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DNasel hypersensitive sites (DHSs) mark regulatory DNA
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~100,000 — 250,000 DHSs per cell type (0.5-1.5% of genome)

Thurman et al, Nature, 2012



Histone modification patterns denote complex chromatin stat
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Surveying the normal epigenomic landscape
Adult cells and tissues
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Surveying the normal epigenomic landscape
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Surveying the normal epigenomic landscape
Embryonic stem and early progenitor cells
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A vast resource for the normal epigenome

~3,000 data sets from over 400 cellular states (cell types,
differentiation states, developmental time points)

~80 highly information rich ‘complete epigenomes’ with
multiple data types per cell/tissue state
DNasel
6-30 histone modifications
DNA methylation
RNA
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Most epigenome features are
highly cell-selective




Most epigenomic features are highly cell- and lineage-selecti
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Most epigenomic features are highly cell- and lineage-selecti
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Connecting epigenomic data
to genes




The epigenome and genes are densely interconnected In cis
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The average enhancer is connected to 1-2 genes
The average gene (promoter) is connected to 15-20 enhancers

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



The epigenome can ‘remember’
prior cellular

states




Developmental persistence of enhancer chromatin accessibility
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Regulatory DNA variation

associlated with common
diseases and traits




Identification of disease- and trait-associated variation by GWAS
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Identification of disease- and trait-associated variation by GWAS
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Disease-associlated variation
1s concentrated in

non-coding regulatory
DNA




Disease- and trait-associated SNPs are concentrated in regulatory
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The effect increases monotonically with other measures of
higher quality associations
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Disease- and trait-associated SNPs are concentrated in regulatory
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GWAS variants selectively
localize 1in regulatory DNA of

pathologically relevant
cell types




Disease-associated variation clusters in pathogenic or target cell
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Cell-selective enrichment of trait-associated variants

Fold enrichment of SNPs in DHSs
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Variants associated with
diseases and traits with

developmental contributions
preferentially localize in fetal
regulatory DNA




Surveying the normal epigenomic landscape
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Most variants lie in regulatory DNA of fetal origin

SNPs in DHSs found
only in adult tissues

(n=348) \ SNPs in fetal-
origin DHSs
11.9% 7 (n=1,696)

SNPs in fetal-/
specific DHSs
(n=887)

Maurano et al., Science 2012



Fetal regulatory variants are enriched in traits & diseases with
known links to intrauterine exposures
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Correcting genetic variation for
epigenetic circuitry

Reqgulatory DNA harboring disease-
associated variants mainly controls
distant genes




The epigenome and genes are densely interconnected In cis
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Regulatory GWAS variants linked to distant genes with causative potential
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Regulatory GWAS variants linked to distant genes with causative potential
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Regulatory GWAS variants linked to distant genes with causative potential
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Regulatory GWAS variants linked to distant genes with pathogenic potentia
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Time to first primary tooth 0.99 PRDM1* Craniofacial development 452
C-reactive protein 0.99 NLRP3 Response to bacterial pathogens 20
Multiple sclerosis 0.98 AHI1* White matter abnormalities 149
QRS duration 0.96 SCN10A* Sodium channel involved in cardiac conduction 181
Breast cancer 0.96 TACC2* Tumor suppressor 411
Schizophrenia/brain imaging 0.95 KIF1A* Neuron-specific kinesin involved in axonal transport 428
Brain structure 0.94 CXCRé* Chemokine receptor involved in glial migration 357
Rheumatoid arthritis 0.94 CT5B* Cysteine proteinase linked to articular erosion 359
Ovarian cancer 0.93 HSPG2* Ovarian tumor suppressor 268
Multiple sclerosis 0.93 ZP1* Known autoantigen 153
ADHD 0.93 PDLIMS* Neuronal calcium signaling 328
Breast cancer 0.88 MAP3KL* Response to growth factors 158
Amyotrophic lateral sclerosis 0.88 CNTN4 Neuronal cell adhesion 306
Schizophrenia 0.81 FXR1* Cognitive function 120
Type 1 diabetes 0.75 ACAD10* Mitochondrial oxidation of fatty acids 343
Lupus 0.74 STAT4 Mediates IL-12 immune response and Tyl differentiation 113
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Disease-associlated variants
selectively localize to relevant

transcription factor
recognition sites




Within regulatory DNA, disease-associated variants systematically
localize within relevant TF recognition sites
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DNasel hypersensitive sites mark regulatory DNA
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Diseasel/trait variants specify allelic chromatin states
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Overall, 20.5% of GWAS SNPs exhibit significant allelic imbalance

For those with high sequencing depth (>200x), 38.7%
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Disease-associlated variants
cluster in regulatory pathways

and form regulatory networks




~25% of inflammatory disease-associated variants in regulatory

DNA perturb the JAK/STAT pathway
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A common regulatory network for autoimmune disease
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A common regulatory network underlies diverse malignancies
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Epigenomic data enable
pinpointing of disease/trait-

relevant cell types




Cell-selective enrichment of trait-associated variants
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Selective enrichment of GWAS variants in pathogenic cell types
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Selective enrichment of GWAS variants in pathogenic cell types
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Summary & Implications

The Roadmap Epigenomics Project has created a vast, high-quality

atlas of the epigenomic states of normal cells and tissues
- A powerful, enabling resource for diverse investigators

Roadmap data can be integrated to reveal important insights into
cellular phenotypes and functions
- Many novel features of the data await exploration and discovery

Disease-associated variation is concentrate in regulatory DNA
—->Enables a coherent approach to understanding the role of non-coding
variants

Reference maps of normal cells enable pathogenic insights
—>Reference maps are a powerful tool that, when combined with genetic
data, may obviate the need to perform deep profiling of disease populations

Although it has covered significant ground, the Roadmap is only a
start

- 0Only a fraction of the true diversity of human cell types and states has
been covered
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