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Challenge: How do we go from trait-associated variants to
biological mechanism?

ENVIRONMENT
- Behavior

- Infections

- External factors
- etc




Background Rationale

Genome-wide association studies (GWAS) have identified
hundreds of common DNA variants associated with
multiple complex diseases and traits.

>2/3 GWAS SNPs lie in noncoding regions (e.g. intergenic,
introns).
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Many studies show trait-associated SNPs
enriched for eQTLs
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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



GTEx = Genotype-Tissue Expression

Brain tissue

Heart tissue

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)

NIH)

The Common
Fund

PILOT PHASE (in 2010):
- 175 Postmortem Donors ;
- 1641 RNA-Seq of ~28 tissues/donor



Pilot GTEx Consortium

/ Biospecimen Source Sites \

National Disease Research Interchange
 Organ Procurement Organizations

HU The Cancer
Ca Human Biobank

+ LifeNet Health
* Gift of Life Donor Program

Van Andel Research Institute
Comprehensive Biospecimen Resource (CBR)

Biorepository Operations & Pathology Review

Roswell Park Cancer Institute

* Organ Procurement Organization ] .
« Upstate New York Transplant Service Leidos-Frederick
ELSI Study Comprehensive Data Resource (CDR)

* Virginia Commonwealth University caHUB Coordinating Center
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* Dissect 11 regions for

Laboratory, Data AMsis & Coordinating Center )

Brain Bank lJ
* Receive MIAMI . Projeqt cogrdination_ o
whole brains * Nucleic acid extraction and purification

» Genotyping
% B ROAD 2 Gene expression (array & RNA-Seq)

SN INSTITUT Eﬁtatistical analysis & Data Portal )

expression analysis

GTEX Database(s)
= NeBI

&= GTEXPortal

[y
( Statistical Methdfs Development (R01s) \
»  Cox/Nicolae (Univ Chicago)
*  Dermitzakis/Guigo/Koller/McCarthy/Bustamante (Univ Geneva)
»  Stephens/Pritchard (Univ Chicago)
*  Wright/Nobel/ (UNC-Chapel Hill)
*  Brown/Englehardt (U Penn)
e Conrad (Wash U)
\ »  Sabatti/Eskin (Stanford) j

The Common
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Laboratory Data Analysis and Coordinating Center
GTEx Workflow

BSS Sloods & Fresh Skin 1. Whole Blood = DNA
2. Whole Blood = EBV Culture

3. PAXgene Tube - RNA
4. Fresh Skin = Fibroblast Culture

llumina 5M + exome

Donor

LDACC/Broad Institute

Tissues CBR/Path PAXgene Tissues = RNA I I

Brain Brain Bank Snap Frozen Tissues = RNA

[llumina RNA Seq

PILOT Data Production: ‘ Analysis
1. Illlumina 5 Million SNP chip + exome chip Pipeline
2. lllumina TruSeq, 76bp paired-end to 50 million GTEx Analysis Working

reads Group
dbGAP ’




Pilot Phase Data

250 =

200 -

Collection Status

150 -

B Finat Pitot Analysis Freeze

Collected but not Processed/Sequenced

. Sequenced/Released to dbGaP
Collection Discontinued
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Pilot phase collected an average of ~ 28 tissue samples per donor from 54 distinct sites

175 Donors and 1,641 tissue RNA-seq samples

Analysis Freeze
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Clustering of Expression Data
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A Gene expression clustering

B  Exon (PsI) clustering

Cluster 1 I Cluster 2
.
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Brain subregions

N Arrygdala

B Anterior cingulate cortex (BA24)
I Caudate (basal gangla)

B Cerebellar hemisphere

Ml Cerebellum

0 Cortex

Frontal corlex (BAS)
I Hippocampus
B Hypethalarmus
I Nucleus accumbens (basal ganglia)
W Putamen (basal ganghia)
Wl Spinal cord (cervical ¢.1)
B Substanta nigra

All tissues (main tissues In bold)

[ Adipose tissue
N Adrenal gland
I Artery
B Blood

Eran
N EBreast

Colon
I Esophagus
0 Fibroblasts
N Heart

0 Lung Prostale

N Muscle Reproductive organs
Nerve 0 Skin
Ovary Stomach

0 Kidney / Liver Ml Pancreas W Testis

 LCL

Ptuitary W8 Thyroid

12



eQTL methodology

1 Mb (or 100Kb from TSS)

* PEER correction to remove undesirable effects
(batch, other experimental etc)

 Matrix eQTL with permutations to discover
eQTLs

(now we use FastQTL developed by Olivier Delaneu)
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Number of significant eGenes

eQTL discovery

2500 -

& Permutation analysis
—+— Downsampling analysis

Thyroid [105, 2243]
Nerve [B8, 1574]
Skin [96, 1361)
Adipose [94, 1165]
Heart [83, 918]
Artery (112, 1761)
Lung [119, 1841]
Blood [156, 1984)
Muscle [138, 1535]

o

LK R R

L]
40 60 80 100 120 140 160
Number of samples
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eQTL properties
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Number of cis-eQTLs

1200

800

200

0.1

[ Il Significant Whole Blood eQTLs from Fehrmann et al. 2011]

eQTL replication

0.455

0.2

0.3

0.4 0.5 0.6
eQTL p-value in GTEx

0.7

0.8

0.9
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Fraction of eQTLs or genome

with functional annotation

eQTL functional enrichment

0.7
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02 4

014
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B Unambiguous intergenic eQTLs

] All top intergenic eQTLs

] Genome within 2.5 kb of top eQTLs
] All intergenic genome

abgcd
Enhancer

abecd
DNase

abcd abcd abcd
ChiIP Enh+DNase Promoter
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Multi-tissue eQTL discovery

@
O
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NDRG4 scaled expression

Multi-tissue eQTL discovery
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Allele Specific Expression and eQTLs

A

+ Allele ratio

eQTL homozygote
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splicing ratio

Alternative splicing QTLs

sQTL seeker

CD33 - rs3865444

transcript
BT
B2
B3
B4

ald éié

CC(98) CA(68) AA (29)

Altrans
a) Transcript 1
Exon Group 1 Exon Group 2

’ Mate pair linking E1 to F3 ’

Mate pair linking E2 to 0 E3
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Alternative splicing QTLs

A TRMT1-rs35601737
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Intron retention
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T I
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Alternative splicing QTLs

Functional element enrichment
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Network module QTLs
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Truncating Variants in the transcriptome

A B
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Link eQTLs to GWAS
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Link eQTLs to GWAS
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Significant eGenes

GTEx eQTLs in 44 tissues

4000 6000 000 10000
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eGenes by Sample Size
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Multiple eQTLs per gene

Run eQTL analysis to find
primary eQTL and gene
level threshold p*
(permutation based)

eQTL1, p*

l

eQTL analysis,

conditioned on covariates

Forward Stage and previously discovered ves
eQTL

Min p value < p*

eQTL3, ...eQTLp[ No

For each i, remove eQTL; and scan

Backward stage cis window to discover eQTL*; if p
value < p*

l

eQTL*,;...eQTL*, have independent,
jointly significant effects on
expression

Andrew Brown, Olivier Delaneau



Example
We discovered 3 independent eQTLs for BTNL2, in the MHC region

All 1st Signal: rs419132 2nd Signal: rs9469094 3rd Signal: rs3134796

1] Peak signals

315 320 325 330 315 320 325 330 315 320 325 330 315 320 325 330

Position (Mbp)
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Count

2000-

1500-

1000-

500-

Number of additional eQTLs discovered in Nerve
Tibial tissue

3

9,972 eGenes

4 : 6 7
Rank of eQTL

2284 Secondary signals
in total
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Additional signals discovered is a simple function of
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Secondary eQTL are less enriched around TSS
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Replication in other tissues
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Mapping causal variants using resampling

Sample

o0

Population

Original experiment:

Sample from the population and
estimate quantity of interest
(Most likely causal variant)

Bootstrap:

Sample with replacement to mimic
running the same experiment many
times

Rerun analysis

Count ranks of SNPs to estimate
likely causal ones
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Applied to GTEx Data

* Bootstrap likelihoods are estimated as:
P(SNP x is causal) = Z P(SNP x in rank i) P(rank i is causal)

ranks and bootstraps

* Applied to 6 GTEx tissues: Brain caudate, Brain
cortex, Lung, Muscle skeletal, Nerve Tibial and Testis.

 We use “single signal” phenotypes produced by
conditional analysis.

e Also applied “pairwise bootstrap” to Nerve tibial and
Muscle skeletal and to Brain caudate and Brain
cortex together.



Resolving causal eQTL variants

Bootstmp
{ { ¥

Location (Mbp) -
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Example applied to GPR35 expression
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Applying bootstrap to conditional phenotypes we can map causal

variants separately
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Regulatory Trait Concordance (RTC) Score

 For a GWAS variant falling into the same recombination coldspot
interval with an eQTL, with N number of variants in a given
coldspot:

1. Correct the phenotype for each of the variants in the region separately
by linear regression, resulting in N number of pseudo-phenotypes
(residuals).

2. Redo the eQTL variant association with all of these pseudo-phenotypes.

3. Sort (descending) the resulting p-values and find the rank of the eQTL to
GWAS,-pseudo-phenotype among all eQTL to pseudo-phenotype
associations.

4. RTC = RankGWASSNP/N

* RTC scores 20.9 signify the eQTL and GWAS,,, are the same casual
variant (determined empirically).

Nica A. et.al. PLOS Genetics 2010 "



Regulatory Trait Concordance (RTC) Score

/\ GWAS eQTL /\—>
| | 1 1 L1 1 |

I I R

1. Forx ..x,:
Correct Q for X, (linear regression) -> pseudo-phenotype X.Q. (residuals)

2. Forx;..x.:
Calculate p-value for eQTL-X;Q association

3. Sort (ascending) p-values eQTL-X. QO and find the rank of
eQTLXgyas

4. RTC = Rankgys/n
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RTC score in the new 44 GTEX tissues
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GWAS variants with RTC >= 0.9 by tissue
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Tissue activity of GWAS in multiple tissues
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Type |l Diabetes tissue activity
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W Artery_Aorta
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M Brain_Anterior_cingulate_cortex_BA24
M Brain_Caudate_basal_ganglia
W Brain_Cerebellar_Hemisphere
¥ Brain_Cerebellum

M Brain_Cortex

M Brain_Frontal_Cortex_BA9

M Brain_Hippocampus

W Brain_Hypothalamus

Tibial Artery

Brain
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GTEX

Cohort

Use of GTEx as reference

Multiple tissues (>50)

Clinical phenotypes

‘ Imputation of expression values

Blood, skin etc
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Summary

Unprecedented catalogue of eQTLs in multiple tissues
eQTL tissue specificity estimates

First glimpse into effect of genetic variation in diverse
tissues/organs of the human body

GWAS and other disease variant interpretation and
causal effects
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