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Overview

What are we going to do in the ‘post-GWAS era’?

What is an expression quantitative trait locus 
(eQTL)

Development of field of eQTLs

- Effects of SNPs / CNVs on gene expression

- Convergence and phenotypic buffering

- Next-generation sequencing / RNA editing

How to conduct an eQTL study:

- Some quality control considerations

- How to detect more subtle eQTLs



1.320 
disease
genes

Results of five years of GWAS studies

Based on data from Teri Manolio’s ‘A Catalog of Genome-Wide 
Association Studies’



Next question: Where to go?

Find rare variants, 

identify causal 

variants

What is the role of 

the epigenome in 

disease?

What are the 

downstream effects 

of the associated 

variants?

How do variants and 

enviromental factors 

interact to cause 

disease?



Functional follow-up

Goal: Elucidate the 

downstream pathways that 

are affected



Functional follow-up

Common strategy:

Knock-down, knock-
out, overexpression 
assay in:
- Cell line
- Model organism

Advantages:
- One single perturbation
- Different perturbations 
possible
- Many potential read-outs
- Cost-effective

Disadvantages:
- Effects in vitro the same as in vivo?
- Effect of knock-out the same of SNP 
variant?
- Effects in model organism comparable to 
humans?
- Possible to observe measurable effect for 
SNPs 
  with a very small effect size (e.g. 1.1)? 
  Don’t we need many samples?



Functional follow-up: genetical 
genomics

Genetical genomics: High-
throughput systematic 
approach to gain insight in the 
effects of genetic variants on 
gene, protein and metabolite 
expression.



Genetical genomics: What is an eQTL?

Cis-eQTL

Trans-eQTL



cis-eQTLs

A few cis-eQTL examples:



cis-eQTLs: CNVs and SNPs

Effects of CNVs on cis-gene expression (GBP3, 45 JPT 
samples)

Stranger et al, Science 2007

Chromosome 1

SNP significance threshold

CNV significance threshold



cis-eQTLs: celiac disease

Hunt et al, 2008, Nature Genetics: 9 associated loci (cis-eQTL analysis in 

119 samples)
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Associated Locus 
2q11-12

rs917997

Dubois et al, 2010, Nature Genetics: 40 associated loci

cis-eQTL study conducted in peripheral blood (1,469 unrelated 

individuals): 

50% of loci affect gene expression in cis.



cis-eQTLs: celiac disease

Dubois et al, Nature Genetics 2010



trans-eQTLs

A few trans-eQTL examples



trans-eQTLs: T1D SNP affects anti-viral gene 
network

rs9585056 near Epstein–Barr virus induced gene 2  (EBI2):

- Affects interferon regulatory factor 7 (IRF) driven inflammatory 
network

- Associated with type 1 diabetes (P = 7 x 10-10)

September 2010



trans-eQTLs: T1D SNP affects anti-viral gene 
network

Chromosome 13q32
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(P
) T1D association

cis-eQTL effect

IRF7 driven inflammatory 
gene network



trans-eQTLs: HDL and T2D SNP: master regulator

Small et al, 2011



trans-eQTLs: Mean platelet volume & blood 
coagulation

Blood coagulation genes: 

Is C19orf33 a blood 

coagulation gene as 

well?

Trans effects of mean platelet volume SNPs 
(1,469 peripheral blood samples)

Fehrmann et al, PLOS Genetics 2011



Convergence: pairs of unlinked SNPs affect the 
same gene

Fehrmann et al, PLOS Genetics 2011



Phenotypic buffering

Fehrmann et al, PLOS Genetics 2011



Recent developments

Recent developments

RNA-sequencing RNA-editing



RNA-sequencing

April 2010

Observations:

- RNA-sequencing can interrogate entire transcriptome

- Possible to investigate allele-specific expression (see also Heap et al, 
HMG 2010)

- With limited read-depth accurate gene expression levels can be 
established

- RNA-sequencing soon expected to match cost of RNA microarrays 

  when aiming for the same dynamic range



RNA-editing: Role for genetic variation here 
as well?

Observation: 

RNA editing is a widespread phenomenon (10,000 exonic sites 
detected where RNA sequence did not match DNA sequence)

RNA-DNA differences (RDD) in B-cells and EST clones:

Might SNP variation 

affects this RNA 

editing? ‘RNA-

editingQTLs’?



Conclusions

eQTL studies provide insight in the downstream 
effects of trait-associated SNPs.

However, considerable sample sizes are required 
as effect sizes on gene expression are usually 
very small. 

Important consequence for dedicated small-scale 
wet-lab experiments: In order to delineate the 
downstream effects of SNP variation, many 
samples are required. Some advice: Be careful 
when considering experiments on SNPs that you 
have found associated with a complex disease.

Future eQTL meta-analyses will increase 
statistical power to detect more downstream 
effects: Will we identify many previously unknown 
pathways?

-

-

-

-



Conducting an eQTL study

Do it yourself:

How to conduct 
an eQTL study



Conducting an eQTL study

Conducting an eQTL study is not very difficult:

- Collect genotype data

- Collect gene expression data

- Correlate SNP genotypes with expression levels.

Two considerations:

- Sample mix-ups might have actually have 
happened

- A considerable amount of expression variation is 
not 
  genetically determined, but due to differences in 

  physiological or metabolic state



Sample mix-ups: how to identify them

Westra et al, Bioinformatics, 2011



Sample mix-ups: do they happen?

Westra et al, Bioinformatics, 2010

eQTL datasets with mix-ups Effect of correcting for these mix-ups

On average 3% of 

eQTL samples are 

mixed-up



Sample mix-ups: effect of sample mix-up 
correction

Choy et al, PLoS Genetics 2009
Westra et al, Bioinformatics 2011

Choy et al dataset, all 270 HapMap 
samples analyzed using Affymetrix U133-
A platform



Remove non-genetic expression 
variation

Large proportion of expression variation is 
determined by genetic variation but due to e.g.: - 
Physiological state of samples

- Environmental state of samples (e.g. fasting vs. 
non-fasting)

RNA blood expression 
when you wake up

RNA blood 
expression 
after diner

Get rid
 of this 

‘noise’? Principal 

component 

analysis correction

Dubois et al, Nature Genetics 2010



Correct for sample-mixups and non-genetic 
components

HapMap 
Populatio

n

Origina
l data

After sample mix-
up identification 
and correction

After mix-up 
correction and 

removal of 
physiological and 

metabolic components

CEU 558 558 717

YRI 274 287 383

CHB+JPT 138 418 661

Meta-
analysis

1277 1508 1995

Choy et al, PLoS Genetics 2009
Westra et al, Bioinformatics, 2011

56% increase 

in detectable 

eQTLs



Conclusions

Conclusions:

- Pay attention to the possibility that sample 
mix-ups exist

- Batch effects and physiological / metabolic 
changes that 
  are not genetically determined strongly affect 
gene 
  expression. Methods exist that can remove 
these effects 
  (e.g. principal component analysis)

-Meta-analyses increase the probability to detect 

  significant eQTLs

- The field of eQTL research is quite new, but 
hopefully
  will further our understanding of trait-
associated SNPs!
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