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Talk Qutline

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

Histone Modifications can be Mapped Genome-wide with ChlP-seq
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+ Development (in utero, childhood)
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* Drugs/Pharmaceuticals -
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From ‘chromatin marks’ to ‘chromatin states’

Chr7:116,260k> 116.270kb  116,280kb 116,290kb 116,300kb 116,310kb 116,320kb 116,330kb 116,340kb 116,350kb 116,360Kb
i |

D
Fron

+ $at f
101€er stales I‘

Transcribed states

Chromatin States

State 37|

wess ACtive Intergenic

__ CAPZA2

mmr:' R — —
Ernst and Kellis, Nat Biotech 2010

e Learn de novo
significant
combinational and
spatial patterns of
chromatin marks

*Use for genome
annotation

(ChromHMM)

Gene - Transcribed Region

Enhancer Gene Starts

Our approach: Multivariate Hidden Markov Model
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High Probability Chromatin Marks in State

All probabilities
are learned from
the data

Binarization leads to explicit modeling of mark combinations and interpretable parameters

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




ENCODE: Study nine marks in nine human cell lines

9 marks 9 human cell types

H3K4mel HUVEC Umbilical vein endothelial
e NHEK Keratinocytes

HKames GM12878  Lymphoblastoid

H3K27ac

aKen X K562 Myelogenous leukemia
H3K27me3 HepG2 Liver carcinoma

H4K20mel NHLF Normal human lung fibroblast
H3K36me3 HMEC Mammary epithelial cell
S HSMM Skeletal muscle myoblasts
HWCE H1 Embryonic

AR rad Bernstein ENCODE Group

State
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Chromatin states dynamics across nine ENCODE cell types
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* Single annotation track for each cell typesmemne
* Summarize cell-type activity at a glance jaestestse
° Can StUdy 9-Ce” aCtIVIty pattern across ¢Weaktranscribed

Ernst et al, Nature 2011

Weak/poised enhancer

Heterochrom; low signal




Chromatin states to interpret disease variants

« Enhancers from
different cell types
enriched in different
traits

« Specific chromatin states enriched in
GWAS catalog

Ernst and Kellis, Nature Biotech 2010

Imputation based
chromatin state used in
dissection FTO loci

» Interpreting epigenetic
disease associated

iy variation in Alzheimer’s
1R FPTY e g disease

oy Claussnitzer et al, NEJM 2015 De Jager et al, Nature Neuroscience 2014

* Many other examples in the literature

Talk Outline

e Chromatin states analysis and ChromHMM

* Accessing chromatin state annotations for
ENCODE2 and Roadmap Epigenomics

e Running the ChromHMM software




Chromatin States Defined Across 127 CeII__/Tissues Types

5 marks
o E. observed data

W observed
Roadmap Epigenomics Consortium et al, Nature 2015 . e .
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Extended Chromatin State Model with H3K27ac
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» 6 marks observed data
» Defined on 98 cell/tissue types only
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16 cell types from ENCODE2

Roadmap Epigenomics Consortium et al, Nature 2015




Chromatin States Defined on Imputed Data

I observed + imputed [Jljimputed onty  llobserved only

Ernst and Kellis, Nature Biotech 2015

Marks
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12 marks imputed data

ChromImpute method i

R
biogechr

ChromHMM Models across Many

Roadmap/ENCODE2 Cell and Tissue Types

Primary Core Marks segmentation

« State 1- ]l - TssA (Active_TSS)

Imputed Marks Segmentation
Auxiliary Core Marks + K27ac segmentation g e

« State 1 - [JiE - Tssa (Active TSS)

« state 1 - [l - TssA (Active_TSS)

« State 2 - [TARGEIREE - PromU (Promoter Upstream TSS)

 State 2 - [SFGRGEREA] - TesAFInk (Flanking_Active_TSS) + State 2 - |DRGEIREA - TssFink (Flanking_TSS) + State 3 - [OFBNGIREA - PromD1 (Promoter Downstream TSS with DNase)
o State 3 - [EAEGIEEA] - TxFInk (Transcr_at_gene_5_and_3primer) « State 3 - [IOANGENREA) - TssFinkU (Flanking_TSS_Upstream) + State 4 - [RNGEIRER - PromO?2 (Promoter Downstream TSS)

+ State 4 - [ESHEEN - Tx (Strong_transcription) « State 4 - [IIBRGRIREN - TssFinkD (Flanking_TSS_Cownstream) - T#§' (Transcription 5)

« State 5 - [N - TxWk (Weak_transcription) « State 5 - [E - T (Strong_transcription) - Tx (Transeription)

« State & - [Green¥ellow - EnhG (Genic_enhancers) - state 6 - [RNRMINNRN - Tk (Weak_ranscription) « State 7 - JERERR - T3 (Transcription 3)

« State 7 - [Yellow - Enh (Enhancers) + State 7- -EnhG1 (Genic_enhancer1) « State & - [IRIGHBER - Tk (Weak transcription)

+ State 8 - [ - ZNF/Rpts (ZNF_genesérepeats) + State 8 - [GreenYellow] - EnhG2 (Genic_enhancer2) » State § - [GreenYellow - TxReg (Transeription Regulatory)

« State - [PaleTUrUOISE) - He! (Hetercchromatin)
+ State 10 - [RGIBAREA) - TssSiv (BivalentPoised_TSS)
- State 11 - BivFink (Flanking_Bivalent_TSS/Enh) nhWk (Weak_Enhancer)
+ State - EnhBiv (Bivalent_Enhancer) 2

« State 9-[Orange. - Enha (Active_Enhancert) « State 10 - [GreenYellow] - TXEnhS
State 10 - [Orange] - EnhA2 (Active_Enhancer2) o , e

(Transcription §* Enhancer)
(Transeription 3' Enhancer)

» State 12 - [GreenYellow, - TKERHW (Transcription Weak Enhancer)
ZNFIRpts (ZNF_genesdrepeats) « State 13 - [Orange. - EnhA1 (Active Enhancer 1)

+ State 13- ReprPC (Repressed_PalyComb) eterochromatin)
+ State 14 - [Ofange. - EnhA2 (Active Enhancer 2)
« State 14 - [Gainsboro) - ReprPCWi (Weak_Repressed_PolyComb) State 14 - [IGHBAREH] - TssBiv (Bivalert/Poised_TSS) + Sits ,54%0,“” - EPRAF (Active Enhancer Flank)

« State 15 - [White| - Quies (QuiescentLow)

« State 15 - [DarkKhaki| - EnhBiv (Bivalent_Enhancer)

« State 16 - [Yellow - EnhW1 (Weak Enhancer 1)

127 Cell/Tissue Types e e e I = s I
H3kamel S R e qre o)
H3kame3 98 Cell/Tissue Types o e oo
::ig?r:; H3K27me3 127 Cell/Tissue Types

H3K9me3 H3K4mel  H3K9ac
H3K36me3 H3K4me3  H4K20mel
H3K27ac H3K27me3  H3K79me2

Images from UCSC genome browser H3K9me3 H3K4me2
Note: additional ChromHMM annotations based on older H3K36me3 H2A.Z
ENCODE models available from UCSC genome browser H3K27ac DNase




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
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Accessing Roadmap/ENCODE2 ChromHMM
through the UCSC Genome Browser Track Hubs
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Accessing Roadmap/ENCODE2 ChromHMM
through the UCSC Genome Browser Track Hubs
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Accessing Roadmap/ENCODE2 ChromHMM
through the UCSC Genome Browser Track Hubs
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Accessing Roadmap/ENCODE2 ChromHMM
through the UCSC Genome Browser Track Hubs

chromHMM Track Settings Subiracksy Descrobony
chromHMM tracks from Roadmap jscen ey asan

Accessing Roadmap/ENCODE2 ChromHMM
) ”through the UCSC Genome Browser Track Hubs
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Talk Qutline

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

b B chverian cvor

€ 5 C D compbiomited 3 Qs * =
IMM s softviare for leami states, € o such as ChiP-seq data of varions histone modifications to discover de nove the major re-occuring combinatorial and spatial patterns of
marks, ChrondHMM is based cu farkov Mode] that explicitly he presence h e rel rematically snniotate 2 gencne i one or more cell ally
2 i ChromHNM facilitmes the biological sate. duces files with maps that can b direetly visualized

a2 genome browser.

¢ Software download

Quisk st
1. Tnstall Java 1.8 o later if not already installed.

2 Unzip the file ChromHMM.zi

ions o sunming ChromHMM:

P
1y out CliromHMM learing a 10-state model on the sunple data enter fiom a cormumand line in the direciory with the ChromHMMEjar fle the command.

jva -+mx1600M -jar ChromHMM jar LeamModel SAMPLEDATA_HG1S OUTPUTSAMPLE 10 hel§
Afier termination in ~S+10 mismes o file in OUTPUTSAMPL E/webpage_10 him will be ereated showing oty images and linking to all the owtput files created. Ifa web browser is found on the consputer the webpage will automaatically be opened n it
I genera] binarized input for the Zeain:Model sousman can be generated by first ruaning e B ] s with coond ligned reads or the BivarizeB: ] s with the coord A

.+ New featires i recent CheomMM versions
New in version 1.11: ChromHMM has a Bin Bam command which allows binanzing bam files of aligned reads.

v in version 1.10: ChromHMM fas the option for paralel e cading Addhe -p 0 option 0 the LeamModel conmnd to have ChromHMM to ty o se as miany prosessars as availabl or spesiy
the maximum it should use.

- The ClrouHMM sofiware is deseribed ia:

sl Emmat et al. Nature 2011). and S-ENCODE eell types (from ENCODE lntegrative Aualysis)

9 prodced by Ross Hasdis
rust o0 with auy qestions,
5 ailing is for e "
ChromHMM is released under s GP eSS

ChromHMM source code is available on GitHub hers.

Funding for ChromHMM prosided by NSF Poswlostoral Fellowship 0903968 to JE and grants from the Navionsl Institses of Health (NTH 1-RC1-HG005334 and NTH 1 U84 HG004570) .
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ChromHMM Website

http://compbio.mit.edu/ChromHMM

b & chomii e =
L (<] compbio.mitedu;

ChromHMM: Chromatin state discovery and characterization

Addthe -p 0 option to the LeanModel conmmand to have ChromHMM to try fo tse as many processors as available or speify

). -ENCODE sell sypes (from Ennst et al. Nature 20111, and 6-ENCODE cell typss (from ENCODE lntegrative Analysis)

Fellowship 0905968 to JE and grants from the National Istitutes of Health (NIH 1-RC1-HG00334 and NIH 1 U$3 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. Open acommand line

4. Change into the ChromHMM directory

5. Enter the command:

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




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 BinarizeBanmif reads are in BAM format

BinarizeBed

>java -mx1660M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hg18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

Java command -mx1600M’ specifies memory to Java

14



BinarizeBed

>java -mx1660M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hg18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

ChromHMM command

BinarizeBed

>java -mx1660M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hg18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

File with the chromosome lengths for the assembly

15



BinarizeBed

>java -mx1660M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hg18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

DIRECTORY of BED files

BinarizeBed

>java -mx1660M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hg18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

celll markl celll markl.bed celll control.bed
celll mark2 celll mark2.bed celll control.bed
cell2 markl cellZ markl.bed cell? control.bed
cell? mark2 cell? mark2.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

>java -mx1660M -jar ChromHMM.jar BinarizeBed CHROMSIZES\hg18.txt INPUTBEDFILES cellmarkfile.txt SAMPLEDATA_HG18

Output directory

LearnModel

PUBLICCHRONHMMAChromHHM_1

java -mx1600M -jar ChromHMM.jar LearnModel -p 0 SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

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

17



LearnModel

@ CAWindowstepstemancrnd.exe
c -\ on Ernst\Documants\ChronHHK\PUBLICCHRONHHH\ChromHNH_1_1_B\ChrosHHH)jdUa -mx1600K -jar ChromHHH.jar LearnHedol -p O SAMPLEDATA_HGI& OUTPUTSAHPLE 10 hgld

java -mx1600M -jar ChromHMM.jar LearnModel -p 0 SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Directory with the Binarized Input

LearnModel

B CiWindowstsystem32icmd.exe.
i onHHH\PUBLICCHRONHMMAChromHMH_1_1_O\ChrosHHH>jdua -mx1600H -jar ChromHMM.jar LearnModel -p O SAMPLEDATA_HG1E OUTPUTSAPLE

java -mx1600M -jar ChromHMM.jar LearnModel -p 0 SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Directory where the output goes

18



LearnModel

hr-omHHH | PUBL TCCHROMHHMY ChremHKH_1_1 _ HHH)j&Ua -mx1600K -jar ChromHKM.jar LoarnModel -p 0 SAMPLEDATA_HGIS OUTPUTSAN

java -mx1600M -jar ChromHMM.jar LearnModel -p 0 SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Number of states

LearnModel

CAWindows\systemazicmd.
\ HHH\PUBLICCHROMHMMAChromHHM_1 _1_O\ChrosHHN>jsua -mx1600M - jar ChromHM. jar LoarnModel -p O SAMPLEDATA_WG1S OUTPUTSAN

java -mx1600M -jar ChromHMM.jar LearnModel -p 0 SAMPLEDATA_HG18 OUTPUTSAMPLE 10 hgl8

Genome assembly

19



ChromHMM Report

¥ o wesmsge tommt %

C & D flespiCrusers/asor
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Emission Parameters
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Positional Plots
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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.

Bast Emissian Parar

CompareModels [-color r,q,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[,signall][-e offsetend] [-f coordlistfile] [-m
labelmappingfile][-multicount] [-posterior] [-s offsetstart][-signal] [-t

title] [-uniformscale] inputsegment inputcoorddir outfileprefix

Fold Enrichment GM12878_10

State (Emission order)

Additional Commands

e 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,optionalcol2]]
[-1 numleftintervals] [-m labelmappingfile][-nostrand] [-o anchoroffset]
[-posterior] [-r numrightintervals] [-s spacing] [-signal] [-t title]
inputsegment anchorpositions outfileprefix

Fold Enrichment GM12878_10 RefSeqTSS

) coee————

State (Emission order)

Position
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Additional Commands

e Reorder —reorders the states of the model

usage: Reorder [-color r,q,b][-f columnorderingfile] [-holdcolumnorder]
[-1 outfilelID] [-m labelmappingfile][-o stateorderingfile] [-stateordering
emission|transition] inputmodel 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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