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Dear members,
Welcome to the autumn symposium of the NVHG (Dutch
Society for Human Genetics). This is a joint meeting organized
together with the VKGL (Vereniging Klinisch Genetische
Laboratoriumdiagnostiek), the VKGN (Vereniging Klinische
Genetica Nederland) and the NACGG (Nederlandse Associatie
voor Community Genetics en Public Health Genomics)
Every year our understanding of the human genome increases.
Thanks to technological advances we can now sequence whole
genomes of individuals. This has great implications for
diagnostics in the near future. Last year we were discussing noninvasive prenatal tests and how single gene tests would be
replaced by gene panels. Now whole exome sequencing has
become a standard test in our diagnostic laboratories. These
new technologies have also great impact on the relation with
society. Can we address all the expectations as appear in the
media and what are our responsibilities towards our patients?
The scope of our profession is changing, interaction between
the different professionals in genetics is increasingly important.
The interpretation of the large amounts of data we generate is complex, a single mutation will often be
interpreted in the context of other variants in the genome. A multidisciplinary approach to human genetics
is becoming more and more important: the genome is more than just 4 letters.
This meeting is the perfect place to discuss the new developments and stimulate discussion on the
possibilities and their implications. Thursday afternoon’s forum discussion on dealing with unexpected
findings is a good example.
This year we focus again 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
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 sister societies for their specific programs and
especially our guest speakers and all 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 2, 2014: 10.00 – 11.00 hrs
Reception and catering
Foyer 1 + 2
Dinner and party
In Sydney zaal
Abstracts
Abstracts are grouped in:
 Abstracts guest speakers
 Abstracts talks:
 Abstracts posters :

T 01 to T 24
P 01 to P 45

Posters
Poster boards have a size of 200 cm (height) en 120 cm (width)
Language
The official language of the biannual spring meeting will be English
Accreditation
Accreditation forms are available at the registration desk (GAIA ID nummer: 191312)
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
Prof. Hans van Bokhoven
Dr. Alice Brooks
Prof. Peter Devilee
Prof. Raoul Hennekam
Dr. Lidewij Henneman
Prof. Richard Sinke
Prof. Joris Veltman
Administrative organization
Wilmy Swaerdens (nvhgsecretariaat@umcutrecht.nl)
Henny Schurmann (henny.schurmann@mumc.nl)
www.nvhg-nav.nl
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October 2 & 3, 2014

The Genome: more than just 4 letters
The NVHG Two-Day Autumn Symposium 2014 - Dutch Society of Human Genetics
Nederlandse Vereniging voor Humane Genetica (www.nvhg-nav.nl)

Program Thursday October 2, 2014

10:00-10:30

Registration (open until 11.00 hrs)

10.30-12.40

Plenary session
Room: Athene BC
Chair: Frank Baas

10.30-10.40

Opening

10.40-11.20

Hein te Riele (Amsterdam)

Missing Mismatch Repair: experimental approaches to study Lynch syndrome
11.20-12.00

Malte Spielmann (Berlin, Germany)

Rearrangements of the regulatory landscape of the genome and congenital disease
12.00-12.40

Annelien Bredenoord (Utrecht)

The child’s right to an open future concerning genetic information

12.45-14.00

Lunch Foyer 1+2

13:15-14:00

Huishoudelijke vergadering VKGN
Room: Athene A

13.15-14:00

Huishoudelijke vergadering VKGL
Room: Athene BC
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14.00-16.00

Parallel sessions

14.00-16.00

Symposium 1A: VKGN
NGS in daily practice: gains and caveats
Room: Athene A
Chair: Alice Brooks

14.00-14.20

Esther Nibbeling (UMC Groningen)
Identification of novel spinocerebellar ataxia disease genes using next generation
sequencing approaches (T01)

14.20-14.40

Bert van der Zwaag (UMC Utrecht)
Next-Generation-Sequencing-based molecular diagnostics for congenital and inherited
kidney disease (T02)

14.40-15.00

Wendy van Zelst – Stams (UMC St. Radboud Nijmegen)
Clinical exomes in patients with undiagnosed diseases: results of the MIM package (T03)

15.00-15.20

Lies Hoefsloot (Erasmus MC, Rotterdam)
Surprising diagnoses and better yields: clinical exomes for hearing loss (T04)

15.20-15.40

Marjan van Kempen (UMC Utrecht)
Introduction of gene panels in DNA diagnostics for epilepsy (T05)

15.40-16.00

Annemiek van der Hout (UMC Groningen)
Targeted next generation sequencing in DNA diagnostics for familial cancer (T06)

14.00-16.00

Symposium 1B: VKGL
Room: Athene BC
Chair: Hans Waterham

14.00-14.35

Morris Swertz (RU Groningen) (T07)
Next-generation Variant sharing between Dutch genome diagnostic laboratories: The Next
Generation

14.35-15.10

Dirk Lefeber (UMC St. Radboud Nijmegen)
Cross-omics in Genetic Disease - Towards “Functional Exomes”

15.10-15.45

Erik Sistermans (VU Amsterdam)
NIPT: balancing on the edge of science and politics?
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14.00-16.00

Symposium 1C: NACGG
Preventie van plotse hartdood door erfelijke hartziekten:
wat kan en moet verbeterd worden? (T08)
Room: Zaal 8/9
Discussieleider: Prof. dr. I.M. van Langen (klinisch geneticus, UMC Groningen)

14.00-14.20

Prof. dr. A.A.M. Wilde (cardioloog, Academisch Medisch Centrum, Amsterdam)
Plotse dood bij jonge mensen: oorzaken en rol van erfelijke hartziekten

14.20-14.40

Dr. C. van der Werf (AIOS cardiologie, Academisch Medisch Centrum, Amsterdam)
Obductie en erfelijkheidsonderzoek bij plotse dood bij jonge mensen in Nederland:
Verbetering mogelijk!? resultaten van de CAREFUL studie

14.40-15.00

Dr. mr. C. Das (arts Maatschappij en Gezondheid en forensisch arts, GGD Amsterdam)
De rol van de gemeentelijk lijkschouwer bij plotse dood van jonge mensen

15.00-15.20

Spreker volgt
De rol van de zorgverzekeraar bij preventie van plotse dood op jonge leeftijd

15.20-15.40

Plenaire discussie

16.00-17.00

Posters, coffee, tea
Presenters at posters

17.00-18.30

Foyer 1 + 2

FORUM DISCUSSION “Vinden wat je niet zoekt”
in Dutch
Room: Athene BC
Voorzitter:
Prof. dr. Bert Schadé (AMC Amsterdam)
Emeritus hoogleraar huisartsgeneeskunde
Dr. A.L. (Annelien) Bredenoord (UMC Utrecht)
Onderzoeker Medische Ethiek
Prof. dr. V.V.A.(Nine) Knoers (UMC Utrecht)
Klinisch geneticus, afdelingshoofd Medische Genetica, voorzitter VKGN
Mr. dr. M.C. (Corrette) Ploem (AMC Amsterdam)
Gezondheidsjurist / onderzoeker
Dr. J.P. (Peter) van Tintelen (UMC Groningen)
Klinisch geneticus

Evening

Drinks

Dinner

Party
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Program Friday October 3, 2014

9.00-10.25

Plenary session
Room: Athene BC
Chair: Hans van Bokhoven

9.00-09.40

Axel Visel (Berkeley, USA)
Exploring the Genome-Wide Enhancer Landscape

9.40-10.20

Charles Auffray (Lyon, France)
Revolutionizing healthcare and wellness management through systems medicine

10.25-11.25

Parallel sessions

10.25-11.25

Symposium 2A
Room: Athene BC
Chair: Richard Sinke

10.25-10.40

Leo Kluijtmans (UMC St. Radboud Nijmegen) (T9)
Next-generation metabolic screening: application of untargeted mass spectrometry-based
metabolomics in the individual patient

10.40-10.55

Christian Gilissen (UMC St. Radboud Nijmegen) (T10)
Genome sequencing identifies major causes of severe intellectual disability

10.55-11.10

Julie Rutten (LUMC Leiden) (T11)
Cysteine Quantity Correction of NOTCH3: exon skipping as a potential therapeutic strategy
for CADASIL

11.10-11.25

Rolph Pfundt (UMC St. Radboud Nijmegen) (T12)
Identification of clinically relevant structural variation in whole exome and whole genome
sequencing data

Technological advances and therapy
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10.25-11.25

Symposium 2B
Room: Athene A
Chair: Peter Devilee

Somatic alterations

10.25-10.40

Marielle van Gijn (UMC Utrecht) (T13)
Myeloid-lineage-restricted NLRP3 mutations

10.40-10.55

Duco Schriemer (UMC Groningen) (T14)
Functional analysis of genes carrying de novo mutations in 24 sporadic Hirschsprung cases
revealed 7 unexpected genes relevant to ENS development

10.55-11.10

Arjan Buijs (UMC Utrecht) (T15)
Paired analyses of diagnostic and relapse samples of MLL rearranged infant acute
lymphoblastic leukemia reveals potential therapy-resistant genomic alterations

11.10-11.25

Henne Holstege (VUMC Amsterdam) (T16)
Somatic mutations found in the healthy blood compartment of a 115-year-old woman
demonstrate oligoclonal hematopoiesis

11.25-11.45

Coffee-tea break

11.45-12.45

Parallel sessions

11.45-12.45

Symposium 3A
NIPT, rapid diagnostics and interpretation
Room: Athene A
Chair: Lidewij Henneman

11.45-12.00

Roy Straver (VUMC Amsterdam) (T17)
Detecting fetal sub-chromosomal aberrations in maternal plasma at low costs

12.00-12.15

Diane van Opstal (ErasmusMC Rotterdam) (T18)
False negative NIPT results for trisomy 13, 18 and 21: risk figures derived from cytogenetic
investigations in chorionic villi

12.15-12.30

Cleo van Diemen (UMC Groningen) (T19)
Rapid screening for monogenic diseases in severely ill newborns using whole genome
sequencing

12.30.12.45

Marjolein Kriek (LUMC Leiden) (T20)
"Hey Doc, here is my DNA sequence, what do you think?"

Foyer 1 + 2
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11.45-12.45

Symposium 3B
Room: Athene BC
Chair: Alice Brooks

Neurogenetics

11.45-12.00

Veerle Eggens (AMC Amserdam) (T21)
CLK2 missense mutation in a family with pontocerebellar hypoplasia type 7

12.00-12.15

Bart Appelhof (AMC Amsterdam) (T22)
tRNA Processing Mutations in Pontocerebellar Hypoplasia

12.15-12.30

Tjitske Kleefstra (UMC St. Radboud Nijmegen) (T23)
Haploinsufficiency of MECP2 modifier SIN3A causes mild intellectual disability by affecting
cortical integrity

12.30-12.45

Reinald Shyti (LUMC Leiden) (T24)
Enhanced CSD susceptibility in Familial Hemiplegic Migraine type-1 mutant mice is related
with increased cortical excitability and spontaneous CSD events .

12.45-13.15

Algemene ledenvergadering NVHG
Room: Athene BC

13.00-14.00

Lunch and posterviewing Foyer 1 + 2

14.00-16.00

Plenary session
Room: Athene BC
Chair: Frank Baas

14.00-14.45

Stephen Kingsmore (Kansas City, USA)
Rapid genome sequencing in newborns

14.45-15.00

NVHG Annual Award 2014
Young Investigator Award 2014

15.00-16.00

Galjaard Lecture by
GertJan B. van Ommen
From molecule to medicine: bumps, potholes and progress

16:00

Closure
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Galjaard Lecture 2014

From molecule to medicine: bumps,
potholes and progress
GertJan B. van Ommen, PhD
Prof. dr. GertJan B. van Ommen, PhD,
is the former head of the Department of Human
Genetics of Leiden University Medical Center (LUMC)
(1991-2012).

He established the Leiden Genome Technology
Center (LGTC), and the Center for Medical Systems
Biology (CMSB). He is Editor-in-chief of the European
Journal of Human Genetics, past president of HUGO
(1998-2000) and of the European and Dutch Societies
of Human Genetics, treasurer of the Public Population
Project in Genomics and Society (P3G).

His main aim is to help improving diagnosis, therapy and prevention of rare and common diseases. He is
National Coordinator or Ophanet, founding member of BBMRI, the European Biobanking and Biomolecular
Research Infrastructure, and director of BBMRI-NL (www.bbmri.nl).
As the Dutch National Coordinator of BBMRI-ERIC he is observer of the General Assembly of BBMRI-ERIC
and member of its Management Committee. Members of his department have contributed to the finding of
the gene defects and disease mechanisms underlying Duchenne Muscular Dystrophy, Huntington Disease,
Polycystic Kidney Disease, Hereditary Neuropathies, Fragile X Syndrome, Rubinstein-Taybi Syndrome,
Familial Hemiplegic Migraine and FacioScapulohumeral Muscular Dystrophy.
His group was an early developer of molecular diagnostics for genetic disease, performed the first prenatal
diagnosis using DNA markers of a disease (DMD) of which the gene was (then) still unknown, developed
many gene mapping techniques, generated the first megabase map of a human gene (DMD), and
developed several innovative mutation detection techniques. More recently his group pioneered the exonskipping approach for therapy of Duchenne Muscular Dystrophy. Further exon skip developments are
undertaken for HD, CADASIL, LGMD (dysferlin), and inflammatory and fibrotic diseases.
G.J.B.van_Ommen@lumc.nl
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Abstracts Guest speakers
NVHG – Autumn Symposium 2013

Missing Mismatch Repair: experimental
approaches to study Lynch syndrome
Hein te Riele

Hellen Houlleberghs*, Marleen Dekker*, Thomas van Ravesteyn*, Eva Wielders*, Erika Cantelli*,
Elly Delzenne-Goette*, Ji-Ying Song, Sandra de Vries*, Anja van der Wal*, Kamila Wojciechowicz*,
Frans Hogervorst, Fred Menko, Senno Verhoef, Hein te Riele*,#
The Netherlands Cancer Institute, *Division of Biological Stress Response, Amsterdam
#Phone: 020-5122084; # Email: h.t.riele@nki.nl

The most common colorectal cancer (CRC) predisposition is Lynch syndrome (LS), which is caused by
germline mismatch repair (MMR) gene defects and characterized by early onset CRC and endometrial
cancer. Cancer prone individuals have inherited one defective allele of either one of four MMR genes:
MSH2, MSH6, MLH1, PMS2. Tumors arise from cells that became fully mismatch repair defective through
somatic loss of the wild-type allele. In the absence of MMR, replication errors remain unnoticed causing a
100- to 1000-fold increased frequency of mutagenesis in proto-oncogenes and tumor suppressor genes,
promoting tumor development.
The identification of a deleterious MMR gene mutation in an individual allows genetic testing of family
members and mutation carriers are offered periodic surveillance. A problem arises when only a subtle MMR
gene mutation is detected affecting a single codon. Single amino acid substitutions may be harmless or
cause complete loss or attenuation of MMR capacity. When this is uncertain, the mutation cannot be
assigned as the cause of disease and family members remain under surveillance. We present here a novel
procedure to assess the phenotypic consequences of such variants of uncertain significance (VUS).
To experimentally study LS, we have generated mice in which MMR-deficient intestinal crypts exist amidst
an excess of wild-type crypts, closely mimicking the situation in LS. Half of these mice spontaneously
developed MMR-deficient intestinal tumors. Tumorigenesis was accelerated by environmental conditions
that increased the number of MMR-deficient intestinal crypts. We exploit this model to develop strategies
to reduce cancer risk in LS patients.
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Rearrangements of the regulatory landscape of
the genome and congenital disease
Malte Spielmann

Institut für Medizinische Genetik und Humangenetik Charité - Universitätsmedizin Berlin Campus
Virchow Klinikum Augustenburger Platz 1
13353 Berlin Germany
malte.spielmann@charite.de
http://genetik.charite.de/institut/

High-throughput genomic technologies are revolutionizing human genetics. The focus has been on the
1.5% of the genome, which is coding, even though the majority of genomic variants fall outside the coding
regions. Recent data from genome-wide chromosome confirmation capture analysis indicate that the
human genome is divided into conserved megabase-sized self-interacting regions called topological
domains. These topological domains form the regulatory backbone of the genome consisting of enhancer
and/or silencer elements separated by regulatory boundary elements. Copy-number variations can
potentially alter the topological domain architecture by deleting or duplicating the barriers and thereby
allowing enhancers from neighboring domains to ectopically activate genes causing misexpression and
disease, a mutational mechanism that has recently been termed enhancer adoption.
In a recent study we used the Human Phenotype Ontology database to relate the phenotypes of 922
deletion cases recorded in the DECIPHER database to monogenic diseases associated with genes in or
adjacent to the deletions. We identify combinations of tissue-specific enhancers and genes adjacent to the
deletion and associated with phenotypes in corresponding tissue, whereby the phenotype matched that
observed in the deletion. We compare this computationally with a gene-dosage pathomechanism. Up to
11.8% of the deletions could be best explained by enhancer adoption or a combination of enhancer
adoption and gene-dosage effects.
Our results suggest that enhancer adoption caused by deletions of regulatory boundaries may contribute
to a substantial minority of copy number variation phenotypes and that the regulatory landscape of the
genome should thus be taken into account when investigating the pathology of human disease.
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The child’s right to an open future concerning
genetic information
Annelien (AL) Bredenoord
Associate Professor of Medical Ethics
UMC Utrecht
Julius Center, Department of Medical Humanities
A.L.Bredenoord@umcutrecht.nl

There has been a discussion regarding the ethical acceptability of genetic testing of children for years,
resulting in the majority view that minors should only be tested for early onset disorders where treatment
or preventive options exist. Two principles underlie this consensus: first, the beneficence-based best interest
standard that urges physicians to test for clinically relevant and actionable results. Second, the child’s right
to an open future principle that urges physicians not to test for adult onset disorders and carrier status, in
order to preserve the child’s future autonomy right to make its own decisions, also concerning the possible
obtainment of genetic information.
The emergence of next generation sequencing (NGS) technology seems to challenge the previous
consensus. There now is a growing list of commentators and examples from practice showing disagreement
on whether conditions that do not have immediate consequences for the health of the child should be
disclosed to parents. The American College of Medical Genetics and Genomics for example recently
proposed to relinquish the current distinction between pediatric and adult genetic testing policy, thereby
abandoning the child’s right to an open future, while the American Academy of Pediatrics maintains the
previous consensus.
In this presentation I will explain the normative rationale that underlies the current debate on a childversus family centred genetic testing policy and argue that the right to an open future should remain a
leading ethical principle in pediatric genomics.
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Exploring the Genome-Wide Enhancer Landscape
Axel Visel

Staff Scientist, Genomics Division
User Programs and Strategic Planning, Joint Genome Institute
Lawrence Berkeley National Laboratory
1 Cyclotron Rd, MS84-171
Berkeley, CA 94720
Genomics Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
U.S. Department of Energy Joint Genome Institute, Walnut Creek, CA 94598, USA
avisel@lbl.gov

The complete 3.2 billion base-pair sequence of the human genome has been known for more than ten
years. The location and structure of nearly all protein-coding genes within the genome is now well
understood, but protein-coding sequences account for less than 2% of the human genome. The remaining
98% remain largely unexplored territory, with minimal or no associated information about its function
beyond the raw DNA sequence. Initially widely considered to be “junk DNA”, there is now strong evidence
that important functions are embedded in this vast amount of non-coding DNA. In particular, it harbors
tens of thousands of distant-acting gene regulatory sequences that play important roles in the
development and function of the human body. Common variants of these regulatory elements
substantially affect the risk for major diseases, such as heart disease, neuropsychiatric disorders and
craniofacial birth defects. However, the underlying molecular mechanisms are difficult to study due to our
limited understanding of the in vivo functions associated with non-coding DNA. Using a combination of
sequence-based molecular approaches (ChIP-seq) and large-scale transgenic mouse studies, we create
genome-wide maps of enhancers involved in developmental and disease processes and study the activity
patterns of these enhancers in detail. I will discuss general strategies for enhancer identification and
provide examples for application of these strategies for genome-scale identification of enhancers involved
in heart, brain and craniofacial development.
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Revolutionizing healthcare and wellness
management through systems medicine
Charles Auffray
Founding Director, European Institute for Systems Biology & Medicine
CNRS-ENS-UCBL, Campus Charles Mérieux, Université de Lyon
50, avenue Tony Garnier, 69007 Lyon – France

cauffray@eisbm.org
Systems biology approaches are combining high-dimensional functional genomics data with biological,
clinical, environmental and lifestyle assessments through iterative statistical analyses, computational
modelling and experimental validation. They are transforming biomedical research and clinical practice,
triggering the transition from a reactive to a proactive practice of medicine (1-2). The effective development
of predictive, preventive, personalized and participatory systems (P4) medicine requires harmonization of
experimental and computational methods for data, information and knowledge collection, storage and
sharing. In order to address the associated ethical, legal and social issues, the active participation of all
stakeholders including researchers and clinicians in academy and industry, regulatory and funding bodies,
individuals and patient organizations is essential. The expectation is that this collective endeavour will help
reversing the escalating costs of drug and diagnostic development in industry, and of patient management
in hospital and community practice to provide the basis for a more cost-efficient and sustainable integrated
healthcare system. This is revolutionizing how medicine will be practiced in the 21st century (3-5).
I will first review two examples of individuals who have managed to anticipate the occurrence of disease
and take preventive measures through a regular assessment of their exposome (environmental and
occupational exposures, nutrition, sleep, exercise, stress), clinicome (biological and clinical features), and
integrome (metabolomics, proteomic, transcriptomic, epigenomic, genomic and genetic features) (6-7).
I will then discuss how the challenges to perform such comprehensive assessments are being addressed in
cohorts of patients with a range of respiratory diseases such as severe asthma (8), and the computational
infrastructure being developed for the collection, storage, analysis and sharing of translational research
information and knowledge. Finally, I will introduce pilot studies designed to scale up the monitoring of
wellness, health and disease through the collection of billions of data points for increasing numbers of
individuals who are healthy, at risk of developing disease, or in the course of disease development (9). Such
pilot studies form the basis for the development of a network of systems medicine centres in the context of
the new framework programme of the European Union Horizon 2020. Through its worldwide extension, this
network will catalyse the transformation of healthcare delivery and the transition toward emphasis on
management of wellness for millions then billions of individuals in the next generation.
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Abstracts - Talks
NVHG – Autumn Symposium 2014

T 01 / VKGN 1A

Identification of novel spinocerebellar ataxia disease
genes using next generation sequencing approaches
Esther Nibbeling1, Anna Duarri1, Corien Verschuuren-Bemelmans1, Michiel Fokkens1, Bart
van de Warrenburg2, Berry Kremer3 Annemieke van der Hout1, Cleo van Diemen1, Dennis
Dooijes 4, Martijn Dijkstra5, Lude Franke1, Morris Swertz5, Richard Sinke1 and Dineke
Verbeek1
1Department of Genetics, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands 2
Department of Neurology, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands 3 Department of
Neurology, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands 4 Department of
Medical Genetics, University Medical Center Utrecht, Utrecht, The Netherlands 5 Genomics Coordination Center,
Department of Genetics, University Medical Center Groningen and Groningen Bioinformatics Center, University of
Groningen, Groningen

To date, 37 different dominantly inherited spinocerebellar ataxia (SCA) types are known. Currently, genetic
testing of the most frequent SCA genes via routine DNA diagnostic screening leaves 30% of the cases
genetically undiagnosed. To further elucidate the genetic basis of this disorder, we performed whole exome
sequencing (WES) to identify the disease-causing mutation in 17 Dutch families with hereditary cerebellar
ataxia without a genetic diagnosis, followed by targeted sequencing of all candidate genes obtained via
WES in 96 seemingly independent cerebellar ataxia cases that were send in for regular diagnostic screening.
The sequencing array also contained all known rare SCA genes that are not included in current diagnostic
analysis. We performed WES on 40 individuals preferably from two affected cousins per multiplex family if
possible, or parent-child trios, with one affected parent and one affected child in simplex families. The data
was prioritized using Ingenuity software focusing on the damaging variants including truncating-,
missense- and splice site variants. All variants with a minor allele frequency higher than 0,1% were excluded.
The remaining variants were prioritized for cerebellum and/or Purkinje cell expression. Finally, all selected
variants were validated by Sanger sequencing and co-segregation analysis. Using WES, we could identify a
single genetic cause in 6 families, and identified 2 mutations in genes known to be involved in SCA6
(CACNA1A) and SCA14 (PRKCG). However, we identified multiple plausible candidates (n=39) in the
remaining families. Upon targeted sequencing of the 96 cases, we identified again mutations in CACNA1A
and PRKCG, and 11 not previously reported, in silico predicted pathogenic variants in the genes causing
SCA5, 11, 15/16, 28 and 35, revealing the genetic basis of 16% of these cases. In 11 WES candidate genes,
we identified one or multiple additional cases that carried likely pathogenic variants. These genes play a
role in pathways involved in cerebellar neurodegeneration and include neurogenesis, synaptic transmission,
cell-cell adhesion and transcription. Additionally, chromatin remodeling seems to be important in the
etiology of SCA. Currently, we are functionally validating these novel genes in vitro and in vivo to gain novel
insights in the disease mechanisms underlying cerebellar neurodegeneration and ataxia. Combining WES
with targeted sequencing is an excellent method to identify new disease genes.
E-mail: e.a.r.nibbeling@umcg.nl
Keywords: ataxia, exome sequencing, targeted sequencing
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T 02 / VKGN 1A

Next-Generation-Sequencing-based molecular
diagnostics for congenital and inherited kidney
disease.
Bert van der Zwaag1, Albertien M. van Eerde1, Martin G. Elferink1, Patrick H.A. van Zon1,
Marijn F. Stokman1, Kirsten Y. Renkema1, Nayia N. Nicolaou1, Hans Kristian Ploos van
Amstel1, Nine V.A.M. Knoers1
1Department of Medical Genetics, UMC Utrecht, Utrecht, The Netherlands

Congenital and inherited kidney diseases constitute the leading cause of chronic kidney disease in children.
Molecular diagnostic analysis of heterogeneous renal disorders has long been hampered by the size and
numbers of genes involved, but has become feasible with the advent of Next-Generation-Sequencing
(NGS). We set up and implemented an NGS-based test in our ISO15189 certified laboratory to enrich and
sequence 376 genes known to be causal in or associated with kidney and urinary tract disorders. Based on
the enrichment 23 disease related genepanels covering 175 genes were formed, including renal cysts (50
genes), Bardet-Biedl syndrome (14 genes), Joubert syndrome (21 genes), nephronophthisis (15 genes),
congenital anomalies of the kidney and urinary tract (40 genes) and nephrotic syndrome (16 genes). To
reach a genotyping accuracy of at least 99%, a minimal vertical coverage of 15 individual reads per base is
required. To deliver a comprehensive analysis of the genepanel, a horizontal coverage of at least 98% of
targeted bases is requested. When coverage by NGS drops below requested coverage thresholds,
additional "Sanger"-based sequencing is performed to fill in the gaps. In this fashion, a mutation detection
rate of >95% is achieved for the genes analysed. Initial diagnostic sequencing results will be presented.
To conclude, comprehensive genetic testing by NGS will boost the diagnostic yield to potentially >40-50%
molecular diagnoses within one clinical genepanel analyzed. Thereby delivering a swift answer to the
patient and a leap in efficacy and cost reduction for healthcare providers.
E-mail: A.vanderzwaag@umcutrecht.nl
Keywords: Genetics, Kidney disease, NGS, genepanel, diagnostics
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Clinical exomes in patients with undiagnosed
diseases: results of the MIM package
D. Lugtenberg, I. Feenstra, D.A. Koolen, M. Jongmans, R. de Reuver, C. Gilissen, H.G.
Yntema, R. Pfundt, A. Simons, E.J. Kamsteeg, W.A.G. van Zelst-Stams
Department of Human Genetics, Radboud university medical center, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands

Clinical exome sequencing has proven to be remarkably successful for the detection of disease causing
mutations in highly heterogeneous disorders like hearing loss or blindness. Furthermore, it leads to the
discovery of novel gene - disease associations and previously undetected causes of Mendelian diseases. In
our department, clinical exome sequencing is used as a two-tier analysis in which variants in a set of genes
known to be associated with a specific condition are analysed first. If no causative mutations are identified,
the complete exome data set can be analysed . For patients with an unknown condition (i.e. a combination
of clinical multi-organ symptoms without evident intellectual disability) suspected to be genetic, clinical
exome sequencing using a gene package for a specific disease might not be sufficient. Therefore we
performed a pilot study in which we used a general disease gene package to filter for possible relevant
variants. We used the OMIM morbid map for the selection of known disease genes. Within the OMIM
morbid map we performed stringent filtering for genes with the OMIM phenotype key (3), meaning: the
molecular basis of the disorder is known. Furthermore, we removed gene entries marked in OMIM as
"nondiseases" ("[]"), genes that contribute to susceptibility to multifactorial disorders ("{}") and gene entries
marked as an unconfirmed or possibly spurious mapping ("?"). Following these criteria, a set of
approximately 2800 genes was used for variant selection ("MIM" gene package). This package was used to
perform clinical exome sequencing in 27 patients with an undiagnosed disease. Nine out of these 27
patients were analysed together with the parents. Analysis of variants in the "MIM" gene package, allowed
us to establish a molecular diagnosis in 19% (5/27) of cases. Three out of 5 diagnoses were established by
analyzing both the patient and the parents. In one of these patients reversed phenotyping led to
confirmation of the diagnosis although being at the far most end of the clinical phenotypic spectrum. In
another patient analysis of the complete exome led to a new gene-disease association. In the other 3
patients segregation analysis and reversed phenotyping is ongoing. Furthermore, in 1 patient the detected
mutation did not explain the full phenotype. We expect that further analysis of the complete exome data
set as well as a read depth based copy number analysis of these data might further improve the diagnostic
yield.
E-mail: wendy.vanzelst-stams@radboudumc.nl
Keywords: undiagnosed diseases, clinical exomes
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Surprising diagnoses and better yields: clinical
exomes for hearing loss.
L.H. Hoefsloot, I. Feenstra, I.J. de Wijs, M.H. Siers, H.P.M. Kunst, R.J. Admiraal,
R.J.E.Pennings, H. Scheffer, H. Kremer, H.G. Yntema
Afdeling Klinische Genetica, Erasmus MC, Rotterdam, P.O. Box 2040, 3000 CA, Rotterdam, The Netherlands Afdeling KNO,
Radboud Universiteit, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands. Afdeling Genetica, Radboud Universiteit, P.O.
Box 9101, 6500 HB Nijmegen, The Netherlands.

Clinical exome sequencing is a test that can be used for causative mutation detection, but also for the
discovery of novel gene - disease associations. Because of its high heterogeneity, non-syndromic hearing
loss is an excellent disorder for exome sequencing in a diagnostic setting. Hearing loss affects one in every
1000 newborns, with approximately half of cases with a genetic background. In 30% of these, additional
features lead to the diagnosis of syndromic hearing loss, but in 70% hearing loss is the only finding. We
performed clinical exome sequencing in a group of 200 probands with hearing loss. In a two-tier analysis,
variants in 120 genes known to be associated with hearing loss were analysed first, followed by analysis of
the 'full´ exome data set in case no causative mutations were identified. Analysis of variants in the panel of
deafness-associated disease genes, allowed us to establish a diagnosis in 15% of cases. In another 30% of
cases further studies were needed. These studies include segregation analysis for variants of unknown
pathogenicity, analysis of the entire coding region and/or MLPA analysis to detect a second mutation in
recessive genes, and reverse phenotyping for cases with likely-causative mutations in genes associated with
syndromic hearing loss. The second tier, analyzing the exome in patients without a diagnosis in the first tier
with the use of a high stringent filter (truncating, and missense variants with a PhyloP score >3.5) is
ongoing. Preliminary results are for instance a homozygous mutation in the SGSH gene that was detected
in a child with hearing loss and mild intellectual disability. Reverse phenotyping confirmed the diagnosis of
mucopolysaccharidosis type IIIA. Furthermore, we found truncating mutations in genes that are likely
candidates for deafness (based on expression pattern or homology to known deafness genes) in 3 patients.
Although further studies are needed, our first results indicate that another 25% might be solved by analysis
of the entire exome. In conclusion, exome sequencing with bioinformatic filtering for genes associated with
hearing loss led to a molecular diagnosis in 15-45% of the patients. Exome wide analysis has revealed new
candidate genes in selected cases and might add another 25% to the final diagnostic yield. More
importantly, it has provided patients with a molecular diagnosis that was not anticipated, and much earlier
than classic diagnostics would have revealed.
E-mail: e.hoefsloot@erasmusmc.nl
Keywords: clinical exome sequencing, hearing loss, unexpected diagnosis
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Introduction of gene panels in DNA diagnostics
for epilepsy
M. van Kempen, E.H. Brilstra, B. van der Zwaag, N.E. Verbeek, M.G. Elferink, F.E. Jansen,
P.H.A. van Zon, D. Lindhout, J.K. Ploos van Amstel
University Medical Centre Utrecht, Utrecht, The Netherlands Epilepsy Institute of the Netherlands SEIN, Heemstede, The
Netherlands

Purpose: Epilepsy is characterized by broad clinical and genetic heterogeneity. To date more than 100
genes are associated with epilepsy. In the past decade, molecular diagnostic testing of patients consisted of
serial Sanger sequencing of individual genes, consuming considerable time and expenses. Here we present
the implementation and first results of next generation (NGS) or massive parallel sequencing (MPS) of gene
panels for epilepsy in DNA diagnostic testing. Method: 126 epilepsy associated genes were selected for a
range of epileptic phenotypes. Genomic DNA was enriched for these 126 genes using a custom AgilentSure
SelectXT kit. Sequence analysis of exons and flanking intronic sequences was performed using a SOLiDâ„¢5500XL system. This method covers at least 94% of bases with >99% sensitivity. Within respective panels
>99% coverage per gene is obtained through supplementary Sanger sequencing. Mutation analysis and
interpretation was performed using Cartagenia Bench Lab NGS. Results: Ten epileptic phenotypes were
defined, associated with 2 up to 50 individual genes. When clinical manifestations did not allow allocation
to a specific phenotype, all 126 genes were analyzed. To date, 280 patients were screened for mutations in
these 126 genes. In 112 patients at least one probable causative variant was reported. 22 of which were
definitely underlying the clinical phenotype. 32 variants are still awaiting carrier testing of the parents
and/or segregation analysis in family members. 58 variants turned out not to be relevant for the clinical
diagnosis. Causative mutations were for a large part found in recently identified epilepsy genes. Conclusion:
NGS based DNA diagnostics shows to be a reliable method to detect mutations in a large number of genes
in a single experiment. Currently up to 20% of diagnoses could be confirmed. The evaluation of the
diagnostic value of this method in a heterogeneous disease such as epilepsy is ongoing and requires the
combined expertise of the molecular- and clinical geneticist and the (child)neurologist.
E-mail: mkempen@umcutrecht.nl
Keywords: epilepsy, NGS, gene panels
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Targeted next generation sequencing in DNA
diagnostics for familial cancer
Annemieke van der Hout, Yvonne Vos, Birgit Raddatz, Krista van Dijk-Bos, Alain Knopperts,
Beike Leegte, Johanna ter Beest, Helga Westers, Richard Sinke, Rolf Sijmons
afdeling Genetica, UMCG

Phenotypes of many hereditary tumour syndromes are known to overlap. In addition, different genes may
underlie one syndrome. Therefore the number of genes to examine in a particular clinical case can be
relatively large. Next generation sequencing (NGS) makes it is possible to analyze large numbers of genes
in parallel at relatively low cost. We studied the expediency of a targeted NGS gene panel approach in DNA
diagnostics for a group of 100 patients with either early-onset breast cancer or colorectal cancer in whom a
pathogenic mutation in BRCA1/2 genes was already excluded by Sanger sequencing, or their tumors
showed no signs of Lynch syndrome, respectively. We developed and validated a sequencing panel based
on Agilent Sure Select Target Enrichment® for mutation scanning in 71 genes known to be associated with
tumour syndromes.. The samples were sequenced using 151 base pair paired-end reads on an Illumina
MiSeq® sequencer and analyzed using Softgenetics´ NextGENe® and Cartagenia´s Benchlab NGS®
software. The 71 genes are divided in three virtual, non-overlapping gene subpanels, based on the levels of
preventive options and strength of risk information, in which for genes in subpanel 1 the most information
is available about preventive options and specific tumour risks. In pre-test genetic counselling the genes to
be tested were discussed as the 3 subpanels rather than individually. Patients can choose for any of the 3
subpanels to be tested and have the results returned to them. In addition, all 71 genes are tested in all
patients for research purposes after de-identifying the patients. Approximately 65% of the patients chose to
have results returned for all subpanels, 30% for subpanels 1 and 2 and 5% for subpanel 1 only. In 5 cases a
pathogenic mutation was detected, 4 times a heterozygous mutation in the CHEK2 gene and one mutation
in the RAD51D gene. Heterozygosity for a pathogenic mutation in the MUTYH gene was detected in 3
additional cases. In 13 cases one or two mutations classified as 'likely pathogenic´ were detected in 13
different genes. Co-segregation and tumor analysis in the families may provide more information about
pathogenicity of these mutations. In most cases the patient´s phenotype does not match with the currently
known tumour spectrum associated with the mutated gene. Analysis of large gene panels may broaden our
knowledge of tumour spectra associated with mutations in certain genes.
E-mail: a.h.van.der.hout@umcg.nl
Keywords: erfelijke kanker, NGS, diagnostiek
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genome diagnostic laboratories:
The Next Generation
K. Joeri van der Velde #, Marielle van Gijn #, Pieter Neerincx #, Rien Blok #, Bart Charbon #,
Dennis Dooijes #, Christian Gilissen #, Bart de Koning #, Jeroen Laros #, Ronald Lekanne #,
Thiery Loones *, Renee Niesen #, Isaac J. Nijman #, Rolph Pfundt #, Claudia Ruivenkamp #,
Jasper Saris #, Rolf Sijmons #, Richard Sinke #, Jonathan Taminau *, Peter Taschner #,
Maartje Vogel #, Steven van Vooren *, Terry Vrijenhoek #, Quinten Waisfisz #, Morris A.
Swertz #
#. Dutch Society of Clinical Genetic Diagnostic Laboratories (Vereniging Klinisch Genetische Laboratoriumdiagnostiek;
VKGL) *. Cartagenia

The introduction of next generation DNA sequencing in a clinical setting is a challenge for many genome
diagnostic laboratories. Next to the implementation and validation of the technique, the interpretation of
the enormous amount of DNA variants produced by next generation sequencing technology is a huge
challenge. Automated sharing of detected DNA variants between laboratories is critical to unravel the effect
of rare and/or de novo variants, match unsolved cases to identify a new disease gene and to catalog and
share evidence supporting the clinical interpretation of variants of unknown significance. Although the
scientific and clinical community increasingly encourages data sharing, there is little guidance for
diagnostics laboratories on the methods to design and implement this. In order to seek practical solutions,
the Dutch Society for Clinical Genetic Laboratory Diagnostics (VKGL) has organized a NGS data sharing
working group. Its purpose is to identify and evaluate opportunities and reach out to similar efforts
elsewhere in the world as well as barriers to data sharing for diagnostic purposes, including ethical and
legal factors and options to share data internationally. Especially finding methods to include phenotype and
other relevant patient data registered outside the laboratories, e.g. by the Dutch clinical geneticists, will be
part of the process. Bioinformatic solutions and ELSI aspects are being explored in a pilot study and at
NVHG we will present experiences and first results.
E-mail: m.a.swertz@rug.nl
Keywords: NGS, data sharing
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Preventie van plotse hartdood door erfelijke
hartziekten: wat kan en moet verbeterd worden?
Prof. dr. A.A.M. Wilde
cardioloog, Academisch Medisch Centrum, Amsterdam
Dr. C. van der Werf
AIOS cardiologie, Academisch Medisch Centrum, Amsterdam
Dr. mr. C. Das
arts Maatschappij en Gezondheid en forensisch arts, GGD Amsterdam

Erfelijke hartziekten vormen een belangrijke doodsoorzaak bij personen tussen de 1-45 jaar oud die plots
en onverwacht overlijden. De prevalentie van erfelijke hartziekten onder eerstegraads familieleden van deze
overledenen is dan ook hoger dan in de algemene bevolking. Dit zou een gestandaardiseerde
diagnostische procedure kunnen rechtvaardigen. Deze procedure moet dan gericht zijn op het vaststellen
van de doodsoorzaak (obductie) en identificeren van familieleden met een verhoogd risico op plotselinge
hartdood (erfelijkheidsonderzoek onder familieleden). Een dergelijke procedure bestaat momenteel echter
niet in Nederland en vele andere landen.
De CAREFUL studie, een recente Nederlandse studie die werd uitgevoerd om het percentage overledenen
en familieleden waarbij aanvullend onderzoek werd verricht te kwantificeren, liet zien dat dit in de
minderheid van de gevallen plaatsvindt. Van de 390 gevallen van plotselinge dood ten gevolge van een
natuurlijke oorzaak die werden geregistreerd onder personen van 1 tot 45 jaar oud in vier regio’s in
Nederland, werd er obductie verricht in 169 gevallen (43%). Cardiogenetisch onderzoek van familieleden
van het slachtoffer was geïndiceerd in 296 gevallen (76%), maar slechts 25 families (8%) bezochten een
polikliniek cardiogenetica.
Er zijn verschillende factoren die de uitvoer van dit aanvullend onderzoek, gericht op erfelijke hartziekten,
belemmeren. Huisartsen en gemeentelijk lijkschouwers noemen verschillende logistieke en emotionele
barrières ten aanzien van het verkrijgen van toestemming voor obductie, bijvoorbeeld financiële barrières,
verschillende opvattingen over taken en verantwoordelijkheden van de betrokken professionals, gebrek aan
kennis en een drempel om de mogelijkheid van obductie met nabestaanden te bespreken. Financiële
barrières zouden grotendeels kunnen worden weggenomen als zorgverzekeraars, als een vorm van
preventie voor de familieleden van het slachtoffer, bereid zouden zijn ook de kosten ná overlijden (b.v.
transportkosten van het stoffelijk overschot en obductie) te vergoeden. Ook (gedeeltelijke) compensatie
voor het eigen risico voor presymptomatische diagnostiek bij de, meestal, gezonde verwanten zou
drempelverlagend kunnen werken.
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Next-generation metabolic screening:
application of untargeted mass spectrometrybased metabolomics in the individual patient
Leo A.J. Kluijtmans1, Udo F.H. Engelke1, Ed van der Heeft1, Siebolt de Boer1, C.D. van
Karnebeek2, Saskia B. Wortmann3, Jasper Engel4, Marleen C.D.G. Huigen1 and Ron A.
Wevers1.
1Department of Laboratory Medicine, Laboratory of Genetic, Endocrine and Metabolic Diseases, 3Department of
Pediatrics, Nijmegen Center for Mitochondrial Disorders (NCMD), Radboud University Medical Center Nijmegen;
2Department of Pediatrics, BC Children´s Hospital Vancouver, Canada; 4Departament of Analytical
Chemistry/Chemometrics, Institute for Molecules and Materials, Radboud University Nijmegen.

Background: The (r)evolution of next generation sequencing (NGS) and its application in patient care, leads
to the identification of new genetic variants of unknown significance. This brings diagnostic challenges to
the metabolic laboratories, which we approached by developing an untargeted metabolomics assay. In this
report, we present a proof-of-principle study demonstrating the application of metabolomics in diagnosing
inborn errors of metabolisms (IEMs). Materials and Methods: In a proof-of-principle study, plasma samples
of patients with a proven IEM (11 different IEMs) and 30 controls were selected and analyzed by ultra-high
pressure, reversed-phase liquid chromatography time-of-flight mass spectrometry (UHPLC-QTOF-MS)
analysis. . Raw data was analyzed by Agilent MassHunter Qual software, and subsequently analyzed by
XCMS online data software for peak alignment, integration and extraction of ion intensities. The resulting
features (i.e., ion signal with accurate mass (m/z), intensity and retention time) were compared between
each individual patient and the group of controls. The exact masses of significantly different features were
submitted to METLIN and HMDB databases for metabolite annotation. Results: In each plasma sample, we
detected ~10.000 features. After chemometric analysis, approximately 50-200 significantly different features
were observed for each of the IEMs. In all individual patients, the relevant and currently-used biomarkers
for the IEM were identified using this untargeted approach. In addition, numerous additional biomarkers
were identified for most of the diseases. For example, in all PKU patients, we identified
glutamylphenylalanine as a biomarker and in MCAD we detected e.g. capryloylglycine as an extra
biomarker. Finally, several new, potential biomarkers were discovered for many of the IEMs, although not all
annotated, yet. Conclusions: By application of untargeted metabolomics, we unambiguously diagnosed
each individual patient. This new development bridges NGS and metabolic diagnostics, provides
complementary information and illustrates that this holistic metabolomics assay is a promising technique in
a modern, functional genomics laboratory. This next-generation metabolic screening (NGMS) is currently
being employed in analyzing the functional relevance of variants identified by WES in 50 metabolic patients
by parallel interpretation of genetic and metabolomics data.
E-mail: leo.kluijtmans@radboudumc.nl
Keywords: Next generation metabolic screening; metabolomics; inborn errors of metabolism; mass
spectrometry; functional genomics
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Genome sequencing identifies major causes of
severe intellectual disability
Christian Gilissen1, Jayne Y. Hehir-Kwa1, Djie Tjwan Thung1, Maartje van de Vorst1, Bregje
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Pfundt1, Helger G. Yntema1, Bert B. A. de Vries1, Tjitske Kleefstra1, Han G. Brunner1,4,
Lisenka E. L. M. Vissers1 & Joris A. Veltman1,4
1) Department of Human Genetics, Radboud Institute for Molecular Life Sciences and Donders Centre for Neuroscience,
Radboud University Medical Center, Geert Grooteplein 10, 6525 GA Nijmegen, the Netherlands. 2) Complete Genomics Inc.
2071 Stierlin Court, Mountain View, California 94043, USA. 3) State Key Laboratory of Medical Genetics, Central South
University. 110 Xiangya Road, Changsha, Hunan 410078, China. 4) Department of Clinical Genetics, Maastricht University
Medical Centre. Universiteitssingel 50, 6229 ER Maastricht, the Netherlands.

Severe intellectual disability (ID) occurs in 0.5% of newborns and is thought to be largely genetic in origin.
The extensive genetic heterogeneity of this disorder requires a genome-wide detection of all types of
genetic variation. Microarray studies and, more recently, exome sequencing have demonstrated the
importance of de novo copy number variations (CNVs) and single-nucleotide variations (SNVs) in ID, but
the majority of cases remain undiagnosed. Here we applied whole-genome sequencing to 50 patients with
severe ID and their unaffected parents. All patients included had not received a molecular diagnosis after
extensive genetic prescreening, including microarray-based CNV studies and exome sequencing.
Notwithstanding this prescreening, 84 de novo SNVs affecting the coding region were identified,which
showed a statistically significant enrichment of loss-of-function mutations as well as an enrichment for
genes previously implicated in ID-related disorders. In addition, we identified eight de novo CNVs, including
single-exon and intra-exonic deletions, as well as interchromosomal duplications. These CNVs affected
known ID genes more frequently than expected. On the basis of diagnostic interpretation of all de novo
variants, a conclusive genetic diagnosis was reached in 20 patients. Together with one compound
heterozygous CNV causing disease in a recessive mode, this results in a diagnostic yield of 42% in this
extensively studied cohort, and 62% as a cumulative estimate in an unselected cohort. These results suggest
that de novo SNVs and CNVs affecting the coding region are a major cause of severe ID. Genome
sequencing can be applied as a single genetic test to reliably identify and characterize the comprehensive
spectrum of genetic variation, providing a genetic diagnosis in the majority of patients with severe ID.
E-mail: christian.gilissen@radboudumc.nl
Keywords: whole genome sequencing, Intellectual disability, de novo mutations
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Cysteine Quantity Correction of NOTCH3: exon
skipping as a potential therapeutic strategy for
CADASIL
Julie W. Rutten1, Hans G. Dauwerse1, Dorien J.M. Peters1, Andrew Goldfarb1, Roselin
Klever1, Hanka Venselaar3, Christof C. Haffner4, Sjef Verbeek1, Gert-Jan B. van Ommen1,
Arn van den Maagdenberg1, Annemieke Aartsma-Rus1 and Saskia A.J. Lesnik Oberstein1,2
1Department of Human Genetics, 2Department of Clinical Genetics, Leiden University Medical Center, Leiden, The
Netherlands , 3NCMLS, Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands and 4Intitute for Stroke
and Dementia Research, Klinikum der Universität München, Ludwig-Maximilians-University, Munich, Germany.

CADASIL is a disabling hereditary vascular dementia and stroke syndrome, for which no treatment is
available. The disease is caused by missense mutations in NOTCH3, which invariably alter the number of
cysteine residues in one of the epidermal growth factor-like repeat (EGFr) domains of the NOTCH3 protein.
This causes toxic NOTCH3 aggregation and accumulation in the (cerebro)vasculature, leading to vascular
smooth muscle cell degeneration and a reduced cerebral blood flow. We hypothesize that re-establishing
the correct number of 6 cysteines within EGFr may prevent toxic NOTCH3 accumulation. To achieve this
‘cysteine quantity correction’, we use antisense-mediated exon skipping. Based on the NOTCH3 open
reading frame and in silico linear and 3D homology modelling protein predictions, we found that a total of
11 NOTCH3 exons would be eligible for exon skipping and cysteine quantity correction, which would target
the majority of CADASIL causing mutations. Using antisense oligonucleotides, we have shown that NOTCH3
exon skipping is feasible in vitro in a CADASIL patient derived cell model and in vivo in human NOTCH3
transgenic mice. Using cDNA constructs, we found that the modified NOTCH3 protein formed after exon
skipping is translated and is transported to the cell membrane, indicating normal protein processing. The
NOTCH3 transgenic mice used for in vivo studies show an age dependent increase in NOTCH3
accumulation, and are therefore a good model to study CADASIL disease progression and the effect of
potential therapies aimed at preventing NOTCH3 accumulation. Future studies are focused on optimizing
the exon skip in vivo, in order to determine the potential therapeutic effect of this cysteine quantity
correction strategy on the CADASIL phenotype.
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Identification of clinically relevant structural
variation in whole exome and whole genome
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1:Department of Human Genetics, Radboud umc, Nijmegen, the Netherlands 2:Complete Genomics Inc, Mountain View,
CA, the United States 3:State Key Laboratory of Medical Genetics, Central South University, Changsha, China
4:Department of Clinical Genetics, Maastricht University Medical Centre, Maastricht, the Netherlands.

Whole exome sequencing (WES) allows the detection of a wide range of variant types. With one single test
it is possible to detect small variants (SNVs), and structural variation. Whilst the role of copy number
variants (CNVs) in intellectual disability (ID) is well known, the role of CNVs in other diseases is less well
studied, although it has been suggested that CNVs can be found in up to 10% of deafness patients. We
have performed read depth WES CNV analysis on over 600 patients across 5 heterogeneous disorders
including ID, deafness, blindness, metabolic disorders, movement disorders. This analysis revealed several
clinically relevant CNVs exerting a dominant effect, as well as CNVs unmasking a recessive mutation that
lead to pathogenic compound heterozygous events. The cohort of 310 ID patients that had previously been
screened negative for CNV microarray analysis, as well as WES SNV analysis. Nonetheless clinically relevant
CNVs were identified in the WES data in 2% of patients. Systematic screening of the remaining patient
groups identified CNVs in ~4% of individuals. To further examine pathogenic structural variation, we
performed whole genome sequencing on 50 WES-negative ID patient-parent trios. In 7 patients we
identified pathogenic large variants, including two single exon deletions, a tandem duplication, an interchromosomal duplication and one complex inversion/duplication/deletion event. Discordant reads
provided positional information for duplicated sequences identifying an in-frame gene fusion. These results
show that structural variation is not only an important cause of neurodevelopmental diseases but also a
much broader range of genetic diseases.
E-mail: rolph.pfundt@radboudumc.nl
Keywords: CNV exome sequencing Whole genome sequencing
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Myeloid-lineage-restricted NLRP3 mutations
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Department of Dermatology, General Internal Medicine, Human Genetics, Radboud University Medical Center, The
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Immunodeficiency and Autoinflammation, Nijmegen, The Netherlands; Department of Medical Genetics, University
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Background: Schnitzler´s syndrome is a late-onset autoinflammatory syndrome of unknown etiology, with
clinical evidence of involvement of the interleukin-1 beta (IL-1ß) pathway. Based on its late onset and
absence of familial clustering, the syndrome was considered acquired rather than genetic. Here we applied
deep sequencing techniques to address the possibility of a genetic cause in Schnitzler´s syndrome.
Methods: Eleven patients with classical or variant Schnitzler´s syndrome were included, and for the
functional studies eight patients with Schnitzler´s syndrome and age- and sex-matched controls. Exome
sequencing of whole blood was performed, followed by targeted resequencing of NLRP3 in whole blood,
different leukocyte subsets, keratinocytes and fibroblasts. Spontaneous production of IL-1ß and IL-6 by
peripheral blood mononuclear cells (PBMCs) was measured during symptomatic and treatment episodes,
and compared to controls. Results: Exome sequencing, followed by targeted resequencing revealed NLRP3
mutations in whole blood DNA from two patients with IgG variant Schnitzler´s syndrome. Remarkably, these
mutations were exclusively present in neutrophils (13%/32%) and monocytes (6.5%/29%). Patient PBMCs
showed excessive spontaneous in-vitro IL-1ß production, consistent with the clinical response to IL-1ß
blockade. Interpretation: Identification of myeloid-lineage-restricted mosaicism of NLRP3 places Schnitzler´s
syndrome in the spectrum of cryopyrin-associated periodic syndromes, and clarifies the puzzling
pathophysiology of this elusive disease. This is the first report on myeloid-lineage-restricted mosaicism in a
non-malignant disorder. Importantly, these findings suggest that other late-onset disorders may have a
genetic (mosaic) basis.
E-mail: m.e.vangijn@umcutrecht.nl
Keywords: Schnitzler´s syndrome, somatic mosaicism, NLRP3, deep resequencing
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Functional analysis of genes carrying de novo
mutations in 24 sporadic Hirschsprung cases
revealed 7 unexpected genes relevant to ENS
development
D. Schriemer1, H. Gui2, W. Cheng2, P. Griseri3, A. Pelet4, M. Ruiz-Ferrer5, C. Berrios6, W.
van IJcken7, M. van den Hout7, R. Brouwer7, Y. Sribudiani8, R. Chauhan8, P. Tam2, C.
Tang2, I. Matera3, I. Antinolo5, A. Chakravarti6, S. Borrego5, S. Lyonnet4, I. Ceccherini4, B.
Eggen1, J. Amiel4, M. Garcia-Barcelo2, R. Hofstra8,9
1) University Medical Center Groningen, Netherlands; 2) University of Hong Kong, China; 3) Instituto G. Gaslini, Genoa,
Italy; 4) Universite Paris-Descartes, Paris, France; 5) Hospital Universitario, Virgen del Rocio, Sevilla, Spain; 6) Johns
Hopkins University, Baltimore MD, USA; 7) Biomics, Eramus MC, Rotterdam, Netherlands; 8) Clinical Genetics, Erasmus
MC, Rotterdam, Netherlands; 9) Institute of Child Health, UCL London UK

Hirschsprung disease (HSCR) is a complex genetic disorder, characterized by the absence of the enteric
neurvous system (ENS) of the distal part of the gastrointestinal-tract. HSCR most commonly presents
sporadically, however it can be familial (~20% of the patients). The sporadic form of the disorder is believed
to be genetically complex. To assess the role of de novo variations in sporadic HSCR, we performed exome
sequencing on DNA of 24 sporadic HSCR patients and their unaffected parents. In total we confirmed 26 de
novo variations (23 SNV, 3 Indels) in 19 genes. Eight variants were present in RET, the major HSCR gene.
The remaining 18 genes all carried one de novo variant and none of the genes could directly be linked to
any of the known HSCR associated gene networks. Knockdown experiments in zebrafish, by both spliceand translation-blocking morpholino´s, resulted in a HSCR like phenotype for 7 of these 18 genes (CKAP2L,
DENND3, NCLN, NUP98, TBATA, MED26, MAP4). The zebrafish work is complimented by proliferation,
migration and differentiation assays using stable, siRNA expressing neural crest derived cell lines. Our data
show that de novo, as well as inherited mutations, contribute to the development of the ENS and thereby
to HSCR. Moreover, as the identified 7 novel HSCR genes are all unrelated to the previous gene networks,
our study suggests that functional analysis of all genes carrying de novo mutations, is warranted to
delineate the genetic architecture of a genetically complex diseases.
E-mail: d.schriemer@umcg.nl
Keywords: Hirschsprung disease, de novo mutations, Enteric Nervous System
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Paired analyses of diagnostic and relapse
samples of MLL rearranged infant acute
lymphoblastic leukemia reveals potential
therapy-resistant genomic alterations.
Arjan Buijs1, Marian Stevens-Kroef2, Edwin Sonneveld3, Lars van der Veken1
Afdeling Medische Genetica, UMC Utrecht1, Afdeling Humane Genetica, RAdboud umc, Nijmegen2, Stchting
Kinderoncologie Nederland (SKION), Den Haag

Infant acute lymphoblastic leukemia (ALL) (less than one-year-old) is a rare, aggressive disease, with unique
biological and clinical features. It is associated with 11q23 MLL rearrangements (MLL-R), and a high relapse
risk. In contrast, in childhood ALL (age 1-18 years) the majority survives beyond 5 years, and only 15-20% of
patients relapse. The genomic landscape in the latter group has been investigated quite extensively, and is
has proven to be of diagnostic and prognostic significance. Paired diagnostic and relapse samples have
identified frequent microdeletions in B-cell differentiation and cell cycle regulating genes IKZF1, EBF1 and
CDKN2A/B. Alterations in these genes, either at diagnosis or relapse are linked to therapy-resistance. In
contrast, data on copy-number alterations in infant ALL, particularly at relapse, are very limited. Therefore,
we investigated two infant ALL at diagnosis and relapse by molecular cytogenetic analyses including highdensity SNP array. A six-months-old boy was diagnosed with pro B-ALL. Molecular cytogenetic analyses
revealed a t(4;11) MLL-AFF1 positive karyotype. SNP array resulted in a balanced profile. After a MUD-SCT
the ALL relapsed at age 1.1-years. Cytogenetics demonstrated the t(4;11) stemline, and evolution with two
related sidelines, one with a dic(1;19) and another with an unbalanced t(1;18), both resulting in 1q gain. In
addition, SNP array analysis revealed homozygous loss of 7p12.2 IKZF1 due to an overlapping and an
intragenic deletion. The second case, a 3-months-old boy with pre B-ALL, showed a complex t(11;19) MLLMLLT1 positive karyotype. Microarray analysis resulted in a balanced profile. At age one-year the ALL
relapsed after a sibling-SCT, with the complex karyotype. SNP array showed a chimeric profile with only two
small heterozygous 19p13.3 deletions, one including TCF3. In childhood ALL drug resistant blasts at relapse
are probably subclonal at diagnosis, or develop during therapy, with frequent microdeletions of B-cell
differentiation regulating genes IKZF1 and EBF1. These alterations are found particularly in MLL-wt ALL,
whereas MLL-R ALL is associated with epigenetic perturbations. Interestingly, in our two cases of infant
MLL-R ALL we observe, at relapse, microdeletions of B-cell differentiation regulating genes IKZF1 and TCF3.
It is of importance to study more paired cases to further define the mutational landscape of this unique, but
ill-fated subtype of ALL.
E-mail: a.buijs@umcutrecht.nl
Keywords: infant acute lymphoblastic leukemia, MLL, IKZF1,TCF3, copy number alteration, SNP
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Somatic mutations found in the healthy blood
compartment of a 115-year-old woman
demonstrate oligoclonal hematopoiesis.
Holstege H, Pfeiffer W, Sie D, Hulsman M, Nicholas TJ, Lee CC, Ross T, Lin J, Miller MA,
Ylstra B, Meijers-Heijboer H, Brugman MH, Staal FJT, Holstege G, Reinders MJT, Harkins TT,
Levy S, Sistermans EA.
Dept of Clinical Genetics, VU University Medical Center, 1007 MB Amsterdam, The Netherlands San Diego Supercomputer
Center, UCSD, La Jolla, California 92093, USA Deptof Pathology, VU University Medical Center, 1007 MB Amsterdam, The
Netherlands Delft Bioinformatics Laboratory, Delft University of Technology, 2628 CD Delft, The Netherlands Dept of
Molecular and Experimental Medicine, Scripps Translational Science Institute, San Diego, California 92037, USA Advanced
Applications Group, Life Technologies, Beverly, Massachusetts 01915, USA Dept of Biochemistry and Biophysics UCSF, San
Francisco, California 94143, USA Dept of Immunohematology and Blood Transfusion, Leiden University Medical Center,
2333 ZA Leiden, The Netherlands Centre for Clinical Research, University of Queensland, Herston, QLD 4006, Australia

Genetic mutations are commonly studied because of links to diseases such as cancer; however, little is
known about mutations occurring in healthy individuals. We used whole genome sequencing of the white
blood cells from a 115-year-old woman to determine if, over a long lifetime, mutations accumulate in
healthy white blood cells. Our blood is continually replenished by hematopoietic stem cells that reside in
the bone marrow and divide to generate different types of blood cells. Cell division, however, is errorprone, and more frequently dividing cells, including the blood, are more likely to accumulate genetic
mutations. Hundreds of mutations have been found in patients with blood cancers such as acute myeloid
leukemia (AML), but it is unclear whether healthy white blood cells also harbor mutations. We identified
over 450 mutations in the healthy white blood cells that were not found in her brain, which rarely
undergoes cell division after birth. These mutations, known as somatic mutations because they are not
passed on to offspring, appear to be tolerated by the body and do not lead to disease. The mutations
reside primarily in non-coding regions of the genome not previously associated with disease, and include
sites that are especially mutation-prone such as methylated cytosine DNA bases and solvent-accessible
stretches of DNA. By examining the fraction of the white blood cells containing the mutations we found
that, at the time of her death, the peripheral blood was derived from only two active hematopoietic stem
cells, in contrast to an estimated 1,300 simultaneously active stem cells. Also, the distribution of the
detected mutations indicated that one of these stem cells was derived from the other. Because telomeres
progressively shorten with each cell division, we also examined the length of the telomeres, The white
blood cell telomeres were extremely short â€“17 times shorter than telomeres in the brain. Therefore, we
speculate that most hematopoietic stem cells may have died from 'stem cell exhaustion,´ reaching the
upper limit of stem cell divisions. Whether stem cell exhaustion is likely to be a cause of death at extreme
ages needs to be determined in future studies.
E-mail: h.holstege@vumc.nl
Keywords: somatic mutations, healthy WBCs, oligoclonality, supercentenarian
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Detecting fetal sub-chromosomal aberrations in
maternal plasma at low costs.
Roy Straver, Marcel J.T. Reinders, Henne Holstege, Daphne van Beek, Allerdien Visser, Cees
B.M. Oudejans and Erik A. Sistermans
VUmc, TU Delft

Fetal genetic disorders can be detected during pregnancy by prenatal diagnosis using Chorionic Villus
Sampling, but the 1:100 chance to result in miscarriage restricts the use to fetuses that are suspected to
have an aberration. Detection of trisomy 21 cases non-invasively is now possible due to the upswing of
Next Generation Sequencing (NGS) because a small percentage of fetal DNA is present in maternal plasma.
However, detecting other trisomies and smaller aberrations can only be realized using high coverage NGS,
making it too expensive for routine practice. We developed a method, WISECONDOR (WIthin-SamplE COpy
Number aberration DetectOR), which detects small aberrations using low coverage NGS. The increased
detection resolution was achieved by comparing read counts within the tested sample of each genomic
region with regions on other chromosomes that behave similarly in control samples. This within-sample
comparison avoids the need to re-sequence control samples. WISECONDOR correctly identified all T13, T18,
T21 and T22 cases while coverages were as low as 0.15 to 1.06. No false positives were identified. Moreover,
WISECONDOR also identified smaller aberrations, down to 20Mb, such as del(13)(q12.3q14.3), +i(12)(p10)
and i(18)(q10). The results show that any aberration > 13Mb that we tested was correctly called, whereas
false positives were never > 13 Mb. Even for the relatively small amount of reads we used, this method
provides nearly the same precision as karyotyping would, for which detection of small aberrations is limited
to 10Mb owing to the resolution of imaging. In addition to WISECONDOR as previously published, we also
developed a tool to estimate the fetal fraction and to determine run quality based on male fetusses. Our
work demonstrated that both chromosomal and subchromosomal aberrations can be determined by
within-sample comparison of bin read frequencies instead of using a set of re-sequenced reference
samples. WISECONDOR is able to detect subchromosomal and chromososmal disorders at low sequencing
coverage per sample assuming it contains least 5% fetal DNA, with the exception of triploid and mosaic
cases. It thereby allows non-invasive prenatal diagnotiscs without increasing costs compared to current
practices for trisomy 21 detection.
E-mail: r.straver@vumc.nl
Keywords: Fetal Aberrations, Down Syndrome, Non-invasive, Pre-natal, Trisomy, NIPT, NIPD, Fetal Fraction
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False negative NIPT results for trisomy 13, 18
and 21: risk figures derived from cytogenetic
investigations in chorionic villi
Diane Van Opstal, Malgorzata Srebniak, Cardi van den Berg, Joke Polak, Femke de Vries,
Robert-Jan H. Galjaard
Department of Clinical Genetics, Erasmus MC Rotterdam, The Netherlands

Background: Non-invasive prenatal testing (NIPT) for fetal trisomy detection already revealed that there is a
small chance of a false positive and false negative result. This is partly due to the fact that the fetal DNA
present in the cell free maternal plasma fraction is derived from the cytotrophoblast of chorionic villi (CV),
which is not always representative for the fetus. This we already learned in the eighties from cytogenetic
investigations in short-term-cultured CV (STC-villi) in which cells derived from the cytotrophoblast are
studied. For this reason, accurate cytogenetic studies in CV should be done by using both STC-villi as well
as long-term cultured CV (LTC-villi), the latter investigating cells derived from the mesenchymal core of CV
which has the same embryonic origin as the fetus itself. We calculated the risk for a false negative trisomy
13, 18 and 21 NIPT result of a biological nature based on our experience with CV. Methods : All cases of
fetal trisomy 13, 18 and 21 among ~6000 CV samples that were cytogenetically investigated (STC- and LTCvilli) in our centre between January 2000 and December 2011, were retrospectively studied for the presence
of a normal karyotype or mosaicism < 50% in STC-villi. The main indications for CV sampling in these
trisomic cases were fetal ultrasound abnormalities, increased nuchal translucency, advanced maternal age >
36 years, and/or abnormal first trimester screening (>1:200). Results: 404 (6,7%) cases of trisomies 13, 18
and 21 were found amongst ~6000 samples. Of these 404 cases, 15 (3,7%) had a normal (N=9) or <50%
mosaic (N=6) karyotype in STC-villi and therefore would potentially be missed if NIPT was performed in
these cases. It involved 6 cases of trisomy 21 and 9 cases of trisomy 18. Conclusion: Apart from technical
reasons (large BMI, low fetal fraction etc) that may explain false negative NIPT results, in 2 á 3/1000 NIPT
samples of patients at high risk, a trisomy 18 or 21 will be missed due to the biological phenomenon of
absence of the chromosome aberration in the cytotrophoblast. It is important that patients opting for NIPT
are informed about these figures so that an informed choice between invasive an non-invasive testing can
be made.
E-mail: a.vanopstal@erasmusmc.nl
Keywords: NIPT, chorionic villi, prenatal, non-invasive prenatal diagnosis, false negative NIPT
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Rapid screening for monogenic diseases in
severely ill newborns using whole genome
sequencing
CC van Diemen1, TJ de Koning1,2, B Sikkema-Raddatz1, JDH Jongbloed1, PBT Neerincx1, G
de Vries1, M Meems-Veldhuis1, K de Lange1, J Dijkhuis1, J van der Velde1, M de Haan1,
MA Swertz1, KA Bergman2, P Rump1, CMA van Ravenswaaij1, IM van Lange1, C
Wijmenga1, RH Sijmons1, RJ Sinke1
1. Dept of Genetics, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands 2. Beatrix
Children Hospital, University Medical Center Groningen, Groningen, The Netherlands

Monogenic diseases are frequent causes of neonatal morbidity and mortality, and disease presentations are
often undifferentiated at birth. Additionally, many monogenic diseases feature clinical and genetic
heterogeneity. Routine molecular testing is time consuming and available for only few of these diseases.
For severely ill newborns quick molecular diagnoses is important for clinical decision-making and can
prevent unnecessary and sometimes invasive diagnostics. Here we describe a procedure to analyze 2800
genetic disorders in severely ill newborns by whole-genome sequencing (WGS) where we aim to provide a
differential diagnosis within 4 weeks, but preferably shorter. The procedure is carried out by a team
consisting of physicians from the Neonatal and Pediatric Intensive Care Units, clinical geneticists,
technicians and laboratory specialists from the Genome Diagnostics laboratory, researchers and
bioinformaticians. Newborn patients with a suspected genetic disease are presented by the treating
physician and the clinical geneticist to the project team. Upon inclusion of the patient in the study, parents
of the patient are counseled by the clinical geneticist. When consent is obtained, blood is collected from
the patient, DNA is isolated, prepared for WGS using Nextera library preparation, and sequenced on an
Illumina HiSeq 2500 (50 hours). Mean whole genome coverage of ~30x is generated, as validated in 4 test
samples. Using an in-house developed pipeline on a dedicated server, sequence reads are aligned and
variants are called only for genes present in the Clinical Genomics Database (20 hours). Variants are then
filtered using Cartagenia software for population frequencies, patient phenotype using Human Phenotype
Ontology (HPO) terms, zygosity and possible functional effect (2 hours). Resulting variants are further
annotated and filtered on a gene level with inheritance information for the corresponding OMIM disease
and pathogenicity scores from the CADD database and manually judged for their potential disease-causing
effect by the project team (3 hours). Candidate disease causing variants are validated using Sanger
sequencing. Our validation tests have shown that variant calling was accurate and known pathogenic
mutations in the test samples were detected. The procedure is accredited under CCKL regulations. Currently
we are processing the first patients. We aim to improve the procedure to decrease the turn-around-time
time to 72 hours.
E-mail: c.c.van.diemen@umcg.nl
Keywords: newborns, genetic testing, whole genome sequencing
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"Hey Doc, here is my DNA sequence, what do
you think?"

Marjolein Kriek, Hienke Sminia, Kees van der Meer, Ingrid Arnolds, Emmelien Aten, Marije
Koopmans, Arie van Haeringen, Martijn Breuning, Terry Vrijenhoek, Johan den Dunnen
1) Department of Clinical Genetics, Leiden University Medical Center, Leiden, The Netherlands 2) Department of Human
Genetics, Leiden University Medical Center, Leiden, The Netherlands 3) Workgroup Promotion of Expertise General
Practitioners Rijnland, The Netherlands 4) Center for Genome Diagnostics, Department of Medical Genetics, University
Medical Center Utrecht, The Netherlands

When my General Practitioner (GP) fell from his chair when I opened my laptop to check whether the drug
prescribed matched with my genome, I realized there was a problem. Although DNA-based medicine is at
the doorstep, GPs are not trained in this direction and therefore they lack the knowledge to correctly
interpret complex clinical data. To bridge this gap, we developed an unique educational module that
prepares physicians for their role in the near future; they were trained to translate genome-wide analysis
data to the patient´s specific clinical situation. The educational module was set up in close collaboration
with members of the target group (e.g. GPs) to help us define the most informative and comprehensive way
of communication about this subject. The module consisted of: 1. refreshment of genetics through polling
2. case studies 3. genetic gift card 4. practical (bitter tasting and genetic variants) 5. future perspectives A
total 210 GPs participated in the 195-minute genetic training session and afterwards an evaluation form
was completed by each participant. There was a difference in appreciation of the educational module
between the ' old and the new´ generation GPs; the overall rating was 7.9 (scale from 1-10). The majority of
the participants was especially interested in Pharmacogenomics (drugs/genes) and pedigree based clinical
decision making. And, of great importance, the training lowered the threshold to contact the clinical
geneticist. We will elaborate on the content of educational module prior to disclosing the results of the
evaluation by the 210 GPs and, finally, we will summarize the lessons learned.
E-mail: m.kriek@lumc.nl
Keywords: physician of the future educational module patients´ genome analysis
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CLK2 missense mutation in a family with
pontocerebellar hypoplasia type 7
Veerle R.C. Eggens1, M.L.N. Lohuis1, B. Appelhof1, Y. Namavar1,3, M.A. Haagmans2, K.
Fluiter1, E.J. Bradley1, H. Kayserili4, P.G.Barth3, B.T. Poll-The3, F. Baas1
1 Department of Genome Analysis, Academic Medical Centre, Amsterdam, The Netherlands; 2 Department of Clinical
Genetics, Academic Medical Centre, Amsterdam, The Netherlands; 3 Division of Pediatric Neurology, Emma´s Childrens
Hospital, Academic Medical Centre, Amsterdam, The Netherlands; 4 Department of Medical Genetics, Istanbul University,
Istanbul, Turkey

Pontocerebellar hypoplasias (PCH1-10) represent a group of autosomal recessive neurodegenerative
disorders with prenatal onset. Common characteristics of all subtypes include hypoplasia of pons and
cerebellum, and severe mental and motor impairments. PCH7 is characterized by genital abnormalities in
addition to pontocerebellar hypoplasia. Mutations in genes encoding for the tRNA splicing endonuclease
(TSEN) complex, mitochondrial arginyl-tRNA synthetase (RARS2), exosome component 3 (EXOSC3) and
cleavage and polyadenylation factor I subunit 1 (CLP1) have been associated with several PCH subtypes. Up
to now, no locus for PCH7 had been identified. We performed exome sequencing on two siblings with
PCH7 and their healthy parents. A missense mutation (p.A390S) in cdc2-like kinase 2 (CLK2) was identified
homozygous in both patients and heterozygous in the parents. CLK2 encodes for a SR kinase involved in
mRNA splicing. Functional analysis by expressing CLK2 in mammalian cells shows aggregation and loss of
kinase activity of mutant CLK2 protein. In situ hybridizations on human embryonic brain tissue shows CLK2
mRNA expression in the cerebellum at 8 weeks gestational age. Knockdown of clk2 by morpholino (MO)
injections in zebrafish embryos results in neurodegeneration and abnormal brain development. The role of
CLK2 in mRNA splicing is in line with TSEN, RARS2, CLP1 and EXOSC3 mutations causing PCH, as these
genes are all involved in RNA processing. In addition, CLK2 is associated with tra2-beta1, which plays a role
in sex determination in drosophila. In conclusion, we consider CLK2 a good candidate for PCH7, since it is
involved in RNA processing and sex determination, which is consistent with the PCH7 phenotype.
E-mail: v.r.eggens@amc.nl
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tRNA Processing Mutations in Pontocerebellar
Hypoplasia
Bart Appelhof, Veerle R.C. Eggens, Tessa van Dijk, Anneloor L.M.A. ten Asbroek, Marian A.J.
Weterman, Frank Baas
Department of Genome Analysis, Academic Medical Centre, University of Amsterdam

Pontocerebellar hypoplasia (PCH) represents a heterogeneous group of neurodegenerative disorders with a
prenatal onset. So far, ten subtypes are described (PCH1-10), based on genetic and clinical features.
Coinciding symptoms are hypoplasia and/or atrophy of the pons and cerebellum and patients suffer from
severe cognitive and motor defects. Currently, only symptomatic treatment is available and most patients
die before adulthood. The majority of genes associated with PCH participate in RNA processing, e.g. the
tRNA splicing endonuclease (TSEN) genes, arginyl tRNA synthetase 2 (RARS2), cleavage and
polyadenylation factor 1 subunit 1 (CLP1) and exosome component 3 (EXOSC3). Despite the large number
of genes involved in PCH, still cases remain unsolved. We performed whole exome sequencing on 25 PCH
patients and 5 trios with an unknown genetic cause. We identified over ten candidate gene mutations of
which one is located in RtcA, another gene involved in RNA metabolism. The mutation is located in the
active site of the protein. RtcA is a cyclase, responsible for rescuing aberrantly processed RNA molecules.
During tRNA processing RtcA rescues aberrantly formed tRNA halve ends, by converting 2´-terminal
phosphates to 2´,3´-cyclic phosphodiester. Knockdown of RtcA using morpholino ODNs in zebrafish results
in microcephaly, abnormal brain development and reduced motility which fits a PCH phenotype. RtcA is the
another PCH related gene involved in tRNA processing next to TSEN and CLP1. This finding invigorates the
importance of tRNA processing for normal cerebellar development and enables us to start revealing the
underlying mechanism further.
E-mail: b.appelhof@amc.nl
Keywords: Pontocerebellar Hypoplasia, tRNA processing, TSEN, CLP1, RARS2, EXOSC3, RtcA, RNA
metabolism
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Haploinsufficiency of MECP2 modifier SIN3A
causes mild intellectual disability by affecting
cortical integrity
Willemsen MH1*, Dombroski TCD2*, Witteveen JS2, Nillesen WN1, Sjef van Hulten2, van
Bakel NH2, Jansen EJ2, Veenstra-Knol HE3, van Ravenswaaij-Arts CMA van3, Klein WassinkRuiter JS3, Vincent M4, David A, Le Caignec C4, Schieving J5, Foulds N6, Strom, TM7,
Cremer K8, Zink AM8, Martens, GJM2, Pfundt R1, Engels H8, Kolk SM2*, Kleefstra T1*
1Department of Human Genetics, Radboud University Medical Center, Donders Institute for Brain, Cognition and Behavior
Nijmegen, The Netherlands. 2Department of Molecular Animal Physiology, Donders Institute for Brain, Cognition and
Behavior, Radboud University, Nijmegen, The Netherlands. 3University Medical Center Groningen, Department of Genetics,
Groningen, the Netherlands 4CHU Nantes, Service de Génétique Médicale Unité de Génétique Clinique, Nantes, France
5Department of Neurology, Radboud University, Nijmegen, The Netherlands 6UHS NHS Foundation Trust and Department
of Human Genetics and Genomic Medicine, Faculty of Medicine, University of Southampton, UK 7Institute of Human
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The gene SIN3A (nucleosome remodeling and deacetylase (NuRD) complex, switch-insensitive 3a) is one of
the five genes located in the shortest region of overlap (SRO, ~260kb) of atypical 15q24 microdeletions and
a plausible candidate for the usually mild intellectual disability (ID) phenotype. We now identified frameshift
mutations in SIN3A in five patients and hypothesized that haploinsufficiency of SIN3A contributes indeed
substantially to the phenotype seen in patients with these atypical deletions. To address this further, we
compared the clinical and molecular data of the patients with either de novo or inherited SIN3A mutations
and four so far unpublished cases with de novo atypical small 15q24 deletions encompassing SIN3A
(270kb-500kb). SIN3A interacts with the Sin3/HDAC/MeCP2 co-repressor complex to recruit epigenetic
modifiers, thereby mediating repression of a large number of genes through chromatin condensation. The
clinical phenotypes of the patients and sin3a expression in rodent cerebral cortex neurogenic regions,
hinted towards a role in corticogenesis. Therefore, to further address the consequences of reduced sin3a
expression in cortical development, we employed a unique in vivo functional knockdown essay using in
utero electroporation. Sin3a downregulation led to reduced cortical neurogenesis, altered cortical layering
and aberrant cortico-cortical projections, which is in line with the observed clinical features. Overall, our
data establish that haploinsufficiency of SIN3A is associated with a recognizable phenotype characterized
by mostly mild ID, a strikingly similar facial gestalt, hypermobile joints, hearing loss, ectodermal symptoms
and dilated cerebral ventricles, and support the role of the close mecp2 interactor sin3a, as a key regulator
of transcriptional events important in expansion and connectivity of cortical areas.
E-mail: tjitske.kleefstra@radboudumc.nl
Keywords: ID, 15q24 deletion, SIN3A, cortex, corticogenesis
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Enhanced CSD susceptibility in Familial
Hemiplegic Migraine type-1 mutant mice is
related with increased cortical excitability and
spontaneous CSD events
Reinald Shyti (1), Thijs M. Houben(2), Roselin R. Klever(2), Thijs J.L. Perenboom(2), Maarten
Schenke(1), Sandra H. van Heiningen(1), Cenk Ayata(3,4), Katharina EikermannHaerter(3,4), Michel D. Ferrari(2), Arn M.J.M. van den Maagdenberg(1,2), Else A. Tolner(2)
(1)Dept of Human Genetics and (2)Neurology, Leiden University Medical Center, Leiden, The Netherlands; (3)Stroke and
Neurovascular Regulation Laboratory, Dept of Radiology and (4)Stroke Service and Neuroscience Intensive Care Unit, Dept
of Neurology, Massachusetts General Hospital, Harvard Medical School, Charlestown, USA

Background: Familial hemiplegic migraine 1 (FHM1) knock-in mice carrying mutations in the Cacna1a gene
that encodes the a1A-subunit of CaV2.1 (P/Q-type) Ca2+ channels exhibit an enhanced propensity for
cortical spreading depression (CSD), the neurophysiological correlate of the migraine aura. Aims: 1)
Compare, in anesthetized FHM1 R192Q and wild-type (WT) mice, CSD susceptibility between the visual and
motor cortex and between the start of the light and start of the dark period; 2) Determine EEG
characteristics from the visual and motor cortex in freely behaving FHM1 R192Q and WT mice; and 3)
Assess whether FHM1 mice display spontaneous CSD events. Methods: We performed DC-recordings in
anesthetized mice to compare CSD susceptibilities in the visual and motor cortices, and between the start
of the light and start of the dark period. To investigate changes in cortical network hyperexcitability and the
occurrence of spontaneous CSDs, we also performed longitudinal EEG recordings in awake mice. Results:
We observed that FHM1 mutant mice exhibit an increased CSD susceptibility (threshold and frequency) in
both visual and motor cortex, independent of the time-of-day, compared to WT. Freely behaving FHM1
mice displayed reduced delta and enhanced gamma EEG power. In addition, spontaneous CSDs were
observed in freely behaving mutant but not in WT mice. Conclusion: We report that CSD susceptibility in
anesthetized FHM1 R192Q mice is enhanced in both visual and motor cortex. CSD susceptibility in the
visual cortex of FHM1 R192Q mice was enhanced compared to WT at both the start of the light and start of
the dark period. The reduced delta and increased gamma EEG power in FHM1 compared to WT mice is
suggestive of increased cortical neuronal excitability, which seems reflected in the observation of
spontaneous CSD events in FHM1 R192Q and not in WT mice. The occurrence of spontaneous CSDs,
possibly starting in the visual cortex of mutant mice, is of relevance to study the episodic nature of migraine
and visual auras and seems to further validate the mutant migraine mouse model.
E-mail: R.Shyti@lumc.nl
Keywords: migraine, CSD, transgeen muismodel, EEG, exciteerbaarheid, Calcium kanaal
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Segregation analysis of variants of unknown
significance in families with inherited cardiac
disease: psychosocial impact on counselees
Joyce M.J. de Vos-Houben, Marije B. Hoos, Paula T.J.M. Helderman-van den Enden, A. van
den Wijngaard and Ingrid P.C. Krapels
Department of Clinical Genetics

Genetic testing often yields variants of unknown significance (VUS). To increase the knowledge on the
pathogenicity of a VUS, segregation analysis within the family may be helpful. In the field of cardiogenetics,
DNA-analysis of the VUS combined with cardiologic examination can provide information about the
pathogenicity of a VUS. However, little is known about the psychosocial impact of segregation analysis
within these families. We performed a cross-sectional, quantitative exploratory study. Fifty members of
families in which a VUS was detected and 50 members of families in which a pathogenic mutation was
detected received a questionnaire, based on existing literature and validated questionnaires, to measure
impact of event (the DNA result) general health and quality of the genetic counseling. The response rate
was respectively 60% in VUS families and 54% in mutation families. The ratio men-women was similar in
both groups (1:2). Cardiac diseases included hypertrophic cardiomyopathy, arrythmogenic right ventricular
cardiomyopathy, dilated cardiomyopathy and long QT syndrome. When specifically asked, 55% of the VUS
carriers experienced anxiety due to the disclosure of the DNA result. This is true for 66.7% of the
pathogenic mutation carriers. The difference between the groups was not significant (p=0.500). There was
also no difference in the impact of the DNA result on state of mind (p=0.925) and daily activities (p=0.359).
No significant differences were found for intrusive thoughts (p=0.895) and avoidance (p=0.869) between
VUS families and pathogenic mutation families. The hereditary aspect was the most important reason to
test for the presence of the mutation/variant. Within the VUS families, solidarity with other family members
played an important role in the decision for testing. A significant difference in level of education was found
between the pathogenic mutation families and the VUS families (p = 0.036). This did however not affect
general health, reason for DNA analysis, avoidance or intrusive thoughts. The genetic counseling was
reviewed as being informative and clear, although there is a demand for more information. We conclude
that the psychosocial impact of VUS results on counselees does not seem to be different from the impact of
a pathogenic DNA result.
E-mail: joyce.de.vos@mumc.nl
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The G protein-coupled receptor kinase
interacting ArfGAP 1 (GIT1) gene affects
neuronal morphology in Drosophila
melanogaster, but is not associated with ADHD
and related traits in humans
Monique van der Voet 1,2; Benjamin Harich 1,2; Kimm van Hulzen 1; Marten Onnink 1,3;
Tulio Guadalupe 4,5; Psychiatric Genomics Consortium ADHD Working Group, Johanne
Groothuismink 1; Annette Schenck 1,2; Jan K. Buitelaar 3,6; Alejandro Arias-Vasquez 1,3,6;
Barbara Franke 1,3
1 Radboud university medical center, Donders Institute for Brain, Cognition and Behaviour, Department of Human
Genetics, Nijmegen, The Netherlands 2 Radboud Institute for Molecular Life Sciences 3 Radboud university medical center,
Donders Institute for Brain, Cognition and Behaviour, Department of Psychiatry, Nijmegen, The Netherlands 4 Language
and Genetics Department, Max Planck Institute for Psycholinguistics, Nijmegen, Netherlands 5 International Max Planck
Research School for Language Sciences, Nijmegen, Netherlands 6 Radboud university medical center, Donders Institute for
Brain, Cognition and Behaviour, Department of Cognitive Neuroscience, Nijmegen, The Netherlands

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common neuropsychiatric disorder with a complex
genetic background. A neurodevelopmental network involved in neurite outgrowth was identified and
associated with ADHD psychopathology. From this network, the G protein-coupled receptor kinase
interacting ArfGAP 1 (GIT1) gene, is suggested as a novel candidate as it stands out for (1) its role in
synapse morphology, (2) association between a single nucleotide polymorphism (SNP, rs550818) and ADHD
and (3) the fact that Git1-deficient mice showed ADHD-like phenotypes [Won et al., Nat Med, 2011]. This
study aimed to (1) replicate the association between GIT1 and ADHD, (2) elaborate on GIT1´s role on
ADHD-related traits, (3) investigate the functionality of rs550818 on GIT1 mRNA expression and (4)
characterize the role of Git knockdown on neuronal morphology and locomotor activity in Drosophila
melanogaster. We performed gene-wide and single-SNP association analyses for the GIT1 gene (including
rs550818; total N SNPs = 59). Analyses were done on diagnostic status, symptoms counts,
neuropsychological performance and brain volume variation. Data from three cohorts was analyzed: (1)
ADHD meta-analysis data of the Psychiatric Genomics Consortium (N=19,210); (2) Dutch cohort of the
International Multicentre persistent ADHD CollaboraTion (IMpACT, N = 228) and (3) Brain Imaging Genetics
cohort (BIG, N = 1,303). GIT1 mRNA expression was measured by a Taqman expression assay. The effect of
Git Pan-neuronal RNAi knockdown in Drosophila melanogaster on neuronal morphology and locomotor
activity was compared to a control. Neither rs550818 nor a combination of SNPs in GIT1 show association
with ADHD or any ADHD-related endophenotype. Preliminary results indicate that rs550818 affects GIT1
mRNA expression. Git RNAi knockdown in Drosophila melanogaster interferes with synapse and dendrite
formation, but has normal locomotor activity. Despite a potential effect of rs550818 on GIT1 mRNA
expression, we cannot replicate the previous results and we do not find an association of GIT1 on ADHDrelated traits. Similarly, altered expression in Drosophila melanogaster leads to changes of synaptic and
dendritic parameters, which is consistent with GIT1´s role on cytoskeletal organization. However, these
neuronal changes do not translate into behavioral consequences. Therefore, GIT1 cannot be supported as
an ADHD candidate gene.
E-mail: marieke.klein@radboudumc.nl
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New epigenetic loci associated with Beckwith
Wiedemann Syndrome
Izabela Krzyzewska1 , Marielle Alders1 , Jet Bliek1 , Saskia M. Maas1,2 , Karin van der Lip 1,
Adri Mul 1, Andrea Venema 1, Peter Henneman1 and Marcel M.A.M Mannens 1
1. Department of Clinical Genetics, Academic Medical Center, Amsterdam, The Netherlands 2. Department of Paediatrics,
Academic Medical Center, Amsterdam, The Netherlands.

Beckwith Wiedemann Syndrome (BWS) is an overgrowth disorder. Its most common features include
macrosomia, macroglossia, hypoglycemia, abdominal wall defects and increased risk of childhood tumours,
particularly nephroblastoma. Most cases result from various genetic and epigenetic aberrations in the
imprinted region on chromosome 11p15.5. However, 20% of BWS occurrences do not present with any
alterations in this region. The aim of the study is to reveal new BWS related loci which can account for the
20% of cases without alterations in the imprinted region on chromosome 11. DNA samples were collected
from 37 BWS patients without defects in the imprinted region on chromosome 11p15.5, as determined by
HRMA. All patients fulfilled the BWS criteria of DeBaun (DeBaun and Tucker 1998). In order to find new BWS
loci we selected two methods: CGH array (180kb) and Human Methylation array (450k)( llumina). As a test
group we used 5 patients with hypomethylation at multiple loci (KCNQ1OT1 and other loci) and 26 healthy
individuals served as a control group. Individual methylation status of each patient was compared with the
average level of the control group. Genomic Workbench software was used to analyse CGH array data and
HumanMethylation array (450k)( llumina) data was analysed using R software. Epigenetic aberrations in
BWS are often mosaic. For this reason the methylation status of the imprinted region on chromosome
11p15.5 was determined in other tissue than blood. Tongue tissue was available from 3 patients. The
methylation status at the KCNQ1OT1 and H19 loci was ascertained using HRMA. We were able to detect
hypomethylation at various imprinted loci in the 5 patients with known epigenetic aberrations using
methylation array analysis. This shows that the platform is able to detect methylation differences in BWS
patients. In the CGH array and methylation array data obtained from patients without a known cause for
BWS, we detected several new genetic and epigenetic aberrations. These aberrations are subject to further
investigation. All three patients with normal methylation in blood and whose tongue tissue was available,
had aberrant methylation in the tongue. Two of them had UPD (Paternal Uniparental Disomy) and one had
hypermethylation in the H19 imprinted region. KCNQ1OT1 methylation levels tend to be higher in tongue
than methylation levels in blood in some BWS patients.
E-mail: I.M.Krzyzewska@amc.uva.nl
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Unexpected findings using SNP array for
prenatal diagnosis: benefit or burden?
Marieke Joosten, Malgorzata I. Srebniak, Karin E.M. Diderich, Lutgarde C.P. Govaerts, Sam
R. Riedijk, Femke A.T. De Vries, Robert-Jan H. Galjaard, Diane Van Opstal.
Erasmus MC, afdeling Klinische Genetica

Background: The array technique is able to detect at least 5% more cytogenetic aberrations than
conventional karyotyping in cases of fetal ultrasound abnormalities. Its added value for other indications
has also been shown. However, with the increase of resolution the number of pathogenic findings not
related to the indication will extend as well. The chance of finding these so-called unexpected diagnoses
(UD), which potentially may involve late-onset untreatable disorders, is one of the reasons that the use of
this technique in prenatal diagnosis is still controversial. Methods: Since 2009 we have performed ~ 2500
prenatal SNP-arrays, initially in pregnancies with ultrasound anomalies, and since 2012 as a first-tier test for
all prenatal cytogenetic indications. We retrospectively investigated the prevalence, nature, counseling and
pregnancy outcome of UD amongst these cases. Results: In approximately 1 in every 200 prenatal SNParrays a submicroscopic UD was encountered (n=12). This figure does not include susceptibility loci for
mainly neurodevelopmental disorders which can be considered to be UD as well, but which we regard as a
separate category of pathogenic findings (Srebniak et al., 2013). The risk of a UD is independent of
indication. In most cases (9/12) the UD involved an early-onset disease. In the cases of a severe untreatable
disorder (e.g. Angelman syndrome) the UD helped the couples in making a decision about the course of
their pregnancy. Prenatal awareness of an early-onset treatable disease (e.g. Leri-Weill dyschondrosteosis)
may be considered beneficial for the newborn regarding therapy and follow up. The only late-onset
untreatable disorder that we found in 3/12 cases in our cohort, was hereditary neuropathy with liability to
pressure palsy (HNPP [MIM162500]), which is generally regarded as a milder disease. None of the dreaded
CNVs, such as BRCA1-deletions, were found. Conclusion: Due to the added value of detecting extra
clinically relevant submicroscopic chromosome aberrations without unmasking any severe late-onset
untreatable disease in our cohort of ~2500 prenatal cases, we argue that SNP-array should be the first-tier
test for prenatal cytogenetic studies in all indications.
E-mail: a.joosten@erasmusmc.nl
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Translating Sanger-based routine DNA
diagnostics into generic massive parallel ion
semiconductor sequencing
Adinda Diekstra1, Ermanno Bosgoed1, Alwin Rikken1, Bart van Lier1, Erik-Jan Kamsteeg1,
Marloes Tychon1, Ronny C. Derks1, Ronald A. van Soest1, Arjen R. Mensenkamp1, Hans
Scheffer1,2, Kornelia Neveling1*, Marcel R. Nelen1*
1Department of Human Genetics, Radboud university medical center, Nijmegen, The Netherlands; 2Donders Center for
Neurosciences, Radboud university medical center, Nijmegen, The Netherlands *These authors contributed equally

Dideoxy-based chain termination sequencing developed by Sanger is the "gold standard" sequencing
approach, and allows clinical diagnostics of disorders with relatively low genetic heterogeneity. Recently,
new NGS technologies found their way into diagnostic laboratories, enabling to sequence large targeted
gene panels or exomes. These NGS approaches are currently used for diagnostics of highly heterogeneous
disorders. The development of benchtop NGS machines now allows to analyze single genes or small gene
panels using the new technologies, making these platforms increasingly competitive to Sanger sequencing.
We present a generic automated ion semiconductor sequencing workflow which can be used in a clinical
setting and can substitute Sanger sequencing. Standard amplicon-based enrichment remains identical to
PCR for Sanger sequencing. A novel post-enrichment pooling strategy was developed, allowing to limit the
number of library preparations and thereby reducing sequencing costs up to 60-70% compared to Sanger
sequencing. To perform a thorough validation, 1224 known pathogenic variants were analyzed, resulting in
an analytical sensitivity of 99.92%, with a specificity of 99.99%. In a further experiment, performed to mimic
the real life process, a total of 100 patient-derived DNA samples were analyzed using a blind analysis. This
resulted in an analytical sensitivity of 99.60% and specificity of 99.98%, comparable to Sanger sequencing.
These data combined with the high scalability of this workflow allows to use ion semiconductor sequencing
as first choice mutation scanning technique, independent of the genes analyzed. We have therefore
implemented this automated semiconductor sequencing workflow in routine DNA diagnostics.
E-mail: adinda.diekstra@radboudumc.nl
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Whole exome sequencing as a diagnostic tool for
complex neurological disorders
G.R. Monroe, G. Frederix, S. Savelberg, K. Duran, M.M. van Haelst, G. Visser, P.M van
Hasselt, P. Terhal, H. Kroes, J. van der Smagt, A. Hövels, G. van Haaften
1) UMC Utrecht, Utrecht, Netherlands; 2) Utrecht University Pharmacoepidemiology and Clinical Pharmacology, Utrecht,
Netherlands

Whole exome sequencing (WES) provides a straightforward detection of rare variation including de novo
mutations in parent-child trios, but a systematic interpretation of the diagnostic yield and an assessment of
the costs associated with implementing WES in the clinic is currently lacking. We determine the increased
diagnostic yield and provide a thorough cost analysis of the clinical care with and without the use of WES.
This study will serve as a guide for centers intending to implement WES and provide a clear diagnostic
benefit versus the associated costs of obtaining this increased diagnostic yield. Twenty children of healthy,
unrelated parents were randomly selected from the 2011 patient population at the Sylvia Toth Center (STC)
in Utrecht, the Netherlands. The STC is a specialized center for children with complex neurological disorders
and diverse phenotypes. DNA libraries were prepared using Kapa Biosystems reagents, enriched using
Agilent Sureselect All exon V5 with a custom pooling protocol, and sequenced on the Illumina HiSeq 2500.
A list of exonic variants was obtained by filtering against public and our in-house database according to the
expected de novo inheritance model as well as for recessive and compound heterozygote variants. In
parallel, the clinical records of patients were obtained and a cost summary of medical treatments, hospital
visits, care, and all other resource use was compiled per patient. This cost was then compared to the cost of
care using WES, assessed retrospectively on each patient. Comparing the diagnosis and costs with and
without the use of WES gives a clear picture of the economic feasibility of putting WES into standard
diagnostic practice at the STC and similar centers. The diagnostic yield from the 13 patients sequenced thus
far is 23%, confirming past studies diagnostic yields on intellectual disability cohorts. The three variants
found are in genes recently associated with intellectual disability (ANKRD11, CTNNB1, ANDP), and the
variants are all frame-shift deletions resulting in protein truncation. On average these patients have had
numerous visits to the hospital, overnight stays and different diagnostics to unravel the genetic cause of
their neurological disorder. It is therefore deemed very plausible that the total cost of the current diagnostic
pathway is many times higher compared to WES, indicating the economic feasibility of implementing WES
early in the diagnostic pathway.
E-mail: g.monroe@umcutrecht.nl
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Mutations in POC1B, encoding a ciliary protein,
cause autosomal recessive cone-rod dystrophy
Ideke J.C. Lamers*,1,2 Susanne Roosing*,1,2 Erik de Vrieze*,1,3 L. Ingeborgh van den
Born*,4 Stanley Lambertus,5 Heleen H. Arts,1,2 Theo A. Peters,3 Carel B. Hoyng,5 Hannie
Kremer,1,2,3 Lisette Hetterschijt,1 Stef J.F. Letteboer,1,2 Erwin van Wijk#,3 Ronald
Roepman#,1,2 Anneke I. den Hollander#,1,2,5 Frans P.M. Cremers#1,2
1Department of Human Genetics, Radboud university medical center, Nijmegen, The Netherlands; 2Radboud Institute for
Molecular Life sciences, Radboud University Nijmegen, Nijmegen, The Netherlands; 3Department of Otorhinolaryngology,
Radboud university medical center, Nijmegen, The Netherlands; 4The Rotterdam Eye Hospital, Rotterdam, The
Netherlands; 5Department of Ophthalmology, Radboud university medical center, Nijmegen, The Netherlands; *shared
first author #shared senior author

Cone-rod dystrophy is an inherited type of vision impairment, initially affecting the cone photoreceptor
cells and thereafter the rod photoreceptors in the retina. Using whole exome sequencing, we identified a
homozygous missense mutation (c.317C>G, p.Arg106Pro) in POC1B, in three siblings with autosomal
recessive cone dystrophy or cone-rod dystrophy, and compound heterozygous POC1B mutations
(c.199_201del [p.Gln67del] and c.810+1G>T) in an isolated case with cone-rod dystrophy. Since this is the
first study to describe an association of POC1B, encoding POC1 centriolar protein B, to inherited vision
impairment, we employed knock-down and functional studies to decipher the underlying disease
mechanism. Morpholino-induced knock-down of Poc1B translation in zebrafish resulted in a dosedependent small eye phenotype, impaired optokinetic responses and decreased photoreceptor outer
segment length. These ocular abnormalities could be rescued by wild-type human POC1B mRNA, but not
with mRNA carrying the found mutations. Immunohistochemistry of zebrafish and rat retinas showed a
clear localization of POC1B at the connecting cilium in photoreceptor cells, which also supports a role for
POC1B in the retina. To further investigate the effect of the mutations on the localization of POC1B, we
overexpressed POC1B in human TERT-immortalized retinal pigment epithelium 1 cells. This revealed a clear
localization of the encoded wild-type protein to the basal body of the primary cilium, while this ciliary
association was lost for mutated POC1B with p.Arg106Pro or p.Gln67del variants, strongly suggesting that
these variants are pathogenic. To reveal interaction partners of POC1B, we performed yeast two-hybrid
screening of a human retinal cDNA library. This revealed FAM161A as a direct interaction partner of POC1B,
which was confirmed in coimmunoprecipitation assays. The interaction and colocalization with FAM161A
was disrupted in p.R106P and p.Q67del mutant POC1B. FAM161A was previously implicated in autosomal
recessive retinitis pigmentosa (another type of inherited vision impairment), is known to be located at the
connecting cilium and interacts with several other ciliopathy-associated proteins. Taken together, these
data implicate that mutations in POC1B cause a ciliary defect affecting both cone- and rod photoreceptors.
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Complex CYLD genotype in a patient with
cylindromatosis
Ans M.W. van den Ouweland (1), Gideon Huigen (1), Caroline J. Withagen-Hermans (1) and
Arie van Haeringen (2)
1 Departments of Clinical Genetics and Biomics, Erasmus MC, Rotterdam, The Netherlands. 2 Departments of Clinical
Genetics, University Medical Center, Leiden, The Netherlands.

(Familial) Cylindromatosis (FM), Brooke-Spiegler syndrome (BSS) and Multiple Familial Trichoepithelioma
(MFA) represent a single disease entity since mutations in CYLD are the underlying cause in all these
patients. The common clinical symptom is cylindromas, whereas trichoepitheliomas and spiradenomas are
present in BSS and MFA patients respectively. The CYLD gene is a tumor suppressor gene and contains 20
exons with the translation initiation codon in exon 4. The CYLD protein deubiquitinates several NF-kappa-B
regulators. Mutations in CYLD inherit in an autosomal dominant mode. All types of mutations have been
identified in CYLD: frameshift, nonsense, missense and putative splice site mutations. To date only 1 large
rearrangement has been described. Using Sanger sequence analysis in combination with Quantitative PCR
analysis, a apparent mosaic deletion of exons 8 â€“ 12 was identified in a patient with Cylindromatosis. PCR
analysis using primers in intron 7 and intron 12 identified two distinct deletions in the patient: c.[964_11393del3442;1226_1232del] (deletion exons 8 â€“ 9 and a very small part of exon 10) and c.1141_1827136del4527insA (deletion exons 10 â€“ 12). Both deletions were also present in DNA isolated from buccal
cells and cultured skin fibroblasts of the patient. Besides these deletions, the wildtype allele was still
present. cDNA analysis using RNA from cultured skin fibroblast showed, besides the wildtype transcript,
both mutant transcripts. Both deletions were absent in DNA of the parents; one of the deletions is present
in a child of the patient, indicating that at least this deletion is present in germline cells of the patient. This
is the first observation that in DNA isolated from peripheral blood cells two pathogenic mutations on two
different alleles could be identified in CYLD.
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Novel homozygous MYL2 mutation causing
lethal infantile cardiomyopathy
Judith M.A. Verhagen (1), Marjon A. van Slegtenhorst (1), Janneke A.E. Kammeraad (2),
Irenaeus F.M. de Coo (3), Michelle Michels (4), Marjolein Oosterhof (5), Jasper J. van der
Smagt (6) and Ingrid M.B.H. van de Laar (1)
1 Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, the Netherlands 2 Department of Pediatric
Cardiology, Erasmus Medical Center, Rotterdam, the Netherlands 3 Department of Neurology, Erasmus Medical Center,
Rotterdam, the Netherlands 4 Department of Cardiology, Erasmus Medical Center, Rotterdam, the Netherlands 5
Department of Pediatrics, Beatrixziekenhuis, Gorinchem, the Netherlands 6 Department of Medical Genetics, University
Medical Center Utrecht, Utrecht, the Netherlands

Cardiomyopathies (CMP) represent a heterogeneous group of disorders primarily affecting the heart
muscle. A considerable proportion is caused by mutations in genes encoding sarcomeric proteins.
Heterozygous mutations in the cardiac myosin regulatory light chain 2 (MYL2) gene have been associated
with autosomal dominant hypertrophic cardiomyopathy (HCM). More recently, recessive mutations in MYL2
were identified in children with progressive cardioskeletal myopathy. We performed a targeted nextgeneration sequencing (NGS)-based analysis of 46 CMP genes in a non-consanguineous Dutch family with
dilated cardiomyopathy (DCM). A novel homozygous MYL2 mutation (c.376C>T, p.Gln126*) was found in
two siblings who presented with rapidly progressive generalized muscle weakness and fatal
cardiomyopathy within the first year of life. Both siblings carried a second, known pathogenic mutation in
the calreticulin 3 (CALR3) gene previously associated with adult-onset HCM. None of their heterozygous
MYL2 and/or CALR3 family members displayed cardiac abnormalities. Surprisingly, a close adult relative
with DCM tested negative for both mutations and was found to carry a third, known pathogenic mutation
in the cardiac myosin-binding protein C (MYBPC3) gene. This mutation was absent in the two siblings. In
conclusion, our findings confirm data from the previous report on early-onset progressive cardioskeletal
myopathy in patients with recessive mutations affecting the last exon of MYL2. Furthermore, our report
illustrates that the increased diagnostic yield of NGS in cardiomyopathies raises the possibility to uncover
multiple disease-causing mutations within a single family.
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Mutations in YY1 cause intellectual disability and
a distinct facial appearance
Anneke T. Vulto-van Silfhout1, Janneke H.M. Schuurs-Hoeijmakers1, Lisenka E.L.M.
Vissers1, Bregje W.M. van Bon1, Willy M. Nillesen1, Arjan P.M. de Brouwer1, Almira Zada1,
Joris Andrieux2, Pascal Chambon3, Sophie Patrier4, Silvana Briuglia5, Susanne Kjaergaard6,
Jenny Morton7, Asbjørg Stray-Pedersen8, Sally Ann Lynch9, Toshiki Takenouchi10,
Katharina Steindl11, Sorina M. Papuc11, Pascal Joset11, Han G. Brunner1, Kenjiro Kosaki10,
Anita Rauch11, Bert B.A. de Vries1, David A. Koolen1

1Department of Human Genetics, Radboud university medical center, 6500 HB, Nijmegen,
the Netherlands 2Institut de Génétique Médicale, Hopital Jeanne de Flandre, Lille, France
3Laboratory of Cytogenetics, Rouen University Hospital, 76031, Rouen, France 4Service
d'Anatomie Pathologique, Rouen University Hospital, 76031, Rouen, France 5Department of
Pediatrics Science, University of Messina, Messina, Italy 6Department of Clinical Genetics,
Rigshospitalet, Copenhagen, Denmark 7Birmingham Women's Hospital, Birmingham, UK
8Human and Medical Genetics, Baylor College of Medicine, Houston, Texas, USA 9National
Centre for Medical Genetics, Our Lady's Children´s Hospital, Dublin, Ireland 10Center for
Medical Genetics, Keio University School of Medicine, Tokyo, Japan 11Institute of Medical
Genetics, University of Zurich, 8952, Schlieren-Zurich, Switzerland
Background â€“ Trio-based exome sequencing of 10 patients with intellectual disability (ID) previously
identified a de novo missense mutation in YY1, a transcription factor with an important role in various
biological processes, such as proliferation, differentiation, embryogenesis, apoptosis, and tumor
development. To ascertain whether the mutation in YY1 was causative for the patient´s phenotype, we set
out to identify additional patients with de novo mutations in YY1. Methods â€“ Targeted resequencing of
YY1 and further exome sequencing studies in a cohort of patients with unexplained ID were performed.
Detailed phenotype information of patients with mutations in YY1 was compared. Results â€“ We identified
three additional patients with de novo mutations in YY1 (two missense and one nonsense mutation). The
four mutations all occurred in the region containing the zinc finger domains of YY1, which is involved in
DNA binding. All four patients had ID, intrauterine growth retardation and similar facial dysmorphism,
including facial asymmetry, broad forehead, full upper eyelids, flat malar region, full nasal tip with thick
columella and alae nasi and a Gingko leaf-like shape of the upper lip. Conclusions â€“ The identification of
de novo mutations in the zinc finger domains of the transcription factor YY1 in four unrelated patients with
a similar phenotype shows that YY1 is a novel gene for ID and a distinct facial appearance.
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Aberrant HAUS7 splicing causes hereditary
bullous dystrophy of the macular type
Najim Ameziane1, Irsan Kooi1, Stefan Dentro1, Martin Rooimans1, Johan J.P. Gille1, Sonja
Zweegman2, Benedetta Della Torre3, Marcel Jonkman, Fred Menko1, Fré Arwert1,
Josephine Dorsman1, Erik Sistermans1
Departments of 1Clinical Genetics and 2Haematology, VU University Medical Center, Amsterdam 3Instituto di Pediatria,
Universitá di Perugia, Perugia, Italy, 4Department of Dermatology, Medical Center Groningen, Groningen

Hereditary bullous dystrophy of the macular type (OMIM 302000) is a very rare X-linked disorder
characterized by congenital malformations, aberrant skin pigmentation, loss of body hair, and
predisposition to cancer. Only one Dutch (fam1) and one Italian (fam2) family have been described, which
were used to map the underlying gene defect to the Xq27.3-qter region. In the current study we set out to
identify the disease-causing mutations. DNA from 3 affected individuals - two from fam1 and one from
fam2 - was enriched for the coding region of the X-chromosome and sequenced on an Illumina genome
analyzer. Typical variant filtering for coding possibly damaging mutations did not produce a candidate
gene. After applying a less stringent filtering approach we identified a deep intronic mutation (fam1, intron
4: c.384+612G>A) and a coding silent mutation (fam2, exon 7: c.735G>A, p.Glu245Glu) in HAUS7 as
candidates. We used targeted RNA sequencing of full length HAUS7 transcript and demonstrated partial
aberrant splicing of the messenger RNA. In both cases transcripts were generated containing premature
stop condons. HAUS7 is a subunit of the augment complex, which is involved in spindle microtubule
generation required for proper mitotic progression and cytokinesis. Indeed, cell cycle analysis
demonstrated a higher mitotic index of the patient´s cells compared to wild type control cells, suggesting
disturbed cell cycle dynamics. Interestingly, a lymphoblastoid cell line established from a Dutch proband
acquired a secondary mutation (intron 4: c.384+554C>T) near the splice acceptor site of the cryptic exon
resulting in attenuated expression of the aberrant transcript. The reversion at the mutated locus and the
fact that both mutations cause a partial splicing defect suggest that complete inactivation of HAUS7 is
lethal and thus implicating an important function of HAUS7 for cell viability. In summary, we identified
silent substitutions affecting HAUS7 splicing as the underlying genetic defect for hereditary bullous
dystrophy of the macular type. Furthermore, this study stresses the significance of considering silent
mutations in Mendelian disorders, especially in the era of next generation sequencing.
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Prenatal whole genome SNP array diagnosis as a
first-line test: nature and prevalence of
abnormal results in phenotypically normal and
abnormal fetuses
Malgorzata Srebniak, Femke de Vries, Lutgarde Govaerts, Karin Diderich, Robert-Jan H.
Galjaard, Marieke Joosten, Diane Van Opstal
Department of Clinical Genetics, Erasmus Medical Centre, Rotterdam, The Netherlands

Background: After initially applying SNP array in selected fetuses with ultrasound (US) abnormalities, since
June 2011, we routinely perform array analysis in all cases of US abnormalities and since July 2012 in all
samples that we receive in our laboratory for prenatal cytogenetic studies, irrespective of the indication.
Here we show the nature and prevalence of abnormal array results in cases with and without US anomalies.
Methods: After excluding the most common trisomies and triploidy by rapid aneuploidy detection (RAD),
we performed HumanCytoSNP-12 (Illumina) array on uncultured cells of 1047 cases with fetal ultrasound
anomalies and of 1408 cases of uneventful pregnancies. Clinically relevant array results were classified as
proposed before in causative findings (CAU) (i.e. fitting the indication/phenotype), unexpected diagnoses
(UD) (i.e. NOT fitting the indication/phenotype) and susceptibility loci (SL) for neurodevelopmental
disorders (Srebniak et al., 2013, Eur J Hum Genet.; doi: 10.1038/ejhg.2013.254). Results: In 7.4% (77/1047) of
fetuses with US anomalies pathogenic array findings were detected, a microscopically detectable
abnormality in 1.8% and a submicroscopic aberration in 5.6%. In 2.9% (40/1408) of cases without US
abnormalities, pathogenic chromosome aberrations were found, a microscopically detectable abnormality
in 0.9% and a submicroscopic aberration in 2%. The prevalence of submicroscopic UD in both groups of
fetuses was ~0.5% and mainly involved early-onset untreatable diseases. The prevalence of SL for
neurodevelopmental disorders was twice as high in fetuses with US (2.6%) as compared to phenotypically
normal fetuses (1.3%). Conclusion: SNP array testing is an asset to prenatal cytogenetic diagnosis, as is
demonstrated by the detection of submicroscopic pathogenic chromosome abnormalities in cases with and
without US anomalies. Apart from SL, these submicroscopic aberrations account for an extra 3% (abnormal
fetuses) and 0.7% (normal fetuses) of clinically relevant aberrations. Therefore, array should be a first-tier
prenatal cytogenetic test for all indications.
E-mail: m.srebniak@erasmusmc.nl
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Homocysteine-Associated Differential
Methylation Analysis Using Illumina 450k Arrays
Pooja R. Mandaviya(1,2), Sandra G. Heil(1) ,Michael M.P.J. Verbiest(2), Andre G.
Uitterlinden(2), Joyce B.J. van Meurs(2), Jan Lindemans(1), Lisette Stolk(2)
(1) Department of Clinical Chemistry, Erasmus University Medical Center, Rotterdam, The Netherlands (2) Department of
Internal Medicine, Erasmus University Medical Center, Rotterdam, The Netherlands

Introduction: One-carbon metabolism is involved in donation of methyl groups to all cellular methylation
reactions. Disturbances in one-carbon metabolism result in elevated levels of plasma homocysteine (i.e.
hyperhomocysteinemia). Elevated homocysteine levels are associated with several disorders such as
cardiovascular disease, Alzheimer disease, and also osteoporotic fractures, but through unknown
mechanisms. It is hypothesized that hyperhomocysteinemia leads to inhibition of DNA methylation. The
aim of this study was to study the association between plasma homocysteine levels and genome-wide DNA
methylation status of blood cells in a population-based cohort. Materials & Methods: DNA-methylation
profiles from peripheral white blood cells were assessed by Illumina 450K arrays in a subset of 747 healthy
individuals (age=45) from Rotterdam Study-III, a population-based cohort study in the Netherlands.
Samples were excluded when showing a low detection-rate (<99%) (n=7), incomplete bisulfite conversion
(n=5), or gender swaps (n=4). Probes with a detection p-value>0.01 in >1% samples, were filtered out
(n=9935). SWAN (Subset-Within-Array-Normalization) was applied to correct beta-values of the two assaytypes on the array. Hcy-levels were measured in EDTA-plasma in concurrent samples using LC-MS/MS.
Linear regression was performed for 718 samples, adjusted for array, position on array, sex, age and
differential WBC counts. False discovery rate (Benjamini-Hochberg) <0.05 was considered significant.
Results: We found no CpG-sites to be significantly associated with Hcy (FDR>0.05). Lowest FDR P-value was
observed to be 0.33. Effect sizes ranged between -0.31 to 0.27 in the multivariate model. Discussion &
Conclusion: This is the first study to assess the effect of homocysteine plasma level on genome-wide DNA
methylation levels using the Illumina 450k arrays. We observed no significant association. However, we plan
to increase power by including samples from other cohorts in a meta-analysis of >1600 samples.
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Towards highly sensitive diagnostic exome
sequencing without the need for confirmations
by Sanger sequencing
K.L.I. van Gassen, M.G. Elferink, P.H.A. van Zon, I.J. Nijman, B. van der Zwaag, J.K. Ploos van
Amstel
Department of Medical Genetics, University Medical Centre Utrecht, Utrecht, Netherlands

Current best practice genetic diagnostics by massive parallel sequencing includes confirmations of all
reported findings by Sanger sequencing. Such confirmations eliminate false positive variant calls and
exclude potential sample swaps, but often need the design of new PCR primers. Designing and ordering
new PCR primers for confirmations create a laboratory bottleneck, adds substantial capital costs and leads
to an increase in test turn-around-time. The proposed workflow utilizes the power of an independent
biological replicate without the need for extra target enrichments or sequencing resources and is applicable
to most enrichment techniques that support multiplexing. This replicate eliminates the need for Sanger
confirmation of most variant calls. Additionally, this workflow should theoretically decrease false positive
and false negative variant call rates. Here, we present the details of this workflow. We report on false
positive and false negative variant call rates using this approach.
E-mail: k.l.i.vangassen@umcutrecht.nl
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Copy number analysis in patients with visual
impairment using clinical exome sequencing
data
D. Lugtenberg, J. Y. Hehir-Kwa, W.A.G. van Zelst-Stams, L. Spruijt, C.J.A.M. van der
Burgt, N. de Leeuw, M. del Rosario, N. F. A. Leijsten, M. H. A. Ruiterkamp-Versteeg,
S. L. I. van Gessel, R. de Reuver, N. Wieskamp, D. T. Thung, C. Gilissen, I. de Wijs,
L.H. Hoefsloot, H. G. Yntema, R. Pfundt
Department of Human Genetics, Radboud university medical center, Nijmegen, The Netherlands.

For highly heterogeneous disorders like vision impairment, clinical exome sequencing has proven to be a
powerful diagnostic strategy. In our department we perform clinical exome sequencing in a two-tier
analysis strategy, variants in genes known to be associated with a specific heterogeneous disorder are
analysed first (step 1, "gene-package"), and in case no causative mutations were identified, this first analysis
can be extended by the analysis of the complete exome data set (step 2, "open-the-exome"). The analysis
of exome sequencing data in patients with impaired vision, using a panel of 160 genes known to be
associated with the disease, resulted in a diagnostic yield of ~ 50%, compared to ~25 % with Sanger
sequencing. Next to the identification of small or single nucleotide variation, exome sequencing data can
be used to detect additional types of variation, including copy number variants (CNVs). In intellectual
disability (ID) the causal role of CNVs is well known, but in other diseases this is less well studied. Therefore
we used the exome sequencing data to perform read depth CNV analysis in 37 patients with vision
impairment and for which we did not yet establish a molecular diagnosis based on (small) nucleotide
variants (step1 & 2). All patients gave informed consent for the analysis of the complete exome sequencing
data. In three out of the 37 (8%) patients we detected a rare clinically relevant CNV that disrupt different
genes associated with impaired vision. In one case a homozygous intragenic deletion revealed the
molecular cause of the patient´s visual impairment. A heterozygous deletion of 4 exons in a second patient
was detected in a gene known to be associated with autosomal dominant retinitis pigmentosa. In the third
patient a heterozygous intragenic deletion was found compound heterozygously with a pathogenic
missense mutation to be responsible for the vision impairment. All three deletions were validated by a
independent technique. These data show that copy number variants are an important cause of visual
impairment and it underlines the added value of combining the analysis of small variants with copy number
detection in exome sequencing data.
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Complete APTX deletion in a patient with ataxia
with oculomotor apraxia type 1
Rick van Minkelen1, Miriam Guitart2, Conxita Escofet2, Grace Yoon3, Peter Elfferich1,
Galhana M. Bolman1, Robert van der Helm1, Raoul van de Graaf1, Ans M.W. van den
Ouweland1
1. Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, The Netherlands 2. Genetic Laboratory, UDIATCentre Diagnòstic, Neuropediatrics Unity, Corporació Sanitària Universitària Parc Taulí, Sabadell, Spain 3. Division of
Clinical and Metabolic Genetics, Department of Pediatrics, The Hospital for Sick Children and University of Toronto,
Canada

Background Ataxia with oculomotor apraxia type 1 is an autosomal-recessive neurodegenerative disorder
characterized by a childhood onset of slowly progressive cerebellar ataxia, followed by oculomotor apraxia
and a severe primary motor peripheral axonal motor neuropathy. Ataxia with oculomotor apraxia type 1 is
caused by bi-allelic mutations in APTX (chromosome 9p13.3). Case presentation Our patient has a clinical
presentation that is typical for ataxia with oculomotor apraxia type 1 with no particularly severe phenotype.
Multiplex Ligation-dependent Probe Amplification analysis resulted in the identification of a homozygous
deletion of all coding APTX exons (3 to 9). SNP array analysis using the Illumina Infinium CytoSNP-850K
microarray indicated that the deletion was about 61kb. Based on the SNP array results, the breakpoints
were found using direct sequence analysis: c. 5+1225_*44991del67512, p.?. Both parents were
heterozygous for the deletion. Homozygous complete APTX deletions have been described in literature for
two other patients. We obtained a sample from one of these two patients and characterized the deletion
(156kb) as c.-23729_*115366del155489, p.?, including the non-coding exons 1A and 2 of APTX. The more
severe phenotype reported for this patient is not observed in our patient. It remains unclear whether the
larger size of the deletion (156kb vs 61kb) plays a role in the phenotype (no extra genes are deleted).
Conclusion Here we described an ataxia with oculomotor apraxia type 1 patient who has a homozygous
deletion of the complete coding region of APTX. In contrast to the patient with the large deletion, our
patient does not have a severe phenotype. More patients with deletions of APTX are required to investigate
a genotype-phenotype effect.
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Offering a choice between 5 Mb and 0.5 Mb
prenatal whole genome SNP array analysis: are
pregnant couples able of making informed
decisions?
S.L. van der Steen?*, K.E.M. Diderich*, S.R. Riedijk?, J. Verhagen-Visser?, L.C.P. Govaerts?, M.
Joosten?, M.F.C.M. Knapen?**, F.A.T de Vries?, D. Van Opstal?, M. I. Srebniak?, A. Tibben?,
R.J.H. Galjaard?
? Dept. of Clinical Genetics, Erasmus Medical Centre, Rotterdam, the Netherlands ?Dept. of Obstetrics and Prenatal
Medicine, Erasmus Medical Centre, Rotterdam, the Netherlands ? Dept. Clinical Genetics, Leiden University Medical Centre,
Leiden, the Netherlands * Contributed equally to this work ** Stichting Prenatale Screening Zuidwest Nederland, the
Netherlands

Background We implemented whole genome SNP array instead of conventional karyotyping (CK) for
prenatal diagnosis (PND). Array detects more clinically relevant anomalies and more genetic anomalies of
yet unquantified risk for neurodevelopmental disorders, so-called susceptibility loci (SL). Using SNP array
ensues the question whether pregnant couples want to know more and oversee the possible consequences.
We explored whether pregnant couples at increased risk for aneuploidies were capable of informed
decision-making when offered a choice between the clinical outcomes of a SNP array analyzed at 5 Mb
resolution (comparable to CK) and a SNP array analyzed at 0.5 Mb resolution with or without SL. Methods
Consenting pregnant couples (N=143) received genetic counseling by phone and filled out the Measure of
Informed choice (MIC) designed for this study. Choices based on sufficient knowledge and congruent with
attitude were considered informed. Results The MIC had sufficient internal consistency (Knowledge a=.74;
Attitude a=.80). Median MIC knowledge score was 5, range 0-7. We considered a score =5 on the MIC
knowledge scale as sufficient. Based on this criterion, 66% of the couples had sufficient knowledge and thus
made an informed decision. However, 82% found it difficult to reproduce knowledge about SL. Discussion
Our results show that the majority of couples were capable of making an informed choice. However, the
most complicated possible outcome of array, SL, was least understood. More research is necessary to assess
what the psychological impact of SL is when couples have not well anticipated this possible outcome.
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Easy workflow and improved reliability with
regression based analysis pipeline for noninvasive prenatal diagnostics
Lennart Johansson+#, Eddy de Boer+, Freerk van Dijk+#, Dirk de Weerd+#, Birgit
Sikkema+, Ron Suijkerbuijk+, Richard Sinke+, Rolf Sijmons+, Morris Swertz+# and Gerard
te Meerman+
+Department of Genetics, University of Groningen and University Medical Center Groningen #Genomic Coordination
Center, University of Groningen and University Medical Center Groningen

Non-invasive prenatal testing (NIPT) is a next-generation sequencing method, based on counting cell free
DNA fragments, from both fetus and mother, in maternal blood. In case of a fetal trisomy the fraction of
DNA fragments originating from the chromosome involved is elevated, resulting in higher statistical Zscores. Recent data obtained in routine NIPT showed batch effects that sometimes lead to substantially
biased outcomes of Z-scores when chromosomal fractions are computed with all autosomal chromosomes
as reference. This bias is correlated with chromosomal GC content, likely caused by DNA degradation and
differences in PCR efficiency. It leads to highly correlated shifts between chromosome counts and
overdispersion of specific chromosomal regions. Overdispersion is reduced by downward adjustment of
bincounts based on chi-2 statistics. Remaining systematic bias between chromosome counts is
compensated for by using regression. This means that the expected fraction of the chromosome of interest
is calculated with the best combination of predictor chromosomes. Independent predictor sets can be
found that hardly differ in performance and add to robustness regarding occasional chromosomal deletions
and duplications. Using this method the expected fraction of chromosomes 13, 18 and 21 can be estimated
more accurately. We have implemented these calculations in an automatic pipeline to assist in computing
robust Z values using FASTQ or BAM files as input. The calculations in this pipeline enable better trisomy
prediction by creating less variability in predicted chromosomal fractions between samples. As such our
pipeline makes interpretation of NIPT results easier and more reliable.
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Deletion of HAND2 causes ulnar ray defects in
distal 4q- syndrome
A.J.M. Hoogeboom1, K.E.M. Diderich1, A.T.J.I. Go2, L.J.C.M. van Zutven1, D. Heijsman1, D.
Van Opstal1
1. Erasmus MC, University Medical Center Rotterdam, Department of Clinical Genetics 2. Erasmus MC, University Medical
Center Rotterdam, Department of Obstetrics and Prenatal Medicine

Introduction: Patients with distal 4q deletions have been described to exhibit ulnar ray defects, congenital
heart malformations, cleft lip/ palate, intellectual disability and facial dysmorphism. We present two
additional cases with ulnar ray defects and a deletion of 4q with a small overlapping region. Methods and
results: Patient 1 was a 35 year old female with a mild mental retardation, cleft palate, lymphedema of the
right leg and ulnar dysplasia (left side: ulnar aplasia, thumb and one finger, right side: thumb with four
fingers with a volar nail on the 5th finger). Array analysis showed a 17 Mb deletion in 4q34.1q35.2
(174,583,504-191,273,063) (hg18). Patient 2 was a fetus with severe congenital abnormalities of the upper
extremities. The pregnancy was terminated. Postmortal examination showed a short, curved radius, absent
ulna, a thumb and two fingers on the right side and a thumb and three fingers on the left side. In addition,
we saw micro-/retrognathia and several other dysmorphic features. Array analysis showed a ca. 6,5 Mb
deletion in 4q33q34.3 (171,939,495-178,400,960) (hg18). Discussion: Our patients show similar ulnar ray
defects and a 4 Mb overlapping region in the 4q deletion (4q34.1q34.3(174,583,504-178,400,960). One of
the genes in this overlapping region is HAND2 (in 4q34.1). In the literature several patients with distal 4q
deletions and malformations of the upper extremities have been described. All of these patients have a
deletion including 4q34.1. The HAND2 gene encodes a basic helix-loop-helix transcription factor and plays
a role in the antero-posterior (AP) polarization of the early limb bud and activation of morphogenetic Sonic
Hedgehog (SHH) signaling. Interestingly, overdosage of HAND2 has been shown to be a major cause for
limb and heart abnormalities in partial distal trisomy 4q. It would be of interest to analyze HAND2 in
patients with ulnar ray defects.
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Definition of 5q11.2 Microdeletion Syndrome
Reveals Overlap with CHARGE Syndrome and
22q11 Deletion Syndrome Phenotypes
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Romano (4) Marco Fichera (4,5) Girolamo Aurelio Vitello (4) Marjolein H Willemsen (1),
Jeroen Schoots (1) Rolph Pfundt (1) Conny M.A. van Ravenswaaij-Arts (2) Lies Hoefsloot
(1,6) Tjitske Kleefstra (1)
1: Department of Human Genetics, Radboud University Medical Center, Nijmegen, the Netherlands 2: University of
Groningen, University Medical Center Groningen, Department of Genetics, Groningen, the Netherlands 3: MRC Human
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Microdeletions of the 5q11.2 region are rare; in literature only two patients with a deletion in this region
have been reported so far. In this study we describe four additional patients and further define this new
5q11.2 microdeletion syndrome. A comparison of the features observed in all six patients with overlapping
5q11.2 deletions showed a phenotypic spectrum that overlaps with CHARGE syndrome and 22q11.2
deletion syndrome including choanal atresia, developmental delay, heart defects, external ear abnormalities
and short stature. No colobomas or abnormalities of semicircular canals and olfactory nerves were
reported. Two male patients had genital abnormalities. We estimated a 2.0 Mb (53.0 â€“ 55.0 Mb) Shortest
Region of Overlap (SRO) for the main clinical characteristics of the syndrome. This region contains nine
genes and two non-coding microRNAs. In this region DHX29 serves as the candidate gene as it encodes an
ATP-dependent RNA-helicase that is involved in the initiation of RNA translation. Screening a small cohort
of 14 patients who presented the main features however did not reveal any pathogenic abnormalities of
DHX29.
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Preclinical translational outcome measures for
targeted treatment in fragile X syndrome
Shimriet Zeidler, Celine de Esch, Rob Willemsen
Clinical Genetics, Erasmus MC, Rotterdam

Fragile X syndrome (FXS) is the leading monogenic cause of intellectual disability and autism. Besides
intellectual disability, patients with FXS often have speech and language disorders, (social) anxiety, autisticlike behavior, sensory hypersensitivity, seizures, hyperactivity, impulsivity and aggressive behavior. The
syndrome is caused by lack of fragile X mental retardation protein (FMRP), coded by the fragile X mental
retardation 1 gene (FMR1). In FXS the FMR1 gene is silenced as a result of an expansion of the trinucleotide
(CGG) repeat in the 5´UTR region. FMRP is an RNA-binding protein that plays a crucial role in the regulation
of protein synthesis following stimulation of group 1 metabotropic glutamate receptors (mGluRs) in
dendritic spines. Lack of FMRP results in excessive translation of several target mRNAs involved in synaptic
plasticity, leading to increased internalization of AMPA receptors, among others. This weakens the strength
of the synapse and results in impaired synaptic plasticity. In FXS, the mGluR5-pathway has been
demonstrated to be hyperactive and this has led to the "mGluR5-theory". Other pathways known to be
disturbed in FXS, are the GABAergic pathway and and MMP9. Knowledge of involved pathways has led to
possible targeted treatment for FXS. Although the results of current experiments are encouraging, there is
still a critical need for objective and quantifiable outcome measures as well as for putative biomarkers that
will support the development and evaluation of therapeutic interventions in FXS. In this poster I will outline
our results of a new robust social behavior test and the biochemical results which can be used for
measuring effects of therapy.
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A systematic analysis of genetic forms of dilated
cardiomyopathy reveals numerous ubiquitously
expressed and muscle-specific genes
M. Harakalova1, G. Kummeling1, A. Sammani1, M.P.M. Linschoten1, A.F. Baas2, J.J. van der
Smagt2, P.A. Doevedans1, D. Dooijes2, M. Mokry3, F.W. Asselbergs1,
1) Department of Cardiology, University Medical Center Utrecht, Utrecht, Netherlands; 2) Department of Medical Genetics,
University Medical Center Utrecht, Netherlands; 3) Division of Pediatrics, Wilhelmina Children's Hospital, University
Medical Center Utrecht, Netherlands

Background: Dilated Cardiomyopathy (DCM) is a genetic disorder with several tens of genes known to
underline its etiology. Despite considerable progress being made in developing next generation
sequencing-based diagnostic panels using a subset of the most prevalent DCM genes, the cause remains
unsolved in the majority of patients suspect of a genetic etiology. This suggests that to increase the yield of
diagnostic testing all relevant DCM-implicated genes need to be catalogued and carefully considered.
Methods and Results: We have conducted a systematic literature search on PubMed, Embase, and OMIM,
to find genes that have been implicated in syndromic and non-syndromic DCM and PeriPartum
CardioMyopathy (PPCM). Our search yielded a total of 113 nuclear protein-coding genes and 24 Mt-DNA
encoded genes. In addition to 42 genes sufficiently reviewed previously we provide a comprehensive
annotation of the level of genetic evidence for the set of remaining 71 genes. The average amount of
mutation carriers per study was 2.8±3.1 for DCM (in 84 studies), 1.0±0.0 for PPCM (in 3 studies) and 2.8±2.2
for pre-stages (in 5 studies). The average amount of families in which segregation was found was 1.3±1.1
for all 87 articles. Inheritance mode was autosomal recessive in 53% (48/87), autosomal dominant in 33%
(30/87), X-linked in 7% (6/87), and combination of two models in 7% (6/87). Next, we investigated the tissue
specificity of collected genes using public RNA sequencing data. We show that genes primarily expressed in
heart more likely result in DCM with possible skeletal myopathies while genes expressed ubiquitously cause
DCM with extramuscular manifestations. Conclusions: This comprehensive analysis of DCM-associated
genes revealed a much higher number of genes than currently screened in diagnostics. Since most of these
genes have been found mutated in single DCM patients or families, the importance of these genes in DCM
DNA-diagnostics needs to be investigated in large cohorts. Targeted sequencing of all known proteincoding genes together with consideration of the tissue specificity of mutated genes, may increase the yield
of genetic testing and facilitate further genotype-phenotype studies in DCM.
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Clinical characteristics of SMAD4 and BMPR1A
mutation carriers â€“ the Dutch juvenile
polyposis data.
F. Duijkers, M. Legdeur, A. Mensenkamp, E. Gomez Garcia, A. Wagner, F. Menko, F. Hes, M.
Olderode-Berends, M. Kets, T. Letterboer, H.Meijers, C.M. Aalfs
Clinical and Molecular genetic departments AMC, UMC St. Radboud, MUMC, EMC, VUMC, NKI-AVL, UMCG, UMCU.

Juvenile polyposis is a rare genetic syndrome causing gastrointestinal polyps and gastrointestinal cancer. In
approximately 50% of juvenile polyposis syndrome (JPS) patients a causative heterozygous mutation in
SMAD4 or BMPR1A can be identified. Mutations in other genes are rarely found. Besides gastrointestinal
abnormalities, SMAD4 mutations have been associated with hereditary hemorrhagic telangiectasia and
features of connective tissue disease. Because relatively few families with JPS have been described so far,
we performed a retrospective chart review of the known SMAD4 and BMPR1A gene mutation carriers in
The Netherlands. Clinical data, including gastrointestinal abnormalities and hereditary hemorrhagic
telangiectasia status, were gathered from all Dutch clinical genetic centers. Seventeen families, containing
36 carriers, with a SMAD4 mutation and seven families, containing 20 carriers, with a BMPR1A mutation are
known in the Netherlands so far. Median age of SMAD4 and BMPR1A mutation carriers in this cohort was
34 years and 45 years of age, respectively. Preliminary results confirm the higher incidence of gastric
polyposis in SMAD4 (9 of 20) versus BMPR1A (1 of 11) mutation carriers, which is in accordance with other
studies. Remarkable is the occurrence of a mixed colonic polyposis in the majority of SMAD4 and BMPR1A
patients (23 of the 44). Only thirteen of the 44 patients solely showed juvenile colon polyps and eight
patients did not have polyps of juvenile histology at all. These data may change our indications for SMAD4
and BMPR1A DNA-analysis. Additional data, concerning types of mutations, cancer incidence and signs of
hereditary hemorrhagic telangiectasia will be presented.
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Severe hypertrophic cardiomyopathy in
childhood in Dutch founder MYBPC3 mutation
carriers
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When to think about Lynch syndrome or
constitutional mismatch repair deficiency
syndrome in brain tumors?
Isabelle Flierman1,2, Theo van Os1, Carel Van Noesel3, Bert Redeker1, Hanne MeijersHeijboer1, Fonnet Bleeker1
1Department of Clinical Genetics, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands
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Introduction: Primary brain tumors generally occur sporadically, but they may occur in tumor predisposition
syndromes. Both Lynch syndrome (LS) and constitutional mismatch repair deficiency (CMMR-D) syndrome
have an underlying germline mismatch repair (MMR) defect, which can be detected by testing
microsatellite-stability and MMR protein expression by immunohistochemistry (IHC), before germline
mutation analysis of the MMR genes is performed. Here, we focus on signs of an underlying MMR defect in
primary brain tumors. Material and methods: A literature search was performed which included all studies
in which microsatellite stability and/or expression of MMR proteins was analyzed in primary brain tumors.
Separately, for 24 brain tumor patients suspected or known to have an underlying MMR defect the MS- and
IHC-status were analyzed. Results: In 1375 unselected primary brain tumors microsatellite-instability (MSI) is
not common (4,7%), whereas MSI is more prevalent in certain subgroups as pediatric high-grade gliomas
(10,8%). In 37 MSI tumors IHC and/or mutation analysis of MMR genes was performed, revealing 8 patients
(4 children) with a germline MMR gene defect, of whom 6 had a personal and/or family history of colorectal
or brain tumors, but 2 did not. Analyzing the tumors of 24 patients suspected or known to have a MMR
defect showed that 13 brain tumors of 15 patients diagnosed with a MMR defect were microsatellite-stable,
whereas the colorectal tumors of the same patients, if performed, did show MSI. In 9/13 brain tumors
alterations in staining of the MMR proteins were seen (69%). Discussion: Thus far, only a small proportion of
(MSI) brain tumors has been further analyzed for underlying germline MMR defects, leaving possible
hereditary tumor predisposition syndromes undiagnosed and without preventive options. Especially
pediatric and young adult high-grade glioma patients with a personal or family history of colorectal or
brain tumors have a strong clinical suspicion of an underlying MMR defect. Determining the MS-status and
IHC for MMR proteins is advised, preferably in CRCs, instead of brain tumors.
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Dosage effects of conserved chr21 genes on
early ENS development in zebrafish
R.K. Chauhan1,R. lasabuda1, H.C. van der Linde1, A.S. Brooks1,S. Edie2,R. Reeves2, I.T.
Shepherd3,R.M.W. Hofstra1
1 Department of Clinical Genetics, Erasmus Medical Center Rotterdam, Rotterdam, The Netherlands 2 Johns Hopkins Univ.
Schl. of Medicine Department of Physiology and McKusick-Nathans Institute for Genetic Medicine 3 Department of
Biology, Emory University, Atlanta, USA

Introduction and Aim Hirschprung disease (HSCR) is a congenital disorder which is characterized by the
absence of enteric ganglia in the gastrointestinal(GI) tract resulting in intestinal obstruction. A number of
chromosomal abnormalities can be found associated with HSCR. Down Syndrome (DS) is the most common
chromosomal disorder associated with HSCR. Disturbances of the GI tract are also common in DS patients.
It has been demonstrated that newborn infants with DS display a 40 fold greater risk on HSCR, thus
implicating the involvement of genes on chromosome 21 in the etiology of HSCR.To evaluate individual
gene dosage effects during early developmental stages, we performed an over-expression screen of Hsa21
genes in our zebrafish model to identify genes on chromosome 21,which affect the enteric nervous
system(ENS) and thereby contributes to the HSCR phenotype. Material and methods Tg(phox2b::kaede)
zebrafish lines, which express GFP in ENS were pair mate to obtain the embryos for microinjections.
Conserved HSA21 genes were subcloned into the pCS2+ vector and in-vitro transcribed.Embryos were
injected with 50-200 pg of capped RNA at the 1-2 cell stages and scored for the phenotype associated with
the gut and ENS development at 5 days post fertilization(dpf). Results 169 Hsa21 genes based on
conservation between human and mouse were prioritized for overexpression studies. Prioritization was
based on different selection criteria such as segmental trisomies identified in HSCR patients(Korbel et al.
PNAS 2009), expression in mouse ENCCs and other literature based evidences. We prioritized 27 candidates
to be screened for their overexpression effects. Overexpression of mRNAs in zebrafish embryos induced
diverse phenotypic defects ranging from hypoganglionosis on over-expression of PKNOX1, notochord
defects in case of DSCAM and vascular phenotypes in case of HMGN1 over-expression, thereby affecting
multiple systems and specifically NCC derivatives. Discussion Congenital gut disorders have an increased
incidence in DS and their association with HSCR is well recognized. Alterations in ~ 12 non-HSA21 genes
have so far been linked to the etiology of HSCR, but no chr21 genes have been identified yet. These studies
might elucidate the link between HSCR and DS. The screen is still ongoing and we aim to identify and
characterize the culprit genes involved in the manifestation of HSCR disease. So far we have identified one
good candidate gene, PKNOX1.
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The influence of genetic modifiers on disease
severity of PMP22-related neuropathies
Fred van Ruissen (1), Camiel Verhamme (3), Karin Y. van Spaendonck-Zwarts (2), Marianne
de Visser (3), Anneke J. van der Kooi (3), Frank Baas (1)
(1) Department of Genome Analysis, Academic Medical Center, Amsterdam, the Netherlands (2) Department of Clinical
Genetics, Academic Medical Center, Amsterdam, the Netherlands (3) Department of Neurology, Academic Medical Center,
Amsterdam, the Netherlands

Charcot-Marie-Tooth disease type 1A (CMT1A) and hereditary neuropathy with liability to pressure palsies
(HNPP) are autosomal dominantly inheritedly inherited peripheral neuropathies caused by copy number
variation of the PMP22 gene. Large clinical variability is known for these disorders, suggesting the presence
of modifiers. Additional mutations in other CMT related genes ('double trouble´) were identified in some
cases with a very severe phenotype. We found that a functional polymorphism in the factor H gene, a
regulator of the complement system, was enriched in HNPP patients, which is in line with our study on the
role of the complement system on nerve regeneration. To test whether this applies to the entire CMT/HNPP
population we selected the extremes of the phenotypic spectrum of our CMT1A and HNPP cohorts, based
on disability assessed by the Overall Neuropathy Limitation Scale (ONLS). 338 patients were interviewed
and 50 cases representing the extremes of the CMT1A and HNPP phenotype were subsequently clinically
evaluated. Next generation sequencing analysis of 50 CMT genes and 47 complement system-related genes
was performed. Analysis of the CMT genes showed a total of 89 non-synonymous variants. Mutation load
(number of non-synonymous variants in CMT genes) did not differ between mild and severe patients in the
CMT1A and HNPP group, but in a few severe cases additional predicted pathogenic variants were
identified. For a cohort analysis CMT1A and HNPP patients were combined. This analysis showed that five
non-synonymous SNPs in the complement related genes and one in a CMT related gene were found to be
associated either with the severe or the mild group. In conclusion our results showed additional support for
genetic modifiers in the phenotype of PMP22 related neuropathies. Replication studies will be undertaken
in a large international cohort.
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Two novel potentially pathogenic mutations in
the AARS gene cause Charcot-Marie-Tooth
disease type 2
Marian A. J. Weterman1, Dyah Karjosukarso1 , Marieke Bronk2, Marja E. Jakobs1, Fred van
Ruissen1, Henriette Bienfait3, Anneke J. van der Kooi2, Karin Y. van Spaendonck-Zwarts2,
Marianne de Visser3, and Frank Baas1.
(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 and 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. The aim of this study was to
identify the pathogenic mutations in a cohort consisting of 19 well-defined CMT2- families and three
families with distal spinal muscular atrophy, a pure motor disorder clinically resembling CMT2. 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 prior to whole exome analysis. In contrast to our expectations, we found
1-9 variations per family, the majority of which could be confirmed by Sanger sequence analysis (47/58),
possibly offering an explanation for the wide variation in clinical phenotype. In two families two different
unknown variations in the AARS gene were seen. Both mutations cosegregated with the disease and
affected a conserved amino-acid in the corresponding protein. Modeling this disease in zebrafish using a
morpholino-antisense approach demonstrated a similar phenotype to morphants due to incorrect splicing
of lrsam1*, which we previously described to cause CMT-2P. 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 novel mutations which led to the identification of two potentially pathogenic mutations in
the AARS gene as the probable cause of CMT2 in the respective families. * Weterman et al., Hum. Mol.
Genet. 21: 358-70, 2012
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Allelic imbalance in gene expression as a
mechanism in breast cancer development
I.Pulyakhina1, M.P.G. Vreeswijk1, J.F.J. Laros1,2, C.M. Meijers1, J.T. den Dunnen1,2, P.
Devilee1, P.A.C. 't Hoen1
1 Department of Human Genetics, Leiden University Medical Center, Leiden, the Netherlands 2 Leiden Genome
Technology Center, Leiden University Medical Center, Leiden, the Netherlands

Differential allelic expression (DAE) refers to differences in expression levels between the two alleles of a
gene. DAE can be caused by genetic variation and is known to affect a considerable fraction of genes in the
human genome. DAE has been suggested to play an important role in human phenotypic variability,
including complex traits and diseases. We hypothesize that DAE contributes to the pathogenesis of breast
cancer. Loss of the highest expressed allele of a tumor suppressor gene would lead to substantially lower
expression levels of the gene than loss of the lowest expressed allele. This may promote tumorigenesis. We
performed whole transcriptome sequencing of paired normal-tumor samples from breast cancer patients
and analyzed the allelic ratios for heterozygous, coding SNPs. We focused specifically on SNPs that showed
DAE in the normal samples and a switch or loss of DAE in the tumor. We separated genomic variants from
RNA editing events and investigated the behavior of allelic imbalance and the underlying molecular
mechanism in a subset of these SNPs. 102 SNPs in 60 genes demonstrated significant changes in allelic
ratios between normal and tumor tissue. A decrease in allelic imbalance in tumor was most frequently
observed. 20% of SNPs showed a complete switch in ratios, where the allele with higher expression in
normal cells was lower expressed in tumors and vice versa. Multiple coding SNPs in the same gene and the
same sample showed consistent changes in allelic imbalance. Genes showed recurrent and consistent
changes in allelic imbalance across multiple samples, although sometimes measured by different SNPs.
Some of the affected genes have been shown to play a role in cancer development, but contribution of
their allelic imbalance has not been described so far. The validation of the findings in a larger cohort and
investigation of a possible role for DAE in other cancer types is ongoing.
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Mutations in ACTG2 are involved in the
development of Megacystis Microcolon
Intestinal Hypoperistalsis Syndrome
M. Alves1, D. Halim1, J. B. Verheij2, C. S. van der Werf2, Y. Sribudiani1, Y. van Bever1, F.
Muller3, J. Kerner4, D. Tibboel5, R. M. Wijnen5, A. S. Brooks1, R. M. Hofstra1
1Department of Clinical Genetics and 5Pediatric Surgery, Erasmus MC, Rotterdam, Netherlands, 2Department of
Genetics,University Medical Center Groningen, Groningen, Netherlands, 3Biochimie Prénatale, Hôpital Robert Debré, Paris,
France, 4Division of Gastroenterology, Hepatology, and Nutrition, Department of Pediatrics, Lucile Packard Children's
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Megacystis Microcolon Intestinal Hypoperistalsis Syndrome (MMIHS) is a rare genetic disorder
characterized by congenital malformations such as non-obstructive bladder distension, microcolon, and
decreased or absent intestinal peristalsis. MMIIHS has always been considered to be an autosomal recessive
disorder. However, de novo heterozygous mutations in ACTG2 have recently been described in a series of
MMIHS patients1,2. ACTG2 encodes for the enteric smooth muscle actin ?-2, one of the six human actins,
and in mainly expressed in the gastro-intestinal and urogenital tracts. In order to confirm the involvement
of this gene in MMIHS, sanger sequencing of ACTG2 was performed in a cohort of 10 MMIHS patients (8
single cases and 2 families: one consanguineous family and one family originating from a genetic isolate).
Heterozygous ACTG2 mutations were identified in 8/8 single cases. In both families a mutation in ACTG2
was excluded. All identified mutations were non-synonymous, affecting an arginine residue. These
mutations were located in different exons of ACTG2: exon 3 (R40C), 4 (R63Q) and 8 (R178C, R178H, R178L)
and were considered to have a pathogenic effect by at least 2 out of 3 prediction programs. Functional
studies are currently ongoing to determine the role of ACTG2 in the pathogenesis of MMIHS. The results
obtained confirm the involvement of ACTG2 in the development of MMIHS and will bring new insights
about the mechanisms involved in the development of this syndrome.
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Implementation of a gene panel for the
molecular diagnosis of epidermolysis bullosa and
ectodermal dysplasia
Henny Lemmink 1, Peter van den Akker 1, Birgit Sikkema-Raddatz 1, Annemieke van der
Hout 1, Kristin Abbott1, Lennart Johansson 1, Iana Turcan2, Kasia Gostynska2, Martine
Meems-Veldhuis 1, Marjon Pasmooij 2, Marcel Jonkman 2, and Richard Sinke 1
University of Groningen, University Medical Center Groningen, Department of Genetics 1 and Department of Dermatology
2, Groningen, the Netherlands

Aim Our DNA diagnostic protocol for patients with epidermolysis bullosa (EB) and ectodermal dysplasia
(ED) consists of sequential testing of individual candidate genes by Sanger sequencing. We set out to
replace this approach by a targeted next generation sequencing (NGS) gene panel. This novel tool enables
a comprehensive analysis of all currently known disease-genes by one single test which leads to a more
rapid identification of mutations and accordingly facilitates diagnosis and genetic counseling. Methods
Based on the current information about the involvement of genes causing EB and ED phenotypes, we
designed an enrichment kit for a gene panel comprising at a total of 58 genes (33 EB and 25 ED associated
genes) using Agilent Sure Select Target Enrichment® Upon enrichment/capturing, pooled samples were
sequenced using 151 base pair paired-end reads on an Illumina MiSeq® sequencer and analyzed using
Softgenetics´ NextGENe® and Cartagenia´s Benchlab NGS® software. The results of our validation and final
results for the first series of 36 patients will be presented. Results and Conclusion Our validation revealed
that almost all pathogenic mutations detected previously were identified again except for one large
duplication. In addition, the detection of ten novel mutations provided a DNA diagnosis in six out of
thirteen unsolved cases. Some of the panel genes have pseudogene copies containing homologous
sequences. One might expect that these could lead to difficulties in detection and interpretation. To our
surprise, however, our preliminary results show that identification of mutations in genes with a pseudogene
copy is possible using this approach. In conclusion, by designing and implementing a targeted NGS panel
for patients with EB and ED we achieved a substantial improvement of our diagnostic protocol. Now we can
offer a much faster and a more comprehensive diagnostic test for these disorders.
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Congenital Thrombocytopenia in a Neonate with
an Interstitial Microdeletion of 3q26.2q26.31
Arjan Bouman1, Lia Knegt1, Stefan Groschel2, Claudia Erpelinck2, Ruud Delwel2, Taco
Kuipers3, Jan Maarten Cobben1,3
1Department of Clinical Genetics, Academic Medical Center, Amsterdam, The Netherlands 2Department of Hematology,
Erasmus University Medical Center, Rotterdam, The Netherlands 3Department of Pediatrics, Emma Children´s Hospital,
Amsterdam, The Netherlands

Constitutional deletions of chromosome 3q are rare in live born infants. Most terminal deletions of 3q
involve the chromosomal bands 3q29-qter. Interstitial deletions encompassing the 3q26.2q26.31 region are
even more rarely described in today´s literature. Only one case-report was published this far which
describes a patient with an interstitial deletion of 3q26.2 and thrombocytopenia. The MDS1-EVI1
â€“complex (MECOM) is involved in hematopoiesis and seems to play a crucial role in maintaining longterm hematopoietic stem cell function. Interestingly, in acquired chromosome 3q26-aberrations,
overexpression of oncogenic transcription factor EVI1 has been clearly associated with high-risk acute
myeloid leukemia (AML) We will present a neonate with congenital thrombocytopenia (platelets 41 x 109/L)
and several dysmorphic features. Array-CGH demonstrated a 4.5 Mb deletion at 3q26.2q26.31 involving the
MDS1-EVI1-complex. A post-mortem bone biopsy demonstrated the presence of myeloid-, erythroid- and
megakaryocytic precursors (myeloid vs. erythroid precursors â€“ratio: 4:1). Though a few polyclonal plasma
cells were observed there were no indications of manifest myelodysplastic syndrome. In addition, we
performed full DNA-sequencing of the long arm of chromosome 3 and determined EVI1-expression levels
in lymphocytes. We suggest that in case of neonatal thrombocytopenia diagnostic work-up should include
SNP-array or array-CGH. Secondly, the role of MDS1-EVI1-complex in human hematopoiesis is further
illustrated by the description of this neonate with a constitutional 3q deletion and a profound congenital
thrombocytopenia.
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Multifactorial likelihood model in the
classification of the Variants of Uncertain
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van Asperen C.J.1
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Genetics, Leiden University Medical Centre, Leiden, the Netherlands 3 Department of Molecular Pathology, the
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In 15% of the DNA tests for hereditary breast and/or ovarian cancer, a variant for which the clinical
significance is unknown (Variant of uncertain significance, VUS) is found in the BRCA1 and BRCA2 genes.
This test result complicates decisions about treatment strategies, preventive measures and is
psychologically stressful for patients and their families. To overcome these problems, a number of different
approaches have been employed in the attempt to classify such variants. We describe the Bayesian
multifactorial likelihood method (MLM) which is used to assess the likelihood that a variant is pathogenic.
We discuss the prior probability, and how to combine the various sources of data such as segregation, array
Comparative Genomic Hybridization and histopathological characteristics of the tumor to obtain a posterior
probability of pathogenicity. Furthermore, we explain how this posterior probability is translated into
medical recommendations in the clinical practice. For example the prior probability of pathogenicity for
BRCA2, c.7978T>G, p.Tyr2660Asp based on the position of the variant in the gene is 0.81. Additional
information from co-segregation and tumor pathology give an overall likelihood of 260, which together
with the prior probability lead to a posterior probability of pathogenicity higher than 0.99. This variant can
thus be classified as pathogenic. For the coming years, our goal is to improve the integration of various
sources 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.
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Extended genetic diagnosis of Familial
Hypercholesterolemia using next-generation
sequencing
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1) Department of Clinical Genetics, Academic Medical Center, Amsterdam, The Netherlands; 2) Department of Vascular
Medicine, Academic Medical Center, Amsterdam, The Netherlands; 3) Department of Experimental Vascular Medicine,
Academic Medical Center, Amsterdam, The Netherlands; 4) Department of Human Genetics, Radboud University Medical
Center, Nijmegen, The Netherlands.

Familial Hypercholesterolemia (FH) is a major risk factor for coronary artery disease. FH is caused by
mutations in the genes coding for the low-density lipoprotein receptor (LDLR), apolipoprotein B (APOB) and
proprotein convertase subtilisin/kexin 9 (PCSK9). Routine genetic diagnosis of FH is often limited to
sequencing LDLR followed by partial sequencing of APOB and PCSK9 in cases with no LDLR mutations
which is mainly due to the large size of APOB and rarity of PCSK9 mutations which makes Sanger
sequencing inefficient. Using DNA from 20 patients with 31 known mutations (including single-nucleotide
coding and promoter variants, insertions, deletions, indels and large copy-number variants), we employed
an Ion AmpliSeqâ„¢ enrichment of coding sequence (and 25 bp flanking intronic regions) of all 3 FH genes
followed by sequencing using Ion-PGMâ„¢ sequencing platform (Life technologiesâ„¢). The sequence data
were then analyzed using SeqNext software (JSI medical systems). We could successfully identify all
previously detected mutations. Interestingly, we also identified additional 8 rare variants including PCSK9
p.Cys679X and 7 APOB variants (e.g. p.Arg532Trp, p.Asp1113His, p.Lys3076Met, etc.), some of which already
reported in the literature to be functional while others predicted to be functional using in silico prediction
models. Identification of these extra variants may help in explaining unexpected phenotypes often seen in
the families with dyslipidemia and referred to as incomplete penetrance of the phenotype. Our study
suggests a fast, cost-effective and accurate approach for extended genetic diagnosis of FH which can
increase the yield of FH diagnosis and improve phenotype-genotype correlation studies in pedigrees with
phenocopy or non-penetrant FH mutations.
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Non-invasive prenatal testing (NIPT) using maternal blood is increasingly being offered as screening for
aneuploidy. Trisomic pregnancies can be detected by using massively parallel sequencing and calculating
statistical Z-scores. As of April 1st Non-Invasive Prenatal Testing (NIPT) is available for women in the
Netherlands with an increased risk of carrying a child with a trisomy 13, 18 or 21 after the combination test.
In the future, however, this test might be offered to all pregnant women, regardless of their risk of carrying
a child with a trisomy. Large clinical studies have reported a high reliability for NIPT, with sensitivity and
specificity values more than 99%. However, for the interpretation of a positive NIPT calculation, the positive
predictive value (PPV) is important because it indicates the individual mother´s chance of having a trisomic
fetus after a positive NIPT test. Here, we demonstrate what effect the test has on the predictive value of a
positive NIPT result when offering to all women. A web-based tool was developed to calculate the PPV of
NIPT. We present two tables and accompanying figures that 1) combine the a priori risk with the Z-score
(post-test probability), and 2) show the post-test probability for different percentages of free fetal DNA. An
example is given to demonstrate the use of the tables and figures. At an a priori risk of 1:10 for trisomy 21
and a Z-score of 3, the PPV is 45%, meaning that in 55% of the positive cases, the fetus will not have
trisomy 21. For an a priori risk of 1:1000, however, the PPV drops to 0.7%, meaning that in 99% of
pregnancies giving a positive NIPT result, the fetus will not have trisomy 21. Our PPV calculator for NIPT
results can greatly assist clinicians and genetic counselors in understanding NIPT results and in conveying
their clinical implications to pregnant couples.
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Genes, molecular mechanisms and risk prediction
for abdominal aortic aneurysm
Arne Ijpma, Ingrid van der Pluijm, Ellen Rouwet, Hence Verhagen, Jeroen Essers, Danielle
Majoor-Krakauer
Clinical Genetics, Vascular Surgery

Background An abdominal aortic aneurysm (AAA) is a widening of the aorta below the renal arteries. AAA is
usually asymptomatic until rupture causing fatal internal bleeding. Abdominal ultrasound is considered the
screening of choice. Endovascular aneurysm repair (EVAR) has proven to be a valid treatment for AAA,
performed 1600 times a year in the Netherlands. The risk of AAA increases after 60 years of age to 10% in
men and 3% in women. Genetic susceptibility, together with smoking, hypertension, and atherosclerosis
constitute the most important risk factors. Targeted ultrasound screening of persons at high risk allows
reducing AAA related mortality. A risk prediction model based on clinical characteristics and biomarkers is
needed to identify persons at high risk. Objectives To identify clinical features and molecular makers for the
genes, pathways and cellular mechanisms involved in the remodelling of the extracellular matrix in AAA.
Methods Structured family histories are obtained in an ongoing family study including all AAA patients
from the Vascular Surgery Clinic since 2009. Participants are offered Information and ultrasound family
screening. WES, WGS and CN analysis are used to correlate molecular makers to clinical features. Human
and mouse AAA tissue and cellular models are used to identify underlying pathways and molecular
mechanisms predisposing to AAA. Results In familial AAA, occurring in 23%, risk for AAA increased 2-3 fold
for male and female relatives. Relatives of affected women were at higher risk than relatives of affected
men, suggesting a gender specific higher genetic 'burden´ in women. Familial AAA was more common in
younger patients without diabetes and hypertension. Pathogenic and possibly pathogenic rare variants
suggest defective TGF-ß signalling and smooth muscle cell homeostasis in AAA. A twofold higher risk of
developing aneurysm related complications after EVAR was observed in familial AAA, despite similar AAA
morphology with sporadic AAA. Conclusions Insight in the molecular pathways is needed to establish
guidelines for AAA screening and treatment in terms of genetic risk, age, surveillance interval, and which
vascular bed to screen, and prevent premature deaths.
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Mitochondrial Dysfunction and Altered Energy
Metabolism in Aneurysmal Disease
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Montreal, Canada.

Background Formation of life-threatening ascending aortic aneurysms is still not well understood. An early
predictive biomarker for aneurysm formation has not been identified, although disturbed TGF-ß signaling
has been implicated. To discover novel biomarkers, we aimed to better understand molecular mechanisms
involved in aneurysm development. We performed proteomics and genomics studies on aortas of Fibulin4R/R mice, where the extracellular matrix protein Fibulin-4 is 4-fold reduced, resulting in progressive
ascending aneurysm formation and early death. Results Aorta proteins or mRNAs from Fibulin-4R/R animals
and wildtype littermates were used for LC-MS/MS proteomics or transcriptomics analyses. Protein and gene
data sets were separately analysed for genotype specific differences with Ingenuity IPA. Interestingly, the
proteomics data pointed towards mitochondrial dysfunction in aortas from Fibulin-4R/R mice. In addition,
gene expression profiles revealed large overrepresentation of dysregulated metabolic pathways. These
results prompted us to determine mitochondrial function in vascular smooth muscle cells derived from the
aortas of Fibulin-4R/R and wildtype animals. Indeed, the Fibulin-4R/R cells had a lower oxygen
consumption rate, but quite surprisingly, an increase in acidification rate. These results again point to a
disturbed metabolism, but now at the cellular level. Consistently, analysis of mouse blood metabolic
parameters showed a reduction in ketone levels in Fibulin-4R/R compared to wildtype controls. In addition
liver fatty acids were decreased, and liver glycogen was increased, together indicating systemic metabolic
changes. Electron Micrographic pictures of aortas showed reduced mitochondrial size, and Western blots
revealed an increase in mitochondrial complexes I-IV in Fibulin-4R/R compared to wildtype aortas. To
assess whether altered mitochondrial activity together with disturbed mitochondrial complexes affected
production of reactive oxygen species (ROS) we performed in vivo imaging, which showed increases ROS
levels in aneurysmal Fibulin-4R/R mice. Conclusion We identify mitochondrial dysfunction and metabolic
dysregulation, leading to increased ROS production as a novel underlying mechanism contributing to
ascending aneurysm formation. This discovery provides new biomarkers that can be validated in humans, in
addition to a rational for new intervention methods such as alterations in diet to prevent aneurysm
formation.
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Aneurysmal disease
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van de Luijtgaarden, P. van Heijningen, R. Kanaar, E. Rouwet, J. Essers.
Erasmus MC

Introduction Abdominal aortic aneurysms (AAA) and its comorbidities are a major vascular health problem.
Although clear risk factors like atherosclerosis, high blood pressure and smoking are recognized, clear
genetic factors have not yet been identified. Moreover, knowledge is lacking concerning the molecular
mechanisms that underlie the process of AAA formation and progression. However, in order to develop
proper treatment strategies, it is crucial to understand the mechanisms and targets that play a role in AAA.
Methods We set out to perform genetic RNA expression profiling experiments on abdominal aortic samples
of AAA patients. As 'healthy control´ tissue of the same age is difficult to obtain, we instead made use of a
'best match control´; material of patients with Aortic Occlusive Disease (AOD). These patients have the exact
same risk factors as AAA patients, yet develop an occlusion instead of a dilatation. mRNA expression
profiles were obtained for 14 AAA patients and 7 AOD controls. We next performed an Ingenuity Pathway
Analysis (IPA) to identify significantly changed markers and targets for AAA. In addition we subjected the
data to an upstream regulator analysis that predicts key players in the AAA process. Results After several
quality control steps of the individual datasets of our patient group, an unbiased bioinformatics approach
clearly divided AAA and AOD into two distinct groups based on their gene expression profile. In our list of
significantly changed markers, we found genes which have been associated with AAA before, like COL11A1,
AdipoQ, LPL. This underscores the validity of our screening approach. Using IPA we identified immune and
fat metabolism related pathways. Interestingly also expression levels of genes involved in the ReninAngiotensin System (RAS) and the TGFß signaling were significantly changed. For the novel markers,
pathways and key regulators we designed a flow chart to select genes based on their level of expression,
potential as blood marker and possible relevance for aneurysmal disease. This will allow us to make
selection of genes to be further studied in blood of AAA patients. As a next step, we will validate
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The role of Fibulin-4 in age related arterial wall
changes
P.M. van Heijningen, N. van Vliet, M. Vermeij, R. Kanaar, I. van der Pluijm, J. Essers
Erasmus MC

Cardiovascular diseases, amongst which aneurysms, are a major health issue, especially with the increasing
age of the population. Aneurysms can be caused by genetic factors, but also extrinsic factors like smoking,
high blood pressure and age play major roles. Although it is known that the TGFß signalling pathway, the
RAS system and factors contributing to cellular matrix structure and remodelling are involved, the
underlying molecular mechanism in aneurysm formation and progression is largely unknown. Fibulin-4 is an
extracellular matrix protein involved in stabilisation of extracellular matrix structures such as elastic fibres
and basement membranes. A complete lack of fibulin-4 results in severe vascular defects and premature
death. Fibulin-4R/R animals however, which instead have a 4-fold reduction of Fibulin-4, present with
aneurysm formation, arterial tortuosity, lung emphysema, decreased heart function and a decreased
lifespan of 3-4 months (compared to 2-3 years for WT animals). Fibulin-4 +/R mice, which have a two-fold
reduction of Fibulin-4, show signs of increased arterial stiffness, endothelial dysfunction and arterial wall
changes already at an age of 3 months. These findings together suggest that a milder 2-fold reduction of
Fibulin-4 can lead to increased arterial wall deterioration with age. To test this hypothesis, we examined
age-related wall changes, including general aortic pathology, immunohistochemistry, ultrasound imaging
of aortic diameter and heart cardiac output in an aging cohort of Fibulin-4+/R, ranging from 3 to 24
months of age. Strikingly, we observed a decreased survival of Fibulin-4+/R animals compared to WT
littermates (28 %) Moreover, we observed an increase in vascular wall degeneration Fibulin-4+/R animals
already at an age of 3 months, which increased with increasing age. Moreover, at the age >12 months 4out
of 4 Fibulin-4+/R animals showed aortic dilatations, both thoracic as well as abdominal, compared to none
of the WT animals. In addition, 6 out of 8 Fibulin-4+/R animals showed an increased MMP signal compared
to WT animals at the age of12months, indicating matrix remodelling. Together our data show that a mild
defect in the extracellular matrix protein Fibulin-4 has huge consequences for age-related vascular
degeneration with age.
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Multidisciplinary nephrogenetic outpatient clinic
combined with diagnostic exome sequencing for
improved diagnostics and treatment
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Single gene disorders are estimated to account for ~30% of children and ~10% of adult patients attending
renal outpatient services. In addition to a heterogeneous collection of monogenic kidney disorders,
polygenic and complex multifactorial inheritance of renal diseases is a challenge in disease gene
identification strategies. For straightforward causative mutation detection and novel renal disease gene
identification by exome sequencing, deep phenotyping, reverse phenotyping and family history information
are important. A multidisciplinary nephrogenetic outpatient clinic for children and adult patients with
(genetic) kidney diseases has been established by a team of (pediatric) nephrologists and a clinical
geneticist in the Radboudumc. Clinical exome sequencing for a broad spectrum of isolated- and syndromic
genetic kidney diseases and ciliary disorders (also known as ciliopathies) has been developed. The approach
consists of a two-tier analysis in which the first step is to screen for pathogenic variants in genes that are
known to be mutated in renal diseases or ciliopathies. These gene panels consist of 170 and 125 genes,
respectively, and are updated regularly. If causative mutations are not identified in the first step, the
complete exome data set can be analysed with informed consent. While the renal filter package is
operational since 2013, the ciliopathy panel has been implemented very recently. The first results with the
renal disease gene panel in 20 unrelated patients with undiagnosed renal disease led to a molecular
diagnosis in 6 out of 20 cases. Pathogenic mutations in CCDC2, CLCN5, KIF7, NPHP1 and UMOD were
identified in 5 cases respectively, and in LAMB2 and COL4A4 in one case, explaining the full renal
phenotype comprising electron microscopy findings of both focal segmental glomerulosclerosis and thin
basement membrane nephropathy in the latter. Further analysis of the complete exome data set of 14 out
20 cases, revealed no pathogenic mutations. While variant and copy number variation analysis in the rest of
exome is expected to further increase diagnostic yield, we can already conclude that the combination of the
multidisciplinary outpatient clinic with diagnostic exome sequencing provides a powerful tool for detecting
causative mutations of renal disease.
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Unexpected findings in array analysis with
possible implications for dystrophinopathy
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*Clinical Genetic Departments of University Hospitals of Amsterdam, Free University Amsterdam, Groningen, Leiden,
Maastricht, Nijmegen, Rotterdam and Utrecht

Since the introduction of array analysis in molecular diagnostics for patients suffering from mental
retardation and developmental disorders as for prenatal diagnostics many unexpected findings were made.
So far, more than 30 different cases with possible implications for dystrophinopathy have been reported to
our centre. About an equal amount of gross deletions and duplications within the DMD gene were
observed. In nearly all cases array results could be confirmed and gross deletions/duplications were
accurately mapped by means of Multiplex Ligation Probe Amplification of the DMD gene. Most deletions
were internal gene deletions except for one and in the majority of cases novel DMD carriers were identified.
In a few cases the mutations found yielded new information on their pathogenicity. For instance, predicted
novel out-of-frame deletions detected in healthy males in families and which could not be found in DMD
databases possibly indicating that these mutations might be harmless deletions occurring in the general
population. In two cases prenatal DNA analysis identified a male fetus with an out-of-frame deletion which
indicated a potential new DMD patient. In the majority of cases with duplications, no effect was found by
means of segregation studies in families. Also some FISH experiments showed that duplications were
located in other parts of the genome. A number of duplications extended towards both the 5´ or 3´ end of
the DMD gene and even further. In about half of the families the mutations found may have implications
for the patients and/or their families.
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Dysregulation of inflammatory pathways in a
Familial Hemiplegic Migraine 1 mouse model
after the induction of cortical spreading
depression
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1Department of Human Genetics, Leiden University Medical Centre, Leiden, The Netherlands 2Department of Neurology,
Leiden University Medical Centre, Leiden, The Netherlands

Familial Hemiplegic Migraine type 1 (FHM1) is a rare monogenic subtype of migraine with aura caused by
mutations in the CACNA1A gene. In FHM1 knock-in mouse models these mutations increase the
susceptibility for cortical spreading depression (CSD): the underlying mechanism of the migraine aura. To
study the consequences of CSD in a migraine-related context, we measured cortical gene expression
profiles in FHM1 and wild-type mice 24 hours after CSD induction. Expression profiles were generated using
deep-Serial Analysis of Gene Expression sequencing, a tag-based next-generation sequencing method for
gene expression profiling, and relevant expression changes were validated by qPCR. Our results show that
CSD induces differential expression of genes involved in inflammatory pathways in both the FHM1 and
wild-type mice. The link between CSD and inflammation has previously been identified in wild-type animals,
and is likely involved in the activation of the migraine headache phase. Furthermore, we could identify a
gene set that is upregulated due to CSD specifically in the FHM1 migraine mouse model. Genes from this
gene set are involved in inflammatory and interferon-related signaling, and are often found upregulated
together in immune-stimulated conditions, and are not co-expressed in the unstimulated brain. This
increased inflammatory response indicates that CSD has a more severe effect in the brain of FHM1 migraine
mice than in wild-type mice, which may have consequences for the activation of the trigeminovascular
afferents and thereby the migraine headache phase.
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(NGS) greatly improves clinical genetic
diagnostics in inherited cardiomyopathies
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Utrecht, the Netherlands; (5) University Medical Center Utrecht, Cardiology Department, Utrecht, the Netherlands (6)
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INTRODUCTION: NGS techniques can be successfully applied to find mutations underlying genetic
cardiomyopathies. However, Exome Sequencing (ES) shows incomplete representation and coverage of
exons, leading to clinically relevant mutations being missed. Thus, ES will, at least for now, coexist in clinical
genetic diagnostics with other NGS-based strategies, such as gene-panel based resequencing. Therefore,
we aimed at evaluating the yield of gene-panel based resequencing of 55 genes in cardiomyopathy
patients referred to our department. METHODS: We constructed an enrichment kit targeting 55
cardiomyopathy genes and implemented this into routine diagnostics. We evaluated our first 162 patients:
47 fulfilled generally accepted clinical criteria for hypertrophic cardiomyopathy (HCM), 72 fulfilled the
Mestroni criteria for dilated cardiomyopathy (DCM) and 3 were diagnosed with arrhythmogenic
cardiomyopathy (ACM). In addition, 23, 11 and 6 cases showed signs of DCM, HCM and ACM, yet did not
fulfill the formal criteria. Additional cosegregation analyses were performed to further support
pathogenicity of potentially causal mutations. RESULTS: In the DCM cohort 40 pathogenic or likely
pathogenic mutations were identified (55%; 40/72). Mutations in TTN were found in 14% of DCM patients
(10/72). The yield in criteria positive HCM and ACM patients was 40% (17/43) and 33% (1/3). In patients not
fully fulfilling criteria for DCM, HCM and ACM the yield was 52% (12/23), 36% (4/11) and 83% (5/6). In 13 %
(21/162) of cases two or more (potentially) pathogenic mutations were identified. Results of cosegregation
analyses supported pathogenicity of potentially causal mutations in 42 families. In 6 results argued against
pathogenicity. CONCLUSIONS: Gene-panel based NGS results in a substantial increase in diagnostic yield
for DCM patients compared to previous results of Sanger sequencing most prevalent genes (55% vs 2025%). TTN mutations are most prevalent in DCM patients (14%). Higher diagnostic yields are achieved for
patients fulfilling DCM and HCM criteria. Cosegregation analyses further support pathogenicity of
potentially causal mutations. Together, our gene-panel based approach greatly improved genetic
diagnostics in cardiomyopathies.
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BACKGROUND:
With an estimated prevalence of 0.5-2%, bicuspid aortic valve (BAV) is the most common congenital cardiac
defect. Around 30% of the people with a BAV will develop serious morbidity from complications such as
valvular dysfunction, thoracic aortic aneurysms (TAA) and dissection. Given the increased risk for these
complications, patients with BAV are advised to remain under regular surveillance. In addition to providing
care for patients presenting with BAV, it is important to identify potential at risk relatives. Although BAV
disease is often a familial condition, the molecular mechanism underlying the familial clustering remains
mostly unclear. Cardiological screening of first-degree relatives of BAV patients has been advised in recent
guidelines given the familial clustering of BAV and TAA. However, the current screening of relatives is
largely dependent on local initiatives. Guidelines regarding the follow-up and screening of family members
are required.
AIM:
To provide an overview of the literature on family screening in first degree relatives of BAV patients and to
propose a model for clinical and genetic work-up in BAV/TAA families.
METHODS:
Systematic literature review
PRELIMINARY RESULTS:
Nine studies met our inclusion criteria and were used to provide an overview of the literature on family
screening in first degree relatives of BAV patients. In 5.8 - 36.7% of the families BAV was shown to be
familial (BAV in at least 1 first degree relative of the index patient, familial BAV/families screened). The
percentage of BAV in first degree relatives of BAV index patients was 1.8 -10.1% (first degree relatives with
BAV/first degree relatives screened). The results regarding the risk of TAA in first degree relatives of BAV
patients with a tricuspid aortic valve (TAV) are conflicting. One study reported the presence of TAA in 27%
of first degree relatives of BAV/(TAA) patients with a TAV, whereas another study found normal diameters in
all first degree relatives of BAV patients
DISCUSSION AND CONCLUSION:
Familial clustering of isolated BAV/TAA has been reported in a number of studies, indicating a high
heritability and underlining the importance of family screening. The risk of TAA in first degree relatives of
BAV patients with a TAV might be increased in a subset of families. In this study we propose a model for
clinical and genetic work up in BAV(/TAA) families, based on the most extensive literature review on family
screening performed until now
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