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1. Epigenomic features and mapping technologies

2. NIH Epigenome Mapping Centers

‘Reference epigenomes distinguish developmental stage & lineage’

3. ENCODE Project

‘Beyond the genes: shedding light on the genome’s dark matter’

Charting human epigenomes



3 billion base pairs of DNA

Two meters of DNA in a nucleus 

smaller than of the head of a pin

Alberts, Molecular Biology of the Cell



Genes and DNA elements in ‘open’ chromatin

Chromosome (polytene)

Open chromatin, 

transcribed gene

Nucleus

Compact Active/transcribed

Genes and control elements are accessible to 

RNA polymerase and other regulatory proteins



Chemical ‘tags’ underlie chromatin organization

Histone modifications

Lysine acetylation

Lysine methylation

Arginine methylation

Serine phosphorylation

Lysine ubiquitination

DNA methylation Histone modifications
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Epigenomics of human disease

• Cancer is a genetic and epigenetic disease
• Aberrant DNA methylation is a hallmark

• Prevalent mutations in wide range of chromatin enzymes

• Neuropsychiatric, metabolic, developmental disorders
• Mutations in chromatin regulators (MeCP2), aberrant epigenetics

• Long-term consequences of early environmental exposures

• Functional annotation encoded in epigenome vital to understand     

. how genotype gives rise to phenotype in any tissue or disease

Urgent need for reference human epigenomes and toolkits to enable 

disease researchers to characterize and understand these defects

http://www.roadmapepigenomics.org/


Genome-wide maps of epigenomic features

Whole Genome 

Bisulfite Sequencing
Dnase-seq ChIP-seq

RNA-seq

Next-generation sequencing has transformed epigenomics research

But many challenges: direct mC detection, single cell analysis, tissues, etc



Methylomes of pluripotent stem cells

Ecker, Thomson & Colleagues, Nature 2011 Meissner, Eggan & Colleagues Cell 2011

1. Whole methylomes for ES cells by bisulfite sequencing (Lister et al, Nature 2009)

2. Epigenomic defects in iPSCs

HUES8 can’t make macrophages

ACTmCGT ATTCGT Deep sequence (20x genome coverage)

3. Epigenome->developmental potential

http://www.roadmapepigenomics.org/
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3. Integrate reads 

into density profiles
ChIP-seq:

http://www.roadmapepigenomics.org/


Epigenomes and cell phenotypes

Jiang Zhu, Mazhar Adli, Noam Shoresh, Chuck Epstein, Xiaolan Zhang (Broad/MGH)

?

Principle component analysis (PCA)

http://www.roadmapepigenomics.org/


Large domains of repressive chromatin                        

. formed during lineage-commitment

• Epigenome mapping centers highlight prominent 

role of epigenetic repression in lineage-restriction

• Rich resource for development, regenerative 

medicine and disease research

http://www.roadmapepigenomics.org/
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Combinatorial patterns Compendium of chromatin maps

Jason Ernst, Manolis Kellis, Pouya Kheradpour, Tarjei Mikkelsen, Noam Shoresh, Tim Durham 

Chuck Epstein, Xiaolan Zhang, Mike Coyne, Li Wang, Robbyn Issner, Luke Ward, Manching Ku



Genome annotation by chromatin state

~180 ChIP-seq exps

~2.4 billion reads

~100 billion bases 

• Learn recurrent modification patterns or ‘states’ by HMM

• Annotate genome by chromatin states -> enhancers, other elements

Single genome-wide annotation for each cell type



Regulatory elements are cell type-specific

WLS

Reporter-based 

enhancer assay
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Cell type-specific enhancers validated Genome regulatory network

Barabasi et al, 2011

Can we incorporate enhancers into a regulatory 

network by using variations in chromatin state?

• Gene interactions inferred from co-variation

• Ignored non-coding regulatory elements



Regulatory elements can be grouped 

based on their cell type-specific activity

Enhancer clustersPromoter clusters



Enhancer clusters Proximal genes
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Enhancers can be linked to target genes 

based on correlated activity profiles



Enhancer clusters Proximal genes

Enhancer-gene linkages supported by QTLs

E

Chromatin dynamics ~ Genetic variation



Enhancer clusters

Predicting upstream regulators of enhancers

E

Upstream TFs?

Approach:

1. Identify enriched motifs

2. Evaluate expression of cognate TFs

3. Identify signatures for ‘activators’ and 

‘repressors’ of enhancer clusters



Enhancer clusters Activator signatures Repressors

Predicting upstream regulators of enhancers



Incorporating distal enhancers into                  

a genome regulatory network

• >100,000 predicted enhancers

• ~10% linked to candidate target genes

• ~25 cell type-specific TFs as upstream regulators

E

TF1
TF2

TF3

+-

Barabasi et al, 2011



Disease SNPs enriched in enhancer states

Hindorff et al: A Catalog of Published Genome-Wide Association Studies.

GWAS: Most disease-associated variants are non-coding

Disease SNPs enriched >2-fold in enhancer chromatin states

(control SNPs do not show any preference)



Disease SNPs correlate with enhancers     

that are active in related cell types

Disease/phenotype Enhancer specificity

Erythrocyte phenotypes Erythrocytic cells

Lipids, cholesterol Hepatic cells

Lupus, arthritis Lymphoid cells



GWAS datasets intersected with chromatin states



Annotations & regulatory predictions for GWAS

Associated SNP coincides with 

cell type-specific enhancer

SNP affects predicted 

regulatory interactions 



Genome annotations & regulatory predictions  

for biomedical research

• Epigenomic maps reveal non-coding elements & cell type-specificities

• Chromatin dynamics link enhancers, regulators & target genes

• Annotations & regulatory predictions for GWAS

• Integration of ENCODE (TFs, RNAs) & Epigenomics (in vivo tissues) 

data will provide a rich resource for interpreting human disease

http://www.roadmapepigenomics.org/

