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Expression Quantitative Trait Loci 

(eQTL) mapping

Ã Goal of eQTL:

Ä Identification of 

relations between 

SNPs and the 

expression profile
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SNP data

Gene expression 

profile

Relations

in
d

iv
id

u
a

ls
in

d
iv

id
u

a
ls

9.91 9.92 9.93 9.94 9.95 9.96 9.97 9.98

x 10
7

0

10

20

30

40

50

e
Q

T
L

 L
O

D

Position in chr. 7

0.01% FPR 0.01%

F
P

R



HapMap SNPs

Ã 270 individuals from 3 populations

Ã 3.1 million Single Nucleotide Polymorphisms (SNPS) genome-wide

Individuals
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DNA microarray

Ã Gene expression 

profile for all 

HapMap individuals

Ä270 individuals

Ä40 000 probes

ÄEpstein-Barr virusï

transformed 

lymphoblastoid cell 

lines 
(Stranger et al Nature genetics 

2007)

Example of 40.000 probe spotted micorarray 



Challenges for eQTL linkage 

analysis

Ã Non-genetic influences on gene expression 

obscure relations 

ÄVariability in expression data is due to both, 

genetic and non-genetic factors: environmental 

conditions, developmental stages

Ã Nearby SNPs in linkage disequilibrium

Ã Size of datasets, computational complexity

Ã Co-expression of genes



Outline
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FA-eQTL on 

haplotypeblocks

0

5

10

15

F
A

-e
Q

T
L

 L
O

D

SLC35B4

0.01% FPR

 

 

0.01%

F
P

R

SLC35B4

1.3354 1.3356 1.3358 1.336 1.3362 1.3364 1.3366 1.3368 1.337 1.3372 1.3374

x 10
8

0

5

10

15

F
A

-e
Q

T
L

 B
lo

c
k
-L

O
D

Position in chr. 7

0.01% FPR

 

 

0.01%

F
P

R

SLC35B4

0

5

10

15

e
Q

T
L

 L
O

D

SLC35B4

0.01% FPR 0.01%

F
P

R

RECOMB08, Accounting for Non-Genetic Factors Improves the Power of eQTL Studies



eQTL

Standard 

eQTL

FA-eQTL

accounting for 

non-genetic 

factors

0

5

10

15

F
A

-e
Q

T
L

 L
O

D

SLC35B4

0.01% FPR

 

 

0.01%

F
P

R

SLC35B4

0

5

10

15

e
Q

T
L

 L
O

D
SLC35B4

0.01% FPR 0.01%

F
P

R

1.3354 1.3356 1.3358 1.336 1.3362 1.3364 1.3366 1.3368 1.337 1.3372 1.3374

x 10
8

0

5

10

15

F
A

-e
Q

T
L

 B
lo

c
k
-L

O
D

Position in chr. 7

0.01% FPR

 

 

0.01%

F
P

R

SLC35B4

FA-eQTL on 

haplotypeblocks



Ã Log-odds between linear 

relation model and a 

background model, per 

gene yg and SNP s

Ã Permutation testing to 

asses significance of 

associations

Traditional Expression Quantitative 

Trait Loci (eQTL)

log10

nQ
j

P (yg j j sj ;µg )

P (yg j j µb ck )

o

Model for a single SNP LOD scores

ɗ ×

Genetic 

factors

gene expression 

levels

SNP at different 

loci

genetic 

weight vector noise

Individuals 1..J

ygj

P(ygj j sj ; µg) = N
³

sj :µg; Ãg

´

sj

Genes 1..G



FA-eQTL

Standard 

eQTL

FA-eQTL

accounting for 

non-genetic 

factors
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FA-eQTL - Model

sjsj

ɗ ×

Genetic 

factors

gene expression 

levels

SNP at 

different loci

genetic 

weight vector
noise

Individuals 1..J

ygj

Genes 1..G



FA-eQTL - Model

Ã The algorithm effectively performs eQTL on the residuals of the 

non-genetic factor model

xsjsj

ɗ × ×
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factors
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FA-eQTL - Model

Ã The algorithm effectively performs eQTL on the residuals of the 

non-genetic factor model
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NGgj

Inference and Learning

Ã Often non-genetic 

factors not 

orthogonal to 

genetic factors

Ã Variational Updates 

between both 

ñsidesò of the model 

ÄScheduling order:

start with genetic 

model

Non-genetic 

factors

gene expression 

levels

noise

Individuals 1..J

ygj

Genes 1..G

Genetic 

factors

Ggj

P(ygj j Ggj ; N Ggj ) = N
³

Ggj + N Ggj ; Ãg

´



Experimental results on HapMap 

data

Ã Comparison of eQTL and FA-eQTL for a 

selection of 4 Chromosomes

ÄRelation between SNPs in one Chromosome and 

corresponding genes

Ä0.01% false positive rate

Chr 2 Chr 7 Chr 11 Chr X Total FDR

eQTL 24 13 39 5 81 2%

FA-eQTL 82 44 84 12 222 2%



Experimental Results on HapMap 

data II

Chr. Position gene
ɲeQTL 
score

ɲFA-eQTL 
score

7 7.55Mb POMZP3 79.1 73.2

7 12.81Mb IRF5 64.9 79.4

11 7.41Mb XRRA1 63.9 70.4

X 11.18Mb AMOT 52.0 56.0

2 24.17Mb STK25 51.7 95.0

7 11.57Mb CAV2 51.4 51.3

7 11.57Mb CAV2 48.0 48.0

2 21.69Mb RPL37A 47.7 71.9

2 20.13Mb PPIL3 44.0 60.5

11 6.40Mb SF1 33.4 33.9

11 6.66Mb RPS6KB2 33.2 77.3

2 8.58Mb POLR1A 32.4 72.1

11 1.83Mb LDHC 28.6 28.7

11 0.04Mb CD151 27.8 45.6

11 6.82Mb MRPL21 27.8 79.2

11 5.68Mb TIMM10 27.3 49.4

7 10.78Mb THAP5 27.1 81.6

11 3.29Mb CSTF3 25.4 72.5

7 9.91Mb TRIM4 24.9 64.4

2 4.65Mb CRIPT 24.4 45.5

2 9.88Mb TSGA10 22.9 28.3

11 0.20Mb C11orf21 21.1 20.2

2 7.42Mb MRPL53 20.5 39.8

2 2.50Mb DTNB 18.9 29.4

7 15.60Mb C7orf13 18.5 24.3

11 4.35Mb HSD17B12 18.0 48.7

11 11.81Mb TRAPPC4 17.9 58.3

7 6.45Mb RABGEF1 16.5 45.4

...

X 48.32Mb RBM3 0.2 8.8

Top relations in Chromosome 2,7,11, X
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Block FA-eQTL

Standard 

eQTL

FA-eQTL

accounting for 

non-genetic 

factors

FA-eQTL on 

haplotypeblocks
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Experimental Results

Block FA-eQTL

Ã Modest increase in total number of significant 

associations compared to FA-eQTL

Ã Haplotype Blocks enhance interpretability of 

identified relations

Ã Computational complexity is lower compared to 

individual SNPs

Chr 2 Chr 7 Chr 11 Chr X Total FDR

eQTL 24 13 39 5 81 2%

FA-eQTL 82 44 84 12 222 2%

Block FA-eQTL 117 57 86 14 272 2%



Modelling Co-expression
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Modelling Co-expression

xsjsj

ɗ × ×
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Modelling Co-expression

Ã Non-genetic factors: 

broad effects

Ä non-sparse

Ã Genetic factors:

Heavy tailed prior on 

mixing matrix

Äsparse

×

co-

expression 

factors

gene expression 

levels

FA weight 

matrix

Individuals 1..J

ɗ

Genes 1..G

yjg

zjk

Factors 1..K

C

Aʧ
C=1..2



Experimental Results on Yeast

Ã Brem Yeast, 6000 genes, 3000 genetic markers

Ã FA-eQTL

0.01% FPR



Experimental Results on Yeast II

Ã Brem Yeast, 6000 genes, 3000 genetic markers

Ã FA-eQTL + co-expression

0.01% FPR



Conclusion and future work

Ã Bayesian eQTL model to account for non-

genetic factors

ÄSignificant increase in statistical power

Ã Combination with

ÄHaplotype Block models

ÄCo-expression models

Ã Different co-expression models

Ã Incorporation of biological prior knowledge
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Evaluation of non-genetic factor 

models

Ã Evaluation based on 

predictive 

performance

Ã Intuition: models 

that capture long-

range correlations 

explain non-genetic 

effects
From 4 training/test splits (75%)



Relation finding with Haplotype 

blocks

Ã Genetic variations 

due to mutation and 

recombination

ÄRecombination 

Hotspots

Ã Haplotype Block 

model 

Äancestral library

Äblock-boundaries

Block boundaries

colour coded:

ancestral indices

SNPs

in
d
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id
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Relation finding with Haplotype 

blocks II
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Human genetic variation

Ã Structure of genetic 

variation
ÂBetween populations

ÂWithin populations

Ã How does genetic 

variation influence
ÂRisk for disease

ÂHealth

ÂResponse to drug therapy


