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Charting human epigenomes

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’



3 billion base pairs of DNA
e ANANANANAN

"beads-on-a-string” 11 nm

form of chromatin

Two meters of DNA in a nucleus
smaller than of the head of a pin

30-nm chromatin
ﬁber Of AR S Q|
packed nucleosomes R W o

section of
chromosome in an
extended form

condensed section
of metaphase
chromosome

entire
metaphase
chromosome

Alberts, Molecular Biology of the Cell



Genes and DNA elements in ‘open’ chromatin

Chromosome (polytene) Nucleus

nuclear
envelope B

peripheral {
heterochromatin

silver
grains [

Open chromatin,

transcribed gene Active/transcribed

Compact

Genes and control elements are accessible to
RNA polymerase and other regulatory proteins




Chemical ‘tags’ underlie chromatin organization

DNA methylation Histone modifications
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Epigenetic regulation of development

Development & Cell Type-Specific Gene Chromatin Structure
Lineage-Specification Expression Programs & the Epigenome

Cell Type A Cell Type B

P@ Gene X P@

[ cenev_ [
[ cenez_I¥
_I_>_GeneAA_|_>_

P.e) Gene ZZ_I_.>_




Epigenomics of human disease

* Cancer 1s a genetic and epigenetic disease
* Aberrant DNA methylation 1s 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
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International Human Epigenome Consortium
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Genome-wide maps of epigenomic features

Next-generation sequencing has transformed epigenomics research

Whole Genome Dnase-seq ChlP-seq

Bisulfite Slequencing J l\
DNA methylation DNA Histone Polycomb
[@] accessibility modifications complex

binding
proteins

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



Methylomes of pluripotent stem cells ﬁ
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1. Whole methylomes for ES cells by bisulfite sequencing (Lister et al, Nature 2009)

ACT"CGT C» ATTCGT > Deep sequence (20x genome coverage)

2. Epigenomic defects in iPSCs

left: ES cell lines

3. Epigenome->developmental potential

right: iPS cell lines
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epigenomics

Mapping histone modifications ﬁwr
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H3K36me3 PC1

Epigenomes and cell phenotypes
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Jiang Zhu, Mazhar Adli, Noam Shoresh, Chuck Epstein, Xiaolan Zhang (Broad/MGH)
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Large domains of repressive chromatin

H3K27me3 PC1

formed during lineage-commitment ﬁ
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« Epigenome mapping centers highlight prominent
role of epigenetic repression in lineage-restriction

* Rich resource for development, regenerative
medicine and disease research

H3K27me3 PC2
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Signature histone modification patterns
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Genome annotation by chromatin state WwWedly
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 Learn recurrent modification patterns or ‘states’ by HMIM
« Annotate genome by chromatin states -> enhancers, other elements
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~100 billion bases

> Single genome-wide annotation for each cell type




Regulatory elements are cell type-specific 71N
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Reqgulatory elements can be grouped

based on their cell type-specific activity (L

Promoter clusters
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Enhancers can be linked to target genes
based on correlated activity profiles [

Enhancer clusters Proximal genes

Cluster
Size

B,5965
79,288

5,866
13,242
11,358
86,591

7,158
47,055
14,311

8,392
b4,528
12,737
19,127
12,885
44,673
15,336
21,538
45,026
15,355
12,601

K562
GM12878
HepG2
HUWVEC
HSMM
MNHLF
MHEK
HMEC
H1ES
K562
GM12878

{=]
(¥
[=1
=
{=1
=
&
{=1
{=]
{=1
{=]
=
=1
=

=)
=

ON OFF ON
ON ON ON
OFF ON OFF

X OFF OFF OFF

A I O R -

iil]I?E.ﬂ

Cluster coefficient Mearest gene expression

BBV R 2 o o oo 0 QNEAEYEIEICIBS e o os o o

Cluster Coef/Gene Expr Correlation

-10 -08 -D.I-|-ﬂ2|lll2l|l'.'l.2|ﬂ.4|ﬂ'j|l].ﬂ-|:l.l]|

[e]z]ele]e]e[e]e]e]e]e]e]e]e]e]e]e]e]E]8] correlation

4 IO DVOZE~®"e _ITOTmMOO D




Enhancer-gene linkages supported by QTLsS ’,’/II.

Enhancer clusters Proximal genes
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Predicting upstream regulators of enhancers ’,’/II.

Enhancer clusters Upstream TFs?
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Predicting upstream regulators of enhancers

Enhancer clusters Activator signatures Repressors

PPARY
Bachl
Bach2
|| CTCF
AP-&
NF Y
HE:Nl
Nrf-2
Ascl2

H ] —
=
[G]
user [T TTTTTTTTTITTTTTITITTITT [ B | 1]
Size

W
W
™ A
I =
3

|~ GM12878

b,965

79,288

vl [~ | HUVEC

5,866
13,242
11,3588
86,591

B |« |~ |~ | NHEK

i

7,158

47,085
14,311

i~
2
o
[a1]
L
3
4
S
10
14
1
51

8,392

w | Bl=|=Rm|= B[ [w]|~]=]HSNMM

bd,528

A

[
i
h
h

MY

g

W e |B= | |B] =

12,737

19,127 L——'|

b|lw B e w | B =]~ |B 8w ]|~ HMEC

N
o

[
(%,

=Y

45,026

o (7] (7] ey %] (]

15,355

4 IO DVOZE~®"e _ITOTmMOO D

B.n.uum.—nmmmmu.—nml.n.—n

LT I I BT O AT I TR I I I O (TR Y

A B B R B T T I

-
o

N

12,601

Cluster coefficient

oo o o o3 [ R

wv

12,885]|
' Enhancer activity in HepG2 L—'
Wild-type Permuted
.HNF motif O HNF motif
l (G clantiortl (Gt

LLLbkes

15,336
21,938

E5 E4 E10 E8 E2 E3 E9 E1 E7 E6
Enhancer construct tested

Luciferase relative light units

O




Incorporating distal enhancers into \
a genome regulatory network My’ [

« >100,000 predicted enhancers
« ~10% linked to candidate target genes
« ~25 cell type-specific TFs as upstream regulators



Disease SNPs enriched in enhancer states

GWAS: Most disease-associated variants are non-coding
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O Acute lymphoblastic leukemia
@ Adhesion molecules

@ Adiponectin levels

© Age-related macular degeneration
O AIDS progression

O Alcohol dependence

O Alzheimer disease

O Amyotrophic lateral sclerosis
O Angiotensin-converting enzyme activity
@ Ankylosing spondylitis

@ Arterial stiffness

@ Asthma

@ Atherosclerosis in HIV

© Atrial fibrilation

@ Attention deficit hyperactivity disorder
O Autism

@ Basal cell cancer

© Bipolar disorder

@ SBilirubin

@ Bladder cancer

@ Blond or brown hair

© Blood pressure

@ Blue or green eyes

@ BMI, waist circumference

O Bone density

© Breast cancer

@ C-reactive protein

@ Cardiac structure/function

@ Canitine levels

(<] Carotenoid/tocopherol levels
QO Celiac disease

@ Chronic lymphocytic leukemia
© Cleft lip/palate

@ Cognitive function

@ Colorectal cancer

© Coronary disease

@ Creutzfeldt-Jakob disease
@ Crohn’s disease

(control SNPs do not show any preference)

Disease SNPs enriched >2-fold in enhancer chromatin states

@ Cutaneous nevi

@ Dermatitis

@ Drug-induced liver injury
@ Eosinophil count

@ Eosinophilic esophagitis
@ Enythrocyte parameters
© Esophageal cancer

© Essential tremor

© Exfoliation glaucoma
@ F cell distribution

O Fibrinogen levels

@ Folate pathway vitamins
O Freckles and burning
QO Gallstones

@ Glioma

© Glycemic traits

QO Hair color

@ Hair morphology

O HDL cholesterol

O Heart rate

O Height

O Hemostasis parameters
O Hepatitis

O Hirschsprung's disease
O HiV-1 control

O Homocysteine levels
@ Idiopathic pulmonary fibrosis
@ IgE levels

@ Inflammatory bowel disease
@ |Intracranial aneurysm
@ Iris color

@ Iron status markers

@ Ischemic stroke

QO Juvenile idiopathic arthritis
@ Kidney stones

@ LDL cholesterol

© Leprosy

© Leptin receptor levels



Disease SNPs correlate with enhancers

that are active In

related cell types
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Rheumatoid arthritis (Ref. 40) GM12878 29 7 | 20x107 | 0.03 o |lofis|o|z2|o|o]z2]3
Primary billary cirrhosis (Ref. 41) GM12878 6 4 | 60x107 | 0.03 olunjla|o|oflofo|a]|s
Systemic lupus erythromatosus (Ref. 42) GM12878 18 6 9.0x107 0.03 g4 | |lafs|a]|o|3]|s
Lipoprotein cholesterol/triglycerides (Ref. 43) HepG2 18 5 12x10° | 0.03 78 |0 f2af3|6|a]|3]|3
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Hematological parameters (Ref. 45) K562 28 6 | 22x10° | 0.03 o7 o|s 77|32
Colorectal cancer (Ref. 46) HepG2 4 3 | 3.8x10° | 0.03 oo | o 66 o120 121
Blood pressure (Ref. 47) K562 9 4 | 5.0x10° | 0.04 o3| |of|w|s| 7|5 |1

Disease/phenotype

Enhancer specificity

Erythrocyte phenotypes<€—> Erythrocytic cells

Lipids, cholesterol <

Lupus, arthritis <

->Hepatic cells
—>Lymphoid cells




GWAS datasets intersected with chromatin states

Erythrocyte phenotypes
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Annotations & regulatory predictions for GWAS ’,’/II,

Blood lipids (HepG2)
Associated SNP coincides with
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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

/ ! I International Human Epigenome Consortium
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