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Genes, regulatory DNA, and epigenetic features 



Genes, regulatory DNA, and ‘epigenetic’ features 

-‐ 	  promoters	  
-‐ 	  enhancers	  
-‐	  silencers	  
-‐ 	  insulators	  
-‐ 	  etc.	  



Creating deep maps of human regulatory DNA 

www.encodeproject.org        www.roadmapepigenomics.org 
   
     www.encode-roadmap.org 





Closing in on a comprehensive atlas of human regulatory DNA 



Regulatory DNA variation 
associated with common 

diseases and traits 



Identification of disease- and trait-associated variation by GWAS 

GWAS disease/trait associated variants   
x 

Maps of regulatory DNA in >300  diverse cell and tissue types 

GWAS	  Studies	  

Maurano et al., Science 2012 



#1 
Disease-associated variation 

is concentrated in 
regulatory DNA 



Disease- and trait-associated SNPs are concentrated in regulatory 
DNA 



The effect increases monotonically with other measures of 
higher quality associations 

Maurano et al., Science 2012 



Disease- and trait-associated SNPs are concentrated in regulatory 
DNA 

~1.8-fold for all replicated variants in all disorders 

>10-fold for specific disese-cell type pairings 



#2 
GWAS variants selectively 
localize in pathologically 

relevant cell types 



Disease-associated variation clusters in pathogenic or target cell 
types 

Maurano et al., Science 2012 



Cell-selective enrichment of trait-associated variants 

Red blood cell traits 



#3 
Diseases and traits with 

developmental contributions 
preferentially localize in fetal 

regulatory DNA 



Most variants lie in regulatory DNA of fetal origin 

Maurano et al., Science 2012 



Fetal regulatory variants are enriched in traits & diseases with 
known links to intrauterine exposures 

Maurano et al., Science 2012 



#4 
Don’t assume local effects 



#4 
Regulatory DNA harboring 

GWAS variants mainly controls 
distant genes 



Closing in on a comprehensive atlas of human regulatory DNA 



Thurman et al. Nature 2012 
Maurano et a., Science 2012 

How is regulatory DNA ‘wired’ in cis? 



How is regulatory DNA ‘wired’ in cis? 

Thurman et al., Nature 2012 



Chromatin 
interactions 

(ChIA-PET) 

Regulatory GWAS variants linked to distant genes with causative potential 



Regulatory GWAS variants linked to distant genes with causative potential 

Chromatin 
interactions 

(ChIA-PET) 



Regulatory GWAS variants linked to distant genes with causative potential 

Chromatin 
interactions 

(ChIA-PET) 



Regulatory GWAS variants linked to distant genes with pathogenic potential 

Maurano et al., Science 2012 



#5 
GWAS variants in regulatory 
DNA selectively localize to 

relevant TF recognition sites 
and many directly affect TF 

occupancy 



Within regulatory DNA, disease-associated variants systematically 
localize within relevant TF recognition sites 



Disease/trait variants specify allelic chromatin states 



Overall,	  20.5%	  of	  GWAS	  SNPs	  exhibit	  significant	  allelic	  imbalance	  
	  
For	  those	  with	  high	  sequencing	  depth	  (>200x),	  38.7%	  

Disease/trait variants specify allelic chromatin states 

Maurano et al., Science 2012 



#6 
GWAS variants cluster in 

regulatory pathways and form 
regulatory networks 



~25% of rGWAS inflammatory disease variants lie in IRF9 pathway 

P < 1.6 x 10-13 



A common regulatory network for autoimmune disease 

Maurano et al., Science 2012 



#7 
ENCODE and GWAS data can 

be combined to pinpoint 
disease/trait-relevant 

cell types 



Cell-selective enrichment of trait-associated variants 

Red blood cell traits 



Selective enrichment of GWAS variants in pathogenic cell types 



#8 
Many, many more variants 

show these effects than 
caconical ‘genome-wide 

significant’ SNPs 



Selective enrichment of GWAS variants in pathogenic cell types 

Maurano et al., Science 2012 
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