
 
Mirta Basha1, Mickael Quentric1, Raphael Helaers 1, Nicole Revencu2, Bénédicte Bayet3 & Miikka 
Vikkula1 
 
1 Human Molecular Genetics, de Duve Institute, UCL. 
2 Center for Human Genetics, Cliniques universitaires St Luc, UCL, Brussels 
3 Centre Labiopalatin, Division of Plastic Surgery, Cliniques universitaires St Luc, UCL, Brussels 
 
Cleft lip with or without cleft palate (CL/P) is the most common craniofacial birth defect with an 
incidence of ~ 1/700 live births, varying with ethnicity and cleft type. It is a debilitating 
condition requiring an expensive and lifelong treatment.  
 
We performed whole exome sequencing (WES) on 20 CL/P subjects, by using True Seq 
enrichment kit capture on Hiseq2000 (illumina) (38x mean coverage, 100bp 2x paired-end 
reads). Our pilot WES cohort predominantly consisted of familial cases (n=15) and a few 
isolated syndromic CL/P subjects (n=5). We WESed 1 affected subject per family. Their sub-
phenotypes ranged from a full- blown bilateral CL/P to a subtler velopharyngeal insufficiency 
(VPI). 
 
After bioinformatic processing of raw data with an in-house developed pipeline, we analyzed our 
samples on Highlander (a software developed in our group by R. Helaers). Each sample had on 
an average ≈50, 000 detected variants. We retained variants for further analysis if they met 
the following criteria: (i) passed the GATK filter (≈49, 000), (ii) reported allele count of ≤10 in 
the population from the 1000 genomes project (≈40, 000), (iii) not reported in the population 
from the GO-NL (genome Netherlands) project (≈6, 000), (iv) occurrence in our in-house WES 
variant list in CL/P samples that passed GATK and at most 2 subjects afflicted with a different 
condition than CL/P that did not pass GATK (≈957). As “likely pathogenic“ variants, we 
considered those with a high impact (stops) or a moderate impact (non synonymous-NS), as 
predicted by SnpEff software. On average, a sample harbored 12 stops and 78 NS variants. All 
NS variants were predicted as damaging by at least 3 softwares. 
 
To identify causative gene(s) shared by multiple subjects, we used the following combinatorial 
filtering: {a} ≥2 samples with high impact variants in the same gene: 2 variants in 1 gene 
retained; {b} ≥2 samples with high or moderate-impact variants: 37 variants in 16 genes 
retained; and {c} ≥2 samples with moderate-impact variants: 267 variants in 122 genes 
retained. Our results demonstrate important locus heterogeneity for familial CL/P. To be able to 
distill out the causal gene from the aforementioned data, we will WES additional affected 
subjects from multiplex families, for which continued collection is also ongoing. 



  Fifteenth(Annual(Meeting 
 

( ( ( 15th(ANNUAL(MEETING(2015%%%%%%%91 

P47: The broad clinical spectrum of amino acyl tRNA synthetase mutations. 
 
Sara Seneca1, Marc D'Hooghe2, Marjo van der Knaap3, Katrien Stouffs1, Ann Jonckheere4, Rudy 
Van Coster5, Arnaud Vanlander5, Joél Smet5 & Linda De Meirleir6 
 
1 CMG, UZ Brussel & REGE, VUB 
2 Neurology, AZ St Jan, Bruges 
3 Department of Child Neurology, VU University Medical Center, Amsterdam 
4 Division of Paediatric Neurology, UZ Brussel 
5 Division of Paediatric Neurology and Metabolism, UGent 
6 Division of Paediatric Neurology, UZ Brussel & REGE, VUB 
 
Mitochondrial disease is a very heterogeneous group of conditions, usually characterized by a 
faulty OXPHOS system on the metabolic level, and (a multi) organ failure as the clinical 
phenotype. These disorders collectively affect at least 1 in 5 000 individuals of the population, 
and are incurable with treatment merely supportive. A plethora of mutations, both in the 
mitochondrial and nuclear genome have been reported over the last 20 years. The nuclear gene 
defects were localized in structural subuntis, or genes involved in the assembly and functioning 
of the five different complexes. Recently mutations in genes of the protein machinery, more 
specifically amino acyl tRNA synthetases (aARSs) have been reported in pediatric patients. 
Here, we present an adult male patient with progressive cerebral white matter lesions and a 
rapid mental deterioration. AARS2 gene mutation analysis was initiated after a thorough 
reading of the MRI images (MvdK, see Neurology 2014). Sequencing analysis confirmed the 
clinical suspicion. The patient is compound heterozygous for a missense and a frameshift 
alteration in the AARS2 gene. Both his parents are healthy carriers confirming the segregation 
of the variants on independent alleles. The missense variant has not been reported before, but 
in silico prediction tools predict the amino acid change to be deleterious for the protein. These 
results confirm again the broad clinical spectra of mitochondrial disease. 
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P48: Analysis of autosomal CNV profiles in patients and siblings in autism families 
 
Nele Cosemans1,4, Nathalie Brison1,4, Ilse Noens2,4, Peter Claes3, Joris Vermeesch1, Koen 
Devriendt1,4, Hilde Peeters1,4 
 
1 Centre for Human Genetics, University Hospital Leuven, KU Leuven, 3000 Leuven, Belgium 
2 Parenting and Special Education Research Unit, University of Leuven, Leuven, Belgium 
3 Medical Image Computing, ESAT/PSI, Department of Electrical Engineering, KU Leuven, 
Medical Imaging Research Center, iMinds, Medical IT Department, UZ Leuven, Leuven, Belgium 
4 Leuven Autism Research (LAuRes), 3000 Leuven, Belgium 
 
Copy number variants (CNVs) play a significant role in the etiology of Autism Spectrum 
Disorders (ASDs). Recurrent CNV risk variants are found in about 10-15% of patients with ASD 
and intellectual disability (ID). Moreover, the contribution of de novo CNVs is evidenced by 
unique causal CNVs in syndromic ASD and by the overrepresentation of de novo CNVs in ASD 
patients versus unaffected siblings in large scale studies. However little is known on the precise 
contribution of CNVs in patients with non-syndromic ASD. 
 
In the current study deletions, duplications and multiplications are studied in relation to patient 
and family specific characteristics to identify CNV profiles that may be associated with ASD in 
subgroups of patients. The study sample contains 159 families ascertained through one or more 
clinically well characterized probands with non-syndromic ASD (55 multiplex, 104 simplex). In 
total 231 ASD patients (177 males, 54 females) and 99 siblings (34 males, 65 females) are 
included. The sample contains mainly patients with normal intelligence (89%). Genotyping for 
all family members was performed with lllumina Omni2.5-8v1 SNP array. After a statistical 
quality control, CNVs defined by less than 10 consecutive probes were excluded from the study. 
Thirteen variants with known clinical significance (CNV risk variants or causes of ASD) were also 
excluded. The remaining dataset consist of 21670 autosomal variants including 933 
homozygous deletions, 11746 deletions, 8926 duplications and 65 multiplications.  
 
Wilcoxon test statistics and 10000 permutation tests were used to compare de novo and 
inherited CNVs between ASD patients and unaffected siblings. The results show that ASD 
patients have significantly more de novo duplications than siblings (p < 0.04). In addition the 
gene content (average number of genes per de novo duplication) is higher in ASD patients (p < 
0.0006). Analyses in multiplex families revealed an overrepresentation of inherited duplications 
and a higher gene content in patients versus siblings (p < 0.003) while this was not present in 
simplex families. 
 
In conclusion, these family data support a role for duplications in the etiology of non-syndromic 
ASD. Further analysis and the relation with patient and family specific characteristics is subject 
of ongoing work. However a more distant aim is to unify our findings in existing family risk 
models and study the potential clinical significance. 
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P49: Whole Exome Sequencing as a novel tool for the detection of modifier genes in 
Pseudoxanthoma elasticum 
 
Eva Y. De Vilder1, Filip Van Nieuwerburgh2, Dieter Deforce2, Ludovic Martin3, Georges 
Lefthériotis4, Anne De Paepe1 & Olivier O. Vanakker1 
 
1 Center for Medical Genetics Ghent, Ghent University Hospital, Ghent, Belgium 
2 Department of Pharmaceutics, Laboratory of Pharmaceutical Biotechnology, Ghent University, 
Belgium 
3 Department of Dermatology, Angers University Hospital, Angers, France 
4 Department of Vascular Physiology and Sports Medicine, Angers University, Angers, France 
 
Pseudoxanthoma elasticum (PXE), an autosomal recessive ectopic mineralization disorder 
caused by mutations in the ABCC6 and ENPP1 gene is characterized by skin, ocular and 
cardiovascular (CV) symptoms. However, an important variability in clinical severity is seen in 
patients, which does not correlate with their genotype. This suggests that other factors such as 
modifier genes and epigenetic mechanisms may influence phenotypic heterogeneity. The limited 
data on modifier genes in PXE results mainly from the use of a candidate gene approach based 
on current knowledge on the mechanisms underlying PXE; to date only VEGFA (encoding 
vascular endothelial growth factor) has been confirmed as a modifier gene for the PXE 
retinopathy. The pathophysiology of PXE is not well understood, hampering the selection of 
putative modifier candidates. Further it is probable that in an individual patient multiple 
modifier genes play a (synergistic) role, favoring a technology capable of analyzing multiple 
genes in a single reaction for their identification. Given that PXE is a rare disease, it is also 
difficult to generate cohorts large enough for proper statistical analysis. To tackle all of these 
hurdles, we introduced Whole Exome Sequencing (WES) as a new technique to identify 
potential modifier genes, by comparing patients with extreme phenotypes. A similar approach 
was already proven successful in identifying modifiers in cystic fibrosis. In this pilot study, WES 
was performed in 13 molecularly and histologically confirmed PXE patients with an extreme 
(mild or severe) CV phenotype (based on clinical presentation and vascular calcium (Agatston) 
scoring using whole body CT). We performed targeted analysis of variants unique for the 
severely affected cohort. Out of 1372 variants in the original dataset, we withheld 108 variants 
after initial selection of genes involved in mineralization, occlusive and atherosclerotic coronary 
and peripheral vessel disease, vitamin K and magnesium metabolism. The number of variants 
was narrowed down using in silico prediction tools (SIFT, Polyphen, PhyloP, Mutation taster and 
LRT) and a comprehensive literature study. As a result, 9 variants were withheld, which were all 
validated using Sanger Sequencing and screened in a second, independent cohort of 50 PXE 
patients with mild or severe CV disease based on the criteria mentioned above. Genotype- and 
allele frequency analysis and multiple logistic regression confirmed significant association of 3 
SNPs with severe CV disease: rs2228570 (VDR gene), rs13006529 (CASP10 gene) and 
rs1042714 (ADRB2 gene). All SNPs were previously linked to CV disease; functional data mining 
also yielded links to the PXE pathophysiology. Particularly for the VDR variant, reported to 
cause increased transcriptional activity of VDR, upregulation of several transcriptional VDR 
targets in PXE was found. 
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In conclusion, WES enables us to characterize candidate modifier genes by applying a targeted 
analysis approach in patients with extreme phenotypes, making it feasible to obtain significant 
results despite a relatively small sample size. After an essential confirmation in an independent 
cohort, the first results of this study point towards a role of VDR, CASP10 and ADRB2 in the 
cardiovascular presentation and pathophysiology of PXE, providing valuable assets for the 
management of PXE families. 
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P50: Single Molecule Real-Time Sequencing of the CGG repeat in the FMR1 gene  
 
Simon Ardui & Joris Vermeesch 
 
Centre for Human Genetics, KU Leuven 
 
The fragile X mental retardation gene (FMR1) is an X-linked gene which contains a CGG repeat 
in the 5’ untranslated region (5’UTR). When this CGG repeat expands to more than 200 units, 
the region will become methylated which will silence the gene and cause the fragile X syndrome 
(FXS). The syndrome is the most common form of inherited mental retardation and among 
others associated with autism spectrum disorder (ASD), behavioral problems and Attention 
Deficit Hyperactivity Disorder (ADHD). Carriers of alleles with 55-200 CGG repeats are at risk 
for fragile X- associated tremor/ataxia syndrome (FXTAS; mainly males) or fragile x-associated 
premature ovarian insufficiency (POF; only females). 
 
To date, we still lack a complete understanding of the molecular basis of the disease. Firstly, 
FXS is a complex disease whereby the penetrance of the disease is influenced by the size of the 
CGG repeat, the percentage of methylated alleles and intra- and inter tissue mosaicism. In 
addition, researchers are limited by the current state of the art techniques (southern blot and 
PCR) which only generate a moderate size resolution and fail to detect minor alleles. 
Sequencing the repeat would break through those limitations, but was not possible until 
recently. This changed with the advent of Single Molecule Real-Time (SMRT) sequencing 
whereby it’s possible to generate long reads (> 40 kb) and sequence through highly GC-rich 
regions. 
 
In 2013 Loomis et al. sequenced for the first time a fully expanded CGG repeat. We first 
confirmed their results by sequencing ourselves the CGG repeat of a normal individual, a 
permutation and a full mutation. By doing so we demonstrated that is indeed possible to 
sequence through this 100% GC rich and heavily repeated region. Interestingly, this approach 
also allows an easier detection of AGG interruptions which can be used to predict the likelihood 
of expansions of the repeat between generations. Consequently, in genetic counselling this 
information can be used for guiding woman who are carrying a premutation and are weighing 
the risk of having a child with FXS.  
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P51: The cleavage stage bovine embryo is a valuable model for chromosome 
instability in early mammalian embryogenesis.  
 
Aspasia Destouni1, Masoud Z. Esteki2, Maaike Catteeuw3, Katrien Smits3, Olga Tsuiko4, Eftychia 
Dimitriadou1, Thierry Voet2, Ann Van Soom3 & Joris R. Vermeesch1 
 
1 Laboratory of Cytogenetics and Genome Research, Center of Human Genetics, KU Leuven, 
Leuven, Belgium 
2 Laboratory of Reproductive Genetics, Center of Human Genetics, KU Leuven, Leuven, Belgium 
3 Department of Obstetrics, Reproduction and Herd Health, Ghent University, Ghent, Belgium 
4 Institute of Molecular and Cell Biology, Tartu University, Estonia 
 
*AD and MZE contributed equally to this study 
 
Chromosome instability (CIN) is characterized by the progressive accumulation of aberrations 
through cycles of impaired chromosome segregation to daughter cells. It has been proven that 
CIN is a common phenomenon in human cleavage-stage embryogenesis implying cell-to-cell 
variability following the first post-zygotic divisions. Due to ethical and legal constraints in vivo 
human embryo studies are not possible. In this study, we investigate the incidence of CIN in 
bovine cleavage-stage, in vitro produced (IVP) embryos. We provide substantial proof for the 
establishment of a model for the investigation of CIN in an in vivo research setting.  
 
Bovine embryos were produced from immature oocytes derived from slaughtered cattle, and 
subsequently matured in TCM199 supplemented with EGF. After in vitro fertilization with frozen-
thawed bull semen, presumed zygotes were cultured in Synthetic Oviduct Fluid, 0.4 % BSA and 
insulin, transferrin and selenium. At day 2 and day3 post insemination (pi), 123 blastomeres 
were obtained from 19 cleavage stage embryos after zona removal with pronase and were 
subsequently whole genome amplified (WGA) and hybridized on the Illumina Bovine HD arrays 
(approx. 800K SNPs). Subsequently, we employed a modified version of the siCHILD algorithm 
and haplarithmisis concept. From the 19 embryos analyzed 12 (63.16%) had blastomeres with 
chromosomal aberrations of which 75% are mosaic. Only 25% of the 12 embryos had 
abnormalities relevant to 1 chromosome, whereas 75% had >1 chromosome affected. 7/12 
(58.33%) embryos exhibit terminal segmental aberrations of which 43% with reciprocal gains 
and losses of the affected segment in sister blastomeres.  
 
The data presented here in demonstrate that the incidence and nature of CIN in bovine 
cleavage-stage and human cleavage stage embryos are comparable. We also prove that bovine 
early embryogenesis is a valuable model for the further study of underlying mechanisms leading 
to CIN at the early stages of human development.  
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P52: Identification of new causal NOTCH1 mutations in patients with Adams-Oliver 
syndrome 
 
Josephina Meester1, Martin Zenker2, Maja Sukalo2, Bart Loeys1, Lut Van Laer1 & Wim Wuyts1 
 
1 Centre of Medical Genetics, University of Antwerp, Antwerp University Hospital, Belgium 
2 Institute of Human Genetics, Otto-von-Guericke-Universität Magdeburg, University Hospital 
Magdeburg, 
 
Adams-Oliver syndrome (AOS) is a rare developmental disorder with an incidence of 
approximately 1 in 225,000 individuals. The key characteristics of the disease are congenital 
cutis aplasia of the scalp vertex and terminal limb defects, such as brachydactyly, oligodactyly, 
syndactyly or transverse amputations. In addition, vascular anomalies, comprising pulmonary 
and portal hypertension, retinal hypovascularisation and congenital cutis marmorata 
telangiectasia, but also congenital heart defects, such as ventricular septal defects, tetralogy of 
Fallot and anomalies of the great arteries and their valves, are frequently observed.  
 
So far, five causal genes have been described: EOGT, DOCK6, ARHGAP31, RBPJ and most 
recently NOTCH1. EOGT and DOCK6 are recessive genes, while mutations in ARHGAP31, RBPJ 
and NOTCH1 lead to autosomal dominant disease.  
 
Using targeted resequencing we screened 46 AOS patients, the majority of which had remained 
negative after screening of EOGT, DOCK6, ARHGAP31 and RBPJ, for mutations in NOTCH1. 
Samples were enriched using HaloPlex Targeted Enrichment (Agilent) and sequenced on MiSeq 
(Illumina) using 2x150 bp. In addition to several variants of unknown significance, we found 
four novel heterozygous NOTCH1 mutations in three patients. In the first patient we identified a 
(p.Cys456Tyr) mutation affecting a cysteine in the ligand binding domain of NOTCH1. A second 
patient carried two mutations (p.Trp2034Arg and p.Ala2043Val) on the same allele, located 
closely together in the ANK4 domain, which is involved in the binding of NOTCH1 to RBPJ. In 
the third patient we identified a nonsense mutation in exon 15 (p.Glu794*). None of these 
mutations have been reported in the EXaC database. We are currently performing segregation 
analysis of the mutations to confirm their causality. 
 
In conclusion, we have identified likely pathogenic mutations in 3 out of 46 patients (6.5%), 
suggesting that the mutation rate in NOTCH1 is not as high as reported previously (42%) 
(Stittrich et al., 2014). 
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P53: Concurrent whole-genome haplotyping and copy number profiling of single cells 
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Methods for haplotyping and DNA copy number typing of single cells are paramount for studying 
genomic heterogeneity and enabling genetic diagnosis. Before analyzing the DNA of a single cell 
by microarray or next-generation sequencing, a whole-genome amplification (WGA) process is 
required that substantially distorts the frequency and composition of the cell’s alleles. As a 
consequence, haplotyping methods suffer from error-prone discrete SNP-genotypes (AA, AB, 
BB), and DNA copy number profiling remains difficult as true DNA copy number aberrations 
have to be discriminated from WGA-artifacts. Here, we developed a single-cell genome analysis 
method that reconstructs genome-wide haplotype architectures as well as the copy-number and 
segregational origin of those haplotypes by deciphering WGA-distorted SNP B-allele fractions 
using a process we coin haplarithmisis. We demonstrate the method can be applied as a generic 
method for preimplantation genetic diagnosis on single cells biopsied from human embryos 
enabling to diagnose both disease alleles genome wide, as well as numerical and structural 
chromosomal anomalies. Moreover, meiotic segregation errors can be distinguished from mitotic 
ones. 
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P54: Targeted resequencing in intellectual disability and epilepsy in routine diagnosis, 
a first-line test? 
 
Damien Lederer, Valérie Benoit, Anne Destrée, Stéphanie Moortgat, Urielle Ullmann, Julie Désir, 
Karin Dahan, Bernard Grisart, Christine Verellen-Dumoulin & Isabelle Maystadt 
 
Human Genetics Centre, Institute of Pathology and Genetics, Gosselies, Belgium 
 
Epilepsy is a common neurological disorder with a lifetime incidence rate of 3%. Intellectual 
deficiency affects 1-3% of children. Many conditions associate epilepsy and mental retardation, 
caused by mutations in more than 100 genes, making genetic diagnosis expensive and 
challenging in the absence of other congenital anomalies. 
 
By targetted resequencing we have analysed a panel of 150 genes described in intellectual 
deficiency associated with epilepsy in 245 patients. The coding regions are amplified with a 
customed Ampliseq protocol and we sequence the fragments on an Ion Proton®. Mutation 
calling is done with Life Technologies variant caller and Cartagenia®. Here, we present the 
preliminary results.  
 
Mutations in STXBP1, FOXP1, ATRX, SCN2A, SCN8A, RFT1, GLDC, NRXN1, NLGN3, SHANK3, 
SYNGAP1, SLC9A6, KDM5C, CNTNAP2, CHD2, GRIN2A and MAGI2 were found in patients with 
typical or atypical phenotypes for those genes. Of note, the patient with RFT1-CDG syndrome 
had normal plasma transferrin isoelectric focusing. 
Mutations in STXBP1, KCNQ2 and SCN1A were found in more than one patient, confirming the 
predominance of those genes in patients with intellectual deficiency and epilepsy. 
This study identified the first point mutation in RORB in a family with autosomal dominant 
epilepsy.  
Overall, we are expecting a causal mutation rate of 15-25%.  
 
This gene panel is now used in our clinical diagnostic lab on a routine basis. Compare to exome 
study, the diagnositc yield is lower. Nevertheless, a gene panel allows us to sequence a lot of 
patients per analysis with a short turn around time at a lower cost. This makes gene panel 
analysis more suitable to a diagnostic routine. Bioinformatic analysis are based on our own 
variant database and can be reduced to a very short time. Indeed, for each patient, we detect 
around 180 exonic variants but we are left with only few potentially interesting variants after 
automatic classification. Overall, gene panel analysis is probably the best solution at this time 
for clinical diagnosis routine on a cost/efficiency basis. The major hurdle is Sanger sequencing 
confirmation of the mutations for such a large gene panel.  
 
In conclusion, gene panel analysis is an affordable test in patients with intellectual deficiency 
and epilepsy in view of low cost and high mutation pick up rate. Genetic testing for patients 
with epilepsy and intellectual disability is now the most efficient test and is a first-line diagnostic 
analysis in our genetic centre. 
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P55: High incidence of mosaic chromosomal aneuploidies in human cell lines: a 
quantification of the frequency of the phenomenon 
 
Eftychia Dimitriadou1, Masoud Zamani Esteki2, Niels Van der Aa2, Thierry Voet2 & Joris R. 
Vermeesch1 
 
1 Lab for Cytogenetics & Genome Research, Department of Human Genetics, KULeuven, Leuven 3000, 
Belgium 
2 Lab of Reproductive Genomics, Department of Human Genetics, KULeuven, Leuven 3000, Belgium 
 
The chromosomal content of human cells is thought to be very stable, under the strict control of 
well-orchestrated cell cycle checkpoints. Nevertheless, high levels of mosaicism are very well 
documented in human cleavage-stage embryos. Although recent studies imply a higher 
incidence of somatic mosaicism than what was earlier thought, we still lack detailed data 
describing the frequency and the nature of de novo copy number (CN) changes in normal 
somatic cells and tissues.  
 
To address these questions, we analyzed the genomes of randomly picked single cells and sister 
single cells derived after only one or a few cell division from human EBV-transformed 
lympholmastoid cells stem cells and fibroblasts. To screen for segmental and whole 
chromosome aneuploidies, single cells were isolated, their genomes were consequently 
amplified by PCR-based (PicoPlex™ WGA Kit, Rubicon Genomics) or multiple displacement 
amplification (GenomiphiV2, GE Healthcare) methods and analyzed by array-based approaches 
using 24Sure, 24Sure+ BAC arrays (BlueGnome/Illumina) or HumanCytoSNP-12v2.1 Bead 
Chips (Illumina). The data analysis of the BAC arrays was performed using the BlueFuse Multi 
V3.0 software. A novel algorithm, siCHILD (single-cell genome-wide haplotyping and imputation 
of linked disease variants), complemented with a powerful module, termed haplarithmisis, was 
developed for the analysis of the single cell SNP-array data, enabling the confident detection of 
CN changes and their parental origin in single cells. 
 
We show high incidence of cells carrying at least one somatic copy number change in single 
cells deriving from various cell lines, with variable frequencies among different cell types and 
experimental approaches (6.5-50%). We also confirm the very low occurrence of whole 
chromosome gains or losses compared to segmental imbalances. Importantly, we quantify the 
frequency of such events in single daughter cells. In 16 out of 76 mitoses analyzed, at least one 
of the two sister cells was carrying a CN change. Additionally, in more than half of the aberrant 
mitoses, the imbalance was complementary, with one cell showing loss and the sister cell gain 
of the same genetic material, indicating occurrence of the imbalance during that specific mitosis 
and providing clear evidence that such findings are real events and not artifacts due to the 
whole genome amplification (WGA) methods. Furthermore, using haplarithmisis, we detected 9 
imbalances in 7 out of 70 cells analyzed, 3 of which were due to gain or loss of the maternal 
allele and 6 of the paternal, indicating that the parental origin of the allele is not a contributing 
factor for the occurrence of an imbalance.  
 
These results suggest that chromosomal imbalances can occur regularly even in normal cell 
lines, indicating that the cell cycle control mechanisms are not as efficient as described in the 
literature. While the role of somatic mosaicism in disease is currently under investigation, it is 
becoming more and more evident that its role is significant and may lead to improved prognosis 
and treatment in the future. 
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P56: Comprehensive evaluation of the FBN1, LTBP2 and ADAMTSL4 genes in 207 
patients with ectopia lentis 
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5 Center for medical genetics, Antwerp university hospital 
6 Ophthalmology department, Ghent University Hospital 
 
Ectopia lentis (EL), a displacement of the lens of the eye, has an estimated prevalence of 6.4 
per 100 000 live born children. EL can present as an isolated phenomenon or within a 
syndromal constellation with multisystemic involvement. The most prevalent congenital cause 
of EL is Marfan Syndrome (MFS), which requires a lifelong cardiovascular follow-up. Because of 
the evolving phenotype, the diagnosis of MFS is difficult to make at young age and FBN1 testing 
is often requested. When no detectable FBN1 mutation is found, the absence of a definite 
diagnosis may cause psychological distress and sometimes unnecessary 
examinations. Recently, mutations in LTBP2 have been implicated in congenital glaucoma and 
microspherophakia with EL. ADAMTSL4 mutations have been implicated in EL and EL et pupillae. 
This study evaluates the contribution of mutations in FBN1, LTBP2 and ADAMTSL4 mutations in 
isolated EL in a large study group. 
 
Methodology: 
Over a 22 month time period a total of 207 probands with EL were referred for FBN1 analysis. 
We analyzed the FBN1, ADAMTSL4 and LTBP2 genes in these patients using a PCR-based step-
wise next-generation sequencing approach. Mutations were confirmed with Sanger sequencing. 
 
Results: 
154 out of 207 probands harbored an FBN1 mutation (of which 47 did not fulfill the 2010 Ghent 
revised criteria for MFS) and 53 did not (of which 9 patients did fulfill clinical criteria for MFS) 
resulting in a FBN1 detection rate of 75% (154/207) in an overall cohort with EL as the sole 
inclusion criterion. In the remaining 51 patients, homozygous or compound heterozygous 
mutations in ADAMTSL4 were found in four patients. (c.767_786del; c.2237G>A, 
c.2021_2022delCT, c.2977C>T, c.963dup). One proband showed a homozygous mutation in 
LTBP2 (c.4964A>G; p.Tyr1655Cys). In another proband only one heterozygous mutation 
(c.3850C>T, p.Arg1284Cys) was found.  
 
Conclusions: 
FBN1 is by far the primary gene to screen upon the diagnosis of EL. However, our results show 
that the clinical spectrum resulting from LTBP2 and ADAMTSL4 mutations includes isolated EL. 
Therefore, if no FBN1 mutation is found, screening of ADAMTSL4 and LTBP2 is advised as this 
may reveal a final diagnosis for 11% of the remaining patients and even up to 15% if the MFS 
criteria are not met. In addition, our data indicate that a FBN1 mutation in found in 92.2% of all 
patients fulfilling the 2010 revised Ghent criteria for MFS. However, LTBP2 mutations are no 
likely cause of FBN1 negative MFS with EL. 
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P57: DISTINGUISH BETWEEN PATHOGENIC AND BENIGN CNV IN RARE DISEASES: A 
FEATURE SELECTION APPROACH 
 
Claudio Reggiani1, Guillaume Smits2, Catheline Vilain3 & Gianluca Bontempi1 
 
1 Interuniversity Institute of Bioinformatics in Brussels (Brussels, Belgium) 
2 Hôpital Universitaire des Enfants Reine Fabiola, HUDERF (Brussels, Belgium) 
3 enter for Medical Genetics, Hôpital Erasme, ULB (Brussels, Belgium) 
 
Understanding the aetiology of complex traits is a difficult tasks. Here we used two public 
datasets and a feature selection approach to find out structural genetic properties in rare 
diseases patients. 
 
Introduction 
Recent work have highlighted an important role for Copy-Number Variations (CNVs) in the 
genetic aetiology of rare diseases (e.g. [1]). By means of machine learning techniques, we want 
to find out which structural genetic properties are more relevant to distinguish between 
pathogenic and benign CNVs. 
 
Methods 
We used two public CNV datasets: DECIPHER stores genomic variations and (HPO) phenotype 
information about, 9,000 patients and 15,000 variants, DGV provides more than 180,000 CNVs 
detected in control samples. For our analysis we created a dataset of 2297 patient from 
DECIPHER labeled with "Intellectual disability" (ID) HPO phenotype and we sampled the same 
amount of patients from DGV. For each patient we created 4 groups of features (similar works 
in [2] and [3]): structural, overlap with ccds, overlap with pathways and gene panels or column 
aggregations. For a total of 29582 features. 
 
Using AUC as performance metric, we compared performance of 5 classifiers: logistic 
regression, naive bayes, decision tree, svm and random forest. These classifiers have been 
tested using all or a subset of the features, by means of mRMR feature selection algorithm [4]. 
 
Results and Discussion 
In DECIPHER vs DGV patients scenario, the best classification performance achieved AUC = 
0.72 Similar performance have been measured for Autism and Cognitive phenotype (the latter 
includes all severity levels of ID, "Global developmental delay" and "Delayed speech and 
language development").  
 
It is still not clear why classifiers perform that way, hence these observations will lead our 
future research in the following directions: i) include new public datasets, ii) investigate new 
features; iii) look for different classification methods. Updated data will be presented. 
 
References 
1) Marshall, C. R., & Scherer, S. W. (2012). Detection and charac- terization of copy number variation in autism 
spectrum disorder. Methods Mol Biol, 838. 
2) Dauber, A., Yu, Y., Turchin, M., Chiang, C., Meng, Y., Demerath, E., Patel, S., Rich, S., Rotter, J., Schreiner, P., 
Wilson, J., Shen, Y., Wu, B.-L., & Hirschhorn, J. (2011). Genome-wide association of copy-number variation reveals an 
association between short stature and the presence of low-frequency genomic deletions. The American Journal of 
Human Genetics, 89, 751 – 759. 
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P58: Genetic diagnostics of familial and sporadic amyotrophic lateral sclerosis 
patients  
 
Hannelore Hamerlinck1, Anne-Marie Meertens1, Steve Smekens1, Ria Vandensande1, Sarah 
Debray2, Philip Van Damme2, Gert Matthijs1 & Valérie Race1 
 
1 Center for Human Genetics, University Hospitals Leuven, KU Leuven, Belgium  
2 Department of Neurology, University of Leuven, Leuven, Belgium 
 
Amyotrophic lateral sclerosis (ALS, OMIM 105400) is a late onset neurodegenerative disease 
characterized by the loss of both upper and lower motor neurons. The disorder is 
heterogeneous at a clinical, neuropathological and genetic level. The majority of the ALS 
patients have been defined as sporadic (SALS), however 5%-10% are categorized as familial 
ALS (FALS). According to literature, genetic defects can be found in two-thirds of FALS and 10% 
of SALS. To date, more than 25 genes linked to ALS have been identified and the three most 
common causative genes are Superoxide dismutase (SOD1, OMIM 147450; NM_000454.4), TAR 
DNA binding protein (TARDBP / TDP43, OMIM 605078; NM_007375.3) and fused in 
sarcoma/translated in liposarcoma (FUS, OMIM 137070; NM_004960.3). A fourth major 
causative defect is a hexanucleotide repeat expansion in the 5’UTR region of chromosome 9 
open reading frame 72 (C9ORF72). Defects in C9ORF72, SOD1, TARDBP and FUS each account 
for approximately 30%, 20%, 4% and 4% of FALS. 
 
Between 2010 and 2014, we analyzed a cohort of 509 ALS-patients (SALS & FALS). The 
analysis of the hexanucleotide repeat (GGGGCC) in the C9ORF72 gene was performed with PCR 
(exact determination of length of normal alleles) and TPPCR (detection of an expansion). Exon 6 
of TARDBP, exons 5, 6, 14 and 15 of FUS and all 5 exons of SOD1 and flanking intronic 
sequences were analyzed by Sanger sequencing.  
 
We found a genetic defect in 92 of 509 ALS-patients (18.1%). A C9ORF72 repeat expansion 
was found in 61 ALS-patients part of 47 families (11.7%). Mutations in SOD1 were found in 19 
cases in 10 different families (3.6%), 4 patients in 3 families had a mutation in FUS (0.8%) and 
8 patients in 7 families had a mutation in TARDBP (1.5%). All of the detected mutations have 
been previously described as causative changes for ALS with the exception of a highly 
conserved amino acid at position 386 (p.G386E) in TARDBP. 
 
Taking into account that we screened both FALS and SALS patients, our diagnostic yield lives up 
to the expectations. C9ORF72 repeat expansions are a frequent cause of ALS in Belgium, also in 
SALS patients. These results might justify genetic testing of C9ORF72 in all ALS patients. 
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P59: Psychomotor and growth retardation due to glycerol kinase deficiency in a 20 
months old boy diagnosed through CGH microarray 
 
Dominique Roland1, Diana Sanchez2 & Bernard Grisart3 
 
1 Department of Medical Genetics/Metabolic Diseases. Institut de Pathologie et de Génétique, 
Gosselies 
2 Department of Pediatrics, Hôpital de Jolimont, La Louvière, Belgium 
3 Molecular Biology Laboratory, Institut de Pathologie et de Génétique, Gosselies, Belgium 
 
Glycerol kinase deficiency (GKD) is a rare X-linked recessive disorder responsible for inability to 
phosphorylate glycerol to glycerol 3-phosphate, a precursor of gluconeogenesis. Glycerol 
accumulation in urine and plasma is the result of the enzyme deficiency. Besides of 
hyperglycerolemia and pseudohypertriglyceridaemia, GKD patients may experience severe 
ketoacidosis and hypoglycemia in catabolic situations. Isolated and contiguous glycerol kinase 
gene disorders have been described. In isolated forms, a broad clinical spectrum was observed 
from life-threatening metabolic crisis in neonate to asymptomatic adults. 
 
We report on the history of a 20 months old boy who came to attention because of psychomotor 
delay, hypotonia and poor growth. At 6 months, this child experienced 2 hypotonic episodes 
after prolonged fasting without proven hypoglycemia. 
 
During biochemical work-up of this boy, metabolic investigations were performed except for 
organic acids in urine because of technical problem. On the other hand, a microarray-based 
comparative genomic hybridization (CGH) analysis (ISCA 180K) identified two DNA 
rearrangements : a 3 kb microdeletion at Xp21.2, confirmed by quantitive PCR and affecting GK 
gene as well as a « de novo »18 kb microdeletion in 16q23.3, partially affecting PLCG2 gene 
associated with cold urticaria, immunodeficiency and autoimmunity. Biochemical investigations 
highlighted hypertriglyceridemia (505 mg/dl), normoglycemic but hyperketonemic state, normal 
anion gap and immunologic evaluations. Increased glycerol (1136 mmol/mol creat) and 3-
hydroxybutyrate (102 mmol/mol creat) in urine were noticed. 
 
After the diagnosis of this X-linked recessive disease, 7 years old twin brothers and the mother 
were evaluated. The mother and one of the twin brother also carry the 3 kb microdeletion in 
Xp21.2. Clinical history of the 7 years old brother was punctuated by recurrent morning 
hypoglycemic episodes between 1 and 2 years of age without psychomotor delay or growth 
retardation and normal intellectual development. Biochemical investigations also revealed 
hypertriglyceridemia and hyperglyceroluria in this child. 
 
Conclusion : Isolated glycerol kinase deficiency is a very rare X-linked disorder. Diagnosis can 
be made late in life if patient do not experience early life-threatening episodes. In the same 
family, clinical phenotype can be different from one patient to the other. Extended use of 
microarray-based techniques in the work-up of many developmental disorders has emerged 
during the last decade allowing identification of very rare diseases and in the case of GKD 
permitting early prevention of further severe episodes of hypoglycemia, ketoacidosis and 
catabolic state. 
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P60: pxlence – providing the tools for target enrichment  
 
Steve Lefever1, Frauke Coppieters1, Daisy Flamez2 & Jo Vandesompele1 
 
1 Ghent University, Center for Medical Genetics Ghent, Ghent, Belgium; pxlence, Dendermonde, 
Belgium 
2 Ghent University, Biomarked, Ghent, Belgium 
 
Targeted resequencing has become an important application in clinical diagnostics. A wide 
range of target enrichment approaches have been developed, enabling the customer to focus on 
regions of interest. This not only significantly reduces sequencing costs per sample but also 
facilitates downstream data analysis considerably. Due to its flexibility in design, high sensitivity 
and specificity, the polymerase chain reaction (PCR) is particularly well suited as enrichment 
strategy. 
 
We developed and validated a primer design tool called primerXL to generate almost one million 
assays for both fresh frozen and formalin fixed paraffin embedded (FFPE) samples, covering 
over 99% of the human exome. Assays were designed to generate equimolar and specific 
amplification with a single PCR condition. Using these assays, NGS gene panels were developed 
for congenital blindness (16 genes), deafness (15 genes) and various cancer types (16 genes). 
Uniform sequencing coverage has been achieved using different library preparations and 
sequencing instruments. To date, the Center for Medical Genetics in Ghent incorporates the 
primerXL assays in a high-throughput singleplex enrichment workflow to replace Sanger 
sequencing-based diagnostic tests with NGS. 
 
Due to the excellent performance of both the primerXL tool and the generated primer pairs, a 
spin-off called “pxlence” was recently founded. Its short-term goal is to provide customers easy 
access to the predesigned assays, enabling them to enrich any exonic region or confirm any 
variant of interest through either NGS or Sanger sequencing. More information is available at 
www.pxlence.com 
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P61: A case of micro-deletion 14q32.3 
 
Annette Uwineza, Saskia Bulk, Jean-Huberg Caberg & Genevieve Pierquin 
 
Center for Human Genetics, Centre Hospitalier Universitaire Sart-Tilman, University of Liege, 
Liege 
 
The 14q terminal deletion syndrome is characrerized by intellectual disability, microcephaly, 
postnatal growth retardation, and muscular hypo-onia, as well as several dysmorphisms (i.e., 
high forehead, blepharophimosis, epicanthic folds, a short bulbous nose with a broad, 
depressed nasal bridge, low-set ears, micrognathia, and a thin vermillion of the upper lip.) 
 
We present a 6 years-old girl born with low birth weight and congenital malformations such as 
esophageal atresia and atrial septal defect. She had a psychomptor development delay (weight; 
14.4 kg, height: 98,5 cm, head cirmcumference: 51 cm ) associated with anorexia and 
undergone a gastrostomy.  
 
Clinical features revealed facial dysmorphic features characterized by a triangular face, thin 
nasal root, moderately high forehead and clinodactyly of the fifth finger.  
 
Array –CGH was performed and revealed a de novo microdeletion of 345 kb in 14q32.33 region 
whith encompassing only 7 genes: AHNAK2, CDCA4, GPR132, JAG2, NUDT14, BRF1, BTBD6.  
 
Our patient is present the smallest 14q32.33 , this will allow to better correlate the phenotype 
of our patient to the different genes located in this region. 
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P62: Gene panel sequencing in Heritable Thoracic Aortic Disorders and related entities 
– results of comprehensive testing in a cohort of 264 patients  
 
Laurence Campens, Bert Callewaert, Laura Muino Mosquera, Marjolijn Renard, Sofie Symoens, 
Anne De Paepe, Paul Coucke & Julie De Backer 
 
Center for Medical Genetics, Ghent University Hospital, 9000 Ghent, Belgium 
 
Background 
Heritable Thoracic Aortic Disorders (H-TAD) may present clinically as part of a syndromic entity 
or as an isolated (nonsyndromic) manifestation. About one dozen genes are now available for 
clinical molecular testing. Targeted single gene testing is hampered by significant clinical 
overlap between syndromic H-TAD entities and the absence of discriminating features in 
isolated cases. Therefore panel testing of multiple genes has now emerged as the preferred 
approach. So far, no data on mutation detection rate with this technique have been reported. 
 
Methods 
We performed Next Generation Sequencing (NGS) based screening of the seven currently most 
prevalent H-TAD-associated genes (FBN1, TGFBR1/2, TGFB2, SMAD3, ACTA2 and COL3A1) on 
264 samples from unrelated probands referred for H-TAD and related entities. Patients fulfilling 
the criteria for Marfan syndrome (MFS) were only included if targeted FBN1 sequencing and 
MLPA analysis were negative.  
 
Results 
A mutation was identified in 34 patients (13%): 12 FBN1, one TGFBR1, two TGFBR2, three 
TGFB2, nine SMAD3, four ACTA2 and three COL3A1 mutations. We found mutations in FBN1 
(N=3), TGFBR2 (N=1) and COL3A1 (N=2) in patients without characteristic clinical features of 
syndromal H-TAD. Six TAD patients harboring a mutation in SMAD3 and one TAD patient with a 
TGFB2 mutation fulfilled the diagnostic criteria for MFS.  
 
Conclusion 
NGS based H-TAD panel testing efficiently reveals a mutation in 13% of patients. Our 
observations emphasize the clinical overlap between patients harboring mutations in syndromic 
and nonsyndromic H-TAD related genes as well as within syndromic H-TAD entities, justifying a 
widespread application of this technique.  
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P63: Upregulation of MAPK negative feedback regulators and RET in mutant ALK 
neuroblastoma: implications for targeted treatment 
 
Irina Lambertz1, Candy Kumps1, Shana Claeys1, Sven Lindler2, Anneleen Beckers1, Els 
Janssens1, Daniel Carter3, Alex Cazes4, Belamy Cheung3, Marilena De Mariano5, David C. 
Trujillo1, An De Bondt6, Sara De Brouwer1, Jay Gibbons7, Isabelle Janoueix4, Geneviève 
Laureys8, Chris Liang7, Glenn Marchal3, Michael Porcu9, Junko Takita10, Ilse Van Den Wyngaert6, 
Nadine Van Roy1, Alan Van Goethem1, Tom Van Maerken1, Piotr Zabrocki9, Jan Cools9, Johannes 
Schulte2, Jorge Vialard11, Frank Speleman1 & Katleen De Preter1 
 
1 Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium 
2 Department of Pediatric Oncology and Haematology, University Children's Hospital 
Essen,Germany 
3 Kids Cancer Center, Sydneys Childrens Hospital, Sydney, Australia 
4 Unité Inserm U830, Centre de Recherche, Institut Curie, Paris, France 
5 Biotherapy Unit, IRCCS AOU San Martino-IST, Istituto Nazionale per la Ricerca sul Cancro, 
Genoa, Ita 
6 Oncology Discovery Research and Early Development, Johnson & Johnson, Beerse, Belgium 
7 VP Oncology, Xcovery LLC, West Palm Beach , Florida 
8 Department of Pediatric Oncology and Haematology, Ghent University Hospital, Ghent, 
Belgium 
9 Center for Human Genetics, K.U.Leuven - VIB, Leuven, Belgium 
10 Department of Pediatrics, Graduate School of Medicine, the University of Tokyo, Tokyo, Japan 
11 Oncology Discovery Biology, Janssen Research & Development, a division of Janssen 
Pharmaceutica NV,  
 
Purpose: Activating ALK mutations are present in nearly 10% of primary neuroblastomas and 
mark patients for treatment with ALK inhibitors. However, recent studies have shown that 
multiple mechanisms drive resistance to molecular therapies targeting receptor tyrosine 
kinases. We anticipated that detailed mapping of the oncogenic ALK-driven signaling in 
neuroblastoma can aid to identify potential fragile nodes as additional targets for combination 
therapies.  
 
Experimental design: To achieve this goal, transcriptome profiling was performed in 
neuroblastoma cell lines with the ALKF1174L or ALKR1275Q hotspot mutations, ALK 
amplification or wild-type ALK following pharmacological inhibition of ALK using four different 
compounds. Next, we performed cross-species genomic analyses to identify commonly 
transcriptionally perturbed genes in MYCN/ALKF1174L double transgenic versus MYCN 
transgenic mouse tumors as compared to the mutant ALK-driven transcriptome in human 
neuroblastomas. 
 
Results: A 77-gene ALK signature was established and successfully validated in primary 
neuroblastoma samples, in a neuroblastoma cell line with ALKF1174L and ALKR1275Q regulable 
overexpression constructs and in other ALKomas. In addition to the previously established 
PI3K/AKT/mTOR, MAPK/ERK and MYC/MYCN signaling branches, we identified that mutant ALK 
drives a strong upregulation of MAPK negative feedback regulators, RET and RET-driven 
sympathetic neuronal markers of the cholinergic lineage. 
Conclusions: We provide important novel insights into the transcriptional consequences and the 
complexity of mutant ALK signaling in this aggressive pediatric tumor. The negative feedback 
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loop of MAPK pathway inhibitors may impact on novel ALK inhibition therapies while mutant ALK 
induced RET signaling can offer novel opportunities for testing ALK-RET oriented molecular 
combination therapies.  
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P64: Comparison of Brussels NGS Pipelines in the BridgeIRIS project 
 
Bertrand Escaliere1, Gianluca Bontempi1, Helaers Raphael2, Sonia Van Dooren3 & Guillaume 
Smits4 
 
1 Interuniversity Institute of Bioinformatics Brussels 
2 De Duve Institute, UCL 
3 Center for Medical Genetics UZ-Brussel, VUB 
4 Hˆopital Universitaire des Enfants Reine Fabiola 
 
Exome sequencing is an efficient tool for disease causing variants discovery. Analysis pipelines 
comparison could lead to an improvement resulting in more true positive variants called and 
less 
false negatives. 
 
Introduction 
Identification of anomalies causing genetic diseases is difficult. It can be limited by the scarcity 
of affection concerned (rare disease, whose it(s) gene(s) is (are) still unknown(s)), by the 
genetic heterogeneity of var ious affections (p.ex more than one hundred genes involved in the 
retinitis pigmentosa), or by the polymorphic character of the phenotypes associated with the 
anomalies in the same gene. The technique of exome sequencing was developed (Ng et al., 
2009b) which consists in isolating from the genome the parts coding for proteins, representing 
1% of the whole genome. 
 
The cogency of this approach comes from the fact that many changes at the origin of the rare 
genetic diseases are deleterious sequence variations at the level of exons and intron-exon of 
genes coding for proteins. This technique allowed the identification (Gilissen et al., 2012), (Ng 
et al., 2009a), (Yang et al., 2013) of many genetic diseases causes, whose origin remained 
inaccessible up to now by the usual techniques of research in genetics. Exome sequencing data 
analysis pipeline is constituted by several steps (roughly: alignment, quality filters, variant 
calling) and several softwares are available for those steps. Evaluation and comparison of those 
tools are crucial in order to improve the pipeline accuracy. As part of BridgeIRIS project 
(BRussels big Data platform for sharing and discovery in clinical GEnomics) ( BRiDGEIris, ), we 
performed an exome sequencing pipelines comparison. 
 
Methods 
We compared 6 pipelines from four different Brussels places (UCL, UZ Brussels, InSilico (IS) 
and ULB) 
on the same dataset provided by HUDERF (6 exomes FastQ files). We used 2 aligners (bwa and 
bwa- 
MEM) and 2 variant callers (GATK UG and GATK HC). Among those variants callers we ran GATK 
UG version 1.6, version 2.3, version 2.7, version 2.8 and GATK HC version 2.8 resulting in 6 
different associations. Those different combinations allowed us to evaluate aligners and variant 
callers separately. We also evaluated the impact of single sample calling versus multi sample 
calling : GATK HC pipelines and 
GATK UG version 1.6 call in a single sample way, others pipelines are in multi sample calling. 
We compared the variant calling output on the targeted area and split our results between SNPs 
and INDELs. 
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Results and Discussion 
Alignment and variant calling tools have an impact on the amount of variant called. As expected 
INDEL calling stays a big issue. High depth was not a insur- 
ance of consistent calling. Aligners showed differences even with homozygous variants. Typical 
error-prone regions and variants could be determined. Further 
analyses and validations are ongoing. 
 
References 
BRiDGEIris:http://ibsquare.be/research/projects/bridgeiris-brusselsbig-data-platform-sharing-
and-discovery-clinical-genomics 
Gilissen, C. et al.(2012). Disease gene identification strategies for exome sequencing. European 
journal of human genetics : EJHG, 20, 490–497.   
Ng, S. B. et al. (2009a). Exome sequencing identifies the cause of a mendelian disorder. Nature 
Genetics, 42, 30–35. 
Ng, S. B. et al. (2009b). Targeted capture and massively parallel sequencing of 12 human 
exomes. Nature, 461, 272–276. 
Yang, Y. et al. (2013). Clinical Whole-Exome Sequencing for the Diagnosis of Mendelian 
Disorders. N Engl J Med, 369, 1502–1511. 
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P65: Identification and characterization of DNA-replication in single cells using 
nextgeneration sequencing 
 
Parveen Kumar1, Niels Van Der Aa1, Masoud Zamani Esteki1, Ligia Mateiu1, Ryo Sakai2, Koen 
Theunis1, Jan Aerts2 & Thierry Voet1 
 
1 Laboratory of Reproductive Genomics, Department of Human Genetics, KU Leuven, Leuven 
2 STADIUS Center for Dynamical Systems, Signal Processing and Data Analytics, KU Leuven, 
Leuven 
 
Single-cell genome sequencing is paramount for understanding genetic heterogeneity in normal 
biological and disease processes, and for enabling genome-wide screens of rare cells in the 
clinic. Often, the individual cells are isolated randomly without knowledge of their cell cycle 
state. Here we establish metrics for identifying cells in S-phase within a population of  whole-
genome sequenced single lymphoblastoid cells using analyses of sequence read depths. We 
show that DNA-replication perturbs conventional copy number analyses, leading to the 
detection of DNA losses and gains that may be falsely interpreted as genuine genetic variation 
in the cell. In contrast, by developing new sequence analyses, we were able to emerge the 
DNA-replication program ongoing within a single cell at high resolution, enabling novel routes to 
investigate cell-to-cell variation in replication dynamics genome wide. The established workflow 
is of value to single-cell analyses in general and DNA replication research in particular. 
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