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Dear colleagues,

Welcome to the joint autumn symposium of the NVHG (Dutch
Society for Human Genetics). This meeting is 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 )
We live in an exciting time. Developments in genetics are going very
fast. New technologies have advanced research and these findings
are rapidly translated to diagnostics. Even non-invasive prenatal tests
are now possible. Single gene tests with long turn-around times are
being replaced by rapid analysis of gene panels and the genetic basis
of multifactorial diseases is being resolved. This has great impact on
the way we perform our research, diagnostics and counseling.

Furthermore, we seriously have to reckon with the impact on society as illustrated by the recent publicity on
the introduction of non-invasive prenatal testing. The scope of our profession is changing, interaction
between the different professionals in genetics is increasingly important.

This meeting is the perfect place to discuss the new developments and stimulate discussion of the
possibilities and their implications. Thursday afternoon’s forum discussion on prenatal testing is a good
example.
This year we focus on the translation of the genetic findings to the patient. How do we interpret the
sequence variants detected by the new technologies, which functional assays are available and how much
functional evidence do we need before we start offering new tests?
The scientific program covers basic research, disease models and implications for diagnostics. We have
invited speakers from all disciplines and made a selection for platform presentations.
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 3, 2013: 10.00 – 11.00 hrs
Reception and catering
In Foyer 1 and 2
Dinner and party
In Sydney zaal
Abstracts
Abstracts are grouped in:
• Abstracts guest speakers
• Lodewijk Sandkuijl lecture
• Abstracts talks:
T 01 to T 16
• Abstracts posters :
P 01 to P 65
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
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. Frank Baas
Dr. Hans Kristian Ploos van Amstel
Dr. John Engelen
Dr. Alice Brooks
Dr. Lidewij Henneman
Dr. Ir. Joris Veltman
Prof. Hans van Bokhoven
Prof. Peter Devilee
Prof. Raoul Hennekam
Prof. Richard Sinke
Administrative organization
Wilmy Swaerdens
nvhgsecretariaat@umcutrecht.nl
Henny Schurmann
henny.schurmann@mumc.nl
www.nvhg-nav.nl
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October 3 & 4, 2013

From Genome to Phenome
The NVHG Two-Day Autumn Symposium 2013 - Dutch Society of Human Genetics
Nederlandse Vereniging voor Humane Genetica (www.nvhg-nav.nl)

Program Thursday October 3, 2013

10:00-10:30

Registration (open until 11.00 hrs)

10.30-12.25

Plenary session
Room: Athens Room B/C
Chair: Frank Baas

10.30-10.40

Opening

10.40-11.15

Frits Rosendaal (LUMC Leiden)
Genetics of venous thrombosis

11.15-11:50

Ian Tomlinson (University of Oxford, UK)
Polymerase proofreading-associated polyposis (PPAP)

11:50-12.25

Ronald Wanders (AMC Amsterdam)
Inborn errors of metabolism in a changing world of exome sequencing and systems
biology

12.30-14.00

Lunch

13:00-14:00

Huishoudelijke vergadering VKGN
Room: zaal 3

13.00-14:00

Huishoudelijke vergadering VKGL
Room: zaal 11
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14.00-16.00

Parallel sessions

14.00-16.00

Symposium 1A: VKGN
“Phenotype matters”
Room: Athens Room A
Chair: Alice Brooks

14.00-14.10

Prijsuitreiking Ben Ter Haar

14.10-14.40

Voordracht Laureaat

14.40-15.00

Conny van Ravenswaaij (UMC Groningen)
The benefits of multidisciplinary phenotyping: Experiences from the Dutch CHARGE
outpatient clinic

15.00-15.20

Connie Stumpel (UMC Maastricht)
Rare syndromes and transitional care; a challenge

15.20-15.40

Anja Wagner (Erasmus MC Rotterdam)
Pediatric oncogenetics; past, present and future

15.40-16.00

Mieke van Haelst (UMC Utrecht)
Obesity Genetics; from Obesitome towards Personalised Medicine

14.00-16.00

Symposium 1B: VKGL
Room: Athens Room B/C
Chair: Marcel Mannens, Nanda Verhoeven and Lia Knegt

14.00-14.20

Frédéric Maxime Vaz (AMC Amsterdam)
A common X-linked inborn error of carnitine biosynthesis may be a risk factor for
nondysmorphic autism.

14.20-14.40

Hans Waterham (AMC Amsterdam)
The increasing spectrum of peroxisomal disorders

14.40-15.00

Monique de Sain (UMC Utrecht)
Neonatal Screening

15.00-15.20

Yu Sun (LUMC Leiden)
Loss of function mutations in IGSF1 cause an X-linked syndrome of central hypothyroidism
and testicular enlargement

15.20-15.40

Alessandra Maugeri (VUMC Amsterdam)
Diagnostics of connective tissue disorders: NGS gets the target when clinics wanders
around

15.40-16.00

Bas Vroling (Bio-Prodict)
Long QT syndrome variant pathogenicity predictions
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14.00-16.00

Symposium 1C: NACGG
“Niet invasieve prenatale testen (NIPT):
De stand van zaken vanuit een multidisciplinair perspectief”
Room: 11
Chairs: Irene van Langen

14.00-14.20

Elles Boon (LUMC Leiden)
NIPT: the sky is the limit..?

14.20-14.40

Lidewij Henneman (VUMC Amsterdam)
ESPRIT studie: het perspectief van de zwangere en haar partner

14.40-15.00

Lieve Christiaens (UMC Utrecht)
NIPT, de grootste vooruitgang sinds de introductie van echoscopie

15.00-15.20

Guido de Wert (UMC Maastricht)
Ethische aspecten rond NIPT

15.20-15.40

Plenaire discussie

16.00-17.00

Posters, coffee, tea
Presenters at posters

17.00-18.30

FORUM DISCUSSION “Prenatale diagnostiek: veel vragen - meer antwoorden”
in Dutch
Room: Athens Room B/C
Prof. dr. Bert Schadé (AMC Amsterdam)
Emeritus hoogleraar huisartsgeneeskunde
Dr. Lieve Christiaens (UMC Utrecht)
Gynaecoloog
Dr. Peter B. Dunki Jacobs (Achmea Leiden)
Senior adviseur medisch specialistische zorg / chirurg
Dr. Robert-Jan Galjaard (Erasmus MC Rotterdam)
Klinisch geneticus
Prof. dr. Guido de Wert (UMC Maastricht)
Hoogleraar in de ethiek van voortplantingsgeneeskunde en erfelijkheidsonderzoek

Evening

Drinks

Dinner

Party
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Program Friday October 4, 2013

9.00-10.15

Plenary session
Room: Athens Room B/C
Chair: Joris Veltman

9.00-09.35

Kasper Lage (Harvard Medical School and the Broad Institute of MIT and Harvard, Boston)
Functional interpretation of genomes using biological networks

9.35-10.10

Peter Robinson (Institut für Medizinische Genetik und Humangenetik Charité Universitätsmedizin Berlin, Germany)
Improved exome prioritization of disease genes through cross species phenotype
comparison

10.15-11.15

Parallel sessions

10.15-11.15

Symposium 2A
Room: Athens Room B/C
Chair: Hans van Bokhoven

10.15-10.30

Grazia Mancini (Erasmus MC Rotterdam) (T 01)
Integrator Complex Subunit 8 mutations associated with cortical and cerebellar
malformations result in disruption of the Integrator complex and spliceosomal defects

10.30-10.45

Helger Yntema (UMC St. Radboud Nijmegen) (T 02)
Heterozygous germline mutations in complement factor A2ML1 cause Noonan-like
syndrome

10.45-11.00

Duco Schriemer (UMC Groningen) (T 03)
Patterns and Rates of Exonic de novo Mutations in Sporadic Hirschsprung Disease Patients

11.00-11.15

Anneke Vulto – van Silfhout (UMC St. Radboud Nijmegen) (T 04)
Mutations in DEAF1 cause intellectual disability with severe speech impairment
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10.15-11.15

Symposium 2B
Room: Athens Room A
Chair: Raoul Hennekam

10.15-10.30

Fleur van Dijk (VU Amsterdam) (T 05)
X-linked osteoporosis and fractures: an unexpected genetic cause

10.30-10.45

Gijs Kummeling (UMC Utrecht) (T 06)
The 'Cardiome´ of the sporadic idiopathic dilated cardiomyopathy (iDCM) patients

10:45-11:00

Florence van Tienen (MUMC Maastricht) (T 07)
Functional analysis of splice-site mutations in sarcomeric genes of cardiomyopathy patients
using in vitro myogenic differentiation of fibroblasts

11.00-11.15

Johan T. den Dunnen (LUMC Leiden) (T 08)
Pre-publication sharing of exome/genome variant and phenotype data to resolve rare
disease

11.15-11.45

Coffee-tea break

11.45-12.45

Parallel sessions

11.45-12.45

Symposium 3A
Room: Athens Room A
Chair: Peter Devilee

11.45-12.00

Wouter Leonhard (LUMC Leiden) (T 09)
Scattered Single-Cell Deletion of Pkd1 in Mouse Kidneys Recapitulates Human Polycystic
Kidney Disease and Refines the Model of Cystogenesis

12.00-12.15

Tamara Paff (VU Amsterdam) (T 10)
Splice site mutations in the outer dynein arm docking complex gene CCDC114 cause
primary ciliary dyskinesia with apparent normal fertility

12.15-12.30

Hennie Bruggenwirth (Erasmus MC Rotterdam) (T 11)
Variable Loss of Functional Activities of Androgen Receptor Mutants in Patients with
Androgen Insensitivity Syndrome

12.30.12.45

Richarda de Voer (UMC St Radboud Nijmegen) (T 12)
Loss of a Regulatory Element May Determine Endometrial Cancer Risk in EPCAM Deletion
Carriers
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11.45-12.45

Symposium 3B
Room: Athens Room B/C
Chair: Richard Sinke

11.45-12.00

Elles Boon (LUMC Leiden) (T 13)
Overview of non invasive prenatal testing in the Dutch laboratories

12.00-12.15

Birgit Sikkema – Raddatz (UMC Groningen) (T 14)
Application of targeted next-generation sequencing in clinical diagnostics

12.15-12.30

Ellen van Binsbergen (UMC Utrecht) (T 15)
Mate pair sequencing for the detection of balanced and unbalanced chromosomal
aberrations in patients with intellectual disability and congenital malformations

12.30-12.45

Merel van Maarle (AMC Amsterdam) (T 16)
High carrier frequency in a well-described subpopulation: The importance of offering
targeted preconception carrier testing

12.45-13.15

Algemene ledenvergadering NVHG

13:00-14:00

Lunch and posterviewing

14.00-16.00

Plenary session
Room: Athens Room B/C
Chair: Frank Baas

14.00-14.35

Elizabeth Fisher (Department of Neurodegenerative Disease UCL Institute of Neurology,
Queen Square, London)
An unusual mouse for studying human Down syndrome

14.35-15.10

Wouter de Laat (Hubrecht Institute-KNAW & University Medical Center Utrecht)
Novel strategies to map the linear and spatial genome: fundamental research and
applications in DNA diagnostics

15.10-15.15

NVHG Annual Award 2013

15.15-16.00

Lodewijk Sandkuijl Lecture 2013
Cock van Duijn (Erasmus MC Rotterdam)
From Genomics to Application

16:00

Closure
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Lodewijk Sandkuijl Lecture

Cock van Duijn, PhD
From Genomics to Application

Cornelia van Duijn received her PhD in genetic epidemiology from the
Erasmus University Rotterdam in 1991.
Since 2001 she is a full professor of Genetic Epidemiology at the
Department of Epidemiology of the Erasmus University Medical Center.

Her work focuses on neurodegenerative disorders. She has identified genes involved in various
neurodegenerative disorders including Alzheimer's disease, Parkinson’s disease, Creutzfeldt–Jakob disease
and open angle glaucoma.
She has led genetic analyses in several international consortia including International Genetics of
Alzheimer’s disease (IGAP), the Alzheimer’s Disease Sequencing Project (ADSP), EuroCJD and the
International Genetics of Glaucoma Consortium (IGGC) and is a leader in several international genome wide
association consortia including CHARGE (Cohorts for Heart & Aging Research in Genome Epidemiology,
ENGAGE (European Network for Genetic and Genomic Epidemiology), and EAGLE (Early Genetics and Life
course Epidemiology).

c.vanduijn@erasmusmc.nl
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Abstracts Guest speakers
NVHG – Autumn Symposium 2013

Genetics of venous thrombosis
Frits Rosendaal
Department of Clinical Epidemiology & Department of Thrombosis and Haemostasis, Leiden University
Medical Center, Leiden, The Netherlands.
Venous thrombosis is a common multicausal disease occurring due to interacting genetic, environmental
and behavioral risk factors, at a rate of 1-3 per 1000 per year. Around two-thirds manifests as deep vein
thrombosis of the leg, and one third as pulmonary embolism. Around five percent of venous thromboses
prove fatal, with deaths predominantly among the elderly and patients with severe underlying disease,
notably cancer. The recurrence rate of thrombosis is high at several percent per year. Individuals from
families with inherited thrombophilia tend to develop thrombosis at a young age with frequent recurrences.
Venous thrombosis occurs when several risk factors are present simultaneously in a particular combination.
This often concerns the simultaneous presence of long-term risk factors, e.g. genetic defects, and short
term acquired factors. Some of the acquired risk factors are very strong, causing thrombosis in several
percent of those afflicted, which implies a relative risk of 50 or higher. These are orthopaedic, neurosurgical
and major abdominal interventions, major trauma with multiple fractures, central venous catheters and
metastasised cancer, particularly adenocarcinomas. Moderate risk factors are antiphospholipid antibody
syndrome, puerperium, prolonged bedrest and non-metastasised cancers, while pregnancy, oral
contraceptive use, hormone replacement therapy, obesity and long-haul travel constitute mild risk factors,
with a 2- to 5-fold increased risk.
While pedigrees with abundant thrombosis were observed in the early 1900s, the first cause of heritable
thrombophilia was discovered in 1965, with the subsequent identification of deficiencies of protein C and
protein S in the early 1980s. Heterozygous antithrombin deficiency and homozygous factor V Leiden are
the strongest genetic risk factors, increasing the risk of thrombosis 20- to 50-fold. Heterozygous protein C
and protein S deficiencies are moderate contributors to risk, with a relative risk of 10. Other genetic factors
that are associated with venous thrombosis are mild and increase the risk at most 2- to 5-fold, as is the
case for factor V Leiden, prothrombin 20210A and non-0 blood groups. Mildly increased risks are also
present for abnormalities in the coagulation system of which the origin is unclear, such as elevated levels of
procoagulant factors (fibrinogen, II, vWF, VIII, IX, X, XI) and anti-fibrinolytic factors (TAFI), and low levels of
anticoagulant factors (TFPI). Finally, there are many very common and weak risk factors. These genetic
factors act epistatically and jointly with environmental factors in causing thrombosis.
There is clear evidence that there are more yet undiscovered genetic risk factors for venous thrombosis.
Despite new technologies, efforts to identify these genetic risk factors over the last decade have been
spectacularly unsuccessful. Now that there are again new technologies available, the question is how to
turn their application into a success.
E-mail: f.r.rosendaal@lumc.nl
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Polymerase proofreading-associated polyposis
(PPAP)
Ian Tomlinson
University of Oxford, Professor of Molecular and Population Genetics, Group Head / PI and Consultant
Physician, Oxford, UK

We recently reported high-penetrance germline mutations in two related genes, POLE and POLD1, in
patients with multiple adenomas and/or carcinomas of the large bowel (CRC). The most common
mutations, POLE p.Leu424Val and POLD1 p.Ser478Asn, lie at analogous sites in the proofreading domains
of the proteins and are predicted to hinder the correction of base mispairs that occur during DNA
replication. In keeping with this prediction, the two human mutations cause a mutator phenotype in yeast
and in our patients' tumours. This is manifest as a tendency to all types of base substitution, especially
G:C>T:A changes. Carriers of germline POLE and POLD1 mutations have a variable phenotype of multiple,
early-onset adenomas and CRCs, and POLD1 carriers are also at high risk of endometrial cancer (EC). At
present, we recommend genetic testing for POLE and POLD1 in any family with a Lynch syndrome or
attenuated FAP phenotype. We suggest management of PPAP cases in a similar way to MUTYH-associated
polyposis patients. Screening for colorectal adenomas could occur every 2 years, or as required to contorl
the polyp burden, and should also include upper GI surveillance, as we have recent;y fund duodenal
adenomas in a small number of patients. Our findings on POLE and POLD1 variants in the germ line are
paralleled by data from the TCGA and our own tumours, showing somatic POLE proofreading mutations in
2-5% CRCs and 5-10% endometrial cancers. POLE proofreading mutations at different sites cause different
mutator phenotypes, although all cancers are near-diploid and MSI-negative, and all have a specific
mutation signature that is identifiable with targeted sequencing methods such as the Ion Torrent cancer
panel. We used functional assays in S. pombe to study the pathogenicity of POLE and POLD1 variants, and
this appears to be a reliable system for assessing VUSs in these genes.
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Inborn errors of metabolism in a changing world of
exome sequencing and systems biology
Ronald J.A. Wanders
University of Amsterdam, Academic Medical Center, Departments of Clinical Chemistry and Pediatrics,
Laboratory Genetic Metabolic Diseases, Meibergdreef 9, 1105 AZ, Amsterdam

The classical approach towards the diagnosis of patients suspected to suffer from an inborn error of
metabolism (IEM) follows a logical flow of events starting with metabolite analysis as the first line of
investigation. This all started in the 1960s with the analysis of amino acids, organic acids and a number of
semi-quantitative assays. Through the years a range of individual metabolites like guanidine acetoacetate,
and groups of metabolites like acylcarnitines, have been added as a consequence of which a wide range of
different metabolic pathways can readily be analyzed in a simple blood, urine, and/or CSF sample. This
approach has been tremendously successful through the years and many inborn errors have been identified
on the basis of an initial abnormality at the metabolite level, followed by enzymatic analysis to pinpoint the
true defect and molecular analysis to resolve the genetic basis of the disorder.
In the last few years we have witnessed a number of technological achievements that is changing this
diagnostic landscape including the sequencing of one person’s exome and/or genome. Introduction of
exome and whole genome sequencing methods in the field of IEMs, has already shown its huge potential
and has led to the identification of a number of new IEMs with defects in genes which were not associated
with a genetic disease hitherto. Furthermore, exome sequencing has been instrumental in the discovery of
new phenotypic variants caused by mutations in genes already known to be associated with different IEMs.
This is also true for the group of peroxisomal disorders which has been a focus of our own research interest
through the years.
A challenge for the future will be to incorporate exome and whole genome sequencing methods in a
systematic, functional genomics approach aimed to identify the underlying defect in any patient with a
presumed IEM. This requires a completely different organization of the laboratories involved which should
at the minimum imply a close and intimate interaction between the original inborn error laboratories and
the clinical genetic laboratories where exome and whole genome sequencing is performed with on top of
that close interactions with the clinicians involved and bioinformaticians. Ideally, this should best be
achieved in a single organization in which all these activities are concentrated. Finally, initiatives should be
taken at the national, or even EU-level to concentrate efforts, appoint centers of excellence, et cetera.
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Functional interpretation of genomes using
biological networks
Kasper Lage
Harvard Medical School and the Broad Institute of MIT and Harvard, Boston

Computational analyses that integrate biological networks (e.g., based on protein-protein interaction data,
gene expression correlations, synthetic lethality relationships, or text mining) with genetic data have
emerged as a powerful approach to functionally interpret large genomic data sets scalable to the rapid
production of data. This talk will highlight algorithms, statistics, and web portals being developed in this
area and will exemplify how draft molecular systems involved in diabetes (type 1 and 2), Crohn’s disease,
congenital heart diseases, and arrhythmia have been reverse engineered, and subsequently validated, by
coupling genetic data to biological networks through rigorous statistical frameworks.
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Improved exome prioritization of disease genes
through cross species phenotype comparison
Peter Robinson
Institut für Medizinische Genetik und Humangenetik Charité - Universitätsmedizin Berlin

Numerous new disease-gene associations have been identified by whole-exome sequencing studies in the
last few years. However, many cases remain unsolved due to the sheer number of candidate variants
remaining after common filtering strategies such as removing low quality and common variants and those
deemed unlikely to be pathogenic (non-coding, not affecting splicing, synonymous or missense mutations
annotated as non-pathogenic by prediction algorithms). The observation that each of our genomes
contains about 100 genuine loss of function variants with ~20 genes completely inactivated makes
identification of the causative mutation problematic when using these strategies alone. In some cases it
may be possible to use multiple affected individuals, linkage data, identity-by-descent inference, de novo
heterozygous mutations from trio analysis, or prior knowledge of affected pathways to narrow down to the
causative variant. In cases where this is not possible or has proven unsuccessful we propose using the
wealth of genotype to phenotype data that already exists from model organism studies to assess the
potential impact of these exome variants. Here, we introduce PHenotypic Interpretation of Variants in
Exomes (PHIVE), an algorithm that integrates the calculation of phenotype similarity between human
diseases and genetically modiﬁed mouse models with evaluation of the variants according to allele
frequency, pathogenicity and mode of inheritance approaches in our Exomiser tool. Large-scale validation
of PHIVE analysis using 100,000 exomes containing known mutations demonstrated a substantial
improvement (1.2-2.5 fold) over purely variant-based (frequency and pathogenicity) methods with the
correct gene recalled as the top hit in up to 56% of samples, corresponding to an area under the ROC curve
of over 95%. We conclude that incorporation of phenotype data can play a vital role in translational
bioinformatics and propose that exome sequencing projects should systematically capture clinical
phenotypes to take advantage of the strategy presented here.
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An unusual mouse for studying human Down
syndrome
Elizabeth Fisher
Department of Neurodegenerative Disease
UCL Institute of Neurology, Queen Square, London

Approximately one in every 750 people world-wide is born with Down syndrome, and has an extra copy of
chromosome 21 (and this number is not necessarily diminishing in countries with pre-natal diagnosis).
Trisomy 21 gives rise to a complex set of features that includes cognitive impairment, a greatly increased
risk of Alzheimer-like dementia from mid-life onwards, and many variable features including heart
malformations, increased susceptibility to infections and autoimmune disease. The severity of individual
features is highly variable between different people with Down syndrome. Down syndrome is a gene
dosage disorder and arises from having three copies of an entire chromosome, and so identifying individual
genes that contribute to different features of the disorder is challenging. We have chosen to tackle the
problem by creating a series of novel mouse models that are enabling us to identify important dosage
sensitive genes for aspects of Down syndrome . We are particularly interested in the Alzheimer-like
dementia and what it can tell us about this disorder in the euploid population as well as people with Down
syndrome. This is an exciting time for understanding Down syndrome as we are starting to understand the
biological basis of the disorder and as new therapies are being proposed for aspects of the syndrome.
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Novel strategies to map the linear and spatial
genome: fundamental research and applications in
DNA diagnostics
Wouter de Laat
Hubrecht Institute-KNAW & University Medical Center Utrecht, Uppsalalaan 8, 3584 CT Utrecht. Co-founder
of Cergentis.

Most of our genome is non-coding, with often large intergenic spaces in between genes. Originally
considered ‘junk DNA’, these gene-deserts are now known to be peppered with sequences harboring
enhancer capacity. Enhancers can activate gene expression over extreme distances of more than a
megabase. They act through DNA looping, thereby often skipping the nearest genes. Interestingly, diseaseassociated SNPs frequently localize to such regulatory sequences, but it is often unknown which target
gene they control. Chromosome conformation capture (3C)-based technologies are very instrumental in
unraveling the wiring between enhancers and genes. I will present an update of nowadays 3C-based
approaches, of our current understanding of the 3D genome, and how it influences gene transcription.

I will also present a novel strategy, Targeted Locus Amplification (TLA). TLA takes advantage of spatial
proximity between DNA segments to enrich for selected DNA loci and enable complete sequencing of
introns, exons and flanking sequences of any gene of interest. TLA enables the detection of the complete
spectrum of genetic variation, including chromosomal rearrangements, in clinically relevant genes and as
such is a powerful new DNA diagnostic tool for targeted gene sequencing.
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Lodewijk Sandkuijl Lecture

From Genomics to Application
Cock van Duijn
Department of Epidemiology, Erasmus University Medical Center Rotterdam, the Netherlands

Genome wide association studies are rapidly uncovering an increasing number of loci involved in complex
diseases. With some exceptions such as age related macular degeneration, for many traits including
dyslipidemia and Alzheimer’s disease, it remains difficult to predict risks for the future based on these
common variants. At present, the utility of genome tests is limited, predominantly because they lack
predictive ability and clear benefits for disease prevention that are specific for genetic risk groups. In the
near future, personal genome tests will likely be based on whole genome sequencing, but will these
technological advances increase the utility of personal genome testing? Whole genome sequencing
theoretically provides information about the risks of both monogenic and complex diseases. Although new
mutations with practical implicationsfor families and individual carriers will be identified, the utility for the
majority of patients with complex disease remains to be demonstrated. The utility of testing depends on
the predictive ability of the test, the likelihood of actionable test results, and the options available for the
reduction of risks. For monogenic forms of disease, it will be a challenge to recognize new causal variants
among all rare variants that are found using sequencing. For complex diseases, the predictive ability of
genetic tests will be mainly restricted by the heritability of the disease, but also by the genetic complexity of
the disease etiology, which determines the extent to which the heritability can be understood. Given that
numerous genetic and non-genetic risk factors may contribute to complex diseases, the predictive ability of
genetic models will likely remain modest from a public health and clinical perspective. The major challenge
for the near future will be to disentangle which complex diseases can be taken forward for (personal)
genome testing.

21

Abstracts - Talks
NVHG – Autumn Symposium 2013

T 01

Integrator Complex Subunit 8 mutations associated
with cortical and cerebellar malformations result in
disruption of the Integrator complex and
spliceosomal defects
Renske Oegema(1), David Baillat (4), Rachel Schot (1), Daphne Heijsman (2), Leontine van Unen (1),
Sima Kheradmand Kia (1), Jeannette Hoogeboom (1), Andreas Kremer (2), Frans W. Verheijen (1),
Peter van der Spek (2), Robert M. Hofstra (1), Eric Wagner (4), Maarten Fornerod (3), Grazia M. S.
Mancini (1)
Department of Clinical Genetics (1), of Bioinformatics (2) and of Biochemistry (3), Erasmus Medical Center,
Rotterdam, The Netherlands. Department of Biochemistry and Molecular Biology, University of Texas
Medical School, Houston, USA (4)
The Integrator Complex (IC) is responsible for the 3'-end processing of the U major spliceosome snRNAs.
There is accumulating evidence from animal models that the IC is essential for normal vertebrate
development, however no association with human disease has been reported yet. Three siblings with
profound intellectual disability, cerebellar hypoplasia and periventricular nodular heterotopia (PNH)
presented to our department. Using whole genome sequencing (Complete Genomics), and filtering for
recessive inheritance, we discovered co-segregating compound heterozygous mutations in Integrator
Complex Subunit 8 (INTS8) in the three sibs. In patient cells, INTS8 RNA levels are decreased (qRT-PCR) and
we observed lower levels of subunits INTS4, INTS9 and INTS11 on western blots, indicating that the stability
of the complex is disrupted. qRT-PCR showed significantly misprocessed levels of U1, U2 and U4 snRNA in
patient cells, providing evidence that the INTS8 mutations broadly affect the proper processing of snRNAs.
Pathway analysis (DAVID) of expression data (Affymetrix Gene Chip 1.0 exon ST arrays) of RNA extracted
from patient fibroblasts showed enrichment of deregulated genes involved in mRNA splicing and
posttranscriptional modification. Expression data of (developing) human brain structures (Allen Brain Atlas)
show that expression of INTS8 peaks prenatally, especially in the ganglionic eminences, (sub)ventricular
zone and hindbrain, similar to the developmental expression in mouse embryo (Emage database). Notably,
this is compatible with the affected brain regions in the patients, as neuronal precursors from these areas
migrate to the cortex and defective migration leads to PNH. We propose that mutations in INTS8 disrupt
the Integrator Complex, and through snRNA misprocessing and splicing defects, lead to severely disrupted
brain development in humans.
E-mail: r.oegema@erasmusmc.nl
Keywords: neurogenetics, spliceosome, Integrator Complex, malformations of cortical development, brain
development, intelectual disability
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Heterozygous germline mutations in complement
factor A2ML1 cause Noonan-like syndrome
Lisenka E L M Vissers1,2,3,10, Monica Bonetti4,10, Jeroen Paardekooper Overman4,10, Willy M
Nillesen1, Suzanna G M Frints5, Joep de Ligt1,2,3, Marga Schepens1, Han G Brunner1,2,3, Joris A
Veltman1,2,3, Hans Scheffer1, Piet Gros6, José L Costa7, Marco Tartaglia8, Ineke van der Burgt1,11,
Jeroen den Hertog2,9,11, and Helger G Yntema1,2,11
1Department of Human Genetics, Radboud University Medical Centre, Nijmegen, The Netherlands
2Nijmegen Centre for Molecular Life Sciences, Radboud University Nijmegen, The Netherlands 3Institute for
Genetic and Metabolic Disease, Radboud University Nijmegen, The Netherlands 4Hubrecht Institute-KNAW
and University Medical Center, Utrecht, The Netherlands 5Department of Clinical Genetics, Maastricht
University Medical Centre, Maastricht, The Netherlands 6Crystal and Structural Chemistry, Bijvoet Center for
Biomolecular Research, Department of Chemistry, Faculty of Science , Utrecht University, Utrecht, the
Netherlands 7 IPATIMUP, Porto, Portugal 8Dipartimento di Biologia Cellulare e Neuroscienze, Istituto
Superiore di Sanità, Rome, Italy 9Institute of Biology, Leiden, The Netherlands 10These authors contributed
equally to this work 11These authors jointly directed this work
Background Noonan syndrome (NS) is a relatively common, clinically variable developmental disorder.
Cardinal features include postnatally reduced growth, distinctive facial dysmorphism, congenital heart
defects and hypertrophic cardiomyopathy, variable cognitive deficit and skeletal, ectodermal and
hematologic anomalies. Noonan syndrome is transmitted as an autosomal dominant trait, and is genetically
heterogeneous. So far, heterozygous mutations in nine genes (PTPN11, SOS1, KRAS, NRAS, RAF1, BRAF,
SHOC2, MAP2K1 and CBL) have been documented to underlie this disorder or clinically related phenotypes.
Although molecular testing of these genes now confirms a diagnosis in approximately 75% of affected
individuals, still a lot of patients with an obvious Noonan syndrome phenotype are unexplained. An exome
sequencing approach was used to identify new candidate genes for NS. Results Exome sequencing was
performed in seven individuals with NS without a mutation in the known Noonan syndrome genes. In one
patient, we identified and confirmed a unique non-synonymous de novo mutation in a gene encoding an
extracellular protein that can bind to the low density lipoprotein receptor-related protein 1 (LRP1). The fact
that LRP1 is, upon ligand binding, capable of activating the Mitogen-activated protein kinase
(MAPK)/Extracellular signal-regulated kinase (ERK) cascade, provides an essential link between our novel
gene and the pathway known to be involved in NS. Mutation analysis of this gene in a cohort of 155
Noonan syndrome patients revealed two additional likely pathogenic mutations. Expression of these
mutations in zebrafish embryos resulted in developmental defects that are comparable to defects induced
by mutations in other known Noonan syndrome genes. Conclusions Our findings provide strong
experimental support for the involvement of A2ML1 in Noonan-like syndrome.
E-mail: h.yntema@gen.umcn.nl
Keywords: exome sequencing, Noonan syndrome
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Patterns and Rates of Exonic de novo Mutations in
Sporadic Hirschsprung Disease Patients
D. Schriemer1, H. Gui2, B.J.L. Eggen1, W. van IJcken3, M. van den Hout3, M.M. Garcia-Barcelo2,
R.M.W. Hofstra4, on behalf of International Hirschsprung Disease Consortium
1 Department of Neuroscience, section Medical Physiology, University Medical Center Groningen, University
of Groningen, Groningen, The Netherlands 2 Department of Surgery, The University of Hong Kong, Hong
Kong 3 Erasmus Centre of Biomics, Erasmus Medical Center, Rotterdam, The Netherlands 4 Department of
Clinical Genetics, Erasmus Medical Center, Rotterdam, The Netherlands
Hirschsprung disease (HSCR, aganglionic megacolon; 1 in 5000 live births) is a disorder of the enteric
nervous system (ENS) characterized by the absence of enteric neurons along a variable length of the
intestine. HSCR most commonly presents sporadically, although it can be familial (5-20% of the patients).
The sporadic form of the disorder is believed to be a genetically complex disease with both de novo and/or
inherited genetic lesions. To assess the role of de novo mutations (DNM) in sporadic HSCR, we performed
exome sequencing on 16 HSCR patients and their unaffected parents. Standard BWA/GATK pipeline was
used to map the sequence reads to human reference genome 19 and call genomic variants for all 48
samples simultaneously. Exonic DNM mutations were identified using KGGSeq. DNM candidates were
scrutinized using Integrative Genomics Viewer (IGV) and those variants deemed plausible were validated by
Sanger sequencing. In total we confirmed 21 DNM mutations (18 SNVs, 3 Indels) in 16 genes. Five DNM
were identified in RET (major HSCR gene). Rare, coding mutations in CCR2, COL6A3, MED26, NUP98,
HMCN1 and DENND3 had DNM were found in independent HSCR patients. Importantly, some of these
genes are members of pathways involved in the development of the ENS and the encoded proteins interact
with known key signaling molecules. The overall exonic DNM mutation rate is 1.31 per HSCR trio, with 10
out of 16 (62.5%) patients harboring = 1 DNM mutations. Therefore, de novo mutations, as inherited
mutations, contribute to the development of sporadic HSCR.
E-mail: d.schriemer@umcg.nl
Keywords: Hirschsprung, de novo mutations
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Mutations in DEAF1 cause intellectual disability with
severe speech impairment
Anneke T. Vulto-van Silfhout1,2, Shiva Rajamanickam3, Philip J. Jensik3, Sarah Vergult4, Nina de
Rocker4, Jodi Huggenvik3, Christiane Zweier5, Stanley McKnight3, Katie MacLean-Newhall3, Kelsey
Jarrett3, Ramya Raghaven3, Joseph Bulinski3, Xiang Cai3, Gregory Rose3, Joep de Ligt1,2,6, Bregje
W.M. van Bon1,2, Dorien Lugtenberg1, Joris A. Veltman1,2,6, Hans van Bokhoven1,7,8, Han G.
Brunner1,2, Anita Rauch9,10,11, Lisenka E.L.M. Vissers1,2,6, Björn Menten4, Michael W. Collard3,
Bert B.A. de Vries1,2
1Department of Human Genetics, Radboud University Medical Centre, 6500 HB, Nijmegen, the Netherlands
2Institute for Genetic and Metabolic Disease, Radboud University Medical Centre, 6500 HB, Nijmegen, the
Netherlands 3Department of Physiology, Southern Illinois University School of Medicine, Carbondale, IL
62901-6523, USA 4Center for Medical Genetics, University Hospital Ghent, Ghent 9000, Belgium 5Institute
of Human Genetics, University of Erlangen-Nuremberg, Erlangen, Germany 6Nijmegen Centre for Molecular
Life Sciences, Radboud University Medical Centre, 6500 HB, Nijmegen, the Netherlands 7Donders Institute
for Brain, Cognition and Behaviour, Radboud University Medical Centre, 6500 HB, Nijmegen, the
Netherlands 8Department of Cognitive Neurosciences, Radboud University Medical Centre, 6500 HB,
Nijmegen, The Netherlands 9Institute of Medical Genetics, University of Zurich, Schwerzenbach-Zurich,
Switzerland 10Neuroscience Center Zurich, University of Zurich, Schwerzenbach-Zurich, Switzerland
11Zurich Center of Integrative Human Physiology, University of Zurich, Schwerzenbach-Zurich, Switzerland
In about 22% of patients with intellectual disability (ID) a diagnosis can be provided using exome
sequencing.1,2,3 In an additional 20-30% of patients a de novo mutation is identified in a candidate gene
that was not associated with ID previously.1,2,3 One candidate gene in which two de novo mutations were
found is DEAF1.1,3 We aimed to ascertain whether these de novo mutations were causative for the patients
phenotype in three ways. Firstly, we tested an additional cohort of 765 patients with unexplained ID in order
to identify additional patients with mutations in DEAF1 and an overlapping phenotype.2 In total, we
identified three patients with de novo mutations in DEAF1, all affecting the SAND domain which is involved
in DNA binding. All three patients had severe ID and disproportionally severely affected speech with two of
the three patients showing severe behavioral problems. Secondly, we performed functional assays to
determine the mutation impact on protein function. These showed that all three mutations impair the role
of DEAF-1 in transcriptional regulation. Thirdly, we aimed to establish the function of DEAF-1 in zebrafish
and mouse. In situ hybridization showed that Deaf1 is highly expressed in the brain and spinal cord,
especially during early developmental stages. Moreover, conditional knockout of Deaf1 in mouse brain
resulted in increased anxiety-like behavior. In conclusion, we show that transcription factor DEAF1 is
recurrently mutated in three patients with non-syndromic ID with severe speech impairment and we
provide supportive functional evidence which links mutations in DEAF1 to the patients phenotype.
References 1Vissers et al, 2010, Nat Genet 2Ligt et al, 2012, N Engl J Med 3Rauch et al, 2012, Lancet
E-mail: a.silfhout@gen.umcn.nl
Keywords: Intellectual disability, DEAF1 mutation, transcription, knockout mouse
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X-linked osteoporosis and fractures: an unexpected
genetic cause
van Dijk FS(1), Zillikens MC(2), Micha D(1), Riessland M(3), Marcelis CLM(4) , de Die-Smulders CE(5),
Milbradt J(3), Franken AAM(6), Harsevoort GJ(7), Lichtenbelt KD(8), Pruijs JE(9), Rubio-Gozalbo
ME(10)(11), Zwertbroek R(12), Moutaouakil Y(1), Egthuijsen J(1), Hammerschmidt M(13), Bijman
R(1), Semeins CM(14), Bakker AD(14), Everts V(14) , Klein-Nulend J(14) , Campos-Obando N(2),
Hofman A(15), te Meerman GJ(16)Verkerk AJMH(2), Uitterlinden AG(2,15), Maugeri A(1), Sistermans
EA(1), Waisfisz Q(1), Meijers-Heijboer H(1), Wirth B(3), Simon MEH(17), Pals G(1).
1. Center for Connective Tissue Disorders, Department of Clinical Genetics, VU University medical center,
Amsterdam, the Netherlands 2. Department of Internal Medicine, Erasmus MC, Rotterdam, the Netherlands
3. Institute of Human Genetics, Institute of Genetics and Center for Molecular Medicine Cologne, University
of Cologne, Cologne, Germany 4. Department of Genetics, Radboud University Nijmegen Medical Centre,
Nijmegen, the Netherlands 5. Department of Clinical Genetics, Maastricht University Medical Centre,
Maastricht, the Netherlands 6. Department of Internal Medicine, Isala Clinics Zwolle, Zwolle, the
Netherlands 7. Department of Orthopedics, Isala Clinics Zwolle, Zwolle, the Netherlands 8. Department of
Medical Genetics, University Medical Center Utrecht, Utrecht, the Netherlands 9. Department of Pediatric
Orthopaedics, University Medical Center Utrecht, Wilhelmina Childrens Hospital, Utrecht, the Netherlands
10. Department of Pediatrics, Maastricht University Medical Center, Maastricht, the Netherlands 11.
Department of Pediatrics and Laboratory Genetic Metabolic Diseases, Maastricht University Medical Center,
Maastricht, the Netherlands 12. Department of Internal Medicine, Westfries Gasthuis, Hoorn, the
Netherlands 13. Department of Developmental Biology, University of Cologne, Cologne, Germany 14.
Department of Oral Cell Biology, ACTA, University of Amsterdam and VU University Amsterdam, MOVE
Research Institute Amsterdam, Amsterdam, the Netherlands 15. Department of Epidemiology, Erasmus MC
Rotterdam, the Netherlands 16. Department of Genetics, University Medical Center Groningen, University of
Groningen, the Netherlands 17. Department of Clinical Genetics, Erasmus MC, Rotterdam, the Netherlands
Objectives: Osteoporosis with fractures as an X-linked trait, was first reported as a rare type of OI by
Sillence in 1980. OI is genetically heterogeneous with an estimated 90% due to dominant mutations in the
COL1A1 or COL1A2 gene and approximately 10% due to recessive mutations and other unknown causes.
Our goal is to discover new genetic causes of OI and related disorders. Methods: We investigated all
referred cases that had been clearly labelled as OI (all types) but where no genetic cause had been
identified by sequence analysis of all known OI genes. Depending on the pedigree, specific genetic
methods including exome sequencing were used to identify the causative gene. Results : In one large family
with a referral diagnosis of OI type I, normal collagen type I electrophoresis and absence of COL1A1/2
mutations, X-linked inheritance appeared likely based on the pedigree. Exome sequencing of the X
chromosome identified a putative pathogenic frameshift mutation in a candidate gene in affected family
members. Four additional families with pathogenic mutations were discovered. In vitro and in vivo studies
have been performed which support pathogenicity of the identified mutations. Furthermore, a rare variant
in our candidate gene appeared upon testing in a large group of elderly subjects, associated with a twofold
increased fracture risk in elderly female carriers in the normal population. Conclusions: For the first time we
report a genetic cause of X-linked osteoporosis and fractures supported by in vitro and in vivo studies.
Furthermore, the discovery of a rare variant, associated with a twofold increased fracture risk in elderly
females, indicates genetic variation in the identified candidate gene as a novel etiological factor involved in
osteoporosis.
E-mail: fs.vandijk2@vumc.nl
Keywords: Osteoporosis X-linked
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The 'Cardiome´ of the sporadic idiopathic dilated
cardiomyopathy (iDCM) patients
Magdalena Harakalova1,2*, Gijs Kummeling1,2*, Glen Monroe2, Isaac J. Nijman2, Edwin Cuppen2,
Maarten van den Berg3, Gijs van Haaften2, Peter van Tintelen4 and Folkert W. Asselbergs1 *these
authors contributed equally to this work
1 Deparment of Cardiology, UMC Utrecht, The Netherlands, 2 Department of Medical Genetics, UMC
Utrecht, The Netherlands, 3 Department of Cardiology, UMC Groningen, The Netherlands 4 Department of
Genetics, UMC Groningen, The Netherlands.
Idiopathic dilated cardiomyopathy (iDCM) is characterized by left ventricular dilation and systolic
dysfunction in the absence of an obvious etiology such as ischemic heart disease, valve disease, diabetes or
hypertension. The prevalence of iDCM ranges from 1.3-4.3/10.000 and has a 5-year mortality approaching
50%. Furthermore, iDCM diagnosis is the main indication for heart transplantation. Approximately
30â€“50% of iDCM cases have a genetic origin with more than 50 genes already linked to mostly
familiar/syndromal DCM. However, the genetic background is still unclear in the majority of the patients
with iDCM, especially in those with a seemingly sporadic (non-familiar) incidence of iDCM. We selected a
pilot cohort of 50 well-characterized adult Dutch iDCM patients sporadic by history and performed
multiplexed next-generation sequencing of the iDCM 'Cardiome´ genomic capture. The 'Cardiome´ consists
of 450 genes (~1.9 Mb) implicated in force generation, metabolism, cardiac development, calcium
regulation and transcriptional control based on a literature search (PubMed) and existing databases (OMIM,
KEGG and GO) including the known DCM genes. The prioritization of variants was based upon variant
frequency (not present in EVS, dbSNP, in-house databases), possible damaging effect on protein (PolyPhen,
SIFT) and high evolutionary conservation (GERP score). Interestingly, we detected a possibly/probably
pathogenic variant in 11 patients (~22%) in known cardiac/iDCM genes (PPP1R3L, CAMK2D, DICER1,
RBM20, RYR2, DSP, SYNE1, DES, MYLK2, MYO6, JAK2, PALLD). Moreover, novel damaging variants in heartrelated genes previously never linked to human disease were identified in 16 additional patients (32%),
whereas the remaining 23 patients (46%) did not harbor any possibly disease-causing variant in the
'Cardiome´. All candidate variants with unknown function will subsequently be tested in the zebrafish
embryonic model. Furthermore, we are currently performing sequencing of an additional cohort of adult
iDCM patients to confirm the observations of this pilot study. In conclusion, we were able to detect a
possible cause of iDCM in more than 50% of sporadic adult iDCM patients suggesting that the tests for
DCM/cardiac genes should be routinely performed for this group of patients.
E-mail: m.harakalova@umcutrecht.nl
Keywords: idiopathic dilated cardiomyopathy, cardiome, next-generation sequencing, diagnosis
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Functional analysis of splice-site mutations in
sarcomeric genes of cardiomyopathy patients using
in vitro myogenic differentiation of fibroblasts
F.H.J. van Tienen, R.W.E.B. Lutgens, G.R.F. Claes, I.P.E. Roozen, Y.E.G. Barrois, R.G.J. Deckers, I.P.C.
Krapels, A.T.J.M. Helderman-van den Enden, H.J.M. Smeets, A.D. Paulussen, A. van den Wijngaard
Maastricht University Medical Center, Joseph Bechlaan 113, 6229 GR Maastricht; Maastricht University,
Universiteitssingel 50, 6229 ER Maastricht
Cardiomyopathies are a heterogeneous group of disorders with a high incidence rate and a genetic
component in many patients. Pathogenic mutations in genes encoding sarcomeric proteins, which
constitute the contractile unit of the cardiomyocytes, can cause cardiomyopathies. Hypertrophic
cardiomyopathy (HCM) has the highest incidence (1/500), but also dilated cardiomyopathy (DCM) and
restrictive cardiomyopathy (RCM) are frequently diagnosed (incidence 1/1,000-1/5,000), while Left
Ventricular Non-Compaction (LVNC) is more rare. To date, more than 1092 mutations have been identified
in the ten most frequently analyzed sarcomere genes. The majority of these mutations are missense
mutations, while the minority (~6.5%) are splice-site mutations. Currently, the classification of splice-site
mutations in sarcomeric genes is difficult and mostly based on in silico splice-site prediction. Functional
analysis is preferable, but is difficult since the target tissue is generally not available, and expression levels
and/or isoforms are different in regular specimens (e.g. blood and fibroblasts). In order to overcome this
hurdle and allow functional analysis of splice-site mutations, we induced myogenic differentiation in
fibroblasts by overexpressing MyoD. In this study, we assessed the expression of the sarcomeric genes in
control samples of blood, fibroblasts, MyoD-induced fibroblasts, skeletal muscle and heart. After myogenic
induction in fibroblasts, expression was increased of actine alpha 1, myosin light chain 3, myosin heavy
chain 7 (MYH7), troponin I3, Troponin T2 (TNNT2), troponin C1, tropomyosin 1 and tropomodulin 1. In
addition, RNA analysis after myogenic differentiation of patient-derived fibroblasts was performed, and we
could rule-out an effect on RNA-splicing for three mutations in MYH7 and one mutation in TNNT2. In
conclusion, myogenic differentiation of fibroblasts is a diagnostic tool to assess the effect of newly
identified genetic variants on RNA splicing of sarcomeric genes, thereby contributing to pathogenicity
classification and risk assessment for family members.
E-mail: florence.van.tienen@mumc.nl
Keywords: cardiomyopathy; sarcomeric mutations; RNA splicing; in vitro assay
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Pre-publication sharing of exome/genome variant
and phenotype data to resolve rare disease
Ivo FAC Fokkema, Martijn Vermaat, Jeroen FJ Laros, Marjolein Kriek, Peter EM Taschner, Gijs WE
Santen, Johan T den Dunnen
Center for Human and Clinical Genetics, Leiden University Medical Center
We have built a system facilitating sharing of unpublished data from whole exome (WES) and whole
genome sequencing (WGS) studies. The system should help to speed up gene discovery by assisting
researchers to find the critical "second case". The system has already demonstrated its value by bringing
together researchers having independently identified variants in the MICU1 gene in patients with a similar
phenotype, but without sufficient proof. The main hurdle in current studies using WES/WGS is to find
sufficient evidence to prove causality. Roughly studies give a yield of 1/3 proven causality, 1/3 likely
causality and 1/3 unresolved cases. An obvious way to improve overall yield would be reaching out to
colleagues world-wide to find additional positive or negative evidence for the candidate variants remaining.
An important obstacle here is, for several reasons, the desire and demand to publish in peer-reviewed
journals which works against pre-publication data sharing. The approach is built around the gene variant
databases (LSDBs) using version 3 of the LOVD platform (Leiden Open-source Variation Database,
http://www.LOVD.nl) to collect and share information about genes, variants and phenotypes (diseases) and
facilitate the analysis of exome and genome sequence data. Within the databases curated by us we have
implemented a so-called VIP-status for both variants and phenotypes demanding specific attention. People
can submit both phenotype descriptions and/or gene variants with the request to assign these a VIP status.
VIP-phenotypes are those for which WES/WGS studies were performed but for which insufficient evidence
was gathered to prove causality with variants in a specific gene. VIP-variants are those remaining after
stringent filtering that could not be linked to nor excluded as causative in WES/WGS. The submitter decides
whether the submission is named or anonymous. Others studying VIP-phenotypes or identifying VIPvariants are invited to contact the submitter to collaborate. For anonymous submissions the LOVD-curator
will act as an intermediary to bring researchers into contact. We believe this option is effective regarding
sharing data while at the same time protecting peoples' interest to ultimately publish their findings. The
Human Variome Project has granted LOVD the recommended system status for variant collection.
E-mail: I.F.A.C.Fokkema@lumc.nl
Keywords: variant sharing, whole exome sequencing, whole genome sequencing, gene variant database,
LOVD
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Scattered Single-Cell Deletion of Pkd1 in Mouse
Kidneys Recapitulates Human Polycystic Kidney
Disease and Refines the Model of Cystogenesis
Wouter N. Leonhard1, Malu Zandbergen2, Kimberley Veraar2, Emile De Heer2, Martijn H. Breuning1
and Dorien J.M. Peters1
1) Leiden University Medical Center, dept.Human Genetics 2) Leiden University Medical Center,
dept.Pathology
Background: Autosomal Dominant Polycystic Kidney Disease (ADPKD) is the most prevalent monogenetic
disorder (1 in 1000 individuals) and currently cannot be effectively treated. ADPKD patients carry a germline
mutation in PKD1 or PKD2 which leads to massive renal cyst formation and to renal failure around the age
of 60. The relatively rapid progression of the disease is preceded by a lag-phase of several decades.
Although the cause of this rapid progression is poorly understood, extensive research led to the
presumption that sporadic somatic inactivation of the remaining allele initiates the formation of cysts, and
the progression is further accelerated by renal injury. This hypothesis is based primarily on animal studies in
which the gene is inactivated in large percentages of kidney cells. In this study we lowered this percentage
to mimic human ADPKD more precisely. Methods: To inactivate Pkd1 in fewer renal cells in adult tamoxifeninducible kidney-specific Pkd1-deletion mice, we lowered the tamoxifen dose. Quantification and
visualization of Pkd1-deleted cells was done by eMLPA and by crossbreeding to LacZ reporter mice. Renal
injury was applied by nephrotoxicant (DCVC) injection, unilateral nephrectomy, or combinations. Western
blot and IHC analysis was used to assess the expression of several PKD-related proteins. Results:
Interestingly, no pathological changes occurred for six months after scattered single-cell Pkd1 deletion in
adult mice and, in contrast to previous studies, additional renal injury did not trigger rapid PKD. However, in
the next few months (i.e. 6-10 months following Pkd1-disruption) the mice developed rapidly progressing
PKD that was remarkably similar to human ADPKD. This shift was not caused by general aging but was
preceded by increased pSTAT3, Ki-67 and LCN2 expression in the vicinity of the initial cysts. Conclusions:
Our data argue against the conventional view that Pkd1-deleted cells are triggered by renal injury to form
cysts. We show that the initial cysts themselves are the principal trigger for a 'snow-ball´ effect driving the
formation of new cysts, by chronically activating PKD-related signaling in the surrounding tissue. From this
point onward, the frequency of cyst formation increases, and the disease ultimately progresses to severe
PKD. In addition, our approach is a suitable model for mimicking human ADPKD which will help guide the
development and refinement of improved therapeutic strategies.
E-mail: w.leonhard@lumc.nl
Keywords: Autosomal Dominant Polycystic Kidney disease Mouse model
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Splice site mutations in the outer dynein arm
docking complex gene CCDC114 cause primary
ciliary dyskinesia with apparent normal fertility
T. Paff1,2,3, A. Onoufriadis4, D. Anthony4, A. Shoemark5, D. Micha1, B. Kuyt1, M. Schmidts4, S.
Petridi4, J.E. Dankert-Roelse6, E.G. Haarman2, J.M.A. Daniels3, R.D. Emes7, R. Wilson8, C. Hogg5, P.J.
Scambler4, E.M.K. Chung9, UK10K10, H.M. Mitchison4, G. Pals1.
1 Department of Clinical Genetics, 2 Department of Pediatric Pulmonology, 3 Department of Pulmonary
Diseases, VU University Medical Center, Amsterdam, The Netherlands 4 Molecular Medicine Unit and Birth
Defects Research Centre, Institute of Child Health, University College London, London, UK 5 Department of
Paediatric Respiratory Medicine, Royal Brompton and Harefield NHS Trust, London, UK 6 Department of
Pediatrics, Atrium Medical Center, Heerlen, The Netherlands 7 School of Veterinary Medicine and Science,
University of Nottingham, Sutton Bonington Campus, Leicestershire, UK 8 Host Defence Unit, Respiratory
Medicine, Royal Brompton and Harefield NHS Trust, London, UK 9 General and Adolescent Paediatric Unit,
University College London (UCL) Institute of Child Health, London, UK 10 Uk10k.org.uk
Rationale:Primary ciliary dyskinesia (PCD) is characterized by abnormal function of motile cilia and flagella
leading to chronic respiratory disease, infertility and laterality abnormalities. PCD classically manifests with
an autosomal recessive mode of inheritance, affecting 1 in every 15,000-30,000 live births. So far, the
genetic base of the disease is identified in only half of the cases. The genetically isolated Volendam
population in the Netherlands has an increased frequency of PCD patients of at least 1:400 inhabitants and
apparent normal fertility. We aimed to identify the genetic defect underlying PCD in this population.
Methods:Whole exome-sequencing was performed in two distantly related affected individuals of an
extended pedigree. Protein altering variants with an estimated population frequency of <0.01 were
considered as candidate pathogenic mutations. To assess relative gene expression levels we performed
quantitative PCR in mRNA from airway epithelial cells and testis cells from controls and a Volendam patient.
Results:We found that CCDC114 was the only gene harbouring low-frequency variants that were
compatible with recessive inheritance. CCDC114 is the human homolog of the biflagellate Chlamydomonas
DCC2 gene, which encodes an outer dynein arm (ODA) docking complex subunit. Both affected individuals
were homozygous for a substitution which leads to the loss of a donor splice site and subsequent use of an
intronic cryptic splice site, leading to a frameshift and an altered and short protein. The mutation
segregated with disease in 8 available Volendam families, affecting a total of 16 patients. Mutation analysis
in 44 UK PCD patients with ODA and combined ODA/IDA defects identified an additional homozygous
splice site variant in one UK family, also causing disruption of the protein. Transmission electron microscopy
and immunofluorescence of respiratory cilia cross-sections showed loss of ODAs. CCDC114 is expressed at
higher levels in cilia than in testis cells while CCDC63, the other human homolog of the DCC2 gene, is
highly expressed in testis cells with no detectable expression in cilia producing cells. Conclusions:We
identified a novel disease causing mutation in the CCDC114 gene most likely underlying all PCD cases in
the Volendam population in The Netherlands. Elevated expression of the closely related CCDC63 gene may
compensate for loss of function in testis cells, resulting in apparent normal fertility in male patients.
E-mail: t.paff@vumc.nl
Keywords: Primary Ciliary Dyskinesia, Diagnosis
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Variable Loss of Functional Activities of Androgen
Receptor Mutants in Patients with Androgen
Insensitivity Syndrome
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Metabolism, Academic Medical Center, University of Amsterdam, (g) Section of Endocrinology, Department
of Internal Medicine, VU University Medical Center, Amsterdam, (h) Department of Molecular Design &
Informatics, Merck Research Laboratories, Oss, and (I) Department of Pediatrics, Leiden University Medical
Center, Leiden, The Netherlands; (j) Department of Pediatrics, Addenbrooke´s Hospital, University of
Cambridge, Cambridge, UK; (k) Department of Pediatric Endocrinology, Ghent University Hospital, Ghent
University, Ghent, Belgium; (l) Division of Human Genetics, Center for Biomedical Research, Faculty of
Medicine, Dr. Kariadi Hospital, Diponegoro University, Semarang, Indonesia
Pathogenic mutations in the Androgen receptor (AR) gene cause androgen insensitivity syndrome (AIS) and
are associated with a variety of clinical phenotypes. The aim of the present study was to compare the
molecular properties and potential pathogenic nature of 8 novel and 3 recurrent AR variants with a broad
variety of functional assays. Eleven AR variants (p.Cys177Gly, p.Arg609Met, p.Asp691del, p.Leu701Phe,
p.Leu723Phe, p.Ser741Tyr, p.Ala766Ser, p.Arg775Leu, p.Phe814Cys, p.Lys913*, p.Ile915Thr) were analyzed
for hormone binding, transcriptional activation, cofactor binding, translocation to the nucleus, nuclear
dynamics and structural conformation. Ligand-binding domain variants with low to intermediate
transcriptional activation displayed aberrant Kd values for hormone binding and decreased nuclear
translocation. Transcriptional activation data, FxxFF-like peptide binding and DNA binding correlated well
for all variants, except for p.Arg609Met, p.Leu723Phe and p.Arg775Leu, which displayed a relatively higher
peptide binding activity. Variants p.Cys177Gly, p.Asp691del, p.Ala766Ser, p.Phe814Cys, and p.Ile915Thr had
intermediate or wild type values in all assays and showed a predominantly nuclear localization in living cells.
All transcriptionally inactive variants (p.Arg609Met, p.Leu701Phe, p.Ser741Tyr, p.Arg775Leu, p.Lys913*) were
unable to bind to DNA and were associated with complete AIS. Three variants (p.Asp691del, p.Arg775Leu,
p.Ile915Thr) still displayed significant functional activities in in vitro assays, although the clinical phenotype
was associated with complete AIS. The data show that molecular phenotyping based on 5 different
functional assays matched in most (70%) but not all cases.
E-mail: h.bruggenwirth@erasmusmc.nl
Keywords: Androgen insensitivity syndrome, Androgen receptor, Disorders of sex development, Functional
assays, Variant of unknown significance, Pathogenic mutation.
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Loss of a Regulatory Element May Determine
Endometrial Cancer Risk in EPCAM Deletion Carriers
Richarda M. de Voer 1, Eugène T.P. Verwiel 1, Margo Donna 1, Erwin van Wijk 1,2, Lilian Vreede 1,
Rut Freixas 1, KaMan Wu 1, Iris D. Nagtegaal 3, Nicoline Hoogerbrugge 1, Ad Geurts van Kessel 1,
Marjolijn J.L. Ligtenberg 1,3, Roland P. Kuiper 1
1 Department of Human Genetics, Radboud University Medical Centre, Nijmegen, The Netherlands; 2
Department of Otorhinolaryngology, Radboud University Medical Centre, Nijmegen, The Netherlands; 3
Department of Pathology, Radboud University Medical Centre, Nijmegen, The Netherlands.
Lynch syndrome is caused by germline mutations in the mismatch-repair genes MLH1, MHS2, MSH6 and
PMS2. Mutation carriers exhibit a high risk of developing colorectal cancer (CRC) and endometrial cancer
(EC). We recently found that constitutional 3´end deletions of EPCAM cause epigenetic silencing of MSH2 in
EPCAM-expressing tissues, thus providing a new cause of Lynch syndrome1. EPCAM deletion carriers have a
similar CRC risk as MSH2 mutation carriers, but ECs were only observed in patients with deletions extending
close to the MSH2 promoter2. Therefore, we hypothesized that in endometrial cancer precursor cells MSH2
inactivation is not caused by read through-mediated silencing, but by loss of a regulatory element. Indeed,
a 5.5-kb region upstream of MSH2, shows a site with H3K4Me1 and H3K4Me2 in the hepatocellular
carcinoma cell line HepG2, suggesting the presence of a regulatory element. We generated and tested
luciferase reporter constructs containing segments of the 5.5-kb region in a panel of cancer cell lines. A
fragment of 1.5-kb, located 4.8-kb upstream of MSH2, revealed enhancer activity in the CRC cell line
HCT116. Currently we are studying this region in a zebrafish model for determining its cell type-specific
regulatory role in vivo. Our data suggest that through EPCAM deletions that extend close to the MSH2
promoter an enhancer element is lost. This loss may cause an increased risk for endometrial cancer in
carriers of EPCAM deletions that extend close to the MSH2 promoter. 1Nat Genet. 2009;41:112-117
2LancetOncol 2011;12:49-55
E-mail: r.devoer@gen.umcn.nl
Keywords: Lynch syndrome, 3´end EPCAM deletions, endometrial cancer
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Overview of non invasive prenatal testing in the
Dutch laboratories
Elles MJ Boon, Brigitte Faas, Heleen Schuring-Blom, Robert-Jan Galjaard, Merryn Macville, Karin
Huijsdens, Paola Lombardi, Lieve Page-Christiaens, Suzanna Frints, Bert Bakker, Ron Suijkerbuijk,
Cees Oudejans, Birgit Sikkema-Radatz, Erik A Sistermans
LUMC, UMC St Radboud, Erasmus MC, MUMC+, UMC, AMC, UMCG, VUmc
The possibilities for non-invasive prenatal testing (NIPT) have expanded greatly over the last years. Large
validation studies for NIPT for the detection of trisomy 21 have been published showing a high sensitivity
and specificity for this test. These studies were the foundation for the implementation of NIPT worldwide
and this test is now available in the USA, China and several European countries such as Germany,
Switzerland, UK, Spain and Belgium. To allow introduction in the Netherlands, clinical implementation for
high-risk patients is urgently needed by validation of test performance in a daily-practice setting and
assessment of the pregnant women´s decision making with regard to noninvasive prenatal testing. This
implementation study is being performed by the Dutch NIPT Consortium. Within this consortium, genetic
laboratories of all eight medical university centers worked closely together since 2011 to perform both inhouse as well as interlaboratory validations of NIPT. Firstly, an inventory was made of all protocols used in
different laboratories. Using this information, NIPT protocols were optimized and critical parameters within
the procedure were determined that need to be subject to quality control. Therefore, minimal requirements
for the test as well as several quality controls were agreed upon. By now, a total of 718 maternal plasma
samples has been tested including 103 T21, 18 T18 and 8 T13 samples. Even in this early phase, where
especially bioinformatics is still being improved, the sensitivity and specificity for the detection of T21 are
99,0% [95% CI 93.9-99.9%] and 99,6% [95% CI 98,7-99,9%] respectively. Our data show that with optimized
protocols and proper quality controls NIPT can be performed with high accuracy in genetic laboratories in
the Netherlands, thereby clearing the way for the next steps of implementation.
E-mail: E.M.J.Boon@lumc.nl
Keywords: Non Invasive Prenatal Testing, Next Generation Sequencing, Prenatal Diagnosis, Prenatal
Screening
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Application of targeted next-generation sequencing
in clinical diagnostics
Birgit Sikkema-Raddatz, Lennart F. Johansson, Eddy N. de Boer, Krista van Dijk-Bos, Paskal van
Norel, Jos, Dijkhuis, Martijn Viel, Martine Meems, Arjen Scheper, Yvonne Vos, Helga Westers, Beike
Leegte, Johanna ter Beest, Lisette van der Heijden, Annemieke van der Hout, Rowida Almomani,
Peter van Tintelen, Rolf H. Sijmons, Jan D.H. Jongbloed, Richard.J. Sinke
Department of Genetics, University of Groningen, University Medical Centre Groningen, Groningen, the
Netherlands
The challenge in genetic diagnostics is to apply one comprehensive test for heterogeneous diseases. The
number of genes to examine in a particular clinical case can be relatively large because phenotypes of many
hereditary syndromes are known to overlap and different genes may underlie a single syndrome. Our aim
was to design and implement various targeted next generation sequencing (NGS) gene-panels, starting
with those disorders that account for the majority of current diagnostic requests. As proof of principle we
developed a gene-panel based on Agilent Sure Select Target Enrichment® for simultaneous mutation
detection for 48 genes associated with hereditary cardiomyopathies [Sikkema-Raddatz et al, Hum Mutat
2013]. To assess test-sensitivity and specificity we performed a validation on 84 patients. For 24 of these
Sanger Sequencing (SS) data for up to six genes were available. Pools of 12 samples were sequenced using
151 bp paired-end reads on an Illumina MiSeq® sequencer and analyzed using NextGene® and
Cartagenia-NGS® software. Subsequently, an extended gene-panel targeting 55 cardiomyopathyassociated genes was implemented in routine diagnostics. To date, more than 200 patients have been
analyzed. In parallel, a targeted NGS gene-panel for 70 cancer predisposition genes was designed and
validated in a similar manner. For the cardiomyopathy gene-panel, 99% of all bases had a coverage of =30
reads per nucleotide. Because of poor coverage a total of 11 regions were analyzed in parallel using SS. We
identified ~21000 variants (250 per patient). SS was performed for 168 variants (155 substitutions, 13
indels). Al were confirmed, including a deletion of 18 bps and an insertion of 6 bps. Compared to previous
routine diagnostics based on SS, application of our NGS-method resulted in increase of diagnostic yield
from 15% to about 50%. For validation of the cancer gene-panel results were comparable; 99% of all bases
with =30 reads per nucleotide, for 22 regions SS is performed in parallel, no false positive or negative
results upon confirmation with SS of 180 variants. The first patients are now being tested in diagnostics.
Targeted NGS of a disease-specific subset of genes can be reliably implemented in diagnostics to analyze
large numbers of genes in parallel with significantly improved diagnostic yield. Additional gene-panels i.e.
for epilepsy and neurodegenerative disorders are currently being designed and implemented.
E-mail: b.sikkema01@umcg.nl
Keywords: targeted next generation sequencing, clinical diagnostics, heterogeneous diseases, gene-panel
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Mate pair sequencing for the detection of balanced
and unbalanced chromosomal aberrations in
patients with intellectual disability and congenital
malformations
Ellen Van Binsbergen 2, Sarah Vergult 1, Tom Sante 1,5, Silke Nowak 1, Olivier Vanakker 1, Kathleen
Claes 1, Bruce Poppe 1, Nathalie Van der A 3, Markus J. van Roosmalen 2, Karen Duran 2, Masoumeh
Tavakoli-Yaraki 2, Marielle Swinkels 2, Marie-José van den Boogaard 2, Mieke van Haelst 2, Filip
Roelens 4, Frank Speleman 1, Edwin Cuppen 2, Geert Mortier 1,3, Wigard P. Kloosterman 2, and
Björn Menten 1.
1Center for Medical Genetics, Ghent University, 9000 Ghent, Belgium, 2Department of Medical Genetics,
University Medical Center Utrecht, 3584 CG Utrecht, The Netherlands, 3Department for Medical Genetics,
University Hospital of Antwerp, 2000 Antwerp, Belgium, 4Heilig Hart Ziekenhuis, 8800 Roeselare, Belgium.
Structural variations (SVs) are one of the important causes of intellectual disability (ID) and multiple
congenital abnormalities (MCA). Recently, microarrays have replaced karyotyping as a first tier test in
patients with ID/MCA in many laboratories. While in about 14-18 % of such patients DNA copy number
variants (CNVs) with clinical significance are detected, microarrays have the disadvantage of missing
balanced rearrangements, as well as providing additional information about the genomic architecture of
SVs like duplications and complex rearrangements. Such information could possibly lead to a better
interpretation of the clinical significance of the SV. In this study the additional clinical use of mate pair nextgeneration sequencing was evaluated for the detection and further characterization of structural variants
within the genomes of fifty ID/MCA patients. Thirty of these patients carried a chromosomal aberration that
was previously detected by array CGH or karyotyping and suspected to be pathogenic. In the remaining
twenty patients no causal SVs were found and only benign aberrations were detected by conventional
techniques. Combined cluster and coverage analysis of the mate pair data allowed precise breakpoint
detection and further refinement of all previously identified balanced and (complex) unbalanced
aberrations, pinpointing the causal gene for some patients. We conclude that mate pair sequencing is a
powerful technology that can provide rapid and unequivocal characterization of various defects
(unbalanced and balanced SVs) in patient genomes and can be helpful in the clinical interpretation of such
SVs.
E-mail: e.vanbinsbergen@umcutrecht.nl
Keywords: Mate-pair sequencing, array-CGH, structural variation, intellectual disability/ and multiple
congenital abnormalities
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High carrier frequency in a well-described
subpopulation: The importance of offering targeted
preconception carrier testing
M. C. Maarle, van1, P. Lakeman1, L. Henneman2, I. B. Mathijssen1, W. Ottenhof3, M. M. Weiss2, H. R.
Waterham1, F. Baas5, G. Pals2, M. M. A. M. Mannens1, E. J. Meijers-Heijboer1,2
1Academic Medical Center, dept. of Clinical Genetics, Amsterdam, Netherlands, 2VU University Medical
Center, dept. of Clinical Genetics, Amsterdam, Netherlands, 3Waterland Oost Midwifery Practice, Volendam,
Netherlands, 4Academic Medical Center, dept. of Neurogenetics, Amsterdam, Netherlands.
Autosomal recessive disorders in general are rare, but may be high prevalent in specific subpopulations.
Within a small genetic isolated community in the Netherlands (~ 21.000 inhabitants), with common
ancestral origin, relatively many children are born with a severe autosomal recessive disease (2-4 children of
220 live births a year). Founder mutations were identified for the four following diseases: pontocerebellar
hypoplasia type 2 (PCH2), foetal akinenesia deformity syndrome (FADS), rhizomelic chondrodysplasia
punctata type 1 (RCDP1), and osteogenesis imperfecta type II/III (OI). Children with these disorders suffer
significant morbidity and have a severely reduced lifespan. This warranted the start of a preconception
outpatients´ clinic in collaboration with the local midwifery practice, aimed at couples planning a
pregnancy. Standard preconception advice is given, combined with genetic counselling for carrier testing
for all four disorders. From September 2012 till May 2013, 111 individuals (48 couples and 15 individuals)
were counselled, two individuals refrained from carrier testing, in these cases only the partner was tested.
Overall 42/109 tested individuals (39%) were identified as carrier of at least one disease: 18 were carrier of
PCH2, 14 of FADS, 7 of RCDP1 and 7 of OI. Four persons were carrier of two diseases. Three carrier couples
at high risk (25%) of PCH2 were identified. In 63 (57%) individuals no positive family history of
carriers/affected persons within the close family (up to the third degree) was known, however in most
families one or more children died in infancy within the second or third degree. Sixty-one individuals were
tested and 20 (33%) were carrier of at least one disease. Of all tested couples 41% were pregnant at the
time of counselling. The mean pregnancy duration was 11 weeks. The three carrier couples were not
pregnant at the time of counselling. Subsequently, two of these couples were pregnant and chose for
prenatal diagnostics. These first results stress the importance of offering targeted preconception carrier
testing within populations with high prevalence of specific genetic disorders, and can be used as a test case
for other high-risk subpopulations (e.g. in Ashkenazi Jewish communities; haemoglobinopathy carrier
testing).
E-mail: m.c.vanmaarle@amc.uva.nl
Keywords: Preconception care; carrier testing; targeted carrier testing; autosomal recessive disease
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Functional Assessment of Potential Splice Site
Variants in Arrhythmogenic Right Ventricular
Dysplasia/Cardiomyopathy
Judith A Groeneweg, Amber S Ummels, Marcel J Mulder, Hennie Bikker, Jasper J van der
Smagt, Jan G Post, Jeroen F van der Heijden, Arjan C Houweling, Jan DH Jongbloed, Arthur
AM Wilde, J Peter van Tintelen, Richard N Hauer, Dennis Dooijes
University Medical Center Utrecht, Utrecht, The Netherlands; Interuniversity Cardiology Institute of the Netherlands,
Utrecht, The Netherlands; Academic Medical Center, Amsterdam, The Netherlands; VU Medical Center, Amsterdam, The
Netherlands; University Medical Center Groningen, Groningen, The Netherlands

Introduction: Interpretation of genetic screening results in Arrhythmogenic Right Ventricular
Dysplasia/Cardiomyopathy (ARVD/C) is often difficult. Pathogenicity of variants with uncertain significance
may be predicted by software algorithms. However, functional assessment can unambiguously demonstrate
the effect of such variants. Aim: Functional analysis of putative splice site variants identified in ARVD/C
patients. Methods: Eleven variants in desmosomal (PKP2, JUP, DSG2, DSC2) and non-desmosomal
(TMEM43) genes with potential RNA splicing effect (predicted by SpliceSiteFinder-like, MaxEntScan,
NNSPLICE, GeneSplicer, and Human Splicing Finder) were analyzed. The variants were found in patients
with ARVD/C (fulfilment of 2010 Task Force Criteria) or suspected ARVD/C (3 patients: DSC2 c.1350A>G,
JUP, TMEM43 variant). Total RNA was isolated from fresh blood samples and subjected to rtPCR. Obtained
cDNA products were amplified by PCR with exonic primers specific for fragments of interest. All cDNA
fragments were separated according to size using gel electrophoresis. PCR fragments were subjected to
direct sequence analysis. Results: Of the 11 variants, 6 were intronic and 5 exonic. Eight variants, including 2
missense variants, had a functionally deleterious effect on mRNA splicing by causing exon skipping,
generating new splice sites, or activating cryptic sites. All 6 intronic variants tested affected mRNA splicing.
Two of 5 exonic variants severely impaired pre-mRNA processing. The remaining 3 exonic variants had no
detectable effect on splicing, heterozygous presence in mRNA confirmed biallelic expression in these cases.
Conclusion: Eight variants of uncertain significance had a functional effect on mRNA splicing, indicative of
being ARVD/C related pathogenic splice site mutations. This highlights the importance of functional
assessment of potential splice site variants to enhance patient care and facilitate cascade screening.
E-mail: d.dooijes@umcutrecht.nl
Keywords: Functional studies, genetic variants, mRNA analysis, ARVD/C, splice site
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NGS diagnostics in Red Blood Cell membrane
disorders.
Bert van der Zwaag, Richard van Wijk, Patrick v Zon, Martin G. Elferink, Maartje J. Vogel,
Isaac J. Nijman, Edwin P.J. Cuppen, Wouter W. van Solinge, Hans Kristian Ploos van Amstel
Department of Medical Genetics, University Medical Center Utrecht, Utrecht, The Netherlands Laboratory for Clinical
Chemistry and Haematology, University Medical Center Utrecht, Utrecht, The Netherlands

Hereditary disorders of the red blood cell (RBC) membrane constitute a major cause of hereditary hemolytic
anemia, and are caused by mutations affecting structural proteins of the RBC cytoskeleton and their
anchoring to the RBC membrane. Hereditary spherocytosis (HS) and elliptocytosis (HE) are common
abnormalities, hereditary pyropoikilocytosis (HPP) and stomatocytosis (HST) are rare. In most cases the
mode of inheritance is autosomal dominant. Traditionally, RBC membrane disorders are classified according
to morphological appearance on blood smear. Molecular analysis has long been hampered due to the size
of the genes involved, but has become feasible with the advent of Next Generation Sequencing (NGS). We
set up and implemented an NGS based test to sequence seven genes associated with RBC membrane
disorders: SPTA1, SPTB, ANK1, SLC4A1, EPB41, EPB42 and RHAG. After enrichment of gDNA using a custom
Agilent SureSelectXT kit (targeted at 650 clinically relevant genes) exons and flanking intronic sequences
were determined using a SOLIDTM-5500XL system (~92% of bases covered with >99% sensitivity).
Causative mutations, most of which were novel, were identified in 16/20 patients with defined
membranopathies, predominantly in the SPTA1 and ANK1 gene. Surprisingly, no mutations were detected
in the SLC4A1 gene, a major cause of HS. NGS based DNA diagnostics has thus been shown to be a highly
reliable and effective method to detect mutations in patients with hereditary RBC membrane disorders.
E-mail: A.vanderzwaag@umcutrecht.nl
Keywords: red blood cell membrane, hemolytic anemia, NGS diagnostics, genepanel, hereditary
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Screening for somatic mismatch repair gene
aberrations improves the molecular diagnostics of
patients suspected for lynch syndrome
Willemina RR Geurts-Giele (1), Celine HM Leenen (2), Isabelle C Meijssen (1), Edward Post
(1), Hein FBM Sleddens (1), Hendrikus J Dubbink (1), Ernst J Kuipers (2,3), Ans MW van den
Ouweland (4), Monique E van Leerdam (5), Anja Wagner (4), Winand NM Dinjens (1)
Departments of Pathology (1), Gastroenterology and Hepatology (2), Internal Medicine (3) and Clinical Genetics (4),
Erasmus MC, University Medical Center, Rotterdam, the Netherlands. Department of Gastroenterology and Hepatology (5),
Antoni van Leeuwenhoek, Netherlands Cancer Institute, Amsterdam, the Netherlands.

In approximately 30 percent of colorectal and endometrial cancer patients suspected for Lynch syndrome
(LS) no germline mutations in the mismatch repair (MMR) genes are detected (van Lier et al., 2012; Leenen
et al., 2012). Conclusive diagnosis for these patients is impossible as they potentially have sporadic tumors.
The aim of this study was to screen for somatic aberrations in the MLH1, MSH2, MSH6 and PMS2 genes in
patients suspected for LS without germline mutations. Multiplex snapshot assays and fluorescent in situ
hybridization (FISH) probes were used to detect deletions of the MMR genes in 71 confirmed LS patients,
27 suspected LS patients and 27 patients with MLH1 promoter hypermethylation. Additionally, the 27
tumor samples of suspected LS patients were screened for somatic mutations with the Ion Torrent Personal
Genome machine (PGM) using a custom made MMR gene primer panel. Preliminary results show loss of
heterozygosity (LOH) at the indicated MMR gene locus in 15/24 tumors of confirmed LS patients, 12/14
tumors of suspected LS patients and 0/19 tumors of patients with MLH1 promoter hypermethylation.
Somatic MMR gene mutations were detected in the tumors of 18/27 suspected LS patients. Overall, two or
more somatic aberrations of the MMR genes were detected in 12/27 suspected LS patients, and in 8/27 of
these patients 1 somatic aberration was found. Our study shows that 44 percent of suspected LS patients
without germline MMR gene mutations have two or more somatic MMR gene aberrations, indicating their
sporadic origin. Therefore, we suggest to add LOH and somatic mutation analysis of the MMR genes to the
molecular diagnostic workflow of LS. van Lier MG, Leenen CH, Wagner A, et al. Yield of routine molecular
analyses in colorectal cancer patients =70 years to detect underlying Lynch syndrome. J Pathol
2012;226:764-74 Leenen CH, van Lier MG, van Doorn HC, et al. Prospective evaluation of molecular
screening for Lynch syndrome in patients with endometrial cancer = 70 years. Gynecol Oncol 2012;125:41420
E-mail: w.geurts-giele@erasmusmc.nl
Keywords: Lynch syndrome, somatic MMR mutations
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Reflecting on earlier experiences with unsolicited
findings: Points to consider for next generation
sequencing and informed consent in diagnostics
Tessel Rigter1, Lidewij Henneman1, Ulf Kristoffersson2, Alison Hall3, Helger G. Yntema4,
Pascal Borry5, Holger Tönnies 6, Quinten Waisfisz7, Mariet W. Elting 7, Wybo J. Dondorp8,
Martina C. Cornel1
1 Department of Clinical Genetics, Section of Community Genetics and the EMGO Institute for Health and Care Research,
VU University Medical Center, Amsterdam, Netherlands 2 Department of Clinical Genetics, University and Regional
Laboratories, Region Skåne, and Lund University, Lund, Sweden 3 PHG Foundation, Cambridge, United Kingdom 4
Department of Human Genetics, Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands 5 Department of
Public Health, Centre for Biomedical Ethics and Law, Leuven, Belgium 6 Robert Koch-Institut, Geschäftstelle
Gendiagnostik-Kommission, Berlin, Germany 7 Department of Clinical Genetics, VU University Medical Center,
Amsterdam, Netherlands 8 Department of Health, Ethics & Society, Research Schools CAPHRI and GROW, Maastricht
University, Maastricht, Netherlands

With the recent advent of high-throughput nucleotide sequencing in the clinic for diagnostic purposes,
unsolicited findings and informed consent are receiving increased attention. To share experiences and
explore dilemmas, an international and multidisciplinary meeting entitled "Exome sequencing in
diagnostics: exploring needs for the informed consent procedure" was organized by Workpackage 8 of
Eurogentest2 in Amsterdam, the Netherlands in March 2012. The aim was to provide input for the
development of guidelines to optimize the informed consent procedure. Based on the meeting and by
exploring recent experiences with unsolicited findings in other medical settings -for example in the context
of disclosure of carrier status in neonatal screening, feedback of actionable results in genetic research and
the changing informed consent when using array CGH- an attempt is made to describe what can be learned
for implementing next generation sequencing in standard genetic diagnostics. The results show that both
ethical and practical dilemmas are encountered when contemplating informed consent for next generation
sequencing in diagnostics. Issues that were discussed include: patient rights and professional duties,
management of patient expectations, attunement between different actors, a changing role for the lab,
feedback of results and involvement of an advisory board for unsolicited findings. Based on the discussions,
a framework has been developed in order to guide decision-making with regard to the return of unsolicited
results and the implications for informed consent in clinical diagnostics.
E-mail: t.rigter@vumc.nl
Keywords: high-throughput nucleotide sequencing, incidental findings, unsolicited findings, diagnosis,
informed consent
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Identifying genes for cerebral visual impairment
Daniëlle G.M. Bosch1,2,3,4, F. Nienke Boonstra1,4, Joep de Ligt2,3,5, Centers for Mendelian
Genomics, Lisenka E.L.M. Vissers2,3,5, Jim Lupskii6, Frans P.M. Cremers2,3, Bert B.A. de
Vries2,4,5
1Bartiméus, Institute for the Visually Impaired, Zeist, The Netherlands 2Department of Human Genetics, Radboud
University Medical Centre, Nijmegen, The Netherlands. 3Nijmegen Centre for Molecular Life Science, Radboud University
Medical Centre, Nijmegen, The Netherlands 4Donders Institute for Brain, Cognition and Behavior, Radboud University
Medical Centre, Nijmegen, The Netherlands 5Institute for Genetic and Metabolic Disease, Radboud University Medical
Centre, Nijmegen, The Netherlands 6 Baylor-Hopkins Center for Mendelian Genomics, Houston, USA

Cerebral visual impairment (CVI) is one of the major causes of visual impairment in the developed world, as
it accounts for 27% of low vision in childhood1. It includes all visual dysfunctions caused by damage to, or
malfunctioning of, the retrochiasmatic pathways in the absence of any major ocular disease2. CVI can
consist of a reduced visual acuity, and/or visual field defects and it is often part of a more complex
phenotype, consisting of intellectual disability, epilepsy and/or deafness. An important cause of CVI is
acquired damage to the brain, mainly the result of perinatal problems, such as cerebral hemorrhage or
periventricular leucomalacia. However, in about 40% of the patients the underlying cause is unknown, but
significant evidence for genetic causes have been reported. We studied a cohort of 60 patients with CVI,
who were all seen by a pediatric ophthalmologist and a clinical geneticist. To identify genetic defects for
CVI, we tested 10 patients and their unaffected parents (trio approach), in which causal copy number
variation were previously excluded, using exome sequencing. The data were analyzed for X-linked,
autosomal recessive and de novo autosomal dominant causes. We identified several candidate genes for
CVI in our patients which will be presented. Acknowledgements: This study was accomplished in part
through the Centers for Mendelian Genomics research effort funded by the National Institutes of Health
and supported by the National Human Genome Research Institute grant U54HG006542 to the BaylorHopkins Center for Mendelian Genomics. This work has been supported by grants from Stichting ODAS that
contributed through UitZicht and the Vereniging Bartiméus-Sonneheerdt (5781251). 1Boonstra N, et al.
(2012) Acta Ophthalmol 90: 277-86. 2Fazzi E, et al. (2007) J Child Neurol 22: 294-301.
E-mail: D.Bosch@gen.umcn.nl
Keywords: Cerebral visual impairment, candidate genes
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Identification of mutations causing congenital
anomalies of the kidney and urinary tract through
targeted sequencing
Nayia Nicolaou1, Ies J. Nijman1, Albertien M. van Eerde1, Glen Monroe, Ernie M. Bongers2,
Edwin Cuppen1, Kirsten Y. Renkema1, Nine V. Knoers1
1Department of Medical Genetics, University Medical Center Utrecht, Utrecht, The Netherlands. 2Department of Human
Genetics, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands

Congenital anomalies of the kidney and urinary tract (CAKUT) are developmental disorders that involve a
spectrum of renal structural malformations. They occur in 1 out of 500 live-births and comprise the major
cause of end-stage renal disease in childhood. There are 15 genes reported in the Human Gene Mutation
Database with mutations responsible for CAKUT. However, a large proportion of cases remain unexplained.
We hypothesize that CAKUT arise from molecular defects during kidney development, and suggest that the
unknown CAKUT candidate genes play a role in kidney cell differentiation. We aim to identify novel rare
mutations in CAKUT candidate genes and elucidate their involvement in CAKUT etiology, with the final aim
to the implement CAKUT gene screening in DNA diagnostics. We employ a targeted next generation
sequencing approach in 500 Dutch CAKUT patients. Enrichment methods allow us to capture and analyze
the protein-coding regions of 208 candidate genes and 36 miRNAs, collectively referred to as the
CAKUTome, in parallel. The genes selected were previously shown to have experimental evidence for their
role in human isolated or syndromic CAKUT or were demonstrated to be involved in disrupted
nephrogenesis in transgenic animals or cell models. For data analysis we used our in-house mapping and
variant calling methodology. Sequencing results from the first 60 patients with severe kidney dysplasia
showed that the average read depth is 210X. Approximately 200 variants were called per individual. Further
variant prioritization based on variant frequency data from dbSNP and Genome of the Netherlands,
evolutionary conservation, and in-silico predictions resulted in a list of potentially pathogenic mutations.
Variants were validated by Sanger sequencing. This study shows that our targeted sequencing approach
and variant prioritization method is efficient in identifying gene mutations in a large cohort of sporadic
CAKUT cases. By this approach, previously reported causal mutations in known CAKUT genes were
successfully identified. Interestingly, the majority of the novel and promising pathogenic variants identified,
were unique for each patient. Hence, CAKUT might be even more heterogeneous in their etiology than
expected. Functional studies to test the impact of novel mutations on protein function and kidney
development are currently on-going.
E-mail: n.nicolaou@umcutrecht.nl
Keywords: next-generation sequencing, candidate genes, congenital kidney anomalies
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Patient survival in uveal melanoma is not affected
by oncogenic mutations in GNAQ and GNA11
Anna E Koopmans, Jolanda Vaarwater, Dion Paridaens, Nicole C Naus, Emine Kilic, Annelies
de Klein
Department of Clinical Genetics, and Department of Ophthalmology, Erasmus University Medical Centre, P.O. Box 2040,
Rotterdam 3000 CA, The Netherlands; The Rotterdam Eye Hospital, P.O. Box 70030, Rotterdam 3000 LM, The Netherlands.

Background: Uveal melanoma (UM) is the most common primary intra-ocular malignancy in adults. It has a
strong tendency to metastasize to the liver. Metastasising UMs often contain non-random chromosomal
aberrations, such as loss of chromosome 3 and gain of chromosome 8q. Research focuses on finding
genetic prognostic markers in UM to select those patients at risk of developing metastatic disease.
Mutations in GNAQ and GNA11, encoding the oncogenic G-protein alpha subunit q and 11, respectively,
occur frequently in the majority of UM. In this study, we determined the prevalence of GNAQ and GNA11
mutations in UM and examined whether there is a correlation with patient survival. Methods: Exons 4 and 5
from GNAQ and GNA11 were amplified and sequenced from 92 ciliary body and choroidal melanomas. The
mutation status was correlated with disease-free survival (DFS) and other clinical, histopathological and
chromosomal parameters. Results: None of the tumours harboured a GNAQ exon 4 mutation. A GNAQ
mutation in exon 5 codon 209 was found in 46 out of 92 (50.0%) of the tumours. Only 1 out of 92 (1.1%)
melanomas showed a mutation in GNA11 exon 4 codon 183, whereas 39 out of 92 (42.4%) harboured a
mutation in exon 5 of GNA11 codon 209. Six tumours did not show any mutations in exons 4 and 5 of these
genes. Univariate analyses showed no correlation between DFS and the mutation status. Conclusion: GNAQ
and GNA11 mutations are, in equal matter, not associated with patient outcome. However, the high
frequency of these mutations may render this pathway as a promising target for therapeutic intervention.
E-mail: j.vaarwater@erasmusmc.nl
Keywords: uveal melanoma, survival, oncogenic mutation, GNAQ, GNA11, MAPK
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Targeted preconception carrier screening aimed at
high-risk populations
L. Henneman(1), P. Lakeman(2), M.C. Van Maarle(2), L.P. Ten Kate(1), M.M.A.M.
Mannens(2), E. Sistermans(1), M.C. Cornel(1), E.J. Meijers-Heijboer(1,2)
(1) Dept. of Clinical Genetics, VU University Medical Center, Amsterdam, Netherlands (2) Dept. of Clinical Genetics,
Academic Medical Center, Amsterdam, Netherlands

Autosomal recessive disorders cause serious morbidity and mortality in at least 25/10,000 children.
Preconception carrier screening aims to identify carrier couples with 1-in-4 risk of having an affected child,
enabling informed reproductive choices before pregnancy. A positive family history is an indication for
further DNA testing among family members. However, most affected children (>80%) are born
unexpectedly without recognized family history of the condition, because most autosomal recessive
disorders are rare. There are subpopulations, though, based on (common) ancestral background, in which
some (rare) recessive disorder are relatively prevalent. Many countries, including the Netherlands, do not
have population-based carrier screening programs, and even for subpopulations at higher risk, targeted
testing is often not available. In the Netherlands, in the absence of a nation-wide screening program, we
have taken the initiative to start offering carrier testing to high-risk populations: 1) A genetically isolated
community having high prevalent disorders due to founder effects; 2) the Ashkenazi Jewish population (e.g.
Tay Sachs disease); 3) Consanguineous couples; 4) People with African, Asian or Mediterranean ancestry
(haemoglobinopathies); and 5) Caucasian people (cystic fibrosis). Each population requires a different
approach, preferably embedded in a broad preconception care setting. A multidisciplinary approach is
required, including, e.g. primary care providers, clinical/molecular geneticists, and patient organizations. For
CF, carrier testing is already available through the hospital website www.vumc.nl/CFtest. General and
population-specific possibilities and barriers for the implementation of screening services will be studied.
The psychological impact, stigmatisation/discrimination and informed choice will be monitored. A great
advantage is that services can be developed based on community needs, and can thus be delivered more
effectively. New technologies allow simultaneous analyses of carrier status of multiple recessive disorders,
potentially changing the screening landscape, but obviously raise new ethical and societal issues. By using a
step-wise integrated approach targeting specific high-risk groups, an infrastructure for responsible genetic
screening services (potentially even genome-wide) can be developed. Disclosure: This project is funded by
ZonMw and embedded in the Netwerk Geboortezorg Noordwest Nederland (AMC/VUMC).
E-mail: l.henneman@vumc.nl
Keywords: carrier testing; screening; autosomal recessive; preconception; reproductive decision-making
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Indian Hedgehog (IHH) and LRBA: New genes for
Hirschsprung
Y. Sribudiani1, R. K. Chauhan1, M. M. Alves1, C. Kockx2, T. van Essen2, R. Brouwer2, M. van
den Hout2, W. van Ijcken2, I. T. Shepherd33, A. Brooks1, R. M. W. Hofstra1;
1Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, Netherlands, 2Center for Biomics, Erasmus Medical
Center, Rotterdam, Netherlands, 3Department of Biology, Emory University, Atlanta, GA, United States.

Hirschsprung is characterized by the absence of enteric ganglia in a variable length of intestinal tract. A
large, multi-generational Dutch family with five affected family members with HSCR, revealed linkage to
4q31.3-q32.3. As the family shows an autosomal dominant mode of inheritance with incomplete
penetrance, we assume that the mutation in the linkage region is necessary but not sufficient to cause
disease development. To identify the mutation in the linkage region, but also mutations elsewhere in the
genome, we exome sequenced two patients. One variant rs140666848 (T > C) in exon 20 of the LRBA gene
was found in the linkage region. In addition, missense mutations in RET (P398L) and IHH (Q50K) were
identified in each patient, respectively. Functional analysis of the RET and IHH variants showed that both
mutations give rise to a non-functional protein. The LRBA variant is located downstream of MAB21L2, a
gene which plays a role in the proliferation of enteric neural crest cells during enteric nervous system (ENS)
development in Zebrafish. We hypothesize that this variant might regulate MAB21L2 expression in ENS.
Luciferase assays showed that the region containing the variant does show enhancer activity. Currently we
are testing whether the variant, when compared to wild type sequence, show significant differences on
gene expression level, using luciferase assays. Our data shows that combination of mutations, as expected,
cause autosomal dominant disease with reduces penetrance. Furthermore, we show for the first time that
IHH mutations can contribute to Hirschsprung disease.
E-mail: y.sribudiani@erasmusmc.nl
Keywords: Exome sequencing, Hirschsprung, functional analysis
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Complex chromosome 6 aberration in two sisters
with MR and MCA derived from a maternal
paracentric inversion
F.A.T. de Vries, G.M.S. Mancini, F. Bal-van Breda, W.Y. Cheung, G.C.B. Bindels-de Heus, C.H.
Wouters
Two sisters aged 5 and 3 with developmental delay, behaviour problems, excessive drooling, short stature,
respiratory distress and stridor caused by narrow trachea, strabismus and very similar facial features were
investigated with SNP array analysis. Besides two losses in the X-chromosome (p22.33) and in chromosome
7 (p21.2p21.1), both inherited from the healthy mother, two duplications were detected in chromosome 6
(q14.1 and q16.1) together with a deletion (q23.3q24.1). Parental array analysis showed a normal pattern for
the chromosomes 6. FISH performed on parental chromosomes showed a paracentric inversion of one of
the chromosomes 6 (q14.1q24.1) from the mother. A meiotic recombination of the paracentric inversion
could not result in the exact same derivative chromosome 6 found in both daughters. Moreover the
resolution of the dicentric chromosome after meiotic recombination would result in a derivative
chromosome with a single interstitial duplication and a terminal deletion. The only conclusion has to be
that the mother is a mosaic, the inv(6) will be present in the mature part of her cells, and the similar der(6)
(resulting from a mitotic recombination), as found in her daughters, will be (at least) present in her germ
line. This is an unusual case of high recurrence risk for a pathogenic rearrangement in a healthy woman
who is carrier of a paracentric inversion, generally considered a low risk chromosome aberration. In the
prenatal counseling, this is an apparent exception to the general rule that paracentric inversions should not
be offered invasive prenatal diagnosis.
E-mail: f.a.t.devries@erasmusmc.nl
Keywords: Chromosome 6, gain, loss, inversion, array, FISH
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Bicuspid aortic valve morphology in fetal Turner
syndrome
Klaartje van Engelen, Margot M. Bartelings, Adriana C. Gittenberger-de Groot, Marieke J.H.
Baars, Alex V. Postma, Emilia K. Bijlsma, Barbara J.M. Mulder, Monique R.M. Jongbloed
Academisch Medisch Centrum, Amsterdam Leids Universitair Medisch Centrum, Leiden Interuniversity Cardiology Institute
of The Netherlands (ICIN)

Background Bicuspid aortic valve (BAV) is a common congenital heart defect. Animal studies demonstrated
that BAVs with different leaflet orientations have distinct etiologies. BAV is particularly common in Turner
syndrome (TS). As TS patients share a common genetic abnormality (monosomy X), one would expect a
common morphogenetic background for BAV and thus the same BAV leaflet orientation. Indeed, 95% of
BAVs in TS adults were shown to have anterior-posterior (AP) leaflet orientation. Data on BAV morphology
and associated cardiovascular abnormalities in fetal TS are scarce. Methods and results We studied postmortem heart specimens of 36 TS fetuses and one TS newborn. Abnormal aortic valve morphology was
observed in 32 (86%): BAV in 28 (76%), unicommissural valve in 2 (5%) and atresia in 2 (5%). In BAV, the
leaflets showed AP-orientation in 61% and left-right (LR) orientation in 39%. There were no significant
differences in occurrence of additional cardiovascular abnormalities between hearts with AP-BAV and LRBAV. However, all hearts with LR-BAV showed ascending aorta hypoplasia and tubular hypoplasia of the Bsegment, as opposed to only 55% and 64% of hearts with AP-BAV, respectively. Conclusion The large
majority of TS fetuses shows abnormal aortic valve morphology. BAVs with different leaflet orientations are
present, implying that haplo-insufficiency of sex-chromosomal genes can lead to different BAV morphology
types, and that additional factors have a role in determination of BAV morphology. As the proportion of LRBAV is higher in TS fetuses than reported in adults, LR-BAV may have a worse prognosis than AP-BAV in TS.
E-mail: k.vanengelen@amc.uva.nl
Keywords: Turner syndrome, bicuspid aortic valve, morphology
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A Dutch founder mutation as the cause of
progressive myoclonus ataxia
Esther Nibbeling 1 Martje van Egmond 2 Corien Verschuuren-Bemelmans 1 Deborah Sival 2
Berry Kremer 2 Oebo Brouwer 2 Dineke Verbeek 1 Richard Sinke 1 Marina de KoningTijssen 2 Tom de Koning 1,2
1 Department of Genetics, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands 2
Department of Neurology, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands

Ramsay Hunt syndrome or progressive myoclonus ataxia (PMA) is a descriptive diagnosis characterized by
the triad of severe myoclonus, progressive ataxia, and mild epilepsy. This is a recognizable phenotype
within the broader context of the large group of recessive ataxias. Although a number of disorders can give
rise to PMA, in many cases the underlying etiology remains unknown. Recently, the Golgi SNAP receptor
complex 2 gene (GOSR2) was identified as the disease gene causing progressive myoclonus ataxia with
childhood onset. Here, a founder mutation (c.430G>T, p.Gly144Trp) which originated approximately 3600
years ago, was identified in six independently referred patients. Four of these cases are of Dutch origin, one
is German and one is Australian with British ancestry. We evaluated five index patients (aged 7-26 years)
which all showed a remarkably similar phenotype as was described to be associated with PMA and included
ataxia, areflexia, myoclonus and relatively mild epilepsy. All cases originated from the northern Netherlands
and genealogical research was able to trace back two ancestors 8 generations back. Because of the
strikingly similar clinical phenotype as the patients described by Corbett et al, we decided to sequence the
GOSR2 gene in our patients. Interestingly, all five cases carried the previously reported homozygous
mutation c.430G>T, p.Gly144Trp. This mutation is not found in dbSNP, exome variant server and 1000
genomes. In GoNL, a Dutch control database containing 500 exomes, one heterozygous carrier of the
variant is present. Given the outcome of our genealogical research, we believe that this founder mutation
originates from Friesland. Especially since the ancestors of the Dutch families in the original publication
were from Friesland as well. To confirm this hypothesis we are currently performing a shared haplotype
analysis in all five patients surrounding the GORS2 gene and will compare the outcome with a database
containing haplotypes only from people originating from the northern part of the Netherlands. Mutations
in GOSR2 might be a common cause of progressive myoclonus ataxia in the Netherlands.
E-mail: e.a.r.nibbeling@umcg.nl
Keywords: ataxia epilepsy myoclonus GOSR2 founder
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Genetic testing for MODY: retrospective study of
utilisation in the Netherlands
S.S. Weinreich (1), A. Bosma (1), L. Henneman (1), T. Rigter (1), C.M.J. Spruit (2), J.E.M.A.
Grimbergen (2), M.H. Breuning, (2), E.J.P. de Koning (3), M. Losekoot (2), M.C. Cornel (1)
(1) Dept. of Clinical Genetics, section Community Genetics, EMGO Institute for Health and Care Research, VU University
Medical Center, Amsterdam, The Netherlands (2) Dept. of Clinical Genetics, Leiden University Medical Center, Leiden, The
Netherlands (3) Dept. of Endocrinology and Department of Nephrology, Leiden University Medical Center, Leiden, The
Netherlands

Genetic testing for Maturity-Onset Diabetes of the Young (MODY) may be relevant for treatment of
patients and for monitoring of their healthy family members. This study describes the current state of
genetic testing for MODY in the Netherlands in terms of volume and test positive rate, medical setting,
purpose of the test, and age of patients tested. Some analyses focus on the most prevalent subtype, HNF1A
MODY. In total, 1319 mutation scans for HNF1A, GCK and HNF4A were performed in 2001-2010. Cascade
testing for a known mutation in family members occurred 296 times, and has not increased over time at the
same rate as mutation scanning. In total about 400 individuals were identified with a MODY mutation.
Testing for HNF1A MODY was mostly requested by internists and paediatricians, often from regional
hospitals. Primary care physicians and clinical geneticists rarely request genetic testing for HNF1A MODY.
Cascade testing was relatively more requested by clinical geneticists. A substantial proportion of HNF1A
MODY probands is at least 40 years old at the time of testing (in recent years, 29% of probands). The
number of individuals genetically tested for MODY so far in the Netherlands is low compared to previously
predicted numbers of patients. Efforts may be needed to develop and implement translational guidelines.
E-mail: l.henneman@vumc.nl
Keywords: Diabetes Mellitus Type 2; Maturity-Onset Diabetes of the Young (HNF1A, GCK, HNF4A) ; Genetic
Testing; Health Services Accessibility; Referral and Consultation; Translational guidelines
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Exploring the genetic landscape of Parkinson´s
disease (PD) an exome study in Sardinia, a
Mediterranean genetic isolate
M. Quadri1,*, X. Yang2,*, G. Cossu3,*, S. Olgiati1,*, V. Saddi4, G. Breedveld1, L. Ouyang2, J.
Hu2, N. Xu2, J. Graafland1, V. Ricchi3, D. Murgia3, L. Correia Guedes5, S. Tesei6, M.J.
Marti7, P. Tarantino8, S. Asselta9, F. Valldeoriola7, M. Gagliardi8 , G. Pezzoli6, M.
Ezquerra7, A. Quattrone10,11, J. Ferreira5, G. Annesi8, S. Goldwurm6, E. Tolosa7, B.
Oostra1, M. Melis3, J. Wang2,12,13,14,#, V. Bonifati1,#
1) Department of Clinical Genetics, Erasmus MC, Rotterdam, The Netherlands 2) BGI-Shenzhen, Shenzhen, China 3)
Neurology Service and Stroke Unit, General Hospital S. Michele AOB "G. Brotzu", Cagliari, Italy 4) Neurology Division, S.
Francesco Hospital, ASL No. 3 Nuoro, Italy 5) Neurological Clinical Research Unit, Instituto de Medicina Molecular,
University of Lisbon, Lisbon, Portugal 6) Parkinson Institute, Istituti Clinici di Perfezionamento, Milan, Italy 7) Neurology
Service, Hospital Clínic of Barcelona, Barcelona, Spain 8) Institute of Neurological Sciences, National Research Council,
Cosenza, Italy 9) Department of Medical Biotechnologies and Translational Medicine, University of Milan, Milan, Italy 10)
Institute of Neurology, University Magna Græcia, Catanzaro, Italy 11) Neuroimaging Research Unit, Institute of
Neurological Sciences, National Research Council, Germaneto, Italy 12) Department of Biology, University of Copenhagen,
Copenhagen, Denmark 13) King Abdulaziz University, Jeddah, Saudi Arabia 14) The Novo Nordisk Foundation Center for
Basic Metabolic Research, University of Copenhagen,Copenhagen, Denmark *) Shared first authorship #) Shared senior
authorship

Parkinson´s disease (PD) is the second most common neurodegenerative disorder after Alzheimer´s disease,
with a prevalence of >1% over age 65. The etiologic landscape of PD is complex. Rare, highly-penetrant
mutations in different genes and common risk factors of small size-effects in several loci have been
identified in patients with PD. However, additional disease determinants remain to be identified in most
patients. Genetically isolated populations offer advantages for dissecting the genetic architecture of
complex disorders. Here we report the results of our genetic study on the etiology of PD in Sardinia. We
performed exome sequencing in 100 unrelated Sardinian PD patients, using the Agilent SureSelect 50Mb kit
and Illumina HiSeq2000 sequencing, at an average coverage of ~30X. We first removed all synonymous,
intronic, and intergenic variants. From the remaining variants, we selected the novel SNPs shared by at least
five unrelated PD patients, and absent in dbSNP129 and 1000Genomes databases. This approach yielded a
total of 4,587 SNPs, that were then genotyped in 500 independent Sardinian individuals (242 PD and 258
controls) using a NimbleGen SeqCap EZ custom platform. Association of each variant with disease status
was then tested using Fisher´s exact test implemented in PLINK/SEQ. Out of 186 variants with p-value <0.5
and odd-ratio >3, thirty-two were confirmed by Sanger sequencing. These 32 SNPs were then genotyped
by TaqMan assays in an independent sample of 2,731 PD patients and 2,673 age- and ethnic-matched
controls from Italy, Spain and Portugal. No variants surpassed the required level of significance according
to Bonferroni correction for 4,587 tests (p value < 1.09 x 10-5). The lowest p value was 1,16 x 10-3 for a
variant with final OR 2,9. However, a catalogue of interesting coding variants present only in PD patients
was identified, that might point to novel genetic determinants of PD with moderate/strong effect size, and
represents an important resource for replication in follow-up studies. Our study suggests that, with regard
to the inspected exome target region, the genetic bases of PD are highly heterogeneous.
E-mail: m.quadri@erasmusmc.nl
Keywords: Neurogenetics; identification of disease genes; massive parallel sequencing; population genetics;
SNP analysis/discoveries

51

P 15

Mutation in the SYNJ1 gene associated with
autosomal recessive, early-onset parkinsonism
Simone Olgiati1,â€ , Mingyan Fang2,â€ , Marina Picillo3,â€ , Marialuisa Quadri1,â€ , Guido
J. Breedveld1, Josja Graafland1, Bin Wu2, Fengping Xu2, Roberto Erro3, Marianna
Amboni4,5, Sabina Pappata6, Mario Quarantelli6, Hsin F. Chien7, Egberto R. Barbosa7, The
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Autosomal recessive, early-onset parkinsonism is clinically and genetically heterogeneous. Here, we report
the identification, by homozygosity mapping and exome sequencing, of a SYNJ1 homozygous mutation
(p.Arg258Gln) segregating with disease in an Italian consanguineous family with parkinsonism, dystonia,
and cognitive deterioration. Response to levodopa was poor, and limited by side effects. Neuroimaging
revealed brain atrophy, nigrostriatal dopaminergic defects, and cerebral hypometabolism. SYNJ1 encodes
synaptojanin 1, a phosphoinositide phosphatase protein with essential roles in the post-endocytic recycling
of synaptic vesicles. The mutation is absent in variation databases and in ethnically-matched controls, is
damaging according to all prediction programs, and replaces an amino acid that is extremely conserved in
the synaptojanin 1 homologues and in SAC1-like domains of other proteins. Sequencing the SYNJ1 ORF in
unrelated patients revealed another heterozygous mutation (p.Ser1422Arg), predicted as damaging, in a
patient who also carries a heterozygous PINK1 truncating mutation. The SYNJ1 gene is a compelling
candidate for parkinsonism; mutations in the functionally linked protein auxilin cause a similar early-onset
phenotype, and other findings implicate endosomal disturbances in the pathogenesis. Our data delineate a
novel form of human Mendelian parkinsonism, and provide further evidence for abnormal synaptic vesicle
recycling as a central theme in the pathogenesis.
E-mail: s.olgiati@erasmusmc.nl
Keywords: Neurogenetics, neurodegeneration, identification of disease genes, family linkage analysis,
massively parallel sequencing
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COL4A1 and COL4A2 mutations in porencephaly
and schizencephaly; mutation spectrum and
phenotype in 14 novel families
Marije E.C. Meuwissen¹ , Dickey Halley¹ Rachel Schot¹, Leontine van Unen¹, Linda S. de
Vries², Liesbeth S. Smit³, Maarten Lequin4, Jan Maarten Cobben5, Tom Letteboer6, Jeske
van Harssel6, Suzanne Sallevelt7, Gwendolyn Wolwright8, Rein Stulp?, Grazia M.S. Mancini¹
Dept. of Clinical Genetics¹,Child Neurology³ and Radiology4, Erasmus University Medical Center, Rotterdam, Depts. of
Neonatology² and Clinical Genetics6, Utrecht University Medical Center, Dept. of Clinical Genetics5, AMC, Dept. of Clinical
Genetics7, Maastricht University Medical Center, Dept. of Clinical Genetics8, University Medical Center Nijmegen, Dept. of
Clinical Genetics?, University Medical Center Groningen

INTRODUCTION COL4A1, and more recently COL4A2, mutations were described in hereditary
porencephaly. Over the years, the phenotype has expanded and is now known to be a systemic disease with
neurological, ophthalmological, renal, cardiac and muscular abnormalities. The phenotypic presentation and
penetrance are variable. METHODS At the DNA diagnostics laboratory of the Erasmus MC, 183 index
patients were tested for COL4A1 and COL4A2 mutations using Sanger sequencing, identifying a total of 22
COL4A1 and 3 COL4A2 mutations between 2007 and March 2013. 2 of the COL4A2 and 8 of the COL4A1
mutations were previously reported. Of the 14 novel mutation families, clinical data were collected.
Functional studies were performed in order to prove pathogenicity of the homozygous COL4A1 mutation,
including testing for increased apoptosis. RESULTS COL4A1 mutations were identified in exons 26, 27, 32,
33, 38, 46, 50 and 51, and the COL4A2 mutation in exon 37, comprising 12 missense, 1 frameshift and 1
truncating mutation. No recurrent mutations nor a clear genotype-phenotype correlation were identified.
Interestingly, a high percentage (5/11) of mutations were de novo. In the familial cases, a phenotypic
variability and even apparent non-penetrance were noted. Interestingly, we identified the first COL4A2
mutation related to schizencephaly and the first homozygous COL4A1 mutation in a severely affected
infant, affecting the NC1-domain, which is important for integrin binding. Fibroblasts of this patient show
an increased tendency to apoptosis, similar to previous findings in fibroblasts of a COL4A2 patient and
supporting a pathogenic effect. Co-immunoprecipitation of COL4A1 and alpha1-beta1-integrin is pending.
DISCUSSION Our data represents the largest cohort of COL4A1 and COL4A2 mutations reported, which
gives a good representation of the broad clinical spectrum and phenotypic variability. We expanded the
COL4A2 phenotype to schizencephaly and identified the first apparently pathogenic biallelic COL4A1
mutations. In the light of these findings, the counselling of affected patients and their families remains a
challenge.
E-mail: m.meuwissen@erasmusmc.nl
Keywords: COL4A1 COL4A1 Cerebrovascular disease Schizencephaly
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The influence of de novo mutations on the
development of VACTERL association
Annique Claringbould, Glen Monroe, Tamar de Vries, Isabel Tromp, Nine Knoers, Mieke van
Haelst, Gijs van Haaften
Department of Medical Genetics, University Medical Centre Utrecht

VACTERL association is the non-random occurrence of three or more of the following congenital anomalies:
Vertebral defects, Anal atresia, Cardiac malformations, Tracheo-Esophageal fistula with esophageal atresia,
Renal anomalies, and Limb anomalies. The etiology of VACTERL association is (mostly) unknown, but its
distribution pattern indicates that genetic factors play a major role. Patients with VACTERL association often
have unaffected parents, implying that something has changed in the patient-generation. For this reason,
current research focuses on finding de novo mutations that may be causal. We selected patients on the
base of their symptoms, notably at least anal, cardiac and renal anomalies. In order to identify de novo
mutations, we performed whole exome sequencing for three families, each with one affected child and two
non-affected parents. We will validate candidate de novo mutations by sanger sequencing. Confirmed
genes will also be tested for in a larger cohort of VACTERL patients. Depending on the congruence of
mutations found in different patients, the current research might reveal one gene that is very clearly
involved with VACTERL association, or multiple genes that contribute to the development of the condition.
This research attempts to elucidate the genetic underpinnings of VACTERL association. By identification of
the gene(s) involved in this condition, diagnostic tests for VACTERL association can be developed.
Moreover, this research may support the advancement of more specific treatments in the future.
E-mail: anniqueclaringbould@gmail.com
Keywords: congenital disease, VACTERL association, whole exome sequencing, trio, de novo mutation
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Exploring the genome for the secrets of human
longevity
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1) Leiden University Medical Center, Molecular Epidemiology, Leiden, The Netherlands 2) The Delft Bioinformatics Lab,
Delft University of Technology, Delft, Zuid Holland, The Netherlands 3) Rinat-Pfizer Inc, South San Francisco, CA 94080,
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Statistics and Bioinformatics, Leiden, The Netherlands

The clustering of longevity in families is being studied worldwide and the genetic contribution to longevity
in the population at large is estimated at 25%. This is illustrated by the fact that first-degree family
members of nonagenarians and centenarians also have a life-long survival advantage that can be attributed
to a lower risk of coronary artery disease, cancer and type-2 diabetes. The survival advantage in 420 Dutch
long-lived families from the Leiden Longevity Study (LLS), which have been selected on the basis of living
nonagenarian siblings (>=2), could not be explained by the absence of risk alleles at known disease
susceptibility loci. To investigate whether rare private genetic variants contribute to their longevity, we
explored the whole-genome sequence of 220 unrelated Dutch nonagenarians (mean age 94 years) in
comparison with 95 younger controls from the general Dutch population. The nonagenarians were selected
from the LLS study population on the basis of having the best family history of survival and the controls
were randomly selected from Dutch biobanks included in the BBMRI-NL consortium consisting of healthy
individuals. High quality whole-genome sequences of DNA from leukocytes were generated by Complete
Genomics (USA) at >30x coverage. The mean numbers of SNPs, deletions, insertion and substitutions per
individual are remarkably similar between controls and the nonagenarians, which may be regarded as
supercontrols. The mean numbers of variants observed in the exome of controls were 3,344,320.57 SNPs,
224,143 deletions, 217,134 insertions and 81,475 substitutions and in nonagenarians 3,357,346.38 SNPs,
225,241 deletions, 213,847 insertions and 80,436 substitutions, respectively. Further, we investigated
differences between the groups in the presence of longevity alleles at known loci (a.o. TOMM40/APOE and
FOXO3A). Next, we explored all genes in a burden analysis and paid special attention to IIS and mTOR
pathway related genes. For this analysis we selected all detected genetic variants with an impact on protein
function according to ANNOVAR. Our preliminary data analysis indicated a tendency that for many exonic
annotations the nonagenarians carry fewer variants than controls.
E-mail: e.b.van_den_akker@lumc.nl
Keywords: familial longevity, DNA sequencing, super controls, genetic epidemiology, rare variants
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Germline activating AKT3 mutation is associated
with megalencephaly, polymicrogyria, epilepsy and
hypoglycaemia
Rachel Schot*1, Mark Nellist*1, Marianne Hoogeveen-Westerveld1, Rinze Neuteboom2,
Karen Bindels-de Heus3, Barbara Sibbles3, Rene de Coo2, Alice Brooks1, Grazia M.S.
Mancini1
Departments of Clinical Genetics1, Child Neurology2 and Pediatrics3, ErasmusMC, Sophia Children´s hospital, Rotterdam

A male boy was delivered in the 39th gestational week by caesarian section with a head circumference (HC)
5 SD above the mean but normal in length. In addition, the patient had generalized hypotonia and joint
and skin laxity. In the following months, developmental delay and failure to thrive were noted, the HC
increased to 7 SD above the mean and the patient developed hypoglycemia resistant to diazoxide
treatment. Insulin and IGF production were normal. Brain MRI showed moderately enlarged ventricles, large
corpus callosum, cavum septum pellucidum, perisylvian polymicrogyria, a few scattered periventricular
nodular heterotopia but later also hyperintensity of the occipital white matter and basal ganglia. The
patient developed infantile spasms that were resistant to antiepileptic polytherapy but responded to a
ketogenic diet. No organomegaly was present at ultrasound. The combination of symptoms resembled that
of M-CAP (megalencephaly-capillary malformation) syndrome recently ascribed to activating somatic or
germline mutations in genes of the insulin-AKT-mechanistic target of rapamycin (mTOR) signaling pathway,
including MTOR, AKT3, PIK3CA and PIK3R2. We identified a novel, de novo heterozygous AKT3 mutation
(exon 5; c.548T>A, p.Val183Asp) in DNA isolated from blood leukocytes from the patient. The mutation was
not detected in leukocyte DNA from either parent but was confirmed in DNA from a buccal smear from the
patient, indicating a probable germ-line origin. To confirm that the AKT3 c.548T>A (p.Val183Asp) mutation
was activating, we compared the activity of the p.Val183Asp mutant with wild-type and other mutant
isoforms of AKT3 in vitro. Our data confirm the importance of insulin-AKT-mTOR signaling in brain growth
and development. Furthermore, we hypothesize that the sustained hypoglycemia in this patient could
correlate with activation of the insulin-AKT-mTOR pathway and increased glucose utilization in the cerebral
compartment. This might explain the efficacy of the ketogenic diet in this individual.
E-mail: g.mancini@erasmusmc.nl
Keywords: megalencephaly, M-CAP, polymicrogyria, insulin-AKT-pathway, mTOR
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Somatic mutations in MLH1 and MSH2 are a
frequent cause of mismatch-repair deficiency in
Lynch syndrome-like tumors
Ingrid P. Vogelaar 1,* Arjen R. Mensenkamp 1,* Wendy A.G. van Zelst-Stams 1 Monique
Goossens 2 Hicham Ouchene 1 Sandra J.B. Hendriks-Cornelissen 2 Michael P. Kwint 2
Nicoline Hoogerbrugge 1 Marjolijn J.L. Ligtenberg 1,2
1 Department of Human Genetics, Radboud University Medical Centre, Nijmegen, the Netherlands 2 Department of
Pathology, Radboud University Medical Centre, Nijmegen, the Netherlands * Equal contributions

Lynch syndrome, caused by germline mutations in the mismatch repair (MMR) genes MLH1, MSH2, MSH6,
and PMS2 and EPCAM, is characterized by a predisposition to early-onset colorectal and extracolonic
cancers like endometrial cancer. The syndrome accounts for approximately 3% of all colorectal cancers.
Tumors associated with Lynch syndrome are characterized by microsatellite instability (MSI) and loss of
expression of one or more MMR proteins. In a considerable number of patients with tumors that fulfill
these criteria however, no germline mutation or somatic hypermethylation of the MLH1 promoter can be
found. To determine whether somatic events affecting the MMR genes could explain the MMR-deficiency in
these tumors, eighteen unexplained MLH1-deficient tumors and fourteen unexplained MSH2-deficient
tumors without clear family history of Lynch syndrome-related tumors were screened for somatic mutations
and loss of heterozygosity (LOH) in MLH1 and MSH2, respectively. Using a combined approach of Sanger
and ion semiconductor sequencing, two (likely) pathogenic hits were identified in 8 MLH1 and 8 MSH2deficient tumors, explaining the MMR-deficient phenotype. In an additional five patients we identified
variants of unknown significance, together with a putative pathogenic mutation or LOH, which may possibly
explain the MSI phenotype. In only one MLH1-deficient tumor and three MSH2-deficient tumors not a
single somatic event could be detected at the respective loci. We conclude that in at least 50% of MMRdeficient tumors without causal germline mutations or promoter methylation, two somatic events most
likely explain the microsatellite instability and loss of protein expression. This indicates that these tumors
are not caused by an as yet unrecognized constitutive MMR gene mutation. Consequently, these patients
and their relatives are not at high-hereditary risk for cancer. The intensity of the surveillance of these
patients and their relatives can be adapted from a Lynch-like to a family-based protocol.
E-mail: i.vogelaar@gen.umcn.nl
Keywords: Lynch syndrome, mismatch repair deficiency, microsatellite instability, somatic mutations
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Targeted genomic sequencing reveals previously
unidentified TSC1 and TSC2 mutations
Mark Nellist1., Rutger Brouwer2., Christel Kockx2., Monique van Veghel-Plandsoen1.,
Marianne Hoogeveen-Westerveld1., Arthur Jorge Santiago Lima1., Mike van den Berg1.,3.,
Anna Koopmans1.,3., Ans van den Ouweland1., Dicky Halley1., Wilfred van IJken2.,
Annelies de Klein1.
1. Department of Clinical Genetics, Erasmus MC, 3015 GE Rotterdam, The Netherlands. 2. Center for Biomics, Erasmus MC,
3015 GE Rotterdam, The Netherlands. 3. Department of Ophthalmology, Erasmus MC, 3015 GE Rotterdam, The
Netherlands.

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder caused by mutations in TSC1 and
TSC2, the genes that encode the principle components of the TSC1-TSC2 tumour suppressor complex. The
TSC1-TSC2 complex is an essential negative regulator of the mammalian target of rapamycin complex 1
(mTORC1) that coordinates the anabolic and catabolic processes controlling cell growth. Recently, TBC1D7
was identified as a third component of the TSC1-TSC2 complex. Conventional DNA diagnostic screens
identify a TSC1 or TSC2 mutation in up to 90% of TSC patients fulfilling the clinical criteria for TSC. The
remaining individuals either have a TSC1 or TSC2 mutation that is missed by current screening methods, or
have a mutation in another as yet unidentified gene. These individuals are referred to as TSC no mutation
identified (NMI). We screened the coding exons of TBC1D7 in 28 TSC NMI individuals. No mutations were
identified. We did not find any evidence that TBC1D7 represents the postulated TSC3 locus. To search for
TSC1 and TSC2 mutations missed by current screening methods we used a Haloplex custom capture
approach to screen the complete TSC1 and TSC2 genomic loci in 7 TSC NMI individuals. We identified
putative pathogenic mutations in 5 individuals. The identified variants included mosaic changes, changes
located deep in intronic sequences and changes affecting promoter regions. Our analysis demonstrates that
targeted, genomic sequencing of the TSC1 and TSC2 loci is a suitable method for the identification of
mutations that are difficult to detect using conventional methods and could lead to increased yields in DNA
diagnostic screening approaches.
E-mail: m.nellist@erasmusmc.nl
Keywords: tuberous sclerosis complex, TSC1, TSC2, TBC1D7, sequencing
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TORC1-dependent epilepsy caused by acute biallelic
Tsc1 deletion in adult mice
Elisabeth Abs 1,3, Susanna M.I. Goorden 1,3, Jadwiga Schreiber 1,3, Iris E. Overwater 1,3,
Marianne Hoogeveen-Westerveld 2, Caroline F. Bruinsma 1,3, Elvedin Aganovic 1, Nils Z.
Borgesius 1, Mark Nellist 2, Ype Elgersma 1, 3
1Department of Neuroscience, 2Department of Clinical Genetics and 3ENCORE Expertise Centre for Neurodevelopmental
disorders, Erasmus University Medical Centre, Rotterdam, The Netherlands

Objective: Seizure development in Tuberous Sclerosis Complex (TSC) correlates with the presence of
specific lesions called cortical tubers. However, TSC animal models do not show gross brain pathology and
are seizure-free, suggesting that such pathology is a prerequisite for the development of epilepsy. Cells
within TSC lesions show increased activity of the target of rapamycin complex 1 (TORC1) pathway, and
recent studies have implicated this pathway in non-TSC-related animal models of epilepsy and neuronal
excitability. These findings imply a direct role for TORC1 in epilepsy. Here, we investigate the effect of
increased TORC1 signaling induced by acute biallelic deletion of Tsc1 in healthy adult mice. Methods:
Biallelic Tsc1 gene deletion was induced in adult Tsc1 heterozygous and wild-type mice. Seizures were
monitored by EEG and video recordings. Molecular and cellular changes were investigated by Western blot
analysis, immunohistochemistry and electrophysiology. Results: Mice developed epilepsy a few days after
biallelic Tsc1 deletion. Acute gene deletion was not accompanied by any obvious histological changes, but
resulted in activation of the TORC1 pathway, enhanced neuronal excitability and a decreased threshold for
protein-synthesis-dependent long-term potentiation preceding the onset of seizures. Rapamycin treatment
after seizure onset reduced TORC1 activity and fully abolished the seizures. Interpretation: Our data indicate
a direct role for TORC1 signaling in epilepsy development, even in the absence of major brain pathology.
This suggests that TORC1 is a promising target for treating seizures not only in TSC but also in other forms
of epilepsy which result from increased TORC1 activation.
E-mail: m.nellist@erasmusmc.nl
Keywords: tuberous sclerosis complex, epilepsy, TORC1
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Mixoploidy combined with aneuploidy in a 10-yearold patient with severe multiple congenital
abnormalities and mental retardation.
Laura J.C.M. van Zutven1, Grazia M.S. Mancini1, Karen de Heus-Bindels2 , Erica L.T. van den
Akker2 , Lorette O.M. Hulsman1, Marjan Smit1, H. Berna Beverloo1
1Department of Clinical Genetics and 2Pediatrics, Sophia Children´s hospital, Erasmus MC, Rotterdam, The Netherlands

We report a 10-year-old female patient with craniosynostosis of the sutura metopica, palatoschisis,
dysmorphic features, high-arched eyebrows, congenital contractures of fingers elbows and knees, broad
thorax with widely separated nipples, thoracic scoliosis, length 4SD below average, normal head
circumference, mental retardation, high pitched voice, nasal speech, hypotonia and failure to thrive
requiring gastric tube feeding. She was born from healthy, non-consanguineous parents. Metabolic analysis
shortly after birth showed normal amino acids and no indications for mucopolysacharidosis,
oligosaccharidosis or a CDG syndrome. Karyotyping revealed a 45,X karyotype in peripheral blood,
consistent with Turner syndrome. As the girl's phenotype could not be explained by this Turner karyotype,
further genetic analyses were performed. ASXL1 mutation analysis for Bohring-Opitz trigonocephaly was
normal. Subtelomeric MLPA and genomic array (Affymetrix 250 k NspI array) analysis using DNA obtained
from peripheral blood confirmed the 45,X karyotype. Additionally, array showed a small (114 kb) interstitial
loss on chromosome 4q31.22 (unknown clinical significance), which was inherited from the normal father.
As still no satisfactory explanation for the girl's phenotype was found, a mosaic genetic aberration was
suspected and genomic array was repeated on the Illumina HumanCyto12-SNP array using DNA ob-tained
from a skin biopsy. An abnormal profile was observed, suggesting the presence of a triploid cell line with
loss of one X chromosome besides the 45,X cell line, which was confirmed using karyotyping on skin
fibroblasts. Retrospectively, the dysmorphic features and congenital anomalies resemble earlier descriptions
of triploid/diploid mixoploidy syndrome, however in combination with the Turner phenotype these were
difficult to recognize. In conclusion, the patient´s phenotype can be explained by a tissue specific mosaic
abnormal karyotype with both an abnormal triploid and an abnormal diploid cell line being present
(mixoploidy). Mixoploidy has been described in only a few patients worldwide, and the combination with an
aneuploidy, as observed in this patient, is extremely rare. This observation underscores the importance of
re-examination and second tissue analysis of patients with multiple congenital anomalies when microarray
copy number analysis appears normal.
E-mail: l.vanzutven@erasmusmc.nl
Keywords: mixoploidy, triploidy, mosaic, multiple congenital abnormalities, mental retardation
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Clinical and molecular study of 2 families with
severe eye malformations
J.Douben, E.Brosens, H. Eussen, T. Brands, D.van den Bogart, A.van Bodegom, , C.C.W.
Klaver, W. van IJcken, A. de Klein, J.A. Maat-Kievit
Department of Clinical Genetics, Erasmus MC Rotterdam, the Netherlands, Paediatric Surgery Department, Erasmus MC
Rotterdam, the Netherlands, Center for Biomics, Department of Cell Biology, Erasmus MC Rotterdam, the
Netherlands,Department of Ophthalmology, ErasmusMC Rotterdam, the Netherlands.

Microphthalmia, anophthalmia and coloboma are severe congenital eye anomalies, responsible for 14% to
20% of childhood blindness. There prevalence is 1 per 10.000 (Shah et al. 2011, 2012). The aetiology is
heterogeneous, like exogenous, syndromal or monogenous. Here we describe two families with severe eye
malformations. One four generation family with AD colobomatous microphthalmia (CM) with 4 unaffected
and 6 affected family members including the index patient diagnosed with microphthalmia and macula
coloboma. The 5 affected family members in the other family showed variable ophthalmological and other
clinical features like bilateral anophthalmia, postaxial polydactyly, syndactyly in the index patient to bilateral
iriscoloboma or severe myopia in some affected relatives associated with postaxial polydactyly and/or
(A)VSD. The index patients were karyotyped and assayed with subtelomere MLPA but no aberrations were
observed. Further molecular investigation of some candidate genes (SOX6 and OTX2 e.a.) also revealed no
abnormalities. We performed SNP array analysis on the patients but no common CNV was found. In the CM
family we were able to perform linkage analyses and this resulted in 5 shared chromosomal regions. These
regions are still to large to sequence single candidate genes. In order to find the causative genes we
performed exome sequencing in 6 CM patients. At this moment the exome data are analysed with different
analysis software, like CLC Bio, Cartagenia en Ingenuity Variant Analysis. The results will be presented.
E-mail: j.douben@erasmusmc.nl
Keywords: Microphthalmia, anophthalmia and coloboma , exome sequencing
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Identification of pathogenic mutations in families
with charcot-marie-tooth disease type 2 and distal
spinal muscular atrophy
(1) Marian A. J. Weterman, (2) Marieke Bronk, (1) Dyah Karjosukarso, (1) Marja E. Jakobs,
(1) Fred van Ruissen, (3) Henriette Bienfait, (3) Marianne de Visser, (3) Anneke J. van der
Kooi, (2) Karin Y. van Spaendonck-Zwarts, and (1) Frank Baas.
(1) Departments of Genome Analysis, (2) Clinical Genetics, and (3) Neurology, Academic Medical Center, Amsterdam, the
Netherlands

Charcot-Marie-Tooth is the most common hereditary neuropathy. It is classified as demyelinating (CMT1) or
axonal CMT (CMT2) primarily based on electrophysiological findings. Despite the high number of CMT2associated genes, in many families the cause of the disease remains unknown. Distal spinal muscular
atrophy (dSMA) is a pure motor disorder that clinically resembles CMT2 in which sensory symptoms are
frequently mild. The aim of this study was to identify the pathogenic mutation in a cohort consisting of 20
well-defined CMT2- and three dSMA-families. Mutations in MPZ, MFN2, DNM2, RAB7, and BSCL2 were
found by conventional Sanger sequencing. To exclude the possibility that one of the currently known genes
was involved in the remaining families, we developed a custom-made sequence capture containing the
exons of 35 genes followed by next generation sequence analysis to prescreen the families before
embarking on whole exome analysis. In contrast to our expectations, we found 1-9 rare variations per
family, the majority of which could be confirmed by Sanger sequence analysis (47/58). In two families, the
causative pathogenic mutation was found in addition to 1-6 other variations. The index person of one
family, who was severely affected, carried 6 variations in addition to the pathogenic mutation in HSPB1,
while a mildly affected family member only carried the pathogenic mutation. In a second family with a
pathogenic MFN2 mutation, another co-segregating and potentially pathogenic mutation was present in
the TRPV4 gene. In two additional families we identified potentially pathogenic mutations in the AARS gene
and in another two, rare variants in the NRTK1 and FAM134 genes. Extended and detailed analysis of more
CMT patients and families may help explain the high variability in phenotype in CMT patients. In nine out of
15 families where a CMT-specific capture was performed, none of the found variations co-segregated with
the disease. Preliminary data of whole exome analysis of one of these families points to a region on
chromosome 14, previously identified by linkage analysis with a maximum LOD score of 2.11. In conclusion,
we developed a useful method to simultaneously screen all CMT-associated genes to identify pathogenic
mutations and other variations which may influence the severity of the disease. In combination with
cosegregation analysis it is a powerful tool to identify pathogenic candidates.
E-mail: m.a.weterman@amc.uva.nl
Keywords: exome sequencing capture Charcot-Marie-Tooth peripheral neuropathy
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Characterisation of retinoblastomas without RB1
mutations: genomic, gene expression, and clinical
studies.
Rushlow DE, Mol BM*, Kennett JY*, Yee S*, Pajovic S, Thériault BL, Prigoda-Lee NL, Spencer C,
Dimaras H, Corson TW, Pang R, Massey C, Godbout R, Jiang Z, Zacksenhaus E, Paton K, Moll AC,
Houdayer C, Raizis A, Halliday W, Lam WL, Boutros PC, Lohmann D, Dorsman JC, Gallie BL. *
contributed equally
Retinoblastoma Solutions and the Toronto Western Hospital Research Institute, Campbell Family Cancer Research
Institute, Princess Margaret Cancer Centre, University Health Network; Informatics and Biocomputing Platform, Ontario
Institute for Cancer Research; Departments of Hematology/Oncology, Ophthalmology and Visual Science and of
Pathology, Hospital for Sick Children; and Departments of Molecular Genetics, Ophthalmology, Medical Biophysics,
Pathobiology and Lab Medicine, University of Toronto, Toronto, ON, Canada (D E Rushlow, BSc, S Yee, MSc, S Pajovic, PhD,
B L Thériault, PhD, N L Prigoda-Lee, MSc, C Spencer, BSc, Z Jiang, BSc, E Zacksenhaus, PhD, R Pang, MA, C Massey, MSc, H
Dimaras, PhD, P C Boutros, PhD, W Halliday, MD, Prof B L Gallie, MD); Departments of Clinical Genetics, Ophthalmology
and Pediatric Oncology/Hematology, VU University Medical Center Amsterdam, Amsterdam, The Netherlands (B M Mol,
MSc, A C Moll, MD, J C Dorsman, PhD); British Columbia Cancer Research Centre and Departments of Ophthalmology and
Pathology & Laboratory Medicine, University of British Columbia, Vancouver, BC, Canada (J Y Kennett, MSc, K Paton, MD,
Prof W L Lam, PhD); Eugene and Marilyn Glick Eye Institute, Departments of Ophthalmology, Biochemistry and Molecular
Biology, Indiana University School of Medicine Indianapolis, Indiana, USA (Timothy W Corson, PhD); University of Alberta,
Cross Cancer Institute, Edmonton, Alberta (Prof Roseline Godbout, PhD); Service de Génétique Oncologique, Institut Curie
and Université Paris Descartes Paris, France (C Houdayer, PhD); Department of Molecular Pathology, Canterbury Health
Laboratories Christchurch, New Zealand (A Raizis, PhD); and Institut für Humangenetik, Universitätsklinikum, Essen,
Germany (Prof D Lohmann, MD).
BACKGROUND: Retinoblastoma is the childhood retinal cancer that defined tumour-suppressor genes. Previous work
shows that mutation of both alleles of the RB1 retinoblastoma suppressor gene initiates disease. We aimed to
characterise non-familial retinoblastoma tumours with no detectable RB1 mutations. METHODS: Of 1068 unilateral nonfamilial retinoblastoma tumours, we compared those with no evidence of RB1 mutations (RB1(+/+)) with tumours
carrying a mutation in both alleles (RB1(-/-)). We analysed genomic copy number, RB1 gene expression and protein
function, retinal gene expression, histological features, and clinical data. FINDINGS: No RB1 mutations (RB1(+/+)) were
reported in 29 (2â€¢7%) of 1068 unilateral retinoblastoma tumours. 15 of the 29 RB1(+/+) tumours had high-level
MYCN oncogene amplification (28-121 copies; RB1(+/+)MYCN(A)), whereas none of 93 RB1(-/-) primary tumours tested
showed MYCN amplification (p<0â€¢0001). RB1(+/+)MYCN(A) tumours expressed functional RB1 protein, had fewer
overall genomic copy-number changes in genes characteristic of retinoblastoma than did RB1(-/-) tumours, and
showed distinct aggressive histological features. MYCN amplification was the sole copy-number change in one
RB1(+/+)MYCN(A) retinoblastoma. One additional MYCN(A) tumour was discovered after the initial frequencies were
determined, and this is included in further analyses. Median age at diagnosis of the 17 children with RB1(+/+)MYCN(A)
tumours was 4â€¢5 months (IQR 3â€¢5-10), compared with 24 months (15-37) for 79 children with non-familial
unilateral RB1(-/-) retinoblastoma. INTERPRETATION: Amplification of the MYCN oncogene might initiate
retinoblastoma in the presence of non-mutated RB1 genes. These unilateral RB1(+/+)MYCN(A) retinoblastomas are
characterised by distinct histological features, only a few of the genomic copy-number changes that are characteristic
of retinoblastoma, and very early age of diagnosis. FUNDING: National Cancer Institute-National Institutes of Health,
Canadian Institutes of Health Research, German Research Foundation, Canadian Retinoblastoma Society, Hyland
Foundation, Toronto Netralaya and Doctors Lions Clubs, Ontario Ministry of Health and Long Term Care, UK-

Essen, and Foundations Avanti-STR and KiKa. - Lancet Oncol. 2013 Apr;14(4):327-34.
E-mail: JC.Dorsman@vumc.nl
Keywords: Retinoblastoma RB1 MYCN Knudson genomics
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The next generation in exome sequencing
R.W.W. Brouwer1,2, M.C.G.N. van den Hout1, F.J.G.T. Sleutels1, C.E.M. Kockx1, Z. Ozgur1, E.
Oole1, E. Brosens4, H.J.F.M.M. Eussen4, Y. Yi3, F. Dahl3, H. Johansson3, M. Isaksson3, O.
Ericsson3, R.M.W. Hofstra4, F.G. Grosveld1, J.E.M.M. de Klein4, W.F.J. van IJcken1
1 Erasmus Center for Biomics, Dept. of Cell Biology, Erasmus Medical Center, Rotterdam, The Netherlands 2 Netherlands
Bioinformatics Center, Nijmegen, The Netherlands 3 Agilent Technologies, Santa Clara CA95051, United States of America
4 Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, The Netherlands

Exome sequencing allows samples to be sequenced at a fraction of the costs of whole genome sequencing
while retaining information on the important protein-coding portions of the genome. Haloplex technology
offers a very short (3 day) sample prep time, that combined with the fast Illumina HiSeq2500 and MiSeq
sequencers brings the turn-around time of exome sequencing to days instead of weeks. Here, we present
the first exome sequencing results obtained with Haloplex capture technology within a week. We processed
8 samples with the Haloplex exome capture including 1 sample from HapMap. The generated libraries were
sequenced on the Illumina MiSeq, HiSeq 2000 and HiSeq 2500 systems. The generated data was compared
to SureSelect v4 data from the same samples. Haloplex outperforms Sureselect for input amount, turn
around time and coverage per sequenced Gbp. The SureSelect and Haloplex datasets are highly
concordant, but both have specific benefits and drawbacks. Haloplex excels at calling insertions and
deletions in and near repeats due to the structured nature of the resulting reads. However, some allele
specific biases may be introduced in the Haloplex due to alignment issues and PCR duplicates. These biases
occur less in the SureSelect data. In conclusion, Haloplex exome capture is a solid platform for exome
sequencing. Its short runtime and low input requirements make Haloplex exomes ideally suited for clinical
genetics applications.
E-mail: w.vanijcken@erasmusmc.nl
Keywords: Exome sequencing, new haloplex technology
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Introduction of NGS in diagnostics for the
cardiomyopathies results in increased diagnostic
yield
Marjon van Slegtenhorst, Marianne van Tienhoven, Galhana Bolman, Marja Wessels, Judith
Verhagen, Michelle Michels (2), Christel Kockx (3), Wilfred van Ijcken (3), Hennie
Bruggenwirth and Dicky Halley
Department of Clinical Genetics, Erasmus Medical Center Rotterdam 2) Department of Cardiology, Erasmus Medical
Center Rotterdam 3) Center for Biomics, Erasmus Medical Center Rotterdam

Cardiomyopathies are a group of disorders characterised by extreme genetic and clinical heterogeneity,
with >50 causative genes known to date. In the past 10 years, diagnostic testing of affected individuals
using serial Sanger sequencing of a limited number of genes has been expensive and time-consuming. The
aim of this study was to develop an NGS-based workflow for routine diagnostics to improve genetic testing
for a group of cardiomyopathy patients (HCM/DCM/NCCM). An NGS-based targeted workflow was
designed by developing an enrichment array (Agilent Sure Select) for 46 genes, running12 pooled barcoded
samples on the Miseq system (Illumina), followed by mapping and variant calling using the SeqNext
software package (JSI). Fifteen frequently mutated genes, previously tested by Sanger sequencing, were
selected to validate the process. Testing the workflow also showed that it is possible to detect deletions of
up to 65 bp, duplications of up to 28 bp and a somatic mosaicisms. At present, DNA samples of 143
patients have been tested and analysed. Forty-eight pathogenic mutations were identified. Sixteen of those
pathogenic mutation were in genes which were not part of the conventional Sanger sequencing approach.
Furthermore, in a young severely affected patient at least two pathogenic mutations were identified.
Variants of unknown significance (VUS) were found in 75 patients and 22 patients did not show any
pathogenic mutation or VUS. In conclusion, targeted NGS is an effective approach for cardiomyopathy
diagnostics, resulting in increased diagnostic yield. One of the major challenges remains to solve the
increasing number of VUS identified.
E-mail: m.vanslegtenhorst@erasmusmc.nl
Keywords: Targeted NGS Cardiomyopathies Diagnostics
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STAR syndrome in two unrelated girls, an
underdiagnosed entity?
Y van Bever1, G.C.Madern2, K.P.Wolffenbuttel3, M.Spoel2, K. de Heus-Bindels4,C.C.W
Klaver5, M.Dalinghaus6, J. Kohlhase7, M W.Wessels1
1Department of Clinical Genetics, 2Department of Paediatric Surgery, 3Department of Urology, 4Department of
Paediatrics, 5Department of Ophthalmology, 6Department of Paediatric Cardiology - ErasmusMC - Rotterdam Netherlands; 7Centre for Human Genetics, Freiburg, Germany

After an initial case report of a mother and daughter in 1996 by Green et al, STAR syndrome was delineated
in 2008 in this girl and three other unrelated girl by Unger et al.. STAR is an acronym for syndactyly of the
toes, telecanthus, anogenital malformations and renal anomalies. Other anomalies especially of the eyes
and heart can occur. So far no other case are reported. This MCA syndrome is caused by mutations in
FAM58A, an X-linked gene. As all cases are female X-linked dominant inheritance is suggested. We extend
the clinical phenotype and show the facial features which can range from easily recognizable to more
subtle. Both the ambiguous genital at birth and the short stature with an adult height described in the
affected mother of 1.46cm, may warrant endocrine studies. So far intellectual disability does not seem to be
part of the syndrome. Coordinated multidisciplinary care is important
E-mail: y.vanbever@erasmusmc.nl
Keywords: STAR syndrome, X-linked dominant, ambiguous genitalia, MCA
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Diagnostic routing for exome sequencing in
intellectual disability
W.M. Nillesen, T. Kleefstra, C. Gilissen, M. Nelen, K. Neveling, R. de Reuver, R. Pfundt, D.
Lugtenberg, L. E. Vissers, A. Schenck, H. Scheffer, and H. G. Yntema
UMC St Radboud, Genetica

Because of the high heterogeneity in intellectual disability (ID), whole exome sequencing (WES) is more cost
effective and has a higher diagnostic yield compared to Sanger sequencing. In our routine diagnostic WES
analysis pipeline, both the patient's DNA and the DNA of the healthy parents is sequenced. Analysis of
variants in approximately 500 ID genes as well as an additional de novo analysis is performed. The results
are combined in a single overview of potential mutations in known ID genes as well as probable de novo
candidates. After pre-selection of the most likely disease causing variant(s), Sanger sequencing is
performed in order to confirm the presence of the (de novo) variant. In cases with no mutations in the
known ID genes, the most likely pathogenic de novo mutations were succeeded. Evidence for pathogenicity
was mainly based on described gene function, and classification of the variant by in silico prediction
programs. For each patient, a diagnostic report was written based on the mutation(s) identified and the(ir)
clinical relevance, thereby providing a statement whether or not the genetic cause for ID was identified. The
diagnostic routing for ID, as well as the classification of variants, and examples of reports will be presented.
E-mail: w.nillesen@gen.umcn.nl
Keywords: Intellectual disability, whole exome sequencing, diagnostic classification of variants
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Age independent genetic testing of BRCA1/2 in
women with Triple Negative Breast Cancer in a
familial setting
Esther Kok, Peggy Manders, Arjen R. Mensenkamp, C. Marleen Kets
Department of Human Genetics, Radboud University Medical Centre, Nijmegen, The Netherlands

Introduction: Higher prevalence of Triple Negative Breast Cancer (TNBC) has been observed in BRCA1/2mutation carriers (70% in BRCA1, 25% in BRCA2) compared to non-carriers (15%). Recent studies have
shown that in unselected women with TNBC below the age of 50 a BRCA1/2 mutation can be found in 9 to
34%. Therefore, the current agreement between clinical geneticists in the Netherlands is to perform
BRCA1/2-mutation testing in women referred to a clinical genetic department with TNBC below the age of
50 years. We wondered if women with TNBC that are referred for genetic counseling in case of familial
breast cancer might be eligible for genetic testing, regardless of age. We performed a retrospective study in
women with breast cancer referred for genetic counseling to evaluate the age dependent occurrence of
TNBC in BRCA1/2-mutation carriers compared to non -carriers. Methods: The case group included women
referred for genetic counseling in the Radboud University Medical Centre Nijmegen with a history of breast
cancer and positive for a BRCA1/2 mutation (n=100), who received genetic testing between February 2009
and December 2012. The control group consisted of age category matched female non-mutation carriers (n
= 100), also referred for genetic counseling to our centre with a history of breast cancer, who received
genetic testing in 2010. We divided the women into three groups (age at diagnosis: < 40, 40-49 and >50
years) and compared carriers to non-carriers. Results: Our results show that there is a significant difference
between the prevalence of TNBC in mutation carriers compared to non-carriers for the different age
categories (<40, 40-49, >50 years). The occurrence of TNBC among the BRCA1/2 carriers diagnosed with
breast cancer >50 years is comparable or even more frequent compared to the carriers with breast cancer
below the age of 50 years. This is not the case for the non-carriers where the occurrence of TNBC is highest
in those diagnosed below the age of 40 years. Conclusion: The results suggest that genetic testing of
BRCA1 and BRCA2 should be considered for women with TNBC in case of familial breast or ovarian cancer,
regardless of their age of diagnosis.
E-mail: e.kok@gen.umcn.nl
Keywords: Triple Negative, Breast Cancer, Genetic testing, Guidelines
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Mutations in DDHD2 cause recessive spastic
paraplegia with intellectual disability and structural
and metabolic brain abnormalities.
Janneke H.M. Schuurs-Hoeijmakers1-3*, Michael T. Geraghty4*, Erik-Jan Kamsteeg1*, Salma Ben-Salem5,
Susanne T. de Bot6,7, Bonnie Nijhof1,3,7, Ilse I.G.M. van de Vondervoort1, Marinette van der Graaf8, Anna
Castells Nobau1,3,7, Irene Otte-Höller9, Sascha Vermeer1, Amanda C. Smith10, Peter Humphreys4, Jeremy
Schwartzentruber11, FORGE Canada Consortium12, Bassam R. Ali5, Said A. Al-Yahyaee13, Said Tariq14,
Thachillath Pramathan5, Riad Bayoumi15, Hubertus P.H. Kremer16, Bart P. van de Warrenburg6,7, Willem M.R.
van den Akker1, Christian Gilissen1-3, Joris A. Veltman1-3, Irene M. Janssen1, Anneke T. Vulto-van
Silfhout1,2,7, Saskia van der Velde-Visser1, Dirk J. Lefeber2,6,17, Adinda Diekstra1, Corrie E. Erasmus18, Michèl
A. Willemsen7,18, Lisenka E.L.M. Vissers1-3, Martin Lammens9, Hans van Bokhoven1,3,7, Han G. Brunner1-3,
Ron A. Wevers2,15,19, Annette Schenck1,3,7, Lihadh Al-Gazali5#, Bert B.A. de Vries1,2,7â€¡# Arjan P.M. de
Brouwer1,3,7#
1 Department of Human Genetics, Radboud University Nijmegen 2 Institute for Genetic and Metabolic Disease, Radboud
University 3 Nijmegen Centre for Molecular Life Sciences, Radboud University Nijmegen 4 Department of Pediatrics,
Children's Hospital of Eastern Ontario, University of Ottawa, Ontario, Canada.5 Departments of Pathology and
Paediatrics, Faculty of Medicine and Health Sciences, United Arab Emirates University 6 Department of Neurology,
Radboud University Nijmegen 7 Donders Institute for Brain, Cognition and Behavior, Radboud University Nijmegen 8
Departments of Pediatrics and Radiology, Radboud University Nijmegen 9 Department of Pathology 825, Radboud
University Nijmegen 10 OHRI, University of Ottawa, Ontario, Canada. 11 McGill University and Genome Quebec
Innovation centre, Montreal 12 FORGE Steering Committee Membership is listed in Acknowledgements 13 Department of
Genetics, College of Medicine and Health Sciences, Sultan Qaboos University, Muscat, Sultanate of Oman 14 Departments
of Anatomy, Faculty of Medicine and Health Sciences, United Arab Emirates University 15 Department of Biochemistry,
College of Medicine and Health Sciences, Sultan Qaboos University, Muscat, Sultanate of Oman 16 Department of
Neurology, University of Groningen.
We report on four families with complex hereditary spastic paraplegia (HSP) due to mutations in DDHD2, an
intracellular phospholipase A1. We used exome sequencing to study two sibling families with a complex and presumed
autosomal recessive HSP. Both families presented with a combination of progressive spasticity with an onset before 2
years of age, intellectual disability (ID) and cerebral abnormalities consisting of a marked thin corpus callosum,
periventricular white matter hyperintensities and an unusual peak on brain MRS imaging representing accumulation of
an unknown lipid molecule. In both families compound heterozygous mutations were identified in DDHD2:
c.1804_1805insT in combination with c.2057delA, and c.1386dupC in combination with c.1978G>C. Sequencing of a
follow-up cohort consisting of 55 individuals with presumed autosomal recessive HSP resulted in the identification of a
homozygous stop mutation, c.859C>T, within DDHD2 in a consanguineous Iranian family. Literature search for HSP loci
on chromosome 8 showed a large consanguineous Omani family, with linkage to a 9cM interval on chromosome 8p
encompassing DDHD2 1. In this family, a homozygous frameshift mutation, c.1546C>T, segregated with the disease in
the family. The clinical presentation of all four families was very similar with early onset HSP, ID, a marked thin corpus
callosum and subtle white matter abnormalities. All mutations affected the DDHD domain of the protein that is
essential for its phospholipase activity. qPCR analysis of mRNA expression levels of DDHD2 in a panel of different
human tissues shows highest expression in adult human brain tissue. An essential role for DDHD2 in the human central
nervous system and perhaps more specifically in synaptic functioning is supported by reduced number of active zones
at synaptic terminals in DDHD2 knockdown Drosophila models. In line with the function of DDHD2 in lipid metabolism
and its role in the central nervous system, an abnormal lipid peak was detected with cerebral MR spectroscopy. This
provides an applicable diagnostic biomarker that can distinguish the DDHD2-phenotype from other complex HSP
phenotypes. We show that mutations in DDHD2 cause a specific complex HSP subtype (SPG54), thereby linking a
member of the PLA1 family to human neurologic disease. 1. Al-Yahyaee S, Al-Gazali LI, de Jonghe P., et al. (2006).
Neurology 66,1230-1234.
E-mail: J.Schuurs-Hoeijmakers@gen.umcn.nl
Keywords: Intellectual disability, Hereditary spastic paraplegia, autosomal recessive
69

P 33

PMS2 mutation detection and PMS2 mutation
spectrum in the Netherlands
H.M. van der Klift1, A.R. Mensenkamp2, Y.J. Vos3, J.J.P. Gille4, E.J.W. Redeker5, E. Bik1, A.
Wagner6, E. Gómez García7, M.J.W. Olderode-Berends3, F.H. Menko4, T.A. van Os5, M.
Nielsen1, F. Hes1, P. Devilee1, M.J.L. Ligtenberg2, J.T. Wijnen1, C.M. Tops1
1Leiden University Medical Center, Leiden, 2Radboud University Medical Center, Nijmegen, 3University Medical Center
Groningen, Groningen 4VU University Medical Center Amsterdam, 5Academic Medical Center, Amsterdam, 6Erasmus
Medical Center, Rotterdam. 7Maastricht University Medical center, Maastricht

Heterozygous mutations in the mismatch repair (MMR) gene PMS2 cause Lynch syndrome (LS), an
autosomal dominant prediposition for colorectal, endometrial and other cancers. Biallelic mutations lead to
constitutional MMR-deficiency syndrome (CMMR-D) in which various types of malignancy occur early in
life. Isolated loss of PMS2, detected by immunohistochemistry in tumours directs mutation scanning to
PMS2 to diagnose LS and CMMR-D. Mutation scanning of this gene has been notoriously difficult due to
the presence of highly homologous pseudogene sequences and frequent gene conversion events. Here we
present results of recently improved DNA-based and RNA-based mutation detection strategies for PMS2 as
obtained in the five Dutch accredited diagnostic laboratories that offer PMS2 genetic testing. Altogether, 53
different deleterious PMS2 mutations were discovered in 126 LS and 8 CMMR-D index patients. Recurrent
PMS2 mutations, probably of founder origin, appear to be common in the Dutch cohort: 15 mutations
found in at least 3 probands represent 68% (96/142) of mutated alleles. Notably, one such recurrent
mutation, detected in 3 probands in our cohort, is the recently described retrotranspositional insertion of
an SVA repeat, that is missed by current DNA-based protocols. Pathogenic PMS2 mutations were found in
78% (57/73) of patients with isolated PMS2 loss, and another 10% (n=7) could be explained by an MLH1
mutation (data from 2 labs with complete data set). Based on an estimated number of 700 Dutch proven LS
families, 18% (126/700) is explained by a PMS2 mutation. Our data substantially expand knowledge on the
spectrum of disease-causing PMS2 mutations.
E-mail: hvdklift@lumc.nl
Keywords: PMS2, mutation detection, pseudogenes, Lynch syndrome, CMMR-D, mutation spectrum
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Diagnostic implementation of copy number variant
detection in whole exome sequencing data.
Rolph Pfundt*, Joep de Ligt*, Lisenka Vissers*, Philip Boone#, James Lupski#, Han Brunner*,
Joris Veltman*, Rick de Reuver*, Marisol del Rosario*, Nico Leijsten*, Martina RuiterkampVersteeg*, Helger IJntema*, Dorien Lugtenberg*, Hans Scheffer*, Nicole de Leeuw*, Jayne
Hehir-Kwa*.
*Department of Human Genetics, Radboud University Medical Centre, Nijmegen, PO Box 9101 HB, the Netherlands
#Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, Texas, USA

Copy number variation (CNV) is a common source of genetic variation that has been implicated in many
genomic disorders. This has resulted in the widespread application of genomic microarrays as a first tier
diagnostic tool. More recently whole exome sequencing (WES) has proven highly successful for unbiased
detection of clinically relevant point mutations and small insertion-deletions. We have evaluated the clinical
utility of WES to detect CNVs in a representative set of DNAs from 10 patients with intellectual disability in
which diagnostic SNP arrays previously detected 12 pathogenic CNVs. Based on this evaluation we have
now implemented CNV detection in WES data, in parallel with the existing SNV detection in our diagnostic
WES-analysis pipeline, thereby increasing the range of genetic variation and the diagnostic yield that can
be obtained from WES data. We will present the CNV WES data of the retrospective analysis of the first 205
patients with intellectual disability and their parents (615 samples). In addition we will show how we have
expanded this CNV analysis to additional patient cohorts offered WES for genetically heterogeneous
diseases such as hereditary blindness, deafness, and movement disorders. We demonstrate that WES can
be successfully used to efficiently reach a diagnosis in a patient, by analysing both SNVs as well as CNVs.
This makes WES a suitable approach as a first tier diagnostic test for a wide variety of patients including ID
and/or congenital anomalies.
E-mail: R.Pfundt@gen.umcn.nl
Keywords: Next-Generation-Sequencing, Whole-Exome-Sequencing, Copy Number Variation (CNV),
Diagnostics
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Accurate, fast, and comprehensive ion
semiconductor based test for BRCA1 and BRCA2
mutation analysis
Arjen R. Mensenkamp1, José Luis Costa3, Marcel N. Nelen1, Hicham Ouchene1, Marloes
Tychon1, Ana Justino3, Sónia Sousa3, Nicoline Hoogerbrugge1, José Carlos Machado3,4,
and Marjolijn J.L. Ligtenberg1,2
1) Department of Human Genetics and 2) Pathology, Radboud University Nijmegen Medical Centre, The Netherlands, 3)
IPATIMUP Diagnostics, Institute of Molecular Pathology and Immunology of the Porto University, Portugal, 4) Medical
Faculty of the University of Porto, Portugal

PURPOSE To develop an accurate and fast test for the detection of BRCA1 and BRCA2 mutations making
use of highly multiplex PCR technology combined with ion semiconductor sequencing. METHODS The
design of 3 multiplex sets of about 55 primer pairs each assures full coverage of all coding exons without
allelic drop out due to SNPs at primer sites. To test and optimize the methodology and the appropriate
settings in the mutation analysis software, 20 mutations were selected based on the presence of mutations
in or within close proximity of homopolymeric regions. Using the optimized workflow an additional 25
cases, representing the most common point mutations in Portugal and the Netherlands, and a set of 10
consecutive clinical samples were tested. RESULTS All SNPs and mutations including missense, nonsense
and indel mutations that were identified by Sanger sequencing were detected with our multiplex PCRbased ion semiconductor sequencing approach. False positive calls, at most 5 per sample, were recurrent
within a run and thus recognizable. CONCLUSION Mutation screening of BRCA1 and BRCA2 using novel
next generation sequencing technology is accurate and fast, as it gives results within days. Both these
qualities are essential for optimal use in clinical decision making.
E-mail: a.mensenkamp@gen.umcn.nl
Keywords: BRCA1 BRCA2 semiconductor sequencing Ion Torrent
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POLR3A and POLR3B mutations in 4H syndrome
R.M.L. van Spaendonk, E.A. Sistermans, T.E.M. Abbink, M.S. van der Knaap, N.I. Wolf
Klinische Genetica, VU medische centrum en Kinderneurologie, VU medisch centrum

Hypomyelinating leukoencephalopathies form a major group among inherited white matter disorders.
Additional clinical findings sometimes allow making a definitive diagnosis. The 4H syndrome has as
characteristic features, in addition to Hypomyelination, Hypodontia and Hypogonadotropic Hypogonadism
(4H), but dental and hormonal anomalies are not obligatory. Cerebral MRI shows hypomyelination,
additionally cerebellar atrophy and relative T2-hypointensity of the lateral thalami, allowing a tentative
diagnosis of this disease also in the absence of all clinical features. Recessive mutations in two genes
coding for subunits of the RNA polymerase III, POLR3A and POLR3B, were shown to cause this disease. We
sequenced the entire coding region and splice junctions of POLR3A and POLR3B in 28 patients (age 2 â€“
40 years) with hypomyelination and clinical and/or MRI features suggesting 4H syndrome. All patients were
found to carry mutations in POLR3A (7 patients) or POLR3B (21 patients). Eleven new mutations were
identified in POLR3A: 10 missense and 1 nonsense mutation. In POLR3B, 17 new mutations were identified:
5 splice site, 3 frameshift, 2 nonsense and 7 missense mutations. Nineteen of the 21 patients with POLR3B
mutations shared the common mutation in exon 15 (p.Val523Glu), but none was homozygous for this
mutation. These results further support POLR3A and POLR3B mutations as the major cause of 4H syndrome
and stress that if patients fulfill clinical and/or MRI criteria, the chance of confirming mutations in either of
the 2 genes is high. It also makes 4H syndrome the second most common entity after PelizaeusMerzbacher disease among hypomyelinating white matter disorders.
E-mail: r.vervenne@vumc.nl
Keywords: white matter disorder, leukoencephalopathies, hypomyelination, hypodontia, Hypogonadotropic
hypogonadism
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Efficient diagnostic routing using exome sequencing
Marjan Weiss, Roy Straver, Daphne van Beek, Ingrid Bakker, Yne Waterham, Petra
Zwijnenburg, Danielle Posthuma, Sander Groffen, Hanne Meijers-Heijboer, Erik Sistermans,
Quinten Waisfisz
VU medisch centrum, Klinische genetica, Amsterdam; Academisch medisch centrum, Klinische genetica, Amsterdam

BACKGROUND: Exome sequencing can provide a molecular diagnosis in families with an unexplained
phenotype. When using this technique in a diagnostic setting it is important to follow a well documented
diagnostic routing. Here we present an effective routing that is implemented in our department and the
results of the first 12 families that were analyzed using this strategy. METHODS: All candidate families are
discussed and selected in a monthly meeting with clinicians, clinical laboratory geneticists and a molecular
geneticist. Selection criteria are based on the odds of revealing the molecular diagnosis and include clinical
phenotype, available family members and diagnostic relevance. During this meeting the diagnostic routing
is defined which can include: exclusion of possible other genes in differential diagnosis, exclusion of
deletions and duplications (array), revealing the regions of homozygosity (SNP array), and the primary
filtering strategy according to the expected inheritance model. For interpretation of the variants and
possible functional follow up we discuss selected findings during a monthly multidisciplinary meeting
including molecular biologists, clinical geneticist, clinical molecular geneticists and a statistical geneticist.
RESULTS: Samples were collected from 12 families with different clinical phenotypes. In two of these the
causative mutation was identified before exome sequencing, both were consanguineous families and the
candidate gene located in a common region of homozygosity was identified by Sanger sequencing. In the
remaining 10 families exome sequencing was performed and different filtering strategies were applied. In
several cases the actual mode of inheritance proved to be different from what was originally thought most
likely. In five families a probably pathogenic variant and in four families a possible pathogenic variant was
detected. In one family we could not reveal a clinical relevant variant. CONCLUSION: We have implemented
an efficient strategy for using exome sequencing in clinical diagnostics. The diagnostic yield is high: 11/12
families received a possibly or probably molecular diagnosis. The strategy includes a close and structured
communication between physicians and the laboratory. Using this routing expensive exome sequencing is
only used if necessary.
E-mail: j.weiss@vumc.nl
Keywords: exome sequencing, diagnostic routing, diagnostic yield
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Tetraploid/diploid mosaicism as a potential cause of
hypospadias
Jacques C Giltay1, Aart J Klijn2, Marjolein van Breugel1, Lars van der Veken1, Ron
Hochstenbach1
UMCU

Both environmental and genetic factors have been implicated in the etiology of hypospadias.
Environmental factors include placental insufficiency and pre-existing diabetes, genetic factors include
several genes involved in the formation of male external genitalia. Monogenic etiology has mainly been
proposed in cases with posterior hypospadias whereas the functional consequences of the mutations
identified usually remain unclear. Since in the vast majority of the published reports genomic DNA isolated
from blood has been used we hypothesized that mosaic chromosomal abnormalities present in genital
tissues might be responsible for hypospadias in some cases. Thus, in a patient with penoscrotal (posterior)
hypospadias, micropenis and scrotal testes, who was initially suspected to have partial androgen
insensitivity syndrome (PAIS) we cultured fibroblasts from a genital skin biopsy, obtained during surgical
correction of the hypospadias. Karyotyping revealed a 92,XXYY/46,XY mosaicism in 53 and 43 cells
respectively. Interfase fluorescence in situ hybridization (FISH) with probes for chromosomes 18, X and Y
confirmed this distribution of tetraploid and diploid cells. SNP array analysis on DNA from these genital
cells gave no indication of chimerism. Karyotyping and/or interfase FISH in blood lymphocytes (n=600),
buccal mucosa cells (n=100) and cells from a urine sediment (n=100) was consistent with 46,XY in all cells.
Tetraploidy mosaicism is an extremely rare chromosomal abnormality reported in at least 15 live born
patients with growth retardation and developmental delay. Only one of them had renal/urinary tract
abnormalities (Stefanova et al 2010). Complete tetraploidy is even rarer and reported in 9 live born children
who had a very limited life expectancy (Stefanova et al 2010). In at least 7 out of 9 cases abnormalities of
the urogenital tract were reported so these abnormalities seem to be a near consistent finding in
tetraploidy. The lack of these abnormalities in patients with mosaicism may be due to ascertainment bias
since tetraploid cells in our patient were only found in genital skin fibroblasts. We conclude that
tetraploid/diploid mosaicism is a rare cause of hypospadias and perhaps other congenital anomalies of the
urogenital tract which can only be diagnosed if cells from these organs are karyotyped.
E-mail: j.c.giltay@umcutrecht.nl
Keywords: mosaicism, hypospadias, karyotyping
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Mosaicism detection in monogenetic disorders
using NGS
E. Zonneveld-Huijssoon1, M. Elferink1 ,M. Stoffels 2,3,, P. van Zon1 , A. Simon 2, 3 , M. E.
van Gijn1
1Department of Medical Genetics, UMC Utrecht, Utrecht, The Netherlands 2Department of General Internal Medicine,
Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands 3Nijmegen Centre for Infection, Inflammation
and Immunity (N4i), Nijmegen, The Netherlands

Background: Somatic mosaicism has been implicated in many monogenic disorders. Examples are
Duchenne muscular dystrophy, Autoimmune lymphoproliferative syndrome (ALPS) and recently also
Cryopyrin associated periodic syndrome (CAPS). Improved sequencing technologies offer unprecedented
opportunities for investigating the role of mosaics in mutation negative patients. Aim: We aimed to
investigate how sensitive our current diagnostic next-generation sequencing (NGS) method is in detecting
mosaicism. Moreover we investigated whether we could detect mosaicism for pathogenic mutations in
NLRP3 in mutation-negative CAPS patients. Methods: Six DNA samples with NLRP3 mutations and six DNA
samples with FAS mutations were pooled creating artificial mosaicisms of 1,5%-3,1%-6,3%-12,5%-25% for
each known mutation. Moreover, DNA of two patients with known NLRP3 mosaicism was included. In short,
barcoded whole genome fragment libraries were generated for each pool/patient, enriched for the coding
regions of 500 inflammation/immunodeficiency related genes using SureSelectXT and subsequently
sequenced on the SOLiD5500XL platform. The NLRP3 and FAS genes were analyzed using an in house
bioinformatic pipeline, CARTAGENIA BENCH lab NGS and IGV2.2 software. Results: In the samples all
NLRP3/ FAS exons were fully covered, with an average read depth of 300-460x. All frequencies of the
artificial mosaicims could be detected in IGV similar to the expected frequencies. Our bioinformatic pipeline
could detect the 25%-6,3% and the 1,5% mosaic FAS mutations and the 25% and 3,1% mosaic NLRP3
mutations. The two patients that were identified before as being 6.3% mosaic for the E567K and G755R
mutation demonstrated mosaicism for these mutations of subsequently approximately 8% and 10%.
Moreover 9% mosaicism for a NLRP3 mutation was detected in one of the five selected CAPS patients.
Conclusion: We demonstrated that our NGS sequencing method can detect mosaicism effectively. For
optimal filtering of lower mosaic percentages however, the bioinformatic algorithm has to be adjusted. We
are currently rewriting the algorithm for optimal detection of mosaicism in lower frequencies.
E-mail: e.zonneveld-huijssoon@umcutrecht.nl
Keywords: mosaicism detection, NGS
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Identification of possible therapeutic targets for
Fanconi anemia Head and neck cancer by
transcriptome sequencing
Irsan Kooi, Martin Rooimans, Johan de Winter
Vrije Universiteit Medisch Centrum, Clinical Genetics Department, Oncogenetics Section

Fanconi anemia (FA) is a hereditary genetic instability syndrome characterized by progressive bone marrow
failure and high predisposition to cancer. The treatment of the immediate life-threatening symptoms of FA
patients has improved considerably during the last decades. As a consequence their life expectancy has
increased from a median age of 20 to > 30 years. Unfortunately, the older FA patients develop solid tumors,
mainly of the head and neck region, which are associated with very poor prognosis. FA patients have a
defect in a defense mechanism against DNA replication blocking lesions. Therefore, standard chemotherapy
treatment regimens with alkylating agents are not an option for FA patients due to their extreme toxicity.
We set out to identify specific therapeutic targets in FA tumors by transcriptome sequencing since this
approach provides an unbiased and robust quantitation of gene expression. In addition, RNA sequencing
allows the identification of coding mutation, alternative splicing events, and fusion genes. For this aim we
have established a unique set of tumor- and corresponding fibroblast cell lines from FA patients with head
and neck squamous cell carcinoma (HNSCC). A matching set of tumor and corresponding cell lines from
non-FA HNSCC patients was established as controls. Stranded mRNA libraries of 12 samples, 3 tumor lines
and 3 corresponding fibroblast lines from FA and non-FA patients (12 samples in total), were pooled and
sequenced on two Illumina Hiseq2000 lanes using the 100 bp paired-end protocol. The Tophat pipeline was
used to perform a splicing-aware mapping of the reads to the hg19 reference genome. Next, we used
EdgeR for differential expression testing and identified 40 genes that were significantly overexpressed in all
the FA HNSSCs as compared to non-FA HNSCC and fibroblasts. Gene ontology analysis demonstrated a
significant enrichment of genes involved in immune response. Interestingly, one of these genes is currently
being targeted in phase-II clinical trials. This opens up new avenues for targeted therapy in FA patients.
These data show that whole transcriptome sequencing is an effective tool for stratifying tumor subtypes
with a specific phenotype. In addition, we demonstrate that transcriptome sequencing is a promising
approach to identify druggable targets for cancer therapy.
E-mail: N.ameziane@vumc.nl
Keywords: RNA sequencing, Fanconi anemia, Head and Neck Squamous Cell Carcinoma, Targeted cancer
therapy
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A whole genome based virtual QPCR design
Bert Eussen 1, Hannie Douben 1, Soheil Shams 2, Dirk Goossens 3, Erwin Brosens 1,
Annelies de Klein 1
1 Clinical Genetics, ErasmusMC Rotterdam, the Netherlands 2 BioDiscovery Inc. El Segundo, USA 3 Multiplicom N.V., Niel,
Belgium

Most diagnostic and research units use SNP- or oligo-arrays as first tier technique to determine copy
number changes. Since a number of these changes are rare and possible segregate from one of the
unaffected parents there is a need for a fast validation protocol of these CNV´s. The design must be flexible
and cost effective especially since often only a few samples need to be analyzed. The MAQ assay (Multiplex
Amplicon Quantification, Multiplicom) analysis is a very robust, easy to perform and extremely fast Q-PCR
assay. The PCR amplicons are generated in a one-step, closed tube reaction and the whole assay takes
about 5 hours. The primer design options are either web based (limited region and complexity) or as a
custom design. We developed a Whole Genome MAQ design with an average amplicon spacing of 125kb.
Repetitive regions and segmental duplications were excluded. This design track of all amplicons (n= 16.000)
is integrated within Nexus Copy Number (BioDiscovery). With a hyperlink option it is possible to go directly
from a specifc amplicon to the website of Multiplicom and order the MAQ assay. By shifting the design it
will be possible to achieve a resolution ~ 30 kb in the future, although the highly repetitive regions like
centromere, telomere and segmental duplications remain a problem. Currently we investigate the
possibilities to design a targeted exome-based MAQ assay compatible with the Illumina´s new CytoSNP850 array.
E-mail: h.eussen@erasmusmc.nl
Keywords: QPCR, MAQ, SNP array, CNV
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The additional diagnostic value of SNP array testing
in 71 fetuses with early IUGR
M.I. Srebniak, M.C. de Wit, D. Van Opstal, M. Joosten, K.E.M. Diderich, M. Knapen, R.J.H.
Galjaard, L.C.P. Govaerts, A.T.J.I. Go
Department of Clinical Genetics, Erasmus MC Department Obstetrics & Gynecology, Division of Prenatal Medicine,
Erasmus MC

Objectives: Intrauterine growth restriction (IUGR) is estimated to be present between 3% and 10% of the
total population and is the second cause of perinatal mortality, accounting for 30% of stillborns.
Amniocentesis is recommended by the American College of Obstetricians and Gynecologists and other
international guidelines if there is an early or severe IUGR or if there are associated anomalies. Karyotyping
revealed chromosome abnormalities in 5â€“20% of fetal growth restriction cases, especially when there is
an early onset. The aim of our study was to determine whether array testing may reveal additional clinically
relevant submicroscopic chromosome abnormalities as compared to karyotyping in cases of IUGR with and
without additional ultrasound anomalies. Method: In 2009-2013 71 fetuses with early (gestation age: mean
21.9, median 21.3) IUGR: 52 with isolated growth restriction and 19 with growth restriction and a structural
ultrasound anomaly(ies) were tested with SNP array in diagnostic settings. Fetuses with abnormal RAD
results and twin pregnancies were excluded. SNP array (HumanCytoSNP-12 Illumina) with resolution ca.
0.15Mb was performed and analyzed as described before. Results: 2/52 (3.8%) fetuses with isolated growth
restriction revealed a submicroscopic chromosome abnormality; one of the abnormalities was caused by a
formation of a ring chromosome and therefore it would also have been diagnosed by karyotyping. 6/19
(36.1%) fetuses with IUGR and a structural ultrasound anomaly(ies) showed an abnormal array result. Only 2
of these 6 abnormal cases showed microscopically visible unbalanced translocations. Conclusions: Although
our cohort of fetuses with early IUGR is relatively small our data show that in both groups array testing
detects more clinically significant abnormalities than karyotyping. Therefore to exclude microscopic and
submicroscopic unbalanced chromosome abnormalities in fetuses with early IUGR array testing should be
offered.
E-mail: m.srebniak@erasmusmc.nl
Keywords: early IUGR, SNP array
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Types of array findings detectable in cytogenetic
diagnosis. A proposal for a generic classification
M.I. Srebniak, K.E.M. Diderich, L.C.P. Govaerts, M. Joosten, S. Riedijk, R.J.H. Galjaard,
D. Van Opstal
Department of Clinical Genetics, Erasmus MC

Both array testing and next generation sequencing (NGS) reveal different types of clinically relevant results.
For array findings a CNV (copy number variant) classification is already proposed; however, none of the
proposals defined any subcategories of pathogenic findings. We think that defining subcategories is a
crucial basis for developing generic consent, if the patients may choose the kind of information they wish to
be informed about. Based on our experience with prenatal array testing, we propose three subcategories of
pathogenic array findings: causative array findings, unexpected diagnoses (early- or late-onset (un)treatable
diseases) and susceptibility loci for neurodevelopmental disorders. We prefer the term unexpected
diagnoses for findings that are often classified by others as "incidental findings", because they do not fit the
fetal phenotype or the indication for invasive prenatal testing. We propose to include susceptibility loci for
neurodevelopmental phenotypes in a separate subcategory, since it is still unclear whether such CNVs are
the only cause of the phenotypic anomalies even if they seem to explain the patient´s features. And if found
prenatally, the risk for developing the disease is still unquantified. We recommend using the term incidental
findings for a separate category of pathogenic array findings that are found in the parents that are tested
for interpretation of fetal CNV. Finally, we suggest broadening the classification to array findings and not
narrowing it to CNVs only, moreover the proposed classification is generic and potentially may be used in
both prenatal and postnatal settings and also be applicable for NGS findings.
E-mail: m.srebniak@erasmusmc.nl
Keywords: array findings, NGS findings, generic classification
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Double minute chromosomes in acute myeloid
malignancies, two case reports.
J. Knijnenburg1, A.A. van Houten2, J.W.J. van Esser3, S. Velthuizen1, C. Hays1, T.
Zweverink1, P. Valk4, H.B. Beverloo1
1 Department of Clinical Genetics, Erasmus MC, Rotterdam, The Netherlands 2 Department of Internal Medicine, Maasstad
Hospital, Rotterdam, The Netherlands 3 Department of Internal Medicine, Amphia Hospital, Breda, The Netherlands 4
Department of Hematology, Erasmus MC, Rotterdam, The Netherlands

Double minute (dmin) chromosomes are small paired chromatin bodies found in various malignancies.
Similar to homogenously staining regions (hsr), they consist of amplified oncogenes. Although frequent in
cancer, the presence of these gene amplifications by hsr or dmin chromosomes in hematological
malignancies is rare; the frequency in acute myeloid leukemia (AML) is estimated around 1%. The most
common gene amplified in AML reported in the literature is MYC (8q24) (44-76%). MYC is a well described
oncogene and abnormally high expression of the MYC is found in a wide variety of human tumors. The
second most commonly amplified gene is MLL (11q23) (18-30%), although there is debate in the literature
whether MLL is the gene of interest in 11q amplification. Dmin chromosomes represent a system of gene
amplification, which may cause an elevated expression of the amplified genes, and they are generally
associated with a poor prognosis. Here, we present two female patients with myeloid malignancies in which
dmin chromosomes were found. The first patient was diagnosed with an acute myeloid disorder showing
symptoms of an Acute Promyelocytic Leukemia (APL). The latter was excluded based on absence of a
positive PML-staining and the absence of the t(15;17)(q24;q21)/PML-RARA. Karyotyping showed a normal
female karyotype with 5 to 40 dmin. Fluorescence In Situ Hybridization (FISH) showed 8q24/MYC positive
dmin, with loss of MYC signal on one of the chromosome 8 homologues. After initial response on
treatment, the patient relapsed and showed on follow up additional cytogenetic abnormalities next to the
dmin chromosomes. The second patient presented with an AML of a plasmacytoid dendritic cell type.
Karyotyping showed a normal female karyotype with 2 to 15 dmin. FISH showed 3q26/EVI1 positive dmin,
with loss of EVI1 signal on one of the chromosome 3 homologues. Surprisingly, no elevated EVI1 expression
could be detected using quantitative RT-PCR. The clinical course of the patient showed rapid progression of
the disease and the patient died within two weeks after diagnosis. While the first patient showed dmin of
the most commonly amplified MYC, the second patient showed dmin-mediated amplification of 3q26/EVI1,
which was never reported before in the literature.
E-mail: j.knijnenburg@erasmusmc.nl
Keywords: AML, dmin, gene amplification, MYC, EVI1
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BAP1 mutations in uveal melanoma
Anna Koopmans, Rob Verdijk, Thierry van den Bosch, Mike van den Berg, Mark Nellist,
Jolanda Vaarwater, Dion Paridaens, Rutger Brouwer, Christel Kockx, Wilfred van IJcken,
Emine Kiliç, Annelies de Klein
Department of Clinical Genetics, Erasmus Medical Centre, Rotterdam, The Netherlands; Department of Ophthalmology,
Erasmus Medical Centre, Rotterdam, The Netherlands; Department of Pathology, Erasmus Medical Centre, Rotterdam, The
Netherlands; The Rotterdam Eye Hospital, Rotterdam, The Netherlands; Centre for Biomics, Erasmus Medical Centre,
Rotterdam, The Netherlands.

Background: Uveal melanoma (UM) is the most common primary intra-ocular malignancy in adults. It has a
strong tendency to metastasize to the liver. Monosomy of chromosome 3 is the most frequent found
chromosomal aberration in UM and predominantly found in metastasizing tumors. Inactivating somatic
mutations have been described in the BRCA-associated protein 1 (BAP1) gene, located on chromosome
3p21.1, in class II UMs (Harbour et al, 2010). In this study we determine the prevalence of BAP1 mutations in
UM patients and examine BAP1 expression in UM tissue. Methods: Ciliary body and choroidal melanomas
were subjected to BAP1 mutation analysis using several techniques such as targeted Next Generation
Sequencing, deep sequencing with a custom designed HaloPlex Target Enrichment kit, and exome
sequencing. Variations were validated by Sanger sequencing. Protein expression of BAP1 in UM samples
was analyzed by immunohistochemical staining in which expression in the RPE functioned as our internal
positive control. Results: Mutations in BAP1 have hitherto been identified in 39.5% (30/76) of the tumors. A
positive BAP1 immunohistochemical staining was observed in 57.5% (42/73) and no expression was seen in
42.5% (31/73) of the cases. Twenty-four out of the 28 tumors with BAP1 mutations and 7 out of the 45 wild
type BAP1 tumors showed no staining. Correlations were found between BAP1 mutation status and BAP1
expression, and also between BAP1 mutations and monosomy 3 (P<0.01 and P<0.01, respectively).
Conclusion: Deep sequencing revealed somatic mutations in the BAP1 gene in more than a third of the
UMs. BAP1 mutations and gene expression seems to play a role in the UM pathogenesis towards metastatic
disease.
E-mail: a.koopmans@erasmusmc.nl
Keywords: uveal melanoma, survival, mutation, BAP1, sequencing
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EXOSC3 mutations in pontocerebellar hypoplasia
subtype 1: new mutations and genotype-phenotype
correlations
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University of Debrecen, Debrecen, Hungary 9 Neural Development Unit, UCL Institute of Child Health and the Department
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Pontocerebellar hypoplasia (PCH) is a neurodegenerative disorder with prenatal onset. Seven subtypes have
been described thus far (PCH1-7). Common characteristics of all subtypes include variable hypoplasia of the
pons and cerebellum, and severe mental and motor impairments. PCH1 is characterized by degeneration of
motor neurons in the anterior spinal horn. Mutations in the TSEN genes, RARS2, VRK1, CASK and CHMP1A
have been associated with PCH. Mutations in the exosome component 3 gene (EXOSC3) have been
identified in roughly half of patients with PCH subtype 1. We selected a cohort of 91 patients (83 families)
tested negative for mutations in the TSEN genes, RARS2, VRK1 and CASK. Patients in this cohort were
diagnosed by referring clinicians with PCH type 1, 2, 4, 7 or with an unclassified form of PCH. We screened 8
additional PCH1 patients (7 families) for mutations in EXOSC3. Genetic analysis of the EXOSC3 gene was
performed using Sanger sequencing. Clinical data, MRI scans and autopsy reports of patients positive for
EXOSC3 mutations were analyzed. EXOSC3 mutations were found in 14 patients (12 families) with PCH
subtype 1. Besides previously described mutations, we report newly identified nonsense and missense
mutations causing PCH1. Overall, the pons is more preserved in EXOSC3 mediated PCH compared to PCH
caused by mutations in other genes. Additionally, cerebellar cysts are relatively common in our cohort (4/14
patients). We describe a clear genotype-phenotype correlation reflected in clinical outcome, age of death
and pons hypoplasia: a homozygous p.D132A mutation causes a milder and more chronic disease course
compared to a p.D132A allele plus a nonsense or p.Y109N mutation. The p.G31A mutation leads to a more
severe phenotype than the p.D132A mutation and likely originates from a common founder in the Roma
population. To conclude, our results show clear genotype-phenotype correlations which contribute to
better diagnostics of PCH1.
E-mail: V.R.Eggens@amc.uva.nl
Keywords: Pontocerebellar Hypoplasia, Neurodegeneration, Genotype-phenotype correlations
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Operating for Familial Adenomatous Polyposis:
the younger the better?
A.A. Kattentidt-Mouravieva1, M. den Heijer1, J.C. Escher2, E. Dekker3, M.M. Tabbers4,
A. Wagner1
1 Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, The Netherlands
2 Department of Pediatric Gastroenterology, Erasmus Medical Center- Sophia Children’s Hospital, Rotterdam, The
Netherlands
3 Department of Gastroenterology and Hepatology, Academic Medical Center, Amsterdam, The Netherlands
4 Department of Pediatric Gastroenterology, Academic Medical Center, Amsterdam, The Netherlands

Familial Adenomatous Polyposis (FAP) is an autosomal dominant predisposition to develop hundreds to
thousands of colorectal polyps ultimately leading to colorectal cancer. It is caused by germline mutations in
the APC gene. Untreated, the risk of colorectal cancer in FAP patients is 100%. Predictive genetic testing for
FAP is routinely offered to children at-risk from the age of 10 years onwards, as colonoscopy, started at the
age of 10-12 years, and surgery in adolescence prevent colorectal cancer formation. According to the
present guidelines the operation should be postponed until about 18 years and the type of an operation
should depend on the amount of rectal polyps, mutation, gender and family history. This retrospective
study was designed to gain more insight into the decision process around preventive surgery in children
and adolescents with FAP. Data were collected from medical files of APC mutation carriers, tested under the
age of 21 years, in two academic centers. Also, the experiences of the carriers and psychosocial impact of
(the timing of) surgery were evaluated using a developed questionnaire, filled in by mutation carriers, their
parents and non-carriers. A total of 63 APC carriers were included. Twenty-eight of them were operated, of
whom 15 at an age younger than 16 years. The amount of polyps during colonoscopy seemed to be the
most important factor to decide for a preventive operation. None of the operated patients had an adenoma
with high-grade dysplasia or carcinoma. More postoperative complications were seen in the group
operated under 16 years compared with the group operated at a later age. Two operated carriers
developed a desmoid tumor after the operation, leading to surgery. Twenty-two carriers, 21 parents and 19
non-carriers filled in the questionnaire. Most operated carriers had no regret about the operation or its
timing. Health related quality of life (QoL) did not differ in APC carriers compared to the non-carriers or the
general population. Also QoL seemed to be equal between operated and not operated carriers. Colectomy
reduced the perception of colon cancer risk in carriers. In our presentation we will discuss how the results of
this study can be implemented in the current guidelines for the care for this rare and complex patient
group.
E-mail: a.mouravieva@erasmusmc.nl
Keywords: FAP, colectomy, quality of life
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Direct transdifferentiaition of skin fibroblasts for
functional testing of unclassified variants
Jorrit Pals1*, Kim van der Kuij1*, Dimitra Micha2, Gerard Pals1,Vincent Everts1, Behrouz
Zandieh Dulabi1
1. ACTA University of Amsterdam and Vrij Universiteit Amsterdam, dept of oral cell biology 2. VUmc, Dept. of Clinical
Genetics *shared first author

Introduction Unclassified variants (UV´s) are a common nuisance in DNA diagnostic testing. The
introduction of next generation sequencing, allowing the simultaneous analysis of multiple genes, has
enhanced the problem of variants with unknown clinical meaning. Functional testing of UV´s in cultured
cells is only possible if we can culture cells that express the gene in question. Aim The aim of this study is to
use direct trans-differentiation of skin fibroblasts from patients with aortic aneurysms into smooth muscle
cell phenotype in order to study the effect of UV´s in genes that are involved in susceptibility to aneurysms.
Methods We used culture media with horse serum and TGFß1 to induce trans-differentiation of patients
fibroblasts into SMC´s. Gene expression was tested with RT-PCR. Splice errors were studied on cDNA.
Contraction of the cells was studied on collagen matrix. Results Cells with SMC phenotype, derived from
fibroblasts from patients with UV´s in MYH11 or ACTA2 were compared to controls. The differentiated cells
expressed SMC markers in the first 5 days, confirming successful differentiation. Compared to controls,
patients cells showed delayed differentiation. Differentiated cells from patients with mutations in MYH11
showed very low levels of MYH11 RNA. Our results indicate increased expression of actinins, which is
suggestive of increased formation of actin bundles, which might result in a stiffer aorta. Conclusion We
conclude that trans-differentiation of skin fibroblasts towards SMC phenotype is a powerful tool for the
functional analysis of UV´s.
E-mail: g.pals@vumc.nl
Keywords: unclassified variants, TAAD, functional analysis, trans-differentiation

85

P 49

Evaluation of gene expression during in vitro
ciliogenesis to search for novel candidate genes in
Primary Ciliary Dyskinesia
T. Paff, E.G. Haarman, J.M.A. Daniels, Y. Moutaouakil, D. Micha, M. Massink, P.E. Postmus,
G. Pals
VU University Medical Center Amsterdam

Introduction: Mutations in genes that are important in ciliary motility often cause primary ciliary dyskinesia
(PCD). This leads to a number of symptoms including chronic respiratory disease, otitis media, sub -or
infertility and laterality abnormalities. PCD classically manifests with an autosomal recessive mode of
inheritance, affecting 1 in every 15,000-30,000 live births. In half of the patients, causal mutations in any of
the eighteen known PCD genes cannot be identified. Aim: The aim of this pilot study is to investigate gene
expression in respiratory epithelial cells during in vitro ciliogenesis. We hypothesized that a) all known PCD
genes show similar expression profiles and that b) clustering genes with similar expression may provide
novel candidate genes. Methods: We collected nasal epithelial curette biopsies from 2 healthy controls.
Cells were cultured using a monolayer-suspension cell culture (Willems,T et al. J Cyst Fibros 2004). RNA was
isolated at three time points: at the end of the monolayer culture (no cilia), after three days in suspension
culture (growing cilia) and at the end of the suspension culture (full grown cilia). Whole genome expression
arrays (Affymetrix) were performed and differential gene expression was analyzed by ANOVA. Results:
Except for TXNDC3, we observed a time dependent increase in expression levels in all known PCD genes.
However, for HEATR2 and CCDC40 this difference did not reach statistical significance. A total of 1511
genes were significantly up-regulated during ciliogenesis. This cluster was highly enriched for genes related
to cilia. Conclusion: Seventeen of 18 known PCD genes showed increased expression levels during in vitro
ciliogenesis. We identified a cluster of 1511 genes with a similar expression pattern. Using this novel
approach on a larger sample size may provide an accurate set of candidate genes to test in PCD patients.
E-mail: t.paff@vumc.nl
Keywords: Primary Ciliary Dyskinesia, Ciliogenesis, Candidate genes
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early-onset colorectal cancer patients
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Around 5% of all colorectal cancer (CRC) cases are caused by known monogenic aberrations, but much of
the genetic heritability of CRC is still unexplained. The known genetic causes of CRC predisposition include
two rare recessive RecQ-helicase deficiency syndromes: Bloom (BLM) syndrome and Werner (WRN)
syndrome. Previous studies have led to conflicting conclusions as to whether carriership of pathogenic BLM
and WRN alleles predispose to CRC. Here we assessed the carriership of pathogenic BLM and WRN alleles
in early-onset CRC (<45 years of age) patients. By performing whole exome sequencing in a cohort of 57
unexplained early-onset mismatch-repair proficient CRC patients we detected two carriers of a pathogenic
BLM mutation and one carrier of a pathogenic WRN mutation. Screening of an additional cohort of 183
young CRC patients from the Netherlands and Germany resulted in 3 additional patients with a pathogenic
mutation in BLM and two patients with a pathogenic WRN mutation. A comparison with data from 1,302
exomes in our in-house database (non-CRC) as well as with 6,503 exomes from a public database
(http://evs.gs.washington.edu/) revealed a significant enrichment of pathogenic BLM mutations (both pvalues <0.05), but not WRN mutations, in our CRC cohort. Moreover, in 1 out of 4 analyzed tumor samples
from BLM carriers somatic loss of the wild-type allele was found. In conclusion, we found that carriership of
pathogenic BLM alleles is enriched in early-onset CRC patients suggesting that these alleles contribute to
an increased CRC risk.
E-mail: m.hahn@gen.umcn.nl
Keywords: Colorectal cancer predisposition ; Exome/ Targeted sequencing ; Carriership pathogenic
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Prenatal SNP array in pregnancies at increased risk
for Down syndrome; diagnostic value and pregnant
couples´ preferences
D. Van Opstal1, S. Riedijk1, K.E.M. Diderich1, L.C.P.Govaerts1, M. Joosten1, M.Knapen 2,
A.T.J.I. Go2, N. Boor1, S. van der steen1, A.Tibben1, M.I. Srebniak1, R-J.H.Galjaard1
Department of Clinical Genetics, Erasmus MC, The Netherlands1 Department of Obstetrics & Gynecology, Division of
Prenatal Medicine, Erasmus MC, the Netherlands2

Objectives: The aim of our study was to determine the additional diagnostic value of whole genome SNP
array analysis at a resolution of a 0.5 Mb as compared to karyotyping (~ 5 Mb resolution) in pregnancies at
increased risk for Down syndrome. In parallel, we studied couples´ preferences when offered a choice
between 5 Mb and 0.5 Mb SNP array resolution and assessed the psychological impact of making such a
choice. Moreover, due to the potential prenatal detection of so-called susceptibility loci which are
associated with an unknown increased risk for neurodevelopmental disorders which may complicate
genetic counseling, the women were asked whether they would like to be informed about these copy
number variations. Methods: From July 2012 until May 2013 SNP array (HumanCytoSNP-12 Illumina) was
performed on 886 chorionic villi and amniotic fluid samples. Moreover, a choice between 5 Mb and 0.5 Mb
analysis results was offered to 107 pregnant couples, 36 of whom agreed to participate in the study. If they
chose for array testing they were asked whether they wanted to be informed about susceptibility loci.
Results: Laboratory results: After exclusion of the most common chromosome aberrations (trisomy 13, 18,
21 etc.) and other microscopically visible chromosome abnormalities, a total of 1.6% submicroscopic
chromosome anomalies were found. These included 0.6% pathogenic anomalies like a DMD deletion and
1% susceptibility loci for neurodevelopmental disorders. Results of psychological study: Of the 36 pregnant
couples, 80% chose 0.5 Mb array over 5 Mb of which 54% wanted to be informed of susceptibility loci in
order to be prepared for possible anomalies and 26% did not because they feared to become needlessly
worried. Seventy-five percent wanted to be offered this choice, whereas 20% wished to choose together
with their doctor and 5% wanted the doctor to decide for them. Seventy-five per cent was content with
their choice, whereas 30% expressed feelings of doubts and worries concerning the consequences of their
choice. Conclusions: whole genome SNP testing in pregnancies at low risk for submicroscopic anomalies
has a clear additional diagnostic value with 1.6% extra chromosome aberrations as compared to
karyotyping. It also seems to be the method of choice for pregnant women. However, further investigation
to ascertain what exactly 30% of the pregnant couples are worried about and how they may best be
supported will be reported in due time.
E-mail: a.vanopstal@erasmusmc.nl
Keywords: SNP array, prenatal diagnosis, susceptibility locus, patients'preferences
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The Joubertome: detecting known and novel genes
in Joubert syndrome.
Kroes HY, Monroe G, Giles RH, van der Zwaag A, Duran K, Kloosterman WP, Nijman IJ, Van
Rosmalen M, Harakalova M , Knoers NVAM, Van Haaften G.
Dept. of Medical Genetics, University Medical Center Utrecht Dept. of Nephrology, University Medical Center Utrecht

Joubert syndrome (JBS), one of the quintessential ciliopathies, is an extremely heterogeneous disease.
Twenty different JBS genes, mostly autosomal recessive, have been reported to date. To facilitate
diagnostics for Joubert syndrome and to look for new JBS genes in the unsolved cases, we designed the
Joubertome, a set of enrichment probes for NGS targeting the exomes of around 700 genes. We included
all known genes involved in ciliopathies, and selected around 600 genes that were retrieved through several
methods from the Ciliary Proteome Database. A cohort of 52 well-phenotyped, predominantly Dutch, JBS
patients was screened. We found pathogenic mutations in known JBS genes in approximately half of the
cases. Homozygous or compound heterozygous mutations in TMEM67 and C5orf42 were most prevalent,
followed by mutations in AHI1. In other cases we found mutations in candidate genes, which we are
currently further investigating. Our study represents the first unselected population based cohort of JBS
patients that was screened for the 20 previously reported JBS genes, yielding pathogenic mutations in
about half of the cases, and giving an insight into the relative importance of these genes in an European
population. A targeted NGS array approach is specifically well suited for such a heterogeneous disease.
Several new candidate genes for JBS, some illustrating the typical clinical heterogeneity of ciliary genes,
were detected and will be followed up. In the cases where no homozygous or compound heterozygous
mutations were found in known JBS genes, there seemed to be an overrepresentation of heterozygous
mutations in one or more than one JBS gene. This suggests that digenic inheritance should be considered
in JBS, also in the light of the high percentage of unsolved cases despite twenty known disease genes.
E-mail: h.y.kroes@umcutrecht.nl
Keywords: Joubert syndrome, ciliopathy, TMEM67, C5orf42, digenic inheritance
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bipolar disorder: evidence for shared genetic risk in
synaptic gene sets.
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Functional gene set analysis for schizophrenia and bipolar disorder: evidence for shared genetic risk in
synaptic gene sets. Schizophrenia and bipolar disorder show considerable overlap on the phenotypic level,
in epidemiology and heritability. In addition, recent genome-wide association studies provide strong
evidence for overlap between susceptibility genes for schizophrenia and bipolar disorder. In this study we
provide additional evidence for a shared genetic risk between the disorders. We conducted a functional
gene set analysis - to test the accumulated association of genetic variants - using published, expert curated
synaptic gene sets applied to a sample of 7070 schizophrenia cases and 7123 controls, and 3167 bipolar
disorder cases and 4605 controls. We found strong association with schizophrenia for synaptic genes
involved in structural plasticity (P=0.0001), excitability (P=0.0003), G-protein-coupled receptor signaling
(P=0.0007), intracellular signal transduction (P=0.00037), and the protein cluster (p=0.0011), confirming
previously published results (Lips et al., 2012). For bipolar disorder we found no significant results. However,
when jointly analyzing the schizophrenia and bipolar samples the association with three gene groups was
strongly significant; structural plasticity (P=0.00006), excitability (P=0.00036), protein cluster (P=0.00034), Gprotein-coupled receptor (P=0.00066) and cell adhesion and trans-synaptic molecule signaling (P=0.0014).
This is the first time a gene-set analysis has been applied in a bivariate design. Our results imply a genetic
overlap between schizophrenia and bipolar disorder in these four synaptic gene sets. Therefore this study
supports the accumulating evidence of a shared genetic risk of schizophrenia and bipolar disorder and
suggests that impaired structural plasticity, excitability, protein cluster, G-protein-coupled receptor, cell
adhesion and trans-synaptic molecule signaling are involved in both schizophrenia and bipolar disorder
pathology.
E-mail: marenhoogland@gmail.com
Keywords: gene set analysis, schizophrenia, bipolar disorder, synaptic genes.
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The psychological counselling challenge of
broadening the scope of genetic prenatal diagnosis
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To date, there is no consensus whether the doctor, laboratory, or pregnant couple should decide about
broadening the scope of genetic prenatal diagnosis (PND). The scarce literature suggests that pregnant
couples prefer broadening the scope of PND. We have replaced conventional karyotyping with whole
genome SNP array with a 0.5 Mb resolution as standalone test; thus routinely analysing a 10-20x higher
resolution. In contrast, most use rapid aneuploidy detection in case of advanced maternal age or increased
risk from the combination test. Broadening the scope of PND entails a number of psychological challenges:
- Informed consent becomes unattainable. Generic consent, comprising a discussion of categories of
possible outcomes, has been proposed as an alternative. Research needs to establish relevant and
understandable categories. - Pregnant couples need to oversee the possible consequences of engaging in
PND. The couple may have to decide about the course of pregnancy, which requires deliberation on
whether pregnancy termination is acceptable and for which conditions couples might want this. Research
needs to clarify how couples may best be supported in their deliberation process. - Results may be difficult
to understand (i.e. uncertain penetrance, variable phenotype) or unexpected, thus complicating deliberation
and decision-making regarding the course of pregnancy. Doubts and uncertainty are risk factors for
complicated grief and trauma after pregnancy termination. Research should address whether couples
experience more psychological complications with the broadening of PND. - Array may generate test
results unrelated to the prenatal testing indication, which couples may find difficult to understand and
process. Also, array often does not provide certainty; i.e. susceptibility loci for neurodevelopmental
disorders (proven pathogenic copy number variants but of yet unquantified risk). Research needs to assess
whether pregnant couples wish to be informed of susceptibility loci and the impact their presence has on
well-being and the course of pregnancy. In summary, broadening PND poses psychological challenges to
pregnant couples: deciding what they wish to learn about the (future) health of their unborn child,
understanding the possible outcomes, dealing with unexpected test outcomes, deciding about the course
of pregnancy, and adjusting to the decision outcome. We address these issues in a research project and will
present our results in due time.
E-mail: s.riedijk@erasmusmc.nl
Keywords: prenatal diagnosis, SNP array analysis, counselling challenges
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Evaluating variants of uncertain significance in
BRCA1 and BRCA2: Improving the clinical utility of
genetic test results
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Wijnen (1,2); Peter Devilee (1); Christi van Asperen (2)
Department of 1) Human Genetics; 2) Clinical Genetics; 3) Toxicogenetics, LUMC, Leiden, the Netherlands

Genetic screening of breast cancer families results in approximately 15% of the cases in the identification of
sequence variations in BRCA1 or BRCA2 for which there is insufficient information available on the
consequence for protein function. Since the cancer risk associated with the variant of uncertain significance
(VUS) is unknown, the identification complicates test reporting, genetic counseling, precludes predictive
testing of relatives, and directly influences clinical management of affected individuals and their families.
Individual methods to assess the clinical significance of VUS (e.g. cosegregation, family history or tumor
pathology) are often insufficient to make clinically meaningful inferences about cancer risk since the
majority of VUS are rare. The development of a multifactorial likelihood model (MLM), which combines a
number of independent features to establish the likelihood that the variant has the characteristics of a
pathogenic mutation, has significantly improved the assessment of the clinical relevance of VUS. In the
LUMC, we have developed statistical and laboratory analyses and collected datasets that are suitable to be
incorporated in the MLM. These include a web-based tool to analyze cosegregation of VUS with breast
cancer in families and the statistical assessment of family history. Recently, we have obtained KWF funding
to further develop a functional assay that is suitable to determine the effect of VUS (including intronic
variants) on the function of BRCA1 and BRCA2. For VUS that have been identified in the LUMC we have
collected a large dataset consisting of in silico data, cosegregation analysis, family history, clinical features,
histopathology and genetic tumor characteristics. For the coming years, our goal is to improve the
integration of information for VUS classification into the MLM, and apply the improved MLM to a large
number of VUS for clinical classification. This will be done in close collaboration with our colleagues from
the Clinical Genetic Centers in the Netherlands. The Dutch contribution to the international ENIGMA
consortium (Evidence-based Network for Investigation of Germline Mutant Alleles) will further facilitate
large scale multidisciplinary research studies to improve and harmonize BRCA1/2 variant classification
methodology. The estimate of pathogenicity for each VUS will enable carriers to make an informed clinical
decision regarding cancer screening and targeted therapy.
E-mail: vreeswijk@lumc.nl
Keywords: BRCA1; BRCA2; Variant of uncertain significance; Multifactorial Likelihood Model; Functional
analysis
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Focal dermal hypoplasia without focal dermal
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Maria Paola Lombardi1,Silvina N. Contreras-Capetillo2, Doris Pinto-Escalante2, Marcel A.
Mannens1, Raoul C. Hennekam1,3.
1Department of Clinical Genetics, Academic Medical Center, University of Amsterdam, the Netherlands. 2Departamento
de Genética, Centro de Investigaciones Regionales Dr. Hideyo Noguchi, Mérida, Yucatán, México. 3Department of
Pediatrics, Academic Medical Center, University of Amsterdam, the Netherlands.

Focal dermal hypoplasia (FDH; Goltz-Gorlin syndrome) is an X-linked dominant disorder affecting mainly
tissues of ectodermal and mesodermal origin. The phenotype is characterized by hypoplastic linear skin
lesions, eye malformations, hair and teeth anomalies, and multiple limbs malformations. The disorder is
caused by PORCN mutations. Here we describe a mother and daughter with FDH in whom a c.938T>G
mutation in PORCN was detected. Neither of the two had focal dermal hypoplasia, but otherwise the
phenotype was classical. Focal skin hypoplasia is a hallmark of FDH but the present family indicates that
FDH should also be considered in absence of this manifestation.
E-mail: m.p.lombardi@amc.uva.nl
Keywords: Goltz-Gorlin syndrome, Focal dermal hypoplasia, PORCN
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Rescue of murine p.Phe508del CFTR activity in
native intestine by low temperature and proteasome
inhibitors
Martina Wilke Alice Bot Huub Jorna Bob J. Scholte Hugo R. de Jonge
Erasmus MC

Most patients with Cystic Fibrosis (CF) carry at least one allele with the p.Phe508del mutation, resulting in a
CFTR chloride channel protein with a processing, gating and stability defect, but with substantial residual
activity when correctly sorted to the apical membranes of epithelial cells. New therapies are therefore
aimed at improving the folding and trafficking of F508del CFTR, (CFTR correctors) or at enhancing the open
probability of the CFTR chloride channel (CFTR potentiators). Preventing premature breakdown of
p.Phe508del CFTR is an alternative or additional strategy, which is investigated in this study. We established
an ex vivo assay for murine p.Phe508del CFTR rescue in native intestinal epithelium that can be used as a
pre-clinical test for candidate therapeutics. Overnight incubation of muscle stripped ileum in modified
William´s E medium at low temperature (26 0C), and 4h or 6h incubation at 370C with different proteasome
inhibitors (PI: ALLN, MG-132, epoxomicin, PS341/bortezomib) resulted in fifty to hundred percent
respectively of the wild type CFTR mediated chloride secretion (forskolin induced short-circuit current). The
functional rescue was accompanied by enhanced expression of the murine p.Phe508del CFTR protein at the
apical surface of intestinal crypts and a gain in the amount of complex-glycosylated CFTR (band C) up to
20% of WT levels. Sustained rescue in the presence of brefeldin A shows the involvement of a post-Golgi
compartment in murine p.Phe508del CFTR degradation, as was shown earlier for its human counterpart.
Our data show that proteasome inhibitors are promising candidate compounds for improving rescue of
human p.Phe508del CFTR function, in combination with available correctors and potentiators.
E-mail: m.wilke@erasmusmc.nl
Keywords: Cystic fibrosis, mouse model, CFTR, p.Phe508del, intestine, proteasome inhibitor, bortezomib.
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Noninvasive prenatal testing for fetal trisomies: a
validation study using the SOLiD Wildfire platform
M.G. Elferink, E. de Bruijn, P. van Zon, O. Akkermans, M.C. van Tuil, K.A. Kusters, G.C.M.L.
Page-Christiaens, K.D. Lichtenbelt, I.J. Nijman, G. van Haaften, B. van der Zwaag, M.J.A. Van
Kempen, E Cuppen, J.K. Ploos van Amstel, G.H. Schuring-Blom.
UMC Utrecht, afdeling Medische Genetica

Noninvasive prenatal testing (NIPT) circumvents the risk of miscarriage associated with invasive tests. Nextgeneration sequencing of cell-free DNA, isolated from plasma of pregnant women, can be used to
noninvasively test for fetal trisomies. Chromosomal aneuploidies in the fetus result in a significantly over- or
underrepresentation of sequence-tags mapped to the affected chromosome. Several NGS platforms have
been used for NIPT and resulted in tests with high specificity and sensitivity. Recently, a new upgrade for
the SOliD platform was released: the SOLiD Wildfire. The Wildfire has a simplified sample preparation
protocol removing the laborious and expensive emulsion PCR step, has an increased sequencing
throughput, and the capability to use individual lanes and reuse unused flowchip lanes. Therefore, run time
and costs are reduced significantly whilst obtaining equal numbers of mapped reads for statistical analysis.
We are currently validating the use of the SOLiD Wildfire for NIPT focusing on trisomies 21 (Down
syndrome), 18 (Edwards syndrome), and 13 (Patau syndrome). In total, 32 samples were tested (16 males
and 16 females between the 11-20th week of gestation): four T21, one T18, one T13, and 26 controls with
no known aneuploidies (validated by karyotyping or QF-PCR in chorion villi or amniocytes). Aneuploidy
status for all samples was only disclosed after analysis. Cell-free DNA was extracted from 1 ml plasma and
processed using a NIPT optimized library preparation and multiplexed in two libraries (16-plex). Each library
was sequenced on the Wildfire (35bp) targeting > 10 million uniquely mapped reads without mismatches
per sample. Duplicate reads were removed and GC correction was applied to the data. Statistical analysis
was performed using the Z-score approach, and chromosomes with |Z-scores| = 3 were considered to be a
trisomy.
We obtained an average of 18 million uniquely mapped reads without mismatches per sample. The
coefficients of variation for all chromosomes were low, both within and between the two sequencing runs
(<0.41% for chromosomes 21, 18, and 13). Statistical analysis resulted in accurate identification of all
trisomy samples, without false positive results in the control samples.
We demonstrate that the SOLiD Wildfire can reliably be used to detect fetal trisomies. Due to reduced
costs, ease of use and decreased run time, this platform has the potential to be used for cost-effective and
rapid NIPT in clinical practice.

E-mail: M.Elferink@umcutrecht.nl
Keywords: NIPT
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Epigenetics in cow´s milk allergy: a Dutch epidemic
Peter Henneman 1*, Nicole Petrus 2*, Andrea Venema1, Marcel Mannens 1* and
Aline Sprikkelman 2*
1 Dept. Clinical Genetics, DNA-diagnostics laboratory Amsterdam Medical Center, The Netherlands, 2 Department of
Pediatric Respiratory Medicine and Allergy, Emma Children's Hospital Academic Medical Center, The Netherlands. *
authors contributed equally.

Cow´s milk allergy (CMA) in Dutch infants is more prevalent (~10%) compared to infants from other
countries in Europe (~2%). Children suffering from CMA have an increased risk on developing other allergic
diseases in later life. Accumulating evidence suggests involvement of gut-microbiota and maturation of the
immune-system in CMA. CMA is a complex disorder with an estimated heritability of 15%. Therefore early
environmental factors are likely to be involved in CMA. It has been shown that epigenetic gene regulation
can be altered by environmental factors. We aimed to detect epigenetic associations with the expression of
CMA. We studied a sample of children from the Dutch EuroPrevall birth cohort study (N=20 CMA vs. N=20
controls), age and gender matched (50% girls). Inclusion criteria were based on questionnaires and
challenge proven CMA. Bisulfite converted DNA (blood) was analyzed using the 450K infinium DNAmethylation array of Illumina®. Statistical analysis was performed in "R" using IMA. Four groups were
analyzed, combined, boys, girls and a subgroup of extremes. Subsequently, we performed pathway-analysis
in "R" using the global-test package. Methylation arrays were analyzed successfully. Associations with a Pvalue <2.6*10-4 were considered as potential candidates (pc), P-values < 2.6*10-6 were assumed
significant. In the combined group we detected 13 pc-loci, in boys 15 pc-loci and 1 significant locus
(ZNF281, P = 1.1E-06), in girls we detected 6 pc-loci and in the extremes 9 pc-loci. Eight pc-loci and the
significant locus were found in both combined groups and males. Two loci overlapped between females
and the combined group, suggesting robust association. Associations and pathway-analysis both detected
involvement of chromatin-structure, epithelial maturation, intestinal function/absorption and
immunological mechanisms.
Although the limited statistical power is low in this small sample size study and the character of CMA is
complex, we were able to detect plausible loci and pathways involved in chromatin remodeling, epithelial
maturation, intestinal function and immunological anti-viral responses. Replication studies have to confirm
our findings.

E-mail: p.henneman@amc.uva.nl
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Methylation analysis in tongue tissue of BWS
patients identifies the (epi)genetic cause in 3
patients with normal methylation levels of H19 and
KCNQ1OT1 in blood
M. Alders1, S.M. Maas2, D.M. Kadouch3, K. van der Lip1, H.J. Bliek1, C.M.A.M. van der
Horst4, M.M.A.M. Mannens1.
1) Clinical Genetics, Academic Medical Center , Amsterdam, Netherlands; 2) Paediatrics, Academic Medical Center,
Amsterdam, The Netherlands; 3) Dermatology, Academic Medical Center, Amsterdam, The Netherlands; 4) Plastic and
Reconstructive Surgery, Academic Medical Center, Amsterdam.

Beckwith Wiedemann Syndrome (BWS) is caused by aberrant imprinting of genes in the chromosome
11p15 region. A molecular cause for BWS is found in approximately 80% of patients while 20% remains
unexplained. We analyzed the imprinting status of H19 and KCNQ1OT1 in resected tongue tissue of 11
BWS patients, three of which had normal methylation levels in blood. In 8 patients with known methylation
defects in blood (6 isolated KCNQ1OT1 hypomethylation, 2 UPD), the same defects were detected in
tongue. The methylation levels of H19 in tongue were comparable to those found in blood. The
methylation levels of KCNQ1OT1 were relatively higher in tongue than in blood in most patients. In all three
patients with normal methylation levels in blood aberrant methylation patterns were found in tongue
tissue. In two patients a UPD was detected and the third case had hypermethylation of H19. This result
shows that tissue specific mosaic (epi)genetic changes, not present in blood, is the underlying defect in at
least a subset of BWS patients without a molecular diagnosis after standard genetic testing.
E-mail: j.bliek@amc.uva.nl
Keywords: Beckwith Wiedemann Syndrome
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Complex chromosome 6 aberration in two sisters
with MR and MCA derived from a maternal
paracentric inversion
F.A.T. de Vries, G.M.S. Mancini, F. Bal-van Breda, W.Y. Cheung, G.C.B. Bindels-de Heus, C.H.
Wouters
ErasmusMC, Rotterdam

Two sisters aged 5 and 3 with developmental delay, behaviour problems, excessive drooling, short stature,
respiratory distress and stridor caused by narrow trachea, strabismus and very similar facial features were
investigated with SNP array analysis. Besides two losses in the X-chromosome (p22.33) and in chromosome
7 (p21.2p21.1), both inherited from the healthy mother, two duplications were detected in chromosome 6
(q14.1 and q16.1) together with a deletion (q23.3q24.1). Parental array analysis showed a normal pattern for
the chromosomes 6. FISH performed on parental chromosomes showed a paracentric inversion of one of
the chromosomes 6 (q14.1q24.1) from the mother. A meiotic recombination of the paracentric inversion
could not result in the exact same derivative chromosome 6 found in both daughters. Moreover the
resolution of the dicentric chromosome after meiotic recombination would result in a derivative
chromosome with a single interstitial duplication and a terminal deletion. The only conclusion has to be
that the mother is a mosaic, the inv(6) will be present in the mature part of her cells, and the similar der(6)
(resulting from a mitotic recombination), as found in her daughters, will be (at least) present in her germ
line. This is an unusual case of high recurrence risk for a pathogenic rearrangement in a healthy woman
who is carrier of a paracentric inversion, generally considered a low risk chromosome aberration. In the
prenatal counseling, this is an apparent exception to the general rule that paracentric inversions should not
be offered invasive prenatal diagnosis.
E-mail: c.h.wouters@erasmusmc.nl
Keywords: Chromosome 6, gain, loss, inversion, array, FISH
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Isolated sedoheptulokinase deficiency diagnosed
for the first time in two patients
M.M.C. Wamelink1, R.J.J.F. Ramos2, A.P.M. van den Elzen3, G.J.G Ruijter4, R. Bonte4, L.
Diogo5, P. Garcia5, B. Nota1, I. Tavares de Almeida2, G.S. Salomons1
1 Department of Clinical Chemistry, Neuroscience Campus Amsterdam, VU University Medical Center, Amsterdam, The
Netherlands 2 Metabolism & Genetics, iMed.UL, Fac. Pharmacy- Univ. of Lisboa, Portugal 3 Department of Paediatrics,
Reinier de Graaf Gasthuis Delft, The Netherlands 4 Department of Clinical Genetics, Erasmus Medical Center, Rotterdam,
The Netherlands 5 Paediatric Hospital of Coimbra, Coimbra, Portugal

Background: Sedoheptulokinase (SHPK) is an enzyme that is responsible for the phosphorylation of
sedoheptulose to sedoheptulose-7-phosphate. SHPK deficiency has only been described as a combined
defect with Cystinosis caused by a 57-kb deletion. Patients with this deletion have the infantile
nephropathic cystinosis type and the clinical relevance of SHPK deficiency is unclear. We have now
diagnosed two patients with an isolated SHPK deficiency. Patients and methods: Patient 1, a boy born
January 2010, presented with genital and facial dysmorphisms, neonatal cholestatic hepatitis, failure to
thrive, psychomotor retardation, anaemia, fasting hypoglycaemia, secondary hypocortisolism and diarrhoea.
Patient 2, a girl born May 2012, presented with congenital artrogryposis multiplex, multiple dysmorfisms
and severe feeding problems. Sugars and polyols in urine from both patients were measured by gas
chromatography and tandem mass spectrometry. The SHPK gene was amplified by PCR and directly
sequenced. Results: Strongly elevated excretion of erythritol and sedoheptulose were detected in both
patients with normal excretion of sedoheptulose-7-phosphate, biochemically indicating SHPK deficiency. In
patient 1 and 2, a homozygous variant was detected (c.355C>T; p.Arg119X and c.211G>T; p.Glu71X
respectively), both resulting in a predicted truncated non-functional protein. Conclusions: We present here
two patients with severe, but different clinical presentations. Moreover, their symptoms have not yet been
described in patients with cystinosis caused by the 57-kb deletion. Therefore it remains questionable if
SHPK deficiency is the cause of the clinical phenotype in these patients.
E-mail: m.wamelink@vumc.nl
Keywords: Sedoheptulokinase, polyols, sugars
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Further delineation of medical and behavioural
aspects of the KBG syndrome caused by ANKRD11
mutations
Charlotte W. Ockeloen (1), Marjolein H. Willemsen (1), Sonja de Munnik (1), Bregje B. van
Bon (1), Nicole de Leeuw (1), Aad Verrips (2), Sarina G Kant (3), Elizabeth A Jones (4,5),
Celeste C. van Heumen (6), Helger IJntema (1), Carine E.L. Carels (7), Tjitske Kleefstra (1)
1. Department of Human Genetics, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands 2.
Department of Paediatric Neurology, Canisius Wilhelmina Hospital, Nijmegen, The Netherlands 3. Center for Human and
Clinical Genetics, Department of Clinical Genetics, Leiden University Medical Center, Leiden, The Netherlands 4. Centre for
Genomic Medicine, St Mary's Hospital, Central Manchester University Hospitals NHS Foundation Trust, Manchester, United
Kingdom 5. Centre for Genomic Medicine, University of Manchester, Manchester Academic Health Science Centre,
Manchester, United Kingdom 6. Centre for Special Dental Care, Radboud University Nijmegen Medical Center, Nijmegen,
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Introduction: First, ANKRD11 was identified as the cause of the 16q24 microdeletion syndrome, based on
overlapping deletions. Subsequently, loss-of-function mutations in ANKRD11 were identified as the cause
of KBG syndrome, an autosomal dominant intellectual disability syndrome with specific dental,
neurobehavioural, craniofacial and skeletal anomalies. Macrodontia of the upper central incisors is a
distinctive feature. We present an extensive overview of the clinical and molecular characteristics of ten so
far unreported patients from six families with ANKRD11 mutations. In addition, we present a patient with a
larger deletion of chromosome 16q24.3. Methods: All patients were clinically investigated by a clinical
geneticist. A review of the existing literature on KBG syndrome was performed. Sequence analysis of the
ANKRD11 gene was performed using Sanger sequencing. Microarray analysis was used according to the
manufacturer´s protocol. Results: In the first family a heterozygous frameshift mutation in ANKRD11 was
identified in four affected children as well as their mother. Four other isolated KBG syndrome patients all
harboured frameshift mutations in ANKRD11. A 1.6 Mb deletion encompassing ANKRD11 was identified in
one patient. Discussion: Based on the clinical data of these ANKRD11 mutation patients and ANKRD11
deletion patients, we conclude that their phenotypes are similar. This finding is consistent with
haploinsufficiency of ANKRD11 being the proposed underlying mechanism in KBG syndrome. We show that
autism spectrum disorder is a feature of KBG syndrome caused by ANKRD11 mutations. There is, however,
both intra- and interfamilial variation in both patient groups. KBG syndrome might well be underdiagnosed
because of the usually mild cognitive deficits and fairly subtle dysmorphic features. With the increasing use
of whole exome sequencing to identify the cause of cognitive dysfunction in patients it is anticipated that
more patients will be identified. Dentists and dental specialists can play a role in the recognition of patients
with KBG syndrome by referring patients with a combination of macrodontia and/or other associated dental
anomalies and intellectual disability. Furthermore, special attention should be paid to the presence of
hearing loss, congenital heart defects and associated neurobehavioural problems of KBG syndrome such as
autistic features, ADHD or behavioural problems.
E-mail: c.ockeloen@gen.umcn.nl
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Search for genetic modifiers of CMT1A and HNPP
by evaluating the extremes of the clinical spectrum
F. van Ruissen, C. Verhamme, K.Y. van Spaendonck-Zwarts, M. de Visser, A.J. van der Kooi,
F. Baas
Afdeling Genoomanalyse AMC, Afdeling Neurologie AMC, Afdeling Klinische Genetica AMC

Charcot-Marie-Tooth disease type 1A (CMT1A) and hereditary neuropathy with liability to pressure palsies
(HNPP) are autosomal dominant peripheral neuropathies caused by copy number variation of the PMP22
gene. Considerable intrafamilial and interfamilial phenotypic variation is known for both disorders,
suggesting the presence of modifiers. We previously identified cases of 'double trouble´ (the presence of
two mutations in two different CMT-related genes) in severely affected patients, indicating that CMTrelated genes indeed can act as modifiers. We undertook a search for genetic modifiers of PMP22 related
neuropathies by selecting the extremes of the phenotypic spectrum of CMT1A and HNPP patients, based
on disability assessed by the Overall Neuropathy Limitation Scale (ONLS). The ONLS has a minimum score
of 0, meaning no disability and a maximum score of 12, meaning not being able to make purposeful
movements with arms and legs. The ONLS was taken by telephone interview in 224 CMT1A and 114 HNPP
patients and showed a Gaussian distribution for both disorders. The median score for CMT1A patients was
4 and for HNPP patients 3. Twenty-one mild CMT1A patients (ONLS <2), 26 severe CMT1A patients (ONLS
>5), 26 mild HNPP patients (ONLS <2) and 24 severe HNPP patients (ONLS >4) were clinically evaluated to
further characterize disease severity. Clinical evaluation included neurological examination, including
extensive sensory testing, dynamometry of foot dorsiflexion and three point grip, hand function test, walk
tests, and Charcot-Marie-Tooth Neuropathy Score (CMTNS). A sequence capture including 50 genes for
inherited neuropathies was developed to screen all mild and severe patients´ DNA for sequence variants,
followed by next generation sequencing. Association between the DNA variants and the extremes of the
phenotypic spectrum of CMT1A and HNPP are pending.
E-mail: b.w.vanpaassen@amc.uva.nl
Keywords: Charcot-Marie-Tooth type 1A, Hereditary Neuropathy with Liability to Pressure Palsies, genetic
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“Sanger” gene sequencing, the end of an era --how clinical sequencing labs are evolving
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The seminal importance of DNA sequencing for diagnostic laboratories has driven the search for more
scalable and lower-cost solutions. After an era of sequential Sanger sequencing the use of massive parallel
sequencing technologies enables the analysis of 100s to 1000s of amplicons in a single experiment. We
recently validated and implemented semiconducting sequencing as a diagnostic sequencing technology for
BRCA, mtDNA, and RYR1 testing. Several sequence capture methodologies were evaluated, i.e. AmpliSeq
(BRCA), Haloplex (Noonan syndrome), RYR1 (inhouse amplicon design), long-range PCR (mtDNA). Although
the Ampliseq design was successful the design itself and final optimisation of the gene panel was time
consuming (taking >¾ year). Our own ‘inhouse’ amplicon design (which contain additional M13-tails used
for Sanger sequencing) was successfully tested for several more genes, including the Noonan gene panel.
This raised the question if we could transfer our automated Sanger sequencing workflow, which processes
~400.000 amplicons a year (>700 genes), to an automated semiconducting sequencing workflow using the
IontorrentPGM. To test the feasibility of this hypothesis we sequenced with a >40x coverage the load of a
random day (17 different genes) and the load of a random week (77 different genes) of amplicon
production at the core facility using semiconducting sequencing. All possible variants/mutations were
detected and <1% of the amplicons failed. We tested 1300 different amplicons in a single experiment (13%
of all our amplicons). To further validate this workflow we are sequencing all mutation positive index cases
of 2012.
Semiconducting sequencing has shown to be robust, sensitive, specific and is comparable with the gold
standard of ‘Sanger sequencing’. We are confident to implement this workflow in the near future. This will
likely result in shorter turnaround times and a significant reduction in sequencing costs. Furthermore, this
shows that next generation sequencing technology is maturing allowing diagnostic laboratories to move
away from the gold standard and enter a new era in clinical DNA sequencing.

E-mail: m.nelen@gen.umcn.nl
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