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Background: Ruth Mitchell

Integrating fundamental bioscience and population health: integrating cell
biology and epidemiology

Scope for engagement in the strand

Examples outputs
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Mouse model of multiple sclerosis - Experimental autoimmune
encephalomyelitis (EAE)
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Tg4 (B10.PL, H-2u) - TCR specific for myelin basic protein MBP Ac1-9
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Exposure > Qutcome

Randomised
Control Trials

Cohort studies

Case control studies

Cross sectional studies
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~* Bristol based birth cohort study
~ .. * 1991-1992: 14,500 pregnant women
-+ Follow-up [ ]

N=200 (1000)
I

, [~
()
n1=8000, n2=2000 n=14541
Depth of data:

* Ongoing data collection |
e Multi-generational data sets [ or [ =500 (1800) j
e Longitudinal data

CHILDREN

90s

ALSPAC G1
n=14062 (+782, age 7)

ALSPAC G2
n=622 (1100)
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Improving the health of future generations
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International Multiple Sclerosis Genetics Consortium, Science, 2019
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Non-HLA genetic

risk score for MS Phenome

Excluded MS cases

SEA

Software Application Profile

Software Application Profile: PHESANT: a tool
for performing automated phenome scans in UK
Biobank

Louise AC Millard,’** Neil M Davies,’ Tom R Gaunt,’
George Davey Smith' and Kate Tilling’
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Two minute MR primer — George Davey Smith

https://www.youtube.com/watch?v=LoTgfGotaQ4

Confounders
Genetic
. —p EXpoOSure » Qutcome
variants
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GWAS top hits used to Exposure GWAS ) Outcome GWAS
. SNP Effect | Effect Other | Effect allele | Effect Effect | Other | Effect allele
Instrument exposure allele allele | frequency allele | allele | frequency
o O | rs123456 0.132 | A G 028 | 0.022 A G 0.26
O | rs234567 -0.485 | G T | 041 | -0.056 |G |T 0.39
o o O | 15345678 0.203 | G C | 0.11 0.046 | G C 0.12
.
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Extract selected SNPs from ‘
complete summary data of
outcome GWAS

Effect on outcome

Effect on exposure
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COMRBASE

A platform for Mendelian randomisation using summary data from genome-wide
association studies

www.mrbase.org
To begin analysis please review the data access agreement and accept by loggingin SNP-PHENOTYPE ASSOCIATIONS

with your google account 3,417,657,704
417,657,

#, Review access agreement
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Last updated: 36
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European population

Cell

The Allelic Landscape of Human Blood Cell Trait
Variation and Links to Common Complex Disease

Graphical Abstract

GWAS discoveries
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173,480 participants
36 blood cell indices
2,706 variants discovered
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Allelic spectrum and
heritability
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130 rare variants
210 low-frequency
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Insights into malaria susceptibility using genome-
wide data on 17,000 individuals from Africa,
Asia and Oceania

Malaria Genomic Epidemiology MNetwork
17,000 severe malaria cases and population controls from 11 countries
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A Neutrophil count as exposure
Severe malaria B ® o= e—
Cerebral malaria —;—9_
Other severe malaria ———r——
Severe malaria anaemia

06 07 08 09 1.0
Qdds ratio for severe malaria (95% ClI)
per 1-SD increment in log neutrophil count

Method e Inverse variance weighted
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A Neutrophil count as exposure B Neutrophil count as outcome
Severe malaria e S @
Cerebral malaria —_— v
Other severe malaria ————

Severe malaria anaemia : ———

06 07 08 09 10 -0.04 -0.02 0.00 0.02

QOdds ratio for severe malaria (95% CI) SD-unit difference in log neutrophil count per

per 1-SD increment in log neutrophil count 1 log odds of severe malaria

Method e Inverse variance weighted
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Intervention

Incidence
Causes &
potential mechanisms
Factor » Disease for prevention

Intervention
Cases

‘ _ Effective treatment
@ Progress|on
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GWAS hits Gene

st

Visscher et al., ., Am J Hum Genet, 2016
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Population
“the process of Health
. . . . Science
applying ideas, insights,
and discoveries w
generated through Improved
scientific inquiry to the Ineressed MO] it Patient
treatment or clincal bribiciny
relevance validation H ed It h
prevention of human o
disease.” x-S =
Discovery
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?

v

Exposure Outcome

Causality

*  Whole body human system
* Human population
* Inform laboratory science

Causal trait/causal gene to then
take into further analysis
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* Pathways Disease or trait
* Proteins > of
 Model organisms interest

* Extremely difficult to instrument activity in an intracellular pathway
* Population Health Sciences limited by the data that can be collected
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The Milieu Intérieur Project

Hosted by Institute Pasteur on behalf of the Milieu Intérieur Cansortium O
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Patin et al., Nature Immunology, 2018
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Resource Overview

Current Release (V8) Browse

The Genotype-Tissue Expression (GTEX) project
is an ongoing effort to build a comprehensive
public resource to study tissue-specific gene
expression and regulation. Samples were
collected from 54 non-diseased tissue sites
across nearly 1000 individuals, primarily for
molecular assays including WGS, WES, and
RNA-Seq. Remaining samples are available
from the GTEX Biobank. The GTEx Portal
provides open access to data including gene
expression, QTLs, and histology images.

Expression

News and Events

2019-08-26
2019-07-24
2019-03.07 Ne
20171018 ASHG GTE
=z

eGTEX
Documentation

¥ @EBIBristol

8 Documentation

Data coming soon!

Gene — SNPs — search for these in published GWAS
& GTEXPortal

# Home BlDatasets~ X Expression~ & QTLs & Browsers~ _§ Sample Data~

@ About GTEx & Publications & Access Biospecimens @ FAQs & Con

2100820
GTEx Portal V8 Release

The GTEx V8 non-protected data is now available on the GTEx Portal. Release
V8 includes 17,382 RNA-Seq samples from 948 donors, representing an increase
of 49% and 33% relative to V7, respectively.

Release V3 includes a new quantitative trait lo.

Explore GTEx

Browse and search all data by gene
Browse and search all data by variant

Browse and search all data by tissue

e Browse and search GTEX histology images

Browse and search expression by gene and tissue
Visualize the top 50 expressed genes in each tissue

Visualize transcript expression and isoform structures

Visualize QTLS by gene in the Locus Browser
Visualize eQTLs in the IGV Browser
Batch query eQTLs by gene and tissue

Test your own eQTLs

DNA, RNA methylation, ChiP-seq and more
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BGen on for IL10 (ENSG00000136634.5)
Data Source: GTEx Analysis Release V8 (dbGaP Accession phs000424 v8.p2)
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Data processing and normalization @
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Copy csv

Gencode Id

ENSG00000136634.5

ENSG00000136634.5

Single-Tissue eQTLs

ENSG00000136634 5

ENSG00000136634.5

ENSG00000136634.5

ENSG00000136634 5

ENSG00000136634.5

ENSG00000136634 5

ENSG00000136634.5

ENSG00000136634 5

Gene
symbol

Showing 1 to 10 of 19 entries
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Transcriptome-wide association studies: integrates GWAS and gene expression
datasets to identify gene-trait associations

CWAS Expression reference
A E o
GWAS GWAS dataset banel (6.g., GTEX)
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Genes
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1. ldentify genes in associated loci based on input SNPs

(Genome-wide association study Locus 1 Locus 2 Locus 3
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Predict functions of genes
using co-regulation data
from 77,840 microarrays:

09...-

Prediction:

Conclusion:
Enrichment of

Lipid metabalism'

Conclusion:
Enrnchment of
signal in liver
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Wolume 99, Issue 6, 1 December 2016, Pages 1245-1260

Colocalization of GWAS and eQTL Signals
Detects Target Genes
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A transcriptome-wide Mendelian randomization
study to uncover tissue-dependent regulatory
mechanisms across the human phenome

Tom G. Richardson® ', Gibran Hemani® !, Tom R. Gaunt® ', Caroline L. Relton! & George Davey Smith 1
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An atlas of tissue-dependent Mendelian randomization associations

BAC Universicyof i3
B BRISTOL ’HDRUK

Description
Input Type:
GWAS Summary
PheWAS This web application can be used to investigate associations between genome-wide gene expression and 395 complex traits by applying Mendelian randomization and genetic
@ Cross-tissue comparison (Gene) colocalization®. Analyses have been undertaken using gene expression derived from whole blood made available by the eQTLGen consortium? (n=31,684), as well as 48 different tissue
Cross-tissue comparison (Variant) types from the GTEx project”. Findings from this web application can help uncover associations yet to be detected by genome-wide association studies and also investigate tissue-

specific effects between gene expression and complex traits.

Gene-centric tissue-wide evaluation:

Please select a gene: .

Instructions

To query results from our atlas please select parameters on the left hand side of this page before clicking the 'Search Atlas' button. This will generate results in the Tables of Results.
There are 4 ways to query the results of our atlas depending on the Input Type selected:

Please select a complex trait: GWAS- Genome-wide association study. Select a complex trait and tissue of interest from the drop-down menus before clicking the 'Search Atlas' button. This will evaluate all genome-

wide MR associations and plot results using a manhattan plot*.

Age at first live birth (UK Biobank) -
PheWAS - Phenome-wide association study. Type in a gene and select a tissue of interest from the drop-down menus and click the ‘Search Atlas' button. This will query the findings
between your target gene and all traits in our atlas. Aninteractive plot5 will be generated to display -Iog10 p-values multiplied by the corresponding direction of effect for each result. As
such, positive associations reside above -Iog10=0, whereras negative assoclations reside below. Points are grouped and coloured based on their corresponding trats subcategory.
oS Cross-tissue comparison (Gene) - Tissue-wide association study. Enter agene and select a complex trait from the drop-down menus to investigate associations across all available tissue

types. Results are plotted usingan interactive plot® s described above, except points are grouped and coloured based on tissue types.

Cross-tissue comparison (Variant) - Tissue-wide association study. Type a genetic variant (e:g. rs5882) and select a complex trait from the drop-down menus to evaluate associations
across all availabletissues in the atlas. If your variant is not an expression quantitative trait loci (€QTL) then a warning message will appear. As above, an interactive plot? will be displayed
with points coloured based on tissue types.

The Download button can be used to download a comma-separate value (csv) file for the results you have queried.

bristol.ac.uk/blackwell ¥ @EBIBristol http://mrcieu.mrsoftware.org/Tissue MR _atlas/
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Proteome PheWAS browser
Click to view the list of proteins or traits.

IL23R

Bl University of
[ BrISTOL LIRS

[r—
epidermiciogy.
unie

Search

Results presented here can also be downloaded programmatically using the EpiGraphDB API.

© or ©: passed or failed test respectively;

: warning, results might be unreliable; @: data are missing or not applicable.

Basic summary MR results Single SNP MR results SNP information Sensitivity analysis
X ALL RESULTS FILTER:
Combined Instruments Tests Individual Instrument Tests
Protein @ :\gRgase Protein Low rsiD Cis acting Correct Instrument Shared
assoclqtes with + heterogeneity @ instrument © _ cau_sal assouates_ with ca_usal
trait direction @ one protein @ variant @
Inflammatory bowel disease
IL23R 294 2.213e-166 o 511581607 (] (2 (/] (2
Crohn's disease
IL23R 12 5.801e-149 o rs11581607 o o © o
Ulcerative colitis
IL23R 970 4342662 o 111581607 o o o o
Non-cancer iliness code self-reported: psoriasis
IL23R UKB-a:100 9.475e-10 (%] rs11581607 (] o (/] o

¥ @EBIBristol

https://www.epigraphdb.org/
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biaiol A (diackivel W GEBIRAs! Munafé & Davey Smith, Nature. 2018 Jan 25;553(7689):399-401
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Discrete piece of work

« Facilitate collaborations

« Community building events

« Potentially one-off seminars

bristol.ac.uk/blackwell ¥ @EBIBristol

Elizabeth Blackwell Institute #

for Health Research

Funding oppertunities

Our research focus

COVID-13 research

Mental health

Research strands

Biaethics, Biolaw and Biosociety

Medical Humanities

Bristol AMR

Digital Heakth

Health Data Science

Global Public Health

Mechanisms to Papulations

Research Networks

Related research

Integrating Health Research: Mechanisms to
Populations

Building research capacity at the University of Bristol in the
interdisciplinary space between fundamental biosciences and
population health sciences.

Purpose

The aim of the ‘Integrating Health Research: Mechanisms to Populations’ research
strand is to promote and facilitate interdisciplinary research between fundamental
bio-scientists and population health scientists. The strand will bring together the
ground-breaking research into disease mechanisms being carried out in the
fundamental biosciences with the state-of-the-art methodologies and applied
techniques in the population health sciences. The ultimate objective is to enhance the
understanding of disease processes and accelerate the arrival of therapies into the

dinic

Population
Health

The strand will provide a formal structure for promoting and facilitating
interdisciplinary research between fundamental bioscience and population health

science through dedicated researcher capacity with the necessary skills in locating. .
accessing and analysing population health data as well as providing a space to foster
collaborations. In doing 50 our aim is to support interdisciplinary grant applications
and publications.

Fundamental bioscience s the study of the molecular processes that form the basis
of life. Research in fundamental hinscience at the Liniversitv of Bristol is diverse and Discavery
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HDL and Renal Cell Carcinoma

Mendelian Randomization Tissue expression Mouse models and cell biology
; Genes involved in Cholesterol uptake "0 NoCholesterol - -
Concentrations of small HDL particles =t i 700q @  High Cholesterol 3
: Gene expression changes in T w0 - o To
Concentrations of large HDL particles | —0— Gene tumor vs normal tissue p-adj £ % )
| o
Concentrations of very large HDL particles —O0— SCARB1 16.80653 4.66E-208 % 400 E
i LDLR -2.39152 9.65E-14 > 3w 2
Concentrations of medium HDL particles | f—— VLDLR 1.55408 4.29E-11 E 200 g 14
08 10 12 14 16 18 CD36 2.16743 3.87E-44 )
OR for RCC per 0 0-
1-SD increment metabolite 10 20 30 40 50 60 CHOL: No High

Days after injection

Accepted for publication in Cancer Discovery.

E Vincent, C Bull, C Simon, M Johansson, N Skuli

bristol.ac.uk/blackwell ¥ @EBIBristol
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Team collaboration

Repeat clinics (December 2020; April 2021 and

June 2021)
UK Coronavirus — . .
Immunology e ) Measurable traits Biosamples
Consortium : o -
BMI T cells
General Health Antibodies
Asthma Pseudoviruses
Positive serology Cases 123
d b
CHILDREN ‘ Matched controls 103
% Self Pillar
. )
rep°frt ctes“"g Random controls 98

bristol.ac.uk/blackwell ¥ @EBIBristol L Wooldridge, L Rivino, K Northstone, N Timpson
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1. Population studies

Finding new osteo-anabolic drug targets for osteoporosis
data gathering - JI Gene - bone  In silico

trait prioritisation 2 Functional zebrafish
== - Association - i
— CRISPR-Cas9 studies
Large -Cas M
. ug,
Genomic + GRNA N 9o,

Studies Atiop
Humans -
=3
)
One-cell 3
100,000s 100s 10s embryo <
of possible of possible  of candidate g
polymorphisms polymorphisms  genes Q@

Test positive compounds

on mutant scales
Normalised
mutant scale

Drug libraries Mutants with osteoblast /
P bone mass phenotype
and ex-vivo .
zebrafish scales

Mutant
scale

OOQ
Large
Gentically
Sensitised
Drug Screening
Ex-vivo
scale culture Normal
10s 10,000s Scale
of possible of possible
osteo-anabolic osteo-anabolic
molecules molecules
bristol.ac.uk/blackwell ¥ @EBIBristol

Dylan Bergen
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- Are Iin Bioscience or in population health?
- What stage of collaborating are you at?
- What engagement do people want?

Email: ebi-mechanisms-populations@bristol.ac.uk

Website: www.bristol.ac.uk/blackwell/health-research/research-
strands/mechanisms-to-populations/

bristol.ac.uk/blackwell ¥ @EBIBristol
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