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Genes, regulatory DNA, and epigenetic features 



Genes, regulatory DNA, and epigenetic features 

- promoters 
- enhancers 
- silencers 
- insulators 
- etc. 

DNaseI 



Creating deep maps of human regulatory DNA 

genome.ucsc.edu   www.roadmapepigenomics.org 

www.uwencode.org  vishub.wustl.edu 

   

  www.encode-roadmap.org 

http://www.roadmapepigenomics.org


 >340 cell types, tissues, and developmental stages 

 Model cell lines, Primary cells in culture 

 Ex vivo hematopoietic cells, Fetal tissues (late 1st – late 2nd trimester)
 

 

 ~100,000 - >250,000 DHSs per cell type (0.5-1.5% of genome)
 

 

 Collectively >4 million distinct elements 

 ~800,000 cell type-specific,  ~3,500 constitutive 

 Comprehensive annotation of known regulatory DNA 

 99% of experimentally-validated enhancers, silencers, 

 insulators, locus control regions 

 

A global atlas of human regulatory DNA 



www.encode-roadmap.org 



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 

~1.8-fold for all replicated variants in all disorders 

>10-fold for specific disese-cell type pairings 

Maurano et al., Science 2012 



The effect increases monotonically with other measures of higher 

quality associations 

Maurano et al., Science 2012 



#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 



#3 

Common diseases and traits 

with known or suspected 

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 

GWAS variants in regulatory 

DNA control distant disease-

related genes 



Chromatin 

interactions 
(ChIA-PET) 

Regulatory GWAS variants linked to distant genes with causative potential 

Maurano et al., Science 2012 



Regulatory GWAS variants linked to distant genes with causative potential 

Chromatin 

interactions 
(ChIA-PET) 

Maurano et al., Science 2012 



Regulatory GWAS variants linked to distant genes with causative potential 

Chromatin 

interactions 
(ChIA-PET) 

Maurano et al., Science 2012 



Regulatory GWAS variants linked to distant genes with causative potential 

Maurano et al., Science 2012 



#5 

A significant fraction of GWAS 

variants falling in regulatory 

DNA directly affect TF 

occupancy 



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 

Disease-associated variants 

cluster in regulatory 

pathways and form 

regulatory networks 



Within regulatory DNA, disease-associated variants systematically 

localize within relevant TF recognition sites 

Maurano et al., Science 2012 



Transcription factor gene 

promoter 

promoter 

enhancer 

enhancer 

enhancer 

enhancer 

Targets of transcription factor 

in promoters and enhancers 



Disease variants cluster in regulatory pathways 



Transcription factor gene 

promoter 

promoter 

enhancer 

enhancer 

enhancer 

enhancer 

Mendelian Common 



~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 



A common regulatory network underlies diverse malignancies 



#7 

Many, many more variants 

show these effects than 

so-called genome-wide 

significant SNPs 



Selective enrichment of GWAS variants in pathogenic cell types 

Maurano et al., Science 2012 



Selective enrichment of GWAS variants in pathogenic cell types 

Maurano et al., Science 2012 



Selective enrichment of GWAS variants in pathogenic cell types 

Maurano et al., Science 2012 



Selective enrichment of GWAS variants in pathogenic cell types 

Maurano et al., Science 2012 



Summary & Implications 

Significant majority of variants localize in fetal-stage regulatory DNA  

 Developmental contribution to common adult disorders  and traits  

Many GWAS data are untapped 
Many additional disease-associated variants that do not meet “genome-wide  

     significance” also localize within regulatory DNA 

Common networks connect disorders within broader disease classes 
Shared genetic liability at the level of transcription factor networks 

Systematic localization of disease-associated variation in regulatory DNA 
Enables a coherent approach to understanding the role of non-coding variants 

Deep maps of regulatory DNA in normal cells enable pathogenic insights 
Pathogenic cell types for many disorders are not well-defined 
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Linking regulatory DNA with its cognate gene(s) 

Promoter DHS 

* * * * 

Applied to 1,524,865 DHSs across 79 cell types 

(DHSs+/-500kb) 
580,000 

co-regulated DHSs 

Promoter-correlated DHSs 



Thurman et al. Nature 2012 

Maurano et a., Science 2012 

Correlated DHS-promoter pairs physically interact 



Disease/trait-associated variants cluster in physiologically relevant 

transcription factor binding sites 


