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2 Stepl.Download GSEA
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http://www.broadinstitute.org/gsea/index.jsp

GSEA Home Downloads Molecular Signatures Database

Gene Set Enrichment Analysis

Downloads

The GSEA software and source code and the Molecular Signatures Database (MSigDB) are freely available to individuals in both academia and industry
internal research purposes. Please see the GSEA/MSigDB license for more details.

Software

There are several options for GSEA software. All options implement exactly the same algorithm. Usage recommendations and installation instructions
listed below. Current Java implementations of GSEA require Java 6 or 7.

javaGSEA - Easy-to-use graphical user interface Launch with

Desktop Applicati . - i
esktop Application Runs on any desktop computer (Windows, Mac OS X, Linux etc.) that supports | 1GB (for 32 or B4-bit Javs) W
Java6or?7 memory:

Produces richly annotated reports of enrichment results

Integrated gene sets browser to view gene set annotations, search for gene sets
and map gene sets between platforms




Step2.Prepare data

pressinn
dataset

Contains features (genes or probes), samples,
and an expression value for each feature in each
sample. Expression data can come from any
source (Affymetrix, Stanford cDNA, and so on).

Format

res, act, pcl, or

bt

Source

You create the file.

Phenotype
labels

Gene sets

Contains phenotype labels and associates each
sample with a phenotype.

Contains one or more gene sets. For each gene
set, gives the gene set name and list of features
(genes or probes)in that gene set.

gmx or gmt

You create the file or have GSEA create
it for you.

You use the files on the Broad ftp site,
export gene sets from the Molecular
Signature Database (MSigDh) or
create your own gene sets file.

Chip
annotations

Lists each probe on a DNA chip and its matching
HUGO gene symbol. Optional for the gene set
enrichment analysis.
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You use the files on the Broad ftp site,
download the files from the GSEA web
site, or create your own chip file.




Expression data format: .gct

# of samples

Third column onwards
are sample names.
These must be UNIQUE

Always “#1.2" =
g T B il C D E F q
1 #1.2 ¥ 4
1:he # of rows _.____2,..-——;_ 1000 130 Dé
(i.e probe 3 [NAME Descrption DLBCL 205 [DLBCL 206 |DLBCL 232 |DLBCL 239 |OWBCL 240
sets) 4 [1007_s_at_|U48705 [FEATURE=mRNA /DEFINTION=HS| __ 28053] _ 27148] _ 11357]  12491] 12491 Data starts on
5 (1053 at __|M87338 FEATURE= /DEFINITION=HUMA1S| 3213 916] 11743 4129 3366 line 4
6 117 at X51757 IFEATURE=cds /DEFINITION=HSPT] 5127 6112 24.1 4144 4356
7 [121 at X69699 /FEATURE= /DEFINTION=HSPAXSA] __ 738.32] _ 33059] 24989 394 55| 32955
8 (1255 g at |L36861 FEATURE=expanded cds /DEFIN 88.45 12.94 18.46 29,96 39
9 (1294 at __ |L13852 FEATURE= /DEFINITION=HUME 1 85.57 88.06 6224 9659] 8101
10 (1316 _at __ |X55005 /FEATURE=mRNA /DEFINMTION=HS] __ 106.87 4511 30.05 46,65 36.5
111320 at __ |X79510 FEATURE=cds /DEFINITION=HSPTH ___ 5849] 2795 176 27 87 26 52
12 (1405 | at _|M21121 FEATURE= /DEFINTION=HUMTCS| 1083] 13524 1343] 20316 85 74
131431 at __ |J02843 /FEATURE=cds /DEFINITION=HUMC 4188 2409 16.07 26 68| 254
14 1438 at___|X75208 FEATURE=cds /DEFINTION=HSPTH 8087 977 15 33 1 1g| 44 59
151487 at___ [L38487 FEATURE=mRNA /DEFINTION=HU| ___ 6426 80.61 102 59.77] 10572
16 1494 f at _ |M33318 /FEATURE=mRNA /DEFINTION=HU __ 21337 96 88 65.06 9614 78.17
17 [1598_q_at_|L13720 FEATURE= /DEFINITION=HUMGAS| __ 45888 _ 21559  18672] _ 187.36] 237 69)
18 (160020 at_|Z48481 FEATURE =cds /DEFINITON=HSMM __ 411.94] _ 171.16 130]  234.76]  266.96)
191729 at__|L41690 FEATURE= /DEFINITION=HU 8159| 8394 74.75 1109] __ 126.98|
201773 at___|L00635 /FEATURE= /DEFINITI onmuwp% 62.62 4596 41.15 231 28.41
21177 at U38545 /FEATURE= /DEFINTION=HSU3854 57.04 28.05 16.74 29.66 53.29]
22179 at U38980 /FEATURE= /DEFINMTION=U38980 H| __ 333.96] _ 254.15]  24124] _ 35058]  143.53|
Y I AOCA I1ECOTH ICEATI INE- MECIMMINLI-LIC] iECOTS h o4 > 4N a3 e 20 a4l ‘Y M]
Column 2: Row

Column 1: Row

identifiers. Typically

probe set ids or clone
ids. These must be

UNIQUE

descriptions. Ignored by
the program - can be
dummy values (e.g. “na”)

Each column contains
expression values from 1
sample. Missing values are
allowed (leave empty).

If editing, in Excel, make sure to save your data as “tab delimited text”5



Phenotype data format: .cls

Categorical class file format (e.g NGT vs DMT; tumor vs normal )
Always 1

Total # of

clams\D@:} @va )Y Cu x%@ %?1.; #E".' 0

Total # of 382 17 Example of a 3 class cls file

samples
/ Space ortab I

Class A delimited Class B

words are also allowed —

Line 2 specifies fo example “aml”
user visible names
for the classes

Continuous file format (e.g time-series or gene profile)

#numeric

#AFFX-BioB-5_st

206.0 31.0 252.0 -20.0 -169.0 -66.0 230.0 -23.0 67.0 173.0 -55.0 -20.0 469.0 -201.0 -117.0 -162.0 -5.0 -86.0
350.0 74.0 -215.0 193.0 S506.0 183.0 350.0 113.0 -17.0 29.0 247.0 -131.0 358.0 561.0 24.0 524.0 167.0 -56.0
176.0 320.0

#§AFFX-BioDn-5

75.0 142.0 32.0 109.0 -38.0 -80.0 62.0 39.0 196.0 -42.0 199.0 49.0 171.0 327.0 115.0 -71.0 85.0 80.0 270.0
182.0 208.0 -94.0 292.0 233.0 34.0 0.0 59.0 233.0 48.0 466.0 -7.0 -96.0 297.0 38.0 208.0 -15.0 30.0 357.0




Gene set database formats : .gmt

B85 - f Cytogenetlc band
A [ER C | 0 | E | F G | If editing in excel
Each row 1 [chrl0g24 Cytogenetic band PITX3  SPFH1 NEURL C10of12 NDUFBB (  \oooop oo oo’
representsone ____, | 2 |chr5q23 Cytogenetic band ALDH7A1 IL13 8-Sep RF1 ACSIE T o dercv to auto
gene set 3 |chrBq24 Cytogenetic band HAS2  LRRC14 TSTA3 DGAT1 RECQL4 ( cy -
4_|chr16q24 Cytogenetic band RPL13 GALNS FANCA CPNE7 comi ¢  formatgene sets
5 |chri3g14 P11 ARL11 ATP7B  C13of1 C13of@ (¢ (SEP8 becomes 8-
6 |chri7p21 Cytogenetic band ARLIA SO GLCCH SPB  SOSTDC11 Sep)

7 |chr10q23 Cytogenetic band SNCG  FERIL3 C10of116 HHEX  TNKS2 ¢

8 |chr14g12 Cytogenetic band C140rf125 FOXGIC HECTD1 SCFD1  AP4S1  (

9 |chr13q13 Cytogenetic band ALG5  RFXAP  DCAMKL1MAB21L1 STOML3 ¢

10 [chrip34 Cytogenetic band JMJD2A MRPS15 HIVEP3 GJB3  CDCA8 [

11 [chr10g21 Cytogenetic band MBL2  C100i70 DNAJC12 BICC1  CXXC6

Second column
contains a brief
description. Its optional
—you canfillina

dummy field (e.g. “na

First column are gene
set names. Duplicates
are not allowed

Unequal lengths (i.e # of
genes) is allowed

GMT format is convenient to store large databases of gene sets. For
a handful of sets (<256) the gmx format offers greater excel-

editability



Microarray chip annotation formats : .chip

i

@E‘!-ﬁﬂt m-: = .Imk Data Window Heb
JL?H_.IduM’?ﬂllut&' JI"I”‘_HI&E

g -0 -|BJ U EEEN S %
) BY - £ AVEN
Columns can appear in A ) | C s
any order (and there can _," 7 |probe Set ID Gene Symbol  Gene Title
be more columns which 2 |A_23_P100001 LOC400451 hypothetical gene supporte
will be ignored). 3 |A_23 P100011 AP3S2 adaptor-related protein con
4 |A_23 P10002 CEP63 centrosome protein Cep63
The column headers 5 |A 23 P100022  SV2B synaptic vesicle glycoprote
must be identical to 6 |A_23 P100033 NA na
listed: 7 |A 23 P100053  NA na
8 |A_23 P100065 LOC388137 similar to Golgi autcantiger
Probe Set ID T90]A 25 P100074  [AVEN ———Japoptosis, caspase actnt
10 A 23 P100088 PSMA4 proteasome (prosome, mai
e Symnol _u_A 23 P100092 FLJ35867 hypothetical protein FLJ35i
Gene Title 12 |A_23 P100103 VPS39 vacuolar protein sorting 39
_13|A_23 P100115 MNA na
14 A 23 P100127 CASCS cancer susceptibility candi
1_5A 23 P100133 NA na
16 A 23 P100141 C160RF28 chromosome 16 open read
AT A _23 P100155 FLJ20507 hypothetical protein FLJ20!
Gene symbols are 18 |A 23 P1001Z7Z—» MMP15 matrix metalloproteinase 1
considered to be case- 19 |A_23 P100189 PRM1 protamine 1
INsensitive 20 [A_23 P100196 UsSP10 ubiquitin specific protease

T

Column 1: probe set

NG e

Column 2: Gene symbol

identifiers. These
correspond to the
features on the
microarray. Must be
unique

of the probe set. Enter

NA if there is none.
Need not be unique

Column 3: Gene title of
the probe set. Enter NA
if there is none



Step3. Loading data

n
2.0 ene set en ment analysis Broad Institute

File Options Downloads Tools Help

Steps in GSEA analysis

Load data

iHome [ Load data x :[EJRunGsea x

Method 1- Method 3: drag smd dyop fs here Supported file formats
m F = Browse for files .. Dataset: res or got (Broad/MIT),
txt (tab-delim text)
— Method 2: Phenotype labels: cfs
Leading edge analysis % Load last dataset used Gene sets: grux or gmt
Gene set tools
Chip2Chip mapping Clear | [ 3 Load these files (2) More on file formats ...
Recently used files {double click to load, right ct cache (objects already loaded & read
* Browse MSigDB options) s)
E ol _anetes_hgu133aMutipleGene.get bt

X

=a Emor: ERROR(S)

Diabetes_collapsed_svmbols got
Diabetes_hgul 33a get

Diabetes_hgml 33aMutipleGene got
Diabetes_hgul 33aMutipleGene got tat

There were errors: ERROR (3) #:1Parsing troubleedu mit broad . genome parsers.Par ...

Files loaded successfully: 4 /4
There were NO errors

| Close J | Detadls »=

Show results folder




i ene set ex

File Options Downloads Tools

Step4. Running analysis

Steps in GSEA amalysis

! }! Load data

Gene set tools

Chip2Chip mapping

& Browse MSigDB

‘E"] Analysis history

GSEA reports

Processs: click 'status' field for results
Name Status

i Home : [ Load data x

: BsJ Run Gsea x

Required fields
v Expression dataset

V Gene sets database

Number of pexmutations

)/ Phenotype labels

Collapse dataset to gene symbols
Pexmutation type

\/ Chip platform(s)

Basic fields

|Diahehas_hgu1 33a [22283:34 (ann: 22283,34,chip na)] "‘
‘ geeaftp broadinstitute org #pub/zsealzene _setefe2 w1 symbols gmt U
1000 +|

‘D:".GSEAwork".exmnple\Diabetes.c]&#NGT_vergus_DlviT | ]

| true

[phenotype

[gsesftp,bmdmsﬁmte.ozg;smuwgwmmmm_u133.»..clu'p | -]

Vamysismm

Enrichment statistic

v Metric for xranking genes
Gene list soxting mode

Gene list oxdexing mode

Max size: exclude laxger sets
Min size: exclude smaller sets

v Save results in this folder

Signal2Noise N

[Diabetes tTest
(weighted Cosine
Test > |Euclidean
al
2 Manhatten
[descending p
500 garson
15 Ratio_of Classes
| DAGSEAworklexample Diff of Classes o




«s GSEA v20.12 (Gene set enrichment analysis -- Broad Institute)

File Options Downloads Tools Help

R i Home Q0 Load data x : E'J Run Gsea x avB
Load data Phenotype labels [D:\GSEAwnrk'semmple‘Diabetes_cls#NG T_versus DMT Ij [=
Collapse dataset to gene symbols lh'UB vl
Pexmutation type Iphenot_vpa v‘
Chip platform(s) ‘gseaftp Jbroadinstitute org:#publgealsnotations™G_T1334 chip E]
Leading edge analysis =
Basic fields L

Gene set tools

Chip2Chip mapping

[ ]

Advanced fields

* Browse MSigDB

Collepsing mode for probe sets => 1 gene |Max_pmhe v‘
: | Normalization mode ‘meandiv v}
E Analysis history ' | Rendomization mode 'no_balance ~|
Omit features with no symbol match true -
Mske detsiled gene set report [true -l
' Medisn for class metrics [false 'l
Sl Number of maxkers IIUU lvj
I Name Sba.t!J.s \V Plot graphs for the top seis of each phenotype ‘20 l-rJ
= i Seed for pexmutation ‘timzsta.mp lv]
Save random renked lists |false
Make a zipped file with all reports ‘fﬁl&&
GSEA reports
Processes; click ‘status’ field for results 4| i |
i :I ;]:;a ;::; s | @ < Resst % Last £5) Cormmand ‘Low V] » Rm

Ie:

F4F 0405:11 || 7] 1828 [INFO | Losding .. 1 filesDisbetes clsFiles loaded suscessfully: 1 / 1 Thers were NO errors After setting the parameter |



Step5. Viewing analysis results

GSEA Report for Dataset Diabetes _hgu133a

Enrichment in phenotype: NGT (17 samples)

= 109 / 305 gene sets are upregulated in phenotype NGT

3 gene sets are significant at FDR < 25%

1 gene sets are significantly enriched at nominal pvalue < 1%
+ 3 gene sets are significantly enriched at nominal pvalue < 5%
Snapshot of enrichment results

Detailed enrichment results in html format

Detailed enrichment results in excel format (tab delimited text)
+ Guide to interpret results

=

Enrichment in phenotype: omT (17 samples)

196 / 305 gene sets are upregulated in phenotype DMT

0 gene sets are significantly enriched at FDR < 25%

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

Detailed enrichment results in html format

+ Detailed enrichment results in excel format (tab delimited text)
« Guide to interoret results

[tz /7 & D:\GSEAwork\example\Diabetes.Gsea.1376985908703\index.html]
B A GSEAE4

-

12



*SIZE: Number of genes in the gene set after filtering out those genes not in the expression
dataset

*ES: Enrichment score for the gene set; that is, the degree to which this gene set is
overrepresented at the top or bottom of the ranked list of genes in the expression dataset.

*NES: Normalized enrichment score; that is, the enrichment score for the gene set after it has
been normalized across analyzed gene sets.

*NOM p-val: Nominal p value; that is, the statistical significance of the enrichment score. The
nominal p value is not adjusted for gene set size or multiple hypothesis testing; therefore, it is
of limited use in comparing gene sets.

*FDR ¢ val: False discovery rate; that is, the estimated probability that the normalized
enrichment score represents a false positive finding.

Table: Gene sets enriched in phenotype NGT (17 samples) [plain text format]

tags=53%,
1 [[P53_DOWN + Details .. [[15 ||/0.68|/1.66(/0.002 |(0.163 |/ 0.186 | 1988 list=15%,
signal=63%

tags=62%,
2 ||VOXPHOS Details 77 |[0.62]/1.81|(0.016 [[0.154 |(0.296 |/ 3094 list=23%,
signal=81%

(R 2V Er D:\GSEAwork\example\Diabetes.Gsea.1376985908703\gsea_report_for_NGT_1376985908703.html or
gsea_report_for_NGT_1376985908703.xIs] 13




Click “GS DETAILS” and you can see ...

Tabéie: GSEA ResLiE Summany
Daanet Dsoetes_hgu1 3l _cotapeed ko_Symoots Dacetes CENGT_werius_DVT
hami o Dianems CERNGT_wersis_DIT
Upreguiated In ciass =
(G VONPHOS
Enncnmens Soone (ES 0&1geIn
Normaized Enncnment Soore (NES) [| 15054529
Nomiral piaie 0016086879
FOR gl AL ]
FIVER p-Vake A%

GSEA Results Summary

Enrichment plot: VOXPHOS

Enrichment score (ES)
o
-

AT

(1] Zaen convs 1141

Ranked kst metric (ITesl

M (nagativaly tadinlited)
o 2800 5000 7.200 10.000 12.800
Rank in Ordered Dataset

I—- Ennchment profile — Hits Ranking matnic “urn]

Fig 1: Enrichment plot: VOXPHOS

Enrichment plot

Profile of the Running ES Score & Positions of GeneSet Members on the Rank Ordered List

1+ Juoumas NADH cemErgenIs Leisunces) t apra scompes T B8 288 Ln Yo
NP NAD RN CRIATINE (SIS 1 DD hocompee T BN a2 257 oos AL
oAt DCRIT ¢ GICHEE UL V1D DOLGATE0N T (PLBCN w 2508 aosr e
ATRED ATR §rase. = Fangportng, minchonrial F1 compies. © Subuni (ogomychn sty conteering prosen) 155 228 " Yo
DY AT SRS (SN | D kSoorpe £ 1TOH w 2201 w T
6 fame ATP #riate. = Fangporing, mBcRonnial Y ompiles. #0400 SR w 222 515 e
7 fuouess AT OESOTIETENE (JSKONE) FE-5 SO 5, 10N (NADS-SORTE G M0 2% 2167 e e

GSEA details

r}
]

(N (Rl (3 (e (0 (0 ()

SEEEERE

g
<t
O 3000 00O (O

P(ES)

Heat map

VOXPHOS: Random ES distribution

10 ¢ DMT (Neg ES)

100 |

78 {

es 4

i

Sets with pot spbres 50% Pﬂéﬂﬂ

0 dr - - o o = = - -
07 08 05 04 03 02 01 00 01 02 03 04 05 08 O7F

ES

Fig 3: VOXPHOS: Random ES distribution
Gene set null distribution of ES for voxPHOS

Random ES distribution
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Enrichment score

Core gene

Enrichment plot: VOXPHOS

Enrichment score (ES)

0.5

0.4 -

0.3 -

Ranked list metric (tTest)

50

25

0.0

2.5

'NGT' (positively corfelated)

'DMT' (negatively cormelated)

JONTETC O

Zero cross at 7141

Rank at max

0 2,500 5,000

7,500 10,000

Rankin Ordered Dataset

~ Enrichment profile — Hits

Ranking metric scores

12,500

Member of
the gene set
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( ‘7'. ‘P P ES(S):Phit'Pmiss \
B (S.1)= Z JT where N, = Z }rj| N: the number of genes in the gene list L={g,...,g\}
g,e5 VR g;es N,;: the number of genes in the gene set S
= ) p=1: weighted by correlation
P..(S.1)= ri=r(g;)
MIss ( : ) g}zes N — ‘;\:?'R J J
\_ 2 J
0BG,
WA BEZ e gene, 1E LE,
JCHYE 2
izgenefty scoreifd AffE 14
FirE 22 £ geneffyscoref@ EHEAEM] ex: 5
N RIS ML, BRIEEE
AN 1 1
\\ Input geneif-2t Eegenedl ex: 25-5 =0.05
‘\.
BV i = B A =5 B Enrichment score (ES)
| I I I | Gene sets

HHARBRRinput B gene set T A H HUgene=25E

fEREEZEElinput 25 genes, ¥ ER U E & (score) H AR/ NIEFF AT T
1514 131211100908 0.7 06 0.5 04 0.30.20.10.0-0.1-0.2-0.3-0.4-0.5-0.6-0.7-0.8-0.9-1.0-1.1-1.2-1.3-1.4-1.5



Sample 1 2 3...323334
Data 12 3..323334 = ES

Random permutation:

Data’l 2 8 32..12920= ES’1 = NES'1
Data’2 311822...25 921= ES'2 = NES’2

Data’ 1000 2 17 19...34 15 18 =ES’1000=*NES’1000

Distribution of 1000 ES’

A | E
NES (Normalized enrichment score)= ctua S,
mean(ES’)
. ES' KB (ZINR)ESHYES H
Nominal p value= PP —
P ES'BEES[FI 8L H

FDR(False discovery rate):fR#5 15 gene set FNES 2z NES'[f] 2l
R F hgene set FANES (S 2555 7 (false discovery ) JHER
GSEAZE FH{EZFDR<0.25
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