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FOREWORD

Words from the Scientific Organisers

Dear Participant,

Welcome to the 2017 joint Genetics Society and British Society of Genetic 
Medicine meeting on ‘The Human Genome in Healthcare’. In recent years 
the field of human genetics has been transformed by technological advances 
that enable population scale interrogation of the human genome at high 
resolution. These technologies are informing and refining our view of disease 
biology. The improved understanding of the contribution of genetic variation 
to human disease and the genomic technologies themselves are impacting 
how healthcare is delivered. 

We have an outstanding line up of speakers who are at the leading edge 
of the application of human genetics and genomics to understand disease 
biology and translating these insights into improvements in individualised 
healthcare and lifestyle decisions. We thank you for your attendance, 
encourage you to engage with the speakers and posters presenters and, 
above all, enjoy next two days.

Many thanks

Michael Simpson, Jim Huggett and Emma Woodward 
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Programme  Thursday 23 November 2017

08:45 - 09:45  Registration 

09:45 - 10:00  Welcome and introduction 

Session I: An Individual Genome in the Context of millions

10:00 - 10:30  Richard Trembath (Kings College London)
10:30 - 11:00  Kaitlin Samocha (Wellcome Trust Sanger Institute)  

Leveraging large-scale human genetic variation to infer functional constraint 
and inform variant prioritization in neuropsychiatric disorders

11:00 - 11:30  Tea/Coffee break

Session II: Diagnosing Rare Diseases

11:30 - 12:00 Don Conrad (Washington University School of Medicine)  
The n=1 problem in human genetics

12:00 - 12:30 Joe Marsh (University of Edinburgh) 
30 Molecular determinants of pathogenic dominant-negative mutations in 
protein complexes

12:30 - 12:45 Richard Scott (Genomics England)
12:45 - 13:00  Geoffrey J Maher (University of Oxford) - Selected Oral Communication  

Identifying de novo mutations at their source: assessing the landscape of 
selfish FGFR2 mutations in human testes  

13:00 - 14:30  Lunch

Session III: Non coding variation, therapy and gene editing

14:30 - 14:45   Yan Zhou (University of Oxford) - Selected Oral Communication  
Disruption of TWIST1 post-transcriptional regulation by 5� UTR uORF variants 
in Saethre-Chotzen syndrome

14:45 - 15:00  David Brook (University of Nottingham) - Selected Oral Communication 
Identification of a novel kinase target in DM1 pathophysiology

15:00 - 15:30  Jakub Tolar (University of Minnesota)  
Therapeutic DNA Repair: From Cloning to Clinic

15:30 - 16:00   Coffee/tea break 
16:00 - 17:00 Andrew Wood (University of Edinburgh) 

Chromatin constraints on CRISPR/Cas9 mutagenesis
 2017 Genetics Society Balfour Lecture
17:00 - 19:30    Poster Session 

17:00 - 17:30    Genetics Society Annual General Meeting 

 (Genetics Society Members Only)  

19:30 Conference Dinner 
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Programme  Friday 24 November 2017

Session IV: Pharmacogenomics / Common Disease Risk Prediction

09:30 - 10:00   Madan Babu (University of Cambridge) 
Pharmacogenics of GPCR drug targets

10:00 - 10:30   Frank Dudbridge (University of Leicester) 
Polygenic prediction of complex disease

10:30 - 11:00   Magnus Ingelman (Sundberg, Karolinska Institute) 
Pharmacogenetic assisted drug therapy for tomorrow 

11:00 - 11:30    Tea/Coffee Break

Session V: Cancer Genomes

11:30 - 12:00    Clare Turnbull (Genomics England)  
Precision Oncology and Precision Cancer Prevention

12:00 - 12:30   Dennis Lo (Chinese University of Hong Kong) 
Circulating DNA for cancer screening

12:30 - 13:00  Serena Nik-Zainal (Wellcome Trust Sanger Institute) 
Phenotyping the genome 

13:00 - 14:00 Lunch

Session VI: Taking Control of Your Genome

14:00 - 14:30    Anneke Lucassen (University of Southampton) 
14:30 - 15:00    Anna Middleton (Sanger Institute) 

Your DNA, Your Say - attitudes to data sharing
15:00 - 15:10    Closing Remarks
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DON CONRAD
Washington University School of Medicine, USA

The n=1 problem in human genetics

A fundamental challenge for genomics in healthcare is to interpret the 

consequences of unique genetic variants, popularly referred to as the 

“n=1” problem. I will present ongoing work from my group to develop 

formal statistical methods for assessing the significance of genetic variants 

sampled from single cases of disease. Topics to be considered include 

population structure, the impact of choices in parameterization of the null 

model, and extension from SNVs to CNVs. I will illustrate the application 

of the method to the study of rare genetic disease, and to cohorts of more 

common disease with high locus heterogeneity. 

Speaker biography

Don Conrad is a broadly trained human geneticist with 15 years of experience 
in developing statistical and experimental methods for genome analysis. He 
obtained a Ph.D. in Human Genetics from the University of Chicago, studying 
with Dr. Jonathan Pritchard, and then did 3 years of post-doctoral training with 
Dr. Matthew Hurles at the Wellcome Trust Sanger Institute in Cambridge, UK. 
He moved to Washington University in 2011 to start his own research group. 
The Conrad lab develops and applies novel methods for genetic analysis, which 
span the cycle from variation discovery, statistical assessment of variation, and 
functional characterization of putative disease variants. Dr. Conrad is currently PI 
on three projects funded by the United States NIH. The first is an investigation of 
the impact of DNA copy number variants on gene expression in human tissues. 
The second is to continue development of DeNovoGear, a software package for 
detecting de novo mutations from families, tissues and single cells. The third is 
the GEMINI project, an international clinical sequencing consortium focusing on 
the genetics of male fertility.
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FRANK DUDBRIDGE
University of Leicester

Polygenic prediction of complex disease

Most complex diseases are heritable and so it should be possible to 

accurately predict disease risk from genotype data. Until recently, success 

has been limited owing to the polygenic nature of these diseases. I review 

the reasons for this and describe more promising recent results based 

on large studies in cardiovascular disease and cancer. I discuss prospects 

for future improvements in genetic prediction, and its application to the 

simultaneous prediction  

of multiple diseases, for which I propose some new statistical measures  

of accuracy.

Speaker biography

Frank Dudbridge is Professor of Statistical Genetics at the University of Leicester, 
having previously held senior appointments at the London School of Hygiene and 
Tropical Medicine and the MRC Biostatistics Unit. His interests are in statistical 
methods in the genetic epidemiology of common disease. He has worked 
on methods for analysing genome-wide association studies, on theory and 
applications of polygenic risk scores, and on Mendelian randomisation. He has 
a wide range of applied collaborations in cardiology, psychiatry, oncology and 
endocrinology.
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M. MADAN BABU 
MRC Laboratory of Molecular Biology, 

Pharmacogenomics of GPCR drug targets

Natural genetic variation in the human genome is a cause of individual 

differences in responses to medications and is an underappreciated 

burden on public health. Although 108 G protein-coupled receptors 

(GPCRs) are the targets of 475 (~34%) FDA-approved drugs, the 

prevalence of genetic variation among GPCRs targeted by drugs is 

unknown. By analysing data from 68,496 individuals we find that 

GPCRs targeted by drugs show genetic variation within functional 

regions such as drug- and effector-binding sites in the human 

population. We experimentally show that certain variants of μ-opioid 

and Cholecystokinin-A receptors could lead to altered or adverse drug 

response. By analysing drug prescription and sales data, we suggest 

that characterizing GPCR variants could increase prescription precision, 

improving patients’ quality of life and relieve the economic and societal 

burden due to variable drug responsiveness.



 11Invited speaker abstracts

M. Madan Babu continuted;

Speaker biography

M. Madan Babu heads the Regulatory Genomics and Systems Biology group 
at the MRC Laboratory of Molecular Biology, Cambridge, UK. His group 
investigates how regulation is achieved at multiple levels of complexity in 
cellular systems and how this influences evolution of organisms and their 
genome. Towards this objective, he primarily uses computational approaches, 
such as sequence analysis, structure analysis and evolutionary analysis, and 
develops novel integrative approaches, that use expression data, comparative 
genomics analysis, network analysis, genomic variation and phenotype data. 
More recently, his group also exploits yeast genetics to uncover the molecular 
origins of cell-to-cell variation in expression level of genes in genetically 
identical cell populations. He obtained his undergraduate degree in 2001 
from the Centre for Biotechnology, Anna University, India with fellowships 
from the Indian Institute of Science and the Indian Academy of Sciences. 
He then received an LMB-Cambridge International Fellowship and a Trinity 
College Research Scholarship to carry out his doctoral research at the Medical 
Research Council’s Laboratory of Molecular Biology (MRC-LMB) in Cambridge, 
UK. During this time, he carried out studies on the structure, evolution and 
dynamics of transcriptional regulatory networks by employing a combination 
of computational approaches. For this work, he was awarded the Max Perutz 
Prize for outstanding PhD research in 2004. He subsequently received an NIH 
International Visiting Fellowship to work at the NCBI, USA where he defined 
general principles of the organization of biological networks. He returned to 
the UK to become an independent Group Leader at the MRC Laboratory of 
Molecular Biology in 2006, was elected as a Schlumberger Research Fellow 
at Darwin College, Cambridge in 2007 and was appointed as a Programme 
Leader in 2010. Madan Babu is an Executive Editor at Nucleic Acids Research, 
an Associate Editor at Molecular BioSystems and a member of F1000. He 
was a Director of Studies at Trinity College, Cambridge (2011-2015), and a 
member of the HUGO council. He has published over 125 papers, reviews 
and chapters (h-index: 50) and has received several awards including the 
Biochemical Society’s Early Career Award (2009), EMBO Young Investigator 
Award (2010), British Genetics Society’s Balfour Award (2011), Royal Society 
of Chemistry’s Molecular BioSystems Award (2011), the Biochemical Society’s 
Colworth Medal (2014), the Lister Prize from the Lister Institute of Preventive 
Medicine and the Protein Science Young Investigator Award (2014) from 
the American Protein Society. Most recently, Madan received the Francis 
Crick Medal and Lecture (2015) from the Royal Society and was elected as a 
member of EMBO (2016) and Fellow of the Royal Society of Chemistry (2017).
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MAGNUS INGELMAN-SUNDBERG
Karolinska Institutet

Pharmacogenetic assisted drug therapy for tomorrow

Hundreds of pharmacogenomic biomarkers carry predictive information 

for personalized pharmacotherapy. However the finding of a huge 

number of rare mutation complicates the field. The lecture will provide 

an update how WGS and NGS can be of value for individualized 

pharmacotherapy in the future.

Speaker biography

PhD, BScMed, professor at Karolinska Instituet, Head of the Section of 
Pharmacogenetics. 450 papers and an H index (ISI) of 85. Member of the Nobel 
Assembly at KI. Highly cited researcher.
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DENNIS LO
The Chinese University of Hong Kong

Circulating DNA for cancer screening

Recently, there is much interest in the use of cell-free DNA in plasma for 

the liquid biopsies for cancer. However, most of such work has focused 

on the use of such technologies for the monitoring or investigation of 

patients who have already been diagnosed to have cancer. There is a 

paucity of data on the use of cell-free DNA for the screening of cancer. 

We have recently completed a screening study involving over 20,000 

healthy subjects in Hong Kong for the use of cell-free DNA to screen 

for nasopharyngeal carcinoma (NPC). Amongst these cohort, 34 cases 

of NPC were found. The stage of detection of the screened cohort was 

much earlier than an unscreened historical cohort. Furthermore, the 

progression-free survival of the screened cohort was also markedly 

improved (relative risk 0.1). We believe that these data have demonstrated 

the feasibility of using circulating DNA for cancer screening.

Speaker biography

Dennis Lo is the Director of the Li Ka Shing Institute of Health Sciences at the 
Chinese University of Hong Kong. He discovered the presence of cell-free fetal 
DNA in maternal plasma in 1997. Since then, his group has been pushing 
forward the use of cell-free DNA technology for prenatal medicine, oncology and 
other fields.
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JOE MARSH
MRC Human Genetics Unit

Molecular determinants of pathogenic dominant-negative mutations in 

protein complexes

Most known pathogenic mutations occur in protein-coding regions of 

DNA and change the way proteins are made. Taking protein structure 

into account has therefore provided considerable insight into the 

mechanisms underlying genetic disease. While most studies have focused 

on the intramolecular effects of mutations, in recent years, the critical 

role of protein quaternary structure and the fact that most proteins can 

assemble into complexes has increasingly been recognised, and multiple 

mechanisms by which protein complex assembly can influence the 

phenotypic effects of mutations have been identified. One important 

mechanism is the dominant-negative effect, whereby a heterozygous 

mutation can cause an almost complete loss of function by sequestering 

wild type protein subunits within a nonfunctional complex. We have 

used systematic computational analyses to investigate the molecular 

determinants of dominant-negative mutations in comparison to other 

pathogenic mutations. We find that both protein quaternary structure 

and assembly patterns strongly influence the likelihood of observing 

a dominant-negative effect for a given gene. Moreover, we show that 

dominant-negative mutations tend to be very mild at a structural level, 

in stark contrast with other pathogenic loss-of-function mutations. 

We also demonstrate that currently available phenotype predictors 

significantly underperform on dominant-negative mutations, and that 

this can potentially be overcome through the inclusion of quaternary 

structure information. Finally, we have applied these principles to recently 

discovered pathogenic mutations, demonstrating the power of quaternary 

structure for identifying dominant-negative mutations. 

Speaker biography

I first received my BSc in Microbiology and Immunology from the University 
of British Columbia. I then did my PhD at the University of Toronto and the 
Hospital for Sick Children, were I used both experimental and computational 
approaches to study intrinsically disordered proteins and their interactions. In 
2010, I moved to Cambridge to do a postdoc with Dr Sarah Teichmann at the 
MRC Laboratory of Molecular Biology and the EMBL European Bioinformatics 
Institute. My postdoctoral research employed structural bioinformatic approaches 
to study protein flexibility and the structure, assembly and evolution of protein 
complexes. I moved to Edinburgh in 2014 to start an independent research group 
at the MRC Human Genetics Unit, where I am currently supported by an MRC 
Career Development Award. In 2016, I received the 2016 Biochemical Society 
Early Career Research Award in Computational Biology. Currently my research 
is focused on understanding the role of protein complexes in human genetic 
disease. 



 15Invited speaker abstracts

ANNA MIDDLETON
Wellcome Genome Campus

Your DNA, Your Say - attitudes to data sharing

The ‘Your DNA, Your Say’ project is a global online survey gathering 

public attitudes towards genomic data sharing. Genetic research has the 

potential to unlock so many answers in medical diagnoses and treatment. 

However, this can only be successful if DNA and medical data is donated 

by thousands (or ideally, millions) of people, and then stored in online 

databases where it can be accessed by scientists and researchers from 

all over the world. But how do people feel about their genomic data 

(their entire blueprint, more personal than a fingerprint or an iris scan) 

being incorporated into Big Data? Our project aims to find out. The 

findings will offer a public voice to policy created by the Global Alliance 

for Genomics and Health. The survey contains 9 innovative films that 

explain what genomic data sharing is through the eyes of a little boy 

called Charlie. The films have found an audience as a standalone piece, 

and in 2016 were selected and screened at the Raw Science Film Festival 

in Los Angeles and Viten Film Festival in Bergen, Norway and in 2017 they 

were screened in the New Filmmakers New York 2017 winter showcase 

and the International Freethought Film Festival in Orlando, Florida. The 

English survey and films have been translated into Polish, French, German, 

Russian, Arabic, Swedish, Icelandic, Portuguese, Japanese and Italian with 

Mandarin and Urdu on the way. The first results from the English-speaking 

survey will be presented.

Speaker biography

Dr Anna Middleton is Head of Society and Ethics Research at the Wellcome 
Genome Campus (Sanger) in Cambridge, UK. She is an academic genetic 
counsellor leading a team that collectively explore the Ethical, Legal and Social 
issues raised by genomics. She is continually asking: ‘how is genomics impacting 
on people?’ and aims to find evidence-based ways to make genomics resonate 
for patients and their families. She is a previous vice-chair of the Genetic 
Counsellor Registration Board (UK and ROI) and a current vice-chair of the 
Association of Genetic Nurses and Counsellors. Together with genetic counselling 
colleagues she has co-written the core curriculum for training genetic counsellors 
in the UK and co-leads the Masters level communication modules for the MSt 
Genomic Medicine course at the University of Cambridge.



16 Invited Speaker abstracts

SERENA NIK-ZAINAL
University of Cambridge

Phenotyping the genome

A cancer genome is an historical account of the mutagenic activity that 

has occurred throughout the development of the tumour. Indeed, every 

mutation matters. While driver mutations were the main focus of cancer 

research for a long time, passenger mutational signatures, the imprints 

of DNA damage and DNA repair processes that have been operative 

during tumorigenesis, are also biologically informative. However, no two 

cancers have the same set of drivers or the same quantities of mutational 

signatures. Thus, seemingly, whole genome sequencing of cancer genomes 

appears to be such a daunting analytical task that it is difficult to see how 

it may be of clinical use. Nevertheless, as the costs of sequencing plummet 

further, here we highlight how cancer genome “gestalt” can help us to 

distinguish patient cohorts and have potential clinical applications. 

Speaker biography

Serena is a CRUK Advanced Clinician Scientist and explores patterns of mutations 
or mutational signatures that arise in human cells to understand how DNA 
damage and DNA repair processes contribute towards aging and cancer. She 
is also an Honorary Consultant in Clinical Genetics. Serena hunts for mutation 
signatures in large cancer datasets using computational approaches. She explores 
these signatures through cell-based model systems and runs a clinical project, 
Insignia (www.mutationsignatures.org), recruiting patients with DNA repair/
replication defects, aging syndromes, neurodegeneration, and people exposed 
to environmental/occupational mutagens, to understand mutational phenomena 
in these patients. She is now focused on advancing the analytical frameworks of 
mutational signatures further and also translating them into clinical applications. 
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KAITLIN SAMOCHA
Wellcome Trust Sanger Institute

Leveraging large-scale human genetic variation to infer functional 

constraint and inform variant prioritization in neuropsychiatric disorders

A primary challenge of human genetics to distinguish disease-causing 

rare variation from the multitude of benign, low-frequency variants 

found in any genome. As a complement to methods that predict the 

deleteriousness of individual variants, we identified genes that show 

unusually low levels of variation in the reference individuals included in 

the Exome Aggregation Consortium dataset (ExAC; n=60,706). Specifically, 

we identified genes that are significantly depleted of loss-of-function and/

or missense variation. Further, the vast number of observable rare variants 

in ExAC allowed us the statistical power to use our method to search for 

missense-constrained regions within genes. We applied both gene-level 

and region-level metrics of mutation intolerance (constraint) to de novo 

variants found in patients with neurodevelopmental disorders as well 

as to the variants found in controls. The previously established excess de 

novo loss-of-function variation found in these cases manifests primarily 

in genes we identify as highly loss-of-function constrained. We also find 

that the regions with the most severe missense constraint have a greater 

enrichment of established pathogenic variants, in addition to a higher 

rate of de novo missense variants found in cases when compared to the 

rate seen in controls. We further incorporated local missense depletion 

into a novel missense deleteriousness metric named MPC. Using MPC, we 

identified a category of de novo missense variants with the same impact 

on neurodevelopmental disorders as truncating mutations in intolerant 

genes. Overall, these analyses support the value of evaluating genic 

intolerance to mutations when interpreting the variation  

found in patients.

Speaker biography

Kaitlin Samocha is a postdoctoral fellow working with Dr. Matthew Hurles at 
the Wellcome Trust Sanger Institute, where she is involved in the Deciphering 
Developmental Disorders (DDD) and DECIPHER projects. Previously, she completed 
a Ph.D. with Dr. Mark Daly at at Harvard Medical School. Her main interests 
are studying and understanding the patterns of rare variation that contribute 
to disease. Throughout her career, Kaitlin has developed statistically rigorous 
methods to interpret sequencing data and tools to interpret genetic variation, 
including a measure of a gene’s functional intolerance to mutation.
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RICHARD SCOTT
Genomics England

The 100,000 Genomes Project Rare Disease Programme

The 100,000 Genomes Project continues at the 13 NHS England Genomics 

Medicine Centres with more than 45,000 rare disease participants 

enrolled. Pipelines have been developed to return interpreted genome 

data to recruiting centres for diagnostic reporting and the first researchers 

from the Genomics England Clinical Interpretation Partnership (GeCIP) 

have entered the data centre. The focus has been on automation 

wherever possible and on building ‘modular’ bioinformatics systems that 

allow easy deployment and exchange of data with new components, for 

example to allow the use of different decision support tools for variant 

interpretation, or the integration with local NHS laboratory systems. 

The data accrued to date are allowing us to plan refinements to the 

interpretation pipeline with the target of accreditation for diagnostic use 

including for the calling of short tandem repeats as well as copy number 

and structural variation.

Speaker biography

Richard Scott is Clinical Lead for Rare Disease for the 100,000 Genomes Project 
at Genomics England and a Consultant and Honorary Senior Lecturer in Clinical 
Genetics at Great Ormond Street Hospital for Children and the UCL Institute of 
Child Health. Richard trained in medicine at Cambridge University and University 
College London. He specialised in Paediatrics and subsequently Clinical Genetics 
in London and completed his PhD on childhood cancer syndromes at the Institute 
of Cancer Research. His main interests are in the clinical and molecular diagnosis 
of rare dysmorphic, neurological and multisystem childhood disorders. He has 
a particular interest in the translation of new genetic technology into clinical 
practice.



 19Invited speaker abstracts

JAKUB TOLAR
University of Minnesota - Department of Pediatrics, Blood  

& Marrow Transplant

Therapeutic DNA Repair: From Cloning to Clinic

The discovery of genes has revolutionized our understanding of the 

biological world. Now, the ability to edit genes has re-defined the way we 

think about medicine. Gene editing is based on the concepts of nucleic 

acids transmitting information via a digital code, and the natural mutating 

variance of nucleic acids as a substrate for evolutionary selection. Human 

genetic disorders are clinical representations of these variations. Gene 

editing offers-for the first time-a technology whereby the disease-causing 

mutations can be eliminated by re-coding the affected gene. Synthetic 

molecules with the dual functions of identifying and cutting the DNA at 

a specific genomic location proximal to the targeted mutation are one 

of the most elegant examples of current biology’s emerging ability to 

engineer clinically relevant interventions at the site of the problem, i.e., at 

a molecular level. Gene editing offers the additional advantages that: [1] 

the gene restored to function remains under the physiological control of 

the native promoter, [2] these gene-editing molecules can be multiplexed 

to modify several molecular targets at once, and [3] when paired with 

activation or repression, they can be used to regulate gene expression. 

Gene editing offers an improved future for patients with untreatable or 

incurable genetic disorders-freedom from the limitations of their disease. 

As one of the most critical tools to be combined with stem cell biology, 

regenerative medicine, and transplantation biology-gene editing will 

govern our practice of medicine and experience of life in the 21st century.

Speaker biography

Dr. Tolar is originally from the Czech Republic, and received his medical 
education in Prague at the Charles University. In 1992, he came to the 
University of Minnesota, where he completed his PhD in Molecular, Cellular & 
Developmental Biology and Genetics. He is currently Executive Vice Dean of 
the Medical School, a distinguished McKnight Professor in the Department of 
Pediatrics, Blood and Marrow Transplantation, the Edmund Wallace Tulloch & 
Anna Marie Tulloch Chair in Stem Cell Biology, Genetics & Genomics, and the 
Director of the Stem Cell Institute. He is a member of the graduate faculty of the 
Microbiology, Immunology and Cancer Biology Program, the Molecular, Cellular, 
and Developmental Biology and Genetics Program, and the Stem Cell Biology 
Program.Dr. Tolar’s research focuses on finding new ways of treating children with 
lethal diseases - cancer, inborn errors of metabolism, and devastating genetic 
disorders - using stem cell transplantation. He is also looking for safer and more 
effective methods of repairing and using a patient’s own cells in diseases such as 
epidermolysis bullosa, mucopolysaccharidosis type I (Hurler syndrome), Fanconi 
anemia, and dyskeratosis congenita.
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RICHARD TREAMBATH
King’s College London

Human gene knockouts and phenotypic annotation

A major requirement for biomedicine is to understand the function of 

every gene in the human genome. Rarer frequency variants are  

potentially biologically informative, being found in the full range of 

human genes. Loss-of-function mutations can disrupt both copies of a 

given gene in humans and phenotypic analysis of such ‘human knockouts’ 

can provide profound insight into gene function. Several studies have 

identified human knockouts to exist in bottlenecked populations (e.g. 

Finland, Iceland), an approach that requires very large sample sizes and 

that is constrained by limited by allelic diversity. We and others, have 

recently demonstrated that diverse human knockouts (autozygous 

genotypes of rare, <1% population allele frequency, variants) can be 

readily identified in healthier and consanguineous adults. In contrast 

to bottlenecked population, the random nature of autozygosity and 

distribution of rare variants throughout the genome, facilitates that the 

number of knocked out genes increases with sample size until all gene 

knock-outs compatible with human adult life are discovered. Overall, 

these observations provide a compelling case for a ‘human knockout 

project’, a systematic effort to understand the phenotypic consequences 

of complete disruption of genes in humans.

Speaker biography

Richard is Trembath is the Executive Dean of the Faculty of Life Sciences & 
Medicine at Kings College London and Professor of Medical Genetics within the 
School of Basic & Medical Sciences. He has held a number of senior academic 
leadership roles: Vice-Principal for Health and Executive Dean of Barts and the 
London School of Medicine and Dentistry at Queen Mary University of London 
(2011-2015) and a founding Director of the National Institute for Health Research 
Comprehensive Biomedical Research Centre in association with Guy’s and St 
Thomas’s NHS Foundation Trust (2006-2011). He is a Fellow of the Academy of 
Medical Sciences and a Non-Executive Director at the King’s College Hospital 
NHS Foundation Trust. Professor Richard Trembath’s research has focused on 
identification of human disease genes, for which he has used established and 
emerging technologies His interests have spanned a range of extremely rare 
medical conditions, including pulmonary arterial hypertension to more common 
disorders including the skin inflammatory disorder, psoriasis, a topic dermatitis 
and acne. More recently he co-founded the East London Genes and Health 
project (www.genesandhealth.org). This project is one of the world’s largest 
community-based genetics studies aiming to improve health among people of 
Pakistani and Bangladeshi heritage in East London. 
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CLARE TURNBULL
Genomics England

Precision Oncology and Precision Cancer Prevention

The last thirty years has seen significant improvements in the treatment 

of cancer, with striking successes in the treatment of cancers notably 

testicular and paediatric cancers, and many haematological malignancies. 

Despite these advances, on account of the high proportion of patients 

presenting with late stage disease, cancer mortality rates have remained 

disappointingly poor for many common cancers, such as those of the 

colorectum and pancreas. Initial euphoria that precision oncology would 

address the poor outcome for metastatic cancers has been tempered 

with realisation of the challenges associated with tumour heterogeneity, 

tumour evolution and emergence of resistance mutations. Hence 

the precision oncology vision is unlikely to be a universal panacea in 

reducing the bulk cancer-related mortality associated with most common 

solid tumours. This has in part led to renewed interest in exploring 

opportunities for optimising early detection of cancer through screening 

and prevention programmes. Any such strategy is likely a priori to have 

more impact if targeted to those at highest risk of developing cancer. This 

premise has been a central philosophy in the application of genetic testing 

for mutations in the cancer susceptibility genes that is now common place 

in family cancer clinics. Since most cancers have a significant heritable 

component, there is now interest in the potential of genetic risk profiling 

to deliver personalised prevention programs to the wider population. I 

shall explore the opportunities and challenges of both precision cancer 

prevention and precision oncology, calling upon lessons learnt from the 

100,000 Genomes Cancer Programme.

Speaker biography

Dr Clare Turnbull MD PhD MA MSc MRCP MFPH •Professor of Genomics, Queen 
Mary University London and Institute of Cancer Research, London •Clinical Lead 
for Cancer Genomics, Genomics England 100,000 Genomes Project •Honorary 
Consultant in Clinical Cancer Genetics, Guys and St Thomas’ NHS Trust, London 
Dr Clare Turnbull is the Clinical Lead for Cancer Genetics and Genomics for the 
Genomics England 100,000 Genomes Project. She also leads a research team 
at the Institute of Cancer Research, London, focused on translational studies in 
cancer genomics and genetic predisposition: her main research focus has been 
on the genetic basis of testicular cancer and she has also published extensively 
on genetic susceptibility to breast, ovarian and childhood cancers. Having 
trained as a Clinical Geneticist, her clinical work at Guys and St Thomas NHS 
Foundation Trust focuses on management of patients and families with genetic 
susceptibility to cancer. Clare undertook her preclinical training in Cambridge 
and qualified in medicine from Oxford University. She undertook general medical 
training across hospitals in Oxford and London and specialist training in Clinical 
Genetics in London. She completed a PhD in Genetic Epidemiology and Molecular 
Genetics at the Institute of Cancer Research, London and a Masters degree in 
Epidemiology and Statistics at the London School of Hygiene. She is a member by 
distinction of the Faculty of Public Health Medicine. 
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ANDREW WOOD
University of Edinburgh

Chromatin constraints on CRISPR/Cas9 mutagenesis

Defining epigenetic mechanisms independently of their genetic 

component remains a major challenge in modern biology. In the field 

of transcriptional regulation, this problem has been addressed through 

studies of genomic imprinting and X chromosome inactivation. In these 

natural model systems, maternal and paternal gene copies show marked 

differences in expression that are heritable through cell division, despite 

identical DNA sequence and exposure to the same trans-regulome. 

Functional differences between parental alleles are therefore attributable 

to epigenetic mechanisms only. This talk will describe my laboratory’s 

efforts to apply genomic imprinting to a new area of study: epigenetic 

regulation of mutagenesis during CRISPR/Cas9 genome editing. 

Comparing mutation patterns on maternal versus paternal copies of 

edited imprinted loci provides new insights into fundamental mechanisms 

of Cas9 activity and cellular pathways of double strand break repair. 

Placing this work in a historical context, I will also discuss my doctoral 

work that characterised novel imprinted regions of the mammalian 

genome, and post-doctoral work that applied early genome editing 

methodologies across nematode species. 

Speaker biography

I am a Sir Henry Dale Fellow funded by the Wellcome Trust and the Royal Society, 
and a Research Group Leader at the MRC Human Genetics Unit at the University 
of Edinburgh. My laboratory is interested in the relationship between chromatin 
structure and mutagenesis, particularly in the context of genome engineering 
and cancer predisposition. Before independence I conducted my doctoral work 
at King’s College London with Rebecca Oakey, and post-doctoral work at UC 
Berkeley with Barbara Meyer. 
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P001

GEOFFREY J MAHER
University of Oxford, UK

Identifying de novo mutations at their source: assessing the landscape of 
selfish FGFR2 mutations in human testes

The majority of de novo point mutations (DNMs) arise in the male germline, 
attributed to the regular divisions of spermatogonial stem cells (SSCs). We 
have previously shown that ‘selfish’ DNMs arising in SSCs confer a selective 
advantage leading to clonal expansion, resulting in increased mutation 
frequency in sperm over time (up to 1000-fold higher than background). 
Studying this ‘selfish’ process is technically challenging and, to date, studies 
have been limited to a handful of disease-associated genomic locations 
in five genes (FGFR2, FGFR3, HRAS, PTPN11, RET). Here, we describe a 
broad-scale approach to identify novel selfish mutations by systematically 
screening human testes for low-level mutations (down to ~0.1% prevalence) 
across a panel of 50 disease genes. RainDance, a massively parallel droplet 
PCR platform, was used to construct libraries from 276 testicular biopsies 
sampled from 5 men (age range 34-90 years). Ultra-deep sequencing 
(~25,000x) and custom statistical prioritisation pipelines were developed 
to generate variant calls, which were further validated by PCR or molecular 
inversion probes. We present as an example FGFR2, in which germline 
mutations cause craniosynostosis syndromes (Apert, Pfeiffer and Crouzon). 
Numerous positions in FGFR2 were identified as recurrently mutated (ranging 
from 0.1% - 2.95% in individual testis biopsies) – the majority of which have 
been previously reported in germline disorders or cancer. The high multiplex 
PCR capability of RainDance offers a new approach to detect mutations 
in the testis at levels as low as 0.1%, enabling identification of a whole 
population of pathogenic DNMs directly in their tissue of origin.

Authors:  
Geoffrey J Maher (University of Oxford, Oxford, United Kingdom)  

Hannah K Ralph (University of Oxford, Oxford, United Kingdom) 

Zhihao Ding (University of Oxford, Oxford, United Kingdom) 

Eleni Giannoulatou (University of Oxford, Oxford, United Kingdom) 

Nils Koelling (University of Oxford, Oxford, United Kingdom) 

Hana Mlcochova (University of Oxford, Oxford, United Kingdom) 

Simon J McGowan (University of Oxford, Oxford, United Kingdom) 

Gil McVean (Big Data Institute, Oxford, United Kingdom) 

Andrew O Wilkie (University of Oxford, Oxford, United Kingdom) 

Anne Goriely (University of Oxford, Oxford, United Kingdom)
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P002

YAN ZHOU
University of Oxford, United Kingdom

Disruption of TWIST1 post-transcriptional regulation by 5’ UTR uORF 
variants in Saethre-Chotzen syndrome

Craniosynostosis, the premature fusion of the cranial sutures, is a serious 
disorder with a prevalence of 1 in 2,100. Haploinsufficiency of TWIST1 
leading to Saethre-Chotzen syndrome (SCS), is one of the most common 
forms of syndromic craniosynostosis, and all proven causes are either 
deletions of the entire gene or loss-of-function mutations within the coding 
region. To determine whether non-coding variants can also contribute to 
SCS, we screened 252 genetically undiagnosed craniosynostosis patients 
using targeted massively parallel sequencing, and identified novel SNVs 
(c.-263C>A & c.-255G>A) in the 5’ untranslated region (UTR) of TWIST1 
in two unrelated individuals (Subjects 1 & 2, respectively) presenting with 
SCS. The 5’ UTR variants create new upstream ORFs (uORFs) in TWIST1, 
one out-of-frame (c.-263C>A) but terminating before the endogenous 
ATG, the other in-frame with the TWIST1 ORF (c.-255G>A). Using reporter 
assays, we demonstrated that both variants reduce translation from the 
endogenous ATG by 89% (Subject 1) and 77% (Subject 2), respectively. To 
explore the pathogenic mechanism further, we introduced additional point 
mutations creating uORFs of similar length to the Subject 1 uORF in the 
alternative frames, which also led to downregulation of translation from the 
endogenous ATG. This translation was fully recovered by introducing stop 
codons 12 bp downstream of the mutant uORF start codons, consistent 
with a requirement for prolonged ribosome loading at the uORF to enhance 
translational downregulation of the endogenous ORF. This is the first 
demonstration that 5’ UTR variants of TWIST1 can cause SCS. This study 
highlights the importance of screening the 5’ UTR of TWIST1 in clinically 
diagnosed SCS patients without a TWIST1 coding mutation.

Authors:  
Nils Koelling (University of Oxford, United Kingdom) 

Aimée L Fenwic K (University of Oxford, Oxford, United Kingdom) 

Simon J McGowan (University of Oxford, Oxford, United Kingdom)  
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P003

JOHN D BROOK
University of Nottingham, Nottingham, United Kingdom

Identification of a novel kinase target in DM1 pathophysiology

Myotonic Dystrophy type 1 (DM1), is an RNA-based disease caused by a 
transcribed CTG-repeat expansion within the 3’ UTR of the DMPK gene. Mutant 
repeat expansion transcripts remain in the nucleus of patient’s cells, forming foci 
that contribute substantially to the pathophysiology of the condition. Previously 
we developed a high throughput screening assay based around this feature and 
identified that kinase inhibitors were successful in removing nuclear foci and 
lead to improvements in key disease features. In this work we utilised our high 
content imaging screen to assess a large, well characterised kinase inhibitor 
library for compounds that reduce nuclear foci to identify their common targets. 
A combination of chemoproteomics and mass spectrometry revealed a novel 
kinase target in DM pathophysiology. This kinase protein is elevated in DM1 cell 
lines and patient muscle biopsies. Inhibition leads to the dissolution of nuclear 
foci and degradation of repeat expansion transcripts. Inhibitor treatment in the 
HSALR mouse led to beneficial phenotypic effects on myotonia and improvement 
of key splice isoforms. Our methods of target deconvolution have successfully led 
to the identification of a novel kinase associated with DM. The identification of 
this protein gives new insight into DM cell biology. Our methods validate the use 
of phenotypic screening in drug discovery and highlight a collection of molecules 
suitable for further development in the therapeutic effort in DM research.
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P004 The DDD study: Delivering Discovery & Diagnosis in rare disease

Caroline F Wright¹, David R Fitzpatrick², Jeff Barrett³, Matt Hurles³, Michael Parker4, Helen V 

Firth5

¹University of Exeter Medical School, Exeter, United Kingdom, ²MRC Human Genetics Unit, Edinburgh, 
United Kingdom, ³Wellcome Trust Sanger Institute, Hinxton, United Kingdom, 4Ethox Centre, Oxford, 
United Kingdom, 5Cambridge University Hospitals NHS Foundation Trust, Cambridge, United Kingdom
 

The Deciphering Developmental Disorders (DDD) study (www.ddduk.org) is a partnership between 
all 23 UK NHS Genetics Services and the Eire Genetics service with the Wellcome Trust Sanger 
Institute, funded primarily by the Health Innovation Challenge Fund. We have recruited, phenotyped 
and sequenced >33,000 individuals including 10,000 trios (child and both parents) where the 
child is affected by a severe, previously undiagnosed, developmental disorder. Discovery: By 
developing statistically robust methodologies, the DDD study has identified >30 new genes that 
cause developmental disorders. We estimate that nearly half of the cohort carry a pathogenic de 
novo mutation, which increases in frequency with parental age. Further analysis of DDD data by 
our collaborative network including >200 UK clinical geneticists has resulted in >70 papers to date. 
Diagnosis: The DDD study has now returned diagnoses to several thousand families. Initial analysis 
of the first 1133 trios gave a diagnostic rate of 27%, but reanalysis with knowledge gained through 
both discovery and improvements to the variant analysis pipeline now gives a diagnostic rate of 
around 40%. We will discuss and present some of the iterations that have contributed to this 
impressive lift in diagnostic yield.
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P005 A missense mutation in the CRBN gene that segregates with intellectual disability and 

self-mutilating behaviour in a consanguineous Saudi family.

Atia Sheereen, Wafaa Eyaid, Salam Massadeh, Manal Alaamery

King Abdullah International Medical Research centre, RIYADH, Saudi Arabia
 
Background  
Autosomal-recessive nonsyndromic intellectual disability (ARNS-ID) is an aetiologically 
heterogeneous disorder. Although little is known about the function of human cereblon (CRBN), 
its relationship to mild cognitive deficits suggests that it is involved in the basic processes of 
human memory and learning. 

Objectives  
We aim to identify the genetic cause of intellectual disability and self-mutilation in a 
consanguineous Saudi family with five affected members. Methods Clinical whole exome 
sequencing was performed on the proband patient, and Sanger sequencing was done to validate 
and confirm segregation in other family members. 

Results  
A missense variant (c.1171T>C) in the CRBN gene was identified in five individuals with the 
severe intellectual disability (ID) in a consanguineous Saudi family. The homozygous variant 
was co-segregating in the family with the phenotype of severe ID, seizures and self-mutilating 
behaviour. The missense mutation (p.C391R) reported here results in the replacement of a 
conserved cysteine residue by an arginine in the CULT (cereblon domain of unknown activity, 
binding cellular ligands and thalidomide) domain of CRBN, which contains a zinc-binding site. 

Conclusions  
These findings thus contribute to a growing list of ID disorders caused by CRBN mutations, 
broaden the spectrum of phenotypes attributable to ARNS-ID and provide new insight into 
genotype–phenotype correlations between CRBN mutations and the aetiology of ARNS-ID.
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P006 Uses of the term ‘personality utility’ of genomic-based diagnostic information in the 

context of economic evaluation

Laura J Higson, Martin Eden

University of Manchester, Manchester, United Kingdom

Background 
Evidence-based decisions are needed to determine which services to provide within budget-
constrained healthcare systems. New genomic-based tests are approved on the basis that they guide 
treatment and improve health (known as ‘clinical utility’). Recognition that test information is valued 
for non-health reasons resulted in the emergence of a new concept: ‘personal utility’. The concept 
provides a potentially quantifiable measure of test value but disparity exists in how the term has been 
used. Concepts put forward to inform economic evaluations must be well-defined and consistently 
applied. As a necessary first step in the process, the aim of this study was to identify and describe use 
of ‘personal utility’ in relation to the economic evaluation of genomic-based diagnostic information.

Methods  
Reference management software interrogated full texts of articles previously identified in 
systematic reviews of economic evaluation literature concerning genetic/genomic testing. Pearl-
citation-growing methods established provenance for each use of ‘personal utility’.

Results  
Three key papers contained the term ‘personal utility’ with 19 papers cited in justification of its 
use. Key differences in usage related to whether information per se should be valued irrespective 
of its ability to guide individual decision-making. Certain conceptualisations seemingly 
contravened mainstream economic theory by demanding others’ validation of individual’s utility.

Conclusion  
This is the first systematic effort to understand use of the term ‘personal utility’ in relation 
to economic evaluation. Fundamental incongruences in its application to date have serious 
implications for outcomes measurement of genomic-based diagnostics.
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P007 MYT1L variants are associated with intellectual disability and variable obesity

1Alisdair Mcneil, 2Benedicte, 3Patricia Blanchet, 4Martina Bebin, 5Shaam Bruet,  
6Gregory Cooper, 6Michelle Thompson, 7Benedicte Duban-bedu, 8Amelie Piton, 9Suckno, 
10Charu Deshpande, 11Virginia Clowes, 12Julie Vogt, 13Mike Williamson, 14Yves Alembik,  
15Eric Glasgow, 16Deciphering D, 17Peter Turnperry

1Sheffield Institute for Translational neuroscience, sheffield, United Kingdom  2Hôpitaux 
Universitaires de Strasbourg, Strasbourg, France  3Hôpital Arnaud de Villeneuve, Montpellier,  
France 4University of Alabama at Birmingham, Birmingham, U.S.A. 5Hôpitaux Universitaires 
de Clermont-Ferrand, Clermont-Ferrand, France  6HudsonAlpha Institute for Biotechnology, 
Alabama, U.S.A. 7Centre de génétique chromosomique, Lille, France 8Laboratoire de Diagnostic 
Génétique, Strasbourg, France 9Hôpital Saint Vincent de Paul, Lille, France 10South East Thames 
Regional Genetics Service, London, United Kingdom  11North West Thames Regional Genetics 
Centre, London, United Kingdom  12Birmingham Womens Hospital, Birmingham, United 
Kingdom 13University of Sheffield, Sheffield, United Kingdom 14Department of Medical Genetics, 
CHU Hautepierre, Strasbourg, France 15Department of Medicine, Georgetown University, 
Washington DC, U.S.A. 16Wellcome Trust Sanger Institute, Cambridge, United Kingdom 
17Peninsula Clinical Genetics, Exeter, United Kingdom

The Myelin Transcription Factor1- Like gene (MYT1L) codes for a 1184 amino acids long neuronal 
transcription factor with a CCHHC zinc finger binding domain. In 2015 De Rocker and colleagues 
described 23 individuals with 2p25.3 deletions. The 2p25.3 deletions ranged in size, but all 
included MYT1L, and the clinical features in those with deletions of only MYT1L were similar to 
those with larger deletions. To investigate the role of MYT1L variants in developmental disorders 
we sought MYT1L variants in trio exome sequencing data from the DDD study. We identified 
4 likely pathogenic variants from 4, 000 trios. 5 further MYT1L variants were identified via 
genematcher. 4 of the 9 variants were loss of function and 5 were missense variants localised 
to the second zinc finger DNA binding domain. All individuals carrying a MYT1L variant had 
moderate-severe developmental delay. All were overweight or obese. To investigate the function 
of MYT1L we generated a CRISPR-Cas9 “knockout” cell line. 

Microarray and gene expression profiling was performed to identify transcriptional targets of 
MYT1L. To investigate developmental mechanisms associated with MYT1L loss of function a 
zebrafish knockdown model was created using morpholino based technology. This demonstrated 
reduced brain size in morphants, suggesting a role for MYT1L in neurogenesis. Given the 
association with obesity we investigated the hypothalamus in morphants. There was loss of 
oxytocin cells in the pre-optic area with no influence on AVP cells, suggesting a specific role for 
MYT1L in oxytocin cell development.
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P008 Mitochondrial Genetic Diagnostics in Oxford: a 25 year journey of service 

developments and novel findings

¹Carla Fratter, ¹Kate Sargeant, ¹Conrad Smith, ¹Ruth Brown, ¹Garry Brown,  

¹Anneke Seller, ²Joanna Poulton

¹Oxford University Hospitals NHS Foundations Trust, Oxford, UK, ²University of Oxford, Oxford,  
United Kingdom

Mitochondrial disorders, due to defects in cellular energy production, are phenotypically and 
genetically heterogeneous, and hence diagnosis is notoriously challenging.

We have provided a mitochondrial genetic diagnostic service for 25 years, testing over 10,000 
probands and making a genetic diagnosis in approximately 700. The service has developed from 
testing a handful of common mitochondrial DNA (mtDNA) mutations in the pre-sequencing era to 
whole mtDNA next generation sequencing and exome sequencing. Although the field of genetic/
genomic testing remains largely qualitative, development of quantitative approaches to assess mtDNA 
copy number and mtDNA heteroplasmy has been critical for this service.

MtDNA maintenance disorders and pyruvate dehydrogenase (PDH) deficiency are particular areas 
of expertise; rare and novel findings include a case of germline mosaicism for SLC25A4 associated 
mtDNA depletion syndrome, and several cases of mosaicism in PDHA1 associated PDH deficiency. 
In 2007, NHS Highly Specialised Services for rare mitochondrial disorders were established with 
centres in Oxford, London and Newcastle. Collaboration between centres has been key to developing 
the service and enhancing knowledge; recent examples include characterisation of RRM2B mutations 
as a common cause of PEO, description of RNASEH1-related mitochondrial disease, and identification 
of NDUFA6 as a novel disease gene associated with complex I deficiency.
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P009 DECIPHER – Innovation in data-sharing in rare disease

Helen V Firth, Paul Bevan, Simon Brent, Julia Foreman, Ben Hutton, Daniel Perrett,  

Kaitlin Samocha, Matt Hurles

Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, United Kingdom

DECIPHER (https://decipher.sanger.ac.uk) established in 2004 has grown to become a major global 
platform for the visualization of phenotypic and genomic relationships. DECIPHER is unique in 
displaying both the nuclear and mitochondrial genome and all scales of genomic variation, from single 
base to megabases, in a single interface. DECIPHER’s mission is to map the clinically relevant elements 
of the genome and understand their contribution to human development and disease.

DECIPHER has established a global network of participating projects and now has >240 projects 
in 6 continents. DECIPHER is a pioneering partner in the Global Alliance for Genomics and Health 
(GA4GH) and is driving development of the Matchmaker exchange Application Programming 
Interface (API) enabling the federated discovery of similar patients in connected databases for a given 
patient in DECIPHER (currently Phenome Central, Broad MatchBox, MyGene2 and GeneMatcher).

DECIPHER promotes flexible data-sharing; it enables the extent of sharing to be tailored so that it 
is proportionate to the clinical or scientific need to facilitate diagnosis or discovery. There are nearly 
25,000 patient records with open-access consent, searchable via the openly available search engine 
on the homepage by phenotype terms, gene name and genomic coordinates. There are 6 consortia 
within DECIPHER enabling more limited sharing (including the NHS Consortium linking 19 UK 
Genetics services). More than 40,000 patient records are shared via consortia, including >100,000 
phenotypes and their associated genomic variants. Since its inception DECIPHER has facilitated more 
than 1400 publications in the peer-reviewed scientific literature, a testament to the importance of 
match-making in rare disease.
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P010 DECIPHER – National Institutes of Health/NIDDK, Phoenix, U.S.A

Lauren E Wedekind

National Institutes of Health/NIDDK, Phoenix, U.S.A

Background 
A systematic literature review of gene-environment interaction (GEI) studies relating to type 2 diabetes 
(T2D) and a novel gene-environment interaction study involving environmental exposures, specific 
gene variants and T2D outcomes reported in UK Biobank (UKB) were conducted.

Literature review methods 
7 databases were searched, 3755 search results underwent title and abstract screening, and 
subsequent full-text screening of the remaining 84 papers led to the selection of 12 peer-
reviewed articles investigating T2D GEIs.

Literature review results 
29 significant GEIs were found involving 20 gene variants and 7 distinct environmental 
exposures. Varying numbers of papers defined their subject pools, T2D diagnostics and 
covariates. Most, however, did not discuss or account for ethnic differences among subjects, 
and half did not undertake statistical power calculations.Gene-environment interaction study 
methods: UKB subjects without missing values for the 4 selected covariates, 15 selected gene 
variants and 2 environmental exposures (sweet snack consumption and immigration) were 
analysed in the case-control format (N=205,932; 7648 T2D cases and 198,284 non-T2D 
controls). Models were stratified by self-reported ethnicity and adjusted for age at which the 
subject first attended an assessment centre, genetically inferred sex, Townsend deprivation index 
and 6 principal components.

Gene-environment interaction study results 
All 15 SNPs were suggested to have significant GEIs involving reported sweet snack 
consumption, with respect to T2D. No significant gene-immigration interactions were found for 
the selected SNPs.

Conclusions 
Following a literature review of relatively small observational case-cohort and case-control GEI 
studies, the present GEI regression model suggests novel, significant interactions between sweet 
snack consumption and 15 gene variants in UK Biobank that could be causal and require further 
investigation.
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P011 Whole exome sequencing of thirty adults with different patterns of adult  

onset hearing loss

¹Morag A Lewis, ²Lisa S Nolan, ²Barbara Cadge, ³Lois J Matthews, ³Bradley A Schulte,  

³Judy R Dubno, ¹Karen P Steel, ²Sally Dawson

¹King’s College London, London, United Kingdom, ²UCL Ear Institute, London, United Kingdom, ³The 
Medical University of South Carolina, Charleston, U.S.A

Hearing loss is one of the most common sensory deficits in the human population, and it has a strong 
genetic component. However, although to date more than 140 loci relating to human hearing loss 
have been mapped, and over 100 genes identified, the vast majority of genes involved in hearing 
remain unknown. In order to explore the landscape of variation associated with hearing loss, we 
sequenced the exomes of thirty patients selected for distinct phenotypic sub-types from well-
characterised cohorts of 1479 people with adult-onset hearing loss. After sequencing, variants were 
called with SAMtools and Dindel, and filtered based on quality, frequency in the non-Finnish European 
population, predicted consequence and predicted severity of impact. 

We examined the results for genes which carried mutations in more than one individual and also 
compared them to a list of genes known to be associated with deafness in  
mice or humans.

From these comparisons, we have identified multiple candidate mutations for further investigation 
and follow-up. We also found that every patient carried predicted pathogenic mutations in at 
least ten deafness-associated genes; similar findings were obtained from an analysis of the 1000 
Genomes Project data unselected for hearing status. The high frequency of predicted-pathogenic 
mutations in known deafness-associated genes in the population was unexpected and has significant 
implications for current diagnostic sequencing in deafness. Our results illustrate the complexity of 
genetic contributions to hearing loss and the power of stratified analysis in complex disease to identify 
candidate variants for further study.
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P012 Building whole genome sequencing capacity in Scottish research and healthcare

Alison M Meynert, The Scottish Genomes Partnership Consortium

MRC Institute of Genetics and Molecular Medicine, Edinburgh, United Kingdom
The Scottish Genomes Partnership (SGP) is a major Scotland-wide research programme between 
universities and NHS Scotland (NHSS) to sequence human genomes for research and build 
clinical whole genome sequencing capacity. The SGP is funding the sequencing of population 
isolates, rare diseases in a research context, tumour/normal cancer pairs, and clinical patients 
within the NHSS.

Samples are sequenced at either Edinburgh Genomics or the Glasgow Precision Oncology 
Laboratory and delivered as either raw or aligned reads with variant calls from a standard best 
practice pipeline. Bioinformatics teams then conduct custom analysis for each project: joint 
genotyping and annotation for population isolates, familial joint genotyping and inheritance 
model filtering for rare diseases and clinical patients, and somatic mutation calling for cancer 
samples.

The Edinburgh arm of the partnership is developing a securely hosted Scottish variant repository 
to warehouse and provide the germline variants from appropriately consented projects for use 
within the SGP and longer term. Variants from other Scottish sequencing projects, for example 
the Lothian Birth Cohort (www.lothianbirthcohort.ed.ac.uk), will also be stored in the repository. 
The variant repository will initially provide aggregate allele frequencies for each input cohort via 
an instance of the OpenCB Interactive Variant Analysis browser (github.com/opencb/iva). We 
plan to further develop the resource so that researchers can securely interrogate variants from 
their projects on an individual and family level.

SGP is funded by the Chief Scientist Office of the Scottish Government Health Directorates 
[SGP/1] and The Medical Research Council Whole Genome Sequencing for Health and Wealth 
Initiative.
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P013 Distinct genetic vulnerabilities-by-stressful life events interactions propose additional 

risk for depressive symptoms.

¹Aleix Arnau Soler, ²Mark J Adams, ²Toni-Kim Clarke, ²Donald MacIntyre,  

³Keith Milburn, ²Lauren Navrady, ¹Generation Scotland, Hayward, ¹McIntosh,  

¹Pippa Thomson

¹Institute of Genetics and Molecular Medicine, Edinburgh, United Kingdom, ²Division of 
Psychiatry, Edinburgh, United Kingdom, ³Health Informatics Centre, Dundee,  
United Kingdom

Stressful life events (SLE) may contribute to liability of depression through interaction with known 
genetic risk factors or through interaction with novel genetic factors specific to SLE. Polygenic 
risk scores (PRS), derived from genome-wide association studies (GWAS), reflect an individual’s 
genetic vulnerability.We used PRS for depression and for a measure of genetic contribution to 
stress-sensitivity, derived from a genome-wide interaction study, to test the variance in depressive 
symptoms explained by both PRS-by-SLE interactions. Genetic vulnerability-stress models were 
tested using PRS weighted by the largest meta-GWAS of depression (PRSD), or PRS weighted by 
stress-sensitivity effect (PRSSS) using the STRADL cohort (Stratifying Depression and Resilience 
Longitudinally; N=4,919), which has data on depressive symptoms and preceding 6 month SLE. 
PRSD-by-SLE interaction significantly contributed to risk of depressive symptoms (R2=0.08%, 
P=4.91x10-2), the effect being stronger in females (R2=0.19%, P=1.84x10-2) and not significant 
in males (P=6.37x10-2). PRSSS-by-SLE interaction significantly contributed in males (R2=0.60%, 
P=3.38x10-4), but not in females (P=0.14) or the full cohort (P=7.75x10-2). The PRSSS-by-
SLE interaction in males explained almost as much as the variance explained by main PRSD 
effects (R2=0.66%, P=2.09x10-4) and are additive. In conclusion, genetic vulnerability-by-stress 
interactions predict additional risk for individuals with high genetic predisposition and reported 
SLE, with a potential distinction between sexes. Incorporation of SLE data and genetic predictors 
based on environmental adversity/stress response should improve clinical prediction of stress-
related diseases and may help to identify individuals for targeted support.
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P014 Identification and characterisation of new proteins required for proper segregation of 

chromosomes

Juraj Gregan

Comenius University, Bratislava, Slovakia

Accurate chromosome segregation is essential to ensure genomic stability. The aneuploidy 
that results from segregation errors may lead to various diseases and is typical for many cancer 
cells. We have identified new proteins required for proper segregation of chromosomes in the 
fission yeast Schizosaccharomyces pombe. Our in silico searches identified homologous proteins 
in higher eukaryotes including humans. Interestingly, mutations in two of these proteins are 
associated with human diseases. We will present functional analyses of identified proteins and 
the potential impact of mutant variants on human diseases.

P015 New DLX3 variants in Tricho-Dento-Osseous syndrome

¹Laura Whitehouse, ¹Claire Smith, ¹James Poulter, ²Catriona Brown, ²Anesha Patel,  

³Lucy Brown, ³Teresa Lamb, ³Ruth Charlton, 4Elizabeth O”Sullivan, ¹Chris Inglehearn,  

¹Alan Mighell

¹University of Leeds, Leeds, United Kingdom, ²Birmingham Community Healthcare NHS Trust, 
Birmingham, United Kingdom, ³Leeds Teaching Hospitals NHS Trust, Leeds, United Kingdom, 
4City Healthcare Partnership, Hull, United Kingdom

Variants in DLX3 cause autosomal-dominant Tricho-Dento-Osseous syndrome (TDO, MIM 
#190320), a systemic condition with hair, nail and bony changes, taurodontism and 
amelogenesis imperfecta (AI). From existing literature, different DLX3 gene variants are probably 
associated with phenotypic variations, although the genotype-phenotype correlation is poorly 
understood.

We describe identification of three previously unreported variants in DLX3, (c.574delG 
p.(E192Rfs*66) and c.476G>T p.(R159L) and complete heterozygous deletion of all three exons 
within DLX3). These variants were found in patients/families presenting not with TDO but 
with primary AI and were identified through whole exome sequencing of an affected family 
member in one family and targeted clinical exome analysis in the other two families. In all three 
families the resultant phenotypes were AI with other attenuated features of TDO. Hypodontia, a 
previously unreported feature of DLX3 mutation, was also identified in one family.

These previously unreported variants add to the growing literature surrounding amelogenesis 
imperfecta, allowing for more accurate genetic testing, better genotype-phenotype correlation, 
improving care through development of patient pathways and identification of potential new 
therapeutic targets. This information demonstrates the growing application of clinical exome 
sequencing to oral healthcare planning and delivery. Understanding how different variants within 
DLX3 cause different phenotypes also helps us to gain insight into the function of DLX3 during 
development of human bones, teeth and hair. sequencing to oral healthcare planning and 
delivery. Understanding how different variants within DLX3 cause different phenotypes also helps 
us to gain insight into the function of DLX3 during development of human bones, teeth and hair.
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P016 The highly conserved GAL5.1 enhancer maintains galanin gene expression in the 

hypothalamus and modulates intake of fat and alcohol.

¹Mackenzie, ¹Andrew McEwan, ¹Elizabeth Hay, ²Mirela Delibegovic, ¹Perry Barrett

¹Institue of Medical Sciences, Aberdeen, United Kingdom, ² University of Aberdeen, ABERDEEN, 
United Kingdom

Fat and alcohol intake have a major impact on individual health and disease susceptibility. 
The expression of the galanin neuropeptide in the hypothalamus plays an important role in 
modulating fat and alcohol intake. However, little is known about the mechanisms that regulate 
galanin in the hypothalamus or how genetic or epigenetic influences affect these mechanisms 
thus contributing excess fat and alcohol intake. We previously used comparative genomics and 
transgenic analysis to identify and characterise the cell specific activity of a highly conserved 
and polymorphic enhancer region (GAL5.1) that lies 42kb 5’ from the GAL gene that encodes 
galanin. Genetic analysis of multiple patient cohorts has shown a consistent association of 
specific haplotypes of this enhancer with alcohol abuse. In the current study we show that 
deleting a region of GAL5.1 (GAL5.1KO) from the mouse genome using CRISPR genome editing 
significantly reduced GAL gene expression in the hypothalamus. We further demonstrate an 
altered preference for low fat (3%) versus high fat diet (60%) in GAL5.1KO compared to wild 
type mice. Most excitingly, we show that removal of GAL5.1 significantly reduces preference for 
alcohol compared to wild type mice. 

These findings highlight a critical role for the GAL5.1 enhancer in fat and alcohol preference. 
Importantly, these results add further validity to the hypothesis that combining comparative 
genomics and CRISPR genome editing with in-vivo behavioural analysis represent a powerful tool 
for understand the regulation of genes involved in maintaining health and how changes in this 
regulation may contribute to disease.accessibility to RNA polymerase and may not generally play 
a biological role in enhancer function.
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P017 Investigating the genetic basis of variation in response to cancer chemoprevention 

agents for colorectal cancer through yeast QTL mapping

Salwa Almayouf, Ed J Louis, Steven S Foster

University of Leicester, Leicester, United Kingdom

Cancer chemoprevention is the use of chemical or natural compounds to prevent or delay the 
development of carcinogenesis. Numerous studies and clinical trials have been conducted to 
study the effects of chemoprevention agents however, their mechanism of actions are poorly 
defined and the outcomes have been inconclusive. This variation in response is majorly due to it 
being a complex trait controlled by multiple quantitative trait loci (QTL).The aim of this study is to 
identify the QTLs and the causal genes underlying the variation in response to chemopreventive 
agents implicated to benefit colorectal cancer patients including metformin, aspirin, curcumin 
and EPA using a yeast genetic screen. Four parental wildtype Saccharomyces cerevisiae strains 
displaying a wide natural genetic variation were inter-crossed to produce 1000s of genetically 
diverse segregants to model variation seen in human individuals. 162 segregants were selected in 
this study and robotically pinned on an array and grown in different chemopreventive agents. 

Yeast growth was monitored using a novel pipeline which automatically generated R/qtl input 
files. These files were analysed on a R/qtl software and data was permutated 1000 times to 
determine a significance threshold. Hits above the threshold value were flagged as significant 
QTLs responsible for influencing the sensitivity and resistant of yeast growth to the various 
agents. QTLs obtained include 100s of genes per agent to which human homologs were found. 
This study will provide novel insights into the agents’ anti-cancer mechanisms of action, aid in 
the development of validated biomarkers for chemopreventive response and contribute to field 
of pharmacogenetics.
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P018 Not in the reference: Discovering genetic variation in mouse intelectin genes

¹Faisal Almalki, ²Leena Patel, ¹Edward J Hollox 

¹University of Leicester, Leicester, United Kingdom, ²University of Northampton, Northampton, 
United Kingdom

Genome-wide association studies in humans have identified an allele at an intronic single 
nucleotide polymorphism (rs2274910) at the intelectin 1 gene ITLN1 that is associated with 
Crohn’s disease. The human intelectin protein 1 (hItln1), encoded by the ITLN1 gene, is expressed 
in the intestine and recognizes and binds with multiple glycans, in particular to the terminal 
acyclic 1,2 diol ligand that is found solely on bacteria. Further analysis of the role of intelectins 
in Crohn’s disease will be facilitated by analysis of knockout mice. However, identifying the true 
orthologue in the mouse is challenging because the C57BL/6 strain, which forms the reference 
mouse genome, has a single Itln gene, yet the 129S7 strain has 6 Itln genes.

To investigate the origin and variation of these intelectin genes, we realigned Illumina sequence 
reads to a published 603 kb contig generated from a single 129S7 strain mouse. We chose 
10 previously-sequenced inbred and 27 wild mice. Using sequence read depth analysis, we 
confirmed a 420 kb deletion in C57BL/6 and found a similar deletion in CAST/EiJ. We found a 
190 kb deletion that removed only Itln2 and Itln3 in both SPRET/EiJ and a wild German mouse. 
Phylogenetic analysis of the intelectin genes shows that novel intelectin genes were generated in 
mice by duplication following divergence from the lineage leading to humans.

We are currently identifying the exact breakpoint of these deletions, and aim to characterize the 
Itln sequence variation which is invisible in genomes that have been aligned to the reference 
genome.
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P021 Identification of genes in breast and other cancers that may function in a  

shared aetiology

¹Stephen Chandler, ¹Francessco Crea, ¹Mark Hirst, ²Angela Cox, ¹Sushilaben Rigas

¹The Open University, Milton Keynes, United Kingdom, ² University of Sheffield, Sheffield,  
United Kingdom

Worldwide, breast cancer is the 2nd most common cancer and accounts for an estimated 25% of all 
cancers in women. Few studies have identified genes and variants that function in the development 
of breast cancer, and whether they underlie a putative shared aetiology with other cancers. Our aim 
was to identify such functional genes and variants (DNA and RNA) by firstly identifying differentially 
expressed genes using gene expression profiles from the NCBI Gene Expression Omnibus (GEO) 
database, which enabled us to increase sample size and power. Breast cancer tissue samples were 
categorised into histological and molecular subtypes. 1,638 samples from histological subtypes 
and 1,115 samples from molecular subtypes were compared to 53 and 58 normal tissue samples 
respectively. 

Using R programming and an empirical Bayes moderated t-test (P<0.01) we identified up to 6,964 
genes significantly differentially expressed in each histological subtype and up to 15,294 genes in 
each molecular subtype. Of the most significant differentially expressed genes, 11 (PTPRC, ATP6VOC, 
NREP, FAM114A1, GNB2, RAD1, ZMYND11, SLC50A1, PEAR1, NUF2, and SMC4) had also been 
identified in other cancers (prostate, ovarian, colon, lung, and gastric). This suggests that the 11 
genes may function in the development of breast and other cancers by shared mechanisms. Next, we 
aim to add other functional traits to confirm this and identify further genes and variants. Identifying 
such functional genes and variants may provide new biomarkers for diagnosis, and novel targets for 
treatment in a range of cancers and possibly in preventing metastasis.
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P022 Predicted benign and synonymous variants in CYP11A1 cause primary adrenal 

insufficiency through missplicing

¹Lou A Metherell, ²Federica Buonocore, ¹Eirini Meimaridou, ¹Gerad Ruiz-Babot,  

¹Leonardo Guasti, ³Hwei-ming Peng, ³Cameron P Capper, ¹Rathi Prasad, 4Elizabeth Crowne, 
5Tim D Cheetham, ²Caroline E Brain, ²Jenifer Suntharalingham, ²Niccolo Striglioni,  
6Bilgin Yuksel, 6Faith Gurbez, 7Robert Lindsay, 8Robert Couch, ¹Helen Spoudeas,  
9Tulay Guran, 10Stephanie Johnson, 10Dallas Fowler, 10Louise Conwell,  
11Aideen M McInerney-Leo, 12Delphine Drui, 13Bertrand Cariou, 14Juan P Lopez Siguero,  
15Mark Harris, 10Emma Duncan, 3Rich Auchus, 2Peter C Hindmarsh, 16Malcolm Donaldson, 
2John C Achermann

¹Barts & the London School of Medicine, London, United Kingdom, ²University College London, 
London, United Kingdom, ³University of Michigan, Michigan, U.S.A., 4University Hospitals Bristol NHS 
Foundation Trust, Bristol, United Kingdom, 5Newcastle University, Newcastle, United Kingdom 
6Cukurova University, Adana, Turkey, 7University of Glasgow, Glasgow, United Kingdom 
8Walter Mackenzie Health Sciences Centre, Alberta, Canada, 9University of Marmara, Istanbul, Turkey 
10University of Queensland, Brisbane, Australia, 11Institute of Health and Biomedical Innovation, 
Brisbane, Australia, 12l’institut du thorax, Nantes, France, 13Université de Nantes, Nantes, France 
14Children´s Hospital, Malaga, Spain, 15Royal Brisbane and Women’s Hospital, Brisbane, Australia 
16Glasgow University School of Medicine, Glasgow, United Kingdom

Introduction 
CYP11A1 encodes the P450 side chain cleavage enzyme (P450scc) responsible for initiating 
steroidogenesis and classically gives rise to disordered sex development plus adrenal and gonadal 
insufficiency. To assign a genetic cause to individuals with primary adrenal insufficiency we 
investigated the pathogenicity of ‘benign’ and synonymous CYP11A1 variants. 

Methods  
Exome or targeted sequencing was performed on patient gDNA. cDNA analysis was performed 
by PCR/RT-PCR and Sanger sequencing. mRNA splicing and functional protein analyses were 
undertaken.

Results 
A ‘benign’ variant (rs6161) in CYP11A1 was significantly enriched in our cohort (allele frequency 
0.0633 vs 0.0035 for Europeans in ExAC) and found in trans with other heterozygous deleterious 
variants or, in two cases, rare synonymous substitutions. In vitro,rs6161 caused skipping of its 
containing exon, as did the two synonymous variants. The mutant protein had normal spectral 
and catalytic properties in E. coli; but when expressed in HEK293 cells a truncated protein of 30-
35 kDa was observed.

Conclusions 
Benign and synonymous variants can alter splicing and cause PAI in combination with another 
disruptive allele. Variant rs6161 proved to be a major contributor to PAI of unknown etiology, 
especially in European populations. Our analyses illustrate that in silico prediction tools are 
imperfect and underline how more than one mechanism might contribute to loss-of-function.
Therefore, multiple functional analyses may need to be undertaken to determine pathogenicity 
and correctly assign clinical significance.
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P023 Integration of research within clinical care identifies 14 novel genetic causes of 

neonatal diabetes

Elisa De Franco, Matthew Wakeling, Matthew Johnson, Sarah Flanagan, Sian Ellard,  

Andrew Hattersley

University of Exeter Medical School, Exeter, United Kingdom

Neonatal diabetes (NDM) is diagnosed before 6 months of age and has >25 known genetic 
causes. Since 2000 the Exeter laboratory has offered free genetic testing (funded by a research 
grant) to anyone diagnosed with NDM. Testing of all known genetic causes of NDM using 
Sanger sequencing, methylation-specific MLPA and targeted next-generation-sequencing is 
performed by the Exeter Genetics laboratory using the same pipeline and quality parameters of 
the diagnostic tests. Patients without a genetic diagnosis are tested by whole-exome/genome 
sequencing as part of the novel genetic aetiologies research study.

We assessed the success rate of this approach in terms of 1) the proportion of patients with a 
genetic diagnosis identified; 2) how many novel genetic causes were found. 1673 NDM patients 
referred from 93 countries had comprehensive genetic testing. 1484 individuals (88.7%) had a 
genetic diagnosis identified, which resulted in improved treatment for 620 patients.

Further testing by whole-genome (N=69) or whole-exome (N=24) sequencing defined the 
genetic diagnosis in 34 individuals and identified 14 novel causes of NDM. Eleven patients had 
pathogenic variants in disease genes for which neonatal hyperglycaemia had not been previously 
reported as part of the phenotype (COQ2, COQ9, LPL, OXCT1, NARS2, TARS2). Pathogenic 
variants in four genes known to cause syndromes unrelated to NDM (GATA6, STAT3, LRBA, 
WFS1) were found in 69 patients in our cohort and established as causes of NDM. Pathogenic 
variants in 4 entirely novel disease genes were identified in 14 patients.

Our integrated diagnostic and research approach defined the genetic cause of NDM in 88.7% of 
patients (with improved treatment for 19%) and identified 14 novel genetic causes of NDM.
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P024 Nagen 1000: a research and innovation project on the clinical use of genomic medicine 

in the public health service in navarre, spain

Sara Pasalodos¹, David Gomez², Iñigo Lasa¹, Ivo Gut², Joaquin Dopazo³, Paul Brennan4, 

Angel Alonso¹

1Genomic Medicine Unit. Navarrabiomed Biomed Research Centre. Navarre. Spain 
2CNAG Centro Nacional de Análisis Genómico. Barcelona. Spain 
3Clinical Bioinformatics Area. Fundación Progreso y Salud (FPS). Andalucía. Spain 
4North East & North Cumbria NHS Genomic Medicine Centre. Newcastle upon Tyne. UK

NAGEN 1000 is a Whole Genome Sequencing (WGS) project aiming to investigate a significant 
number of patients from the Navarre Public Health Service with cancer and rare diseases, for 
health provision, and research purposes.NAGEN 1000’s final goal is the implementation of 
the use of the WGS derived information as a clinical tool for the development of the precision 
medicine in this Spanish region.

NAGEN 1000 replicates most of the 100,000 Genome Project’s basics and eligibility criteria 
but there are some essential and interesting differences in a number of elements which we 
will describe, including population characteristics, enrolment mechanism, phenotype recording 
software, analysis methodology, ‘incidental findings’ analysis including pharmacogenomic 
data, reporting protocols and clinical implementation tools. We hope that some of this parallel 
experience will be of interest to NHS genomics services as they develop over the next few years.

NAGEN 1000 was set up by the end of 2016 and will run to the end of 2019; our initial data 
and experience will be presented and compared to the 100,000 Genome Project’s outputs. We 
suggest that international partnership and networking are vital to ensure that we can continue 
to share experience and influence healthcare together.
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P025 RNA Fusion Transcripts are Expressed in Human Hepatocellular Cancer and  

Non-Tumour Liver

¹Rajaj Al-Jehani, ²Ebithal Farraj, ¹Tu Vinh Luong, ²Massimo Pinzani

¹Royal Free Hospital NHS Foundation Trust, London, United Kingdom, ² University College 
London, London, United Kingdom

Fusion genes have long been recognized as playing a causal role in carcinogenesis particularly 
in haematologic malignancies and are considered as ideal markers for cancer diagnosis and 
treatment. The role of fusion genes in solid tumours remained largely unexplored until the 
advent of next generation sequencing (NGS) technology which greatly facilitated our ability to 
interrogate whole genomes and identify novel genetic alterations within cancers. This has led 
to many fusion genes being uncovered in a variety of solid tumours. However, the role of fusion 
genes in hepatocellular cancer (HCC) remains largely unexplored. Using whole transcriptome 
NGS analysis we have identified RNA fusions in 8/11 human HCCs, 1/5 non-tumour livers and 
8 human liver cancer cell lines (HepG2, Hep3B, PLC, SK-HEP-1, SNU-423, SNU475, SNU-449, 
3CA). Nearly all fusion transcripts were RNA chimeras - only one fusion involving a translocation 
between 2 different chromosomes was detected in a single HCC. Of 2 chimeras expressed in the 
non-tumour liver one was also present in 4 HCCs. This fusion was validated by real-time RT-PCR 
in these 5 samples and was also detected by RT-PCR in all the sequenced tumour and non-
tumour RNAs as well as 4 additional HCCs and their corresponding non-tumour livers. However, 
the fusion was not amplified in 7 of the liver cancer cell lines and was only weakly detected by 
RT-PCR in the 3CA cell line. Our data demonstrates that RNA fusions are common in HCCs but 
are not confined to malignant liver tissue. In addition, amplification of fusion transcripts by RT-
PCR can uncover fusions that are undetected by NGS.
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P026  Identification and validation of mitogen-activated protein kinase (MAPK) pathway 

gene mutations in Sézary Syndrome

Charlotte E Flanagan, Sean J Whittaker, Tracy J Mitchell

KCL, London, United Kingdom

Sézary syndrome (SS) is an aggressive leukaemic subtype of Cutaneous T-cell Lymphomas 
(CTCL). Next generation sequencing (NGS) studies identified frequent perturbations in the MAPK 
pathway in CTCL. The serine/threonine-protein phosphatase, PPP5C, a key component of the 
MAPK pathway, regulates cellular responses to stress, DNA damage and apoptosis. This study 
investigates PPP5C’s role in cell survival.

Our NGS identified the MAPK pathway as one of the most frequently perturbed pathways in 
SS (56/101 tumours)(1). Two PPP5C single nucleotide variants (SNVs), R68H and A115V, were 
identified in three patients. Another mutant discovered by Kiel et al (2), M1T, was also identified 
for analysis. Wildtype (WT) and variant PPP5C constructs were generated using site-directed 
mutagenesis. PPP5C inhibits apoptosis through dephosphorylating ASK-1 at site T845. HEK293T 
cells were transfected with WT or PPP5C variants and ASK-1 before being probed for pASK-1 
T845 using immunoblot assays. XTT assays investigated the effect of WT and variant PPP5C on 
cell viability after induced oxidative stress.

Preliminary data suggests that the PPP5C R68H variant leads to decreased PPP5C expression. 
Overexpression of WT and variant PPP5C protein under cellular stress leads to the 
dephosphorylation of ASK-1, with R68H showing enhanced dephosphorylation compared to WT. 
Cells transfected with variant PPP5C showed an increase in cell viability compared to WT.

PPP5C has a potential role in CTCL cell survival. Findings will be confirmed in primary tumour 
and healthy control cells. Targeting the MAPK pathway could help address the need for effective 
therapies for advanced stage disease.

1.Woollard et al.127(26):3387-97(2016).  
2.Kiel et al.29;6:8470(2015).
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P027 Functional interrogation of STAT variants in Primary Cutaneous T-cell Lymphoma 

(CTCL)

¹Rosie M Butler, ²Nubia Castillo Mosquera, ²Sean J Whittaker, ²Tracy J Mitchell

¹Guy’s Hospital, London, United Kingdom, ² King’s College London, London, United Kingdom

Sézary syndrome is an aggressive, leukaemic sub-type of cutaneous T-cell lymphoma (CTCL). 
Deep sequencing in CTCL tumours has identified common and recurrent somatic mutations 
in the STAT genes, which encode signalling proteins of the Signal Transducer and Activator of 
Transcription (STAT) family. This study aims to functionally interrogate the identified STAT variants.

Constructs harbouring STAT mutations identified in CTCL1-4, alongside the IL2RG, JAK3 and 
IL2RB genes to reconstitute the interleukin-2 (IL-2) signalling pathway, were transiently expressed 
in HEK293T cells. Cells were stimulated with recombinant IL-2 and treated with Pyridone 6 (P6) 
JAK inhibitor, or the Trichostatin A (TSA) or FK228 histone deacetylase (HDAC) inhibitors. STAT 
activity was assayed by immunoblot and luciferase reporter assays.

Increased STAT activation in unstimulated HEK293T cells was detected for 6/11 STAT variants by 
immunoblot and/or luciferase reporter assay (p≤ 5x10-4). Reconstitution of HEK293T cells with 
the IL-2 signalling pathway additionally identified the STAT5A p.L313P3 variant as being hyper-
phosphorylated relative to wildtype after stimulation (p≤1x10-4). Gain-of-function STAT3 and 
STAT5B mutants conferred resistance to P6, TSA and FK228 inhibitor treatment.

This study identified novel gain-of-function STAT variants and variants which conferred resistance 
to therapeutically relevant inhibitors. This data suggests that the STAT mutation profile may alter 
tumour sensitivity to HDAC inhibitor treatment, which is used clinically to treat relapsed disease.  
This knowledge could improve the selection criteria for patients receiving inhibitor therapies and  
thus highlights the potential for targeted, personalised treatment regimes in the future of  
CTCL therapeutics.

1. Woollard et al.127(26):3387-97(2016). 
2. Da Silva Almeida et al.47:1465–70(2015). 
3. Kiel et al.29;6:8470(2015). 
4. Ungewickell et al.47:1056–60(2015).
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P028 Gene environment interactions in the context of lobular breast cancer

¹Christos Petridis, ¹Michael Simpson, ²Rebecca Roylance, ¹Elinor Sawyer

¹King’s College London, London, United Kingdom, ² University College London, London,  
United Kingdom

Invasive lobular breast cancer (ILC) is the second most common histological subtype of breast 
cancer accounting for approximately 15% of all invasive cases. A pre-invasive lesion, lobular 
carcinoma in situ (LCIS) is also present in approximately 60% of these cases. We have previously 
shown that there is a significant overlap in the genetic predisposition of ILC and IDC but there 
are also distinct associations. It has also been shown that the majority of the environmental 
risk factors have similar associations between the two subtypes but that the use of hormone 
replacement therapy is more strongly associated with ILC compared to IDC.

The aim of this study was to assess whether there is any of an interaction between breast cancer 
susceptibility loci and use of HRT in ILC.

12 SNPs previously found to be associated with ILC were genotyped. In postmenopausal women 
(406 cases and 481 controls) from the GLACIER study. Seven SNPs reached a corrected level of 
significance (P<0.0042) and were included in the analysis.

Three loci show some evidence of interaction with HRT: rs704010, (P=0.0065); rs865686, 
(P=0.019) and rs2981582, (P=0.03). For rs704010, and rs865686, the risk increased for 
homozygous carriers of risk allele in the presence of HRT (rs704010: OR of HRT for carriers of 
2 risk alleles = 1.82 (1.06, 3.11)). In contrast for rs2981582, the risk conferred by the risk allele 
was observed only in the group of individuals who have not used HRT.

None of these interactions were deemed significant after correcting for multiple testing, however 
these interactions warrant further investigation with a larger sample set.
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P029 Quantitative Methods to Monitor RNA Biomarkers in Myotonic Dystrophy

¹Marzena Woiciechowska, ²Krzyztof Sobczak, ¹Saam Sedehizadeh, ³Piotr Kozlowski,  

³Karol Czubak, ²Agnieszka Wojtkowiak-Szlachcic, ¹Robert Markus, ¹John D Brook

¹Nottingham university, Nottingham, United Kingdom, ² Adam Mickiewicz University, Poznan, 
Poland, ³ Polish Academy of Sciences, Poznan, Poland

Myotonic dystrophy type 1 (DM1) and type 2 (DM2) are human neuromuscular disorders 
associated with dynamic mutations of simple repetitive sequences in affected genes. The 
abnormal expansion of CTG repeats in the 3’-UTR of DMPK gene elicits DM1, whereas elongated 
CCTG repeat in intron 1 of ZNF9/CNBP triggers DM2. Pathogenesis of both disorders is 
manifested by nuclear retention of expanded repeat-containing RNAs and aberrant alternative 
splicing. 

The precise determination of absolute numbers of RNA molecules as molecular markers of 
DM1 and DM2 pathogenesis is important for a better understanding of disease complexity 
and for accurate evaluation of the efficacy of therapeutic drugs. We present two quantitative 
methods based on Multiplex Ligation-Dependent Probe Amplification (MLPA)and droplet 
digital PCR (ddPCR) for studying the aberrant alternative splicing in DM1 and DM2 human 
skeletal muscles. Additionally, using ddPCR we demonstrate that in DM1 skeletal muscle and 
fibroblasts the mutant DMPK transcript (mDMPKtx) is detected in higher number copies than 
its normal counterpart. Most importantly, an absolute number of mDMPKtx indicates its low 
abundance with only a few copies per cell in DM1 fibroblasts. This estimate along with results 
from fluorescence in-situ hybridization experiments indicate that in DM1 cells, nuclear RNA foci 
contain partially degraded repeat expansion fragments in addition to a single intact molecule of 
mDMPKtx.
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P030 Linking traits and disorders: Genetic influences on psychotic experiences in 

adolescence in the community and overlap with psychiatric disorders

¹Angelica Ronald, ¹Oliver Pain, ²Frank Dudbridge, ³Daniel Freedman, 4Alistair Cardno, 
5Sebastian Lundstrom, 6Paul Lichtenstein

¹Birkbeck, University of London, United Kingdom ²Leicester University, Leicester, United Kingdom 
³University of Oxford, Oxford, United Kingdom 4University of Leeds, Leeds, United Kingdom 
5University of Gothenburg, GÖTEBORG, Sweden 6Karolinska Institutet, Sweden, Sweden

Psychotic experiences (PEs) are traits in the community that at the extreme characterize the 
symptoms of disorders such as schizophrenia. It is common to have PEs during adolescence and 
they predict later psychiatric disorders. PEs could be helpful as “red flags” (together with family 
history) for identifying risk. Yet PEs in adolescence are often benign and transitory, and little is 
known about their genetic etiology. This study aimed to identify genetic variants associated with 
PEs in adolescence, and to test for overlap in genetic influences between PEs and schizophrenia, 
bipolar disorder, and major depression in adults. 

Quantitative measures of positive, cognitive, and negative PEs were derived using self- and 
parent-ratings in three European community samples aged 15-19 years (Final N including siblings 
= 6297-10098). A mega-genome-wide association study was conducted on normalized scales. 
LD score regression, polygenic risk score (PRS) analysis and AVENGME were applied to estimate 
genetic covariance. GREML returned SNP-heritability estimates of 3-9%. In the largest GWAS 
on PEs to date, mega-analysis returned one genome-wide significant association. PRS analysis 
revealed that the Psychiatric Genomic Consortium 2 (PGC2) schizophrenia PRS significantly 
predicted all domains of adolescent PEs (Paranoia and Hallucinations only in non-zero scorers). 
The PGC2 major depression PRS significantly predicted variance in Anhedonia and Parent-rated 
Negative Symptoms. Other methods concurred in showing modest genetic covariance between 
specific PEs and psychiatric disorders. In sum, psychotic experiences in adolescence show additive 
genetic effects. These genetic findings advance working models of the relevance of PEs for risk 
of adult-onset psychiatric disorders.
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P031 Methods to enable the translation of genetic tests using liquid biopsies into routine 
clinical diagnostics

Alison S Devonshire, Alexandra S Whale, Gerwyn M Jones, Ana Fernandez-Gonzalez, Jim F 
Huggett, Carole A Foy

LGC, Teddington, United Kingdom

‘Liquid biopsies’ offer the potential for a shift in the genetic analysis of cancer from an invasive 
and infrequent observation to real-time monitoring of the tumour genetic development. The 
presence of cancer-derived nucleic acids and cells in the bloodstream, which is much easier 
to sample than a tumour biopsy, combined with the application of advanced technologies, 
such as next generation sequencing, offers a potentially simpler route to guide the selection 
of treatment. Furthermore, such an approach enables repeat sampling over time, opening the 
possibility of monitoring response to treatment. However, with the rapid parallel development 
of, often disparate, methods for circulating tumour DNA (ctDNA) analysis, ensuring the 
reproducibility of results from different studies is a challenge and potential barrier to clinical 
acceptance and translation into routine clinical use. 

We present materials and methods for determining the performance of liquid biopsy processes 
and for standardising the reporting of ctDNA associated metrics. We show how digital PCR 
(dPCR), a single molecule counting method, can be applied to provide reference values for 
quantifying somatic mutations, with the example of KRAS G12D, a mutation which occurs 
frequently in colorectal cancer and is associated with resistance to treatment by anti-EGFR 
antibody therapies. The development of such independent approaches would support regulatory 
evaluation of technical performance parameters, associated clinical diagnostic criteria and enable 
long term traceability of patient results upon wider implementation of liquid biopsy testing.
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P032 Harnessing expanding molecular genetic understanding of mitochondrial diseases to 

facilitate clinical diagnostics
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University, Newcastle, United Kingdom, ³MRC Centre for Neuromuscular Diseases, University 
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Approximately 1300 genes in the nuclear genome encode components of the mitochondrial 
proteome. To date, pathogenic variants in only a quarter of these genes have been reported as 
causing various forms of mitochondrial disease. This broad genetic diversity, together with the 
extensive clinical variability, contribute to the challenges of molecular genetic diagnostics for 
individuals with mitochondrial disease.

To establish best practice protocols for detecting pathogenic variations in patients with 
mitochondrial disease we have undertaken whole exome sequencing of 145 patients with clinical 
and biochemical presentations of mitochondrial disease in whom previous genetic investigations 
excluded mitochondrial DNA rearrangements and mutations. We established an analytical 
protocol to efficiently assist the interpretation of the patients’ exome variant profiles in the 
context of nuclear encoded mitochondrial genes.

Overall, this approach yielded a diagnostic rate of 50%. In approximately 20% of these, 
pathogenic variants were identified in genes with no previous reports of association with 
mitochondrial disease. Functional studies have confirmed these novel genetic causes of 
mitochondrial disease in a total of 19 cases. As a result of this, so far at least three of these 
families have been able to benefit from prenatal genetic testing.

Our results illustrate the efficacy of whole exome sequencing to establish the genetic etiology of 
clinically heterogeneous, severe, life limiting conditions in a cost effective manner, proving helpful 
in clinical management of patients and their families.
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P033 The Baby Bio Bank: A collection of biological samples and medical data from over 2500 
families affected by recurrent miscarriage, preterm birth, intrauterine growth restriction, 
pre-eclampsia and healthy pregnancies available to researchers internationally
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¹Institute of Child Health, London, United Kingdom, ²Imperial College, London, United Kingdom 
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About 20% of pregnancies are affected by some form of complication. Research has shown 
that anomalies in implantation, development, and growth of the fetus; ineffective nutrient 
exchange between mother and fetus due to placental dysfunction; and maternal problems such 
as hypertension or infection during pregnancy can all lead to adverse pregnancy outcomes. 
However, the molecular aetiology of such events remains poorly understood. Fetal growth 
restriction (FGR), recurrent miscarriage (RM), preterm birth (PTB), and pre-eclampsia (PE) are the 
most common pregnancy complications encountered in the UK and these outcomes can result in 
an array of morbidities in both mother and baby, and mortality in the most severe cases.

We need to know more about normal pregnancy and where the important triggers are for 
failure. This prompted us to set up the Baby Bio Bank: a collection of 54,000 samples with 
matching clinical data from mothers, fathers and babies from 2515 normal and abnormal 
pregnancies, for use in research into pregnancy complications.

This presentation outlines the nature of these sample sets and their availability to academia 
and industry, with the intention that their widespread use in research will make significant 
contributions to the improvement of maternal and fetal health worldwide.

http://www.ucl.ac.uk/tapb/sample-and-data-collections-at-ucl/biobanks-ucl/baby-biobank
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P034 Validation and characterisation of screening methods for targeted genome editing 

using the CRISPR/Cas9 system

Alexandra S Whale, Nicholas Redshaw, Jim F Huggett, Carole A Foy

LGC, Teddington, United Kingdom

Targeted genome editing using the CRISPR/Cas9 system is fast becoming the molecular tool de 
jour due to its relative simplicity in comparison with other gene editing methods. The process 
potentially enables precise genetic edits to be made to almost any cell where as little as a single 
nucleotide change can be introduced. Consequently, the system is gaining momentum in the 
human health therapeutics arena with more than 20 clinical trials either in progress or planned. 
These trials cover an array of applications that include the repair of mutated genes in the 
germline or destruction of cancer cells both ex vivo and in vivo.

Once a gene has been edited there remains the process of screening and selecting the edited 
cells. Current screening methods can be time consuming, expensive and insensitive. The 
sensitivity of the screening methods is especially important for the identification of a successfully 
edited cell incorporating a single nucleotide change within a high background of unedited cells. 
For development of therapeutics there also remains the consideration of safety; has the correct 
gene edit been incorporated into the cell, and has this occurred in the absence of “off-target” 
effects, defined as unintentional alteration(s) either in other genes or as an incorrect edit in 
the targeted gene? In our role as the UK’s National Measurement Laboratory and Designated 
Institute for chemical and bio-measurement we are validating existing and developing novel 
screening approaches in terms of their sensitivity, precision, accuracy and cost.
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P035 Improving the speed of genomic interpretation and enabling collaborative knowledge 

sharing with the BaseSpace® Variant Interpreter platform

¹G. Jawahar Swaminathan, ¹Jennifer Harlow, ²Kyle Farh, ²Daniel Roche, ²Tiffany Chen, ²Sam 
NG, ²Joerg Hakenberg, ²Ric Basanese, ²Milan Karangutkar, ²John Shon, ²Donovan Cheng

¹Illumina Cambridge Ltd., Saffron Walden, United Kingdom, ²Illumina Inc, San Diego, U.S.A

Significant reductions in the of cost genomic analysis are making the use of clinical whole 
genome sequencing (WGS) a valuable tool for oncologists and rare disease specialists alike. 
BaseSpace® Variant interpreter (BSVI) is an interactive web-based collaboration system for the 
rapid annotation, filtering and interpretation and subsequent sharing of genomic data from 
patients with rare disease or somatic cancer. BSVI supports different interpretation workflows 
and aggregates annotations from a broad range of public and private knowledge bases to 
help triage variants. Rapid data ingestion (3-5 minutes) and subsequent filtering operations 
(seconds) make BSVI an effective and efficient analysis tool. Variants can be filtered by predicted 
consequence, population frequencies, data quality, variant impact and inheritance with support 
for custom gene or region lists for bespoke filtering. Filters can be optimized for specific 
phenotypes or tumor types using ontology terms from HPO or SNOMED. 

Results can be ordered by pathogenicity or actionability and flagged with comments for 
further review and validation by different sets of users. The variant reporting workflow make 
it possible to create custom report templates to fit individual laboratory needs. BSVI continues 
to be developed in collaboration with Genomics England as part of a formal bioinformatics 
collaboration between Illumina and Genomics England and has recently been adopted by GEL as 
the platform of choice for reporting results from the cancer programme of the 100K GEL project. 
The platform is being released to the Genomic Medicine Centres (GMCs) to capture feedback to 
ensure the platform fits their requirements.
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P036 Text-mined phenotype annotation and vector-based similarity to improve 

identification of similar phenotypes and causative genes in monogenic disease patients.

Jake Saklatvala, Nick Dand, Michael Simpson

King’s College London, London, United Kingdom

The genetic diagnosis of rare monogenic diseases using whole exome or whole genome 
sequencing requires the true causal variant(s), and thereby the disease-causing gene, to be 
identified from tens of thousands of observed variants. Typically, a virtual gene panel approach 
is taken whereby only variants in genes previously described as the site of pathogenic variation 
in phenotypes resembling the patient under investigation are considered. With the number of 
known monogenic gene-phenotype pairs exceeding 5000, manual curation of personalised 
virtual panels using exhaustive knowledge of the genetic basis of the human monogenic 
phenotypic spectrum is challenging.

Here we present improved probabilistic methods for estimating phenotypic similarity based on 
Human Phenotype Ontology (HPO) annotation. A limitation of existing methods for evaluating 
a phenotype’s similarity to a reference set is that reference phenotypes are typically represented 
as a series of binary (present/absent) observations of clinical terms. Here we evaluate a 
quantitatively annotated phenotype reference set, using term frequency in phenotypic text 
descriptions as a measure of term relevance.

We demonstrate an improved ability to identify related phenotypes through the use of a 
quantified reference set, regardless of whether or not the query phenotype terms are quantified. 
We also demonstrate that vector space similarity measures perform better than established 
information content-based phenotypic similarity measures. These improvements enable the 
generation of bespoke virtual gene panels, facilitating more accurate and efficient interpretation 
of genomic variant profiles from individuals with rare Mendelian phenotypes.
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P037 Overactive RAS-MAPK pathway is insufficient to explain syndromic craniosynostosis 

development related to aberrant FGFR2c signalling

Kevin K Lee, Emma Peskett, Charlotte M Quinn, Rosanna G Aiello, Phillip Stanier,  

Erwin Pauws

University College London, London, United Kingdom

Craniosynostosis is characterised by premature fusion of the cranial sutures in the developing 
calvarium. Activating mutations in the FGFR2c isoform (i.e. FGFR2c-C342Y) contribute to coronal 
synostosis, a common phenotype in human Crouzon Syndrome. An overactive RAS-MAPK 
pathway is accepted as a consequence of aberrant FGFR2 signalling, but it is unknown whether 
this is a significant contributor to suture abolishment. This study aims to address the downstream 
effects of FGFR2c signalling misregulation in vivo. Conditional overexpression of Fgfr2c 
(R26RFgfr2cV5/+; �actinCRE/+) results in craniofacial hypoplasia of the neural crest derivatives 
without coronal synostosis in contrast to Fgfr2cC342Y/+, a mouse model for Crouzon Syndrome. 
Biochemical interrogation of RAS-MAPK activity in embryonic sutures reveals both mice possess 
upregulated pERK in vivo, with no ectopic expression of downstream target genes (Spry2, Spry4, 
Etv5). Moreover, cellular analysis of R26RFgfr2cV5/+; �actinCRE/+ coronal sutures point towards 
a proliferative phenotype to Fgfr2cC342Y/+. Despite the phenotypic differences observed, 
craniofacial malformations were exacerbated upon introduction of Fgfr2c overexpression allele 
into the Fgfr2cC342Y/+ (Fgfr2cC342Y/+; R26RFgfr2cV5/+; �actinCRE/+), in contrary to sparing 
the coronal suture. 

The pleiotropic pedigrees imposed at the receptor level prompted the need to isolate the 
cascade: a mouse carrying oncogenic KRas mutation (KRasLSL-G12D/+) was recruited to 
overactivate the pathway downstream of the receptor. Strikingly, conditional activation of mutant 
KRas in the neural crest lineage (KRasG12D/+; Wnt1CRE/+) led to severe craniofacial hypoplasia 
without craniosynostosis. Altogether, this study provides evidence that RAS-MAPK overactivation 
is insufficient to explain coronal synostosis development, and is likely to require a different 
interpretation to its downstream effects.



 59Poster abstracts

P038 Genetic analysis of over one million people identifies 535 novel loci associated with 

blood pressure and risk of cardiovascular disease

¹Helen Warren, ²David Mosen, ²Evangelos Evangelou, ¹Borbala Mifsud, ²Raha Pazoki, ²He 
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¹Mark J Caufield

¹Queen Mary University of London, London, United Kingdom 
²Imperial College, London, United Kingdom 
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Elevated blood pressure (BP) is the leading cause of cardiovascular morbidity. We report the 
largest genome-wide association study (GWAS) for BP.

Our discovery meta-analyses combined the UK Biobank (UKB) cohort (N=458,577) with the 
International Consortium for Blood Pressure (ICBP) (N=299,024), analysing ~7M common 
variants. Our analysis strategy combines 1-stage design with internal replication and 2-stage 
design with independent replication from the VA Million Veteran Program (N=220,520) and the 
Estonian Biobank (N=28,742), totalling >1 million individuals overall.

We identify 535 novel loci, replicate 92 loci for the first time, and confirm all 274 published loci. 
The total 901 BP loci more than triples the number of previously known loci, and increases the 
percentage trait variance explained by ~2.5-fold.

By comparing the upper and lower quintiles of the genetic risk score (GRS), the combination of 
all BP variants is associated with >10mmHg higher systolic BP and odds of 2.59 and 1.45 for 
increased risk of hypertension and cardiovascular outcomes, respectively.

Pathway analyses show enrichment of pathways targeted by antihypertensive drugs and 
highlight a novel pathway: TGF�, affecting sodium handling in the kidney. Enrichment of BP gene 
expression is strongest in vasculature, high in adrenal tissue, and newly observed in adipose 
tissues.

Several novel BP loci (e.g. APOE) are associated with lipids and metabolites, implying pleiotropy 
across cardio-metabolic traits. We present genetic overlap with lifestyle exposures (e.g. fruit/
water/tea/caffine/alcohol/salt intake), demonstrating the potential for incorporating lifestyle 
interventions within a precision medicine strategy to prevent future cardiovascular disease 
amongst patients at high genetic risk.
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P039 Genetics of Childhood Onset Psychosis

Mitra Sato

Imperial College London, London, United Kingdom

Childhood-Onset Psychosis (COP) is a rare disorder characterised by the onset of psychotic 
symptoms before age 14. Evidence suggests that it may be more frequently caused by rare 
(MAF<1%), highly penetrant genetic variants, in comparison to adult-onset schizophrenia. 
Here we report early findings from a study exploring the potential of exome sequencing as a 
diagnostic tool in child psychiatry clinics. We hypothesise that some occurrences of COP are the 
result of known Mendelian disorders manifesting primarily with psychiatric symptoms.

To date we have recruited 21 families. Demographic data and cognitive abilities will be 
presented. All probands have a primary diagnosis of a psychotic illness with 12/21 having 
a comorbid neurodevelopmental disorder. Pedigree analysis revealed 9/21 probands with a 
family history of a psychiatric diagnosis. Cognitive assessment on the first 12 probands shows a 
variation in their full-scale intelligence quotient whereby 3/12 scored extremely low (FSIQ<70), 
2/12 scored borderline (FSIQ 70-80), 3/12 scored low average (FSIQ 80-90) and 4/12 scored 
average (FSIQ 90-110). In addition, 6/21 probands are on Clozapine, highlighting their disease 
severity.

Genetic analysis of the first 7 probands indicates that none have common schizophrenia- 
associated copy number variants, however one proband may have a Mendelian disease 
manifesting with psychosis. In addition, exome analysis revealed a second proband meeting this 
criteria. These cases will be investigated further with clinical assessments. The candidate disease 
genes are RET and ENG. 

The identification of rare, highly penetrant variants that predispose these probands to psychosis 
and severe neurocognitive phenotypes suggests that exome sequencing may be useful in the 
clinic as a diagnostic tool.
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P040 Whole-genome sequencing of 15 Silver-Russell Syndrome trios reveals substantial 

genetic heterogeneity
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Silver-Russell syndrome (SRS) is a clinically and genetically heterogeneous imprinting disorder 
characterised by intrauterine and postnatal growth restriction. Although first described over 
60 years ago, the molecular genetic aetiology of SRS remains incompletely understood. Loss of 
methylation (LOM) of the paternally-derived H19/IGF2 imprinted domain at 11p15.5 is present in 
around half of all patients. A further 10% of all SRS cases have maternal uniparental disomy of 
chromosome 7, and about 1% have copy number variation at 11p15.5. No molecular pathology 
has yet been identified in the remaining ~40% of cases. In order to identify novel genetic causes 
of SRS, we carried out whole-genome sequencing of 10 SRS trios with no known molecular 
pathology. 

We investigated a further 5 SRS trios in which LOM of the imprinting control region at 11p15.5 
(ICR1) is present in the proband, to identify potential genetic causes of this epimutation. We 
identified and validated 78 candidate pathogenic single nucleotide variants (SNVs) and indels 
in 62 loci. One patient is a compound heterozygote for BLM gene mutations, known to cause 
Bloom syndrome, a condition that shares clinical features with SRS. We also identified three de 
novo CNVs in three different patients, and a rare de novo SNV in ICR1 in one LOM patient. Our 
results reveal that Bloom syndrome may be a more common differential diagnosis for SRS than 
previously appreciated. In addition, we identify candidate causal variants in several novel loci 
associated with this growth restriction phenotype.
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P041 Evaluation of oxidative DNA damage, genome instability and accelerated genetic 

ageing in childhood obesity

Moonisah Usman, Emanuela Volpi

University of Westminster, London, United Kingdom

Epidemiological evidence linking obesity with increased risk of cancer is steadily growing, 
although the causative aspects underpinning this association are only partially understood. 
Obesity leads to a physiological imbalance in the regulation of adipose tissue and its normal 
functioning, resulting in hyperglycaemia, dyslipidaemia and inflammation. These states promote 
the generation of oxidative stress, which is exacerbated in obesity by a decline in anti-oxidant 
defence systems. Sustained oxidative stress can have a marked impact on DNA integrity and 
stability. Our research deploys a non-invasive, integrated approach for the evaluation of oxidative 
DNA damage, genomic instability and accelerated genetic ageing in relation to overweightness 
and systemic inflammation in cohorts of young volunteers recruited through obesity clinics and 
secondary schools. Correlations between markers of systemic inflammation and genome damage 
are explored against different measures of adiposity. The potential value of genomic integrity 
and stability scores in early onset obesity to inform surveillance strategies and personalised 
interventions is discussed.

P042 Complimentary Regulation of Hu/ELAV genes in Neuroblastoma

Sarah Siverns, Irmgard Haussmann

Coventry University, Coventry, United Kingdom

Aberrant posttranscriptional gene regulation has been implicated in numerous diseases including 
cancer and neurodegeneration. ELAV/Hu proteins are RNA binding proteins regulate post-
transcriptional events on the level of alternative splicing, RNA stability and RNA localisation. HuR 
is expressed ubiquitously whilst HuB, HuC and HuD are predominantly expressed on terminally 
differentiated neurons. They are found to be overexpressed or ectopically expressed in some 
cancers, hence upregulating the stability of many oncogenes. Neuroblastoma is an embryonal 
tumour of the peripheral sympathetic nervous system. It is the most common extra-cranial 
paediatric cancer representing 15% of all childhood cancer deaths. 

Upon diagnosis, clinically detectable metastases are often found and even with multiple 
treatments, the 5-year survival rate is less than 50%. Neuroblastoma serves as an excellent model 
for Hu protein analysis as they are aberrant expressed in this cancer. As research moves towards 
personalised cancer therapies to tackle these devastating malignancies, analysis of the gene 
expression levels is essential to understand off-target effects. We analysed the expression of the 
family of Hu RNA-binding proteins in Neuroblastoma cells to derive a model of complimentary 
regulation when expression of a single Hu gene is compromised. RNA interference of a single 
and combined knockout of Hu proteins showed that individual Hu knockdowns resulted in a 
change of other Hu members gene expression providing an insight into how different family 
members can compensate for each other and its importance in the development of personalised 
therapies. The extent of combined family gene expression may have previously gone unnotified.
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P043 The application of functional analysis to variant interpretation

Susan Clasper, Tracy Lester, Michael Oldridge, Carolyn Campbell, Helen Stewart

NHS, Oxford, United Kingdom

In a great number of cases, and particularly with the advent of whole exome and genome 
sequencing projects, interpretation of variant pathogenicity can be complicated, either because 
the information regarding a particular gene or disease mechanism has yet to be clearly defined, 
or because the functional effect of the variant is unclear. In both situations, the task of patient 
management is complicated. Although the patient has been found to have a variant, it is unclear 
whether this is responsible for their symptoms and hence their treatment cannot be informed by 
this information. Similarly, the implications for the wider family cannot be assessed. 

In these situations, we have found that performing functional analysis can in certain 
circumstances, help to clarify these investigations, with the overall effect that a more informative 
report can be issued. For instance RNA studies can be used to investigate the composition of 
the transcribed gene to determine whether a predicted cryptic splice donor or acceptor has 
been used, whether a predicted exon skip or intron retention has occurred, whether there is a 
disruption to the reading frame of the transcript and/or the presence of a premature stop codon. 

We present examples from both in house screening and variant confirmations from research 
studies to illustrate the benefit of routinely employing these studies within the diagnostic 
laboratory.
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