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Chromatin Marks for Genome Annotation

100+ histone modifications

Specificity in:

» Histone protein

 Amino acid residue

» Chemical modification (e.g.
methyl, acetylation)

 Number of occurrence of
the modifications

Examples

H3K4mel — Enhancers
H3K4me3 — Promoters
H3K27me3 — Repressive
H3K9me3 — Repressive
H3K36me3 — Transcribed

EPIGENETIC MECHANISMS

HEALTH ENDPOINTS
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/ DNA methylation =
| Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

| and activate or repress genes.

GENE HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
Histones are proteins around which | HISTONE alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.

Image source: http://nihroadmap.nih.gov/epigenomics/




From ‘chromatin marks’ to ‘chromatin states’
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Approach: Multivariate Hidden Markov Model

Enhancer

(ChromHMM)

Gene Starts Gene - Transcribed Region

DNA

Unobserved

Binarized
chromatin
marks. Called
based on a

H3K4mel | H3K4me3

posson | ¢ | [
distribution |Hak27ac™ Hakamet

B

00 00

H3K4me3 | H3K4mel | Hak36me3| H3K36me3 H3K36me3 | H3K36me3

Most likely
Hidden State

200 base pgir interval

. Emission distribution is a
product of independent
Bernoulli random variables

. Parameters are learned
from the data

1: ' :
2: 5: H3K36me3

3: 6:

H3K4me3

Emission probabilities - High Probability Chromatin
Marks in State

Transition probabilities

Red high probability

Black medium probability
6

Ernst and Kellis, Nat Biotech 2010 ; Ernst and Kellis, Nature Methods 2012



ENCODE: Study nine marks in nine human cell lines

mark 9 human cell types
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Chromatin states dynamics across nine ENCODE cell types

Single annotation track for each cell typ
Summarize cell-type activity at a glance
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Chromatin states to interpret disease variants
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» Many other examples in the literature
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Chromatin States Define

name
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Extended Chromatin State Model with H3K27ac
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Chromatin States Defined on Imputed Data
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ChromHMM Models across Many
Roadmap/ENCODE2 Cell and Tissue Types

Imputed Marks Segmentation
Primary Core Marks segmentation Auxiliary Core Marks + K27ac segmentation - 9

State 1 - [JRBE - TssA (Active TSS)
State 2 - - PromU (Promoter Upstream TSS)

State 3 - _ PromD1 (Promoter Downstream TSS with DNase)

State 1 - [JRBH - TssA (Active_TSS)

State 2 - [lOfaNgelRed) - TssFink (Flanking_TSS)

State 3 - [|OfaNgeNREA) - TssFInkU (Flanking_TSS_Upstream)
State 4 - _ TssFInkD (Flanking_TSS_Downstream)
State 5 - - Tx (Strong_transcription)

State 6 - _ TxWk (Weak_transcription)

State 7 - | GreenYellow | - EnhG1 (Genic_enhancer1)

State 8 - | GreenYellow | - EnhG2 (Genic_enhancer2)

State 9 -[Orange | - EnhA1 (Active_Enhancer1)

State 10 - [Orange | - EnhA2 (Active_Enhancer2)

State 11 -[Yellow | - EnhWk (Weak_Enhancer)

State 12 - m - ZNF/Rpts (ZNF_genes&repeats)
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State 16 - - - ReprPC (Repressed_PolyComb)
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H3K9me3 H3K4mel  H3K9ac
H3K36me3 H3K4me3  H4K20mel

H3K27ac H3K27me3  H3K79me2
Images from UCSC genome browser H3K9me3 H3K4me2
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Accessing Roadmap/ENCODE2 ChromHMM
through the UCSC Genome Browser Track Hubs

http://genome.ucsc.edu
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Accessing Roadmap/ENCODE2 ChromHMM
through the UCSC Genome Browser Track Hubs

http://genome.ucsc.edu
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Accessing Roadmap/ENCODE2 ChromHMM

through the UCSC Genome Browser Track Hubs

'. Track Data Hubs
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Consortium (CPTAC) Hub v1

Rfam 12.0 non-coding RNA annotation

Assemblies, SNV and CNV data for
Saccharomyces cerevisiae strains of the
Peterhof Genetic Collection

Vista Browser Track Hub

DNA methylation and gene expression levels
for eight tissues from

UMassMed H3K4me3 ChIP-seq data for
Autistic brains

Cohesin(Smc1l)-associated chromatin
interactions in murine embryonic stem cells

long noncoding RNAs in Breast Cancer

TCGA and ICGC Cancer Mutations, TCGA
Expression, Immune Epitopes Database
(IEDB), Cancer Immunity Peptides Database
and Dienstmann Variant/Cancer database

[¥1NgIY9, NgL8, MM, mmy,
bosTau?7, bosTaus...

hg38, hgl9, mm10
hg38, mm10, hgl9, mm9

mm9, mm10, hg18, hg19

[+] EscherichiaColi042Uid161985,
reference...

[+] EscherichiaColi042Uid161985,
reference...

[+] allMis2, Anc00, Anc01, Anc02,
Anc03...

hg19, hg18

hg19

hg19

danRer10, danRer?

hg19

Note: Different than track hub
Roadmap Epigenomics Data Complete Collection at Wash U VizHub

hg19, hg38, mm10

hg38, hg19, mm10, mm9,

danRer?7, danRer10
hg19

[+] hg38, mm10, cel0, galGal4,
ci2, danRer7...

[+] sacCer3, 1B_D1606_spades,
15V_P4_spades...

hg19, mm9, mm10

susscr3

hg19
mm3

hg19

hg19



http://vizhub.wustl.edu/VizHub/RoadmapReleaseAll.txt
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3 UCsC Genome Brow JasonEmst | | — | &l

« C # | & https//genome.ucsc.edu/cgi-bin/hgGateway?hgsid=495743713_UcvzDDxAolo7aaSASKGRSVGIQNT o * 0
UNNVERSITY OF GALIFORNIA
SANTA CAlT T Genome Browser Gateway
() Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us
Browse/Select Species Find Position

POPULAR SPECIES Human Assembly

|Feb‘ 2009 (GRCh37/hg19) M

Frui Worm d Position/Search Term ( b

Human Mouse Rat

‘Enter species or common name |Enter position, gene symbol or search terms

Current position: chr1:53,600.000-54.200,000 4

REPRESENTED SPECIES

Human Human Genome Browser - hg19 assembly
Chimp 1|
B;:::z L The February 2009 human reference sequence (GRCh37) was produced by the Genome Reference Consortium. For more information about this assembly, see GRCh37 in the NCBI Assembly
database.
Orangutan —' h "
Gibbon Sample position queries
Crab-eating macague 5 A genome position can be specified by the accession number of a sequenced genomic clone, an mRNA or EST or STS marker, a chromosomal coordinate range, or keywords from the GenBank
Rhesus | description of an mRNA. The following list shows examples of valid position queries for the human genome. See the User's Guide for more information. J 8
Baboan (anubis) 4 L
Baboon (hamadryas) & Request: Genome Browser Response: Homa sapiens
(Graphic courtesy of CBSE}
Marmoset — || chr7 Displays all of chromosome 7
Squirrel monkey chrUn_gl000212 Displays all of the unplaced contig gl000212
20p13 Displays region for band p13 on chr 20
Tarsier h chr3:1-1000000 Displays first million bases of chr 3, counting from p-arm telomere

chr3:1000000+2000 Displays a region of chr3 that spans 2000 bases, starting with position 1000000
Mouse lemur |
Bushbaby ] RH18061;RH80175 Displays region between genome landmarks, such as the STS markers RH18061 and RH80175, or chromosome bands 15q11to 15913, or SNPs rs1042522 and

15q11:;15q13 rs1800370. This syntax may also be used for other range queries, such as between uniquely determined ESTs, mRNAs, refSeqs, etc.
rs1042522;rs1800370

Mouse 4

Rat Th D16S3046 Displays region around STS marker D1653046 from the Genethon/Marshfield maps. Includes 100,000 bases on each side as well.

L AA205474 Displays region of EST with GenBank accession AA205474 in BRCA1 cancer gene on chr 17
Kangaroo rat 1 ACD08101
Squirrel AF083811

Chinese hamster

Displays region of clone with GenBank accession AC008101
Displays region of mRNA with GenBank accession number AF083811
Maked mole-rat — PRNP Displays region of genome with HUGO Gene Nomenclature Committee identifier PRNP
Guinea pig — NM_017414 Displays the region of genome with RefSeq identifier NM_017414
- NP_059110 Displays the region of genome with protein accession number NP_052110

Dbkt

pseudogene mRNA Lists transcribed pseudogenes, but not cDNAs

homeobox caudal
zinc finger
krunnel 7inc finger

Lists mRNAs for caudal homeobox genes
Lists many zinc finger mRNAs
lists onlv krunnel-like 7inc fingers
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Human chrl:3747

<« C' A @ httpsi//genome.ucsc.edu/cgi-bin/hgTracks deType=defaultal =
Genomes Genome Browser Is Mirrors Downloads My Data View Help Aboul
UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move| <<< | << | < | > | >» | >>> [zoomin| 1.5x | 3x | 10x | base [zoom out| 1.5x | 3x | 10x | 100x
chr1:37 477,437-38,760,910 1,283,474 bp. ‘ enter position, gene symbol or search terms ‘ go
chri (p34.3) [
J scale 509 kif | nhats
ewt: | sv,ees,eenl  a7,7e,eeel  a7,see,mesl  o7,9ea,e0e]  co,eae cesl  os,ies,eeal  os,cee,ac0l  os,cee,aesl  os,4es,sel  ss,see,eanl  ss,cee,eee]  ss,7ee, nenl
Basic Gene Annotation Set from GENGODE Version 18
GRIKS <fj MIR4ESS | RPS-1180C18, 1 b RP11-422J5.1 ket SMIP1 Bp—|  RSPOLf—p  COCRS HiFH MANEAL MTF11 INPPSE 4] FHLS f4 MIRFESE | RP11-214L19.1 M
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HERFE 4 oMLZm Clorfidas  SrolilE | YRDC f§ INFFSS [+ UTFiil WY
MEAFE f=H RIPOL ffpi EFPHA18 [ SFIR3
MEFAFE WM RIPOL ffti EPHA1G HH— RF11-103F14. 10 SFEAS
HERAFS 4 RSPOL frtt EFHA1E M INPPSE WHHE———tH LTF11L WY
i REFOL g EFHALD tebieect TNFFSE ikl RNLE-516F 1
MIRSSE11 DMALTL HH clorfFiea jH EFHALA §] ENORAES 1 UTFLIL m
ALTL B EFHAL RMNUE—S34F 1 RFS-58405, 2 horrst
DNALIL H MANEAL H INPPSE 1
RP11-109P14.81
clorfize |
Clorfizz
ciorfiza|
clorfizz|
clorfiaz
ALI29472.1 |
move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag side bars or labels up move end
< |20 > or down to reorder tracks. Drag tracks left or right to new position. < |20 >

track search || default tracks || default order || hide all || add custom tracks || track hubs || configure || multiregion || reverse || resize || refresh

Use drop-down controls below and press refresh to alter tracks displayed
Tracks with lots of items will automatically be displayed in more compact modes.

Roadmap Epigenomics Integrative Analysis Hub

expand all

Uncon. B
Con. By Sample.. Con. By EID Uncon. By Assay. icon. oy
hide v hide v hide v ?f‘m%

Mapping and Sequencing

L Alt Haplotypes ~ Assembly BACEndPais  3%BUORChID  olldmosome
osition Band
hide v hide v hide v hide v
dense ¥ hide v
ge% $ENCODE Piot @ FISH Clones @ Fosmid End Pairs Gap GC Percent
I hide v hide v hide v hide v hide ¥
hide v
. GRC Patch ; R

GRC Incident GRC Map Contigs Ha18 Diff Hq38 Diff Hi Seq Depth

Release
hide: v hide: A 5 hide A hide r hide: v

hide v
INSDC LRG Regions Map Contigs %% Mappability Recomb Rate Restir Enzymes
hide: v hide: v hide v hide v hide v hide: v
Short Match STS Markers Wiki Track
hide v hide v hide v

Genes and Gene Predictions

UCSC Genes RefSeq Genes AceView Genes Augustus CCDS Ensembl Genes
hide: v hide A hide v hide A hide r hide: v
@ EvoFold  Exoniphy GENCODE.. Geneid Genes Genscan Genes  H-lnv 7.0

hide v hide v show v hide v hide v hide v -
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B Con. By Assay Super x §__% Jason Emst || | = [l |
&« C f & https w * B =

enome.ucsc.ed

-bin/hgTrackUizhgsid=49 xAolo7aaSASKGR5VGIQNTE«c

Genomes Genome Browser Mirrors Downloads My Data Help About Us

Con. By Assay Super-track Settings

Roadmap Consolidated Analysis hub organized by assay Tracks

Display mode: show v | | Submit

# | dense v | chromHMM chromHMM tracks from Roadmap
DNase hypersensitivity tracks from Roadmap

hide | H2AZ H2A Z tracks from Roadmap
hide v | H2AKS5ac H2AK5ac tracks from Roadmap
hide v H2AKSac H2AK9ac tracks from Roadmap
hide " v| H2BK120ac H2BK120ac tracks from Roadmap
hide v H2BK12ac H2BK12ac tracks from Roadmap
hide " "v| H2BK15ac H2BK15ac tracks from Roadmap
hide v H2BKZ0ac H2BK20ac tracks from Roadmap
hide v | H2BK5ac H2BK5ac tracks from Roadmap
hide v | H3K14ac H3K14ac tracks from Roadmap
hide v | H3K18ac H3K18ac tracks from Roadmap
hide " v| H3K23ac H3K23ac tracks from Roadmap
hide v | H3K23me2 H3K23me2 tracks from Roadmap
hide v | H3K27ac H3K27ac tracks from Roadmap
hide v| H3K27me3 H3K27me3 tracks from Roadmap
hide v | H3K36me3 H3K36me3 tracks from Roadmap
hide v | H3Kdac H3K4ac tracks from Roadmap
hide v | H3K4me1 H3K4me1 tracks from Roadmap
hide v | H3K4Ame?2 H3K4me2 tracks from Roadmap
hide | H3K4me3 H3K4me3 tracks from Roadmap
hide v | H3K56ac H3K56ac tracks from Roadmap
hide v H3K79me1 H3K79me1 tracks from Roadmap
hide v | H3K79me2 H3K79me?2 tracks from Roadmap
hide v | H3K8ac H3K9ac tracks from Roadmap
hide " v| H3K9me1 H3K9me1 tracks from Roadmap
hide v H3K89me3 H3K9me3 tracks from Roadmap
hide | H3T11ph H3T11ph tracks from Roadmap
hide v H4K12ac H4K12ac tracks from Roadmap
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'.[hromHMMTra[ki x4y ¥ JasonEmst | | = | | X
€ > C fi @ https://genome.ucsc.ed Assaya27004 w7 & 0 =

DDxAoclo7aaSASKGRS

in/hgTrackUi?hgsid=4 JONT&c=chrl&g=hub_24125_RoadmapConsol

Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

chromHMM Track Settings Subtracksy Descriptiony

chromHMM tracks from Roadmap (scon gy assay)

Maximum display mode: dense v | | Submit || Cancel | Reset fo defaults

Select views (help):
AuxiliaryHMM | dense PrimaryHMM | dense  ~ ImputedHMM | dense  +

Data Type: ¥ Real ¥ Imputed

Views AuxiliaryHMM PrimaryHMM ImputedHMM
Sample Type [+1-] -] [+I=]

HepG2[*[-]

CD4+ CD25- IL17- PMA-lonomycin stimulated MACS purified Th Primary Cells [+I-]

Lung [+

Ovary [+

Thymus [+I-]

HMEC [+1-]

CD4 Naive Primary cells [+

CD4+ CD25- CD45RA+ Naive Primary Cells [+I-]

CD8 Naive Primary cells [+

CD4 Memory Primary cells [+

Mobilized CD34 Primary cells [+I-]

CD3 Primary cells [+

Stomach Mucosa [*]=]

€D19 Primary cells [+

Penis Foreskin Fibroblast Primary Cells [+

Penis Foreskin Melanocyte Primary Cells [+

Ho[+1-]

HUES48 [+]-]

HuEs64[+]=]

H1[+[=]

hEs-13[+[=]

wa-7[+I-]

CD14 primary cells [+I-]

HUvEC [+]=]

PSSRy

A 8 AU MR ANAAMAMAMASMAMNAMNAYMNAMAMAMAYMAAYAYN

[y
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uman Epigenome Browser at
Washington University

http://epigenomegateway.wustl.edu/
val WashU EpiGenome Browser X \‘F \i/\ﬂ/&l
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Roadmap Epigenomics Integrative Analysis Portal

http://compbio.mit.edu/roadmap

Home | Metadata Processed Imputed Chromatin Epigenomes gl-accessible Pre q Disease
Grid Data~ Data ~ State Clustering ~ Regul Regulators Variant
Learning ~ and Motifs ~ Interpretation ~

Core 15-state model

Expanded 18-state medel

25-state model using imputed data

The NIH Roadmap Epigenomics Mapping ConsortiumYgas | re:
DNA methylation and mRNA expression across 100s of Wyman cell types and tissues. This web portal §

integrative analysis products and interactive genome browseNggssions resulting from a joint analysjp#f 111 consolidated epigenomes from the Roadmap Epigenomics Project and 16 epigenomes from The Encyclopedia of DNA Elements (ENCODE) project

Release 9 of the compendium contains uniformly mapped datasets co = epigenomic data types spanning 183 biclogical samples. We refer to these as unconsolidated epigenomes since there often exist multiple samples (technical and biological replicates from multiple individuals and/or
datasets from multiple centers) from a particular unique cell type or tissue. In order to reduce redundancy, improve data quality and achieve uniformity required for our integrative analyses, experiments were subjected to additional processing to obtain comprehensive data for 111 consolidated epigenomes (See
Processed Data section for additional details). Numeric epigenome identifiers EIDs (e g E001) and mnemonics for epigenome names were assigned for each of the consolidated epigenomes. The meta:

and provides key metadata terms and quality control statistics. Datasets corresponding to 16 epigenomes from the ENCODE project (with epigenome IDs ranging from E114-E128) were also processed similarly and used in the integrative analyses. thus giving us a total of 127 consolidated epigenomes.

GRID VISUALIZATION

Select Initialize Grid Visualization to obtain a grid of uniformly processed data sets (columns) across all consolidated andfor unconsolidated epigenomes (rows)
Select data views (signal tracks, peak calls, read alignments)

Select grid-cells

Visualize in the epigenome browser

Initialize grid visualization

Instructions:

Epigenomes are ordered by groups (you can expand/hide groups by clicking +/-).

You can select different views of the data (signal tracks, peak calls, alignments)

Input track height for each data view in the text box.

EIDs correspond to consclidated epigenomes

If you unselect Ignore lidated me data. lidated epigencmes will be appear in the rows in blue text

NOTE: We do not recommend visualizing the consolidated datasets alongside the unconsolidated ones. Preferably visualize the consolidated datasets.

To select grid-cells (Selected grid-cells appear blue-grey)

o Click on a single grid-cell; or

o Click and drag across rows and columns of the grid to select a sub-matrix of the multiple grid-cells

o Click on row or column header to select entire row or column

e You can perform each of these actions mutipls times to select multiple disjoint grid-cells, sub-matrices, rows or columns.

To unselect grid-cells{Unselected cells appear white)

s Click on selected cell to unselect it
o Click and drag across selected cells you want to unselect

egg2.wustl.edu/roadmap/web_portal/#chr ]

purce of human epigenomic data to catalyze basic biclogy and disease-oriented research. The project has generated high-quality. genome-wide maps of several key histone modific ations, ¢hromatin accessibility,
Frves as a supplementary data repository accompanying the flagship consortium paper titled Integrative Analysis of 111 reference human epigenomes (Nature, Feb. 2015). We provide uniformly processed datasets.

ta section summarizes the mapping of the unconsolidated Release 9 samples to the consolidated epigenome IDs



Roadmap Epigenomics Integrative Analysis Portal

http://compbio.mit.edu/roadmap

Chromatin state learning

In order to capture the significant combinatorial interactions between different chromatin marks in their spatial context (chromatin states) across 127 epigenomes, we used ChromHMM v1.10 (Emst et al., 2012), which is based on a multivariate Hidden
Markov Model.

Core 15-state model (5 marks, 127 epigenomes)

£ DATA SOURCE

© Download URLL

Visualize

Open in a new page (deactivate pop-up block

(o]

Summarized visualization of all 127 epigenomes using epilogos

Emission, transition probabilities and enrichment of states relative to various genomic and functional annotations
MNEMONICS BED FILES ( [Epigenome_id]_15_coreMarks_mnemonics.bed gz files )

<@ Tab delimited 4 columns

© chromosome, start (0-based), stop (1-based), state_label_mnemonic for that region
© ARCHIVE of all mnemonics.bed files

BROWSER FRIENDLY FILES ([Epigenome_id] 15 coreMarks_dense.bb)

© The dense BIGBED files will allow you to view each epigenome as a single track with regions labeled with state mnemonics and representative colors. You can stream these to UCSC Genome Browser or IGV
© ARCHIVE of all the dense BIGBED files

© [Epigenome_id] 15 coreMarks_dense.bed.gz (Same as above except in text format)
© ARCHIVE of all dense BED files

o o

o

© [Epigenome_id]_15_coreMarks_expanded bed gz files: The expanded files will allow you to view each epigenome with each state as a separate track labeled with state mnemonics and representative colors
0 ARCHIVE of expanded BED files

© STATES FOR EACH 200bp BIN:
http-//egg? wustl edu/roadmap/data/byFile Type/chromhmmSegmentations/ChmmModels/coreMarks/jointModel/final/STATEBYLINE/

© Max. posterior state label for each 200 bo bin in each chromosome for all ebiaenomes. The difference from the Mnemonic BED files is that in the Mnemonic files contiauous bins with the same state label are meraed and a label is assianed to the



Talk Outline

e Chromatin states analysis and ChromHMM

e Accessing chromatin state annotations for
ENCODE2 and Roadmap Epigenomics

e Running the ChromHMM software



ChromHMM Website

http://compbio.mit.edu/ChromHMM
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ChromHMM: Chromatin state discovery and characterization
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ChromHMM is software for learning and characterizing chromatin states. ChromHMM can integrate multiple chromatin datasets such as ChIP-seq data of various histone modifications to discover de novo the major re-occuring combinatorial and spatial patterns of
marks. ChromHMM is based on a multivariate Hidden Markov Model that explicitly models the presence or absence of each chromatin mark. The resulting model can then be used to systematically annotate a genome in one or more cell types. By automatically

computing state enrichments for large-scale functional and annotation datasets ChromHMM facilitates the biological characterization of each state. ChromHMM also produces files with genome-wide maps of chromatin state annotations that can be directly visualized
in a genome browser.

:}u:omH,\fﬂ\I software v1.12 (version log >— SOftwa re d Own Ioa d

Quick instructions on running ChromHMM:

1. Install Java 1.5 or later if not already installed.

2. Unzip the file ChromHMM.zip

3. To try out ChromHMM learning a 10-state model on the sample data enter from a command line in the directory with the ChromHMM jar file the command:

java -mx1600M -jar ChromHMM jar LearnModel SAMPLEDATA HG18 OUTPUTSAMPLE 10 hgl8

After termination in ~5-10 minutes a file in OUTPUTSAMPLE webpage_10.html will be created showing output images and linking to all the output files created. If a web browser is found on the computer the webpage will automatically be opened m it.
In general binarized input for the LearnModel command can be generated by first running the BinarizeBed command on bed files with coordinates of aligned reads or the BinarizeBam command on bam files with the coordinates of aligned reads.

o New features in recent ChromHMM versions:
New in version 1.11: ChromHMM has a BinarizeBam command which allows binarizing bam files of aligned reads.

New in version 1.10: ChromHMM has the option for parallel training with multiprocessors leading to significantly reduced training times. Add the -p 0' option to the LearnModel command to have ChromHMM to try to use as many processors as available or speeify
the maximum it should use.

o The ChromHMM software is described in:

Ernst J. Kellis M. ChromHMM: automating chromatin-state discovery and characterization. Narure Methods, 9:215-216. 2012.

Here are links to some existing ChromHMM annotations in hgl9 available for 127 Reference Epigenomes (Roadmap Epigenomies), 9-ENCODE cell types (from Ernst et al. Nature 2011). and 6-ENCODE cell types (from ENCODE Integrative Analysis).
ChromHMM annotations for mm9 produced by Ross Hardison's lab as part of Mouse ENCODE is available here.
Contact Jason Ernst (jason.ernst at ucla dot edu) with any questions, comments, or bug reports.

Subscribe to a mailing list for announcements of new versions

ChromHMM is released under a GPL 3 license.

ChromHMM source code 1s available on GitHub here.

Funding for ChromHMM provided by NSF Postdoctoral Fellowship 0905968 to JE and grants from the National Institutes of Health (NIH 1-RC1-HG005334 and NIH 1 US4 HG004570).




ChromHMM Website

http://compbio.mit.edu/ChromHMM
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ChromHMM: Chromatin state discovery and characterization
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ChromHMM is software for learning and characterizing chromatin states. ChromHMM can integrate multiple chromatin datasets such as ChIP-seq data of various histone modifications to discover de novo the major re-occuring combinatorial and spatial patterns of
marks. ChromHMM is based on a multivariate Hidden Markov Model that explicitly models the presence or absence of each chromatin mark. The resulting model can then be used to systematically annotate a genome in one or more cell types. By automatically
computing state enrichments for large-scale functional and annotation datasets ChromHMM facilitates the biological characterization of each state. ChromHMM also produces files with genome-wide maps of chromatin state annotations that can be directly visualized
in a genome browser.

« Chr

-omHMM manual

Software manual

Quick instructions on running ChromHMM:

1. Install Java 1.5 or later if not already installed.

2. Unzip the file ChromHMM.zip

3. To try out ChromHMM learning a 10-state model on the sample data enter from a command line in the directory with the ChromHMM jar file the command:

java -mx1600M -jar ChromHMM jar LearnModel SAMPLEDATA HG18 OUTPUTSAMPLE 10 hgl8

After termination in ~5-10 minutes a file in OUTPUTSAMPLE webpage_10.html will be created showing output images and linking to all the output files created. If a web browser is found on the computer the webpage will automatically be opened m it.
In general binarized input for the LearnModel command can be generated by first running the BinarizeBed command on bed files with coordinates of aligned reads or the BinarizeBam command on bam files with the coordinates of aligned reads.

o New features in recent ChromHMM versions:
New in version 1.11: ChromHMM has a BinarizeBam command which allows binarizing bam files of aligned reads.

New in version 1.10: ChromHMM has the option for parallel training with multiprocessors leading to significantly reduced training times. Add the -p 0' option to the LearnModel command to have ChromHMM to try to use as many processors as available or speeify
the maximum it should use.

o The ChromHMM software is described in:

Ernst J. Kellis M. ChromHMM: automating chromatin-state discovery and characterization. Narure Methods, 9:215-216. 2012.

Here are links to some existing ChromHMM annotations in hgl9 available for 127 Reference Epigenomes (Roadmap Epigenomies), 9-ENCODE cell types (from Ernst et al. Nature 2011). and 6-ENCODE cell types (from ENCODE Integrative Analysis).
ChromHMM annotations for mm9 produced by Ross Hardison's lab as part of Mouse ENCODE is available here.

Contact Jason Ernst (jason.ernst at ucla dot edu) with any questions, comments, or bug reports.

Subscribe to a mailing list for announcements of new versions

ChromHMM is released under a GPL 3 license.

ChromHMM source code 1s available on GitHub here.

Funding for ChromHMM provided by NSF Postdoctoral Fellowship 0905968 to JE and grants from the National Institutes of Health (NIH 1-RC1-HG005334 and NIH 1 US4 HG004570).




Try to Run ChromHMM on Sample
Data on Your Computer

(Java should already be installed on your computer)

1. Download
http://compbio.mit.edu/ChromHMM/ChromHMM.zip
2. Unzip ChromHMM.zip

3. Openacommand line

4. Change into the ChromHMM directory

5. Enter the command:

Jjava -mx1600M -jar ChromHMM.jar LearnModel -p O
SAMPLEDATA HG18 OUTPUTSAMPLE 10 hgl8



http://compbio.mit.edu/ChromHMM/ChromHMM.zip

Input to ChromHMM

e ChromHMM models are learned from
binarized data using its LearnModel

command

e Binarized data is typically obtained starting
from aligned reads.
— Apply BinarizeBed if reads are in BED format
— Apply BinarizeBam if reads are in BAM format




BinarizeBed

N CAWindows\system22\omd.exe
sersyJason Ernsti\Decuments\ChromHMMYPUBLICCHROMHMMA\ChromHHMM_1_1_&\ChremHMHM > java -m=1EB00M -jar ChromHMM. jar BinarizeBed CHROMSIZESWhgl18.t=xt INMPUTBEDFILES cellmarkfile.t=t SAMPLEDATA_HG1E

P %

>java -mx1606M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hqgl18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

Java command ‘-mx1600M’ specifies memory to Java



BinarizeBed

N CAWindows\system22\omd.exe
sersyJason Ernsti\Decuments\ChromHMMYPUBLICCHROMHMMA\ChromHHMM_1_1_&\ChremHMHM > java -m=1EB00M -jar ChromHMM. jar BinarizeBed CHROMSIZESWhgl18.t=xt INMPUTBEDFILES cellmarkfile.t=t SAMPLEDATA_HG1E

P %

>java -mx1606M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hqgl18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

ChromHMM command



BinarizeBed

N CAWindows\system22\omd.exe
sersyJason Ernsti\Decuments\ChromHMMYPUBLICCHROMHMMA\ChromHHMM_1_1_&\ChremHMHM > java -m=1EB00M -jar ChromHMM. jar BinarizeBed CHROMSIZESWhgl18.t=xt INMPUTBEDFILES cellmarkfile.t=t SAMPLEDATA_HG1E

P %

>java -mx1606M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hqgl18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

File with the chromosome lengths for the assembly



BinarizeBed

N CAWindows\system22\omd.exe
sersyJason Ernsti\Decuments\ChromHMMYPUBLICCHROMHMMA\ChromHHMM_1_1_&\ChremHMHM > java -m=1EB00M -jar ChromHMM. jar BinarizeBed CHROMSIZESWhgl18.t=xt INMPUTBEDFILES cellmarkfile.t=t SAMPLEDATA_HG1E

P %

>java -mx1606M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hqgl18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

DIRECTORY of BED files



BinarizeBed

mn O dows\system32\cmd.exe
n Ernst\Documents ChromHMM,PUBLICCHROMHMM, ChromHMM_1_1_8%\ChromHMHM > java -m=1E00M -jar ChroemHMM. jar BinarizeBed CHROMSIZESWhglg.t=xt INPUTBEDFILES cellmarkfile.t=t SAMPLEDATA_HG1E

P %

>java -mx1606M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hqgl18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

celll markl celll markl.bed celll control.bed
celll mark?2 celll mark?2.bed celll control.bed
cell?2 markl cell? markl.bed cell?2 control.bed
cell? mark?2 cell? mark?2.bed cell? control.bed

cell mark cell-mark

Cell-mark-file table

Control data — is optional and can
also be treated as a mark



BinarizeBed

N CAWindows\system22\omd.exe
sersyJason Ernsti\Decuments\ChromHMMYPUBLICCHROMHMMA\ChromHHMM_1_1_&\ChremHMHM > java -m=1EB00M -jar ChromHMM. jar BinarizeBed CHROMSIZESWhgl18.t=xt INMPUTBEDFILES cellmarkfile.t=t SAMPLEDATA_HG1E

P %

>java -mx1606M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hqgl18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

Output directory



LearnModel

M C\Windows\system32\cmd.exe
C:\Users\Jason Ernst\Documents\ChromHHM\PUBLICCHROMHMM\ChromHMM_1_1_e\ChromHMM>jduva -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 QUTPUTSAMPLE 10 hgl8

java -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

‘-p 0’ Use as many processors as available
“p N’ Use up to N processors (default N=1)



LearnModel

M C\Windows\system32\cmd.exe
C:\Users\Jason Ernst\Documents\ChromHHM\PUBLICCHROMHMM\ChromHMM_1_1_e\ChromHMM>jduva -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 QUTPUTSAMPLE 10 hgl8

java -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Directory with the Binarized Input



LearnModel

M C\Windows\system32\cmd.exe
C:\Users\Jason Ernst\Documents\ChromHHM\PUBLICCHROMHMM\ChromHMM_1_1_e\ChromHMM>jduva -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 QUTPUTSAMPLE 10 hgl8

java -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Directory where the output goes



LearnModel

M C\Windows\system32\cmd.exe
C:\Users\Jason Ernst\Documents\ChromHHM\PUBLICCHROMHMM\ChromHMM_1_1_e\ChromHMM>jduva -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 QUTPUTSAMPLE 10 hgl8

java -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Number of states



LearnModel

M C\Windows\system32\cmd.exe
C:\Users\Jason Ernst\Documents\ChromHHM\PUBLICCHROMHMM\ChromHMM_1_1_e\ChromHMM>jduva -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 QUTPUTSAMPLE 10 hgl8

java -mx1600M -jar ChromHMM.jar LearnModel -p © SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Genome assembly



ChromHMM Report

' [ webpage_10html  x Jason Emst| =Nl

ChromHMM Report
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Input Directory: SAMPLEDATA HGIS

Output Directory: OUTPUTSAMPLE

Number of States: 10

Assembly: hgl8

Full ChromHMM command: LeammModel -p 0 SAMPLEDATA _HG18 OUTPUTSAMPLE 10 hel8
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ChromHMM Report
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ChromHMM Report

Input Directory: SAMPLEDATA HGIS
Output Directory: OUTPUTSAMPLE
Number of States: 10

Assembly: hgl8

1l ChromHMM command: LeammModel -p 0 SAMPLEDATA _HGI18 OUTPUL LE 10 hegl8

Model Parameters

Emission Parameters

[nput Directory: SAMPLEDATA HGIS

Output Directory: OUTPUTSAMPLE

Number of States: 10

Assemblyv: hgl8

Full ChromHMM command: LearnModel -p 0 SAMPLEDATA HGI18 OUTPUTSAMPLE 10 hegl8
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Emission Parameters
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(
o Diectony: SAMPLEDATA HG1S Emission Parameters

Output Directory: OUTPUTSAMPLE

Number of States: 10

Assembly: hgl8

Full ChromHMM command: LeammModel -p 0 SAMPLEDATA _HG18 OUTPUTSAMPLE 10 hel8

Model Parameters

Emission Parameters
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Transition Parameters
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ChromHMM Report

Input Directory: SAMPLEDATA HGIS
Output Directory: OUTPUTSAMPLE

e o S 1 — Transition Parameters

Full ChromHMM command: LeammModel -p 0 SAMPLEDATA _HG18 OUTPUTSAMPLE 10 hel8
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Model Parameter File
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¢ Transition Parameter SVG File
o Transition P; r Tab-Delimited Text File

s All Model Parameters Tab-Delmited Text File

Genome Segmentation Files

o GMI2878 10 Segmentation File (Four Column Bed File
o K562_10 Segmentation File (Four Column Bed File

Custom Tracks for leading into the UCSC Genome Browser:
s GMI12878_10 Browser Custom Track Dense File

s GM12878_10 Browser Custom Track Expanded File

¢ K562 10 Browser Custom Track Dense File

o K562 10 Browser Custom Track Expanded File

State Enrichments
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Fold Enrichment GM12878_10

OOV A B W —

State (Emission order)

Lamina

Genome %
CpGlsland
RefSeqExon|
RefSeqGene|
RefSeqTES
RefSeqTSS|
RefSeqTSS2kb

Category

o GM12878_10 Overlap Enrichment SVG File
o GM12878_10 Overlap Enrichment Tab-Delimited Text File



' [ webpage_10.htmil x

Segmentation File
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C i [ file///C:/Users/lason%20Emst/Documents/ChromHMM/PUBLICCHROMHMM/ChromHMM_1_1_0/ChromHMM/OUTPUTSAMPLE/webpage_10.html

¢ Transition Parameter SVG File
o Transition P; r Tab-Delimited Text File

s All Model Parameters Tab-Delmited Text File

Genome Segmentation Files

o GMI2878 10 Segmentation File (Four Column Bed File
o K562_10 Segmentation File (Four Column Bed File

Custom Tracks for leading into the UCSC Genome Browser:
s GMI12878_10 Browser Custom Track Dense File

s GM12878_10 Browser Custom Track Expanded File

¢ K562 10 Browser Custom Track Dense File

o K562 10 Browser Custom Track Expanded File

State Enrichments

GM12878_10 Enrichments

Fold Enrichment GM12878_10
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Browser Files
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¢ Transition Parameter SVG File
o Transition P; r Tab-Delimited Text File

s All Model Parameters Tab-Delmited Text File

Genome Segmentation Files

o GMI2878 10 Segmentation File (Four Column Bed File
o K562_10 Segmentation File (Four Column Bed File

Custom Tracks for leading into the UCSC Genome Browser:
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Enrichments
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Positional Plots
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Enrichments for Additional Cell Types
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Additional Commands

e CompareModels —the command allows the
comparison of the emission parameters of a selected
model to a set of models in terms of correlation.

Best Emission Parameter Correlation

CompareModels [-color r,g,b] referencemodel comparedir outputprefix



Additional Commands

 MakeBrowserFiles — (re)generates browser

files from segmentation files and allows
specifying the coloring

MakeBrowserFiles

[-c colormappingfile] [-m labelmappingfile] [-n numstates]
segmentfile segmentationname outputfileprefix
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Additional Commands

e OverlapEnrichment — (re)computes
enrichments of a segmentation for a set of
annotations

OverlapEnrichment [-a cell][-b binsize] [-binres][-color r,qg,b][-center]
[-colfields chromosome, start,end[,signal]][-e offsetend] [-f coordlistfile] [-m
labelmappingfile][-multicount] [-posterior] [-s offsetstart] [-signal] [-t

title] [-uniformscale] inputsegment inputcoorddir outfileprefix

Fold Enrichment GM12878_10

State (Emission order)

Category



Additional Commands

 NeighborhoodEnrichment — (re)computes
enrichments of a segmentation around a set
of anchor positions

usage NeighborhoodEnrichment [-a cell][-b binsize] [-color r,g,b]
[-colfields chromosome,position[,optionalcoll|,optionalcoll,optionalcol?2]]
[-1 numleftintervals] [-m labelmappingfile][-nostrand] [-o anchoroffset]
[-posterior] [-r numrightintervals] [-s spacing] [-signal] [-t title]

inputsegment anchorpositions outfileprefix

Fold Enrichment GM12878_10 RefSeqTSS
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Additional Commands

e Reorder — reorders the states of the model

usage: Reorder [-color r,g,b][-f columnorderingfile] [-holdcolumnorder]
[-i outfilelID] [-m labelmappingfile][-o stateorderingfile] [-stateordering

emission|transition] I1nputmodel outputdir



Summary

e Pre-computed ChromHMM chromatin state
annotations available across over 100
cell/tissue types

e ChromHMM software available to run on your
own data

http://compbio.mit.edu/ChromHMM
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