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m N=100001E DB FHRIFT—H¢
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DEGELTI500{EMHE L-&=. BRERYY VERIE
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1 IXXX=FE&1L B B {L BEEE In
FlIn=7EEFEN TL -, LAiX=1500{A D HIR L EEEF (DEG)
[ *x=6{AD L) VB ILEEETFINEENTL

R ER  BRE Ry VU ER L BAEE R F D EI S [XDEGEnon-DEGRE TE ALY
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non—-DEGZ{ 1 8500-1 8500 > N <— 10000
DEGEL 6 1500-6 | 1500 i : i— 1
= — < Ul
: 7 9993 10000 | I . ° .
> sum (dhyper (x=x:¥X, m=n, n=N-n, k=X))
XXX XXX LLAY =t [1] ©.892847e-05
non-DEGEX nx |(N-n)-(X-x) N-X > |
DEGZ{ X X-x X d
=t n N-n N
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~ ¥ <— 1500 DE_G& 6 1500_6 1500
> x <— 6 E 7 9993 10000
> data <- matrix(c((n-x), (N-n)-(X-x), %, (X-x)), ncol=Z, byrow=T)
> data
[,11 [,2] N =
[1, ] 1 8499 XXX X)(Xl:l‘?* 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 ﬁiHMJHULL;I N-n N
correction

data: data
X—-squared = 22.2032, df = 1, p-value = 2.453e-06

Tyt -
In chisq.test(data) ; M BFE T ERDE LNEER
=

m

4 I ]
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FRDEEFNEENDENE(L0.07%
DT, BAFFE1500%0.07% = 1.05{@
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DS ID ERIREL B S w5t BLTHE, 5o & Il= 5 A JLIEHE AALE R
T, BILMEEZEE I O EXARIBIEYRL TolEZFEHE (LD S
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PAGE (Kim and Volsky, BMC Bioinformatics, 6: 144, 2005)
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“BRENSV EEE->TWAETDA XL - (2 DELGFEIYRDEINTILNS —

X E100%)

Maciejewski H., Brief Bioinform., 14: 504-518, 2014
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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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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: 23323331  PMCID: PMC3618321  DOI: 10.1186/1471-2105-14-7
Free PMC Article
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Gene Set Enrichment Analysis (GSEA)ICHRERZN3EETLY MEET S EoC(E,  (FIRIER
SEEFeY MEEIHETY. BTy NMERORTFEMEL TS 7¢DlE, Molecular
Signatures Database (MSigDB) T& ). Gene Matrix Transposed (GMT)EETL THRHEZF1ITLY
9. EnFTv HESEE. MSIgDBEETLI TS EEEENATVET
e MSigDB(DTTHA ) )
s GeneSetDB(DIxJH- )
« EGSEAdata(R/Cwir—=) &
» gskb(R/Twio—=)
» Enrichr{web server)

o’

o Gene Set Enrichment Analysis (GSEA) @ Mocotha et al., Nat Genet., 2003

o Gene Set Enrichment Analysis (GSEA) @ Subramanian et al., PNAS, 2005

o Molecular Signatures Database (MSigDB) : Subramanian et al., PNAS, 2005

o Molecular Signatures Database (MSigDB) : Liberzon et al., Bicinformatics, 2011
[a]

[n]

[n]

EGSEAdata : Alhamdoosh et al., F1000Res., 2017
GeneSetDB : Araki et al., FEBS Open Bio., 2012
Enrichr(web server) : Kuleshov et al., Nucleic Acids Res., 2016
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B | 9, MSigDBI - #L T % FRIL T FAy, MSigDBY funding agencies| —H | &R ST 7o DI ET
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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1. H: hallmark gene sets (50 gene sets) FNBemtIT7AILEFOHEIO—RFLTHES,

2. cl:

3» c2:
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cl:
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EEIE. D3BBDc2ELVHHTIAY—IZET . @
CP:KEGGELVSECAD 186 EDEIEF VNS

positional gene sets (326 gene sets)
s EFEREDABES EDEEFEYRIANI7ZAIL (326 gene sets)
curated gene sets (4,738 gene sets)

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

CP: canonical pathways (1,329 gene sets)

CP:BIOCARTA: BioCarta gene sets (217 gendl sets)

CP:KEGG: KEGG gene sets (186 gene sets)ﬁ

CP:REACTOME: Reactome gene sets (674 gehe sets)

: motif gene sets (836 gene sets)

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

: computational gene sets (858 gene sets)

m CGM: cancer gene neighborhoods (427 gene sets)
m CM: cancer modules (431 gene sets)

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

m BP: biological process (4,436 gene sets)
m CC: cellular component (580 gene sets)
m 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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positional gene sets (326 gene sets)| ¢

HINTFHERHE I HAGODbiological processZEf
Rtz EE L, D6FEEB D ELNSATII—IZE
5. QBPELVSECADAAEDELEF Y
NEENDeMtIT7AILETFHAIA—FLTEH

| I:F%@W@ﬁﬁ:‘&d)iﬁ{i?tvhb/\OP/m 7U (OZU EBETE SELS)

curated gene sets (4,738 gene sets)

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

|
m CP: canonical pathways (1,329 gene sets)

m CP:BIOCARTA: BioCarta gene sets (217 gene sets)

m CP:KEGG: KEGG gene sets (186 gene sets)

m CP:REACTOME: Reactome gene sets (674 gene sets)

: motif gene sets (836 gene sets)

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

: computational gene sets (858 gene sets)

m CGM: cancer gene neighborhoods (427 gene sets)

m CM: cancer modules (431 gene sets)

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

m BP: biological process (4,436 gene sets)ie

m CC: cellular component (580 gene sets)

m 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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positional gene sets (326 gene sets)

s EFEREDABES EDEEFEYRIANI7ZAIL (326 gene sets)

curated gene sets (4,738 gene sets)

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

|
m CP: canonical pathways (1,329 gene sets)

m CP:BIOCARTA: BioCarta gene sets (217 gene sets)

m CP:KEGG: KEGG gene sets (186 gene sets)

m CP:REACTOME: Reactome gene sets (674 gene sets)

: motif gene sets (836 gene sets)

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

: computational gene sets (858 gene sets)

m CGM: cancer gene neighborhoods (427 gene sets)
m CM: cancer modules (431 gene sets)

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

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

m CC: cellular component (580 gene sets)

m 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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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? cpo E.l .h..t1f:._:111.)
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H ©- S cl.all.vé.1.entrez.gmt bﬁiﬁ{i%t“} F’é*ﬁ}ﬂi?’%}Entrez gene IDSO
B A= LIk [ T—4 EeRS E P ZFURWERE A DULTEN

£ v

. . C . 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 _chrEqu 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 _r:herEI 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
ll_chrélq 12  http://www.broadinstitute.org/gsea/msigdb/cards/chrdgl2 677810 359738 644173 3490 6691  B43TA:
lE_r:hrEq 13  http://www.broadinstitute.org/gsea/msigdb/cards/chr6gl3 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 h’r’rn:ffwww.hmadin.~=.titute_.mg:’éseafmsmd h/cards/chrén 38050 G770 79RAR 25940 793 34702% ~
cl.all.vé.1.entrez ) 1 3
ERTT EH - | + 100%
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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 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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CcZ28 i fx ' v
CB cC CD CE CF CG CH Cl cJ 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 83696 728879 8077
il
5
6 5728 170425 399804 387694 84333 387707 23401 9231 439994 22833 439992 643863 64352
=
8
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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 _chrlﬁqzﬂl http://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 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 | chrl0g2l 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
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- Excel

D25 B D1ERFEDURLERBkH D&
QAR CEHMIBHRMAFEONET
o EIEFtYhkchr5g23M A /1N\—#]
(L. 84 genesTHAH_ENHLMYFET,

Show members

Il m-h  BA  A-TLAFI B T4 Bl Ex L EELAMERRANLTGRR
J18 i fx v
A B C D E F G H -

1 |chr5g23 http://www.broadinstitute.org/gsea/msigdb/c chr5g23 5759 94033 51334 153163 133515 -1022251
2 |chrl6q24 http://www.broadinstitute.org/gsea/msigdb/Cards| Gene Set: chrb5 g 23
3 |chr8g24 http://www.broadinstitute.org/gsea/msigdb/cards
4 |chrl3gll http://www.broadinstitute.org/gsea/msigdb/cards| standard name chr5g23
5 |chrip2l http://www.broadinstitute.org/gsea/msigdb/cardg| Systematic name Me 743

— - - - - Brief description Genes in cytogenetic band chr3g23
6 _chrquES http://www.broadinstitute.org/gsea/msigdb/cards] ~ gun description or abstract Genes in cytogenetic band chr5q23
7 |chrl3gl3 http://www.broadinstitute.org/gsea/msigdb/cards| Cellection C1: positional gene sets
8 |chrl0g2l 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

1 o - - - Organism Homio sapiens
11 |chrdglZ  http://www.broadinstitute.org/gsea/msigdb/cards c:ﬁhmdw Broad In:ﬁtute
12 \chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards| Source platform HUMAN_GENE_SYMBOL
13 chr2p22  http://www.broadinstitute.ors/ssea/msisdb/cards| Dteset references

| . _ _ _ Download gene set formiat: grp | text | gmt | gmzx | xml
14 |ch rlgq 23 h ttp:-"llf'rwww-brﬂad institu te.mrgﬁgseaf’msigd b/cards Compute overlaps [show collactions 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.vi.1l.entrez (+) : -
= Advanced query Further investigate these 84 genes

BETT Gene families [EH Categorize these 84 genas by gene hmily}

July 29, 2019

Version history

(show 86 members mapped to &4 genes)
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Show membersTT:--

FrA

=4

cl.all.ve.1.¢

Ho & -

BA A-TLarob #E O T-9 EE o

Gene Set: chr5q23

Standard name chr3gz3
J18 T % Systematic name ME743
Brief description Genes in cytogenetic band chrg23
A [ B Full description or abstract Genes in cytogenetic band chr3g2s
1 |chr5g23  http://www.broadinstitute.org/gsea/msigdb/cards/| Cellection C1: positional gene sets
y So blicati
2 |chrl6g24 http://www.broadinstitute.org/gsea/msigdb/cards| — oo
| Exact source
3 |chr8g24 http://www.broadinstitute.org/gsea/msigdb/cards| Related gene sets
1 leh r13gll http://www.broadinstitute.org/gsea/msigdb/cards, External links hitp://genome.ucsc.edu/cgi-bin/hgTracks?position=5923
— i i i Organism Homo sapiens
5 |chr7p21 http://www.broadinstitute.org/gsea/msigdb/cards) ~contributed by . p—
6 |chrl0g23 http://www.broadinstitute.org/gsea/msigdb/cards| Source platform HUMAN_GENE_SYMBOL
B T . B I} F; . I Dataset references
T | chrl3gl3 http://www.broadinstitute.org/gsea/msigdb/cards, e e formats arp | text | amt | ams | xml
8 |chrl0g2l h ttl} f'www.broadinstitute. Grg.frgﬂeafrmﬂlgd bf"rcard 3| Compute overlaps [show collections to investigate for overlap with this gene set)
9 |chrlpl3 h ttp://www.broadinstitute.org/gsea/msigdb/cards| Cempendia expression profiles H paman f;ﬂ'i:‘;:E’E',f:,zud:gl"c{;f‘;;?ﬂmtej
10 |chrxp?]l  http://www.broadinstitute.org/gsea/msigdb/cards| Advanced query Further investigate these 54 genes
11 [chrdgl? http://www.broadinstitute.ore/gsea/msigdb/cards| Gene families H Categorize these 84 genes by gene family
e Show members (show 86 members mapped to B4 genaes)
12_ chrégl3 http://www.broadinstitute.org/gsea/msigdb/cards| version history
13 chr2p22 http://www.broadinstitute.org/gsea/msigdb/cards,
14 \chrl8g23 http://www.broadinstitute.org/gsea/msigdb/cards/| See MSigDB license terms here. Please note that certain gene sets have special access terms.
15 Ichr8n11  hto:/fwww. hroadinsti ! ‘msi ! / -
cl.all.vé.1.entrez ) q 3
EETT H 0 - | + 100%

July 29, 2019

56




o ﬂ AEHT | $EEEAEHT | GMT 07 1 JLER{E | MSigDB(Subramanian 2005)

Show membersT:---
Gene Set: chr5g23

ZATERELCIZTE> T, AEntrez gene IDIZxtH9 5
2gene symbolt@)gene descriptionMN B 5N FET

H ©- = cl.all.ve.1.¢
Frl i—1x B el ] &= T4 FeRE #=
J18 v %

A . B
1 |chr5g23 http://www.broadinstitute.org/gsea/msigdb/cards,
2 _chrlﬁqzﬂl http://www.broadinstitute.org/gsea/msigdb/cards/
3 _chrEqu http://www.broadinstitute.org/gsea/msigdb/cards/
il _::hr13q11 http://www.broadinstitute.org/gsea/msigdb/cards,
5 _r:herEI http://www_broadinstitute.org/gsea/msigdb/cards/
6 |chrl0q23 http://www.broadinstitute.org/gsea/msigdb/cards)
7 -chr13q13 http://www.broadinstitute.org/gsea/msigdb/cards/
8 _chrlﬂqzl http://www.broadinstitute.org/gsea/msigdb/cards/
9 _chr1p13 http://www.broadinstitute.org/gsea/msigdb/cards/
lﬂ_chrxpzl http://www.broadinstitute.org/gsea/msigdb/cards/
ll_chrélq 12  http://www.broadinstitute.org/gsea/msigdb/cards,
12_chr6q 13  http://www.broadinstitute.org/gsea/msigdb/cards/
13_chr2p22 http://www_broadinstitute.org/gsea/msigdb/cards/
ld_chr18q23 http://www.broadinstitute.org/gsea/msigdb/cards/
15 |chr8n11 _ htto://www.broadin: ’ri’rufP_an,"E%PH,"m%igd h/cards/
cl.all.vé.1.entrez )

EEwT

July 29, 2019

Standard name

Systematic name

Brief description

Full description or abstract
Collection

Source publication

Exact source

Related gene sets

External links

Organism

Contributed by

Source platform

Dataset references
Download gene set
Compute overlaps
Compendia expression profiles B

Advanced query
Gene families H
Show members

chr3gz3

M&e743

Genes in cytogenetic band chrg23
Genes in cytogenetic band chr3g2s

C1: positional gene sets

hittp://genome.ucsc.edu/ cgi-bin/ hgTracks?position=5923
Homo sapiens

Broad Institute

HUMAN_GEME_SYMBOL

format: grp | text | gmt | gmx | xml
(show collections to investigate for overlap with this gene set)

Human tissue compendium {Movartis)
MNCI-&0 cell lines (Mational Cancer Institute)

Further investigate these 84 genes

Categorize these 84 genes by gene family
16 5 mernlpes

~8-

Original Entrez Gene Gene
Member Gene Id Symbol Description
ACTEBPR4 a4 ACTBRP4 actin, beta p=s
ADAMTSZ 9309 ADAMTSZ ADAM metallo,
ADRALB 147 ADRALE adrenergic, alg
ANKRD43 134548 AMNERD43 ankyrin rapeat
ARGFXP1 503583 ARGFXP1 arginine-fifty H
CAMLG aig CAMLG calcium modul
CCDC100 133241 CEP120 centrosomal p
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/\—T. Entrez gene IDAY2)5759M . Bgene

5 7 5 9 ‘j: PTMAPZ symbolliPTMAPZ’CEﬁ%);c‘:b\*)b\UiT

H ©- = cl.all.w6.1.entrez.gmt =
Il m-h  BA  A-TLAFI B T4 BEE  Ex L ERLAMERRANLTERW
J18 - Je w
A B . C B . E . F . G . H -
1 [chrag?3 p://www.broadinstitute.org/gsea/msigdb/cards/chr5g23 57548 4033 51334 153143 133615 40222¢
2 |chrl6g24 Nttp://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 642452 606500 20058 729942 6137 516497
3 |chr8g24 http://www.broadinstitute.org/gsea/msigdb/cards,/chr8g24 90990 137797 27161 114 58500 594841
4 |chrl3gll http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gll 645626 400094 221150 7750 2254 G328
§ |chr7p2l http://www.broadinstitute.org/gsea/msigdb/cards/chrip21 1403 729909 9207 338394 11335 7551
n . / / . MEUROG1 4762 NEUROG1 neurogenin 1
6 |chrl0qZ3 http://www.broadinstitute.org/gsea/msigdb/cards) NMES 2382 NMES non-metastats
7 |chrl3gl3 http://www.broadinstitute.org/gsea/msigdb/cards/ NRG2 3542 NRG2 neuregulin 2
8 |chrl0g2l http://www.broadinstitute.org/gsea/msigdb/cards) pACAP _
i PGGT1B 5229 PGGT1B protein gerany
9 (chrlpl3 http://www.broadinstitute.org/gsea/msigdb/cards, PPIC 5480 PPIC peptidylprolyl
10 [chrxp?1  http://www.broadinstitute.org/gsea/msigdb/cards, PPPZCA 3513 PPP2CA protein phosph
N / ’ db / d PRER1E 51334 PRR1E proline rich 1&
ll_ chrdql? http://www.broadinstitute.org/gsea/msigdb/cards, PRRC1 133619 PRRCA proline-rich co
12 |chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards, PTMADZ 5759 PTMAP2 prothymosin,
13 |chr?p22 http://www.broadinstitute.org/gsea/msigdb/cards/ RAD3D 1011l RADSD RADSO homolc
i RMF14 Se04 RMF14 ring finger pro
14 |chr18q23 http://www.broadinstitute.org/gsea/msigdb/cards, RNUMA 51808 PHAX phosphorylated
15 [chr8n11  htto://www_hroadinsti / ‘msi / / -
cl.all.vé.1.entrez ) q 3
EETT FH Hl - | + 100%
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5799[EPTMAP2

H ©- = cl.all.v6.1.symbols.gmt. - FRELELE

cl.all.v6.1.symbols.emti=&EC AR CIZHYET
% | COIF7AINILEBEFEYMEHREgene
symbols Ciefit L"CL‘%%@EO)T&éTT*&

FrA i—is = N A= LIk F=, T4 L3t E P ZFURWERE A DULTEN
T29 - 2 ;
A B . C D . E . F . G . H -
1 |chr5g?23 p://www.broadinstitute.org/gsea/msigdb/cards/chr5g23 PTMAP2 T PRR16 MGEC3280' MRPS5P3 LOC4022
2 |chrl6g24 Nttp://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 LOC642452SNORDG8 FLJ12547 LOCT72994RPL13 TRAFPPCI
3 |chr8g24 http://www.broadinstitute.org/gsea/msigdb/cards/chr8g24 KIFC? LYPDZ2 EIFZ2C2 ADCYE  ANF250 HASZ-AS
4 |chrl3gll http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gll LOCG45626 SNX19P2 SKA3 ZMYMZ2 FGFS XPO4
§ |chrip21l  http://www.broadinstitute.org/gsea/msigdb/cards/chrip2l | CRS FPL3GAPIREADIVPL TASZREZ CEX3 ZMF12
n . / / . MEUROG1 4762 NEUROG1 neurogenin 1
6 |chrl0qZ3 http://www.broadinstitute.org/gsea/msigdb/cards) NMES 2382 NMES non-metastats
7 |chrl3gl3 http://www.broadinstitute.org/gsea/msigdb/cards/ NRG2 3542 NRG2 neuregulin 2
8 |chrl0g2l http://www.broadinstitute.org/gsea/msigdb/cards) PACAP _
i PGGT1B 5229 PGGT1B protein gerany
9 (chrlpl3 http://www.broadinstitute.org/gsea/msigdb/cards, PPIC 5480 PPIC peptidylprolyl
10 [chrxp?1  http://www.broadinstitute.org/gsea/msigdb/cards, PPPZCA 3513 PPP2CA protein phosph
ll' h ,-fl_ 12 htt b d t‘t t / ’ db-‘r d PRER1E 51334 PRR1E proline rich 1&
_C r=q D /www.broadinstitute. org/gsea/msigdb/cards) PRRC1 133519, PRRC1 proline-rich co
12 |chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards, PTMADZ 5759 PTMAP2 prothymosin,
13 |chr?p22 http://www.broadinstitute.org/gsea/msigdb/cards/ RAD3D 1011l RADSD RADSO homolc
i RMF14 Se04 RMF14 ring finger pro
14 |chr18q23 http://www.broadinstitute.org/gsea/msigdb/cards, RNUMA 51808 PHAX phosphorylated
15 [chr8n11  htto://www_hroadinsti / ‘msi / / -
cl.all.v6.1.symboaols ) q 3
EETT H 0 - | + 100%
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326 gene sets’i ) T+

Ir Al =4

H ©- = cl.all.v6.1.5ymbols.gmt.

BA  A-TLaFIr B T4 B =R P EFURWMEERAALTGREL

- fRiFLELE

D326 TEBETTRHY T,

T29 v

A

5

B

C . D

E . F . G . H -

313|chr9p24
314|chrllpll
315/ chrdgl3
316|chrl6gll
317|chr8p22
318|chrldg24
319|chrlgl?
320|chrl5g2l
321|chrllp13
322|chr17p12
323 chrdg3?
324|chrdqll
325|chrldg3l
326|chr2pld
327

http://www.broadinstitute.org/gsea/msigdb/cards/chrip24
http://www.broadinstitute.org/gsea/msigdb/cards/chrllpll
http://www.broadinstitute.org/gsea/msigdb/cards/chrdql3
http://www.broadinstitute.org/gsea/msigdb,/cards/chrl6gll
http://www_broadinstitute.org/gsea/msigdb/cards/chr8p22
http://www.broadinstitute.org/gsea/msigdb/cards/chrldg24
http://www.broadinstitute.org/gsea/msigdb/cards/chrlgl?
http://www.broadinstitute.org/gsea/msigdb/cards/chr15g21
http://www.broadinstitute.org/gsea/msigdb/cards/chrllpl3
http://www.broadinstitute.org/gsea/msigdb/cards/chrl7pl2
http://www.broadinstitute.org/gsea/msigdb/cards/chrdq32
http://www_broadinstitute.org/gsea/msigdb/cards/chrdgll
/fwww.broadinstitute.org/gsea/msigdb/cards/chrldg3l

./ /www.broadinstitute.org/gsea/msigdb/cards/chr2pld

LOC72969]1INSL4
OR4C4FP  PHBFZ

MTZP1 TMPRSS51 ENAM BTC PRKG2 AREGB

NETO2 IRX6
SGCZ MTSS1
SLC8A3  JDPZ2

S100A4  AF357532 CORD&  5S100A8 LOCVZ2875RNUI-11

Cl5orfd8 RORA

KRT18P14 RPL29P2zLMOZ ELF5 Cllorfdl PAXG

DMAHS  STX8
SH3RF1 DDX60L
FIP1IL1 STATH
LOCT3003{PTPN21
RTN4 ASPRV1

SNRPEL1 WASH1 INSL6 LOC3522

OR451 OR4C5 SNORDG&T ATG13

IRX5 LOC44176 RAB43P1 Cl6Gorf87
EXTLS  TUSC3  LZTS1 MSR1
FOXN3 BLZF2P LTEPZ  LOCVZ298

LOC28366 EIF3) PRTG FLJ27352

RPL19  ADORAZEGRAP COX10
Cdorfd5 LOC13333TMEMI192 LOC6468
G5X2 KIT ST13 KDR
KCNK10 GTF2A1 LOCTV30125SERPINA
NXPH2 LOCV2932 LOCA4201 RAEB1A

cl.all.vé.1.symbols )

BETT

L4

H B M - | + 100%
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326 gene sets?i ) T:--

MDec1.all.vb.1.entrez.gmt
THHARRILTY,

H ©- = cl.all.w6.1.entrez.gmt - Excel
Il m-h  BA  A-TLAFI B T4 BE  Ex L ESRLAMERERANLTERWL
P331 v % &
A . B . C D E F . G . H “
313|chr9p24 http://www.broadinstitute.org/gsea/msigdb/cards/chrip24 729691 3641 414153 1E+08 11172  39228"
314/ chrllpll http://www.broadinstitute.org/gsea/msigdb/cards/chrllpll 79550 1E+08  25/148 79346 692108 9776
315 chrdgl3 http://www.broadinstitute.org/gsea/msigdb/cards/chrdql3 4503 401136 10117 625 5593 727734
316_chr16q11 http://www.broadinstitute.org/gsea/msigdb,/cards/chrl6gll 51831 79190 10265 441768 440375 3BR2T]
31?'_chr8p22 http://www_broadinstitute.org/gsea/msigdb/cards/chr8p22 137868 9788 2137 7991 11178 1487
318_r:hr14q24 http://www.broadinstitute.org/gsea/msigdb/cards/chrldg24 6547 122953 1112 317729 4053 72994
319_chr1q12 http://www.broadinstitute.org/gsea/msigdb/cards/chrlgl? 6275 171419 54109 6279 728759 2686
320/ chrl5g2l http://www.broadinstitute.org/gsea/msigdb/cards/chrl5g21 84419 6095 283665 8669 283659  14578¢
321_chr11p13 http://www.broadinstitute.org/gsea/msigdb/cards/chrllpl3 118722 646077 4005 2001 25758 508(
322_chr1Tp12 http://www.broadinstitute.org/gsea/msigdb/cards/chrl7pl2 1770 9482 6143 136 10750 1352
323_chr=1q32 http://www.broadinstitute.org/gsea/msigdb/cards/chrdq32 57630 91351 152940 153332 201931 GAG6865
324 chrigll http://www.broadinstitute.org/gsea/msigdb/cards/chrdgll 81608 6779 170825 3815 6767 3793
325_chr1f1q31 http://www_broadinstitute.org/gsea/msigdb/cards/chrldg3l 730034 11099 54207 2957 730121 a6¢
32Er_chr2p14 http://www.broadinstitute.org/gsea/msigdb/cards/chr2pl4 57142 151516 11249 729324 442019 586
397, -
cl.all.vi5.1l.entrez 3
EETT 2 H - | + 100%
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MSigDBiR#EZ 71 /L

fig i | BB T | GMT 771 JLIR%F | MSigDB(Subramanian 2005) NEW

MS1cDBOSIB T Fow 1§ ELGMT 27 ) (emtF BRi§T 2 AR . 2018 F6 AIRE L.
MS1gDB version 6.17d , Release Notes | chdht) T 55, MS1eDB v6.0LI[E, 127 — #9° 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 £,

= 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 gmt)

= entrez genes 1ds(c? all v6. 1 entrez omt)

1. H: hallmark gene sets(50 gene sats) ‘

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

= entrez genes 1ds(c2.cgp.vi. 1 entrez. gmt)
= CP: Canonical pathways(1329 gene sets)

» gene symbols(c? cpvo 1 symbols gmit)

® entrez genes 1ds(c? cp v6.1 entrez gmt)

= CGP: chemical and genetic perturbations(3409 gene iets}

(1DMSigDBI&. Entrez gene IDs(.entrez.gmt) &
Gene symbols (.symbols.gmt) D 2FEFEZ 174,
SR ARELOIEHOTULET,
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LITFICE
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74207
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) i
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=

el s

EFEHT O 2 AR

iﬂlﬁiﬁﬁiﬁ?‘@&@ﬂﬁ#l BONWT, FRES M EFZTT . EERE

) F-mrTmt soTalt IR arnEhRTERT L

MSigDBIZ. e DBt DEHFEFrETT — ?N—RT? GSEAMY D _FIZH SEDT, Gene set Database®
SHNTOALOICIELL T, 21— I3, MSigDBS B 90 8T vBIE Tk 1E4FE ST GMTI7 1 L (gmtfs T
hA I O—FLTHECBENRYET, =T, ANT70ILEL T LB TLOIL 28387 7207 L { 7> RNA-seq T{Fo 1
FeFIITHD OF A E amtZ 77 ET . TSR ADSLT, GSEAZ DY S LEDHO 1, TMiEigERSI Nt
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Td, IEHIT. FEIREE D7 I PO feature IDS gmt 77 -1 M PO DD F LS {72800 R 072h e T, feature
LSRR R E T2, ﬁﬁﬁ@]@%ffﬁ”@:Eene%TEbﬁa'DlCEEEEHTL‘I?LEL»T;B Ensembl gene ID.,
Entrez gene ID, gene symbols”s X DV IRE I CHIFE T, o, exont transcnptr F5L R ID BN ERF AL, w4207 L
F—ADBEI EH—h—|TL- T ELNRIMEOD (AF | F Affymetrix@ ID) T34 F3, THIDA, featured ) SEEHT
WrLAFHONADTT,
IRTEMSi1eDBT |3, Entrez gene ID(Z7 -1 ) BN RED 1T 245 _gmt)& gene symbols(Z 7 I B FREDIT S

ikl _omt) 00 2TE FH e e L L LY 4 , © AL A, o000 Finr — = 27 -1 J P00 feature D7 B Entrez gene ID?E

S . emtr H|HT S Z & 53U E T . feature IDR DL Entrez gene IDLIF S5, (B DIEE13 gene symbolsd D #f L5471
| T2 i TA SR o DT ) Fibfeature ID% gene symbols| Z& 51 5L T 2L T, emtFFIHLTZOTZ 4
EEITT AIEITNET,

{BL.. FEWRiTHF — 400D GrIPX LT, [a]l—feature IDs® TR EFiT- THE LEDHVET ., BES ﬁfﬁrﬁ]ﬁfﬂ
1 F v EEET SIS BENETFES SE]—feature DD FELIEAFFES N LT LSO EETT . b =
E’m CEEREE PRI THER L FANTT . PRI, REEEEEE ot IR o —DGSVA I3, FHRITH
T — ‘Fﬂ)*ﬁ?ﬂ}ﬁi’ﬁﬁbf]ﬁlpressmnhﬁi? VO EHHLO T ET, LT, BIIEXL T EEEEF T Coenefilter
P T — 2 A DnsFilterf #( A DD ExpressionSet 23/ OF v # AL TLEF . ExpressionSeta 73/ Qb |4 I 21—
|CEES A YT (RO w { VO 7 L AT — 2FFT FTH{E TOELES, ZOLE57T -SRIV IR FIL6T -
SUBC DT T BENRYET LB, w7007 47 — 20 Bl ExpressionSet= 7 2/ AR LB T ELIZ A,
RENA-seqh™? 7 — 20 IF7ET SummanizedExpenment t>Ransed SummanzedExperiment? L < {Fio N E T .
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DFFTDOHIRT—2Dgene IDOFELEIZIEL T, FIFA

*ﬂz

9 HiEEF YR TI7AIL (entrez.gmt or .symbols.gmt

YEUIUBZET , COETEITT HAGSVANYT—D

A ROEXLXES

i | BREREHT | ITDULVT NEW

ZUREA T B OLNE AN, LB AT 201856 HIRTE

e 2IEET
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GSVA: The Gene Set Variation Analysis package
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1. Research Program on Biomedical Informatics { GRIB), Hospital del Mar Research Institute (IMIM) and Universitat
Pompeu Fabra. Parc de Recerca Biomédica de Barcelona, Doctor Aiguader 88, 08003 Barcelons, Catalonia, Spain

2. Sage Bionetworks, 1100 Fairview Ave N.. Seattle, Washington, 98109 USA

Abstract

The GSVA package implements a non-parametric unsupervised method, called Gene Set Variation
Analysis (GSVA), for assessing gene set enrichment (GSE) in gene expression microarray and RNA-
seq data. In contrast to most GSE methods. GSVA performs a change in coordinate systems.
transforming the data from a gene by sample matrix to a gene set by sample matrix. Thereby
allowing for the evaluation of pathway enrichment for each sample. This transformation is done
without the use of a phenotype, thus facilitating very powerful and open-ended analyses in a now
pathway centric manner. In this vignette we illustrate how to use the GSVA package to perform some
of these analyses using published microarray and RNA-seq data already pre-processed and stored in
the companion experimental data package GSVAdata.

1 Introduction

Gene set enrichment analysis (GSEA) (see Mootha et al., 2003; Subramanian et al.. 2005) is a method
4

b4
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4 Applications
In this section we illustrate the following applicatic
e Functional enrichment between two subtypes
o Identification of molecular signatures in disti
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which stores these and other data employed in this

> library(GSEABase)
> library(GSVAdata)
> data(c2BroadSets)
> c¢2BroadSets

where we observe that ¢2BroadSets contains 3272 gene sets. We also need to load the following ac

libraries:

library(Biobase)
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library(limma)
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4 Applications
In this section we illustrate the following applications of GSVA:

e Functional enrichment between two subtypes of leukemia.

o Identification of molecular signatures in distinct glioblastoma subtypes.

Throughount this vignette we will use the C2 collection of curated gene sets that form part of the Molec-
ular Signatures Database (MSigDB) version 3.0. This particular collection of gene sets is provided as a
GeneSetCollection object called c2BroadSets in :companying experimental data package GSVAdata,
which stores these and other data employed in vignette. These data can be loaded as follows:
> library(GSEABase)
> library(GSVAdata)
> data(c2BroadSets)
> c2BroadSets
where we observe that c2BroadSets contains 3272 gene sets. We also need to load the following additional
libraries:
> library(Biobase)
> library(genefilter)
> library(limma)
> library(RColorBrewer) v

b
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4 Applications
In this section we illustrate the following applications of GSVA:
e Functional enrichment between two subtypes of leukemia.

o Identification of molecular signatures in distinct glioblastoma subtypes.

Tl gout this vignette we will 1e C2 collection of curated gene sets that form part of the Molec-
ular S es Database (MSigD Bion 3.0. This particular collection of gene sets is provided as a

GeneSetCollection object called c2BroadSets in the accompanying experimental data package GSVAdata,
which stores these and other data employed in this vignette. These data can be loaded as foll

> library(GSEABase)
> library(GSVAdata)
> data(c2BroadSets)
> c2BroadSets

where we observe that c2BroadSets contains 3272 gene sets. We also need to load the following additional
libraries:

> library(Biobase)

> library(genefilter)

> library(limma)

> library(RColorBrewer) v
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4 Applications
In this section we illustrate the following applications of GSVA:
e Functional enrichment between two subtypes of leukemia.

o Identification of molecular signatures in distinct glioblastoma subtypes.

Throughont this vignette we will use the C2 collection of curated gene sets that form part of the Molec-
ular Signatures Database (MSigDB) version 3.0. This particular collection of gene sets is provided as a
GeneSetCollection object called c2BroadSets in the accompanying experimental data package GSVAdata,
which stores these and other data employed in this vignette. These data can be loaded as follows:

> library(GSEABase)
> library(GSVAdata)
> data(c2BroadSets)
> c2BroadSets

where we observe that c2BroadSets contains 3272 gene sets. We also need to load the following additional

libraries:

> library(Biobase)

> library(genefilter)

> library(limma)

> library(RColorBrewer)

July 29, 2019

87




L) |

an

c2BroadSets D

@:AJE;EE\C_G: to_l./-ts
@aAv R DHR—X

R GSVA.pdf X +

< C 0 @ 127.0.0.1:11669/library/GSVA/doc/GSVA.pdf

4 Applications

In this section we illustrate the following applications of GSVA:

e Functional enrichment between two subtypes of leukemia.

o Identification of molecular signatures in distinct glioblas

Throughout this vignette we will use the C2 collection of cu
ular Signatures Database (MSigDB) version 3.0. This partict
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GeneSetCollection object called c2BroadSets in the accompari;
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which stores these and other data employed in this vignette. | “® R Console
L]
> library(GSEABase) "citation ()" £ADLTT T 4 =
> data(c2BroadSets) "demo () ' ¢ ANTHETE e
> ¢2BroadS e IV FOHK-A
> c2BroadSets "help() ' c¥NEF 71 ¥Rz S
'help.start()' T HTD . o
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In this section we illustrate the following applications EHE ||E ||E|| G| D&
e Functional enrichment between two subtypes of @R R Console ||
: o . ”
o Identification of molecular signatures in distine ool :!‘bl ary (GSEABase)
> library(GSVAdata)
Throughout this vignette we will use the C2 collect] ERZENZ/{wr -3 hqgu95a.db &0-PFPTF
ular Signatures Database (MSigDB) version 3.0. Thil ZE|3zEhiz){wr -3 org.Hs.eg.db ®O0-FTF
GeneSetCollection object called c2BroadSets in the a
which stores these and other data employed in this v
. . > data {:231‘-3‘:5}
: ;1:“"’17568‘,682:3::3; > c2BroadSets
SERAR COAPR GeneSetCollection
> data(c2BroadSets) . -
> ¢2BroadSets names: NAKAMURA CANCER MICROENVIRONMENT UP, NAEKAM.
unigque identifiers: 5167, 100288400, ..., 57191 (%
where we observe that c2BroadSets contains 3272 gen types in collection:
libraries: geneIdType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)
> library(Biobase) > |
> library(genefilter) v
> library(limma) < ’
> library(RColorBrewer) v
4 >
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4 Applications

In this section we illustrate the following applications

e Functional enrichment between two subtypes of
e Identification of molecular signatures in distine

Throughout this vignette we will use the C2 collect
ular Signatures Database (MSigDB) version 3.0. Thil
GeneSetCollection object called c2BroadSets in the a

’ich stores these and other data employed in this v

> library(GSEABase)
> library(GSVAdata)
> data(c2BroadSets)
> c¢2BroadSets

where we observe that c2BroadSets contains 3272 gen
libraries:

> library(Biobase)
> library(genefilter)
> library(limma)

pdf @ W
R RGui (64-bit) - O X
Jrdll RE BE e vT-¥ 94UFY ALT Vignettes
HECIRERFE
R R Console = |
> library (GSELABase) :
> library(GSVAdata)
FHRENE/ vy -3 hgu95a.db EO0-PPTT
ExREhi/twr -3 org.Hs.eqg.db EO0-RFOTY
> data(cZBroadSets)
> cZ2BroadSets
GeneSetCollection
names: NAKAMURA CANCER MICROENVIRONMENT UP, NAKAMS
unique identifiers: 5167, 100288400, ..., 57191 (S
types in collection:
geneIdType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)
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DIOILEFIETIERINTF=-DOOFELNYEES,

<_

‘R GSVApdf x + - O X
C 0 @ 127.0.0.1:11669/library/GSVA/doc/GSVA.pdf @
R RGui (64-bit) - o ¥
4 Applications Jri)l BE BE E0fe  vT-Y  MUEY ALT Vignettes
In this section we illustrate the following applicatiour’ ﬁ"é‘z‘nﬂ ||E||G D E
o Functional enrichment between two subtypes of N @lﬂ“ﬁﬁl

e Identification of molecular signatures in distine

Throughout this vignette we will use the C2 collect
ular Signatures Database (MSigDB) version 3.0. Thil
GeneSetCollection object called c2BroadSets in the a
which stores these and other data employed in this v

> library(GSEABase)
> library(GSVAdata)
> data(c2BroadSets)
> c¢2BroadSets

where we observe that c2BroadSets contains 3272 gen
libraries:

> library(Biobase)

> library (GSEABase)

> library(GSVAdata)

BRENE (9T -3 hguoSa.db E0-FhTY
E|REN v -3 org.Hs.eqg.db EO-FPTT

> data (cZBroadSets)
> cZ2BroadSets
GeneSetCollection
names: NAKAMURA CANCER MICROENVIRONMENT UP, NAKAMS
unigque identifiers: 5167, 100288400, ..., 57191 (%
types in collection:
geneIdType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)
> 2c2BroadSets|

> library(genefilter) v
> library(limma) < ’
> library(RColorBrewer) v

4 b
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;/uﬁn_,\bl 7:*")35_3- @GSVAdata/ \‘J"T—‘/':F'
D . @c2BroadSetsDERBHD R—I ELVSERK,

’?cZBroadSets

R GSVA.pdf R FR:C2 collection of canonical pa +

# O wﬂﬂ 1669/library/GSVAdata/html/c2BroadSets.html

c2BroadSets {GSVAdata}

@ % B

R Documentation

CZ2 collection of canonical pathways from MSigDB 3.0

Description
C2 Broad Sets.
Usage

data(c?Broadiets)
Details
The data is contained in an GereSetlol lection Object called c2Broadsets obtained by parsing the

file cZ.all.v3.0.entrez.ent , downloaded from http://www.broadinstitute.org/gsea, using the
getGnt () function from the G3EABase package.

Source

Subramanian, Tamayo, et al. PNAS, 102:15545-15550, 2005.

Mootha, Lindgren, et al. Nat Genet, 34:267-273, 2003.

Examp les

Eites

INMENT UP, NAKAMS
0, «oa, 57191 (5

total)
(1 total)
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R S De2BroadSetsELVS A HITD . @GeneSetCollectionfiZ =
DAT oML, QGSEABase/\ v 7T —CHD, @
?c2BroadSets

cetGmtEA I Z VT, B)c2.all.v3.0.entrezgmt I 7 A L%
RARAATELNT=EDIEENSTEN T M S,

R GSVA.pdf x R FR:C2 collection of canonical p3
C O @ 127.00.1:11669/library/GSVAdata/html/c2BroadSets.html @
c2BroadSets {GSVAdata} R Documentation

CZ2 collection of canonical pathways from MSigDB 3.0

Description
C2 Broad Sets.

Usage

data (c2Broadsets)

Details ' '

The data is CGﬂtaiﬂem’]\‘GeneSetﬂnl lection Object called c?Broadiets Obtained by parsing the
file cz.all.v3.0.entrez.ent, nloaded from http://www.broadinstitute.org/gsea, using the
getGnt () function from the GsEABase package.

E.2

Subramanian, Tamayo, et al. PNAS, 102:15545-15550, 2005.

Mootha, Lindgren, et al. Nat Genet, 34:267-273, 2003.

Examp les

Eites

INMENT UP, NAKAMS
0, «oa, 57191 (5

total)
(1 total)
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gmt77’f)l/0)m|.

ROIEEA S fE 4

(last mod
D 1]
LWET,

What's 1
« [RER

QBIEE1D . gmtT7AILEEAD
EARXBEETLTHELES,

FELA | BEEERZET [ 122U T (last modified 2018/06/24) NEW

AEH | B EERRAT | GMT 27 {JLAY{S | [ 2L T (last modified 2018/06/27) NEW

ARER | #EREARIR | GMT 27 -1 JLHR18 | EGSEAdata(Alhamdoosh 2017) (last modified 2018/06/27)

BRHT | HEHERZET | GMT 27 -7 JLER{S | GeneSetDB(Araki 2012) (lastymodified 2018/06/27) NEW

AEER | BERERFIR | GMT 27 -{ JLAR{8 | MSigDB(Subramanian 200 48&sst modified 2018/06/25) N

BETR | BERERFIR | GMT 271 J-E 12 | GSEABase(Morgan 2018) odified 2018/06/25) NEW

BRA | #ERERSAT | BTtk BET | GSVA(Hanzelmann 2013)(1a8Modified 2018/06/26) NEW

REET | $ HERTAT | 1BEAA Tt O3/ —(GOYEFHT | =21 T (last modified 2018/06/29) NEW

kel PO e

o BT fR AT | #LEERRHT | GMT J7 1 L3R | GSEABase(Morgan_2018) NEW

i

dnps 7

BRREATT GSEABase™ LT gmt 77 - % §i 1A 4o % L E9 . GeneSetCollection L v 2 TIE TN T ET .
[Z7I-T7 gL OO EE TRRILICOL D7 MIVEENTHLT (L 2 ISEEEIL LITFE O~

July 29, 2019

1. MSigDBA S {851 7:-326 gene setstDiidHg R ROl (84-bit) - b X
EFFTT . BED geneset T 7 O OS] T2/ ®E BE w0l /vT-¥ 91UFY ALT Vignettes
jonl =70 i al, — _
NullCollection| 7%= T &ODHahW ET, E-||§E’||H ||g||0 NE
in f ¢<- "cl.all.v6.1.symbols. gmt™ i
‘R R Console o[BS
#LEL s —UEO—F ~
library(GSEABase) > getwd ()
#AN T T A I DEEA P [1]1.C.E:gj?efwkgjlk’mem{top
geneset <- getGmt(in_f) > list.files()
[1] "cl.all.ve.l.entrez.gmt"”
[2] "cl.all.ve.l.symbols.gmt"
[3] "desktop.ini"
[4] "share™
> |
W
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BlREL : AT

OERETHE , DEZFEGeneSetCollectionfiz X D geneset
AT O EBOLN TSI EN LMY ET, QFEHIZCT
Lo aviddzeiEnFyh Lz, Q10O DEEFL

FRHT | BBERRHT | GMT D7 1L | GSEAR Wk AVchr5g23 T, @228 hichr16g24&72>TVVETY

GSEABasew FL v T .gmt 27 1 LA i iAW 77 Rl 9 . GeneSetCollectiond ' 2 Fed, TIESR B HE N T T,
P71 1-TT 4L OO EE | TR PV EELTHST (L O JICIHEIL LI e ol L,

1. MSigDB 5551172326 gene setshh DBl allvblsymb o pe e bin — O w
ST M Dot T I BT eencld ooy me @ zom 7Y 90U ALT Vignens
2 || B B P
in ¥ ¢- "cl.all.v6.1l.symbols.gmt” #)\j]?’ing ||E ||&||ur 8|S .
LBy T - VRO i (o] & meSw]
library(GSEABase) #154w T [4] "share" 3
$ AT 7 A I DFEAIAA > in f <- "cl.all.vé.l.symbols.gmt" ¥AFI07AS
geneset <- getGmt(in_f) #in £ -~ o
#HE5D L s e
> #MEQ) T -UEO-M
> library (GSEABase) #wr =38
>
> A0 D E A
> geneset <- getGmt (in f) $#in fTIEES
> geneset FIESELTAS
GeneSetCollection
names: chrbg23, chrleg24, ..., chrzZpld (32¢ total)
unique ] 'fierwgpz, FTMT, ..., GCA (30010 t
types in lectioM®
geneIdType: NullIdentifier (1 total)
collectionType: NullCollection (1 total)
>
| .
< >
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" <M

DAAT7AI(c1.all.v6.1 .symbols.gmt)’é}

C

1.all.v6.1.symbols.gmt

Excel CBk&OT-EZA, QFRIID21TD

EFtybBERLTHY.

~ér¢n

H ©- 5 cl.all.v6.1.symbols.gmt. - FwiFLFELE

el -k A A—% Pk & -4  EfE o P EFURVERE A DLTEEW
T29 v fe .

A B . C . D . E . F . G . H -
1 |chr5g23 /fwww.broadinstitute.org/gsea/msigdb/cards/chr5g23 PTMAP2 FTMT PRR16  MGC3280'MRPS5P3LOC4022
2 _chrlﬁqzﬂl ”www broadinstitute.org/gsea/msigdb/cards/chrl6g24 LOC642452SNORDGSE FLJ12547 LOCT2994RPL13  TRAPPC!
3 |chr8g24 htip://www.broadinstitute.org/gsea/msigdb/cards/chr8g24 KIFC? LYPDZ2 EIFZ2C2 ADCYE  ANF250 HASZ-AS
il | chrl3gll http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gll LOC645626 SNX19P2 SKA3 ZMYMZ2 FGFS XPO4
5 _cherEI http://www_broadinstitute.org/gsea/msigdb/cards/chrip21 CRS RPFL3GAPIRADIVP1 TAS2ZR2 CBX3 ZMF12
6 | chrl0g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g23 SNCG LOC38999 FAMI190B HPSEZ  IDE O3FARL
7 _chr13q 13 http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gl3 ELF1 FABP3P2 ALGS POSTN MBEA STOML3
8 | chrl0g2l http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g2l SFTPA3P CMDIC LOC72905EIF4EBP2 LOCG4526 RNANC
9 _chr1p13 http://www.broadinstitute.org/gsea/msigdb/cards/chrlpl3 CTTNBP2NLOCB4335RPS15P1 CHIA TSPAMNZ CAPZAL
lD_ chrxp2l http://www.broadinstitute.org/gsea/msigdb/cards/chrxp2l FTH1P19 SCAMOP LOC38984PRS FTH1IFP1E8 RF&
ll_ chrdql? http://www.broadinstitute.org/gsea/msigdb/cards/chrdgl? SNORA26 MRPL22P LOC64417IGFBPT SPINKZ2 LOC6437
12 | chr6gl3 http://www.broadinstitute.org/gsea/msigdb/cards/chré6gl3 LOC643067ACTBPE LOCBA259TTK LOCBA299 SENPS
13 | chr2p22 http://www.broadinstitute.org/gsea/msigdb/cards/chr2p22 GLAT LOCT72998 MEMOL1 CYP1B1-£STRM CAD
14 | chrl8g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl8g23 LOC65306¢ZNF516 LOCG4929BDPIP MBP LOC5542
15 |chr8n11 h’r’rn:ff‘www.hmﬁdins’ritute.n_[gfgseafmsigdhfca[dsfch[En HGSMAT  STAR 7MATL  GPR124 CAILR AFG3I2F ~

cl.all.v6.1.symbols () 1 3

ERTT EH - | + 100%
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" <M

DA AhYcl.allvb.1.symbols.emtZED T, @
PTMAP2XSQFTMT®D &5%igene symbolsT

cl.all.v6.1.symbols.gmt | sz cormsnemzncia.

H ©- = cl.all.v6.1.5ymbols.gmt.

- fRiFLELE

Jrfl  W—h A A== LAFI &, 34 B =T P EFURWMEEEANLTEEN

T29 v %

.| : W - - .-
1 chr5g23 http://www.broadinstitute.org/gsea/msigdb/cards/chr5g23 PTMAF2 FTMT PRR16  MGC3280'MRPS5P3LOC4022
E_Chrlﬁqzﬂl http://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 LOC6424525NORDGS FLJ12547 LOC72994RPL13  TRAPPC!
3_chr8q2ﬂ1 http://www.broadinstitute.org/gsea/msigdb/cards/chr8g24 KIFC2 LYPD2 EIF2C2 ADCY& ZNF250 HAS2-AS
ﬂ,_chr13q11 http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gll LOC645626 SNX19P2 SKA3 ZMYM2 FGF9 XPO4
5 _cherEI http://www_broadinstitute.org/gsea/msigdb/cards/chrip21 CRS RPL3GAPIRADIT7P1 TAS2RZ CBX3 ZNF12
6 |chrl0q23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl0a23 SNCG LOC38999FANM190B HPSEZ  IDE 03FAR1
T_chr13q13 http://www.broadinstitute.org/gsea/msigdb/cards/chr13gl13 ELF1 FABP3P2 ALGS POSTN MBEA STOML3
S_chrlﬂqzl http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g21l SFTPA3P CMDIC LOC72905EIF4EBP2 LOCG4526 RNANC
Q_t:hrlp13 http://www.broadinstitute.org/gsea/msigdb/cards/chrlpl3 CTTNBP2NLOCB4335RPS15P1 CHIA TSPANZ CAPZA1l
lD_chrxpEI http://www.broadinstitute.org/gsea/msigdb/cards/chrxp2l FTH1P19 SCAMOP LOC38984PRS FTHIP18 RPG
11 | chrdql? http://www.broadinstitute.org/gsea/msigdb/cards/chrdgl? SNORA26 MRPL22P LOC64417IGFBPT SPINKZ2 LOC6437
lE_t:hrFSqlE http://www_broadinstitute.org/gsea/msigdb/cards/chr6gl3 LOC643067ACTBPE LOCBA259TTK LOCBA299 SENPS
13_chr2p22 http://www_broadinstitute.org/gsea/msigdb/cards/chr2p22 GLAT LOCT72998 MEMOL1 CYP1B1-£STRM CAD
ld_chr18q23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl8g23 LOC65306¢ZNF516 LQC6B4929BDP1FP MEBP LOC5542
15 |chr8n11 h’r’rn:ff‘www.hmﬁdins’ritute.n_[gfgseafmsigdhfca[dsfch[En HGSMAT  STAR 7MATL  GPR124 CAILR AFG3I2F ~

cl.all.v6.1.symbols () 1 3
ERTT EH - | + 100%
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MDec1.all.vb.1.symbols.gmtRZ3H B . gene symbols

'__
[£. @QPTMAP2XQRFTMTZ 2 H TE S ClalfEEE
cl.all.vb.1.symbols.gm sz0r25m 2 2osruomsz-

H ©- = cl.all.v6.1.symbols.gmt. - FRELELE

Ir Al =4 B A== LAFI &, 343 i =T P EFURWMEEEANLTEEN

T29 v e .

; : 8 : - -

chr5g23  http://www.broadinstitute.org/gsea/msigdb/cards/chr5g23 |PTMAP2 FTMT PRR16 MGC3280!MRPS5P3 LOC4022

1

2 _chrlﬁqzﬂl http://www.broadinstitute.org/gsea/msigdb/cards/chrl6g24 |LOC6424525NORD6GS FLJ12547 LOC72994RPL13  TRAPPCA
3_chr8q2ﬂ1 http://www.broadinstitute.org/gsea/msigdb/cards/chr8g24 |KIFC2 LYPD2 EIF2C2 ADCY& ZNF250 HAS2-AS
ﬂ,_chr13q11 http://www.broadinstitute.org/gsea/msigdb/cards/chrl3gll |LOC645626 SNX19P2 SKA3 ZMYM2 FGF9 XPO4

5 _cherEI http://www_broadinstitute.org/gsea/msigdb/cards/chrip21 |CRS RPL3GAPIRADIT7P1 TAS2RZ CBX3 ZNF12

6 |chrl0q23 http://www.broadinstitute.ors/gsea/msigdb/cards/chrl0a23 [SNCG LOC38999FANM190B HPSEZ  IDE 03FAR1
T_chr13q13 http://www.broadinstitute.org/gsea/msigdb/cards/chr13g13 |ELF1 FABP3P2 ALGS POSTN MBEA STOML3
S_chrlﬂqzl http://www.broadinstitute.org/gsea/msigdb/cards/chrl0g21 |SFTPA3P CMDIC LOC72905EIF4EBP2 LOCG4526 RNANC
Q_t:hrlp13 http://www.broadinstitute.org/gsea/msigdb/cards/chrlpl3 |CTTNBP2NLOCB4335RPS15P1 CHIA TSPANZ CAPZA1l
lD_chrxpEI http://www.broadinstitute.org/gsea/msigdb/cards/chrxp21l |FTH1P19 SCAMOP LOC38984PRS FTHIP18 RPG
ll_chreiqlz http://www.broadinstitute.org/gsea/msigdb/cards/chrdgl?2 |SNORA26 MRPL22P LOC64417IGFBPT SPINKZ2 LOC6437
lE_t:hrFSqlE http://www_broadinstitute.org/gsea/msigdb/cards/chr6gl3 |LOC643067ACTBPE LOCBA259TTK LOCBA299 SENPS

13 |chr2p22  http://www.broadinstitute.org/gsea/msigdb/cards/chr2p22 |GLAT LOCT72998 MEMOL1 CYP1B1-£STRM CAD
14 |chrl8g23 http://www.broadinstitute.org/gsea/msigdb/cards/chrl8g23 |LOC65306¢ZNF516 LOC64929BDP1P MBP LOCES42
15 [chr8n11  htto://www_hroadinstitute.arg/gsea/msigdbh/cards/chrBn11  IHGSNAT STAR ZMATL  GPR124  CAI BRI AFG3 7H -

cl.all.v6.1.symboaols ) q 3

EETT FH 0 - | + 100%
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| _ MDe1.all.vb.1.symbols.gmtAZIE . @QPTMAP245R)

Bl : BAH FIMTE &5 T, @£ HTI0010BEHBNESS.
- 2B

R4 | #EEEHT | GMT 774 L&A | GSEABase(Morgan 2018) NEW

GSEABasew FL v T .gmt 27 1 LA i iAW 77 Rl 9 . GeneSetCollectiond ' 2 Fed, TIESR B HE N T T,
P71 1-TT 4L OO EE | TR PV EELTHST (L O JICIHEIL LI e ol L,

1. MSigDB#MS 551172326 gene setsfrSldBclall.ve.lsymb o pc -6y bit) _ O x

BEFETT ., BED geneset 72 O O HEEET. geneldTyvp
NullCollection| 75— Tl &DH Vi £F,

Tl RS BE  20ft JvT-¥  9MUFY ALT Vignettes
EEEIEREERERIEIE

in f <- "cl.all.v6.l.symbols.gmt” # A N7 !
#P Ty T —UEO - R Console R (EER (<=
library(GSEABase) #5 w T [4] "share" ~
#ANT 7 AL ORI > in £ <- "cl.all.vé.l.symbols.gmt" #ADTFAS
geneset <- getGmt(in_f) #in £ -~ o
#1500 L - . _mme

> #MEQ) T -UEO-M

> library (GSEABase) #wr =38

=

> FAFI7A D Eid 1

> geneset <- getGmt (in f) $#in fTIEES

> geneset FIESELTAS

GeneSetCollection
names: chr5g23, chrl*.,ﬁrzplﬂ {326*
unique identifiers: PTMAPZ, FTMT, ..., GCA (30010 t5
types 1in collection:
geneIdType: NullIdentifier (1 total)
collectionType: NullCollection (1 total)

> |

< >
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S el N s AN

DFTRESIZEE ' ZDERS HNullldentifier
*NullCollection&ZE>TLVS, GSVAdatas w4 —
2 M @)c2BroadSets TIEFD7E>TULVEMoT=,

R4 | #EEEHT | GMT 774 L&A | GSEABase(Morgan 2018) NEW

GSEABasew FL v T .gmt 27 1 LA i iAW 77 Rl 9 . GeneSetCollectiond ' 2 Fed, TIESR B HE N T T,
P71 1-TT 4L OO EE | TR PV EELTHST (L O JICIHEIL LI e ol L,

1. MSigDBIS{§51172326 gene setsS7%iScl.all.v.l.symhb

R RGui (64-bit) — O X
g g g =1
%ﬂiﬁm fgiﬂz%ef?‘gg; %Eﬂ"f_gf?”“ﬁ geneldTypl Sy == mE o J(or-Y  4UES AT Vignettes
2 | B B )
in f <- "cl.all.v6.1.symbols.gmt" #/J\j-_lj'ing ||E ||E||~»._r 9|lS =
S EER G AT O — ‘R R Console | = ” (=] ||i3-|
library(GSEABase) #5 w T [4] "share" ~
#A N7 7 1 I OFARA > in f <- "cl.all.vé.l.symbols.gmt" A8
geneset <- getGmt(in_f) #in £ - o
#ﬁEE:EL/ g - - =N |
> FMAELD e —UE0-»
> library (GSERBase) #ur -8
>
> #AFITI7A DT 1A H
> geneset <- getcmt(in f) fin fTISES
> geneset #IESEL TS
GeneSetCollection
names: chrbg23, chrleg24, ..., chrZpld (326 total)
unique identifiers: PTMAPZ, FTMT, ..., GCA (30010 t5

types 1n collection:
geneIdType: NullIdentifier (1 total)
collectionType: NullCollection (1 _total)

c2BroadSets| ’
>
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u — Demt I 7 A LB ERAIA A Tgeneset Tl @Nullldentifiert®

& & LEER

R 4T | BEEERRHT | GMT 771 ILEEA | GY

GSEABase™ FHL T _gmt 77 1 )& Fiodr AL e ml 9

[T -TTF 42D EE | TEALEL 7 IV T BN T HeT a0 Uzl LT Fe e -+,

NullCollection&7E>TULNS, £D— A T, GSVAdata/ N7 —2
N B)c2BroadSets Tl . @Entrezldentifier{°BroadCollection&
FOTULVS, CCFETYOTHLBLEEIZONTIESDESAF
BATCIEH D, D=0 >1=-DH HIRES,

1. MSigDBIS{§51172326 gene setsS7%iScl.all.v.l.symhb

BEFETT ., BED geneset 72 O O HEEET. geneldTyvp
NullCollection| 75— Tl &DH Vi £F,

R RGui (64-bit) B - %
Jpf), BE BE w0 9T-Y  9MUFY AT Vignettes
HECIEEEEE

in_f <- "cl.all.v6.l.symbols.gmt" #M5 7 I

# B T —VEO-F

library(GS5EABase) #5

#ANT 7 A IDEAIA R

geneset <- getGmt(in f) #in |
#HEGD

R R Console | = ” (=] ||i3-|
> geneset <- getGmt (in f) #in fTISES

> geneset HESLTAS
GeneSetCollection

names: chrbg23, chrleg24, ..., chrzZpld (326 total)
unique identifiers: PTMAPZ, FTMT, ..., GCA (30010 tS5
types in collection:

geneIdType: NullIdentifier (1 total)

collectionType: Nullc-:::llectionitotal}

> CcZBroadSets
GeneSetCollection
names: NAKAMURA CANCER MICROENVIRONMENT UP, NAKAMURS
unique identifiers: 5167, 100288400, ..., 57191 (295
types 1n collection:
geneIdType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 _total)

> | “l'rr .
£ >
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" S OPIBITT,

P83

ROIEEA S fE 4

(last mod « FZ4F | $EEEAFAR | |00 T (last modified 2018/06/24) NEW

o BRI | EEERTIN | GMT 27 {JLEVIS | 1220 T (last modified 2018/06/27) NEW

“DU 7. REF | BEEERRIR | GMT =7 JLERIS | EGSEAdata(Alhamdoosh 2017) (last modified 2018/06/27)
WET . | gEiR FEHERRAT | GMT 27 )L EY1§ | GeneSetDB(Araki 2012) (lastymodified 2018/06/27) NEW
« BEER | BERERFR | GMT 27 -1 JL Y18 | MSigDB(Subramanian 200 48&sst modified 2018/06/25) N
» BEER | #EREARR | GMT 27 -1 J-§% 12 | GSEABase(Morgan 2018) odified 2018/06/25) NEW
What's § « A7 | $#E5EER4T | BT 12k BRI | GSVA(Hanzelmann 2013 )(1ahodified 2018/06/26) NEW
o TREH|* BRI | BEEEREAT | BT+ OV —(GO)REHT |1 =DV T (last modified 2018/06/29) NEW

BRI S | $REEMEHT | GMT 7 1 )LEA | GSEABase(Morgan_2018) NEW

* ﬁf*‘ﬁ ﬁﬁgﬁfﬁ GSEABase™ LT gmt 77 - % §i 1A 4o % L E9 . GeneSetCollection L v 2 TIE TN T ET .
© BT LEREREA 1o L T2 L AL DT TRHRLI O D7 LR BT HET 4L AR I CHEIL L T o ~

1. MSigDBIS 195172326 gene sets? o785 cLall.vé.l.symbols.emt®d 55

BEFRTT . B0 geneset™ 72/ O D WEEET. geneldType &~ 5 Nullldentifierl =, €L T collectionTypell & Z &7
NullCollectionl Z74= T\ v&DA b TF,

in f <Q"cl.all.v6.1.svmbols. omt™ #ANOF A IFAwIEFL Tin fICHIN

#0058 3. MSigDBIS 1351172326 gene setsirHidDHcl.allvi. ]l entrez.omtM IS

librar H|ZE2 12 A7 I EGET . 207713 gene IDTEEED Entrer gene IDsTd O T, TOEFGOD AM|FE2-12 &£
ECTE 3

#ANT A

geneset in_f <- "cl.all.vb6.l.entrez.gmt" #4277 A I-BEEEL Tin_fICH i

#LR T O F
library(GSEABase) #1357 — L DFE A AP

#A N7 7 A I ODFEA A
geneset <- getGmt(in_f, genEIdType=E-1tre:Identi-FiEP{},#in_f'ﬁ ELI-ZT ffJL» BLAAIA A
collectionType=EroadCollection(category="c1"))#in fTHEL /=7 7 1 )LDt
#ESEL T AT TE
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] _ DOBIEID . DA Aldcl.all.vb.1.entrez.gmt,
583

3. MSisDBYSi5517-326 gene sets?578Hclall.v.]l.entrez.omtDIHS:
lgg2& 13 AN 7 I EGE T ZD 77 )13 gene IDIEFED \Entrez gef IDsTHE DT, T EFZODA0|F82413
T ET,

in £ <- "cl.all.v6.1l.entrez.gmt" # 27 1 IABFEEL Tin fICHEH

#L BT T —VEO—F ]
library(GSEABase) #1357 — LADFE AR AP

#ANT 7 A LD EEA A
geneset <- getGmt(in_f, geneldType=Entrezldentifier(),#in f THEEL /= 77 4 JLDEC AR
collectionType=BroadCollection{category="c1"))#in f TIEEL /=7 7 1 JL. D A1
#lESE L TRILITTY
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— DgetGmtBAEEITHFIZ. @geneldType&BcollectionTypeA

15'] T3 %5 2T, Entrez gene IDTHDHZEX., Broad institute
L RHEDDCI1aL I3V THAHAEZBATRLTEIFIL

3. MSisDBYSi5517-326 gene sets?578Hclall.v.]l.entrez.omtDIHS:
lgg2& 13 AN 7 I EGET , 2D 7 )13 gene IDIEFRED \Entrez gene IDsTE DT, T EFZOD A 0|Z82413 F

ESTIE I '

in £ <- "cl.all.v6.1l.entrez.gmt" #AN 77 A ILBFIEEL Tin_flTHHH
FLE N T =V O F ]
library(GSEABase) #1357 — LADFE AR AP

$AHT T AT 2 ‘.’

geneset <- getGmt(in_f, geneldType=Entrezldentifier(),#in f THEEL /= 77 4 JLDEC AR

cc-llecti-::nType=3-“-::'|:iCc:lliaction{categur‘y:“-:'_“ V#in FTHEEL 27 7 1 DA
#lESE L TRILITTY
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L] @D cl.allvb.1.entrez.gmtZEFHAAATHELONT=, DgenesetA T/ DH &H
15“ EE 3 M BEntrezldentifierX°BroadCollection|ZZZYEd, cNTR-H L (.
= GSVAdata/ Sy — Mc2BroadSetsRL &5 REZ (TAYFE LT, EEM5E

3. MSig;QBﬂ*Ef%%thS!*;J ELTIZFTOOTHDENHAIMNE > DTNV FEFRE A, CCFETTemt?

ﬂ?ﬁlglﬁx:‘ﬂ?fmﬁt 74 L a5 H3A A TGeneSetCollectionF T VT O ME{ERN T HEZAETTE T -
o4 o

in £ <- "cl.all.vb.l.entrez.gmt" R RGui (64-bit) — 0 )

£ BB e T — R O — P Il RE BE w0 vI-¥ 94UFY AT Vignettes

library(GSEABase) HEEIBRERERIEIE
#$AT17 7 o DRI R R Console (o ][ &S]
geneset <- getGmt(in f, geneldType=Eni . et o P o " : -~ =
collectionType=Broa i in f <- "cl.all.vé.l.entrez.gmt A7
> #MER) T —DEO-F
> library (GSEABase) #lwr -2
>
> A0 D E A
> geneset <- getGmt(in f, geneldType=EntrezIdentifier$
+ collectionType=BroadCollection(cas
> geneset #IESEL TS
GeneSetCollection

names: chrbg23, chrleg24, ..., chrZpld (326 total)
unique identifiers: 5759, 94033, ..., 25801 (30012 5
types 1n collection:
geneIdType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 _total)

> | “l'rr .
£ >
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G SVAG) ﬁ P D F —RELT. @248 7 LA T—3Dleukemia_eset
aal: I:I ZRE TS, T IE@ExpressionSet& VS FEIR T

PJ Gsvapdf X 4+

samplesDT—A2D KO T 13,

—REFRINT DR TT . @12,626 features X 37

& C O 0O REINTWAELE(ES | bioconductor.org/packages/release/bioc/vigne... X 3%

¢

4.1 Functional enrichment

In this section we illustrate how to idehtify functionally enriched gene sets between two phenotypes.
As in most of the applications we start by calculating GSVA enrichment scores and afterwards, we will
employ the linear modeling techniques implemented in the limma package to find the enriched gene sets.

The data set we use in this section corresponds to the microarray data from (Armstrong et al.,
2002) which consists of 37 different individuals with human acute leukemia, where 20 of them have
conventional childhood acute lymphoblastic leukemia (ALL) and the other 17 are affected with the MLL
(mixed-lineage leukemia gene) translocation. This leukemia data set is stored as an ExpressionSet
object called leukemia in the GSVAdata package and details on how the data was pre-processed can
be found in the corresponding help page. Enclosed with the RMA expression values we provide some
metadata including the main phenotype corresponding to the leukemia sample subtype.

> data(leukemia)
> leukemia_eset

ExpressionSet (storageMode: lockedEnvirgoment)
assayData: 12626 features, 37 samples

element names: exprs
protocolData

sampleNames: CL2001011101AA.CEL CL2001011102AA.CEL
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" S GSVA/$u4r—STld, DRNA-seq
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O X
Pl Gsvapdt X +

< C O O REINCWELES | bioconductor.org/packages/release/bioc/vigne... & ¢

()

GSVA.pdf

In this section we illustrate how to identify functionally enriched TYIIN—L

As in most of the applications we start by calculating GSVA enrich

employ the linear modeling techniques implemented in the limma pa  |,i;0duction
The data set we use in this section corresponds to the micro

2002) which consists of 37 different individuals with human acut

conventional childhood acute lymphoblastic leukemia (ALL) and th¢ g erview of the package

(mixed-lineage leukemia gene) translocation. This leukemia data

object called leukemia in the GSVAdata package and details on h > Applications

be found in the corresponding help page. Enclosed with the RMA

metadata including the main phenotype corresponding to the leuke

GSVA enrichment scores

Comparison with other methgds

GSVA for RNA-Seq data
> data(leukemia)

. Session Information v
> leukemia_eset —
ExpressionSet (storageMode: lockedEnvironment) £
assayData: 12626 features, 37 samples
element names: exprs
protocolData B
sampleNames: CL2001011101AA.CEL CL2001011102AA.CEL
4 >
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GSVA.pdf

In this section we illustrate how to identify functionally enriched gene sets between two phenotypes.
As in most of the applications we start by calculating GSVA enrichment scores and afterwards, we will
employ the linear modeling techniques implemented in the limma package to find the enriched gene sets.

The data set we use in this section corresponds to the microarray data from (Armstrong et al.,
2002) which consists of 37 different individuals with human acute leukemia, where 20 of them have
conventional childhood acute lymphoblastic leukemia (ALL) and the other 17 are affected with the MLL
(mixed-lineage leukemia gene) translocation. This leukemia data set is stored as an ExpressionSet
object called leukemia in the GSVAdata package and details on how the data was pre-processed can
be found in the corresponding help page. Enclosed with the RMA expression values we provide some
metadata including the main phenotype corresponding to the leukemia sample subtype.

> data(leukemia) i
> leukemia_eset

ExpressionSet (storageMode: lockedEnvironment) £
assayData: 12626 features, 37 samples

element names: exprs
protocolData

sampleNames: CL2001011101AA.CEL CL2001011102AA.CEL
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BEREBDAS it

O X
Pl Gsvapdt X o+
< C O O REINCWELES | bioconductor.org/packages/release/bioc/vigne... & ¢ >
the annotation, and Affymetrix quality control probes: -

-3

@ @

> filtered_eset <- nsFilter(leukemia_eset, require.entrez=TRUE, remove.dupEntrez=TRUE,

+ var.func=IQR, var.filter=TRUE, var.cutoff=0.5, filterByQuanti
+ feature.exclude=""AFFX")

> filtered_eset

$eset -
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- A7 L ABRERBEREI. DAFFXELVDX
FNDHT. @leukemia_esetH Affymetrix GeneChip
nsFilterT E*ﬁ Bf"Ff F—ATHBEENDND, T, QD THRH S

Entrez gene IDTHAH_EFRIIREL. DTEELT-
Entrez gene IDDREZITHOTL\SLLWLN EAD

< C O O RENTUVELEE | bioconductor.org/pact M3, COERRET. EEKREEnsFilterBE 2 ERLY

the annotation, and Affymetrix quality control probes: 'Cﬁ:)t HI1ZI1E . RNA- seqj]"7 /I‘T l)-(o)iﬁA ;B

) ExpressionSetA T T OMZLAEWELNMFZELND T
: ETFTULIVATA S,

Pl Gsvapdt

@ @ ~@-

> filtered_eset <- nsFilter(leukemia_eset, require.entrez=TRUE, remove.dupEntrez=TRUE,

+ var.func=IQR, var.filter=TRUE, var.cutoff=0.5, filterByQuanti
+ feature.exclude=""AFFX")

> filtered_eset .

$eset X
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GSVAD A7

= O X
Pl Gsvapdt X 4+
< C O 0O RFEENTWELEE | bioconductor.org/packages/release/bioc/vigne... @& vt S
~ the annotation, and Affymetrix quality control probes: -

~

> filtered_eset <- nsFilter(leukemia_eset, require.entrez=TRUE, remove.dupEntrez=TRUE,

+ var.func=IQR, var.filter=TRUE, var.cutoff=0.5, filterByQuanti
+ feature.exclude=""AFFX")

> filtered_eset

$eset v

S
v
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¢

> leukemia_filtered_eset <- filtered_eset$eset

The calculation of GSVA enrichment scores is performed in one single call to the gsva() function.
However, one should take into account that this function performs further non-specific filtering steps
prior to the actual calculations. On the one hand, it matches gene identifiers between gene sets and gene
expression values. On the other hand, it discards gene sets that do not meet minimum and maximum
gene set size requirements specified with the arguments min.sz and max.sz, respectively, which, in the
call below, are set to 10 and 500 genes. Because we want to use limma on the resulting GSVA enrichment
scores, we leave deliberately unchanged the default argument mx.diff=TRUE to obtain approximately
normally distributed ES.

> cache(leukemia_es <- gsva(leukemia_filtered_eset, c2BroadSets,
+ min.sz=10, max.sz=500, verbose=TRUE),
+ dir=cacheDir, prefix=cachePrefix)

We test whether there is a difference between the GSVA enrichment scores from each pair of phenotypes
using a simple linear model and moderated t-statistics computed by the 1imma package using an empirical
Bayes shrinkage method (see Smyth, 2004). We are going to examine both, changes at gene level and
changes at pathway level and since, as we shall see below, there are plenty of them, we are going to
employ the following stringent cut-offs to attain a high level of statistical and biological significance:
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EXp reSS I O n S etﬂ:j J_:t DiFHZTIR=H L=, Bleukemia filtered eseth’

« Dgsvaf I HEITHDOANDELSTT, 3
leukemia_filtered_esetld . ExpressmnSetﬂ,‘t'C‘d‘

PJ Gsvapdf X 4+

< C O O REINTUWVELWEIE | bioconductor.org/packages/release/bioc/vigne... X W & -

> leukemia_filtered_eset <- filtered_eset$eset

The calculation of GSVA enrichment scores is performed in one single call to the gsva() function.
However, one should take into account that this function performs further non-specific filtering steps
prior to the actual calculations. On the one hand, it matches gene identifiers between gene sets and gene
expression values. On the other hand, it discards gene sets that do not meet minimum and maximum
gene set size requirements specified with the arguments min.sz and max. sz, respectively, which, in the
call below, are set to 10 and 500 genes. Because we want to use limma on the resulting GSVA enrichment
scores, we leave deliberately unchanged the default argument mx.diff=TRUE to obtain approximately

normally distributed ES. ' ’

> cache(leukemia_es <- gsva(leukemia_filtered_eset, c2BroadSets,
+ min.sz=10, max.sz=500, verbose=TRUE),
+ dir=cacheDir, prefix=cachePrefix)

We test whether there is a difference between the GSVA enrichment scores from each pair of phenotypes
using a simple linear model and moderated t-statistics computed by the 1imma package using an empirical
Bayes shrinkage method (see Smyth, 2004). We are going to examine both, changes at gene level and
changes at pathway level and since, as we shall see below, there are plenty of them, we are going to
employ the following stringent cut-offs to attain a high level of statistical and biological significance:
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.-_ (Dc2BroadSetsld. GeneSetCollection&ELV\SFZH D
: I EEFEYMERTY . QEQTHRTT SELEFE
GeneSetCollectionibrozanreimicnes. osams

YR ERERT DA/ N—ED TR (minimum size)

« @IF EPR (maximum size) TH ., EDEFzVH
<__ S _C 0 O REINTVELEE | bioconductor.org/packa ﬁﬁ*ﬁ?oEIO%lﬁbs KIECDESIEBIEFEINDT
=R (VB TEFTVET, o T BFHERETRELSN
> leukemia_filtered_eset <- filtered_eset$eset éiﬁ{ﬁ%t\y Fﬂy‘ﬂ[j; ]\j]ﬂ#é: L){,j}ﬁé@h§%ﬁo

PJ Gsvapdf X +

The calculation of GSVA enrichment scores is performed in one single call to the gsva() function.
However, one should take into account that this function performs further non-specific filtering steps
prior to the actual calculations. On the one hand, it matches gene identifiers between gene sets and gene
expression values. On the other hand, it discards gene sets that do not meet minimum and maximum
gene set size requirements specified with the arguments min.sz and max. sz, respectively, which, in the
call below, are set to 10 and 500 genes. Because we want to use limma on the resulting GSVA enrichment
scores, we leave deliberately unchanged the default argument mx.diff=TRUE to obtain approximately

normally distributed ES. ’

> cache(leukemia_es <- gsva(leukemia_filtered_eset, c2BroadSets,
+ min.sz=10, max.sz=500, verbose=TRUE),

+ d*eDi r ‘Et=cachePref ix)

We test whether there is a difference between the GSVA enrichment scores from each pair of phenotypes
using a simple linear model and moderated t-statistics computed by the 1imma package using an empirical
Bayes shrinkage method (see Smyth, 2004). We are going to examine both, changes at gene level and
changes at pathway level and since, as we shall see below, there are plenty of them, we are going to
employ the following stringent cut-offs to attain a high level of statistical and biological significance:
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PJ Gsvapdf X +
< C 0 O REINTWVELESS | bioconductor.org/packages/release/bioc/vigne... @ -
—TTT T .

> leukemia_filtered_eset <- filtered_eset$eset

The calculation of GSVA enrichment scores is performed in one single call to the gsva() function.
However, one should take into account that this function performs further non-specific filtering steps
prior to the actual calculations. On the one hand, it matches gene identifiers between gene sets and gene
expression values. On the other hand, it discards gene sets that do not meet minimum and maximum
gene set size requirements specified with the arguments min.sz and max. sz, respectively, which, in the
call below, are set to 10 and 500 genes. Because we want to use limma on the resulting GSVA enrichment
scores, we leave deliberately unchanged the default argument mx.diff=TRUE to obtain approximately

normally distributed ES. ' ' '

> cache(leukemia_es <- gsva(leukemia_filtered_eset, c2BroadSets,

+ min.sz=10, max.sz=500, verbose=TRUE), 'R R Console [C," =) I@
~N

+ dir=cacheDir, prefix=cachePrefix)

We test whether there is a difference between the GSVA enrichment scores from eg. > 1 ibrar Y ( GSVA)
using a simple linear model and moderated t-statistics computed by the 1imma pa S 20sV al

Bayes shrinkage method (see Smyth, 2004). We are going to examine both, chl £gs
changes at pathway level and since, as we shall see below, there are plenty of

employ the following stringent cut-offs to attain a high level of statistical and biols
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70sva

R http://127.0.0.1:16111/library/GSVA/html/gsva.hitml - ¢ || BE.

o

gsva {GSVA]

Gene Set Variation Analysis
Description
Estimates GSV A enrichment scores.

Usage

## 54 method for signature 'ExpressionSet,list’
gsva (expr, gset.idx.list, annotation,

method=c ("gsva", "ssgsea", "zscore", "plage"),

kedf=c ("Gaussian", "Polisson"™, "none"),

rnaseqg=FLLSE,

abs.ranking=FALSE,

min.sz=1,

max.sz=Inf,

no.bootstraps=0,

hootstrap.percent = .632,

parallel.sz=0,

parallel.type="S0CK",

mx.d1ff=TRUE,

tau=switch (method, gsva=l, ssgsea=0.25, NA&),

R Documentation ™
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AIZFZELVTLHDH (S4 method>TIRIK2EDN- -
)Y DBNEASIMN, DEQD LB A S

R http://127.0.0.1: 16111/ library/GEVA html/gsva. html

R R: Gene Set Variation Analysis

#4 54 method for signature 'ExpressionSet,list!

gsva (expr, gset.idx.list, annotation,

method=c ("gsva", "ssgsea", "zscore", "plage"),

kedf=c ("Gaussian", "Poisson", "none"),
rnaseg=FALSE,

abs.ranking=FALSE,

min.sz=1,

max.sz=Inf,

no.bootstraps=0,

bootstrap.percent = .632,
parallel.sz=0,

parallel.type="S0CK",

mx.diff=TRUE,

tau=switch (method, gsva=l, ssgsea=0.25, NL),

kerne1=TRUE,
ssgsea.norm=TRUE,
verbose=TRUE,
return.old.value=FRALSE)

## 5S4 method for signature 'ExpressionSet, GeneSetCollection'

gsva (expr, gset.idx.list, annotation,

method=c ("gsva", "ssgsea", "zscore", "plage"),
kcdf=c ("zaussian", "Poisson", "none™),

rnaseqg=FALSE,
abs.ranking=FALSE,
min.sz=1,
max.sz=Inf,

no. hootstrans=0.

- ¢ BE. D~ Snp 907
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70sva

R http://127.00.1:16111/librang/GSVAhtml/gsva.html -
R F: Gene Set Variation Analysis [T '
#4 54 method for signature 'ExpressionSet,list!
gsva (expr, gset.idx.list, annotation,
method=c ("gsva", "ssgsea", "zscore", "plage"),

kedf=c ("Gaussian", "Poisson", "none"),
rnaseg=FALSE,
abs.ranking=FALSE,
min.sz=1,
max.sz=Inf,
no.bootstraps=0,
bootstrap.percent =
parallel.sz=0,
parallel.type="S0CK",
mx.diff=TRUE,

tau=switch (method, gsva=l,
kerne1=TRUE,
ssgsea.norm=TRUE,
verbose=TRUE,
return.old.value=FRALSE)

## 5S4 method for signature

.632,

ssgsea=0.25, HNA),

AIZZENTSHD D (S4 method> Tl K?2EDN--
)Y DEWNEAESIMN, DEQD ELE MG, 1B
I=FtyMEH(ZB)GeneSetCollectionfiz = LL

FZ, Dlistie X THEELDESS, ELVSZED
Hhd,

~@

'ExpressionSet, GeneSetCollection'

gsva (expr, gset.idx.list, annotation,
method=c ("gsva", "ssgsea", "zscore", "plage"),
kcdf=c ("zaussian", "Poisson", "none™),
rnaseqg=FALSE,
abs.ranking=FALSE,
min.sz=1,
max.sz=Inf,
no. hootstrans=0.
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FIFFHMBHET-. DExpressionSetAFHZ, @
matrixfe X TH LN EHNDHMND, CDESEH
5. RNA-seqhI b T—32D AN BEEDAR

R http:/127.0.0.1: 16111/ librany/ GSY

R R: Gene Set Variation Analysis

verbose=TEUE,
return.old.value=FRLSE)
## 54 method for signature
gsva (expr, gset.idx.list,
method=c ("gsva",
kcdf=c ("zaussian",
rnaseq=FRLSE,
abs.ranking=FALSE,
min.sz=1,
max.sz=Inf,
no.bootstraps=0,
bootstrap.percent
parallel.sz=0,
parallel.type="S0CK",
mx.d1ff=TRUE,

tau=switch (method, gsva=1,

kernel=TEUE,
ssgsea.norm=TRUE,
verbose=TRUE,
return.old.value=FRALSE)
## 54 method for signature
gsva (expr, gset.idx.list,
method=c ("gsva",
kedf=c ("Gaussian",
rnaseg=FALSE,
abs.ranking=FALSE,
min.sz=1,

Afhtml/gsva.

annotation,
"ssgsea”,
"Poisson™,

.632,

annotation,
"ssgsea”,
"Poisson",

TXUYTXREIT7AILDIEE L. ERFD
FEFAIAL D TEUL(IEEFEIZIFas.matrix LZE
LNEWLFERLY) EHIBRT 5,

~0-

'ExpressionSet, GeneSetCollection’

"zscore", "plage"),
TIHOHE"} ,

ssgsea=0.25, NA),

e

'"matrix, GeneSetCollection’

"zscore", "plage"),

"ﬂOHE"},
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R R: Gene Set Variation Analysis

verbose=TEUE,
return.old.value=FRLSE)

## 54 method for signature 'ExpressionSet, GeneSetCollection'

gsva (expr, gset.idx.list, annotation,
method=c ("gsva", "ssgsea", "zscore", "plage"),
kcedf=c ("zaussian", "Poisson", "none"),
rnaseq=FRLSE,
abs.ranking=
min.sz=1,
max.sz=Inf,
no.bootstraps%0,
bootstrap.percent =
parallel.sz=0,
parallel.type="S0CK",
mx.d1ff=TRUE,
tau=switch (method, gsva=1,
kernel=TEUE,
ssgsea.norm=TRUE,
verbose=TRUE,
return.old.value=FRALSE)
#4 54 method for signature 'matrix,GeneSetCollection'
gsva (expr, gset.idx.list, annotation,

method=c ("gsva", "ssgsea", "zscore", "plage"),

kedf=c ("Gaussian", "Poisson", "none"),

rnaseg=FALSE,

abs.ranking=FALSE,

min.sz=1,

LSE,

.632,

ssgsea=0.25, NA),
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R R: Gene Set Variation Analysis [ ]
ssgsea.norm=TRUE,

verbose=TRUE, ~

return.old.value=FRLSE)

Arguments

expr
Gene expression data which can be given either as an ExpressicnSet object or
as a matrix of expression values where rows correspond to genes and columns
correspond to samples.

gset.idx.list
Gene sets provided either as a 1ist object or as a GeneSetCollection object.

annotation
In the case of calling gsva () with expression data in a matrix and gene sets as a

GeneSetCollection object, the annotation argument can be used to supply
the name of the Bioconductor package that contains annotations for the class of
gene identifiers occurring in the row names of the expression data matrix. By
default gsva () will try to match the identifiers in expr to the identifiers in
gset.idx.list just as they are, unless the annotation argument is set.

method
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R R: Gene Set Variation Analysis % |||
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divided by the square-root of the size of the gene set, while in the case of plage A
they are used to calculate the singular value decomposition (SVD) over the

genes in the gene set and use the coefficients of the first right-singular vector as
pathway activity profile.

kedf
Character string denoting the kernel to use during the non-parametric estimation

of the cumulative distribution function of expression levels across samples when
method="gsva". By default, kcdf="Gaussian" which is suitable when input
expression values are continuous, such as microarray fluorescent units in
logarithmic scale, RNA-seq log-CPMs, log-RPKMs or log-TPMs. When input
expression values are integer counts, such as those derived from RNA-seq
experiments, then this argument should be set to kcdf="Poisson". This
argument supersedes arguments rnaseq and kernel, which are deprecated and
will be removed in the next release.

rnaseq
This argument has been deprecated and will be removed in the next release.

Please use the argument kcdf instead.

abs.ranking
Flag used only when mx.diff=TRUE. When abs.ranking=FALSE (default) a v

b Il iTr ' 1. 1 | - L i 1 al
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GSVA for RNA-seq data

= O X
Pl Gsvapdf X 4
< C O 0O FESNTWELEE | bioconductor.org/packages/release/bioc/vigne... @& Yr e
GSVA.pdf
TYGE—L
The calculation of GSVA enrichment scores is performed in one
However, one should take into account that this function performy . . .

prior to the actual calculations. On the one hand, it matches gene id
expression values. On the other hand, it discards gene sets that d¢ ~ GSVAenrichment scores
gene set size requirements specified with the arguments min. sz anc
call below, are set to 10 and 500 genes. Because we want to use limm
scores, we leave deliberately unchanged the default argument mx.( > Applications
normally distributed ES.

Overview of the package

Comparison with other method

> cache(leukemia_es <- gsva(leukemia_filtered_eset, c2Br: GSVA for RNA-Seq data
+ min.sz=10, max.sz=500, verb« _ .

; ; 5 Session Information v
¥ dir=cacheDir, prefix=cachePlcixa, —

We test whether there is a difference between the GSVA enrichment scores from each pair of pher 4 es
using a simple linear model and moderated t-statistics computed by the 1imma package using an em, _«cal
Bayes shrinkage method (see Smyth, 2004). We are going to examine both. changes at gene lev - nd

changes at pathway level and since, as we shall see below, there are plenty of them, we are g« | to
employ the following stringent cut-offs to attain a high level of statistical and biological significance:
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(1)
v

6 GSVA for RNA-Seq data

In this section we illustrate how to use GSVA with RNA-seq data and, more importantl
method provides pathway activity profiles analogous to the ones obtained from microarray dat
samples of lymphoblastoid cell lines (LCL) from HapMap individuals which have been pro
both technologies Huang et al. (2007); Pickrell et al. (2010). These data form part of the ex
package GSVAdata : the corresponding help pages contain details on how the data were
We start lmuling’:lmn and verifying that they indeed contain expression data for the ¢
and samples, as f s

> data(commonPickrellHuang)
> stopifnot(identical (featureMymes (huangArrayRMAnoBatchCommon_eset),

14 <
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GSVA.pdf

6 GSVA for RNA-Seq data

In this section we illustrate how to use GSVA with RNA-seq data and, more importantl
method provides pathway activity profiles analogous to the ones obtained from microarray dat
samples of lymphoblastoid ul]hnu» (LCL) from HapMap individuals which have been pro
both technologigs Huang et al. . Pickrell et al. (2010). These data form part of the ex
package GSV:'.'\fud the (nnvq

We start loading® these data and veril}

1g help pages contain details on how the data were
and samples, as follows:

‘Mg that they indeed contain expression data for the ¢

> data(commonPickrellHuang)
> stopifnot(identical (featureNames (huangArrayRMAnoBatchCommon_eset),

s
ar

14 <
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In this section we illustr;

method provides pathway

ODFXTIETAAT7LAT—2H, TLTOQDHX TIERNA-
seqT —AHVERFE é#’L’C?foU W& LR AT R/ IRREICHYFET . £
LT. @QDRNA-seqT—42 (L E5IZ, Argonne sequencmg center&
Yale sequencing center@ 2/ FT CIILIZERGINTLVET , Bl
BfilZ, @7LAT—42&, (AELTIERATHEREAD...)pled
11T B TR 5N %Argonne sequencing centerC&E b f=RNA-seq
T—AMDgene IDAFTLIZ—HL TSN ESIHLE, B
featureNamesBd#{ Tgene ID1E#rZEEY HL1=1& . ®identical %k
TLHELTWSEITTY  HETHRANT+oNBILNFEEALTAL
RELTULSEANHINELNFEAN. COBHYIEEAYT S
MEXHYFELEA

both technolc
package GSV.
We start loading
and samples, as follows:

S =

samples of l\mplml)l wstoid cell lm(s (LCL) from HapMap individuals which have been pro
Huang et al.
and the (mus;
tNese data and veril¥g that they indeed contain expression data for the ¢

> data(commonPickrellHuang)
> stopifnot(identical (featureNames (huangArrayRMAnoBatchCommon_eset),

. Pickrell et al. (2010). These data form part of the ex
1g help pages contain details on how the data were

~@-
S =

14 <
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15 N

+ featureNames (pickrellCountsArgonneCQNcommon_eset)))
> stopifnot(identical (sampleNames (huangArrayRMAnoBatchCommon_eset),
+ sampleNames (pickrellCountsArgonneCQNcommon_eset)))

Next, for the current analysis we use the subset of canonical pathways from the C2 collection «
Gene Sets. These correspond to the following pathways from KEGG, REACTOME and BIO

> canonicalC2BroadSets <- c2BroadSets[c(grep(" "KEGG", names(c2BroadSets)),
- grep (" "REACTOME", names(c2BroadSets)),

4 »
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Next, for the current analysis we use the subset of canonical pathways from the C2 collection of MSigDB
Gene Sets. These correspond to the following pathways from KEGG, REACTOME and BIOCARTA:

> canonicalC2BroadSets <- c2BroadSets[c(grep(""KEGG", names(c2BroadSets)),
+ grep(""REACTOME", names (c2BroadSets)),
+ grep(""BIOCARTA", names (c2BroadSets)))]

> canonicalC2BroadSets

GeneSetCollection
names: KEGG_GLYCOLYSIS_GLUCONEOGENESIS, KEGG_CITRATE_CYCLE_TCA_CYCLE, ..., BIOCARTA_AC
unique identifiers: 55902, 2645, ..., 8544 (6744 total)
types in collection:
geneldType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)

Additionally, we extend this collection of gene sets with two formed by genes with sex-specific expression:

> data(genderGenesEntrez)

> MSY <- GeneSet (msYgenesEntrez, geneldType=EntrezIdentifier(),

+ collectionType=BroadCollection(category="c2"), setName="MSY")
> MSY

setName: MSY
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Next, for the current analysis we use the subset of canonical pathways from the C2 collection of MSigDB
Gene Sets. These correspond to the following pathways from KEGG, REACTOME and BIOCARTA:

> canonicalC2BroadSets <- c2BroadSets[c(grep(""KEGG", names(c2BroadSets)),

+ grep(""REACTOME", names (c2BroadSets)),
+ grep(""BIOCARTA", names (c2BroadSets)))]
> canonicalC2BroadSets

GeneSetCollection
names: KEGG_GLYCOLYSIS_GLUCONEOGENESIS, KEGG_CITRATE_CYCLE_TCA_CYCLE, ..., BIOCARTA_AC
unique identifiers: 55902, 2645, ..., 8544 (6744 total)

types in collection:
geneldType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)

Additionally, we extend this collection of gene sets with two formed by genes with sex-specific expression:

> data(genderGenesEntrez)

> MSY <- GeneSet (msYgenesEntrez, geneldType=EntrezIdentifier(),

+ collectionType=BroadCollection(category="c2"), setName="MSY")
> MSY

setName: MSY =

AbsFilterGSEA(Yoon et al.,, PLoS One, 11;: e0165919, 2016)
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Next, for the current analysis we use the subset of canonical pathways from the C2 collection of MSigDB
Gene Sets. These correspond to the following pathways from KEGG, REACTOME and BIOCARTA:

> canonicalC2BroadSets <- c2BroadSets[c(grep(""KEGG", names(c2BroadSets)),

+ grep(""REACTOME", names(c2BroadSets)),
+ grep(""BIOCARTA", names(c2BroadSets)))]
> canonicalC2BroadSets

GeneSetCollection
names: KEGG_GLYCOLYSIS_GLUCONEOGENESIS, KEGG_CITRATE_CYCLE_TCA_CYCLE, ..., BIOCARTA_AC
unique identifiers: 55902, 2645, ..., 8544 (6744 total)
types in collection:
geneldType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)

Additionally, we extend this collection of gene sets with two formed by genes with sex-specific expression:

> data(genderGenesEntrez)

> MSY <- GeneSet (msYgenesEntrez, geneldType=EntrezIdentifier(),

+ collectionType=BroadCollection(category="c2"), setName="MSY")
> MSY

setName: MSY
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Next, for the current analysis we use the subset of canonical pathways from the C2 collection of MSigDB
Gene Sets. These correspond to the following pathways from KEGG, REACTOME and BIOCARTA:

> canonicalC2BroadSets <- c2BroadSets[c(grep(""KEGG", names(c2BroadSets)),

+ grep(""REACTOME", names(c2BroadSets)),
+ grep(""BIOCARTA", names (c2BroadSets)))]
> canonicalC2BroadSets

GeneSetCollection
names: KEGG_GLYCOLYSIS_GLUCONEOGENESIS, KEGG_CITRATE_CYCLE_TCA_CYCLE, ..., BIOCARTA_AC
unique identifiers: 55902, 2645, ..., 8544 (6744 total)
types in collection:
geneldType: EntrezIdentifier (1 total)
collectionType: BroadCollection (1 total)

Additionally, we extend this collection of gene sets with two formed by genes with sex-specific expression:

> data(genderGenesEntrez)

> MSY <- GeneSet (msYgenesEntrez, geneldType=EntrezIdentifier(),

+ collectionType=BroadCollection(category="c2"), setName="MSY")
> MSY

setName: MSY
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> data(genderGenesEntrez)
> MSY <- GeneSet(msYgenesEntrez, geneldType=EntrezIdentifier(),
+ collectionType=BroadCollection(category="c2"), setName="MSY")
> MSY
setName: MSY
genelds: 266, 84663, ., 353513 (total: 34)
geneldType: EntrezId
collectionType: Broad
bcCategory: c2 (Curated)
bcSubCategory: NA
details: use 'details(object)'
> XiE <- GeneSet(XiEgenesEntrez, geneldType=EntrezIldentifier(),
. collectionType=BroadCollection(category="c2"), setName="XiE")
> XiE
setName: XiE
genelds: 293, 8623, ., 1121 (total: 66)
geneldType: EntrezId
collectionType: Broad
bcCategory: c2 (Curated) -
4 »
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> XiE <- GeneSet(XiEgenesEntrez, geneldType=EntrezIdentifier(),
+ collectionType=BroadCollection(category="c2"), setName="XiE")
> XiE

setName: XiE
genelds: 293, 8623, ..., 1121 (total: 66)
geneldType: EntrezId
collectionType: Broad
bcCategory: c2 (Curated)

bcSubCategory: NA
details #’étails (object)'

> canonicalC2BroadSets <- GeneSetCollection(c(canonicalC2BroadSets, MSY, XiE))

> canonicalC2BroadSets - - “

GeneSetCollection
names: KEGG_GLYCOLYSIS_GLUCONEOGENESIS, KEGG_CITRATE_CYCLE_TCA_CYCLE, ..., XiE (835 to
unique identifiers: 55902, 2645, ..., 1121 (6810 total)

types in collection:
geneldType: EntrezIldentifier (1 total)
collectionType: BroadCollection (1 total)

Wa ralailata mianr (‘IQ\"A\ envichmant ornrao far thaoa vana cato neine Arot tha smisraareasr data and than
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bcCategory: c2 (Curated)
bcSubCategory: NA
details: use 'details(object)'

> canonicalC2BroadSets <- GeneSetCollection(c(canonicalC2BroadSets, MSY, XiE))
> canonicalC2BroadSets

GeneSetCollection
names: KEGG_GLYCOLYSIS_GLUCONEOGENESIS, KEGG_CITRATE_CYCLE_TCA_CYCLE, ..., XiE (835 to
unique identifiers: 55902, 2645, ..., 1121 (6810 total)
types in collection:
geneldType: EntrezIldentifier (1 total)

collectionType: BroadCollection (1 total) \
We calculate now GSVA enrichment scores for these gene sets using first the microarray data and then

the RNA-seq integer count data. Note that the only requirement to do the latter is to set the argument
kcdf="Poisson" which is "Gaussian" by default. Note, however, that if our RN A-seq derived expression
levels would be continous, such as log-CPMs, log-RPKMs or log-TPMs, the the default value of the kcdf
argument should remain unchanged.

16
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> esmicro <- gsva(huangArrayRMAnoBatchCommon_eset, canonicalC2BroadSets, min.sz=5, max.s
+ mx.diff=TRUE, verbose=FALSE, parallel.sz=1)
> dim(esmicro)

Features Samples
806 36

> esrnaseq <- gsva(pickrellCountsArgonneCQNcommon_eset, canonicalC2BroadSets, min.sz=5,
+ kcdf="Poisson", mx.diff=TRUE, verbose=FALSE, parallel.sz=1)
> dim(esrnaseq)

Features Samples
806 36

To compare expression values from both technologies we are going to transform the RNA-seq read counts
into RPKM values. For this purpose we need gene length and G+C content information also stored in
the GSVAdata package and use the cpm() function from the edgeR package. Note that RPKMs can only
be calculated for those genes for which the gene length and G+C content information is available:

> library(edgeR)

4 3
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e 00000 (DArgonne sequence center CE{E S 7=RNA-
17 d) J: d) li —~ seqII 2 T —A DExpressionSetA T ok

p j & . @sex—specific expressionZF R 9 2DNEIL

Pl Gsvapds X 4 ?'IZ“JF(MSY&XiE)’éiEjJEI L/T:MSigDB c2aL %
<32 @ GeneSetCollectionF T ORA A B,

= C 0 © ®FESNTLVELVERE | bioconductor.org/packages/releasé; —

-~

> esmicro <- gsva(huangArrayRMAnoBatchCommon_eset, canonicalC2BroadSets, min.sz=5, max.s
+ mx.diff=TRUE, verbose=FALSE, parallel.sz=1)
> dim(esmicro)

Features Samples

806 36 ' '

> esrnaseq <- gsva(pickrellCountsArgonneCQNcommon_eset, canonicalC2BroadSets, min.sz=5,
+ kcdf="Poisson", mx.diff=TRUE, verbose=FALSE, parallel.sz=1)
> dim(esrnaseq)

Features Samples
806 36

To compare expression values from both technologies we are going to transform the RNA-seq read counts
into RPKM values. For this purpose we need gene length and G+C content information also stored in
the GSVAdata package and use the cpm() function from the edgeR package. Note that RPKMs can only
be calculated for those genes for which the gene length and G+C content information is available:

> library(edgeR)

4 »
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[ -— DGSVAEITHEER T Desrnaseqld. 8061T X 36FMSiE5

—

5

= —5. QZNDi&lE. RNA-seqh™ > TF—4%RPKMIBEIZZHL
p 17 d) J: d) lij Thb, @747I:I7l/’fi_iq—’)"d)/ﬁ%;'fﬁ)%esmicrlg&gttﬁ

Pl Gsvapds X

- C 0 @ #FENTLVELVERE | biocondud

T O CNESEUHERICES>TATLLITH I I A, sex

specific expressionZzR9d 2 DN ELFEYFMSYEXE)ZDLY
TlX., =Y T I EIZEH LT=Enrichment Scores (GSVA
scores) DEIARZERL TS, ZLTEXZBTHUTILIED

‘ A7 HEMNREOTEY, TOMEAIFIA /AT LA T—4
esmicro <- gsva(huangArrayRMAnoBatchCorq —C‘::BRPKM?_Q—G%)EC—GT@~ &L\5:t‘iﬁ&6hfb\éo

+ mx.diff=TRUE, verbose=}

> dim(esmicro) l./75\ LU?fJ“B N E%ﬁﬁ%ﬁ%ﬁiﬁ{i%t‘yI“ighh\ggﬁl&é

Features Samples

BHAEHARSAELRENTELT ER,

806 36

> esrnaseq <- gsva(pickrellCountsArgonneCQNcommon_eset, canonicalC2BroadSets, min.sz=5,
+ kcdf="Poisson", mx.diff=TRUE, verbose=FALSE, parallel.sz=1)
> dim(esrnaseq)

Features Samples
806 36

To compare expression values from both technologies we are going to transform the RNA-seq read counts
into RPKM values. For this purpose we need gene length and G+C content information also stored in
the GSVAdata package and use the cpm() function from the edgeR package. Note that RPKMs can only
be calculated for those genes for which the gene length and G+C content information is available:

> library(edgeR)
- - - s - . A e\

4
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p170)':|:'9&37>7" L)

4

Pl csva

< C 0 @ #FENTLELVERE | bioconductor.org/packages/

TO eompare expression valhes Irom both technologics we areé goin

into RPKM values. For this purpose we need gene length and (
the GSVAdata package and use the cpm() function from the edge

RPKMIEZEH T H5RIDIFSFRLTILNSECA,
DD &HT=Y T, RPKMIE~ND EHIZHELERH| K
(53R % & annoEntrez220212% B8, QM E S
RPM(Reads Per MillionfEZ & HLTL\%EZA,
comBE#MZERALTLVET A, T (F(Counts Per
Million)[EZEH T BHELDTHY . EBMIZRILTT
o BlE. @cpm&DannotEntrez220212 T @D
gene IDMD+ M (intersection)ZEH L TLVNSTZIT T

be calculated for those genes for which the gene length and G+-(

~

> library(edgeR)
> data(annotEntrez220212)
> head(annotEntrez220212)

Length GCcontent

1 2301 0.6292916

10 1344 0.3816964

100 2612 0.5153139

1000 4380 0.4502283

10000 7091 0.3989564
008586 606 0.4339934 _

cpm <- cpm(exprs(pickrellCountsArgonneCQNcommon_eset))

> dim(cpm)

[1] 11508 36

> common <- intersect(rownames(cpm), rownames(annotEntrez220212))

> length(common)
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s MSigDB c2aL/ 2 avI22 0D EHFEMERF YN ENML=EL D TGSVAZET
1 A=—%575Entrez gene IDT. JIL—TZLIZHBES B -RET—2T 71 IILIERR
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i- ook 15REIS | U7 LT — 5| SRP001540 | GSVAdata(Hanzelmann 2013)

IEZE>TaRBAZELEY

%iﬁﬁﬁu T —

. DD, QBI-ETEEST

2HEERLTERE

ROIEEA S fE 4

(last modified 2018/06/29, since 2010)

SOLVE )
LWET . 7]

What's ne
« [REFR | |

. XUTB | HO> HEREE

| S 1‘/1{7 T —/ | BEDZZJLE'S (last modified 2014/06/21)

o OO HEREUS

|_JFIL7=4 | [ 2T (last modified 2019/05/16)

o DO HEREUS

o B HEREUS
o B HEREUS
o HO HERES
o HO HERES
« HOZ HERES
o HOZ HERES
o HI HEREUS
o HI HEREUS
o HO2 HEREUS
o HO2 HEREUS
o DO HEREUS
o« hO> HEREE |

| U77IL7—4 | SRP061240 | recount(Collado-Torres

2017) (last modified 2018/08/28)

77IL5—4 | SRP056295 | recount(Collado-Torres

2017) (last modified 2018/08/29)

| UPIL5—4 | SRP056146 | recount(Collado-Torres

2017) (last modified 2018/10/25)

77IL.5—4 | SRP035988 | recount(Collado-Torres

2017) (last modified 2018/08/25)

| UPIL7—4 | SRP026126 | recount(Collado-Torres

2017) (last modified 2018/08/30)

U77).5—4 | SRP018853 | recount(Collado-Torres

2017) (last modified 2018/08/26)

| UPIL7—4 | SRP012167 | recount(Collado-Torres

2017) (last modified 2018/08/24)

1)77).5—4 | SRP012167 | parathyroidSE(Haglund

2012 (last modified 2018/08/19)

| UPIL.>—#4 | SRPO01558 | recount(Collado-Torres

2017) (last modified 2018/08/08)

| UP)L7—4 | SRP001540 | recount(Collado-Torres

2017) (I#t modified 2018/08/10)

7P IL7—4 | SRPO01540 | GSVAdata(Hanzelmann

2013) modified 2018/07/03)

| U77IL5—4 | ERPO00546 | recount(Collado-Torres 2017), (!
Sz ale—3%3 27 —4 | BRNA-seq |_[ZDULT (last modified 2019/04/05)

modified 2019/07/03) NEW

e OO HEEERE | 2 l—S g T —4 | BRMA-sen | Technical ren (#5740 2301 (last modified 2018/07/22)

. O

D> MEEREUS | UPIL7—4 | SRP001540 | GSVAdata(Hanzelmann_2013)

GSVAdata/ (v 7 —=%F8l\"C. SRP001540(Pickrell et al., Nature, 2010 ; ; D IOTRIELISE EE) DHho > MERE
ExpressionSetA 2 I R EVSRETMT—F1w Hoo ! ‘&Lr‘l‘J%ﬁUT’fﬁ’rF‘i?ﬂfu‘iﬁ')ﬁdataﬁéﬁﬁm
WCO—RLED. 29> b —S0OEEITHIC UITIREE T’F{T'?_rﬁ'% VJ}"U_"PT‘T LFET. ESHRM ClE. EHOe9EEF(40
female samples and 29 male samples)(DAJ > b —4ZEBLTWLWET., D7 —4[FAbsFilterGSEA (Yoon et al., PLoS
One, 2016). BLETUFGSVA (Hénzelmann et al., BMC Blolnfcrmatlr:s 2013)F T, BIEAT— SELCRVNSNTLES, B
’Fﬁﬂ’ﬂ%ﬁ_[&h MSigDB C1T, 22Msex- Jp66|ﬁci¢1§11:+ﬁ; F[Chmqll«"chrxpﬂ]b‘%ﬁ ELTLAEVWSHEBREETLAL
2CT,
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o o h ok 1BERERIS | ) 7 LT — 42 | SRP001540 | GSVAdata(Hanzelmann 2013)

IEZE>TEHEAZLET

RINTHIT—22B LTS

n.OD., QBIRETEELT

D> MEEES | U7PJ)L7—4 | SRP001540 | GSVAdata(Hanzelmann_2013)

GSVAdata/Two—=r

sFEFRLT, SRP0O01540(Pickrell et al.,

Nature, 2010 ; s JSOHFZIELSNEEE) OO0 MERESD

ExpressionSetA J 2 4 FELSETDT =T FcommonPickre
WCO—FLED. A9 b —S0O8ETAIC LITREE Tﬁﬁ?%@@ﬁ%ﬁbi?o FEEHRN Tl & HD69EF(40
female samples and 29 male samples)DAT > R —42FEELTLET.

QOne, 2016). BLUFGSVA (Hanzelmann et al.,

0 E VDB TIEMEN TWET ) Edatal§EEH

Z (D7 —42ZAbsFilterGSEA (Yoon et al., PLoS

#FBIC(£. MSigDB C1T., 2>(Msex-specificii]
DT,

(7] - [T« L OFUDEE] THO
1. pickrellCountsArgonneCQNcommon_eset(]

FEE:%37(Pickrell et al., Nature, 2010)FTiEE
> —4(DExpressionSetA ST T,

# B e —EO—

library(GSVAdata) #/

FZIK%(EET@T At FEO—F)

data(co 1PickrellHuang) #p4
#7

eset ¢- pickrellCountsArgonneCQNcommon_esd
#1f

BMC Bicinformatics, 2(2113)'4:'@H ﬁ%ﬁjﬂ—ﬁ't LCRLBATLET, &
11 3

LW SWNWSEEFS LS L

7. pickrellCountsYaleCQNcommon_esetMigsy :

PlEeEN—Z L LT, EELIZEntrez gene IDOEDNEETBOT. I_—PICLTULET.
11,482 Entrez gene IDsx36 samplesDH > o —45TT, HAOT7-)LIFhoge7.xtTT.

out_f <- "hoge7.txt" #L D27 A IEEEEL Tout_FICHEHA
#ENE L — 20— F )

library(GSVAdata) #15w T — L DFL AR
library(genefilter) #1450 T — DL 1P

#5701 ( EEHEDT *_5‘1‘3; FEO—F)
data(commonPickrellHuang) #param THRELT -2t FOO—F
#F|ATEES A F 2D  BERT

_eset#eset 2L THRUIR S
#EsAL T AT TT
#EEE L T AT TY
#EEE L T AT TY
#HEEIL T AT TY

eset <- pickrellCountsYaleCQNcommon

#EE(EERE) )

# EEEEAIDBIE 7 B2 )
#EEREERDOL — — 2 BE T D
#[E—IDDEEFEEDAFTET
#E—IDDEEFEEDAFTET

#oeset XL THIUIES

# EEEEAIDBIE 7 B2 -

hoge <- nsFilter{eset, var.filter=F,
remove.dupEntrez=T)
eset <- hogefeset
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| Jm.mmmmemu
PIRE7RITD T #

7. pickrellCountsYaleCQNcommon_eset®@ 155

M| FE67~ — 2 & LT, EEL/-Entrez gene IDDHONEET 20T, 2=— 21207
11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hogeT txtT]

ENPOILLLGSD T, —BEREEBEEIL. 1E
2T LY K)ZQDDesktoplZZEELTH B, @Is()
FE1T. CNIIFBRIELA T OB A
W EXERLTLNSEITTY , I 2 DIEE
ZRIZTWLABTET, Trm(ist = 1s0)) I TAHIT Vo k

out £ <- "hoge7.txt" #L N 77 T IEBFEEL Td O)é;ﬁitmbgtgbf:h\f:”’—c{d—o
FL B T —E O F ]
library(GSVAdata) #)5 )_]"—‘:,/('Dﬁ:? R RGui (64-bit) _ O ot
library(genefilter) #) 4w T — D DFTEA _ )
Jrfll RE BE o vr-v 9duEs AlT

#HoAM BT -2t FEO-F) M= - =
data(commonPickrellHuang) #param T8 FE L 73 = ||E B|C| DS

#F|FHoIEE" 7 7 i =
eset <- pickrellCountsYaleCQNcommon eset#eset L T B U|F R RGonsole =N EER|TXT

#EEZL T SEITT
#EDL T &L =
#EEZL T SEITT LA

A

"contributors () ' EAALTEE.

siED LT are+d 2o R P R T -UEERYITS IHTOROS

#EE(EERE)

"citation () ' EAFILTUZEL,

T rdemo ()1 EANTNETEEHBLENTEST,
#EEFERID I ] i .
hoge <- nsFilter(eset, var.filter=F, #E—IDOE#EE "help () ' cFNEF A INEET.

remove . dupEntrez=T) #5l—IDDEEFEY "help.

eset <- hogefeset #eset & L THRYYH 0!
sEakEmoeq] d
£

> 1s()
> |

£

start ()" T HTML 5oLl TdHi3s
EAFTHE R BETLED,

> getwd() '

[1] "C:/Users/kojik/Desktop”

character (0)
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i- H2 ok 1EEREYIS | U7 LT — & | SRPO01540 | G5V
175'!] a7

7. pickrellCountsYaleCQNcommon_eset®@ 155

{h| 2857~ — 2 & LT, EEL/-Entrez gene DD LD ETET 2]
11,482 Entrez gene IDs*36 samplesD N2 -7 — 52T, £

DF#HNEIER, GSVAdata/ S —S 2 H B HKIET—
RcommonPickrellHuangZA—KL. @QE D K554 T
MNRIHRIEEMNZE R SEZAETTYI , commonPickrellHuang
I, FFEEDRE T —INEENTVWET . QFLAT—
2. BELUVP@Argonne sequencing center&®)Yale

~

pgun

7k

et F < "hosel o st o+ sequencing center'CHX FSNT=RNA-seqhO U T—RTY
#LBIE ) — EO—
1ibPEP}F(GSVﬂLdEItE) #)5 T— A DEER R RGui (64-bit) _ O b4
library(genefilter) #1457 — DA _ )
Tl RE BE o /Y 9MUFY ALT Vignettes
#EA(BRIDT — 2ty FEO—F) TG
data(commonPickrellHuang} #param 715 FE L 73 =& ||E B|C| DS
I ETEEN 7 T ﬂ
eset <- pickrellCountsYaleCQNcommon eset#eset & L T B U|F R RGonsole =N EER|TXT
#ﬁu?bf%fglj_; M
#EEEL T BT
#EEEL T BT o
#ERL T AT SoAvP-i
1: Jiwho—% ‘annotate’ (F/V-%3» 3.4.4 S
#EE(EERSE) seampnoed 2 Sl =3 ML’ JF-Ya 3.4.4 D R S
#E?‘Eﬁéf‘z‘%@lg > library(genefilter) #15ws
hoge <- nsFilter(eset, var.filter=F, #E—IDDE®EEY] >
remove . dupEntrez=T) #s]—IDDEERY > #5554 (BRIOT —Ht9-&E0-1)
l
ESEE Se [Ciadaesit iggﬁ%&? > data (commonPickrellHuang) #params
< > 15() #F|HS
[1] "huangArrayRMAnoBatchCommon eset”
[2] "out f£"
[ "plckrellCDuntaﬂrgonneCQNcommon eset”
[ "pickrellCountsYaleCQNcommon eset”
>
L
£ >
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o h ok 1BERERIS | ) 7 LT — 42 | SRP001540 | GSVAdata(Hanzelmann 2013)

BIDME I INT NS

7. pickrellCountsYaleCQNcommon_eset®@ 155

M| FEsE~ — 2 & LT, EEL/-Entrez gene DODHOEFEHETHEOT. 2=2—2NLTHET,
11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hoge7 txtTH .

out f <- "hoge7.txt"

#LBEy T—UEOD—F

#1027 F B ETEE L Tout TN A

DFEBRZIAER,

library(GSVAdata) #1502y T — L DFEA R RGui (64-bit) — O w
library(genefilter) #1457 — DA _
Jrfll RE BE o vr-¥ 94uFy AlT Vignettes
=02 T — “ —F = .
juaﬁlai{(hi?ﬁfr?l?:cxge?l;lt%g? E #param 715 FE L 73 4 é@"ﬂ B|C| DS
eset ¢- pickrellCountsYaleCQNcommon R R Console @lﬂ“ﬂl
M
NA19137 Y043-2 mother
NAlE861 Y024-2 mother
NAl19116 ¥Y0e0-2 mother
#FE(EERE) . .| » ppata(eset) SGender #IESES
z;gg%%gfg [1] "Female" "Female" "Male" "Female"
hoge <- nsFilter(eset, var.filter=F, #E]—IDD E=E[EI [2] "Female"™ "Female" "Male" "Female"
remove.dupEntrez=T) #=]—IDDEERY [9] "Male" "Female" "Male"™ "Female™
eset <- hogejeset iggﬁ%gﬁéﬁ [13] "Male"™ "Male™ "Male" "Female"
< [17] "Male"™ "Female" "Male" "Female"
[21] "Female" "Female" "Female" "Female"
[25] "Female" "Female" "Female" "Male™
[29] "Female" "Male" "Female" "Male"™
[33] "Female" "Female" "Female" "Male"
> |
L
£ >
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i- N2 TEERENIS | )T LT — &|SRPD:J154G|GS\ JLda.tal{Hemz-:ln

ﬁlld)f[tU\li/ \T/\T;

7. pickrellCountsYaleCQNcommon_eset@D IS

Al7BeE~ — 2 &L T, EEL -Entrez gene IDOLOHEFETEOD T, 2 =— 2
11,482 Entrez gene IDs»*36 samplesD D T —HTd , L7773 hogeT.

#1277 A IBFEETEU

out_f <- "hoge7.txt"
#LBEy T—UEOD—F
library(GSVAdata)
library(genefilter)

#HOAMBEFIDT -2t FEO—F)
data(commonPickrellHuang)

#)5w
#)5w

#pagam T8 FE L 73

#EE(EERE)

hoge <- nsFilter(eset,
remove. dupEntrez=T)
eset ¢<- hogefeset

<

var.filter=F,

u AT — DA
u AT — DA

(PDYale sequencing center CEHF ML /=RNA-seqh
DT —RDA Tz EesetE NSRRI TERY
Ly, QFIFITH D F (phenotype ELNDERKT
pData) (BT DA T —RFHREMHEFELI=EZA,
GenderFI DK ST ILDEFIFEEHRES A TS E
FEL. ZEFRTRSE-HFEEIOFLDREED
Ok, SN T ER TER WD BESNTLY
BLOIELHMNS, COERETGSVAETIRRZR

b?’(?’ét&blm%&b‘/ FLTHEIIEEZ S,

July 29, 2019

Lo O]

o L TR ‘R R Console
L TAIITT A
‘~E§§§C:; NA19137 Y043-2 mother
e [T o574 NA18861L Y024-2 mother
NA1S911e YOeD-2 mother
. > pData (eset) SGender #UEEHS
zggg%%gl [1] "Female" "Female" "Male" "Female"
#5]— DM T g [5] "Female" "Female" "Male" "Female"
#E]—IDDEEFFY  [9] "Male" "Female" "Male" "Female"
zgg&%ﬁgﬁéé [13] "Male" "Male™" "Male™" "Female"
[17] "Male" "Female" "Male™ "Female"
[21] "Female" "Female" "Female" "Female"
[25] "Female" "Female" "Female" "Male"
[29] "Female" "Male" "Female" "Male"
[33] "Female" "Female" "Female" "Male"
> |
L
£ >
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i- H ok 1EREIS | U7 LT — 5 | SRP001540 | GSVAdata(Hanzeln]

t23ks 5

513 A

7. pickrellCountsYaleCQNcommon_eset@D IS

M| FEsE~ — 2 & LT, EEL/-Entrez gene DODHOEFEHETHEOT. 2=2—2NLTHET,
11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hoge7 txtTH .

DtableFA#I THERZFHE . FemaleH 23 A . MaleH’
13N, TG1E:23H > T )L vs. G2EE13H T IL D2
BB T —3EEAB A TEELLY,

out_f <- "hoge7.txt" #1277 1 IE %?EEbTout_—FlC*ﬁ-mh
#LEII T —UEO—
library(GSVAdata) #1407 — L DEEA g RGui (54-bit) — O ot
library(genefilter) #1457 — DA _ )
Irill. BE BEE o fAeT-3 9quEY AT Vignettes
sEAEBDF — Aty FEO— F) e
data(commonPickrellHuang} #param 715 FE L 73 = ||E B|C| DS
#HIF TE S 1 T o *
eset <- pickrellCountsYaleCQNcommon eset#eset L T B U|F R RGonsole =N EER|TXT
#EEEL T BT A
£ N
:%Emtggi:; [1] "Female" "Female" "Male"  "Female"
wiEsl |, a2+ [5] "Female"™ "Female" "Male"  "Female"
[2] "Male™ "Female" "Male™ "Female"
#EE(EERE) I e— [13] "Male" "Male™ "Male" "Female"
Al HIJ ] m m m m m m m m
4T LR L [17] "Male . "Female" "Male . "Female"
hoge <- nsFilter(eset, var.filter=F, #E—IDOEHEKY [21] "Female Female Female Female
roges remove.dupEntrez=T) zﬁl—l‘tﬂﬂa%ﬁﬁi [25] "Female" "Female" "Female" "Male"
ecet <- hogeleset eset " mom " " mom "
#5081 B [29] "Female Male Female Male
< [33] "Female" "Female" "Female" "Male"
> table (pData(eset) SGender) FIESES
Female Male
23 13
> |
W
£ >
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o o h ok 1BERERIS | ) 7 LT — 42 | SRP001540 | GSVAdata(Hanzelmann 2013)

O—F T ERIZFZE)

7. pickrellCountsYaleCQNcommon_eset®@ 155

M| FEsE~ — 2 & LT, EEL/-Entrez gene DODHOEFEHETHEOT. 2=2—2NLTHET,
11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hoge7 txtTH .

HER L TARTTT
HETLT AT 2]

#FE(EERE) )
#EEIFRERIOE T 2 E WL )
$EERERIO I Z — D 7nBnF # ML
hoge <- nsFilter(eset, var.filter=F, #E—IDDEEFREDAHETET
remove.dupEntrez=T) #5]—IDD EEPRED AHEFEIT
eset <- hogefeset #eset 2L THRWR S
#EEIFERIOE T A E WL

#HEMIE(FBEEREL., AEV—+)
data <- exprs(eset) #datas L THRWIR S

colnames(data) <- pData(eset)$Gender #5|EEEE ’
#ES L TAILITTE

data <- data[, order(colnames(data))] #%|&7T.—+}
#EEIL TAIZITTE

#2727 1 ILICERF
tmp <- cbind(rownames(data), data) #F7F L 7oL 156 = tmp | CHEH
write.table(tmp, out f, sep="\t", append=F, quote=F, row.names=F)#tmp® F,

< >
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- WOk TB4FARIE | U7 L7 — 2| SRP001540 | GsvAdata(manzel] (DA F JL D FEIF 1T 5l exprs(eset) |2t LT, T D

= | FRADEBRIRIL (exprs(eset) DER
E*ﬁgene 1D Bf"lE gasﬁbé%:l\:—/y{gvﬁr}ig;)%ﬁ;efgg%&

e s o DB | #%F. COT—SDBAIL 11508 - 11482 = 26
D mres s o e D i nen] B DEED Bot=CEDOING, CDEHEE S
GRS L TR T LTaA=—%%gene IDIZLTHEMNGELNE, FTF(
#HRSL CRRITTT | hoge T txtDERR) BIKIX TES N, RIZEFNE(FhL
R R 0)"717’\0_:/J:0)L EDOYAFAT)FHEHAH AL EE

#3E(FERE)

ERERIDIES
ERERID I 3

[Z FE’VE LT’row nameslintFé*Lf&L"J EEHOND,

hoge <- nskilter(eset, var.ftilter=F,
remove. dupEntrez=T)

eset <- hogefeset #esettbfﬂﬂ'ﬂl? . i
#EEIEERITIE{] “R R Console = |E| om

#HENIF(FETEEL, JEV—F)

data <- exprs(eset) #datat L THRYW § [25] "Female" "Fema}e "Female" "Male"
colnames(data) <- pData(eset)$Gender #J|BFEE [29] "Female Male Female Male
#ﬁ%ﬁbf%filf [33] "Female"™ "Female" "Female" "Male"
data <- data[, order(colnames(data))] #%|&7T. — | ab Datales T . L Ten =]
ML T B > table (pData (eset) SGender) #1ESHS
TAILCERE Female Male
tmp <- cbind(rownames(data), data) #HEF L oL EERE A 23 13

write.table(tmp, out f, sep="\t", append=F, guote=F, n - dim{exprs: (eset))

< [1] 11508 36
> length (rownames (exprs (eset))) #E1ES
[1] 11508
> length (unique (rownames (exprs (eset))) )| #FES
[1] 11482
> |
W
< >
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N » DOt IBERINIE | 7 L7 — 7 | SRP001540 | GsvAdaa(tanzel] (1) EEFE PR EZ 1T OnsFilterB#EET, @
- ,;& == /4, — | varfilter=FA 723 N DLVTLVS M, SH5LTHED
NSFIlterBE 2L D 21T | e -mimimsts. OB

T'f;}]i:;;fﬂ?ﬁC;;,?_";iﬁﬂmjfn?:;mﬁ-«rrm@f@ 2= LM@Y @%E%I:EOTL\??O =il Tl

IIESEEﬂuezgane IDsx36 sarﬁplrésﬂ:ﬁ%zhg%n;h%—&?;Ejjj*?«fibl;_h_ogﬁ B8 L1zEntrez gene IDsMHOT=HHICED KI7F
o cenrey | BYRWLZEITOTL SN (FHEZR[TLSDHNE
#ERL TRRITYT | SHOVEE)ETIXARTATUOVERE A,

#E(EERE) R RGui (64-bif S
SEERENOE _
yEEEERO2] Il RBE BE w0 vr-I (R AT Vignettes

it i FRRRIPIE

hoge <- nskilter(eset, var.ftilter=F,
remove. dupEntrez=T)

et & L THUHES |
LRI R RConsole =N EER|EXS

eset <- hogefeset

#ﬁﬁﬂf@{ﬂj%%gﬁbx Bl E ) — )] Female Male

data <- exprs(eset) #datad L THRU 4
colnames(data) <- pData(eset)$Gender #J|BFEE 23 13
#ﬁ%ﬁbf%?&lf > dim(exprs (eset))
data <- data[, order(colnames(data))] #%|&7T. — |
s, C o 1) 11008 36 .
> length (rownames (exprs (eset))) #E18S
#2771 ILICREF [1] 11508
tmp <- cbind(rownames(data), data) #EFLIZLIEHY > length (unique (rownames (exprs (eset) #EES
write.table(tmp, out f, sep="\t", append=F, guote=F, n [1] 11482 \
< || hoge <- nsFilter(eset, wvar.filter=F, #[E]—15
+ remove .dupEntrez=T) #E]—15
> eset <- hogefeset fesets
> length (rownames (exprs (eset))) #E18S
[1] 11482
> | ’
W

< >
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i- 10 ok 1EREVIS | U7 LT — & | SRP001540 | GSVAdata(Hanzell

5']% ZEOWLEE

7. pickrellCountsYaleCQNcommon_eset@D IS

ODERMWBELTHRERZLGA>HEIE, B
AI77A4I DI BNODEITHEDEIITELT
LENWFET . SIEBXETORBREEFERF Y

FRITZAT

L\=LND T, 5|4 [LFemale or Male TR 45

M| FE6E~ — 2 & LT, EfEL/-Entrez gene DDHONEFEFET 20T, 2=—4

11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hoge7 txtTH .

HER L TARTTT

T oL Td W,

#ED L TAEITTT ~
#HE(EERE) RGui (64-bit) - o X
FEERERIOEY oo .
gsEHEEEFmI] Il ®E BE w0k Jyr-3 9q4uEY AlT Vignettes
hoge <- nsFilter(eset, var.filter=F, #E—IDDEE[FI =G ~
remove.dupEntrez=T) #51— DM EEd (= é ||E B|C| DS
eset <- hogefeset #eset & L TR i
#EERERIDE] R R Console EER(EER (=
]
#FENIF(F|EFEEL, FlEV—) - — hAaaeCac Lo apt G
data <- exprs(eset) tad L THERY > eset < ‘I}“fg?qe":Et - . #.E'JEEL')
colnames(data) <- pData(eset)$Gender %"&EE > length (rownames (exprs (eset))) FEES
ILTALE [1] 11482
data <- data[, order(colnames(data))] ﬁég_ﬁ_%%;{ > colnames (exprs (eset))
[1] "NAL1S099"™ "NAl1S8523™ "NA19144™ "NA1S137"
774 IICREF [5] "NAL1BEel"™ "NALl1911e™ "NAISI130™ "NA1S9131™
tmp <- cbind(rownames(data), data) #HFETE L 7oL EEE 7 [9] "NA19119" "NA19152™ "NA19153" "NA19140"
write.table(tmp, out f, sep="\t", append=F, guote=F, n [13] "NA19138" "NA18522" "NA19192" "NA19193"
< [17] "NA19Z239"™ "NAL1SZ238"™ "NA1SZ210"™ "NA1SZOo1l"™
[21] "NA1S9172™ "NA1S8870"™ "NA18B858™ "NAl1885Z"™
[25] "NA19159™ "NA18855™ "NA1S204™ "NAl1SHO1™
[29] "NA1S9127"™ "NA19098"™ "NA1S9S093"™ "NAl8E5e™
[33] "NA1S8912"™ "NAL1SS517"™ "NA18502™ "NAL1S1T71"™
> |
W
< >
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i- Ho - BRI | )77 — 2 | SRP001540 | GSVAdata(Hang

ﬂ%*%&

7. pickrellCountsYaleCQNcommon_eset@D IS

OFFRNIAERETER, EHNICFIBREETETLS
ZENHMYET , =7, LiaiTpData(eset)$Gender
THHERL=&SIZ. Female&MaleH £ B B3 A

TWWEWIEADLMYFET,

M| FE67E~ — 2 & LT, EfEL - Entrez gene DD OO NEHET 20T, 1=

11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hoge7 txtTH .

HER L TARTTT

I [ WP W R = N

HEILTARETTT ~
#E(EERE) R RGui (64-bit) - o X
#EHEIEERIDIE ] '
gsEHEEEFmI] Il ®E BE w0k Jyr-3 9q4uEY AlT Vignettes
hoge <- nsFilter(eset, var.filter=F, #E—IDDEE[FI =G ~
remove.dupEntrez=T) #51— DM EEd (= é ||E B|C| DS
eset <- hogefeset #eset & L THRV TS i
#E B ERIDE] R RConsole E=n EER (>
]
FeAE Gl L o trLTmuqd 100 723 840 164 873 957 892 1109
colnames(data) <- pData(eset)$Gender %’EEE Male Male Female Male Female Male Female
ILTHRETY 1 39 13 97 29 an 63 d¢
data <- data|, order(colnames(data)) | Ji%'ﬁ';’_?l" | 100 373 617 458 709 703 411 828
#HELSL T BT Female Female Female Female Female Female
27 A IICRE 1 37 112 55 94 31 73
tmp <- cbind(rownames(data), data) #wTF L 7CVEEEY 100 789 911 880 1043 A66 551
riiies 2 VT, GIE fFp S=p=-E, ERpali=F queiEs=i § Female Male Female Male Female Male Female
< 1 471 45 120 28 [ 61 131
100 584 403 680 €35 410 470 66d
Female Female Male
1 44 42 22
100 1072 869 €09
> |
W
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o h ok BERERIS | )7 LT — 42 | SRP001540 | GSVAdata(Hanzelmann 2013

5% TY—h

7. pickrellCountsYaleCQNcommon_eset®@ 155

M| FEsE~ — 2 & LT, EEL/-Entrez gene DODHOEFEHETHEOT. 2=2—2NLTHET,

11,482 Entrez gene IDs=36 samplesD D T — 2T, B 771113 hoge7 txtTH .
HELIL TRETTT

#EE(EERE)

hoge <- nsFilter(eset, var.filter=F,
remove. dupEntrez=T)
eset <- hogefeset

#HEMIE(FBEEREL., AEV—+)
data <- exprs(eset)

colnames (data a(eset)fGender

data <- data[, order(colnames(data))]

#2727 1 ILICERF
tmp <- chind(rownames(data), data)

write.table(tmp, out f, sep="\t", append=F, guote=F, n

<

DFBHNIEREST
TETWAIELHLMNYET, QorderFi %
RAW=1T130Y—kT721%, {FIBLET,

%, EEMNZHIRBTY—b

July 29, 2019

#HEEIL TAIETTY "
> RF{Gui[M—-bit] — O %
sEEREFOL] Il HE BE  zof KT-Y MUY ALT Vignettes
T too & e ][] @] &
#eset & L THRLY i
#EERERIDE] R R Console EER(EER (=
]
4datas L THY 4 100 873 892 458 703 528 189
452 HITE Female Female Female Female Female Female
BALTAHET] 1 112 55 94 31 73 41
SCZ-L, 1100 911 880 1043 466 551 584
o - Female Female Female Female Female Male
1 120 () 131 44 42 38
#ERF LI 100 680 410 664 1072 869 621
Male Male Male Male Male Male Male Male
1 9 15 33 17 39 13 29 &3
100 723 1e4 957 1109 373 €17 709 411
Male Male Male Male
1 45 28 61 22
100 403 €35 470 €09
> |
W
160




o ho o 1BERERIS | )7 LT — 4 | SRP001540 | GSVAdata(Hinzelmann 2013)

175'IJ RE /B ETIOERE

Dhoge 7 txtBMEREINFET,

7. pickrellCountsYaleCQNcommon_eset@D IS

M| FEsE~ — 2 & LT, EEL/-Entrez gene DODHOEFEHETHEOT. 2=2—2NLTHET,
11,482 Entrez gene [Ds>36 samgplesD D AT —5Td . £ W77 13 hoge7 =t TH .

out f <- "hoge7.txt"

LBy T —UEO-F
library(GSVAdata)
library(genefilter)

#HOAMBEFIDT -2t FEO—F)
data(commonPickrellHuang)

#1027 F B ETEE L Tout TN A

#J‘EU’I_*‘J BT A 1A
#) 4 o T — L DFL AR AT

#param TIEEL /T —H2tw FDO— F
#F|HTE A T D P BERT

eset <- pickrellCountsYaleCQNcommon eset#teset> L THRWIR S

#EE(EERE)

hoge <- nsFilter(eset, var.filter=F,
remove.dupEntrez=T)
eset ¢<- hogefeset

<

#HEILTAREITTE
#HEILTAREITTE
#HEILTAREITTE
#HEILTAREITTE

#E ERERIDE T 3T 1L

#EERERID L — — 2 20BE A HF T

#5]—IDD EEEFE D AT ET
#5]—IDD EEEFE D AT ET
#eset XL THIUIR S

#FREFERIDIB T T T 1R

July 29, 2019
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Bl o TERRE ULy — 5| sRP001540| Gsvadaaran CALHNDEntrez gene IDD BEEFREZEIT T, 1HAIC
EI2HE)— LR D HEBRITHIT—3,

hoge7.txt

G1%#f:23 females G2#£:13 males
A A

4 N[ \
L e e wle e e e e e e e e e e e e e u e a .

W ™ ™ W m m m | m ®w m ™ m 0w W m 0w ©u 0w wm o w om0 om YL 4L 9w 44 L 0 U oD

E E E E E E E E E E E E E E E EEEEEEEEBEZ2LLELH-Z L & Z 2 &0 8 &85

O o O @O @O @ @ L O 4 @ @ - 4 @ @ D - W @ D D D 2 2 2 2 2 2 e e e ==

S T I o I I T I I I I e I A T W Y T T PR T

[ 1 47 10 53 14 17 54 40 29 97 40 46 37112 55 94 31 73 41120 6131 44 42 38 9 15 33 17 39 13 29 63 45 28 61 22
100679 677 765 479 745 840 873 892 458 V03 828 789 911 880 ## 466 551 584 680 410 664 ## 869 621 723 164 957 ## 373 617 709 411 403 635 470 609
oo 402 31211 91, 1 8 14 313 831 2 1 2 2 311 3 5 2 4 2 1 2 2 2 1 436 121 2 3

10000 252 66 93 16152 124 253 96 163 151 200 90 130 218 33 201 214 27 137 158 179 110 159 226 174 45 188 236 165 160 173 220 151 316 169 147

10001 252 86 175 151 269 260 276 239 178 241 257 186 156 194 238 196 207 157 200 221 247 277 234 268 232 53 183 216 240 208 268 357 234 308 255 195

17 3 4 5 2 4 6 924 4 2 2 3 3 3 4 6 7 421 3 3 2 2 234 1 4 2416 18 4 3

10005 20 2 15 f
111 539 334 443 421 588 352 405 342 308 384 394 180 383 266 529 215 452 423 310 371 368 195 366 367 201 422 328 528 300 354 420 237
9989 202 91 218 98 254 156 212 158 145 248 202 153 109 157 283 110 116 232 115 167 163 296 266 177 262 56 200 143 220 199 167 128 207 256 206 159

999 11 6 5 17265 12 13 4 90 37 46169 4 9276 31 29214 21 13195 29 47 29100 22457 59 46433 2 14 13 14 27 3
9990 270 161 127 97 568 260 325 269 401 417 745 567 320 347 429 248 396 342 297 486 703 395 450 338 345 180 845 781 233 476 295 271 222 446 378 233
9991 921 239 557 536 688 710 839 876 444 748 895 468 511 758 581 490 612 444 707 586 498 881 714 720 ## 303 919 726 699 563 910 716 655 ## 762 734
9993 285 141 244 138 325 240 342 284 210 315 288 249 207 305 371 284 220 259 202 257 264 414 290 331 321 90 281 305 364 276 309 296 332 368 396 170

o~

9988 260 163 222

11,482 gene IDs
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contents
n e (RREEEG T YMER)
0 %G ERMNEEZ A LBITHROEE, %kRETAT3 L4
0 B FEyMEHRDEE (emtT77/ LD ERF)
0 BRI T—2EFREEEFE2YNMERDIDD X fT 1T
O #REEFARNA-seq1™ > b T —4R 12w Pickrell data (% GSVAIZL1=H)
0 GSVAD fRERPDFZ A2 (FFtMDcl.all.vb.1.entrez.gmt ZE DA AT EHHY)
s GSVAdata/\wir—J2 D MSigDB ¢c2alL93 3> T#hSc2BroadSets#HET 5
n FoDemtI77AILEHRA AT E T, GeneSetCollectionfe X THYUIRA BEDIZT S
0 GSVADfRERPDFE AR (FTTDHEIET 2771 ILEESTRYKZOH)
m ExpressionSetMEXY KLY, nsFilterBi#iZxALV-RI—IDD EEFRE
n A T7A5 5 Lgsvaf AN A NELTEZIF T+ BT—2 72 (ExpressionSet&Matrix)
s REEFARNA-seqgh > T —42+tvPickrell dataD A hA, RJL—LTLMWNESH
s MSigDB c2aL 7 avI220NHHEMEEEFLEYMENMLIzH D TGSVAZET
0 A =—2%%Entrez gene DT, JIL—T LI BESE =RV T—2T 71 ILIERL
O BREORET—47714)LEc.allvb. 1 .entrezemtzE A HDELTGSVAZELT
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[ J RRHFT | {BAERRIR | B 1T F-t2vF AZHF | GSVA(Hanzelmann 2013) @iEE=FtyhME#HRIL. MSigDB C1aL%

< <,3>@cl.all.vb. 1. . #MALE
ClaL 73 TGSVA | iossnrioinmiis

RT)IEE B 5 i Hr

(last modified 2018/06/29, since 2010)

v ke

o BRiR | HEEZERER | [CDLVT (last modified 2018/06/24)

L, | e BRI | ISEEERAR | GMT D 7 ()LEUE | (CDULT (last modified 2018/07/17)

o FEtR | EEEEREIR | GMT 7 -7JLERE | EGSEAdata(Alhamdoosh 2017) (last modified 2018/06/27)

o FEAR | EEEERRHT | GMT I 7 -7JLERE | GeneSetDB(Araki 2012) (last modified 2018/06/27)

What's nev , g245 | J8SARAT | GMT 7 -7 JLEWE | MSigDB(Subramanian 2005) (last modified 2019/07/19) NEW
« TREHT | o f2iR | 12855847 | GMT 7 1JLESA | GSEABase(Morgan 2018) (st modified 2018/06/25)

o BRI | EEEEAET | BTt AR | GSVA(Hanzelmann 2013) medified 2018/08/10)
o R | MRAEERAR | IBIEF AT FOT—(GO)ERHR | (DT (last mified 2019/05/12)
o FEAR | EEEERET | IBIEF A RO —(GO)EEF | SeqGSEA(Wang 2014)(last modified 2018/06/25)

= —(GOYEEF | GSVA(HEnzelmann 2013V (last modified 2018/06/26)

o« BEIT | BEERRT | BEEFA
o BRI | REERRT | BT A
- BRI | tREEREMR | VIR T (P

iRt | BeaERET | Ef=F Y MEWT | GSVAM iinzelmann 2013) NEW

GSVAFH T Bt BFfrEio el AE T 9. 20T — 213 AbsFilterGSEA (Yoon et al., PLoS One,
2016), HLUFGSVA (Hanzelmann et al., BMC Bioinformatics, 201387, #@ifHT — f&eLTHO oM THWET . B
FE1C12, MSigDED C1&L 33l D231 CEFEN D 200 sex-spectiidd 1B 5 F12 v F (chryql1& chrp22) HIE
BT AL SR RF IR TVWALST T - T. ZCTIZGSVAETICHEL 2 DO I I D35, amtZ 71 ILF
MSigDBH 5851172326 gene setst 570 %l all vé. 1 entrez gmt | CBrFLL T, LW {DH @ BgFF L £ . 151, GSVA
B#FH T o) F 0 237 (Ennthment Score P o7 )1 2 & ISR ET IO T, GSVAD EITD
ADEESFEOT A0 CEL T A0S )L —75 B SA00EI3FERYERA . TDIzH,
GSVAEITIER CH Doutad 7Lz O (Z o IR T EROBEF R i L FIL 0w ANl T, 2% A9 non-
parametricD i 7 A wilcox testE B TL T {85 M- pvalue B$R%E ERISLIZHERD B LTI,

P27 ]-TF 4L OO EE| TRALICL 277V E BN THLST L 2F JICEEIL LUTFE O~

1. 11,482 genes * 36 samplestr>/EHND A 7 — 22771 I(SRP001540 23 13.txt)DIHS:

[+ 1E4RERS | U7 LT — & | SRP001540 | GSVAdata(FHanzelmann 2013)1D {AI887% 7L Ti§5 M7z, 23
females vs. 13 males@ 2BFRALLET T — REREILHOTT, [El—gene ID* TR IFELIZBOT —2TT, BT
o chryql 1D plEn B OB - ThY, LTI R,

in F1 »_ "CRPDARICAG DT 1T ford™ #l 70— 4 FHEIET] Tin £AICEMNTEIE 37— 4 110
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0 i FEATT | R RERER | BioA 2ok BT | GSVA(Hanzelmann 2013)
Cl1aL 723> TGSVA

OFBRT—2I71IDHF(T-

1. 11,482 genes * 36 samplesdo¥iSHN 7 — 82271 )L(SRP001540 23 13.xt)D 55

Mo &SRS |7 ILT — 45 | SRP001540 | GSVAdata(Hinzelmann 2013)1T (7| 287 i TL Ti§ah iz, 23
females vs. 17 males® 2E5fALLE AT — 2&EILLODT T . [Bl—gene IDsw EEFEFELICBOT —2TT . BT

t2 - chryql 10D plEH RSB - THY, FLTTh.

in_f1 <- "SRPPO154@ 23 13.txt" #A N7 1 ILEBEEEL Tin ﬂh*—%—%ﬂ(%iﬂ?i«-ﬂb}h
in 2 <- "cl.all.v6.1.entrez.gm #ANTT7 1A% Eb‘fln 21T (gmt 27 7 L)
out_f <- "hogel.txt™ #1277 1 IEBFEEL Tout_fITHEIN

param_Gl <- 23 #Glﬁ@ﬁy:ﬁwiﬂz%%ﬁ

param_G2 <- 13 #G2HD Y o F I FIEE

#L By T VEO-F

library(GSVA) #15 0y T — D DFL AT

library(GSEABase) #15 0y T — D DFL AR

# 277 A DS IA P

data <- read.table(in_f1, header=TRUE, row.names=1, sep="\t", quote="" 5.
geneset <- getGmt(in_f2, geneldType=Entrezldentifier(),#in 27715 ELJ._?‘J *fJb@u;Lr?}ﬂé

collectlchype BroadCollection(category="cl1"))#in_ f2T1§
#EEEL T AREITTT
#4E(GSVADET) .
data <- as.matrix(data) #7 — A0 Fmatrix|CL ThHa
out <- gsva(data, geneset, #GSVADETT

min.sz=5, max.sz=508, kcdf="Poisson”,#GSVADE{T(BIE Tt FD woi—#bhis

mx.diff=T, verbose=F, parallel.sz=1) #GSVADZE{T
#EEE L TAHRRITTY

Y#in F1ITIEELT

7!

W

>
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W ol W #aeR T Cot A | GSVA(Hanzeimann 2013) (DEntrez gene IDD EHEFREZITL. &5
ZEIZH B - DRBITHT—4

SRP001540 23 13.txt

G1%t:23 females G2%#%:13 males
A A

4 AW 4 \
[18) 1] 1] [1h] [18) 1] 1] [1h] [18) 1] 1] [1K] [18) 1] 1] [1h] [18) 1] 1] [1h] [18) 1] 1]

EEg g 5555 5 EEEEEEEEEEEELEEELEELE =SS == 2222 === = =
L L (W L L L (W L L L (W L L L (W L L L (W L L L (W

-~
1 47 10 53 14 17 54 40 29 97 40 46 37112 55 94 31 73 41120 6131 44 42 38 9 15 33 17 39 13 29 63 45 28 61 22

## 466 551 584 680 410 664 ## 869 621 723 164 957 ## 373 617 709 411 403 635 470 609

100679 677 765 479 745 840 873 892 458 703 828 789 911 880
2 31 3 5 2 4 21 2 2 2 1 436 121 2 3

o0 4 02 31211 915 1 8 14 3 13 8 31 2 1 2
10000 252 66 93 16152 124 253 96 163 151 200 90 130 218 33 201 214 27 137 158 179 110 159 226 174 45 188 236 165 160 173 220 151 316 169 147
10001 252 86 175 151 269 260 276 239 178 241 257 186 156 194 238 196 207 157 200 221 247 277 234 268 232 53 183 216 240 208 268 357 234 308 255 195
34 5 2 4 6 924 4 2 2 3 3 3 4 6 7 421 3 3 2 2 234 1 4 2416 18 4 3

10005 20 2 15 17 f
111 539 334 443 421 588 352 405 342 308 384 394 180 383 266 529 215 452 423 310 371 368 195 366 367 201 422 328 528 300 354 420 237
98 254 156 212 158 145 248 202 153 109 157 283 110 116 232 115 167 163 296 266 177 262 56 200 143 220 199 167 128 207 256 206 159
46169 4 9276 31 29214 21 13195 29 47 29100 22457 59 46433 2 14 13 14 27 3
TA5 567 320 347 429 248 396 342 297 486 703 395 450 338 345 180 845 781 233 476 295 271 222 446 378 233

9988 260 163 222
9989 202 81 218
999 11 6 5 17265 12 13 4 90 37

9990 270 161 127 97 568 260 325 269 401 417
9991 921 239 557 536 688 710 839 876 444 748 895 468 511 758 581 490 612 444 707 586 498 881 714 720 ## 303 919 726 699 563 910 716 655 ## 762 734
288 249 207 305 371 284 220 259 202 257 264 414 290 331 321 90 281 305 364 276 309 296 332 368 396 170

11,482 gene IDs

9993 285 141 244 138 325 240 342 284 210 315

o~
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OEARZELT

i- FEATT | R RERER | BioA 2ok BT | GSVA(Hanzelmann 2013)

ELTEAREN. QEGFEIRD A N—H

1. 11,482 genes * 36 samplestho/aHN b 7T — 2271 (SRP001540 23 13.txt)D]

Mo &SRS |7 ILT — 5 | SRP001540 | GSVAdata(Hinzelmann 2013)1T 51|

females vs. 13 males@ 28L& T — S HEILEO T,
17 b chryql 1D plED TR B Pd- THY., LTI,

[5]—gene IDsF F1E[EEL

O—FE£AZIEREITR. £HRTI26{EDE
EFEVrDREBREEBEFZEIT O OARN

ML LS00 TFEWSEHETIAILEILT T
&, 298D ELFEYMIGEoT=kITT

in_f1 <- "SRPPO154@ 23 13.txt" #$AN77 A IBEEEL Tin_FLUIEH(EE 2 7 1) A
in f2 <- "cl.all.v6.1l.entrez.gmt" #A D77 1 IE -|=l Tin £21088M omt 27 1LY O
out_f <- "hogel.txt" #1272 F *HL*%” R RGui (64-bit) — O Y
param_Gl <- 23 #6130 L _ y , _
param G2 <- 17 #G2HEDY L F g Il BE O BE ot Ayr-¥ 0 94uFY AT Vignettes
~u B -
# 2By T - VRO AR EEIEE
library(GSVA) #1507 — DA |
library(GSEABase) #h o T— VDA R R% e[ S|
Ll
#ANT T A I DFEA AP
data <- read.table(in_f1, header=TRUE, row.names=1, se [11 238 36
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> |
W
< >
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Comparison of GSEA methods for RNA-seqdata | L, SEIDFH K DETHERL. M ITmale THFE
The performances of GSEA methods were compared for published § RIZHE-TWLVET,

eral aspects. First, two RNA-seq datasets denoted by Pickrell and Li data, respectively, were
analyzed for comparing power and accuracy as follows:

The Pickrell data were generated from the lymphoblastoid cell lines of 69 unrelated Nige-
rian individuals (29 male and 40 female) [44]. To analyze the chromosomal differences in

expression between ma]ﬁmale, MSigDB CI (cytogenetic band gene-sets) [45-47] was
used for analysis. The GSEA-SP with SNR gene score was applied for the total dataset which
resulted in two significant gene-sets ‘chryql1’ (FDR = 0.00143) and ‘chrxp22’ (FDR = 0.0514)
both of which were sex-specific. Thess ene-sets were significantly up-regulated in male
and female groups, respectively. Since 1SEA-SP controls the false
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well, these two
gene-sets were regarded as true positives. Then, five samples were randomiy selected from

TAGE LU0 &1 al, BV Blonmmormatics, 2009
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2010

GOSemSim: Yu et al_, Bioinformatics, 2010

RZZ | : Gao et al, Bioinformatics, 2011
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