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What is the aim of the paper?
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complex traits 
& diseases

?

lack full understanding of how they act
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What were known?
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• eQTLs are highly enriched among the risk loci for 
complex diseases 

• A large fraction of eQTLs are due to SNPs that 
affect TF binding or other aspects of chromatin 
function at enhancers or promoters 

• Genetic variation might also affect gene regulation 
and function through pre-mRNA splicing 
(conflicting reports)
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• QTL: locations of quantitative traits (traits or phenotypes that 
can be measured. i.e., height or skin pigmentation) in the 
genome 

• eQTL: expression-QTL, how a given genotype (the DNA 
variants) at a particular QTL affects (increase or decrease) gene 
expression at that locus 

• sQTL: splicing-QTL, how a given genotype affect alternative 
splicing pattern of mRNA precursors 

• haQTL: histone-acetylation-QTL 

• xxxQTL: you-name-it
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What did they find?
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Quick Summary



What did they do?
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chromatin modifications
chromatin accessibility

DNA methylation
mRNA levels

transcription rate
RNA decay rate

translation levels
protein levels

human 
lymphoblastoid 

cell lines 
(LCLs)

genetic 
variants

all 8: 32 samples
≥ 6: 68 samples

NEW
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steady-state = balance between 
transcription and decay
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sequential ordered regulatory cascade: 
promoter activity -> txn rates -> mRNA exp. lvls 

-> translation lvls -> protein exp. lvls
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All 1000G P1 SNPs with MAF ≥ 0.05 ±100kb genes

Allele-specific sequencing reads  => QTLs

Mapping of QTLs across the 8 molecular phenotypes
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https://www.encodeproject.org/software/wasp/
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high correlation implies high 
proportion of eQTL sharing

set of significant QTLs with different cutoff -> 
estimate sharing across the regulatory cascade

enhancer-haQTL
~25-50%

promoter-haQTL
>65%
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~ 65% eQTL also affect chromatin

~ 35% (unexplained) eQTL “might be” 
associated with txn elongation
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• LeftCutter (deposited in biorxiv), which uses 
split reads, identified 2,983 sQTLs

• eQTLs are enriched near TSS, and sQTLs 
are enriched within gene bodies (esp. 
introns)

• sQTLs and eQTLs tend to be independent 
=> then how do they affect traits?
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Although most sQTLs do not affect expression, ~90% affect 
CDS, meaning it could potentially affect protein function

Gerstein Lab JC - Li et. al. sQTL. Science, 2016 Donghoon Lee
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chrom-QTLs (CTCF/H3K27ac) more 
likely to affect sQTLs than matched 

control SNPs

direct evidence that genetic variation 
can affect splicing by altering 

chromatin-level traits

sQTLs were modestly enriched for 
association with chromatin-level 

phenotypes
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important role of RNA splicing in 
modulating phenotypic traits

variants that affect splicing make 
a major contribution to the 

genetics of complex diseases

As expected, eQTLs associated with complex traits/diseases
sQTLs were enriched to a 

similar extent or in the case of 
multiple sclerosis to an even 

greater extent than eQTLs
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Conclusion

QTLs

~2/3

~1/3

chromatin

transcribed regions 
(direct or via splicing)
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Critique

• Used 1 sample (YRI LCLs) 

• Used 1 histone ChIP-seq (H3K27ac, active txn) 

• H3K36me3 has known to influence alt. splicing 
as well as nucleosome positioning, replication 
timing
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