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Need: Insights through integrative studies

Gene mutation causing Leigh Syndrome
French Canadian Type (LFSC) and 8
other mitochondrial diseases
Integrate: candidate genomic region,
mitochondrial proteomic data, and cancer
expression compendium
Authors: Mootha et al. 2003, Calvo et al. 2006

Subtle repression of oxphos genes in
diabetic muscle: role for mitochondrial
dysregulation in diabetes pathology; new
computational approach Gene Set
Enrichment Analysis

Integrate: Gene sets/pathways & processes
with expression profiles

Authors: Mootha et al. 2003, Subramanian & Tamayo
et al. 2005

IKBKE as a new breast cancer oncogene

Integrate: RNAI screens, transformation
of activated kinases, and copy number
from SNP arrays of cell lines

Authors: Boehm et al. 2007

Discovery of 3 new genes involved in
Glioblastoma Multiforme (NF1, ERRB2,
PIK3R1); Confirmation of TP53, PTEN,
EGFR, RB1, PIK3CA

Integrate: DNA sequence, copy number,
methylation aberrations and expression
profiles in 206 glioblastomas

Authors: TCGA Research Network 2008

~3000 novel, large non-coding RNAs with
functions in development, the immune
response and cancer
Integrate: Genome sequences from 21
mammals, epigenomic maps, and
expression profiles
Authors: Guttman, Rinn et al. 2009

Characterization of disease subtypes and
improved risk stratification for
medulloblastoma patients
Integrate: Copy number, expression,
clinical data for 96 medulloblastoma
patients
Authors: Tamayo et al., Cho et al. 2011



The Challenges

e Flood of high throughput biological data

genomic sequence, global mRNA expression profiles,
copy number and LOH, epigenetic data,

protein level and modification status,

metabolite profiles

e Proliferation of tools

Databases, visualization, and analysis
Difficulty of getting tools to work together
Access, analyze, visualize each data type separately
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Integrative Genomics Use Case

GenePattern Cytoscape IGV/UCSC Genomica —> CMAP B
Differentially
Expressed
Genes
Load y
compendium Arrests
Show module G2/M

P map
Network Show
’?‘; o0 GSEA test network l
« :0. ® enrichment
o g Show Extract
Expand +1 Chromosome module
(include :
neighbors) ) e ]
Transcription Learn p53
Factor track site/score on
Added to GenePattern
from UCSC promoter
,| Pathway |
— activation
Expressmn

Looks cl
to p53 s

GFF 2 GXA
g gene

location

g I \ 4
Conclusion

A

E_




12 steps, 6 tools, 7 transitions

O GenePattern
O Cytoscape

® 1cv

O Genomica

(O cMAP

O UCSC Browser

O Analysis step
Analysis conclusion

— Within tool

--» Across tools




The Need

* Alightweight “connection layer” for a wide variety of
integrative genomic analyses

o Support for all types of resource: Web-based,
desktop, etc.

o Automatic conversion of data formats between tools
o Easy access to data from any location

o Any tool that joins is automatically connected to the
community of tools

o Ease of entry into the environment



Cloud-based storage




Online community to share diverse computational tools
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GenomeSpace Principles

* Aimed towards non-programming users

e Support interoperability through
automatic cross-tool data transfer

* Requires minimal changes to tools

e 5‘ G

Connect Collaborate Combine

Open Source, LGPL @genomespace  WWW.genomespace.org



GenomeSpace Components
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Analyzing genomic data in GenePattern
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Using GenomeSpace

8006 Welcome to GenomeSpace

Tools and
Data
File | Launch | View | Sysem | Hel : Actions

Home a asdf ted
ted ¥ (@] subdirAAAAA4 ted
GP_cytoscape_demo Y a subdircccee3 ted
GSE1000GPL96_RNA_FRMAGENE_8127 ¥ =] testAdd2 ted
demo ¥ =) testChrome ted C I O u d =
igoX [ [ CCLE_Expression_Entrez_2010-09-29.res ted 152.68 Mb2 months ago
gala)ﬁyiexpon Y [0 [ HSCRegulatorsGeneSet.gmt ted 63 bytes 5 months ago based
working dir ¥
W Shared to ted ¥ O [ Regulators.bed.bed ted 47Kb 5 months ago .
£ Public ¥ O [ SuV_chooser.xisx ted 38 Kb 2 months ago fl | esyste m
a é TF.data.comp.marker.HSC.vs.Rest.attr ted 134 Kb 6 months ago
O [ TF.data.genesymbol.gct ted 1.31 Mb 4 months ago
[ [ data.sort.comp.marker.HSC.vs.Rest.filt5.UP.outputDOWN.cys ted 20 Kb 4 months ago
O B galFiltered.xgmml ted 1.59 Mb 2 months ago
O [ geneManiaQuery.txt ted 1Kb 8 months ago
a é human_interactome_cyt.cys ted 5 bytes 5 months ago
) B input_breastcancer_BN_LO_KD_blue.cys ted 16 Kb 4 months ago
a é input_breastcancer_BN_L0_KD_green.cys ted 13 Kb 4 months ago
[ [y searchGenes2.txt ted 532 bytes 5 months ago
[ [ searchGenes3.txt ted 532 bytes 5 months ago

©2012 The Broad Institute of MIT and Harvard | Funded by the National Human Genome Research Institute (NHGRI)




GenomeSpace Actions

O Welcome to GenomeSpace
Welcome to GenomeSpace [ + L =
)] https://gsui.genomespace.org/jsui/# Q) [ (B 2L
N NIANAL BETA ted
l ¢23GENOMESPACE =
i
B © B = O B
i
Cistrome IGV GenePattern Cytoscape Galaxy Genomica InSilicoDB UCSC Table Browser
File | Launch | View | System | Help
Directories (] Filename Owner Size Last Modified
Home a asdf ted
ted ¥ B subdirAAAAA4 ted
GP_cytoscape_demo ¥ 8 subdirccece3 ted
GSE1000GPL96_RNA_FRMAGENE_8127 ¥ o testAdd2 ted
demo ¥ 2] testChrome ted
v
| oo O B ccLE 840-09-29 res ted 152.68 Mb2 months ago
galaxy_export ¥
O B Hsc ted 63 bytes 5 months ago
working dir ¥
W Sharedto ted ¥ O B Regdla ted 47Kb 5 months ago
8 Public ¥ O B suve pownload ted 38Kb 2 months ago :
O B TF.dg: view file link attr ted 134 Kb 6 months ago i
O B TF.d&: Sharing ted 1.31 Mb 4 months ago
=] é data elit.filt5.UP.outputDOWN.cys ted 20 Kb 4 months ago
O B galFifle Move ted 1.59 Mb 2 months ago
O [ genely Delete ted 1Kb 8 months ago
=) é human_inte e_cyt. ted 5bytes 5 months ago
| O [ input_breastcancer_BN_LO_KD_blue.cys ted 16 Kb 4 months ago
‘ ) [ input_breastcancer_BN_LO_KD_green.cys ted 13 Kb 4 months ago
[ [ searchGenes2.ixt ted 532 bytes 5 months ago
=] é searchGenes3.txt ted 532 bytes 5 months ago
https://dm.ger /file/Hom...cape_demo/CCLE_Expression_Entrez_2010-09-29.res RO RGERNENGHENE VG ERREr el RS CEEE TR R TR s e




GenomeSpace Tool Enablement: IGV

IGV
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GenomeSpace Tool Enablement: Galaxy

Galaxy

To( Tools

x [+] b

g |2

c |2
- |

Get Microbial Data
BioMart Central server
BioMart Test server
CBI Rice Mart rice mart

GrameneMart Central server

Elymine server
Flymine test server
modENCODE modMine server

YeastMine server
metabolicMine server
modENCODE worm server

WormBase server

= Wormbase test server
Fet
Fet " EuPathDB server
Gel = EncodeDB at NHGRI
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INSILIC®

Report Bug | ¥ Samples basket } michaelr@broadinstitute.org ; @

1 of2¢

Filters « Search query eq: lung cancer 2 Datasets displayed 1 - 25 of 6428 | Available samples: 205263 |« | Page
— Dataset Sharing #Samples N
ataSets source
A CED GSE1000 Osteosarcoma TESS5 cell tissue culture study ;
b WMy safe 171 202)
) L [ == : | Public 10
> WPublic [5/5 | Edit/Show clinical annotation »| |G Download | | Expot v| #
. | 1]}
Curation CL0D GSE10000 Age-dependent aorta transcriptomes| () Genepattern as= ® Genomespace
™ Manually curated Public 18
™ To curate | Edit/Show clinical annotation »| |G Download ~| | Normalization options: () Original normalization il
® fRMA normalization
tfo CED GSE10006 Decreased Expression of Intelectin 1
Platforms Nonsmokers Gene/probe options: @ genes
> W MicroArray [11/11] | il | () probes il 87
b [ High Troughput Sequencing [10 Edit/Show clinical annotation»| |@R Download ~
Measurement type CGED GsE1001 retina injury timecourse
: r1/4 | Publi 18
> MMicroArray | | Edit/Show clinical annotation s| |G Download ~ | & o
» W High Troughput Sequencing [2/7]
. CED Gse10011 Expression data from NIH-3T3 cells used for half-life determination
Data pre-processing
. - - — - [ Public 45
ngcroArray Edit/Show clinical annotation » \ ‘@‘ Download ~ | »
3 gHigh Throughput Sequencing [~/7]
GED GSE10015 Expression data from rat tissues dosed with AMG A or AMG B
| [ Publi 108
| EditShow clinical annotation »| |G Download v |3:% Export v| # e
CEO Gse10017 Podocytes use FcRn to clear IgG from the glomerular basement membrane
| Publi 2
Edit'Show clinical annotation »| | @R Download v |Z.f Export v @ P -
v
< - ] )> 4




Other collaborating projects

Cistrome (Dana Farber Cancer Institute)

Reactome (Ontario Institute for Cancer Research)
geWorkbench (Columbia University)
Taverna/MyExperiment (University of Manchester)
ArrayExpress (European Bioinformatics Institute)

National Center for Biomedical Ontology (Stanford
University)

ISA-TOOLS (Oxford University)

Archon Genomics X-Prize



DBP3: Studying the regulatory control of

human hematopoiesis
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Densely Interconnected Transcriptional

Circuits Control Cell States
in Human Hematopoiesis
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DBP3: Studying the regulatory control of
human hematopoiesis - Overview
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Part 5: Finding new
transcription factor regulators

From part 4

Step | Step 4

Step 2

Step 3

4

1

g

V

Find the datasets in GenomeSpace

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

In GenePattern, run ComparativeMarkerSelection
to find differentially expression transcription factors

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

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

Pixel Pz

JUsers/liefeld/Desktop /SAGDemo/80_module.gxp
/Volumes/cancer_projects04/CenomeSpace/SAGDemo/TF.data.sort.comp.marker HSC.vs. Rest.filLDOWN.tab
/Volumes/cancer_projects04/CenomeSpace/SACDemo (TF.data.sort.txt

/Users/liefeld/genomespace /DBPs/Stanford_demo/diff ESC_iPS.exp.tab

/Users/liefeld /Desktop /gpWorkshops/gp_tutorial_files/all_aml/c5.all.v3.0.symbols.tab

JUsers/liefeld /genomespace [DBPs/DBP1_required_files/GES_exp.tab

Exit
Cluster
c::l !uﬂﬂmm | F_{..,_l.*-‘s&.m.@*“_ ps 1_‘ e
Exp(:; Search | - ni'- = — 1 -
Search lethﬂ‘

( View As Graph )

[ View

E

Gene [7479:68] Experiment [MONOZ_4:96] Value [0.05481659]

ne [7479:68] Experiment [MONO2_4:96] Value [0.05481659]

NE

®0(
File R View Sets Chromosomes Matrices Tables Analyze Tools Algorithms Help
Open File ...
! Open From Repository ...
< ! Save Spots. 1892248/18922438
Cluster( Save As..
o=t | Login GenomeSpace ...
Mean:1, | Open From CenomeSpace ...
Spots: 3 Save To GenomeSpace
~Expr Delete From GenomeSpace ... E
Pos. | Logout GenomeSpace
Neg.: Export Cluster (text)
= Export Cluster Image...
Pixel Si /Users/liefeld/genomespace {transform /transform/samples/sample.gxp
i[1c] /Users/liefeld/Desktop /[SAGDemo /demo/stepl/data.tab
W: 15
: JUsers/lieteld/Desktop /SAGDemo/demo/step1/TF.data.tab
{Users/liefeld/Desktop /[SAGDemo /data.sort txt .
-

ﬁ“‘
o




Step 2: Send transcription factor datasets into GenePattern

000 Receive GenomeSpace File
‘.‘ Z‘ |§| ‘XJ |£[ 'n gpami.broadinstitute.org:8080/gp/pages/genomespace/receiveFile.jsf2files=https%3A%2F¥%2Fdm.genomesp J [§| (W~ Wikipedia (erQ:v @ .}
1“ Receive GenomeSpace File x l + J T

My Settings | Sign out mmr

o GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Administration Help 2 GenomeSpace

GenomeSpace has sent you a file

DMAP.classes.cls

1. Save a Copy:| Upload Directory % J( Submit )
2. Send to Module as c|s:[ CART 3]( Submit)

TF.data.tab Converted to gct

1. Save a Copy:[ Upload Directory ¥ J( Submit )
2. Send to Module as tab:!  +)( Submit
3. Send to Module as gct:[ ARACNE v ](Submit)

About GenePattern | Contact Us ©2003-2011 Broad Institute, MIT zﬁ

©2012 The Broad Institute of MIT and Harvard | Funded by the National Human Genome Research Institute (NHGRI)




Step 2: Perform differential expression analysis in
GenePattern

900 GenePattern - ComparativeMarkerSelection
| EI IE‘ }XJ IEI |B gpami.broadinstitute.org:8080/gp/pages /genomespace/receiveFile.jsf# | !E‘ (W~ wikipedia (erQ ) (€3 |+
Tﬁ Receive GenomeSpace File Xlu GenePattern - ComparativeMar... l 25 I v

My Settings | Sign out mmr 4

ot GenePattern

Modules & Pipelines Suites Job Results Resources Downloads Administration Help # GenomeSpace

Modules & Pipelines Recent Jobs Uploads GenomeSpace

121 Show parameter descriptions Logged in as: mmr ‘

v [ mmr &2

® category O suite O all

Shennll [ cioee all ComparativeMarkerSelection version 8 &2 ~ (23 shipp_lymphoma &
+ Recently Used * required field (Run )(Reset) oproperties | exoort | help - dibcl_outcome.cls &
v Annougon e € =l Apr 23 07:48:23 PM; 1.0 KB
GeneCruiser : y >
= ::Iuslerlng input file* :space.org/datamanager/dataformat/gct| [_] Batch Parameter El :’:f !Z)ogm;;eSM‘ga MB
= ConsensusClustering < ” —
= HierarchicalClustering (®) specify URL () Basic Upload B glpbflz_:;,:ﬁf_:%c:;:sPh;‘a.e 7
L] znsacgscmﬂeﬂ"g The input file - .res, .gct. Note that if your data is log transformed, you will need to set \ dibcl vs fsco.cls &
nsensus " " ot = |_vs_fsce.
: SOMClustering the "log transformed data" parameter below to “yes". . = Apr 23 07:48:23 PM; 1.0 KB
2 gpgr:enlerarchlcalcmsterlng cls file® https://dm.genomespace.org/datamana [ | Batch Parameter v [ step4 &3 -
s - - - igv_snapshot.IRF4.png &
~ Data Format Conversion Enter 2 URL to the file you wish to input. 1= Mar 14 10:37:43 PM: 1.0 KB
> g:me;oG%m @ Specify URL O Basic Upload - snps.bed &
" =l 1 .25 &
= CsvTofcs The dass file - .cls Mar 14 10:38:26 PM; 143.0 KB
= ExprToGet - Galaxy.SNPsLinkageRegionsTFs.xls
= FastqToSam confounding variable cls file = Mar 14 10:37:26 PM; 1.0 KB
= FesToCsv . = linkage_regions.bed &
= Fpkm_trackingToGcet Select a single file under 2GB to upload. = Mar 14 10:36:39 PM: 147.0 KB
- :;:g;:g:: O soecity LRL (@) gasic Ualoac [ RefSeqHg17 TFs GS.bed &3
= SamToBam The dass file containing the confounding variable. 2 Mar14 UiSE. ST EM 2R LRE
= SamToFastq v [ step2 &&
= TmapToGcet test direction™ = TF.data.ixt &
¥ f‘:‘é’dg‘sg:‘g" . < Mar 14 10:30:12 PM; 1.3 MB
« AddFCSParameter The best o, perform TF-dzﬂéﬂi‘;%“‘z S
= AddNolseToFCS test statistic= (FoTest D) s S
= ExtractFCSDataset - TF.data.comp.marker.HSC.vs.Rest.fi
= ExtractFCSKeywords The statistic t5:iae = Mar 14 10:29:21 PM; 619.0 KB
= ExtractfCSParameters “ - TF.data.comp.marker.HSC.vs.Restfi
« PreviewFCs et = Mar 14 10:20:05 PM; 2.0 KB
= SetFCSKeywords min st
+ Gene List Selection B TF.data.comp.marker.HSC.vs.Rest.c
= ClassNeighbors The minimum standard deviation if test statistic includes min std option 2 2 O e
=« ComparativeMarkerSelection = DMAP.classes.cls &&
= ExtractComparativeMarkerResults number of permutations™ 1000 = Mar 14 10:30:28 PM; 1.0 KB
= GeneNelghbors - TF.data.gct &
GSEA B g
. E oG- :
‘ (_ SelectFeaturesColumns ;r:: numj:en;qf permutatio:\s to perf?rr:\ '(:(s'e‘ 0 to calculate asymptotic p-values using S Mr:::l?'iisi:;h‘ 13mB . \;
« >z

©2012 The Broad Institute of MIT and Harvard | Funded by the National Human Genome Research Institute (NHGRI)




Step 3: Send differentially expressed genes to Genomica

CenePattern

Modules & Pipelines

Modules & Pipelines

Suites

e category O suite O all
open all | close all

~ Recently Used
= ComparativeMarkerSelection
v Annotation
= GeneCruiser
Clustering
= ConsensusClustering
= HierarchicalClustering
= KMeansClustering
= NMFConsensus
.
.

4

SOMClustering
SparseHIerarchicalClustering

= SubMap
~ Data Format Conversion
BamToSam
BedToGtf
CsvToFcs
ExprToGet
FastqToSam
FesToCsv
Fpkm_trackingToGcet
GetToPcl
PclToGet
SamToBam
SamToFastq
TmapToGet
~ Flow Cytometry
AddFCSEventIndex
AddFCSParameter
AddNolseToFCS
ExtractFCSDataset
ExtractFCSKeywords
ExtractFCSParameters
PreviewFCS
SetFCSKeywords
Gene List Selection
= ClassNeighbors
= ComparativeMarkerSelection
= ExtractComparativeMarkerResults
= GeneNeighbors
= GSEA
= SelectFeaturesColumns
= SelectFeaturesRows

4
0

Job Results

Resources Downloads Administration Help

Welcome to GenePattern

Analyzing genomic data in GenePattern

2 GenomeSpace

A

what do you want to do?

* Click 2 protocol to run an analysis. GenePattern guides you step by step.
* Click Quick Start for instructions on how to run any module in GenePattern.

Protocols for running common analyses in GenePattern:

Run an Analysis in GenePattern
Learn how to run an analysis in GenePattern by preprocessing gene expression
data and visualizing the resulting data as 2 heat map.

Differential Expression Analysis
Find genes that are significantly differentially expressed between classes of
samples.

Clustering
Group genes and/or samples by similar expression profiles.

Prediction
Create a model, also referred to as a classifier or class predictor, that correctly
classifies unlabeled samples into known classes.

SNP Copy Number and Loss of Heterozygosity Estimation
Compute SNP copy number (CN) and loss of heterozygosity (LOH) based on
Affymetrix SNP chip data for paired target/normal samples.

See also:

http://gpami.broadinstitute.org:8080/gp/pages/index.jsf#
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Step 3: perform module network analysis in Genomica

oo O

Genomica: TF.data.comp.marker.HSC.vs.Rest.filt.gct.tab, GenomeSpace: mmr
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Step 4: Visualize regulators with known SNPs and linkage regions
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Step 4: Visualize regulators with known SNPs and linkage regions
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GenomeSpace Architecture

Clients
Y
GS Ul m
_|
[ Py

IGV m
k =
.

Gene- S
| Pattern A
( X

Galaxy| o
L =
( 2

ucsc |m
L =

External
Data
Sources

S3

1834

Amazon

Identity
Service
OpenlD

Analysis
Task
Manager
(ATM)

Data
Manager




Adding it to your Galaxy

http://wiki.g2.bx.psu.edu/GenomeSpace

Pull the changesets
Add GenomeSpace to your toolbox
Enable OpenlD in your config file
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. Restart |
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5GENOMESPACE...

Join the GenomeSpace community

We're looking for
‘/Researchers with driving biological projects

‘/Developers & Data providers
— Add your tools
— Contribute format converters
— Build new infrastructure
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