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Workshop Objective:

Catalyze Conversion of Epigenomic Profiling Data

into Biological Insights through Integrative Analysis

* Introduction to Workshop, Epigenome Informatics, Genboree

* Methods (Assays, Data Processing)

 Standards (Metadata, Interoperability)

* Data Resources (Human Epigenome Atlas, ENCODE)

* Tools (Epigenomic Toolset, Genboree Workbench, WashU Browser)
* Use Cases

e Collaborative Opportunities / Networking / Exchange of Experience




Monday, Mar 4", 2013

8:00 — 8:45 am Badge pickup & continental breakfast (8t floor, Hilton )
Session 1
8:45-9:00 am Introduction to the Workshop — Matt Roth

9:00 —9:45 am Introduction to Epigenome Analysis & Genboree —
Aleks Milosavljevic

Session 2

9:45 -10:45am  Use case preparation — Setting up projects, databases, groups,
accessing files, user privileges, navigating Genboree, toolsets,
submitting jobs, etc. (BRL staff)

10:45 - 11:00 am Break

11:00-1:00 pm  Hands-on Case Studies: Epigenomic variation between tissues,
individuals, and in Cancer (BRL staff)

1:00 - 2:00 pm Lunch



Monday, Mar 4th, 2013

Session 3
2:00-3:00 pm Analysis of Infinium Methylation Arrays (BRL staff)

3:00 - 3:45 pm Visualizing Human Epigenomic Data via WashU Genome Browser
(Xin Zhou, Wash U)

4:00 —5:30 pm Track A: Analysis of individual data (for those who uploaded data), or
continuation of use cases (attendees & BRL staff)

4:00-5:30 Track B: Discussion of the “programmable web”, data and tool
integration, and REST APIs (Aleks Milosavljevic)

6:00 pm Depart for dinner together (place TBD) or dinner on your own

Tuesday, Mar 5th, 2013

8:30—-9:00 am Continental breakfast (outside meeting room)
Session 4

9:00 —9:15 am Review of Day 1 and preview of Day 2 — Matt Roth



Tuesday, Mar 5", 2013

9:15-10:00 am

10:00 —12:00 pm

12:00-1:00 pm
Session 5

1:00 - 3:00 pm
1:00 - 3:00 pm
3:00-4:30 pm
4:30-5:00 pm

Quantitative profiling of histone modifications, peak calling and
segmentation of epigenomic signals, Chip-Seq, RNA-Seq (BRL staff)

Hands-on Case Study: Chip-Seq & RNA-Seq analysis
(attendees & BRL staff)

Boxed lunch (outside auditorium)

Track A: Analysis of individual data (for those who uploaded
data), or continuation of use cases (attendees & BRL staff)

Track B: Discussion of the “programmable web”, data
and tool integration, and REST APIs (Aleks Milosavljevic)

Wrap-up data analysis: semi-structured time for completing
individualized data analysis, case studies, informal discussions

(attendees & BRL staff)

Open discussion and wrap-up, adjourn



BRL Hosted Genboree Epigenome Informatics Workshops
(on-site - Houston, TX)

March, 2012: Genboree end-user focused workshop,
introduction to epigenome data analysis
-people wanted more hands-on with tools

May, 2012: Launch of RNA-Seq & Chip-Seq tools

October, 2012: Attendees could upload own data. Introduced
Spark (epigenomic data visualization, Nielsen et al. Genome Research) &
“programmable web” session

March, 2013: Attendees could upload own data. Expanded
Spark demo, WashU demo



Workshop Participants:
Brief introductions to facilitate networking;

Please describe your goals in attending workshop



Welcome to The Genboree Workbench!

Home Workbench Browser Profile + Groups ~ Projects - Databases ~ Tools = Log Out Help

GENBOREE BCM

L System/Network ~ | Data - QC and Pre-processing ~ Genome * Transcriptome ~ Cistrome = Epi Specific info rm ation On
Welcome to the Genboree Workbench! (Geting started] files/samples selected in

the “Data Selector”

Data Selector Details

Attribute I

<

“Z,Refresh Data Filter- | Select a filter

4 5| www.genboree.org
[ Atlas Tools Access
S+ EDACC
£ Epigenome Informatics Workshop (May 2012)

=) Epigenome ToolSet Demo Input Data Te”S the tOOI to Use

£ Epigenomics Roadmap Repository this d ata/fl le
£i* GenboreeUser_group Input Data
£ GMT Tutorial -

+ I+ X

£ Group1
o JonathanMill_Lab

7% paithank_group
4 Public

71> ROl Repository
o Targeted Atlases

Output Targets

Various Data Types + X w Tells the tool
(tracks, files, ROls, etc)

where to

deposit results
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Create & Manage Groups

Home Workbench Browser Profile ~ Groups ~ Projects = Databases ¥ Tools Log Out Help
- Baylor College of Medicine
|+ System/Network = | ||| Data ~ QC and Pre-processing ~ Genome ¥ | Transcriptome ~ Cistrome Epigenome ~ Metagenome ~ || ®Visualization
User Profile )
' b Genharea W arkhench! [Getting started]
Groups b Create Group
Hosts b Edit Group Info Details
Jobs b Delete Group er = Attribute Value
[ Request Feature Add Existing User To Group
£ Atlas Tools Ac Add New User To Group
“ EDACC
& Update Roles
/" Epigenome Inf
£ Epigenome To Copy Users
[ Epigenomics F Message to Group
[£* GenboreeUser_group Input Data
£ GMT_Tutorial -
2 + + X
£ Group1
13;‘; JonathanMill_Lab
b paithank_group
£ Public
£* ROI Repository
£ Targeted Atlases
4% vamin_group
Output Targets
+ + X




Create & Manage Databases & Projects

Baylor College of Medicine

he = |

Home Waorkbench Browser Profile = Groups ~ Projects = Databases - Tools = Log Cut Help
ey A Manage Tracks
I,Uj System/Network = | | Data ~ QC and Pre-processing ~ Genome * | Transcriptol =Tl
Databases b Create Database
Welcome tg
.— Entity Lists b Rename Database
Data Selector Entrypoints b Delete Database ils
_| Fil i

2, Refresh =| Files b Edit Database Info hute

- Projects b
4 .genbor ﬁ J] \ Unlock/Lock Database

£ Atlas Too Samples & Sample Sets | \\ Publish/Retract Database

£ EDACC = Tracks b N

£ Epigeno ) \

£ Epigenome ToolSet Demo Input Data Co—

5 Epigenomics Roadmap Repository Create Project

£’ GenboreeUser_group I

- I

£ GMT_Tutorial —

= Group1 + ¥ X

£ Group

£} JonathanMill_Lab

£ paithank_group

£ Public

" ROI Repository

[£° Targeted Atlases

% vamin_group

Output Targets
+ + X

Value

Metagenome ~ || *.\Visualization
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Welcome to the Genboree Workbench!

| SystemiMetwork ~ | ||j Data - || QC and Pre-processing ~ || Genome ~ ||

Welcome to the Genboree Workbench!

Transcriptome ~ | |

* The Data Selector tree on the left shows the data entities to which you have access.
* Drag items to be used as tool inputs over to the Input Data area.

* Drag items to be used as output destinations for tool results over to the Output Targe

* Tools which can be run on your selections will be highlighted in green .

* Unsure about what kinds of items a particular tool needs in the Input Data and Outpui

= Just click the tool button when it is not highlighted to see help information.

Cistrome - || F_Eiﬁnnme i || Metagenome ~ || ) Visualization ~ |

Qac (2
m Search for Similar Signals by Correlation

Analyze Signals 3
. Compute Similarity Matrix (heatmap)

Slice Epigenomic Data 3

Analyze Signals in the Context of Epigenome Atlas |

| System/Metwork ~ | ||j Data ~ | | QC and Pre-processing ~ | |

Genome ~

Transcriptome - || Cistrome ~ || Epigenome - || Wetagenome ~ || ¥ Visualization ~

+ Drag items to be used | ¥ Map Reads by Pash
S 57 Profile Combined Coverage

Analyze Structural Variants F | <7 Collect Insert Sizes
Welcome to the Genboree Workbe |, ,
s Breakpoint Detecti Breakout
+ The Data Selector tree on the left shows o - ¥ | Breakpoin L
# oz fememe bo b simnd mm bmn] fmmebe e “He Input Data area. 57 Intersect 3Vs
e | . Call SNPs by Atlas-SNP2 ‘or tool results over to the Ouf < Report Multiple SVs
+ 7 be highlighted in green .
Call Indels Atlas-Indel2 . i i i
s | W = tool needs in the Input Data 3 " Epigenomic Enrichment
i | Genotype SNPs by Atlas-SNP2 Re-Genotyper hlighted to see help informatiol <7 Epigenomic Variation
| System/Metwork ~ |||j Data ~ || QC and Pre-processing ~ || Genome - || w || Cistrome ~ || Epigenome - || Wetagenome ~ || ¥ Visualization ~
Analyze RNA-Seq Data 3 Map Reads and Splice Junctions by TopHat
Welcome to the Genboree Workbench! Analyze Small RIA_Seq Data. » ? g ey T
| nalyze Smal = A ble and M T i Cufflink
« The Data Selector tre = : A . SSEMm an leasure Transcripts by Cufflinks
 Drag items to be used - Data area. Detect Transcription Changes by Cuffdiff

sults over to the Qutput Targets area.

| SystemiMetwork ~ | ||j Data - || QC and Pre-processing ~ ||

Genome '||

Welcome to the Genboree Workbench!

Transcriptome = Tistrome ~ || Epigenome ~ || Metagenome ~ || ) Visualization ~
Call ChiP-5eq Peaks by MACS
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Epigenome Atlas Release 8

over 2000 experiments
Wwww.epigenomeatlas.org

Home
Human
Epigenome
Atlas

-]

Baylor College of Medicine

Releases Informatics Publications Forums Contributors

Human Epigenome Atlas Release 4 [hg139)
Dats Access Policy
Data embargo peried: from 04142011 - 01M114/2012 or earlier as specified here
Select cells by clicking and dragging, then use the “View Selections in™ pulldown in the top left corner (below) to view selections in the Atlas Gene Browser or the UCSC Genome Browser
To see data authors, other metadsata, and to download dats, click & sample name in the first column or an assay type in the header row
Human Epigenome Atlas releases are intended to be cumulative: e.g. Release 3 includes all Release 2 data and additional submissions
NOTE: Some pages may not be accessible over low bandwidth internet connections. This page has been tested with the following browsers: @ t @ -@-

Human Epigenome Atlas Release 4 (hg19)

) View Selections In = Q Clear Selections

=i}
£
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S | &
A A 1312slal.5slal88880gleelflgl. glg B2 E .
g 'S £ EIElg(g|lg |8 |2 (g|n|o|e|g|&|m|x|E|fdo(8|n|E|EE|lo|g|®
b= =215 & = 582 ¢ £ £ ¥ £ x 22 8BS =8R8 &5
g o g sl 2 18 £ = 2 ElElgldldy gD kx| (x| 2 22|\ 2|2 £
®(F | o Flele | |soZIZIZIZ 22D D RERE2EEEEIRIEIREIZIZ|Z2 2 |IZ|IT|Z
e 8 s o) BYs)e 22 e p gz zeEzeEeeEeEe;ee;
%%'wmgééﬁiCICICICICIDDDDDDDDDDDDDDDDDDDDD
(e.g. "cell line”) _@mﬂi@g.@ t el 2 ¥ ¥ ¥ % E ¥ % E F F F F F E FEEE EEEDR D B
m = = o |6jE|® |l | (T T |T (T | |T|T|T (T (T |T|T|T|T|T|T | |T|T|T | T (T |T|T | T
Brain Substantia Nigra 1 1 1 1 1 1 1 =
Breast Luminal Epithelial Cells 4| 5 11 1 1
Breast Myoepithelial Cells 3|3 2121222 2]|2
Breast Stem Cells 4 4 1
BreastyHiEe 11 2 11 2[1]1]2]1 1 E
CD14 Primary Cells 2
12
CD15 Primary Cells 1 1 1
C01% Primary Cells 113 112 2 2 2



http://www.epigenomeatlas.org/

Biology Across Key Genetic Elements (promoters, exons, UTR, etc):
Many ROI (i.e. annotation) Tracks Available

Promoter 5’ UTR Exon 1 Exon 2 3’ UTR
A Introns 4

ROI tracks available

4 Class: ENCODE

=] AP-2alpha:Peaks
%2 Refresh _E?AP-zgamma"::Peaks;

4 S5ROI Repository 4 ) Class: GeneModel
4| Databases : : =] GeneModel:3'UTR
| 1): ROl Repository - hg18 = neModel'5'UTR |

Data Selector

4 [ 1 ROI Repository - hg19 —
[=] All Annotations in Databag/ = .
= / =] GeneModel:Intron
-  ENCODE | =] GeneModel:Locus:

: ‘GeneModel:Promoter

4 [ Class: Regulation

[ Class: User Data. \ =] Promoters:ALL
I Lists & Selections | : :
: ' =] Promoters:HCP

=] Promoters:HCP (1k subset)
=] Promoters:ICP
=] Promoters:LCP

] Class: Sequence
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Data Tracks from Epigenomic Experiments Projected
On To ROI (i.e. annotation) Tracks

ROI track

4 ] Class: Regulation
=] Promoters:ALL

=] Promoters:HCP
=] Promoters:HCP (1k subset)

=] Promoters:ICP /

=] Promoters:LCP

LCP 2

LCP 1

| Class: Sequence

Promoters: LCP = Low-CpG promoters (as defined in Weber et al., Nature Genetics (2007)
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Compute Pearson Correlation Coefficient Between Experiments:
Similarity Matrix is Output as Heatmap

Cell line 1 Cell line 2

i tan kil mi al III‘ Lk |‘ N Ih |ﬁ i, bl b1 mew
I - - ) I - - )
1 1
! LCP 1 LCP 2 Lcp3 !

\/

R

Cell line 1

Cell line 2

Cell line 3 (not shown)

¢a{ull 13D
Taull 182

(2005) RDCT: R: A language and environment for statistical
computing. In. Vienna, Austria: R Foundation for Statistical 15
Computing; 2005.

)
w
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w
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lewing selections
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Home Workbench Browser Profile ~ Groups ~ Projects ~ Databases ~ Tools = Log Out Help

FET RITI NI
LN e § - RN e e iy

BCM

Baylor College of Medicine

| System/Network ~ lh_] Data - || QC and Pre-processing = || Genome ~ ||  Transcriptome - || Cistrome - | | Epigenome - | | Metagenome ~ | | = Visualization = |

ac F

Welcome to the Genboree Workbench!
m Search for Similar Signals by Correlation

* The Data Selector tree on the left shows the data entities to which you have access.

* Drag items to be used as tool inputs over to the Input Data area. —dialetignals -
* Drag items to be used as output destinations for tool results over to the Output TargF . Compute Similarity Matrix (heatmap)

* Tools which can be run on your selections will be highlighted in green.

L]

Unsure about what kinds of items a particular tool needs in the Input Data and Outpui
= Just click the tool button when it is not highlighted to see help information. Analyze Signals in the Context of Epigenome Atlas

Slice Epigenomic Data ¥

»

Use Case 1: Genomewide Patterns of Methylation can Distinguish Between Blood, Cerebellum, and Cortex

ROIs .

[

; : ) 4 — Class: Regulation
Epigenomic Tracks: SeromotorsALL

-Blood - =] Promoters:HCP_
-Cerebellum ‘Promoters:HCP (1k subset)

Promoters:ICP
-Cortex

JMKC. Brain. Carsbellum. 5H
JMKC. Brain.Cerebalum. 1H
JMKC Brain Cerebellum 46H

JMKC:Brain Cerebelum 45H

JMKG Brain. Cerebaium. 1H

JMKC:Brain Cersbeium SH

JMKCBrain 54

MK Brain 460

JMKCBrain 1A

JMKG Blood 0794

MK Blood 0630

Use Case 2: Breast Cell Types Cluster Based on Their MeDIP-seq Profiles (Epigenome Atlas and UCSF REMC data)

ROIls
Epigenomic Tracks: 4 - Class: Regulation’
-Breast Luminal Epithelium =] Promoters:ALL

> =] Promoters:HCP —_—
="| Promoters:HCP (1k subset)
Promoters:ICP

-Breast Myoepithelial
-Breast Stem Cell

i 8§ 8 8

3 3 2

4 4
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»

Home Workbench Browser Profile - Groups ~ Projects - Databases ~ Tools ~ Log Out Help

BCM

Baylor College of Medicine

| System/Network = ||.j Data = | | QC and Pre-processing * | | Genome * || Trangcriptome = || Cizgtrome = || Epigenome - || Metagenome ~ | | = Vigualization *
ac 3
Welcome to the Genboree Workbench!
. i m Search for Similar Signals by Correlation
* The Data Selector tree on the left shows the data entities to which you have access. -
* Drag items to be used as tool inputs over to the Input Data area. —Analvze Sianals =
+ Drag items to be used as output destinations for tool results over to the Output TargF . Compute Similarity Matrix (heatmap)
* Tools which can be run on your selectmrjs will be h|gh||ghFed in green. Shee Epigenommic Data .
* Unsure about what kinds of items a particular tool needs in the Input Data and Outpuf
= Just click the tool button when it is not highlighted to see help information. Analyze Signals in the Context of Epigenome Atlas §

Use Case 5: Methylation of some features discriminate tissue type better than others
Similar to Use Case 1 & 2 but uses different ROlIs to illustrate how different features produce different similarity

matrices (heatmaps).
ROIs R e r% Fﬁ

. . 4 — Class: Regulation
Epigenomic Tracks = Promoters:ALL
-Blood —_ =] Promoters:HCP | —_

-Cerebellum =] Promoters:HCP (1k subset)
=] Promoters:ICP

-Cortex =] Promoters:LCP

JMKC:Cortex.1

JMKG:Cortex.5

JMKC:Cortex 46

JMKGC:Cerebellum.1

JMKG:Cerebellum.5

JMKC:Cerebellum.46

JMKG:Blood. 1

JMKC:Blood.5

JMKC.Blood. 1

JMKC.Blood.5

JMKG.Cortex.5
JMKC.Cortex.1

JMKG Cortex.46

JMKC.Cerebellum. 46
JMKC .Cerebellum.5
JMKC.Cerebellum.1
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Use Case 9: Coordinated Changes of Epigenomic Marks Across Tissue Types

| System/Metwork * IIJ Data || QC and Pre-processing * ||  Genome ~ ||  Transcriptome * || Cistrome + I|

Epigenome * || Metagenome = || = Visualization ~ |

Welcome to the Genboree Workbench!

* The Data Selector tree on the left shows the data entities to which you have access.
* Drag items to be used as tool inputs over to the Input Data area.

+ Drag items to be used as output destinations for tool results over to the Output Targe
* Tools which can be run on your selections will be highlighted in green.

* Unsure about what kinds of items a particular tool needs in the Input Data and Outpui
= Just click the tool button when it is not highlighted to see help information.

ac 3
m Search for Similar Signals by Correlation

Analyze Signals 3
. Compute Similarity Matrix (heatmap)

Slice Epigenomic Data

Analyze Signals in the Context of Epigenome Atlas |

¥ Download Epigenomic Data Slice

o
? Download Epigenomic Data Slice by Gene Element

Epigenomic Tracks:
-H1 cell line
-IMR90 cell line

Collates score tracks into one data matrix, export to Excel

Scatter plots

100

Bisulfite data H1.H3K9ac IMR90.H3K9ac H1.H3K4me3
A B C D E Fl 6 H | ] K L L} N 0 P @ ] R S
1 [index H1.85.Con MR90.8S.Combined  H1.H3K98« H1 H3Ka¢ H1.H3KSacH1.H3KIa(H1 H3K3ac .68 HR30.H3K MR90.HIKIac 46 H1.H3K4m H1H3K4m H1.H3K4m H1.H3K4m H1.H3K4m H1.H3)
2 |HSAP0408¢ 0 0.044444 0.314286 0314286 0314208 0 0.314286 0.314285 0.314286 0628571 0628571 0.795714 0.314286 0.314286
3 |HSAPO408S 0.047353 0.034788 451304 329043 235826 234435 273913 17.8513 165722 852 2891 0% 1184 2313 127
4 |HSAPO408¢ 0208431 0.215174 579588 8.58438) 585313 378312 B.5687S 155813 271719 171375 395844 229281 14525 503125 229
§ |HSAPO406S 0209214 0212334 1.07769 262314 187107) 0.581818 1.204% 8.35537  9.14876 590248  14.443| 272893 3.07769 0.353636 9.16)
Column headers = experiments
Rows = ROlIs
-
o
:
£
$
8
3
I
B\
g
o

300 4
Differnce_H3K4me3 (H1-IMR90)
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Use Case 12: Assess breast cancer cell type of origin

Home Workbkench Browser Profile ~ Groups - Projects - Databases - Tools -

SFPNEON s

Log Out Help

BCM

Baylor College of Medicine

= Just click the tool button when it is not highlighted to see help information.

Data Selector

“Your” Epigenomic Tracks (RRBS):
-Breast Luminal Epithelium
-Breast Myoepithelial

-Breast Stem Cell

u Tracks

| System/Network ~ | ',_] Data ~ || QC and Pre-processing ~ ||  Genome ~ ||  Transcriptome ~ || Cistrome = ||  Epigenome ~ || Metagenome ~ || = Visualization ~ |
ac 2
Welcome to the Genboree Workbench!
. . m Search for Similar Signals by Correlation

* The Data Selector tree on the left shows the data eptitine fa which arau hous .

e Drag items to be used as tool inputs over to the Inpu 4 Find Differences By Regression FULER S ITTE b

* Drag items to be used as output destinations for tool | . ciuster by Spark Bl compute Similarity Matrix (heatmap)

* Tools which can be run on your selections will be high c LIMMA b

* Unsure about what kinds of items a particular tool neg ompare by ¥ | Bl user supplied Data Matrix

Epigenome Atlas |

J Pl Track with Sample Metadata
Detai

| LIMMA: Smyth, G. K. Statistical Applications in Genetics and Molecular Biology (2005)

Public Epigenomic Tracks (MeDIP): /

-Breast Luminal Epithelium
-Breast Myoepithelial
-Breast Stem Cell
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Use Case 13: Analysis of epigenomic variation in breast tumors (450K)

Home Workbench Browser Profile - Groups ~ Projects - Databases ~ Tools ~ Log Out Help

»

e BCM

Baylor College of Medicine

| SystemNetwork ~ ||[~|Data v ||  QCand Pre-processing » || Genome v ||  Transcriptome « || Cistrome ~ || Epigenome ~ || Metagenome = | | ® Visualization = |

Welcome to the Genboree Workbenchl! a ’

. i m Search for Similar Signals by Correlation
The Data Selector tree on the left shows the data entities to which you have access.

L]

* Drag items to be used as tool inputs over to the Input Data area. i 4
* Drag items to be used as output destinations for tool results over to the Output Targe Compute Similarity Matrix (heatmap)

* Tools which can be run on your selections will be highlighted in green.

L]

Unsure about what kinds of items a particular tool needs in the Input Data and Outpui
= Just click the tool button when it is not highlighted to see help information. Analyze Signals in the Context of Epigenome Atlas §

Slice Epigenomic Data 3

Use Case 13a: Cluster all 16 breast tissue samples

Normal
16 450 K Samples (Dedeurwaerder, S.et al. (2011) orma
-8 normal breast samples
-8 cancerous breast samples Tumor
>
ROIs (HCP vs LCP)
4 /) Class: Regulation
Normal
=] Promoters:HCP (1k subset) Tumor
=] Promoters:ICP

[ =7 Promoters:LCP |
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Use Case 13: Analysis of epigenomic variation in breast tumors

Home Workbench Browser Profile - Groups ~ Projects - Databases ~ Tools ~ Log Out Help

Y B Y,

BCM

Baylor College of Medicine

Welcome to the Genboree Workbenchl!

* The Data Selector tree on the left shows the data entities to which you have access.
* Drag items to be used as tool inputs over to the Input Data area.

* Drag items to be used as output destinations for tool results over to the Output Targe
* Tools which can be run on your selections will be highlighted in green.

| SystemNetwork ~ ||[~|Data v ||  QCand Pre-processing » || Genome v ||  Transcriptome « || Cistrome ~ ||

* Unsure about what kinds of items a particular tool needs in the Input Data and Outpuf

= Just click the tool button when it is not highlighted to see help information.

Epigenome ~ || Metagenome = | | = Visualization ~ |
ac 3
m Search for Similar Signals by Correlation
3
. Compute Similarity Matrix (heatmap})
Slice Epigenomic Data 3

Analyze Signals in the Context of Epigenome Atlas |

»

Use Case 13b: Compare 450K profiles (8 tumor, 8 normal) against

reference epigenomes from the Epigenome Atlas

16 450 K Samples (Dedeurwaerder, S.et al. (2011)

-8 normal breast samples
-8 cancerous breast samples
ROIs

4 /) Class: Regulation /

=] Promoters:HCP (1k subset)
=] Promoters:ICP
[[=]Promoters:LCP_|

;
i




Use Case 13: Analysis of epigenomic variation in breast tumors

Home Workbench Browser Profile = Groups ~ Projects - Databases - Tools ~ Log Cut Help

ST AN I BC

Baylor College of Medicine

System/Metwork - "‘J Data ~ || QC and Pre-processing ~ || Genome = ||  Transcriptome = || Cistrome ||  Epigenome v || Metagenome ~ | | ®.Visualization ~ |
Qc 2
Welcome to the Genboree Workbench!
o ) m Search for Similar Signals by Correlation

+ The Data Selector tree on the left shows the data ephifiac o suhich s boss :
+ Drag items to be used as tool inputs over to the Inpy & Find Differences By Regression G IEE SLTTE 4
* Drag items to be used as output destinations for tool ¢ Cluster by Spark Bl compute Similarity Matrix (heatmap)
* Tools which can be run on your selections will be high c LIMMA b
+ Unsure about what kinds of items a particular tool nes ompare by * | Il user supplied Data Matrix

= Just click the tool button when it is not highlighted to see help information. Pl Tracks Epigenome Atlas

Pl Track with Sample Metadata

Data Selector Detaild

Use Case 13c: Since most breast tumor samples appear to contain excess of blood & immune
cells, comparison of normal and tumor tissue may reveal differentially methylated
genes (and corresponding pathways). Identify differentially methylated probes,
genes, and pathways using LIMMA & online resources

16 450 K Samples (Dedeurwaerder)

Gene List
-8 normal breast samples B . ‘l
B = L
-8 cancerous breast samples 1 fpacrT .ﬂ .;j:-g_‘_"f-
§ fl‘_"rEGé—:Ej a Home | Start Analysis | Shortcut to DAVID Tools
ROIs —
Jof : : EEEE: Shortcut to DAVID Tools Recom
T - 6 MGC16121
=] Promoters:ALL 7 |LcAT
=] Promoters:HCP 8 ISLC12A4 RS T Rt s Bl i’
; : g, MTSS1 L KEGG pathwav maooina. aene-disease
=] Promoters:HCP (1k subset) TN STy

=] Promoters:ICP
=] Promoters:LCP §




Use Case 14: Chip-Seq Data Analysis

| SystemiNetwork > !|,_i Data~ |

QC and Pre-processing =

|| Genome'|

Welcome to the Genboree Workbench!

Transcriptome ™ | |

Cistrome = | Epigenome = |

Call ChiP-5eq Peaks by §

Metagenome = I| * Visualization = |

MACS

BED
files

é &
25

MACS results (file in Genboree)

20
21
22
23

26
27
28
29
30
31

chr

chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl

start end length summit  tags -10*L0G1 fold_enrichment

9861 10677 817 360 292 2034.63 24.91
713307 715489 2183 1297 83 250.89 11.7
724700 727160 2401 2202 92 223.86 16.37
761468 763266 1799 865 133 463.34 14.42
833096 834002 907 577 20 96.47 11.54
839750 840203 454 262 15 77.67 11.4
859636 861418 1783 741 37 83.16 5.71
V.95

P.67

H3K4me3, H3K4mel =
TTTTTS TTZOYT TS TS =) TS T3.95

L/_’

Zhang et al, Genome Biology (2008)

Visualize in Genboree

[Database Assembly Entry Point From To
Peak Calling Test ~ Jhg1o chr17 ~ [37,841,179 37,892,422 View
Extend: il | 2,000 (13 [ «|:| » »I| Search

chri

gror
a BHC:HKdnes W

=

7oom1n 15%] 2x] 3x| 5x] 1% Base|  zoom o 15x| 2x] 3x] 5x] 10¢] Fun]

37,66 0, 400 T70670,000 37880 000! 3776907008
Track "BMC:H3K4me3d" (23,943 annotations)
L}

Track "Cyto:Band™ (862 annotations)

Gene :RefSeq + ', [5AFY

Track “Gene:RefSeq” (345,623 annotations)

EREBZ

CCOS:Genes ™

ERee2.2
8 CiTones7

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

Track “Known:Gene" (733,510 annotations)

Hriown sGene’
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Use Case 15: Spark Analysis

,‘JijstemfNehvorkv|'_'|Datav | QCand Pre-processing~ ||  Genome~ ||  Transcriptome~ || Cistrome~ | |

Welcome to the Genboree Workbench! [Getting Started]

Data Selector

%2, Refresh Data Filter: | Select a filier 7 Altribute

4 Eﬂwww.genhnree.nrg
£t Atlas Tools Access
SSEDAGC
s Epigeneme Informatics Weorkshop (May 2012)

Epigenome~ ||  Metagenome~ | | ® Visualization ~

Help~

Details

T Find Differences By Regression

" Cluster by Spark
Compare by LIMM\ 3

Random Forest
QllME
QcC
L search for similar Signals by Correlation
Analyze Signals
. Compute Similarity Matrix (heatmap)

sSlice Epigenomic Data

Y

Nielsen et al, Genome Biology (2012)

ChlIP-seq-Chromatin mark 1

Chromatinmark 1
Chromatinmark 2

|'|ll Il"'. 4"’!]” |II ..\\ III- \\
a r2 3 r4

Step 1: Preprocessing 3 . __3

User specified regions of
genomic coordinates
eg. TSS or defined sets of
ChlP-seqg enrichment peaks
Colorrepresents signal
intensity

Step 2: Clustering

Regions are clustered
through k-means clustering

cl c?
. . . . 3
Step 3: Interactive Visualization 60%——_ 2 ,0% ClusterSizes
Cluster Overview Panel ﬂ
c1 c2
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Use Case 16: RNA-Seq Cuffdiff Data Analysis
(Use Case 17: Cufflinks & TopHat)

| Systemmehwrk'i|__! Data~ | QC and Pre-processing ™ | | Genome T | Transcriptome = | | Cistrome = | | Epigenome = | Metagenome = | | J
Map Reads and Splice Junctions by TopHat Analyze RNA-Seq Data F
Welcome to | —K
Assemble and Measure Transcripts by Cufflinks Analyze Small RNA-Seq Data |
e The Data Sele i S i
. Drag items to Detect Transcription Changes by Cuffdiff \ta ar

\ Trapnell et al, Bioinformatics (2009)

Trapnell et al, Nature Biotech (2010)

Trapnell et al, Nature Biotech (2010)

Visualization/pathway analysis

Gene expression diffs (file in Genboree)

A B i D E F G
1 |test_id |~ |gene_Nan ~ |gene_id ~ |gene |~ |locus |~ |sample| ~ |sample| - A
FASTQ 5 NM_0000: ACADS NM_0000: - chr12:121: Luminal  BasalA
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BAM > 32 NM_0000¢ AR NM_0000: - chrX:6676: Luminal  BasalA e
41 NM_0000: ATP7B NM_0000¢ - chr13:525(Luminal  BasalA gty
ﬁles 51 NM_0000¢ C3 NM_0000¢ - chr19:667  Luminal  BasalA ‘ Login to GSEA/MSigDB
88 NM_0001( CYBA NM_0001(- chr16:887(Luminal  BasalA
91 NM_0001(CYP1B1 NM_0001(- chr2:3829: Luminal  BasalA Eoip
195 NM_0002: ITGA6 NM_0002: - chr2:1732¢Luminal  BasalA i
199 MM 00027 JAG1 NM 0002 - chr20:106° Luminal BasalA UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
= . = . . move [ <s< [ << J[< ][> ][> ][5> | zoom in [ 15 |[ 3x ][ 10x | base | zoom out [ 1.5x ][ 3« | 10x
254 NM_0002 NPC1 NM_00027- chr18:210! Luminal  BasalA ; ey ; g
position/search. chr17.37.849.151-37.890.319 gene | ump | clear | size 41,169 bp. | configure
290 NM_0003( CTSA NM_0003(- chr20:445' Luminal  BasalA
327 NM_0003¢S0X9 NM_0003:- chr17:701: Luminal  BasalA :

sroeme el srieseeesl  sressaesl 7evecel  sremesl snssesdl  snsssoenl a7ee0 el
[ rErie Ry
rhor i eyt e e Ra T £ W
¥

]
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=
i iigaei i =y

=
| Hict -0 1 il
H =

Ref3ea Genes. -
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Workshop Evaluation (link)

Workshop

|

Epigenomic Profiling » Biological Insights
Integrative Analysis

* Introduction to Workshop, Epigenome Informatics, Genboree
* Methods (Assays, Data Processing)

 Standards (Metadata, Interoperability)

* Data Resources (Human Epigenome Atlas)

* Tools (Epigenomic Toolset, Genboree Workbench)

» Use Cases / Case Studies

* Collaborative Opportunities / Networking / Exchange of Experience
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