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2 2 (contingency table)

A Over- Representation Analysis (ORA)

X =1500

X

N =10,000 genes
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" ST rcode_ORA _basic.txPEG 1500
ORA -
A N=10000 XXX=
n=/7 X=1500 DEG
X=0
DEG non-DEG
XXX Xxxm % E.l. R R Console Elﬁj
non-DEGZX 1 8500-1 8500 > N <- 10000
DEGEL 6 1500-6 | 1500 | | > 2 <~ [
&t 7 9993 10000 | | _ . __ .
> sum (dhyper (x=x:¥X, m=n, n=N-n, k=X))
XXX XXX EL&h z [1] 6.892847e-05 ;
non-DEGEX nx |(N-n)-(X-x) N-X > | -
DEGEL X X-x X ‘ r
5t n N-n N
ORA Fi sher 6s hyper ge(@davezdieetialg Nat Geget.22 281 285, 1999)
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" BT rcode_ORA _basic.txt dhyper

ORA

A m=7 n=9993
N=m+n=10,000 k=1500
X=6
E ,% %‘l‘ R R console o[- =] ]
BOH 1 9993-(1500-6) | 8500 || -~ 2dhyper
BDH 6 1500-6 1500 starting httpd help server ... done
5 7 9993 10000| = * <= ©
> m <— ]
> n <— 9993
— > k <— 1500
E :% E'l' > sum (dhyper (x=x:¥X, m=m, n=n, k=k))
1ok m-x n-(k-x)  |m+n-k| [1] 6.892847e-05
B X k-x k > |
g m n N :
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" BT rcode ORA basic.kPEG 1500
ORA :

[R r console [ ][ &Sl

| - XXX | XXXEASh | Bt
DI non-DEG3{ 1 8500-1 | 8500
~ ¥ <— 1500 DE_G& 6 1500_6 1500
> x <— 6 El 7 9993 10000
> data <- matrix(c((n-x), (N-n)-(X-x), %, (X-x)), ncol=Z, byrow=T)
> data

[,11 [,2] . =
[1, ] 1 8499 XXX XXXM% E-l-
[2,] 6 1494 non-DEGZX nx |(N-n)-(X-x) N-X
> chisg.test (data) DEGZ{ x X-x X
Pearson's Chi-squared test with Yates iﬂHMJHULL;I N-n N
correction
data: data
X—-squared = 22.2032, df = 1, p-value = 2.453e-06
Ld stz o) =

Inl chisg.test (data) 11 B FTLF-TEEDS LNESH
>
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N=10000
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X=6

DEG non-DEG
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n=>7/

7/10,000 =0.07%
6/1,500 =0.4%
XXX=
2
DEG
1,500
0.07%
1500 0.07%= 1.05
6
R R console
> ?dhype
startingl———— Y —
> ®X <— 6
> m <— ]
> n <— 9993
> k <— 1500
> sum (dhyper (x=x:X, m=m, n=n, k=k))
[1] 6.892847e-05
> | |

1|

22




>

N =10,000 genes

1500

7 4
p <0.05
A Over- Representation Analysis (ORA)
- Gl G2 6 5 5 1 O 2 1 O
o o ° (@)
o 8
[ © T RN I © T U O . O _ | |l .
-8 s g °
: o | o
o) 8
— o o 8
o| |9 :
(@)
B Y L3 O O — .
\ : 8 8 °
p-value x=6 x=5 x=4 x=3 x=2 x=1 x=0
FoiE{oteF |BB9E-05| 00012 | 00121 | 00737 | 02834 | 06795 | 1.0000
N ZFEMETFE |245E-06| 00003 | 00095 | 01247 | 06337 | 06337 | 05603
Fisher test  |[B89E-05| 00012 | 00121 | 00737 | 02834 | 10000 | 0B039
p <0.05
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ORA

A Over- Representation Analysis (ORA)
GenMAPP(Dahlquistet al., Nature Genet.31. 19 20, 2002‘
FatiGO (Al Shahrouret al., Bioinformatics 20. 578 580, 2004)
GOstat (Beissbarthet al., Bioinformatics 20. 1464 1465, 2004)
GOFFA (Sun et al.BMC Bioinformatics? Suppl2: S23, 2006)
agriGO(Du et al.,Nucleic Acids Res.38 W64 W70, 2010)
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(ORA)

2 FCS :

A Functional Class Scoring (FCS)

1.
t- log G2/G1
2. XXX =
At XXX VS.
A Wilcoxon rank sum test XXX
A XXX n Sixx
n
=] /100,000 gene set permutation
A Gl vs. G2 XXX
SXXX

o,
Phenotype permutation
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2 FCS

GSEA(Subramanian et al PNAS 102 15545 15550, 200
PAGE (Kim and/olsky, BMC Bioinformatics6. 144, 2005
sigPathway(Tian et al.,PNAS 102 13544 13549, 2005)
GSA Efronand Tibshiranj Ann. Appl. Stat 1. 107129, 2007)

Gene)TraiI(Backes et al., Mucleic Acids Res.35. W186W192,
2007

SAM GS QDinuet al., BMC Bioinformatics8:. 242, 2007)

A Functional Class Scoring (FCS) 5‘
)
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A
A
GO term evidence code
IEA, inferrred from electronic annotations

A

GO term

A

A . .

the actual biology is never fully known!

100%

MaciejewskH., Brief Bioinform.14: 504 518, 2014
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l Bicinformatics. 2017 Feb 1;33(3):414-424. doi; 10,1093/ bicinformatics/biwE23.

Combining multiple tools outperforms individual methods in
gene set enrichment analyses.

Alhamdoosh M?, Ng M*, Wilson MJ', Sheridan JM?3, Huynh H', Wilson MJ', Ritchie ME*S.

+ Author information

Abstract

MOTIVATION: Gene set enrichment (GSE) analysis allows researchers to efficiently extract
biclogical insight fram long lists of differentially expressed genes by interrogating them at a
systems level. In recent years, there has been a proliferation of GSE analysis methods and
hence it has become increasingly difficult for researchers to select an optimal GSE tool based
on their particular dataset. Moreover, the majority of GSE analysis methods do not allow
researchers to simultaneously compare gene set level results between multiple experimental
conditions.

RESULTS: The ensemble of genes set enrichment analyses (EGSEA) is a method developed
for RNA-sequencing data that combines results from twelve algorithms and calculates
collective gene set scores to improve the biological relevance of the highest ranked gene sets.
EGSEA's gene set database contains around 25 000 gene sets from sixteen collections. It has
multiple visualization capabilities that allow researchers to view gene sets at various levels of
granularity. EGSEA has been tested on simulated data and on a number of human and mouse
datasets and, based on biclogists’ feedback, consistently outperforms the individual tools that
have been combined. Our evaluation demonstrates the superiority of the ensemble approach
for GSE analysis, and its utility to effectively and efficiently extrapolate biclogical functions and
potential invelvement in disease processes from lists of differentially regulated genes.

AVAILABILITY AND IMPLEMENTATION: EGSEA is available as an R package at
http://www.bioconductor.org/packages/EGSEAS . The gene sets collections are available in the
R package EGSEAdata from http:/iwww bioconductor.org/packages/EGSEAdatal .

CONTACTS: monther.alhamdoosh@csl.com.au mritchie@wehi.edu.au.

SUPPLEMENTARY INFORMATION: Supplementary data are available at Bioinformatics
online.

@ The Author 2016. Published by Oxford University Press.

PMID: 27694195 PMCID: PMCS408797 DOl 10.1093/bicinformatics/biwg23
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BMC Bicinformatics. 2013 Jan 16;14:7. doi: 10.1186/1471-2105-14-7.

GSVA: gene set variation analysis for microarray and RNA-seq data.
Hanzeimann 31, Castelo R, Guinney J.

+ Author information

Abstract

BACKGROUND: Gene set enrichment (GSE) analysis is a popular framework for condensing
information from gene expression profiles into a pathway or signature summary. The strengths of
this approach over single gene analysis include noise and dimension reduction, as well as greater
biclogical interpretability. As molecular profiling experiments move beyond simple case-control
studies, robust and flexible GSE methodologies are needed that can model pathway activity within
highly heterogeneous data sets.

RESULTS: To address this challenge, we intreduce Gene Set Variation Analysis (GSVA), a GSE
method that estimates variation of pathway activity over a sample population in an unsupervised
manner. We demonstrate the robustness of GSVA in a comparison with current state of the art
sample-wise enrichment methods. Further, we provide examples of its utility in differential pathway
activity and survival analysis. Lastly, we show how GSVA works analogously with data from both
microarray and RNA-seq experiments.

CONCLUSIONS: GSVA provides increased power to detect subtle pathway activity changes over a
sample population in comparison to corresponding methods. While GSE methods are generally
regarded as end points of a bioinformatic analysis, GSVA constitutes a starting point to build
pathway-centric models of biclogy. Moreover, GSVA contributes to the current need of GSE
methods for RNA-seq data. GSVA is an open source software package for R which forms part of the
Bioconductor project and can be downloaded at http:/fwww bioconductor.org.

PMID: 23323831 PMCID: PMC3618321 DOl 10.1156/1471-2105-14-7
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FEBERRIT | GMT 27 1 )81 | GSEABase(Morgan 2018) (last modified 2018/06/25) NEW

FERERRLT | B{EF T2k AR | GSVA(Hinzelmann 2013)(last modified 2018/06/26) NEW

HERERFHT BT 02— (GO)AFT

|- 3T (last modified 2018/06/27) NEW

R
R
R
BT

TERERFTT | 1BIET b O3 — (GO)REET
TERERRIT | 1BIET T oF O3 — (GO)RFER
TERERRIT | 1BIET T b O3/ —(GO)REER

FEEERRE | A 2D = 1 (Pathway) BRI | o2 T

| SeqGSEA(Wang 2014)(last modified 2018/06/25) NEW

| GSVA(Hanzelmann 2013)(last modified 2018/06/26) NEW
| GOsegfleoung 2010) (last modified 2010/11/26)

modified 2018/06/27) NEW

BRI
R
REHT
R

FEEERFHT | /Y 22 - (Pathway) B3 | GSAR (R

tallah 2017)(last modified 2017/03/17)

TERERFHT | 11 2270 o (Pathway) BFHT | Sef
TERERFLT | 1 227 = - (Pathway) BF 1T | GY
%8 | | 2 2L T (last modified 2018/06/27)

July 3, 2018

i #r | $REESEMT | /XA A (Pathway)fgHr | ITDULVT NEW

RNA-seq's KD AT NI T — 82504508320 1 (Pathway) BEITE {T2Fz8h D ST — 25010 D
BT ET . 2O~ =TI, SeqGSEADRFIAD — AU TELLSICLTHRY T (2014/03/30). A
HDOH2 FF — 213, Ensembl (Zerbino et al. . Nucleic Acids Res.. 2018) D 7 /7 —2 3 FEHE
FRCF IFOL A —FIZEBIET . BIEF vk BT (Gene Set Analysis; GSA)| 15 FiEA
TI3IGORFTD A 2D A BFTD [EIL A0 T, £555F o 07 4 bbbl NEE A,

RH:

» KEGGeraph: Zhang et al_| Bioinformatics, 2009

GAGE:Luo et al. . BMC Bioinformatics, 2009

GSVA:Hinzelmann et al . BMC Biomnformatics, 2013

» Pathview:Luo et al.. Bioinformatics, 2013

GSNCAE(GSARTIEEE 1T 1 &): Rahmatallah et al | Bioinformatics, 2014
¢ SeqGSEA: Wang et al.. Bioinformatics, 2014
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0 ﬂ BEHT %ﬁEﬁ?*ﬁlJ“Z?\Trf{Pamwav“}ﬁE*ﬁIIC’JL\T-

GO

| RT | BERERRAT | /SR DA (Pathway)EHT | ISDULNT NEW

RNA-seq’d &R0 N2 T — 20303 27 o o (Pathway) BEPE 1T o 8h Do Ly =275 D
ST ET, ASDhT T — 527 D gene IDIZ., Ensembl (Zerbino et al.. Nucleic Acids Res.
2018y M BN LETE, BIE T Tk BEIT(Gene Set Analysis; GSA)L 2Ll T I GORHLI IR
DA BB ELEAOT, TELEF 0T S b ELRER AL

RH:

« KEGGegraph: Zhang et al., Bioinformatics, 2009

» GAGE:Luo ei al., BMC Biomformatics, 2009

» GSVA:Hinzelmann et al.. BMC Biommformatics, 2013

« Pathview:Luo et al.. Biomnformatics, 2013

» GSNCA;Z(GSART12{£& 471,15 ): Rahmatallah et al , Bioinformatics, 2014
+ S5eqGSEA: Wang et al.. Bioinformatics, 2014

» GSAASeqSP:Xaong etal | Sci Rep., 2014

« seq?pathway: Wang et al | Bioinformatics, 2015

« ToPASeq: Ihnatova and Budinska, BMC Biomformatics, 2015

» rapidGSEA(cudaGSEA and ompGSEA): Hundt et al | BMC Bioinformatics, 2016
« EGSEA: Alhamdoosh et al.. Bioinformatics, 2017

+ AbsFilterGSEA(small replicatesFH): Yoon et al.. PLoS One, 2016

» GSAR:Rahmatallah et al.. BMC Biomformatics, 2017

« pathDESeq: Dona et al., Bioinformatics, 2017

« SeqGSA:Ren et al  BioData M 2017

« NEArender: Jeggan and Alexevenko, BMC Bioinformatics, 2017

+ tcgsaseq( IR T OB R 12wk BFHT): Aoniel et al.. Biostatistics, 2017

* CCS:Schissler et al, Bioinformatics, 2016

+ NET-GE(webtool; I |- EFH): Bovo et al., Bioinformatics, 2016

» ContextTRAP(B5:5:5| BF7 FH): Lee et al . BMC Bioinformatics, 2016
* MrGSEAMATLAB): Zyla et al . BMC Bioinformatics, 2017

* NFPscanner(webtool): Xu et al | BMC Bioinformatics, 2017

« EviNet: Jeggan et al., Nucleic Acids Res_, 2018

Review, HAFZ A1/, RAF5 1 F:

v F-iEIFEF: Rahmatallah et al. . BMC Bioinformatics, 2014
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" GMT

( gmy

RO)ERE S FEH

(last modified 2018/06/26, since 2010)

SO IR

LV SRITET S

(2015/04/03)

What's new?

« TREAT | 1RERT
« [EEHT | TRECHR
« TREIT | TRAERT
« TREIT | TRRERT

i il W |

R
BT

FHIR T EN | exon/isoform | DEXseq(Anders 2012) (last modified 2014/06/23)
FEEEREHT [ 2D T (last modified 2018/

R

i BERFT | GMT 77 A JL-HRIF [ 122 v T

) NEW
modified 2018/06/27) NEW

R
BT
REHT
R
R
R

TEEERFT | GMT 27 JLER{F | EGSEAda
FEBERFIT | GMT 27 1 )LHL{S | GeneSetDB(Araki 2012) (last modified 2018/06/27) NEW
TERERRTR | GMT 27 - JI-HR {5 | MSigDB(Subramanian 2005) (last modified 2018/06/25) NEW
FEBERRIT | GMT 27 1 )81 | GSEABase(Morgan 2018) (last modified 2018/06/25) NEW
FERERRLT | B{EF T2k AR | GSVA(Hinzelmann 2013)(last modified 2018/06/26) NEW
FERERET | BlEF A F OV —(GOVERHT | 12D T (last mcdjﬁed zﬂlsmﬁ 2?) mm

osh 2017) (last modified 2018/06/27) NEW

R
REAT |
R
BT

ﬁﬁ'éﬁﬁﬁ | BIEFA s

BERELR | BT
ﬁﬁﬁﬁ?*ﬁ | BiEF
TERERRA [V 2D oo

BRI
R
REHT
R

TERERRIT | AT o
PERERRIT | AV o
TERERFIR 2T =
SrEE [ 1220 T (last m

July 3, 2018

PPNV r e I X il B P Seroa e Ve e e

U BT | SAERAT | GMT o7 (LR | ISDLVT NEW

Gene Set Enrichment Analvsis (GSEA) /NS Bt BRIFEI T/ DI 213, (FEIREIE

PR F v ERS L ETT L B 5D ST oL b Rae0 3. Molecular
Signatures Database (MS1gDB) T . Gene Matnx Transposed (GMT)EF TiIREIN T ET .

Btk [B8IT. MSigDEF ZE LIS T E9

e MSisDB(7 7 1F)
o GeneSetDB(7 7 H-1H)
« EGSEAdata(R/ $ w7 —2/)

e Gene Set Ennchment Analvsis (GSEA): Mootha et al. | Nat Genet., 2003

o Gene Set Ennichment Analysis (GSEA): Subramaman et al | PNAS. 2005

¢ Molecular Signatures Database (MS12DB): Subramaman et al | PNAS, 2005

¢ Molecular Signatures Database (MS1eDB): Liberzon et al | Biomnformatics, 2011
o  EGSEAdata: Alhamdoosh et al.. F1000Res.. 2017

o GeneSetDB: Araki et al.. FEBS Open Bio_, 2012
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[ J RRUT | PERCARHT | GMT 7 1 JLALIS | MSigDB(Subramanian 2 MSigDB 2018 6 ver.

MSigDB ver. 6.1 "=~

(RO)IEE A S fiZE 47

(last modified 2018/06/26, since 2010)

DT I
FL SRR T EE M
(2015/04/03)

What's new?

« TREAT | 1RERT
« [EEHT | TRECHR
« TREIT | TRAERT
« TREIT | TRRERT

i il W |

REET | ZIR
FELT | f8E

BN | exon/isoform | DEXsea(Anders 2012) (last modified 2014/06/23)
FEHT | 1200 T (last modified 2018/06/24) NEW

FELT | B RE

BRAT | GMT 27+ B2 | |21 T (last modified 2018/06/27) NEW

REHT | TR EE
REHT | $RRE
R | $HE
REHT | $REE
REAT | BREE
REET | $R8E

AR | GMTZ 7 J-B% {5 | EGSEAdata(Alhamdoosh 2017) flast modified 2018/06/27) NEW
BFE | GMT 77+ IL-BR18 | GeneSetDB(Araki 2012) (last pfdified 2018/06/27) NEW

AFH | GMT 27 - JL-HR 1] | MSigDB(Subramanian 2005) odified 2018/06/25) NEW
BRI | GMT 27 - )52 | GSEABase(Morgan 2018) (las ified 2018/06/25) NEW
AELT | Bz T2k BRI | GSVA(Hanzelmann 2013)(last modified 2018/06/26) NEW

B3R BT F v 0 —(GO)ERHT || 2\ T (last modified 2018/06/27) NEW

T | B RE
REHT | $REE

AEER | BT F O3 —(GOVRFR | SeqGSEA(Wang 2014)(last modified 2018/06/25) NEW
BRE | BIET 7k O3 —(GO)VAFHT | GEVA(Hinzelmann 2013)(last modified 2018/06/26) NEW

AR | fEEE
AR | fik g
BFE | RS
BFET | fEEE
RFHT | $ERE
BEHT | 73 %8

@4 | BEEEREHT | GMT 771 JLIN#F | MSigDB(Subramanian 2005) NEW

MES1sDBA SIB T FEwh 1B L GMT 77 1 ) (emtfE BRIST &40 e R, 201856 BIRTEIL.
MS1gDB version 6.179 , Release Notes | chdht £ D5, MS1gDB v6.0L1E, 127 — 29" Creative Commons
Attribution 4.0 International Licensel 2735= 7o 27 (KEGG, BioCarta, AAAS/STKE Cell Signaling Database

July 3, 2018

data® 3TEIBTFRY) . MS1gDB v6. 1713, LITFISd (8D £l 2255 7/(8 major collections R (S 1T
WET, FEEE B oemt 77 A ILEF D o O—F Tdl  2RE EELF 9 DT, 0T F ETHigf
oRFabDIIH T —F TEHRAE LT 3T, Bl 2OY 1 Ensd00—FLicimSld, register
L. MSigDBI @ T35 Rl T FEby, MSigDBY funding agencies| ZF | E G R ST 7o b BT
T, Fio. MSigDBDER LT T <, WA 1EHO AL 25 32T 2H hallmark gene sets™fl|HT 2185513
Liberzon et al | 2015%. €T 2 B0 Il 22922 Td 2 C2(curated gene sets)| - Z & 1142 CP:Reactome() gene
sets | T 212213 Joshi-Tope et al 200575 X% @8 25 |HL FEL £5,

1. H: hallmark gene sets(50 gene sets)
= gene symbols(h.all v6.1 symbols gmt)
» entrez genes 1ds(h.all. v6.1 entrez gmt)

7 C1- nositional oene zete(376 oane seta)
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" BN KEGG
I\/ISigDB ver. 6.1 cekece © 1ss

1. H: hal

2. cl:

3. C2:

7. Cb:
8. C/:

July 3, 2018

ark gene sets (50 gene sets) gmt

positional gene sets (326 gene sers]
A (326 gene sets)
curated gene sets (4,738 gene sets)

A CGP. chemical and genetic perturbations (3,409 gene sets)

CP: canonical pathways (1,329 gene sets)
CP:BIOCARTABIoCartagene sets (217 gege sets)
CP:KEGGKEGG gene sets (186 gene Se\§
CP:REACTOMEReactomegene sets (674

A
A
A
A

ne sets)

. motif gene sets (836 gene sets)

A MIR microRNA targets (221 gene sets)
A TFT: transcription factor targets (615 gene sets)

. computational gene sets (858 gene sets)

A CGM cancer gene neighborhoods (427 gene sets)
A CM cancer modules (431 gene sets)

. gene ontology (GO) gene sets (5,917 gene sets)

A BP: biological process (4,436 gene sets)
A CC. cellular component (580 gene sets)
A MF molecular function (901 gene sets)

oncogenic signatures gene sets (189 gene sets)
Immunologic signatures gene sets (4,872 gene sets)

Subramanian et al PNAS 102 15545 15550, 2005
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MSigDB ver. 6.1 ___

1. H: hal

2. cl:

3. C2:
4. C3
5. c4
6. Cb
7. Cb:
8. C/:
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ark gene sets (50 gene sets) gmt

GO biological process
c5
4,436

positional gene sets (326 gene sers]

A (326 gene sets)

curated gene sets (4,738 gene sets)

A CGP. chemical and genetic perturbations (3,409 gene sets)

CP: canonical pathways (1,329 gene sets)
CP:BIOCARTABIoCartagene sets (217 gene sets)
CP:KEGGKEGG gene sets (186 gene sets)
CP:REACTOMEReactomegene sets (674 gene sets)

A
A
A
A

. motif gene sets (836 gene sets)

A MIR microRNA targets (221 gene sets)
A TFT: transcription factor targets (615 gene sets)

. computational gene sets (858 gene sets)

A CGM cancer gene neighborhoods (427 gene sets)
A CM cancer modules (431 gene sets)

A BP: biological process (4,436 gene se

A CC. cellular component (580 gene sets

A MF molecular function (901 gene sets)

oncogenic signatures gene sets (189 gene sets)
Immunologic signatures gene sets (4,872 gene sets)

. gene ontology (GO) gene sets (5,91¢ene sets)
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MSi%DB ver. 6.1 520

1. H: hal

2. cl:

3. C2:
4. C3
5. c4
6. Cb
7. Cb:
8. C/:
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GSVA

ark gene sets (50 gene sets)
positional gene sets (326 gene sets)
A (326 gene set

A

curated gene sets (4,738 gene sets)

A CGP. chemical and genetic perturbations (3,409 gene sets)
CP: canonical pathways (1,329 gene sets)
CP:BIOCARTABIoCartagene sets (217 gene sets)
CP:KEGGKEGG gene sets (186 gene sets)
CP:REACTOMEReactomegene sets (674 gene sets)

A
A
A
A

. motif gene sets (836 gene sets)

A MIR microRNA targets (221 gene sets)
A TFT: transcription factor targets (615 gene sets)

. computational gene sets (858 gene sets)

A CGM cancer gene neighborhoods (427 gene sets)
A CM cancer modules (431 gene sets)

. gene ontology (GO) gene sets (5,917 gene sets)

A BP: biological process (4,436 gene sets)

A CC. cellular component (580 gene sets)

A MF molecular function (901 gene sets)

oncogenic signatures gene sets (189 gene sets)
Immunologic signatures gene sets (4,872 gene sets)
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- - WelT | AEAEARYT | GMI7(JLHS | MsigDB(Swbrsl  MSIgDB

cl.all.ve.Entrez.gmt

Entrezgene ID
HEERRHT | GMT 771 LI ES (326 gene sets)

MSE1gDE/ NS T 12w F EHFE L GMT 27 - )l gmt) cl.all.v6. lsymbolsgmt

MS1gDB version 6.17d , Release Notes | chdht) T 55, MS1gDB v6.0L:fE. $2fF — #h° Creative Commons
Attribution 4.0 International Licensel Z7d< 7o 2T (KEGG. BioCarta, AAAS/STKE Cell Signaling Database
data® 3FEZEFFRC) . MSi1gDB v6.1 T 3. LTI 8{ED FEEOL-2597/(8 major collections W 2 fHE N T L
F9 . tFHXEMSIEDBY S emt 7T NS D O —F TELGNBEREICEELEZTOT. 0T+ E T igfT]
AL MIE S 2 O—FCEARBE LT FET, {BL. ZOY 1L w7 0—FLIzimS81d. register L.,
MSigDBIC# LT - R/l T FELYy, MSigDBY  funding agencies!| C ¥ | EHF = ST 22Dt BETH .,
Fio. MSigDBD R30I 77, @A IE 1FE B Ol 9332 Tdh 2 H hallmark gene sets ¥ |H 9 25513
Liberzon et al | 2015%. FLT 2& B0 3l 2232 TH & C2(curated gene sets)| - £ 1142 CP:ReactomeD gene
sets F |FHH T 212 &13 Joshi-Tope et al 200574 &5 @ o5 |HLFL £,

1. H: hallmark gene sets(50 gene sats)
= gene symbols(h all v6.1_ symbols_gmt)
= entrez genes ids(h.all v6._1 entrez gmt

2. C1: positional gene sets(326 gene sets) \
= gene symbols(cl all v 1 symbols gmt)
 entrez genes 1ds(cl_all v6.1 entrez omt)

3. C2: curated gene sets(4738 gene sets) ’
= gene symbols(c? all v6_1 symbols gm
= entrez genes 1ds(c? all v6. 1 entrez omt)
= CGP: chemical and genetic perturbations(3409 gene sets)

= gene symbols(c2.cep.vi.l.symbols gmt)

= entrez genes 1ds(c2.cgp.vi. 1 entrez. gmt)
= CP: Canonical pathways(lEEE? gene sets)

» gene symbols(c? cpvo 1 symbols gmit)

® entrez genes ids(c? cp w6 1 et t1=:.:111)

July 3, 2018
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cl.all.v6.Entrezgmt Excel

.-‘m 2005)
GMT 1 t
cl.all.v6.Entrezgmt | - 1 genese

cl.all.w6.1.entrez.gmt Entrez gene IDS

Fr P EFURWEREADLTGRW

Je v

. . D . E . F . G . H *
1 chr5g23 http://www.broadinstitute.org/gsea/msigdb/cards/chr5g23 5759 94033 51334 1531683 133615  40222¢
2 _chrlﬁqzﬂl http://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 642452 606500 80058 729947 6137 5169:
3 chr8g24 http://www.broadinstitute.org/gsea/msigdb/cards/chr8q24 90990 137797 27161 114 58500 594841
il | chrl3gll http://www.broadinstitute.org/gsea/msigdb,/cards/chrl3gll 645626 400094 221150 7750 2254 G328
5 _cherEI http://www_broadinstitute.org/gsea/msigdb/cards/chrip21 1403 729909 9207 338396 11335 7554
6 | chrl0g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g23 6623 389997 54462 60495 3416 33855]
7 _chr13q 13 http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gl3 1997 56677 29880 10631 26960 161007
8 _chrlﬂqzl http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g21 100288405 1219 729054 1979 645269 5471¢
9 _chr1p13 http://www.broadinstitute.org/gsea/msigdb/cards/chrlpl3 55917 643355 728428 27159 10100 g2¢
10 | chrxp2l http://www.broadinstitute.org/gsea/msigdb/cards/chrxp?1 389844 6308 389847 5640 441490 6104
ll_ chrdql? http://www.broadinstitute.org/gsea/msigdb/cards/chrdql?2 677810 359738 644173 3490 5691 BA3TE]
12 | chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards/chrégl3 643067 62 642590 7272 642998 26054
13 | chr2p22 http://www.broadinstitute.org/gsea/msigdb/cards/chr2p22 2718 729984 51072 285154 6201 79(
14 | chrl8g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl8g23 653069 9658 649290 724038 4155 554247

15 |chr8n11  htto://www. broadinstitute.ars/gsea/msigdh/cards/chi8n 38050 G770 79RAR 25940 793 34702% ~
cl.all.vé.1.entrez ) 1 3
ERTT EH - | + 100%
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] ﬂ REHT | HEREARHT | GMT 7 1 JLAL{S | MSisDB(Subramanian 2005) chr5023 1
chr5g23

Cla”VG :EntreZ U mt Entrezgene IDs

H ©- = cl.all.w6.1.entrez.gmt - Excel

Jrfl  W—h A A== LAFI &, T4 B =T P EFURWMEEEANLTEEN

J18 - Je v

A B c D | E | F G | H [
1 |chr5g23 p://www.broadinstitute.org/gsea/msigdb/cards/chrag 5759 94033 51334 1531683 133615  40222¢
2 _chrlﬁqzﬂl ttp://www.broadinstitute.org/gsea/msigdb/cards/chrl6gld 642452 606500 80058 729947 6137 5169:
3 _chrEQEd http://www.broadinstitute.org/gsea/msigdb/cards/chr8g24 90990 137797 27161 114 58500 594841
il _chr13q11 http://www.broadinstitute.org/gsea/msigdb,/cards/chrl3gll 645626 400094 221150 7750 2254 64328
5 _cherEI http://www_broadinstitute.org/gsea/msigdb/cards/chrip21 1403 729909 9207 338396 11335 7554
6 |chrl0g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g23 6623 389997 54462 60495 3416 338557
7 _chr13q 13 http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gl3 1997 56677 29880 10631 26960 161007
8 _chrlﬂqzl http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g21 100288405 1219 729054 1979 645269 5471¢
9 _chr1p13 http://www.broadinstitute.org/gsea/msigdb/cards/chrlpl3 55917 643355 728428 27159 10100 g2¢
10 | chrxp2l http://www.broadinstitute.org/gsea/msigdb/cards/chrxp?1 389844 6308 389847 5640 441490 6104
11 | chrdql? http://www.broadinstitute.org/gsea/msigdb/cards/chrdql?2 677810 359738 644173 3490 6691  B43TA:
12 | chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards/chrégl3 643067 62 642590 7272 642998 26054
13 | chr2p22 http://www.broadinstitute.org/gsea/msigdb/cards/chr2p22 2718 729984 51072 285154 6201 79(
14 | chrl8g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl8g23 653069 9658 649290 724038 4155 554247

15 |chr8n11  htto://www. broadinstitute.ars/gsea/msigdh/cards/chi8n 38050 G770 79RAR 25940 793 34702% ~
cl.all.vé.1.entrez ) . 3
ERTT EH - | + 100%
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[ ﬂ AT ﬁﬁ&ﬁﬁmGD«_H??«(J-bHEf%|MSi,gD_lﬁ(Suhmmax Entrez gene ID 2172
chr5g23 2
H ©-&- = cl.all.ve. (Chrl6q24 1 (Chr5q23

Jrfl  W—h A A== LAFI &, T4 B

CcZ28 i fx ' v
cB L, ¢cc | € | CE | CF | CG | CH cc , € | CK | CL | CM | CN [*

1 5480 3659 728682 147 1839 644557 2172

2 | 146512 648774 93107 2175 1800 10381 727710 92806 23199 642533 8139 729508 5497

3| 157381 727904 6713 1936 22898 7038 65263 113655 9897 8733 83695 728879 8077

=

=

6 | 5728 170425 399804 387694 84333 387707 23401 9231 439994 22833 439992 543863 64352

=

=

9 | 6814 440602 643609 83998 10654 643110 55170 3886665 389 100507044 148545 653149 72816

10

11

12

13

14 |

15 i -

cl.all.vé.1.entrez ) 1 3
EETT H b - 0 + 100%
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] ﬂ REHT | HEREARHT | GMT 7 1 JLAL{S | MSisDB(Subramanian 2005) 2 URL

chr59g23

H ©- = cl.all.w6.1.entrez.gmt - Excel

Jrfl  W—h A A== LAFI &, T4 B =T P EFURWMEEEANLTEEN

J18 - Je v

A | B C | D | E | F | G | H -
1 [chr5g23 http://www.broadinstitute.org/gsea/msigdb/cards/chr5q23 5759 94033 51334 153163 133615 402221
E_ChrlErQE-'i http://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 642452 606500 20058 729947 6137 51697
E_ChrBQEd http://www.broadinstitute.org/gsea/msigdb/cards/chr8q24 90990 137797 27161 114 HEROD  HO4E47
ﬂ,_chrl?pqll http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gll 6456261 400094 221150 7750 2254 64328
5 i chr7p2l http://www.broadinstitute.org/gsea/msigdb/cards,/chrip21 1403 729909 9207 338396 11335 ThhL
E_ChrIDQEE http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g23 6623 389997 ha4e2 60495 3416 338557
T_Chrl3ql3 http://www.broadinstitute.org/gsea/msigdb/cards/chrl3g13 1997 hEGTT 29880 10631 26960 161003
S_Chrlﬂqzl http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g21 100288405 1219 729054 1979 645269 547168
9 i chrlpl3 http://www.broadinstitute.org/gsea/msigdb/cards/chrlpl3 hRO1Y 643355  TZ2842B 27159 10100 220
lD_chrxpEI http://www.broadinstitute.org/gsea/msigdb/cards/chrxp21 389844 G308 389842 5640 4414890 6104
ll_chriqlz http://www.broadinstitute.org/gsea/msigdb/cards,/chrdgl2 677810 359738 644173 3490 6691  6437E]
lE_ChrErqlE http://www.broadinstitute.org/gsea/msigdb/cards,/chrégl3 643067 68 6425890 7272 642998 26054
13_chr2p22 http://www_broadinstitute.org/gsea/msigdb/cards/chr2p22 2718 729984 51072 285154 6201 79(
l-'i_chrlﬁqEE http://www.broadinstitute.org/gsea/msigdb/cards/chrl8q23 653069 9658 649290 724038 4155  5b4247

15 |chr8n11  htto://www. broadinstitute.ars/gsea/msigdh/cards/chi8n 38050 GT70 79RAR 25940 793 34702% ~
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- Excel

84 genes

URL

chr5g23

Show members

FrA i—is = N A= LIk F=, T4 L3t E P ZFURWERE A DULTEN
J18 - Je w
A . B C . D . E . F . G . H -
1 |chr5g23 http://www.broadinstitute.org/gsea/msigdb/c chrbg?3 5754 94033 51334 153143 1335615 1022251
2 |chrl6q24 http://www.broadinstitute.org/gsea/msigdb/Cards| Gene Set: ch r5q 23
3 [chr8g24 http://www.broadinstitute.org/gsea/msigdb/cards
4 |chrl3gll http://www.broadinstitute.org/gsea/msigdb/cards| standard name chr5q23
5 |chrip2l http://www.broadinstitute.org/gsea/msigdb/cardg| Systematic name Me 743
e Brief description Genes in cytoganetic band chr5g232
6 | ChrquEB http ;IWWW broadinstitute. Grg"fgs‘eaffmaigd b*'llrcard 3y Full description or abstract Genes in cytogenetic band chr5q23
7 |chrl3gl3 http://www.broadinstitute.org/gsea/msigdb/cards| Collection C1: positional gene sets
8 |chrl0g21 http://www.broadinstitute.org/gsea/msigdb/cards ::E;::;mm"
9 |chrlpl3 http://www.broadinstitute.org/gsea/msigdb/cards| Related gene sets
10 |chrxp21 http://www.broadinstitute.org/gsea/msigdb/cards| External links hitp://gename.ucsc.edu/cgi-bin/hgTracks?position=5q23
— Organism Homio sapiens
11 chraq12  hitp://www.broadinstitute.org/gsea/msigdb/cards| “c.eneted by e
12 |chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards| Source platform HUMAN_GEME_SYMBOL
13 chr2p22  http://www.broadinstitute.ors/ssea/msisdb/cards| Dteset references
| Download gene set formiat: grp | text | gmt | gmzx | xml
14 (chrl8gZ3 h ttD fwww.broadinstitute. Urgr"rgEEar"rmmgd br"rcard 2| Compute overlaps (show collections to investigate for overlap with this gene set)
15 lchr8n11  htto://www_hroadinstitute.are/gsea/msigdh/cards| Cempendia expression profiles H Human tissue compendium (Novartis)
— MNCI-60 cell lines (Mational Cancer Institute)
cl.all.vi5.1l.entrez (+) - -
= Advanced query Further investigate these 84 genes
BETT Gene families [EH Categorize these 84 genas by gene hmily}
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Show members

H ©- = cl.all.w6.1.entrez.gmi - Excei
Frl i—1x B el ] &= T4 FeRE =R M EFURWEREADLTREN
J18 - S
A . B C D E . F G H

1 chr5g23 http://www.broadinstitute.org/gsea/msigdb/cards{chr5g23 5759 94033 51334 1531683 133615  40222¢
2| chrl6g24 http://www.broadinstitute.org/gsea/msigdb/cards{chrl6g24 642452 606500 80058 729947 6137 5169:
3 leh r8g24 http://www.broadinstitute.org/gsea/msigdb/cards{chr8g24 90990 137797 27161 114 58500 594841
il _chr13q11 http://www.broadinstitute.org/gsea/msigdb/cardsfchrl3gll 645626 400094 221150 7750 2254 64328
5 | chr7p2l http://www.broadinstitute.org/gsea/msigdb/cards chrip21 1403 729909 9207 338396 11335 7554
6 |chrl0g23 http://www.broadinstitute.org/gsea/msigdb/cards{chrl0q23 6623 389997 54462 60495 3416 338557
7 _chr13q 13 http://www.broadinstitute.org/gsea/msigdb/cards{chrl3gl3 1997 56677 29880 10631 26960 161007
8 | chrl0g2l http://www.broadinstitute.org/gsea/msigdb/cards{chrl0g?1 100288405 1219 729054 1979 645269 5471¢
g chrlpl3 http://www.broadinstitute.org/gsea/msigdb/cards{chrlpl3 55917 643355 728428 27159 10100 g2¢
10 | chrxp2l http://www.broadinstitute.org/gsea/msigdb/cards{chrxp?1 389844 6308 389847 5640 441490 104
11 | chrdgl? http://www.broadinstitute.org/gsea/msigdb/cardsfchrdql?2 677810 359738 644173 3490 6691
12 | chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards chrégl3 643067 62 642590 7272 642998 !
13 | chr2p22 http://www.broadinstitute.org/gsea/msigdb/cards chr2p22 2718 729984 51072 285154 6201 79(
14 |ch r18g23 http://www.broadinstitute.org/gsea/msigdb/cards{chrl8q23 653069 9658 649290 724038 4155 554247
15 |chr8n11 _ htto://www.broadinsti y / /msi / /
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