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Quantitative Genomics 2016

Conference programme, first half

Registration and coffee
9:00 - 9.30

Session 1: Complex Phenotype Genetics
9.30 - 10.30

9.30 - 9.45 - Hannes Svardal, \Vellcome Trust Sanger Institute
Africa-wide whole genome sequencing of vervet monkeys reveals strong polygenic selection on known HIV-interacting
genes and on genes up-regulated after infection with the simian immunodeficiency virus (SIV)

9.45 - 9.50 - Jonathan Coleman, /nstitute of Psychiatry, Psychology and Neuroscience, King’s College London
The contribution of polygenic risk to the relationship between depression and body mass index in the UK Biobank

9.50 - 10.05 - Stefan Dentro, |Vellcome Trust Sanger Institute
Large-scale pan-cancer subclonal reconstruction analysis of whole genome sequences reveals wide-spread intra-
tumour heterogeneity

10.05 - 10.10 - Eva Krapohl, King's College London
The nature of nurture: Education-associated single nucleotide polymorphisms explain variation in children's home
environments and in their associations with child outcomes

10.10 - 10.25 - Hannah Meyer, European Bioinformatics Institute
Understanding cardiac structure and function in humans using 4D imaging genetics.

10.25 - 10.30 - Richa Gupta, University of Helsinki
Neuregulin Signaling Pathway in Smoking Behavior

Poster session and coffee break
10.30 - 11.15

Keynote talk
Sarah Teichmann
11.15-12.00

Session 2: Chromatin Structure and Other Topics
12.00 - 13.00

12.00 - 12.15 - Robert Beagrie, Max Delbruck Centre for Molecular Medicine
Complex multi-enhancer contacts captured by Genome Architecture Mapping (GAM), a novel ligation-free approach

12.15 - 12.20 - Karishma D'Sa, UCL
An insight into gene regulation in human brain with allele specific expression

12.20 - 12.35 - Kaur Alasoo, \Vellcome Trust Sanger Institute
Fine-mapping condition-specific regulatory variants in human macrophages using ATAC-seq

12.35 - 12.40 - Karel Brinda, L/GM Universite Paris-Est Marne-la-Vallee
BWT-based indexing structure for metagenomic classification

12.40 - 12.55 - Tommaso Leonardi, £\/BL-EB/
Positional conservation identifies topological anchor point (tap)RNAs linked to developmental loci

12.55 - 13.00 - Lucy van Dorp, UCL
The Genetic Legacy of the Kuba Kingdom in the present-day Democratic Republic of Congo

Lunch
13.00 - 14.00
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Quantitative Genomics 2016

Conference programme, second half

Keynote talk
Richard Durbin
14.00 - 14.45

Session 3: Methods and Models
14.45 - 15.45

14.45 - 15.00 - Kieran Campbell, Wellcome Trust Centre for Human Genetics, University of Oxford
Incorporating prior knowledge in single-cell trajectory learning using Bayesian nonlinear factor analysis

15.00 - 15.05 - Marc Williams, UCL & Barts Cancer Institute, QMUL
Cancer genome sequencing reveals only the earliest events in cancer development

15.05 - 15.20 - Phelim Bradley, WTCHG
Mykrobe predictor : Rapid antibiotic-resistance predictions from genome sequence data using de Bruijn graphs.

15.20 - 15.25 - Matteo Fumagalli, University College London
Inference of ploidy from short read sequencing data with application to fungal pathogenicity

15.25 - 15.40 - John Lees, Wellcome Trust Sanger Institute
Sequence element enrichment analysis to determine the genetic basis of bacterial phenotypes

15.40 - 15.45 - Vladimir Kiselev, Sanger Institute
SC3 - consensus clustering of single-cell RNA-Seq data

Sponsored talk
Repositive — Connecting the World of Genomic Data
15.45 - 16.00

Poster session and coffee break
16.00 - 16.45

Session 4: Epigenetics and Epidemiology
16.45 - 17.45

16.45 - 17.00 - Stefano Nardone, Bar /lan University (Faculty of Medicine), Israel (IL)
DNA methylation profile of cortical neurons in autism spectrum disorder

17.00 - 17.05 - Alexander Young, University of Oxford
Discovery of non-additive loci affecting body mass index using a heteroskedastic linear mixed model

17.05 - 17.20 - Goran Micevic, Yale University
The role and targets of DNA methylation in melanoma formation and progression

17.20 - 17.25 - Tiphaine Martin, King’s College London
MetDiff: a novel computational method for detecting differential DNA methylation regions from Medip-seq data in
unique and repetitive mapping regions

17.25 - 17.40 - Rajbir Batra, Cancer Research UK, Cambridge Institute, University of Cambridge
Comprehensive sequencing-based characterisation of the DNA methylation landscape of 1300 breast tumours

17.40 - 17.45 - Katie Burnham, Wellcome Trust Centre for Human Genetics
Inter-individual variation in the host transcriptomic response to sepsis

Post-conference networking event & drinks
17.45 - late
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Quantitative Genomics 2016

Keynote talks

Sarah Teichmann, EMBL-EBI & WT Sanger Institute, Cambridge, UK
11.15-12.00

Understanding Cellular Heterogeneity

From techniques such as microscopy and FACS analysis, we know that many cell populations
harbour heterogeneity in morphology and protein expression. With the advent of high
throughput single cell RNA-sequencing, we can now quantify transcriptomic cell-to-cell
variation. I will discuss technical advances and biological insights into understanding cellular
heterogeneity in T cells and ES cells using single cell RNA-sequencing.

Sarah Teichmann

Group-leader Teichmann research group

PhD 2000, University of Cambridge and MRC Laboratory of Molecular Biology. Trinity College Junior Research Fellow,
1999-2005. Beit Memorial Fellow for Biomedical Research, University College London, 2000-2001. MRC Career Track
Programme Leader, MRC Laboratory of Molecular Biology, 2001-5 and MRC Programme Leader, 2006-12. Fellow and
Director of Studies, Trinity College, since 2005. Principle Research Associate at the Dept Physics/Cavendish
Laboratory, University of Cambridge, 2013-2016. Group Leader at EMBL-EBI and Sanger Institute since 2013.

(Description taken from http://www.ebi.ac.uk/about/people/sarah-teichmann )

Richard Durbin, Fellow of the Royal Society, Senior Group Leader, Sanger Institute
14.00 - 14.45

I am involved in a wide variety of genomic genetics projects from a computational and mathematical perspective.
Current interests include human genetic variation, evolutionary and population genetics and algorithms and
software for high throughput sequencing.

I typically have a research group of around ten students, postdocs and staff scientists, and am also involved in a large
number of collaborative projects. Below are some of the areas we are currently working on.

Sequencing individuals with related parents, such as from the UK Pakistani community, to discover homozygous rare
loss of function mutations, in collaboration with David van Heel at QMUL, Richard Trembath at KCL and others.
Development of a panel of human iPS cell lines in the HipSci project and collection of genomic data on them for
cellular genetic studies, with Daniel Gaffney and Ludovic Vallier at the Sanger Institute, Oliver Stegle at the EBI, Fiona
Watts at KCL and others.

Sequencing cichlid fish from Lake Malawi and nearby lakes and rivers to study genomic evolution, with Associate
Faculty member Eric Miska, George Turner from Bangor University and Martin Genner from Bristol University.
Sequencing ancient DNA samples and modelling human population movements and evolutionary history.
Development of new novel graph-based reference genome structures and mapping software in the context of the
Global Alliance for Genomics and Health.

Development of efficient computational methods for very large scale haplotype sequence compression and matching
using positional Burrows-Wheeler transform (PBWT) approaches and applying them to population inference and
imputation, including in the context of a collaboration with Jonathan Marchini at Oxford and Goncalo Abecasis at
Michigan to build a very large scale haplotype reference panel in the Haplotype Reference Consortium.

I have led a number of large scale genomics projects in the past, including the 1000 Genomes Project (with David
Altshuler at the Broad Institute) and the UK10K project, both of which completed in 2015, and the gorilla reference
sequencing project.

Previously I worked on sequence analysis software including hidden Markov model (HMM) methods for gene finding
and protein similarity detection, jointly authoring a book Biological Sequence analysis with Sean Eddy, Anders Krogh
and Graeme Mitchison. 1 also helped establish a number of reference genomic databases including WormBase for
C.elegans biology (using the ACeDB software I co-developed with Jean Thierry-Mieg), Pfam, TreeFam and Ensembl.

(Description taken from http://www.sanger.ac.uk/people/directory/durbin-richard )
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Quantitative Genomics 2016

Sponsored talk

Fiona Nielsen, Founder and CEO of Repositive
15.45 - 16.00

You have probably been in this situation before:
How do you find and access data for your research?

Human genomic research data is just one of many forms of biomedical or clinical data which
requires careful consideration to data governance to enable data availability and accessibility to
ensure compliance with data consent while maximizing utility for research. While the benefits of
data sharing are becoming more widely accepted (Toronto International Data Release Workshop
Authors 2009), human genomic data (i.e., information about the composition of our DNA and
RNA) is often exempt from data sharing requirements from major funders that all experimental
data must be placed in publicly accessible repositories. This is because of concerns that making
human genomic data public exposes potentially sensitive personal information to the world
(Richards 2015). We have addressed the most pressing problem for public genomic data: that of
data discoverability by indexing worldwide resources for genomic research data on an online
platform (repositive.io) providing a single point of entry to find and access available genomic
research data. We present case studies of how data visibility and accessibility improve research
outcomes for both data provider and data consumer.

Repositive is currently in beta testing and we would like to invite all attendees of Quantitive
Genomics to try out our free platform at http://repositive.io - Creating an account is quick and
easy and will help you find and access already more than 42,000 datasets for human genomics
research.

Fiona Nielsen

Founder and CEO

Bioinformatics scientist specialised in genome analysis with 15 years of experience in software development and
project management. Fiona left her job at Illumina Cambridge in 2013 to pursue her vision of enabling efficient
genomic data sharing and founded the charity DNAdigest. In August 2014 she founded Repositive as a spin out of
DNADigest.

&2 REPOSITIVE

w CONNECTING THE WORLD OF GENOMIC DATA
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Quantitative Genomics 2016

Meet the organisers

Patrick studies Genomic Medicine and Statistics at the University of Oxford, at the Wellcome Trust
Centre for Human Genetics, where he currently is in his final year of studies. Supervised by Gil

McVean and Mark McCarthy, his focus is on statistical genetics with
interest for applications in medical genetics and complex disease. In
his current work, he develops novel methods to better understand
low-frequency genetic variation, and how rare variants influence the
architecture of complex disease. Previously, Patrick studied MSc
Evolutionary Biology at LMU Munich (Germany), Harvard University
Patrick K. Albers (United States), UM2 Montpellier (France), and Uppsala University
i (Sweden). Before that, he did his BSc in Marine Biology at James Cook
University (Australia) and University of Tuebingen (Germany).

University of Oxford

Sarah is a third-year PhD student in Psychiatric Epigenetics at the
MRC Social, Genetic and Developmental Psychiatry Centre, Institute of Psychiatry, Psychology and
Neuroscience, King’s College London. Her research is aimed at understanding the role of epigenetic
factors in neuropsychiatric phenotypes. She combines laboratory and
experimental work with computational and statistical methods to
gain a deeper understanding of natural variation of epigenetic
modifications across the human brain and its primary surrogate

Sarah Marzi
King's College London

tissues as well as variation associated with disease and environmental exposure variables. For her
PhD Sarah was awarded a Marie Curie Early Stage Researcher fellowship by the European

Commission as part of the Initial Training Network EpiTrain.

Oliver began his Bloomsbury College-funded PhD in October 2014
under the supervision of Dr Angelica Ronald (Birkbeck) and Prof
PN Frank Dudbridge (London School of Hygiene and Tropical Medicine).
\ 2 [‘ P His current research involves the harmonisation of phenotypic and
Oliver Pain genotypic data from several general population studies to power the
Birkbeck University & London Schoolof | identification of common genetic variants associated with adolescent
Hygiene and Tropical Medicine psychotic experiences. He will also investigate the shared aetiology of
adolescent psychotic experiences with major psychiatric disorders

typically occurring in adulthood.

Christof is a PhD candidate at the European Bioinformatics Institute (EBI/EMBL) Cambridge,
supervised by Oliver Stegle and co-supervised by Zoubin Ghahramani. His research is about machine
learning models to analyze single-cell methylation and gene
expression data. Specifically, he is interested in deep neural networks
that are scalable to large, heterogeneous, and high-dimensional data.

Charles is a third-year PhD Student in the Epigenetics of Complex
Diseases at the UCL Cancer Institute, under the supervision of Prof.
Stephan Beck and Prof. Nicholas Luscombe. His research involves the
integration of different layers of epigenetic data to identify cell types
underlying complex disease and the implementation of 4C-seq to
uncover the function of candidate disease variants. He completed a
secondment with Prof, Ewan Birney at the European Bioinformatics
Institute, developing the eFORGE software tool. For his PhD Charles
was awarded a Marie Curie Early Stage Researcher fellowship by the
European Commission as part of the Initial Training Network
EpiTrain.

Alice is a third year MRC/Wellcome Trust PhD student at the
Wellcome Trust Sanger Institute, supervised by Professor Nicole Soranzo. Her research aim is to
understand how human genetic variation influences haematopoietic cell function. By combining
experimental techniques with computational analysis, she hopes to

Charles Breeze
University College London

also interested in communicating science to wider communities and
is involved with the WTSI Public Engagement activities.

James is a third-year PhD student on the Wellcome Trust PhD
programme in Mathematical Genomics and Medicine at the
University of Cambridge, supervised by Dr Chris Wallace and
Professor John Todd. He is interested in methodologies by which
genomic data may contribute to the development of precision
medicine, and is currently working on the adaptation of genomic
analyses to complex disease structures.

Daniel is a second-year PhD student at University College London. His
research is on the development and application of methods to infer
the genetic history of colorectal cancers from sequencing data. In
particular, he is interested in the timing and impact of so-called
‘mutator mutations’ that alter the molecular mutation rate, and potential insights that can be
gleaned from cancers harbouring these mutations to improve prognostication and therapy.

James Liley
University of Cambridge

Christof Angermueller
European Bioinformatics Institute
(EBI-EMBL)

l: 4 = -
Pholo;@Saf\ger instj GenomeResearch Limited
Alice Mann
Wellcome Trust Sanger Institute,
University of Cambridge

describe in-depth the mechanisms through which genetic variants influence complex traits. Alice is

Daniel Temko
University College London

Are you interested in organising Quantitative Genomics 2017 ? Contact one of the organisers now !
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Abstracts Quantitative Genomics 2016
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1.1 Hannes Svardal: Africa-wide whole genome sequencing of vervet monkeys reveals strong polygenic
selection on known HIV-interacting genes and on genes up-regulated after infection with the simian
immunodeficiency virus (SIV). . ... i 2

1.2 Jonathan Coleman: The contribution of polygenic risk to the relationship between depression and body
mass index in the UK Biobank ......... ... 2

1.3 Stefan Dentro: Large-scale pan-cancer subclonal reconstruction analysis of whole genome sequences
reveals wide-spread intra-tumour heterogeneity............. ... ... ... . 3
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Quantitative Genomics 2016 Abstracts

1 Complex Phenotype Genetics

Long podium talk: 9.30 - 9.45

1.1 Africa-wide whole genome sequencing of vervet monkeys reveals strong polygenic
selection on known HIV-interacting genes and on genes up-regulated after infection
with the simian immunodeficiency virus (SIV)

Hannes Svardal Wellcome Trust Sanger Institute

Authors: Hannes Svardal (1,4); Anna Jasinska (2); Wesley C Warren (3); Nelson B Freimer (2); Magnus Nordborg (4)

Affiliations: (1) Wellcome Trust Sanger Institute, Cambridge, UK (2) University of California Los Angeles, Los Angeles, USA (3)
Washington University in St. Louis, St. Louis, USA (4) Gregor Mendel Institute, Austrian Academy of Sciences, Vienna, Austria

With their abundance in savannahs and riverine forests of sub-Saharan Africa, vervet monkeys (genus Chlorocebus)
are amongst the most widespread non-human primates and show considerable phenotypic diversity. A model for
human disease traits, vervet monkeys are also of interest for being a natural host to the simian immunodeficiency
virus (SIV) with a high viral prevalence across most of the species range. We use whole genome sequencing data from
163 monkeys of five sub-taxa sampled across the whole continent to infer subspecies relationships and demonstrate
cross-taxon gene-flow. Identifying more than 50 million single nucleotide polymorphisms, we find both high diversity
within sub-taxa, differentiation across sub-taxa and a substantial amount of shared variation. A scan for diversifying
selection across sub-taxa is highly enriched in viral response genes and genes that have been demonstrated to interact
with HIV, pointing to candidate loci for the adaptation to SIV and other viral pathogens. Furthermore, selection scores
are highly elevated in genes that show a response to SIV-infection in vervet monkeys but not in macaques.

Short podium talk: 9.45 - 9.50

1.2 The contribution of polygenic risk to the relationship between depression and body
mass index in the UK Biobank

Jonathan Coleman Institute of Psychiatry, Psychology and Neuroscience, King’s College London

Authors: Jonathan R. I. Coleman (1), Thalia C. Eley (1,2), Gerome Breen (1,2)

Affiliations: (1) MRC Social Genetic and Developmental Psychiatry Centre, Institute of Psychiatry, Psychology and Neuroscience, King’s
College London, UK (2) National Institute for Health Research Biomedical Research Centre, South London and Maudsley National Health
Service Trust and Institute of Psychiatry, Psychology and Neuroscience, UK

Body mass index (BMI) is increased on average in depression cases, but the relationship is complex, the relative
contributions of genetic and non-genetic factors are unclear, and the direction of causality is unknown. Recent findings
suggest that BMI may share a genetic component with psychiatric disorders. The explanatory power of polygenic
risk scores (as proxies for the genetic component of variance) was investigated in a bidirectional analysis between
BMI and depression, using participants from the UK Biobank cohort (N = 21,039).Participants from the first wave of
genotyping released from the UK Biobank were assigned depression case or control status according to self-report and
inpatient hospital episodes data. Subtype (typical and atypical depression) diagnoses were unavailable. Polygenic risk
scores were derived using the latest published meta-analyses of large genetic consortia, and linear and logistic models
constructed to assess the independent and interactive effects of polygenic risk and trait status on each trait, correcting for
covariates including age, sex, socioeconomic status and geographic location.A small but significant positive correlation
between depression status and BMI was observed. Polygenic risk contributed significantly to variance within-trait, and
did not alter the observed phenotypic correlation substantially, but no cross-trait associations between polygenic risk
and depression or BMI survived correction for multiple testing. The genetic correlation between BMI and depression
was non-significant, and the genetic influences on BMI did not differ between depression cases and controls (genetic
correlation = 1).Individuals with depression in the first wave of the UK Biobank data have a higher BMI than control
individuals. This relationship does not appear to arise from a shared genetic basis, suggesting an effect of factors not
controlled for within the analysis.

S2 Session1 COMPLEX PHENOTYPE GENETICS
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Long podium talk: 9.50 - 10.05

1.3 Large-scale pan-cancer subclonal reconstruction analysis of whole genome sequences
reveals wide-spread intra-tumour heterogeneity

Stefan Dentro Wellcome Trust Sanger Institute

Authors: Stefan C. Dentro (1), Kerstin Haase (2), Keiran M. Raine (1), Jonas Demeulemeester (2), Inigo Martincorena (1), Ludmil B.
Alexandrov (1), Henry Lee-Six (1), Kevin Dawson (1), David J. Adams (1), Peter Van Loo (2), David C. Wedge (1), for the Evolution and
Heterogeneity Working Group of the ICGC Pan-Cancer Analysis of Whole Genomes initiative

Affiliations: (1) Wellcome Trust Sanger Instititute, (2) The Francis Crick Institute

Tumours evolve through a series of clonal expansions. Over time, changes in the DNA of tumour cells occur, which
can be measured through massively parallel sequencing. The International Cancer Genome Consortium Pan-Cancer
Analysis of Whole Genomes contains whole genome sequences of 2900 tumours spanning 46 different cancer types. We
extended previously developed methods to obtain allele specific subclonal copy number based on haplotype phasing of
1000 Genomes SNPs and to reconstruct the subclonal architecture of tumours by clustering point mutations using a
Bayesian Dirichlet process. Here we apply this suite of subclonal reconstruction methods to 1700 tumours, after rigorous
quality control of subclonal copy number profiles. After correcting for the power to detect subclonal populations, we
observe that intra-tumour heterogeneity is nearly universal across most cancer types. We infer that in the majority of
cancers, the most recent common ancestor cell emerges late, that selection occurs throughout a tumours’ life history
and that mutational signatures can change during tumour evolution. We observe clear differences between cancer
types. In the typical cancer, approximately 80% of point mutations and 65% of copy number changes are clonal.
Pancreatic Endocrine tumours acquire most of their copy number changes early, with 85% of changes appearing fully
clonal. Haematological cancers acquire most of their copy number changes late as only 30% of changes are clonal. In
sharp contrast, melanomas appear to be mostly clonal based on point mutations, but continue to acquire copy number
changes.Our large-scale analysis of whole genomes shows that cancers continue to evolve, and that individual cancer
types each show particular characteristics in their evolutionary history and subclonal architecture.

Short podium talk: 10.05 - 10.10

1.4 The nature of nurture: Education-associated single nucleotide polymorphisms
explain variation in children’s home environments and in their associations with
child outcomes

Eva Krapohl King’s College London

Authors: Eva Krapohl (1); Paul F O’Reilly (1); Robert Plomin (1)

Affiliations: (1) MRC Social, Genetic and Developmental Psychiatry Centre, Institute of Psychiatry, Psychology and Neuroscience, King’s
College London, London, UK

Understanding the complex relationships between environmental factors and developmental outcomes is a
fundamental goal of epidemiology. Genetics can help elucidate cause and effect, because inherited genetic variants
cannot be subject to reverse causation. Using genome-wide polygenic models in a UK-representative sample of 6,710
children, we investigated the effect of education-associated single nucleotide polymorphisms (a) on children’s home
environments and (b) on the covariance between children’s home environments and child outcomes. Variation in
education-associated alleles was significantly associated with variation in children’s home environments (e.g.
breastfeeding: 2.1%; household income: 3.2%; television: 2.9%; number of books in household: 2.6%) and explained
covariance between home environments and child outcomes, independently of population stratification. Three
examples: the association between breastfeeding and child IQ, that between number of books and child educational
achievement, and that between television and child conduct disorder were significantly tagged by education-associated
alleles. These findings highlight the importance of taking genetics into account when investigating the association
between environment and developmental outcomes.

Session1 COMPLEX PHENOTYPE GENETICS S3
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Long podium talk: 10.10 - 10.25
1.5 Understanding cardiac structure and function in humans using 4D imaging genetics.

Hannah Meyer European Bioinformatics Institute

Authors: Hannah V Meyer (1), Antonio de Marvao (2), Timothy JW Dawes (2), Wenzhe Shi (2) , Tamara Diamond (2), Daniel Rueckert (2),
Enrico Petretto (2), Leonardo Bottolo (2), Declan P O’Regan (2), Ewan Birney (1), Stuart A Cook (2)

Affiliations: (1) European Bioinformatics Institute (EMBL-EBI), Hinxton, CB101SD, United Kingdom (2) Medical Research Council,
Clinical Sciences Centre, Faculty of Medicine, Imperial College London, Hammersmith Hospital Campus, Du Cane Road, London W12
ONN, UK

Human health is dependent on the long lasting function of many organ systems; these in turn develop due to complex
genetic programs and are maintained over a lifespan. Many human diseases are related to cardiac structure and function,
from relatively common cardiac infarctions through to more rare but serious diseases such as different cardiomyopathies.
Understanding the biology of the human heart is informative for both basic and translational research.We have created
the first at scale cohort of 1,500 detailed cardiac images from healthy volunteers. We used a 1.5T Philips MRI scanner
to acquire detailed 4D images of the heart in a single breath hold. This provides a far more detailed and consistent
cardiac measurement than the traditional combination of 2D planar cardiac images. We are able to map these 4D
images into a consistent volumetric reference, and derive over 27,000 measurements per individual representing the
heart. The individuals were also genotyped on a modern SNP array and imputed using a combination of 1000 Genomes
and UK10K known variants, leading to 9.4 million variants for use in association studies.We have successfully used
a dimension reduction process to reduce the large image based metrics to a more compact latent variable space (100
dimensions). Using this projection, we are able to find a number of genetic loci which show strong association with
the heart structure. Interestingly, some of these hits are present in enhancers of known heart development genes, and
pre-existing knockout studies in mice confirm a heart phenotype. Inspired by the model organism data, we have shown
that a similar phenotype, measured as the non-compacted to compacted ratio in the heart at specific points, is also
present in the human population. This work shows that imaging genetics provides an unbiased discovery process for
exploring the underlying biology of human organs, with an impact on our understanding of both healthy and disease

physiology.

Short podium talk: 10.25 - 10.30
1.6 Neuregulin Signaling Pathway in Smoking Behavior
Richa Gupta University of Helsinki

Authors: Richa Gupta (1,2); Beenish Qaiser (1,2); Liang He (2,3); Tero Hiekkalinna (1,4); Miina Ollikainen (1,2); Samuli Ripatti (1,2,5);
Markus Perola (4); Pamela A. F. Madden (6); Tellervo Korhonen (1,4); Jaakko Kaprio (1,2,4); Anu Loukola (1,2)

Affiliations: (1) Institute for Molecular Medicine Finland (FIMM), University of Helsinki, Helsinki, Finland; (2) Department of Public
Health, University of Helsinki, Helsinki, Finland; (3) Duke Population Research Centre, Duke University, North Carolina, USA; (4)
National Institute for Health and Welfare, Helsinki, Finland; (5) Wellcome Trust Sanger Institute, Cambridge, UK; (6) Department of
Psychiatry, Washington University School of Medicine, Saint Louis, Missouri, USA

Smoking is a major risk factor for many somatic diseases and is also emerging as a causal factor for neuropsychiatric
disorders. Understanding the molecular processes that link comorbid disorders such as tobacco smoking and mental
disorders can provide new therapeutic targets. Neuregulin signaling pathway (NSP) genes have previously been
implicated in schizophrenia, a neurodevelopmental disorder with high-comorbidity to smoking. Recently, we performed
a genome-wide association study in a Finnish twin family sample (N=1104) and detected association between DSM-IV
defined nicotine dependence and ERBB4, a neuregulin receptor (Loukola 2014 Mol Psychiatry). Using a subset of
the same sample, we have previously identified linkage for regular smoking at 2q33, overlapping the ERBB4 locus
(Loukola 2008 Pharmacogenomics J). Further, Neuregulin3 has been shown to associate with nicotine withdrawal in a
behavioral mouse model (Turner 2014 Mol Psychiatry). In this study we scrutinized association and linkage between
common and rare genetic variants (22450 SNPs) in ten NSP genes and regular smoker, nicotine dependence, and nicotine
withdrawal phenotypes. By using an extended Finnish twin family sample (N=1998) we detected 183 significantly
(FDR p<0.05) associated SNPs. Diligent annotation of these associations using expression (eQTL) and methylation
quantitative loci (meQTL) analysis in a Finnish population sample, as well as available eQTL and splicing quantitative
trait loci (sQTL) databases, revealed plausible functional roles for several associating variants. Our results further
support the involvement of NSP in smoking behavior and highlights the utility of functional annotations.

S4 Session1 COMPLEX PHENOTYPE GENETICS
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Mutations that alter the behaviour of enhancers are known to be important contributors to a number of human
diseases, but many disease-linked sequence variants that overlap putative enhancers remain otherwise uncharacterised.
Target genes can be identified based on the physical interactions formed by enhancers, but current genome-wide
approaches based on chromatin conformation capture (3C) require the ligation of two restriction-digested DNA ends to
identify a chromatin interaction. This limits their ability to identify contacts between more than two loci interacting
simultaneously in the same cell.Capturing the full complexity of enhancer interactions in single cells may be crucial to
uncovering their regulatory functions. We present Genome Architecture Mapping (GAM), a new ligation-free method
for determining chromatin interactions on a genome-wide scale, which is capable of detecting simultaneous interactions
between three or more genomic loci. In contrast with 3C-based approaches, GAM data presents less intrinsic bias,
whilst requiring a smaller number of cells.We generate a genome-wide dataset of chromatin interactions in mouse
ES cells using GAM, which we compare with published Hi-C data and analyse using a tailor-made statistical model.
We identify preferential chromatin contacts spanning tens of megabases, including especially prominent interactions
between enhancers and active genes, and validate these contacts by independent FISH experiments. By exploiting the
unique ability of GAM to interrogate high-multiplicity interactions, we are able to detect a striking pattern of abundant,
simultaneous three-way contacts genome-wide. These "triplet’] contacts include interactions between highly transcribed
topological domains (TADs) and/or TADs containing super-enhancers, identifying the simultaneous association of
multiple regulatory regions in the same nucleus as an important aspect of genome architecture.

Short podium talk: 12.15 - 12.20
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Allele specific expression (ASE) is the differential expression of the two alleles at a transcribed locus. Being a within
individual comparison, it helps avoid potential confounding factors and can be used in the study of gene regulation
in single individuals or small rare tissue datasets.We examined 84 substantia nigra and putamen samples from 53
neuropathologically control post-mortem human brains of the UKBEC dataset for ASE. Gene expression including both
pre-mRNA and mRNA was investigated using mRNA enriched total RNA and exome sequencing data. 7.8% of the
heterozygous variants we studied were identified as ASE signals at a False Discovery Rate <5%. A validation of our
signals with an independent dataset of lymphoblastoid cell lines, in addition to a strong concordance, also showed brain
specific signals that are not detected even with 10 times the number of individuals. Multiple underlying causes to ASEs
were observed (1) highly deleterious variants, (2) imprinting and (3) expression quantitative trait loci (eQTLs). 25% of
the protein truncating variants we studied had significant ASE signals compared to only 3% in the intronic sites. We saw
that a drop in expression caused by nonsense mediated decay was compensated by increased expression of the common
allele. An enrichment of imprinted genes was seen in ASE signals that had a reversal in direction between individuals.
We also observed common variants with unidirectional ASE signals, tagged eQTLs. Thus we see that ASE is an efficient
way of finding gene regulatory processes in small datasets, thereby underlining its power.
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Quantitative trait loci (QTL) mapping studies of cellular phenotypes such as gene expression can provide mechanistic
insights into the functions of disease-associated variants. However, many molecular QTLs are cell type and context
specific. This is particularly relevant for immune cells, where external cues can substantially alter cellular function
and behavior. In addition, fine-mapping causal regulatory variants is challenging, which often limits mechanistic
understanding. In this study we differentiated macrophages from induced pluripotent stem cells from 85 unrelated,
healthy individuals derived as part of the Human Induced Pluripotent Stem Cells Initiative (HipSci.org). We generated
gene expression (RNA-seq) and chromatin accessibility (ATAC-seq) data from these cells in four experimental conditions:
naive, treated with interferon-gamma (IFNg) for 18h, infected with Salmonella for 5h, and IFNg treatment followed
by Salmonella infection. Across these four conditions we detected expression QTLs (eQTLs) for 4326 genes, over 900
of which affected gene expression in a condition-specific manner. Many of these eQTLs overlapped known disease
associations, including some that were only detectable in stimulated cells. Intersecting associated eQTL variants with
ATAC-seq signal from the same individuals and cell population allowed us to greatly reduce the set of credible causal
variants, often pinpointing a single most likely variant. In addition, joint analysis of eQTLs with chromatin accessibility
QTLs (caQTLs) revealed that approximately 50% of stimulation-specific eQTLs manifest at the chromatin level in naive
cells prior to stimulation. These analyses provide insight into the principles of condition-specific gene regulation and
highlight putative trans-acting factors involved.

Short podium talk: 12.35 - 12.40

2.4 BWT-based indexing structure for metagenomic classification
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Metagenomics is a powerful approach to study genetic content of environmental samples, which has been strongly
promoted by NGS technologies. One of the main tasks is the assignment of reads of a metagenome to taxonomic units,
and the subsequent abundance estimation. Most of recently developed programs for this task (such as LMAT, KRAKEN,
KALLISTO) perform the assignment based on shared k-mers between reads and references. In such an approach, two
major algorithmic subproblems can be distinguished: designing a k-mer index for a huge database of reference genomes
and a given taxonomic tree, and designing an algorithm for assigning reads to taxonomic units from information on
shared k-mers. In this talk, we consider the problem of index design and present a novel data structure that provides a
full list of genomes containing a queried k-mer. The structure is based on BWT-index applied to sequences encoding
k-mers proper to each node of the taxonomic tree. We analyse the usefulness of this index and evaluate it in terms of
speed and memory requirements.
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The mammalian genome is transcribed into large numbers of long noncoding RNAs (IncRNAs), but the definition of
functional IncRNA groups has proven difficult, partly due to their low sequence conservation and lack of identified
shared properties. Here we consider positional conservation across mammalian genomes as an indicator of functional
commonality. We identify 665 conserved IncRNA promoters in mouse and human genomes that are preserved in
genomic position relative to orthologous coding genes. The identified 'positionally conserved’ IncRNAs are primarily
associated with developmental transcription factors with which they are co-expressed in a tissue-specific manner.
Strikingly, a substantial proportion of positionally conserved RNAs have features linked to chromatin organization:
they overlap the binding site for the CTCF chromatin organizer and are located at the chromatin loop anchor points
and topologically associating domains (TADs). These topological anchor point (tap)RNAs, possess conserved sequence
domains that are enriched in potential recognition motifs for Zinc Finger proteins. Characterization of these non-coding
RNAs and their associated coding genes shows that they are functionally connected: they regulate each other’s expression
and influence metastatic phenotypic characteristics of cancer cells in vitro in a similar fashion. Thus, interrogation of
positionally conserved IncRNAs identifies a subset of tapRNAs with shared functional properties, which are linked to
chromatin topology and the regulation of developmental transcription factor loci.

Short podium talk: 12.55 - 13.00

2.6 The Genetic Legacy of the Kuba Kingdom in the present-day Democratic Republic of
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The pre-colonial centralized state of the Kuba Kingdom was founded by King Shyamm in the 17th century in the
present-day Democratic Republic of Congo. The Kuba Kingdom was characteristic of a centralized state with an enforced
taxation system, elected political office, police force, and a formal court system with trial by jury, but considered unusual
in that these socio-political institutions were developed without Western influence. As part of a collaboration with
the Department of Economics at Havard, we explore the genetic structure in a novel data collection consisting of over
250,000 SNPs in each of 788 individuals from 29 modern day groups existing both inside and outside of the former
Kuba Kingdom, relating genetics to cultural belief systems and oral traditions involving the Kingdom. We demonstrate
that genetic structure in the region is subtle, so that the standard techniques in population genetics such as principal-
components-analysis (PCA) and FST do not elucidate clear patterns. Instead we describe a haplotype-based technique
that exploits associations among neighbouring SNPs to increase power and here illustrates a clear correlation between
genetics and geography. In preliminary work we demonstrate that the group that is most genetically differentiated from
the other Congolese tribes are the Lele, who live outside the geographic span of the former Kuba Kingdom and are
documented to have had different political and economic institutions to geographically proximal tribes. Using this and
further statistical modelling, we provide insight in to how historical socio-political factors can impact on present-day
human genetic diversity.
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The transcriptomes of single cells undergoing diverse biological processes - such as differentiation or apoptosis -
display remarkable heterogeneity that is averaged over in bulk sequencing. Single-cell sequencing itself offers only
a snapshot of these processes by capturing cells of variable and unknown progression through them. Consequently,
one outstanding problem in single-cell genomics is to find an ordering of cells (known as their pseudotime) that best
reflects their progression, for which several computational methods have been proposed. Such methods emphasise an
unsupervised "data-driven" approach that typically involves dimensionality reduction on a large gene-set followed by
curve fitting in the reduced space. Here we present an alternative approach for pseudotime inference that allows the
user to specify the desired behaviour of a set of marker genes. Using a Bayesian generative model, such knowledge -
such as a given gene turning on or off at a specified point in the trajectory - is incorporated through informative priors.
Our novel method solves several problems in single-cell trajectory learning including pseudotime orientation, implicit
length scales and robustness to gene selection and noise. We demonstrate the superiority of our method on synthetic
data before examining several real-world use cases.

Short podium talk: 15.00 - 15.05
3.2 Cancer genome sequencing reveals only the earliest events in cancer development
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Clonal evolution, the acquisition of selectively advantageous mutations followed by their fixation in the population
has long been the traditional view of tumour evolution. Using mathematical modelling we recently showed that
sequencing data from primary human cancers often (~30% of cases) exhibit a signature of neutral evolutionary dynamics
(Williams et al 2016). Here following the acquisition of a full set of genetic alterations sufficient for malignancy, tumours
grow as single clonal expansions with all subsequent mutations being effectively neutral, ie having no effect on the
growth of subpopulations of cells within the tumour. Here, using a branching process type simulation of tumour growth
and a multi-stage sampling scheme to generate synthetic data sets that share the characteristics of real sequencing data,
we explore the consequences of relaxing some of the assumptions of this neutral model. Thus exploring what type of
evolutionary dynamics may explain the 70% of cases that do no fit neutral evolutionary dynamics. We find that due
to the expanding population and the limited resolution of sequencing data, selection events must happen early and
have relatively large fitness effects to be detectable in typical sequencing of bulk tissue samples. This demonstrates
that sequencing of cancer samples only reveals the earliest events post-transformation. Using our model together with
approximate Bayesian computation statistical inference, we then infer the evolutionary dynamics for individual samples
that do not conform to the neutral model.By linking the dynamics of tumour growth to NGS data, our theoretical
framework provides a powerful new way to interpret genomic studies of cancer and opens up opportunities to decipher
functional vs non-functional heterogeneity, measure in vivo mutation rates and infer mutational timelines.Williams et
al (2016). Identification of neutral tumor evolution across cancer types. Nature Genetics.
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Since bacterial species, drug-susceptibility profiles and virulence factors are encoded in the genome, we can recover
this information from whole genome sequence data. Transforming genome-sequencing data into clinically useful
information currently requires hours of processing on a powerful computer, followed by expert analysis. Our goal was to
remove this bottleneck.Our approach (Mykrobe predictor) starts with a curated knowledge base of resistant/susceptible
alleles, which we use with different genetic backgrounds and many examples of resistance genes to assemble a de
Bruijn graph. This forms our reference graph. Our approach then directly compares the de Bruijn graph of the sample
with the reference graph (similar to ‘pseudoalignment’). This results in statistical tests for the presence of resistance
alleles that are unbiased by choice of reference or assumptions of clonality. We sequenced 987 S. aureus and 1900 M.
tuberculosis isolates on Illumina platforms and applied our method to predict the antimicrobial resistance profile for
each sample. For S. aureus, our results show sensitivity/specificity of 99.1%/99.6% across 12 drugs. For M. tuberculosis,
our sensitivity of 82.6% is limited by our understanding of the genetics, and specificity was 98.5%. Importantly,
detection of minor alleles improved sensitivity for 2nd line drugs (capreomycin, amikacin, ofloxacin) by >12%. This has
great public health potential for distinguishing MDR from XDR-TB.Finally, we apply our method to the new Oxford
Nanopore MinION USB-sequencer. We show that full concordance with phenotype is achievable both for gene and
SNP-based resistance

Short podium talk: 15.20 - 15.25
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High-throughput sequencing machines are now providing researchers with massive amount of DNA data. However,
the data produced is typically affected by large sequencing errors and inferences of individual genotypes and variants
are challenging when a low-depth strategy is employed. Recently, statistical methods that take genotype uncertainty into
account have been introduced in population genetics, allowing for an accurate estimation of nucleotide diversity even
when little data is present. However, most of the available software and approaches are based on classic assumptions of
random mating and diploidy.To solve this issue, here we propose a novel statistical framework to estimate ploidy from
sequencing data, taking into account base qualities and depth, through a composite likelihood ratio test. We also show
how this method can be adopted to perform variant and genotype calling under an arbitrary number of ploidy directly
from genotype likelihoods, and set the basis for the estimation of summary statistics for population genetics analyses.
We finally propose an extension of this method when more than one sample is available. Behavior and accuracy are
assessed through simulations, and a dedicated software is currently under development.We finally demonstrate the
utility of such method for estimating the chromosomal copy number variation in Batrachochytrium dendrobatis (Bd)
from whole genome sequencing data. Bd is an amphibian fungus that is imposing a huge burden on its host. Genomes of
Bd strains have been shown to be highly dynamic, with changes in ploidy observed even over short timescales. Unveiling
how ploidy variation relates to fungal pathogenicity might hold the key for effective molecular monitoring.
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Bacterial genomes vary extensively in terms of both gene content and gene sequence — this plasticity hampers
the use of traditional SNP-based methods for identifying all genetic associations with phenotypic variation. Here we
introduce a computationally scalable and widely applicable statistical method (SEER) for the identification of sequence
elements that are significantly enriched in a phenotype of interest. SEER is applicable to even tens of thousands of
genomes by counting variable-length k-mers using a distributed string-mining algorithm. Robust options are provided
for association analysis that also correct for the clonal population structure of bacteria. Using large collections of
genomes of the major human pathogens Streptococcus pneumoniae and Streptococcus pyogenes, SEER identifies relevant
previously characterised resistance determinants for several antibiotics and discovers potential novel factors related to
the invasiveness of S. pyogenes. We thus demonstrate that our method can answer important biologically and medically
relevant questions.

Short podium talk: 15.40 - 15.45
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Using single-cell RNA-seq (scRNA-seq), the full transcriptome of individual cells can be acquired, enabling a
quantitative cell-type characterisation based on expression profiles. Due to the large variability in gene expression,
assigning cells into groups based on the transcriptome remains challenging. We present Single-Cell Consensus Clustering
(SC3), a tool for unsupervised clustering of scRNA-seq data. SC3 achieves high accuracy and robustness by consistently
integrating different clustering solutions through a consensus approach. Tests on nine published datasets show that
SC3 outperforms 4 existing methods, while remaining scalable for large datasets, as shown by the analysis of a dataset
containing ~ 45,000 cells. Moreover, an interactive graphical implementation makes SC3 accessible to a wide audience
of users. Importantly, SC3 aids the biological interpretation by identifying marker genes, differentially expressed genes
and outlier cells. We illustrate the capabilities of SC3 by characterising newly obtained transcriptomes of subclones of
neoplastic cells collected from clinical patients.
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Autism Spectrum Disorder (ASD) is a complex neuropsychiatric syndrome with a largely unknown aetiology.
The potential for non-genetic influence to mediate part of the risk of ASD has prompted several studies to date, all
showing evidences for epigenetic alterations in autistic subjects. Establishment of DNA methylation during brain
development has been widely accepted as key factor in defining neuron molecular identity. However, one of the most
challenging task to face in epigenetic studies is the cellular mosaicism, particularly in the brain. In order to improve
the quality of methylation data and unravel the contribution of neuronal population to the entire epigenetic signature
in ASD we employed two techniques: Fluorescent Activated Cell Sorting (FACS) followed by hybridization on 450K
Methylation Array (Illumina), that profiles around 485,000 CpG sites throughout the entire genome. We identified 12
Differentially Methylated Regions (DMRs) at FDR <0.01. Interestingly, various genes were part of GABAergic system
whose involvement has been strongly suspected in ASD. Weighted Gene Co-Expression Network Analysis (WGCNA)
pinpointed three co-methylation modules correlated to autism/control status at p value <0.0001. Two of them resulted
inversely correlated to autism/control status and were enriched for synaptic and neuronal genes, while the third module
showed a direct correlation and was enriched by immune response processes. Finally, we established the specificity of
these 3 modules to ASD assessing their enrichment for GWAS databases related to other psychiatric and non-psychiatric
disorders. This study identifies alterations of DNA methylation in cortical neurons as possible factor involved in the
aetiopathogenesis of ASD and promotes a more systematic use of cell-specific approach in psychiatry.

Short podium talk: 17.00 - 17.05
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There is a major open question as to how important gene-gene and gene-environment interaction effects are in the
genetic architecture of human diseases and traits. The controversy remains unresolved partly due to a lack of powerful
methods for detecting these effects and partly due to the lack of suitably sized datasets. The imminent availability of
large population based studies, including biobanks, will for the first time offer the sample size required to properly
address this question. While most genetic association studies model how the phenotypic mean changes with genotype,
they ignore any change in phenotypic variance with genotype. Changes in variance with genotype are characteristic of
loci involved in non-additive effects, including gene-gene and gene-environment interactions. To improve power to
detect loci involved in non-additive effects, we introduce a test statistic that jointly tests for mean and variance effects.
To better control for confounding and to increase power, we incorporate our test statistic in a linear mixed model whose
residual error term is influenced by an arbitrary vector of covariates, which we term the heteroskedastic linear mixed
model, and we give a novel algorithm for fitting this model whose complexity scales linearly with sample size. We use
this in a subsample of the UK Biobank (n ~145,000) to search for non-additive loci affecting body mass index. We find
eight such novel loci and five previously known loci. Three of the novel loci would not have been discovered by additive
association testing, demonstrating there are types of loci that have been missed by additive testing. Following from this,
we discovered a novel interaction between the TCF7L2 risk allele and diabetes treatment affecting BMI. We anticipate
that more non-additive loci will be discovered at larger sample sizes and that the genome-wide test statistics will give
insight into the importance of non-additivity for different traits.
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Long podium talk: 17.05 - 17.20
4.3 The role and targets of DNA methylation in melanoma formation and progression

Goran Micevic Yale University

Authors: Goran Micevic (1), Marcus Bosenberg (1)

Affiliations: (1) Yale University School of Medicine, New Haven, CT 06510, United States of America

Melanoma is the deadliest form of skin cancer with an enormous toll on human life and health. It is estimated that
nearly 10,000 deaths and 74,000 new cases of melanoma occurred in the United States alone in 2015, while 132,000 new
melanoma cases were reported worldwide. Genetic changes in melanoma have been largely well described over the
past decade, but epigenetic changes and their functional roles in melanoma formation remain, comparatively, poorly
understood. DNA methylation is an epigenetic change that is almost universally abnormal in melanoma. However, the
specific role of individual DNMT enzymes, their methylation targets in melanoma, and signaling pathways affected are
largely elusive. Herein, we used a mouse model of melanoma to investigate the role, signaling changes and targets of
DNA methyltransferases during melanoma formation and progression. Results, described herein, suggest that DNMT3B
is the crucial methyltransferase during melanoma formation, and may be a target for melanoma therapy. Specifically,
inactivation leads to a striking prolongation of median survival and was associated with loss of mMTORC2 signaling.
We found that Dnmt3b is overexpressed in human melanoma, associated with shorter 5-year overall survival, and
allows for long term activation of mTORC2 by silencing repressive miRNAs. Using RNA-Seq and RRBS, we identified
that Dnmt3b methylates genes marked by the histone modification H3K27me3, is an important regulator of global
methylation in melanoma, and targets many genes well recognized to be aberrantly methylated in melanoma. Apart
from mechanistic insights and potential therapeutic targets, we uncovered a methylation based gene signature that
is associated with overall patient survival, and may be a valuable biomarker. Collectively, our studies shed light on
the role of DNA methyltransferases in melanoma, uncover target pathways and genes, and contribute to our overall
understanding of DNA methylation in melanoma.

Short podium talk: 17.20 - 17.25

4.4 MetDiff: a novel computational method for detecting differential DNA methylation
regions from Medip-seq data in unique and repetitive mapping regions

Tiphaine Martin King’s College London

Authors: Tiphaine C. Martin (1), Catalina Vallejos (2,3), Gwenael Leday (2), Tim Spector (1), Sylvia Richardson (2)

Affiliations: (1) King’s College London, The Department of Twin Research & Genetic Epidemiology , St Thomas’ Hospital, 4th Floor,
Block D, South Wing, SE1 7EH, London, United Kingdom (2) University of Cambridge, Biostatistics unit, Cambridge Institute of
Public Health, Forvie Site, Robinson Way, Cambridge Biomedical Campus, Cambridge, CB2 0SR, United Kingdom (3) EMBL European
Bioinformatics Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, CB10 1SD, United Kingdom

One of first steps in analysis of high throughput sequencing data, such as MEDIP-seq data, is to discard reads with low
mapping quality. Most of these discarded reads fall in repetitive elements as virtually 60% of human DNA is composed
of repetitive sequences and over 50% of CpG dinucleotides belong to them. However, the functional properties of these
latter sequences are of significant biological interest such as structural organisation of the chromosome, gene regulation
and the evolutionary dynamics of the genome. We propose a two-step computational method to analyse both unique
and multiple mapping regions that is inspired by methodologies developed in the context of RNA-seq datasets. The
first part concerns detection of methylation regions on genome for unique mapping reads and estimation of the level of
methylation for each chimeric assembly of repetitive element subfamilies. The second part includes identification of
differential methylated regions associated to the phenotype of interest using a Bayesian method. We show that about
58% of single-end 42nt-size reads fall or overlap repetitive elements, of which 37% have a unique mapping on the
reference human genome. Detection of methylation regions on genome shows a broad size distribution from 100nt
to 35,000nt with a peak around the fragment size (here 350nt). It can explain why the methods of detection of peaks
and differential enrichment for Chip-seq data fail for DNA methylation data. In addition, we applied this method to
EWAS of autoimmune thyroid diseases in 43 discordant monozygotic twin pairs. PRIMA4-LTR subfamily of HERV,
which is believed to be pathogenic family in several autoimmune diseases, and several unique mapping regions showed
differential methylations. In our knowledge, it is the first time that differential methylation in both repetitive and
non-repetitive regions is studied in EWAS using MEDIP-seq data. This study is currently extended to a larger set of
twins and other repetitive region
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Long podium talk: 17.25 - 17.40

4.5 Comprehensive sequencing-based characterisation of the DNA methylation
landscape of 1300 breast tumours

Rajbir Batra Cancer Research UK, Cambridge Institute, University of Cambridge

Authors: Rajbir N Batra (1,2), Ana T Vidakovic (1), Suet-Feung Chin (1), Harry Clifford (1), Maurizio Callari (1), Ankita S Batra (1),
Alejandra Bruna (1), Stephen-John Sammut (1), Elena Provenzano (3), Oscar M Rueda (1), Carlos Caldas (1,3)

Affiliations: (1) Cancer Research UK Cambridge Institute, University of Cambridge, UK (2) Department of Applied Mathematics
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Cambridge, Addenbrooke’s Hospital, Hills Road, Cambridge, UK

IntroductionBreast cancer is one of the leading causes of cancer death in women, and is unanimously considered a
heterogeneous disease displaying distinct therapeutic responses and outcomes. While recent advances have led to the
integration of the genomic and transcriptomic architecture of breast cancers to refine the molecular classification of the
disease, the epigenetic landscape has received less attention.We are conducting a large Next-generation sequencing-based
breast cancer methylome study in order to provide a comprehensive investigation of the DNA methylation landscape
of breast cancer. Materials and MethodsReduced Representation Bisulfite Sequencing (RRBS) was performed on 1300
primary breast tumours (and 300 matched normal tissue samples) from the METABRIC cohort. Statistical methods
accounting for spatial correlation of neighbouring CpG sites were used to identify differentially methylated regions
(DMRs) between tumours and normals, as well as between different tumour subtypes. Results and discussionWe
identified hyper and hypo DMRs between tumours and normals in different genomics features (such as gene promoters
and enhancers) that illuminate the regulatory role of methylation alterations in tumorigenesis. We also determined that
DNA methylation contributes to breast cancer heterogeneity by identifying DMRs between breast cancer subtypes. In
addition, gene expression was used to functionally characterise the DMRs in these subtypes, that led to the identification
of subtype-specific candidate targets in breast cancer. Our findings also revealed complementary epigenetic and genomic
aberration patterns associated with transcription across breast cancer patients.Finally, I discuss the investigation of
DNA methylation markers using RRBS in a panel of Patient Derived Tumour Xenografts, that constitute one of the
best pre-clinical models available today and are able to recapitulate inter and intra-tumour heterogeneity observed in
patients.

Short podium talk: 17.40 - 17.45
4.6 Inter-individual variation in the host transcriptomic response to sepsis

Katie Burnham Wellcome Trust Centre for Human Genetics

Authors: Katie L Burnham (1); Emma E Davenport (1); Jayachandran Radhakrishnan (1); Peter Humburg (1); Paula Hutton (2);
Christopher Garrard (2); Charles J Hinds (3); Julian C Knight (1).

Affiliations: (1) Wellcome Trust Centre for Human Genetics, University of Oxford, UK; (2) Adult Intensive Care Unit, John Radcliffe
Hospital, Oxford, UK; (3) William Harvey Research Institute, Barts and The London School of Medicine, UK

Sepsis remains a major global health issue with mortality rates >30%. Although conventionally considered a single
unified disease, substantial clinical heterogeneity is seen. Investigation of this variation could yield insights into
pathogenesis and provide opportunities for precision medicine. We therefore aim to use transcriptomic profiling to
identify clinically relevant differences between patients upon admission to the intensive care unit (ICU).We present
data for 505 patients with sepsis due to community acquired pneumonia (CAP) or faecal peritonitis (FP) recruited to
the Genomic Advances in Sepsis study. Detailed phenotypic information was recorded and serial samples taken over
the first five days following admission to ICU. Gene expression in leukocytes was quantified for 47,231 probes using
Ilumina HumanHT-12v4 Expression BeadChip arrays. We hypothesised that inter-individual patient heterogeneity
would exist both within and between sepsis aetiology groups CAP and FP.We identified two subgroups with distinct
immune response profiles in the CAP discovery cohort (n = 265), one of which had higher mortality (14-day mortality
following ICU admission p = 0.005) and features of immunosuppression. We designed a classification model, in which
gene expression was more informative than clinical covariates, and replicated our findings in a CAP validation cohort
(n = 106). We observed comparable groups within FP patients (n = 117), with an immunosuppressed phenotype
similarly associating with mortality (p = 0.0096). Differential gene expression between CAP and FP patients indicated
an anti-viral response unique to the CAP patients, who also demonstrated a stronger pro-inflammatory response.Our
findings highlight the value of functional genomic approaches for identifying heterogeneity within patient cohorts and
have important implications for clinical management and patient stratification.
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1 The power of family: Linkage Analysis vs GWAS in family-based cohorts
Reka Nagy University of Edinburgh

Authors: Réka Nagy (1), Pau Navarro (1), Caroline Hayward (1), James FE. Wilson (1,2), Christopher S. Haley (1,3), Veronique Vitart (1)
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Genome-wide association studies (GWAS) have identified many single-nucleotide polymorphisms (SNPs) affecting
complex traits. The success of GWAS depends on strong linkage disequilibrium at the population level between
individual SNPs and trait variants. In contrast, linkage analyses utilise associations between SNPs and trait variants
within families instead of at the population level. Our family-based cohorts from Croatia, the Orkney Islands and the
general Scottish population have extensive pedigree information, making them ideal for linkage analysis. Some of these
cohorts are also population isolates, which means individuals share longer haplotypes derived from common ancestors.
Additionally, variants that are absent, or at a very low frequency, in the general population may have drifted to higher
frequencies in these isolates.Here, we performed variance components linkage analysis and GWAS on quantitative traits
of public health importance (e.g. blood biochemical traits, anthropometric traits) in several isolated and cosmopolitan
family-based populations. We compared using known pedigree structures and population-based estimates of identity
by descent sharing to perform our linkage analyses. We identified promising linkage peaks (LOD scores of 4-6) for
several traits, in individual populations.

2 Adipose tissue cell-type deconvolution to uncover BMI and cell-type specific regulatory
effects

Craig Glastonbury. King’s College London

Authors: Craig A. Glastonbury & Kerrin. S. Small
Affiliations: (1) King’s College London, Twin Research & Genetic Epidemiology, London, United Kingdom

Genetic regulation of gene expression is cell-type specific and variation in cell-type composition at a population level
has been extensively studied in whole blood. Whole blood cell-type proportions are easily measured and are now known
to vary with age, season and a range of additional exposures. However similar studies from solid tissues are lacking
and large-scale separation of cells from solid tissues is difficult. Therefore we utilized a recently published v-SVR
algorithm (CIBERSORT) to estimate the relative proportion of seven dominant cell types found in primary subcutaneous
adipose tissue biopsies (SAT) (N=766, TwinsUK). We constructed a basis matrix of cell-type specific expression from
RNA-seq obtained from purified cells known to be present in SAT. Bootstrapping was used to assess accuracy of cell type
deconvolution in our SAT samples. A median RMSE (0.59) and Pearson correlation (0.84) across samples was observed,
suggesting accurate estimation of constituent cell types. We show the dominant cell type proportions present in SAT are
Adipocytes (4 = 0.78, 0 = 0.08), Microvascular endothelial cells (x = 0.09, 0 = 0.03) and Macrophages (4 =0.06, 0 = 0.07).
We also observe a significant correlation between BMI and Macrophages (r = 0.30) — consistent with published work
demonstrating increased Macrophage infiltration into SAT with obesity. We validated our estimates by implementing
an independent non-negative quadratic programming approach. Additionally, we estimated cell proportions in an
independent SAT dataset (N=200) and achieve comparable accuracy. cis-eQTL discovery correcting for cell type allowed
us to uncover 100 cell-type specific cis-eQTLs (FDR 5%). PCA may readily capture cell-type composition and is widely
used in cis-eQTL analyses. Future work will focus on the effects of cell-type for trans-eQTL identification, in which PCs
inappropriately capture and remove multi-gene trans-eQTL effects.

3 Novel ORFs/ Short ORFs Discovery in Immune System
Fengyuan Hu Babraham Institute

Authors: Fengyuan Hu (1), Manuel Diaz-Munoz (1), Martin Turner (1)

Affiliations: (1) Laborotery of Lymphocyte Signalling and Development, The Babraham Institute, Babraham Research Campus,
Cambridge CB22 3AT, UK

More and more evidence has recently come to light that suggests short open reading frames (sORFs) encode functional
peptides in a range of organisms. sORFs are conventionally defined as ORFs of fewer than 100 codons. A fundamental
step to understand the cell is to identify coding elements in the genome. sORFs are a common feature. However,
identification of their protein-coding potential has been neglected traditionally, partly because it is hindered by their
size. Recently, advances in technology are helping scientists to start to address this challenge. For example, analysis
based on high-throughput sequencing technology has enabled researcher to predict hundreds of putative coding sORFs
computationally in multiple studies. Translation and function of some of those have been validated experimentally.Small
peptides play an important role in modulation of immune system. Cytokines in the form of peptide or protein are such
kind. They are essential signalling molecules in both innate and adaptive immune response by serving as messengers
for intracellular communication and recruiting lymphocytes to move towards sites of infection and inflammation for
instance. One example is C-X-C motif chemokine 10 (CXCL10) whose role as a proinflammatory cytokine, has a length
of 98aa. However, the catalog of small peptide/protein is far from complete, important peptides are yet to be discovered.
It is expected more hidden gems in immune system will be revealed with the help of newly introduced experimental and
computational methods.Ribosome profiling and mRNA-seq experiments have been carried out on leukocytes in our lab -
T cell, B cell, Bone Marrow-Derived Macrophages respectively, under different conditions. Translation activities in the
upstream and downstream regions of annotated CDSs have been observed in an initial analysis. We see the opportunity
to screen novel short functional peptides in immune system with the unique datasets generated in the lab.
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4 The genetic landscape of Iran and the legacy of Zoroastrianism: Comparing haplotype
sharing patterns among ancient and modern-day samples using a mixture model.
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Iran is considered a pivotal region in the Fertile Crescent, occupying a central space between Africa and Eurasia, and
has thus been extensively studied to infer the development of the earliest human civilizations and farming settlements.
From a historical and cultural perspective, this region is also of great interest as the cradle of Zoroastrianism. With
reported roots dating back to the second millennium BC in Iran, Zoroastrianism is one of the oldest religions in the world
and is now mainly concentrated in India, Iran, and Southern Pakistan. In this work we present novel genotype data
from present-day Zoroastrians from Iran and India, along with a high coverage (10x) early Neolithic sample from Iran
(7,455-7,082 BC), comparing these samples to publicly available genome-wide genotypes from >200 modern and ancient
groups worldwide to elucidate patterns of shared ancestry. We apply a novel Bayesian mixture model to represent the
DNA from modern and ancient groups or individuals as mixtures of that from other sampled groups or individuals,
using a haplotype-based approach that is more powerful than commonly-used algorithms. Our mixture model identifies
which sampled groups are most related to one another genetically, reflecting shared common ancestry relative to other
groups due to e.g. admixture (i.e. intermixing of genetically distinct groups) or other historical processes. Interestingly,
analysis of ancestry patterns revealed strong affinities of the Neolithic Iranian sample to modern-day Pakistani and
Indian populations, and particularly to Iranian Zoroastrians, in stark contrast to Neolithic samples from Europe. We
also identify, describe and date recent admixture events in modern-day Iranian groups that have altered their current
genetic make-up relative to these ancient origins.

5 Identification of neutral tumour evolution across cancer types.
Benjamin Werner The Institute of Cancer Research London

Authors: Marc Williams (1), Benjamin Werner (2), Chris Barnes (3), Trevor Graham (1), Andrea Sottoriva (2)

Affiliations: (1) Barts Cancer Institute, Queen Mary University London. (2) Centre for Evolution and Cancer, The Institute of Cancer
Research London. (3) Department of Genetics, Evolution and Environment, University College London

Despite extraordinary efforts to profile cancer genomes, interpreting the vast amount of genomic data in the light of
cancer evolution remains challenging. We recently demonstrated that neutral tumour evolution results in a characteristic
power law distribution of the mutant allele frequencies directly reported by next-generation sequencing (1). Reanalysing
904 cancers from 14 cancer types, we find a fit of the power law with high precision in 324 tumours. In these cases, the
power law distribution also allows to measure the in vivo mutation rate and the timing of mutations. This new method
provides a new way to analyse cancer genomic data and to discriminate between functional and non-functional intra
tumour heterogeneity. References: 1. Williams M]J, Werner B, Barnes CP, Graham TA, Sottoriva A (2016) Identification
of neutral tumor evolution across cancer types. Nature Genetics 48:238-244.

6 Expression footprinting outperforms pathway mapping to generate signatures
predictive of cancer drug sensitivity and patient survival

Michael Schubert EMBL-EBI / University of Cambridge

Authors: Michael Schubert (1), Luz Garcia Alonso (1), Martina Kliilnemann (2), Bertram Klinger (3), Nils Blithgen (3), Julio Saez-
Rodriguez (1,4)

Affiliations: (1) EMBL-European Bioinformatics institute, Hinxton (2) EMBL Heidelberg (3) Charite - Universitatsmedizin Berlin (4)
JRC-COMBINE, RWTH Aachen

Numerous pathway methods have been developed to quantify the signaling state of a cell, mostly from mRNA
abundance due to the amount of data available. These methods treat pathways either as gene sets whose expression
level is tested for different samples, or incorporate pathway structure or correlation of its components. However, these
approaches are fundamentally at odds with the notion of tight post-translational control of signal transduction.Here,
we analyzed the predictiveness of downstream mRNA as readout of signaling pathway activity instead of mapping it
to the pathway components. Specifically, we created a platform which infers signaling activity from gene expression
by identifying genes that are up- or down-regulated upon stimulation with a known pathway modulator in a wide
range of conditions. We applied this method to primary tumor and cell line cancer data, and compared it to state of
the art pathway mapping methods. We found that our method (1) is the only one that can recover pathway activations
mediated by known driver mutations, (2) it provides stronger associations with cancer cell line drug response where
it is the only pathway method to recover known oncogene addiction associations, and (3) yielded better biomarkers
of patient survival where it is the only method to recover the expected effect on survival of oncogenic and apoptotic
pathways.However, pathway methods in general have taken a back seat compared to gene mutations in terms their
importance as biomarkers for drug sensitivty and patient survival. This is why we investigated whether our method is
able to further stratify cell lines and tumor samples with a given mutation into more and less sensitive subsets. We
found that it is indeed able to do that, which leads us to the conclusion that it is the first pathway method to show a
measurable improvement over using mutated genes as predictor of drug sensitivity and survival alone.
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7 Quantifying intestinal stem cell dynamics using microsatellite sequencing
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The intestinal epithelium is rapidly renewing throughout life. A population of stem cells exist within the intestinal
crypt that drive rapid cell renewal and replace each other by a pattern of neutral drift. Perturbation of these dynamics
through oncogenic mutation can predispose the epithelium to neoplastic transformation. Understanding the intrinsic
and extrinsic factors that govern these dynamics will give insight into the early stages of oncogenesis.A continuous
labelling approach can be used to quantify stem cell dynamics both in normal homeostatic intestinal crypts and
adenomatous glands. The observation of strand slippage leading to the contraction or expansion of a microsatellite
during mitotic replication enables the labelling of a single clone. Quantification of clone size over time allows inference of
the underlying functional stem cell number and stem cell replacement rate.Current techniques require the introduction
of a transgenic microsatellite that leads to reporter expression following mutation. This is obviously prohibitive for
human studies. We have, therefore, been developing a technique for the multiplexed high throughput sequencing of up
to 20 native dinucleotide repeats in hundreds of single crypts thus allowing direct quantification of clone size without
the need for genetic modification. Thus far, we have been validating this approach in mice, with promising results,
whilst collecting human crypts for future analysis. This, and similar approaches, may be the only way to quantify
intestinal stem cell dynamics within the healthy human colon or, dysplastic or adenomatous patient tissue. Therefore,
giving a unique insight into the dynamics of healthy, pre-neoplastic and neoplastic human intestinal stem cells.

8 Analysing effect of nonsense-mediated decay on cancer transcriptome
Zhiyuan Hu University of Oxford

Authors: Zhiyuan Hu (1,2); Ahmed Ashour Ahmed (2,3); Christopher Yau (1,4)

Affiliations: (1) Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, UK; (2) Nuffield Department of Obstetrics &
Gynaecology, University of Oxford, Oxford, UK; (3) Weatherall Institute of Molecular Medicine, University of Oxford, Oxford, UK; (4)
Department of Statistics, University of Oxford, Oxford, UK

The nonsense-mediated decay (NMD) pathway detects and eliminates the mutated mRNAs to prevent the deleterious
dominant-negative effect of truncated proteins. However, it can also lead to tumour progression by down regulating
the mutated tumour suppressors in certain cancer types. The identification of NMD targets therefore has potential
therapeutic value but predicting NMD mRNA targets from DNA sequence data is difficult due to confounding factors,
such as alternative isoforms, sequencing errors and gene tolerance. Using The Cancer Genome Atlas (TCGA) and the
NMD 50bp rule, i.e., the premature stop codon that is more than 50-54bp upstream to the last exon-exon junction can
activate the degradation of mutated mRNA, we classified all somatic mutations of ovarian cancer into two groups: the
NMD mutations, which follow the 50bp rule, and the non-NMD mutations. We developed a regression model based
on the expression level in wild-type samples and our NMD classification to predict the effect of NMD on the overall
expression level. It suggested that NMD decreases the expression of some highly expressed genes in ovarian cancer,
including the cancer driver TP53 gene. Our results revealed that NMD may play an important role in the progression of
cancer. We are expanding the analysis to other cancer types.

9 Conditional analysis of multi-phenotype GWAS identifies several independent signals
underlying the genetic loci affecting omega fatty acid levels

Mila Desi Anasanti Imperial College London

Authors: Mila Desi Anasanti (1); Annique Claringbould (1,2); Mika Ala-Korpela (3,4); Marjo-Riitta Jarvelin (5,6); Marika Kaakinen (1);
Inga Prokopenko (1)
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Medicine, University of Bristol, UK; (5) Center for Life Course Health Research, University of Oulu, Oulu, Finland; (6) Department of
Epidemiology and Biostatistics, Imperial College London, UK.

There is evidence for favourable effects of diets rich in omega fatty acids (FAs) on the risk of cardiometabolic disease.
Previously, we have studied the genetic contribution to FA levels via multi-phenotype analysis of omega-3, -6, -7/9
and other polyunsaturated FAs. We used 1000 Genomes imputed genetic data and NMR-derived metabolites from
the Northern Finland Birth (NFBC) Cohorts 1966 (N=4949) and 1986 (N=3055). The meta-analysis of the two cohort
results detected nine signals loci associated with FAs (P<5x10-8) at MACROD1, PCSK9, FADS1, LIPC, PDXDC1, PBX4,
APOE, RPS6KA4 and ADAMTS3. By inspecting the linkage disequilibrium structuregenetic architecture of these loci
and linkage disequilibrium between most statistically significantly associated variants within each locius, we detected
suggestive evidence for multiple distinct signals. Therefore, the aim of the present study was to dissect whether any of
these loci harbour more than one signal affecting FA levels. For Within each locusi, we conducted direct conditional
multi-phenotype analyses in the two cohorts by regressing the FA phenotypes on the top marker in that locius and
using the resulting residuals in a subsequent multi-phenotype analysis. Finally, we performed meta-analysis of the
NFBC1966 and NFBC1986 cohort results. The meta-analysis results suggested there are multiple distinct signals in
FADS1, LIPC, and PBX4, while for MACROD1, PCSK9, PDXDCI1, APOE, RPS6KA4 and ADAMTS3, the conditional
analysis showed no evidence for multiple distinct signals. Conditional multi-phenotype analysis has enabled us to refine
the genetic architecture underlying identified loci affecting FA metabolism. Additional conditional analyses are on-going
to further dissect the signals inphenotypic architecture at FADS1, LIPC and PBX4 loci. This novel methodology could be
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applied to a number of genomic loci, featuring collocated signals for different traits and thus containing suggestive
multi-phenotype effects.

10 An additive genetic model is often not sufficient for predicting individual phenotypes
Simon Forsberg Department of Medical Biochemistry and Microbiology, Uppsala University
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Affiliations: (1) Department of Medical Biochemistry and Microbiology, Uppsala University, SE-751 23 Uppsala, Sweden; (2) Department
of Human Genetics, University of California, Los Angeles, Los Angeles, California 90095, USA

Ever since Mendel, genotype-nto-nphenotype (GP) mapping has been the defining feature of genetics. The complete
GP-nmap for a trait provides the expected phenotype (genotype value) for all possible combinations of alleles across
all genes affecting it. Thus, instead of looking at the effect of every allele averaged across all genetic backgrounds (the
marginal effect), the GP-map provides the phenotypic effect of each unique allele combination. If the joint effect of
two or more loci departs from simply adding up the marginal effects at each locus, a simple additive model will fall
short in predicting the phenotypic effects revealed in the GP-map. Geneticists have for many years debated whether
such non-additive patterns are of importance, or if additive models are enough to describe the genetic architecture
of a studied trait. The perhaps most important piece of information needed to resolve this debate, i.e. what the true
multi-locus GP-maps that are modeled actually look like, is however largely missing. Here, we use a very large cross
between two yeast strains, containing 4390 recombinant offspring, to perform an extensive, empirical estimation of
high-order GP-maps affecting a large number of quantitative traits. Using these as a basis, we illustrate how the estimates
obtained from statistical quantitative genetic models will depend on various features of the underlying GP-nmaps.
Specifically, we show that a large additive genetic variance does not necessarily imply that genetic interactions is of little
importance, thereby illustrating how variance component analyses can be missleading when making inferences about
the genetic architecture of complex traits. We also show how additive-fjonly genetic models can lead to poor predictions
of individual phenotypes.

11 Genome-wide multi-ethnic meta-analyses identify new loci associated with age-related
nuclear cataract

Ekaterina Yonova-Doing King’s College London
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Tropical Medicine, London, United Kingdom.

A recent genome wide association study (GWAS) meta-analysis identified two loci associated with age-related nuclear
cataract in Asian populations. The aim of this study is to further elucidate the genetic causes of this condition by
conducting a GWAS meta-analysis in 14,151 individuals from European and Asian ancestry. Nuclear cataract severity
was measured in 7,352 individuals of European ancestry and 6,799 of Asian ancestry, over the age of 40 years, from
8 cohorts. Lens photos were taken from individuals’ eyes following standard procedures, and cataract was graded
following established grading systems. Genome-wide genotyping was performed using Illumina platforms and imputed
against the 1000 Genomes. Nuclear cataract was treated as quantitative trait and GWAS were performed separately in
each cohort adjusting for age, sex and principal components. Fixed effect inverse variance meta-analyses were carried in
the European and Asian samples separately followed by combined analyses. In the European cohorts, the most strongly
associated variants were located at chromosome 3q26 (p = 4.4x107). In the Asian cohorts, in addition to the previously
identified variants in CRYAA (p = 3.6 x 10~17), another locus located at chromosome 13q12 was also found associated at
genome-wide significance level (p = 2.2 x 10~8). The combined analysis yielded one additional locus at chromosome
11q23 reaching genome-wide significance level (p = 4.2x10~!1). Conclusions: This is the largest meta-analysis of GWAS
for age-related nuclear cataract to date. We identified at least 3 new loci associated with this trait and confirmed the
association with variants in CRYAA. We also found common variants for age-related cataract in genes previously found
to have rare mutations causing congenital cataract.

12 Molecular phenotyping in reciprocal crosses of inbred Medaka strains
Léonie Stromich University of Heidelberg

Authors: Léonie Stromich (1); Hannah V. Meyer (2); Joachim Wittbrodt (3); and Ewan Birney (2)

Affiliations: (1) Institute for Pharmacy and Molecular Biotechnology, Heidelberg University, Germany; (2) European Bioinformatics
Institute, Wellcome Trust Genome Campus, Hinxton, UK; (3) Centre for Organismal Studies, Heidelberg University, Germany

The Japanese Rice Fish or Medaka (Oryzias latipes) has been used as vertebrate model organism for more than a
century. Medaka fish are easily obtainable from their natural habitat and laboratory strains have been generated from
wild catches. With an established reference genome sequence and the development of transgenic methods, Medaka is a
powerful model organism for molecular studies. In contrast to most popular model fish in the western world, Medaka
is amenable to inbreeding. In animal and plant genetics, well-defined genetic reference panels of inbred lines are a
great tool for genotype to phenotype mapping. The Medaka Genetic Reference Panel project aims to generate a panel
of independent medaka lines from different geographic locations and free of population structures. This reference
panel allows for the reproduction of genetically identical fish for different experimental setups and will be invaluable in
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quantitative genetics studies. Intra-panel crossings will provide the possibility to study allele specific expression and
imprinting effects.This pilot study aims at molecular phenotyping of an initial three lines of the panel: HdrR (reference
genome line), Kaga (Northern Japanese) and Cab (Southern Japanese). Reciprocal crosses of each Kaga and Cab with
HdrR were set-up. For the 7 lines (4 offspring and 3 parental), RNA samples of brain, heart, liver and muscle were
extracted and sequenced. Paired-end RNAseq data was analysed for differential expression across lines and tissues,
with a special focus on allele specific expression in the reciprocal HdrR-Kaga and HdrR-Cab crosses. We used WASP as
a tool to correct for mapping bias introduced by the HdrR reference genome. Our results show that there are strong
tissue-specific expression patterns conserved across the strains. Preliminary results indicate differences between the
three strains in terms of allele specific expression. Future work will aim to investigate these results for parent-of-origin
effects.

13 Modeling of mutagenesis under the DNA repair deficiency conditions in C. elegans
Nadezda Volkova European Bioinformatics Institute (EMBL-EBI)

Authors: Bettina Meier (1), Moritz Gerstung (2,3), Nadezda Volkova (2), Anton Gartner (1), Victor Gonzalez-Huici (1), Simone Bertonlini
(1), Peter Campbell (3)
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European Bioinformatics Institute (EMBL-EBI), Hinxton, Cambridgeshire CB10 1SD, United Kingdom; (3) Cancer Genome Project,
Wellcome Trust Sanger Institute, Hinxton, Cambridgeshire CB10 1SA, United Kingdom

Genetic alterations are known to play a significant role in cancer. These alterations are caused by numerous
combinations of environmental factors and DNA repair deficiencies leading to different mutational signatures observed
in cancers. For many mutagens it is not clear how the DNA damage spectra look like and how they are influenced by
various DNA repair deficiencies.In this study we used C. elegans as a model organism to present a systematic screen
with 10 types of genotoxins under 72 different genetic conditions including single and double knock-outs of DNA repair
associated genes. Upon exposure over several generations we used whole-genome sequencing to study patterns of DNA
damage.We studied the mutational spectra by analyzing different types of genetic lesions including point mutations,
indels and structural variants using rigorous quality control procedure. This approach allows us to dissect the precise
individual contributions of each factor using zero-inflated negative binomial additive models, and also identify epistatic
events such as 7-fold increase in mutational burden for pms-2/pole-4 double knock-out associated with mismatch
repair mechanism. In summary, this analysis presents the first systematic catalogue of mutational signatures caused by
genotoxins and DNA repair deficiencies.

14 Genetic relationships between random glucose, six glycaemic traits and type 2 diabetes
Longda Jiang Imperial College London

Authors: L. Jiang(1), V. Lagou(2), K.-S. Gutierrez(3), M. Kaakinen(1), I. Prokopenko(1), for the MAGIC investigators

Affiliations: (1) Imperial College London, United Kingdom, (2) University of Leuven, Leuven, Belgium, (3) Erasmus MC, Rotterdam, The
Netherlands

Two measurements, fasting plasma glucose (FG) and 2-hour post-prandial plasma glucose (2hGlu), as evaluated by
the oral glucose tolerance test (OGTT), are used as the gold standard tests for the diagnosis of type 2 diabetes (T2D).
However, both of these tests require a fasting state. Among non-fasting measures, glycated hemoglobin (HbA1c) and
random plasma glucose (RG) are used for T2D screening. These measures are epidemiologically highly correlated, yet
their genetic overlap is not established. We used summary statistics from genome-wide association study meta-analyses
to evaluate the genetic relationships between RG adjusted for the effect of time since last meal (recently performed by our
group, N=20,293), FG (N=58,074), fasting insulin (FI, N=51,750), homeostasis model assessment of beta cell and insulin
resistance (HOMA-B and HOMA-IR, both N=38,238), HbAlc (N=46,368), 2hGlu (N=15,234), and T2D (Ncases=12,171,
Ncontrols=56,862). We used the LD score regression method to calculate the genetic correlation between the traits.
We observed the strongest genetic correlation (r[SE]=1.08[0.077], P = 7.90 x 10~45) between FI and HOMA-IR. RG is
strongly correlated with HbA1lc (r[SE]=0.60[0.144], P = 2.85 x 107>, while relationships with FG (r[SE]=0.52[0.117],
P =8.70x107%) and T2D (r[SE]=0.43[0.105], P = 3.81 x 107°) were less strong. Correlations between T2D and all
tested glycaemic traits, especially with FG and HbAlc, were also significant (r[SE]=0.51[0.09], P = 1.11 x 1078 and
r[SE]=0.53[0.097], P = 4.42 x 1078, respectively). Genetic correlations between FG, HbAlc, 2hGlu, FI and T2D are
consistent with their epidemiological relationships. Regulation of averaged over the three-months timespan glucose
concentration (HbAlc) and that of plasma glucose through the day (RG) are strongly related biologically. Overall,
large-scale genetic datasets help in dissecting complex relationships between glycaemic traits in non-diabetics and T2D.

15 Two-sample Mendelian Randomisation outlines gene expression as a mediating factor
between genetic variation and type 2 diabetes based on multi-variant models

Anthony Payne University of Oxford

Authors: Anthony J. Payne(1), Anna L. Gloyn(1-3), Patrick E. McDonald(4, 5), Cecilia M. Lindgren(1, 6, 7), Martijn van de Bunt(1, 2),
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Affiliations: (1) Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, United Kingdom (2) Oxford Centre for
Diabetes, Endocrinology & Metabolism, University of Oxford, Oxford, United Kingdom (3) Oxford NIHR Biomedical Research Centre,
Churchill Hospital, Oxford, United Kingdom (4) Alberta Diabetes Institute, University of Alberta, Edmonton, Alberta, Canada (5)
Department of Pharmacology, University of Alberta, Edmonton, Alberta, Canada (6) Broad Institute of the Massachusetts Institute of
Technology and Harvard University, Cambridge, MA, USA (7) The Big Data Institute, University of Oxford, Oxford, UK

Background: Expression quantitative trait locus (eQTL) analyses have become common in understanding genetic
effects on gene expression. This project aimed to identify multi-variant expression models (eQTL sets) that explain
greater gene expression variation than single eQTLs. These eQTL sets were then used downstream in Mendelian
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Randomization (MR) analysis to identify genes whose expression may mediate the phenotype effect of multiple trait-
associated SNPs. Methods: RNA-sequence data and genotype data from 168 human pancreatic islets were analysed. For
each expressed gene, LASSO regression was applied to select a linear regression model for the gene’s expression with
consideration of all SNPs within 1MB (cis-SNPs) of the gene as covariates. These models were then further trimmed to
remove SNPs that jointly contributed less than 5% of the model’s full adjusted R2. Using a two-sample MR method
for each gene, the SNP coefficients for expression were systematically compared to the corresponding coefficients
from DIAGRAM and MAGIC GWAS summary data. Results: Based on adjusted R2 values, multi-eQTL sets explained
significantly more expression variation than single eQTLs (mean adjusted R2=0.199 for eQTL sets vs mean adjusted
R2=0.084 for top eQTLs, px~0). Two-sample MR analysis identified 13 significant genes for type 2 diabetes and 32
genes for fasting glucose. Several of these genes are replications of recently published diabetes-related single GWAS
variant/eQTL overlaps in human islets (STARD10, DGKB, ACP2, FADS1, MTNR1B), while most are novel for these
phenotypes. Conclusion: Joint cis-eQTL sets explain significantly more expression variation than single eQTLs. Using
these sets in two-sample MR, recently published overlap between islet cis-eQTLs and diabetes-related GWAS loci were
reproduced, and novel genes were identified. This pipeline is not disease-specific and can easily be implemented using
any combination of genotype/expression data and summary data.

16 Effects of parenting and polygenic risk scores for body mass index on variance in
adolescent body mass index

Jonathan Coleman Institute of Psychiatry, Psychology and Neuroscience, King’s College London

Authors: Jonathan R.I. Coleman (1), Eva Krapohl (1), Robert Plomin (1), Thalia C. Eley (1,2), Gerome Breen (1,2)

Affiliations: (1) MRC Social Genetic and Developmental Psychiatry Centre, Institute of Psychiatry, Psychology and Neuroscience, King’s
College London, UK (2) National Institute for Health Research Biomedical Research Centre, South London and Maudsley National Health
Service Trust and Institute of Psychiatry, Psychology and Neuroscience, UK

Juvenile obesity is increasingly prevalent, and is associated with adverse health outcomes. Understanding influences
on body mass index (BMI) during adolescence could inform interventions. Parenting style and genetic influences on BMI
may affect the behavioural component of energy intake and use. We investigated the independent and interactive effects
of parental style and genetic influences on BMI pre-adolescence, and on the rate of change in BMI across adolescence.
BMI at 11 years old, child perceptions of parental warmth and discipline, and genome-wide genotype data was available
from 2,098 unrelated participants from the Twins Early Development Study. The most predictive polygenic risk scores
from meta-analysis of BMI genome-wide association studies was used in linear models to test the individual and
interactive effects of genetic risk and a combined measure of parental style on BMI at 11. 1,228 participants had BMI
data at 14 or 16. BMI was regressed on time from initial assessment in a random effects model, and the resulting slopes
used to determine effects on change in BMI across adolescence. Sex-specific effects were assessed by stratification.
Higher genetic risk was associated with increased BMI pre-adolescence, and with a greater increase in BMI across
adolescence. An association between colder/more punitive parenting and higher BMI was observed pre-adolescence,
but was not significant after correction for multiple testing. No interaction between genetic risk and parenting was
identified. The effect of parenting on BMI pre-adolescence, and the effect of genetic risk on the increase in BMI across
adolescence, were stronger in females than in males.Genetic risk is associated with differences in BMI at pre-adolescence,
and affects change in BMI across adolescence with tentative evidence suggesting a stronger effect in females than in
males. Parenting may affect BMI at 11, but the effect was very small, limiting the strength of conclusions.

17 Bayesian hierarchical stochastic analysis of multiple single cell Nrf2 protein levels
Simone Tiberi University of Warwick

Authors: Simone Tiberi (1); Dr Barbel Finkenstadt (2)
Affiliations: Department of Statistics, University of Warwick, CV4 7AL, UK.

We will present a Bayesian hierarchical analysis of multiple single cell fluorescent Nrf2 reporter levels in nucleus
and cytoplasm. Nrf2 is a transcription factor regulating the expression of several defensive genes protecting against
various cellular stresses, such as environmental toxic attacks, oxidative stress, lipid peroxidation, macromolecular
damage, metabolic dysfunction and inflammation. On detection of these stimuli Nrf2 protein, which is mainly bound
in the cytoplasm, enters the nucleus in a higher fraction where it activates a set of defensive genes.Our analysis aims
to gain an insight into this essential cellular protective mechanism.We propose a reaction network based on five
reactions, including a distributed delay and a Michaelis-Menten non-linear term, for the amount of Nrf2 protein
moving between nucleus and cytoplasm. The diffusion approximation is used to approximate the original Markov
jump process.Since this continuous process is only observed at discrete time points, a second approximation, the Euler-
Maruyama approximation, is needed to obtain an approximated likelihood of the system.To explain the between-cell
variability for multiple single cell data, we embed the model in a Bayesian hierarchical framework. Furthermore, we
introduce a measurement equation, which involves a proportionality constant and a bivariate error, for the nuclear
and cytoplasmic measurements, in order to relate the unobservable stochastic population process to the observed
data.Bayesian inference is performed in two alternative ways: via a data augmentation procedure, by alternatively
sampling from the conditional distributions of the model parameters and the latent process, and via a particle marginal
Metropolis-Hasting (pMMH) approach.We show inferential results obtained on simulation studies and on experimental
data from single cells under the basal condition and under the induction by a stimulant, sulforaphane.
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18 Single cell RNA-sequencing reveals an evolutionary conserved and ageing robust CD4+
T cell activation process.

Nils Eling European Bioinformatics Institute
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Stubbington (3), Sarah A. Teichmann (2,3), John C. Marioni (1,3) and Duncan T. Odom (1,2)
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Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge CB10 1SA, UK (3) European Molecular Biology
Laboratory, European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome Campus, Hinxton, Cambridge CB10 1SD, UK

The precise molecular mechanism affecting the T cell pool during ageing is not well characterized yet. Age related
changes in T cells comprise T cell production, maintenance, function and response to persistent infections. We
particularly focus on naive CD4+ T cells, which are characterized as being a homogenous population of cells and remain
predominately in a quiescent state. Single cell RNA-sequencing was performed to dissect transcriptional changes in
naive/stimulated CD4+ T cells during ageing in 3 evolutionary related mouse species. This comprehensive dataset
establishes the basis for a thorough analysis of several biological components (e.g. CD4+ T cell activation, inter-species
comparison of gene expression) across the lifespan of mice. We use robust methods for differential variability testing
in order to select differentially variable and differentially expressed genes independently. Our results indicate that
the core activation process in CD4+ T cells involves a transcriptional switch from stochastic to tightly regulated gene
expression. Furthermore, this activation program is conserved across related mouse species and shows no global but
little alterations only on a single gene level during ageing.

19 Individual-level pathway polygenic score method for identifying heterogeneous
genetic bases of complex diseases

Yunfeng Ruan MRC Social, Genetic and Developmental Psychiatry Centre, IoPPN, King’s College London

Authors: Yunfeng Ruan*, Gerome Breen*, Paul F O’Reilly*
Affiliations: * MRC Social, Genetic and Developmental Psychiatry Centre, IoPPN, King’s College London

GWAS-based pathway analyses aim to identify biological pathways involved in the pathogenetic mechanisms of
complex diseases. So far, these methods have generally focused on summary statistic results and identified the pathways
that have causal effects at the whole sample level. Although existing approaches can highlight the involvement of causal
pathways, they could not reveal the heterogeneous pathogenic mechanisms across cases for a disease. Here, we develop a
new method that utilizes individual-level genotype data to test for heterogeneity in the enrichment of risk alleles across
different pathways for each individual - it does this by calculating polygenic risk scores specific to different pathways
for each case individual. Our method aims to identify heterogeneity in the genetic basis of complex diseases, as well as
potentially increase the overall power to identify causal pathways. Here we test this method on simulated case-control
data in which the cases have heterogeneous causal pathways to assess its power to detect heterogeneity in pathway
aetiology, and also compare its power for overall pathway detection with existing summary statistic based methods. We
exemplify the performance of our method to identify heterogeneity in pathways for several complex diseases, including
schizophrenia and BMI, and compare our results with those from several well-established pathway analysis methods.

20 Integrative Analysis of Genetic Risk and Gene expression in Systemic Lupus
Erythematosus

Lingyan Chen King’s College London

Authors: Lingyan Chen(1), David Morris(1), Deborah Cunningham-Graham(1), Philip Tombleson(1), Chris Odhams(1), Andrea Cortini(1),
Amy Roberts(1), Kerrin Small(2), Benjamin Fairfax(3), Julian Knight(3), Joseph Powell(4), Joseph Replogle(5), Timothy Vyse(1).
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Genetic Epidemiology, King’s College London, London, UK; (3)Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford,
UK; (4)Queensland Brain Institute, University of Queensland, Brisbane, QLD; (5)Harvard Medical School, Boston, Massachusetts, USA

Background: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with marked clinical
heterogeneity. The genetic basis of SLE remains largely undetermined due to its complexity, involving multiple genetic
and environmental factors. Findings from GWASs have opened up a window to explain the genetics of SLE. Expression
quantitative trait loci (¢QTLs) mapping, which integrates the genetic variants and the gene expression phenotype, may
functionally annotate GWAS signals.Methods: Gene expression datasets are from different cohorts, including whole
blood, LCL, ex vivo B cells, NK cells, CD4 T cells, neutrophils and monocytes under various conditions (naive, LPS2,
LPS24 and IFN stimulation). All eQTL analyses assumed an additive model and are performed using linear regression
as implemented in the R package, MatrixEQTL. A regulatory trait concordance (RTC) score is calculated to test whether
the observed associations between SNPs and the expression levels of cis-acting genes were purely due to chance. Joint
eQTL analysis through a Bayesian Framework (eQTLBMA) is applied for the estimation of the best models of
combinations of subgroups. Results: Significant eQTLs were distributed across all cell types and populations. Some
were common to all the cell types, such as rs7444 for UBE2L3, whereas others were more specific, for example,
rs2736340 is a massive eQTL for BLK exclusively in B cells, which has been formally confirmed through eQTLBMA
algorithm. Conclusions: eQTL and RTC can functionally annotates GWAS signals and infer the underlying causal genes,
while eQTLBMA allows the the proportion of eQTLs shared across different subgroups to be formally estimated, thus
providing evidence for exploration of differential roles of multiple immune cells involving in SLE pathogenesis.
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21 Insights into the splicing of self-antigens in thymic epithelial cells from population
and single-cell transcriptomics

Kathrin Jansen University of Oxford

Authors: Kathrin Jansen (1,2), Stefano Maio (2), Annina Graedel (2), Iain C. Macaulay (3), Chris P. Ponting (3, 4), Georg A. Hollaender
(2,5), Stephen N. Sansom (1)
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the Weatherall Institute of Molecular Medicine, University of Oxford, Oxford, United Kingdom. 3 Wellcome Trust Sanger Institute-EBI
Single Cell Genomics Centre, Wellcome Trust Sanger Institute, Hinxton, Cambridge, United Kingdom. 4 MRC Human Genetics Unit,
MRC Institute of Genetics and Molecular Medicine, University of Edinburgh, Edinburgh, United Kingdom. 5 Department of Biomedicine,
University of Basel, Basel, Switzerland.

Thymic epithelial cells (TEC) are remarkable for their ability to promiscuously express virtually the entire gene
repertoire as a molecular library of self-antigens for T cell education and selection, a process essential for avoiding
autoimmunity. While this unique phenomenon of promiscuous gene expression in TEC has been the focus of much
interest, relatively little is known about the splicing of the promiscuously expressed self-antigens. In line with initial
reports of unusually high splicing entropy in TEC, we find these cells to utilise a broader array of splice junctions
than is present in any individual peripheral tissue. Furthermore, integrated analysis of population and single-cell
RNA-sequencing data suggest that the unusual diversity of splicing observed in mTEC may be achieved (at least in part)
by a common mechanism rather than by the stochastic expression of peripheral splicing factors. Finally, a comparison
of the repertoires of splice isoforms present in TEC with those of peripheral tissues reveals new insights into the
completeness of self-representation in the thymus.

22 Genome-wide dynamic binding of hypoxia inducible factor (HIF) in response to
severity and duration of hypoxia

Min Sun University of Oxford

Authors: Min Sun, Rafik A Salama, David R Mole, Norma Masson, Peter ] Ratcliffe
Affiliations: Henry Wellcome Building for Molecular Physiology, University of Oxford, UK

The transcription factor HIF, a heterodimer of HIF-a and HIF-B subunits, plays a central role for cellular adaptation
to decreases in oxygen level (hypoxia) by binding to core RCGTG motifs and enabling a programme of altered gene
expression. The hypoxic inducibility of the HIF heterodimer is controlled through oxygen-dependent regulation of the
HIF-a subunits. Three HIF-a isoforms exist of which HIF-1a and HIF-2a are best studied. Hypoxic stress can vary
both in intensity and duration. With regard to intensity, it is widely observed by immunoblotting that the protein levels
of both HIF-1a and HIF-2a increase in response to acute hypoxia grade. However in response to longer durations of
hypoxia, HIF-1a and HIF-2a protein levels are reported to behave differently (i.e. HIF-2a protein levels persist over
a longer time-course than HIF-1a). Thus hypoxia may affect both the overall abundance of HIF-a subunits and the
relative ratios. In this study we wished to examine how the severity and duration of hypoxia stimulus might affect
genome-wide binding patterns of the HIF subunits (HIF-1a, HIF-2a and the constitutive HIF-18) by using parallel
ChIP-Seq.We report direct correlations between HIF-a subunit protein levels and DNA-binding signal; distinct HIF-1«a
and HIF-2a binding patterns under all conditions of hypoxia examined; and the effects of hypoxia can solely fine-tune
the signal across pre-existing HIF-a binding sites, but not lead to generation of qualitatively new sites. Our data
therefore supports a model of pre-ordained, distinct cellular HIF-1a and HIF-2« intrinsic binding properties that can
be altered in magnitude but not in shape.

23 Whole genome sequencing and imputation further resolves genetic risk for
inflammatory bowel disease

Katrina de Lange Wellcome Trust Sanger Institute

Authors: Katrina de Lange (1), Yang Luo (1), Loukas Moutsianas (1), Javier Gutierrez-Achury (1), Carl Anderson (1), Jeffrey Barrett (1),
UK IBD Genetics Consortium

Affiliations: Wellcome Trust Sanger Institute, Human Genetics, Hinxton, United Kingdom

Over 200 risk loci have been identified for inflammatory bowel disease (IBD), nearly all of which are driven by
common variants. However, the contribution of lower frequency variants (MAF<5%) has been difficult to study, as
they are poorly tagged by GWAS. Whole genome sequencing can address this, but it is financially and computationally
expensive, and large sample sizes will be necessary to detect associations to these variants.Here we present an analysis of
low coverage whole genome sequences from 4445 IBD cases (2-4x depth) and 3652 controls (6x). This approach allows
greater sample sizes for a fixed cost, but yields less accurate individual genomes. After quality control, 22.5 million
sites were available for association testing, 9 million of which were not seen in the 1000 Genomes project. However,
despite the relatively large sample size, no single variant reached genome-wide significance that had not previously been
implicated by GWAS. To increase power at sites of rare variation (MAF<0.5%), we tested for a burden of rare variants
in both genes and enhancers, observing enrichment of damaging missense variants in known IBD genes (p<1e-5). To
better investigate low frequency and common variation, we performed a new GWAS in 18,355 individuals, and imputed
variants with MAF>0.5% from our sequenced individuals. We meta-analyzed with previously published IBD GWAS
summary statistics, leading to a total sample size of 60,087 individuals and identification of 31 new associations.We
performed one of the largest whole genome sequence-based association studies for a complex disease to date, coupled
with a large new GWAS in the same disease. While our study extends the allele frequency spectrum tested for association
to IBD risk, the majority of new discoveries still come from common variants of tiny effect. Higher coverage sequencing
of tens of thousands of individuals will be needed to fully elucidate the role of truly rare genetic variants in complex
disease risk.
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24 Resolving a CD4+ T helper cell fate bifurcation by single-cell RNA-sequencing
Valentine Svensson EMBL-EBI
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Sanger Institute, Wellcome Genome Campus, Hinxton, Cambridge, UK

Differentiation of naive CD4+ T cells into functionally distinct T helper subsets is crucial for proper orchestration of
immune responses. We performed a time course of Plasmodium infection in mice and measured single-cell
transcriptomes of CD4+ T cells. Using computational analysis based on Overlapping Mixtures of Gaussian Processes,
we inferred the trajectories of these cells into Th1l and Tfh fates. These final fates emerged from a common highly
proliferative precursor.Our modelling approach allowed us to rank all genes by involvement in the bifurcation process,
including direction of regulation towards either fate, which reconstituted known genes Th1 and Tfh, along with many
genes not previously related to this process. Additionally, by studying the TCR sequences of these cells, we found that
siblings from the same naive cells could populate both Thl and Tfh subsets.Our analysis strategy for multiple
concurrent unknown fates is generally applicable, which is illustrated by application to previously published data sets.

25 Research Data: Challenges and Opportunities
Elena Zudilova-Seinstra Elsevier Research Data Management Solutions

Authors: Elena Zudilova-Seinstra
Affiliations: Research Data Management Solutions, Elsevier, Radarweg 29, 1043 NX, Amsterdam, The Netherlands

The sharing and curation of research data are currently among the biggest issues in science. Recent studies suggests
that up 80% of original research data obtained through publicly-funded research is lost within two decades after
publication. In response, funding agencies introduce data-sharing mandates and increasingly require researchers to
share their data. In scientific publishing, concerns about the reproducibility of science and scientific fraud are increasing
and sharing data helps to prevent these problems. Research data reinforces quality of scientific publishing, and vice
versa research data benefits significantly from exposure in peer-reviewed journal articles. Adding data to articles leads
to more transparency, better compliance to common standards emerging in various subject areas (e.g.: TOP guidelines,
FAIR Data Principles, etc.), and, according to some recent studies, to more citations.We’re keen to support researchers
by not only making their data publicly available, but also easily discoverable, easy to reuse and collaborate on. We
will discuss a suite of tools and services to assist researchers in their data management needs, covering the entire
spectrum which starts with data preservation and ends with making data comprehensible and trusted, hence enabling
researchers to get a proper recognition. We will conclude by presenting a series of peer-reviewed journals introduced
under the umbrella of Research Elements that allow researchers to publish their data, software and other elements of the
research cycle in a brief article format. Research Elements are actively curated, formatted, assigned a DOI, indexed in
ScienceDirect, Scopus and PubMed, and made publicly available upon publication.The importance and novelty of these
new article types was officially recognized. In early 2016, the Open Access SoftwareX journal that publishes software
articles received the prestigious PROSE Award for Innovation in Journal Publishing.

26 Prediction of rare regulatory variants using deep learning
Lara Urban EMBL-EBI, University of Cambridge

Authors: Lara Urban (1); Oliver Stegle (1)
Affiliations: (1) EMBL-EBI, Wellcome Trust Genome Campus, Saffron Walden CB10 1SD, United Kingdom

In the last decade, genome-wide association studies (GWAS) have discovered specific variants to be statistically
associated with human traits and diseases. Furthermore, classical population genetics are based on quantitative trait loci
(QTL) mapping that test for associations between polymorphic loci and molecular cellular traits like gene transcription
and epigenetic modification. However, although an abundance of QTLs with molecular traits have been identified,
we are still lacking a comprehensive understanding of the regulatory impact of polymorphic genetic variants in the
human genome. To address this challenge, I am following an alternative route by using hierarchical deep learning
approaches. Unlike standard QTL mapping, these approaches allow to train a generative model directly on genomic
sequence, which can predict molecular traits de novo. At present, I am applying these approaches to model the genetic
component of histone variation in human monocytes. Uniquely, using datasets from BluePrint, I have access to ChIP-Seq
data from ~200 individuals, which allows to directly compare classical genetics methods and modern sequence-based
predictions.The long-term aim of these approaches is to interpret rare variant mutations, which will provide important
insights into large disease cohorts available through resources like UK Biobank and others.

27 Quantifying Virus Evolutionary Dynamics from Variant-Frequency Time Series
Bhavin Khatri University College London

Authors: Bhavin Khatri, Richard Goldstein
Affiliations: Infections and Immunity, University College London

From Kimura’s neutral theory of protein evolution to Hubbell’s neutral theory of biodiversity, quantifying the relative
importance of neutrality versus selection has long been a basic question in evolutionary biology and ecology. With deep
sequencing technologies, this question is taking on a new form: given a time-series of the frequency of different variants
in a population, what is the likelihood that the observation has arisen due to selection or neutrality? To tackle the
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2-variant case, we exploit Fisher’s angular transformation, which despite being discovered by Ronald Fisher a century
ago, has remained an intellectual curiosity. We show together with a novel heuristic approach it provides a simple
solution for the transition probability density at short times, including drift, selection and mutation. Our results show
under that under strong selection and sufficiently frequent sampling these evolutionary parameters can be accurately
determined from simulation data and so they provide a theoretical basis for techniques to detect selection from variant
or polymorphism time-series.

28 Predicting Educational Achievement from DNA
Saskia Selzam King’s College London

Authors: Saskia Selzam1, Eva Krapohll, Sophie von Stumm2, Paul O’Reilly1, Kaili Rimfeld1, Yulia Kovas2,3, Philip S. Dale4, James J.
Lee5, Robert Plomin1*

Affiliations: 1King’s College London, MRC Social, Genetic and Developmental Psychiatry Centre, Institute of Psychiatry, Psychology &
Neuroscience, London, United Kingdom 2Department of Psychology, Goldsmiths University of London, United Kingdom 3Laboratory
for Cognitive Investigations and Behavioural Genetics, Tomsk State University, Russia 4Department of Speech and Hearing Sciences,
University of New Mexico, NM, USA 5Department of Psychology, University of Minnesota Twin Cities, MN, USA

A genome-wide polygenic score (GPS), derived from a 2013 genome-wide association (GWA) study of 125,000
participants, explained 2% of the variance in the total years of education (EduYears). In a follow-up GWA study
with 329,000 participants, a new EduYears GPS explains almost 4% of the variance of EduYears. Here, we tested
the association between this latest GPS for EduYears and educational achievement scores at ages 7, 12 and 16 in
an independent sample of 5,825 individuals. Preliminary results showed that the GPS for EduYears accounted for
increasing amounts of variance in educational achievement over time: ~3% at age 7, ~5% at age 12 and ~9% at age 16,
which is the strongest GPS prediction to date for quantitative behavioral traits. Moreover, we found that individuals
in the highest and lowest GPS septiles differed by a whole school grade at age 16. EduYears GPS was also associated
with general cognitive ability (~3.5%) and family socioeconomic status (~7%). Furthermore, there was no evidence for
a GPS-by-SES interaction. These results are a harbinger of future widespread use of GPS to predict genetic risk and
resilience in the social and behavioral sciences.

29 Dynamics of de novo gene emergence in yeast
Nikolaos Vakirlis Université Pierre et Marie Curie
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et Quantitative, F-75005, Paris, France CNRS, Institut de Biologie Paris-Seine UMR7238, Biologie Computationnelle et Quantitative,
F-75005, Paris, France (2) : Department of Biomolecular Chemistry, University of Wisconsin-Madison, Madison, Wisconsin, USA. (3)
: Laboratory of Genetics, Genome Center of Wisconsin, Wisconsin Energy Institute, J.E. Crow Institute for the Study of Evolution,
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New gene formation is a major source of evolutionary novelty. Characterizing the different molecular mechanisms
by which this occurs is thus a crucial step towards understanding the origin of biological diversity. De novo gene
origination from non-coding sequences is an intriguing process of new gene creation, likely to result to a novel protein
function. The impact of de novo gene creation is still a matter of debate that has gained interest during the past decade
as documented functional evidence has accumulated. By combining comparative genomics approaches, simulations,
and experimental data from proteomics and transcriptomics, we have quantified de novo gene emergence at the genus
level in the two densely sampled yeast genera Lachancea and Saccharomyces Sensu Stricto. This allowed us to provide
an estimate of the rate of de novo gene emergence genus-wide, and determine distinguishing sequence properties of
newly created genes.

30 Investigating the molecular mechanisms in developmental macular dystrophies
Raquel Silva Institute of Ophthalmology UCL
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Affiliations: UCL Institute of Ophthalmology & Moorfields Eye Hospital

Despite extensive investigations, the molecular mechanism and genetic aetiology of a spectrum of congenital ocular
phenotypes in which the fovea and macula do not develop normally is poorly understood. This includes the dominant
inherited disorders of North Carolina Macular Dystrophy (NCMD) and Progressive Bifocal Chorioretinal Atrophy
(PBCRA).Extensive exome sequencing of the identified causative loci of 6q and 5p have failed to identify causative
variants, suggesting a possible non coding mechanism. Recently noncoding variants upstream of retinal transcription
factor were suggested to be causative despite a lack of mechanistic evidence. It was however speculated that these
variants could be affecting the gene expression dosage during retina development. Many families remain unsolved and a
subset of 25 of these patients is undergoing whole genome sequencing. Analysis of these data will allow validation and
the determination of further candidate causative DNA variants. iPSCs derived from patient cells will be programmed to
RPE and eye cups and used for transcriptomic analysis and to study of chromosome conformation and topologically
associated domains.Understanding why this region is so susceptible to pathology could help elucidate the causes of age
related macular degeneration, the leading cause of blindness in the elderly.
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