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Dear colleagues,  
 
 
 
 
Welcome to the autumn symposium of the NVHG (Dutch Society for Human Genetics). This is a joint meeting 
organized together with the VKGL (Vereniging Klinisch Genetische Laboratoriumdiagnostiek), the VKGN (Vereniging 
Klinische Genetica Nederland) and the NACGG (Nederlandse Associatie voor Community Genetics en Public Health 
Genomics). 
 
 
 

 
 
Human genetics is developing fast. Every year we experience new 
developments implemented in the clinic. Technological 
advancements, especially in sequencing, have had a major impact on 
the field. It sometimes seemed that human genetics was driven by 
technology only. This is clearly not the case. Human genetics is more 
than obtaining whole genomes at population scale.   
 
 
The program for this year’s meeting is focused on new state of the art 
genetics research. We have deliberately not selected a single topic, 
but invited scientists who received prestigious grants over the past 
years. Therefore the title “Grant Talents”.  I expect that their 
presentations will give a good overview of current genetics research 
in the Netherlands.  
 
 

 
 
 
Next to the plenary session, the VKGN, VKGL and NACGG also organized interesting programs for the respective 
disciplines.  
 
As usual, this meeting is the perfect place to discuss the new developments and stimulate discussion of the 
possibilities and their implications. Thursday afternoon Prof. Braeckman will enlighten us on genetics and human 
behavior and Friday afternoon the latest development in human genome sequencing in the Netherlands will be 
discussed. 
 
We thank all who helped organizing this meeting; the Societies for their specific programs and of course those who 
submitted abstracts.  
 
 
I wish you a great and inspiring meeting.  
 
Frank Baas 
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General information 
 
Venue 
Hotel & Congrescentrum Papendal 
Papendallaan 3 
6816 VD Arnhem 
Tel.: 026-4837911 
www.papendal-hotel.nl 
info@papendal-hotel.nl 
 
Registration 
In the Lobby: open on Thursday October 22, 2015: 10.00  – 11.00 hrs  
 
Reception and catering 
Foyer 1 + 2 
 
Dinner and party 
In Sydney zaal 
 
Abstracts 
Abstracts are grouped in:  
• Abstracts Guest Speakers  G 01 to G 11  
• Abstracts Talks:    T 01 to  T 25   
• Abstracts Posters :   P 01 to  P 66 
 
Posters 
Poster boards have a size of 200 cm (height) en 120 cm (width)  
 
Language 
The official language of the biannual spring meeting will be English 
 
Accreditation 
Accreditation forms are available at the registration desk (GAIA  ID number: 226172)  
Badges 
You are requested to hand in your badge at the end of the symposium 
 
Presentations 
You are requested to timely hand in an USB stick with your presentation to the chairperson of your symposium session 
 
NVHG board and scientific organization 
Prof. dr. Frank Baas 
Prof. dr. Hans Kristian Ploos van Amstel 
Dr. John Engelen 
 

Prof. dr. Hans van Bokhoven  
Dr. Alice Brooks  
Prof. dr. Peter Devilee 
Prof. dr. Raoul Hennekam  
Dr. Lidewij Henneman 
Prof. dr. Richard Sinke 
Prof. dr. Joris Veltman 
 
Administrative organization 
Wilmy Swaerdens (nvhgsecretariaat@umcutrecht.nl)    
Henny Schurmann (henny.schurmann@mumc.nl)  
   
 
www.nvhg-nav.nl   
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BIOKÉ B.V. 
Solutions for Life Sciences 
Schuttersveld 2, 2316 ZA Leiden 
The Netherlands 
T: +31 (0)71 568 1000 
T Belgium:  0800 71640 
F: +31 (0)71 568 1010 
www.bioke.com 
 
 
 
 

 

Sophia Genetics 
Koenraad Eycken 
Rue du Centre 172 
1025 Saint Sulpice 
m +32 488 074 801  
www.sophiagenetics.com 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Beckman Coulter (Nederland) B.V. 
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3447 GW Woerden 
Netherlands 
Tel: +31-348 462 462 
Fax: +31-348 462 482 
Mobile: +31-612 990 781 
www.beckmancoulter.com 
 

Multiplicom NV   
GalileÏlaan 18, B-2845  
Niel, Belgium 
gino.thibaut@multiplicom.com 
 +32 3 289 14 00 
 +32 496 17 29 47 
www.multiplicom.com 
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Essex 
CB10 1XL 
www.illumina.com 
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kaisa.manninen@blueprintgenetics.com 
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October  22 & 23, 2015 

GranT Talents in Genetics  
The NVHG Two-Day Autumn Symposium 2014 - Dutch Society of Human Genetics 
Nederlandse Vereniging voor Humane Genetica  (www.nvhg-nav.nl) 

 
 

 

Program Thursday October 22, 2015       
 
 
 
10:00-10:30 Registration (open until 11.00 hrs) 
 
 
 
10.30-12.30   Opening & Plenary session 

Room: Athene BC 
Chair: Frank Baas 

 
10.30-10.40 Opening  

 
10.40-11.20 Joost Gribnau (ErasmusMC, Rotterdam)  (G 01) 

 Activation of X Inactivation 
 
11.20-11.40 Eveline Verhulst (NWO Veni postdoctoral fellow, Wageningen University) (G 02) 

Sex determination in Hymenoptera: the road after doublesex 
 
11.40-12.00 Diederik van de Beek (AMC, Department of Neurology,,Amsterdam) (G 03) 

Host and pathogen genomics in bacterial meningitis 
  
12.00-12.20 Riekelt Houtkooper (AMC, Amsterdam) (G 04) 

Mitochondrial protein homeostasis in the control of metabolism and aging 
  
 
 
12.30-14.00 Lunch Foyer 1+2 

 
13:15-14:00  Huishoudelijke vergadering VKGN  
 Room: Athene A    
 
13.15-14:00 Huishoudelijke vergadering VKGL 
  Room: Athene BC  
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14.00-16.00 Parallel sessions 
 
 
 
 
14.00-16.00  Symposium 1A: VKGN 
  Dutch news on malformation syndromes  

Room: Athene A 
  Chair: Alice Brooks 

 
 
14.00-14.10 Gijs van Haaften (UMC Utrecht) (T 02) 

Recurrent Mutations in the Basic Domain of TWIST2 Cause Ablepharon Macrostomia and  
Barber-Say Syndromes  

 
14.10-14.40 Fonnet E. Bleeker (AMC-UVA, Amsterdam) (T 03) 

Co-occurrence in body site of malformations and cancer  
 
14.40-15.00 Iris Jonkers (UMC, Groningen) (T 04) 

CRISPR/Cas9: The Swiss-army knife of gene editing  
  
15.00-15.20 Margot Reijnders (UMC St. Radboud Nijmegen) (T 05) 

De novo deletions and truncating mutations in USP9X cause a recognizable ID syndrome with 
multiple congenital abnormalities in females   

 
15.20-15.40 Maria  M. Alves (Erasmus MC, Rotterdam) (T 06) 

The Role of Filamin A in Gastrointestinal Developmental Defects  
 
15.40-16.00 Plenary discussion 
 

 
 
 
14.00-16.00 Symposium 1B: VKGL  

Room: Athene BC 
Chair: Arthur van de Wijngaard 

 
14.00-14.35 Marjolijn Ligtenberg, (UMC St. Radboud Nijmegen)  (T 07) 

Growing role of tumor genetic alterations in therapeutic choices: impact for daily practice 
 

14.35-15.20 Elizabeth Worthey  (Hudson Alpha Institute for Biotechnology, Huntsville, Alabama, USA) (T 08) 
What clinically useful information can whole genome sequencing of rare or complex disease  
suffering or of healthy individuals provide?" 
 

15.20-15.45 Plenary discussion 
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14.00-16.00 Symposium 1C: NACGG  

Nieuwe ontwikkelingen in de reproductieve genetica 
Room: Zaal 8/9 
Chair: Lidewij Henneman (onderzoeker, VU medisch centrum Amsterdam) 
 

14.00-14.35 Edith Coonen (T 09) 
   (klinisch embryoloog, MUMC Maastricht)  
   PGD voor chromosomale aandoeningen: Nieuwe technieken, nieuwe mogelijkheden? 
          
14.35-15.10 Martine van Belzen (T 09) 
   (laboratoriumspecialist klinische genetica, LUMC Leiden) 
   Niet-invasieve prenatale diagnostiek voor de ziekte van Huntington        
 
15.10-15.45      Cees Oudejans (T 09) 
   (hoogleraar experimentele klinische chemie, VU medisch centrum Amsterdam) 
   Maternaal plasma RNA sequencing: vroege detectie van preeclampsie   
 
15.45       Afsluiting  
 
 
 
16.00-17.30 Posters, coffee, tea 
  Presenters at posters    Foyer 1 + 2 
 
 
 
 
17.30-18.30 Room: Athene BC 
 

Johan Braeckman, philosopher / PhD Ghent, Belgium  (G 05) 
 
Why people are extremely gullible 
 

   
 
 
 
 
 
 

 
Evening: (Sydney zaal):  Drinks    Dinner    Party 
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Program Friday October 23, 2015        
 
 
 
9.00-10.25 Plenary session 
  Room: Athene BC 

Chair: Joris Veltman  
 
9.00-09.40  Reuven Agami (NKI, Amsterdam) (G 06) 

Sensing amino acid vulnerabilities in cancer 
 
9.40-10.00 Ahmad Aziz, (LUMC, Leiden) (G 07) 

DNA repeat polymorphisms as modifiers of health and disease 
 
10.00-10.20 Jeroen de Ridder (TU, Delft) (G 08) 

3D hotspots of recurrent retroviral insertions reveal long-range interactions with cancer genes  

 
 
10.25-11.25 Parallel sessions 
 
 
 
10.25-11.25 Symposium 2A    
  Room: Athene BC 
  Chair: Hans van Bokhoven 
 
 
10.25-10.40 Jakob Goldman (UMC St. Radboud, Nijmegen)  (T 10) 

Human de Novo Mutations show Gender-Specific Patterns 
 
10.40-10.55 Risha Smeding (LUMC, Leiden) (T 11) 

Genetic paleo-epidemiology: Medically relevant polymorphisms in ancient human populations 
  
10.55-11.10 Kirstin Abbott (UMC Groningen) (T 12) 

Introduction of population based NGS expanded carrier screening in the Netherlands 
 
11.10-11.25 Haico Attikum (LUMC, Leiden) (T 13) 

Loss of ZBTB24, a novel non-homologous end-joining protein, impairs class-switch recombination 
in ICF syndrome 

 
 
 
 
 
 
 
  

10 
 



 
 
10.25-11.25  Symposium 2B    

Room: Athene A 
  Chair: Raoul Hennekam 
 
 
10.25-10.40 Lot Snijders-Blok (UMC St. Radboud Nijmegen) (T 14) 

Mutations in DDX3X are a common cause of unexplained intellectual disability with gender-specific 
effects on Wnt signaling 

 
10.40-10.55 Marian Weterman (AMC, Amsterdam) (T 15) 

Mechanism and evidence for the pathogenicity of AARS mutations in two families with Charcot-
Marie-Tooth 

 
10.55-11.10 Bart Appelhof (AMC, Amsterdam) (T 16) 
  TOE1 mutations underlie Pontocerebellar Hypoplasia with disorders of sex development. 
 
11.10-11.25 William Cheng (ErasmusMC, Rotterdam) (T 17) 

Functional analysis of genes carrying de novo mutations in Hirschsprung disease 
 
 
 
11.25-11.45 Coffee-tea break     Foyer 1 + 2 
 
 
11.45-12.45 Parallel sessions 
 
 
 
11.45-12.45 Symposium 3A    
  Room: Athene A 
  Chair: John Engelen 
 
11.45-12.00 Malgorzata Srebniak (ErasmusMC, Rotterdam) (T 18) 

Prenatal whole genome SNP array: frequency and relevance of incidental diagnoses in parental 
samples 
 

12.00-12.15 Malou Heiligers (MUMC, Maastricht) (T 19) 
Perinatal follow-up of children born after preimplantation genetic diagnosis in the Netherlands 
between 1995 and 2013. 

 
12.15-12.30 Albertien van Eerde (UMC Utrecht) (T 20) 

Diagnosing the undiagnosed: diagnostic power of genepanel sequencing in young ESRD patients 
 
12.30-12.45 Barbara Frentz (UMC, Groningen) (T 21) 

The power of social media in rare disorders: the clinical delineation of the 6q25.1 deletion 
syndrome phenotype 
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11.45-12.45 Symposium 3B   
  Room: Athene BC 
  Chair: Peter Devilee 
 
11.45-12.00 Michal Mokry / Claartje Meddens (UMC, Utrecht) (T 22) 

A novel systematic approach for candidate gene identification in complex genetic diseases based 
on 3D chromatin interactions. 

 
12.00-12.15 Roy Straver (VU, Amsterdam) (T 23) 

Genome-wide nucleosome profiles derived from cell-free DNA reveal differences between fetal and 
maternal DNA 
 

12.15-12.30 Kristina Hettne (LUMC, Leiden) (T 24) 
The implicitome: a resource for inferring gene-disease associations 

 
12.30-12.45 Cornelis Blauwendraad (DZNE, Tuebingen, Germany) (T 25) 

Comprehensive promoter level eQTL analysis of the human frontal lobe using CAGEseq 
 

 
 
12.45-13.15 Algemene ledenvergadering NVHG 
  Room: Athene BC 
 
13.00-14.00 Lunch and posterviewing Foyer 1 + 2 
 
 
 
14.00-16.00 Plenary session 

Room: Athene BC 
Chair: Frank Baas 
 
 

14.00-14.40 Danielle Posthuma (VU, Center for Neurogenomics and Cognitive Research , Amsterdam) (G 09) 

 

 Dutch Genome Sequencing Initiatives 

14.40-15.10 Joris Veltman (UMC St. Radboud Nijmegen) (G 10) 
Large-scale exome and genome sequencing infrastructure for medical genetics research and 
diagnostics 

15.10-15.40 Edwin Cuppen (UMCU, Utrecht) (G 11) 
The Hartwig Medical Foundation: national scale whole genome sequencing and data integration 
for oncology and clinical genetics 

 
15.40-15.50 NVHG Annual Award 2015 

 
 

 
16:00  Closure  
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Special Guest Speaker  
 
Thursday October 22, 2015  /  17.30 – 18.30  /  Room Athene BC 
        
 
 

Why people are extremely gullible 
 
Johan Braeckman, PhD 
 

 
 
 

 
Johan Braeckman (°1965) was born in Wetteren, 
nearby Ghent, Belgium. 
 
He studied philosophy at Ghent University, Human 
Ecology at the Free University of Brussels and 
Environmental History at the University of California, 
Santa Barbara. His doctoral thesis was on the 
influence of the theory of evolution on philosophy.  
 
He published books on Darwin and Evolutionary 
Biology; Cloning; the History of Philosophy; 
Bioethics, and Critical Thinking, and several articles 
in peer reviewed journals. 
 
At Ghent University he teaches courses on the 
history of philosophy, the history of biology, 
philosophical anthropology and critical thinking.  
 
For five years, he also taught courses on bioethics 
and the philosophy of science at Amsterdam 
University, the Netherlands. 
 

 

johan.Braeckman@ugent.be 
http://www.johanbraeckman.be/ 
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Abstracts Guest Speakers         
NVHG – Autumn Symposium 2015        
 

G 01 / NVHG 

 
Activation of X Inactivation 

 
 

Joost Gribnau 
 
Dept. Developmental Biology, Erasmus MC, Rotterdam, the Netherlands 
 
 
  
The mammalian X chromosome carries more than 1000 genes. In contrast, less than 100 single- and multi-copy 

genes are found on the Y chromosome. Hence, in diploid male somatic cells, there is an X:autosome gene dosage 

imbalance for most genes on the X.  Evolutionary forces have prevented this imbalance resulting in a two-fold 

transcriptional up-regulation of dose sensitive genes on the X chromosome, and inactivation of one X chromosome 

in female cells. In the 60 years since the discovery of the ‘sex chromatin’ by Barr and Bertram (1949), and X 

chromosome inactivation by Mary Lyon (1961), many research groups have investigated X chromosome inactivation 

(XCI). These studies revealed important players in XCI, including the X-linked non-coding gene, Xist. Xist RNA is up-

regulated from the inactive X chromosome (Xi) and associates with the Xi in cis. Research of my laboratory focuses 

on the mechanism(s) directing female specific initiation of XCI. We recently identified X-encoded RNF12 to be an 

activator of XCI. Rnf12 is located just 500 kb upstream of Xist and encodes an E3 ubiquitin ligase, which catalyzes 

dose-dependent breakdown of the pluripotency factor REX1 by targeting REX1 for proteasomal degradation. When 

present at an effective concentration, REX1 inhibits Xist transcription, thereby blocking initiation of XCI. Breakdown 

of REX1 is more prominent in differentiating female cells, which still have two active copies of Rnf12, resulting in 

female specific initiation of XCI. The REX1-RNF12 axis provides a strong link between female specific initiation of 

XCI and loss of pluripotency. In my seminar I will discuss our new insights in the regulation of XCI, and extrapolate 

our findings to human, highlighting the consequences of XCI on human health and disease. 

 

 
 
j.gribnau@erasmusmc.nl 
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G 02 / NVHG 

 
Sex determination in Hymenoptera:  
the road after doublesex 

 
 
Eveline C. Verhulst 

NWO Veni postdoctoral fellow, Wageningen University 

 
 
 
Insects have a remarkable diversity of sex specific morphologies, but the molecular basis of this diversity is poorly 

understood. The conserved gene doublesex, that sets the switch to male or female development is well described, 

but little is known of its downstream targets that shape the sex-specific characteristics. Elucidating these targets will 

show the extent of evolutionary conservation of sex determining mechanisms and provide us with knowledge to 

understand how sex determination links to the sex-specific life histories and the evolutionary forces that shaped it.  

Parasitic wasps are an ideal study model for this type of research as they are haplodiploid. In addition, many 

haplodiploid species reproduce sexually, but others harbour an bacterial endosymbiont, Wolbachia, that induces 

asexual reproduction resulting in all female offspring. The phenotypic consequences of a shift to asexuality are 

studied in many species, but the implications of this shift to asexuality on the sex determining switch, doublesex, 

and its targets has received little attention. 

To study the doublesex gene and its downstream targets I use three closely related sexually and asexually 

reproducing parasitic wasps:: Nasonia vitripennis, Muscidifurax uniraptor and M. raptorellus. Nasonia vitripennis has 

a wide array of molecular tools available and will serve as a model for the other two species. 

 

e.c.verhulst@gmail.com 
http://www.evelineverhulst.nl 
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G 03 / NVHG 

 
Host and pathogen genomics in bacterial meningitis 

 

Diederik van de Beek 

 

Department of Neurology, H2-217, Academic Medical Center, University of Amsterdam,  

P.O. Box 22660, 1100 DD Amsterdam, The Netherlands 

 

Acute bacterial meningitis is a life-threatening infectious disease, the epidemiology of which has changed 

substantially since the introduction of conjugate vaccines. Nevertheless, the disease continues to inflict 

a heavy toll, including in high-income countries, causing substantial morbidity and mortality.   

Streptococcus pneumoniae is the most common causative bacterium of bacterial meningitis. This bacterium is a 

common colonizer, but in some individuals, it is are able to spread to the bloodstream, slip through the blood-brain 

barrier and cause meningitis, with devastating consequences. Genetics of host and pathogen are considered crucial 

in this host-pathogen interaction. 

Early administration of antibiotics saves lives, but the global emergence of multidrugresistant bacteria threatens the 

effectiveness of available antibiotics. During past decades, experimental animal models have shown that the 

outcome of bacterial meningitis is related to the severity of inflammation in the subarachnoid space and that the 

outcome can be improved by modulation of the inflammatory response.  

Translational studies may provide the backbone for clinical intervention studies in bacterial meningitis and will 

hopefully pave the way to new knowledge and treatment of this deadly disease. Solid scientific evidence, rather 

than beliefs about present practices, should be used to decide which treatments to investigate. An improved 

understanding of disease pathogenesis and pathophysiology could help to identify high-potential treatments. 

Genomic studies will hopefully soon expose new bacterial virulence factors and host factors associated with 

susceptibility or clinical outcome, providing new targets for therapy.  

During this lecture, the search for new strategies for the treatment of bacterial meningitis will be illustrated: from 

genomics of host and pathogen, to animal studies and clinical intervention studies.  
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G 04 / NVHG 

 
Mitochondrial protein homeostasis in the control of 
metabolism and aging 

 
 
Riekelt H. Houtkooper 
 
Laboratory Genetic Metabolic Diseases, Academic Medical Center, Amsterdam, The Netherlands 
 
 
Lifespan regulation is a complex process that is coordinated by overlapping and partially independent processes 

often involving changes in DNA damage, oxidative stress and metabolic networks. It has been established that 

anabolic caloric excess pathways—such as those involving insulin/IGF1 and mTOR—decrease lifespan, whereas the 

catabolic caloric restriction pathways—for instance those involving AMPK and sirtuin—increase lifespan. 

We used a combination of complex genetics in mice (the BXD lines) and loss-of-function experiments in C. elegans 

to identify mitochondrial ribosomal protein S5 (Mrps5), and other members of the mitochondrial ribosomal protein 

(MRP) family as metabolic and longevity regulators. Lower MRP expression correlated with longer lifespan in mice, 

and MRP knockdown extended worm lifespan by 60%. MRP proteins coordinate protein translation specifically from 

mitochondrial DNA and knockdown of these genes altered mitochondrial proteostasis and activated the 

mitochondrial unfolded protein response  (UPRmt). Given that mitochondria have a “bacterial” ancestry, specific 

antibiotics—such as the tetracyclines—that are in the clinic to block bacterial protein synthesis can also target 

mitochondrial translation and thereby phenocopy MRP knockdown and extend lifespan. At the same time, however, 

we observed that worms failed to develop normally. Doxycycline, a specific tetracycline derivative, disturbs 

mitochondrial proteostasis and metabolic activity, and induces widespread gene expression changes. Together, 

these changes affect physiology in a series of well-established model systems ranging from cultured cells (HeLa, 

HEK293T, etc) to simple organisms and to mice and plants. 

 

Phone:+31205666039 
Email: r.h.houtkooper@amc.nl 
www.amc.nl/houtkooperlab 
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G 05 / NVHG 

 
Why people are extremely gullible 

 
Johan Braeckman, PdD  
 
Philosopher / PhD Ghent, Belgium 
 
 
 
Most people think they know how to think rationally. Most of us believe we have good reasons and arguments for 

our beliefs, and we tend to be sceptical about belief systems that are exotic or strange from our perspective. In 

other words, we think that we are able to think critically and reasonable. It  seems easy enough, from an intuitive 

point of view. Nevertheless, research shows that clear and critical thinking is much harder than we presume. Some 

people are so critical that they reject everything that science has to offer. Clearly, something there went wrong. But 

all of us are vulnerable for mental infection with bad, plain stupid, pseudo-scientific and superstitious ideas. In this 

lecture we discuss the psychology behind our gullibility and naïvité. We discuss several examples to illustrate the 

point that our brain can rapidly and easily be fooled (or rather: fool itself), and we offer ways to enhance our critical 

thinking skills.  

 

 
johan.Braeckman@ugent.be 
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G 06 / NVHG 

 

Sensing amino acid vulnerabilities in cancer 

 

Reuven Agami 
 
 
NKI, Amsterdam 

 

Abstract: not filed 

 

 

 

 

 

r.agami@nki.nl 

 

 

  

19 
 



 

 

G 07 / NVHG 

 
DNA repeat polymorphisms as modifiers of health and 
disease 

 

Ahmad Aziz 

  

Diseases such as dementia, depression and diabetes are among the leading causes of disability and exert a 

dramatic burden on society’s social, economic and health care systems. In order to understand their 

pathophysiology and devise more effective therapies it is essential to elucidate their genetic basis. However, to date 

genetic association studies have only identified a small fraction of the genetic determinants, possibly because of the 

focus on single-nucleotide polymorphisms and consequently neglect of other important genomic variations, 

especially DNA repeat expansions. Expanded DNA repeats above a certain threshold are associated with many 

hereditary neurological disorders, the most common of which are polyglutamine diseases caused by exonic triplet 

(cytosine-adenine-guanine (CAG)) repeat expansions leading to a range of cognitive, psychiatric, motor and 

metabolic abnormalities. Emerging findings, including our own pilot data, suggest that even CAG repeat length 

variations in the normal range in polyglutamine disease-associated genes (PDAGs) could affect mental health, 

cognition and metabolism. As CAG repeat polymorphisms in PDAGs are highly prevalent in the general population, 

we postulate that these genomic variations could be common modifiers of age-associated neuropsychiatric, 

cognitive and metabolic disturbances. 

 
 
 

n.a.aziz@lumc.nl 
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G 08 / NVHG 

 
3D hotspots of recurrent retroviral insertions reveal 
long-range interactions with cancer genes  

 
 
Jeroen de Ridder 
 
Universitair Docent 
Technische Universiteit Delft (TUD)  
Delft Bioinformatics Lab 
HB13.290, Mekelweg 4,  
2628 CD, Delft 
 
 
 
 
Genomically distal mutations can contribute to deregulation of cancer genes by engaging in chromatin interactions. 

To study this, we overlay viral cancer-causing insertions obtained in a murine retroviral insertional mutagenesis 

screen with genome-wide chromatin conformation capture data. In this talk, we show that insertions tend to cluster 

in 3D hotspots within the nucleus. The identified hotspots are significantly enriched for known cancer genes, and 

bear the expected characteristics of bona-fide regulatory interactions, such as enrichment for transcription factor 

binding sites. Additionally, we observe a striking pattern of mutual exclusive integration. This is an indication that 

insertions in these loci target the same gene, either in their linear genomic vicinity or in their 3D spatial vicinity. Our 

findings shed new light on the repertoire of targets obtained from insertional mutagenesis screening and 

underlines the importance of considering the genome as a 3D structure when studying effects of genomic 

perturbations. 

 

 
 
j.deridder@tudelft.nl 
Tel: +31 (0)15 27 83418  
Mob: +31 (0)6 24288813 
Skype: j_de_ridder 
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G 09 / NVHG 

 

 

Danielle Posthuma  
 
VU, Center for Neurogenomics and Cognitive Research , Amsterdam  

 

 

Abstract: not filed 

 

 

 

danielle.posthuma@vu.nl  
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G 10 / NVHG 

 
 
 

Large-scale exome and genome sequencing 
infrastructure for medical genetics research and 
diagnostics 

 
Joris Veltman 
 
 
Lisenka E.L.M.  Vissers1, Christian Gilissen1, Alexander Hoischen1, Jayne Hehir-Kwa1, Rolph Pfundt1, Erik-
Jan Kamsteeg1, Marcel Nelen1, Carlo Marcelis1, Dorien Lugtenberg1, Rien Cuypers1, Gerard van 
Duijnhoven1, Adinda Diekstra1, Wendy van Zelst1,  Peter van Woensel1, Hans Scheffer1, Han G. 
Brunner1,2, Joris A. Veltman1,2 
1 Department of Human Genetics, Radboud University Medical Center, Nijmegen, the Netherlands  
2 Department of Clinical Genetics, Maastricht University Medical Centre, Maastricht, the Netherlands 
 
 
Rapid developments in genomics technologies now allow us to sequence all genes (the exome) or even the entire 

genome of thousands of patients in research and diagnostics. This is completely changing the way genetics studies 

are done, taking away the major bottleneck of genomic variation detection. In the beginning of 2016 we will install 

a novel integrated high volume sequencing solution for exome and genome sequencing from the company BGI 

Complete Genomics in our quality accredited diagnostic laboratory in Nijmegen. Linked to a recently installed 

supercomputer, this system will allow us to provide state-of-the-art sequencing for Nijmegen, Maastricht and other 

laboratories. In this presentation we will introduce the new sequencing system, show data from a validation study 

and discuss our plans as well as opportunities for collaboration.  
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The Hartwig Medical Foundation: national scale whole 
genome sequencing and data integration for oncology 
and clinical genetics 

 

Edwin Cuppen  
 
UMCU, DBG-CMM, Utrecht 
 
 
 
Abstract: not filed 
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T 02 / VKGN 1A 

 
Recurrent Mutations in the Basic Domain of TWIST2 
Cause Ablepharon Macrostomia and Barber-Say 
Syndromes. 

Gijs van Haaften 

UMC, Divisie Biomedische Genetica, sectie Reseach, Utrecht 

Marchegiani S1, Davis T2, Tessadori F3, van Haaften G4, Brancati F5, Hoischen A6, Huang H7, Valkanas E2, Pusey B2, 
Schanze D8, Venselaar H6, Vulto-van Silfhout AT6, Wolfe LA9, Tifft CJ9, Zerfas PM10, Zambruno G11, Kariminejad 
A12, Sabbagh-Kermani F13, Lee J14, Tsokos MG15, Lee CC15, Ferraz V16, da Silva EM16, Stevens CA17, Roche N18, 
Bartsch O19, Farndon P20, Bermejo-Sanchez E21, Brooks BP22, Maduro V2, Dallapiccola B23, Ramos FJ24, Chung 
HY25, Le Caignec C26, Martins F27, Jacyk WK28, Mazzanti L29, Brunner HG30, Bakkers J3, Lin S7, Malicdan MC31, 
Boerkoel CF2, Gahl WA32, de Vries BB6, van Haelst MM4, Zenker M8, Markello TC2. 

Ablepharon macrostomia syndrome (AMS) and Barber-Say syndrome (BSS) are rare congenital ectodermal 
dysplasias characterized by similar clinical features. To establish the genetic basis of AMS and BSS, we performed 
extensive clinical phenotyping, whole exome and candidate gene sequencing, and functional validations. We 
identified a recurrent de novo mutation in TWIST2 in seven independent AMS-affected families, as well as another 
recurrent de novo mutation affecting the same amino acid in ten independent BSS-affected families. Moreover, a 
genotype-phenotype correlation was observed, because the two syndromes differed based solely upon the nature 
of the substituting amino acid: a lysine at TWIST2 residue 75 resulted in AMS, whereas a glutamine or alanine 
yielded BSS. TWIST2 encodes a basic helix-loop-helix transcription factor that regulates the development of 
mesenchymal tissues. All identified mutations fell in the basic domain of TWIST2 and altered the DNA-binding 
pattern of Flag-TWIST2 in HeLa cells. Comparison of wild-type and mutant TWIST2 expressed in zebrafish identified 
abnormal developmental phenotypes and widespread transcriptome changes. Our results suggest that autosomal-
dominant TWIST2 mutations cause AMS or BSS by inducing protean effects on the transcription factor's DNA 
binding.  

http://www.ncbi.nlm.nih.gov/pubmed/26119818 

G.vanHaaften@umcutrecht.nl 
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Co-occurrence in body site of malformations and cancer 

 

Fonnet E. Bleeker 

 

Saskia M. Hopman, Raoul C. Hennekam 
AMC, Amsterdam 

 

  

In many malformation syndromes benign and malignant tumours develop more frequently than in the general 
population. Malformations result from an abnormal intrinsic developmental process. It can be hypothesised that 
disturbed regulation of cell growth as can become evident by the presence of benign and malignant tumours, 
which will occur at the same site of a malformation or at other sites at which the gene involved in the malformation 
is functioning. 

  

The present study aimed to compare the localisation of malignant and benign tumours to the localisation of major 
and minor characteristics of syndromes that have either of two malformations, i.e. microtia and hypospadias. To 
eliminate co-occurrence of a malformation syndrome and tumours by chance we confined evaluations to 
syndromes which have been described in >100 individuals. We identified 11 syndromes associated with microtia 
and 26 syndromes associated with hypospadias, for which co-localisation of (benign and malignant) tumours with 
(major and minor) syndrome characteristics was determined. In both groups of syndromes tumours were found to 
be localised at the same body site as the major and minor characteristics of the syndromes in two-third of the 
tumours. There was no significant difference in co-occurrence in site between benign and malignant tumours. 

  

We conclude that in two groups of malformation syndromes which go along with a different core malformation, 
benign and malignant tumours co-localise with the core malformation or with other sites at which the gene 
involved is functioning. This adds further proof that tumours in malformation syndromes can usually be explained 
by abnormal functioning of the same gene that has caused the malformation syndrome. 

  

f.e.bleeker@amc.uva.nl 
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CRISPR/Cas9: The Swiss-army knife of gene editing.  
     

Iris Jonkers  (Senior Postdoc)  

 

Systems Genetics, Dept. of Genetics, UMCG HPC CB50, P.O. Box: 30001, 9700 RB Groningen 
The Netherlands 

 

For years, genetically modified cell lines and organisms were used to gain insight into the role of specific genes in 
embryonic development, tissues, and disease. However, genetic engineering was only successful in a few primary 
cell types, was highly laborious, and very inefficient. These characteristics made it a difficult approach for many labs, 
and largely inapplicable for clinical use. 

Recently, a number of approaches for site-directed gene editing have been developed which are now applied in 
fundamental research and in pre-clinical studies. One of these novel tools is CRISPR/Cas9 technology. This new 
method allows specific targeting of any gene or locus with very high efficiency, and has been successfully applied in 
many cell types and organisms. The CRISPR/Cas9 system comprises two main components: (1) The bacterial 
endonuclease Cas9 that is guided by (2) a guide RNA, homologous to the genomic region of interest. Upon 
targeting to the site of interest, Cas9 introduces a double strand break, which the host cell will try to repair. Using 
the CRISPR/Cas9 system nucleotide deletions, substitutions, and insertions can be achieved, making the method 
easy to use for the generation of edited cell lines and embryos. 

The potential of this method is immense and has resulted in a great number of applications in a very short 
timeframe, such as single gene editing or repair, the creation of fusion genes, very fast generation of transgenic 
mice, and genome-wide genetic screens. With the development of CRISPR/Cas9, gene therapy seems within reach, 
and indeed, CRISPR/Cas9-mediated editing of the β globin gene in human embryos was recently reported 1. This 
report clarifies that this fast-paced development requires careful ethical considerations that urgently need to be 
addressed. 

In my presentation, I will briefly explain the origins of CRISPR/Cas9, how it works, and which clinical applications are 
now within reach. 

1. Liang, P. et al. CRISPR/Cas9-mediated gene editing in human tripronuclear zygotes. Protein Cell 6, 363–72 
(2015).  

i.h.jonkers@umcg.nl 
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De novo deletions and truncating mutations in USP9X 
cause a recognizable ID syndrome with multiple 
congenital abnormalities in females    

Margot Reijnders  

M.R.F. Reijnders1*, V. Zachariadis2*, B. Latour1*, G.M. Mancini3, R. Pfundt1,  C.M.A. van Ravenswaaij-Arts4, H.E. 
Veenstra4, B.M. Anderlid2,5, S. Wood6, S.W. Cheung7, F. Probst7, P. Magoulas7, K.M. Wu1, A.S. Brooks3, H. 
Malmgren2,5, A. Harila-Saari8, C.M. Marcelis1,  M. Vreeburg9, V.R. Sutton10, Z. Stark11, J. Gecz12, L. Jolly12, C. 
Gilissen1, T. Kleefstra1, R. Roepman1*, A. Nordgren2,5*, H.G. Brunner1,9*  

1Department of Human Genetics, Radboud University Medical Center, Nijmegen, The Netherlands. 
2 Department of Molecular Medicine and Surgery and Centre for Molecular Medicine, Karolinska Institutet, 
Stockholm, Sweden 
3 Department of Clinical Genetics, Erasmus MC, Sophia Children's Hospital, Rotterdam, The Netherlands 
4 University of Groningen, University Medical Center of Groningen, Department of Genetics, Groningen, The 
Netherlands 
5Departement of Clinical Genetics, Karolinska University Hospital, Stockholm, Sweden 
6 The Eskitis Institute for Drug Discovery, Griffith University, Brisbane, Australia 
7 Department of Molecular and Human Genetics, Baylor College of Medicine, One Baylor Plaza, Houston, TX, 77030, 
USA 
8 Department of Women’s and Children’s Health, Karolinska University Hospital, Stockholm 
9 Department of Clinical Genetics, Maastricht University Medical Center, Maastricht, The Netherlands 
10 Department of molecular and human genetics, Baylor College of medicine, Houston, Texas, USA 
11 Victorian Clinical Genetics Services, Murdoch Children’s Research Institute, Melbourne, Australia 
12 Neurogenetics, School of Paediatrics and Reproductive Health and the Robinson Research Institute, the 
University of Adelaide, Adelaide, Australia 

* These authors contributed equally 

Mutations in over a hundred genes have been reported to cause X-linked recessive intellectual disability mainly in 
males. In contrast, the number of identified X-linked genes in which de novo mutations specifically cause ID in 
females is limited. Here, we report ten females with de novo deletions and truncating mutations in USP9X. The 
females in our study have a recognizable phenotype including ID, facial characteristics, short stature and multiple 
congenital abnormalities, including choanal atresia, hearing loss, hypomastia, heart abnormalities, post-axial 
polydactyly, hip dysplasia, anal abnormalities and structural brain abnormalities. Three of the females were 
identified by their phenotype after targeted genetic testing of USP9X, illustrating the recognizability of this 
syndrome.  Since some of the features also occur in known ciliopathy syndromes, we examined a role for USP9X in 
the primary cilium. We found that endogenous USP9X indeed localizes to the ciliary axoneme, but that 
heterozygous USP9X mutations do not affect ciliogenesis, ciliary length, nor intraflagellar transport. We are 
currently performing further experiments to determine the effect of USP9X mutations on signal transduction 
networks known to be mediated by the primary cilium in fibroblasts. This study defines a novel X-linked syndrome 
with clinically recognizable features that is caused by de novo deletions and truncating mutations in USP9X only in 
affected females. 

Margot.Reijnders@radboudumc.nl 
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The Role of Filamin A in Gastrointestinal Developmental 
Defects 

 

Maria M. Alves 

 

Danny Halim1, Herma van der Linde1, Alice S. Brooks1, Alan J. Burns1,2, Robert M. W. Hofstra1,2 

 

1Department of Clinical Genetics, Erasmus University Medical Center, Rotterdam, the Netherlands. 2Birth Defects 
Research Centre, UCL Institute of Child Health, London, UK  

 

Filamin A (FLNA) encodes a cytoskeletal protein that regulates cell shape by cross-linking actin filaments. Mutations 
in FLNA have been associated with a wide spectrum of disorders, and more recently with an Xâ€“linked form of 
Congenital Short Bowel Syndrome (CSBS). As CSBS patients frequently present with intestinal pseudo-obstruction 
(IPO), an involvement of the Enteric Nervous System (ENS) has been suggested to contribute to the reduced 
intestinal motility. However, histological analysis performed on bowel tissues of these patients show contradictory 
results. While some CSBS patients have signs of an ENS defect, others show abnormal gut smooth muscle. To 
understand the molecular mechanisms associated with FLNA mutations underlying IPO development in CSBS 
patients, we performed expression studies at different human embryonic stages, and a combination of in vitro and 
in vivo studies. We show that FLNA is expressed in the muscular layer of the small intestine from early embryonic 
stages. Furthermore, FLNA mutations associated with CSBS block expression of one of its two isoforms, possibly 
explaining why these patients only have intestinal complaints. Finally, by generating a transgenic zebrafish line 
using TALENs, we show that the longer FLNA isoform is required for intestinal development. FLNA mutant fish are 
phenotypically indistinguishable from wild-type fish, except for gut length, which is significantly reduced (20%). In 
conclusion, our results suggest that the intestinal motility problems associated with CSBS are caused by smooth 
muscle defects due to the absence of the longer FLNA isoform, together bringing new insights to IPO and CSBS 
pathogenesis. 

 

E-mail: m.alves@erasmusmc.nl 
Keywords: FLNA, congenital short bowel syndrome, intestinal motility, zebrafish 
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Growing role of tumor genetic alterations in therapeutic 
choices: impact for daily practice 

 

Marjolijn JL Ligtenberg 

 

Departments of Human Genetics and Pathology, Radboudumc, Nijmegen 
 
Cancer development is driven by a spectrum of alterations in the DNA that vary from single nucleotide mutations to 
amplifications and genomic rearrangements. Most of these alterations occur during tumour development and are 
thus not constitutively present and heritable. Some of these alterations can be used for differential diagnostics, 
either to discriminate between benign and malignant lesions, to specify the exact tumour type and their 
concomitant treatment strategy or to assess the risk of an underlying cancer susceptibility syndrome e.g. Lynch 
syndrome. Others are used as predictive marker especially for the selection of targeted therapies. Especially 
because of the latter development analyses of tumour material with gene panels, to assess copy number variations 
and mutations in multiple genes is widely applied in diagnostic molecular pathology. Some of the genes in the 
panels are also associated with tumour predisposition syndromes and thus these analyses may lead to the 
detection of germline mutations. Whole exome and whole genome sequencing strategies are being introduced as 
well. The requests for testing tumor predisposing genes for mutations in tumor material is growing since PARP-
inhibitors are used for the treatment of ovarian cancer patients with both germline and somatic BRCA1 and BRCA2 
mutations. All these developments necessitate collaboration between professionals in pathology and genetic 
departments to assure that patients have optimal access to both therapeutic and preventive options. 
 

 

Marjolijn.Ligtenberg@radboudumc.nl 
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What clinically useful information can whole genome 
sequencing of rare or complex disease suffering or of 
healthy individuals provide? 

 
Elizabeth Worthey,  
 
Faculty Investigator and Director of Bioinformatics core and a member of the Hudson Alpha - UAB 
Genomic medicine program 
Hudson Alpha Institute for Biotechnology, Huntsville, Alabama, USA 
 
 
Bio: 
"Dr. Worthey received her PhD in Genetics from the University of London in 2003 and completed her post-doctoral 
fellowship at the University of Washington, working on both Eukaryotic Genomics and other high throughput 
“Omics” projects. In 2008, after working as a Project Manager for Merck & Co., Dr. Worthey joined the Medical 
College of Wisconsin (MCW) and became an Assistant Professor of Pediatric Genomics in 2010. Dr. Worthey 
became Director of Genomic Informatics for the Human and Molecular Genetics Center at MCW in 2012. She also 
held an Adjunct Assistant Professorship in the Computer Science Department at the University of Wisconsin – 
Milwaukee. She recently moved to the Hudson Alpha Institute for Biotechnology where she is a Faculty Investigator 
and Director of Bioinformatics core and a member of the Hudson Alpha - UAB Genomic medicine program. 
 
Dr. Worthey is an expert in molecular genetics as well as in comparative, structural, and functional genomics, 
population and evolutionary genetics, biostatistics, network and pathway analysis, quantitative genetics, and 
bioinformatics.  Her main focus is on the application of genomics approaches for Molecular Diagnostics and to aid 
in understanding mechanisms underlying human disease. She was first author on arguably the first case that used a 
Genomic Medicine approach to alter the medical care of a patient. As part of this work her group both develops 
and implements tools and algorithms to support clinical and translational use of Genomic data in both rare and 
complex disease." 
 
 
 
lworthey@hudsonalpha.org  
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T 09 / NACGG 1C        
 
 
 
 
 
 
 

Nieuwe ontwikkelingen in de reproductieve genetica  

 
 
De ontwikkelingen in de genetica rond zwangerschap gaan razendsnel. In deze middagsessie van de NACGG tijdens 

het jaarlijkse NVHG congres zullen drie actuele onderwerpen door gastsprekers toegelicht worden.  

Na elk onderwerp volgt een discussie met de zaal.  

 
 
Preimplantatie Genetische Diagnostiek voor chromosomale aandoeningen wordt in Nederland sinds 2013 

uitgevoerd met arrayCGH en levert daarmee ook informatie op over de (andere) chromosomen waarvoor geen 

indicatie is. Is deze informatie een vloek of een zegen? En is het zinvol en wenselijk om dergelijke uitgebreide testen 

in te zetten om alle IVF embryo’s voor terugplaatsing te screenen op chromosomale afwijkingen (zgn. 

Preimplantatie Genetische Screening)?  

 

De Niet Invasieve Prenatale Test (NIPT) is een nieuwe test waarbij bloed van de zwangere wordt gebruikt om te 

onderzoeken of het ongeboren kind mogelijk een trisomie heeft. De mogelijkheden voor (toekomstige) toepassing 

van deze techniek voor (familiaire) monogene aandoeningen (Niet-Invasieve Prenatale Diagnostiek (NIPD)) zijn 

legio. In Nederland is een eerste klinische toepassing opgezet voor de ziekte van Huntington. Wat zijn de ins en 

outs van deze test? Wat zijn de ervaringen? Wat zijn de toekomstige ontwikkelingen? Kan er straks daadwerkelijk 

NIPD worden verricht voor monogene aandoeningen?  

 

Onderzoek van maternaal plasma tijdens de zwangerschap levert niet alleen aanwijzingen op voor afwijkingen bij 

het kind, maar kan ook risicofactoren in kaart brengen die de zwangerschap negatief beïnvloeden, zoals markers 

voor zwangerschapsvergiftiging (preeclampsie). Wat zijn de huidige ontwikkelingen en verwachte toepassingen 

rond het voorspellen van ziekte met maternaal plasma RNA sequencing? 

 

www.nacgg.nl 
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Human de Novo Mutations show Gender-Specific 
Patterns 

 

Jakob M Goldmann1, Wendy SW Wong2, Maartje van de Vorst1, Michele Pinelli1, Alexander 
Hoischen1, Lisenka ELM Vissers1, Anna-Barbara Stittrich3, Gustavo Glusman3, Jared Roach3, 
Benjamin D Solomon2, Joseph G Vockley2, Joris A Veltman1, Christian Gilissen1, John E 
Niederhuber2 

1: Department of Human Genetics, Radoboud Institute of Molecular Life Sciences, Radboud University Medical Center, 
Nijmegen 2: Institute of Systems Biology, Seattle, USA 4. Inova Translational Medicine Institute (ITMI), Falls Church, 
USA 

De novo point mutations (DNMs) have been recognized as important source of human genetic variation 
contributing to human genetic diversity, evolution, as well as a cause for human disease. The mutational 
mechanisms underlying these de novo mutations however remain unclear. In whole genome sequencing data from 
a cohort of 832 parent-offspring trios we identified 40,265 genome-wide DNMs of which 39,542 are single 
nucleotide substitutions. We compared these DNMs to a set of 1,000,000 simulated de novo variants and found 
that DNMs are under selective constraint based on PhyloP scores (p<2e-16). A subset of 812 mutations shows 
significant spatial clustering on the genome in groups of two to five mutations. These "mutational shower" events 
have a distinct nucleotide signature (p<2e-16), suggestive of a different mutational mechanism. We obtained phase 
information for 7,926 DNMs, revealing the parental origin of the mutated allele and confirming a paternal origin 
bias (77,5% of these DNM shows a paternal origin). When comparing DNMs on the paternal versus maternal allele, 
we confirm that the number of paternal DNMs increases with paternal age (p<2e-16), but in addition we show for 
the first time that the number of maternal DNMs increases significantly with maternal age (p<1e-5). Moreover, we 
find significant differences between the nucleotide substitution profiles of paternal and maternal DNMs (p<0.001) 
and these differences grow larger with parental age. Additionally, mutations of CpG nucleotides have a higher 
incidence in the paternal profile, while non-CpG mutations are more common in the maternal profile (p<2e-16). In 
summary, our analysis of a dataset of 39,542 de novo mutations suggests that different mutational mechanisms 
underlie the occurrence of de novo point mutations and gender specific patterns.  
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Genetic paleo-epidemiology: Medically relevant 
polymorphisms in ancient human populations 

Risha Smeding, Eveline Altena, Rick de Leeuw, Kristiaan van der Gaag, Peter de Knijff 

LUMC 

Many common deleterious or advantageous phenotypes are known to be caused by or associated with certain 
genetic variants. Surprisingly enough, we see relatively high frequencies of some deleterious genetic variants in 
modern populations, associated with diseases like Type II Diabetes or Haemochromatosis. Why is that so? Maybe 
we are genetically better adapted to different, perhaps more adverse, environmental conditions; conditions like 
those of our medieval ancestors. Were certain (risk)alleles already present in ancient populations? And if so, at what 
frequency? Did these frequencies change over time, following the severe environmental changes of recent times? If 
we want to answer these questions we need to look at the genomes of our ancestors. We have successfully 
extracted DNA from medieval and post-medieval (1000-1850 AD) skeletons from different locations throughout the 
Netherlands. In order to check for the presence of certain genetic variants in the past, a multiplex SNP-kit was 
designed typing 23 medically relevant polymorphisms existing of 21 SNPs and 2 indels. Among the targeted 
polymorphisms are variants associated with or causative for Lactose Tolerance, HIV-resistance, Type II Diabetes, 
Obesity, Pro-inflammatory response, Coeliac Disease, Cystic Fibrosis, Osteoarthritis, Longevity and 
Haemochromatosis. Following PCR the short fragments of between 45 and 79bp were sequenced on the Ion PGM 
Torrent. In order to explore the changes of allele frequencies through time, skeletal remains from different time 
periods were typed (1000-1850 AD). Furthermore a number of modern blood donors from the same region as the 
medieval skeletons were included for comparison with modern population. In this pilot study we successfully typed 
medically relevant polymorphisms in 100 skeletons (1000-1850 AD) from two different sites in the Netherlands: 
Vlaardingen and Eindhoven. The preliminary results show that for a small number of the typed polymorphisms we 
seem to detect a significant pairwise difference in allele frequency between the ancient and modern populations. 
Further research, including simulation studies, is required to see if these differences in frequency can be the result 
of selection. 
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screening in the Netherlands 

K.M. Abbott, M. Viel, M. Veldhuis, I. Mulder, M. Plantinga, T. Dijkhuizen, J. Schuurmans, I. van 
Langen, R. Sinke  

Universitair Medisch Centrum Groningen 

With increased international focus on personalized healthcare and preventative medicine, NGS expanded carrier 
screening (ECS) of severe recessively inherited diseases offers a substantial benefit to existing healthcare options. 
These tests offer reproductive options not previously available for couples, and may ultimately reduce the number 
of young children with devastating disorders. ECS testing in the Netherlands currently offers targeted-mutation 
testing relevant to specific at (higher) risk populations and, as such, is skewed to illnesses more common to the 
associated populations. By using a targeted-mutation panel, potential early onset disease-relevant variants can be 
missed. At the University Medical Center Groningen, in the Netherlands, we have developed a whole-gene 
screenings test of rare, recessive single-gene illnesses. In collaboration with our (Dutch) colleagues we compiled a 
list of monogenic diseases reported in the clinic that have profound consequences with early-onset and a 
shortened life span. A final list of 70 genes associated with 50 recessively inherited diseases was established. In 
contrast to other tests, this is a whole-gene sequencing test and it is offered and analyzed per couple and not per 
individual, meaning that couples receive a result based on their collective genetic information. The Dutch 
population-specific database, Genome of the Netherlands (GoNL), was used to test the appropriateness of our 
approach. We compared the70 gene-associated variants with the relevant Human Gene Mutation Database 
(HGMD) 'damaging´ variants. Other deleterious variants (premature loss or gain of termination codons, shifts in the 
reading frame and consensus splice site changes) not currently present in the HGMD were also examined. Based on 
known population frequencies and our in silico analysis of the Dutch GoNL database we expect a positive result for 
1 out of 100-150 couples, implying a risk of 1 in 400-600 of conceiving a child with this disease per pregnancy, 
which is higher than the average risk for Down syndrome. We are currently offering this test through the Dutch 
healthcare system for couples with a medical indication. It is the first test of its kind to be offered in Europe. In the 
fall we will begin a pilot study of the general public, offering the test through physicians to enrolled couples in the 
North of the Netherlands with a desire to conceive. 
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protein, impairs class-switch recombination in ICF 
syndrome 
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The autosomal recessive immunodeficiency, centromeric instability and facial anomalies (ICF) syndrome is a 
genetically heterogeneous disorder. Despite recent successes in the identification of the underlying gene defects, it 
is currently unclear how mutations in any of the four known ICF genes cause a primary immunodeficiency. We 
demonstrate that ZBTB24, mutated in one-third of ICF patients, associates with the key DNA repair proteins 
poly(ADP-ribose) polymerase 1 (PARP1) and DNA-PKcs. By binding to PARP1-associated ADP-ribose chains, the 
zinc finger in ZBTB24 promotes its recruitment to DNA breaks, where ZBTB24 regulates repair through PARP1- and 
DNA-PKcs-dependent non-homologous end-joining (NHEJ). Relevant to the disease, loss of ZBTB24 in B-cells from 
ICF2 patients impairs NHEJ during immunoglobulin class-switch recombination and consequently disturbs 
immunoglobulin production and subtype balance. Thus, by uncovering ZBTB24 as a NHEJ factor involved in class-
switch recombination, we provide a molecular basis for the immunodeficiency in ICF syndrome.  

E-mail: H.van_Attikum@lumc.nl 
Keywords: ZBTB24, PARP1, PARylation, DNA-PKcs, DNA double-strand break repair, non-homologous end-joining, 
class switch recombination, immunodeficiency, ICF syndrome 

  

36 
 



T 14 / NVHG 2B 

Mutations in DDX3X are a common cause of 
unexplained intellectual disability with gender-specific 
effects on Wnt signaling 
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Institute for Molecular Genetics, 14195 Berlin, Germany 16)Department of Medical Genetics and Alberta Children´s 
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Calgary, AB T2N 4N1, Canada 17)Department of Genetics, University Medical Center Groningen, 9713 GZ Groningen, 
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University of London, London SW170RE, United Kingdom 20)Sheffield Clinical Genetics Service, Sheffield Children's 
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Intellectual disability (ID) affects approximately 1-3% of humans with a gender bias towards males. Previous studies 
have identified mutations in over 100 genes on the X chromosome in males with ID, but there is less evidence for 
de novo mutations on the X chromosome causing ID in females. In this study we present 35 unique deleterious de 
novo mutations in DDX3X identified by whole exome sequencing in 38 females with ID and various other features 
including hypotonia, movement disorders, behavior problems, corpus callosum hypoplasia, microcephaly and 
epilepsy. DDX3X is among the most intolerant genes in the genome, normal variation in this gene is extremely rare. 
Based on our findings, mutations in DDX3X are one of the more common causes of ID accounting for 1-3% of 
unexplained ID in females. Although no de novo DDX3X mutations were identified in males, we present three 
families with segregating missense mutations in DDX3X, suggestive of an X-linked recessive inheritance pattern. In 
these families males with the DDX3X variant all had ID, while carrier females were unaffected. To explore the 
pathogenic mechanisms accounting for the differences in disease transmission and phenotype between affected 
females and affected males with DDX3X missense variants, we used canonical Wnt defects in zebrafish as a 
surrogate measure of DDX3X function in vivo. We demonstrate a consistent loss of function effect of all tested de 
novo mutations on the Wnt pathway, and we further show a differential effect by gender. The differential activity 
possibly reflects a dose dependent effect of DDX3X expression in the context of functional mosaic females versus 
one-copy males, which reflects the complex biological nature of DDX3X mutations.  

E-mail: lot.snijdersblok@radboudumc.nl 
Keywords: DDX3X intellectual disability X-linked disorders de novo mutations Wnt signaling 

  

38 
 



T 15 / NVHG 2B 

Mechanism and evidence for the pathogenicity of AARS 
mutations in two families with Charcot-Marie-Tooth 

Marian A.J. Weterman, Sara Gordillo, Susan B. Kenter, Marieke Bronk, Fred van Ruissen, 
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Dept. Genome Analysis, Clinical Genetics and Neurology, AMC, Amsterdam 

 

Charcot-Marie-Tooth disease type 2 is the most prevalent hereditary peripheral neuropathy of the axonal type. In 
contrast to the most frequently occurring demyelinating form of CMT, CMT1, mutations that cause CMT2 affect 
genes that do not seem to have a specific role in neural cells but instead they are involved in general processes 
such as transport, protein translation, and dynamics of mitochondria. Despite the high number of genes associated 
with CMT2, in many CMT2 families the genetic defect remains unknown since most CMT2-associated genes 
contribute for only a few percent to the disease spectrum. Also, clinically few specific characteristics exist indicative 
of the gene involved. Therefore, we now routinely use a CMT-specific capture which contains the exons of (nearly) 
all CMT-associated genes followed by next generation sequencing to identify mutations in any of the known genes. 
In two small CMT2-families we identified two novel mutations in the gene encoding the cytoplasmic form of alanyl 
tRNA-synthetase. Both mutations cosegregated with the disease and were not detected in any of the public 
databases. Morpholino-based experiments in zebrafish embryos directed against the acceptor splice site of exon 14 
where one of the mutations was identified, showed a similar phenotype to that obtained for LRSAM1, another 
CMT2-associated gene. RT-PCR analysis of the aars morphants demonstrated the presence of an alternatively sized 
mutant mRNA encoding a truncated protein which was lacking most of the C-terminal editing domain, suggesting 
that this domain may be particularly relevant for development of the disease. For direct proof of the pathogenicity 
of the found mutations, we introduced the patient mutations into a human AARS cDNA construct and used in vitro 
transcribed mRNA for injection into zebrafish embryos. Both mutated transcripts caused a severe phenotype in the 
embryos while introduction of the same quantities of wildtype mRNA did not. This is in line with the dominant 
mode of inheritance of these mutations and suggests that a gain of function mechanism in disease development 
cannot be excluded. These experiments have demonstrated that the found mutations are in fact the cause of the 
disease in these families.  
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Pontocerebellar hypoplasia (PCH) represents a heterogeneous group of congenital neurodegenerative diseases. 
Patients suffer from severe mental and motor impairments, caused by atrophy of the pons and cerebellum. So far, 
ten subtypes (PCH1-10) are described based on clinical features and/or genetic causes. Most genetic aberrations 
are located in genes with a function in RNA metabolism pathways, e.g. TRNA Splicing Endonuclease 54 (TSEN54) or 
Cleavage And Polyadenylation Factor I Subunit 1 (CLP1). Currently, for all subtypes a genetic aberration is described 
except PCH7, which features disorder of sexual development (DSD), e.g. gonadal abnormalities, and of which only a 
few cases are reported. Whole exome sequencing on two PCH7 patients (46,XX and 46,XY) revealed a compound 
heterozygous mutations in the gene Target Of EGR1 (TOE1) and subsequent Sanger sequencing of TOE1 in a cohort 
of 148 PCH patients resulted in 8 additional patients with aberrations in TOE1. The MRI of these patients (8 patients 
46,XY and 2 patients 46,XX) revealed varying hypoplasia of pons and cerebellum, dilated lateral ventricles and a 
thinned corpus callosum. Eight 46,XY patients showed ambiguous or feminization of external gonads with variable 
affected internal genitalia, e.g. varying from a micropenis and undescended testicles in one patient to complete 
feminization of external genitalia in another. In two sibs, 46,XX patients external genitalia were normal however in 
one patient absent ovaries were reported. In all patients suffered from severe developmental delay and some die 
young. Interestingly all 46,XY PCH cases with TOE1 aberrations show additionally a DSD, whereas PCH patients 
without DSD carry no TOE1 mutations. Furthermore, down regulation of TOE1 results in loss of Cajal bodies in the 
nucleus. Cajal bodies are associated with small nuclear ribonucleoprotein (snRNP) processing, deadenylation and 
pre-mRNA splicing. Thus TOE1 can be placed in the same pathway of other PCH related genes as most have a 
function in RNA metabolism. However, how aberrations in TOE1 affect RNA metabolism or sex and brain 
development remains unclear.  
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Hirschsprung disease (HSCR) is a congenital neuropathy in the enteric nervous system (ENS) characterized by the 
absence of enteric ganglia in the distal intestine. Previously we performed exome sequencing on 24 HSCR patients 
and their parents and identified 28 de novo mutations (DNM) in 21 genes. Eight DNM were in RET, a known HSCR-
causing gene. 13 of the remaining 20 DNM were nonsynonymous mutations. To test the functional significance of 
these 13 genes in HSCR, we performed morpholino (MO)-based gene knockdown in Tg(phox2b:kaede) zebrafish 
embryos, in which enteric neurons expressed green fluorescent protein. 5 of the genes tested (CKAP2L, DENND3, 
NCLN, NUP98 and TBATA) showed absence of enteric neuron in distal intestine, mimicking HSCR. None of them 
had been reported to be involved in ENS development and HSCR before. To conclude, functional analysis of genes 
carrying DNM in HSCR revealed 5 novel genes that were important for ENS development and potentially 
contributed to HSCR. 
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Prenatal whole genome SNP array: frequency and 
relevance of incidental diagnoses in parental samples 
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de Vries, R. J. H. Galjaard, D. Van Opstal 

Erasmus MC, Rotterdam, Netherlands 

We routinely perform SNP array analysis as a first-tier test for all prenatal indications. In cases with ultrasound 
abnormalities, fetal and parental samples are simultaneously tested, facilitating the interpretation of fetal array 
results, in order to ensure short reporting times and avoid parental anxiety. However, by doing so there is a chance 
to detect a chromosomal aberration in parental DNA samples. These so-called incidental diagnoses are 
abnormalities found by chance, unintentionally, in parents of probands (Srebniak et al., Eur J Hum Genet 2014). The 
aim of this study is to investigate the frequency and nature of these incidental diagnoses in order to judge whether 
our current protocol needs to be changed. In 2010-2014, 1,682 pregnant women were referred for prenatal SNP 
array testing because of ultrasound anomalies. Only CNVs present in the fetus were investigated in the parental 
samples. For quality assessment, the whole genome plots (LogR ratio and BAF) were viewed and in some cases the 
presence of large chromosomal imbalances was noticed. An incidental diagnosis was found in 0.36% (6/1682) cases: 
â€¢ In three pregnant women, mosaic Turner syndrome was found. Their phenotype was apparently normal without 
any fertility problems. They were referred to our Turner expertise clinic, for evaluation of health issues such as 
increased risk of cardiovascular symptoms, endocrinological pathology and premature ovarian failure. â€¢ In one 
pregnant woman the array demonstrated a mosaic interstitial deletion in 2q37.1. She had a history of recurrent 
miscarriages and this deletion could explain the miscarriages. â€¢ In two partners an aberration associated with an 
increased risk for a hematological malignancy was found. One of these men was diagnosed with constitutional 
mosaic trisomy 8. He had neither dysmorphic features nor structural anomalies. The other partner had a mosaic 
partial trisomy of the long arm of chromosome 1, without any dysmorphic features. Both were referred for 
extensive hematological evaluation. No malignancy was found, but both will stay under hematological surveillance. 
Because the frequency of incidental findings in parental samples is low and all incidental diagnoses found in our 
cohort were relevant for health surveillance of the parent, in our opinion, there is no reason to change our protocol 
with regards to the quality check of the parental samples. 
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preimplantation genetic diagnosis in the Netherlands 
between 1995 and 2013. 
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Background: Preimplantation genetic diagnosis (PGD) is a reproductive option for couples at high risk of 
transmitting a genetic disorder to their offspring. It offers these couples the certainty of conceiving a non-affected 
child. Clinical studies of children born after PGD in other countries did not reveal an increased risk of congenital 
anomalies. Our general aim is to contribute to a responsible application of PGD by gathering information on PGD 
pregnancies and physical outcome of neonates born after PGD in the Netherlands. This is the first report on the 
major malformation rate and the perinatal outcome of the Dutch PGD cohort 1995-2013. Methods: Data on all 
Dutch PGD pregnancies and corresponding perinatal outcome were prospectively collected by questionnaires filled 
out by the couples and from the medical files of the mothers and the children. A retrospective analysis of the 
cohort was performed. The results were compared to published PGD and ICSI cohorts and naturally conceived 
children. Results: 439 pregnancies in 381 women were included: 384 singletons, 49 twins and 6 triplets, eventually 
leading to 364 live born children. The major malformation rate was 2.7% comparable to the prevalence in naturally 
conceived children and consistent with other studies on PGD and ICSI children. Four children had a chromosomal 
abnormality (one trisomy 18, one mosaic trisomy 9 and two trisomy 21). Three children had a congenital heart 
disease, two children had multiple malformations, one hypospadias, one duodenal web and one bilateral 
hydronephrosis. None of these anomalies were related to the PGD indication. The mean birth weight was a few 
hundred grams higher and there were less multiple pregnancies and premature born children than reported in 
other PGD cohorts. One child from a twin, one child from a triplet and one singleton died at 23, 32 and 37 weeks of 
gestation respectively. We reported one misdiagnosis resulting in a spontaneous abortion of a fetus with an 
unbalanced chromosome pattern. Conclusions: Compared to PGD, ICSI and naturally conceived children, the first 
report of the children of the Dutch PGD cohort 1995-2013 does not show an increased risk of major malformations 
or adverse perinatal outcome, which is in line with PGD data from other countries.  
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Providing an accurate diagnosis in kidney disease is clinically important but is frequently difficult: About 20% of 
patients with end stage renal disease (ESRD) before age 30 do not have a primary renal disease diagnosis and in 
many others the recorded clinical diagnosis is inaccurate. Providing an accurate genetic diagnosis can guide 
therapy, allow family screening and inform transplantation decisions. So far, genetic studies have focused on 
specific clinical diagnoses. We addressed this unmet need by next generation sequencing of known renal disease 
genes in 200 cases with ESRD onset before age 30, irrespective of their clinical diagnosis. We designed the 
"RENome" using SureSelect/Agilent, with 399 genes involved in hereditary renal disease and/or urinary tract 
development. We used SOLiDâ„¢ 5500XL for sequencing and an in-house developed bioinformatics pipeline for 
mapping, variant calling and QC. This yielded 278.480 variants. Our stringent filtering criteria allowed only for rare: 
1) truncating or 2) canonical splice site mutations, 3) deletions or 4) missense mutations predicted to be pathogenic 
and known as disease causing in HGMD-PRO. 187 variants in 86 cases were manually curated. The numbers in this 
abstract reflect the results in 132 of the samples. At the meeting, the results for the complete 200 samples will be 
presented. This strategy yielded a molecular diagnosis in 20 patients (15%), confirming the registered primary 
disease in 11, and unexpectedly reclassifying it in 9 (7%), including a case of FAT1 nephropathy. Considering the 
stringency of filtering, these numbers underestimate the diagnostic potential of our approach. RENome sequencing 
will yield the correct diagnosis, non-invasively, in a significant proportion of previously incorrectly diagnosed 
patients potentially reducing the demand for, and enhancing interpretation of renal biopsies. Our data support a 
more prominent role for genetic testing in diagnostic workup of young renal patients, by early, routine, panel based 
genetic testing. First author is funded by The Dutch Kidney Foundation and FondsNutsOhra 

E-mail: a.vaneerde@umcutrecht.nl 
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The power of social media in rare disorders: the clinical 
delineation of the 6q25.1 deletion syndrome phenotype 

B. Frentz1, W. Kerstjens1, B. Flapper2, C. van Ravenswaaij1 

1Afdeling Genetica en 2Beatrix Kinderkliniek, Universitair Medisch Centrum Groningen 

This presentation is the direct result of a study that was performed on request of an international Facebook Group 
of parents of children with a chromosome 6 disorder. They expressed their need for more information on the 
respective chromosome 6 aberrations in their children. In our chromosome 6 project we initially focused on isolated 
6q deletions. Parents were informed and recruited via the 'Chromosome 6 Facebook group´. Patients with an 
isolated deletion of the long arm of chromosome 6 were included when (1) an array result was available, (2) no 
confounding other chromosomal abnormality was present and (3) after parental consent was obtained. Phenotype 
information was collected using an extensive questionnaire. Additional medical information, including imaging 
studies (i.e. cerebral MRI, cardiac and renal ultrasound) and the original array report were obtained from medical 
records when not provided by the parents themselves. We were able to collect data of 63 patients with an isolated 
6q deletion. In this group we identified seven patients with an overlapping 6q25.1 deletion. These seven patients 
shared a remarkable identical phenotype with identical facial features in all patients, a short stature (<-2.5 sds) in six 
patients, joint laxity in three patients and a heart defect in six patients, being a mitral valve defect and/or dilating 
cardiomyopathy (DCM) in three and four patients, respectively. The smallest region of overlap (SRO) in our seven 
patients was 1.96 Mb, containing 3 OMIM morbid genes. One of these genes is TAB2 (TGF-beta activated kinase 
1/MAP3K7 binding protein 2, OMIM # 605101). Missense variants in this gene were found by Thienpont et al (AJHG 
2010) in two patients with a non-syndromic heart defect. TAB2 is a member of the Ras-MAPK signaling pathway. 
This pathway is involved in rasopathies, of which Noonan syndrome is the most common presentation. Common 
features of rasopathies are short stature, joint laxity and heart defects, as seen in our patients. Unfortunately, no 
information on stature is available for the patients described by Thienpont. In conclusion, our successful use of 
social media resulted in the clinical delineation of the very rare 6q25.1 microdeletion syndrome, and in the 
identification of the TAB2 gene as a candidate gene for a Noonan-like disorder.  

E-mail: b.frentz01@umcg.nl 
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A novel systematic approach for candidate gene 
identification in complex genetic diseases based on 3D 
chromatin interactions. 

Meddens, Claartje A1; Harakalova Magdalena2,7; van den Dungen, Noortje A.M.2; Haitjema, 
Saskia2; Cuppen, Edwin P.J.G.3,4; den Ruijter, Hester M.2; Pasterkamp, Gerard2; Asselbergs, 
Folkert W.2,5,6; Nieuwenhuis, Edward E.S.1; Mokry, Michal1, 

1. Wilhelmina Children´s Hospital, Department of Pediatric Gastroenterology, Division Child Health, Utrecht, The 
Netherlands 2. University Medical Center Utrecht, Department of Cardiology, Division Heart and Lungs, The 
Netherlands 3. University Medical Center Utrecht, Department of Biomedical Genetics, The Netherlands  
 

Introduction: Genome wide association studies (GWAS) have revealed numerous genomic loci that are associated 
with complex genetic diseases. Subsequently, many candidate genes have been defined, mainly based on the genes 
that can be found in linkage disequilibrium with the identified loci. However, many of these loci can be linked to 
regulatory DNA sequences and it is now widely appreciated that part of the GWAS associations is due to sequence 
variation in regulatory elements. Therefore, the genes controlled by these regulatory elements should be 
considered as possible candidate genes. Since regulatory elements can regulate genes via chromatin-chromatin 
interactions that comprise up to 1 Mb, these genes cannot be identified based on base-pair distance from the 
regulatory regions. To address this, we used a method to study the 3D conformation of the nucleus (circular 
chromosome conformation capture-sequencing, 4C-seq) to systematically determine the genes that are physically 
interacting with regulatory elements that overlap the disease associated SNPs in Inflammatory Bowel Disease (IBD) 
and Coronary Artery Disease(CAD). Results: We assayed chromatin interactions at IBD susceptibility loci in 
monocytes, lymphocytes and in intestinal epithelial cells. We performed 4C-seq for 92 IBD associated loci that 
localize to regulatory elements in all three cell types. Our approach links 813 novel genes, including IL10RA (that 
was previously found to be a Mendelian IBD gene), SMAD6 and PIAS1, to IBD. Notably, the identified genes show 
higher RNA expression levels and higher H3K27ac and H3K4me3 TSS occupancy compared to other genes within 
the same genetic regions. Furthermore, we studied the 3D conformation of 54 CAD susceptibility loci, including all 
Cardiogram GWAS-loci. These loci were assayed in coronary endothelial cells and monocytes and the chromatin 
interactions at these loci are currently being analyzed. Conclusion: We have developed a novel approach for the 
identification of candidate genes based on chromatin interactions. This method enables the identification of 
candidate genes that are located far from GWAS-loci (>1 Mb). We revealed 813 novel IBD candidate genes, 
consisting of multiple notable genes like SMAD6, IL10RA and PIAS1. After these promising results in IBD, we are 
now studying CAD by the same approach. Our method complements previously reported approaches for candidate 
gene identification and can therefore be used in all future GWAS interpretations.  
 
E-mail: c.a.meddens@umcutrecht.nl 
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Genome-wide nucleosome profiles derived from cell-
free DNA reveal differences between fetal and maternal 
DNA 

R. Straver C.B.M. Oudejans M.J.T. Reinders E.A. Sistermans 

VU University Medical Center Amsterdam Delft University of Technology 

Recent developments allowed to replace invasive testing procedures for prenatal diagnostics with non-invase 
alternatives. Although this does reduce the danger of miscarriage, its reliability depends on the fraction of fetal 
DNA in the maternal plasma. Currently, no methods exist to determine the fetal fraction without changing wet lab 
analysis pipelines, thus increasing the cost per sample. We present a method which estimates the fetal fraction 
using only low coverage single-end reads from maternal samples. The estimation is achieved through the 
distribution of mapped reads relative to previously determined nucleosome positions. We deduced a nucleosome 
track for our data by combining low coverage single-end NGS samples obtained from 300 pregnant women. This 
track was then used to obtain an aligned nucleosome profile per test sample, showing the distribution of reads 
around positions most probably covered by nucleosomes. By correlating the amount of reads starting at any 
position in this profile to the expected fetal fraction based on sex chromosomes, we uncovered differences in DNA 
digestion between maternal and fetal cell-free DNA in maternal plasma. Based on these findings we were able 
estimate the fetal fraction for any sample. We found a correlation of 0.654 (P-value: 0.86e-08) between our 
estimation and the fetal fraction as determined by the frequency of reads mapped to chromosome Y in the test set 
of male fetuses. We also found a correlation of 0.891 (P-value 6.00e-08) with the insert size distribution as derived 
from additional paired-end sequencing data. Additionally, shorter DNA fragments were found to start inside the 
nucleosome covered areas, while larger fragments start in linker areas around the nucleosomes. We demonstrated 
the possibility to estimate the fetal fraction without changing current neo-prenatal diagnostic testing based on low 
coverage, single-end, next-generation sequencing. While previous works suggested that the differences in fragment 
lengths between fetal and maternal DNA are influenced by nucleosomes, no direct proof of this connection was 
provided. Our work shows that it is indeed nucleosomes that cause these differences. As this method does not 
increase costs, we believe this test should be run for any such diagnosis as it indicates wether there is too little fetal 
DNA in the maternal blood sample, carrying the risk of not being able to detect fetal aberrations in the DNA. 

E-mail: r.straver@vumc.nl 
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The implicitome: a resource for inferring gene-disease 
associations 

Kristina M. Hettne (1), Mark Thompson (1), Herman van Haagen (1), Eelke van der Horst (1), 
Rajaram Kaliyaperumal (1), Eleni Mina(1), Zuotian Tatum (1), Jeroen F.J. Laros (1), Erik M. van 
Mulligen (1,2), Martijn Schuemie (2), Emmelien Aten (1), Tong Shu Li (5), Richard Bruskiewich (6), 
Benjamin M. Good (5), Andrew I. Su (5), Jan A. Kors (2), Johan den Dunnen (1), Gert-Jan van 
Ommen (1), Marco Roos (1), Peter A.C. ´t Hoen (,) Barend Mon (1,3), and Erik A. Schultes (1,4) 

1. Department of Human Genetics, Leiden University Medical Center, Leiden, The Netherlands 2. Department of 
Medical Informatics, Erasmus University Medical Center Rotterdam, The Netherlands 3. Dutch Techcentre for Life 
Sciences, Utrecht, The Netherlands 4. Leiden Institute for Advanced Computer Science, Leiden, Netherlands 5. 
Department of Molecular and Experimental Medicine, The Scripps Research Institute, CA, USA 6. STAR Informatics / 
Delphinai Corporation, Port Moody, BC, Canada  

High-throughput experimental methods such as medical sequencing and genome-wide association studies (GWAS) 
identify increasingly large numbers of potential relations between genetic variants and diseases. Both biological 
complexity (millions of potential gene-disease associations) and the accelerating rate of data production 
necessitate computational approaches to prioritize and rationalize potential gene-disease relations. Here, we use 
concept profile technology to expose both explicit relations (the explicitome) and the much larger set of implied 
gene-disease associations (the implicitome). Implicit relations are largely unknown to, or are even unintended by 
the original authors, but they vastly extend the reach of the identification and interpretation of gene-disease 
associations. The implicitome can be used in conjunction with experimental data resources to interpret known 
associations, to anticipate novel associations, and to provide context and rationalization for both known and novel 
associations. We demonstrate the usefulness of the implicitome with an analysis of the top ranking associations, a 
GWAS-based case study and detailed case study of causative genes for Seckel syndrome. To facilitate the re-use of 
implicit gene-disease associations, we publish our data in compliance with FAIR Data Publishing recommendations 
using nanopublications. An online tool (http://knowledge.bio) is available to explore established and potential 
gene-disease associations in the context of other biomedical relations. 

 

E-mail: k.m.hettne@lumc.nl 
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Comprehensive promoter level eQTL analysis of the 
human frontal lobe using CAGEseq 

Cornelis Blauwendraat1*, Margherita Francescatto1, J. Raphael Gibbs2,3, Iris E. Jansen1,4, Javier 
Simón-Sánchez1,5, Dena G. Hernandez2, Allissa A. Dillman2, Andrew B. Singleton2, Mark R. 
Cookson2, Patrizia Rizzu1, and Peter Heutink1,4,5 

 

1 German Center for Neurodegenerative Diseases (DZNE), Tuebingen, Germany 2 National Institute on Aging (NIA), 
Laboratory of Neurogenetics, Bethesda, MD, USA 3 Department of Molecular Neuroscience, Institute of Neurology, 
University College London (UCL), London, UK 4 Department of Clinical Genetics, VU University Medical Center (VUmc), 
Amsterdam, The Netherlands 5 Hertie Institute for Clinical Brain Research (HIH), Tuebingen, Germany 

 

Expression quantitative trait loci (eQTL) analysis is a powerful method to detect correlations between gene 
expression and genomic variants and is widely used to interpret or form hypotheses about the biological 
mechanism underlying identified GWAS risk loci. Numerous eQTL studies have been performed on different cell 
types and tissues and the majority of these studies have been based on microarray technology. We present here an 
eQTL analysis based on Cap Analysis Gene Expression combined with next generation sequencing (CAGEseq) data 
created from human frontal lobe tissue combined with genotypes obtained through genotyping arrays, exome 
sequencing and CAGEseq. CAGEseq provides a high resolution profiling of transcriptional start sites in a 
quantitative and annotation independent manner and allows for the identification of coding, non-coding and novel 
transcripts. Using CAGEseq as expression profiling technique combined with these different genotyping techniques, 
increases the resolution of eQTL analysis significantly compared to previous studies and allows measurement of the 
molecular effect of variants on individual transcription start sites distinct from whole genes or exons. We identified 
1,789 eQTLs and show that non-coding transcripts are more likely to contain an eQTL than coding transcripts. We 
provide evidence for how previously identified GWAS loci, for example schizophrenia (NRGN) and Parkinson´s 
disease (PARK16), could increase the risk for disease at a molecular level. Furthermore, we demonstrate that 
CAGEseq improves eQTL analysis because variants obtained from CAGEseq are highly enriched for being functional 
variants and thus are an efficient method to identify causal variants. Future eQTL studies would benefit from 
combining CAGEseq with RNA-seq for a more complete interpretation of the transcriptome and increased 
understanding of eQTL signals. 

E-mail: cornelis.blauwendraat@dzne.de 
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Developing targeted treatment for fragile X 
syndrome 

S. Zeidler (1), H. de Boer (1), C.E.F. De Esch (1), I.A. Jaafar (1), W.E. van den Berg (2), R.K. Hukema 
(1), S.A. Kushner (2), R. Willemsen (1) 

1. Clinical Genetics, Erasmus MC, The Netherlands 2. Psychiatry, Erasmus MC, The Netherlands  

Fragile X syndrome (FXS) is the most common monogenetic cause of intellectual disability. Besides 
intellectual disability, patients can also be affected in speech and language skills, (social) anxiety, autistic-
like behaviours, sensory hypersensitivity, hyperactivity, impulsivity and aggressive behaviour. Physical 
problems are frequent, including epilepsy, hypotonia, hyperextensibility and frequent otitis media. FXS is 
caused by a CGG repeat expansion in the 5´ UTR of the FMR1 gene, leading to transcriptional silencing of 
the gene and a thus lack of FMR1 protein (FMRP). FMRP is an RNA-binding protein with important 
function in translational control at the synapse, regulating synaptic plasticity. Lack of FMRP leads to 
aberrant synaptic plasticity. Many synaptic pathways have been implicated in FXS, for example the 
mGluR5 pathway and GABA-ergic pathways. Knowledge of these involved pathways has paved the way 
to possible targeted treatments. Targeted therapeutic interventions are being developed, aimed to 
normalize the aberrant signaling pathways in the synapse and reduce symptoms of FXS. However, the 
development of targeted therapies for FXS has been hindered by lack of reliable outcome measures in 
both clinical and preclinical research. One of the problems might be the complexity of the molecular 
balance disrupted in the neuron and surrounding cells, that is causes by lack of FMRP. It is likely that 
targeting only one pathway is not enough and that several different pathways and proteins will need to 
be targeted in order to restore the balance. I will present results of targeting some pathways, separate as 
well as simultaneously in the Fmr1 knock-out mouse, the most widely used FXS animal model.  

E-mail: s.zeidler@erasmusmc.nl 
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A terminal 5 Mb triplication of chromosome 1p in a 
patient with severe intellectual disability, absent speech 
and facial dysmorfisms 

J. Knijnenburg, S. Zeidler, J. Koningen, M.M. Wattel, M.C. den Ridder-Klünnen, F.A.T. de Vries, J.A. 
Kievit 

Clinical Genetics, ErasmusMC, Rotterdam, the Netherlands 

Whole genome cytogenetic screening has proven to be instrumental in retrieving the genetic cause of 
intellectual disability with or without congenital malformations in a significant portion of patients. 
Routine diagnostics for this type of patients is nowadays performed using SNP array, allowing detection 
of copy-number imbalances down to approximately 100 kb. A 39 year old patient with a severe 
intellectual disability, congenital ptosis, strabismus, nystagmus, exophthalmos, spastic tetraparesis, 
pectus carinatum and scoliosis was referred for cytogenetic investigation. SNP array analysis using an 
Infinium CytoSNP-850K BeadChip array (Illumina, inc., San Diego, U.S.A.), showed a terminal amplification 
of 5,66 Mb (4 copies) of chromosome 1p36.31p36.33, proximally directly flanked by a small gain of 90 kb 
(3 copies) of 1p36.31. Standard karyotyping was not performed. To confirm the presence of 4 copies of 
the distal 1p36 locus and to investigate the location and orientation of the amplified fragments, 
metaphase FISH was performed using proximally and distally situated BAC clones in the amplified region. 
The results showed a local triplication on one of the chromosomes 1, with three copies in a row with the 
middle copy inverted, relative to the other two copies. The orientation of the triplicated fragments and 
the presence of a flanking duplication match previously published cases with terminal triplications. 
Microhomology at the junctions was proven in some of these cases, and the proposed mechanism is that 
inverted repeats can interfere with the replication process leading to rearrangements, in which also 
microhomology and nonhomologous events play a role (1,2). In the literature, only one patient was 
published with a terminal triplication of 1p of similar size (3). Overlapping phenotypic characteristics were 
intellectual disability, absent speech, strabismus, hypertelorism, ptosis and facial characteristics. By 
presenting a patient with a rare terminal triplication/duplication and comparing with previously 
published patients, here we add evidence that a specific mechanism is responsible for this event. 1. 
Carvalho CMB et al., Nature Genetics 43,1074â€“1081(2011) 2. Yatsenko SA et al., Hum Genet. 
131(12):1895-910 (2012) 3. Xu F et al., Mol Cytogenet. 3;7(1):64 (2014)  
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Functional analysis of variants of uncertain significance 
in BRCA2 

Romy Mesman, Fabienne Calléja, Bruno Morolli, Peter Devilee, Christi van Asperen, Giel Hendriks 
, Harry Vrieling ,Maaike Vreeswijk  

LUMC 

Members of suspected high breast cancer risk families are eligible for genetic testing for mutations in 
BRCA1 and BRCA2. In 5-10% of the families a sequence variant is identified for which there is currently 
insufficient information available on the consequence for protein function. Since the cancer risk 
associated with these variants of uncertain significance (VUS) is unknown, they represent a challenge for 
genetic counseling and clinical management of the families. Already more than 2000 unique BRCA2 
variants are identified worldwide, including missense and silent substitutions, small in frame insertions 
and deletions and intronic variants. Since these BRCA2 variants are in most cases very rare, there is often 
insufficient family data (e.g. co-segregation, tumor histopathology) to make inferences about their 
associated cancer risk. In silico analysis, a technique based on sequence conservation and physiochemical 
properties of the amino acid residue, is not reliable enough to make important clinical decisions. There is 
a strong demand to establish the clinical significance of BRCA2 VUS because this will enable reliable 
cancer risk assessment and thereby will determine the clinical management for carriers. This underlines 
the importance of functional assays that assess the impact of BRCA2 variants on protein function. We 
developed a mouse embryonic stem cell (mES) based model to functionally test all types of BRCA2 
variants, including variants that may affect RNA splicing. Our mES cell based method enables rapid 
generation and functional analysis of BRCA2 VUS that are identified in the clinic. The effect of the variant 
on RNA splicing, protein stability and function can be rapidly assessed. Once our assay is sufficiently 
validated it will enable the classification of rare BRCA2 VUS, even in the absence of sufficient family data. 
Improving the classification of BRCA2 VUS will facilitate risk assessment and support decision making 
regarding risk reduction and surveillance options in carriers.  

 

E-mail: r.l.s.mesman@lumc.nl 
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Inactivation of SDH and FH cause loss of 5hmC and 
increased H3K9me3 in paraganglioma/ 
pheochromocytoma and smooth muscle tumors 

Attje S Hoekstra, Marieke A de Graaff, Inge H Briaire-de Bruijn, Ivonne van Minderhout, Cees J 
Cornelisse, Pancras CW Hogendoorn, Martijn H Breuning, Johnny Suijker, Esther Korpershoek, 
Henricus PM Kunst, Norma Frizzell, Peter Devilee, Jean-Pierre Bayley, Judith VMG Bovée 

Leiden University Medical Center, Erasmus Medical Center Rotterdam, Radboud University Nijmegen Medical Center, 
University of South Carolina 

CONTEXT: Succinate dehydrogenase (SDH) and fumarate hydratase (FH) are tricarboxylic acid (TCA) cycle 
enzymes and tumor suppressors. Loss-of-function mutations give rise to hereditary 
paragangliomas/pheochromocytomas and hereditary leiomyomatosis and renal cell carcinoma. The 
inactivation of SDH and FH results in an abnormal accumulation of the substrates succinate and 
fumarate, leading to inhibition of numerous a-ketoglutarate dependent dioxygenases, including histone 
demethylases and the ten-eleven-translocation (TET) family of 5-methylcytosine (5mC) hydroxylases. 
OBJECTIVE: We investigated the distribution of DNA and histone methylation in SDH-deficient 
paragangliomas/ 
pheochromocytomas and FH-deficient smooth muscle tumors and explored the role of TET1 in these 
tumors. METHODS: We used immunohistochemistry to evaluate expression of 5mC, 5hmC, TET1, 
H3K4me3, H3K9me3, and H3K27me3 on tissue microarrays containing 
paragangliomas/pheochromocytomas (n=134) and hereditary and sporadic smooth muscle tumors 
(n=56) in comparison to their normal counterparts. RESULTS: Tumor cells in SDH- and FH-deficient 
tumors showed distinct loss of 5-hydroxymethylcytosine (5hmC) and elevated levels of 5mC. Loss of 
5hmC in SDH-deficient tumors was associated with nuclear exclusion of TET1, a known regulator of 
5hmC-levels. In addition, increased methylation of H3K9me3 occurred predominantly in the tumor cells 
of SDH mutant tumors. We also show here for the first time that FH-deficient smooth muscle tumors 
exhibit increased H3K9me3 methylation compared to FH wildtype smooth muscle tumors. CONCLUSION: 
A very similar pattern of epigenetic deregulation was observed in FH-deficient smooth muscle tumors 
compared to SDH-deficient paragangliomas/pheochromocytomas, suggesting a common mechanism of 
inhibition of histone and DNA demethylases elicited by defects in genes of the TCA cycle. This could lead 
to clinical opportunities of epigenetic targeting in tumors with TCA cycle defects. 

E-mail: a.s.hoekstra@lumc.nl 
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Genetic overlap between Intellectual Disability and 
Attention-Deficit/Hyperactivity Disorder 

Marieke Klein1, Anne van Rens1, Elena Shumskaya1, Martine Hoogman1, Psychiatric Genomics 
Consortium ADHD Working Group, Han Brunner4, Alejandro Arias-Vasquez1,5,6, Barbara 
Franke1,6 

1Department of Human Genetics, Radboud university medical center, Donders Institute for Brain, Cognition and 
Behaviour, Nijmegen, The Netherlands 2Max Planck Institute for Psycholinguistics, Language and Genetics 
Department, Nijmegen, The Netherlands 3International Max Planck Research School for Language Sciences, Nijmegen, 
Netherlands 4Department of Human Genetics, Radboud University Medical Center, Radboud Institute of Molecular Life 
Sciences, Nijmegen, The Netherlands. 5Department of Cognitive Neuroscience, Radboud university medical center, 
Donders Institute for Brain, Cognition and Behaviour, Nijmegen, The Netherlands 6Department of Psychiatry, 
Radboud university medical center, Donders Institute for Brain, Cognition and Behaviour, The Netherlands  

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common neuropsychiatric disorder with a complex 
genetic background. Intellectual Disability (ID) and ADHD are often co-morbid, suggesting genetic 
overlap. We investigated whether genes, affected by rare genetic variations in patients with ID, also 
contribute to ADHD risk. Common single nucleotide polymorphisms (SNPs; MAF>= 1%) in 384 
autosomal ID-related genes selected from the 'Intellectual Disability Gene Panel´ (downloaded from 
https://www.radboudumc.nl/Informatievoorverwijzers/Genoomdiagnostiek/nl/Documents/ngs-
intellectual_disability_panel_181213.pdf) were tested for association with ADHD risk, on gene-wide and 
gene-set level, using ADHD meta-analytic data from of the Psychiatric Genomic Consortium (PGC; 
N=5,621 cases and 13,589 controls) using KGG v3.5. The ID gene-set was significantly associated with 
ADHD in the PGC ADHD meta-analysis (Pgene-set=2.19E-3). Further analysis showed that the findings 
were due to the inattention symptom domain (Pgene-set=5.00E-3) rather than hyperactivity/impulsivity 
in ADHD (Pgene-set=0.203). The MEF2C gene showed gene-wide association (corrected for multiple 
testing) with ADHD risk (PMEFC2=3.92E-5). Two SNPs within the MEF2C locus were assessed on 
neuroanatomy using voxel-based morphometry (VBM) in the Brain Imaging Genetics cohort (BIG; 
N>1,300) and one SNP showed bilateral association with gray matter volume in the lateral occipital 
cortex. This study demonstrates the genetic overlap between ID and ADHD, showing that common SNPs 
in genes, known to be affected by rare genetic variations in ID patients, contribute to ADHD risk. We also 
identified MEF2C as a novel candidate gene for ADHD. 

E-mail: marieke.klein@radboudumc.nl 
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Trisomy 4 Mosaicism: Delineation of the Phenotype 

Arjan Bouman (1), Anne-Marie van der Kevie-Kersemaekers (1), Karin Huijsdens-van Amsterdam 
(1), Nordin Dahhan (2), Lia Knegt (1), Fleur Vansenne (3), Jan Maarten Cobben (1,2) 

1 Department of Clinical Genetics, Academic Medical Center, Amsterdam, The Netherlands 2 Department of 
Paediatrics, Academic Medical Center, Amsterdam, The Netherlands 3 Department of Clinical Genetics, University 
Medical Center Groningen, Groningen, The Netherlands  

Trisomy 4 mosaicism in liveborns is very rare. We describe a 19 month old girl with trisomy 4 mosaicism. 
Clinical findings in this patient are compared to previously reported patients. Based on the few 
descriptions available in literature the common phenotype of trisomy 4 mosaicism seems to consist of 
IUGR, low birth weight/length/OFC, congenital heart defects, characteristic thumb anomalies 
(aplasia/hypoplasia), skin abnormalities (hypo-/hyperpigmentation), several dysmorphic features and 
likely some degree of intellectual disability. When trisomy 4 mosaicism is suspected clinicians should be 
aware that a normal karyotype in lymphocytes does not exclude mosaicism for trisomy 4. Here, we 
further delineate the phenotype associated with trisomy 4 mosaicism.  

E-mail: a.bouman@amc.uva.nl 
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Clinical delineation of the recurrent de novo c.607C>T 
mutation in PACS1  

Janneke H.M. Schuurs-Hoeijmakers1, Megan L. Landsverk2, Nicola Foulds3,4, Mary K. Kukolich5, 
Ralitza H. Gavrilova6,7, Stephanie Greville-Heygate3,4, Andrea Hanson-Kahn8,9, Jonathan A. 
Bernstein9, Jennifer Glass10, David Chitayat11,12, Thomas A. Burrow10,13, Ammar Husami10, 
Kathleen Collins10, Katie Wusik10, Nathalie van der Aa14, Frank Kooy14, Kate Tatton Brown15, 
Dorothea Gadzicki16, Usha Kini17, Sara Alvarez18, Alberto Fernández-Jaén19,20, Frank 
McGehee21,  Brian Hon-Yin Chung28, Koenraad Devriendt29, DDD study, Matthew E. Hurles30, 
Han G. Brunner1 

1 Department of Human Genetics, Radboud University Medical Center, Nijmegen, the Netherlands.  
2 Department of Pediatrics, Sanford School of Medicine, University of South Dakota, and Sanford Children's Health 
Research 3 Wessex Clinical Genetics Services, University Hospital Southampton NHS Foundation Trust, Southampton 
SO16 5YA, UK  

We have recently described two unrelated boys with a strikingly similar facial appearance and intellectual 
disability in whom an identical de novo mutation in PACS1, c.607C>T, was detected by exome 
sequencing (NM_ 0180026.2, OMIM 615009: Mental Retardation, Autosomal Dominant 17).In vitro and in 
vivo studies showed that the mutant protein forms cytoplasmic aggregates in vitro with concomitant 
increased protein stability. Further, expression studies of mutant PACS1 mRNA in zebrafish embryos 
suggest that the mutant zebrafish phenotype is driven by aberrant specification and migration of SOX10-
positive cranial neural crest cells, probably explaining the craniofacial phenotype in patients. Since this 
initial report, we have collected clinical information on 19 individuals with this identical de novo 
mutation. Social media (facebook) has shown its value in collecting additional patients with this rare 
genetic disorder. There is a distinctive facial appearance (19/19), characterized by arched eyebrows, 
hypertelorism with downslanting palpebral fissures, long eye lashes, ptosis, low set and simple ears, 
bulbous nasal tip, wide mouth with downturned corners and a thin upper lip with an unusual 'wavy´ 
profile, flat philtrum and diastema of the teeth. Intellectual disability, ranging from mild to moderate, was 
present in all. Hypotonia is common in infancy (9/19). Seizures are frequent (12/19) and respond well to 
anticonvulsive medication. Structural malformations are common, including heart (10/19), brain (12/15), 
eye (9/19), kidney (3/19) and cryptorchidism (6/12 males). Feeding dysfunction is presenting in infancy 
with failure to thrive (6/19), gastroesophageal reflux (6/19), and gastrostomy tube placement (5/19). 
There is persistence of oral motor dysfunction. In summary, this recurrent de novo c.607C>T mutation in 
PACS1 gives rise to a clinically recognizable intellectual disability syndrome with multiple congenital 
anomalies. We provide suggestions for clinical work-up and management. Given the recognizable facial 
gestalt, we hope that the present study will facilitate clinical recognition of further cases.  
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Ex vivo analysis of RAD51 foci induction in fresh tumor 
tissue: A promising new tool for the identification of 
homologous recombination deficient tumors. 
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Gaarenstroom(3), D.C. van Gent(4), H. Vrieling(1) 

Departments of 1)Human Genetics, 2)Pathology and 3)Gynaecology, Leiden University Medical Center, Leiden, The 
Netherlands; Departments of 4)Genetics and 5)Medical Oncology, Erasmus University Medical Center, Rotterdam, The 
Netherlands  

Purpose. BRCA1 and BRCA2 related breast and ovarian tumors respond very well to treatment with PARP 
inhibitors (PARPi) because of their deficiency in homologous recombination (HR). There are indications 
that a substantial number of ovarian tumors might have deficiencies in HR unrelated to germline 
mutations in BRCA1 or BRCA2. A functional assay to assess HR efficacy might therefore allow 
identification of additional ovarian cancer patients that could benefit from PARPi treatment. Experimental 
procedure. Fresh ovarian tumor samples were collected from patients undergoing surgery or 
ascites/pleural fluid drainage. Samples were irradiated with ionizing radiation ex vivo, fixed after 2 hours 
incubation at 37°C and embedded in paraffin. As a functional read out for HR proficiency we determined 
the ability to induce RAD51 foci in replicating tumor cells. Results. RAD51 foci formation was absent 
(<20% replicating cells showed RAD51 foci) in 46% (6/13) of the solid ovarian tumor samples. In tumor 
cells derived from ascites however, only one out of 14 samples showed absence of RAD51 foci formation. 
It is not yet clear whether previous treatment with platinum based therapy is responsible for this 
difference (e.g. selection on reversion of HR deficient phenotype). Germline BRCA status was known for a 
subset of patients (n=7) but correlated well with the absence (BRCA germline mutation) or presence (no 
BRCA germline mutation) of RAD51 foci induction in their tumors. Genetic and epigenetic analyses of 
tumor DNA is ongoing. Conclusion. The ex vivo analysis of RAD51 foci induction in fresh tumor tissue is a 
promising new tool to identify HR deficient tumors. Not only is it an important time saving strategy 
compared to BRCA1/BRCA2 mutation analysis, it may also identify a much broader patient population 
that will be eligible for the treatment with PARP inhibitors.  
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Phenotypic Variability in Patients with ADA2 Deficiency 
due to Identical Homozygous R169Q Mutations 
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Netherlands 4 Amsterdam Rheumatology and immunology Center, Academic Medical Center, Amsterdam, the 
Netherlands 5 Department of Neurology, Academic Medical Center, Amsterdam, The Netherlands 6 Department of 
Pediatrics, Leiden University Medical Center, Leiden, The Netherlands  

Objective To determine the genotype â€“ phenotype association in patients with ADA2 deficiency due to 
identical homozygous R169Q mutations in CECR1. Methods We present a case series of nine ADA2-
deficient patients with an identical homozygous R169Q mutation. Clinical and diagnostic data were 
collected and available MRI studies were reviewed. We performed genealogy and haplotype analyses and 
measured serum ADA2 activity. ADA2 activity values were correlated to clinical symptoms. Results Age of 
presentation differed widely between the nine presented patients (range: 0 mths to 8 yrs). The main 
clinical manifestations were (hepato)splenomegaly (8/9), skin involvement (8/9) and neurological 
involvement (8/9, of whom 6 encountered stroke). Considerable variation was seen in type, frequency 
and intensity of other symptoms, which included aplastic anemia, acute myeloid leukemia and cutaneous 
ulcers. Common laboratory abnormalities included cytopenias and hypogammaglobulinemia. ADA2 
enzyme activity in patients was significantly decreased compared to healthy controls. ADA2 activity levels 
tended to be lower in patients with stroke compared to patients without stroke. Genealogical studies did 
not identify a common ancestor, however, based on allele frequency, a North-West European founder 
effect can be noted. Three patients underwent hematopoietic cell transplantation, after which ADA2 
activity was restored and clinical symptoms resolved. Conclusions This case series revealed large 
phenotypic variability in patients with ADA2 deficiency though they were homozygous for the same 
R169Q mutation in CECR1. Disease modifiers, including epigenetic and environmental factors, thus seem 
important in determining the phenotype. Furthermore, hematopoietic cell transplantation appears 
promising for those patients with a severe clinical phenotype  

E-mail: j.vanmontfrans@umcutrecht.nl 
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Interstitial 6q22.1q23.2 duplication - variant of variable 
phenotype and incomplete penetrance or benign 
duplication? 

L.J.C.M. van Zutven, D. Van Opstal, M.F.C.M. Knapen, J.M.J. Cornette, I.P.J. van Heel, K.E.M. 
Diderich, M.I. Srebniak 

Department of Clinical Genetics and Obstetrics and Gynecology, Erasmus MC, Rotterdam, The Netherlands 

Chromosome 6q duplication syndrome is a chromosome abnormality associated with characteristic 
phenotypic features such as intellectual disability, short stature, feeding difficulties, microcephaly, 
dysmorphic features (prominent forehead, downslanting palpebral fissures, flat nasal bridge, tented 
upper lip, micrognathia, short webbed neck) and joint contractures. Only a few cases of pure partial 6q 
trisomy have been published and the severity of the phenotype seems to depend on the breakpoint 
position. Unfortunately, most of these cases were identified using karyotyping or FISH, so breakpoints at 
the molecular level and thus gene content are not known. We report the first family with an interstitial 
duplication of 6q22.1q23.2 where the gene content and breakpoints were characterized with microarray. 
The duplication was detected using karyotyping in a female patient with intellectual disability, 
developmental delay and seizures in 1983. In 2014, a preg-nant family member with intellectual disability 
was referred to our department for genetic counselling. SNP array analysis revealed the familial 6q 
duplication, and also the presence of an additional micro-duplication in 16p11.2, a known susceptibility 
locus (SL) for neurodevelopmental disorders. Amniocentesis was performed at 15 5/7 weeks of gestation 
and array testing showed only the interstitial 6q duplication in the fetus. Subsequent array investigations 
in both healthy and affected family members revealed that healthy relatives were carriers (n=2) of only 
the interstitial 6q duplication, whereas the affected individuals (n=3) carried both the 6q duplication and 
the additional 16p11.2 duplication. The prognosis for the fetal phenotype might therefore be favorable. 
The second trimester ultrasound of the fetus showed no structural anomalies and a normal baby boy was 
born at term. No congenital anomalies were noted at birth. So far the baby´s development is 
unremarkable (at 7 months of age). Our study shows that the 6q22.1q23.2 duplication may represent a 
private variant that is benign, how-ever it may act as the "second hit" in SL carriers. The presented family 
supports "the second hit hy-pothesis" showing that the penetrance of susceptibility loci in families 
carrying additional imbalances can be much higher than in general population. Finding the second hit is 
therefore very important for genetic counselling and assessment of the SL penetrance within a family. 

E-mail: l.vanzutven@erasmusmc.nl 
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Multivariate Genome-Wide Association Analysis of 
Oppositional Defiant Behavior Subtypes in Attention-
Deficit Hyperactivity Disorder 
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Switzerland Radboud University Medical Center, Nijmegen, The Netherlands Donders Institute for Brain, Cognition and 
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London, London, UK SUNY Upstate Medical University, Syracuse, New York K.G. Jebsen Centre for Psychiatric 
Disorders, University of Bergen, Bergen, Norway University of Basel, Basel, Switzerland Psychiatric Hospital, Aalborg 
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Oppositional defiant disorder (ODD) is a frequent psychiatric disorder seen in children and adolescents 
with attention-deficithyperactivity disorder (ADHD). ODD is also a common antecedent to both affective 
disorders and aggressive behaviors. Although the heritability of ODD has been estimated to be around 
0.60, there has been little research into the molecular genetics of ODD. We performed a multivariate 
genome-wide association study (GWAS) of irritable and defiant/vindictive dimensions and categorical 
subtypes of ODD in a clinical sample of children and adolescents with ADHD (n=750). No genome-wide 
significant markers were found, but bioinformatics and literature analyses revealed that the proteins 
encoded by 28 of the 53 top-ranked genes functionally interact in a molecular landscape centered 
around b-catenin signaling and involved in the regulation of neurite outgrowth. Our findings provide 
new insights into the molecular basis of ODD and inform future genetic studies of oppositional behavior. 
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Dilatation of the aorta ascendens forms part of the 
clinical spectrum of HCN4 mutations  

Alexa M.C. Vermeer, Elisabeth M. Lodder, Patrick A. Schweizer e.a., Floor A.M. Duijkers, S. 
Matthijs Boekholdt, Karin Y. van Spaendonck-Zwarts, Carlo Marcelis, Arthur A.M. Wilde, Connie 
R. Bezzina, Dierk Thomas, Imke Christiaans 

Department of Clinical Genetics, Academic Medical Center, Amsterdam, the Netherlands Department of Clinical and 
Experimental Cardiology, Academic Medical Center, Amsterdam, the Netherlands Department of Cardiology, 
University of Heidelberg, Heidelberg, Germany DZHK (German Centre for Cardiovascular Research), partner site 
Heidelberg/Mannheim, University of Heidelberg, Heidelberg, Germany; Department of Clinical Genetics, Radboud 
University Medical Centre, Nijmegen, the Netherlands 

Mutations in HCN4 are recently linked to a combined phenotype of bradycardia and left ventricular 
noncompaction cardiomyopathy (LVNC). Here, we report on a novel family with 10 individuals in 3 
generations of whom 9 were carrying the previously described p.Tyr481His mutation. In this family we 
observed dilatation of the aorta ascendens in addition to the previously described phenotype of 
bradycardia and LVNC. The aortic dilatation segregates with carriership of the HCN4 mutation. 
Subsequent re-evaluation of the aorta in 7 previously reported HCN4 families identified dilatation of the 
aorta ascendens in most of the HCN4 mutation carriers (17/24 = 71%). These findings expand the 
structural phenotype of HCN4 mutation carriers even further. Cardiac evaluation of HCN4 positive 
families should therefore include an evaluation of the thoracic aorta.  
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Is exome sequencing of single patients with intellectual 
disability an effective diagnostic strategy?  

Mariëtte Hoffer, Claudia Ruivenkamp, Antoinet Gijsbers, Sander Bollen, Wibowo Arindrarto, 
Marlies Laurense-Bik, Ivo Fokkema3, Saskia Smit,Michiel van der Wielen, Emmelien Aten, Emilia 
Bijlsma, Martijn Breuning, Yvonne Hilhorst-Hofstee, Nicolette den Hollander, Sarina Kant, Arie 
van Haeringen, Marjolein Kriek, Jeroen Laros, Bert Bakker, Christi van Asperen, and Gijs Santen  

1) Clinical Genetics, Leiden University Medical Center, Leiden, 2) Sequence Analysis Support Core, Leiden University 
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Trio-sequencing can be used in all disorders, and has proven its value in finding causes of intellectual 
disability (ID). We investigated whether sequencing only the affected patient without parents is sufficient 
to find the causative mutation, leading to a considerable reduce in costs. In this study, we enrolled 36 
patients with unexplained ID, and sequenced the exome. The exome sequences were analysed with a 
stringent post-sequencing annotation pipeline including an ID gene panel of ~500 genes for filtering of 
the data. All remaining variants with a potential clinical consequence were validated by Sanger 
sequencing and tested in the parents for inheritance. After variant filtering we noticed an average of 13 
variants per patient (range 2 to 27) requiring further clinical interpretation. The majority of these variants 
were inherited from one of the parents. Hitherto, we identified 5 de novo mutations and 1 homozygous 
mutation in 33 patients (18%). For the remaining 27 patients both parents have been sequenced and 
further analysis is being performed. Without exome sequencing the parents, a relatively high amount of 
potentially pathogenic variants remain. All these variants require clinical interpretation which is very time-
consuming, while most of these variants were likely benign because they are inherited from one of the 
parents. With trio-analysis inherited variants can be filtered out suggesting that this strategy, at this 
moment, is more efficient in identifying the causative variant. In the future when databases are filled with 
more and more exome data and consequently with more rare benign variants, exome sequencing single 
patients will become a more realistic diagnostic approach.  

E-mail: m.j.v.hoffer@lumc.nl 
Keywords: Exome sequencing, NGS, Intellectual Disability 

  

62 
 



P 16 

 
 
QURNAS: Quantitative enrichment of aberrant splice 
events in targeted RNA-seq data of BRCA1/BRCA2 
mutated peripheral blood leukocytes 
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Modeling, Statistics and Bioinformatics, Ghent University, Coupure Links 653, B9000, Ghent, Belgium 4. Department of 
Human Genetics, Donders Institute of Neuroscience, Radboud University Medical Center, Geert Grooteplein 10, 6525 
GA Nijmegen, the Netherlands  

We present a computational QURNAS pipeline for the de-novo detection and quantification of splice 
events in targeted RNA-seq data applied to BRCA1/BRCA2 genetic variants. The method is an unbiased 
algorithmical approach to identify and characterize aberrant and novel splice junctions without prior 
assumptions about transcript isoforms. The pipeline identifies all splice events present in the data and 
calculates their enrichment score and statistical significance compared to controls. We evaluated our 
method in targeted RNA-seq data from patients with known pathogenic variants with a determined 
effect on splicing in either BRCA1 (n=4) or BRCA2 (n=4), resulting in do-novo or enhanced exon skipping 
and intron retention events. RNA was isolated from IL2/PHA-stimulated peripheral blood leukocytes 
collected from 8 patients. Our experimental set-up uses target-enrichment RNA-seq tiling baits of entire 
loci of 12 genes implicated in hereditary breast and ovarian cancer and Lynch syndrome. Double tiling 
SureSelect baits (Agilent Technologies) were designed for the exonic, intronic and 1000bp regions up- 
and downstream genes of interest. The QURNAS method enables detection of changes in cryptic RNA 
splicing caused by deep intronic variants or missense variants in splice-enhancer/silencer sites that are 
currently not routinely included in genetic DNA screening. The pipeline identifies all de-novo aberrant 
splice events as well as up-regulated isoforms and correctly recognizes the aberrant isoform in 7 out of 8 
cases. No other splice events were prioritized by the pipeline in remaining 10 genes surveyed, congruent 
with no known mutations in the genes. Each splice event is subsequently presented in a descriptive way 
with the full-length transcript data for further experimental follow-up. Due to the direct read 
interpretation techniques the QURNAS method is highly robust with respect to sequencing depth, the 
presence of duplicates, mapping methods, and (un-)directed and (non-)paired RNA sequencing 
techniques. Together with a generic targeted RNA-seq procedure, the QURNAS method can be used in 
routine diagnostics to discover, confirm or exclude effect of genetic variants on RNA splicing. 
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Genetic testing and clinical follow-up in dilated 
cardiomyopathies: is more actually more? 
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Dilated cardiomyopathy (DCM) is characterized by ventricular chamber enlargement and systolic 
dysfunction. A genetic cause of this heterogeneous disorder is found in only 30-40% patients. 
Historically, the appropriate genes for testing using Sanger sequencing were selected by clinical 
geneticist based on the phenotype. Currently, in MUMC+, all DCM patients first receive Sanger 
sequencing of the 3 genes with the highest presumed mutation prevalence (MYH7, PLN and LMNA), 
followed by next-generation sequencing (NGS) gene panel testing and TTN analysis. The aim is to report 
the diagnostic yield of genetic testing by single gene using Sanger sequencing and NGS gene panel 
testing as well as genotype-phenotype associations and follow up. In all 407 patients Sanger sequencing 
for several genes was performed. A subgroup of 170 patients received one or both of the following gene 
panel testing: CardioChip (34 genes) and next-generation whole exome sequencing using a targeted 
filter (45 genes). In the gene panel subgroup TTN was tested in 93 patients. Genetic variants were defined 
as variants of unknown clinical significance (VUS), likely pathogenic (LP) and pathogenic (P) variants. 
Diagnostic cardiologic work-up was performed in all patients. Genetic variants were found in 16.5% 
(67/407) by Sanger sequencing and in 46% (78/170) by gene panel testing. In the gene panel subgroup 
of 170 patients, a variant in MYH7, PLN and LMNA was detected in 4.1%. A variant in other genes was 
found in 41.2%. The highest detections of likely pathogenic variants or pathogenic variants were found in 
TTN (13%), RBM20 (3.2%) and MYH7 (2.5%). The mutation detection rate in patients with left ventricle 
dysfunction was comparable to patients with serious dilatation. Cardiac ultrasound follow up 
investigations showed higher mortality and/or more heart transplantations in patients with a 
familial/genetic DCM compared to patients with a non-familial/non-genetic DCM. Our data illustrate that 
gene panel testing in DCM patients increased the diagnostic yield, with the highest diagnostic yield in 
TTN. We suggest that genetic analysis in idiopathic DCM patients starts with NGS gene panel testing 
without prior single gene testing and that cardiogenetic evaluation should be performed in patients with 
unexplained left ventricle dysfunction. Although the number of patients with a (likely) pathogenic variant 
are somewhat limited, no genotype-phenotype correlations could be detected.  
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(22q13.3 deletion) syndrome: a systematic and 
prospective study in 35 children  
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Background: Phelan-McDermid syndrome (P-MS) or 22q13.3 deletion syndrome is characterized by 
global developmental delay, cognitive deficits, and behavior in the autism spectrum. Knowledge about 
developmental and behavioral characteristics is still limited among physicians, despite a rapid growing 
number of diagnoses. Our aim was to further characterize the developmental phenotype of P-MS. 
Methods: Children with a 22q13.3 deletion, aged 8 to 179 months, were systematically (n=35) and 
longitudinally (n=29) assessed with standardized instruments: Bayley-III-NL, WPPSI-III-NL, and VABS. 
Results: Maximal developmental functioning ranges from 34 to 52 months, depending on the 
developmental domain. In general, children perform poorest in the domain of language, and best on the 
domain of motor (young children) or cognitive development (older children). Developmental quotients 
are higher in younger children and decrease with age in all developmental domains. Six of 29 children 
show stagnation of cognitive development and six indications of regression. Thirty-four of 35 children 
show significant deficits in adaptive behavior. Very small deletions, including SHANK3, ACR and RABL2B-
genes only, have a more favorable developmental phenotype. Conclusions: Cognitive, motor and 
especially language development are significantly impaired in all children with P-MS but highly variable 
and unpredictable. In addition, deficits in adaptive behavior further hamper their cognitive development. 
Therefore, cognitive and behavioral characteristics should be evaluated and followed in each child with 
P-MS, to adapt supportive and therapeutic strategies to individual needs. We recently investigated 
whether intranasal insulin improves development and behavior of children with P-MS. The first results of 
this randomized clinical trial will be available in September 2015. 
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the 8q21.11 microdeletion syndrome 
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Deletions of variable size in band q21.11 of chromosome 8 result in a recognizable phenotype of 
intellectual disability and facial dysmorphisms.(1,2) The smallest region of overlap reported to date 
consists of 539.7 kb and encompasses Zinc Finger Homeobox 4 (ZFHX4), a transcription factor with a 
regulatory role in neuronal and mesenchymal cell differentiation. Using genome wide array analysis we 
identified two individuals with an intragenic aberration of ZFHX4. One patient had a de novo deletion of 
89 kb encompassing the last seven exons of ZFHX4. The other patient had a gain of 30-39 kb that 
included exons two and three. The same gain was identified in a mosaic state (approximately 35%) in 
DNA from peripheral blood of the mother. Both patients showed developmental delay and the typical 
facial dysmorphisms consisting of a round face with a broad forehead, ptosis, and prominent low-set 
ears. Some of these facial features were also observed in the mother of the second patient, who had 
attended regular school. In addition, the eldest patient showed mild intellectual disability, absence 
epilepsy, an autism spectrum disorder, hypermetropia and cerebral visual impairment. Our findings 
confirm that haploinsufficiency of ZFHX4 explains the main features of the 8q21.11 microdeletion 
syndrome. References 1. Palomares et al, Am J Hum Genet, 2011 2. Quintela et al, Am J Med Genet A, 
2015  
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A heritable form of meningioma with important 
implications for follow-up and family members 

E. H. Gerkes, University of Groningen, University Medical Center Groningen, Department of 
Genetics M. J. W. Olderode-Berends, University of Groningen, University Medical Center 
Groningen, Department of Genetics A. Fock, University of Groningen, University Medical Center 
Groningen, Department of Childneurology M. J. Smith, PhD, lecturer in Cancer Genomics, Centre 
for Genomic Medicine, University of Manchester D. G. Evans, Professor of Medical Genetics and 
Cancer Epidemiology, Centre for Genomic Medicine, University of Manchester  
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Childhood meningiomas are rare. Recently a new heritable tumour predisposition syndrome has been 
discovered resulting in an increased risk for spinal and intracranial clear cell meningiomas in young 
patients. Heterozygous loss-of-function germline mutations in the SMARCE1 gene are causative, giving 
rise to an autosomaal dominant inheritance pattern. No other tumour types have been reported so far in 
the known families, but there is no certainty about the complete tumour spectrum yet. Because of the 
few reported cases so far, the lifetime risk of developing meningiomas is unclear and no guidelines are 
available providing follow-up recommendations for patients or a screening advice for asymptomatic 
carriers. This complicates genetic counseling and guidance of patients and families. We report on a new 
family carrying a SMARCE1 mutation with two cases of a spinal/ intracranial tumour and several 
asymptomatic carriers and the screening/ follow-up recommendations we have given based on expert 
opinions. Hopefully, substantiated adjustments to these recommendations can be made after structural 
gathering of more patient-, family-, and mutation data, providing means to better estimate lifetime 
tumour risks for carriers of a SMARCE1 mutation. We hope for discussion/contact with other 
professionals to reflect on this difficult counseling situation.  
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Oncology at Erasmus MC, Rotterdam, The Netherlands. 

Introduction: An abdominal aortic aneurysm (AAA) is a widening of the aorta below the renal arteries, 
usually asymptomatic until rupture causes fatal bleeding. AAA risk increases after the age of 65 years. 
Genetic susceptibility, smoking, hypertension, and atherosclerosis are established risk factors. Targeted 
ultrasound screening of high risk cases allows reduction of AAA related mortality, thus a better risk 
prediction model based on clinical characteristics and biomarkers is needed to earlier identify persons at 
risk. We aim to identify molecular markers for AAA disease by identifying genes involved in aortic 
vascular wall remodeling in AAA patients. Methods: Microarray based genome wide expression analysis 
in affected aortic tissue of AAA patients was performed. Results: In our gene expression studies in 
affected aortic tissues, we found genes which have been associated with AAA before: COL11A1, AdipoQ 
and LPL. Using Ingenuity IPA we identified immunity related pathways. Interestingly, expression levels of 
genes involved in the TGFß signaling were significantly changed. We designed a flow chart to select 
genes as possible markers based on their level of expression, potential as blood marker and possible 
relevance for aneurysmal disease. We will validate these markers in experimental models for aneurysmal 
disease and study them further in blood of AAA patients. Conclusions: Our analysis not only identifies 
genes and pathways previously associated with AAA genes, but also reveals novel genes and key 
regulators that will shed light on the processes involved in AAA formation and progression. Funding: 
Euro Trans Bio, Stichting Lijf en Leven  
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Comparison of exome and genome sequencing 
platforms for the complete capture of protein coding 
regions  

Stefan H. Lelieveld, Malte Spielmann, Stefan Mundlos, Joris A. Veltman, Christian Gilissen 

1. Department of Human Genetics, Radboud Institute for Molecular Life Sciences, Radboud University Medical Center, 
Geert Grooteplein 10, 6525 GA Nijmegen, the Netherlands 2. Charité Universitätsmedizin Berlin, Institute of Medical 
Genetics and Human Genetics, Charitéplatz 1, 10117 Berlin, Germany  

For next-generation sequencing technologies sufficient base-pair coverage is the foremost requirement 
for the reliable detection of genomic variants. We investigated whether whole genome sequencing 
(WGS) platforms offer superior coverage of coding regions compared to whole exome sequencing (WES) 
platforms, and compared single-base coverage for a large set of different exome and genome samples 
(24 Agilent V4 (at 78x and 160x coverage), 12 Agilent V5 (100x), 12 NimbleGen V3 (95x), 24 Complete 
Genomics (44x and 87x), 11 Illumina HiSeq (28x), 12 Illumina X-Ten (40x)). We find that WES platforms 
have improved considerably in the last years, but at comparable sequencing depth, WGS outperforms 
WES in terms of covered coding regions. At higher sequencing depth (95x-160x) WES successfully 
captures 95% of the coding regions with a minimal coverage of 20x, compared to 98% for WGS at 87 
fold coverage. A comparison to published gene panel studies shows that these perform similar to WES 
and WGS in terms of coverage. Three different assessments of sequence coverage bias showed 
consistent biases for WES but not for WGS. We found no clear differences for the technologies 
concerning their ability to achieve complete coverage of 2,759 clinically relevant genes. We show that 
WES performs comparable to WGS in terms of covered bases if sequenced at 2-3 times higher coverage. 
This does, however, go at the cost of substantially more sequencing biases in WES approaches, which 
may impact applications such as the identification of copy-number variants and somatic variation. Our 
findings will guide laboratories to make an informed decision on which sequencing platform and 
coverage to choose.  

E-mail: Stefan.Lelieveld@radboudumc.nl 
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Genetic variants in familial abdominal aortic aneurysms 

D. Heijsman 1, A. IJpma 1, M.W. Oomen1, H.T. Brüggenwirth, I. van den Boogert, D. Majoor-
Krakauer1 

Erasmus University Medical Center 

Introduction: Abdominal aortic aneurysm (AAA) is a frequent disorder with a prevalence of approximately 
5% in the elderly population. In 20% of the patients AAA is familial. No genetic causes for AAA have been 
identified so far. The goal of this study is to identify genes that play a role in the formation of abdominal 
aneurysms. Methods: The study includes approximately 950 AAA patients, 250 patients with- and 700 
patients without a family history of AAA. So far we sequenced the DNA of 92 patients with a family 
history of abdominal aortic aneurysm. Whole genome sequencing (WGS) was performed in three families 
(15 individuals) and whole exome sequencing (WES) was performed in eleven families (29 individuals) 
and 48 single AAA patients with familial disease. Prioritization of resulting variants was performed 
according to the following gene sets: 1. Genes in diagnostics panel as applied in the Erasmus MC in 
thoracic or syndromic aneurysms (n=23) 2. A broad selection of genes involved in vascular function or 
disease (n=4209) 3. All genes in the genome Results: We present the detailed workflow of the analysis of 
the genomics data, including the results so far. In six families a variant in one of the set 1 genes was 
found. Further analysis of the set 2 and 3 genes so far led to the identification of one candidate gene that 
shows variants in four AAA families and eight single familial AAA patients, and has not been linked to 
AAA before. Supported by Stichting Lijf en Leven.  

E-mail: d.heijsman@erasmusmc.nl 
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Family screening for abdominal aorta aneurysm: don´t 
forget the women 

K.M. van de Luijtgaarden , M.W.Oomen, E. Rouwet, H.J.M. Verhagen, D.Majoor-Krakauer 

Erasmus University MC 

Introduction: Abdominal aortic aneurysm (AAA) occurs in 6% of male and 1% of female population. 
Recommendations for family screening, allowing timely diagnosis and treatment, depend on estimates of 
risk for relatives. This study investigated risk for relatives and clinical risk profiles for familial AAA. 
Methods: Family histories of 568 AAA patients were classified as familial AAA when at least one first-
degree relative was reported with an aortic aneurysm. Multivariable regression analysis was performed to 
identify clinical characteristics discriminating familial from sporadic AAA. Results: Familial AAA was 
reported in 23% of patients: 27% of female and 22% of male AAA patients. Female AAA patients had 
more affected relatives than male AAA patients (9.0% versus 5.9%, p = .022). Risk was increased 2 to 4 
fold for relatives of all male and female patients respectively. In familial AAA risk for relatives was 
increased 6 to 15 fold. Familial AAA was more frequent in young patients, without diabetes and 
hypertension. Conclusions: Risk for relatives is much higher in familial AAA than in the general 
population. When family history is not taken into account, an increase in risk remains and family 
screening is still recommended. It is important that families of female AAA patients have similar access to 
screening as families of male patients, and that female relatives are screened. The new insights in familial 
risk and family screening for AAA are important in counseling to inform AAA patients and allow their 
relatives to benefit from screening.  

E-mail: d.majoor-krakauer@erasmusmc.nl 
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De novo loss-of-function mutations in X-linked SMC1A 
lead to severe intellectual disability and therapy 
resistant epilepsy in females 

Sandra Jansen, Tjitske Kleefstra, Marjolein H. Willemsen, Rolph Pfundt, Christian Gilissen, Joris A. 
Veltman, Lisenka E.L.M. Vissers, and Bert B. A. de Vries 

Department of Human Genetics, Radboud University Medical Center, Nijmegen, The Netherlands. Department of 
Cognitive Neuroscience, Radboud University Medical Centre, P.O. Box 9101, 6500 HB, Nijmegen, The Netherlands  

Cornelia de Lange Syndrome (CdLS) is characterized by intellectual disability, prenatal onset growth 
retardation, limb deformities and characteristic facial features. Most cases are caused by mutations in 
NIPBL, but in a minority mutations in SMC1A, SMC3, HDAC8, RAD21 can be observed. The X-linked gene 
SMC1A (Structural Maintenance of Chromosomes 1A) is part of the cohesin complex that regulates sister 
chromatid cohesion and has a role in transcriptional regulation. SMC1A mutations are considered to 
explain up to 5% of the patients with CdLS. SMC1A partially escapes X-inactivation and both males and 
females appear to be equally affected, usually with a milder form of CdLS. So far, the reported mutations 
in SMC1A are either missense or in-frame deletions suggestive for a dominant-negative effect. Loss-of-
function mutations have not been reported and are hypothesized to be lethal. Whole genome 
sequencing in 50 unrelated individuals with severe intellectual disability identified two patients with de 
novo loss-of-function mutations in SMC1A. The first patient had a de novo c.2364del, p.(Asn788Lysfs*10) 
mutation. She was a 46 year old woman with a severe intellectual disability, absent speech, therapy 
resistant epilepsy, hypotonia and a cleft palate. Physical examination showed short stature, microcephaly, 
small, narrow hands with tapering fingers and secondary contractures of hands and feet. Facial 
dysmorphisms were observed such as a low anterior hairline, flat midface, straight eyebrows, deep set 
eyes, a long nose, short philtrum, eversion of the lower lip and long, small ears with a prominent anti-
helix. The second patient had a de novo 2.1 kb deletion of exon 16 in SMC1A (p.(Leu808Argfs*6)). She 
was a 14 year old girl with severe intellectual disability, absent speech, therapy resistant epilepsy and 
hypotonia. She lost the ability to crawl and walk when she was 5 years old. At 14 years of age both her 
height and head circumference were in the lower normal range and she had short mildly upslanting 
palpebral fissures, full cheeks, an upturned nose, full lips, a short philtrum and posteriorly rotated ears 
with a prominent anti-helix. We describe the first two female ID patients with de novo loss-of-function 
mutations in the X-linked SMC1A gene, hereby providing an extension of the mutational spectrum of 
SMC1A and further delineation of the phenotype.  

E-mail: sandra.jansen1@radboudumc.nl 
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New genetic insights into the spectrum of disorders of 
glycosylation: a patient with multiple congenital 
anomalies 

Machteld M. Oud1*, Naomi van Vlies2*, Alex M. de Bruin3, Zemin Ren3, Marielle Alders4, Ronald 
J.A. Wanders5, Steven T. Pals3, Han G. Brunner1, Jan-Maarten Cobben6, Ronald Roepman1, 
Heleen H. Arts1,7**, Taco W. Kuijpers6**  

1Dept. of Human Genetics, Radboud Institute for Molecular Life Sciences, Radboud University Medical Centre, 
Nijmegen, The Netherlands; 2Department of Pediatric Metabolic Diseases, Academic Medical Center, University of 
Amsterdam, Amsterdam, The Netherlands; 3Department of Pathology, Academic Medical Center, University of 
Amsterdam, Amsterdam, The Netherlands; 4Department of Clinical Genetics, Academic Medical Center, University of 
Amsterdam, Amsterdam, The Netherlands; 5Laboratory of Genetic Metabolic Diseases, Academic Medical Centre, 
Amsterdam, The Netherlands; 6Department of Pediatrics, Academic Medical Center University Hospital, Amsterdam, 
The Netherlands; 7Department of Biochemistry and Robarts Research Institute, University of Western Ontario, London, 
Ontario, Canada  

Introduction: Glycosylation is essential for human development. More than 100 clinically diverse inherited 
disorders are known to result from glycosylation defects. One subtype of the congenital disorders of 
glycosylation (CDG) is caused by defects in glycosaminoglycan (GAG) synthesis. Here, we describe an 
infant from a consanguineous family with a GAG-CDG. Phenotypic features include respiratory 
insufficiency, discrete skeletal anomalies, renal insufficiency, and T-cell depletion. Methods: We 
performed whole-exome sequencing (WES) on patient leucocyte DNA to identify the causative mutation. 
Immunocytochemistry was conducted to characterize the identified mutations functionally in patient-
derived and control fibroblasts. Different GAG levels were measured in fibroblasts and urine from the 
patient and several controls. Results: Through WES we detected two homozygous missense mutations in 
highly conserved regions of two glycosylation genes regulating GAG synthesis and modification. It 
remains unclear whether mutations in one or both of the genes contribute to the clinical phenotype. We 
found that one of the mutated proteins that normally localizes to the Golgi apparatus was absent in this 
organelle in patient cells. Immunocytochemical analysis of the other mutated protein failed. Finally, 
heparan sulphate GAG levels were significantly reduced in patient-derived fibroblasts, though within the 
normal range in urine. Conclusion: We describe an infant with multiple congenital anomalies. WES 
analysis revealed two mutations in two glycosylation genes. One of the mutated proteins mislocalizes in 
patient-derived fibroblasts. Our data indicate that this patient has a GAG-CDG.  

E-mail: machteld.oud@radboudumc.nl 
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Confirmatory invasive testing after a positive NIPT 
result: chorionic villus sampling or amniocentesis? 

Diane Van Opstal en Malgorzata I. Srebniak 

Erasmusm MC 

Non-invasive prenatal testing (NIPT) for fetal trisomy detection already revealed that there is a small 
chance of a false positive and false negative result. This is partly due to the fact that the fetal DNA 
present in the cell free maternal plasma fraction is derived from the cytotrophoblast of chorionic villi 
(CV). From cytogenetic studies in CV we know that the cytotrophoblast is not always representative for 
the fetus due to chromosomal mosaicism. Therefore, a positive NIPT should always be confirmed with 
invasive testing in order to investigate the fetal karyotype. It is generally assumed and recommended 
that amniocentesis is the preferred technique. However, the fact that NIPT can be performed from the 
10th week of gestation on, makes CV sampling, routinely applied between 11-14 weeks of gestation, a 
more suitable technique for confirmation studies than amniocentesis, mostly only carried out after 15,5 
gestational weeks. Based on our experience with cytogenetic investigations in CV and on the literature, 
the choice for CV sampling or amniocentesis will highly depend on the chromosome aberration involved. 
For trisomy 13, 18 and 21, CV sampling can be an appropriate test, provided that these studies include 
the cytogenetic investigation of both the cytotrophoblast (for confirmation of the NIPT result) and the 
mesenchymal core (for verification of the fetal karyotype). The protocol for other chromosome 
aberrations will be shown as well.  

E-mail: a.vanopstal@erasmusmc.nl 
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Diagnostic yield of next generation sequencing in 
neurodegenerative diseases 

Rick van Minkelen, Martina Wilke, Dicky J.J. Halley, Joan N.R. Kromosoeto, Raoul van de Graaf, 
Galhana M. Bolman, Marianne van Tienhoven, Peter Elfferich, Walter G. de Valk, Ans M.W. van 
den Ouweland, Grazia. M.S. Mancini-Verheijen, Anneke J.A. Kievit 

Erasmus MC 

Neurodegenerative diseases are hereditary or sporadic disorders which are characterized by progressive 
nervous system dysfunction (e.g. dementias, Parkinson, Amyotrophic Lateral Sclerosis). Molecular 
diagnostics by Sanger sequencing is limited to testing common genes (e.g. PARK2 for Parkinson) (too 
many rare genes to offer by Sanger testing). Therefore we developed a Next-Generation Sequencing 
(NGS) based workflow for DNA diagnostics for several neurodegenerative diseases (Ataxia: 49 genes; 
Dementia: 44 genes; Neurodegeneration with brain iron accumulation: 10 genes; Parkinson: 43 genes; 
Paroxysmal dyskinesia: 5 genes). This workflow was based on enrichment arrays (Agilent Sure Select) for 
all 151 genes and Miseq sequencing (paired-end, 150bp, Illumina). BAM-files are generated with an in-
house analysis pipeline and variant calling is performed using SeqNext (JSI). The average vertical 
coverage for exons is ~300, very few fragments fail to reach the minimal required vertical coverage of 30. 
We were able to detect deletions up to 65bp, insertions up to 29bp and somatic mosaicism. Sanger-
sequencing was used to confirm the identified variants. Additionally, MLPA and repeat expansions tests 
were performed. We consider 12% of the cases (n=84) solved (e.g. pathogenic PLA2G6 mutation and 
PLA2G6 exon 5-8 duplication). In 52% of the individuals an "unclassified variant" was found. Despite the 
use of in silico prediction programs, classification is difficult without additional clinical information, 
further patient/family studies and functional tests. In conclusion, the NGS-panels for neurodegenerative 
diseases are a powerful approach for DNA diagnostics. In order to increase the diagnostic yield, close 
collaboration between laboratory, clinical geneticist and referring specialist is required. 

E-mail: r.vanminkelen@erasmusmc.nl 
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purpose pipeline 

Daphne van Beek, Roy Straver, Quinten Waisfisz, Alessandra Maugeri, Erik Sistermans, Marjan 
Weiss 

VU University Medical Center 

To effectively run diagnostic analyses, a validated pipeline has been developed that can be applied to 
different kinds of NGS applications (exome, targeted, NIPT) and adjusted to the user´s needs. Both 
SNP/INDEL calling and CNV detection for targeted genepanels as well as whole exome analysis has been 
implemented (validation of CNV detection is currently in last phase). By using different preset profiles the 
output of the pipeline is customized per analysis. The output contains variant files (VCF format), statistics 
on (low) covered targets and PDF reports (containing mapping and coverage statistics) for archiving 
results in LIMS. Extensive logging is provided. Filtering on virtual or pre-analysis panels is performed if 
needed. VCF files are annotated and a SNP fingerprint is automatically generated to detect potential 
sample swaps. Strict versioning rules have been implicated to make the pipeline applicable for diagnostic 
use and workflow is described in standard operating procedures. For NIPT diagnostics, the 
WISECONDOR and DEFRAG are integrated into one of the pipeline profiles. To validate the pipeline for 
NGS diagnostics, data from the HAPMAP CEU trio (NA12878, NA12891, NA12892) was evaluated. 
Genotype data of these three individuals is available in multiple databases (GiaB, IPG, 1000G, etc.) and 
can be compared with the output of our pipeline. Inheritance and concordance was also checked. Data 
was evaluated for the NIPT, WES, and the targeted connective tissue disorder panel tracks of the pipeline. 
In the first year of providing NIPT diagnostics, 385 pregnant women were tested for fetal trisomy 21, 18 
or 13. This resulted in the identification of 8 cases of T21 (2,1%), two cases of T13 and zero cases of T18. 
In addition, 6 other (1 sub-chromosomal and 5 other trisomy) aberrations were detected. Diagnostic yield 
for WES was 29% (60/209), including intellectual disability (ID, n=41) and phenotypes other than ID 
(n=19). Thirteen incidental findings were detected, 4 secondary findings and 9 carrierships. Diagnostic 
yield for the targeted connective tissue disorder panel was 11% (125/1137 patients). The pipeline that we 
use for diagnostics, is validated, well documented and versioned. Besides SNP en INDEL calling, the 
pipeline will also routinely perform CNV detection. To keep up with the growing demand of NGS 
analyses and the increasing file sizes (from targeted to exome to WGS), the pipeline is flexible and easy 
to use. 

E-mail: d.vanbeek@vumc.nl 
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Exome-NGS and Pathway Centred Variant Prioritization 
in Indonesian Patients with Hirschsprung Disease 
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A.H. Sadewa7, Y. Soenarto5, A.S. Brooks1, A. Burns1,3 , R. M. W. Hofstra1,3 & Y. Sribudiani1,4 

Department of Clinical Genetics1 & Centre for Biomics department of Cell biology2 Erasmus University Medical 
Centre, Rotterdam, Netherlands, Neural Development and Gastroenterology Units, UCL Institute of Child Health, 
London, UK3, Department of Biochemistry, Faculty of Medicine, Universitas Padjadjaran, Bandung, Indonesia4, 
5Department of Paediatrics, 6Paediatric Surgery & 7Biochemistry, Faculty of Medicine Universitas Gadjah Mada, 
Yogyakarta, Indonesia. (acontributed equally) 

Hirschsprung disease (HSCR) is an enteric nervous system disease, characterized by absence of enteric 
ganglia, resulting in severe intestinal obstruction. This absence varies in length, in 80% of patients 
absence is limited to the rectosigmoid colon (S-HSCR). In the remaining 20% the agangliosios extends 
beyond the sigmoid (L-HSCR) or in rare instances be absent in the entire colon (TCA) or intestine (TIA). 
HSCR usually presents sporadically, although in 5-20% of patients there is familial burden. Sporadic non-
syndromic HSCR is a complex genetic disorder whereas familial non-syndromic HSCR and syndromic 
HSCR can have a recessive or dominant mode of inheritance (with reduced penetrance). So far fifteen 
genes and six loci have been described. Mutations in these genes explain no more than 20% of the total 
disease-risk. It is expected that most of the disease burden is inherited, however finding this missing 
heritability proves difficult. Here, we present six Indonesian patients, three of which are sporadic; one 
with TCA and two with L-HSCR. The remaining three patients have a familial burden: one with L-HSCR 
and two S-HSCR patients in the same family. Using SNP-array and Exome-NGS we identified inherited 
novel heterozygous variations in known disease genes (RET, EDNRB), candidate genes (TCOF1, ITGB2, 
IQGAP2) and rare variants in other genes. Discriminating those variants contributing to HSCR from 
bystanders proves difficult. Prioritization with in-silico prediction tools, mouse transcriptome data, GWAS 
data, data from animal models and pathway centred variant ranking reduced the number of candidate 
variants significantly. Currently, we are performing functional analysis at RNA and protein level to 
elucidate putative pathogenic mechanisms.  
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of Beckwith-Wiedemann syndrome: time to shift gears? 
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1. Department of Clinical Genetics, Maastricht University Medical Center+, Maastricht, The Netherlands 2. Department 
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Clinical Genetics, Academic Medical Center, Amsterdam, The Netherlands  

Beckwith-Wiedemann syndrome (BWS) is an overgrowth (epi)genetic disorder with prenatal clinical 
onset, which can be inherited but usually develops de novo. Prenatal ultrasound abnormalities of BWS 
are omphalocele, overgrowth (macrosomia, (hemi)hypertrophy macroglossia), large (polycystic)kidneys 
with/-out hydronephrosis, body asymmetry, polyhydramnios and/or rarely an embryonic tumor. 
Agreement on minimal diagnostic ultrasound criteria and indication for DNA analysis for BWS does not 
exist. As a result BWS is probably underdiagnosed. We report on four prenatal cases with clinical 
presentations of BWS. In one case the mother had gestational diabetes withfetal overgrowth. At 20 
weeks of gestation, ultrasound investigation showed polyhydramnios and macrosomia, macroglossia and 
hydronephrosis in the fetus. In two other cases normal fetal growth in monozygotic twin pregnancies was 
present. Both cases were discordant for omphalocele. At last, in one family with recurrent giant and small 
omphalocele was seen. In all cases BWS was diagnosed by molecular investigation of the 11p15.5 locus 
on both prenatal and postnatal derived cell material. Fetal DNA was obtained from amniotic fluid for 
microarray analysis and molecular diagnosis of BWS. Methylation analysis (fetus, mother and once the 
father) of the 11p15.5 locus was performed using High Resolution Melting Analysis (HRMA) and/or 
quantitative methylation-sensitive Multiplex Ligation-dependent Probe Amplification (MLPA) (ME030 kit, 
MRC-Holland). Control samples from normal individuals were used to calculate the average methylation 
index (MI) for each of the assays. Fetuses with a MI more or less than three standard deviations from the 
mean of normal controls were categorized as hyper- or hypomethylated, respectively. In the familial case 
methylation levels of both the KCNQ1OT1 and H19 genes were normal but sequence analysis of the 
CDKN1C gene revealed the presence of a pathogenic c.635delC, p.Pro212Argfs*60 mutation in the 
family. These prenatal BWS cases illustrate a strategy for fast and reliable prenatal diagnosis based on 
one ultrasound abnormality through consecutive targeted genetic investigations. A prospective 
validation study has to be performed to calculate the positive and negative predictive value of genetic 
investigation in case of one BWS ultrasound abnormality such as omphalocele. To our opinion, it is nearly 
time to shift gears from postnatal to prenatal molecular diagnosis of BWS. 

E-mail: s.frints@mumc.nl 
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Mutations in RLIM/RNF12 lead to a novel X-linked 
intellectual disability syndrome in which non-random X-
inactivation rescues the brain phenotype in carrier 
females  
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Maastricht University, Maastricht, The Netherlands 3.Department of Reproduction and Development, Erasmus MC, 
University Medical Center, Rotterdam, The Netherlands  

X-linked intellectual disability (XLID) is a clinically and genetically heterogeneous disorder. Still novel XLID 
genes are being identified. Through massively parallel sequencing of all X-chromosome exons of index 
males from a large cohort of 405 XLID families, likely causative missense variants were identified in 
RNF12/RLIM1. We present genetic and detailed clinical results of affected males and carrier females from 
four unrelated XLID families: MRX61 (T11), the Rodriguez Criazo family2 from Spain (D072), the 
Australian families AU31 and AUBPQ, all carrying missense variants in RNF12 exon 5. All amino acid 
changes affected highly conserved residues and co-segregated with ID in these families. Furthermore, 
none of the variants were present in >61,486 controls and RNF12 does not carry loss-of-function variants 
(dbSNP138, ExAC Browser), which further supports pathogenicity of the variants. RNF12 encodes the E3 
ubiquitin ligase RLIM. Two of the amino acid substitutions present in the patients affect amino acids of 
the C-terminal zinc-finger domain of RLIM and disturb its function. Functional assay including the 
c.1093C>T, p.Arg365Cys; c.1760C>G, p.Arg578Cys and c.1795C>T, p.Arg599Cys RNF12 mutants 
showed altered RNF12 ubiquitination activities using REX1 as binding substrate. RLIM plays an important 
role in embryonic development by acting as a negative regulator of LIM homeodomain transcription 
factors through two distinct and complementary mechanisms: recruitment of the Sin3A/histone 
deacetylase corepressor complex and targeting the coactivator of LIM homeodomain binding proteins 
(LDB1/CLIM). Moreover, RNF12 is an important regulator of the X-inactivation initiation (XCI) process in 
mammals. Female carriers show favorable nonrandom/skewed XCI (of the mutated maternal allele) and 
therefore their cognition, neurology and behavioral phenotype is spared. However, they present with 
short stature, pes planus and elevated risk for pre-ovarian insufficiency (POI).  
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partially anakinra-responsive NLRC4-related 
autoinflammatory disease, expansion of the phenotype. 
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Immunology Laboratory of Translational Immunology (LTI), University Medical Centre Utrecht, the Netherlands. 4 
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Background: Autoinflammatory disorders are a genetically heterogeneous group of diseases 
characterized by chronic or recurrent systemic sterile inflammation. Recently, gain of function mutations 
in NLRC4 have been described in association with autoinflammatory disease. Methods: We performed 
whole exome sequencing (WES) in members of a large 6 generation pedigree with a hitherto unknown 
autoinflammatory disease. Medical data were collected retrospectively, and during follow-up. Skin 
biopsies of lesional and uninvolved skin from three patients were obtained for routine histology and 
immunohistochemical staining of IL-1ß and IL-17. Results: WES revealed a novel heterozygous 
p.Ser445Pro variant in NLRC4, which segregated with the affected family members (LOD-score 3.58). 
Prediction software programs (Sift, Polyphen) indicate the variant has pathogenic properties. Moreover 
the variant is located next to the recently described p.His443Pro pathogenic mutation. The clinical 
phenotype was influenced by weather conditions, stress, and infection. Skin lesions typically included 
painful erythematous nodes on the shins and feet, bouts of an urticarial skin rash or a combination of 
both. Two patients presented with late-onset enterocolitis, one with a fulminant polyarthritis. In a subset 
of the patients, the clinical symptoms resolved promptly upon treatment with anakinra. Biopsies of 
lesional skin showed a non-specific lymphocytic-histiocytic infiltrate in the dermis, unlike the histology of 
previously described autoinflammatory skin diseases. IL-1ß could not be detected in the skin. IL-17 was 
present in mast cells in both lesional and uninvolved skin. Conclusions: In this study we describe a novel 
variant in NLRC4 in a large pedigree with a partially anakinra-responsive autoinflammatory disease 
characterized by erythematous skin nodes and arthralgias. Late-onset enterocolitis was present in two 
patients. In-depth phenotyping enabled expansion of the phenotype associated with NLRC4-mediated 
autoinflammation. Histological assessment identified a lymphocytic-histiocytic infiltrate without IL-1ß 
expression in affected skin tissue, which enables differentiation from the phenotype observed in CAPS 
and Schnitzler´s syndrome.  
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Tuberous Sclerosis Complex (TSC) is an autosomal dominant, multisystem genetic disorder, characterized 
by mental retardation, epilepsy and hamartomatous growths. The disease is caused by inactivating 
mutations in the TSC1 or TSC2 genes. The TSC1 and TSC2 gene products interact to form the TSC 
complex, a critical negative regulator of the mechanistic target of rapamycin (mTOR) complex 1 (TORC1), 
that controls cell growth and metabolism. In most individuals with TSC a pathogenic TSC1 or TSC2 
mutation can be detected. However, in some cases, variants of uncertain clinical significance are 
identified. These changes are often non-terminating, causing either amino acid substitutions or in-frame 
insertions/deletions that are unlikely to affect TSC1 or TSC2 expression, but could affect the function of 
the TSC complex. Investigating the effects of unclassified TSC1 and TSC2 variants on the TSC complex 
and TORC1 signaling is a useful adjunct to standard genetic testing and has been implemented as a 
diagnostic test in our laboratory. To date , we have studied the effect of >80 TSC1 and >200 TSC2 
variants on TSC complex formation and stability and on TORC1 signaling. In addition, we have applied 
similar approaches to investigate variants identified in other disease genes involved in TORC1 signaling. 
Our work has provided insight into the genetic risks in the families segregating the tested variants, into 
possible genotype-phenotype correlations, and into structure-function relationships. We will present an 
overview of our work.  
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CSTB null mutation associated with microcephaly, early 
developmental delay and severe dyskinesia 

Grazia M. S. Mancini, Rachel Schot, Marie Claire Yvette de Wit, Irenaeus F.M. De Coo, Rianne 
Oostenbrink, Lieke Berger, Maarten H Lequin, Femke A.T. de Vries, Martina Wilke, and Marjon 
van Slegtenhorst 

ErasmusMC UMC Utrecht 

Introduction: CSTB mutations are associated with type 1 progressive myoclonic epilepsy , also known as 
Unverricht-Lundborg (ULD) disease, or "Baltic" myoclonus. CSTB encodes for cystatin B (stefin B), an 
inhibitor of lysosomal cysteine protease (cathepsins B, H, L and S). After normal development, ULD 
begins with stimulus-sensitive myoclonus and generalized tonic-clonic seizures between the age of 6 and 
16 years, followed by ataxia and slow progressive neurodegeneration, which can be worsened by 
phenytoin. In about 90% of all disease alleles , a >30 time expansion of an unstable 12-nucleotide 
stretch, (dodecamer 5´-CCCCGCCCCGCG-3´), in the CSTB promoter region is found. Results: Two brothers 
of 7 and 2 years old present with microcephaly, early onset developmental delay and severe dyskinesia, 
Their parents were healthy and originated from a Caribbean island. Genomic analysis by SNP arrays of 
both sibs showed no copy number abnormalities, but overlapping areas of homozygosity, suggesting 
remote common ancestry of the parents. Whole exome sequencing (WES) on DNA from blood of the 
oldest brother and his parents revealed, in one of the shared homozygous regions, a c.202C>T 
mutation/variant, in exon 3 of CSTB (OMIM 601145) causing a change of arginine at position 68 into a 
stop codon (p.Arg68*), homozygote in the patient and heterozygote in the parents. The identical 
homozygous c.202C>T mutation was found in the younger sibling. Further analysis of WES data using 
autosomal recessive, de novo and X-linked inheritance models did not identify other candidate 
mutations. Discussion: The p.Arg68* mutation, has only been described in compound heterozygosity with 
the dodecamer expansion in individuals with the classic ULD phenotype. Expression of the p.Arg68* 
mutation in vitro has demonstrated that the truncated protein is rapidly degraded, confirming that it is a 
null mutation. This is the first report of progressive microcephaly, developmental delay and severe 
dyskinesia associated with CSTB mutations, and the first individuals bearing homozygous null mutations . 
Our observation should encourage testing of CSTB in a larger cohort of patients presenting with these 
features in early childhood.  
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Ageing is associated with increased incidence of 
alternative splicing 
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Human aging has been associated with large-scale changes in cellular composition and gene expression. 
However, the influence of aging on RNA processing has not been studied extensively yet. Here, we utilize 
a large collection of transcriptomes from healthy individuals to study alternative splicing during human 
aging. Whole blood was collected from 626 individuals between 18 and 81 years of age. The blood 
samples were subjected to RNA sequencing. Using a range of statistical approaches, we evaluated 
various characteristics of alternative splicing, taking into account potential confounder effects of 
phenotypic traits and age related changes in the cellular composition of blood. We discovered that the 
rates of exon skipping and intron retention significantly increased with age. Although the identified 
changes in individual exons were not significant after multiple testing correction, such changes 
cumulated into significantly increased transcriptome-wide exon skipping and intron retention rates. This 
seems to be a general trend, because the affected genes do not cluster in specific biological pathways. 
The increased exon skipping and intron retention rate contributed to the observed increase in GC 
content of the transcriptome with age. Furthermore, more non-canonical donor splice sites were used in 
older individuals. Our findings indicate that the splicing machinery undergoes age related changes. These 
changes lead to increased incidence of alternative splicing events such as intron retention and exon 
skipping and promote the usage of splice sites with unconventional nucleotide motifs. 
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Objective - Nephronophthisis is an autosomal recessive ciliary disorder that constitutes the leading 
monogenic cause of end-stage renal disease in children. We investigate this disorder with the KOUNCIL 
consortium, a group of researchers from the UMC Utrecht, the Radboudumc Nijmegen and University 
College London (UK). Our aim is to elucidate the genetic etiology and pathophysiological mechanisms 
underlying nephronophthisis and to identify drugs that prevent or delay renal insufficiency. Our goal is to 
thereby improve genome diagnostics, genetic counseling, and therapeutic options for nephronophthisis 
patients. Here, we present the establishment of a clinical registry for patients with nephronophthisis and 
related disorders, which will render new insights into genotype-phenotype correlations and may facilitate 
the identification of early phenotypic nephronophthisis markers. Methods & Results - We developed the 
webpage www.kouncil.nl to inform and recruit nephronophthisis patients for inclusion in the KOUNCIL 
project. We designed a clinical registry, with inclusion of items based on published data and our 
expertise in the fields of human genetics and nephronophthisis. Patients with isolated and syndromic 
forms of nephronophthisis (e.g. Senior-Loken-, Joubert-, Bardet-Biedl-, Meckel-Gruber-, Jeune-, Short-
Rib-Polydactyly- and Sensenbrenner syndromes) are included via the AGORA biobank project. Genotypic 
and phenotypic characteristics from patients in our nephronophthisis cohort are currently being 
registered, followed by in-depth analysis of these characteristics to detect early markers for 
nephronopthisis. Conclusion - We established a nephronophthisis registry and started including clinical 
information from patients with nephronophthisis and related disorders for future analyses to advance 
understanding of renal ciliopathies and improve clinical care for patients. We welcome more patients for 
our nephronophthisis cohort.  
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(Centrum Gezond Gewicht), Erasmus MC, University Medical Center, Rotterdam, The Netherlands. 3 Vitalys Obesitas 
Centrum, Vitalys Klinieken, Velp, The Netherlands.  

In the past few decades, there has been an exploding prevalence of obesity with its subsequent 
morbidity and mortality forming a major threat to public health. Although generally considered to be 
generated by environmental factors, it is remarkable that despite sharing the same 'obesogenic´ 
environment not all Westernized people are obese. A number of genes have indeed been identified that, 
when mutated, can cause obesity in humans. Nevertheless, mutations in these genes (e.g. MC4R, POMC, 
LEP, LEPR, PCSK1) explain no more than ~6-8% of the heritability shown by twin studies. Next generation 
sequencing techniques now provide a time- and cost-efficient method to identify mutations in large 
panels of known disease genes and to additionally screen a large number of candidate genes involved in 
or associated with a trait. We developed a custom NGS enrichment kit (the 'Obesitome´) aimed at 
enrichment of 255 either known obesity genes or putative obesity candidate genes. Analysis of 53 
obesity related genes is offered as a diagnostic analysis through our genome-diagnostics laboratory. The 
remaining 202 candidate genes can be analyzed in a research setting, to identify novel obesity-related 
genes. Here we present the results of one-year diagnostic analysis in (syndromal) morbidly obese 
patients (N=~490). A clear molecular diagnosis can be made in up to ~6% of the patients and possible 
pathogenic mutations needing further follow-up were detected in an additional ~8% of patients. These 
results prove the validity of genetic testing in obesity and open new avenues to providing genotype-
based personalized treatment in this population. 
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Variants of unknown significance are frequently found in 
NGS panels for cardiogenetic disease 
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Background: Genetic heterogeneity in inherited cardiac diseases is large with multiple causal genes per 
disease and genes associated with multiple cardiac diseases. Gene panels are therefore an appropriate 
next generation sequencing technique for genetic diagnosis in inherited cardiac diseases with a low risk 
of unsolicited findings. However, sequencing multiple genes not only increases mutation detection rate, 
but also the risk of variants of uncertain significance (VUS). Aim and methods: We wanted to know the 
yield of our cardiogenetic gene panels in terms of mutation detection rate and VUS (class 3: unknown 
pathogenicity or class 4: likely pathogenic) detection rate. We present these rates for the cardiomyopathy 
and arrhythmia gene panels between 2011 and December 2014 and will illustrate the counseling 
difficulties of VUS using patient cases. Results: 259 patients were tested on the arrhythmia panel 
harbouring a pathogenic mutation in 2,5% and one or multiple VUS in 33,6% (29,7% class 3; 3,9% class 
4). Mutations and VUS were found in 32 of the 47 genes. 773 patients were tested using the 
cardiomyopathy panel, which in time increased in number of analysed genes from 23 to 41 to 46 (titin 
was not part of this gene panel). Pathogenic mutations were detected in 11,3% and one or multiple VUS 
in 30,5% (18,4% class 3; 12,2% class 4) of patients. Mutations and VUS were found in 44 of 46 genes. Both 
mutation and VUS detection rate increased with the increasing number of genes on the cardiomyopathy 
panel. Multiple mutations/VUS were detected in 7,7% and 12,7% of patients on the arrhythmia and 
cardiomyopathy panel respectively. Conclusions: Overall detection rate for both panels is ~40% with less 
pathogenic mutations on the arrhythmia panel. Larger gene panels not only increase mutation detection 
rate but also VUS detection rate. (Multiple) VUS are challenging for genetic counselling.  
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diagnostic yield of exome sequencing in clinical care 

K.L.I. van Gassen, M. Elferink, M.C. van Tuil, P. van Zon, J.C. Giltay, M.M. van Haelst, E.H. Brilstra, 
N.V. Knoers, G. van Haaften and J.K. Ploos van Amstel 

Universitair Medisch Centrum Utrecht 

Diagnostic trio whole exome sequencing (WES) has proven to be an important tool for diagnosing 
heterogeneous genetic diseases. Especially for patients with syndromic or non-syndromic intellectual 
disability, WES is increasingly being used as part of the genetic diagnostic workup. Here we show that by 
applying routine diagnostic WES for intellectual disability in a group of 150 patients and their parents, 54 
patients (36%) received a molecular genetic diagnosis in a known disease associated gene. In an 
additional 64 patients (43%), one or more variants of uncertain clinical significance were identified in 
candidate genes, either de novo occurring or recessively inherited. By sharing these candidate genes and 
associated phenotypes through the GeneMatcher online database and by querying other data sharing 
repositories, we were able to provide a molecular genetic diagnosis for an additional 15 patients (10%). 
Thus in total, 46% of all patients received a molecular genetic diagnosis by applying trio based diagnostic 
WES, which is higher than reported in most studies. Although data sharing does require a substantial 
investment in time and attention, we propose to consider candidate gene and phenotype sharing as 
good clinical practice when applying WES in standard clinical care. 
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High altitude adaptation in Tibetans is reportedly influenced by introgression of a 32.7-kb haplotype 
from the Denisovans, an extinct branch of archaic humans, lying within the endothelial PAS domain 
protein 1 (EPAS1) gene. A parallel study indicated that the haplotype probably entered the Tibetan 
population from a population related to the high-altitude adapted Nepalese Sherpa, suggesting that this 
introgression occurred in a population ancestral to the Sherpa and Tibetans. We genotyped 21 EPAS1 
single nucleotide polymorphisms (SNPs) in 1,511 Eurasian individuals, including 1,193 from Bhutan and 
Nepal residing at altitudes between 86 and 4,550 m above sea level. Derived alleles for 5 SNPs 
characterizing the core Denisovan haplotype (AGGAA) were present at high frequency not only in 
Tibetans and Sherpa, but also among many Himalayan populations, showing a significant correlation 
with altitude (Spearman´s correlation coefficient = 0.797, p-value 7.0 x 10-12). Nine East and South Asian 
1000 Genomes Project samples shared the Denisovan haplotype extending beyond the 32.7-kb region, 
allowing us to refine haplotype structure and identify a candidate regulatory variant (rs370299814) that 
might be interacting in an additive manner with the derived G allele at rs150877473, the variant 
previously associated with high-altitude adaptation in Tibetans. Denisovan derived alleles were also 
observed at frequencies of 3-14% in the 1000 Genomes Project African samples. The closest African 
haplotype is separated from the Asian high-altitude haplotype by 22 mutations whereas only three 
mutations, including rs150877473, separate the Asians from the Denisovan, suggesting selection on the 
Denisovan-related haplotype. 
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For several decades population genetic research on modern human populations has been used to infer 
large scale (pre)historic human demographic events all over the world. Recent technical advances in de 
field of DNA sequencing now make it possible to also analyze DNA of ancient individuals on a 
population level. By incorporating data from archaeological populations in population genetics it is 
possible to test many more hypotheses and get a detailed insight in past demographic events. Since 
2006, we started with archaeological DNA research on a number of human skeletal collections across the 
Netherlands, mostly dating between 500-1850 AD. These unique collections enable us to reconstruct 
(part of) the genetic history of the Netherlands. Here we focus on the results of the male specific Y-
chromosome. By comparing Y-chromosomal information of Dutch archaeological sites and an extensive 
survey study on modern Dutch males, we are now able, for the first time, to get a glimpse of not only the 
regional, but also the temporal genetic variation of the Y-chromosome in the Netherlands. This will be a 
useful tool in understanding the extent and complexity of historical demographic processes that took 
place and shaped the present Dutch genetic landscape.  
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(a)Department of Human Genetics, Leiden University Medical Center, 2300 RC Leiden, The Netherlands (b) BioMarin, 
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Duchenne muscular dystrophy (DMD) is a severe X-linked muscle wasting disorder affecting 1:5000 
newborn boys. In general DMD patients become wheelchair dependent before the age of 12. Later they 
develop respiratory and cardiac problems, which leads to premature death for most patients around the 
age of 30 in the Western world. DMD is caused by mutations in the DMD gene that abolish dystrophin 
production (frame-shifting or non-sense mutations). Mutations that maintain the reading frame allow the 
production of a shorter but partly functional dystrophin protein and are associated with the less severely 
affected Becker muscular dystrophy patients. The exon skip approach aims to correct the dystrophin 
reading frame on pre-mRNA level. Antisense oligonucleotides (AON), short pieces of DNA or RNA, bind 
specifically to a target exon, thereby hiding it from the splicing machinery, which leads to a skip of the 
target exon. After proof-of-concept in cell and animal models, AONs are currently tested in clinical trials 
for DMD. Since the human body consists of 30-40% muscle, systemic treatment with AON is necessary. 
So far it is seen that sufficient amounts of AON are taken up by skeletal muscle to induce exon skipping 
upon systemic injections. Nevertheless, increasing the delivery of AON to muscle and heart is anticipated 
to improve the therapeutic effect. Tissue specific homing peptides could help increase the uptake of 
AONs to target tissues. Phage display biopanning is a well-known technique to identify target specific 
peptides. However, this approach is not without challenges and pitfalls. We used this technique, for the 
first time in combination with next generation sequencing (NGS) analyses, to select candidate peptides 
for skeletal and cardiac muscle delivery of AONs. Here we present our new insights in phage display 
technology combined with NGS for the delivery of AONs to the tissue of interest 
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Currently MLPA and arrays are routinely used for the clinical diagnosis of large DNA duplications and 
deletions (copy number variations, CNVs). Recently several tools for the detection of Copy Number 
Variations (CNVs) on NGS read-depth data have been developed. CNV detection by read-depth methods 
- such as XHMM (eXome-Hidden Markov Model) - is economically advantageous, as this type of analysis 
uses the NGS data already available from the SNP/INDEL detection without any additional laboratory 
costs. In this study we validated the use of XHMM for the detection of CNVs in a NGS based targeted 
gene panel. Method XHMM was optimized on 1210 samples sequenced with the Connective Tissue 
Disorder (CTD) panel version 1; 1176 exons captured in solution by a custom Mycroarray MYbaits library. 
The default parameter setting proved a good choice, except for single exon CNVs. A separate optimal 
parameter setting for detecting single exon CNVs was validated and implemented next to the default 
run. The performance of XHMM was tested on 191 samples sequenced with CTD panel version 2; 1977 
exons captured in solution by a custom Roche Nimblegen SeqCap EZ Choice Library (IRN4000018830, 
Nimblegen). Included in this set were 24 known positive samples with previously MLPA or array 
confirmed CNVs: 5 duplications, 18 deletions â€“ all heterozygous â€“ and 1 homozygous deletion. Both 
the duplications and deletions range in size from single exon to over 60 exons. After exploratory runs 
with all 191 samples at both parameter settings, the panel was cleaned by excluding 30 samples where 
XHMM found CNVs and 17 samples with outlier average read-depths. 12 exons in the TNXB gene, a 
known pseudogenic region, were excluded from further analyses. Next, all excluded samples were each in 
turn analyzed against the cleaned panel at both parameter settings. Results and conclusion XHMM 
correctly called all 24 known CNVs, including 7 single exon deletions and 2 single exon duplications. 
XHMM detected an additional 8 duplications and 4 deletions in genes on which no MLPA is performed 
routinely. These candidate CNVs generally appear plausible, and are currently being confirmed. CNV 
detection by XHMM was demonstrated to be at least as sensitive as the current methods, with very few 
(if any) additional false positives. This suggests we may confidently replace MLPA with XHMM analysis of 
CTD NGS data for the clinical diagnosis of exon DNA duplications and deletions.  
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Introduction Patients with Leukemia contain various chromosomal abnormalities affecting their 
prognosis and treatment options. Currently, a combination of tests (Karyotyping, array, FISH and/or RT-
PCR) are used in diagnosing these abnormalities. However, they are laborious and at times inadequate. In 
Leukemia, NGS methods alone are not enough to detect structural abnormalities, hence a full and rapid 
diagnostic test to detect this is necessary. Target Locus Amplification (TLA), a recently developed 
technique, shows promising results in the detection of chromosomal abnormalities/translocations in 
leukemias*, suggesting a potential replacement for the current methods. TLA is a unique DNA capturing 
technology developed from the principles of proximity ligation subjected to targeted re-sequencing 
(NGS). A single primer pair designed (outwards) on one chromosome partner from a translocation, can 
cover up to 100kb area. Genetic changes and gene-fusions in this way, are detected regardless of the 
identity of fusion partner or its physical position. Research Objective Aim of this study was to 
demonstrate the capability of TLA to detect fusion genes in a proof of principle study. Methods TLA 
assay was developed for KMT2A gene, which is involved in various gene fusions (> 50 translocation 
partners) in patients with Acute Myeloid Leukemia (AML). We used four cell lines that tested positive for 
a KMT2A gene fusion (with AF4, ELN, AF6, AF9). Cellular DNA was cross linked, digested and re-ligated. 
TLA primers were designed on 5 different positions across the gene and amplifications were performed 
on the re-ligated DNA. Products were sequenced using an Illumina MiSeq platform. Generated 
sequences were then processed and mapped to the human genome. Results Fusion partners of KMNT2A 
gene were correctly identified in all cell lines. To determine sensitivity of the technique, TLA was also 
performed in different cell mixtures containing healthy and gene-fusion positive cells. The current 
protocol and existing data analysis tools showed a sensitivity detection rate of 5%. Conclusion Our pilot 
study results validate the capability of TLA in successfully detecting structural abnormalities. Furthermore, 
we are developing a diagnostic assay which will simultaneously detect all types of genetic abnormalities 
relevant to almost all types of Leukemia. *Targeted sequencing by proximity ligation for comprehensive 
variant detection and local haplotyping. Nat Biotech. 2014 
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Gene-set analysis using whole exome sequencing in 
Parkinson´s disease 
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Heutink on behalf of the International Parkinson's Disease Genomics Consortium (IPDGC) 

VUmc, Amsterdam, The Netherlands DZNE, Tübingen, Germany National Institute of Aging, NIH, Bethesda, USA 
University of Tübingen, Germany  

Family based linkage and genome-wide association studies have identified 6 Mendelian genes (SNCA, 
LRRK2, VPS35, parkin, PINK1, DJ-1) and more than 25 susceptibility genes for familial and sporadic 
Parkinson´s disease (PD), respectively. In this way, much progress has been made to unravel the genetic 
role in PD development, but has mostly focused on the effect of single variants or single genes. The 
increasing availability of genome and exome sequencing data, now allows to investigate the effect of 
multiple common and rare variants simultaneously in biological pathways. We sequenced the exomes of 
1,077 PD cases and 482 controls with CEU ancestry. The PD patients include both familial and sporadic 
cases of which 90% has a young disease onset (< 55 years). By performance of the SKAT-c test (self-
contained and competitive test) we first determine the genetic architecture of pathways already 
implicated in literature for PD (mitochondria, autophagy and endocytosis process). Next, the aim is to 
genetically confirm novel biological pathways that have been highlighted by a gene expression study 
comparing different pathological alpha-synuclein Braak stages. The NeuroX dataset, an exome genotype 
array (6,927 cases and 6,108 controls), is used for replication of significant findings. Results show a 
significant association for the literature-based pathways to PD, which shows a proof of principle. It 
furthermore suggests that deregulation of these pathways is not just a consequence of the disease 
process but also a primary genetic cause of PD. Because the design is able to detect pathway 
associations to PD, it is of interest to study the genetic architecture of the additional expression-based 
pathways. 

E-mail: ie.jansen@vumc.nl 
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Systematic characterization of age-related epigenetic 
drift identifies a common upstream pathway 

R.C. Slieker1, Maarten van Iterson1, René Luijk1, BIOS consortium*, P.E. Slagboom1, B.T. 
Heijmans1  

1 Molecular Epidemiology section, Leiden University Medical Center, Einthovenweg 20, 2333 ZC Leiden, The 
Netherlands 

DNA methylation is amongst the most studied epigenetic mechanisms and it has been associated with 
cell differentiation and the regulation of gene expression. Moreover, DNA methylation profiles of 
numerous CpG sites closely track chronological age (+/- 4 years), irrespective of the tissue studied. 
However, epigenetic changes that are relevant for biological age are expected to dissociate from 
chronological age, particularly at older ages when inter-individual variation in biological age becomes 
apparent. Therefore, we performed a large-scale characterization of epigenetic drift and identify a robust 
set of CpG sites whose DNA methylation level becomes more variable with chronological age and link 
this phenomenon to pathways with a fundamental role in ageing. Hereto, we used 3,295 whole blood 
DNA methylation profiles (429,296 CpG sites) with 2,044 matching RNA-seq gene expression profiles. In 
blood 8,265 age-associated variably methylated positions (aVMPs) were identified. Strikingly, 77% of 
these aVMPs (6,366) could be validated in external whole blood and a monocyte datasets. Annotation of 
validated aVMPs showed an enrichment for polycomb (PcG) repressed regions and a strong depletion for 
active regions marking transcription. Despite mapping to repressed regions, increased variance of DNA 
methylation was associated with gene expression for 1,988 of the aVMPs underscoring the potential 
biological relevance. Although aVMPs were found throughout the genome, a strong enrichment was 
found near (neuro)developmental genes, such as the protocadherin cluster and the HOX cluster. 
Interestingly, aVMPs were found to be associated in trans with the upregulation of expression of 
common pathways involved in DNA damage and apoptosis pathways. Increased variance of DNA 
methylation with age is associated with expression of genes associated to DNA damage and apoptosis 
pathways, and may be driven by an upregulation of DNA damage and apoptosis pathways with age. * 
The Biobank-based Integrative Omics Study (BIOS) Consortium is funded by BBMRI-NL 
(NWO184.021.007) and is steered by Bastiaan T. Heijmans (LUMC, chair)1, Peter A.C. ´t Hoen (LUMC), 
Joyce van Meurs (EMC), Aaron Isaacs (EMC), Rick Jansen (VUMC), Lude Franke (UMCG).  
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A rare case of ovotesticular DSD associated with 
46,XX/46,XY tetragametic chimerism. 

Y. van Bever1*, K.P. Wolffenbuttel2*, F. van der Windt3, E.Blom1, S.E. Hannema4, A. de Klein1, 
H.J.F.M.M. Eussen1, L.C. Dorssers5, R. Hersmus5, L.H. Looijenga5, H.T. Brüggenwirth1 

1Department of Clinical Genetics, 2Department of Urology, Erasmus MC, Rotterdam, the Netherlands, 3 Tergooi 
Hospitals, Hilversum, the Netherlands 4Department of Pediatrics, 5Department of Experimental Patho-Oncology, 
Erasmus MC, Rotterdam, the Netherlands.*Both authors contributed equally. 

We present a rare case of an adult phenotypical male presenting to a local hospital with a painless right 
scrotal mass. Pathology of the gonadectomy specimen showed typical ovotestis. The patient was referred 
to our DSD center for further treatment. Medical history was unremarkable, with the exception of 
gynecomastia since the onset of puberty at age 14 y. Physical examination showed a male phenotype 
with clear gynecomastia, normal masculine external genitalia, left scrotal gonad, and empty right hemi-
scrotum after recent gonadectomy. His body showed several striking irregular pigmentations distributed, 
partially following the Blaschko lines. Hormonal data, measured after right gonadectomy, were 
compatible with hypergonadotropic state with normal male level of T, low Inhibin B, high estrogen and 
prolactin. The karyotype in peripheral blood and buccal mucosa showed 2 cell lines: 46,XX and 46,XY. In 
both the testicular part of the ovotestis and the ovary part the XX and the XY cell lines were found, 
however in different proportions. Additional tests to differentiate between mosaicism of the sex 
chromosomes (46XX/47XXY/46XY) versus (tetragametic) chimerism were performed. Data and techniques 
are presented. Clinical and hormonal data on follow-up were compatible with the presence of a 
contralateral ovotestis, located in the scrotum. Tetragametic chimerism could be proven. 

E-mail: y.vanbever@erasmusmc.nl 
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Pontocerebellar Hypoplasia: what´s in a name? 

van Dijk T(1), Appelhof B(1), Poll-The BT(2), Barth PG(2), Baas F(1) 

1. Department of Genome Analysis, Academical Medical Center, Amsterdam 2. Department of Pediatric Neurology, 
Academical Medical Center, Amsterdam  

Pontocerebellar Hypoplasia (PCH) are a clinically and genetically heterogeneous group of 
neurodegenerative disorders with prenatal onset. Common features are hypoplasia/atrophy of the 
cerebellum and ventral pons, progressive microcephaly and severe mental and motor retardation. 
Currently, ten subtypes (PCH1-10) are described based on differences in either phenotype and/or 
genotype. This classification lacks clarity since it combines genetic and phenotypic findings. The huge 
variability between the different subtypes of PCH raises the question whether these subtypes should be 
classified as the same disorder, since the name 'pontocerebellar hypoplasia´ is mainly a description of a 
certain brain phenotype, which is a relatively frequent finding in other conditions as well. This is 
illustrated by the results of WES in a cohort of 30 patients with PCH, where we mainly found mutations in 
genes related to other conditions than PCH. Examples are congenital spinocerebellar ataxia (ITPR1) and 
CDG1a (PMM2). We propose a classification system based on clinical findings. Patients with PCH present 
with difficulties in swallowing from birth on. On MRI they show either a dragonfly or butterfly type PCH 
on coronal sections. In case of dragonfly type PCH, MRI shows profound flattening of the cerebellar 
hemispheres with relative sparing of the vermis. Midsaggital sections show flattening of the ventral pons. 
This covers PCH2, PCH4 and PCH5 (TSEN54, TSEN2, TSEN34 and very rarely CHMP1A or AMPD2). In case 
of additional anterior horn cell involvement, (sparing of vermis not always present) one should consider 
PCH1 ( EXOSC3, EXOSC7). The group of butterfly type PCH show less profound atrophy of the 
hemispheres which may show some asymmetry. Associated genes may be TSEN54 (atypical mutations), 
RARS2 (in the case of lactate elevation) or CASK (especially if other congenital abnormalities are present). 
Butterfly type PCH with anterior horn cell degeneration, suggests that EXOSC3 or CLP1 may be involved. 
Besides the reduction in subtypes, this proposed classification covers the types of PCH that are caused by 
mutations in genes involved in RNA processing or translation, and the CASK gene. So, there is also a 
shared pathophysiology in this group. We hereby hope to increase the clinical usefulness and clarity with 
respect to PCH nomenclature and guidance for genetic testing.  

E-mail: t.vandijk@amc.nl 
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Introduction of an effective gene-panel for DNA 
diagnosis of epidermolysis bullosa and skin fragility 

Henny Lemmink, Peter van den Akker, Kristin Abbott, Martine Meems-Veldhuis, Arjen Scheper, 
Martijn Viel, Marjon Pasmooij, Iana Turcan, Kasia Gostynska, Marcel Jonkman and Richard Sinke 

Rijksuniversiteit Groningen, Universitair Medisch Centrum Groningen, Afdeling Genetica and Dermatologie, 
Groningen, Nederland 

Aim The number of candidate genes in patients suspected of having epidermolysis bullosa (EB) is large 
and testing them time consuming. Our aim was to develop a targeted next generation sequencing (NGS) 
gene panel that enables to analyze the large number of EB-genes in patients with EB and skin fragility at 
relatively low cost and high speed. Methods An EB-panel of 33 genes involved in EB and related skin 
fragility disorders was developed using the Agilent Sure Select Target Enrichment® for simultaneous 
mutation detection and validated in 15 patients with 21 gene variants previously identified through 
Sanger sequencing. The samples were sequenced using 151 base pair paired-end reads on an Illumina 
MiSeq® sequencer and analyzed using Softgenetics´ NextGENe® and Cartagenia´s Benchlab NGS® 
software. Subsequently, for diagnostic purposes, the targeted EB-panel was used to analyze 27 patients, 
in whom a pathogenic mutation had not been identified. Results and Conclusion In the validation phase, 
20/21 pathogenic mutations, unclassified variants and neutral polymorphisms detected previously were 
identified by the EB-panel except for one large duplication of 77bp. In 14 out of 27 patients, novel 
mutations were identified which were all confirmed by Sanger sequencing. The use of this gene panel 
facilitates a much faster analysis of the large number of currently known EB-genes for mutation analysis 
than the single gene approach. In three patients, mutations were identified in genes not considered the 
prime candidates at initial clinical evaluation. Gene panel analysis thus adds to fine tuning of the clinical 
phenotype and expands the genotype-phenotype correlations for EB. The EB-panel contains genes 
having known pseudogenes (i.e. KRT5, KRT14, etc) and exons with high sequence homology. 
Nonetheless, mutations could be accurately mapped to the correct genes based on the detection of 
single nucleotide variations between genes-pseudogenes and homologous exons by analyzing the 
sequence of single reads without the need of additional and elaborate techniques.  

E-mail: h.h.lemmink@umcg.nl 
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Molecular differences between adjacent skeletal 
muscles 

Muhammad Riaz1, Zuotian Tatum1 , Peter A.C. ´t Hoen1 and Vered Raz1 

1. Department of Human Genetics, Leiden University Medical Center, Leiden, The Netherlands 

Background: Skeletal muscles originate from common embryonic tissue and differentiate into over 400 
different muscles. Despite this common origin, skeletal muscles are alternately affected in myopathies, 
often with defined and distinct patterns according to muscle type. The molecular basis of this differential 
muscle involvement in muscular disorders is poorly understood. We investigated molecular differences 
between two adjacent muscles in mice, focusing on RNA expression profiles and RNA processing. 
Methods: We performed deep RNA-seq on mRNA from soleus and quadriceps muscles from 6-week old 
mice (N=6). Differential gene expression between muscles was identified using limma and edgeR 
packages. Alternative splicing(AS) and polyadenylation site utilization(APA) were determined using 
Cuffdiff software and the DaPars algorithm respectively. RNA expression was validated using high-
throughput muscle histology. Results: We obtained Ëœ35 million reads per sample. Muscles were 
clustered using PCA analysis. Genome-wide gene dysregulation was found in pair-wise analysis, with 
4288 genes up- and 3736 genes down-regulated (P<0.05, FDR cutoff). We assessed whether gene 
dysregulation could be attributed to variations in RNA processing patterns by examining AS and APA. 
Only 23 putative AS gene transcripts were identified using three algorithms. APA was identified in 781 
transcripts and only half (55%) of these showed differential expression between the two muscles without 
an APA preference for one of the muscles. This suggests that under physiological conditions, APA 
utilization is not a major contributor to gene dysregulation. Dysregulated genes were mapped to 140 
KEGG pathways. As expected, metabolic pathways of amino acid, sugar and fat biosynthesis or 
degradation were differentially enriched between the two muscles. In addition, RNA transport and 
degradation functional groups and the autophagy regulation were predominantly enriched in quadriceps 
whereas ECM-receptor interaction and oxidative phosphorylation pathways were enriched in the soleus 
muscle. In contrast, myogenic transcription factors were not differentially expressed between the two 
muscles. Conclusions: Though soleus and quadriceps muscles originate from the same progenitor cells, 
RNA expression profiles differ substantially. Our data suggest that AS and APA do not regulate 
differential gene expression, though RNA transport and degradation may play a novel role.  

E-mail: m.riaz@lumc.nl 
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Systematic identification of downstream trans-effects 
for 1,907 known disease associated SNPs 

René Luijk, Marc Jan Bonder, on behalf of the BBMRI-NL BIOS Consortium 

Leiden University Medical Center University Medical Center Groningen The Biobank-based Integrative Omics Study 
(BIOS) Consortium is funded by BBMRI-NL (NWO184.021.007) and is steered by Bastiaan T. Heijmans (LUMC, chair), 
Peter A.C. ´t Hoen (LUMC), Joyce van Meurs (EMC), Aaron Isaacs (EMC), Rick Jansen (VUMC), Lude Franke (UMCG). 

Genetic risk factors identified in genome-wide association studies are mostly non-coding, making it 
difficult to understand their functional consequences. So far, large-scale trans-eQTL have identified such 
downstream functional consequences for only a small proportion of GWAS SNPs. To increase this 
number, we used methylation-QTL mapping in peripheral blood of 3,781 population based samples from 
the BIOS consortium. We also generated RNA sequencing data for 2,111 of the samples, permitting us to 
empirically relate CpG methylation to gene expression effects (eQTMs). We observed 1,907 different 
GWAS SNPs affecting methylation of 10,141 unique CpGs sites in trans (FDR <0.05), representing a eight-
fold increase in the number of disease-associated SNPs for which downstream functional effects can be 
detected as compared to trans-eQTL mapping. To address the question in what particular biological 
processes these specific CpGs are involved, we annotated our meQTLs using data from the Roadmap 
Epigenomics Project and publicly available Hi-C data . We observed an overrepresentation of trans-
meQTLs in active regions such as transcription start sites and enhancers, suggesting these meQTLs have 
regulatory functions. In addition, we found an enrichment of long-range chromatin interaction among 
our trans-meQTLs. These annotations also provide information on the methylation-gene expression 
relationships. Using different annotation sources we could accurately predict (AUC = 0.8) whether these 
relationships were positive (35%) or negative (65%). Finally, by integrating the trans-meQTLs, eQTMs, and 
adapting pathway enrichment method DEPICT, we obtained insights in the downstream functional effects 
of many genetic risk factors. For example, rs3774959 (mapping close to NFKB and associated with 
ulcerative colitis) significantly affects methylation levels of 348 different CpG sites. Investigating the local 
sequence around these CpG sites, we found an enrichment of NFKB1 motifs. This suggests rs3774959 
may influence DNA methylation in trans through local changes in NFKB expression. Genes associated 
with these CpGs map within the NF-kappaB cascade. These results indicate that large-scale meQTL 
mapping enables discovery of previously unknown downstream molecular effects for many genetic risk 
factors. Furthermore, we find these effects on trans-methylation levels have a clear biological basis. 

E-mail: r.luijk@lumc.nl 
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Blood lipids influence DNA methylation in circulating 
cells 

Koen F. Dekkers1, Maarten van Iterson1, Roderick C. Slieker1, Matthijs H. Moed1, P. Eline 
Slagboom1, BIOS consortium, J. Wouter Jukema2, Bastiaan T. Heijmans1  

1Molecular Epidemiology and 2Cardiology, Leiden University Medical Center, Leiden, The Netherlands 

Cells can be primed by external stimuli, such as tobacco smoking or prenatal exposure to famine, to 
obtain a long-term epigenetic memory. Using a Mendelian randomization (MR) approach, we studied 
whether blood lipids epigenetically prime circulating immune cells, a mechanism that may contribute to 
diseases with an inflammatory component including atherosclerosis. The association between blood lipid 
levels and genome-wide DNA methylation (Illumina 450k array) was evaluated in 3296 subjects from six 
Dutch biobanks. We performed a fixed-effect meta-analysis corrected for age, gender, cell composition 
and batch effects for triglyceride (TG), LDL cholesterol (LDL-C) and HDL cholesterol (HDL-C) levels and 
observed 21, 3 and 4 differentially methylated CpGs (PBH < 0.05; inflation factor ? = 1). Next, we used the 
MR approach 1) to estimate the effect of lipid levels on DNA methylation at these candidate CpGs with 
polygenic scores constructed from GWAS-identified SNPs as proxies for lipid levels, 2) to exclude a 
reverse effect of DNA methylation on lipid levels with meQTLs as proxies for DNA methylation and 3) to 
exclude pleiotropic effects. Evidence was found for an effect of TG on DNA methylation at 3 CpGs, of 
LDL-C at 1 CpG and of HDL-C at 2 CpGs (P < 0.05). Using RNA-Seq in the same samples, DNA 
methylation levels of these 6 CpGs was linked to expression of the genes CPT1A and SREBF1 (TG), 
DHCR24 (LDL-C) and ABCG1 (HDL-C), which all are key regulators of lipid metabolism. Our analysis 
shows that blood lipid levels affect DNA methylation in circulating cells. Future studies are required to 
evaluate whether these changes lead to altered cell function. Funding: Netherlands CardioVascular 
Research Initiative (Dutch Heart Foundation, NFU, NWO and KNAW) for the GENIUS consortium 
(CVON2011-19). BBMRI-NL for the Biobank-based Integrative Omics Study (BIOS) Consortium 
(NWO184.021.007).  
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Novel SORL1 mutation co-segregates with APOE e4 
homozygosity in a Alzheimer´s disease family 

P.E. Cohn-Hokke1*, E. Louwersheimer2*, Y.A.L. Pijnenburg2, M.M. Weiss1, A.J. Rozemuller3, J.C. 
van Swieten1,2,4, C.M. van Duijn5, F. Barkhof6, T. Koene7, C. J. Stam8, P. Scheltens2, W.M. Van 
der Flier2,9, H. Holstege1,2. * Shared first author.  
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Department of Neurology, Neuroscience Campus Amsterdam, VU University Medical Center, Amsterdam, The 
Netherlands; 3 Department of Pathology, VU University Medical Center, Amsterdam, The Netherlands; 4 Department 
of Neurology, Erasmus Medical Center, Rotterdam, The Netherlands; 5Department of Epidemiology and Biostatistics, 
Erasmus Medical Center, Rotterdam, The Netherlands; 6 Department of Radiology, VU University Medical Center, 
Amsterdam, The Netherlands; 7 Alzheimer Center & Department of Medical Psychology, VU University Medical Center, 
Amsterdam, the Netherlands 8 Department of Clinical Neurophysiology, VU University Medical Center, Amsterdam, 
The Netherlands 9 Department of Epidemiology & Biostatistics, VU University Medical Center, Amsterdam, The 
Netherlands.  

Introduction: Of the families with early onset Alzheimer´s disease (AD), only half can be explained by 
mutations in the common genes. The aim of our study was to identify a new genetic cause of familial AD. 
Methods: We performed WES on genomic DNA of three affected individuals with (preclinical) AD, and 
one healthy relative. All affected individuals presented with a relatively late age of clinical symptom 
onset, but differed in clinical phenotype with Cerebral Amyloid Angiopathy (CAA) or remarkable 
electroencephalogram (EEG) abnormalities. Sanger sequencing was used to confirm the detected 
mutations and segregation patterns in one affected and six unaffected additional family members. APOE 
genotype was available for all participants. Additionally, we checked for the occurrence of the novel 
mutation in a larger combined case-control dataset. Results: We identified a novel missense mutation in 
the Sortilin-related receptor (SORL1) gene, p.N674S, which co-occurred with homozygous APOE e4 
carrier status in all four affected individuals with AD and in one young family member with no current 
signs of cognitive decline. Three healthy relatives carried the SORL1 mutation but were heterozygous for 
the APOE e4 allele. We found no explanation for the variable presence of different EEG patterns and CAA 
in this family. Conclusion: We describe an AD family presenting a novel SORL1 mutation co-segregating 
with APOE e4 homozygosity. Based on variable clinical characteristics, we hypothesize a combined and 
possibly even synergistic effect of both variants on disease pathology.  
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BAM Consensus: Copy Number Data Analysis for Whole 
Exome Sequencing 

Alessio Venier, Andrea O'Hara, Zhiwei Che, Joseph Fierro, Soheil Shams 

Introduction: Whole Exome Sequencing (WES) provides cost-effective single base pair resolution, with 
results focused on the protein-coding genes in a genome, known as the exome. DNA microarray 
technology is currently the gold standard for detection and analysis of copy number events, however, the 
rapid decrease in the cost of sequencing may soon allow many labs using this technology to routinely 
obtain copy number information from WES data. Extracting Whole Exome Sequencing NGS results for 
both copy number and sequence mutations is extremely valuable on many levels. Methods: We have 
developed a method called BAM Consensus which only requires the loading of BAM files from affected 
samples and targeted exome design files to generate copy number results. In combination with the VCF 
files that contain the sequence mutations, an integrated analysis of both events can be easily carried out. 
Results: BAM consensus was applied to WES in constitutional sample sets. Differences in overall read-
depth resulted in variable sample quality across the cohorts, however most sample quality was adequate 
for copy number estimation and a quality threshold was assessed. Results indicate that relative copy 
number can be estimated and it is comparable to the results achieved with microarray. Integration with 
VCF files identified several samples with co-occurring copy number and sequence variant changes in 
targeted regions of interest. Conclusions: WES is useful in constitutional and cancer samples as it 
provides a second tier of analysis for genes of interest, especially when no clear sequence mutation is 
detected. We have tested BAM Consensus in a variety of sample cohorts and it proves a very easy and 
straightforward way for WES copy number analysis. 
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SNP array analysis for constitutional copy-number 
detection 

H.B. Beverloo, L.J.C.M. van Zutven, E. Blom, A.R.M. Van Opstal, M.I. Srebniak, K.E.M. Diderich, 
L.C.P. Govaerts, Y. van Bever, A.S. Brooks, F.A.T. de Vries, J. Knijnenburg 

Clinical Genetics, Erasmus MC, Rotterdam, the Netherlands 

SNP array analysis has replaced conventional karyotyping for retrieving the cytogenetic causes of 
intellectual disability (ID) and/or congenital malformations (MCA). In addition, SNP array analysis allows 
the detection of large copy-number neutral regions of homozygosity, indicative for the presence of 
recessive traits. In routine practice, SNP array analysis is used to investigate the parents of an affected 
index for carrier status of possibly relevant observed copy-number variants (CNVs) to determine the 
inheritance and significance of the abnormality. As most SNP array investigations are carried out on DNA 
isolated from postnatal blood, it is possible to detect the presence of acquired abnormalities. Both 
acquired copy-number abnormalities and acquired regions of homozygosity (ROH) can be found in the 
blood, e.g. caused by the presence of a (haematological) malignancy. In addition, the acquired 
abnormalities might be of help in elucidating the genetic cause of disease in the patient. We will present 
the results of several individuals who were referred for SNP array analysis either for ID, MCA or both 
(n=5) or for carrier status investigation (n=3), showing acquired CNVs and/or ROH. Two newborns, 
investigated for microcephaly, showed loss of chromosome 7 in 20-85% of cells, which was subsequently 
confirmed in the bone marrow and is indicative for the presence of Juvenile MyeloMonocytic Leukaemia 
or Myelodysplastic Syndrome. One of these children was diagnosed with Fanconi Anaemia. Another adult 
case involved a trisomy 12, indicative for a Chronic Lymphocytic Leukaemia, which was haematologically 
confirmed. In addition, several array results showed next to CNVs in a non-mosaic state, also mosaic 
ROH, indicative for being acquired. In three patients the ROH involved at least a whole chromosome arm. 
For one of these, successive samples were available showing the emergence of the ROH at the time when 
the patient started developing anaemia. Another investigation for carrier status in a parent showed 
mosaic trisomy 8, for which bone marrow investigations confirmed the presence of the trisomy. 
Additional investigations showed that this individual presumably has a constitutional trisomy 8 
mosaicism. Detecting acquired abnormalities when carrying out SNP analysis for postnatal referral 
reasons is very rare, but has to be taken into account when carrying out the analysis and when informing 
a patient or parent about possible additional findings. 
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Surprise after molecular cytogenetic characterization of 
an inv(16)(p11.2q24)pat in combination with a 
del(16)(p11.2)dn in a patient with intellectual disability. 

M.M. Motazacker, A.S.H. de Visser, M.T.A. van den Kroonenberg, L.M. Beks, M. Alders, A.M.F. van 
der Kevie-Kersemaekers, J.M. Cobben, A.C. Knegt 

Department of Genome Diagnostics, Academic Medical Center, Amsterdam. Department of Clinical Genetics, 
Academic Medical Center, Amsterdam.  

A predisposing role of parental inversions has been investigated in several microdeletion syndromes with 
contradicting outcomes. Using array comparative genomic hybridization (aCGH), we identified a 
microdeletion on chromosome 16 (arr[hg19] 16p11.2(29656684-30199351)x1) in a patient with growth 
retardation and intellectual disability. Karyotyping the patient´s white blood cells, revealed another 
structural variant, a pericentric inversion of chromosome 16: inv(16)(16p11.2q24). Karyotyping and aCGH 
analysis of the parents revealed that the father is carrier of the same inversion while the deletion was 
found to be de novo. Using fluorescent in situ hybridization (FISH), the proximal border of the inversion 
in the father was mapped within chr16:29501197-29702352 region (probe RP11-368N21). Distal part of 
this probe had overlap with the proximal microdeletion border in the patient. This suggested a plausible 
role of paternal meiosis in formation of the deletion in the patient. However additional FISH experiments 
in the patient using inversion breakpoint probe (RP11-368N21) and another probe located inside the 
deletion (RP11-301D18), revealed that in the patient the deletion and the inversion are located on two 
different copies of chromosome 16. Later by excluding uniparental disomy of chromosome 16, any role 
of paternal meiotic errors causing the deletion in the patient was excluded. We conclude that the de 
novo deletion has occurred on the maternal chromosome and not during paternal meiosis. There is 
therefore no apparent additional increased risk of unbalanced offspring having a 16p11.2 microdeletion 
syndrome in carriers of the inversion in the paternal family. Our case illustrates that coincidental findings 
in clinical practice do happen, making it important not to jump to conclusions before additional 
conclusive evidence is provided.  

E-mail: m.m.motazacker@amc.uva.nl 
Keywords: Inversion, 16p11.2 microdeletion syndrome, Intellectual disability, FISH, Array-CGH 
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ACTG2 variants impair actin polymerization in sporadic 
Megacystis Microcolon Intestinal Hypoperistalsis 
Syndrome 

Danny Halim1, Robert M.W. Hofstra1, Luca Signorile2, Rob M. Verdijk3, Christine S. van der 
Werf4, Yunia Sribudiani1#, Rutger W.W. Brouwer5, Wilfred F.J. van IJcken5, Niklas Dahl6, Joke 
Verheij4, Clarisse Baumann7, John Kerner8, Yolande van Bever1, Niels Galjart2, Rene M.H. 
Wijnen9, Dick Tibboel9, Francoise Muller10, Alice S. Brooks1, Maria M. Alves1,*  

1 Department of Clinical Genetics, 2 Department of Cell Biology, and 3Department of Pathology Erasmus University 
Medical Center, Rotterdam, The Netherlands. 4 Department of Genetics, University Medical Center Groningen, 
Groningen, The Netherlands. 5 Erasmus Center for Biomics, Erasmus Medical Center, Rotterdam, The Netherlands. 6 
Department of Immunology, Genetics and Pathology, Medical Genetics and Genomics, Uppsala University, Uppsala, 
Sweden. 7 Unité de Génétiqué Clinique, Hôpital Universitaire Robert Debré, Paris, France. 8 Lucile Salter Packard 
Children´s Hospital, Standford University, Palo Alto, California, United States. 9 Department of Pediatric Surgery, 
Erasmus University Medical Center, Rotterdam, The Netherlands. 10 Biochimie Prenatalé, Hôpital Universitaire Robert 
Debré, Paris, France. 

Introduction: Megacystis microcolon intestinal hypoperistalsis syndrome (MMIHS) is a rare congenital 
disease characterised by severe dysfunctions of the bladder and the intestine. Recently, heterozygous 
missense variants in the enteric smooth muscle actin ?-2 (ACTG2) gene have been identified in MMIHS 
patients. ACTG2 encodes for one of the six actin isoforms, which is specifically expressed in smooth 
muscle cells of the enteric organs. However, the molecular pathogenesis of MMIHS associated to ACTG2 
variants is still unclear. Materials and Methods: In order to confirm the involvement of ACTG2 in MMIHS 
development, a cohort of eleven MMIHS patients, eight sporadic and three familial cases (two families), 
was sequenced for the presence of ACTG2 variants. Immunohistochemistry was performed at different 
human embryonic stages to study the role of ACTG2 in intestinal development. Intestinal specimens 
collected from patients were also analysed to assess the effect of ACTG2 variants on the histopathology 
of the disease. We further investigated the effect of ACTG2 variants in the structure and function of the 
protein by performing a series of in vitro assays and molecular modelling analyses. Results: Heterozygous 
ACTG2 variants were identified in all sporadic MMIHS patients included in this study. By 
immunohistochemistry, we detected ACTG2 expression in all intestinal layers formed by smooth muscle 
cells in different stages of human embryonic development. Interestingly, no histopathologic 
abnormalities were found in the patients. Our in vitro assays showed that the ACTG2 variants identified 
inhibited ACTG2 polymerization, and contributed to reduce contractility. Molecular modelling analyses 
confirmed our results, and detected significant changes introduced by the presence of these variants in 
the protein structure of ACTG2 Conclusions: Taken together, our data confirmed that ACTG2 variants 
cause sporadic MMIHS, and showed that reduced ACTG2 polymerization affects cellular contractility, 
which likely underlies the pathogenesis of MMIHS. 

E-mail: d.halim@erasmusmc.nl 
Keywords: MMIHS; ACTG2; actin polymerization; contractility  
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High prevalence of congenital malformations in non-
syndromic Hirschsprung´s disease 

Rhiana Garritsen 1,2; Alice S. Brooks 2, Rene M.H. Wijnen 1, Robert M.W. Hofstra 2 

1 Afdeling Kinderchirurgie, Erasmus MC - Sophia, Rotterdam 2 Afdeling Klinische Genetica, Erasmus MC, Rotterdam 

Hirschsprung´s disease (HD) can be an isolated trait or can be associated with additional features or 
syndromes. The phenotypical variation of non-isolated cases, however, is not well known. Aim of this 
study is to give an update of the spectrum of additional phenotypes in HD patients. Methods: Patient 
records of 327 HD patients seen in our centre were reviewed. For all patients standard baseline 
parameters, the presence of an anomaly, assessment by a clinical geneticist, and genotype (if available) 
were recorded. Results: 55 patients (16.8%) were excluded due to syndrome diagnosis of which Down 
syndrome, Haddad syndrome, and Waardenburgh syndrome were the most common. Of the remaining 
272 HD patients, 108 (39.7%) were seen by the clinical geneticist during follow up. In total 106/272 (39%) 
of all cases had an associated anomaly. Facial anomalies were present in 49 (18.0%), urogenital anomalies 
in 26 (9.6%), variations in the extremities in 26 (9.6%), cardiac anomalies in 20 (7.4%), CNS associated 
anomalies in 13 (4.8%), gastrointestinal variations in 10 (3.7%), thoracic variations in 6 (2.2%), pulmonary 
anomalies in 1 (0.4%), and "other" associated anomalies in 23 (8.5%). In the group of patients evaluated 
by a clinical geneticist, significantly more associated anomalies were described for the total number of 
anomalies, and also for facial variations and variations in the extremities. There was no statistical 
difference in the number of associated anomalies found in familial compared to sporadic cases. 
Interestingly none of the familial cases showed cardiac, pulmonary or thoracic anomalies. No significant 
genotype-phenotype correlations were observed in case of RET. Conclusions: Associated anomalies are 
common in HD and the phenotype of non-syndromic HD patients can be very variable. A detailed 
description of phenotypical findings by a trained dysmorphologist is extremely important in hopes of 
finding phenotypical patterns that help us in better understanding the underlying pathology and 
aetiology of this disease.  

E-mail: r.garritsen@erasmusmc.nl 
Keywords: Hirschsprung's disease, phenotype description, associated anomalies 
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Chromatin regulation in phospholamban R14del 
mutation associated cardiomyopathy 

Magdalena Harakalova1,2,4*, Johannes M.I.H. Gho1*, Shahrzad Sepehrkhouy2, René van Es1, Nicolaas de 
Jonge1, Pieter A. Doevendans1, Edward E.S. Nieuwenhuis3, Hester M. den Ruijter1, Gerard Pasterkamp1, 
Roel A. de Weger2, Aryan Vink2, Michal Mokry3*, Folkert W. Asselbergs1,4,5*                       

1Department of Cardiology, University Medical Center Utrecht (UMCU), Utrecht, The Netherlands 
2Department of Pathology, University Medical Center Utrecht (UMCU), Utrecht, The Netherlands 
3Laboratory of translational immunology, Wilhelmina Childrens’ Hospital, Utrecht, The Netherlands 
4ICIN-Netherlands Heart Institute, Utrecht, The Netherlands 
5Institute of Cardiovascular Science, Faculty of Population Health Sciences, University College London, London, United 
Kingdom *equal contribution 

Background: The phospholamban (PLN) R14del founder mutation is associated with dilated and 
arrhythmogenic cardiomyopathy with high mortality and morbidity in hundreds of Dutch mutation 
carriers. DNA occupancy of H3K27ac histone mark gives valuable information about transcriptional 
regulation and can be used for candidate gene or biomarker discovery. For the first time we used 
ChIPseq to assay disease-specific fingerprint of H3K27ac in cardiac tissue from PLN R14del end-stage 
cardiomyopathy to better understand the underlying pathophysiological mechanisms. 

Methods and results: Firstly, we catalogued DNA regulatory elements by producing H3K27ac ChIPseq 
data in cardiac tissue from PLN R14del cardiomyopathy carriers (n=6) compared to healthy controls 
(n=4). Increased H3K27ac occupancy was detected within 5kb window near genes involved in fibrosis, 
developmental programs and chromatin assembly, while decreased H3K27ac occupancy was linked to 
genes involved in mitochondrial function and beta-oxidation of fatty acids. Secondly, we performed 
tissue specificity analysis of differentially regulated genes in PLN R14del cardiomyopathy using RNA data 
from various tissues. We observed that expression of all genes with differential H3K27ac occupancy was 
enriched in fetal and adult heart and adult skeletal muscle. Thirdly, in order to exclude general pathways 
linked to end-stage heart failure, we included ChIPseq data from patients with other genetic types of 
non-ischemic cardiomyopathy (n=6) and ischemic cardiomyopathy (n=4). K-mean cluster analysis 
revealed 208 genes annotated to PLN R14del-specific regulatory regions. Among these, 55 genes are 
involved in (phospho)lipid and lipoprotein synthesis and metabolism and can be considered for 
candidate genes explaining the lipid storage evident in PLN R14del hearts. 
Conclusion: Using an integrative chromatin analysis we identified the major effector genes and pathways 
involved in PLN R14del cardiomyopathy. Ubiquitously expressed genes with increased H3K27ac 
occupancy in patients are in line with general fibrotic pathways and developmental programs in end-
stage organ failure. The suppression of mitochondrial lipid metabolism needed for muscle function is 
underlined by cardiac- and skeletal-muscle specific genes with increased H3K27ac occupancy. The 
detection of 208 PLN R14del-specific genes might provide valuable clues to recognize carriers at a high 
risk of developing cardiomyopathy using a plasma detectable biomarker. 

E-mail: m.harakalova@umcutrecht.nl 
Keywords: heart failure, phospholamban, chromatin regulation, H3K27ac  
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PABPN1-dependent regulation of autophagy in muscle 

Sarah Hempenstall1, Fenna J. Van Der Wal1, George Dickson2, Silvere van der Maarel1, Vered 
Raz1* 

1 Leiden University Medical Centre, Department of Human Genetics, Leiden, The Netherlands 
2 School of Biological Science, Royal Holloway University of London, Egham, Surrey, United Kingdom 
 

Impaired protein catabolism, in particular loss of function in the autophagy-lysosomal pathway, is 
indicated to play a role in age-regulated muscle wasting, late-onset genetic disorders and a range of 
myopathies. Although the underlying mechanisms regulating autophagy gene networks are poorly 
understood, dysregulated expression in this pathway is found in oculo-pharyngeal muscular dystrophy 
(OPMD). OPMD is caused by a poly-A expansion mutation in the n-terminus of multifunctional regulator 
of mRNA processing, poly-adenylate binding protein nuclear 1 (PABPN1). Furthermore, dysregulation of 
autophagic gene expression correlates with reduced PABPN1 levels in ageing muscles. A role for 
PABPN1-dependent mRNA processing was investigated in muscle models. We focused on the autophagy 
gene network, with autophagic activity taken as a functional readout for gene dysregulation.  In PABPN1-
limited conditions, the autophagy gene network is down-regulated concomitant with impaired 
autophagy activation in muscle cells. Starvation stress induced a shift from nuclear to cytoplasmic 
localisation of PABPN1, co-incidental with co-localisation with autophagosomes. Limited PABPN1 
availability caused alternative polyadenylation (APA) at the 3’-UTR and impaired nuclear export of 
autophagy-related transcripts. We found that limited PABPN1 availability caused nuclear entrapment of 
default, distal transcripts. Conversely, shortened transcripts, generated by APA, were enriched in the 
PABPN1-RNA complex and more abundant in the cytoplasm. We suggest that differential nuclear export 
of long or short mRNAs by PABPN1 affects RNA landscape and availability for the translational 
machinery in ageing muscles. These findings indicate that PABPN1 plays an imperative role in the post-
transcriptional regulation of autophagy gene network, affecting maintenance of autophagic gene 
expression and autophagy activation. As such, PABPN1 represents a potential therapeutic target in 
ageing-associated myopathies in which dysregulated autophagic gene expression is observed. 

Keywords: 

Autophagy, mRNA processing, PABPN1, Ageing muscle, Dystrophy 

 

Email: s.hempenstall@lumc.nl 

  

108 
 

mailto:s.hempenstall@lumc.nl


P 63 

 
 
Resolving variants of unknown significance by 
ascertaining functional consequences of rare variants by 
recycling RNA-seq data. 

Patrick Deelen (UMCG) on behalf of the BIOS Consortium 
 

RNA-sequencing (RNA-seq) is a powerful technique for the identification of genetic variants that affect 
gene-expression levels, either through expression quantitative trait locus (eQTL) mapping or through 
allele-specific expression (ASE) analysis. Given increasing numbers of RNA-seq samples in the public 
domain, we here studied to what extent eQTLs and ASE effects can be identified when using public RNA-
seq data while deriving the genotypes from the RNA-sequencing reads themselves. 
 
We downloaded the raw reads for all available human RNA-seq datasets. Using these reads we 
performed gene expression quantification. All samples were jointly normalized and subjected to a strict 
quality control. We also derived genotypes using the RNA-seq reads and used imputation to infer non-
coding variants. This allowed us to perform eQTL mapping and ASE analyses jointly on all samples that 
passed quality control. Our results were validated using samples for which DNA-seq genotypes were 
available. 
 
4,978 public human RNA-seq runs, representing many different tissues and cell-types, passed quality 
control. Even though these data originated from many different laboratories, samples reflecting the same 
cell type clustered together, suggesting that technical biases due to different sequencing protocols are 
limited. In a joint analysis on the 1,262 samples with high quality genotypes, we identified cis-eQTLs 
effects for 8,034 unique genes (at a false discovery rate ≤0.05). eQTL mapping on individual tissues 
revealed that a limited number of samples already suffice to identify tissue-specific eQTLs for known 
disease-associated genetic variants. Additionally, we observed strong ASE effects for 34 rare pathogenic 
variants, corroborating previously observed effects on the corresponding protein levels. 
 
By deriving and imputing genotypes from RNA-seq data, it is possible to identify both eQTLs and ASE 
effects. Given the exponential growth of the number of publicly available RNA-seq samples, we expect 
this approach will become especially relevant for studying the effects of tissue-specific and rare 
pathogenic genetic variants to aid clinical interpretation of exome and genome sequencing. 

 

Email: Lude@ludesign.nl 
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Genetic variants affect expression of nearly all genes, 
but only in a specific context. 

Dasha Zhernakova (UMCG) on behalf of the BIOS Consortium 
 
 

The expression of nearly all genes is subject to genetic regulation. This is a first conclusion from the 
largest population-based RNA-sequencing project executed so far, including 4,000 total blood 
mRNA samples from five Dutch biobanks. The large sample size, unprecedented resolution of this study 
and the comparison with other large population-based studies revealed that SNPs affecting expression 
(eQTLs) act in a context-dependent manner. 
  
Whereas microarray-identified blood eQTLs (Westra et al., Nature Genetics, 2013) replicated well in our 
study (87%, including 6.8% with opposite allelic direction), eQTLs identified by RNA-seq in lymphocyte 
cell lines (LCL) (Lappalainen et al., Nature, 2013) replicated less well (78%, including 12% with opposite 
allelic direction). This was not due to differences in data processing as we analyzed all RNA-sequencing 
data using exactly the same pipeline, but was partly due to differences in cell-types. We inferred cell-
type-specific eQTLs (Westra et al., PLOS Genetics, 2015), and observed that lymphocyte-specific eQTLs 
replicated well in LCLs. Neutrophil-specific eQTLs on the other hand showed lower replications rates and 
more often show opposite effects when comparing to LCLs. 
  
We also observed that higher order effects that induce, abrogate, or inverse eQTLs. Using gene-
expression levels as a proxy for stimulations, we were able to identify eQTLs affected by different 
conditions and stimulations. This allowed us to detect, among others, erythrocyte and regulatory T cell-
specific eQTLs. We also replicated known eQTL modifiers, for instance the previously identified rhinovirus 
dependent eQTLs (Çalışkan, et al., PLOS Genetics, 2013). Additionally, we find eQTLs affected by core 
cellular processes such as metabolism and cell cycle. 
  
In conclusion, we observed several examples where genetic risk factors affect gene expression only in a 
specific context. Since it is not feasible to collect eQTL data for all tissues and cell-types in 
combinations with all potential stimulations and cellular states, approaches that can untangle the effects 
of different stimulations are essential to properly interpret the effect of regulatory genetic variation. 

 

Email: Lude@ludesign.nl 

 
  

110 
 

mailto:Lude@ludesign.nl


P 65 

 
 
Predicting previously unknown disease genes by using 
gene networks. 

 
Juha Karjalainen (UMCG) on behalf of the BIOS Consortium 
 
 
Interesting regulatory functions have been attributed to a small subset of annotated lncRNAs. Yet, 
functions for most lncRNAs are unknown, and it is unknown whether these might cause disease. We 
recently developed a novel method to accurately predict functions of genes (Fehrmann et al, Nature 
Genetics 2015) by using 80,000 microarray gene expression profiles. To infer the functions of lncRNAs, 
we now have extended this approach to >15,000 publicly available human RNA-seq samples obtained 
from many different cell types and conditions. 
 
Our method robustly identifies lncRNAs that are potential pathway regulators. For instance, it has been 
experimentally shown that the terminal differentiation-induced ncRNA TINCR controls human epidermal 
differentiation (Kretz et al, Nature 2013). Our predictions corroborate these findings: The most significant 
predicted Gene Ontology pathway for TINCR is epidermis development (P < 10-8). As another example, 
we recently found that SNPs associated with immune diseases control expression of lncRNAs that are 
involved in inflammatory processes (submitted). Our predictions were accurately reflecting these 
experimental findings. The lncRNA AC104820.2 is predicted to function in T-cell proliferation (P < 10-6) 
and was found to be strongly expressed in CD8+ T-cells. Moreover, lncRNA AP002954.4 is predicted to 
regulate cytokine responses (P < 10-6) and defense against fungal infection (P < 10-5). In agreement 
with this, the SNP controlling AP002954.4 was found to modulate cytokine levels in fungus-stimulated 
human PBMCs. 
 
We have created a user-friendly web tool for exploration of the pathways in which any given human 
lncRNA (and protein coding gene) is predicted to be involved. The tool interactively visualises co-
expression networks, allowing for readily identification of potential regulators for any biological process 
of interest. This allows for the identification of previously unknown genes that might cause diseases for 
which a set of protein coding genes have been found before. 
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Efficient detection of both germline and somatic BRCA1 
and BRCA2  mutations in formalin fixed paraffin 
embedded ovarian tumours enabling selection of 
patients for PARP-inhibitor treatment 

 
Arjen R. Mensenkamp1, M. Simons2, A. Sie1, H.Ouchene1, M. van Asseldonk2, A. Eijkelenboom2, 
A. Hoischen1 , M. Nelen1, N. Hoogerbrugge1, M.J.L. Ligtenberg1,2. 
Departments of 1Human Genetics and 2Pathology, Radboud university medical centre, 
Nijmegen, The Netherlands. 
 

Recently, PARP-inhbitors were approved for treatment of metastasized BRCA1 and BRCA2 mutation-
positive epithelial ovarian cancer. Approximately 15% of patients with epithelial ovarian cancer have an 
inactivating germline BRCA-mutation. Additionally, according to the literature, approximately 4-8% of 
ovarian cancer patients have a tumor specific somatic mutation in BRCA1 or BRCA2, which make them  
eligible for treatment with PARP-inhibitors. The detection of somatic mutations is hampered by the 
complexity of the genes, the low quality of DNA isolated from formalin fixed paraffin embedded (FFPE) 
tumour blocks and the low percentage of neoplastic cells in undissected tumour material. To address this 
problem, DNA was isolated from dissected FFPE sections and our newly developed smMIP based BRCA1 
and BRCA2 NGS method was used on 35 tumour samples of 29 patients with a known BRCA1 (n=17) or 
BRCA2 (n=12) germline mutation and 44 tumour samples of 40 patients without such mutation. All 
expected germline mutations were detected. Moreover in 3 germline mutation-negative patients (7.5%) a 
somatic truncating mutation in BRCA1 (n=1) or BRCA2 (n=2) was detected. 

These data show that analysis of BRCA1 and BRCA2 on FFPE-derived DNA for the detection of both 
germline and somatic mutations is both feasible and sensitive with short turnaround times, and opens 
new possibilities for an efficient identification of women eligible for PARP-inhibition treatment.  
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