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Supervisor Title of project

1 Sarah Lewis and Caroline Relton An investigation of intra-uterine nutrition and prenatal development- applying the
principle of Mendelian randomization

2 Santiago Rodriguez & lan Day Evaluation of the prevalence and functionality of paucimorphic and private mutations in large epidemiological
surveys for cardiovascular risk traits

3 lan Day & George Davey Smith Hp genotype as a potential predictor for Hb levels, and investigation of possible correlations with selected
phenotypes in mother and child.

4 Santiago Rodriguez & Tom Gaunt Detection of "non-tagged” CNVs and association analyses with human body weight related traits

5 lan Day & George Davey Smith A study of genotype influences on reference ranges for clinical analytes (‘Range Mendelization”)

6 Nic Timpson, Colin Steward, George Davey Systematic analysis of the genetic contribution to hemopoietic transplant failure aimed at improving future

Smith & John Harvey donor selection.

7 Andy Ness, lan Day Gene-nutrient interactions in the determination of blood lipid levels and early—stage atherosclerosis in
childhood

8 Tom Gaunt and lan Day Disentangling instances of causally and pharmacogenetically relevant genomic confounding

9 Santiago Rodriguez and lan Day Genetic analyses of individuals expressing extremely low levels of plasma protein biomarkers

10 Beate St Pourcain, George Davey Smith Systematic screen of omic resources for variation with autism symptomatology
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The use of genome-wide data for the design and undertaking of ‘recall by genotype’ experiments

The coordinated analysis of multi-omic data: “Synergomics”.
An epigenome-wide association study of atopic dermatitis
Analysis of environmental and genetic contributions to scoliosis in an Indian population.
Genetic and Environmental precursors of Chronic Obstructive Pulmonary Disease (COPD)
Analysis of common complex traits and genomewide sequence data
Diurnal patterns of physical activity, sedentary behaviour, heart rate and blood pressure in adolescents
Epigenetic biomarkers of prostate cancer risk
Mobile Platform Devices for Measuring Lifestyle-Related Cognitions
DNA Methylation, one carbon metabolism and lung cancer-identifying early biomarkers of disease risk
Epigenetic variation and type 2 diabetes related traits; investigating causal relationships

Epigenetic variation and childhood body composition; a Mendelian randomization approach to investigating
causal relationships
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Air pollution exposure in early life and lung function in childhood — a role for epigenetic mechanisms

Epigenetic variation in children born following assisted reproductive technology

Epigenetic and metabolomic mediators of associations between childhood growth and chronic disease

Utilising genome-wide data as an instrument for studying environmental risk factors in complex behaviour

Maternal haemoglobin in pregnancy: trajectories, risk factors and consequences for offspring. The Avon
Longitudinal Study of Parents and Children (ALSPAC)

Approaches to data integration and visualisation in multi-omics and epidemiological data

Patterns of correlation in DNA methylation: inferring functional relationships from temporal and spatial
epigenetic changes

Aggregating methods for analysis of association between methylation and phenotypes or outcomes

Linking sleep phenotypes to psychiatric risk genotypes

Methylation of platelet F2RL3 gene provides a major mechanism for smoking-induced coronary thrombosis
and cardiovascular disease risk

Investigating cellular, transcriptomic and physiological consequences of a functional adenylate cyclase 3

variant: reverse translation of epidemiological findings.

The Genetics of Asthma Phenotypes
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Robust evaluation of the relationship between non-syndromic forms of cleft, biological intermediates as well as
developmental outcomes in later life

Mathematical modeling of the impact of HCV vaccination among people who inject drugs.

Mathematical modeling of an emerging epidemic: sexual hepatitis C transmission among HIV positive men
who have sex with men

Neurodevelopmental consequences of prenatal alcohol exposure: a population based MRI study



1 Title: An investigation of intra-uterine nutrition and prenatal development- applying the
principle of Mendelian randomization

Background:

Heavy alcohol drinking during pregnancy can result in foetal alcohol syndrome, which is
characterized in part by growth deficiency and neuro-developmental disorders. However the

effects of moderate levels (within the normal range) of drinking on foetal development during are not
clear. Similarly the effects of low levels of nutrient intake, for example folate and vitamin D, during
pregnancy on infant development are not clear. The problem is that observational studies are often
unable to control for confounding by

smoking, other nutrients, socioeconomic status and other lifestyle factors. Measurement of duration
and amount of intake may be inaccurate, due to wide categories, misreporting of intake and recall
bias. Genetic variants have been identified which may influence exposure to alcohol and other dietary
factors through effects on intake propensities and via differences in metabolism. These variants are
likely to be distributed randomly with respect to other dietary and lifestyle factors, including smoking,
and can be used as surrogates for measuring dietary intake. It would be of interest to determine
whether such genotypes in the mother and foetus, are associated with developmental outcomes among
infants and hence whether moderate alcohol consumption and low dietary intake of vitamins and other
nutrients during pregnancy influences infant phenotypes. In addition understanding the influence of
prenatal risk factors on childhood behaviour and psychiatric disorders requires some knowledge of the
biological pathways mediating between these exposures and outcomes. One possibility is that gene
expression is altered via modifications to the foetal epigenome, a phenomenon that has become the
focus of considerable interest in recent times. Mendelian randomization can be used to interrogate the
role of epigenetic processes in causal pathways to psychiatric (and many other) disorders.

Plan:

The plan is to assess associations between genetic variants related to diet among mothers and relate
these to offspring development outcomes (including psychiatric and psychological outcomes), and
also to determine whether epigenetics is likely to explain any observed associations.

Objectives:

1) Identify genetic polymorphisms, which metabolise nutrients, or affect exposure propensities and
which may be related to development in utero.

2) Analyse associations between the above polymorphisms and prenatal development to determine
which nutrients are important in a large cohort study.

4) Analyse associations between the above polymorphisms and markers of gene expression

5) Analyse associations between gene expression and outcomes of interest

Supervisors:

Sarah Lewis and Caroline Relton



2 Title: Evaluation of the prevalence and functionality of paucimorphic and private mutations
in large epidemiological surveys for cardiovascular risk traits

Outline of Project:
Background

There are two classical genetic models for the molecular basis of common diseases. The
prevailing model is based on the hypothesis that common polymorphic alleles exert small
individual effects but with significant population attributable risk (common disease/ common
variant, CD/CV hypothesis) (1). A contrasting model (rare disease/ rare variant, RD/RV
hypothesis) assumes that rare but severe single gene mutations can cause a phenotype which
shows strong familial clustering (2). In 2004 we proposed an intermediate genetic model:
sequence changes at an intermediate frequency [termed “paucimorphisms” (3)] may exist and
may have a moderate effect. We have developed a mutation-scanning approach suitable for
whole population screening for unknown mutations and have published theoretical and
observational evidence supporting the paucimorphism hypothesis (3-5), including the
identification and analysis of paucimorphisms in the LDLR and MC4R genes. However, the
full population spectrum of rare, paucimorphic, severe, moderate (forme fruste), and silent
mutations and effects is largely unknown. The definition of this type of variation in key genes
influencing cardiovascular (CV) risk will facilitate translation to public health in the form of
disease prediction in CV risk.

Of particular interest are four genes influencing CV risk: APOB, F5, PCSK9 and CYP2A6.
APOB (in particular the mutation R3500Q), is involved in familial ligand-defective apoB
(FDB) (6). Factor V Leiden occurs due to a single point mutation on the F5

gene, and is an

inherited condition which predisposes affected individuals to thrombosis (7). PCSK9 has
emerged as a potential target for lowering plasma LDL cholesterol levels, with mutations in
this gene associated either with hypercholesterolemia or with hypocholesterolemia (8). We
have described associations between an allele (160H) of CYP2A6 and the likelihood of
quitting smoking (9), and, in a subsequent study, we found results suggesting that CYP2A6
haploinsufficiency increases likelihood of continuing smoking in teenagers (10).

Objectives of the PhD

1.- To determine the prevalence of paucimorphic and private mutations in candidate genes for
cardiovascular risk from large epidemiological surveys available in Bristol.

2.- To determine the functionality of paucimorphic and private mutations in order to infer
their role in disease causation and their translational value in form of disease prediction.

Design

Four candidate genes for cardiovascular risk, APOB, F5, PCSK9 and CYP2AB6, will be
analysed in large cohorts available in Bristol, including ALSPAC.

Techniques and approaches

The scanning of unknown mutations will be performed using a high-throughput mutation



scanning technique (meltMADGE) developed in our laboratory. Paucimorphisms and other
variants detected by meltMADGE will be confirmed by sequencing. Direct assays of specific
variants will be performed using a Light-Typer instrument, a liquid-phase, fluorescence-
based, melting-curve analysis instrument.

Genotype-phenotype analyses will include descriptive analyses for rare mutations and
statistical association analyses for paucimorphisms. Specific functional assays for particular
variants will be designed.
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4. Alharbi,K.K., Aldahmesh,M.A., Spanakis,E., Haddad,L., Whittall,R.A., Chen,X.H., Rassoulian,H.,
Smith,M.J., Sillibourne,J., Ball,N.J., et al. (2005) Mutation scanning by meltMADGE: validations
using BRCA1 and LDLR, and demonstration of the potential to identify severe, moderate, silent, rare,
and paucimorphic mutations in the general population. Genome Res., 15, 967-977.

5. Alharbi,K.K., Spanakis,E., Tan,K., Smith,M.J., Aldahmesh,M.A., O'Dell,S.D., Sayer,A.A.,
Lawlor,D.A., Ebrahim,S., Smith,G.D., et al. (2007) Prevalence and functionality of paucimorphic and
private MC4R mutations in a large, unselected European British population, scanned by
meltMADGE. Hum Mutat., 28, 294-302.

6. Real,J.T., Chaves,F.J., Ejarque,l., Garcia-Garcia,A.B., Valldecabres,C., Ascaso,J.F.,
Armengod,M.E., Carmena,R. (2003) Influence of LDL receptor gene mutations and the R3500Q
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Names of potential supervisors
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Professor lan Day



3 Title: Hp genotype as a potential predictor for Hb levels, and investigation of possible
correlations with selected phenotypes in mother and child.

Background

Haptoglobin, encoded by the Hp gene, is a protein which scavenges haemoglobin free in
blood plasma and thus protects against peroxidative tissue damage. Haptoglobin allele Hp2
comprises a large duplication of exons 3 and 4, relative to allele Hp1, and its protein product
forms multimers with inferior scavenging capacity (1). Evidence has recently emerged that
Hp genotype is correlated with Hb levels (paper in preparation). This studentship will
investigate the utility of Hp genotype as a marker for Hb levels, and therefore as a possible
predictor for Hb-associated phenotypes.

Objectives

1) To verify that Hp genotype is a robust instrument for predicting Hb levels in mothers
and children of the ALSPAC cohort.
2) To test the hypothesis that maternal Hp genotype / variations in maternal

haemoglobin levels during pregnancy are correlated with the following phenotypes:
offspring birth weight (2)

offspring SGA (small for gestational age)(3)

risk of postpartum depression (4)

risk of preterm PROM (premature rupture of membranes)(5)

risk of preterm birth (6)

3) To test the hypothesis that children’s Hp genotype / variations in their haemoglobin
levels are correlated with differences in I1Q and growth.

4) To explore the relevance of Hp genotype to the interpretation of Hb assay in decision
cutpoints in clinical situations of anaemia and its management.

Design

1) Tagging SNPs for the duplication, if available, will be selected using HapMap(7). If
no suitable tagging SNPs can be found, an in-house liquid-phase copy humber assay
will be refined and used for genotyping.

2) Hp genotypes of the ALSPAC cohort will be analysed with Hb data to quantify the
association with Hb levels.

3) The suitability of Hp genotype as a novel predictor for certain Hb-related
phenotypes will be assessed.

Techniques/approaches

Hp genotyping will be outsourced if practicable, or else carried out in our laboratory using



either SNP genotyping or a high-throughput liquid-phase assay developed in-house. Hb
levels in mothers and children of the ALSPAC cohort have already been measured. The
remainder of the studentship will involve acquiring and processing ALSPAC phenotype data
and investigating potential mechanisms for any perceived correlations.

References
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Supervisors

lan Day, Professor of Genetic and Molecular Epidemiology
George Davey Smith, Professor of Epidemiology



4 Title: Detection of ""non-tagged' CNVs and association analyses with human body weight
related traits

Background

Genome-wide association scans (GWAS) have been very successful for the identification of candidate
genes for many human complex traits. However, the variance explained by the identified genes does
not explain all the heritability observed for these traits. One possible reason to explain the “missing
heritability” is that GWAS are based on common genetic variation, in particular on Single Nucleotide
Polymorphisms (SNPs). There are other types of genetic variation potentially accounting for the
“missing heritability”, including Copy Number Variants (CNVs). There are examples supporting the
existence of “non-tagged CNVs”, that is, CNVs that do not show enough pairwise linkage
disequilibrium (LD) to be indirectly studied by a highly correlated SNP. It follows that the effects of
these CNVs cannot be studied by GWAS and need to be analysed separately. Available Data

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a longitudinal,
population-based birth cohort study that recruited 14,541 pregnant women residing in Avon,
United Kingdom, and their children (14,062 liveborn children). It is densely phenotyped,
including information for anthropometric traits, metabolic traits, cardiovascular risk traits,
blood biomarkers, other complex traits and data from questionnaires.

Objectives and Plan

* To identify, from the literature and from databases, CNVs within candidate genes

influencing body weight related traits

* To genotype the CNVs in the ALSPAC cohort

* To link the CNVs with SNP genotypes available in ALSPAC

* To characterise pairwise LD between each CNV and neighbouring SNPs

* To perform genetic association analyses in relation to body weight variation Techniques/approaches
* Laboratory analyses to genotype CNVs with the technique 'Amplification Ratio

Control System' (ARCS)

* Bioinformatic analyses to characterise LD with the software CubeX and MIDAS

» Statistical analyses to perform standard genetic association analyses"

Supervisors

Dr Santiago Rodriguez and Dr Tom Gaunt



5 Title: A study of genotype influences on reference ranges for clinical analytes (‘Range
Mendelisation”)

Outline of Project:
Background

Measurement of biochemical, haematological and immunological parameters is undertaken in
clinical practice for purposes of diagnosis, prognosis, monitoring, screening and sometimes
for genetic counselling. Reference ranges and clinical cutpoints are used in decision-making
processes for clinical management of patients, and at the populational level for risk
identification and prevention strategies in health screened subjects. Interpretation of
individual 'levels' usually relies on cross-sectional data available from an appropriate
reference group. However, people 'run' at different setpoints, partly on account of genetic
influences, but on first test (e.g. presentation with a possible disease) they do not have a
baseline previous value for comparison. An example is ACE level, which is assayed inter alia
for uncertain diagnosis ?sarcoidosis. ACE level is significantly predicted by a polymorphism
in the ACE gene, with opposite homozygotes showing mean twofold differences of level,
which can be ‘Z scored’ for better diagnostic sensitivity and specificity (1,2). Clearly then the
reference ranging (which defines the range within which 95% of people fall) should be
genotype-specific for improved precision and accuracy. Some widely used indices display
very high heritabilities, implying genotypes underpinning their reference range — for example,
platelet count heritability is estimated at 80% (3). Of course the distinction needs to be made
between the situation where the disease 'causes’ the marker change (where genotype
information may enable fine tuning of reference ranges — ‘Range Mendelization’) (e.g. 2); and
the situation where the marker is a ‘causal’ factor in the disease, in which case the genetic data
can give insight into causal mechanism but would not be used to fine tune the reference range
— ‘Mendelian Randomization’ (4). Considered across a wide range of clinical decision tools
and consequence health management (quality and costs) there is potential high value
translation of molecular information. Additionally, in the context of research, the refinement
of such investigations will translate back into more refined information about causal pathways
and clinical risk.

Objectives

1. Explore a spectrum of clinical laboratory analytes for their associations with specific
genotypes (apparent from literature, genome wide studies or in house studies) and in
relation to known heritabilities

2. Derive practical approaches to combine genotypic information with quantitative
clinical analyte data

3. Examine the clinical consequences and value of deploying the ‘Range Mendelization’
approach



Design

1. SNPs will be selected using data from literature, patent databases, genome wide studies and local
populational/cohort studies

2. Where appropriate, follow up studies relating SNPs to analytes will be undertaken in unselected
population samples already available

3. Robust and simple laboratory typing methods will be developed. Z scores or similar indices to
handle analytical reference ranges in genotype-speicif ways, will be developed

4. Routine hospital and GP based uses of tests will be explored to estimate the overall effects (clinical
value and cost implications) of improved decision ranges for specific scenarios of screening,
diagnosis, prognosis, monitoring and counselling. Techniques/approaches

The project is likely focus on a few important clinical analytes and use a combination of

approaches drawing from clinical biochemistry (or other laboratory science discipline), from
contemporary genome wide association data (the first emerging in 2007) and on a range of informatic,
statistical and epidemiological methods also.
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lan Day, Professor of Genetic and Molecular Epidemiology
George Davey Smith, Professor of Epidemiology



6 Title: Systematic analysis of the genetic contribution to hemopoietic transplant failure aimed
at improving future donor selection

Background:

Despite major recent advances in tissue typing, blood or marrow stem cell transplantation from sibling
or unrelated donors is associated with many potential complications as well as relapse of the disease
requiring transplantation. In combination these cause post-transplant mortality of up to 40%. These
high failure rates have led scientists to look for genetic factors which impact on transplant outcome
apart from the HLA tissue typing genes themselves.

One area of investigation has been "microsatellites”, highly variable repeating sequences of DNA
found adjacent to genes. Combinations of microsatellites give a unique identity to individuals, as
exploited in paternity testing Kits. Logically, it seems likely that patients and donors with similar
overall patterns of microsatellites are likely to be more closely related ancestrally and hence have
more genes of identical sequence. This in turn may minimise immune reactions provoked by donors
recognising patient proteins as foreign or vice versa. This led us to develop a scoring system for
microsatellite data which showed a statistically significant relationship with death from all causes
following transplant. We now need to know whether our score is a genuine measure of similarity
across people's genomes or is highlighting particular gene(s) (closely associated with the
microsatellites) which influence post-transplant death. We therefore propose to study 30 donor/patient
by a technique which analyses the whole genome, comparing those with highest and lowest scores
who survive or died post-transplant. This will provide pilot data for a larger study aimed at improved
donor selection either by analysing microsatellite patterns or by developing a “gene chip” testing kit.

Microsatellites (Msat) are already of major interest in HSCT as differences between patterns of Msat
in patients and donors can be exploited to determine percentage donor cell engraftment at any stage
post-transplant (“chimerism analysis"). Dr John Harvey, Principal Clinical Scientist at NHS Blood
and Transplant (NHSBT), Bristol has studied these Msats in detail and developed a Weighted
Average Allelic Size Difference (WAASD) score to grade donor/recipient Msat mismatch. His
composite score takes account of both the numbers of differences between the alleles of 15 separate
sets of microsatellites (selected for their high degree of informativity between individuals) and the
discrete differences in numbers of repeat units at those microsatellites.

In a retrospective study of 180 sibling and unrelated Bristol donor/recipient pairs this score showed
strong correlation with post-transplant mortality, with increasing strength with greater discrepancy.
Patient/donor pairs with a WAASD below or above 1.8 have an overall mortality of 27.9% vs 44.4%
respectively (P = 0.045). If 1.9 is used as the cut-off, mortality rates were 28% vs 56.2% respectively
(P = 0.014). Both disease relapse and other transplant-related causes of mortality (e.g. viral infection,
multi-organ failure) contributed equally.

Despite these probabilistic inferences about global genomic difference, there has been little evidence
as to what aspects of genetically determined variation are responsible for variable transplant outcome.
Malkki et al [1] studied microsatellites within the HLA complex and found evidence that mismatch
between donor and recipient was associated with the incidence of GVHD or mortality in a cohort of
819 HLA-matched HSCT pairs. However, more particular attention has been paid to Msats which
flank cytokine genes, especially the interferon-gamma locus on chromosome 12, IL1RN and IL1A,
TNFd, IL10 and HMOXZ1. None has shown a consistent relationship with post-transplant criteria such
as the incidence of acute and/or chronic GVHD, TRM or overall survival [2].



The HSCT team at Bristol Royal Hospital for Children (BRHC) and scientists within NHSBT have a
long-standing expertise in the use of Msat for chimerism analysis, through collaborations with the
Forensic Science Service and EU partners on a Fifth Framework project [3,4]. Together with
collaborators at the MRC Integrative Epidemiology Unit (IEU at the School of Social and Community
Medicine, University of Bristol), who have considerable experience with the handling and analysis of
genomewide data of the type to be collected in this investigation, we have a superb opportunity to
extend the on-going analysis of genomic contributions to the outcome of haemopoetic transplants.
Furthermore, the findings made by this investigation lead naturally onto a series of larger experiments
to investigation the development of a deliverable product for health services.

Within this already recognized group of patients available to us though the HSCT team at BRHC and
clinical scientists at NHSBT we wish to further explore the impact of genomic differences on
transplant outcome. Our core objective is to understand how the profile of genetic differences between
these donor/recipient pairs varies according to the transplant outcome.

Core objectives:

It may be that the nature of this donor/recipient difference is entirely reflected in the probabilistic
inference obtained from the use of microsatellites (i.e. as a global level of difference between donor
and recipient). In this case, our key aim will be to refine inferences made using Msat data and to
provide a platform for single nucleotide polymorphism (SNP) assessment of global differences.

However, it is equally likely that there are specific genomic differences which are common to
differential transplant outcome. This data collected in this study will allow us to identify specific
differences and their relationship with clinical outcome.

Secondary objectives:

The information obtained in this experiment would act as a pilot to a follow-up investigation which
would be engineered around a larger collection through extension into adult transplant outcomes and
other collaborating centres via a bid to the NIHR. This would explicitly consider the development of a
“designer array” (i.e. a cheap and clinically actionable tool) which will reliably capture important
signals informative for the outcome of transplant.

The undertaking of the proposed research will be a joint venture between the two groups represented
by the co-Pls of this application (i.e. BRHC and the MRC IEU) as follows:

@) Selection of 30 donor/recipient pairs based on WAASD score. These 30 pairs will be selected
on the following criteria in efforts to maximize potential information (work already completed).

(b) Collection of genomewide SNP based array data on all participants of the 30 pairs (lllumina
2.5-8 array). This is a whole genome SNP array which will collected up to 2.5 million SNPs with



maximal coverage of 1000genomes variation (www.genomes.org) down to a minor allele frequency
of ~1%. This will be undertaken at the MRC IEU by co-PI, Dr Nicholas Timpson who will also be
responsible for cleaning, processing and analysis of genomewide data (work already completed).

(c) Systematic analysis of differences between donors and recipients and the relationship of this
status of transplant outcome.

Disciplines and training:

Genomics

Statistical analysis methods

Relevant training as part of the Wellcome Trust Advanced Courses

Short courses on basic and advanced analysis approaches at the School of Social and
Community Medicine.
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7 Title: Gene-nutrient interactions in the determination of blood lipid levels and early—stage
atherosclerosis in childhood

Background

This study will take place within ALSPAC, a population-based prospective study of over 10000
children in South West England. Measures of arterial distensibility and flow-mediated dilatation are
available in around 7000 children at age 10y as measures of early-stage arterial disease. Measures of
non-fasting cholesterol and triglycerides are available for the whole cohort at age 7y and 11y and
repeated measures of diet throughout childhood are available. Funding has already been obtained to
genotype the whole cohort and the mothers for ApoE, and we will additionally genotype for SNPS in
the APOAI-APOCIII-APOAIV-APOAYV gene cluster.

Objectives and Design

1. To investigate cross-sectional associations between blood lipid levels and a number of candidate
polymorphisms.

2. To investigate the importance of triglyceride levels in atherosclerosis by determining how
candidate genes associated with triglyceride levels are associated with endothelial function in
children.

3. To investigate the importance of maternal phenotype in determining childhood atherosclerosis by
examining associations with maternal genotype.

4. To investigate associations between candidate genes and postprandial triglyceridemia.

5. To describe how any such associations interact with/are modified by diet.

A genotype-selected group of 400 15-year-old children and their mothers will be invited to a
research clinic for collection of fasting blood samples which will be analysed for cholesterol

and triglycerides. Cross-sectional associations between genotype and blood lipid and atherosclerosis
phenotypes will be produced, and we will investigate the importance of maternal phenotype in
determining childhood atherosclerosis by examining associations between maternal genotype and
childhood atherosclerosis. We will examine associations between genes affecting triglyceride levels
and atherosclerosis to look for evidence that postprandial hyperlipdemia is causally associated with
CVD. This study should clarify understanding of how diet and genotype interact to promote
atherosclerosis.

Studies on the whole of ALSPAC — This study will cross-sectionally investigate relationships
between ApoE and APOAI-APOCIII-APOAIV-APOAYV genotypes and phenotypes including
endothelial function, serum total, HDL and LDL cholesterol and non-fasting triglycerides.
This will take into account interactions with diet, characterised in terms of food and nutrient
intakes and eating patterns.



Focussed genotype-selected studies — A group of 400 15-year-old children and their mothers,
selected on the basis of genotype, will be invited to a research clinic for collection of fasting

blood samples. Rare homozygotes will be oversampled to increase stastistical power. These

will be analysed for triglycerides, apoB, total cholesterol, HDL cholesterol, LDL particle size

and the LDL subfractions LDLI, LDLII and LDLIII. Measurements of these lipoprotein subfractions
can be used to give an indication of postprandial triglyceridaemia and metabolism20. Assessment of
recent diet and physical activity will be made, as these have been shown to affect fat tolerance21,22.

Techniques/approaches

Nutritional studies in adolescents (clinical research) — wide variety of aspects
Bioinformatics — mainly genomic and genetic

Statistical and statistical genetic analyses —broad range of methodologies

Supervisors
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8 Title: Disentangling instances of causally and pharmacogenetically relevant genomic
confounding

Outline of Project:
Background

The genes for growth hormone (GH1) and angiotensin converting enzyme (ACE) reside

within a 450kb region on human chromosome 17. Research by us and others has demonstrated
associations between polymorphisms in the ACE (>1000 papers) and GH11 gene region and
cardiovascular, metabolic and numerous other risk phenotypes. Since RAS pathway inhibitors are
widely used, and recombinant GH is also used, the pathway inferences are potentially of
pharmacogenetic significance. We have demonstrated ~20% linkage disequilibrium between the ACE
and GH1 genes using our own data2, confirmed with HapMap data (www.hapmap.org)3. Whilst it is
apparent that factors in this region influence disease risk, we have demonstrate that pathway
misinference may arise due to the high levels of linkage disequilibrium2. The use of HapMap data3
enables the identification of other causally and pharmacogenetically important genomic regions in
which LD may cause genomic confounding.

Objectives

1. Genotype haplotype-tagging SNPs across the ACE-GH genomic region on chromosome 17 in
British Women’s Heart and Health Study and other relevant cohorts

2. Use haplotype analyses to determine which SNPs are genuinely associated with cardiovascular and
metabolic phenotypes, and which are associated due to linkage disequilibrium

3. Use HapMap data to identify other regions in which genomic confounding may occur and apply the
same approach as to ACE-GH

Design

1. SNPs will be selected using data from the HapMap project3 to select haplotypetagging SNPs.

2. Pharmacogenetically and causally important genomic regions will be identified from

the literature and LD across those regions analysed using data from the HapMap project3.

3. Genotyping work will be outsourced using cohort studies based at University of Bristol for which
ethical approval is already in place.

4. Haplotype analyses for association with phenotypes will use various programs as described in
previous work2,4. Techniques/approaches

The project will be principally bioinformatic and statistical, with the majority of original data
being obtained by outsourcing. However, some problem SNPs may require in-house assay
development and genotyping, particularly within the GH1 region due to high sequence homology
between GH1 and four related genes.
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9 Title: Genetic analyses of individuals expressing extremely low levels of plasma protein
biomarkers

Outline of Project:
Background

The genetic analysis of plasma protein biomarkers is informative for unravelling the genetic

causes of human disease and for disease diagnosis. An example is the KLK3 gene which encodes
Prostate Specific Antigen (PSA). PSA is the most effective test currently available for the early
detection of prostate cancer and is used for screening, diagnosis and monitoring of prostate cancer
after diagnosis [1]. Intra-individual variation in PSA and its implications for early detection of
prostate cancer has been previously described [2]. For example, the presence of PSA value less than
4.0 ng/mL does not guarantee the absence of prostate cancer, since up to 25% of men with the disease
can have PSA levels less than 4.0 ng/mL. This variation can be due to an intraindividual variation in
the measurement of PSA, that has been estimated to be a coefficient of variation of 13.1% [2]. In
addition to this source of variation, there is variation in the distribution of PSA in the general
population, with some individuals having very low levels. These very low levels could be due to the
presence of PSA deficiencies produced by genetic defects causing a lower expression of KLK3.
Actually, a parallelism exists for the Chorionic Somatomammotropin Hormone (CSH). This hormone
was much used as a placental biomarker in pregnancy prior to the days of ultrasound. This led to the
discovery of instances where there was then shown to be complete genetic CSH deficiency. In these
instances, the deficiency was due to deletions in the gene [3,4]. Another similar example is
analbuminemia and hypoalbuminemia. If some low PSA values in the population are through gene
deficiencies, then it would represent an important cause of false negativity or insensitivity for the
biomarker.

In this proposal we aim to study the genetic basis of the inter-individual variation of PSA

levels at the population level. This will be relevant in understanding whether there may be

individuals who will not and could not benefit from testing of PSA for screening or diagnosis. In
addition, if we identify inactivating alleles, they effectively represent a natural human gene knock out
which would also facilitate future study in vivo or in vitro of KLK3 gene function. The determination
of instances of inactivating alleles in homozygotes or as compound heterozygotes will open the
possibility to investigate the possible presence of those alleles in heterozygotes leading to
haploinsufficiency (half of usual expression level). We will also be able to relate this genetic variation
with phenotypes available in the ProtecT study.

By a similar logic, this principle will be extended to a range of other plasma protein biomarkers in
different clinical epidemiological contexts.

Objectives of the PhD

1.- To confirm the original PSA measurements in individuals with apparently very low PSA levels, in
order to rule out possible measurement or other errors.

2.- To characterise in detail KLK3 for major physical changes (via determination of exonic dose in
relation to a reference gene).



3.- To perform sequence level studies of KLK3 in order to look for inactivating mutations responsible
for absent or very low expression of KLK3 (e.g. stop codon mutations, deletions, splicing mutations).
4.- To extend this principle to other biomarkers

Techniques and approaches

Exonic dose experiments will be performed with a real-time PCR machine available in our laboratory
as previously described [5]. In short, the SYBR Green dye is used as an intercalator in two PCR
reactions, one for the target gene and another one for the control gene (b-globin). Then the Ct-value is
defined as the number of PCR cycles necessary to achieve a given level of fluorescence in relation to
the internal control (B-globin gene). The Ct-value is then used to determine whether there is normal
copy number, heterozygous deletion or duplication.

In order to search for genetic defects in KLK3 leading to abnormal PSA levels, we will resequence
the whole gene in all the individuals with the lowest PSA levels. KLK3 and promoter region are
~10kb long. Amplification products will be prepared in house and sequencing will be outsourced to
the company K-Biosciences

The project will also involve a significant amount of statistical genetic analyses. A number of
statistical analyses will be performed in order to test for association between mutations and
intermediate traits in order to investigate their functionality and their role in disease diagnosis. These
include a) association analyses between genetic variants and continuous phenotypes under the
dominat, codominant and recessive models (as appropriate) using standard t test or using multiple
regression analyses with and without adjustments for relevant covariates by means of the statistical
packages SPSS and STATA as previously described [6-8].
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10 Title: Systematic screen of omic resources for variation with autism symptomatology

Background

Having friends, laughing about the same jokes and sharing feelings with others are human
skills, which most of us take for granted in life. While we all show some variation in how easily we
socialise with other people, some individuals affected by Autism Spectrum Disorders (ASDs)" are so
severely afflicted by behavioural difficulties, that this makes it difficult for them to join their peers in
normal social development.

It has been thought that there is a continuum between milder autism-like symptoms in
individuals of the general population and the severe expression of the disease in ASD patients. Like
ASD, autism-like symptoms are highly heritable?* and highly persistent> ° throughout the course of
development. Furthermore, there is no evidence for differences in heritability between the diseased
and the non-diseased end of the autistic continuum” ® suggesting that clinical ASD and autism-like
symptoms may have a common aetiology.

Little is currently known however about the molecular nature of overarching molecular links
across the autistic spectrum, although such knowledge might be crucial for the design and
development of new therapeutic drug targets in autism.

Methods

This PhD at the MRC IEU will involve a systematic screen of variation in omic data in
relation to the expression of autism-like symptoms during childhood and adolescence investigating
children from the Avon Longitudinal Study of Parents and Children (ALSPAC). These symptoms will
include for example impairments in social communication and interaction. The search will focus in
the first instance on known autism susceptibility loci and might later be extended to the entire omic
resource. ALSPAC is a large-scale pregnancy cohort with extremely well characterised longitudinal
phenotypic data in addition to detailed biological information. Specifically, the work will involve the
analysis of (i) whole genome sequence data on 1800 children (ii) genomewide common variant data
on ~8000 children and (iii) intermediate phenotypic data from metabolomic, methylomic and
transcriptomic data sources on ~ 1000 children. Evidence from multiple omic resources will be
combined with multivariate statistical analysis techniques and machine learning algorithms. The
project will entail furthermore a detailed genetic profiling of the investigated ASD risk loci with
respect to autism symptomatology in ALSPAC including a gene-based analysis using SNP-based
heritability® and the investigation of pairwise genetic correlations between autism-related behaviour
and intermediate phenotypes in a search for loci that contribute to multiple traits.

Integrated PhD training plans

o Local short courses at the School of Social and Community Medicine, University of Bristol
(http://www.bristol.ac.uk/social-community-medicine/shortcourse)

e Relevant training as part of the Wellcome Trust advanced training courses
(http://www.wellcome.ac.uk/Education-resources/Courses-and-conferences/Advanced-
Courses-and-Scientific-Conferences/Advanced-Courses/index.htm)
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11 Title: The use of genome-wide data for the design and undertaking of ‘recall by genotype’
experiments

Background

A programme of research is currently being developed focused on the development and undertaking
of recall by genotype (RBG) studies. RBG is a study design where the recruitment of a sub-set of
participants from an existing study, analysis of their biosamples or collection of new data is
undertaken on the basis of measured genotypic variation. Often, the exhaustive collection of
phenotypic measurements in large studies is impractical and not the most efficient approach to the
allocation of finite resources. Therefore the targeted measurement of dense or precise phenotypic
characteristics within selected groups is appealing. This programme will comprehensively assess and
test the use of genotypes known to be correlated with features of interest, or which require further
examination given unexplained correlations with disease, to define strata or subsamples for intense or
directed phenotypic data collection. This will allow examination of detailed phenotypic information in
financially and pragmatically feasible sample sizes, with analytical power optimized for measurement
depth and precision. The motivation for employing genotypic data in this way is the pursuit of causal
relationships based on the Mendelian randomization paradigm. This innovative programme will
develop the RBG approach methodologically, test the properties of genotypically assigned groups and
apply RBG to a series of worked examples.

There are numerous benefits to the undertaking of RBG experiments which will be the focus of work
undertaken during the studentship (including the ability to harness genetic variation to make causal
inferences about the role of environmental and behavioural influences on disease). The MRC
Integrative Epidemiology Unit (IEU) provides a wide range of opportunities to apply the RBG
approach which will capitalize on local expertise and resources in conjunction with external
collaborators. Currently highlighted areas of focus for initial RBG experiments are
neuropsychological outcomes (such as patterns of neuro-oscillatory variation and associations with
sleep and schizophrenia risk), the causal impact of differential lipid levels on patterns of gene
regulation in the genome, nicotine reception/smoking behaviour and disease risk and the causal
impact of variation in the human microbiome.

Objectives

The aim of this PhD will be to trial various aspects of the RBG design and to develop, execute and
evaluate a specific RBG study. Thesis work will be developed by undertaking one such experiment
with the ultimate aim of testing this approach whilst providing a contribution to the scientific area of
interest.

Methods

Work will explore the properties of RBG methods as a means of applying Mendelian randomization
(MR) and undertaking causal analyses. Using genome-wide genetic data available from the
imputation of complete genetic variant collections down to a minor allele frequency of ~1% alongside
comprehensive phenotype databases, the student will test the assumptions made concerning the
properties of recall groups. The student will extend previous work on the use of multiple genetic
variants for the construction of predictive scores®, evaluating their ability to increase variance



explained whilst retaining the integrity of MR i.e. is grouping individuals by multiple genetic variants
more informative than grouping by a single genetic variant?

The project will also aim to define the conditions most conducive to RBG designs. Conventional
statistical techniques and simulation can be used to assess the power gains from assessing balanced
groups of genetic variants of differing frequencies (versus random sampling) according to a series of
models of genetic effect working with others within the unit to explore differing approaches to the
construction of aggregate gene scores which aim to maximise the variance explained in factors of
interest.

RBG designs allow refined phenotypic measurements in informative groups assigned by genotype.
One example of work in this area is work on established associations between smoking and DNA
methylation at the coagulation related gene locus F2RL3. It is postulated that smoking induces
differential methylation of this locus which in turn causes cardiovascular disease*®. In the absence of
large collections with smoking, methylation and cardiovascular disease data the hypothesis is difficult
to test. To overcome this, a two-sample approach can be used to identify genetic variants that can act
as a surrogate for DNA methylation in a first sample, and these can be used in a second sample to
assess the causal relationship between methylation and cardiovascular disease in an MR framework.

Disciplines and training
Genomics

Causal analysis methods
Statistical methods

Relevant training as part of the programme of Wellcome Trust Advanced Courses

References

Greenland, S. An introduction to instrumental variables for epidemiologists. International Jounal of
Epidemiology 29, 722-729 (2000).

Lawlor, D.A., Harbord, R.M., Sterne, J.A.C., Timpson, N.J. & Davey Smith, G. Mendelian
randomization: Using genes as instruments for making causal inferences in epidemiology. Statistics in
Medicine 27, 1133-1163 (2008).

Palmer, T.M. et al. Using multiple genetic variants as instrumental variables for modifiable risk
factors. Statistical Methods in Medical Research (2011).

McGuire, S.E. & McGuire, A.L. Don't throw the baby out with the bathwater: enabling a bottom-up
approach in genome-wide association studies. Genome Research 18, 1683-5 (2008).



Beskow, L.M., Linney, K.N., Radtke, R.A., Heinzen, E.L. & Goldstein, D.B. Ethical challenges in
genotype-driven research recruitment. Genome Research 20, 705-9 (2010).

Grant, R.W. et al. Design of a randomized trial of diabetes genetic risk testing to motivate behavior
change: the Genetic Counseling/lifestyle Change (GC/LC) Study for Diabetes Prevention. Clinical
Trials 8, 609-15 (2011).

Marteau, T.M. et al. Effect on adherence to nicotine replacement therapy of informing smokers their
dose is determined by their genotype: a randomised controlled trial. PLoS ONE [Electronic Resource]
7,e35249 (2012).

Supervisors/Collaborators

Dr Nic Timpson, Prof George Davey Smith, Prof Marcus Munafo (Supervisors)



12 Title: The coordinated analysis of multi-omic data: “Synergomics”.
Background:

Genomic and next generation sequencing technologies have exponentially increased the availability of
genotype data whilst reducing the effective cost per information point respectively. Whilst accurate
phenotyping at the molecular and whole body physiology level still remains relatively expensive,
large-scale data collection approaches are now available and across multiple omic spectra including
the metabolome, the transcriptome, the methylome and the wider phenome. Within the new MRC
Integrative Epidemiology Unit at the University of Bristol (IEU, http://www.bristol.ac.uk/integrative-
epidemiology/), the Avon Longitudinal Study of Parents and Children (ALSPAC,
www.bris.ac.uk/alspac) represents a unique opportunity to jointly analyse multiple omic data sets,
their characteristics and cross-talk. ALSPAC is a large-scale pregnancy cohort (n~8000 mother/child
pairs at the core) where data is now available on extremely detailed, longitudinal, phenotypes, the
metabolome (using NMR based technology), the methylome (Illumina 450k methylation array data),
the transcriptome (lllumina 48k transcript data) and the genome (from both next generation sequence
and array based platforms). These sources of data offer a series of analytical possibilities which may
enhance the understanding of relationships between genetic perturbations and health related traits, but
also in the dissection of possible biological pathways involved in systems meditating both
homeostasis, development and disease predisposition.

Objectives:

To integrate data from multiple omic sources and interrogate their inter-relationship and association
with a range of phenotypes or traits.

To address specific hypotheses relating to how certain exposures act upon these molecular phenotypes
independently or in a co-ordinated manner.

Methods:

The overall design of this work will involve the collection and preparation of data from multi-omic
sources. These will be derived from the ALSPAC cohort and will comprise data on (i) whole genome
sequence data on 1800 individuals (ii) genome-wide common variant array data on ~8000 mother
child pairs (iii) extensive phenotypic data and (iv) extended phenotypic data from metabolomic,
methylomic and transcriptomic data sources. All of these will require both quality control measures
and diagnostic examination before application to further analyses.

Other than the development of suitable thresholds and screening criteria for the data employed, one of
the main technical aspects for the development of this work will be in the development of suitable
approaches for the analysis of large-scale data sets from multiple sources and potentially multiple
time points. Past basic pairwise investigation of the relationships between these, the application of
principle components methods offers potential insight into the assessment of these data sources
simultaneously (for example undertaking bivariate and higher order analysis of phenotypes, such as
genetic variation, DNA methylation and gene expression for the same gene or using dimension



reduction techniques to deduce regulatory pathways that are shared or specific to some molecular
layers. These approaches will require the development of analytical capability for basic
epidemiological methods and data sets, for genome-wide analyses and data sets, for the processing of
omic data and for the further analysis of relationships between these aspects. This is relatively novel
use of such resources and would require a certain degree of computational experience.

Disciplines and training:

Genomics

Bioinformatics

Statistical analysis methods

Relevant training as part of the Wellcome Trust Advanced Courses

Extended visit to the European Bioinformatics Institute under the supervision of Dr Oliver Stegle
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13 Title: An epigenome-wide association study of atopic dermatitis

Background:

Atopic dermatitis (AD), or eczema, is a common chronic skin disease with prevalence rates in
developed countries of 15-30% in children and 2-10% in adults (1). Although common genetic
variants explain some of the risk, other factors are thought to be important. Epigenetic processes are
one possible contributory mechanism.

Epigenetic alterations (such as DNA methylation) are an important mechanism in the regulation of
gene expression. Epigenome-wide association studies (EWAS), conducted along the same principles
as genome-wide association studies, have the potential to identify new genes and biological pathways
implicated in disease pathogenesis (2). This project will involve investigating whether methylation
differences are associated with the development of AD using data from the Avon Longitudinal Study
of Parents & Children (ALSPAC). A comparison of genome-wide DNA methylation in AD cases and
controls will be undertaken in children age 7 (post diagnosis) as well as in DNA samples collected
from the same children at birth (pre-diagnosis, to help overcome the issues of confounding and
reverse causation).

It is widely recognised that epigenetic patterns are tissue specific and signals observed in surrogate
tissues (such as peripheral blood, as in the case of ALSPAC) may not highlight the most important
differences in methylation associated with the target disease tissue of interest. This project will
therefore include analysis of methylation profiles in skin biopsy samples collected from AD cases and
controls. EWAS will be undertaken to identify differentially methylated regions of interest associated
with AD and results from both peripheral blood and skin derived DNA will be compared.

Objectives:

1. Carry out an epigenome-wide association study for atopic dermatitis, to identify differentially
methylated loci.

2. Investigate how methylation of associated sites varies over time.
3. Explore methylation profiles in skin biopsies of AD cases and controls.

4. Validate any differentially methylated sites using pyrosequencing, involving laboratory skills
training (if appropriate).

5. Seek replication in an independent sample, informed by the output of the EWAS.

Methods:

ALSPAC is a prospective population-based birth cohort that recruited 14,541 pregnant women
resident in Avon, UK with expected deliveries between 1991 and 1992
(http://www.alspac.bris.ac.uk.). As part of the ARIES (Accessible Resource for Integrated
Epigenomic Studies) project, 1000 mother-child pairs have genome-wide methylation data (from the
HumanMethylation450 (HM450K) BeadChip) at several time points (for the children these are: at
birth, age 7 and age 15-17). Analysis could include stratification by sub-types of AD to understand



whether regulation of different genes and biological pathways are involved in the evolution of the
various forms of AD observed in childhood.
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14 Title: Analysis of environmental and genetic contributions to scoliosis in an Indian
population.

Objectives :

1. To use a novel method to assess the presence of absence of scoliosis from whole body DXA scans
for the participants of the Hyderabad Nutrition Trial

2. To assess the prevalence of scoliosis within this study

3. To assess genetic and environmental predictors of scoliosis, and their interaction, in this study

Background

Scoliosis is a condition in where a person's spine develops a side-to-side curve. Although, it is

a complex three-dimensional deformity, the spine of an individual with a typical scoliosis may look
more like an "S" or a "C" than a straight line. It most commonly starts between aged 10 years and
skeletal maturity. It is typically classified as either congenital (caused by vertebral anomalies present
at birth), idiopathic (cause unknown, sub-classified as infantile, juvenile, adolescent, or adult
according to when onset occurred) or neuromuscular (having developed as a secondary symptom of
another condition, such as spina bifida, cerebral palsy, spinal muscular atrophy or physical trauma).
Later in life scoliosis can develop due to degenerative change. Scoliosis is not always a benign
structural abnormality, as it can cause severe back pain, restrictions on social activity and on
participation in work.

Assessment of scoliosis

Currently, gold standard assessment of scoliosis is achieved through x-ray examination, however this
is not ideal for multiple examination and is not always available in large numbers of individuals.
Scoliometers can be employed to assess the degree of spinal curvature though a non-invasive, nurse
administered, physical examination (the Adams forward bending test). Unfortunately, these
measurements are difficult to repeat in a standardised manner and often yield unreliable assessment of
scoliosis status across large numbers of participants. Novel automated methods of measuring the
Cobb angle for scoliosis diagnosis have been developed in adults that use spinal dual energy X-ray
absorptiometry (DXA) taken with the patient lying flat, which has a much reduced radiation exposure
compared with spinal radiographs, and correlates well with traditional methods of measuring the
Cobb angle (R2=0.998). DXA measures also provide an indication of size, site and direction of curve,
as well as measures of local bone quality and density without the large radiation exposure of
traditional spinal radiograph. In light of this, members of the musculoskeletal centre at Southmead
Hospital, Bristol have been developing more accurate measures of spinal deformity and applying
these to the Avon Longitudinal Study of Parents and Children (http://www.bristol.ac.uk/alspac/).

Potential causes of scoliosis

Current knowledge about the causes of the initiation or induction of the scoliotic curve is
scarce, particularly outside of high income countries. Few epidemiological studies have identified
clear predictors of risk of scoliosis, although girls appear to be more affected than boys. One potential



determinant of curve induction that is of great interest at present is a genetic cause, as twin studies
indicate that scoliosis may have a genetic component and many potential genetic areas of interest have
been identified. However, it is likely, that as for the majority of human disease, scoliosis is due to a
complex interplay between environmental and genetic influences. Bone mass, hyperflexibility and
neuromotor or growth abnormalities may also contribute towards the development of scoliosis. In
addition to improving our knowledge of the epidemiology of scoliosis, the discovery of novel risk
factors may lead on to the development of new management techniques. The discovery of accurate
prognostic markers may help decisions about timing of surgery or other interventions.

Hyderabad Nutrition Trial

The prevalence and causes of scoliosis can be assessed within an Indian population using the

new methods in the assessment of scoliosis. In collaboration with the London School of

Hygiene & Tropical Medicine, we at the MRC CAITE Centre (University of Bristol) are undertaking
a large study in India based on participants of a trial of nutritional supplementation called the
Hyderabad Nutrition Trial. In this study, over 2000 women were randomised to receive
supplementation during pregnancy and the first five years of their child’s life, or to no
supplementation. These children were examined at the age of 14-16, and they are now aged 18-21.
We are currently undertaking the follow-up of this cohort and all participants are being undergoing
whole body DXA scans, as well as being examined for multiple potential correlates (objective and
subjective measures of physical activity, work status, quality of life and depression, spirometry,
anthropometry, growth, including puberty, bone and muscle parameters, DNA). We anticipate that we
will examine 1300 participants from this cohort by the end of 2010, both from supplement and non-
supplement arms of this Indian study. The availability of DXA data presents a superb opportunity to
assess the presence of scoliosis in the participants and to investigate the influence of environmental
and genetic factors on Scoliosis prevalence. It will also be possible to retrace these subjects for further
examination.

Plan of investigation

The broad aim of this PhD project is to provide information on the prevalence and causes of
scoliosis in a young Indian population.

We anticipate that the student will use data from the Hyderabad Nutrition Trial which will
already be available in the School. He/she will supervise the grading of the DXA scans

for the presence or absence of scoliosis, and will undertake a validation study of the DXA
measures. He/she will then undertake data analyses to assess the prevalence and predictors,
both genetic and environmental in this population. The PhD will be housed at the MRC
CAITE Centre, University of Bristol. The supervisors collectively are very familiar with the
study, and have the requisite experience in genetic and environmental epidemiology and the
assessment of scoliosis.

Supervisors

Nicholas Timpson; Emma Clark; Hannah Kuper



15 Title: Genetic and Environmental precursors of Chronic Obstructive Pulmonary Disease
(COPD)

Background

Chronic Obstructive Pulmonary Disease (COPD) is a leading cause of morbidity, mortality
and disability and a major public health problem worldwide. However, public awareness of
COPD is much lower than for other lung diseases and COPD is frequently under-diagnosed,
even in high-income countries [1-2]. Due to the slow and progressive nature of the disease a
significant and irreversible loss of lung function can develop before symptoms of the disease
appear [3-4].

Smoking is the main environmental risk factor that has been associated with COPD, but

estimates of the population attributable fraction (PAF) of COPD explained by smoking are
generally lower than 80% and the prevalence of COPD in never smokers is between 3-15%

[5]. This suggests that hitherto unrecognised genetic and environmental factors may modify
individual risk by influencing rates of lung function decline and hence the probability of developing
COPD. Apart from smoking, the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
identifies as important risk factors for COPD occupational dusts and chemicals, outdoor and indoor
air pollution, socioeconomic status, genetic factors, reduced lung growth, airway
hyperresponsiveness, and low baseline lung function in early adulthood.

Homozygous inheritance of genes for the deficient state of the protective anti-protease, alphal
antityipsin is currently the only well-established genetic determinant for severe COPD and rapid lung
function decline, especially when combined with smoking [6]. The role of other genetic variants
associated with antioxidant defences is less clear but some of these may interact with early exposure
to tobacco smoke to influence lung function development in childhood. Bronchial hyperreactivity is
another independent determinant for lung function deterioration and progressive airway obstruction in
smokers with early COPD [7-8].

All above mentioned factors lead to respiratory dysfunction, which in its turn is an independent
prognostic factor for mortality in smokers [9]. Knowledge of early-life determinants of COPD,
particularly in relation to external risk-factors may determine the design and development of effective
preventive strategies of the disease.

The aim

This study will focus on early-life determinants of low lung function at ages 8 and 15 years,
including genetic and other host and behavioural factors. It aims to examine the interrelationships
between factors such as genetic background, intrauterine foetal development and growth during early
childhood, childhood respiratory disorders, airway hyperresponsiveness and wheezing history, in
combination with exposure to tobacco smoke, air pollution and dietary patterns, and their possible
role in early-life lung function impairment and development of respiratory symptoms.



We will also address novel hypotheses, including the association between maternal and early
childhood diet (including antioxidant intake), distance of residence from main roads as a
marker of traffic-related pollution exposure, and interactions between these variables and
tobacco smoke exposure and irreversible airways obstruction in adolescence.

Methods

The research will be based in the Avon Longitudinal Study of Parents and Children

(ALSPAC), a longitudinal, prospective birth-cohort study recruited in pregnancy that has followed a
population of nearly 12,000 children since birth and measured post-bronchodilator pulmonary
function at age 15+ years (the main outcome variable for this project) in approximately 5000 of them.

This project will lead to the development of skills in managing, analysing and interpreting

lung function data in a large, population-based sample. Data analysis methods will include

logistic and linear regression models and the student will also have the chance to develop

expertise in the use of longitudinal growth models and in life-course epidemiological methods. There
will also be the opportunity to conduct genetic analyses based on the genome-wide data now available
for the majority of ALSPAC participants, and emerging data from next-generation sequencing
technologies. Key gene-environment interactions postulated in the literature will be investigated in
ALSPAC and in collaboration with similar cohorts within Europe.

The project is supervised by a multi-disciplinary team with expertise in respiratory measurement and
clinical medicine (Professor Henderson), and epidemiology and biostatistics (Professor Sterne).

Expected results/practical application

The results of the research will be used to guide development of preventive strategies for
COPD based on modifiable early-life determinants. The results of the research will provide
scientific evidence for the conceptual model for Stepwise Target Group Prevention (STOP) of
COPD [10].
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Supervisors:

John Henderson & Jonathan Sterne



16 Title: Analysis of common complex traits and genomewide sequence data.

Genetic epidemiology employing genomewide whole sequence data from the Avon Longitudinal
Study of Parents and Children (ALSPAC) with diverse phenotypic data collections.

The arrival of genomewide sequence data to the Avon Longitudinal Study of Parents and Children
presents an opportunity to perform analysis of the genetic contribution to common complex traits at a
new level of detail. With existing genetic data (common genetic variation across the genome)
andfurther collections at the level of the phenome, methylome and transcriptome, the potential
application of these data is broad and will allow for a number of hypotheses and possible
methodological developments to be explored.

This proposal aims to explore the potential in analyzing the spectrum of genetic variation existing in
low read depth genomewide sequence data alongside a rich phenotypic resource, to use this data and
imputed data from it within the entire ALSPAC cohort (www.bris.ac.uk/alspac) to assess the impact
of intermediate frequency variation on specific phenotypes of interest and to assess the potential for
this type of genetic data in the assessment of exomic coding variation.

This work will feed off the growing efforts to analyses like data from 1000 genomes
(www.1000genomes.org) and will employ sequence data derived from the 2000 ALSPAC
samples part of the UK10K project currently ongoing (www.uk10k.org).

There is further potential to develop the use of these data along lines of population genetic inference,
the analysis of coding variation and functional changes in the pursuit of recall

experiments or Mendelian randomization exercises or also in the parallel analysis of data

from numerous sources including the methylome, the transcriptome the environment.

Objectives:

(i) Characterise low read depth sequence data within the ALSPAC study and use this to

refine imputed genotypes to low frequency (~1%) across the entire ALSPAC cohort (including
mothers and children)

(ii) Undertake analyses into the relationship between genomic variation within this data set and
specific phenotypes within the ALSPAC study

(iii) Assess and or develop methods for the undertaking of genotype/phenotype association studies.

Supervisors

George Davey Smith, Nic Timpson



17 Title: Diurnal patterns of physical activity, sedentary behaviour, heart rate and blood
pressure in adolescents

Description: Relatively little is known about the determinants or consequences of different patterns
of 24-hour change in blood pressure (BP) in healthy adolescents. There are a number of
methodological challenges to simultaneously modeling change data for different measurements, but
the potential value of being able to do so is increasingly recognized. The availability of detailed data
on 24-hour monitoring of BP and accelerometer assessed activity in healthy 17-18 year olds, together
with a wealth of additional data in this birth cohort, provides a unique opportunity to address these

gaps.

Below are a number of potential objectives. These are likely to cover more than one distinct PhD. We
would anticipate students studying in depth 1-3 of the objectives and indeed adding their own areas of
interest in relation to the broad topic of diurnal patterns of physical activity and/or blood pressure in
adolescence.

1. To describe diurnal patterns of accelerometer assessed physical activity, sedentary behavior, SBP,
DBP and heart rate in healthy 17-18 year olds, measured using 24-hour continuous monitoring.

2. To examine the association of diurnal patterns of accelerometer assessed physical activity and
sedentary behaviour with diurnal patterns of SBP, DBP and heart rate.

3. To describe diurnal patterns of central (aortic) BP and compare this with diurnal patterns of
peripheral (brachial) BP.

4. To examine whether diurnal variability in BP is associated with other cardiovascular risk factors
independently of mean level of BP

5. To examine whether ‘dipping’ (change in BP between day and night time) is associated with other
cardiovascular risk factors independently of mean level of BP

6. To examine the associations of change in weight and height from birth to 17 years and fat and lean
mass from 9-17 years with diurnal patterns of SBP, DBP and heart rate at age 17-18

7. To examine the associations of change in physical activity and sedentary behaviour (accelerometer
assessed) from age 11-17 with diurnal patterns of SBP, DBP and heart rate at age 17-18

8. To examine the association of hypertensive disorders of pregnancy and change in maternal BP in
pregnancy with diurnal patterns of SBP, DBP and heart rate at age 17-18

9. To examine whether genetic variants associated with differences in BP in adults are associated with
different diurnal patterns of BP in adolescents

For more information about the actual PhD project (as opposed to adim. Student issues) contact
Debbie Lawlor — d.a.lawlor@bristol.ac.uk



mailto:d.a.lawlor@bristol.ac.uk

Supervisors: There are a number of potential phd projects for this proposal from the very statistical
methodology to the much more applied.

Depending on the particular focus of the project supervision would be by 2 or 3 of the following:

Prof Kate Tilling, Dr Laura Howe (University of Bristol), Dr Abi Fraser, Dr Corrie Macdonald-
Wallis, Prof Debbie Lawlor

The work will be done in collaboration with colleagues in Imperial (London) and one of either Prof
Alun Hughes or Prof Nish Chaturvedi from Imperial will provide additional supervision, in particular
on the clinical relevance and meaning of some of the measurements.



18 Title: Epigenetic biomarkers of prostate cancer risk

Outline of project:

Epigenetic changes arise early in the pathogenesis of prostate cancer and provide a very promising
avenue for the identification and development of biomarkers which can be applied to early detection,
diagnosis, staging, risk stratification and treatment monitoring. Numerous alterations to DNA
methylation (the most commonly studied form of epigenetic modification) have been documented in
studies of prostate tumour tissue. Recent methodological developments open the possibility of the
detection of methylation profiles in low levels of circulating tumour DNA in peripheral blood.
Furthermore, the exploration of DNA methylation profiles in peripheral blood DNA as early
biomarkers of prostate cancer is recognised as a highly promising area. Much of the work published to
date has focused on the analysis of tumour biopsy samples and has been limited to a handful of genes
(e.g. GSTP1, APC and RASSF1a). A more comprehensive appraisal of epigenetic variation in a large
cohort of prospectively collected biological samples pre-dating diagnosis with detailed information on
diagnosis, staging, and treatment would greatly enhance progress in this field and assist in addressing
the major problems associated with risk stratification in this form of cancer.

Aims:

The aims of the PhD are to:

1. Undertake a case control study (based on 400 cases and 400 controls) of an epigenome-wide
analysis of DNA methylation in prostate cancer to identify epigenetic associations with
prostate cancer;

2. Apply novel methodological approaches to assess the causality of observed epigenetic
associations with prostate cancer; based on triangulating genetic associations of epigenetic
changes with their associations with prostate cancer.

3. Utilise a novel methodology — biomarker demendelization — to purge biomarker measures of
the genetic contribution to increase the predictive ability of epigenetic changes.

4. Compare methylation in genomic DNA with benign prostate cancer cores to assess how well
the methylation of white blood cell DNA correlates with the benign prostate tissue

Proposed Studies:

Matched case-control study nested within the U.K. population-based Prostate testing for cancer and
Treatment (ProtecT) study of PSA detected prostate cancer in men aged 50-69 years (400 cases and
400 controls). Between 2001 and 2009, all (approximately 227,300) men aged 50-69 years in 300
general practices located around nine UK cities (centres) were invited to have a PSA test at a prostate
check clinic appointment. Participants with a PSA level between 3.0 and 19.9 ng/mL (approximately
10% of men tested) were invited to attend the centre's urology department for digital rectal
examination and 10-core trans-rectal ultrasound-guided biopsy. Men with a PSA level > 20 ng/mL
were referred as a matter of urgency to a urologist, and were eligible to participate in the treatment
trial only if localized cancer was confirmed. A diagnosis of localized prostate cancer was defined as a
positive biopsy, clinical stage T1-T2, NX, MO; advanced prostate cancer was defined as positive
biopsy, clinical stage T3-T4 or N1 or M1. All men provided written informed consent. Trent
Multicentre Research Ethics Committee approved the ProtecT study and allied prostate cancer
research under the auspices of ProMPT (Prostate Mechanisms of Prostate cancer and Treatment).

The matched cases and controls will be randomly selected and assessed using a recently released
genome-wide DNA methylation array (lllumina HumanMethylation450) which assays 450K CpG



sites in the human genome. The assays will be run in the ALSPAC laboratories in the School of Social
and Community Medicine, where an existing project (ARIES, http://www.ariesepigenomics.org.uk/)
has already established the hardware and informatics to run this array. Causality will be assessed
using novel statistical methods described by co-supervisors, Professors Relton and Davey Smith, in
the Int J Epidemiol 2012;41:161-176. The PhD students will also utilise a novel methodology —
biomarker demendelization — to purge biomarker measures of the genetic contribution to increase
predictive ability.

In line with current consensus to modelling power requirements in epigenome wide association
studies, we propose to follow the models of Balding suggesting that a sample size of 400 case-control
pairs provides good power to detect anticipated effect sizes (OR 1.5) (Nature Rev Genet,
d0i:10.1038/nrg3000).

In a collaboration with Professor David Neal we have the potential to access paired genomic DNA
and benign prostate cancer cores to assess how well the methylation of white blood cell DNA
correlates with the benign prostate tissue. This will provide important insights into the use of non-
invasive blood sampling as a marker of tissue-level methylation. Access to tumour tissue will also be
possible to investigate any mechanistic links between perturbed methylation profiles in blood and
those observed in prostate tumours.

The proposed project is original, multidisciplinary (oncology, epigenetics, epidemiology) and is
founded upon exceptional research resources. The consumables cost to undertake this work
(approximately £100K) will be supplemented from other secured sources, providing an

outstanding opportunity for a productive, data rich studentship.

Industrial partnership will undoubtedly enhance the proposed project and will be particularly pertinent
to biomarker development, with the potential for the student to enhance the collaboration over and
above biomarker identification.

The student will be trained within a vibrant and varied training environment with supervision from
academics with strong research profiles in relevant and complementary fields.
Prostate cancer is the most common cancer in men and the second leading cause of cancer death in the

UK. Prostate-specific antigen (PSA) screening has dramatically increased the early diagnosis of
prostate cancer because it is highly sensitive. However, the specificity of PSA screening is only 25%,
resulting in many unnecessary biopsies and, ultimately, substantial overtreatment. A highly specific
circulating biomarker (e.g. using blood samples) that complements the traditional PSA test would
therefore be an important advance. A specific and non-invasive test would allow patients to avoid the
physical pain and discomfort associated with biopsies and avoid the adverse effects and unnecessary
costs resulting from overtreatment. As blood sampling is already essential for PSA screening an
additional measurement of whole blood biomarkers would not place any extra burden on patients.
Whole genome DNA methylation signatures have the potential to elicit a panel of informative
biomarkers with predictive utility.



Supervisors:

Richard Martin, Professor of Clinical Epidemiology with expertise in prostate cancer aetiology and
screening, and co-l on the ProtecT trial. Supervised 6 PhD students to completion and currently
supervising 5 students. Director of Graduate Studies and lead on Wellcome Trust 4 year PhD
programme in Lifecourse, Molecular & Genetic Epidemiology (2008-2013, 18 students).

George Davey Smith, Professor of Clinical Epidemiology with expertise in causal inference,
Mendelian randomization and epigenetics. Supervised over 20 PhD students to completion and
currently supervising 5 students. Director of Wellcome Trust 4-year PhD programme in Lifecourse,
Molecular & Genetic Epidemiology.

Caroline Relton, Professor of Epigenetic Epidemiology with expertise both of these disciplines.
Supervised 2 PhD students to completion and currently supervising 3 students.

Infrastructure is very well established to support PhD students through doctoral studies. The School of
Social & Community Medicine attracts high calibre students and has a very high success rate of
timely submission and subsequent employment including many fellowships. We have an
internationally renowned Short Course Programme (http://www.bris.ac.uk/social-community-
medicine/shortcourse), providing unparalleled access to skills training for all our students.



19 Title: Mobile Platform Devices for Measuring Lifestyle-Related Cognitions
Outline of project:

Impulsive behaviour is a defining feature of various lifestyle behaviours, including tobacco and
alcohol use, and overeating / obesity. These behaviours are associated with a cognitive bias or
readiness to process behaviour-related stimuli over others, which is triggered by the incentive value
associated with such stimuli. Increased levels of impulsivity can provoke relapse to these behaviours
and contribute to failed attempts to reduce them. The relationship between cognitions and lifestyle
behaviours is therefore well-established, and evidence is also growing that cognitions play a causal
role. They may also be amenable to direct modification through cognitive training techniques; for
example, it may be possible to “train” attention away from relevant stimuli or improve the inhibition
of responses to these stimuli. However, this research is limited by the inability to measure these
cognitions dynamically and in naturalistic settings over extended periods of data collection. Most
research is conducted in laboratory settings which are highly controlled, typically only assess function
at one time point, and do not contain many of the cues to behaviour encountered in everyday life. By
taking repeated measurements in natural contexts, we will get an understanding of dynamic changes
in cognitive performance, which will help to address the question of whether differences reflect stable
trait-like or variable state-dependent variables. Previous studies have shown the value of ecological
momentary assessment of this kind, with response inhibition measured in the laboratory having been
shown to be related to subsequent smoking behaviour.

Aims:

This studentship will therefore address this gap, by developing mobile platform apps which assess
relevant lifestyle-related cognitions (response inhibition, cognitive bias) and then validating these in
relevant groups (e.g., cigarette smokers, alcohol consumers, and overweight/obese individuals).

Methods:

The student will work with supervisors in Social and Community Medicine (Lewis) and Experimental
Psychology (Munafd), with support from the Department of Computer Science, to develop tasks
which capture relevant cognitions and can be delivered via the internet, tablet computers and
smartphones. These tasks will then be validated against existing laboratory-based measures in relevant
populations (e.g., cigarette smokers). Later stages of the PhD might include piloting the collection of
data in a naturalistic, ambulatory setting to investigate the feasibility of this approach.

References:
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Marcus Munafo (Experimental Psychology) and Glyn Lewis (Social and Community Medicine)



20 Title: DNA methylation, one carbon metabolism and lung cancer — identifying early
biomarkers of disease risk

Outline of project:

Lung cancer remains one of the most lethal cancers worldwide and is responsible for 1.4 million
deaths annually. Little is known about the mechanisms that contribute to lung cancer other than an
important role of smoking and some occupational exposures. Prognosis is often poor as diagnosis
tends to occur once disease is well established and there is a pressing need to identify early
diagnostic biomarkers. We recently demonstrated a pronounced protective effect of elevated
vitamin B6, methionine and folate levels (all components of the one carbon metabolism) on lung
cancer risk [1]. One carbon metabolism is the major source of methyl donors for the methylation
of many biological molecules including DNA. We therefore postulate that deficiencies in one
carbon metabolism may be early antecedents of lung cancer and mediate their effect through
alteration of DNA methylation patterns and thus gene expression. This project will build on an
existing large multi-national collaborative effort to profile one carbon metabolism intermediates
in 22 cohorts of lung cancer cases and controls. DNA methylation analysis is being undertaken on
a subset of these. This PhD project will complement and extend this initiative through the analysis
of data generated using novel causal analysis methods [2]. The project will utilise Mendelian
randomization approaches [3] to establish the causal relationship between components of the one
carbon metabolism, DNA methylation and lung cancer. This approach will help to decipher
whether one carbon metabolites and DNA methylation are causally related to lug cancer and thus
potential targets for intervention and prevention or whether they are non-causal biomarkers with
potential utility in early diagnosis. The opportunity to spend a period of study in Genetic
Epidemiology Unit at the International Agency for Research in Cancer (IARC, Lyon) will be
available.

References:

1. Johansson M, Relton C, Ueland PM, et al. Serum B vitamin levels and risk of lung cancer.
JAMA. 2010 Jun 16;303(23):2377-85.

2. Relton CL, Davey Smith G. Two-step epigenetic Mendelian randomization: a strategy for
establishing the causal role of epigenetic processes in pathways to disease. Int J Epidemiol.
2012 Feb;41(1):161-76.

3. Smith GD, Ebrahim S. 'Mendelian randomization': can genetic epidemiology contribute to
understanding environmental determinants of disease? Int J Epidemiol. 2003 Feb;32(1):1-22.
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21: Title: Epigenetic variation and type 2 diabetes related traits; investigating causal
relationships

Outline of projects:

Epigenetic variation is believed to play a role in many common complex diseases, including type
2 diabetes (T2D) (1). Epigenetic markings on the genome are involved in the regulation of gene
expression and the most widely studied form of modification is DNA methylation. DNA
methylation patterns change over time and in response to endogenous and exogenous factors. This
means that it is difficult to decipher whether, in a condition such as type 2 diabetes where there is
often a protracted pre-clinical phase prior to diagnosis, DNA methylation changes occur as a
consequence of the diabetic state or are causally involved in the pathogenesis of the disease. This
project will identify associations between DNA methylation and T2D, glucose tolerance and
insulin sensitivity. Associated loci will then be interrogated using Mendelian randomization based
approached to probe causal relationships.

References:

1. Drong AW, Lindgren CM, McCarthy MI. The Genetic and Epigenetic Basis of Type 2
Diabetes and Obesity. Clin Pharmacol Ther. 2012 Oct 10. doi: 10.1038/clpt.2012.149. [Epub
ahead of print]

Supervisors:

Caroline Relton, Debbie Lawlor, Elliott
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22 Title: Epigenetic variation and childhood body composition; a Mendelian randomization
approach to investigating causal relationships

Outline of project:

The prevention of childhood obesity remains a high research priority. Integral to this is a clearer
understanding of the molecular mechanisms involved. Epigenetic marks are established in utero
and early life and contribute to the regulation of gene expression. Differences in epigenetic
patterns in early life have been linked to subsequent differences in body composition in childhood
[1,2], however studies to date have been small and inconclusive. This project will explore the
potential causal relationship between epigenetic patterns (DNA methylation) and childhood body
composition with more rigour. Observational associations between cord blood DNA methylation
and indices of body composition (fat and lean mass, height, weight etc) will be investigated.
Causal analysis method including the Mendelian randomization approach [3] will be applied to
robustly assess whether DNA methylation is a determinant of future childhood body composition
or a biomarker with no causal role. This project will use existing data from the Avon Longitudinal
Study of Parents and Children and bring together disciplines of molecular epidemiology,
bioinformatics, metabolic health, epigenetics and statistics. It will draw on extensive local
expertise and mentorship in Mendelian randomization approaches and extend this method to
apply it to epigenetic data. The opportunity to incorporate lab work within this project will be
provided, although not mandatory.

1. Relton CL, Groom A, St Pourcain B, Sayers AE, Swan DC, Embleton ND, Pearce MS, Ring
SM, Northstone K, Tobias JH, Trakalo J, Ness AR, Shaheen SO, Davey Smith G. DNA
methylation patterns in cord blood DNA and body size in childhood. PLoS One.
2012;7(3):€31821. Epub 2012 Mar 14.

2. Godfrey KM, Sheppard A, Gluckman PD, Lillycrop KA, Burdge GC, McLean C, Rodford J,
Slater-Jefferies JL, Garratt E, Crozier SR, Emerald BS, Gale CR, Inskip HM, Cooper C,
Hanson MA. Epigenetic gene promoter methylation at birth is associated with child's later
adiposity. Diabetes. 2011 May;60(5):1528-34. Epub 2011 Apr 6.

3. Smith GD, Ebrahim S. 'Mendelian randomization': can genetic epidemiology contribute to
understanding environmental determinants of disease? Int J Epidemiol. 2003 Feb;32(1):1
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23 Title: Air pollution exposure in early life and lung function in childhood — a role for
epigenetic mechanisms

Outline of project:

Exposure to particulate air pollution in early life is believed to have adverse effects upon lung
development and subsequent lung function, increasing the risk of asthma and other respiratory
disorders. One potential molecular mechanism that might mediate the association between air
pollution and lung function is epigenetic regulation of gene expression. This project will explore
the relationship between DNA methylation patterns, one form of epigenetic marking, and air
pollution exposure modelled over the first 7 years of life. DNA methylation variation associated
with exposure will then be interrogated with respect to lung function in childhood and
adolescence. Initial work will utilise existing data including extensive air pollution measurements,
genome-wide DNA methylation and detailed lung function assessment. Training will be provided
in longitudinal modelling of exposure (air pollution), outcome (indicators of respiratory function)
and intermediate phenotype (DNA methylation) data over time. The opportunity to undertake
laboratory based work will be provided through validation and replication of observational
associations. Bioinformatic tools will also be used to explore the relationship of differentially
methylated regions with other regulatory features of the genome and biological pathways. This
project will utilise the world-leading Avon Longitudinal Study of Parents and Children and
combine disciplines of molecular epidemiology, respiratory health, epigenetics and statistics.

Supervisors:

John Henderson, Caroline Relton, Kate Tilling



24 Title: Epigenetic variation in children born following assisted reproductive technology
Outline of project:

Epigenetic patterns are integral to normal development and are comprehensively re-programmed
post-fertilisation. The profound differences in the immediate post-fertilisation environment of
embryos created through assisted reproductive technologies (ART) compared to those conceived
naturally raise the possibility that differences in epigenetic patterns may be generated as a
consequence. These differences may have long lasting influences on health and development of
children. Concern has been raised that ART increases the risk of some imprinting (epigenetic)
disorders but little is known about the potentially subtle influences on the epigenome and
developmental trajectories. This project will compare epigenetic patterns (genome-wide DNA
methylation) in cord blood samples in children born following ART compared to those conceived
naturally. ART-associated differences in DNA methylation will be considered as predictors of a
range of phenotypic traits in childhood including cognitive and motor function, and body
composition. Initial work will utilise existing data with the opportunity to undertake laboratory
based work through validation and replication of observational associations. Bioinformatic tools
will be used to explore the relationship of differentially methylated regions with other regulatory
features of the genome and biological pathways. This project will utilise the world-leading Avon
Longitudinal Study of Parents and Children and bring together disciplines of molecular
epidemiology, bioinformatics, reproductive health, epigenetics and statistics.

Supervisors:

Caroline Relton, George Davey Smith, Debbie Lawlor



25 Title: Epigenetic and metabolomic mediators of associations between childhood growth and
chronic disease

Background

Patterns of growth in childhood are associated with later chronic disease, but the causality and
underlying physiological mechanisms of these associations are poorly understood. Higher BMI —
measured in childhood or in adulthood — is associated with greater risk of many diseases, including
cancers, cardiovascular diseases, and respiratory diseases. The association between height and chronic
disease is more complex, with shorter height showing associations with greater risk of cardiovascular
and respiratory diseases, but lower risk of some cancers.

This PhD offers the opportunity to explore these associations and the potential causal mechanisms
underlying them, using data from two large prospective studies from Denmark and the UK.

Outline of project
The objectives of this PhD are to:

1) investigate the associations between childhood growth and chronic disease events in
adulthood, identifying which features of childhood growth trajectories are related to later
chronic disease risk

2) assess the physiological (epigenetic, metabolomic, etc) pathways mediating these
relationships

3) establish the causality of these pathways using novel statistical methodologies.

Associations between childhood growth and clinical outcomes will be assessed in a large Danish
study, with childhood growth (from school records) and clinical outcomes (from linkage to national
registers) available for 372,636 children who attended school in Copenhagen, Denmark from 1936 to
2005."2° These relationships could also be assessed in other cohorts with data on both child growth
and outcomes in adulthood, e.g. the Christ’s Hospital study”®, and the Barry Caerphilly Growth
Study.®

The potential physiological (epigenetic, metabolomic, etc) mediators of these associations will be
explored in the Avon Longitudinal Study of Parents and Children’®, a prospective birth cohort in
which almost 14,000 pregnant women were recruited in the early 1990s. Extensive data are available
on child growth®*®, risk factors for later chronic disease ', and physiological factors that may
mediate the relationships between child growth and later chronic disease. All of these traits have been
measured at multiple time points, allowing for longitudinal analysis.

In order to establish the causality of the role of epigenetic, metabolomic, and other factors in
mediating relationships between child growth and chronic disease, novel statistical methodologies
will be used to rule out confounding and reverse causality. For example, the dynamic relationships
between changes in growth and changes in epigenetic or metabolomic factors will be assessed using
multivariate multilevel models®®, and causality of cross-sectional relationships will be assessed using
two-step Mendelian Randomisation.**
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26 Title: Utilising genome-wide data as an instrument for studying environmental risk factors in
complex behaviour

Background

There is a long-standing debate about the influences of nature versus nurture and their interplay in
human behaviour. The phrase was originally coined by Francis Galton contemplating on the impact of
heredity (genetic factors) and environment on social advancement. Within the context of behavioural
research, the identification of environmental factors (E) plays a key role, as this determines if and how
behaviour can be modified. This is important as a modifiable behaviour implicates, for adverse
outcomes, also a potentially preventable behaviour. The search for E in complex behaviour may even
facilitate the identification of potential risk factors for neuro-developmental disorders. This is because
many theories® assume that population variation in human behaviour and disease lie at opposite ends
of the same continuum, such as for example hypothesised for subtle impairments in social
communication and autism spectrum disorder.

Capturing genuine environmental influences however poses a great challenge due to the possibility
that observed associations are due to confounding. That is, the association between an environmental
risk factor and complex behaviour is due to an unmeasured third factor (confounder), which is
correlated with both variables and may for example include lifestyle and socioeconomic influences.
For this reason, methods have been developed that utilise genetic information, which is typically free
of confounding, to determine the underlying causal relationships between variables (Mendelian
Randomisation?). Within the era genome-wide data, this principle has now been extended by
measuring “environmental influences” through the summative effect of many markers that index
biological intermediate phenotypes® providing a highly powerful tool for epidemiological
investigations.

Methods

This PhD will focus on the investigation of environmental factors influencing adverse behavioral
outcomes in childhood and adolescence including conduct problems, impairments in social
communication and deficits in social interaction. It will specifically involve the design of genetic
instruments capturing risk factors for these adverse behavioural outcomes such as for example
maternal substance use (e.g smoking) during pregnancy® °.

Instruments will be based on known variants and/or polygenic risk scores derived from publicly
available genome-wide data sets. Using these instruments in addition to direct measures of exposure,
associations with adverse behaviour during development will be investigated within the Avon
Longitudinal Study of Children and Parents (ALSPAC). ALSPAC is a large-scale pregnancy cohort
where data is now available on extremely well characterised longitudinal, phenotypes, in addition to
detailed biological information. Specifically, allele scores will be constructed based on (i) whole
genome sequence data on 1800 individuals and (ii) genome-wide common variant array data on
~8000 children and mothers. In addition, novel screening methods® will be utilised for the search of
Gene x Environment interactions in complex behavior, capturing the modifications of genetic
influences through environmental factors and vice versa.



Integrated PhD training plans

e Local short courses at the School of Social and Community Medicine, University of Bristol
(http://www.bristol.ac.uk/social-community-medicine/shortcourse)

e Relevant training as part of the Wellcome Trust advanced training courses
(http://www.wellcome.ac.uk/Education-resources/Courses-and-conferences/Advanced-
Courses-and-Scientific-Conferences/Advanced-Courses/index.htm)
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27 Title: Maternal haemoglobin in pregnancy: trajectories, risk factors and consequences for
offspring. The Avon Longitudinal Study of Parents and Children (ALSPAC)

Background

Maternal haemoglobin concentrations are known to decrease in early pregnancy, with a slight increase
towards the end of gestation.(1) Women who have haemoglobin concentrations at either the bottom
(maternal anaemia) or the top end of the distribution in each trimester have been found to have a
higher risk of delivering a low birth weight offspring and delivering preterm compared with those
with mid-range haemoglobin levels.(2-3) However, a greater decrease in haemoglobin between
trimesters is associated with a reduced risk of preterm birth.(4) Risk factors such as older maternal
age, being overweight pre-pregnancy, lower maternal education, multiparity and twin pregnancy have
been reported to be associated with maternal anaemia (low haemoglobin) during pregnancy,(5) but it
is not clear whether these are also associated with the pattern of change in haemoglobin across
pregnancy.

Iron is essential for proper cell differentiation and cell growth and plays an important role in the
functioning of the immune system(6) Whilst it has generally been assumed that infants born at term
and with an adequate birth weight have adequate iron stores for the first 4-6 months of life, several
studies(e.g. 7,8) have shown an association between maternal pregnancy haemoglobin concentrations
and iron status in offspring in infancy. Hence it is possible that maternal haemoglobin concentrations
are associated with offspring outcomes both in infancy and later on in life.

Objectives

1. To describe the average pattern of change in haemoglobin concentrations during pregnancy.
2. To examine associations of potential risk factors with maternal haemoglobin concentrations
and/or patterns of changes in haemoglobin across the course of pregnancy.
3. To investigate the associations of maternal haemoglobin concentrations and/or patterns of
changes in haemoglobin during pregnancy with the following outcomes in offspring:
a. patterns of growth in childhood and adolescence
b. childhood infections
c. cardiovascular risk factors (e.g. blood pressure, lipids, insulin, glucose) during
childhood and adolescence
d. cognitive and behavioural outcomes in childhood and adolescence
e. respiratory health in childhood and adolescence
4. To assess whether there is a causal relationship between maternal haemoglobin concentrations
in pregnancy and offspring outcomes using a Mendelian randomization approach.
5. To determine whether differential methylation patterns in offspring cord blood mediate any of
the observed associations.

The Avon Longitudinal Study of Parents and Children (ALSPAC)

ALSPAC is a longitudinal, population-based pregnancy cohort based in Bristol that recruited 14,541
pregnancies with expected dates of delivery 1st April 1991 to 31st December 1992
(http://www.alspac.bris.ac.uk.)(9)

In ALSPAC all antenatal haemoglobin measurements have been abstracted from obstetric records
(median 3 and interquartile range of 2 to 3 measurements per woman). Early and late pregnancy


http://www.alspac.bris.ac.uk/

haemoglobin concentrations have been derived from these routinely collected measurements and it is
possible to longitudinally model trajectories of change in haemoglobin across pregnancy using
multilevel models. In addition, there is genome wide data on both mothers and offspring and DNA
methylation is available for a subgroup.

There are a number of potential PhD projects that could be undertaken based on this proposal, from
the very statistical to the much more applied. The student will be encouraged to develop a work plan
based around their interests. Students may choose to combine a classic epidemiologic approach with a
focus on one or more of statistical modeling of repeat measures (in Stata and/or MLwiN) using
multilevel models, strengthening causal inference using a Mendelian randomization approach,
investigating the role of epigenetics in explaining observed associations.
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28 Title: Approaches to data integration and visualisation in multi-omics and epidemiological data
Background:

New technologies mean we are now able to collect data on thousands or millions of different
molecular variables in parallel in an individual sample. The application of these in large population
samples like the Avon Longitudinal Study of Parents and Childhood (ALSPAC) is creating extremely
powerful data resources for understanding the mechanisms of health and disease. In addition, the
availability of a wealth of molecular data in public databases enables rich annotation and
enhancement of population-based studies. However, data integration and analysis of these high-
dimensional datasets presents specific computational challenges, and new methods are required to
maximize their potential.

Objectives:

The aim of this bioinformatics project is to develop new approaches to data integration and
visualisation in high-dimensional omics datasets.

Plan:

Beginning with methylation, genetic, expression and metabolomic data generated on samples from the
ALSPAC cohort, the student will develop methods to integrate these datasets, identify interesting
patterns in the data and relate these to data from public databases. The project will initially be focused
on one specific mechanism or phenotype (to be agreed with student), but the expectation would be
that the methods developed will be widely applicable.

Proposed methods/technologies:

Methods will be developed as part of the project, but amongst many others may involve kernel
methods, graph-based data integration, GPGPU approaches, data federation and consolidation.

Supervisors:
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29 Title: Patterns of correlation in DNA methylation: inferring functional relationships from temporal
and spatial epigenetic changes

Background:

DNA methylation plays an important regulatory role in the expression of genes. Differences in the
methylation of a particular part of the genome may occur between different tissues and/or different
stages of life and/or different exposure groups. We have measured genome-wide DNA methylation in
nearly 1000 children at three time-points, and their mothers at two time-points. We are also generating
genome-wide methylation data on a range of tissue samples. We can therefore investigate the
networks of genes that correlate in their DNA methylation between different time-points, tissues or
exposures to identify potential functional relationships.

Objectives:

The aim of this bioinformatics project is to explore the potential functional relevance of networks of
sites in the genome with correlated methylation patterns.

Plan:

The project will initially use correlation analysis of high-dimensional epigenetic data (using high-
performance computing). The correlation patterns will then be analysed across a range of different
sample groupings to determine common patterns. Data will be linked to public datasources on
functionality and epigenomics (eg ENCODE, NIH Roadmap Epigenomics etc), and potentially to
relevant phenotypes to determine whether patterns reflect specific functional regulation of genes.

Proposed methods:

Correlation analysis using high-performance computing. Data integration and fusion techniques.
High-dimensional and interactive data visualization approaches. There is likely to be a component of
methods development and programming in this project.

Supervisors:
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30 Title: Aggregating methods for analysis of association between methylation and phenotypes or
outcomes

Background:

DNA methylation plays an important role in the regulation of genes. We have measured DNA
methylation in the peripheral blood of 1000 participants in the Avon Longitudinal Study of Parents
and Children (ALSPAC) at three timepoints in childhood. Whilst single-point (i.e single CpG site)
association analyses can be informative, they result in a large number of tests and make no use of
prior information about the functional importance of the genes in which these sites are based.
Aggregating methods which combine information across multiple CpG sites based on genome
annotations and pathway information have the potential to reduce the number of tests and increase the
power.

Objectives:

The aim of this bioinformatics project is to utilize pathway information to reduce the dimensionality
and improve the power of epigenetic association studies.

Plan:

The project will utilize correlation and pathway data to construct defined sets of CpG sites for a
specific research question (to be agreed with student). These sets will then be tested for association
with the agreed phenotype. A post-hoc analysis will be performed to determine whether a single-point
analysis would have been sufficient.

Proposed methods:

Correlation analysis, pathway data extraction and association analyses. Depending on context
information from individual CpG sites may be combined before or after association testing.

Supervisors: Tom Gaunt, Colin Campbell, Jose Seoane



31 Title: Linking sleep phenotypes to psychiatric risk genotypes
Background:

This proposal is for a genotype based recall experiment using variation at the genetic locus ZNF804A
in the ALSPAC cohort and the CRIC sleep labs. ZNF804a gene function is unknown, but
circumstantial evidence (including in situ mMRNA expression in human embryo) indicates roles in
neural development. Since genetic variants are largely unrelated to environmental characteristics, the
assignment of testing groups by genotype is not subject to the problems of confounding or reverse
causality seen in conventional observational studies in patients, in whom antipsychotic medication
and profound circadian abnormalities confound sleep parameters.

Testing for a causal relationship between ZNF804A variants and detailed sleep neurophysiology in
healthy participants has unique potential to shed light on the genetic bases of thalamocortical neural
circuit development, function and dysfunction in neuropsychiatry. Our long-term goal is to reveal
premorbid biomarkers of disease and to inform novel approaches to improving sleep quality and
cognitive function in both healthy and patient populations.

Only the ALSPAC framework provides the unique combination of phenotypic and genotypic data
alongside potential for prospective contact with participants required for a recall study. Combining
the ALSPAC resources with the polysomnographic facilities in the CRIiC Sleep Study Suite consitutes
a unigue opportunity to integrate complementary strengths of UoB.

Sleep and rhythmic neuronal activity Rhythmic neuronal activity spanning sub-cortical and cortical
regions underpins sleep’s functions, with network activity patterns during rapid eye movement (REM)
and non-REM (NREM) sleep stages acting in concert to support cognition, particularly memory
consolidation®. Slow-wave oscillations during NREM sleep act as a clocking signal, coordinating
limbic-cortical and thalamo-cortical circuits central to memory processing. Thalamocortical sleep
spindles are a second defining feature of NREM sleep; their timing is in turn dependent upon slow-
waves, which thereby coordinate spindle activity with hippocampal activity during NREM. These
neurophysiological hallmarks are therefore biomarkers of neural circuit function and dysfunction, but
genetic determinants of their characteristics in health and disease have not yet been studied.

Sleep and schizophrenia Sleep disturbances are a common complaint in schizophrenia and can cause
and/or exacerbate cognitive symptoms®. In particular, schizophrenia-associated deficits in attention
and memory processing may be attributed to aberrant sleep-related mechanisms. Reductions in the
number and power of slow-waves and reductions in sleep spindle density* have been correlated with
either baseline cognitive deficits or deficits in overnight memory recall in patients®. Since current
schizophrenia treatments largely fail to treat cognitive symptoms, these sleep abnormalities constitute
important targets for novel therapeutic intervention. However, whether they are cause or symptom
remains unknown.

ZNF804A and schizophrenia Population variance in risk for schizophrenia is ~80% heritable. Initial
GWAS showed evidence for association of common variants at several loci, of which ZNF804A was
the strongest: a replication study of ~60000 participants by our collaborators in Cardiff demonstrated
that the signal SNP rs1344706 had strongest evidence for association®. Brain imaging studies show
that ZNF804A risk variants associate with aberrant hippocampal-cortical connectivity during




wakefulness in healthy volunteers’, but the mechanisms through which ZNF804A influences brain
function and disease risk are completely unknown.

Rationale and objectives

Cognitive deficits in schizophrenia respond poorly to current therapies and are likely to be caused or
exacerbated by sleep abnormalities.

Alongside altered sleep architecture, schizophrenia patients present with abnormalities in neural
oscillations during sleep, implicating well-defined neural circuits — that also subserve cognition during
wakefulness —in disease aetiology. As an intermediate phenotype, these neurophysiological metrics
constitute quantifiable and objective measures relative to, for example, questionnaire-based
assessment of sleep quality.

Variation at the ZNF804A locus is associated with (1) risk of schizophrenia and (2) intermediate
neural traits (abnormal fMRI during wakefulness) in healthy volunteers; the mechanisms driving these
associations are unknown.

We propose a genotype based recall experiment using ZNF804a risk allele carriers in the ALSPAC
cohort and the CRIC sleep labs. Since genetic variants are largely unrelated to environmental
characteristics', the assignment of testing groups by genotype is not subject to the problems of
confounding or reverse causality seen in conventional observational studies in patients.

Testing for a causal relationship between ZNF804A variants and detailed sleep neurophysiology has
unique potential to shed light on the genetic bases of neural circuit (dys)function in neuropsychiatry,
to reveal premorbid biomarkers of disease and to inform novel, sleep-targeting therapeutic
approaches.

Methods :

AIMS: To link variation at the ZN4804a locus with variation in sleep-dependent neural oscillations
guantified using polysomnographic EEG recordings.

HYPOTHESES: Sleep quality has a dramatic impact on quality of life in both the healthy population
and in neuropsychiatric patients, many of whom suffer sleep disruption. For example, cognitive
deficits in schizophrenia are likely to be caused or exacerbated by sleep abnormalities, which disrupt
coordinated activity in hippocampus, thalamus and cortex and thereby impair sleep-dependent
memory consolidation. Alongside altered sleep architecture, schizophrenia patients present with
abnormalities in neural oscillations during sleep, implicating these well-defined neural circuits — that
also subserve cognition during wakefulness — in disease aetiology. As an intermediate phenotype,
these neurophysiological metrics constitute quantifiable and objective measures relative to, for
example, questionnaire-based assessment of sleep quality.

Variation at the ZNF804A locus is associated with (1) abnormal hippocampal-cortical interactions
(inferred from fMRI) during wakefulness in healthy volunteers and (2) increased risk of developing
schizophrenia; the mechanisms driving these associations are unknown. The strongest association
signal was observed with the SNP rs1344706, located in an intron of ZNF804A that maps to a short
region of conserved mammalian sequence on 2g32.1



Based on our work in rodent models (Phillips, Bartsch et al. 2012, Neuron) and a patient cohort
(Walmsley et al. 2012 Biological Psychiatry) we hypothesise that carriers of the rs1344706 variant
will show (1) reduced densities of thalamocortical sleep spindles during non-REM sleep and (2)
attenuated coordinated activity between anterior and posterior cortices during non-REM sleep.

EXPOSURE VARIABLES: ZNF804a SNP rs1344706, homozygous subjects
OUTCOME VARIABLES: EEG-derived measures of sleep neurophysiology including:

Spindle quantification [Spindles are 7-15Hz oscillations in sleep EEG, driven by thalamocortical
activity, augmented following learning events and attenuted in schizophrenia. Spindles will be
guantified using algorithms written and established by Dr. Ullrich Bartsch in the Jones lab]

Slow-wave activity [SWA is characteristic of non-REM sleep and driven by coordinated transitions of
cortical pyramidal neurons between activated 'UP' and quiescent 'DOWN' states. Again, algorithms
for SWA analysis are established in the Jones lab]

Anterior-posterior coordination [spindle and SWA predominantly arises in frontal cortices and
propagatess posteriorly during non-REM. This propagation will be quantified by assessing the
relative timing of antero-posterior EEG activity]

CONFOUNDING: The densities and timing of neural oscillations during non-REM are dependent
upon prior waking experience. For example, increased spindle densities occur following novel
experiences that recruit memory encoding. Differences in sleep neurophysiology may therefore
reflect differences in on-going subject behaviours during wakefulness rather than altered sleep per se.
However, published data demonstrate that sleep parameters correlate with behavioural performance
and overnight improvement in tasks performed immediately prior to sleep, hence our plan 'normalise’
behaviour-dependent effects by training subjects in a finger tapping-based motor sequence task prior
to EEG recordings.

Disciplines, research skills and training:

The student will gain detailed working knowledge of neuro-oscillatory function and the phenotyping
of neurological activity. This will include working within the sleep laboratories at “CRiC”, however
there will be opportunity to assess and interrogate working models with Jones and others. There will
be a comprehensive introduction and ultimate use of genetic epidemiology approaches containing
everything to the handling and undertaking of genomewide association studies to the use of next
generation sequence data and the design of new recall by genotype experiments. The candidate will
have full access to SSCM short courses and regular contact time with supervisors across the MRC
IEU and School of Physiology and Pharmacology.
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32 Title: Methylation of platelet F2RL3 gene provides a major mechanism for smoking-induced
coronary thrombosis and cardiovascular disease risk

Background:

Exposure to tobacco smoke is associated with accelerated atherosclerosis, increased risk of
myocardial infarction, stroke, pulmonary artery disease, aortic aneurysm and sudden death*. With
observational evidence, genomewide association studies concerned principally with the genetics of
smoking behaviour have verified a causal role for smoking in cardiovascular risk**. However, whilst
it is known that there is an independent contribution of smoking as a risk factor to cardiovascular
disease/ischaemic heart disease (CVD/IHD)®** and it has been possible to characterise the beneficial
effects of smoking reduction or cessation'®%, there has been little progress in identifying the way in
which smoking elevates risk.

One of the most compelling possible explanations of the relationship between smoking and CVD risk
is the impact of exposure to tobacco smoke on platelet activity and thrombogenesis. Platelet activation
is central to thrombosis in myocardial infarction (M) and ischaemic stroke®’. Work in the Caerphilly
Prospective Study (CaPS) has shown that an index of platelet sensitivity based on whole blood
responsiveness to adenosine diphosphate (ADP) induced coagulation and platelet aggregation
properties measured in platelet rich plasma are related to a history of Ml and ECG diagnosed IH
Elsewhere, spontaneous clotting and platelet counts have shown positive relationships with disease
risk (and smoking behaviour)®?,

23,24
D=,

Smoking is detrimental to haemostasis, having effects on the regulation of platelet activity by altering
endothelial function and patterns of platelet adhesion and aggregation®’. There have been observations
of acute effects of smoking on platelet aggregation®®, however little detailed examination of the
impact of either long-term smoking or cessation on measurements of clotting directly.

In a recent small age-matched study with self-reported smoking data, clear evidence for differential

methylation by smoking status at the Factor 2 receptor-like 3 locus on chromosome 19 was found
(cg03636183 ~12% difference in methylation, p=2.68x10"). This association has been independently
replicated in over 1,400 individuals from the International COPD Genetics Network® and in work
undertaken in 185 individuals from the TWINS UK collection®.

F2RL3 is of relevance for cardiovascular health as it codes for protease-activated receptor 4 (PAR4)
which is one of two primary receptors for thrombin expressed on platelets®®. Recent work supports the
postulate that methylation at F2RL3 is a mediator of the detrimental effects of smoking on coronary
heart disease (CHD) and is strongly related to mortality among patients with CHD.

Objectives:
There are three key objectives of the study:

(i) Relationship between methylation status at F2RL3 and cardiovascular intermediates, coagulation,
platelet activity and expression - We hypothesise that differential patterns of methylation at the
F2RL3 locus will be associated with patterns of coagulation, platelet specific and cardiovascular risk
factors.




(ii) Relationship between methylation status at F2RL3 and cessation/reduction of smoking - We
hypothesise that, in part, the beneficial effects of smoking cessation and reduction on vascular
outcomes is due to a restoration of normal methylation patterns at F2RL3.

(iii) Other effects of smoking on the epigenome - We hypothesise that the impact of exposure to
tobacco smoke on methylation will not be restricted to F2RL3. In a well powered, association study
design based on a dense genomewide methylation array, we will be able to detect further loci which
have methylation signatures associated with smoking.

Methods:

Q) Methylation levels at F2RL3 and an exhaustive cardiovascular diseases risk phenotype
profiling. The BWHHS™ (n=4286) and CaPS* (n=2959) have extensive intermediate
cardiovascular related health data available from adults aged 47 to 80. DNA samples and
smoking status data will be available for 1000 samples from each study for which
cardiovascular risk factors, confounding factors, platelet related measurements and
induced and spontaneous coagulation challenge test data are available. These data will
allow a systematic breakdown of the relationship between smoking, differential
methylation at F2RL3 and markers of intermediate cardiovascular risk.

(i) An examination of the impact of smoking cessation on the patterns of methylation at
F2RL3 in a prospectively collected sub sample of mothers from ALSPAC. Smoking rates
and numbers have been assessed from records of smoking exposure taken 11 times during
the first 12 years of the study. Samples will be recruited for specific F2RL3 methylation
assessment on the basis of the smoking status of the participant when DNA was extracted.
Detailed platelet functional analysis, including assessment of surface receptor levels,
receptor signaling, platelet secretion, aggregation and in vitro thrombus formation will be
undertaken.

(iii)  Other effects of smoking on the epigenome. The inclusion of 300 DNA samples for
genomewide methylation analysis (Illumina 450Kk array) is a crucial part of this
investigation as it will allow for exploratory analysis of the impact of smoking on patterns
of methylation in the human genome. Platelet functional analysis will also be
performed in further ALSPAC recall studies. Also if appropriate, mouse gene
knockout strains will be identified with deletions in genes identified in this part of
the study. The Poole laboratory has many years experience analysing platelet
function in mouse model systems.

Disciplines, research skills and training:

The student will gain detailed working knowledge of platelet signalling and functional assays,
including a variety of microscopy-based cell biology approaches. This will be provided in the Poole
lab, which utilises a wide array of platelet functional analysis approaches.
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33 Title: Investigating cellular, transcriptomic and physiological consequences of a functional
adenylate cyclase 3 variant: reverse translation of epidemiological findings.

Background:

This project involves an innovative collaboration between epidemiologists, cellular biologists and
neuroscientists exploring the functional consequences of an adenylate cyclase 3 (ADCY3) coding
variant identified in epidemiological studies by MRC CAITE. Despite strong association of the
ADCY 3 variant with fat mass in two cohorts of children [1], the cellular mechanisms underpinning
the pathophysiological consequences are unclear, preventing assessment of potential therapeutic
approaches. A key aspect to this proposal is that it aims to deconstruct existing findings, to understand
biological pathways, but also to link

these to the formation of complex, clinically relevant, human behaviour.

BMI is a widely acceptable measure of weight for given height. However, it can be complicated by
differential performance in certain body types and age groups. We have used genomewide association
studies to investigate the contribution of common variants to a measure of weight which precisely
accounts for the covariation with height. A missense variant, rs11676272, in ADCY3 has been found
when height is taken into account and this result was replicated in an independent sample.

ADCY3 codes for the membrane-associated enzyme adenyl cyclase 3, which catalyses the synthesis of
cAMP from ATP [2]. The ACDY 3 protein sequence comprises two clusters of membrane spanning
helices, called M; and M,, which interact to bring together a large cytosolic intracellular loop with a
region at the C-terminus to form a composite and competent catalytic domain [3]. The serine-to-
proline substitution coded by rs11676272 lies within the second transmembrane spanning alpha-helix
of the M cluster. In addition to the observed association with reduced expression of ADCY3, we
suggest that the proline substitution could disrupt the interaction between helix bundle M; and M,
leading to a reduction in adenyl cyclase activity.

In situ hybridization data from the Allen Mouse Brain Atlas [4], which integrates extensive gene
expression and neuroanatomical data, show ADCY3 mRNA expression in the mouse brain within
several nuclei of the hypothalamus, including the paraventricular, ventromedial and arcuate nucleus,
regions that are involved in central regulation of energy homeostasis. ADCY3 knockout mice exhibit
age-dependent obesity, which was attributed to hyperphagia, low locomotor activity and leptin
insensitivity and demonstrated to be most likely due to hypothalamic cAMP reductions [5].

Given the reduction of ADCY3 expression associated with rs11676272, in addition to a reduction in
ADCY3 activity, a concomitant reduction in cAMP and downstream CREB (cAMP response element
binding protein) signalling is likely.

Due to the location of the mutation, alteration in ADCY3 activity is strongly predicted, with potential
consequences on CAMP levels and thereby CREB-mediated transcriptome regulation. ADCY3’s CNS
expression pattern further suggests physiological consequences of the variant on central regulation of
metabolic balance and potentially circadian mechanisms — an unexplored area in subjects with the
variant.

The project will therefore explore cellular/molecular (Tavare), transcriptomic (Balthasar) and
physiological consequences (Balthasar — mice / Timpson — human cohorts) of the variant.

Translational focus: Elucidation of the underlying cellular consequences of coding variants
identified via GWAS, genome sequencing and Mendelian-randomisation approaches is critical in



validating epidemiological observations and increasing confidence in causality, and thus for
identifying tractable new targets for forward translation into therapeutic development.

PhD training: The student will receive an innovative multidisciplinary training in epidemiology, cell
biology and in vivo metabolic analysis in genetically modified mice and will be well placed to use
their skills to rapidly exploit findings emerging from genome sequencing projects investigating links
between genetic variation and disease.
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34 Title: The Genetics of Asthma Phenotypes
Background:

Results from genome-wide association studies (GWAS) have reported a large number of single-
nucleotide polymorphisms (SNPs) associated with asthma outcomes™™ as well as putative asthma risk
factors™®. We hypothesize that allele scores of doctor-diagnosed asthma, lung function, sensitization
and FeNO discriminate among different childhood wheezing phenotypes and that Mendelian
Randomization analysis can provide robust evidence of causal effects of key exposures (CRP,
vitamins A, E, C and D, selenium, omega-3 fatty acids and exposure to smoking) on different asthma
phenotypes. We plan to derive allele scores for these asthma outcomes in the context of risk
prediction™® using results from GWAS and to investigate their associations with wheezing and other
asthma-related phenotypes in ALSPAC; Furthermore we plan to derive allele scores for the mentioned
key exposures and to use them as instruments to estimate their causal effect on an asthma outcome in
the context of Mendelian Randomization'™. The potential utility of using genetic risk scores to
investigate causal effects in observational studies combined with better segregation of asthma
subtypes will enable us to identify causal factors amenable to intervention to prevent or cure asthma.

The student will 1) complete a Masters Epidemiology MSc programme at the London School of
Hygiene and Tropical Medicine, a highly-regarded course enabling him to progress rapidly to
advanced statistical methods; 2) be co-supervised by mentors from two complementary disciplines; 3)
use ALSPAC data readily-available and 4) have free access to a full programme of short courses in
epidemiology, genetic and biostatistics.

Hypothesis and Objectives:

Two main hypotheses will be investigated:
o Allele scores of asthma, lung function, FeNO and sensitization discriminate among different
wheezing phenotypes
e Mendelian Randomization analysis can provide robust evidence of causal effects of key
exposures (CRP, vitamin C and E, vitamin A, selenium, omega-3, vitamin D and ETS) on
different asthma phenotypes
The objectives of the project are:
1. to derive allele scores for asthma, lung function, FeNO and sensitization in the context of risk
prediction (prediction scores) using results from GWAS excluding ALSPAC data
2. to investigate associations of the prediction scores from objective 1 with wheezing
phenotypes and other asthma-related phenotypes in ALSPAC
3. to derive allele scores for CRP, vitamin C and E, vitamin A, selenium, omega-3, vitamin D
and ETS
4. to use the allele scores from objective 3 as instruments to estimate their causal effect on an
asthma outcome in the context of Mendelian Randomization
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35 Title: Robust evaluation of the relationship between non-syndromic forms of cleft, biological
intermediates as well as developmental outcomes in later life

Background

Cleft lip and/or palate (CL/P) is a common congenital disorder, which affects about a thousand
children born in the United Kingdom (UK) each year. Approximately 70% of all children with CL/P
carry apart from the facial cleft structure no other apparent cognitive or craniofacial structural
abnormality and this form of CL/P is commonly termed ‘isolated, non-syndromic CL/P’ (nsCL/P).
Current research suggests that both genetic and environmental factors contribute to the complex
aetiology of nsCL/P.

There is considerable interest in the identification of modifiable environmental factors of CL/P as this
research potentially provides new avenues for future prevention and intervention efforts. Recent
studies support for example the role of zinc deficiency®, cholesterol deficiency” and folate deficiency®,
as potential risk factor for nsCL/P. However, the reliable identification of environmental influences
has been proven to be challenging as nsCL/P-related defects arise early during embryological
development and the disorder itself has only modest recurrence rates”.

In addition, nsCL/P has been associated with impairments in growth, speech, hearing, general health
and social integration during later life®. It is therefore possible that some of the underlying genetic risk
factors for nsCL/P are also causally linked with these deficits in later life, especially as subclinical
phenotypes have been observed in relatives of patients with CL/P*. This includes for example dental
anomalies, 3D facial image measurements but also speech and cognitive differences including reading
disability and 1Q*°, and genetic associations have been indeed observed between nsCLP loci and face
shape in the general population®.

This PhD project offers an exciting possibility to unravel robust and potentially causal links between
CL/P and biological intermediate phenotypes as well as growth and behavioural outcomes in later life,
using modern epidemiological and genetic epidemiological analysis techniques. Specifically, the
project will investigate the following research questions:

1) Are genetic instruments for biological CL/P related intermediate phenotypes (e.g. zinc,
cholesterol and folate levels) associated within an increased risk for CL/P?

1) Do healthy individuals with a high load of nsCLP risk alleles differ phenotypically
compared to the rest of the population?

Methods

This PhD at the MRC IEU will involve an in depth analysis of currently available cleft resources and
a systematic screen of children from the Avon Longitudinal Study of Parents and Children
(ALSPAC). The first part of the project will entail the post hoc construction of a CL/P case-control
sample using cases from publicly available genotyped and phenotyped nsCL/P samples (via dbgap)
and control individuals from the WTCCC2 sample, all of European descent. Exploiting currently
available genome-wide association study (GWAS) findings, genetic instruments will then be
constructed, which explain a large proportion of the phenotypic variation in biological CL/P related
intermediate phenotypes (e.g. zinc, cholesterol and folate levels) and are typically free of confounding
factors. Finally, these instruments will be used to screen the constructed CL/P case control sample for
association with risk for CL/P.

Within the second part of the PhD, polygenic risk scores based on known nsCL/P loci will be
constructed within children of the ALSPAC cohort. ALSPAC is a large-scale pregnancy cohort with
well characterised longitudinal phenotypic data in addition to detailed biological information.
Specifically, the project will investigate whether healthy individuals with high CL/P polygenic risk
scores differ from the rest of the population with respect to CL/P-related dimensional subphenotypes
(e.g. 3D facial images, tooth eruption as well as cognitive, anthropometric, language-, reading- and



hearing-related outcomes). This will allow investigating the relationship between CL/P and
developmental outcomes in later life free of confounding influences, which might be associated with
the presence and treatment of the facial cleft structure, and may thus uncover potential causal links.

Integrated PhD training plans

e Local short courses at the School of Social and Community Medicine, University of Bristol
(http://www.bristol.ac.uk/social-community-medicine/shortcourse)

e Relevant training as part of the Wellcome Trust advanced training courses
(http://mvww.wellcome.ac.uk/Education-resources/Courses-and-conferences/Advanced-
Courses-and-Scientific-Conferences/Advanced-Courses/index.htm)
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36 Title: Mathematical modeling of the impact of HCV vaccination among people who inject
drugs.

Background:

Hepatitis C virus (HCV) is a blood-borne disease that infects 150 million people worldwide
and is a leading cause of liver disease. In developed countries, the main mode of transmission is
amongst people who inject drugs (PWID) through syringe sharing.

HCV vaccines are currently in development and have shown promise for reducing infectivity
or averting chronic infection[1,2]. One major vaccine candidate targeting genotype 1B has been
shown to be well tolerated and highly immunogenic to this strain and less so to other genotypes|3].
Further studies are ongoing. Curative treatment for HCV also exists, and although new drugs have
high efficacy (>90%) they are expensive and uncertainty exists on whether HCV vaccination will be
effective following successful treatment, due to immune exhaustion.

We propose to develop dynamic models of HCV transmission among PWID[4-6] to evaluate
the impact of HCV vaccination strategies. Different intervention setting (prison/community) will be
considered as will the combined impact with other interventions. The novelty of the work will be in
the model incorporating multiple genotype strains and the possible impact of HCV vaccination in two
ways- protection against chronic infection and/or reducing infectivity.

Plan:

This project will consist of developing dynamic models of HCV transmission among PWID including
vaccination and other interventions. The models will be used to evaluate:

1. The reduction in HCV transmission resulting from different vaccine coverage levels for
varying vaccine characteristics (efficacy for different genotypes, duration of protection, and
reduction in infectiousness)

2. The required vaccine coverage level needed for elimination in different HCV epidemic
settings and for varying vaccine characteristics?

3. How HCV vaccination strategies should be combined with other interventions to increase
impact and reduce the vaccine coverage needed for elimination?

4. The utility of different settings for undertaking HCV vaccination strategies amongst PWID,
such as prison or addiction centres?

5. The impact of strategies where vaccination is provided post successful treatment? The effect
of reduced vaccination efficacy due to immune exhaustion will be considered, as will
different delays in vaccination to allow for immune recovery?

6. The implications of a vaccine only protecting for one strain. Is the vaccine’s impact reduced
due to the unprotected genotypes partially compensating, and how may the genotype
distribution change over time?

Methods

This studentship will utilise mathematical modelling to understand HCV transmission, vaccination
and prevention interventions. It will include training in how to set up and undertake research projects
incorporating dynamic infectious disease transmission modelling. The candidate will gain experience
in methods of infectious disease model development, parameterisation and fitting using Bayesian
methods, and sensitivity/uncertainty analysis.
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37 Title: Mathematical modeling of an emerging epidemic: sexual hepatitis C transmission
among HIV positive men who have sex with men

Background:

Hepatitis C virus (HCV) is a major cause of liver disease worldwide. In developed
countries, HCV is predominantly transmitted through injecting drug use®, and studies have
shown that sexual HCV transmission between heterosexual couples is rare.

In recent years there has been a rapid spread of sexually transmitted HCV amongst HIV-
positive men who have sex with men (MSM)?*, but little amongst HIV-negative MSM**. It is
unknown why this emerging epidemic has occurred and why it is concentrated amongst HIV -
infected MSM. This recent epidemic, along with a rise in HIV infections among MSM in the
UK has resulted in increasing concern among the public health/medical communities®.

Despite substantial literature on modeling HIV transmission among MSM’ and HCV
transmission amongst injecting drug users, no one has modeled sexual HCV transmission
among MSM, and little is known about the transmission dynamics. This project would aim to
develop both deterministic and network models of HIV and HCV transmission among MSM
to explore how behavioural characteristics (such as risk heterogeneity, possibly based on HIV
status, and assortative sexual mixing, where HIV positive men tend to have riskier sex with
other HIV positive men) and biological characteristics (such as increased HCV viral load
amongst HIV-HCV coinfected individuals and recent increases in survival of HIV infected
men) drive the transmission of each disease and determine its patterns of spread.

The insights gained will increase our understanding of MSM risk behaviour and mixing,
which will improve model projections of the coverage requirements for different prevention
to reduce the transmission of both infections to low levels. The network models will be used
to show how network characteristics determine the speed of the epidemic, and to identify
optimal intervention allocation strategies among the network participants. The outputs of this
project will shed light on the drivers of the emerging HCV epidemic among MSM, and shape
policymaking surrounding intervention strategies.

Objectives:

1. Develop novel mathematical models (network and deterministic) of HIV and HCV
transmission among MSM and fit to available data

2. Interrogate the drivers of HIV and HCV transmission among MSM, and determine which
behavioural or biological characteristics contribute towards the patterns of disease
transmission

3. Identify the most effective combination prevention strategies to reduce transmission of
both infections to low levels

Methods:

This studentship will utilise various mathematical modelling techniques to understand HIV
and HCV transmission and prevention interventions. It will include training in dynamic
infectious disease transmission modelling including network and deterministic
compartmental models. The candidate will also gain experience in methods of infectious



disease model parameterisation and fitting using Bayesian methods, and
sensitivity/uncertainty analysis.
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38 Title: Neurodevelopmental consequences of prenatal alcohol exposure: a population based MRI
study

(Note: this topic includes at least two PhD and appointed students will be expected to define their
specific area of research within this broad area )

Background:

There is clear evidence that heavy alcohol intake during pregnancy disrupts normal brain development
with long-term adverse cognitive and behavioural consequences in offspring [1,2]. While gestational
alcohol abuse remains a problem, occasional use of small-to-moderate amounts of alcohol is a more
prevalent behaviour during pregnancy, and therefore potentially associated with greater population-
level harms. However, it is unknown whether this drinking pattern is harmful for the developing
brain, since most recent epidemiological studies fail to find adverse effects [3]. Nevertheless,
evidence is emerging from different study designs more robust to biases including confounding,
suggesting that even small amounts of alcohol during pregnancy could potentially affect
neurodevelopment and result in lower cognitive and academic scores [4,5], as well as from animal
models [6]. Epigenetic marks (e.g. DNA methylation changes) resulting in altered regulation of gene
expression provide one likely mechanism for the neurodevelopmental effects of alcohol, with key
developmental stages of intrauterine and early life thought to be sensitive periods when the
epigenome is particularly responsive to external stimuli such as alcohol [7], and preliminary evidence
linking epigenetic marks to future disease risk. To our knowledge, the subtle effects of alcohol use on
the brain have not been studied yet in large-scale population samples, nor has the potential mediating
role of DNA methylation on such effects.

Objectives:

The overall aim of this project is to explore the associations of alcohol consumption during pregnancy
with offspring structural brain morphology (structural properties of white and grey matter), with
particular emphasis on their causal nature and on the role played by DNA methylation. Specific
objectives are:

1. To study the effects of prenatal exposure to moderate levels of alcohol on structural brain
morphology in school age children and adolescents.

2. To explore the causal nature of the observed associations using causal analysis methods such as
cross-cohort comparisons, negative control and Mendelian randomization methods.

3. To investigate whether DNA methylation is a causal mediator of the above associations, by
studying whether prenatal alcohol exposure is causally associated with DNA methylation changes
detected at birth and persisting into adolescence, and whether such alcohol-induced methylation
changes are causally associated with brain MRI and DTI outcomes.

Methods:

There are a number of potential PhD projects that could be undertaken based on this proposal. The
student will be encouraged to develop a work plan based around their interests.

All potential studentships will involve the use of multiple data sources including three ongoing cohort
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studies: Generation R [9], the Avon Longitudinal Study of Parents and Children (ALSPAC) [10] and
the Saguenay youth study [11], and a number of different methodologies. Exposure and outcome
measures can be readily harmonized across the 3 studies, and a wealth of data exists already to allow
investigation of possible confounding and mediating effects (e.g. prenatal and postnatal environmental
and psycho-cognitive assessments, genome-wide genetic scans and DNA methylation data). Together,
these 3 studies provide enough power to detect or exclude even subtle effects (e.g. [8]), and enough
design differences and a wealth of harmonised data to rule out major biases and confounding as
explanation of the results. Epigenome-wide DNA methylation data available in all 3 cohorts will
allow the interrogation of the mediating role of DNA methylation by using two-step Mendelian
randomization, a newly proposed method for establishing whether DNA methylation causally
explains (at least part of) a known exposure-outcome association [14]. Uncovering a potential causal
pathway will add strength to the accumulating evidence for long-term neurodevelopmental
consequences of prenatal alcohol exposure.

The student(s) will have the opportunity to familiarise with different research methodologies. These
will include epigenomics and neuroimaging data processing and analyses (e.g. see
http://www.godmc.org.uk/, http://www.ariesepigenomics.org.uk and [12]), and causal analysis
methods such as cross-cohort comparisons, negative control methods, and Mendelian randomization
[13,14].

Disciplines, research skills and training:

Epidemiology

Causal analysis methods

Epigenetics

Neuroimaging

The candidate will be provided with opportunities for international collaborations (Rotterdam or
Toronto)
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