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Abstracts 
 
Daniel Elias Martin Herranz (Thornton) 
cuRRBS: a computational method to define an improved experimental protocol to study DNA 
methylation at specific sites 
 
DNA methylation is an important epigenetic modification in many species. Its changes are crucial 
during development and are involved in many complex diseases, including cancer or ageing. There are 
several methods available that allow to measure the levels of 5-methylcytosine (5-mC) at a single base-
pair resolution. Among them, RRBS (Reduced Representation Bisulfite Sequencing) is widely used, 
since it allows to assess DNA methylation at many CpG sites, mainly located in promoters and CpG 
islands. However, this is rather expensive and in many cases the researcher is only interested in a few 
thousand genomic sites, which may also be placed in different genomic contexts and inaccessible with 
the traditional RRBS protocol. In my talk I will present cuRRBS (customised Reduced Representation 
Bisulfite Sequencing), a new method that allows the user to optimise the RRBS protocol to enrich for a 
given set of sites of interest in the genome. cuRRBS reduces the cost of the experiments and opens the 
door to study DNA methylation in a non-CpG context without the need to sequence the entire genome. 
 
Hannah Meyer (Birney) 
My journey through mapping genotypes to high-dimensional phenotypes 
 
The structure of the human heart is determined by interplay of genetic factors and complex 
environmental influences. In order to investigate genetic variants influencing heart morphology, we 
obtained heart wall thickness measurements at 27,000 positions in the heart derived from 3D cardiac 
magnetic resonance images in 1,500 healthy volunteers. The individuals were genotyped on a SNP array 
and imputed, leading to 9.4 million variants for use in association studies. 
A major challenge in imaging genetics is handling the large number of correlated dimensions present 
in these images.  I explored different dimensionality reduction techniques to project the high 
dimensional phenotype space into a lower dimensional space representing the underlying structure of 
the heart. The low-dimensional projections are used as the phenotypes in a genome-wide association 
study. I investigated different strategies for the genotype to phenotype mapping, including univariate 
and multivariate linear (mixed) models. I will take you on my journey through the jungle of mapping 
genotypes to high-dimensional phenotypes with lessons into the stability of dimensionality reduction 
techniques, the estimation of large covariance matrices and the exploration of a new imaging derived 
phenotype. 
 
Jack Monahan (Enright) 
Mechanisms of transcriptional deregulation of HPV16 in cervical carcinogenesis 
 
Cervical carcinogenesis generally requires the presence of human papillomavirus (HPV) DNA in host 
chromosomes. The integration of viral episomes occurs in premalignant keratinocytes. This event is 
followed by clonal selection and can lead to the deregulation of the viral E6/E7 oncogene and a range 
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changes to the host transcriptional regulation. Previous work has shown that higher levels of HPV16 
gene expression per viral genome is associated with a greater abundance of open chromatin marks at 
the viral Long Control Region (LCR).  
In addition to oncogenes, the HPV16 genome also contains a CTCF binding site. It has been 
hypothesised that this site could alter the chromatin architecture of the regions in which HPV16 has 
integrated into. These alterations could explain some of the pro-oncogenic transcriptional changes 
observed for the host and virus. To recapitulate the changes occurring in premalignancy, W12 cervical 
keratinocytes were passaged with no selective constraints. The resulting clones have an identical genetic 
background but differ in their site(s) of HPV16 integration. 
In collaboration with the labs of Nick Coleman (Pathology Department, University of Cambridge) and 
Peter Fraser (Babraham Institute), capture Hi-C was performed on the clones to identify novel and 
altered chromatin interactions. RNA-Seq was carried out to determine the functional impact of these 
interactions. 
 
Ananth Prakash (Bateman) 
Post-translational modifications of RNA-binding proteins 
 
RNA is a versatile macromolecule of diverse functions, which can be found in various functional 
contexts such as genetic, structural, regulatory and catalytic. To perform such diverse functions RNA 
interacts with a wide array of macromolecules, which include small molecules, nucleic acids and most 
importantly proteins. At the heart of RNA-protein interactions are RNA-binding proteins (RBPs), 
which regulate function through dynamic associations or disassociations with RNA based on various 
environmental cues. RNA-protein interactions are often specific and involve amino acid residues or 
nucleic acid bases that are essential for recognition and/or catalysis. Changes in macromolecular 
interactions can occur when one or more of these crucial residues undergo change through mutation 
or covalent modifications such as post-transcriptional or post-translational modifications. Although 
there is an abundance of experimentally validated post-translational modification data in public 
databases compared to post-transcriptional modification data, there are no systematic large-scale 
studies that focus on the influence of post-translational modifications on RNA-protein interactions. 
Here, I present a comparative analysis of the post-translational modifications in RNA-binding proteins. 
First, I compare occurrences of various post-translational modifications between RNA-binding, non 
RNA-binding and DNA-binding proteins. Next, I compare the occurrences of various post-
translational modifications in RNA-binding regions compared to non RNA-binding sites within RNA-
binding proteins. I also investigate the relation between post-translational modification, amino acid 
abundance and structural disorderedness. Finally, I investigate interactions between RNA and protein 
by comparing RNA-binding peptides from experimental data with experimental structures of RNA-
protein complexes. 
 
Rachel Spicer (Steinbeck) 
Compliance with MSI Guidelines in Public Metabolomics Repositories 
 
In the decade since the MSI reporting standards were first published, the metabolomics community has 
matured. There is now better understanding of genetic and environmental factors with significant 
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effects on the metabolome. Unlike many of the most successful reporting standards, the MSI standards 
were developed using a top-down approach. The largest metabolomics data repositories MetaboLights 
and Metabolomics Workbench were developed to adhere to MSI guidelines for minimum metadata 
reporting. We have inspected the currently available public data sets across 3 species: Homo sapiens, 
Mus musculus and Arabidopsis thaliana for their compliance with existing biological context MSI 
standards in order to assess how timely the MSI standards still are. 
 
Marta Julia Strumillo (Beltrao) 
Structure guided prediction and analysis of protein domain regulatory hot-spots. 
 
Protein post-translational regulation allows for the fast control of protein functions through diverse 
mechanisms, including modulating protein-protein interactions or conformations. Evolutionary 
studies have suggested that post-translational modifications (PTMs) are poorly conserved across 
species, indicating that some may have no biological role. For this reason devising ways to rank sites 
according to functional importance is a crucial research question for cell signalling. Conservation of 
modified residues across orthologs is predictive of functionally important modifications. Similarly,  
conservation of PTMs in a specific  regions in members of the same domain family - regulatory â€œhot-
spotâ€  - tends to identify regions with regulatory potential. For example, nearly 50% of phosphosites 
found in kinase domains occurs in one loop region known to control the activity of the enzyme (i.e. the 
activation loop). However, the identification and study of such regulatory regions in domain families 
has been, up to know, limited by the lack of available PTM information. I am using the large increase in 
the number of PTMs experimentally determined for diverse set of species to systematically predict 
regulatory hot-spots for different PTM types (phosphorylation, acetylation, ubiquitination, 
SUMOylation, etc). In addition, I am integrating this information with structural models of these 
domain families to study their functional role. This analysis will also allow for the evolutionary study of 
the origin and diversification of regulation for domain families. 
 
Valentine Svensson (Teichmann) 
Probabilistic Modelling of Cellular Development from Single Cell Snapshots 
 
In the last few years cell biology and genomics studies have undergone a revolution in terms of gathering 
whole transcriptome measurements of individual cells. This allows a definition of cell types and states 
consistent with gene regulation. The richness of this data enables us to also investigate how cells 
transition between cell states, and what happens at the transcriptional level as cells differentiate. During 
my predoctoral fellowship, I have investigated the technical limitations of this data, and have proposed 
and applied probabilistic models to answer questions using single cell RNA-sequencing data. In my 
presentation, I will present how our computational methodological results allows us to learn about 
cellular development. 
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Lara Urban (Stegle) 
Using joint phasing of germline and somatic variants for assessing the landscape of regulatory variation 
in human cancers 
 
My research focuses on the regulatory impact of genetic variation in the human genome. To achieve a 
comprehensive understanding of the association between genetic variants and molecular cellular traits, 
I am developing deep learning based approaches that capture hierarchical and complex patterns in the 
genomic sequence and are able to detect genetic variants responsible for changes in molecular traits like 
histone modifications. 
We are currently applying this methodology to understand how somatic genetic and epigenetic changes 
together with the germline genetic background modify gene regulation in 20 cancer types from the 
PCAWG study. We employ allele-specific expression (ASE) as an internally controlled read out to assess 
allele-specific genetic effects. By integrating germline and somatic information into a joint statistical 
model of ASE, we demonstrate how the cancer regulatory landscape is strongly shaped by somatic copy-
number alterations (SCNAs). Although SNVs have relatively small direct effects, we provide evidence 
how they contribute to chromosomal instability (CIN) through modification of chromatin states by 
classifying individual SNVs using in-silico predictions of epigenetic consequences. 
We propose a model whereby SNVs affect the probability of wide-spread SCNAs, leading to CIN 
through modification of chromatin states. Our results indicate that certain types of mutations affecting 
histone modifications might be selected for during cancer progression. This work shows for the first 
time how in-silico predictions of the effects of somatic variation can help gain insights into the 
mechanisms of regulatory changes, with implications for our understanding of the aetiology of tumour 
heterogeneity and tumour evolution. 
 
Dimitrios Vitsios (Enright) 
A large-scale analysis of miRNA expression, epi-transcriptomic features and biogenesis along with novel 
miRNAs discovery from small RNA-Seq data 
 
MicroRNAs are important genetic regulators in both animals and plants. They have a range of functions 
spanning development, differentiation, growth, metabolism and disease. The advent of next-generation 
sequencing technologies has made it a relatively straightforward task to detect these molecules and their 
relative expression via sequencing. There are a large number of published studies with deposited 
datasets. However, there are currently few resources that capitalise on these data to better understand 
the features, distribution and biogenesis of miRNAs. Herein, we focus on Human and Mouse for which 
the majority of data are available. We reanalyse sequencing data from 461 samples into a coordinated 
catalog of microRNA expression. We use this to perform large-scale analyses of miRNA function and 
biogenesis. These analyses include global expression comparison, co-expression of miRNA clusters and 
the prediction of miRNA strand-specificity and underlying constraints. Additionally, we report for the 
first time a global analysis of miRNA epi-transcriptomic modifications and assess their prevalence 
across tissues, samples and families. Finally, we report a list of potentially mis-annotated miRNAs in 
miRBase based on their aggregated modification profiles and also present a new method for novel 
miRNA discovery with or without a reference genome. 
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Nadezda Volkova (Gerstung) 
Mutational signatures of DNA repair deficiencies and cytotoxin exposures in C. elegans 
 
Cancer is caused by alterations in the genome. These alterations can be an effect of combination of 
environmental factors damaging DNA and deficiencies in DNA repair and replication leading to 
characteristic mutational spectra. 
 
Mutational signatures (Alexandrov et al. 2013) became a very useful tool of cancer investigation in the 
last years. However, the signatures identified so far mostly represent complex conglomerates of the 
action of different mutational processes. For many signatures, the link with the underlying mutational 
processes is still unclear. 
 
In this study we used C. elegans as a model organism to present a systematic screen with 9 types of 
genotoxins under 58 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 analysing 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 additive Poisson models, and also 
identify significant genetic and gene-mutagen interactions such as 3-fold increase in mutational burden 
for pole-4; pms-2 double knock-out and mutational spectra expansion for DMS exposure in polk-1 
mutants. We also compare the patterns extracted from C. elegans study to human data and show that 
they can successfully be translated into human cancer investigation. 
 
Omar Wagih (Beltrao) 
Comprehensive inference of single nucleotide variant effects in model organisms 
 
The effect of single nucleotide variants (SNVs) in coding and non-coding regions is of great interest in 
genetics. Though many computational predictors aim to elucidate the influence of these variants on 
cellular mechanisms, none yet comprehensively cover different molecular effects. To address this 
problem we compiled and benchmarked state-of-the-art sequence and structure-based predictors of 
mutational consequences and we predicted the effect of all possible amino acid and nucleotide variants 
in the reference genomes of H. sapiens, S. cerevisiae and E. coli. Predicted mechanisms include protein 
stability, interaction interfaces, post-translational modifications and transcription factor binding sites. 
These variant effects are provided through mutfunc, a fast and intuitive tool by which users can query 
precomputed predictions by providing protein or genomic variants. Users can navigate results through 
an interactive report, allowing them to thoroughly examine affected mechanisms for each variant. To 
demonstrate usefulness, we applied mutfunc to over 400 S. cerevisiae genomes to better understand 
evolutionary constraint around functionally relevant sites, as well as predict underlying phenotypes in 
different conditions. mutfunc is freely available at http://mutfunc.com/ 
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