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Revolution in Medicine

e Advances in technology

* Deep learning of human biology
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Complex traits/disease
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HapMap: cataioguing “common”

genetic variation

International HapMap Project

Home | About the Project | Data | Publications | Tutorial
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1000 genomes: cataloguing “all”

genetic variation

IGSR and the 1000 Genomes Project
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The International Genome Sample Resource (IGSR) was established to ensure the ongoing usability of data generated by the 1000
Genomes Project and to extend the data set. More information is available about the IGSR.
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Genome-Wide association studies (GWAS)
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Gene expression as a key molecular
phenotype — expression QTL (eQTL) analysis
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Functional variation to organismal phenotype

GENETIC ASSOCIATION IS A CAUSAL LINK

Interpretation of GWAS
using molecular QTLs

eQTL
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Background Rationale

Genome-wide association studies (GWAS) have identified
hundreds of common DNA variants associated with

multiple complex diseases and traits.

~90% of GWAS SNPs lie in noncoding regions (e.g.
intergenic, introns).
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Many studies show trait-associated SNPs
enriched for eQTLs

OPEN a ACCESS Freely available online P LOS

Trait-Associated SNPs Are More Likely to Be eQTLs:
Annotation to Enhance Discovery from GWAS

Dan L. Nicolae'*?, Eric Gamazon', Wei Zhang’, Shiwei Duan'®, M. Eileen Dolan"?, Nancy J. Cox"**

1 Department of Medicine, University of Chicago, Chicago, lllinois, United States of America, 2 Department of Human Genetics, University of Chicago, Chicago, lllinois,
United States of America, 3 Depar
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Candidate Causal Regulatory Effects by Integration of
Expression QTLs with Complex Trait Genetic Associations

Alexandra C. Nica'?, Stephen B. Montgomery'?, Antigone S. Dimas'?, Barbara E. Stranger'?, Claude
Beazley’, Inés Barroso', Emmanouil T. Dermitzakis'?*

1Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, United Kingdom, 2Department of Genetic Medicine and Development,
University of Geneva Medical School, Geneva, Switzerland, 3 Harvard Medical School/Brigham and Women's Hospital, Boston, Massachusetts, United States of America

Coanalysis of GWAS with eQTLs reveals disease-tissue associations

Hyunseok Peter Kang, M.D.}, Alex A. Morgan, Ph.D.!, Rong Chen, Ph.D., Peripheral blood
Eric E. Schadt, Ph.D.”, Atul J. Butte, M.D, Ph.D. -
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Challenges in using eQTLs to interpret
disease associations

- Measuring eQTLs in disease-relevant tissues
or cell types

- Most human tissue types are hard to obtain

- Large sample sizes are required for
statistical power
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Causal tissue inference
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DONOR 2

NIH)

The Common

Fund

GTEx GOALS:

e Atlas (database) of gene
expression, regulation, and eQTLs
from a wide range of non-diseased
human tissues

e Biobank of tissues, DNA, RNA

ULTIMATE STUDY SIZE (by 1/2016):
- 900 Postmortem Donors

- Whole exome sequencing

- Whole genome sequencing

- RNA-Seq of ~30 tissues/donor
(>20,000 tissues)

PILOT PHASE (in 2010):

- 175 Postmortem Donors

- 1641 RNA-Seq of ~28 tissues/donor
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*
GTEx eQTL discovery
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Link eQTLs to GWAS

GWAS SNP rs633185 associated with
systolic and diastolic blood pressure

Rank normalized
gene expression

Multi-tissue
posterior probability

RPKM

GIC (rs633185)

Tibial artery eQTL, ARHGAP42
15604723, p = 1< 10, 2 = 0.93
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Type |l Diabetes tissue activity
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M Adipose_Subcutaneous

H Adipose_Visceral_Omentum

W Adrenal_Gland

W Artery_Aorta

M Artery_Coronary

M Artery_Tibial

M Brain_Anterior_cingulate_cortex_BA24
M Brain_Caudate_basal_ganglia
M Brain_Cerebellar_Hemisphere
[ Brain_Cerebellum

M Brain_Cortex

M Brain_Frontal_Cortex_BA9

¥ Brain_Hippocampus

W Brain_Hypothalamus

VARV

Tibial Artery

A FunPopGen

L

Brain

UNIVERSITE
DE GENEVE




Use of GTEx as reference

Multiple tissues (>50)

Clinical phenotypes

GTEx

‘ Imputation of expression values

Cohort

Blood, skin etc
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So what’s next?
- Learning human biology
- Implementing in Medicine
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R R R R RO RO
From Population and Personal
Omics to Personal Biology

Key components missing:

- Interpretation of the non-coding genome
- Rare and private variants

- Rare and private environments

- Context dependence

Molecular phenotype context:

- Tissue

- Time

- Disease

- Sex

- Genotype

- Environment

AFunPopGen ) bt GENEVE
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Research
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Pharmacological
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Pharmacological
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Lifestyle

intervention

Disease manifestation
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Lifestyle
interventio

informed) N

Intermediate phenotypes indicating increased risk

(trxone, proteome, metabolome, current/future biomarkers)

*

Genome Exposures Lifestyle (by choice)
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Clinical Trials

New discoveries:

- New drugs

- New drug combs

- New biomarkers

- Knowledge of
lifestyle effects
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Each patient a research project

Research
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Relative investment of resources over time

— i Mme

1. Discovery
2. Direct medical application
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Revolution in medicine

!

Deep understanding of the
variability of the human body
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