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Expression QTL (eQTL)

RNA expression level of a
gene or a transcript

Inclusion ratio of an exon, ratio of transcript levels, or intron length

Methylation ratio of a CpG site
Chromatin accessibility measured
by ATAC-seq, DNase I-sensitivity, etc.

Histone mark ChIP-seq peak height

Protein expression level of a gene

Any molecular trait with
a locus in the genome

Splicing QTL (sQTL)

Methylation QLT (meQTL) Chromatin accesibility QTL
(chQTL or caQTL)

Histone modification QTL
(hQTL or cQTL)

Protein QTL (pQTL)

Molecular QTL (molQTL)
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178.32 178.34 178.36 178.38 178.40

0
5

10
15

20
25

30
35

G

eQTLs are discovered by collecting data of genetic 

variation and gene expression in a large sample of 

individuals and looking for association between 

genotype and gene expression level. Here, individuals 

carrying the G allele of the variant rs1131799 are 

signi�cantly more likely to have a lower expression level 

of the AGA gene. This association is calculated for all 

variants proximal to the gene in the cis-regulatory region 

to �nd potential cis-regulatory variants. Trans eQTL 

analysis for association variants distant to the gene is 

also possible, but statistically more challenging.

In this example, having the G allele of a genetic 

variant leads to lower expression of the adjacent 

gene. Thus, individuals with different genotypes 

end up with different expression levels. 

This �gure shows the strength of the eQTL 

association for all genetic variants within 50 kb of the 

transcription start site (gray line) of the AGA gene. 

SNP rs11131799 (red) has the strongest association 

with the expression of AGA. However, typically there 

are several signi�cant variants, and eQTL analysis 

does not prove which of them is the causal regulatory 

variant that actually changes genome function. This is 

due to linkage disequilibrium, or correlation of genetic 

variants, which causes several nearby variants to 

re�ect the same signal. 
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Molecular QTL approach can be applied to any molecular trait that can be 
measured quantitatively and has a defined locus in the genome, for example:

The concept and approach for expression quantitative trait locus (eQTL) analysis

980 Cell 171, November 02, 2017 © 2017 Published by Elsevier Inc. DOI http://dx.doi.org/10.1016/j.cell.2017.10.031
See online version for 

legends and references

SnapShot: Discovering Genetic 
Regulatory Variants by QTL Analysis
Margot Brandt1,2 and Tuuli Lappalainen1,2 
1New York Genome Center, 101 6th Avenue, New York, NY 10013, USA; 2Columbia University  
Department of Systems Biology, Irving Cancer Research Center, 1130 St. Nicholas Avenue, New York, NY 10032, USA 



SnapShot: Discovering Genetic 
Regulatory Variants by QTL Analysis
Margot Brandt1,2 and Tuuli Lappalainen1,2 
1New York Genome Center, 101 6th Avenue, New York, NY 10013, USA; 2Columbia University  
Department of Systems Biology, Irving Cancer Research Center, 1130 St. Nicholas Avenue, New York, NY 10032, USA 

Expression quantitative trait locus (eQTL) analysis is an approach for identifying how genetic variation between individuals contributes to inter-individual differences in gene 
expression. In this SnapShot, we describe the basic principles of eQTL analysis and its applications to diverse molecular traits of the cell measured by genomics and proteomics 
assays.
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