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Combining untargeted metabolomics with genetic data to identify causal influences on disease
Genome-wide association studies of DNA methylation

Mapping variation in histone post-translational modifications and implications for population health
Comparison of maternal and paternal body mass index and their relationship with offspring epigenetic patterns, health and
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Using recall methods to understand genetic influences on addictive behaviours

Active and passive monitoring of health behaviour and mood

Investigating the causal relationship between mental health and health behaviour

Long-term video monitoring of eating behaviour

Using Mendelian randomization to infer causality in life course epidemiology

Genome-wide association studies of dietary patterns and Mendelian randomization applied to diet
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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
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An epigenome-wide association study of atopic dermatitis
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Mathematical modeling of an emerging epidemic: sexual hepatitis C transmission among HIV positive men who have sex
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Dr Nic Timpson, Dr Colin Steward, Professor Davey
Smith, Dr John Harvey

Dr Nicholas Timpson; Emma Clark and Hannah
Kuper
Dr Beate St Pourcain, Prof George Davey Smith

Dr Beate St Pourcain, Prof George Davey Smith
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Systematic analysis of the genetic contribution to hemopoietic transplant failure aimed at improving future donor selection

Analysis of environmental and genetic contributions to scoliosis in an Indian population.

Systematic screen of omic resources for variation with autism symptomatology

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

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



1 Title: Epigenetic variation, maternal health and pregnancy outcomes in the Born in Bradford study

Background

The Born in Bradford study (or BiB) was established in 2007 to examine how genetic, nutritional,
environmental, behavioural and social factors impact on health and development during childhood, and
subsequently adulthood in a deprived multi-ethnic population®. Between 2007 and 2011 detailed information
on socio-economic characteristics, ethnicity and family trees, lifestyle, environmental exposures, physical
and mental health on 13,776 pregnant women recruited at around 28 weeks of gestation has been collected.
40% of the women are White British and 45% Pakistani, with the remaining women being other White
European (3%), other South Asian (7%) and other ethnicity (6%). Extensive clinical and biochemical
measures have been collected during pregnancy, including measures of glucose tolerance, as well as
measures of fetal and postnatal growth.

Epigenetic processes are thought to be involved in mediating prenatal and early life influences on long term
health. The analysis of DNA methylation in infants at birth can help to understand these potential links,
identify biological consequences of prenatal exposure and potentially identify early predictors of
developmental trajectories and adverse health consequences. Furthermore, variation in DNA methylation is
known to differ markedly between ethnic groups; some of this may be attributable to genetic differences and
some to marked differences in environmental and lifestyle factors. Nothing is known about how ethnic
variation in epigenetic patterns impacts upon pregnancy outcome.

BiB provides a unique cohort in which to explore ethnic differences in adult DNA methylation and the extent
to which it is influenced by genetic / lifestyle characteristics and the relationships of these characteristics, as
well as pregnancy characteristics to fetal/offspring DNA methylation. There are marked differences in
lifestyle characteristics between the two main ethnic groups in BiB: none of the Pakistani women smoked in
pregnancy whereas 47% of the White women did; all of the Pakistani women are life-long tee-totallers
whereas over 70% of the White women consumed some alcohol in pregnancy; dietary intake is markedly
different between the two. This provides a valuable opportunity to consider the prenatal influences on
offspring outcomes and whether epigenetic variation may play a role in mediating the relationship between
such exposures and outcomes. It also allows a direct comparison of these pathways between ethnic groups.

Objectives

1. Toidentify ethnic differences in DNA methylation patterns between Pakistani and white British
women the BiB cohort

2. Tointerrogate the relationship between maternal DNA methylation variation and (a) differing
lifestyle patterns (e.g. smoking, alcohol, diet) in pregnant women from the two ethnic groups, and
(b) pregnancy characteristics (e.g. variation in fasting and postload glucose, metabolomic and
inflammatory profiles)

3. Assess the relationship between maternal lifestyle, glucose, metabolomic and inflammatory profiles
in pregnancy and offspring cord blood DNA methylation patterns in the two ethnic groups and
determine whether any associations differ between the two groups.

4. Apply causal analysis methods to epigenetic data

Methods

This studentship will consider a range of prenatal exposures and their relationship with offspring DNA
methylation.

Epigenome-wide analysis will be undertaken using lllumina HumanMethylation450 BeadChip to identify
exposure-specific signatures and methylation-phenotype associations. The studentship will include training
in causal analysis methods, including application of the Mendelian randomization approach to epigenetic
data®. The opportunity to undertake laboratory work will be encouraged as part of a programme of
interdisciplinary training. This will involve the validation of differentially methylated regions through
guantitative DNA methylation analysis using Pyrosequencing. The candidate will also gain exposure to and
develop expertise in bioinformatics in the interpretation of data arising from their studies to explore the
functional relevance of the observations made. In summary this studentship will involve epigenetics,
epidemiology, statistics and bioinformatics and will be placed within the context of maternal health and
offspring epigenome in a multi-ethnic study population.

Disciplines and training
Epigenetic epidemiology



Causal analysis methods
The candidate will have the opportunity to make an extended exchange visit to a collaborating group
working in this area.

References

1. Wright J, Small N, Raynor P, Tuffnell D, Bhopal R, Cameron N, Fairley L, Lawlor DA, Parslow R,
Petherick ES, Pickett KE, Waiblinger D, West J; on behalf of the Born in Bradford Scientific
Collaborators Group. Cohort profile: The Born in Bradford multi-ethnic family cohort study. Int J
Epidemiol. 2012 Oct 12. [Epub ahead of print]

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

Supervisors/Collaborators
Prof Debbie Lawlor, Prof Caroline Relton, Dr Hannah Elliott (Supervisors) and Prof John Wright, Dr Donald
Whitelaw and Prof Mika Ala-Korpela (Collaborators)


http://www.ncbi.nlm.nih.gov/pubmed?term=Wright%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Small%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Raynor%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Tuffnell%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhopal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Cameron%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Fairley%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Lawlor%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Parslow%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Petherick%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Pickett%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=Waiblinger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=West%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23064411
http://www.ncbi.nlm.nih.gov/pubmed?term=on%20behalf%20of%20the%20Born%20in%20Bradford%20Scientific%20Collaborators%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=on%20behalf%20of%20the%20Born%20in%20Bradford%20Scientific%20Collaborators%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=born+in+bradford+cohort+profile
http://www.ncbi.nlm.nih.gov/pubmed/?term=born+in+bradford+cohort+profile

2 Title: Combining untargeted metabolomics with genetic data to identify causal influences on disease

Background

There is considerable excitement regarding the incorporation of metabolomic data into epidemiological
studies, usually focussed around a limited number of labelled metabolites. A key challenge is that as yet
unidentified metabolites are likely to play important roles in many disease processes. Datasets from liquid
chromatography/mass spectrometry (LC/MS) metabolomic experiments may contain many thousands of
peaks (sometimes referred to as metabolite features). Metabolite identification remains a major bottleneck in
these investigations *, being both expensive and highly time consuming. Genetic variants have recently been
used to filter unknown metabolites for follow-up 2. This project will use formal Mendelian randomization
(MR) approaches * with untargeted LC/MS metabolomic data to provide a highly efficient way of identifying
which peaks should be further interrogated. Peaks that reliably associate with genetic variants that in turn
associate with important health related outcomes will be selected for follow-up metabolite identification *, as
these will be strong candidates for being on causal pathways to the health outcomes. This work will relate to
several disease outcomes and disease-related traits in the Avon Longitudinal Study of Parents and Children
(ALPSAC), replicated in TwinsUK and KORA with collaborators Prof Tim Spector and Prof Thomas lllig,
and in case-control studies of several diseases. The findings are directly translational as they will identify
causal factors related to disease that may be modified to reduce risk.

Objectives
1. To combine Mendelian randomization approaches and LC/MS metabolomics to identify metabolic
intermediates clearly associated with genotype groups
2. To investigate the relationship between identified LC/MS ‘peaks’ and relevant health outcomes.
3. To identify LC/MS ‘peaks where their constituents are unknown.

Methods
This project will employ conventional MR and metabolomics. Supervision is by groups with expertise in
MR (Davey Smith, Stergiakouli) and mass spectrometry (Croshy and Arthur).

Disciplines and training

Causal and translational epidemiology

Bioinformatics & Computational Medicine

Statistical methodology

The student will have the opportunity to make an extended visit to a collaborating centre.

References

1. Nordstrom A, Lewensohn R. Metabolomics: moving to the clinic. Journal of Neuroimmune
Pharmacology 2010; 5: 4-17.1 Jonsson P et al. Extraction, interpretation and validation of
information for comparing samples in metabolic LC/MS data sets. Analyst 2005; 130: 701-707:

2. Krumsiek J, Suhre K, Evans AM et al. Mining the unknown: a systems approach to metabolite
identification combining genetic and metabolic information. PLoS Genetics 2012;8:61003005

3. Davey Smith G, Ebrahim S. ‘Mendelian randomization’: can genetic epidemiology contribute to
understanding environmental determinants of disease? Int J Epidemiology 2003;32:1-22.

4. Rasche F, Scheubert K, Hufsky F et al. Identifying the unknowns by aligning fragmentation trees.
Analytical Chemistry 2012;84:3417-26.

Supervisors/Collaborators
Prof George Davey Smith, Dr Evie Stergiakouli, Prof John Crosby, Dr Chris Arthur (Supervisors), Prof
Richard Evershed, Prof Tim Spector, Prof Thomas Illig (Collaborators).



3 Title: Genome-wide association studies of DNA methylation

Background

DNA methylation is a key regulator of gene expression. The genetic basis of gene expression has been
investigated in depth across tissues and populations and the results have identified many genetic variants
associated with gene expression variation, or expression quantitative trait loci (e-QTLs)". However much less
is known about the genetic basis of variation in DNA methylation and whether this explains genetic variation
in gene expression. Recent studies have suggested that genetic variants can regulate the mean level of
quantitative DNA methylation, as well as variability in this phenotype®*. A better understanding of the
genetic contribution to variation in DNA methylation (meth-QTLs) will have many benefits. It will (a)
improve understanding of how genetic variation influences gene expression and consequently phenotype; (b)
allow partitioning of the genetic contribution to DNA methylation to allow a purer consideration of the
environmental influences on DNA methylation and (c) it will potentially identify genetic instruments
(proxies for DNA methylation variation) that can be applied in causal analysis methods.

Objectives

The proposed studentship will use existing genome-wide SNP data and genome-wide Illumina
HumanMethylation450 BeadChip (HM450k) data available on the Avon Longitudinal Study of Parents and
Children (ALSPAC) to undertake GWAS analysis of DNA methylation.

Methods

Genome-wide association analysis of genome-wide methylation will involve association analysis of both
common and low frequency variants derived from genome-wide SNP chip platforms (Illumina 550K or
660K) and low density genome-wide sequencing, as well as imputed variants from the thousand genomes
and UK10K projects. HM450K data is available at birth, age 7, age 15-17 in the same children and during
pregnancy and 17 years later in their mothers. This provides multiple options for defining a methylation
‘phenotype’. Dimension reduction approaches will also be considered. Because of computational constraints
associated with the extremely large number of phenotypes modelled, statistical analysis will proceed using
SNPTEST on a cleaned set of 8365 unrelated individuals of confirmed British ancestry. Replication will be
sought through collaboration with cohorts including TwinsUK, KORA and Generation R, depending on the
age group and phenotypic definition of the primary ALSPAC analysis undertaken. Analyses will be
enhanced through participation in the recently established international Genetics of DNA Methylation
Consortium. Bioinformatic tools will be utilised to explore the functional significance of associations
observed between genetic variation and DNA methylation in relation to publicly available gene expression
data, ENCODE and other sources. This studentship will include training in genetic epidemiology,
epigenetics, statistics and bioinformatics

Disciplines and training

Epigenetics

Statistical genetics

Extended visit hosted by a collaborator from the Genetics of DNA Methylation Consortium (listed below as
collaborators).

References

1. Grundeberg E et al. mapping cis- and trans-regulatory effects across multiple tissues in twins.
Nature Genet 2012; 44(10): 1084-89.

2. Zhang D et al. genetic control of individual differences in gene specific methylation in human
brain. Am J Hum Genet 2010; 86: 411-19.

3. Bell JD et al. DNA methylation associates with genetic and gene-expression variation in
HapMap samples. Genome Biol 2011; 12(1): R10.

4. Quon G et al. Patterns of methylation heritability in a genome-wide analysis of four brain

regions. Nucleic Acids Res 2013; 41(4):2095-2104.

Supervisors/Collaborators
Prof Caroline Relton, Prof David Evans, Dr Lavinia Paternoster, Dr Tom Gaunt (Supervisors), Dr Christoph
Bock, Dr Jordana Bell, Dr Bas Heijmans, Prof Jonathan Mill (Collaborators)



4 Title: Mapping variation in histone post-translational modifications and implications for population health

Background

Epigenetic processes play an integral role in the regulation of gene expression in development and disease.
Population-based studies of epigenetic variation and its impact on health and development have largely been
limited to the analysis of DNA methylation as this is a stable measure, quantifiable in biobanked DNA. It is
however only part of the epigenetic landscape; histone modifications provide another very important
component, as highlighted in recent ENCODE data’. The requirement for native chromatin, expense and
labour intensity of analysis of histone modifications has meant that their analysis is not amenable to large
sample sets. Building on very recent developments in this field®?, this project will involve development of
mass spectrometry based approaches to profile multiple histone modifications in collaboration with and
drawing upon the extensive expertise within the University of Bristol Department of Chemistry. Histone
analysis will be undertaken on samples from the Avon Longitudinal Study of Parents and Children
(ALSPAC) which has extensive social, behavioural, lifestyle and clinical data collected prospectively across
the life course”. This study also has detailed genetic and DNA methylation data and collectively these data
sources will underpin analysis of the causes and consequences of variation in histone modifications at a
population level. Data generated from these analyses will be incorporated into our openly accessible
epigenome browser (ARIES-explorer).

Objectives
1. To develop and apply a novel method of assaying histone post-translation modifications using
LC MS/MS
2. To apply this approach to population health sciences
3. To interrogate the data generated to establish the determinants (genetic and environmental) of

inter-individual variation in histone modification signatures

Methods

Histone proteins will be extracted from lymphoblastoid cell lines from individuals from the Avon
Longitudinal Study of Parents and Children (ALSPAC). These will undergo LC-MS/MS analysis using an
OrbiTrap system; the optimization of this protocol will form part of the studentship. The methodology will
be optimized for high throughput. Samples will then be selected for histone analysis to test specific
hypotheses using a ‘recall-by-genotype’ study design e.g. individuals with high genetic load for psychiatric
disorders compared to those with low genetic load.

Disciplines and training
In summary this studentship will include molecular genetics, chemistry (mass spectrometry), genetic
epidemiology, statistics and bioinformatics.

References

1. Ecker JR, Bickmore WA, Barroso |, Pritchard JK, Gilad Y, Segal E. Genomics: ENCODE
explained. Nature. 2012 Sep 6;489(7414):52-5.

2. Tian Z, Toli¢ N, Zhao R, Moore RJ, Hengel SM, Robinson EW, Stenoien DL, Wu S, Smith RD,
Pasa-Toli¢ L.Enhanced top-down characterization of histone post-translational modifications.
Genome Biol. 2012 Oct 3;13(10):R86. [Epub ahead of print]

3. Lin S, Garcia BA. Examining histone posttranslational modification patterns by high-resolution mass
spectrometry. Methods Enzymol. 2012;512:3-28.

4. Boyd A, Golding J, Macleod J, Lawlor D, Fraser A, Henderson J, Molloy L, Ness A, Ring S, Davey
Smith G. Cohort Profile: The ‘Children of the 90s’ — the index offspring of the Avon Longitudinal
Study of Parents and Children. Int J Epidemiol 2013;42:111-127

Supervisors/Collaborators
Prof John Crosby, Dr Chris Arthur, Prof Caroline Relton, Prof George Davey Smith, Dr Tom Gaunt
(Supervisors)



5 Title: Comparison of maternal and paternal body mass index and their relationship with offspring
epigenetic patterns, health and development

Background

Family-based comparisons are a very useful tool to improve causal inference in observational epidemiology.
Parental comparisons can be used for exploring the extent to which associations of intrauterine exposures
(such as maternal pregnancy smoking, alcohol and BMI) might be causally related to offspring outcomes in
later life. The underlying assumption is that if the associations represent causal intrauterine effects, one
would expect stronger maternal-offspring associations than paternal-offspring associations, for the same
exposure in the father assessed at the time of their partner’s pregnancy. Where associations are similar for
both parents we assume that they are driven by genetic or postnatal environmental characteristics, such as
family socioeconomic position, that would result in an association in both parents. As a proof-of-concept we
demonstrated that maternal smoking in pregnancy was strongly associated with lower offspring birth
weight', whereas paternal smoking is not associated with birth weight?. The same principle has been applied
to childhood health outcomes including ADHD?. Epigenetic marks, including DNA methylation, are
integrally involved in the regulation of gene expression, are influenced by a wide range of environmental
exposures and impact upon health and development in children. Maternal and paternal comparisons will help
to understand whether epigenetic signatures are influenced in utero or via paternal influences which may be
genetic in origin or post-natally conveyed.

Objectives
1. To identify DNA methylation patterns in offspring associated with prenatal exposures.
2. To assess the relationship between maternal and paternal prenatal exposures and offspring DNA
methylation patterns
3. To assess the relationship between differential methylation in offspring and subsequent health

outcomes in childhood and adolescence.

Methods

This project will apply the approach of maternal and paternal comparison to consider the influence of BMI
(and other prenatal exposures) on offspring epigenetic patterns, and in turn on health and development of
offspring. Maternal and paternal BMI will be related to genome-wide methylation patterns in offspring cord
blood, age 7 and age15-17 blood. Mendelian randomization utilizing maternal and paternal genetic variants
related to body mass index will also be carried out in the studies that have these data.

Disciplines and training
Extended visit to Danish National Birth Cohort and Norwegian Mother and Child Cohort;
Short course in Epigenetic Epidemiology

References

1. Tyrrell J, et al. Genetic variation in the 15925 nicotinic acetylcholine receptor gene cluster
(CHRNAS5-CHRNA3-CHRNBA4) interacts with maternal self-reported smoking status during
pregnancy to influence birth weight. Hum Mol Genet. 2012 Dec 15;21(24):5344-5358.

2. Davey Smith G. Assessing intrauterine influences on offspring health outcomes: can
epidemiological findings yield robust results? Basic and Clinical Pharmacology and Toxicology
2008;102:245-256.

3. Langley K, Heron J, Davey Smith G, Thapar A. Maternal and paternal smoking during
pregnancy and risk of ADHD symptoms in offspring: testing for intrauterine effects. AmJ
Epidemiol 2012 176(3): 261-8.

Supervisors/Collaborators
Prof George Davey Smith, Prof Caroline Relton (Supervisors), Thorkild Sorenson (Copenhagen), Camilla
Stoltenberg (Oslo) (Collaborators)



6 Title: Using recall methods to understand genetic influences on addictive behaviours

Background

Genome-wide association studies are beginning to identify variants reliability associated with addictive
behaviours (e.g., tobacco and alcohol use). However, the mediating pathways between genetic variation and
behavioural variation remain unclear. Recall methods select informative individuals on the basis of either
genotype or behaviour, to enable more intensive, laboratory-based phenotyping, and the exploration of
mechanistic pathways. For example, there is now clear evidence that the CHRNA5-A3-B4 gene cluster
influences heaviness of smoking via the ability to tolerate high doses of nicotine that are usually aversive.
This can in principle be explored in human participants by taking detailed and precise measures of smoking
behaviour (e.g., depth of smoking inhalation, number of puffs per cigarette) or assessing response to nicotine
challenge. Neither of these is feasible in large-scale population studies, but can be achieved in smaller-scale
studies while retaining acceptable statistical power if participants are recruited on the basis of genotype (i.e.,
extreme homozygotes) to maximize differences in the biological substrate of interest. As variants emerge for
other addictive behaviours (e.g., alcohol consumption), it will be possible to apply these methods more
widely to extend our understanding of the neurobiological pathways through which genetic variation gives
rise to behavioural variation.

Objectives
To explore the neurobiological mechanisms underlying established associations between genetics variants
and addictive behaviours.

Methods

This project will use a range of intensive laboratory phenotyping methods, including structural and
functional MRI, pharmacological challenge, and behavioural testing. It will also enable the use of novel data
capture techniques (e.g., ambulatory monitoring of behaviour in naturalistic settings) to be explored (e.g.,
portable smoking topography monitors to measure smoking behaviour over the course of a whole day).

Disciplines and training

Causal analysis methods

Intensive phenotyping of behavioural traits
Experimental psychology

Health behaviours

References
1. Ware JJ, van den Bree M, Munafd MR. (2012). From men to mice: CHRNAS/CHRNA3, smoking
behavior and disease. Nicotine Tob Res; 14(11): 1291-9.
2. Zuccolo L, Fitz-Simon N, Gray R, Ring SM, Sayal K, Smith GD, Lewis SJ. (2009). A non-
synonymous variant in ADH1B is strongly associated with prenatal alcohol use in a European
sample of pregnant women. Hum Mol Genet; 18(22): 4457-66.

Supervisors/Collaborators
Prof Marcus Munafd, Dr Nicholas Timpson, Dr Jennifer Ware (Supervisors)



7 Title: Active and passive monitoring of health behaviour and mood

Background

Traditional epidemiological methods have relied on either detailed assessments collected in-person at clinics
by trained staff, or remotely via postal questionnaire. The former enables detailed, rich data to be collected,
but in an artificial environment and at considerable expense. The latter enables data to be collected at much
lower expense, but the data collected are typically less detailed and reliant on accurate self-report by the
participant. However, the rapid development of smartphone and sensor technologies means that it is now
possible to capture detailed information on health-related behaviour and mood in naturalistic settings,
without the need for research participants to attend laboratory or clinic assessments. This has the potential to
dramatically increase the reach of epidemiological studies and clinical trials, and enhance the quantity,
quality and validity of data collected. This can take the form of self-report data collected at multiple time
points over the course of a day, so that rapid fluctuations in, for example, mood or behaviour can be
measured. Alternatively, computerised tasks designed to measure aspects of cognitive function can be
delivered via smartphone or the Internet. Both of these methods require active engagement of the participant.
Passive methods also exist which exploit the functionality of modern smartphones, such as GPS to collect
location information. Data collected using active and passive methods can then be integrated, so that for
example relationships between mood, behaviour and location (or other environmental variables) can be
determined. These methods have the potential to transform data collection in epidemiology.

Objectives
To develop the use of smartphone technology and other sensing methods to capture data on health-related
behaviours and cognitions, using active and passive methods.

Methods

This project will develop and validate a range of active and passive sensing methods to capture data on
health-related behaviours and cognitions. These will be validated against existing data-collection methods,
including clinic-based assessments, postal questionnaires and Internet surveys, before being deployed in
larger studies to address specific research questions.

Disciplines and training
Data capture methods
Informatics and electronics
Experimental psychology
Heath behaviours

References
1. Ferguson SG, Shiffman S. (2011). Using the methods of ecological momentary assessment in
substance dependence research--smoking cessation as a case study. Subst Use Misuse; 46(1): 87-95.
2. Worringham C, Rojek A, Stewart I. (2011). Development and feasibility of a smartphone, ECG and
GPS based system for remotely monitoring exercise in cardiac rehabilitation. PLoS One; 6(2):
e14669.

Supervisors/Collaborators
Prof Marcus Munafo, Dr David Coyle, Dr Andy Skinner (Supervisors)



8 Title: Investigating the causal relationship between mental health and health behaviour

Background

A number of mental health problems, such as anxiety, depression and schizophrenia, are strongly associated
with health-related behaviours, such as tobacco and alcohol use. However, the causal nature of these
relationships remains unclear. Do the psychiatric disorders predispose to tobacco and alcohol use, or do
tobacco and alcohol use contribute to disease pathogenesis? As genetic variants associated with these
phenotypes (both mental health problems and health-related behaviours) emerge, it is possible to use these as
instrumental variables in Mendelian randomisation analyses to explore causality. This approach has been
used successfully to investigate the relationship between cigarette smoking and both body mass index and
depression, using single genetic variants associated with tobacco use. However, as yet, the relationship
between mental health disorders and health behaviours has not been explored, due to a lack of suitable
genetic instruments for common mental health problems. One solution to this problem is to use polygene
scores to capture a greater proportion of variance in, for example, depression symptoms, and thereby
explored the causal role of depressed mood in tobacco and alcohol use. In principle, this approach enables
the causal relationship between mental health and health behaviour to be fully explored, with both directions
of causality amenable to this approach.

Objectives
To use individual genetic variants and genetic risk scores to explore the causal nature of the effects of mental
health problems on health behaviours (specifically, tobacco and alcohol use).

Methods

This project will explore the use of genetic risk scores as instrumental variables in Mendelian randomisation
analyses, including bidirectional Mendelian randomisation, of mental health and health-related behaviours.
This could include a number of relationships where the causal nature of the relationship is unclear, such as
tobacco use and depression, alcohol use and depression, and cannabis use and psychosis.

Disciplines and training
Causal analysis methods
Experimental psychology
Health behaviours
Mental health disorders
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9 Title: Long-term video monitoring of eating behaviour

Background

Obesity, depression and cardiovascular disease are some of the biggest health issues and fastest rising
categories of healthcare costs. By 2015, obesity is forecast to cost the NHS £27bn each year, not least
because it accounts for over 80% of the risk of developing type 2 diabetes.

Objectives

Tracking the body movement along with detecting objects and active zones within the surrounding
environment will allow constant monitoring of activities, such as eating. This is important in management of
obesity (where sedentary behaviour is of great interest) but also in malnutrition and dehydration (these being
especially important for patients recuperating from surgery), adherence to rehabilitation regimes (e.g. after
stroke), self-administration of medicines (e.g. after cardiovascular surgery) and injections (e.g. in the
300,000 people in the UK with type 1 diabetes).

In this project, we aim to investigate novel methods for long-term monitoring and analysis of eating
behaviour. By long term, we refer to days, weeks, and months, in order to allow the investigation of
behaviour degradation (or improvement). We plan to develop models and techniques that can be generically
applied to different users in different settings, be it in their kitchen, their sitting room while watching TV, or
while interacting with others. The various aspects of eating behaviour will be monitored, such as time of day,
speed, quantities and within-meal breaks. Analysis should focus on intra-person variations (i.e. changes in
behaviour across time), as well as inter-person differences (i.e. compared to averages across age and health
conditions).

Methods

Bristol has a long-established record in tracking objects, humans and animals“?. For fast, real-time
processing, state-of-the-art Active Shape Models with invariant features and Unscented Kalman Filter
tracking will be used to model and track body and limbs — as a precursor to behaviour analysis and activity
recognition by trajectory modeling and matching, i.e. for analysis of eating behaviour. Alternative
approaches that employ bottom-up and top-down automatic model selection methods to model behaviour and
activities by reasoning about the temporal and causal correlations among discretely measured events in the
scene, will also be explored, for example by using Bayesian Networks®.

Disciplines and training
Nutrition

Health behaviours
Statistical methods
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10 Title: Using Mendelian randomization to infer causality in life course epidemiology

Background

Observational associations in epidemiology may suffer from residual confounding, even after adjustment for
measured variables." Mendelian Randomization (MR) is a tool used to improve the strength of causal
inference from observational data.” In MR studies, genetic variants related to the exposure of interest are
used to give a causal, unconfounded® estimate of the exposure-outcome association. MR has successfully
been applied to many research questions in epidemiology (e.g. *™). However, to date, applications have
focused on the situation where there is a single measure of the exposure and a single measure of the
outcome. In life course epidemiology, the focus is on assessing the influence of exposures throughout the life
course on later health and disease.****. Answering questions in life course epidemiology often requires the
analysis of longitudinal data***°. For example, it has been hypothesized that early infancy could be a
‘sensitive period’ during which rapid growth is particularly detrimental for later obesity and cardiovascular
health. Using appropriate longitudinal analysis methods can help to understand these relationships, but
applying MR to such questions would also strengthen causal inference®’.

Objectives
The aim of this PhD is to extend the framework of MR, developing methods to apply to situations where
either the exposure of interest, the outcome, or both are measured repeatedly.

Methods
Depending on the interests of the student, the PhD could focus on various subject areas, but some potential
example applications include:

1. Asingle measure of the exposure and repeated measures of an outcome: Observational data suggests
that maternal smoking is associated with maternal gestational weight gain and maternal blood
pressure during pregnancy. The causality of these associations is unclear, and MR using longitudinal
models of maternal weight gain/blood pressure over pregnancy as the outcome could help to
understand this. In particular, the association between smoking and weight gain/BP during different
periods of pregnancy may differ.

2. Repeated measures of the exposure and a single measure of the outcome: Evidence from MR studies
suggests that height has a causal effect on cognitive and behavioural outcomes. This analysis could
potentially be extended to determine whether height growth in specific periods represents a sensitive
period in the development of the outcomes.

3. Repeated measures of both the exposure and the outcome: MR studies have attempted to untangle
the causality of observed associations between obesity and depression. It is possible that any causal
relationship may differ across the life course, and using trajectories of both fatness and mental health
could help to untangle this.

The PhD will use data from the Avon Longitudinal Study of Parents and Children™™ and other cohorts with
whom the School of Social and Community Medicine have existing links. Depending on the interests of the
student, this PhD could involve the application of MR to problems of interest and/or statistical methodology
development.

18,19

Disciplines and training
Causal and translational epidemiology
Bioinformatics & Computational Medicine
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11 Title: Genome-wide association studies of dietary patterns and Mendelian randomization applied to diet

Background

Diet is a potentially modifiable exposure which has been linked to many outcomes, both in childhood and
throughout adult life. However, study of diet is complicated by three factors which limit the degree to which
causality can be inferred from observational studies of diet: measurement error, residual confounding and
reverse causality. Some of these limiting factors could be explored using information from genetic
associations with dietary patterns’. For example, there is some evidence that variations in the TAS2R38 taste
receptor gene is associated with a nutrient intake pattern indicative of healthy eating in some studies? but not
others®. A UK twin study has also provided evidence that dietary patterns have heritability components
between 39 and 49%*. This PhD offers the chance to examine genotypes related to dietary patterns within
Avon Longitudinal Study of Parents and Children (ALSPAC) by using existing data to undertake genome-
wdie association studies (GWAS) of dietary patterns and behaviours, and use this information in a
Mendelian randomization (MR) framework>®. The results of these analyses will be used to explore dietary
patterns in childhood in relation to outcomes in adolescence, including I1Q, child behaviour and educational
attainment ™.

Objectives

1. Carry out a systematic review (and meta-analysis if appropriate) of studies relating genotypes to
dietary patterns in both childhood and adulthood.

2. Relate dietary patterns in ALSPAC to metabolomic data used to give fine scale parameters of dietary
intake.

3. Conduct a GWAS of the metabolites found to be related to dietary patterns, within ALSPAC (and
possibly other studies).

4. Use the results of the GWAS, and previous work on genotypes related to taste™ to investigate the use
of MR to determine possible causality in the relationships between diet and outcomes, both in
examples where causality is expected and where the association is thought to be due to
confounding/measurement error.

Methods

Associations between childhood diet and later childhood/adolescent outcomes will be assessed in the Avon
Longitudinal Study of Parents and Children (11;12), a prospective birth cohort in which over 14,000
pregnant women were recruited in the early 1990s. Extensive data are available on childhood diet; including
3-day diet diaries at 7, 10 and 13 years of age and food frequency questionnaires at 3, 4, 7, 9 and 13 years
(http://www.bristol.ac.uk/alspac/researchers/resources-available/data-details/clinic/documents/nutrition-
2.pdf). Food group and estimated nutrient intakes are available together with dietary patterns derived using
both principal components analysis and cluster analysis. A wide range of later outcomes, both physical and
cognitive, and factors that may mediate the relationships between diet and later outcome measures could be
investigated (e.g. DXA-assessed body fat and lean mass). To establish the causality of the role of diet,
genotype information will be used to examine confounding and reverse causality. For example, where
specific SNPs are related to dietary patterns but to mediating factors (e.g. fat mass) only through those
dietary patterns, the potential for these as instrumental variables in MR analyses will be explored. Where
SNPs are related to the mediating factor but not the dietary patterns, then MR could be used to examine
reverse causality and/or residual confounding.

Disciplines and training

Nutritional epidemiology

Causal and translational epidemiology
Statistical methodology
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12 Title: Modelling epigenetic changes over time

Background

Epigenetic markings on the genome (which govern gene expression) are dynamic and believed to show
plasticity, especially in early life. Changes in epigenetic patterns over time may have important implications
for development and health in childhood, and in later life in ageing and age-related disease. Population-based
studies of epigenetic variation have largely been limited to the analysis of DNA methylation as this is a
stable measure, quantifiable in biobanked DNA but few studies have attempted to examine how DNA
methylation changes with age, partly because of the relatively few longitudinal studies to have collected and
banked biological samples at multiple time points across the life course, and partly because of the complexity
of the methods involved®.

Objectives
To further develop methods for modelling epigenetic changes over time, and/or relating these to changes in
phenotypic variables (e.g. growth).

Methods

This project will use existing data available on the Avon Longitudinal Study of Parents and Children
(ALSPAC). Genome-wide DNA methylation data together with a wide array of phenotypic data are
available. Methods to be used or developed will depend on the interest of the student. Methods to be used
could include: correlating methylation between mothers and offspring, and examining how this correlation
changes between birth and 7 and 15 years; identifying sites with high correlation, and also those with the
lowest correlation, across generations; identifying those 100 methylation sites that change the most between
each pair of sequential time points, and identifying methylation sites most highly correlated with a given
phenotype, and examining their change and that in the phenotype.

Methodological development could include: extending linear mixed modelling approaches; developing novel
methods such as independent component analysis (in collaboration with Dr J Marchini, Oxford University);
developing novel data reduction techniques, including derivatives of principal components and partial least
squares; functional data analysis methods such as those which have been used to analyse repeated
metabolomic data®; and "bump hunting" methods such as those which have been used to identify regions of
methylation associated with gestational age at birth?. Methylation (and changes in methylation) could be
related to changes in traits such as BMI, using similar approaches to those used to examine longitudinal
trajectories in continuous outcomes® (e.g. growth®), and non-normally distributed outcomes (e.g. alcohol
use*), and methods developed for relating changes in two outcomes simultaneously®.

Disciplines and training

Causal and translational epidemiology

Bioinformatics

Metabolomics and epigenetics with a laboratory attachment
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13 Title: Genome-wide analysis of methylation and selection

Background

Environmental factors can influence the role of genes in human traits via both natural selection (a long-term,
multi-generational response) and epigenetic changes (shorter-term intra-individual or trans-generational
response). Extensive literature provides examples of both of these mechanisms (reviewed in 1&2). However,
for the first time, the availability of high-density genetic data in multiple populations and high-density
genome-wide methylation in large-scale cohorts enables detailed analysis of both mechanisms in parallel to
determine the relationship between these two environmental response mechanisms.

Available Data

The Accessible Resource for Integrated Epigenomics Studies (ARIES) is a two year project to acquire
genome-wide methylation data on 1000 children and mothers of the Avon Longitudinal Study of Parents and
Children (ALSPAC), and combine this with existing rich data resources. The ALSPAC resource of over
10,000 mothers and their children also includes extensive clinic and questionnaire data, genome-wide SNP
arrays, expression data, whole genome sequencing and metabolomics (in progress). This unique collection of
data provides a unique opportunity to examine the relationship between environmental/lifestyle factors,
molecular mechanisms and health.

Objectives and Plan

o Systematically review the available evidence for selection genome-wide, and perform additional
analyses using 1000 genomes, HapMap and other datasets to identify loci with strong evidence of
natural selection

e Analyse relationship between environmental/lifestyle exposures, differentially methylated loci and
loci under selection to determine in what contexts methylation interacts with or provides an
alternative to natural selection in facilitating adaptation to different exposures.

e Analyse trans-generational persistence of differential methylation in relation to exposures to assess
influence of short-term selective pressures on methylation.

Methods
o Methods to assess natural selection — eg Cross Population Extended Haplotype Homozogysity
o Bioinformatics/biostatistical approaches to integrate and analyse datasets
o Methylome-wide association study (MWAS) using, for example, CpGassoc
o Statistical analyses of natural selection and methylation changes

Disciplines and training
Genetics

Epigenetics
Bioinformatics
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14 Title: Two step epigenetic Mendelian randomization

Background

Epigenetic processes are thought to contribute to the risk of a variety of common complex diseases.
However, observed associations between epigenetic variation and disease can be difficult to interpret due to
the possible contribution of confounding or the disease itself causing changes in epigenetic patterns (reverse
causation). Innovative strategies are needed to overcome these problems.

We recently presented a strategy, based on the well-established framework of Mendelian randomization®, to
interrogate the causal relationship between exposure, DNA methylation and outcome?. The two step
approach firstly uses a genetic proxy for the exposure of interest to assess the causal relationship between
exposure and methylation. A second step then utilises a genetic proxy for DNA methylation to interrogate
the causal relationship between DNA methylation and outcome. This PhD project will seek to apply this
novel methodology, testing its assumptions and limitations in a range of different settings using available
data.

Objectives

The project will use existing data, available on the Avon Longitudinal Study of Parents and their Children
(ALSPAC) as well as other complementary cohorts with data available to address specific hypotheses.
Analysis will initially be focused upon established Mendelian randomization tools, such as genetic proxies
used for smoking and alcohol use, but will expand beyond this during the course of the studentship. The
development of methods for the efficient identification and evaluation of genetic proxies for DNA
methylation will form a major part of the project. This is a novel area of methodological development with
the potential for wide application.

Methods

Two-step epigenetic MR will apply established instrumental variables analysis methods® and will incorporate
new aspects such as the use of a ‘two step’ approach, where two instruments are utilized, the first for the
exposure-mediator association and the second for the mediator-outcome association.

Disciplines and training

Epigenetics

Statistical methodology

Bioinformatics

Opportunity for an extended visit to Prof Thomas Illig’s (Munich) group to apply two-step epigenetic MR
approaches to the KORA Cohort.
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15 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 analyze 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
1. To integrate data from multiple omic sources and interrogate their inter-relationship and
association with a range of phenotypes or traits.
2. 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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16 Title: Analysis of common complex traits and genome-wide sequence data

Background

A new wave of increasingly detailed genetic information is being produced by next generation sequencing
technologies. This opens up new possibilities in understanding the contribution of genetic variation to many
traits and diseases. This project focuses on the analysis of a comprehensive spectrum of genetic variation,
evidence for association with complex phenotypes and following up on the activity of the UK10K
sequencing project (www.uk10Kk.org). Work will employ genome-wide whole sequence data from the Avon
Longitudinal Study of Parents and Children (ALSPAC, www.bris.ac.uk/alspac) along with data from
TwinsUK to examine the nature of the genomic architecture of complex traits (across a frequency and
variation type spectrum), to explore potentially de novo association signals and to follow up confirmed
signals using multi-omic data under collection and using genotype based recall analyses.

Objectives

Genome-wide sequence data available on ALSPAC will be used 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) and further 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.

Methods

This proposal aims to explore the potential in analyzing the spectrum of genetic variation existing in low
read depth genome-wide sequence data alongside a rich phenotypic resource. Work will use these data and
imputed data from the entire ALSPAC cohort to assess the impact of intermediate frequency genetic variants
on specific phenotypes of interest and to assess the potential for this type of genetic data in the assessment of
rare exomic coding variation. 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. In addition, the parallel analysis of data from numerous
sources including the methylome, the transcriptome and the environment will be possible.

Disciplines and training

Genomics

Statistical analysis methods

Relevant training as part of the Wellcome Trust Advanced Courses

Extended visit to the Wellcome Trust Sanger Institute under the supervision of Dr Nicole Soranzo

References
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cholesterol. Nature Genetics AOP(2013).
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17 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. These involve highly detailed phenotypic measurement in subjects stratified by
genetic variation. There are numerous benefits to this approach which will be explored 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. This two sample approach will be adopted in an appropriate
RBG as part of the studentship.

Disciplines and training

Genomics

Causal analysis methods

Statistical methods

Relevant training as part of the programme of Wellcome Trust Advanced Courses
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18 Title: Metabolomic changes across the menopausal transition and their relationship with health in women

Background

Longitudinal modelling of data from several countries suggests no clear change in CHD risk in women
around the time of the menopause, unlike that seen for breast cancer," but it is possible that any causal effect
of the perimenopause on CHD risk factors, such as lipids, do not result in an effect on CHD events until
many years after the timing of the menopause. The large Women’s Health Initiative RCT suggested that
oestrogen replacement in postmenopausal women did not confer CHD benefit, and was overall detrimental to
women’s health via increased risk of breast cancer and thromboembolic disease. However, the mean age of
women in that trial was 60 years and they were a mean 10 years postmenopausal at randomisation; recent
evidence suggests that oestrogen replacement around the time of the menopause may be cardioprotective
with no increased risk for other outcomes.>® It has therefore been suggested that the hormonal changes
occurring around the time of the menopause could result in adverse cardiometabolic risk factor changes that
have long-term effects in terms of increased CHD risk.>® Most studies that have examined changes in
cardiometabolic risk factors with repeat measurements have included small numbers (N ~ 50-1000).%*?
These studies suggest that the menopausal transition is associated with specific adverse changes in lipids and
BMI, but that BP changes are primarily driven by ageing. Limited evidence suggests that during the
transition women lose lean and gain fat mass and become more insulin resistant.”*** To date no studies have
examined changes in liver enzymes, though it is increasingly recognised that these are influenced by body fat
and are related to future diabetes and, potentially, to CHD.***® Only one study (N~1000) has been able to
model reproductive hormonal changes alongside cardiometabolic changes. It found that adverse menopausal
related lipid changes were related to changes in endogenous estrogen and gonadotrophins.'®* Thus, the most
robust evidence is for an effect of perimenopausal changes in reproductive hormones on adverse lipid
profiles, though these changes are complex and require further exploration.*

Objectives

1. To explore change in 216 labelled metabolites (measured by NMR spectroscopy) longitudinally in
women going through perimenopausal changes

2. To examine the association of changes in sex hormones with changes in metabolites over the
perimenopause

3. To determine whether any changes in women’s metabolome over the perimenopause are related to
pre and post menopausal change in carotid intima media thickness

4. To apply causal methods, such as Mendelian randomization, to these analyses

Methods

This studentship will use largely use data from the ALSPAC mother’s study in whom ~ 3,000 women will
have had repeat (four occasions) assessment of fasting metabolites, as well as fasting glucose, insulin,
inflammatory markers, sex-hormones, DXA determined fat and lean mass, BMI and waist circumference. A
wide range of life-style, medical, obstetric and socioeconomic data has been repeated collected on these
women from 20 years prior to the current perimenopause study and across this study. Genome-wide data are
also available. The genetic and Mendelian randomization work will also make use of collaborative studies
involved in a large genome-wide consortium of menopausal age and changes.

Integrated PhD training plans

Metabolomics, some chemistry / laboratory experience will be supported
Epidemiology

Causal analyses

Genetic epidemiology

Opportunities for extended national / international visit
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19 Title: Age at puberty and cardiometabolic health in adolescence

Background

Cardiovascular diseases (CVD) are the leading cause of death worldwide. Whilst the vast majority of
cardiovascular events occur from middle age onwards, cardiovascular risk is known to start in early life.
Early puberty has been postulated as a risk factor for CVD; studies have demonstrated associations between
earlier puberty and greater CVD risk. However, the causality of these associations is not established. This
proposal explores the association between age at puberty and cardiometabolic health in late adolescence,
using data from the Avon Longitudinal Study of Parents and Children (ALSPAC) primarily.

This project is an opportunity to work on a longitudinal study with repeat measures. Below are a number of
potential objectives that could be the basis for more than one distinct PhD. We would anticipate students
studying in depth 2-3 of the objectives and adding their own areas of interest in relation to the broad topic of
age at puberty and cardiometabolic health later in life. Students may choose to focus on statistical
methodology (modelling repeat measures, causal inference), on the more applied objectives, or a mixture of
the two.

Objectives

1. To examine associations of age at puberty (age at menarche in females and peak height velacity in
females and males) with atherosclerosis (carotid intima media thickness) and measures of cardiac
structure and function (from conventional and tissue Doppler echocardiography) at age 17 years.

2. To examine associations of age at puberty with trajectories (changes over time) of blood pressure,
lipids, glucose and insulin in adolescence using repeated measures of blood pressure, lipids, glucose
and insulin throughout adolescence.

To examine potential pathways linking age at puberty and cardiometabolic health:

3. To assess whether i. declines in physical activity, greater likelihood of smoking initiation, and/or ii.
greater subsequent increases in adiposity (measured by BMI, whole-body and central fat mass from
age at puberty to age 17) mediate any association between age at puberty and cardiovascular
structure and function at age 17.

4. To use a Mendelian Randomization approach and/or a sibling study design to improve causal
inference regarding the relationship between age at puberty and cardiometabolic health later in life.

Supervisors/Collaborators
Dr Laura Howe and Dr Abigail Fraser (Supervisors)



20 Title: Cross generational epigenetics in a multi-generational cohort

Background

The inheritance of epigenetic signatures across generations is an area that attracts considerable interest but
little evidence exists that this phenomenon occurs in humans'. Epigenetic patterns are largely erased post
fertilization but it is plausible that some areas of the genome escape this erasure and these may carry with
them important information influencing development and ultimately health.

Epidemiological approaches can be applied to study the commonality of phenotypic traits (including
molecular phenotypes) between generations and can help to establish the causal pathways which lead to
apparent cross generational transmission — whether it be ‘real” or arising due to shared genetic, environment
or behavioural factors.

Objectives

1. To determine associations of maternal (G0) pregnancy and postnatal (assessed at ~ 16, 19 and 21
years postnatal) genome wide DNA methylation patterns with their offspring (G1) cord blood and
later life (assessed at ages 7 and 16 years) and establish whether there are similar patterns of change
in GO and G1 between pregnancy/birth and later life and the extent to which any similar patterns are
related to shared household environmental characteristics

2. To determine the association of GO pregnancy DNA methylation profiles with their G1 daughters
pregnancy DNA methylation profiles

3. To determine the association of G1 cord blood DNA methylation profiles with their children’s (G2)
cord blood methylation profiles

4. To use multivariable regression analyses. bioinformatics information, cross-cohort comparisons and
Mendelian randomization, as appropriate, to understand mechanisms that might produce cross
generational relationships in DNA methylation patterns

Methods

Analyses will primarily be conducted in the ALSPAC cohort, including ALSPAC-G2. Currently genome-
wide DNA methylation data are available at repeat time points for 1000 mother (G0)-offspring (G1) pairs,
generated as part of the ARIES project (www.ariesepigenomics.org). To date (July 2013) over 100 G2
(children of the index children in ALSPAC) participants from 90+ families have been recruited, but
recruitment has been at different times in the life course, including between fetal life and up to age 4years for
the G2 children; currently only a minority of these have been recruited in pregnancy and have cord blood on
the G2 infant. Data suitable for DNA extraction is being collected on parents (G1) and offspring G2 and we
anticipate that by the end of 2016 (i.e. within the mid/final years of anyone starting a 4-year PhD programme
in 2013 or later) we will have at least 150 ALSPAC participants on whom there is DNA methylation data on
GO (pregnancy), G1 (pregnancy and cord blood) and G2 (cord blood) linked generations. There will also be
the possibility of undertaking similar analyses in the Pelotas (Brazil) multigenerational cohort or working
with PhD students undertaking similar research in those cohorts.

Integrated PhD training plans

Epigenetics

Causal analysis methods

Epidemiology

Some laboratory work and field work will be encouraged
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21 Title: Epigenetic changes across the menopausal transition and their relationship with health in women

Background

It has been suggested that the hormonal changes occurring around the time of the menopause could result in
adverse cardiometabolic risk factor changes that have long-term effects in terms of increased CHD risk.*?
Most studies that have examined changes in cardiometabolic risk factors with repeat measurements have
included small numbers (N ~ 50-1000).*™ These studies suggest that the menopausal transition is associated
with specific adverse changes in lipids and BMI, but that BP changes are primarily driven by ageing. Limited
evidence suggests that during the transition women lose lean and gain fat mass and become more insulin
resistant.**** Only one study (N~1000) has been able to model reproductive hormonal changes alongside
cardiometabolic changes. It found that adverse menopausal related lipid changes were related to changes in
endogenous estrogen and gonadotrophins.?*® As well as hormonal changes, and potential lipid and other
metabolic changes occurring at the time of the perimenopause, this time in a woman’s life is associated with
lifestyle changes, either as a result of trying to manage symptoms or in relation to changing family roles or
ageing processes. Epigenetic changes may underlie any sex-hormonal or lifestyle change effects on
cardiometabolic outcomes. Nutrition, smoking and other lifestyle factors, as well as common genetic
variation, have all been shown to alter DNA methylation (DNAm) patterns.** Although DNA methylation
patterns are known to change with advancing age (region-specific bi-directional hypo- and
hypermethylation®®) very little is known about how these changes are influenced by the menopausal
transition or whether any menopausal sex-hormone related changes in DNA methylation affect menopause
related changes in cardiometabolic health. In pilot using ALSPAC data we have observed differences in
gene-specific DNA methylation between pre- and post-menopausal women; lllumina 27K DNA methylation
array analysis has identified 199 CpG sites that differ by >5% between pre- and post-menopausal women
(n=24). We are currently extending this work using the Illumina 450K array, validating and replicating these
initial findings and exploring their associations with cardiometabolic outcomes.

Objectives

1. To explore change in genome wide DNA methylation patterns longitudinally in women going
through perimenopausal changes

2. To examine the association of changes in sex hormones with changes in DNA methylation over the
perimenopause

3. To determine the association of lifestyle characteristics such as smoking, physical activity, diet and
alcohol consumption with DNA methylation change over the perimenopause

4. To determine whether any changes in women’s DNA methylation over the perimenopause are
related to changes in lipid, glucose and insulin profiles and with pre and post menopausal change in
carotid intima media thickness

5. To apply causal methods, such as Mendelian randomization, to these analyses

Methods

This studentship will use largely use data from the ALSPAC mother’s study'® in whom ~ 3,000 women will
have had repeat (four occasions) assessment of fasting metabolites, as well as fasting glucose, insulin,
inflammatory markers, sex-hormones, DXA determined fat and lean mass, BMI and waist circumference.
DNA methylation is being assessed repeatedly over the same clinics in these women using the Illumina 27K
DNA methylation array. A wide range of life-style, medical, obstetric and socioeconomic data has been
repeated collected on these women from 20 years prior to the current perimenopause study and across this
study. Genome-wide data are also available. The genetic and Mendelian randomization work will also make
use of collaborative studies involved in a large genome-wide consortium of menopausal age and changes.

Integrated PhD training plans

Epigenetics including some laboratory experience will be supported
Epidemiology

Causal analyses

Genetic epidemiology
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22 Title: Lifestyle changes during pregnancy and their impact on long term cardiovascular health in women

Background

Large well conducted systematic reviews and meta-analyses have shown that women who experience
hypertensive disorder of pregnancy (HDP) are at marked increased risk of cardiovascular disease (CVD) in
later life,*? and that those who experience gestational diabetes (GDM) are at increased risk of later diagnoses
of type 2 diabetes.®> GDM and type 2 diabetes appear to be manifestations of the same underlying condition;
during pregnancy women become temporarily insulin resistant via hormonal changes instigated to
appropriately feed the developing fetus and this ‘carbohydrate stress test’ of pregnancy reveals those at risk
of glucose intolerance.” Consequently, like type 2 diabetes, GDM is a risk factor for future coronary heart
disease (CHD).> We have shown that 17-18 years post the affected pregnancy, women who experienced
HDP had elevated BP, dyslipidaemia, increased glucose and insulin and greater Framingham CVD
prediction score compared to those who remained normotensive.® Women who experienced GDM had higher
fasting glucose and insulin 17-18 years after pregnancy, but other risk factors were not elevated comparing
these women to those who were not diagnosed with GDM.® The American Heart Association recommends
that experience of pregnancy complications form an integral part of screening for, and prevention of, CVD in
women.’ This is based on the assumption that these risk factors increase the predictive ability of existing
prediction tools and that pregnancy is a sensitive period for persuading women to make beneficial lifestyle
changes. However, it is unknown whether either is true. We have shown that a substantial proportion of
women who are smokers quit in early pregnancy,® and that in women who quit in the first trimester, BP
becomes similar to life-long non-smokers shortly after quitting.” However, it is important to note that
smoking is related to lower BP in pregnancy, but higher CHD risk in general.® Lastly, we have shown that
women reduce levels and intensity of physical activity in pregnancy.'® To our knowledge, no previous study
has examined changes in behavioural risk factors across pregnancy and then postnatally to explore the extent
to which any pregnancy related changes (beneficial or detrimental) are sustained postnatally and to examine
their association with future atherosclerosis.

Objectives

1. To use appropriate statistical methods to develop trajectories of change in lifestyle risk factors —
smoking, alcohol, diet and physical activity — from the index pregnancy through to 20+ years
postnatal, taking account of subsequent pregnancies, in women.

2. To use the trajectories in objective 1 to determine whether pregnancy specific lifestyle changes are
sustained and/or influence later risk factor trajectories post-natally

3. To determine associations of genetic variants with different patterns of lifestyle trajectory through
pregnancy and postnatally

4. To examine associations of pregnancy and postnatal risk factor trajectories with mid-life carotid
intima media thickness

5. To use Mendelian randomization and other causal methods to determine whether any associations in
objective 4 are causal

6. To determine whether any diet and physical activity changes that result from a pregnancy lifestyle
advice intervention in overweight and obese women are sustained postnatally

Methods

Objectives 1-5 will largely be completed in the ALSPAC birth cohort,***? with additional contributions of
relevant cohorts from the EAGLE consortia for objective 6. For objective 1 a range of statistical methods
will be explored to determine the best method for quantifying different patterns of change in order to address
objectives 2-5. Objective 6 will use data from the UPBEAT (UK based) and LIMIT (Adelaide, Australia)
randomized controlled trials that have each used similar protocols to randomize obese (UPBEAT) or LIMIT
(overweight/obese) to a lifestyle intervention aimed at promoting the adoption of pregnancy safe diets and
levels of physical activity that limit gestational weight gain and reduce the risk of gestational diabetes and
associated adverse perinatal outcomes. Long-term follow-up of mothers and offspring to 3+ years post natal
is begin undertaken in these trials.

Integrated PhD training plans
Advanced statistical methods
Epidemiology

Genetic Epidemiology



Causal analyses, including intention to treat analyses
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23 Title: Maternal pregnancy glycaemia, insulin sensitivity, metabolomics, epigenetics and later offspring
adiposity

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 and work with any other student(s) working in the same broad area

Background

The developmental overnutrition hypothesis suggests that the increased glucose supply to the fetus resulting
from greater maternal fatness or fat gain in pregnancy leads to permanent changes in offspring metabolism,
behaviour and appetite regulation with resultant obesity and cardiometabolic problems in later life.*
However, the underlying mechanisms for these effects in humans are largely unknown.

During the first two trimesters of normal pregnancy maternal fat accumulation increases, fuelled by an
increase in lipogenesis. There is an associated, physiologically appropriate, increase in insulin resistance,
which causes an increase in circulating maternal glucose which is necessary for normal fetal growth and
development. Maternal glucose freely crosses the placenta and stimulates fetal pancreatic insulin secretion
(maternal insulin does not cross the placenta) which is a growth hormone and key to normal fetal lipid and
glucose metabolism. In the third trimester, there is a decline in maternal fat accumulation, coinciding with an
increase in adipose tissue lipolysis in association with the increase in insulin resistance. This leads to an
acceleration in the breakdown of maternal fat and results in maternal hyperlipidaemia during the period of
maximal fetal growth. In normal pregnancy this is characterised by a threefold increases in plasma
triglyceride and lesser increases in plasma total cholesterol, high-density lipoprotein (HDLc) and low-density
lipoprotein (LDLc).> The increase in maternal circulating lipids allows for the accumulation of a pool of fatty
acids in the placenta through hydrolysis of maternal lipoproteins by placental lipases. These fatty acids are
transported to the fetal liver, where they are re-esterified into triglycerides, providing a necessary source of
lipids for the fetus. The normal physiological effects of pregnancy on glucose, insulin and lipid metabolism
appear to be enhanced in women with higher BMI. This results in marked increases in the delivery of fuels to
the fetus during the main period of fetal growth. Studies in humans have shown that high triglyceride and
free fatty acids (FFA) levels in late pregnancy are associated with greater birthweight and infant percentage
body fat.” However, it remains unclear whether this developmental overnutrition in late pregnancy results in
greater offspring fatness throughout life.

The greater delivery of glucose and FFASs to the developing fetus results in enhanced fetal hepatic and
pancreatic responses during the development of these organs. It is feasible that this will have effects on the
fetal metabolome which could mediate the impact of developmental overnutrition on later offspring
outcomes, though this has not been previously assessed. Nor has there been any assessment of the
relationship between the fetal metabolome and later offspring adiposity and cardiometabolic risk factors.
Epigenetic mechanisms are increasingly proposed as key mediating mechanisms in the developmental
origins field.*? Whilst it is possible that environmentally responsive, mitotically stable epigenetic
phenomenon, such as DNA methylation, could provide a plausible mediating mechanism for developmental
overnutrition, and there is some support for this from animal models, as yet, there are few studies that
empirically provide evidence for this in humans. Though a recent within sibling study of extremely obese
women who had children before and after bariatric surgery provides some evidence that differential DNA
methylation at candidate gene sites might mediate the effect of weight loss in these women and subsequent
offspring outcomes.’

Objectives

1. To determine whether maternal fatness in early pregnancy and fat gain during pregnancy are
associated with maternal circulating levels of insulin, glucose and labelled metabolites.

2. To determine whether maternal fatness in early pregnancy, fat gain during pregnancy, circulating
insulin, glucose and labelled metabolites are associated with cord blood insulin/c-peptide and
labelled metabolites.

3. To determine whether maternal fatness in early pregnancy, fat gain during pregnancy, circulating
insulin, glucose and labelled metabolites are associated with cord white cell DNA methylation.

4. To determine whether cord blood insulin/c-peptide or metabolites are associated with indicators of
fetal growth and adiposity (assessed by fetal USS measures, birth anthropometry and cord leptin)
and also with offspring adiposity and cardiometabolic risk through childhood adolescence and early
adulthood.



5. To determine whether cord DNA methylation is associated with fetal growth and adiposity, and also
with offspring adiposity and cardiometabolic risk through childhood adolescence and early
adulthood.

6. To examine potential mediating pathways (including of maternal and fetal glucose/insulin axes,
maternal and fetal metabolome, fetal growth and fetal DNA methylation) between maternal
gestational fatness and fat gain and later offspring fatness and cardiometabolic risk factors

7. To use appropriate methods to determine whether these associations are likely to be causal

Methods

Data from the ALSPAC*® and BiB°® pregnancy/birth cohorts and the UPBEAT and LIMIT’ pregnancy RCTs
will be used to address the objectives, with the most appropriate of these four studies being used for the
specific objectives each student focuses their PhD on. The extent to which the associations are due to causal
intrauterine processes, as opposed to being due to confounding by shared familial genetic and lifestyle
characteristics, will be assessed by (a) multivariable adjustment for a wide-range of potential confounding
factors; (b) replication across different studies; (c) cross-population comparisons between the two main
ethnic groups within BiB; (d) negative exposure control comparisons for gestational weight gain
associations; (e) use of Mendelian randomization, including two-stage Mendelian randomization for
determining the extent to which metabolomic and epigenomic mechanisms mediate maternal pregnancy
exposure-offspring outcome associations; (f) use of intention to treat analyses in two RCTSs.

Integrated PhD training plans

Epigenetics, including the possibility of some laboratory experience
Metabolomics, including the possibility of some laboratory/chemistry experience
Bioinformatics

Epidemiology

Causal analyses

Genetic epidemiology
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24 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.

Obijectives

To describe the average pattern of change in haemoglobin concentrations during pregnancy.

To examine associations of potential risk factors with maternal haemoglobin concentrations and/or patterns
of changes in haemoglobin across the course of pregnancy.

To investigate the associations of maternal haemoglobin concentrations and/or patterns of changes in
haemoglobin during pregnancy with the following outcomes in offspring:

patterns of growth in childhood and adolescence

childhood infections

cardiovascular risk factors (e.g. blood pressure, lipids, insulin, glucose) during childhood and adolescence
cognitive and behavioural outcomes in childhood and adolescence

respiratory health in childhood and adolescence

To assess whether there is a causal relationship between maternal haemoglobin concentrations in pregnancy
and offspring outcomes using a Mendelian randomization approach.

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 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.


http://www.alspac.bris.ac.uk/
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25 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 DT 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
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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26 Title: Childhood abuse and intimate partner violence and their long term health sequelae: the Avon
Longitudinal Study of Parents and Children

Background:

In recent years, the potential role of abuse victimization in both childhood and adulthood in the aetiology of
obesity and cardiovascular diseases has attracted increasing interest. This reflects the growing recognition of
the role of psychosocial risk factors in cardiovascular risk[1], as well as the co-occurrence of mental and
cardiovascular ill-health[2]. Long term health sequelae of childhood abuse are severe and numerous and
include depression, anxiety, eating disorders, illicit drug use, alcohol abuse, and risky sexual behaviour. An
emerging body of evidence suggests that a history of child abuse is also associated with growth
trajectories[3], greater adiposity[4,5], food addiction[6], hypertension[7], diabetes mellitus[8],
smoking[9,10], inflammation markers[11], and cardiovascular disease (CVD) events in later life[12-17].
Less is known about the associations of both childhood abuse and IPV with cardiometabolic and mental
health in men, though some studies of child abuse have included both men and women[13,15,16], with one
study reporting an association of childhood sexual abuse with an increased risk of myocardial infarction in
men but not in women[18]. In women, associations of IPV with smoking, high cholesterol, heart disease and
stroke have also been found and these were stronger than equivalent associations in men[19]. Interestingly,
in the US Nurses Health Il Study, physical and sexual IPV in adulthood were not strongly associated with an
increased risk of hypertension[20] or diabetes[21], though severe psychological abuse (indicated by only 2%
of cohort members) was associated with both.

Evidence in support of a role of abuse in the aetiology of cardiometabolic ill-health stems from several
sources. Preclinical and clinical studies demonstrate profound and lasting effects of early stress on the
hypothalamic-pituitary-adrenal and noradrenergic stress systems, including heightened glucocorticoid,
norepinephrine, and autonomic stress reactivity, as well as altered dopaminergic and serotonergic
function[22-25]. Survivors of childhood sexual abuse have increased heart rate and blood pressure response
to cognitive and social challenges[26]. Moreover, posttraumatic stress disorder is prevalent among abused
women[27] and is associated with increased risks of coronary heart disease, smoking[9], overweight[28],
dyslipidemia[29], diabetes mellitus[30], hypertension[31], and possibly inflammation[32]. Finally,
epigenetic processes affecting gene expression may be mediators of these postulated pathways[33].

The Avon Longitudinal Study of Parents and Children (ALSPAC) offers a unique opportunity to study
patterns of experience and perpetration of abuse across the lifecourse and their association with
cardiometabolic health in both men and women, and potentially across two generations in the same family.

Aims:

The following are potential aims for this project and not all have to be addressed.

The student will be encouraged to develop a work plan based around their own interests, results of a
literature review (see aim 1) and the data available in ALSPAC and other cohorts.

1. To systematically review the evidence on the association between child and adult abuse with
cardiometabolic health and other outcomes of interest.

2. To estimate the concordance between different family members’ (mothers, fathers and offspring
trios) responses to questions regarding abuse taking into account different time points and wording
of the questions

3. To study associations of childhood abuse with cardiometabolic and other outcomes of interest.

4. To describe longitudinal trajectories of IPV and assess their association with cardiometabolic and
other outcomes of interest.

5. To investigate the co-occurrence of abuse in childhood and IPV in adulthood and to investigate
whether IPV modifies associations of abuse in childhood with cardiometabolic health and other
outcomes of interest.

6. To investigate the role of established cardiometabolic risk factors (adiposity, smoking, alcohol

intake) in explaining associations between abuse and cardiometabolic health.

To investigate the role of mental health in explaining associations of interest.

8. To investigate the potential role of differential DNA methylation in associations of interest.

~



Data:

The Avon Longitudinal Study of Parent and Children (http://www.bristol.ac.uk/alspac/) is a prospective
birth cohort with over 20 years of active follow up of both parents and their offspring[34,35]. Participants
have been asked about effects of parental emotional and physical cruelty in childhood, sexual abuse in
childhood, and IPV, the latter on more than one occasion. Detailed information is available on socio-
economic indicators, mental health, health related behaviours (e.g smoking, alcohol intake, drug use), and
various other potential sources of stress such as financial difficulties. Adiposity (BMI and DXA assessed fat
mass) and measures of cardiometabolic health (e.g. blood pressure, lipids, glucose, insulin, inflammation
markers, measures of cardiac structure and function (offspring), carotid intima media thickness (mums and
offspring) and pulse wave velocity (fathers) have also been repeatedly assessed.

Reference List;

1. Neylon A, Canniffe C, Anand S, Kreatsoulas C, Blake GJ, et al. (2013) A global perspective on
psychosocial risk factors for cardiovascular disease. Prog Cardiovasc Dis 55: 574-581.

2. Elderon L, Whooley MA (2013) Depression and Cardiovascular Disease. Progress in Cardiovascular
Diseases 55: 511-523.

3. Denholm R, Power C, Li L (2013) Adverse childhood experiences and child-to-adult height trajectories in
the 1958 British birth cohort. International Journal of Epidemiology 42: 1399-1409.

4. Noll JG, Zeller MH, Trickett PK, Putnam FW (2007) Obesity risk for female victims of childhood sexual
abuse: a prospective study. Pediatrics 120: e61-67.

5. Williamson DF, Thompson TJ, Anda RF, Dietz WH, Felitti V (2002) Body weight and obesity in adults
and self-reported abuse in childhood. Int J Obes Relat Metab Disord 26: 1075-1082.

6. Mason SM, Flint AJ, Field AE, Austin SB, Rich-Edwards JW (2013) Abuse victimization in childhood or
adolescence and risk of food addiction in adult women. Obesity (Silver Spring).

7. Riley EH, Wright RJ, Jun HJ, Hibert EN, Rich-Edwards JW (2010) Hypertension in adult survivors of
child abuse: observations from the Nurses' Health Study I1. J Epidemiol Community Health 64: 413-
418.

8. Rich-Edwards JW, Spiegelman D, Lividoti Hibert EN, Jun HJ, Todd TJ, et al. (2010) Abuse in childhood
and adolescence as a predictor of type 2 diabetes in adult women. Am J Prev Med 39: 529-536.

9. Anda RF, Croft JB, Felitti VJ, Nordenberg D, Giles WH, et al. (1999) Adverse childhood experiences and
smoking during adolescence and adulthood. JAMA 282: 1652-1658.

10. Nichols HB, Harlow BL (2004) Childhood abuse and risk of smoking onset. J Epidemiol Community
Health 58: 402-406.

11. Bertone-Johnson ER, Whitcomb BW, Missmer SA, Karlson EW, Rich-Edwards JW (2012) Inflammation
and early-life abuse in women. Am J Prev Med 43: 611-620.

12. Rich-Edwards JW, Mason S, Rexrode K, Spiegelman D, Hibert E, et al. (2012) Physical and sexual
abuse in childhood as predictors of early-onset cardiovascular events in women. Circulation 126:
920-927.

13. Dong M, Giles WH, Felitti VJ, Dube SR, Williams JE, et al. (2004) Insights into causal pathways for
ischemic heart disease: adverse childhood experiences study. Circulation 110: 1761-1766.

14. Goodwin RD, Stein MB (2004) Association between childhood trauma and physical disorders among
adults in the United States. Psychol Med 34: 509-520.

15. Scott KM, Von Korff M, Angermeyer MC, Benjet C, Bruffaerts R, et al. (2011) Association of childhood
adversities and early-onset mental disorders with adult-onset chronic physical conditions. Arch Gen
Psychiatry 68: 838-844.

16. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, et al. (1998) Relationship of childhood
abuse and household dysfunction to many of the leading causes of death in adults. The Adverse
Childhood Experiences (ACE) Study. Am J Prev Med 14: 245-258.

17. Batten SV, Aslan M, Maciejewski PK, Mazure CM (2004) Childhood maltreatment as a risk factor for
adult cardiovascular disease and depression. J Clin Psychiatry 65: 249-254.

18. Fuller-Thomson E, Bejan R, Hunter JT, Grundland T, Brennenstuhl S (2012) The link between childhood
sexual abuse and myocardial infarction in a population-based study. Child Abuse Negl 36: 656-665.


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

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Breiding MJ, Black MC, Ryan GW (2008) Chronic Disease and Health Risk Behaviors Associated with
Intimate Partner Violence—18 U.S. States/Territories, 2005. Annals of Epidemiology 18: 538-544.

Mason SM, Wright RJ, Hibert EN, Spiegelman D, Forman JP, et al. (2012) Intimate partner violence and
incidence of hypertension in women. Ann Epidemiol 22: 562-567.

Mason SM, Wright RJ, Hibert EN, Spiegelman D, Jun HJ, et al. (2013) Intimate partner violence and
incidence of type 2 diabetes in women. Diabetes Care 36: 1159-1165.

Bremner JD, Vermetten E (2001) Stress and development: behavioral and biological consequences. Dev
Psychopathol 13: 473-489.

Bremner JD, Vythilingam M, Vermetten E, Adil J, Khan S, et al. (2003) Cortisol response to a cognitive
stress challenge in posttraumatic stress disorder (PTSD) related to childhood abuse.
Psychoneuroendocrinology 28: 733-750.

Teicher MH, Andersen SL, Polcari A, Anderson CM, Navalta CP, et al. (2003) The neurobiological
consequences of early stress and childhood maltreatment. Neurosci Biobehav Rev 27: 33-44.

Kaufman J, Charney D (2001) Effects of early stress on brain structure and function: implications for
understanding the relationship between child maltreatment and depression. Dev Psychopathol 13:
451-471.

Heim C, Newport DJ, Heit S, Graham YP, Wilcox M, et al. (2000) Pituitary-adrenal and autonomic
responses to stress in women after sexual and physical abuse in childhood. JAMA 284: 592-597.

Woods SJ, Campbell JC (1993) Posttraumatic stress in battered women: does the diagnosis fit? Issues
Ment Health Nurs 14: 173-186.

Dobie DJ, Kivlahan DR, Maynard C, Bush KR, Davis TM, et al. (2004) Posttraumatic stress disorder in
female veterans: association with self-reported health problems and functional impairment. Arch
Intern Med 164: 394-400.

Kagan BL, Leskin G, Haas B, Wilkins J, Foy D (1999) Elevated lipid levels in Vietnam veterans with
chronic posttraumatic stress disorder. Biol Psychiatry 45: 374-377.

Goodwin RD, Davidson JR (2005) Self-reported diabetes and posttraumatic stress disorder among adults
in the community. Prev Med 40: 570-574.

Buckley TC, Kaloupek DG (2001) A meta-analytic examination of basal cardiovascular activity in
posttraumatic stress disorder. Psychosom Med 63: 585-594.

von Kanel R, Hepp U, Kraemer B, Traber R, Keel M, et al. (2007) Evidence for low-grade systemic
proinflammatory activity in patients with posttraumatic stress disorder. J Psychiatr Res 41: 744-752.

McGowan PO (2013) Epigenomic Mechanisms of Early Adversity and HPA Dysfunction:
Considerations for PTSD Research. Front Psychiatry 4: 110.

Boyd A, Golding J, Macleod J, Lawlor DA, Fraser A, et al. (2012) Cohort Profile: The ‘Children of the
90s’—the index offspring of the Avon Longitudinal Study of Parents and Children. International
Journal of Epidemiology.

Fraser A, Macdonald-Wallis C, Tilling K, Boyd A, Golding J, et al. (2012) Cohort Profile: The Avon
Longitudinal Study of Parents and Children: ALSPAC mothers cohort. International Journal of
Epidemiology.

Supervisors/Collaborators: Dr. Abigail Fraser, Dr. Laura Howe, Prof. Gene Feder



27 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/Collaborators: Dr Tom Gaunt, Dr Colin Campbell, Jose Soeane



28 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/Collaborators: Dr Tom Gaunt



29 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/Collaborators: Dr Tom Gaunt, Dr Colin Campbell, Jose Seoane



30 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 mRNA 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 CRiC Sleep Study Suite consitutes a unique

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.

o 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
guantifiable 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 2932.1

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 quantified 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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31 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 M1 and ECG diagnosed IHD?%. Elsewhere, spontaneous clotting and platelet
counts have shown positive relationships with disease risk (and smoking behaviour)®*,

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.

(ili)  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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32 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 ADCY3 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 ACDY3 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 ADCY 3, 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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33 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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34 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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35 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)?3, 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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36 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 preghancy 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
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37 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, 1L10 and HMOX1. 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 (Illumina 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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38 Title: Analysis of environmental and genetic contributions to scoliosis in an Indian population.

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.

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.
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:
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39 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:

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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40 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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41 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 assgciations 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?

I 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://www.wellcome.ac.uk/Education-resources/Courses-and-conferences/Advanced-Courses-and-
Scientific-Conferences/Advanced-Courses/index.htm)
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