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The Cancer Genome Atlas
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MRNA expression

microRNA expression
DNA methylation
protein expression
copy number variants
mutation calls

clinical parameters
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copy number variants
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ARTICLE

Comprehensive molecular portraits of
human breast tumours

Comprehensive molecular characterization
of human colon and rectal cancer

nature

Corpprehensive genomic characterization
defines human glioblastoma genes and
core pathways

earch N

ARTICLE

Integrated genomic analyses of ovarian
carcinoma
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Multiple Steps



Long Runtime




Decreasing Size



Increasing Heterogeneity
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Horizontal Integration across Data Types

Biological Insight



Vertical Integration across Data Levels

Confirmation &
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Meta data annotation > SA.Tab
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Meta data annotation > SA-Tah
Provenance tracking -ia

Meta data and provenance import: ISA-Tab
Meta data import: tabular files

Data stored locally
Data stored remotely: download on demand
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O Reset All

© Showing

B Matrix

FColumns »

Selection |

10 20 % 100 500

» Cell Or Tissue
» Platform

» Species

» Factor Function
» Factor

» Treatment

» Data Source

» Genome Build
» Antibody

» Data Type

» Lab

¥ Cell Or Tissue

A54S

A549

A549

A549

A5435

A549

A5435

A545

A549

A549

A549

A549

A549

A545

A549

A549

A549

A549

Platform

Illumina sequencing
lllumina sequencing
Illumina sequencing
lllumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
llumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing

Illumina sequencing

Species

H. sapiens
H. sapiens
H. sapiens
. sapiens
. Sapiens
. sapiens
. sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens

. sapiens

Factor Function

Histone modification active
Histone modification active
Histone modification active
Histone modification active
Histone modification active
Enhancer associated
Transcription
Transcription

Insulator

Enhancer associated
Transcription
Transcription

Insulator

Insulator

Insulator

Histone modification active
Histone modification active

Histone modification active

Factor

H3K4me3

H3K79me2

H3KSac

H3K4me3

H3K4me3

CEBPB

Polll

Polll

CTCF

P300

Polll

Polll

CTCF

CTCF

CTCF

H3K4me3

H3K79me2

H3K4me3

Data Source

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

Antibody

H3K4me3
H3K79me2
H3K9ac
H3K4me3
H3K4me3
CEBPB
Pol2

Pol2

CTCF

p300

Pol2(phosphoS2)

Pol2

CTCF
CTCF_(SC-5916)
CTCF_(SC-5916)
H3K4me3
H3K79me2

H3K4me3

Data Type

Histone ChiP-seq
Histone ChlP-seq
Histone ChiP-seq
Histone ChlIP-seq
Histone ChiIP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChIP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChIP-seq
non-Histone ChiP-seq
Histone ChIP-seq
Histone ChiP-seq

Histone ChIP-seq

Lab

Broad

Broad

Broad

uw

Broad
Stanford
HudsonAlpha
HudsonAlpha
Uw
HudsonAlpha
Stanford
UT-A

UT-A
HudsonAlpha
HudsonAlpha
Broad

Broad

Broad
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O Reset All

© Showing

B Matrix

FColumns »

Selection |

10 20 % 100 500

v Cell Or Tissue

S2 cell line

124

Third instart lavae (L3) 124

BG3 cell line

K562

Lavae stage 3 (L3)

92

90

Late embryo 14-16hr

(EL)

Kc cell line

Adult head (AH)

Early embryo (EE)

H1-hESC

Early embryo 2-4hr (EE)

HepG2
GM12878

Hela-S3

Mixed embryo (MXEMB)

HUVEC

K562 + A549
Clone 8 cell line
NHEK

A549

Lisaees

¥ Cell Or Tissue

A54S

A549

A549

A549

A5435

A549

A5435

A545

A549

A549

A549

A549

A549

A545

A549

A549

A549

A549

Platform

Illumina sequencing
lllumina sequencing
Illumina sequencing
lllumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
llumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing

Illumina sequencing

Species

H. sapiens
H. sapiens
H. sapiens
. sapiens
. Sapiens
. sapiens
. sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens

. sapiens

Factor Function

Histone modification active
Histone modification active
Histone modification active
Histone modification active
Histone modification active
Enhancer associated
Transcription
Transcription

Insulator

Enhancer associated
Transcription
Transcription

Insulator

Insulator

Insulator

Histone modification active
Histone modification active

Histone modification active

Factor

H3K4me3

H3K79me2

H3KSac

H3K4me3

H3K4me3

CEBPB

Polll

Polll

CTCF

P300

Polll

Polll

CTCF

CTCF

CTCF

H3K4me3

H3K79me2

H3K4me3

Data Source

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

Antibody

H3K4me3
H3K79me2
H3K9ac
H3K4me3
H3K4me3
CEBPB
Pol2

Pol2

CTCF

p300

Pol2(phosphoS2)

Pol2

CTCF
CTCF_(SC-5916)
CTCF_(SC-5916)
H3K4me3
H3K79me2

H3K4me3

Data Type

Histone ChiP-seq
Histone ChlP-seq
Histone ChiP-seq
Histone ChlIP-seq
Histone ChiIP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChIP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChiP-seq
non-Histone ChIP-seq
non-Histone ChiP-seq
Histone ChIP-seq
Histone ChiP-seq

Histone ChIP-seq

Lab

Broad

Broad

Broad

uw

Broad
Stanford
HudsonAlpha
HudsonAlpha
Uw
HudsonAlpha
Stanford
UT-A

UT-A
HudsonAlpha
HudsonAlpha
Broad

Broad

Broad




Refinery - Data Set ENCODE-X Chromatin

| <> | € 127.0.0.1:8000

e |O) | 2

Refinery  vome  statistics & Nils Gehlenborg | @ Logout

Data Set ENCODE-X Chromatin

Attributes Downloads Details

Analyses

© Showing | Data I

Samples Sharing

280f1328 W © Selection Workflow

O Reset All

» Cell Or Tissue

™ Ks62

» Platform

» Species

T/ sapiens

» Factor Function
Transcription

Histone
methyltransferase

Enhancer assocdiated
» Factor
» Treatment
» Data Source
» Genome Build
» Antibody
» Data Type
» Lab

B Matrix

FColumns »

0 20 %

W Cell Or Tissue

K562

K562

K562

100 %00
Platform

Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
lllumina sequencing
lllumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing
lllumina sequencing
Illumina sequencing
Illumina sequencing
Illumina sequencing

Illumina sequencing

Species

H

H.

. Sapiens
sapiens
. Sapiens
. 5apiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens
. sapiens
. Sapiens

. sapiens

Factor Function

Transcription

Histone methyltransferase
Enhancer associated
Enhancer associated
Histone methyltransferase
Histone methyltransferase
Transcription

Enhancer associated
Enhancer associated
Enhancer associated
Histone methyltransferase
Histone methyltransferase
Enhancer associated
Transcription
Transcription
Transcription
Transcription

Transcription

Factor

PollISSP
RBBPS
CBP/CBP1
P300
ESET/SETDB1
RBBPS

Polll

P300

CEBPB
CEBPB
ESET/SETDB1
ESET/SETDB1
P300

Polll

Polll

Polll

Polll

Polll

Data Source

Ram et al

Ram et al

Ram et al

Ram et al

Ram et al

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

ENCODE

Antibody

RNAPIISSP
RBBPS
KAT3A-CBP

P300

ESET

RBBPS

Pol2

p300

CEBPB
CEBPB_(SC-150)
SETDB1

SETDB1

p300
Pol2(phosphoS2)
Pol2
Pol2(phosphoS2)
Pol2

Pol2

Data Type

non-Histone ChiP-seq
non-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
n-Histone ChiP-seq
non-Histone ChiP-seq

non-Histone ChiP-seq

Lab

Bernstein
Bernstein
Bernstein
Bernstein
Bernstein
Broad
Broad
Broad
Stanford
HudsonAlpha
usc

usc
Stanford
Stanford
Stanford
Stanford
Yale

Stanford
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O Reset All Platform (4) Columns Species (3)

» Cell Or Tissue

» Platform

» Species

» Factor Function
» Factor

» Treatment Illumina sequencing
» Data Source

» Genome Build

» Antibody

» Data Type

» Lab

Affymetrix microarray

Nimblegen microarray
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» Data Source
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» Data Type
» Lab

D. melanogaster
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» Treatment
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H.sapiens

» Data Type
» Lab
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» Factor Function
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~
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Columns Factor Function (23)
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» Cell Or Tissue

» Platform
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# »o. melanogaster
» Factor Function

o Histone modification
active

™ Others

» Factor

» Treatment

» Data Source
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» Antibody

» Data Type

» Lab

© Showing BRI

Rows Species (3)

H.sapiens

D. melanogaster

~

C.clegans

© Selection | = Workflow

Columns Factor Function (23)
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» Cell Or Tissue

» Platform
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» Factor Function ..
Histone modification
active
Others
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» Factor

» Treatment
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~
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L Rows Species(3) ¥ Columns Factor Function (23)

» Cell Or Tissue
™ L3 Sexed Male
» Platform
» Species
o D. melanogaster
» Factor Function
Histone modification active 1

Histone modification
repressive H.sapiens
Others

» Factor

» Treatment

» Data Source

» Genome Build

» Antibody D. melanogaster
» Data Type

» Lab

C.clegans
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£ Workflow Engine

Worktlow
Instance

Workflow Canvas | spp_submodule (imported from uploaded file)-2012-05-02 00:36:59.866749 (imported from API)

Workflow
Template

Workflow Canvas | spp_submodule (imported from uploaded file) Options ~

Input dataset 52 FASTQ Groomer Map with Bowtie for lllumina 3¢ SAM-to-BAM 32

SAM File to Con

Input dataset FASTQ Groomer Map with Bowtie for lllumina 3¢ SAM-t0-BAM

File to groom FASTQ fill SAM File to C¢ output fle to groom
put sam) output (bam)
output_suppressed._reads. (fasta
suppressed.reads. (fasta
_unmapped_reads | (faste)
put_unmapped_reads_r (fa
Input dataser 3¢ FASTQ Groomer Map with Bowtie for lllumina 3% SAM-to-BAM

output File to groon FASTQ file SAM File to Conve

file outputl (bam)

o ed_reads_| (fastq

Input dataset 3¢ FASTQ Groomer Map with Bowtie for lllumina 33 SAM-t0-BAM
output File to groon FASTAQ fil SAM File to Co

Input dataset %% FASTQ Groomer Map with Bowtie for lllumina 33 SAM-t0-BAM
output FASTQ file SAM File to Co
uppressed_rea
essed_reads.r (fasta)
mapped_reads | (fasta)

pped_reads r (fasta)
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O Reset All

» Author

» Month

» Year

» Type

» File Type

» Analysis

Attributes Analyses Downloads Details Sharing

& Nils Gehlenborg | ® Logout

© Selection

© Showing

B Matrix

FColumns »

¥ Title

Device independent graphical display description
Graphics Facilities at Ames Research Center
Network Graphics meeting

Network graphic attention handling
Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Proposal for a Network Standard Format for a Data Stream to Control

Workflow

Author

McConnell

McConnell

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

April

April

March

March

March

March

March

March

March

January

Type

Raw Data File

Raw Data File

Raw Data File

Raw Data File

Derived Data
File

Derived Data
File

Derived Data
File

Raw Data File

Derived Data
File

Derived Data
File

Derived Data
File

Derived Data
File

Raw Data File

Name

http://gehlenborg.com/wp-
content/uploads/rfc/rfcl77.txt

http://gehlenborg.com/wp-
content/uploads/rfc/rfcl126.txt

http://gehlenborg.com/wp
content/uploads/rfc/rfcl34.txt

http://gehlenborg.com/wp-
content/uploads/rfc/rfcl78.txt
1_test tool out

1_test_02

1_test_04
http://gehlenborg.com/wp-
content/uploads/rfc/rfcl1l.txt
1_test tool out

1_test tool out

1_test_03

1_test 01

htto://eehlenbore.com/wo-




Refinery  vome

Refinery - Data Set Test 1: Request for Comments (RFC) Test

=] € 127.0.0.1:8000

Statistics About

Data Set Test 1: Request for Comments (RFC) Test

Samples

230f23

O Reset All

» Author

» Month

» Year

» Type

» File Type

» Analysis

Attributes Analyses Downloads Details Sharing

& Nils Gehlenborg | ® Logout

© Selection

© Showing

B Matrix

F Columns »

¥ Title

Device independent graphical display description
Graphics Facilities at Ames Research Center
Network Graphics meeting

Network graphic attention handling
Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Pressure from the Chairman

Workflow

Proposal for a Network Standard Format for a Data Stream to Control

[SS=S
Test workflow: SPP analog

Test workflow: 5 steps without branching

Author

McConnell

McConnell

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

Crocker

April

April

March

March

March

March

March

March

March

Januarv 1971

Type

Raw Data File

Raw Data File

Raw Data File

Raw Data File

Derived Data
File

Derived Data
File

Derived Data
File

Raw Data File

Derived Data
File

Derived Data
File

Derived Data
File

Derived Data
File

Raw Data File

Name

http://gehlenborg.com/wp-
content/uploads/rfc/rfcl77.txt

http://gehlenborg.com/wp-
content/uploads/rfc/rfcl126.txt

http://gehlenborg.com/wp
content/uploads/rfc/rfcl34.txt

http://gehlenborg.com/wp-
content/uploads/rfc/rfcl78.txt
1_test tool out

1_test_02

1_test_04
http://gehlenborg.com/wp-
content/uploads/rfc/rfcl1l.txt
1_test tool out

1_test tool out

1_test_03

1_test 01

htto://eehlenbore.com/wo-
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230f23 BT ~ (2] Showing © Selection B Workflow | Test workflow: 5 steps without branching

O Reset All FColumns »

Run Analysis

File Setl
» Author ¥ Title Author Month Type Type Name

» Month ‘ Device independent graphical display description McConnell June RawData txt http://gehlenborg.com/wp-

1 / f f 7
» Year File content/uploads/rfc/rfcl77.txt

» Type Graphics Facilities at Ames Research Center McConnell April Raw Data http://gehlenborg.com/wp-
File content/uploads/rfc/rfcl126.txt
» File Type
Network Graphics meeting April Raw Data http://gehlenborg.com/wp

File content/uploads/rfc/rfcl34.txt

» Analysis Network graphic attention handling Raw Data http://gehlenborg.com/wp-
File content/uploads/rfc/rfcl178.txt

Pressure from the Chairman Crocker Derived 1_test tool out
Data File

Pressure from the Chairman Crocker Derived 1_test_02
Data File

Pressure from the Chairman Crocker 1 Derived 1_test 04
Data File

Pressure from the Chairman Crocker Raw Data http://gehlenborg.com/wp-
File content/uploads/rfc/rfcl11.txt

Pressure from the Chairman Crocker March Derived 1_test tool out
Data File

Pressure from the Chairman Crocker March Derived 1_test tool out
Data File

Pressure from the Chairman Crocker Derived 1_test_03
Data File

Pressure from the Chairman Crocker Derived 1 _test 01
Data File

Proposal for a Network Standard Format for a Data Stream Crocker January Raw Data htto://eehlenbore.com/wo-
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Analysis Test workflow: 5 steps without branching 2013-07-19 @ 03:20:53

Status

£ Test workflow: 5 steps without branching started on July 19, 2013, 3:20 a.m.. (View in Galaxy)

Preprocessing Execution Postprocessing

Finished File upload is complete Waiting
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20f23 BT 8 © Showing LSS © Selection & | Workflow

© Reset All FColumns ~ 10

v ¥ Title Author Month Year Type FileType Name
» Author

& @® Pressure from the Chairman Crocker March 1971 Derived Data File txt 1_test tool out
» Month B

» Year v ® Proposal for a Network Standard Format for a Data Stream to Control Graphics Display Crocker January 1971 Derived Data File txt 2_test tool out
» Type

» File Type

» Analysis
Test workflow: 5 steps

™ without branch ng 2013-06- 2
20 @ 13:32:08




£ Workflow Engine

Provenance Tracking

. .




£ Workflow Engine

& A /d‘ld\‘

¢6re2d202r02C
Source Sample Assay Derived
\ / Data
O+ @~

Raw Derived
Data Data




£ Workflow Engine

Derived
Data



£ Workflow Engine

4

—

Derived Derived
Data Data



£ Workflow Engine

@ Analysis Details
Workflow

Parameters

P A—

Derived Derived
Data Data



@ Visualization

D

ﬁle—driver' siatabase—driven
“M

Java Webstart tools or built-in Refinery tools
built-in Refinery tools




0006 IGV - Session: http://rcﬁnery—dev.mred.harvard.cdu/ﬁlc store/23/2d/tmpAll7PM.xml

D. melanogaster (d... Go ¥t « » @ o, X

Uoxtra

L3_H3KOme3_FE.wig_3.tdf

L3_H3K36me3_FE.wig_3.1df

L3_H3K27me3_FE.wig_3.tdf

L3_H3Kdme3_FE.wig_3.1df

1_FE.wgy_3.1df

HC_EL_2.bb

HMMMIK16.fly_L3.bb

HMM MIK16.fly_EL.bD

LAD Kc_2.bb

Mol 4
11 tracks baded - 34M of 466M
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Launch IGV

You selected samples from 2 different genome builds. To view the samples, open IGV
with the corresponding genome,

H.sapiens (hgl9) D.melanogaster (dm3)
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REFINERY PLATFORM

http://www.refinery-platform.org
http://www.github.com/parklab/refinery-platform

Work in progress!
First release scheduled for late summer

Thank you open source
developers for your code!




