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Motivation 

•  The majority of variants reported by GWAS are in 
noncoding regions of the genome 

 
•  Using data from ENCODE, we can annotate noncoding 

regions of the genome and predict the function of disease 
associated noncoding variants 

•  The variant reported by the GWAS (lead/tagged variant) 
may not be causal but is in high linkage disequilibrium with 
the causal variant 
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Conceptual	example	–	using	chroma4n	states	only	

Lead / tag SNP 

•  Highly significant association of SNP with a particular trait 
•  Lack of chromatin state annotation hinders interpretation 
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Conceptual	example	–	using	chroma4n	states	only	

Lead / tag SNP 

•  Highly significant association of SNP with a particular trait 
•  Lack of chromatin state annotation hinders interpretation 
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haplotype block 
 

(i.e., SNPs are in strong LD / highly correlated) 

Key	insight	Haploreg:	exploit	LD-structure	

Lead / tag SNP 

now include these SNPs as well -- guilt by correlation! 	
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Real	example	–	beyond	chroma4n	states	only	
(locus	associated	with	systemic	lupus	erythematosus)	

Lead / tag SNP 

•  Here, SNP located in a GM12878-specific enhancer 
•  But, no further trace of mechanistic explanation 
•  Solution: also consider other (enhancer) SNPs in LD! 
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Bingo:	LD-SNP	strengthens	an	ETS1	mo4f	

•  ETS1 is predicted activator of lymphoblastoid enhancers 
•  Other lupus-associated variants affecting ETS1 locus  
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What’s in HaploReg v4.1 (Updated 5 Nov 2015): 

•  Roadmap epigenomes (HMM segmentation of histone 
modification ChIP on 127 tissues/lines; DNase peaks on 53 
tissues/lines) 

•  Regulatory protein binding (ChIP-seq peaks) and regulatory 
motifs (PWM score change) from ENCODE 

•  Mammalian-conserved sequence elements (SiPhy and GERP 
elements – not scores) 

•  eQTL from GTEx (NIH RNA-seq project on multiple tissues 
from cadavers), GEUVADIS (EU RNA-seq project + WGS on 
1000 genomes LCLs), and 11 other papers 

•  See Ward and Kellis (NAR, 2016) for methods and tutorial 









Only 1 out of 26 haplotype blocks! 
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Result page for the 
strongest catalog 
SNP, rs864643 



Dramatically altered p300 binding 

Overview of QTL study hits 
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http://compbio.mit.edu/haploreg 

Many thanks to Jill Moore and Luke Ward for help with slides! 


