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(tools x connections) + recipes = integrative analysis
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How many
bioinformatics tools

and databases are
there?

A lot

~10,000 tools
~ 5,000 databases

&




What could
researchers
accomplish if those
tools could talk to
each other?



Case study:
Studying the regulatory control of human hematopoiesis

Densely Interconnected Transcriptional
Circuits Control Cell States
iIn Human Hematopoiesis
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Validation with
shRNA knockdown
and ChIP sequencing

e.g. MEIS1, TAL1, IKAROS, PU.1, AFF1, YY1, HIF3A




To do integrative research,
you need to move data between many tools

Part 1: Data pre-processing
and quality control

Part 3: Studying the
transcriptional program

Part 4: cis-regulatory

site analysis
From part3 --- *@
1
1
From part2 --- *@
1
1
To part 5 4-—--@

To part 4

To part 3
/,’@"’@\ @ ol
20

Part 5: Finding new
transcription factor regulators

From part 4
|
1
@ O——~0
@/ @
v
(2) 1

Analysis section

@ Analysis step (# steps)

Analysis conclusion

LA | Optional choices

—> Currently integrated

--%» Not yet integrated




We need a connection layer between tools

Support for all types of resource: Web-based, desktop, etc.
Automatic conversion of data formats between tools
Easy access to data from any location

Ease of entry into the environment for new tools
Guidance on workflows for common ahaly'siﬁs s;cena[ios
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Twitter Founder Reveals Secret Formula for
Getting Rich Online

BY RYAN TATE 09.30.13  9:30 AM

“The key to making a fortune online ...
is to remove extra steps from
common activities”



An online community to share
diverse computational tools

GENOMESPACE

® O 06 GenomeSpace: Home =

J_.};J, x -+ » -
@ [@ www.genomespace.org % ] D (W’v Wikipedia (Q) @

GenomeSpace: Home

Driving Biological
Projects

3, lincRNAs
P | What is GenomeSpace? Tools Recipes Documentation Developers Support About Q
/ Cancer stem cells

GENOMESPACE... Patient Stratification

Frictionless connection of bioinformatics tools
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Seed Tools

Cytoscape
Galaxy

&N fEANRE

GenePattern

Genomica
B GenomeSpace Team 14h I GV
GenomeSpace Blog ¥4 @genomespace
At #ISMB2013? Hear about new U CSC B
rowser

tools, features, recipes in
GenomeSpace at the Tech Track talk
at 2:10 Monday, Hall 10
bit.ly/15zyZ7C

GenomeSpace at BOSC-Broad Interoperability Hackathon Expand

.~ FGED Society 18 Jul

WHAT'S NEW

GenomeSpace at ISMB 2013 Berlin

GenomeSpace will be featured at a number of events at ISMB 2013 in Berlin, July 19 - 22: More >>

GenomeSpace will be one of the featured tools at the BOSC/Broad interoperability hackathon on
Sunday and Monday, April 7 and 8 at the Broad Institute &. It occurs just prior to Bio-IT World g7 in
Boston and is a warm up event for BOSC 2013 occurring July 19-20th in Berlin. The goal of the
hackathon will be developing open source tools to help enhance bioinformatics interoperability. See
http://www.broadinstitute.org/events/interoperability-hackathon-2013/home for more information as
the event approaches. More >>

See All News Highlights

www.genomespace.org

FGED @FGED

Comparability and reproducibility of
biomedical data (review, Briefings in
Bioinformatics, #0A) -
fb.me/1fry1zOFH

13 Retweeted by GenomeSpace Team

Expand

GenomeSpace Team 13 Jun
¥4 @genomespace
New in GenomeSpace: ISAcreator:
intuitive annotation of omics datasets
with ISA & other standards

Analysis Recipes

Integrative analysis
Data transfer
etc.



GenomeSpace Architecture

Server
‘Amazon o
EC2 l File Conversion
) v
: : Analysis Task Data Manager
|dentity Service
(Open ID) J Manager (ATM) J (DM)
REST REST
HTTP J
File
Transfers
HTTP
Protocols REST
CDK
Cytoscape Genomlgs\;)ace Ul
Tools GenePattern Galax l;]
Genomica . y
etc. '




GenomeSpace Ul

[ .~ Welcome to GenomeSpace "-,\+ mm 2

& il @ hups://gsui.genomespace.org/jsui/# [ ’ (B}~ Google

[ o, T BETA s T T———
¢ RGENOMESPACE Invite a collahorator Q
File | Launch | View | Connect | Manage | Recipes | Help
> P S
&k P_3H T r
o @ S @ R i & 5
Reactome MMGP Cy31 ArrayExpress CCLE Project Achilles Cistrome Cytoscape 3 Galaxy

Default @ 7]

Home Up to: Home » ted
ted ¥ @] Filename Tags Owner Size La:
ArrayExpress ¥ ] ArrayExpress ArrayExpress ted
GP_cytoscape_demo ¥ O GP_cytoscape_demo ted
2:3gg:’ggEtf;gi::ig’::;ﬁ:;;:g“z;ogs , [ 11 GSE10005GPLT0_RNA_FRMAGENE_14834 ted
archive ¥ O GSE10015GPL1355_RNA_ORIGINALGENE_26095 ted
demo ¥ ] archive ted
galaxy_export ¥ ] demo ted
plink_demo ¥ O galaxy_export ted
kil workingDir ¥ O plink_demo ted
4 Sharedtoted ¥ —
dropbox:Ted Liefeld ¥ o B workingDk =
£ Public ¥ [ AAA20110303_achilles2_PMAD_adjFC.rnai.gct ted 97.38 MB 4 weel
| [ Achilles_Analysis README_v2.4.2.txt ted 2KB 4 weel
[} [ Achilles_QC_v2.4.2.rai.Gs.gct ted 18.91 MB 4 weel
B Achilles_QC_v2.4.2.rai.gct ted 127.57 MB4 weel

©2014 The Broad Institute of MIT and Harvard




ploading Data

| Desktop
< ? |% Ez@ﬂ:ﬂ i | ||| =~
FAVORITES Name Date Modified Size Kind Date Added
‘g\: All My Files > ﬁ ccle_blog Today 9:34 AM - Folder Today 9:31 AM
« d2015a7e-a0af-4d...e-cc2f319b8491.pdf Sep 27, 2013 9:34 AM 17 KB Portab...(PDF) Sep 27,2013 9:34
5} liefeld [ Haploview.jar Sep 26, 2013 2:17 PM 5S.3MB  Java AR file Sep 26, 2013 2:17
? AirDrop ‘Tg haploview.jnlp Sep 26, 2013 1:54 PM 3 KB INLP files Sep 26, 2013 1:54
'/‘\Q Applications :g Haploviewlauncher.war Sep 26, 2013 1:53 PM 10MB  Java AR file Sep 26, 2013 1:53
T ’:3* cytoscape.jnlp Sep 26, 2013 9:49 AM 693 bytes INLP files Sep 26, 2013 9:49
& Desktop | I3 igv.jnip Sep 24, 2013 10:14 AM 1KB  JNLP files Sep 24, 2013 10:1¢
[ Documents |2 genomica.jnip Sep 24, 2013 9:18 AM 3KB  JNLP files Sep 24, 2013 9:19
o Downloads 1 galFiltered.xgmml 2013 9:13 AM 1.7 MB Document Sep 23,2013 9:13
EI Movies = input_breastcancer_BN_Lo_KD_bIuetys—m 17 KB Cytos...ion File Sep 23,2013 9:11
. — GenomeSpace.key Sep 02012 £:08 AM 22 5 MD v, + 3 20 9012 £.0C
53 Music |2 cytoscape_28.jnlp Sep \
Pictures Z ctrpUpdate.tiff Sep| - = [ 5 Wel to GenomeSpace \ o+ o
DEVICES Eﬂ Update4PortalHomePage.docx Sep Q =
(©) Remote Disc é s:_':;fj:h‘;ch—summm ::: ‘€_= i @ hps://gsui.genonegpace.org/jsui/# c ‘ (B~ Google Q) & A W B = \ :
» [ CytoscapeTalk Sep | — 2 o
[3 javax.mail.jar sep| #FoN = - BET, 5
B emailjar so| Q2B GENOMESPACE Invite a co Q tedd
| forDaniel.tiff Sep e

A IGV 2.3
» [ Hotels_files

5 Unarale ram  naric Can

) Macintosh HD » (i] Users » 4N liefeld » (i3] Desktop
54 items, 71

Owner

b
o N Iy
MMGP % = $H il &
O i e res &
Reactome MMGP Cy31 ArrayExpress CCLE Project Achilles Cistrome Cytoscape 3
Default @
Home Upto: Home » ted
ted ¥ O Filename Tags
ArrayExpress ¥ LJ ArrayExpress ArrayExpress ted
GP_cytoscape_demo ¥ 0 GP_cytoscape_demo ted
: =
(HEANI0SER-0I0_RNA.FRMAGENE 14504 [} ' GSE10006GPL570_RNA_FRMAGENE_14834 ted
GSE10015GPL1355_RNA_ORIGINALGENE_26095 —
: GSE10015GPL1355_RNA_ORIGINALGENE_26095 ted
1 archive ¥
demo ¥ & archive ted
galaxy_export ¥ J demo ted
i plink_demo ¥ O galyy_export ted
WoikingDi: O @ plink_doM ted
& Sharedtoted ¥ = kinaDi ”
dropbox:Ted Liefeld ¥ o bt ek e
4 Public ¥ [ E AAA20110303_achilles! AD adjFC.rnai.gct ted
0 B Achilles_AnaIysis_README_\a.4.. ‘ ted
() [ Achilles_QC_v2.4.2.mai.Gs.gct \ ted

1 Achilles_QC_v2.4.2.rnai.gct
The Broad Institute of MIT and Harvard

CCLE_Expression_2
012-04-06.res

ted

Galaxy

Size L

97.38 MB 4 we
2KB 4 we
18.91 MB 4 we
127.57 MB4 we



Connection to cloud-based storage systems

amazon
web services™

/‘/’
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Dropbox

i n d eve | o p m e nt Camera Uploads ¥ = lllumina
Collaborations ¥ - MAGE-TAB
GenePattern ¥ - all_aml
GenomeSpace Y
= all_aml_gsea
0penstack Sy

Use GenomeSpace S3 storage
or add your own Amazon
account

BETA
"z"“uuuuwn_ol fa\¥]™

Connect your Dropbox v B

account to GenomeSpace with . =T,
one click

Up to: Home » mmr

Home
mmr VY = Filename
- Analysis1
dropbox:Michael Reich ¥ = ArrayExpress
=) FGED
BMG Y
GSE12790GPL¢

Broad Institute info ¥

GPNG V¥ genomica_outpt

oogle Drive GTEX ¥ 8 gs_workahop



Launching tools

Click on the tool’s icon
€29 GENOMESPACE™ NI

Launch | View | Connect | Manage
: SRa
°("’.-l. @ O At :
s“«u e
e o o 0

o @ B

Reactome MMGP Cy31 ArrayExpress CCLE

Default @ @

B Home Up to: Home » ted

J ted ¥ ) Filename

.« ArrayExpress ¥

1| )| )

ArrayExpress
©3 GP_cytoscape_demo ¥ (
.4 GSE10006GPL570_RNA_FRMAGENE_14834 ¥

GP_cytoscape_demo
1 G]F1NNNAGRI A7N RN



O000000000®&a00

01speedzonecomp.pdf
SNPs.bed.bed
SaveFromGenomica.gct

SaveFr

TF.daté extract rows / cols
TF.dat: Convert

TF.geﬁ Download

all_aml View file link
cytosd Sharing

fromGe Rename

test1.sl Move

‘Delete
testFon.. ..yop
tf.data.2.tab

File

Preview

estfilttx ~ ~ - —

l == Welcome to GenomeSpace '\\+ mm 2

est.odf S o

‘ R B ) A hups:/ /gsul.genomespace.org Jsul/e vC|(@-cooge Q& A HlE & | =
N BETA T T ted &
¢23GENOMESPACE Invite a collaborator =y
File | Launch | View | Connect | Manage | Recipes | Help

|ct

. Normals_Leu.gct

0

l Preview Heatmap }

Rows
Feature Name

1415670_at +
1415671 at+

1415672 at +
1415673 at «

+2-08H
+£-08H
*p-diNO
*1-dWD
*Z-diO

is Public ¥

(8] Achilles_Analysis README_v2.4.2.txt ted 2 KB 4 weel
[ B Achilles_QC_v2.4.2.mai.Gs.gct ted 18.91 MB 4 weel
O Achilles_QC_v2.4.2.rnai.gct ted 127.57 MB4 weel

©2014 The Broad Institute of MIT and Harvard




Extracting Rows and/or Columns

r

- 5 b2l
® 00 / Welcome to GenomeSpace \_+ I-l. i

/(-\ il A https://gsui.genomespace.org/jsui/# = | lI,'Google

CERGENOMESPACE™™ (IR

File | Launch | View | Connect | Manage | Recipes | Help

Upload e O
W-i G5 :
mpont fom URL w v @ 2 « < B

Create Subdirectory ; ; :
e MMGP Cy31 ArrayExpress CCLE Project Achilles Cistrome Cytoscape 3 Galaxy
Convert smo ¥ ] GP_cytoscape_demo ted
Gt 0_RNA_FRMAGENE_14834 ¥ (] 1 GSE10006GPL570 RNA_FRMAGENE_14834 ted
View Link URL 155_RNA_ORIGINALGENE_26095 ¥
_ O GSE10015GPL1355_RNA_ORIGINALGENE_26095 ted
::::ng O archive ted
Create Archive l:‘ gama fod
Expand Archive ) [ galaxy_export ted
Rename U plink_demo ted
Copy/Move v O workingDir ted
Delete ) [ AAA20110303_achilles2_PMAD_adjFC.rnai.gct ted 97.38 MB 4 weel
) [ Achilles_Analysis README_v2.4.2.txt ted 2KB 4 weel
) B Achilles_QC_v2.4.2.rnai.Gs.gct ted 18.91 MB 4 weel
) [y Achilles_QC_v2.4.2.rnai.gct ted 127.57 MB4 weel
) B E-MTAB-2205.raw.1.zip ted 134.11 MB4 mon
™ [ Normals_Leu.gct ted 419MB 4 mon
8] é Paper_sampleannotation.txt ted 13 KB 4 weel

©2014 The Broad Institute of MIT and Harvard



Extracting rows and/or columns

* Check the columns you want to include

* Provide a first (and optionally last) row index to include
 Edit the file name and ‘Save’

Welcome to GenomeSpace

Welcome to GenomeSpace * | = GenePattern b || + L ﬂ-mu
4 )& hup ui.genomespace.org/jsui/gsu 1 & | (B~ cloud storage dropbox Q) M| (B3| # |~
BETA tedd -
'“;“\JL,K\U-\-_Uu v s.
Extract rows and columns: SaveFromGenomica.gct x
Click on column checkbox to select the cc[um'!wgg you want to save. i . ~ ) . =
Save as: /[Home/ted/workingDir SaveFromGenomica.slice.gct Start at row: 4 End at row: delimiter: | Tab vl
4 @) “ g o &) 0 O = O @) O O O
1
2
3
4 NR2E3 -0.47180805
5 ZBTB33 -0.11712891
6 THRAPS -0.47442418
7 NR1H3 1.8970824
8 PREB -0.2005038
9 ZNF263 -0.12586398
« | >
Showing up to the first 10 lines of SaveFromGenomica.gct

Save Close

8| 1 all_aml_test.res ted 1.83 Mb 6 minutes ago

o v



Sharing with others

* Sharing files with

Edit Sharing & Permissions

— I n d IVI d u a | S CCLE_Expression_Entrez_2012-04-06.res

Name Read Write
mocana Read # Write & Delete &
GS-Developers Read # Not writeable
Share with User Share with Group Share with Public
— G ro u p S User name: showing my ~| groups Allow public access
Group name: *)Read
* Read ---Select a Group --- =~ |} Read, Write & Delete

Read, Write & Delete *)Read

Read, Write & Delete

* Sharing links
— With other GenomeSpace users

— To people without GenomeSpace accounts

https://dm.genomespace.org/datamanager/file/Home/ted/CCLE_Expression_Entrez_2012-04-06.res



GenomeSpace-enabled tools, 7/2012

B4 Galaxy i 1GV
@ Cytoscape 2.8 UCSC Table Browser
=% GenePattern =: Genomica

) InSilicoDB

- Cistrome



GenomeSpace-enabled tools, 7/2014

Galaxy i 1GV
Cytoscape 2.8 E® UCSC Table Browser
GenePattern 44 Genomica
ArrayExpresﬁ () InSilicoDB
ISACreator @ Cistrome
Synapse / GeWorkbench\
52 GiTools ,
. Cytoscape 3 = M>ighB
MMGP Reactome
\_ 7 CCLE ) il Project Achilles




GenomeSpace-enabled tools, 7/2014

In development

cBio Portal (Memorial Sloan Kettering Cancer Center)

N PLINK & HleOViEW (Broad Institute/MGH)

Synapse (B GeWorkbench
;52 GiTools - MSicDB
& Cytoscape 3 = Ve

% MMGP Reactome

\ CCLE /il Project Achilles ,




Or add your own tools

Edit HaploViewPlink x J

Q | tec

o, P BETA
5} GENOMESPACE -
ile | Launch | View | Connect | Manag; Al HaploViewPlink

Description: HaploView with GenomeSpace extension
e o
@ v Tool Provider:  Broad v 3.3 v g’ﬁ
Base URL: http://vcancerportal05.broadinstitute.org:3003/HaploviewLauncher/ha v
Cytoscape ArrayExpress bench Gitools HaploV
Help URL:
«C -
File Parameter: Parameter name: plinkFi Required: ¥
Home Lpito: . 7 o -
tod ¥ o Allow multiple files: ¥/ Multiple file Delimiter:, — Size Last Modif

example call with dummy files

& Sharedtoted ¥ U http://vcancerportal05.broadinstitute.org:3003

dropbox:Ted Liefeld ¥ O M /HaploviewLauncher stem
£ Public ¥ - /haploview.jnlp?plinkFiles=https%3A//gs.org
v O [File1.txt,https%3A//gs.org/File2.txt
i O m o
O s mut stem
ndb
nnf &
odf
owl
Request a new format be added to the available formats list.
@
Icon Jtoolicon/haploview.tiff
' Browse... | haploview.tiff U

Share with groups:  GS-Developers %

 ---Select a Group --- | (T LU




Automatic data transformation

From To Description
gct Cytoscape ATTR Converts GenePattern gct file to Cytoscape attribute format
Cytoscape ATTR Cytoscape GeneMania attr Converts attr to GeneMania attr
res genomicatab Converts res to Genomica tab format
adj xgmml Converts adjacency file to XGMML
gmt genomicatab Converts from gmt to Genomica tab using Perl script
gct gxp Converts gct stream to gxp format
res gxp Converts res stream to gxp format
genomicatab gct Converts Genomica Tab format to gct format
odf Cytoscape ATTR Converts GenePattern CMS results ODF file to Cytoscape attribute format
gxp gct Converts gxp stream to gct format
gct genomicatab Converts gct to Genomica tab format
gct geneset.tab Converts gct to Genomica geneset.tab
gct geWorkbench exp Converts gct file to exp file.
res geneset.tab Converts res to Genomica geneset.tab

Data transformations added upon request
and by user contribution



Studying the regulatory control of human hematopoiesis
Using GenomeSpace

Part 1: Data pre-processing
and quality control

Part 3: Studying the
transcriptional program

Part 4: cis-regulatory

site analysis
From part3 --- *@
1
1
From part2 --- *@
1
1
To part 5 4———-@

To part 4

To part 3
,,'@""@\ @ ol
20

Part 5: Finding new
transcription factor regulators

From part 4
|
1
@ O——~0
@/ @
v
(2) 1

Analysis section

@ Analysis step (# steps)

Analysis conclusion

LA | Optional choices

—> Currently integrated

--%» Not yet integrated




Part 5: Finding new
transcription factor regulators

From part 4

Step | Step 4

Step 2

Step 3

Find the datasets in GenomeSpace

In Genomica, load expression data and
transcription factor gene set, then
extract transcription factor expression dataset

In GenePattemn, run ComparativeMarkerSelection
to find differentially expression transcription factors

In Genomica, run Module Networks to get a list
of regulators

In IGV, view loaded BED annotation tracks of:
1) transcription factors

2) SNPs

3) linkage regions




Step 1: Create transcription factor dataset in
Genomica and save to GenomeSpace

00 Pro——_—
File | View Sets Chromosomes Matrices Tables Analyze Tools Algorithms Help
Open File ...
I Open From Repository ... L = =
P ! Save lSDOts. 1892248/1892248
Cluster | ave As..
S::::,, I Login GenomeSpace ...
fesr 8 ' Open From GenomeSpace ... ¥ [ GenomeSpace Files
pots: |
Save To GenomeSpace .
Expr Delete From GenomeSpace ... g m s3.19009enomes
Pos. | Logout GenomeSpace » [ Public
Neg.: Export Cluster (text) » [ dropbox:Ted Liefeld(6102348)
‘ - Export Cluster Image... b E Shared to ted
Pixel Si  jUsers/liefeld/genomespace/trans v il ted
w:15 /UsersilfefeldlDesktop!SACDemoJ [ E workingDir
/Users/liefeld /Desktop /SAGDemo| ]
pixel . /Users/liefeld/Desktop [SAGDemo/ » [ plink_demo . o
— [Users/liefeld/Desktop/SAGDemo/ ¥ [ demo ELE -
H: 0 /Volumes/cancer_projects04/Genc > [l test O
: :_,_::l /Volumes/cancer_projects04/Gent
©5  JUsers/liefeld/genomespace /DBPs » ([ step4
/Users/liefeld /Desktop/gpWorkshe > step3
/Users/liefeld/genomespace [DBPs m P
: > [ step2
Cluster Exit ¥ Bl stepl
qa” " test.tab
Exp¢. Search | 5 fan?
Search lWIh'uﬂ _
New Folder Select Cancel
(0. (view As Graph ) ' mhnsele)
- »
|« @ /Cene [7479:68] Experiment [MONO2_4:96] Value (0.05481659)]

Gene [7479:68] Experiment [MONOC2_4:96] Value [0.05481659]




Step 2: Send transcription factor datasets into GenePattern

/ n Receive GenomeSpace File "\+ me &
|‘
\

om
' da genepattern.broadinstitute. org/gp/pages/genomespace/rece|veF|IeJsf"ﬁles h

C"r’-(]oogle Q) ¥ A W B gg\-‘

@GenePattern e ™ = aie

Modules & Pipelines v

| My Settings | Sign out tedl

Suites ¥ Job Results v Resources ¥ Downloads v Help v # GenomeSpace v

GenomeSpace has sent you a file

DMAP.classes.cls
Save a Copy:| Upload Directory + | Submit |

TF.data.tab Converted to gct
Save a Copy:| Upload Directory + | Submit |

Send to Module:l: ComparativeMarkerSelection % :”, Submit |

About GenePattern | Contact Us

©2003-2014 Broad Institute, MIT E




Step 2: Perform differential expression analysis in GenePattern

A

,"/ u GenePattern - Comparativ... \+ g

(_.6 ) @ genepattern.broadinstitute.org/gp/pages/index.jsf?Isid=urn:Isid:broad.mit.edu:cancer.software.genepatterr =~ C I If" Google Q) ¥+ # ﬁ‘ B | I

@ Genepattern ) “-r ‘ ._ ' L | My Settings | Sign out tedl

Modules & Pipelines v Suites v Job Results ¥ Resources v Downloads v Help v # GenomeSpace v

Modules Jobs Files GenomeSpace
| Search Modules & Pipelines . —
ComparativeMarkerSelection version| 10 ¢ | Documentation
Identify differentially expressed genes that can discriminate between distinct classes of samples.
Favorite Modules * required field m
ABSOLUTE &
s . i . Pl .l i il i ol P i i i e i i i i il i i . I
Birdseed o : :
; wHide Files...(Selected 1 files) 1
. 1
Cufflinks.cuffcompare had input file* : https://dm.genomespace.org/datamanager/file/Home/ted/demo/step2/TF.data.tab?dataformat < M
- - | =http://www.genomespace.org/datamanager/dataformat/gct .
ComparativeMarkerSelection o [ e e e o e e i i i e i e i i i i i i i e i i i i i i !
Recent Modules The input file - .res, .gct. Note that if your data is log transformed, you will need to set the "log
transformed data" parameter below to "yes".
ComparativeMarkerSelection o e -
]
1
! wHide Files...(Selected 1 files) 1
1
cls file* i .
, https://dm.genomespace.org/datamanager/file/Home/ted/demo/step2/DMAP.classes.cls 0 !
1
L m m e e e e e e e e e e e e e e .. .. - ——————— e e e e e e e = = = = -
The class file - .cls
| el bl ol ol ol ol ol ol ol ol ol ol ol ol ol ol il ol il ol il ol b ertin |

About GenePattern | Contact Us ©2003-2014 Broad Institute, MIT g



Step 3: Send differentially expressed genes to Genomica

4 - GenePattern - Comparativ... ."\ -

I;_ (- } @ genepattern.broadinstitute.org/gp/pages/index.jsf?Isid=urn:Isid:broad.mit.edu:cancer.software.genepatterr

C"('Google Q) ¥ A B = ’ =

v~ ~~ ™ A"
HH GenePattern
Modules & Pipelines v Suites v Job Results

Modules Jobs Files GenomeSpace

v [ stepl

+ [ step2

= all_aml_test.res

=| all_aml_test.slice.gos.res

= all_aml_train.comp.marker.attr
DMAP.classes.cls

= TF.data.cms.HSC.vs.Rest.filt.txt
TF.data.gct

=] TF.data.genesymbol.comp.marker
.HSC.vs.Rest.attr

=| TF.data.genesymbol.gct

=] TF.data.genesymbol.geneset.tab

I}

| My Settings | Sign out tedl

Resources ¥ Downloads v Help ~ n!* GenomeSpace v

TF.data.genesymbol.gct

*®
5

Delete File

Permanently delete this file.

Save File

Save a copy of this file to your local computer.

Send to GenomeSpace Tool

3 Documentation

ate between distinct classes of samples.

files)

-e.org/datamanager/file/Home/ted/demo/step2/TF.data.tab?dataformat 0
»ace.org/datamanager/dataformat/gct

S| TFdatatab @ W ————— L L L L o o o o o o o o o e Do o

+ [ step3 .+ Send to Galaxy
Wes

80_module.gxp ¢ Send this file from GenePattern to Galaxy using Note that if your data is log transformed, you will need to set the "log

= data.tab GenomeSpace. ‘ter below to "yes".

TF.data.cms.HSC.vs.Rest.filt.txt g5 e e e e e e e e -

= TF.significant.geneset.grt Send to Genomica I

ey fil

TF.significant.geneset.tab Send this file from GenePattern to Genomica has) :
4 ] step4 using GenomeSpace. -e.org/datamanager/file/Home/ted/demo/step2/DMAP.classes.cls 0 1
W@test 000 R B E
=| E-MTAB-2205.raw.1.zip
= SR RTaL e ¢ Send this file from CGenePattern to Gitools using

i (1) galaxy_export CETTITRNTTS [ T O S S o

About GenePattern | Contact Us



Step 3: perform module network analysis in Genomica

o O

Cenomica: TF.data.comp.marker.HSC.vs.Rest.filt.gct.tab, GenomeSpace: mmr

File GenomeSpace View Sets Chromosomes Matrices

Tables Analyze Tools Algorithms Help

-j Cluster I Qx Tree I BirdsEye ‘

dEaw | O600 Cluster 0 -- Genes: 241 Experiments: 211 Mean: -0.00 +/- 1.01 Spots: 50851/50851
Cluster 0
Genes: 241
Experiments: 211 |
Mean: -0.00 +/- 1.01
Spots: 50851/50851
" ™ = o N M 2 |

ExpresswnColors e N O D P G O el i ey B P N S 1 L s 1 e 7 a0 sy GO OO LA U R0 el O O OO N (2 0 T o e NS 0

p— | Pm ym gm gw gw gm gw gm g g o . wm owmw weow NNANNANNNOONOTHD OO C S N
pos.llint:[1.| zerof| (2555823050088 e nan bbbt icterrotnrreanEnnt

—_— IIIIIIIIIIIIIIOCOOO0OO=SZSZ=ZSZSZS S S 2 WUWUWUWUWWWWWWWWWWWWWWWwWwwwuy
Neg..Jll Int.: 1. Mis.: Nl E T e ‘ o | B | O’

= =

Pixel Size
w:15| H:[15]

Pixel Padding

H:0 HVv:o H

Sort Experiments: -
By Cluster =

Cluster-

Cenes
Experiments

Search

[ .|

a | |[13206] 3206 - HOXA10
[4211] 4211 - MEIS1
[8204] 8204 - NRIP1
[4613] 4613 - MYCN
{10062] 10062 - NR1H3
[3205] 3205 - HOXAS
[5325] 5325 - PLAGL1
[2078] 2078 - ERG
{10765] 10765 - JARID1B
[2114] 2114 - ETS2
[8848] 8848 - TSC22D1

|| 122797) 22797 - TFEC
| 160436] 60436 - TGIF2

[4602] 4602 - MYB

[3131] 3131 - HLF

[4005] 4005 - LMOZ

{3087] 3087 - HHEX

[6659] 6659 - SOX4

[6934] 6934 - TCF7L2

[2553] 2553 - GABPB2

{53335] 53335 - BCL11A

[2624] 2624 - GATA2

[9760] 9760 - TOX

[5087] 5087 - PBX1

[8805] 8805 - TRIM24

[7570] 7570 - ZNF22

[10745] 10745 - PHTF1

[2023] 2023 - ENO1

{55893] 55893 - ZNF395

[5324] 5324 - PLAG1

[5074] 5074 - PAWR

[4086] 4086 - SMAD1

[2004] 2004 - ELK3

10621 0ED  FBEADTS

>

< D) Ll
Cene [2004:32] Experiment [ERY2_6:37] Value [0.30902085]




Step 4: Visualize regulators with known SNPs and linkage regions

€23 GENOMESPACE™™ Q) tdd

File | Launch | View | Connect | Manage | Recipes | Help

1 & .
- - J °rl;~l =
R R o W © o |
IGV

ittern Genomica geWorkbench Gitools HaploViewPlink InSilicoDB ISACreator p

4

4

Upto: Home » ted » demo » stepd

Home
ted ¥ O Filename Tags Owner Size Last Modified
Analysis Recipe 2 ¥ | [1 Galaxy.SNPsLinkageRegionsTFs.xls ted 501 Kb 19 months ago
ArrayExpress ¥ ) 1 HSCRegulatorsGeneSet.gmt ted 63 bytes 19 months ago
S:r;;yioscape‘demo Y ¥ [ LinkageRegions.HematologicDisorders.bed.bed ted 3Kb 19 months ago
stepl ¥ ¥ [ Regulators.bed.bed ted 47 Kb 19 months ago
step2 ¥ 4 E SNPs.bed.bed ted 127 Kb 19 months ago
step3 ¥ ) [_TF.data.cvtosacpe.attr ted 1.31 Mb 19 months ago
Stept ¥ 8] é’ wil Launch IGV % 0Kb 19 months ago
test ¥
plink_demo ¥ Currently Selected Files
workingDir ¥ B ../LinkageRegions.HematologicDisorders.bed.bed  remove
4 Sharedtoted ¥ By ted/demo/step4/Regulators.bed.bed  remove
dropbox:Ted Liefeld ¥ =] fted/demo/step4/SNPs.bed.bed  remove
i Public ¥
& s3:1000genomes ¥ Drop files here
| Launch _
Ve




Step 4: Visualize regulators with known SNPs and linkage regions

e 00 IGV
| Human hg18 ke [ Al - Go &t « » @ | = 2 =
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RefSeq.Hg17.TFs.GS.bed

linkage_regions.bed
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How about a non-retrospective example?

Cancer Discov. 2013 Mar;3(3):308-23. doi: 10.1158/2159-8280.CD-12-0418. Epub 2013 Feb 21.
Targeting MYCN in neuroblastoma by BET bromodomain inhibition.

Puissant A, Frumm SM, Alexe G, Bassil CF, Qi J, Chanthery YH, Nekritz EA, Zeid R, Gustafson WC, Greninger P, Garnett MJ,
McDermott U, Benes CH, Kung AL, Weiss WA, Bradner JE, Stegmaier K.

Department of Pediatric Oncology, Dana-Farber Cancer Institute, Boston, Massachusetts 02215, USA.

Bromodomain inhibition comprises a promising therapeutic strategy in ¢
malignancies. To date, however, genomic biomarkers to direct clinical tr3
cell-based screen of genetically defined cancer cell lines using a protot
ntegration of genetic features with chemosensitivity data revealed a ro
and sensitivity to bromodomain inhibition. We characterized the mechar
finding in neuroblastoma, a childhood cancer with frequent amplification « Data JQ1 MM
showed downregulation of the MYCN transcriptional program accompa « Data MYCN pt
Functionally, bromodomain-mediated inhibition of MYCN impaired growtf -

BRD4 knockdown phenocopied these effects, establishing BET bromodomains as transcrip

InSilicoDB

. Data JQ1_AML

MYCN. BET inhibition conferred a significant survival advantage in 3 in vivo neuroblastoma models, pfpviding a
compelling rationale for developing BET bromodomain inhibitors in patients with neuroblastoma.

MNammant in

GenePattern

Preprocessing
Comparative Marker Selection
Consensus Clustering
GeNE-E

GSEA
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How do | use it???
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GenomeSpace Recipe Collection

GenomeSpace: Recipes

J,:\-,;, GenomeSpace: Recipes X + L %

2 | c f D www.genomespace.org/support/guides/recipes/sections/analyzing-data-with-genomesj W ¥ Wikipedia (en) Q
-
L—"Jo What is GenomeSpace? Tools Documentation Developers Support About Q
)
Analyzing data with Analyzing data with GenomeSpace tools

GenomeSpace tools

View All Recipes

. i . [ L] |
Find subnetworks of differentially expressed genes . ¢~} @

F rO m O U r WO rk Find differentially expressed genes in RNA-Seq Ecsc '='l ‘

data | Browsor | " | I
From the literature i

Preprocess and quality check RNA-Seq data = ="
F rom th e (summary only) L4 n

commun |ty Identify and visualize expressed transcripts in L] | »

RNA-Seq data (summary and video only) =I

Identify and annotate coding variants from whole L LLIN — ]
..o

Le a rn a bo ut exome sequencing (WES) data (summary only) mn
neW tOOIS Identify biological functions for genes in copy uese [y =
. . number variation (CNV) regions Browser | (SR 7  Msig0B.
Building
Identify an up- or down-regulated pathway from ® 'l'l =
b I OCkS fo r expression data =<1 T~
your analysis




Example Recipe: find subnetworks of
differentially expressed genes.

Find subnetworks of Find subnetworks of differentially expressed genes

differentially expressed

genes Find subnetworks of differentially expressed ge... < O

1. Go to GenePattern from - ke ED M Bocamanks  leols  Wedow I:.. “‘____g“_r.:uu A T sk 48 FR345 P Dhego Boiges-Rivera  Q 5
Wetges — 2. b o087 ‘ \ 3\

GenomeSpace

; 3 : - - 5] Q.. & o D

2. Filter out rows having less — BRI accoe . i, o =

:! GenePattern - Sadtinge | B b Ao s
than 3x expression variation
3. Find differentially expressed
i s
aenes Upcate: — fuly 17, 19:20  KCPOANY (OGME & CTOMTE WTE e VI @ DK STF. CONC Ll 6 S0 ICOCTORS ettt e, Irg F (U Teve 4TV ZLREIRS
#%‘ - New Dog Powet v 37, 2843 400 wr ! - | ]
O r OW % 4. Select the top 50 genes by TV A | L N T é— I eo
ARk S Ao S s B
e e e
=5
7. Navigate and explore the 746574, ExtractComparntiveMarkerResclts o - T mwng

Sece WA
™

protein-protein network
8. Find subnetworks

View All Recipes

Ciim

mmaryy
oumma Y

S u m m a ry _é This recipe provides one method to finding subnetworks of interacting proteins that are differentially expressed between

normal cells and tumor cells.

Input:

I n p ut 3 » A gene expression dataset, containing data from two different conditions or phenotypes, such as tumor and
normal

« A class file identifying the classes of samples in the gene expression dataset
Steps:

1. Find the list of the 50 top differentially expressed genes in a gene expression dataset using PreprocessDataset,
Ste pS a n d TOO I S é ComparativeMarkerSelection, and ExtractComparativeMarkerResults (in GenePattern)
2. Find the protein-protein interaction subnetworks associated with these genes using GeneMANIA and
MCODE (in Cytoscape)



Example Recipe: find subnetworks of
differentially expressed genes.

Use case ——>

Detailed —>
steps

Recipe Details

We describe the detailed steps below in the context of an example, where we are using gene expression data for normal
progenitor and leukemic samples from a study of transformation from committed progenitor cells to leukemia stem cells
initiated by MLL-AF9 to find differentially expressed subnetworks. The example data is from mouse (Mus musculus) cell
lines. Expression input data is in GenePattern's GCT format, and the two classes of cells are identified in

GenePattern's CLS format. The example data files are available in the GenomeSpace Public folder
(Public>SharedData>Demos>Analysis Recipe 1):

* Normal Leu.gct (Gene expression data for normal Mus musculus progenitor and leukemic samples from a
study of transformation from committed progenitor cells to leukemia stem cells initiated by MLL-AF9)
* Normal Leu.cls (Class assignments -- tumor or normal - for all the samples in the GCT file)

I |
=.I ! GenePattern: Find differentially expressed genes

1. Go to GenePattern from GenomeSpace

a. Log into GenomeSpace.
b. Click the GenePattern button in the GenomeSpace tool bar.
c. In the GenePattern window of the browser, click Sign In Using GenomeSpace.

Note: If you have not yet associated your GenomeSpace login with your GenePattern login, you will be asked to
do so, or you can automatically generate a new GenePattern account that will be associated with your
GenomeSpace login.

o GenePattern

Sign in to GenePattern Click to Register ; ';,s_:
urenome: 5::3, GENOMESPACE
Password: (SM""‘ »

(signin) Sign in Using GenomeSpace

Forgot your password?

2. Filter out rows having less than 3x expression variation
The PreprocessDataset module trims out many of the rows of data for genes with expression variation less than the 3x
(up- or down-regulated) threshold, and also normalizes the data.

a. Inthe Modules & Pipelines search box, start typing PreprocessDataset, and click the name when it appears
in the options dropdown under the box.




4 GENOMESPACI

Where we’re at...

Over 5000 registered users

19 public tools enabled + 15 private tools
~400 tool launches/week, ~1500 up/downloads, ~3TB user data

19 recipes posted
—RNA-Seq, Microarray, CNV, Network data, etc.

Publications

—GenomeSpace manuscript in draft

—'Cytoscape: the network visualization tool for GenomeSpace
workflows’ July 2014, in F1000Research

Exploring moving deployment from AWS to TACC and
Bionimbus

Developing new, dynamic, recipe system and new recipes
37



Explore GenomeSpace
.{Wfff"‘jo

sign up at www.genomespace.org

* Researchers

Cores
* Analyze data « Contribute and share
* Request format converters recipes for your customers
« Contribute analysis recipes « Add your local tools

 Developers

* Add your tools

« Contribute format converters
Build new infrastructure
Hook up your app to ours

e
&=
-, *

Ca
@

« Data providers
« Link your data Fork us on Bitbucket
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GenomeSpace Collaborators

Cytoscape: Trey Ideker Lab, UCSD

Galaxy: Anton Nekrutenko Lab, Penn State University
Genomica: Eran Segal Lab, Weizmann Institute
UCSC Browser Team

GenePattern Team
IGV Team

Driving Biological Projects
Howard Chang Lab — Stanford University
Aviv Regev Lab — Broad Institute

www.genomespace.org
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More than Any

Long : : "Big controvers
bioRxiv | 10 words on Data" : y
read ot a slide, or a “Big | regarding the
assembly citation npo°3ti:;r‘f:rt:s Science’ ofpan analysig
Any Arguments
reference to | inappropriate STAP oéim\ggh
a Lior left-handed algorithm to
Pachter blog DNA Cel IS use (DESeq,
EdgeR, ...)
Oxford
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axis PacBio read
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confusogram KB
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Huge thanks to everybody live-tweeting at #ISMB this year :) @jonathancairns









