WSS

Wei Sheng Xin

M b /\\II:II/\\ﬁJ\j;ﬁ
Gene Set Enrichment Analysis

F&RAEZR 202411

[T1 T




AL A

=
=S

(gene set) i

- —HATHREYFEMHIIENERES

* FEENTEENTE: AR—FREF L. B—1BEREN, EmRNANZEERER, FKAH
APSRENERF. fl: SRIETHAER, FRTHIER, ILBRUEXERSTS

- HERMNER, CELELRENERSE (TJEH)
« 'BBEZAELRELE, 200 EER/MEX, 7000 B EHZR

HERAED:
HEREE2:
HERFE3:

HEHAE&E4
ERAES

T REZEHR
B

Xk BB

. b

C JEER

HES

Wei Sheng Xin

20HBLARETFHHRFFREMRENA (1I60s) =X

Fiy
1909
1951
1962
1970
1981
1989
1992
1996
2000

2005

#EsEE: Union of International Associations

HE
37
123
163
242
1039
4068
4878
5885
6556

7350



Gene Set Enrichment Analysis

GSEAE X

X B

https://mww.gsea-msigdb.org/gsea/indexjsp

ﬁSE&_ T

Downloads

UC San Diego

Overview

EZBROAD

INSTITUTE

Gene Set Enrichment Analysis (GSEA) is a computational method that
determines whether an a priori defined set of genes shows statistically
significant, concordant differences between two biological states

(e.g. phenotypes).

Download the GSEA software and additicnal resources to analyze,
annotate and interpret enrichment results.

Explore the Molecular Signatures Database (MSigDB), a collection of
annotated gene sets for use with GSEA software.

View documentation describing GSEA and MSigDB.
View guidelines for using RNA-seq datasets with GSEA.

Use the GenePattern platform to run analyses, including classical GSEA
and a variation designed for single-sample analysis (SSGSEA).

What's New

9-Aug-2024: MSigDB 2024.1 provides collection updates for GO, Reactome,
WikiPathways, and mere along with numerous new set additions for Human
and Mouse Databases. Additionally, gene data has been updated to Ensembl
112. See the release notes for details.

6-Feb-2024: GSEA 4.3.3 released. This is a minor release to update the
OpenlDK distribution included in the platform bundles, to pick up recent
OpenlDK improvements, bug fixes, and security patches. See the release

Molecular Signatures Database

Molecular Profile Data

Enriched Sets
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Gene Set Database

License Terms

GSEA and MSigDB are available for use under these license terms.

Please register to download the GSEA software, access our web tocls, and
view the MSigDB gene sets. After registering, you can log in at any time using
your email address. Registration is free. Its only purpose is to help us track
usage for reperts to our funding agencies.

Citing GSEA
To cite your use of the GSEA software, a joint project of UC San Diego and

Broad Institute, please reference Subramanian, Tamayo, et al. (2005, PNAS)
and Mcotha, Lindgren, et al. {2003, Nature Genetics).

sinobio@gmail.com

Human Collections
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hallmark gene sets are coherently

H expressed signatures derived by aggregating
many MSigDB gene sets to represent well-
defined biological states or processes.

ontology gene sets consist of genes
C5 annotated by the same onteclogy term.

positional gene sets corresponding to
C 1 human chromosome cytogenetic bands.

oncogenic signature gene sets defined
C6 directly from microarray gene expression data
from cancer gene perturbations.

curated gene sets from online pathway
C 2 databases, publications in PubMed, and
knowledge of domain experts.

immunologic signature gene
C 7 sets represent cell states and perturbations
within the immune system.

regulatory target gene sets based on

C 3 gene target predictions for microRNA seed
sequences and predicted transcription factor
binding sites.

cell type signature gene sets curated
C8 from cluster markers identified in single-cell
sequencing studies of human tissue.

computational gene sets defined by
C4 mining large collections of cancer-oriented
expression data.

Mouse Collections

mouse-ortholog hallmark gene sets are

M H versions of gene sets in the MSigDB
Hallmarks collection mapped to their mouse
orthologs.

regulatory target gene sets based on

M 3 gene target predictions for microRNA seed
sequences and predicted transcription factor
binding sites.

M 1 positional gene sets corresponding to
mouse chromosome cytogenetic bands.

M 5 ontology gene sets consist of genes
annotated by the same ontology term.

curated gene sets from online pathway
M databases, publications in PubMed, and
knowledge of domain experts.

cell type signature gene sets curated
Ms from cluster markers identified in single-cell
sequencing studies of mouse tissue.
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Rank Metric (s)

1 E2f3 18.63
2 Myc 16.05
s Laminin 15.11
4 E2f2 15.10
5 Rb 14.99
E2f1 14.77
. 7 Acconitase 14.65
Ranked Gene List (L) TNF-alpha SR
3 Cdk4 13.89
gene, s,
1 n-2 1G] -34.47
5 -1 Nos -34.94
3 n Pp2a -35.14
4
Gene Set (G,) ¢ >i Gene set membership
‘Cell Cycle' 7
'
1 E2f3 18.63
2 Myc 16.05
3 Laminin 15.11
4 E2f2 15.10
5 Rb 14.99
6 E2f1 14.77
7 Acconitase 14.65
5  TNF-alpha 14.26
g Cdk4 13.89
1 gene; 5,
n-2 gl -34.47
n-1 Nos -34.94
n Ppza -35.14
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Enrichment plot: P53_DOWN_KANNAN
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« WARET . FIXE (E/D3vs3) . prerank (1vsl, 2vs2, HEFEIE,
5clusterProfile—#f) R R I

gene_id cancer-1 cancer-2 cancer-3 control-1 control-2 control-3
° iA]\ . IEEENG g.?SOSQS 3.890362 2.39010? 3.222694 3.?43941 3.45907
HU * / DPM1 5147331 3.756595 4574771 1.331211 2187636 1.630465
\ S Varay
1) FIKE (tpm, fpkmZF, A Hlog2)
= 1 B
i 2 ) i% .JZ:FIL_J'TEI' /§\ (J”)ﬁ\}? Ilﬂ Zibi-) group.cls ¥
. £= ('Aﬁ —E g =\ ) 1 621
3) % < E' Im ! = ZE 2  # cancer control

SCYL3 1.22566 1.035075 1.08619 0.201576 0.5159356 0.258500
A 3 cancer cancer cancer control control control
L]
¢ iﬁﬂ ﬁ

L=z IS ) I = T G

Clorf112 3.660326 3.202013 3.148393 1.076804 1.869494 1.185398
Enrichment plot: MIR3064_3P

A B C D E
|EGFR tyro_lhttps:X/www.genor AKT3 BCLZL11 P3R3URF-
Long-tern https.//www.genor RAPGEF3 ADCY1  ADCY8
Aminoacy https.//www.genor FARSB WARSZ2  FARS2
Biosynthet https://www.genor GNE NANP FCSK
Morphine https.//www.genor GNB5S ADCY1 ADCY?2
Parkinson https.//www.genor NDUFC2- PPIF TRAP1
Galactose https://www.genar GALM AKR1B1 GBPC1

; ; i i ‘ ! Yersinia in https.//www.genor AKT3 ARPC5  ARPC4
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‘ Enrichment profile — Hits Ranking metric scores & : W %
% —- ;|E/J/i\ ’E/ ~

Enrichment score (ES)
o o o
W

o o
o -

L

Zera cross at 11261

B R 9 o oa

20" (negatively comelated)

o

D00~ M &M

Ranked listmetric (SignalZNoise)




A GSEA 4.2.3 (Gene set enrichment analysis)

’File Downloads Help
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Steps in GSEA analysis

Load data
-ﬁ‘ Run GSEA i% ‘ﬁﬁ 1‘% £
Leading edge analysis

& Enrichment Map Visualization

Tools

-ﬁ Run GSEAPreranked P re ra n k*% _t

&)
ﬁ] Collapse Dataset

Chip2Chip mapping

Analysis history

{ Home

GSEA reports
Processes: click 'status’ field for results

Name Status

Show results folder

m Gene Set Tools Getting Help

1. What you need for GSEA
+ Expression data set
+ Phenotype annotation
+ Gene sefs — use MSigDB or
your own gene sets
2. Run GSEA
+ Start with default parameters
+ If you want to collapse probes to
genes. specify chip platform

3. View results

4. Leading edge analysis

+ Leading edge finds genes
driving enrichment results

Chip2Chip mapping
- Convert gene sets between
platforms

| Chip2Chip mapping

Explore MSigDB gene sets

* See the online tools and data at
www.msigdb.org

= Search the database of
thousands of gene sets

- Browse the gene sets by name
* Find overiapping gene sets
= Export gene sets

GSEA web site:
www.gsea-msigdb.org

Contact the GSEA team:
gsea-msigdb.org/gseal/contact.jsp

EBROAD

INSTITUTE

UC San Diego

1 F411:18:22 BES [1728962279710] [f5/2] Made Vdb dir: C:\Users\uuu\gsea_home\output\oct15

39M of 510M m'



GSEA 4.2.3 (Gene set enrichment analysis)
| File Downlocads Help

' Steps in GSEA analysis

L 12] Load data

E Run GSEA
Leading edge analysis

& Enrichment Map Visualization

~Tools
E Run GSEAPreranked

@ Collapse Dataset

Chip2Chip mapping

Analysis history

Name

Status

|

Load data: Im ata into the application

Method 3: drag and drop files here

Method 1:
’V F= Browse for files ...

Method 2:
{ % Load last dataset used

Recently used files
(double click to load, right click for more oj
& .\OO\group.cls

_\DDO\collapse.input1_ tet

Loading ... 2 files

collapse.input1.txt group.cls
Files loaded successfully: 2 / 2
There were NO errors

L wmE

Supported file formats
Dataset: res or gct(Broad/MIT),

iHome EﬂLoaddata X L E |

pcl (Stanford)

txt (tab-delim text)
Phenotype labels: cfs
Gene sets: gim.x or gmtor grp
Annotations: chip

() File Format Help ...

# Load these files!

Object cache

-3 Datasets
-3 Phenotypes

=[5 Objects in memory [shift-click to expand all

k for more options)

E411:25:33 [1728362726557] [INFO] <html=Loading ... 2 files<br= <br=collapse.inputl.txtgroup.cls<br=Files loaded successfully: 2 / 2<br=There were NO errors</html=
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A GSEA 4.2.3 (Gene set enrichment analysis) - X
‘ File Downloads Help ‘
Steps in GSEA analysis Home | :[¥Load data x 3 Run Gsea X 4 p B
Load data g3
Required fields
Expression dataset ‘collapse.input‘l [19349x6 (ann: 19349,6,chip na)] :l % \j: _Iﬁaﬁ (fp km , tp m _::_/:_r’\")
= Gene sets database ‘iﬁﬂl\ﬁﬁil\067RNAseq¥i-]Eﬁ]E\077GS EA\gsea\hsa.pathwayﬁ2024081?.gmtl = | E
Leading edge analysis — %
Number of permutations ‘1000 |'| S
i L Phenotype labels ‘ﬁﬂ\OG_RNAseqﬁﬁ}E—QE{E\O?_GS EA\ER\group.cls#cancer_versus_control I_l F[J 2. A
Enrichment Map Visualization — ==t -l, VS_L
Collapse/Remap to gene symbols ‘ No_Collapse ?l
: Permutation type ‘geneﬁset =| 7VS7 [/X |\ FH g ene Set
Run GSEAPreranked Chip platform I v | -
¥ % Fphenotype
j Collapse Dataset Basic fields | Show |
Chip2Chip mapping
— Advanced fields Show
IE] Analysis history
GSEA reports
Processes: click 'status’ field for results
| Name Status
Show results folder @ <7 Reset D Last £l Command B Run

FF11:28:24 [1728962867677] [INFO] <html=>Loading ... 1 files<br><br>hsa.pathway 20240817.gmt<br>Files loaded successfully: 1/ 1<br>There were NO errors</html> |81M ofs1om



N GSEA 4.2.3 (Gene set enrichment analysis) - X
‘ File Downloads Help
Steps in GSEA analysis {Home :[floaddata x | [ Run Gsea x 4 b A

Load data

m Run GSEA
Leading edge analysis

A Enrichment Map Visualization

Tools
m Run GSEAPreranked

ﬁ Collapse Dataset

Chip2Chip mapping

IE Analysis history

GSEA reports
Processes: click 'status’ field for results

| Name

Status

TISTIO Y e TaeT

Collapse/Remap to gene symbols

[P TiIITeT:

A W T S L B (g T O et

TICCT Vo ed il |

[Nojollapse

IC

Show results folder

Permutation type [geneﬁset
Chip platform | [ :
Basic fields -
Advanced fields
Collapsing mode for probe sets => 1 gene [Max_pmbe
Normalization mode [meandiv
7 LT .4
Seed for permutation |14.q |Sl\fi4;) L |KI I
Randomization mode [no_balance
Alternate delimiter |
Create GCT files [false
=5
Create SVG plotimages [true Svg N )_l
Omit features with no symbol match [true
Make detailed gene set report [true =
Median for class metrics [false hd
Number of markers |100 [vl
Plot graphs for the top sets of each I . ?'_JE‘L_% 12 F
phenotype |100 q:.EY..—.l S/ ,'q: {'l
Save random ranked lists [false vl
Make a zipped file with all reports [false ?l
i)} < Reset % Last =] Command P Run

1129016 ‘ | [1728962867677] [INFO] <html=Loading ... 1 files<br= <br=hsa.pathway_20240817.gmt<br=Files loaded successfully: 1/ 1<br=There were NO errors</html=
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GSEA Report for Dataset collapse.input1

Table: Gene sets enriched in phenotype cancer (3 samples) [plain text format]
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1 |RIG-LLIKE RECEPTOR SIGNALING PATHWAY Details . |71 [o.58]1.35]0.002 1.000 0.796 5365 tags=45%, list=28%, signal=62%
. .
E n r“:hm ent In phe noty pel cancer (3 samples) 2 |[PANTOTHENATE AND COA BIOSYNTHESIS Detais .. |21 [0.61]1.30]0.053 1.000 0.969 6630 tags=57%, list=34%, signal=87%
3 [UBIQUITIN MEDIATED PROTEOLYSIS Details . |141 [[0.53]1.28]0.001 1.000 0.991 5812 tags=57%, list=30%, signal=82%
4 |[CIRCADIAN RHYTHM Details .. |33 |0.57]1.28][0.030 1.000 0.992 5157 tags=55%, list=27%, signal=74%
; 5 [AUTOPHAGY - ANIMAL Details . |168 [0.53]1.28 [0.000 0.948 0992 6508 tags=60%, list=34%, signal=00%
» 327/ 336 gene sets are upregulated in phenotype cancer — 20570, e 4%, ciona
. 6 |[TOLL-LIKE RECEPTOR SIGNALING PATHWAY Details .. |07 |[0.53][1.27 [0.005 0.914 0.997 5365 tags=42%, list=28%, signal=58%
+ 0 gene sets are significant at FDR < 25% - : -
. . i 0 7 |TCELL RECEPTOR SIGNALING PATHWAY Details . |[122 [0.53]1.27 [0.000 0787 0997 6625 tags=48%, list=34%, signal=73%
* 18 gene sets are significantly enriched at nominal pvalue < 1% 8 [ VALINE, LEUCINE AND ISOLEUCINE DEGRADATION Details .. |48 |0.55]1.27 [0.028 0.740 0.999 6630 tags=58%, list=34%, signal=89%
s 45 gene sets are significantly enriched at nominal pvalue < 5% 9 | CHAGAS DISEASE Details . [[102 [[0.54]1.26|0.004 0665 1.000 6132 tags=51%, list=32%, signal=74%
+ Snapshot of enrichment results 10 |[CELLCYCLE Details... |[158 [[0.52]1.26]0.001 0.640 1.000 6839 tags=64%, list=35%, signal=98%
1 " H il = o ist= i —06%
« Detailed enrichment results in html format 11 || ADHERENS JUNCTION Details . |92 [0.53]1.26 [0.005 0.586 1.000 6926 tags=62%, list=36%, signal=96%
- - : _ 12 || NOD-LIKE RECEPTOR SIGNALING PATHWAY Details ..  |183 |[0.51]1.25[0.000 0.646 1.000 6722 tags=48%, list=35%, signal=73%
* Detailed enrichment results in TSV format (tab delimited text) : : :
) - 13 || NICOTINATE AND NICOTINAMIDE METABOLISM Details . |38 [0.55]1.25]0.045 0.604 1.000 4017 tags=37%, list=21%, signal=46%
-
Guide to interpret results 14 || INE SIGNALING PATHWAY Details .. |19 [[o.52][1.25]0.001 0.570 1.000 5798 tags=54%, list=30%, signal=76%

Enrichment in phenotype: control (3 samples)

+ 9/ 336 gene sets are upregulated in phenatype control

* 5 gene sets are significantly enriched at FDR < 25%

+ 2 gene sets are significantly enriched at nominal pvalue < 1%
« 2 gene sets are significantly enriched at nominal pvalue < 5%
+ Snapshot of enrichment results

* Detailed enrichment results in html format

* Detailed enrichment results in TSV format (tab delimited text)
* Guide to interpret results

Dataset details

* The dataset has 19349 features (genes)

Table: GSEA Results Summary

Dataset collapse group cls#cancer_versus_control
Phenotype group cls#cancer_versus_control

Upregulated in class cancer

GeneSet RIG-I-LIKE RECEPTOR SIGNALING PATHWAY
Ennchment Score (ES) 0.5763897

Normalized Enrichment Score (NES)|| 1.3535781

Nominal p-value 0.002

FDR g-value 10

FWER p-Value 0.759

* No probe set == gene symbol collapsing was requested, so all 19349 features were used

Gene set details

+ (Gene set size filters (min=15, max=500) resulted in filtering out 23 / 359 gene sets
+ The remaining 336 gene sets were used in the analysis
+ List of gene sets used and their sizes (restricted to features in the specified dataset)

Enrichment plot: RIG-I-LIKE RECEPTOR SIGNALING

PATHWAY

08

Bos NES:1.35

£ 04 PVALUE:0.002
%03

é 02

é 0.1
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\ 07 gsea_input.txt ¥ Wei ShEﬂg Xin
1 |symbol logFC
C U S e r ro | e r 2 BARX1 10.114891603
3 SBSN 9.160176804
4 STUB1 9.000828135
5 ALDH3A1-8.994223861
6 FTH1 8.839088785
07_gsea.R ¥ 7 PRG4 8.81770757
1 #ARE _ 8 IGFBP3 8.570776189
§ {%‘;rﬂrygduf'tﬁ'“i’rg‘;ﬂer} 9 INSYN1 8.28441162
rhrarytentichpto 10  INHBB 8.15523049
[ #oct - seed(26176312) 11  ARL2BP 8.122468625
6 # 1EREHAESER (symbol, log2fc@Fl)
7 mydata = read.table("07 gsea input.txt", sep="\t", header=TRUE, quote="") A B C D E
8 GSEA_input=-mydata$logFC 1 |EGFR tyrolhttps://www.genorAKTB BCL2L11 P3R3URF-
9  names(GSEA_input) = as.character(mydata$symbol) 2 |Long-tern https://www.genor RAPGEF3 ADCY1  ADCY8
16 GSEA_input = sort(GSEA_input, decreasing = TRUE) 3 | Aminoacy https//www.genor FARSB  WARS2  FARS2
g - 4 |Biosynthe:https.//www.genorGNE  NANP  FCSK
13  kegg_gmt <- read.gmt("hsa.pathway 20240817.gnt") £ _Morphlne hitps.//www.genor GNBS ADCY1 |ADCY2
14 6 |Parkinson https://www.genor NDUFC2- PPIF TRAP1
15 # =SE4 7 |Galactose https.//www.genor GALM ~ AKR1B1 G6PC1
16  gsea.KEGG <- GSEA(GSEA_input, minGSSize = 10, maxGSSize =500, TERM2GENE = kegg_gmt, eps=le-16, pvalueCutoff=1.0) 8 |Yersiniainhttps.//www.genor AKT3 ARPC5  ARPC4
17 @ |Gtarch and httre / Asaana manar TREH | (12400 1 OC124a0
18 # SHER
19 write.table(gsea.KEGG, file='07 gsea result.xls', sep='\t', row.names=F, quote=F) A 5 c o . . e " | )
20 \ 1 lDescriptiosetSize enrichmer NES pvalue p.adjust  gvalue rank leading_eccore_enrich
21  # 278 2 |Olfactory 428 -06484 -188154 100E-16 160E-14 127E-14 5773 tags=41% OR3AL/OR
22 df( 97 sea plot.pdf!’ , Width=1'3, hei ht=?, family="1 I'J'_-Ea-|.|l"'_”} 3 Neuroac‘fi: 368 -0.60952 -1.76231 1.00E-16 1.60E-14 1.27E-14 4141 tags=47:9‘.-. CRH/FSHR/
23 gseaplofg(gsgg.KEGE, c("Olfactory ‘tl'-ﬁ?%:;i,l ::ti:::-"|”},yc010r=c( '#FEQOOO'), pvalue_table = T, base size=12) 2 S;?;f,,”c“.' }ﬁ? 822% ﬂéiég 2;3:5 ISQE%E ?Q?Eég 332? Egilﬁi Ei‘é&fﬂﬁﬁ
24 dev.off() 6 |Taste tran 85 -067421 -1.86208 344F-10 220E-08 175E-08 3108 tags=47% ASIC2/ADC
25 7 |Hematopc 96 -0.64865 -1.80198 2.10E-09 1.12E-07 8.93E-08 3554 tags=50%, ILIR2/CD24
8 |Celladhes 154 -0.56567 -160445 1.03E-07 A.726-06 3.76E-06 4189 tags=45%, ITGAG/CLD
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A | B | ¢ | b | E | | e | ® | 1 | 71| K , L ,
1_
2_
3 |GeneSet, ID, Description: AEPREMN) 47 B ik {5 EL
4 |setSize: FEPAEPQLEHIZERLL
5 |enrichmentScore: B FE 4T HIES
6 |NES: ek LUS S FE 4%, Normalized Enrichment Score
7 |pvalue: & EMP{H
8 |p.adjust: fZIEfPIE
9 |qvalues: FDR (false discovery rate) SR N2
10 |rank: 5 EESE RN, AT REEE FTEHER I 0 RE R 5 R b i db i A B
11 |leading_edge: tagsf i DIERTIZAEREM A0t ListFRonBOLIER LT 2EM A 20 be; signal, FFAU2ABETHE TS0 1) 05 S 0
12 |core_enrichment: FaJE[H 513
13 |
14 GeneSet ID Description setSize enrichmentScore NES pvalue p. adjust gvalues rank leading_edge core_enrichment
15 |HALLMARK HALLMAR HALLMARK BILE 112 —0. 831280444 -2.615133614 1E-16 1E-15 4.21E-16 2264 tags=63%, list=11%, signal=537% HSD17B11/IDI1/NEDI
16 |HALLMARK HALLMAR HALLMARK_EZF_ 196 0.733123923 3. 047759875 1E-16 1E-15 4.21E-16 2931 tags=63%, list=14%, signal=33% PTTG1/TOP2A/DLGAP:
17 |HALLMARK_ HALLMAR HALLMARK_FATT 155 —0. 729026212 —2. 361585203 1E-16 1E-15 4.21E-16 2264 tags=3T%, list=11%, signal=51% HSD17B11/0STC/HADE
18 |HALLMARK_ HALLMAR HALLMARK_GZM_ 192 0.705013268 2.902961942 1E-16 1E-15 4.21E-16 2766 tags=50%, list=13%, signal=48%  PTTG1/TOP2A/CDC6/)
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