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Quantitative trait locus

• A QTL is a genetic variant linked to variations in a measurable trait
• eQTL: gene/mRNA expression
• pQTL: protein expression

• Others
• mQTL: DNA methylation
• vQTL: variance of a trait
• LOF mutations



Using QTLs to model drug effects on targets

• If a genetic variant alters the expression of a gene or the 
abundance of a protein, individuals carrying that variant 
effectively experience a lifelong "experiment" in altered target 
activity.

• For example:
• An eQTL that reduces the expression of gene X can model the effect of a 

drug that inhibits gene X. 
• A pQTL that lowers circulating levels of protein Y can model the effect of 

an antibody that blocks protein Y.
• A common assumption: The direction of gene/protein expression 

changes is assumed to model the direction of drug effects of the target 
(which may not be true)



eQTLs versus pQTLs

eQTL pQTL

Trait Gene expression Protein expression

Advantages • Available in many tissues (e.g. GTEX)
• Large sample sizes (e.g. ~31k in 

eQTLGen)
• Useful when drugs act by changing the 

transcription level of a gene (e.g. mRNA-
based therapeutics)

• Useful when drugs act by activating or 
inhibiting a drug

Limitations • May not be useful when the drug acts on 
a protein (mRNAs levels may not 
correlate with protein abundance)

• Limited data availability (compared to 
eQTL)

• Smaller sample size

Data resources • GTEX
• eQTLGen (whole blood)
• …

• UKB-PPP (N ~54k) (plasma)
• ONTIME (brain, CSF, plasma)
• …



Correlating with disease/health outcomes

• QTLs can be used to test whether the genetically proxied 
modulation of a gene/protein is associated with changes in 
disease risk or adverse outcomes.

• Methods:
• Summary statistics

• Summary-data-based MR
• Coloc

• Individual-level data
• Polygenic score



Mendelian randomisation

• Genetic variants are used as proxies for a modifiable exposure 
and determine whether the exposure causes a disease/health 
outcome.

Sanderson et al. 
Nature Reviews 
Methods 
Primers, 2016



Assumptions of MR

• In order to obtain unbiased estimates, three key assumptions of 
MR need to be met.

Trajanoska and Rivadeneira. Current Osteoporosis Reports. 2018

Outcome  



Summary-data-based MR (SMR)

Download: https://yanglab.westlake.edu.cn/software/smr/
SMR portal: https://yanglab.westlake.edu.cn/smr-portal/ 

https://yanglab.westlake.edu.cn/software/smr/
https://yanglab.westlake.edu.cn/smr-portal/
https://yanglab.westlake.edu.cn/smr-portal/
https://yanglab.westlake.edu.cn/smr-portal/


SMR

• To test if the effect of a SNP 
on a phenotype is mediated 
through gene expression.

• Assumptions:
• Single causal variant
• Linear relationship between 

the exposure and the outcome

• Can also be applied on other 
QTL data

Zhu et al. Nat Genet. 2016



Effect estimate by SMR

• βxy = βzy / βzx 

• Interpretation: βxy represents in the change in disease risk per 1 
unit (e.g. standard deviation) increase in genetically predicted 
gene expression

Gene variant                         Gene expression                       Disease risk

Unmeasured confounder

βzx βxy

βzy

eQTL lecture



SMR calculations 
- example
• Statins are widely used to 

treat coronary artery disease 
(CAD)

• Statins are HMGCR inhibitors
• rs12916 is commonly used to 

proxy for HMGCR inhibition 
and statin use

Wurtz et al. JACC. 2016



SMR calculations - example

rs12916                           HMGCR                           CAD
b_eQTL=0.10 ?

b_GWAS=0.023

βxy = βzy / βzx 

b_SMR = 0.023/0.10 = 0.23

Zhu et al. Nat Genet. 2016



SMR sensitivity analyses

• Locus plot

GCTA



Heterogeneity in dependent instruments (HEIDI)

• The association observed in a 
SMR test could also be due to 
LD between two distinct causal 
variants, one affecting gene 
expression and the other 
affecting trait variation.

• If the SMR association is due to 
LD, we would expect 
heterogeneity in the bxy 
estimates calculated from 
other SNPs that are in LD with 
the SNP used in the SMR test.

Zhu et al. Nat Genet. 2016



Heterogeneity in dependent instruments (HEIDI)

• The smaller the PHEIDI value, the larger the probability of the 
observations being consistent with a model of linkage

p_HEIDI = 2.28E-11p_HEIDI = 0.22



Heterogeneity in dependent instruments (HEIDI)

• The HEIDI test may be too conservative when
• There are multiple associations signals, potentially through different 

mechanisms (e.g. gene vs protein levels), at a single locus
• complex LD structure 



Other sensitivity analyses

• eQTL pleiotropy:
• Genes that are nearby should be tested to rule out pleiotropy

• Tissue specificity
• Replication in a different ancestry
• Replication with pQTL / LOF mutations



SMR portal



Coloc



Coloc

• Colocalisation analysis aims to determine whether two traits 
share the same causal variant in a genomic region.

• Coloc uses the assumption of 0 or 1 causal variant in each trait, 
and tests for whether they share the same causal variant
• if violated: SuSiE-Coloc, GCTA-COJO-Coloc

• Unlike SMR, Coloc can’t provide information on the directionality 
of the association

• Download R package: 
• install.packages("coloc")



Coloc

Giambartolomei  et al. PLOS Genet. 2014



Coloc

PP.H3 > 90%

Giambartolomei  et al. 
PLOS Genet. 2014



Coloc

PP.H4 > 80%

Giambartolomei  et al. 
PLOS Genet. 2014



Individual-level analysis

• A polygenic score (PGS) is a number that summarises the estimated 
effect of many genetic variants on an individual's phenotype (e.g. 
gene expression).

• A PGS can be generated from multiple independent QTLs, and used 
to explore associations with disease outcome

• Logistic regression, Cox proportional hazards regression

eQTL Effect allele Non-effect allele Weight per copy of the effect allele

SNP 1 A C +1

SNP 2 G A +2

SNP 3 T C -1.5

…



Individual-level analysis

• Advantages
• Can use more refined definitions of diseases
• Allows stratification
• Can incorporate multiple genes in a pathway

• Cohorts
• UK Biobank
• All of US
• China Kadoorie Biobank
• Biobank Japan
• …



OmicsPred



OmicsPred



Pathway PRS



OpenGWAS



Open Targets



Things to consider when designing a study

• Cohorts used to generate the QTL and GWAS data (e.g. ancestry)
• Check your GWAS summary statistics (e.g. allele frequency, QQ 

plots, genome build)
• Biological context (e.g. relevant tissues)
• Positive control outcome
• PheWAS (potential side effects)
• MR assumptions



Limitations

• Need to know the drug target genes
• Rely on the availability of QTL data (ancestry, tissue etc.)
• Off-target effects
• Other considerations:

• Brain-blood barrier

Lecture 1



Summary

• Molecular QTLs, such as eQTLs and pQTLs, can be used as 
genetic instruments to infer drug effects

• SMR, Coloc and polygenic scores can be used to interrogate the 
effect of genetically predicted gene/protein modulation on 
disease outcomes
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