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Peak Calling

Transcription Factors

Histone modifications

— H3K4me3, H3K27/me3, H3K36me3,
H3K9me3, H3K4mel, H3K27ac

DNAse hypersensitivity
Digital Genomic Footprinting
MeDIP-Seq, MRE-Seq
Many others




Chromatin ImmunopreciPitation Sequencing — ChlP-Seq
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Breast Tissue Data from Epigenome Atlas

« Breast Luminal Epithelial Cell (BLEC): H3K4mel

0 H3K4mel - mono-methylation of lysine 4 of H3 histone protein; associated with
enhancers and DNA regions downstream of transcription starts

0 BRCAIL basal-like breast cancers originate from luminal epithelial progenitors

» Breast Myoepithelial Cells (BMC): H3K4me3

0 H3K4me3 - tri-methylation of lysine 4 of H3 histone protein; associated with
promoters which are active or ready to be activated

Q0 Myoepithelial cells stabilize normal structure and help limit cancer growth

w Fibroblasts Body cells

Myoepithelium Ad}pocytes / Ea{sa[]amina / Cap cells

"'._. - -~ F. '\-_E i 2 .\(

';q Hebner C, et al. 2008.
Annu. Rev. Pathol. Mech. Dis. 3:313-39



MACS

 Model Based Analysis of ChIP-Seq
o Call peaks on both strands

— Empirical modeling of bandwidth (sonication size)
 Infer local distribution parameters

 Chip-Seq fragments equally likely to be sequenced from
both ends (bimodal distribution around binding site)

* Account for local biases in sequencing
e Options

— Run w/ control data

— Run w/o control data

Zhang et al, Model-based Analysis of Chip-Seq (MACS) Genome Biology 2008, 9:R137

Feng et al, Using MACS to Identify Peaks from Chip-Seq Data, Current Protocols in Bioinformatics
2011, 34:2.14.1-2.14.14; John Wiley & Sons, Inc.



MACS

FoxAl Chip-Seq (3.9 M uniquely mapped tags), Zheng et al
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MACS in the Genboree Workbench

 Operates on BED input files

e 6 field format

Chr start stop nhame score strand

Chromosome

Start

Stop

Read Name

Score

Strand

 Upload BED files using the Workbench Ul
— Data/Files/Transfer File




Upload Your BED File

Please note: we have provided the BED file for you, this slide and
the next show you how to upload your own BED files for future reference

¢ System/Network - | ~|Data~ |

QC and Pre-processing ~ |

Welcome tg  Patabases

-— Entity Lists
Data Selector Entrypoints

“Z Refresh | Files

Projects

5] samples & Sample Sets

Tracks

v v v v w w w

| Copy/Move File
subsequent analysis.

' Remove File(s)

4 Epigenome ToolSet Demo Input Data

Select

“Files” = “Transfer File” mery

4| Databases
4 | j GenboreeUser_database
=] All Annetations in Database
[ ] Tracks
|_JLists & Selections
[ samplesets
t Samples
|/ IFiles
,_ﬂQueries
|/ IProjects
£ GMT_Tutorial
gkdnnathanMill_Lah
4 paithank_group

The file wil not be automatically processed following

e transfer. It will be stored in Genboree as-is.

Input Data

*+ v+ XV

111

Qutput Targets
X

+ v
| GenboreeUser_database

Genome » |I Transcriptome= || Cistrome= || Epigenome =
cbench! [Getting Started]
Details
[:d. Transfer File liute Value
Process File Transfer File

Metagenome <

Transfer a raw file to Genboree for storage, sharing, and/or
se

=ENome,

[l »




Select Your BED File

Ci

11

e (enhoree Workhench! LGetting Started]
| Tool Settings

We recommend transferring gzipped-compressed files which will: (a) help avoid browser limitations,
(b)) decrease file transfer time, (c) not occupy excessive amounts of shared Genboree storage.

Additional details about the ouput files are provided in the Addendum at the boffom of the Help dialog.

X|

— Output Folder:|

Click to select BED file

Group: Genboreellser group
Database: Genboreellser _database
Sub-Folder:

e

a

— Database File Settings| e

Select File | Choose File | No file chosen /
Unpack/Extract [
File
Convert to Unix? [

Create in Sub- MACS input
Folder

File Description input file for peak calling
with MACS

1

Submif [Cancel

‘|

v




Prepare to Run MACS in the Genboree Workbench
(populate Input Data)

¢ System/Network~ | ||| Data ~

QC and Pre-processing ~

Genome « Transcriptome «

Welcome to the Genboree Workbench! [Getting started]

Data Selector

%, Refresh

i et et e

4 s.Epigenome ToclSet Demo Input Data
4 |- Databases
4 Brain
i Breast
i Breast 450K

e

—y ————

Data Filter:| Select a filter h

Cistrome ~ Epigenome Metagenome +

Details
Aftribute
Download
Group
Database
Description

Name

| Disease Epigenome
i/ MeDIP and GSEA

Drag the input BED file into “Input Data”

4 | 4 Peak Calling Demo
=] All Annotations in Database
] Tracks
__|Lists & Selections
[ samplesets
i Samples
4 - |Files
4 -/macsinput
BLEC.H3K4me1.bed.gz
BLEC.Input.bed.gz
~|BMC.H3K4me3.bed.gz
#iqueries
) RNA-Seq Tool Demo
_IPrujects
£+ Epigenomics Roadmap Repository
4 £ GenboreeUser group

-7

-

Input Data

* + X

BMC.H3IKd4me3.bed.gz

Output Targets

* + X

® Visualization - Help~

Value
Click to Download File

Epigenome ToolSet Demo Input Data
Peak Calling Demo

macsinput'BMC H3K4me3 bed.gz
Mon May 14 2012

m
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Prepare to Run MACS in the Genboree Workbench
(populate Output Targets)

#System/Network~ | || Data~ QC and Pre-processing = Genome - Transcriptome -

Welcome to the Genboree Workbench! [Getting started]

Data Selector
“Z; Refresh Data Filter: | Select a filter N
4 |=f/www.genboree.org -

a—;AtIas Tools Access
a—;EDACC
£ Epigenome Informatics Workshop (May 2012)
4 s Epigenome ToolSet Demo Input Data
4 Databases
|4 Brain
i Breast
1| Breast 450K
i Disease Epigenome
i/ MeDIP and GSEA
i/ Peak Calling Demo
i RNA-Seq Tool Demo
IProjects
a—;Ebigencmics Roadmap Repository
4 s GenboreeUser_group Drag
4| -/Databases

m

1) GenboreeUser_databas
_IPrnjects
£ GMT_Tutorial

E_———______-..9

Cistrome - Epigenome

Details
Alftribute
Group
Role

Name
Description

Snecies
Input Data
*+ + X

BMC.HIK4me3.bed.gz

Output Targets
+* + X

i GenboreeUser_database

letagenome -

. Visualization + Help~

Value
GenboreeUser_group
administrator
Genboreelser_database

Template for Human Genome, UCSC

Build Hg19

Homno saniens

mf »

Designate the database where you
want the MACS results to be deposited
by dragging the it into “Output Targets”
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Invoke MACS in the Genboree Workbench

_»System/Network~ | | |Data~ QC and Pre-processing = Genome = Transcriptome «

Welcome to the Genboree Workbench! [Getting started]

Data Selector
-’f}; Refresh Data Filter:| Select a filter P
4 Eli]www.genhnree.nrg o~
ZbAtlas Tools Access
a—;EDACC

45 Epigenome Informatics Workshop (May 2012)
4 siEpigenome ToclSet Demo Input Data
4 ./ Databases
i Brain
| Breast
| Breast 450K
| Disease Epigenome
1 MeDIP and GSEA
| Peak Calling Demo
i RNA-Seq Tool Demo
IProjects
45 Epigenomics Roadmap Repository
4 g5 GenboreeUser_group
4 Databases

11

i/ GenboreeUser_database
IProjects
£5GMT_Tutorial

Cistrome = Epigenome

letagenome =

Call ChIP-Seq Peaks by F

MACS

Details
Attribute

Group
Role

Name
Description

Soecies

Input Data

+ + X

BMC.HIKdme3.bed.gz

Output Targets

+ + X

| GenboreeUser_database

¥ Visualization ~ Help=

Value
GenboreeUser_group
administrator
GenboreeUser_database

Template for Human Genome, UCSC

Build Hg19

Homno saniens

Invoke MACS

M »
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Select Settings in the MACS Dialogue Window

.
=
|

ue
| S¢

cs
W]

=
R

Tool Settings

7 Tool Overview

MACS L

—|Input Files:

Database: Peak Calling Demo
Group: Epigenome ToolSet Demo Input Data
File: macsInput/BMC.H3K4me3.bed.gz

—{Gutput Location:l

Database:

Genboreeliser_database Group: GenboresUser group

—{ MACS Settingsl

Analysis Name
Results Name
Small Local
Large Local

P Value

M Fold

Upload Results ?
Track Name

No Lambda
Off Auto

No Model
MACS Version

File Format

After selecting settings,
click Submit.

MACS-2013-3-1-168:49:19
UC14_JMACS-2013-3-1-15:49:1

|

p-value cutoff

1000 to call peaks

10000 <«

le-5 min, max

10 30 Y fold change

BMC * H3K4dme3

. \

O LFF track name

':1'4 = (these boxes will appear
' after checking “Upload
BED [*]

> Cancel

Results”)

13




MACS Job Submission Status

‘00

ad|
gri

Us||
ptal

Job Submission Status

MACS

|®| Job Id: whiob-macs-PPbALD-1069

Your job has been successfully submitted. You will be notified by email when your
job has completed.

If you have guestions, please contact genboree_admin@genboree.org for
assistance.

OK

X|

Sets

14



Genboree email Notifying You MACS Job is Complete

Hello Genboree User,
Your job completed successfully.

lob Summary:
JoblD - wbhJob-macs-PPbALD-1069

Additional Info:
Database: 'GenboreeUser_database'
Group: 'GenboreeUser_group'

You can download result files from the '"MACS-2013-2-18-14:53:22' folder under the "MACS' directory.

MACS called 23943 peaks. The breakdown of the peaks with respect to the gene model follows:
Gene TSS +- 3K Peaks 13693 57.18%

Gene Exon Peaks 868 3.62%
Gene Intron Peaks 2707  11.3%
Intergenic Peaks 6675 27.87%

- The Genboree Team

15



Retrieve MACS Results from “Files” in Your Designated Database

|,,f,j System/Metwork~ |I.J Data= || QC and Pre-processing = | | Genome= (|  Transcriptome~ ||

Cistrome = | | Epigenome~ || Metagenome = | | = visualization = |
Welcome to the Genboree Workbench! [Getting Started]
Data Selector Details
“?gﬂefresh Data Filter: | Select a fitter... B2 Aftribute Value
~ Ll R Jl Download Click to Download File Fa
4 (4 GenboreeUser_database Group Genboreellzer_group |?|
=] All Annotations in Database E
» [ Tracks Databaze Genboreelser_database
+ [ Lists & Selections Description
' @ Sample Sets MACS/UC14 MACS-2013-3-1- S
+ .ES&mples
4 Files

» __—i]EpigenomeSIiu:e
s _—,] EpigenomicExpHeatmap
4 -lmacs
' _—,] HIH1_MAC 5-2012-5-14-12:35:42

4 -luC14_MACS-2013-3-1-19:41:12 /
| =] BMC:H3K4me3.Iff.zip

_ Clicking on a file in the Data Selector
e T AR peakeas will highlight it in Details. Then click on
ol raw the link in Details to download the file.
- /-] Raw Data Files = v o v

i _—l] Spark - Results

s __—i]EpigenomeComleMMA
i __—i]Epigenome_Limma

> 5 cuffdiff

The MACS results file will be
located within Files, within the
database that you designated.

16



MACS Results Downloaded in Excel

A | B8 | ¢ | o | e | ¢ | 6 | w |
1 |# This file is generated by MACS version 1.4.1 20110627
2 #ARGUMENTS LIST:
3 #name=BMC_H3K4Me3 MACS-2013-2-18-14%3A53%3A22
4 # format = AUTO
5 # ChIP-seq file =./9211e5b36b69c5ae404791db02a1d981af29e13e/file_0_macsinput%2FBMC.H3K4me3.bed
6 # control file = None
7 | # effective genome size = 2.70e+09
8 # band width = 300
9 #model fold = 10,30 Summit = location with highest
10 # pvalue cutoff = 1.00e-05 fragment pileup, predicted as
11 # Small dataset will Fle scal.ed towards Ia.rger dataset. precise blndlng location
12 # Range for calculating regional lambda is: 10000 bps
13
14 #tagsize is determined as 49 bps

(SR SN SR R T AT AT AT A I I Er e
O~ LB W N RO Wt~ o

# total tags in treatment: 8184971

# tags after filtering in treatment: 8184971

# maximum duplicate tags at the same position in tre ent=1

# Redundant rate in treatment: 0.00

#d=200

chr start end length summit  tags -10*logl0 fold_enrichment
chrl o861 10677 817 360 292 2034.63 24.91
chrl 713307 715489 2183 1297 83 250.89 11.7
chrl 724760 727160 2401 2202 92 223.86 16.37
chrl 761468 763266 1799 865 133 463.34 14.42
chrl 833096 834002 907 577 20 96.47 11.54
chrl 839750 840203 454 262 15 77.67 11.4
chrl 859636 861418 1783 741 37 83.16 5.71
chrl 875788 876527 740 305 13 50.73 7.95

17



MAC Results Uploaded to Genboree

Home  Workbench Browser Profile ~ Groups « Projects ~ Databases
I

Tools = Log Out Help

GENROREE BCM

Baylor College of Medicine

L 2System/Network~ | || |Data~ C and Pre-processing = Genome Transcriptome « Cistrome =

Welcome to the Genbokee Workbench! [Getting started]

Epigenome = Metag

Data Selector Details
%2, Refresh Data Filter:| SelecNg filter v Altribute Value
— 7 i ) il Download Click to Download File -
fSEpigenomics Roadmap Repository
Gronn Eninenome ToolSet Demo
4 =% GenboreeUser_group

4| Databases

We now wish to visualize the peaks called
by MACs in the context of genomic and/or

4 | j GenboreeUser database
= All Annotations in Database

epigenomic data via the Genboree Browser |, . -
| Tracks -
_|Lists & Selections Input Data
) samplesets -
t Samples t¥IxXY
4~ |Files

| /EpigenomeSlice
| /EpigenomicExpHeatmap

4| ImAcs
(INIH1_MACS-2012-5-14-12:38:42 =
P T LTy
| |BMC:H3K4me3.Iff.zip Output Targets
| MACS-2013-3-1-19:41:12_peaks.xls -
= P — * v+ XV
_johEile json

[ raw
[*~/Raw Data Files

|/ Spark - Results

[
0o



Tell the Genboree Browser What You Wish to View

L

Baylor College of Medicine

Home Workbench Profile Groups Projects Databases Tools Log Out Help@

—> m GenboreeUser_group E| Role: ADMINISTRATOR

Database Assembly Entry Point From To
—> GenboreeUser_database [=] chri [>] 117,997,344 131,253,276 View | 6
Search |

If the menu bar does not refresh use the shift +reload combination to force the page to reload

You are a member of the following group(s): Role

Atlas Tools Access SUBSCRIBER
Epigenome Informatics Workshop (May 2012) ADMINISTRATOR
Epigenome ToolSet Demo Input Data SUBSCRIBER
GenboreeUser_group ADMINISTRATOR
GMT_Tutorial AUTHOR

Public SUBSCRIBER

Select your Group and Database. Click “View”
(“chrl” is default, and can be changed (next slides)

Targeted Atlases SUBSCRIBER

Genboree is built & maintained by the Bioinformatics Research Laboratory

at Baylor College of Medicine. H G: C
cestea

Genboree iz a hosted =ervice. Code is available free for academic use. AL G s

2w

© 2001-2013 Bioinformatics Research Laboratory . -
(400D Jewish Wing, MS:BCM225, 1 Baylor Plaza, Houston, TX 77030, 713-798-5433) Questions or comments?
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View MACS Results in the Genboree Browser

4 g’ GenboreeUser_group
4 || Databases

Data Selector

4 | j GenboreeUser_database
=] All Annotations in Database
] Tracks
__|Lists & Selections
[ samplesets
# Samples
IFiles
[:-JEpigenomesSlice
:-'JEpigennmicEpoeatmap
4 -lmacs
I;-JN|H1_MAC5-2012-5-14-12:33:42
4 ---JUC14_MAC5-2|]13-3-1-19:41:12
| |BMC:H3K4me3.Iff.zip
' MACS-2013-3-1-19:41:12 peaks.xls

| jobFile json
[(raw

tnch Profile Groups Projects Databases Tools Log Out Help??

BCM

Baylor College of Medicine

m

RL Download Style Setup Link Manager Track Manager Class Manager

eellser_group

Ed Role: ADMINISTRATOR | Email Group |

Assembly Entry Point To

[=] chri [~ H117,997,344 §131,253,276
B | 4] ]

From

latabase

Search |

,000

n 15x| 2x| 3x| 5x| 10x| pase| Zzoomout 1.5x| 2x| 3x| 5x| 10x| Full |

O T ETITPET TNy Wi

DRAG HERE TO SELECT
125000000

Track "BMC:H3Kdme3" (23,943 annotations)
HInneim

chrl

120000000

130,000,000

BMC :H3Kdme3 111 1
Track "ESCs:Rad2l_Manog" (218 annotations)

ESCs:Radzl_Manog |
Track "Read:Density_BodySite" (1,552 annotations)
Read:Density_BoduS I 1
Track "Read:Density_Individual" (248 annotations)
Read:Density_Indiv 1
Track "Cyto:Band" (862 annotations)
Cyto :Band I 1 11.2 1pil.1 1911 1412

now displayed in the G

The MACS files contained in the Data Selector are

RefSeq" (345,623 annotations)

enboree Browser :Genes" (244,393 annotations)

Track "Enown:Gene" (733,510 annotations)

Known :Gene™"

N
(@)




Change View of BMC:H3Kme3 Data

Select chrl7 and type in new “From” and “To” coordinates to generate this view

&1V GenboreeUser_group E| Role: ADMINISTRATOR Email Group

Database Assembly Entry Point

GenboreeUser_database Ed chr17 37,841,179 37,892,422

Extend: #I| 2,000 b | la| ««| « »| »| ]| Search |

ZoomIn 15%| 2x| 3x| 5x| 10x | Base| Zoomout 15x| 2x| 3x| 5x| 10x| Full]
N O e |1 'l I

chrl? DRAG HERE TO SELECT

A7 850,000 37,860,000 37,570,000 BT A850,000 37,390,000
Track "BEMC:H3Kdme3" (23,943 annotations)
é BMC :H3Kdme3 Bl <he17_3754384... [ chr17_3785566... [ |

Track "ESCs:iRad2l_MWanog" (218 annotations?
ESCs :Rad21_Nanog I
Track "Cyto:Band" (862 annotations)
Cyto :Banc I T I ——

Track "Gene:RefSeq" (345,623 annotations)
Gene:RefSeq—+ ™ AEEREEE Tt o e i T i i

Track "CCDS:Genes" (244,393 annotations)

-5 # H—HH—H H

CCDS:Genes ™+

Track "kEnown:Gene" (733,510 annotations)
&/ i I & i +—Ha = 8 ¥ ¥ B+ M- E i

Known : Gene

21




Explore Visualization Settings in Genboree Browser

(& LT GenboreeUser_group E| Role: ADMINISTRATOR M
Database Assembly Entry Point From To
GenboreeUser_database [~ lihg19 chri7 [~ N37,841,179 37,892,422 View

=

Extend:ﬂl),l]l]l] M ﬂlilil Llilil Search
Zoomn 15%| 2x] 3x| 5| 10%] Base| zeom out 15| 2x| 3x| 5x] 10 Full

W o o  mmemTw
chrd? 37450000 B 560000 e “EET 37,850,000 37,590,000
Track "BMC:H3Kdme3" (23,943 annctations)
BHC:HIKdmes WM chri?_578493¢... NN chri?_9785566... -
Track "ESCs:Rad2l_Nanog" (218 annotations)
ESCs:Rad21 Mar 1 . i i
Change settings to view data of interest
—
Reset Apply
Set Visibility For All Tracks [~ | Picture width: 620
[ pisplay empty tracks [ ] Indicate continuations? Display track descriptions
= Class ¢
EpigenomicLimmaComp:Analysis Compact [*] Read:Density_BodySite Compact [=]
Read:Density_Individual Compact [=]
CCDS:Genes  Compact E| Gene:RefSeq Compact E|
Known:Gene Compact E|
= MACS ¢

BMC:H3K4me3 Expand with Comments [~ |

1]

Marker

€]

Cyto:Band Compact [=]
SPARK

1]
2]

ESCs:Rad21_Nanog Compact [=]

Back Apply Save Load Default Save As Default
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Peak evaluation

H3K4me3

— Actively transcribed genes

— Poised genes
e co-occuring with H3K27me3

— Overlap with gene promoters

H3K4mel
— Mark of distal enhancers

Expect different distribution H3K4me3
Simple check

— Summary of peak distribution
— With respect to gene elements



H3K4me3 H3K4mel

TSS+/-3k 13693 57.2% | 5381 17.7%
Exons 868 3.6% | 2154 7.1%
Introns 2707 11.3% | 8416 27.7%
Intergenic 6675 27.9 % | 14429 47.5%
Total 23943 30380

Please note: Genboree does not generate these visuals

(data is exported and pie charts are generated in Excel)

H3K4me3 H3K4mel
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