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Supplementary Figure S1. Sample relationships using diverse epigenome marks colored according to Reference
Epigenome Mapping Center (REMC). Multi-Dimensional Scaling (MDS) Analysis of all 111 Roadmap Epigenomics
reference epigenomes for histone modification marks when available (see Fig. 2). Signal confidence scores for each
histone mark are computed in relevant chromatin states (see Methods). Plot and location of each point is identical to
Fig. S10, but instead of denoting tissue/cell type, the colors denote the REMC production location, to evaluate whether
the clustering is primarily driven by the biological samples or the production centers due to technical differences.
REMCs are: Broad Institute (Bl), UC San Francisco (UCSF), University of British Columbia (UBC), UC San Diego
(UCSD), University of Washington (UW). Comparison of this figure with Figure S10 shows that the primary driver is
biological samples, not production centers (although some samples of similar provenance/biology were profiled at one
center only - e.g. Adult Brain at BlI, epithelial cells at UCSF-UBC).
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a. TF binding overlap with chromatin states, both in GM12878 (E116)
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associations of different TFs with promoters, TSS-flanking regions, or enhancers, and repressors such as Ezh2 with

Supplementary Figure S2. TF binding coverage for TF ChlP-seq peaks profiled in matched cell types shows distinct
Polycomb repressed chromatin states in GM12878 (a), K562 (b), and H1 ESCs (c).
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a. Conserved element overlap (GERP) with 15 state coreMarks Model
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Supplementary Figure S3. Evolutionary conservation analysis of chromatin states in each cell type for conserved
elements (GERP), using all conserved elements (a,b), or only non-exonic conserved elements (c,d) for both the 15-state
model (a,c) and the 18-state model (b,d). a,b: When considering all conserved elements (both exonic and non-exonic),
the strongest fold-enrichments are observed with active promoters (TssA), promoter flanking states (TxFInk), and biva-
lent states (TssBiv, EnhBiv). ¢,d. When considering only non-exonic conserved elements (by subtracting parts of
elements that overlap exons, either coding or non-coding), the 15-state model enrichment for TxFInk decreases, indicat-
ing it was partly driven by exon overlap, but the enrichments for TssA, TssBiv, and BivFInk remain high, indicating that
they are likely due to conserved elements outside coding regions or other known exons. For the 18-state model, the
enrichment for both TssA and TssBiv decreases, indicating it was partly driven by exon overlap, and for enhancer
regions, the relative enrichment of EnhG1 and EnhG2 states decreases, but the relative enrichment for EnhA1 and
EnhA2 increases, consistent with a stronger enrichment for regulatory sequence elements within active enhancer states.
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Supplementary Figure S3 (c,d). (see legend in previous page)
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Supplementary Figure S4 (a-k). Expanded chromatin states and enrichments in 7 deephy=profiled reference epigenomes. a.
Emission parameters for an independently-learned 50-chromatin state model for H1 ESCs cells (E003) based on all available
histone marks and DNase for the reference epigenome multiplied by 100. The states are organized based on the state from the
18-state model (Extended Data 2c) for which they have the greatest enrichment. b.Percentage of the genome assigned to each
state, followed by the fold enrichment for CpG islands, for various gene annotations, the indicated specific repetitive elements,
and evolutionarily-conserved element sets Siphy-omega, and Siphy-pi72,120. Color scales are column specific. The bottom
row shows the genome % of the annotation. c. Fold enrichment for each state of the 18-state model. d. Maximum correlation of
the emission parameters of each state with the emission parameters of any state in the 50-state models of each deeply-profiled
epigenome (k-p), restricting to the common marks in each pairwise comparison. e. Emission parameters for H1 ESC (E003) as
in panel a, but shown using the default ChromHMM output. f. Relative enrichment for various TF binding datasets g. Relative
enrichment for Lamin and Hi-C related annotations. h. Relative enrichment for gene annotation sets conditioned on expressed
or non-expressed classification. i. Positional enrichment of each state at each offset within 2kb of transcription start and end
sites, conditioned on whether the gene is classified as expressed or non-expressed. j. Relative enrichment for various classes
of repetitive elements. Enrichments shown here are for some of the same annotations that appear in Extended Data 2b.

k-p. see legend in next page
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Supplementary Figure S4 (k-m). Expanded chromatin states and enrichments in 7 deeply-profiled reference epigenomes.
Legend continued from previous page. k-p. Enrichment shown for six independently learned 50-state chromatin models across
6-additional reference epigenomes based on expanded set of marks. Similar to panels a-d, but for: k. H1-derived Mesendoderm
Cultured Cells (E004) I. H1-derived Trophoblast Clustered Cells (E005) m. H1-derived Mesenchymal Stem Cells (E006) n.
H1-derived Neuronal Progenitor Cultured Cells (E0O07) o. H9 ESC Cells (E008) p. IMR90 Fetal Lung Fibroblast Cell Line (E017)
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Supplementary Figure S4 (n-p). See legend in previous pages
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. 5 levels for protein coding genes showing different

) expression levels. DNA methylation levels (y-axis
@2 f in each panel) for genes in different expression
> quantile categories (colors) defined using Reads

g4\ g per Kilobase per million reads (RPKM)8, and for
. . . various positions relative to gene transcripts,
e e e ranging from 3 kb upstream of TSS to 3kb down-
R R . stream of transcription end sites (TES) (x-axis).
° r T 1 ° r T T 1 ° r 1 i I i

~3000 TSS TES +3000 ~3000 TSS TES +3000 ~3000 TSS TES +3000 EaCh pIOt Shows these relatlonShlps In One Of 33

reference epigenomes that contain both WGBS
and RNA-seq data. For regions at upstream/downstream of genes, the average DNA methylation level in 100bp bin across
different genes within the same quantile category is plotted. For regions inside genes (from TSS to TES), each gene is divided
into 60 bins. The average DNA methylation level in each bin across different genes within the same quantile category is plotted.
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a. Chromatin state variability for 15 state core-mark model across 43 HQ epigenomes
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b. Chromatin state variability for 18-state expanded model across 34 HQ epigenomes
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Supplementary Figure S6 (a-b). Chromatin state variation, coverage and over-/under-representation across cell types. a,b.
Variability of chromatin states across subset of highest-quality epigenomes. Chromatin state variability (similar to Fig. 5a),
based on the fraction of the genomic coverage (y-axis) of each state (color) that is consistently labeled with that state in at
most N (ranging from 1 to 43) reference epigenomes for: a. 43 highest-quality non-redundant epigenomes using the 15-state
model learned on 5 core marks; b. 34 highest-quality non-redundant epigenomes that had H3K27ac data using the 18-state

model learned on 5 core marks. (continued in next pages)
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Supplementary Figure S6 (d). Chromatin state variation, coverage and over-/under-representation
across cell types. (continued) d. Fractions of the genome occupied by each chromatin state in the
18-state model across 98 epigenomes. Percentages at the bottom show the average genome occupancy
for each chromatin state across the 127 epigenomes, and each point shows over- or under-representa-
tion for that chromatin state in that epigenome relative to the vertical line representing the average
occupancy. Grey shaded area shows +2/-2 standard deviations.
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Supplementary Figure S6 (e). Chromatin state variation, coverage and over-/under-representation across cell types.
e. Left: Number of standard deviations away from the mean for the coverage of each state in the 15-state model across 127
epigenomes for all cases greater than 1 standard deviation above (red) or below (blue) the mean. Right: Actual coverage
values for all cases that deviate by at least 1 standard deviation.



a. Intra-tissue switching probability (15-state model) b. Inter-tissue switch prob in 43 HQ epigenomes
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Supplementary Figure S7. Chromatin state switching across cell types and across replicates/individuals. a. Intra-tissue state
switching probability for 15-state core model across samples (replicates or individuals) from same tissue/cell (Table S1 - Sheet
VariationAnalysis). b. Inter-tissue state switching probability for 15 state core model across 43 high-quality, non-redundant
Roadmap epigenomes (Table S1 - Sheet VariationAnalysis). The relative switching frequencies (log-ratio) shown in Fig. 5¢
correspond to the ratio of panel “b” frequencies to panel “a” frequencies. c. Log10 ratio of inter-tissue state switching probabili-
ties relative to intra-tissue switching probabilities for ENCODE samples, for the 15 state core model (analogous to Fig. 5c). d.
Log10 ratio of inter-tissue chromatin state switching probabilities relative to intra-tissue switching probabilities for ENCODE
samples, for the 18-state expanded model that includes H3K27ac (analogous to Extended Data 5c).
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bootstrap samples.



C. H3K36me3 in Tx

E004 H1 BMP4 Derived Mesendoderm Cultured Cells
E002 ES-WAT7 Cells

E001 ES-I3 Cells

E015 HUES6 Cells

E014 HUES48 Cells

E016 HUES64 Cells

E020iPS—20b Cells

E019iPS-18 Cells

E009 H9 Derived Neuronal Progenitor Cultured Cells
E010 H9 Derived Neuron Cultured Cells

E012 hESC Derived CD56+ Ectoderm Cultured Cells
E013 hESC Derived CD56+ Mesoderm Cultured Cells
E011 hESC Derived CD184+ Endoderm Cultured Cells

E086 Fetal Kidney

E088 Fetal Lung

E081 Fetal Brain Male

E083 Fetal Heart

E035 Primary hematopoietic stem cells

E031 Primary B cells from cord blood

E040 Primary T helper memory cells from peripheral blood 1
E033 Primary T cells from cord blood

E047 Primary T CD8+ naive cells from peripheral blood

E038 Primary T helper naive cells from peripheral blood
E048 Primary T CD8+ memory cells from peripheral blood
E037 Primary T helper memory cells from peripheral blood 2

E039 Primary T helper naive cells from peripheral blood
E042 Primary T helper 17 cells PMA-I stimulated

E041 Primary T helper cells PMA-I stimulated

E043 Primary T helper cells from peripheral blood
E044 Primary T regulatory cells from peripheral blood
E034 Primary T cells from peripheral blood

E046 Primary Natural Killer cells from peripheral blood
E032 Primary B cells from peripheral blood

E029 Primary monocytes from peripheral blood

E030 Primary neutrophils from peripheral blood

E062 Primary mononuclear cells from peripheral blood

E036 Primary hematopoietic stem cells short term culture
E110 Stomach Mucosa
E099 Placenta Amnion

E082 Fetal Brain Female
E070 Brain Germinal Matrix
E024 ES-UCSF4 Cells

E021iPS DF 6.9 Cells

E007 H1 Derived Neuronal Progenitor Cultured Cells
E087 Pancreatic Islets

E109 Small Intestine
E100 Psoas Muscle
E052 Muscle Satellite Cultured Cells

E026 Bone Marrow Derived Cultured Mesenchymal Stem Cells

E025 Adipose Derived Mesenchymal Stem Cell Cultured Cells

E063 Adipose Nuclei

E108 Skeletal Muscle Female

E107 Skeletal Muscle Male

E073 Brain Dorsolateral Prefrontal Cortex
E069 Brain Cingulate Gyrus

EQ071 Brain Hippocampus Middle

EQ072 Brain Inferior Temporal Lobe

E068 Brain Anterior Caudate

E067 Brain Angular Gyrus

EQ074 Brain Substantia Nigra

E084 Fetal Intestine Large
1 E090 Fetal Muscle Leg
87 i E089 Fetal Muscle Trunk
E080 Fetal Adrenal Gland
E091 Placenta
096 E066 Li
82 1 Donor 31
T Mucosa Donor 29
1 E077 Duodenum N

cosa
E106 Sigmoid Colon

E095 Left Ventricle
03'191 E097 Ovary
E065 Aorta

EQ098 Pancreas

E096 Lung
E105 Right Ventricle
EQ75 Colonic Mucosa

E085 Fetal Intestine Small

E005 H1 BMP4 Derived Trophoblast Cultured Cells
E006 H1 Derived Mesenchymal Stem Cells

E022 iPS DF 19.11 Cells

E104 Right Atrium

Figure S8 (c-d). Legend in previous page

E045 Primary T cells e [edtor/memory enriched from peripheral blood

EO050 Primary hematopoietic stem cells G-CSF-mobilized Female
E051 Primary hematopoietic stem cells G-CSF—mobilized Male

E049 Mesenchymal Stem Cell Derived Chondrocyte Cultured Cells
E023 Mesenchymal Stem Cell Derived Adipocyte Cultured Cells

0.04]

H3K9me3 in Het

E099 Placenta Amnion
E081 Fetal Brain Male

E082 Fetal Brain Female
E070 Brain Germinal Matrix

E012 hESC Derived CD56+ Ectoderm Cultured Cells

E018iPS-15b Cells

E015 HUESS Cells

E003 H1 Cells

E008 H9 Cells

E024 ES-UCSF4 Cells

E084 Fetal Intestine Large

E080 Fetal Adrenal Gland

E034 Primary T cells from peripheral blood

E033 Primary T cells from cord blood

E031 Primary B cells from cord blood

E002 ES-WAT Cells

E083 Fetal Heart

E086 Fetal Kidney

E010 H9 Derived Neuron Cultured Cells

E009 H9 Derived Neuronal Progenitor Cultured Cells
E011 hESC Derived CD184+ Endoderm Cultured Cells
E013 hESC Derived CD56+ Mesoderm Cultured Cells
E004 H1 BMP4 Derived Mesendoderm Cultured Cells
E001 ES-13 Cells

E035 Primary hematopoietic stem cells

E036 Primary hematopoietic stem cells short term culture
E051 Primary hematopoietic stem cells G-CSF—mobilized Male
E050 Primary hematopoietic stem cells G-CSF-mobilized Female
E090 Fetal Muscle Leg

E089 Fetal Muscle Trunk

E088 Fetal Lung

E066 Liver

E063 Adipose Nuclei

E074 Brain Substantia Nigra

E068 Brain Anterior Caudate

E071 Brain Hippocampus Middle

E072 Brain Inferior Temporal Lobe

E069 Brain Cingulate Gyrus

E073 Brain Dorsolateral Prefrontal Cortex
E067 Brain Angular Gyrus

E087 Pancreatic Islets

E108 Skeletal Muscle Female

E049 Mesenchymal Stem Cell Derived Chondrocyte Cultured Cells
E026 Bone Marrow Derived Cultured Mesenchymal Stem Cells
E023 Mesenchymal Stem Cell Derived Adipocyte Cultured Cells
E025 Adipose Derived Mesenchymal Stem Cell Cultured Cells
E102 Rectal Mucosa Donor 31

E038 Primary T helper naive cells from peripheral blood

E048 Primary T CD8+ memory cells from peripheral blood

E037 Primary T helper memory cells from peripheral blood 2

E040 Primary T helper memory cells from peripheral blood 1

E045 Primary T cells e [edtor/memory enriched from peripheral blood
E044 Primary T regulatory cells from peripheral blood

E043 Primary T helper cells from peripheral blood

E041 Primary T helper cells PMA-I stimulated

E047 Primary T CD8+ naive cells from peripheral blood

E032 Primary B cells from peripheral blood

E039 Primary T helper naive cells from peripheral blood

E042 Primary T helper 17 cells PMA-I stimulated

E110 Stomach Mucosa

Ef olonic Muc
E101 Rectal Mu 1 Donor 29

E077 Duodenum Mucosa

E030 Primary neutrophils from peripheral blood

E062 Primary mononuclear cells from peripheral blood
E106 Sigmoid Colon

E1C Il Intestine

o e
- E105 Right Ventricle

E107 Skeletal Muscle Male

E113 Spleen

E096 Lung

E079 Esophagus

E098 Pancreas

E094 Gastric

E095 Left Ventricle

E065 Aorta

E104 Right Atrium

E097 Ovary

E006 H1 Derived Mesenchymal Stem Cells

E017 IMR90 fetal lung [bioblasts Cell Line

E091 Placenta

E046 Primary Natural Killer cells from peripheral blood
E029 Primary monocytes from peripheral blood
Ef Fetal Intestine Small

E007 H1 Derived Neuronal Progenitor Cultured Cells
E092 Fetal Stomach

E005 H1 BMP4 Derived Trophoblast Cultured Cells
E022 iPS DF 19.11 Cells

E021iPS DF 6.9 Cells
E052 Muscle Satellite Cultured Cells



a.
IMR90
ESC
iPSC
ES—de riv

Blood & T—cell
HSC & B—cell
Mggsnchy

Brain
Adingse
Heart
Digestive

Other

IMR90

H3K4melin Enh

H3K4me3in TssA

H3K36me3in Tx

H3K9me3in Het

H3K27me3 in reprPC

-

IMR90
ESC

iPSC
ES—deriv

Blood T—cell
HSC & B—cell
Mgssach

Brain
IW&‘?&Q
Heart

Digestive
IOHH r

029 035 04z 045 054 061 087 073 08

H3K27acin Enh

077 079 08 083 08 088 09 082 094

H3K27ac in TssA

0i5 05 085 06l 06 072 077 082 08

ESC
iPSC
ES-de riv

Blood & T—cell
HSC &chew1
Mesencl

Brain
Alkese
Heart

Sm. Muscle

Digestive

Other

027 035 043 051 06 068 076 084 092

H3K9ac in Ehh

058 063 067 072 077 082 086 091 096

H3K9ac in TssA

IMR90
ESC

iPSC
ES-deriv

Blood &T—cell
Mesench
Myesak

Brain

Digestive

Other

IMR90O

ESC

iPSC

ES—de riv
Blood & T—cell
HSC & B—cell

Brain
Muscle
Heart

Digestive

Other

037 044 051 058 065 072 079 085 093

DNasel

067 071 075 078 082 086 089 093 097

e.

RNAseq

ESC

ES—de riv

Blood &T—cell
HSC & B—cell

Brain
Muscle
Heart
Digestive

Other

052 055 05 061 064 o068 071 074 077

0% 04z 04 05 05 0% 062 086 07

Supplementary Figure S9. Heatmaps showing tissue/cell type similarity measured using different epigenomic
marks. a-c. Pearson correlation values calculated between epigenomes for a variety of marks, assessed within
relevant chromatin states of the 15-state core model (see Methods). a. Five core marks in their corresponding

relevant chromatin states. b. H3K27ac in Enh and TssA state regions. c. H3K9ac in Enh and TssA state regions. d-e.
Similarly, for DNase (d) in DNase regions, RNA-seq (e) using RPKM values across genes.
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Supplementary Figure S10. Multidimensional scaling (MDS) plots showing tissue/cell type similarity using different epig-
enomic marks. a-i. Multi-Dimensional Scaling (MDS) analysis results, showing reference epigenomes using their group
coloring defined in Fig. 2. Thin lines connect same-group reference epigenomes. The first 5 axes of variation are shown in
pairs. Marks are assessed in regions relevant to those marks, similar to Figures S1 and S9. a. H3K4mel in Enh states, b.
H3K4me3 in TssA states, ¢. H3K27me3 in ReprPC states, d. H3K27ac in Enh states, e. H3K9ac in Enh states, f. DNase in
open chromatin, g. H3K36me3 in Tx states, h. RNA-seq RPKM values, i. H3K9me3 in Het states.
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Supplementary Figure S11 (a-c). Enhancer/promoter module clustering and gene set enrichment analysis. a. Promoter mod-
ules. Clustering of 81,232 DNasel-accessible promoter-marked regions into 82 promoter modules (1.44% of genome). b.
Promoter/enhancer ‘dyadic’ modules. Clustering of 129,960 DNasel-accessible promoter/enhancer regions into 226 enhancer
modules (0.99% of the genome). ¢c. Enhancer modules. Clustering of 2,328,936 DNasel-accessible enhancer-marked regions
into 129 enhancer modules (12.64% of the genome). Same as Fig. 7a, with cluster identifiers (numbers) shown on top. (cont)
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Supplementary Figure S11 (d-e). Enhancer/promoter module clustering and gene set enrichment analysis (continued) d. Gene
Ontology Biological Processes gene set enrichments (y-axis) for genes proximal to enhancer regions in each of the 226 activi-
ty-based clusters (x-axis). Colors indicate level of statistical significance. Cluster sizes in terms of number of enhancers are

shown at the top, along with cluster reference numbers. e. Sub-clustering of cluster c98 (indicated by an arrow in panel d) into 9
subclusters (top), each having a distinct Gene Ontology Biological Processes gene set enrichment pattern (bottom).
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Supplementary Figure S12. Additional gene set enrichment analysis results. Top: Cluster sizes in terms of number of
enhancers are shown at the top, along with cluster reference numbers as in Fig. S11. a. Disease Ontology Database 121
results. Rectangles indicate areas of interest, pointing to groups of cell type-restricted clusters clearly enriched for specific gene
sets. b. Mouse Genome Informatics 122 database enrichments, indicating clusters of enhancer regions associated with ortholo-
gous mouse genes with particular anatomical regional expression patterns.
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Supplementary Figure S13 (a). Legend appears in subsequent page (with S13d,e)
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Supplementary Figure S13 (d,e)

Supplementary Figure S13. Regulatory motif enrichments in enhancer modules, reference epigenome enhancers, and
tissue group-specific enhancers.

a. (first page) Enrichments (red=high, blue=Ilow) for all 84 motifs (rows, top matrix) that were significantly enriched
(log2>=1.5) in any enhancer modules (see Extended Data 84), across the full set of 226 enhancer modules (columns).
Enrichments in the 101 modules that were significantly enriched for one of the 84 motifs are shown in Extended Data 8a.
Greyscale shading shows activity motif definitions, with intensity showing average activity in each reference epigenome
(rows) for the enhancers belonging in each module (columns).

b,c. (second page) Motif enrichments for the 10 motifs that were significantly enriched SI092>:1.5) in any of the 111
epigenomes, shown across the full set of 111 individual reference epigenomes (panel b) and specifically in the 15

enriched epigenomes (panel c).

d,e. (this page) Motif enrichments for 19 motifs that were significantly enriched (log2>=1.5) in any tissue group, shown
across the full set of 17 tissue groups (panel d), and specifically within the 10 groups that showed significant enrichments

(Fig. S13e).



Description of Supplementary Tables.

Table S1: Metadata and Quality control measures for all datasets. The spreadsheet contains multiple sheets
containing metadata, quality scores and sequencing depth statistics for datasets corresponding to consolidated and
unconsolidated epigenomes. Sheets ‘QCSummary’ and ‘AdditionalQCScores’ contain information for ChlP-seq and
DNase-seq data for consolidated epigenomes. For the ‘QCSummary’ sheet, ‘Colors’ in column E are according to
Fig. 2. Columns G-J indicate data quality summary ratings and information about samples used for chromatin state
model training. ‘RNAseqQCSummary’ contains QC information for consolidated RNA-seq datasets.
‘VariationAnalysis’ contains epigenome IDs used for chromatin state variation analysis.
‘UnconsolidatedEpigenomeQCScores’ contains QC scores for 36 bp mappability filtered ChIP-seq and DNase-seq
datasets from all Release-9 unconsolidated epigenomes. ‘EpigenomeClassSummary’ summarizes classification of

reference epigenomes based on the set of experimental assays performed.

Table S2: Consistency analysis between reference epigenome mapping centers (REMCs). Correlation
matrices based on data in varying window sizes. Colors indicate same-epitope samples, showing high overall

concordance between REMCs.

Table S3: Chromatin state description rationale. Chromatin states help summarize the combinatorial complexity
of histone modification marks, but their exact definition is limited by the specific set of chromatin marks used to
define them and their precise functions will need to be further dissected experimentally. Here, we summarize the
annotation evidence used in naming the chromatin states of the 15-state ‘core’ model and 18-state ‘expanded’

model.

Table S4a: Statistical evidence of methylation differences in each chromatin state. Colors indicate level of

significance, before and after Bonferroni correction.

Table S4b-e: Dynamically methylated regions (DMRs). Overview containing common set of DMRs defined
across epigenomes, and application-specific sets defined for specific applications.

Table S4f: Relationship between DNA methylation and protein-coding genes expression level along TSS
and gene body. Colors indicate observed DNA methylation levels (red=max, white=min) for 5 expression-based
guantiles across binned representations of gene bodies and flanks.

Table S5a: Enrichment of epigenome-predictive motifs in digital genomic footprinting (DGF) sites. Overlap
between DGF and DNA motifs that predict epigenomic modifications. The fold enrichment was calculated using the
mean of 100 random samples.

Table S5b: Tissue annotations of DGF libraries. Mapping between DNase sample name (‘Tissue’) and Roadmap

reference epigenome, where possible. Colors as in Fig. 2.

Table S6: Expanded GWAS enrichments for 7 histone modification marks and DNase peaks. Similar to
Extended Data 11-12, but including all studies with an uncorrected p-value for enrichment less than 0.001 with those
meeting the FDR 2% listed above the horizontal line. Additionally a table is shown based on computing the
enrichments for H3K4mel peaks when restricting to the 53 reference epigenomes with DNase data available.



