
Genetics of gene expression: 
from rare to common, from 
ubiquitous to cell specific!

Christopher Brown (@casey6r0wn)!



The GWAS era has been an 
incredible success!

•  Observation: Majority of complex trait h2 is 
explained by common, non-coding variation!

•  Hypothesis: Most GWAS variants function by 
modifying gene expression!

•  Problem: Regulatory elements act across large 
distances, making target gene identification 
difficult!

!

!
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The search for regulatory variation!
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eQTL complications!

•  Many eQTLs have cell-type restricted functions!

•  Power to detect rare eQTLs is limited!
!

!
!



GTEx: Genotype Tissue Expression!

GTEx v6 eQTL analysis:!
•  7051 transcriptomes!
•  44 tissues!
•  449 individuals!



Latest GTEx release has added 
5410 samples!
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Sample demographics!
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GTEx V6 eQTL discovery!

Ayellet Segre, Francois Aguet, Kristin Ardlie !
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The role of transcriptome diversity!
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Consistency of eQTL-ASE effects!
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Majority of genes now have eQTLs!

Joe Davis, Stephen Montgomery!
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Your favorite SNP is likely an eQTL !

Bosh Liu, Stephen Montgomery!

94.31% SNPs
with nominal p-value < 0.05
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SNPs often associate with different 
genes across tissues!

Nathan Abel, Stephen Montgomery!
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Allelic heterogeneity is pervasive!

Andrew Brown, Manolis Dermitzakis!
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Multi tissue analysis improves 
discovery power!

Ayellet Segre, Francois Aguet, Kristin Ardlie !

eGenes meta_eGenes
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Tissue specificity of eQTLs !
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Patterns of eQTL sharing!
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Patterns of ASE sharing!
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ASE sharing across tissues!

Pejman Mohammadi, Tuuli Lappalainen !
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Regulatory element overlap is 
predictive of eQTL specificity!

ENH TSS
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Greater regulatory element 
enrichment at likely causal SNPs !

Andrew Brown, Manolis Dermitzakis!
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Multi tissue eQTL discovery 
explains additional GWAS SNPs!

YoSon Park!

0

100

200

300

Th
yr

oi
d

S
ki

n_
S

un
_E

xp
os

ed
_L

ow
er

_l
eg

N
er

ve
_T

ib
ia

l
C

el
ls

_T
ra

ns
fo

rm
ed

_f
ib

ro
bl

as
ts

A
di

po
se

_S
ub

cu
ta

ne
ou

s
A

rte
ry

_T
ib

ia
l

W
ho

le
_B

lo
od

M
us

cl
e_

S
ke

le
ta

l
E

so
ph

ag
us

_M
uc

os
a

E
so

ph
ag

us
_M

us
cu

la
ris

Te
st

is
Lu

ng
A

rte
ry

_A
or

ta
S

ki
n_

N
ot

_S
un

_E
xp

os
ed

_S
up

ra
pu

bi
c

H
ea

rt_
Le

ft_
V

en
tri

cl
e

P
an

cr
ea

s
A

di
po

se
_V

is
ce

ra
l_

O
m

en
tu

m
C

ol
on

_T
ra

ns
ve

rs
e

H
ea

rt_
A

tri
al

_A
pp

en
da

ge
B

re
as

t_
M

am
m

ar
y_

Ti
ss

ue
S

to
m

ac
h

B
ra

in
_C

er
eb

el
lu

m
B

ra
in

_C
er

eb
el

la
r_

H
em

is
ph

er
e

A
dr

en
al

_G
la

nd
C

el
ls

_E
B

V
-tr

an
sf

or
m

ed
_l

ym
ph

oc
yt

es
C

ol
on

_S
ig

m
oi

d
S

pl
ee

n
E

so
ph

ag
us

_G
as

tro
es

op
ha

ge
al

_J
un

ct
io

n
A

rte
ry

_C
or

on
ar

y
Li

ve
r

B
ra

in
_C

or
te

x
B

ra
in

_F
ro

nt
al

_C
or

te
x_

B
A

9
B

ra
in

_C
au

da
te

_b
as

al
_g

an
gl

ia
P

itu
ita

ry
B

ra
in

_N
uc

le
us

_a
cc

um
be

ns
_b

as
al

_g
an

gl
ia

O
va

ry
B

ra
in

_P
ut

am
en

_b
as

al
_g

an
gl

ia
S

m
al

l_
In

te
st

in
e_

Te
rm

in
al

_I
le

um
P

ro
st

at
e

B
ra

in
_A

nt
er

io
r_

ci
ng

ul
at

e_
co

rte
x_

B
A

24
B

ra
in

_H
yp

ot
ha

la
m

us
B

ra
in

_H
ip

po
ca

m
pu

s
V

ag
in

a
U

te
ru

s

Tissues

G
W

A
S

 S
N

P
s

Stage
V3

V6



Regulatory variation in a large 
pedigree from a founder population !
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h2 of gene expression!

Katerina Gawronski!
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h2 of transcript classes!

Katerina Gawronski!
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Family based association mapping!
•  1025 eGenes identified at 5% FDR!

0

100

200

300

-1e+06 -5e+05 0e+00 5e+05 1e+06
Distance to TSS

C
ou

nt



eQTL identification at heritable 
genes!
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Replication of Amish eQTLs in 
GTEx !
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Replication of Amish eQTLs in 
GTEx !
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Deleterious variants associated 
with expression outliers!

6586268 18679379 18685964 32795641

39458051 53524308 62334908 72480505

79478007 81571669 93570723 179048449

0
5

10

0
5

10

0
5

10

-6 -3 0 3 -6 -3 0 3 -6 -3 0 3 -6 -3 0 3
Z-Score

C
ou

nt

15k outliers, ~2x enriched for novel vars w/ 
CADD>20  !



Summary & Conclusions!
•  Majority of genes now have detectable eQTLs!
•  Tissue restricted and ubiquitous eQTLs are 

common!
•  Regulatory element overlap can predict eQTL 

activity!
•  Expanded catalog of tissues improves GWAS 

interpretation!
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www.gtexportal.org!
•  Summary level data available without restriction!
•  Utilities for eQTL browsing!
•  SNP, gene level queries!
•  Expression, splicing, PTVs!
•  Much, much more!
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