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Supplementary Fig. 1



Supplementary Fig. 1. Genome coverage of 15 chromatin states. Relative 

chromatin state frequency for 60 cancer cells representing 9 types of cancers. 

Genome coverage (log10 standard deviation) of each chromatin state for each 

cancer cell epigenome is shown. Source data are provided as a Source Data file. 
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Supplementary Fig. 2. Genome coverage of 15 chromatin states. Relative 

chromatin state frequency for 9 types of cancers. Average genome coverage 

(stdev) of each chromatin state for each cancer type is shown. Source data are 

provided as a Source Data file. 
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Supplementary Fig. 3. Enrichment of repetitive DNA elements in chromatin 

states. (a) Chromatin state (15-state) enrichments generated from four histone 

modification profiles using 60 human cancer cells. Enrichment of transcription 

factor (TF) occupancy generated from ChIP-Seq data using H1 hES cells (top) 

and K-562 cells (bottom) in 15 chromatin states. Genome coverage and DNase 

hypersensitivity for H1 ES cells (top) and K-562 cells (bottom) is also depicted for 

the 15-state model. (b) ChromHMM neighborhood enrichment analysis: 

enrichment of 15 chromatin states at TSS (top) and TES (bottom) anchor 

positions. (c-e) Genome coverage and enrichment of repetitive DNA (c) class, 

(d) family, and (e) and subfamily members in the 15-state model. (f) UCSC 

browser view of ChromHMM annotations using the 15-state model, which was 

defined using 60 human cancer cell lines and profiling of four histone 

modifications. Each row represents one cell and cancer type. Source data are 

provided as a Source Data file.  
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Supplementary Fig. 4. Enrichment analysis of tumor suppressors, 

oncogenes, and housekeeping genes in chromatin states. Analysis of tumor 

suppressor gene (TSG), oncogene (ONCG), and housekeeping gene (HKG) 

density (genes/bp) in 15 chromatin states for (a) 9 types of cancer and (b) 60 

cancer cell lines. Source data are provided as a Source Data file. 
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Supplementary Fig. 5. Chromatin state cancer-type mutation analysis. (a) 

Cosmic mutation density analysis across 9 cancer types. Mutation density 

(mutation/bp). (b) Mutation type analysis across 60 cancer cell lines. Mutation 

density (mutation/bp). (c) Cancer-type mutation type density analysis. Mutation 

density (mutation/bp). Source data are provided as a Source Data file. 

 

  



1 2 3 4 5 6 7 8 9

B
R

C
N

S
C

O
LC

LE
M

E
O

V
P

R
R

E

E15
E14
E13
E12
E11
E10

E9
E8
E7
E6
E5
E4
E3
E2
E1

 

S
ub

_M
is

se
ns

e
S

ub
_c

od
in

g_
si

le
nt

In
s_

Fr
am

es
hi

ft
D

el
_F

ra
m

es
hi

ft
S

ub
_N

on
se

ns
e

D
el

_I
n_

fra
m

e
In

s_
In

_f
ra

m
e

C
om

_f
ra

m
es

hi
ft

N
on

st
op

_e
xt

en
si

on
C

om
_d

el
et

io
n_

in
fra

m
e

C
om

_i
ns

er
tio

n_
in

fra
m

e
W

ho
le

_g
en

e_
de

le
tio

n
C

om
_c

om
po

un
d_

su
bs

tit
ut

io
n

mutation type

Mutation density 
(mut/bp)

BR_BT-549
BR_HS_578T
BR_MCF7
BR_MDA-MB-231
BR_MDA-MB-468
BR_T-47D

CNS_SF-268
CNS_SF-295
CNS_SF-539
CNS_SNB-75
CNS_U251

CO_COLO_205
CO_HCC-2998
CO_HCT-116
CO_HCT-15
CO_HT29
CO_KM12
CO_SW-620

LC_A549
LC_EKVX
LC_HOP-62
LC_HOP-92
LC_NCI-H226
LC_NCI-H23
LC_NCI-H322M
LC_NCI-H460
LC_NCI-H522

LE_CCRF-CEM
LE_HL-60
LE_K-562
LE_MOLT-4
LE_RPMI-8226
LE_SR

ME_LOX_IMVI
ME_M14
ME_SK-MEL-28
ME_SK-MEL-2
ME_SK-MEL-5
ME_UACC-257
ME_UACC-62

OV_IGROV1
OV_OVCAR-3
OV_OVCAR-4
OV_OVCAR-5
OV_OVCAR-8
OV_SK-OV-3

PR_DU-145
PR_PC-3

RE_786-0
RE_A498
RE_ACHN
RE_CAKI-1
RE_RXF_393
RE_SN12C
RE_TK-10

Cell Lines

0e+00

2e-06

4e-06

6e-06

Supplementary Fig.6



Supplementary Fig. 6. Chromatin state cancer cell line mutation analysis. 

Cosmic mutation type analysis across 60 cancer cell lines. Mutation density 

(mutation/bp). Source data are provided as a Source Data file. 
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Supplementary Fig. 7. Chromatin state switching dynamics in cancer cells. 

Intra-cancer type switching probabilities for 15 chromatin states across 9 cancer 

types comprised of 60 human cancer epigenomes. State transition (x-axis to y-

axis). Source data are provided as a Source Data file. 

 

  



E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5
E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E11

E12

E13

E14

E15

E
1

E
2

E
3

E
4

E
5

E
6

E
7

E
8

E
9

E
1

0

E
1

1

E
1

2

E
1

3

E
1

4

E
1

5

Mutation density - Intra-cancer type state switching (15-state model)

BR CNS CO

LC LE ME

OV PR RE

Chromatin state

C
hr

om
at

in
 s

ta
te

0.00

0.25

0.50

0.75

1.00
norm

Supplementary Fig.8



Supplementary Fig. 8. Intra-cancer chromatin state switching mutation 

analysis. Cosmic mutation density analysis (column normalized 0 to 1) of intra-

cancer type chromatin switching across 9 cancer types comprised of 60 human 

cancer epigenomes. State transition (x-axis to y-axis). Source data are provided 

as a Source Data file. 
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Supplementary Fig. 9. Chromatin state switching mutation type analysis. 

Mutation type density analysis (column normalized 0 to 1) of chromatin switching. 

Source data are provided as a Source Data file. 
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Supplementary Fig. 10. Cancer cell type chromatin state switching 

mutation analysis. Mutation type normalized density analysis (column 

normalized 0 to 1) of intra-cancer type chromatin switching across 60 human 

cancer epigenomes.  
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Supplementary Fig. 11. DAVID GO functional annotation of genes 

associated with H3K4me3. Hierarchical clustering heat map of enrichment of 

DAVID biological process GO terms (-log10 p-value) identified from genes 

associated with all H3K4me3 peaks and cancer type-specific H3K4me3 peaks 

from 9 cancer types comprising 60 cell lines (u: unique). NCBI DAVID was used 

to calculate p-values. Source data are provided as a Source Data file. 
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Supplementary Fig. 12. Broad H3K4me3 domain analysis of human cancer 

cells. (a) Pairwise intersection of broad H3K4me3 peaks (>4 kb) in 60 cancer cell 

lines. Heat map of pairwise intersection using Jaccard statistics of broad 

H3K4me3 regions was generated using Intervene. (b) Intervene UpSet plot of 

intersection of broad H3K4me3 peaks for 9 types of cancer.  (c) Heatmap of 

semantic similarity matrix depicting enrichment of top biological process GO 

terms identified from all broad H3K4me3 peaks and cancer-type specific broad 

H3K4me3 peaks from 9 cancer types comprising 60 cell lines (u: unique). Source 

data are provided as a Source Data file. 
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Supplementary Fig. 13. DAVID GO functional annotation of genes 

associated with broad H3K4me3. Hierarchical clustering heat map of 

enrichment of DAVID biological process GO terms (-log10 p-value) identified 

from genes associated with (a) all broad H3K4me3 peaks and (b) cancer-type 

specific H3K4me3 peaks from 9 cancer types comprising 60 cell lines (u: 

unique). NCBI DAVID was used to calculate p-values. Source data are provided 

as a Source Data file. 
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Supplementary Fig. 14. Intervene pairwise intersection of broad H3K4me3 

regions in cancer and normal cells. Pairwise intersection of broad H3K4me3 

enriched regions in cancer and normal cells1-15. Heat maps of pairwise 

intersections using Jaccard statistics of broad H3K4me3 regions was generated 

using Intervene. Cancer cells representing 9 types of cancer were compared to 

normal cells.  
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Supplementary Fig. 15. Promoter associated H3K4me3 domain width and 

height for 60 cancer cells. Scatter plots of H3K4me3 height (y-axis) and width 

(x-axis). Blue and red points represent sharp and broad peaks, respectively. 
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Supplementary Fig. 16. Association of broad H3K4me3 domains with tumor 

suppressor genes. (a) Boxplot of enrichment p-values (y-axis) of tumor 

suppressors, oncogenes, and housekeeping genes for genes associated with 

promoter broad H3K4me3 peaks for each cancer cell line. P-values (y-axis) were 

determined using two-sided Fisher’s exact tests. The top 500 tumor suppressors, 

oncogenes, and 500 random housekeeping genes were used for this analysis. 

Boxplots indicate the 1st and 3rd quartiles (25th and 75th percentile, upper and 

lower bounds), 2nd quartile (centre), and minima-maxima (1.5*interquartile range, 

whiskers). P-values (x-axis) were calculated using two-sided Kolmogorov–

Smirnov tests. (b) Bubble plots indicating enrichment p-values of TSG, OG, and 

housekeeping genes for genes associated with broad H3K4me3 for each cancer 

cell line. All tumor suppressor genes were used for this analysis. Source data are 

provided as a Source Data file. 
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Supplementary Fig. 17. Association of broad H3K4me3 domains with 

cancer type-specific tumor suppressor genes. (a) Boxplot of enrichment p-

values (y-axis) of cancer type-specific tumor suppressor genes (TSG), 

oncogenes (OG), and housekeeping genes (HKG) for genes associated with 

promoter broad H3K4me3 peaks for each cancer cell line. P-values (y-axis) were 

determined using two-sided Fisher’s exact tests. Cancer type-specific tumor 

suppressors, oncogenes, and random housekeeping genes were used for this 

analysis. Boxplots indicate the 1st and 3rd quartiles (25th and 75th percentile, 

upper and lower bounds), 2nd quartile (centre), and minima-maxima 

(1.5*interquartile range, whiskers). P-values (x-axis) were calculated using two-

sided Kolmogorov–Smirnov tests. (b) Bubble plots indicating enrichment p-

values of cancer type-specific tumor suppressors (TSG), oncogenes (OG), and 

housekeeping genes for genes associated with broad H3K4me3 for each cancer 

cell line. Cancer type-specific tumor suppressor genes and oncogenes listed in 

Table S4 were used for this analysis. P-values were determined using two-sided 

Fisher’s exact tests. Source data are provided as a Source Data file. 
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Supplementary Fig. 18. Promoter associated H3K4me3 peak width and 

gene expression level across 60 cancer cells. Scatter plots of H3K4me3 peak 

width (y-axis) and gene expression level (x-axis) for 60 cancer cell lines. Red 

points indicate broad peaks. 
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Supplementary Fig. 19. Promoter associated H3K4me3 peak height and 

gene expression level across 60 cancer cells. Scatter plots of H3K4me3 peak 

height (y-axis) and gene expression level (x-axis) for 60 cancer cell lines. Blue 

points indicate sharp peaks. 
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Supplementary Fig. 20. Expression analysis of genes associated with sharp 

or broad H3K4me3 peaks in NCI-60 cancer cells. Boxplots showing 

expression level of genes associated with broad or sharp H3K4me3 peaks for 60 

cell lines. Boxplots indicate the 1st and 3rd quartiles (25th and 75th percentile, 

upper and lower bounds), 2nd quartile (centre), and minima-maxima 

(1.5*interquartile range, whiskers). P-value for all P < 1x10-16. P-values were 

calculated using two-sided Kolmogorov–Smirnov tests. Source data are provided 

as a Source Data file. 
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Supplementary Fig. 21. View of H3K4me3 and H3K27ac at a broad 

H3K4me3 domain. UCSC browser view of H3K4me3 (left; scale: 0-0.15 norm. 

tag density) and H3K27ac (right; scale: 0-0.05 norm. tag density) distributions at 

a representative broad H3K4me3 domain in 60 cancer cells (scale: 0-0.05 norm. 

tag density). Red arrows indicate variable H3K27ac levels and distributions.  
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Supplementary Fig. 22. Expression analysis of tumor suppressor genes 

associated with broad H3K4me3 peaks in NCI-60 cancer cells. Boxplots 

showing expression level (y-axis) of tumor suppressor genes associated with 

conserved broad H3K4me3 peaks for 60 cell lines. Conserved H3K4me3 peaks 

that intersect TSS regions were defined as those found in more than 50% of 

cancer cell lines (>30 cell lines). Shortening of H3K4me3 (decrease width) was 

defined as a decrease in breadth less than 500 bp relative to the average 

breadth across 60 cancer cell lines, while lengthening of H3K4me3 (increase 

width) was defined as an increase in breadth greater than 500 bp relative to the 

average across 60 cancer cell lines. Boxplots indicate the 1st and 3rd quartiles 

(25th and 75th percentile, upper and lower bounds), 2nd quartile (centre), and 

minima-maxima (1.5*interquartile range, whiskers). (a) Genes associated with 

H3K4me3 peaks that shorten were sorted into four groups based on shortening 

of H3K4me3 (red, least shortening 25%; purple, greatest shortening 25%). (b) 

Genes associated with H3K4me3 peaks that lengthen were sorted into four 

groups based on lengthening of H3K4me3 (red, least lengthening 25%; purple, 

greatest lengthening 25%). Source data are provided as a Source Data file. 
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Supplementary Fig. 23. Expression analysis of oncogenes associated with 

broad H3K4me3 peaks in NCI-60 cancer cells. Boxplots showing expression 

level (y-axis) of oncogenes associated with conserved broad H3K4me3 peaks for 

60 cell lines. Conserved H3K4me3 peaks that intersect TSS regions were 

defined as those found in more than 50% of cancer cell lines (>30 cell lines). 

Shortening of H3K4me3 (decrease width) was defined as a decrease in breadth 

less than 500 bp relative to the average breadth across 60 cancer cell lines, 

while lengthening of H3K4me3 (increase width) was defined as an increase in 

breadth greater than 500 bp relative to the average across 60 cancer cell lines. 

Boxplots indicate the 1st and 3rd quartiles (25th and 75th percentile, upper and 

lower bounds), 2nd quartile (centre), and minima-maxima (1.5*interquartile range, 

whiskers). (a) Genes associated with H3K4me3 peaks that shorten were sorted 

into four groups based on shortening of H3K4me3 (red, least shortening 25%; 

purple, greatest shortening 25%). (b) Genes associated with H3K4me3 peaks 

that lengthen were sorted into four groups based on lengthening of H3K4me3 

(red, least lengthening 25%; purple, greatest lengthening 25%). Source data are 

provided as a Source Data file. 
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Supplementary Fig. 24. Expression analysis of housekeeping associated 

with broad H3K4me3 peaks in NCI-60 cancer cells. Boxplots showing 

expression level (y-axis) of housekeeping genes associated with conserved 

broad H3K4me3 peaks for 60 cell lines. Conserved H3K4me3 peaks that 

intersect TSS regions were defined as those found in more than 50% of cancer 

cell lines (>30 cell lines). Shortening of H3K4me3 (decrease width) was defined 

as a decrease in breadth less than 500 bp relative to the average breadth across 

60 cancer cell lines, while lengthening of H3K4me3 (increase width) was defined 

as an increase in breadth greater than 500 bp relative to the average across 60 

cancer cell lines. Boxplots indicate the 1st and 3rd quartiles (25th and 75th 

percentile, upper and lower bounds), 2nd quartile (centre), and minima-maxima 

(1.5*interquartile range, whiskers). (a) Genes associated with H3K4me3 peaks 

that shorten were sorted into four groups based on shortening of H3K4me3 (red, 

least shortening 25%; purple, greatest shortening 25%). (b) Genes associated 

with H3K4me3 peaks that lengthen were sorted into four groups based on 

lengthening of H3K4me3 (red, least lengthening 25%; purple, greatest 

lengthening 25%). Source data are provided as a Source Data file. 
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Supplementary Fig. 25. Mutation analysis of H3K27ac cytogenetic banding 

patterns. Stacked barplots showing cosmic mutation type density (mutation/bp) 

at chromatin regions overlapping cytogenetic banding patterns and H3K27ac 

peaks across 60 cancer cells. Cytobands were obtained from the UCSC genome 

browser. Source data are provided as a Source Data file.  
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Supplementary Fig. 26. H3K27ac profiling in cancer cells. (a) Intervene 

UpSet plot of intersection of intergenic H3K27ac peaks for 9 types of cancer. (b) 

All intergenic H3K27ac enhancer modules across 60 cell lines. Heatmap of k-

means clustered H3K27ac-marked intergenic enhancers (red: enhancer; white: 

no enhancer). Source data are provided as a Source Data file. 
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Supplementary Fig. 27. Intervene pairwise intersection of intergenic 

H3K27ac enhancer regions in cancer and normal cells. Intervene pairwise 

intersection heat map of intergenic H3K27ac peaks for 60 cancer cells and 

normal cells 2,4,13,16-20. Heat map of pairwise intersection using Jaccard statistics 

of intergenic H3K27ac regions was generated using Intervene. 
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Supplementary Fig. 28. H3K27ac profiling in cancer and normal cells. (a) All 

intergenic H3K27ac enhancer regions across 60 cancer cell lines and normal 

cells. Heatmap of k-means clustered H3K27ac-marked intergenic enhancers 

(red: enhancer; white: no enhancer). (b) Higher magnification of clusters shown 

in (a). (c) Higher magnification of clusters shown in (b). Source data are provided 

as a Source Data file. 
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Supplementary Fig. 29. Mutation density in TF binding motifs. Mutation 

density (mutation/bp) in genome-wide DNA sequences containing transcription 

factor recognition motifs across 60 cancer cell lines. Sequence logos of position 

frequency matrix (PFM) TF binding motifs are shown. Source data are provided 

as a Source Data file. 
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Supplementary Fig. 30. H3K27ac at a representative cancer type-specific 

super enhancer cluster. UCSC browser view of H3K27ac distributions at a 

representative super enhancer cluster in (a) cancer cells and (b) normal cells2,4,16-

20 (scale: 0-0.05 norm. tag density). Red ‘x’ indicates absence of a super 

enhancer. 
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Supplementary Fig. 31. Gene ontology functional annotation of H3K9me3 

and H4K20me3 peaks. H3K9me3 and H4K20me3 regions nearby TSS of genes 

(within 10 kb) were functionally annotated using DAVID. (a-b) Bubble plots (top) 

shows enrichment of top biological process GO terms identified from all peaks 

and cancer-type specific peaks from 9 cancer types (u: unique). GoSemSim 

(bottom) semantic similarity analysis. All (c) H3K9me3 and (d) H4K20me3 peaks 

for 60 cell lines and cancer-type specific peaks were annotated. Source data are 

provided as a Source Data file. 
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Supplementary Fig. 32. Correlation between H3K4me3 and gene 

expression. Boxplots of H3K4me3 densities (log2 normalized tag density) and 

RNA-Seq expression [log2(FPKM+1)] in 60 cancer cell lines representing 9 

cancer types. Genes whose promoter contain H3K4me3 peaks were divided into 

quartiles (0, highest 25% density; 3, lowest 25% density) based on their 

H3K4me3 density in the respective cancer cell line. Boxplots indicate the 1st and 

3rd quartiles (25th and 75th percentile, upper and lower bounds), 2nd quartile 

(centre), and minima-maxima (1.5*interquartile range, whiskers). 
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Supplementary Fig. 33. Correlation between H3K27ac and gene expression. 

Boxplots of intergenic H3K27ac densities (log2 normalized tag density) and RNA-

Seq expression [log2(FPKM+1)] in 60 cancer cell lines representing 9 cancer 

types. Genes associated with intergenic H3K27ac peaks were divided into 

quartiles (0, highest 25% density; 3, lowest 25% density) based on their 

H3K27ac density in the respective cancer cell line. Boxplots indicate the 1st and 

3rd quartiles (25th and 75th percentile, upper and lower bounds), 2nd quartile 

(centre), and minima-maxima (1.5*interquartile range, whiskers). 
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Supplementary Fig. 34. Correlation between H3K9me3 and gene 

expression. Boxplots of H3K9me3 densities (log2 normalized tag density) and 

RNA-Seq expression [log2(FPKM+1)] in 60 cancer cell lines representing 9 

cancer types. Genes associated with H3K9me3 peaks were divided into quartiles 

(0, highest 25% density; 3, lowest 25% density) based on their H3K9me3 density 

in the respective cancer cell line.  
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Supplementary Fig. 35. Correlation between H4K20me3 and gene 

expression. Boxplots of H4K20me3 densities (log2 normalized tag density) and 

RNA-Seq expression [log2(FPKM+1)] in 60 cancer cell lines representing 9 

cancer types. Genes associated with H4K20me3 peaks were divided into 

quartiles (0, highest 25% density; 3, lowest 25% density) based on their 

H4K20me3 density in the respective cancer cell line. Boxplots indicate the 1st and 

3rd quartiles (25th and 75th percentile, upper and lower bounds), 2nd quartile 

(centre), and minima-maxima (1.5*interquartile range, whiskers). 
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Supplementary Fig. 36. Related to Figure 7. Expression of DNA repeat 

elements in cancer cells. (a) RNA-Seq expression of DNA repeat class 

members across cancer cell lines. Heatmap shows average RPKM values 

(column normalized 0 to 1). (b) Cancer type-specific RNA-Seq expression of 

repetitive DNA class members in the 15-state model. RNA-Seq expression 

(RPKM) of DNA repeat class members is column normalized (0 to 1).  
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