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Findings from genome-wide association 
studies (GWASs) 

Visscher et al. 2012 Am J Hum Genet 

~7,000 trait/disease-associated SNPs  



Annotation of SNPs identified by GWASs  
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SNPs identified by GWASs are likely to 

be associated with the disease risk 

through regulation of expression levels 
of nearby genes 

Hindrof et al. 2009 PNAS 



How GWAS SNPs exert the effects on the 
risk of diseases are largely unknown 

Genes closest to GWAS SNPs 

have been reported as 

“susceptibility” genes 

 
SNPs identified by GWASs are 

markers of true causal variants 

(linkage disequilibrium) 



Possibility of regulation of distant 

genes through chromatin 

interactions 

How GWAS SNPs exert the effects on the 
risk of diseases are largely unknown 

SNPs identified by GWASs are 

markers of true causal variants 

(linkage disequilibrium) 



Functional elements across the human 
genome explored by ENCODE project 

Ecker et al. Nature 2012 



Majority of SNPs identified by GWASs 
are located on DNase I hypersensitive 

sites (DHSs), signatures of open 
chromatin status 

Maurano et al. Science 2012 

DHSs in cell types relevant to the diseases 



Fine-mapping by combining a 
comprehensive set of genetic variants 

and information about regulatory 
elements 

GWAS hit True causal variant 

Regulatory element (DHS) in a cell type relevant to the disease 

LD 



Allele specific functional genomics 
Use of heterozygous samples allow us to directory compare 

functional activities of two alleles within the same cellular environment 

Heterozygote 



Allele specific functional genomics 

Allelic differences in distinct stages of transcriptional regulation:  

i) Binding affinities of TF 

ii) Strength of chromatin interactions 

iii) Gene expression levels 

Heterozygote 

Use of heterozygous samples allow us to directory compare 

functional activities of two alleles within the same cellular environment 



Endometriosis 
(자궁 내막증,子宫内膜异位症,子宮内膜症) 

• Estrogen-dependent inflammatory disease 

• 10% of women of reproductive age 

• Main symptoms are pelvic pain and heavy or irregular menstrual 
bleeding, which associated with dysmenorrhea and infertility. 
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GWASs have identified 
several risk loci (1p36, 2p14 , 

2p25, 2q23, 6p22, 7p15, 9p21, 

and 12q22) 



DNase-seq signals at SNPs 
that are in strong LD with the original 

GWAS SNPs 

SNPs identified by GWAS of endometriosis  

are not located on DHS.  

(= less likely to be regulatory SNPs) 



rs17761446 and rs17834457 located in an intron of ANRIL, and  

123 kb apart from transcription start site of ANRIL 

⇒ The DHS is a distal enhancer contacting with promoter of ANRIL 
through chromatin looping interaction? 

Enhancer activity differs according to the SNP allele? 

Endometrial cell lines 



Detection of allele-specific  
chromatin interactions: AS3C-seq 

Nakaoka et al. PLOS Genet 2016 

Chromosome conformation 

capture (3C) assay detects two 

genomic loci interacting within 

the three-dimensional (3D) 

nuclear space. 
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Deviation from 50:50 in the allele-specific read counts of 

next generation sequence  

⇒Difference in the strength of chromatin interaction 
between the two alleles 

AS3C-seq allows to evaluate relative strength 
of chromatin interaction between two SNP 

alleles 

Promoter 



Chromatin loops formed between the candidate causal 
SNP and the fragments around 9p21 genes 

HindIII fragments  



Allele specific chromatin interaction 
between promoter of ANRIL and 

rs17761446 

Protective 
Risk 
 

Ratio between two alleles (G and T)  
was highly significantly deviated from 
50:50 (P<10-16; binomial test) 

Strength of chromatin interaction with ANRIL promoter 

of “G” allele was two times greater than that of “T” 

allele. 



Transcription factor binding motif 

rs17761446 overlap with 
HMG of transcription 
factors:  
Sox and TCF/LEF families 
 
(rs17834457 did not 
overlap with any TF) 



ENCODE ChIP-seq analyses 



Allele specific binding of TCF7L2 to the 
candidate SNP site 

Endometrial carcinoma cell line (HEC251)  



Allele specific expression (ASE) analysis 

Haplotype phasing 

Candidate SNP SNP within transcribed region 
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RNA-seq 

A : a ≠ 50 : 50 

SNP 

Cis-acting expression QTL 

ANRIL 
risk 

protective 



ASE analysis in endometrial cell lines and 
normal endometrial tissues 

Protective G allele 

⇒two times greater expression of ANRIL (P = 3.9ⅹ10-3) 



Summary 

Preferential bindings of TCF7L2 and its coactivator EP300 to the 
protective G allele of rs17761446 lead to stronger chromatin 
interaction with the promoter of ANRIL, which in turn activate 
transcription of the non-coding RNA 



Plausible transcriptional mechanism 
underlying disease-associated variants 
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