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Interoperable, integrative
computational genomics

Need Insights through integrative studies of all
data types

FIood of high throughput data

genomic sequence
global mMRNA expression profiles

Cha||enges e copy number and LOH
* epigenetic data

protein level and modification status
metabolite profiles

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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WHAT'S NEW

News Highlights GenomeSpace Blog

Announcing the New GenomeSpace Recipe Resource
Posted by Ted Liefeld on Tuesday, February 02, 2016 at 05:47PM

The GenomeSpace team is pleased to announce a new GenomeSpace Recipe Resource
website. More >>

New Format Converters in GenomeSpace
Posted by Ted Liefeld on Friday, March 06, 2015 at 09:18AM

In response to user requests we have added the following three new format converters to the
GenomeSpace ecosystem. More >>

See All Posts

www.genomespace.org

3

@genomespace

Announcing the new GenomeSpace Recipe
Resource to support community provided recipes
bit.ly/1imatXMF #bioinformatics

Expand

GenePattern 22 Jan
@GenePattern

GenePattern 3.9.6 released! New read count
processing modules, easier R module mgmt &

more ow.ly/XhNcg #rnaseq #bioinformatics

13 Retweeted by GenomeSpace Team

Expand

GenomeSpace Team 19 Jan
2 @genomespace
GenomeSpace is published in @naturemethods:
bit.ly/1USqOlv Integrative genomic analysis by
interoperation of #bioinformatics tools
Expand

GenePattern 17 Dec

@ ©2016 Nature America, Inc. Al rights reserved.

of bioinformatics tools
in GenomeSpace

Kun Qu™'2, Sara Garamszegi®'?, Felix Wu?'2,

Helga Thorvaldsdottir?, Ted Liefeld>%, Marco Ocana?,
Diego Borges-Rivera®, Nathalie Pochet>3,

James T Robinson??, Barry Demchalc’, Tim Hull®,

Gil Ben-Artzi7, Daniel Blankenberg?, Galt P Barber?,
Brian T Lee?, Robert M Kuhn?, Anton

Th  newsstand
and poiat of contact and help for the commanity of users and
tool developers.

Initally seeded by a consortium of biology research labs
and development teams of six popular bioinformatics tools
(Cytoscape', Galaxy’, GenePattern', Genomica®, the Integrative
Genomics Viewer (IGV)® and the UCSC Table Browser”),
GenomeSpace now connects 20 tools and data resources. Our

onsortium i ical proj ical needs

to drive GenomeSpace design and development. For example, we

Eran Segals, Trey Ideker?, Michael Reich?®3, Aviv Regeva410,
Howard Y Chang®!! & Jill P Mesirov®?

Complex biomedical analyses require the use of multiple
software tools in concert and remain challenging for much of

G Figs. 1 and 2), dissecting and

visualizing the gene regulatory networks in human cancer stem

cells (Supplementary Note 1, Supplementary Figs. 2-5). The

study required diverse data types, analytical steps and methods

and moltgle data trnalrs between ocls, While nngmzl.lv
ipting, this work can

the biomedical research community. We introduce
(http://www.genomespace.org), a cloud-based, cooperative
community resource that currently supports the streamlined
interaction of 20 bioinformatics tools and data resources.
To facilitate integrative analysis by non-programmers,

it offers a growing set of ‘recipes’, short workflows to guide
investigators through high-utility analysis tasks.

The integrative analysis of diverse data types with multiple soft-
ware tools remains an enormous challenge for many biologists.
There is an ever-growing gap between the need to use various
analysis and tools an ions of getting

hlologms wsing only the GenomeSpace
platform and tools within it.
From a user's perspective (Fig. 1 and Supplementary Fig. 6),

tive analysis with a low barrier to user entry: (i) the collection of
resident tools spanning a broad range of applications (Table 1);
(ii) easy dataset management in a variety of cloud storage types,
alongside data-sharing capabilities (all account holders receive
an allocation of cloud storage, and GenomeSpace also supports
connections to other cloud accounts (Dropbox, Google Drive,
Amazon ) () the ablty o launh tool and o move dta
between tools, all facilitated by ‘behind-the-scenes

‘tools from different sources to work together. Moreover, it is dif-
Belt—even for expert, bt espcial o ess computtonlly

e ot smavrns (each tool retains ts native environment
and presents the same use interface and funcionaiy s when

oriented biolog
to identifythe righ rcipes tofollow, particularly inthe absence
of an accepted ‘laboratory manual’for analytic protocols.

launched
unifying web interface. In summary, from the web m(erface
2 researcher can launch a tool and simultaneously feed it input




GenomeSpace:
Interoperable, Integrative Genomic Analysis

.)_
Lightweight “connection layer” between tools and data
sources, with automatic format conversion.
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Cloud-based storage makes tools and data
accessible from any location.

ro amazon
Dropbox  Google Drive

Tools retain their native look and feel.



GenomeSpace Architecture

Dropbox

Google Drive

Amazon S3

Cloud-based storage
platforms for user data
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enomeSpace-enablement of new tools

Basic enablementin <1
programmer-day

RESTful API

Client Development Kit
(CDK)

Data Transfer Utilities

Documentation

GenomeSpace: Technical Documen... -+

www.genomespace.org/adopter E1 ¢ Search

So — A n T ’
o’ What is GenomeSpace? ools Recipes Recip

ation Support  About

Here are some useful links and basic information for software developers who are integrating GenomeSpace services with their software applications and
tools. These are working documents, subject to change. We welcome feedback from early adopters.

GenomeSpace services are REST-based web services. Java-based software applications may prefer to use the GenomeSpace CDK which wraps these
REST services and provides a Java API. Both of these interfaces are described in these documents

L

GenomeSpace tools using the REST API should do runtime discovery of the base server URL. The CDK already does this. Base URLs for prod, test, dev,
and ci servers are obtained by doing an HTTP GET from this following URL. The "prod" prefix indicates URLs on the production server.




Add your own private tools

' Edit HaploViewPlink

=8 GENOMESPACE™™
File| Launch| View| Connect| Manag Name:

Description:
@ v

Tool Provider:

Base URL:
Cytoscape ArrayExpress
Help URL:
< C
| File Parameter:
Home Up to:
ted V U

4 Sharedtoted ¥ O
dropbox:Ted Liefeld ¥ —

J y 1
i Public ¥ —
|
& s3:1000genomes Y
O =
J j 1

Icon

Share with groups:

HaploViewPlink
HaploView with GenomeSpace extension

Broad

http://vcancerportal05.broadinstitute.org:3003/HaploviewLauncher/ha

Parameter name: plinkFi Required: ¥/

Allow multiple files: ¥/ Multiple file Delimiter: ,

example call with dummy files
http://vcancerportal05.broadinstitute.org:3003
/HaploviewLauncher
/haploview.jnlp?plinkFiles=https%3A//gs.org
[File1.txt,https%3A//gs.org/File2.txt

Available formats Formats this tool accepts

mitao
mut
ndb
nnf
odf

owl
Request a new format be added to the available formats list.

Jtoolicon/haploview.tiff
Browse... | haploview.tiff

GS-Developers ¥

| ---Select a Group --- + @I

Q ted &

. "

v _a® v by ““L
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bench Gitools HaploVie
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GenomeSpace in action:
|dentification of transcription factor regulators

Cell

Densely Interconnected Transcriptional
Circuits Control Cell States
in Human Hematopoiesis
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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 franscription 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




Doing this the standard way

Load file into Genomica

. Perform module network analysis /

Run Genomica analysis to create transcription factor dataset \
Download result file

Convert result file to GenePattern format

Upload file to GenePattern

Run GenePattern differential expression analysis

Download result file

Convert result file back to Genomica format

Upload to Genomica

. Download result file

. Convert result file to IGV format
. Open IGV

Script

Load Genomica results into IGV
Data transfer

. Visualize results



Create transcription factor dataset in Genomica and
save to GenomeSpace

View Sets Chromosomes Matrices Tables Analyze Tools Algorithms Help

Open File ...
Open From Repository ...

ts: 248/1892248
Save Spots: 1892248/1892248

Save As...

Login GenomeSpace ...
(Yroom £3 e ' P 24

Export Cluster (text)
Export Cluster Image...

/Users/liefeld/genomespace /transform /transform /samples/sample.gxp
/Users/liefeld/Desktop /SAGDemo/demo/stepl/data.tab
/Users/liefeld/Desktop /SAGDemo /demo/step1/TF.data.tab

/Users/liefeld/Desktop /[SAGDemo [data.sort.txt . "
fUsers/liefeld/Desktop/SAGDemo/80_module.gxp LERE]!
/Volumes/cancer_projectsO4/CenomeSpace /SAGDemo/TF.data.sort.comp.marker.HSC.vs.Rest.filLDOWN.tab
/Volumes/cancer_projects04/CenomeSpace/SAGDemo [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
/Users/liefeld/genomespace /DBPs/DBP1 _required_files/CES_exp.tab *
Exit 0
—— e e e v e e gl e e P
Search o e =" e - e ok s et s
‘ nr ; f o P r:
o M TR
: 4 : L

( View As Graph )

NN 20 —
Gene [7479:68] Experiment [MONO2_4:96] Value [0.05481659]




[ %X Welcome to GenomeSpace x \ + v

# @ & [ A& nttps//gsui.genomespace.org/sui/gsuihtmi# @ | | Q search 3 | =
=4 GENOMESPACE Q. mmd

F-'lle‘ Launch ‘ View| Connect‘ Manage‘ Recipes ‘ Help

E:EI@@@%@ BE <« ° H

Trinity GenePattern Genomica Cytoscape Reactome InSilicoDB Cytoscape 3 ArrayExpress UCSC Table Browser Cistrome ISACreator Galaxy
Default @ L]
3 Home Upto: Home » mmr» step2
£ mmr ¥ O Filename Tags Owner Size Last Modified

3 Analysis1 ¥ 0O é DMAP.classes.cls mmr 664 bytes 48 months ago
3 ArrayExpress ¥ ' [ TF.data.comp.marker.HSC.vs.Rest.filt.gct mmr 618 KB 48 months ago
fa FGED ¥ 71 B TF.data.comp.marker.HSC.vs.Rest filt.txt mmr 1KB 48 months ago
2 GSE10006GPL570_RNA_FRMAGENE_22280 ¥ [ [ TF.data.comp.marker.HSC.vs.Rest.odf mmr 126 KB 48 months ago
3 GSE12790GPL570_RNA_FRMAGENE_2672 ¥ [ TF.data.gct mmr 131 MB 48 months ago
3 GSEB8240GPL3921_RNA_ORIGINALGENE_17265 ¥ [ [ TF.data.tab mmr 1.31MB 47 months ago
£3 llumina ¥ [ TF.data.txt mmr 1.31MB 48 months ago
3 MAGE-TAB ¥

3 all_aml ¥

3 all_aml_gsea ¥
3 genomica_output ¥
3 gs_workshop ¥
3 gs_workshop2 ¥
3 shipp_lymphoma ¥
[y step1 ¥
3 step2 Vv
3 step3 ¥
[y stepd ¥
{® Shared to mmr ¥
@ dropbox:Michael Reich ¥
{31 Public ¥

©2016 The Broad Institute of MIT and Harvard




[ %X Welcome to GenomeSpace x \ + v

# @ & i A& nttps//gsui.genomespace.org/jsui/gsui.htmi# @ | | Q search 3 | =
=4 GENOMESPACE Q. mmd

F-'lle‘ Launch ‘ View| Connect‘ Manage‘ Recipes ‘ Help

E:EI@@@%@ BE <« ° H

Trinity GenePattern Genomica Cytoscape Reactome InSilicoDB Cytoscape 3 ArrayExpress UCSC Table Browser Cistrome ISACreator Galaxy
Default @ L]
3 Home Up to: Home » mmr » step2
£ mmr ¥ Filename Tags Owner Size Last Modified

3 Analysis1 ¥ E  classes.cls mmr 664 bytes 48 months ago
3 ArrayExpress ¥ ' [ TF.data.comp.marker.HSC.vs.Rest.filt.gct mmr 618 KB 48 months ago
fa FGED ¥ 71 B TF.data.comp.marker.HSC.vs.Rest filt.txt mmr 1KB 48 months ago
3 GSE10006GPL570_RNA_FRMAGENE_22280 ¥ 71 B TF.data.comp.marker.HSC.vs.Rest.odf mmr 126 KB 48 months ago
3 GSE12790GPL570_RNA_FRMAGENE_2672 ¥ [ TF.data.gct mmr 131 MB 48 months ago
'3 GSEB8240GPL3921_RNA_ORIGINALGENE_17265 ¥ % [ TF.datatab mmr 1.31MB 47 months ago
£3 lllumina ¥ 1 B TF.data.txt mmr 1.31MB 48 months ago
2 MAGE-TAB ¥

3 all_aml ¥

3 all_aml_gsea ¥
3 genomica_output ¥
3 gs_workshop ¥
3 gs_workshop2 ¥
3 shipp_lymphoma ¥
[y step1 ¥
3 step2 Vv
3 step3 ¥
[y stepd ¥
{® Shared to mmr ¥
@ dropbox:Michael Reich ¥
{31 Public ¥

©2016 The Broad Institute of MIT and Harvard




xr \ +

[ %X Welcome to GenomeSpace v
# @ & [ A& nttps//gsui.genomespace.org/sui/gsuihtmi# @ | Q search 4 =
P : Q mmr &
&?‘GENOMESPACE Invite ajcollahorator
File ‘ Launch | View | Connect‘ Manage ‘ Recipes | Help
& ot © @ £ I e
(+) & [ T gV A
Trinity GenePattern Genomica Cytoscape Reactome InSilicoDB Cytoscape 3 GV ArrayExpress UCSC Table Browser Cistrome ISACreator Galaxy
Default @ L]
3 Home Upto: Home » mmr» step2
£ mmr ¥ O Filename Tags Owner Size Last Modified
3 Analysis1 ¥ E DMAP.classes.cls mmr 664 bytes 48 months ago
3 ArrayExpress ¥ 0B TF.data.comp.marker.HSC.vs.Rest.filt.gct mmr 618 KB 48 months ago
fa FGED ¥ 0B TF.data,oompAmarla‘ £’ Launch GenePattern mmr 1KB 48 months ago
'3 GSE10006GPL570_RNA_FRMAGENE_22280 ¥ 71 B TF.data.comp.marke mmr 126 KB 48 months ago
£3 GSE12790GPL570_RNA_FRMAGENE_2672 ¥ O B TFdataget ;“T"“‘; s";’:;;zs ; mmr 131MB 48 months ago
mmr/step .classes.cls  remove
GSE8240GPL3921_RNA_ORIGINALGENE_17265 ¥
[+ - _RNA_ - % [ TFdatatab & /mmristep2/TF.datatab |remove mmr 1.31MB 47 months ago
£3 lllumina ¥ 1 B TF.data.txt mmr 1.31MB 48 months ago

2 MAGE-TAB ¥
3 all_aml ¥
3 all_aml_gsea ¥
3 genomica_output ¥
3 gs_workshop ¥
3 gs_workshop2 ¥
3 shipp_lymphoma ¥
[y step1 ¥
3 step2 Vv
3 step3 ¥
[y stepd ¥
{® Shared to mmr ¥
@ dropbox:Michael Reich ¥
{31 Public ¥

Drop files here
TF.data.tab will be converted to an acceptable format.

©2016 The Broad Institute of MIT and Harvard




Perform differential expression analysis in GenePattern

o0 e X Welcome to GenomeSpace x / s Receive GenomeSpace File x "\+

ﬁ Q€D genepattern.broadinstitute.org/gp/pages/genomespace/receiveFile jsf ?files=https % 3A % 2F %2Fdm.genomespace.org % 2Fdatamanager%2Ffile %2FHome %2Fmmr!
% GenePatte

Modules & Pipelines v Suites v Job Results v Resources v

@  Q search 2

17

mmrtest2

Help v ¥ GenomeSpace v

0.0 KB / 30 GB

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:[ Ci

parativel I | Submit

About GenePattern | Contact Us ©2003-2015 Broad Institute, MIT g



Perform differential expression analysis in GenePattern

Welcome to GenomeSpace x| - GenePattern - ComparativeMarkerS... + i

A © €& @ genepattern.broadinstitute.org/gp/pages/index.jsf?Isid=urn:lsid:broad.mit.edu:cancer.software.genepattern.module.analysis:00044:10 @ | Q search &

® GenePattern @

Modules & Pipelines v Suites v Job Results v Resources v Help v 'Q"G.norn.Spacn v

mmrtest2

0.0 KB / 30 GB

Modules obs Files GenomeSpace
Search Modules & Pipelines

~ No Jobs Processing Browse Modules >

Favorite Modules

ComparativeMarkerSelection version 10 [ Documentation [N

Identify differentially expressed genes that can discriminate between distinct classes of samples.

* required field

. Drag Modules Here !

e et wHide Files...(Selected 1 files)

input file*

https://dm.genomespace.org/datamanager/file/Home/mmr/step2/TF.data.tab?dataformat=http://www.genomespace.or g
/dataformat/gct

Recent Modules

No Recent Modules

~Hide Files...(Selected 1 files)
cls file*
https://dm.genomespace.org/datamanager/file/Home/mmr/step2/DMAP.classes.cls

T T T T T T TR | ["IBatch

confounding variable cls file i D rag F I | e S H e re E

2GB file upload limit using the Upload File... button. For files > 2GB upload from the Files tab.
[}

The class file containing the confounding variable.

["IBatch
test direction* 2 Sided

The test to perform

["IBatch
best statistics

The statistic to use

["IBatch 7

min std

About GenePattern | Contact Us ©2003-2015 Broad Institute, MIT %



i i T e St SIS & Send differentially expressed
genes to Genomica %

mmrtest2

i @ €& @ | genepattern.broadinstitute.org/gp/pages/index.jsf

Job Results ¥+ Resources v Help ~ ﬁ‘?Gcnom-Splu -

Modules & Pipelines v Suites ~

O e | @ Trdatage g

p_‘\;,smumssme 2 Refresh x Delete File

L) GSE10006GPL570_RNA_FRMAGENE_222 Remnestvcess

| 80
’ 3 Fil iePattern.
(. GSE12790GPL570_RNA_FRMAGENE_267 Fl AL  Pattern
2 ‘ Save a copy of this file to your local computer. :

v

L-j GSE8240GPL3921_RNA_ORIGINALGENE

_17265
» [ Illumina
= known_gene Bend 10§ Space Tool nePattern
» E_-‘, :;:z;.t:\dg L/B Send to GalaxY e to run an analysis.
2 mm_track.bed “ (S;r:irt:;;::;mm GenePattern to Galaxy using run any meodule in GenePattern.

|= mrna_orig.preprocessed.gct rses in GenePattern:

Normals_Leu.preprocessed.comp.marker Send to Genomica

il
Ul

filt.gct Lr5° Send this file from GenePattern to Genomica 2rn by preprocessing gene expression data and visualizing the resulting data as a heat map.
using CenomeSpace.
=| Normals_Leu.preprocessed.comp.marker
'flt'S“ce:'ga_ . ally expressed between classes of samples.
|= QC.sig_diffExp_genes.slice.txt }rs" Send this file from GenePattern to Gitools using
QC.sig_diffExp_genes.txt GenomeSpace.
SavedFromGenomica
» [ shipp_lymphoma Send to IGV <pression profiles.
v (O
‘__J =L Lrs" Send this file from GenePattern to IGV using
T D step2 GenomeSpace.
| |5/ DMAP.classes.cls sifier or class predictor, that correctly classifies unlabeled samples into known classes.
Send to Trinity
TF.data.comp.marker.HSC.vs.Rest.filt irs-’ ) s )
.gct o Send this file from GenePattern to Trinity using S A

FETTRE of heterozygosity (LOH) based on Affymetrix SNP chip data for paired target/normal samples.

TF.data.comp.marker.HSC.vs.Rest.filt
.txt

Send to Module as tab

TF.data.comp.marker.HSC.vs.Rest.od

ChlIPSeq.CreateHeatmap = sttern.
TF.data.gct Generates a heatmap based on the ChIP-Seq signal iis web application.
extracted from a BAM file, according to the...
|=| TF.data.txt ChiP Se
ic
i steps ChiIPSeq.CreatePlots o
[ step4 Generates a scatter plot and correlation matrix based on
TF.data.comp.marker.HSC.vs.Rest.odf the ChIP-Seq signal extracted from...
|= TF.data.gct ChIP Se
S [ Public w JP. GenePattern 2.0 Nature Genetics 38 no. 5 (2006): pp500-501 Google Scholar | Endnote | RIS

» (] Shared to mmr

About GenePattern | Contact Us ©2003-2015 Broad Institute, MIT g
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GenomeSpace Recipe Resource

Genomespace Recipe Resource x +

@A & €& @ recipes.genomespace.org/home

E1 & | Q search

RECIPE:-RESOURCE

the results of analyses.

To learn more about recipes, read the Recipe Usage Guide or try browsing recipes!

Recipe Resource Guide

How to use the Recipe Resource and recipes »
Best Practices for Creating Recipes »

Community Guidelines »

Featured Recipe

Find differentially expressed genes in RNA-Seq data

Which genes are differentially expressed between my two
uo 0='=Oﬁ phenotypes based on my RNA-seq data?
S 7 J

RNA-seq reads for Reference gene annotations.
multiple phenotypes from the UCSC Table Browser

S~———

Align the RNA-seq reads using reference gene annotations,
identify differentially expressed genes, and process the
aligned reads for visualization, using GenePattern

Input

Analysis

Output

Visualize aligned reads and differential expression using IGV

This recipe provides one method to identify differentially expressed genes in
RNA-Seq read data. In particular, this recipe uses the UCSC Table Browser
to retrieve a reference genome to align RNA-Seq reads against. We also
uses several modules in GenePattern to align the reads against the
reference genome, and to identify differentially expressed genes when
comparing two conditions. Finally, we use IGV to visualize the differentially
expressed genes.

Click here to read the full recipe.

GenomeSpace recipes provide step-by-step instructions for performing integrative bioinformatic data analyses using
GenomeSpace tools and data sources. Recipes guide users through common analyses, starting with obtaining input
followed by analyzing data by passing it to GenomeSpace-enabled tools. In addition, recipes guide users in the intery

Browse Recipes

Search for GenomeSpace

FOURTH

©OE

EDITION

Q Search

Contribute Recipes
Read the Best Pre

Submit your recipe to

Check out our F1000 G¢

E1000 Contac
R

esearch

Community

Do you have questions at

MOLECULAR
CLONING

A LABORATORY MANUAL

GREEN AND SAMBROOK

other GenomeS

Still have questions? Contact us!

recipes.genomespace.org




Current recipes

| B Genomespace Recipe Resource %\ +

i & €& 9 @ recipes.genomespace.org/recipelist

&
QDY

GENOMESPACE

Found 13 recipes

Expand all recipe descriptions »

f GenomeSpace Recipes i= My Recipes i, GenomeSpace.org

Build and visualize a module network using putative
aberrant regions and expression data »

Find differentially expressed genes in RNA-Seq data »

Find subnetworks of differentially expressed genes and
identify associated biological functions »

Identify an up- or down-regulated pathway from
expression data »

Identify and validate a consensus signature using gene
expression data »

Identify and validate coding variants from exome
sequencing data »

Identify and visualize expressed transcripts in RNA-Seq
data »

Identify biological functions for genes in copy number
variation regions »

Identify CNV-associated expression signatures using

., Stepwise Linkage Analysis of Microarray Signatures

(SLAMS) >

¢ | Q search

Seach Recipes @

Filter by analysis type @

alignment
differential gene expression
functional annotation

gene expression analysis

Filter by data type ©

copy number variation
DNA sequencing
gene sets

genomic loci

Filter by all available tags ©
alignment

copy number variation

differential gene expression

DNA sequencing

Filter by tool ®

ArrayExpress
CCLE
Cytoscape
Galaxy




Recipe video and summary

#

o Genomespace Recipe Resource x\ +

€ @ recipes.genomespace.org/view/2

E1| €@ | | Q Search

Find subnetworks of differentially expressed genes and identify associated

t1© biological functions

Added by sgaramsz on 2015.03.16 (2 |

gene expression analysis  network analysis  differential gene expression  microarray G0 1?0

119 Copying data from the Genome...

c & H 0 S HDNN#&

Summary
What subnetworks of differentially expressed genes are enriched
in my samples? What biological functions are they related to?
Input Gene expression dataset Network annotations
Identify differentially Build a network from
Analysis expressed genes (DEGs) —  the top DEGs using
using GenePattern Cytoscape
Output Visualize subnetworks of highly interconnected DEGs

This recipe provides one method of using genes that are
differentially expressed between two phenotypes, such as normal
and tumor, to find subnetworks of interacting proteins and
determine their functional annotations using Gene Ontology. In
particular, this recipe makes use of several GenePattern modules
to identify differentially regulated genes, then uses several
Cytoscape plugins to identify potential interactions between gene
products, and to visualize the resulting network.

Why differential expression analysis? We assume that most
genes are not expressed all the time, but rather are expressed in
specific tissues, stages of development, or under certain
conditions. Genes which are expressed in one condition, such as

cancer tissue, are said to be differentially expressed when compared to normal conditions. To identify which genes change in response to
specific conditions (e.g. cancer), we must filter or process the dataset to remove genes which are not informative.

Why protein interaction network analysis? Gene expression analysis results in a list of differentially expressed genes, but it does not
explain whether these genes are connected biologically in a pathway or network. To better understanding the underlying biology that drives
changes in gene expression analysis, we can perform network analysis to determine whether gene products (e.g. proteins) are reported to
interact. To identify potential networks or pathways, we search for highly interconnected subnetworks within a large interaction network.

Inputs

To complete this recipe, we will need a gene expression dataset describing two conditions or phenotypes, such as cancer tissue vs. normal
tissue. In this example, we will use gene expression data from a study in which committed granulocyte macrophage progenitor cells
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Recipe steps
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1. L?adfng data ) Overview
2. Filtering genes by expression value
3. Identifying differentially expressed genes Steps
4. Selecting the top genes Results Interpretation
5. Extracting the top 50 genes

Comments

6. Save the files to GenomeSpace
« Cytoscape

7. Loading data into Cytoscape

8. Identifying interacting proteins

9. Finding differentially expressed subnetworks
10. Exploring the subnetworks

+ Expand All Steps = Collapse All Steps

1: Loading data »

Back to the Top

Load the files into GenePattern using one of the following methods.

2: Filtering genes by expression value ¥

We will use the PreprocessDataset module to filter out any genes that are not differentially expressed. In this recipe, we set the
cut-off for differential expression at 3-fold up- or down-regulation. This module uses the GCT file.

3: Identifying differentially expressed genes

We will use the ComparativeMarkerSelection module to identify genes which are differentially expressed and can distinguish
between two phenotypes (e.g., normal vs. leukemic). This module uses the processed GCT file and the CLS file.

4: Selecting the top genes »

We will use the ExtractComparativeMarkerResults module to select the top genes that distinguish between phenotypes. In this
recipe, we will extract the top 50 genes by rank.

5: Extracting the top 50 genes

We will use the SelectFileMatrix module to select the gene names from our list of top 50 genes, allowing us to later import the file
into Cytoscape. This module selects features from a file based on the rows and columns specified by the user. In this recipe, we will
extract only the gene names.

6: Save the files to GenomeSpace ¥

Save the Normal_Leu.genes.txt file to GenomeSpace using one of the following methods.

7: Loading data into Cytoscape ¥
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Single recipe step
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Load the files into GenePattern using one of the following methods.

PreprocessDataset

* required field

input filename*

threshold and filter

ceiling

min fold change

min delta

num outliers to exclude

row normalization

version |5 ¥

Performs several preprocessing steps on a res, gct, or odf input file

2: Filtering genes by expression value ¥

We will use the PreprocessDataset module to filter out any genes that are not differentially expressed. In this recipe, we set the
cut-off for differential expression at 3-fold up- or down-regulation. This module uses the GCT file.

cocumentation  [EENIE

- g

Batch

wHide Files...(Selected 1 files)

https://d /file/Home/sg ies/Normals_Leu.get @

Input filename - .res, .get, .odf

Apply floor, ceiling and variation filter

20

Value for floor threshold

20000

Value for ceiling threshold

3

Minimum fold change for variation filter

100

Minimum delta for variation filter

0

Number of outliers per row to ignore when calculating row min and max for variation filter

Perform row normalization

1. Change to the Modules tab, and search for "PreprocessDataset".
2. Once the module is loaded, change the following parameters:

A. input filename: load the GCT file, e.g., Normal_Leu.gct . To do this, navigate to the GenomeSpace tab, and
navigating to the folder containing the GCT file. Load the file into the input filename parameter by clicking and
dragging the file to the input filename input box.

3. Click Run torun PreprocessDataset . This will generate a processed GCT file.

3: Identifying differentially expressed genes ¥

We will use the ComparativeMarkerSelection module to identify genes which are differentially expressed and can distinguish
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Create your own recipes
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New GenomeSpace Recipe

Please fill out the form below to complete your recipe. Required fields are labeled as %.

Title ©% Video URL (Please only use public video URLs) @
Recipe Title Inage ©@

Browse... | No file selected.
Tags (comma delimited) ©%
Summary O %
Bswee DR @ B|XH BEGE « +/A% E % |(2peD0C == F
B I USX x| Ll kB es=s=s9ng locsmLomsEe6Qqsxo
‘Styles -H Format  ~ || Font - || size 'HA' vH:: EUHZ‘

Vi

Inputs ©%
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BIUSXx Ll /B === g91E|lecmucoms=oqr=o
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GenomeSpace and ITCR

* Connecting more ITCR tools
* Demo projects using GenomeSpace

* GenomeSpace as a platform for interoperable
informatics across ITCR
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