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Learning Objectives of Module

• By the end of this lab, you will:
• Be able to run a simple enrichment tool like g:Profiler using a gene list 

and understand the main parameters and output results.

•  Be able to run GSEA (Gene Set Enrichment Tool) on a ranked gene list 
and understand the main parameters and output results.
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Part 2:Part 1:

Characteristics: g:Profiler GSEA

Input gene list (thresholded) ranked gene list (non thresholded)

Statistics Fisher’s exact test (can upload 
specific background), minimum 
hypergeometric test

modified Kolmogorov-Smirnov 
test

Multiple hypothesis testing 
correction

yes (FDR, Bonferroni, custom) yes (FDR)

Pathway databases (gene-sets)
(choice/ up to date?)

several databases, can check the 
ones we are interested in,  
frequently updated

Several choices from MSigDB from 
GSEA or upload custom ones.
link to Baderlab gene-sets
both frequently updated

Model organisms multiple, directly from Ensembl mostly human through MSigDB but 
compatible with any model 
organisms using the custom upload 
function.

Output Graphic image or table and 
compatible with 
Cytoscape/EnrichmentMap 

Table and Compatible with 
Cytoscape/EnrichmentMap 

Software type Website and R package Standalone (java) / or can be called 
and run from command line

http://download.baderlab.org/EM_Genesets/
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Part 1:
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Dataset: Mutational landscape and significance across 12 
major cancer types

Data used for practical lab:

https://www.nature.com/articles/nature12634 (2013)

Exome sequencing
Tumor samples and 

matched control tissues

Detection of points mutations and small 
insertions/deletions: somatic variant calls in each 

cancer type and in each tumor

Calculation of mutation frequency: genes 
mutated in at least 5% of tumors were 

selected

Genes positively correlated with number 
of mutation per sample

127 ‘significantly mutated genes’
gene list

https://www.nature.com/articles/nature12634
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Explore results

each row is a gene-set 
(pathway)

Note: observe that same genes are included in several enriched gene-sets (pathways). 

Result of Fisher’s exact test + multiple 
hypothesis correction:
gene-sets (pathways) are significantly 
enriched at FDR <0.05 (scientific notation: 
5 x 10-2)

colored boxes: genes in 
our gene list that overlap 
with the tested gene-set
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Time to start practical part:

• Go the the CBW course page and go to module 2. 
• Open the ‘Lab practical part 1 (g:Profiler)’ document.
• Download required files on your computer.
• Do the exercise at your own pace and ask teaching 

assistants for help or questions.
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Bonus – Run g:Profiler 
programmatically from R

• See example code -
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/run-
gprofiler-from-r.html

• For instructions on how to set up R so you can run the above notebooks - 
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/setup.html 

https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/run-gprofiler-from-r.html
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/run-gprofiler-from-r.html
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/setup.html
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Part 2:
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Differential 
expression

RNAseq data

(edgeR)

Data used for practical lab: 
RNAseq workflow

Rank file

Gene-Set 
Enrichment 
Analysis
(GSEA)

Dataset
Pancreatic 
Ductal 
Adenocarcinoma
(TCGA)

Basal Classicalvs

Moffitt, R., Marayati, R., Flate, E. et al. Virtual microdissection identifies distinct tumor- and 
stroma-specific subtypes of pancreatic ductal adenocarcinoma. Nat Genet 47, 1168–1178 (2015)
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Which files do we need to run GSEA?

• A ranked list of genes called the rank file 
•  this is a text file (tab separated) that should be renamed to end 

with the extension .rnk
• This file has 2 columns : 

•  gene identifier
•  ranking values

• A file called a .gmt file that contains the pathway data base 
(the gene-sets)
•  this is a text file (tab separated) that should end with the 

extension .gmt
•  the first column contains gene-set names and the additional 

columns contains the gene names included in each gene-set
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CYP2S1     -11.03
HNF4A      -11.22
FMO5        -23.15

HEATR1 0.001
LCMT2  0
CPB1          -0.01

S100A2 24.85
TP63  12.01

Calculate the ranking score:
Using Excel:
=SIGN(logFC) * -LOG10(PValue)

Using R:
Sign(logFC) * -log10(PValue)

edgeR output

Ba
sa
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al

Sc
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es
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nk
s

How to generate the rank file

2. Save the file as a tab delimited 
text and with the extension .rnk

3.Do keep all genes in the rank files 
(e.g.15,000 genes) ! Do not remove 
non significant ones.
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What does a .gmt file look like? 

MOLYBDENUM COFACTOR BIOSYNTHESIS%HUMANCYC%PWY-6823 molybdenum cofactor biosynthesis    NFS1      MOCS2     GPHN    MOCS3
 
GLYCEROL DEGRADATION I%HUMANCYC%PWY-4261                                 glycerol degradation I                        GK5      GK            GK2 

OXIDATIVE ETHANOL DEGRADATION III%HUMANCYC%PWY66-161 oxidative ethanol degradation III       CYP2E1   ACSS2      ACSS3   ALDH3A2  ACSS1   ALDH2 

TETRAPYRROLE BIOSYNTHESIS II%HUMANCYC%PWY-5189 tetrapyrrole biosynthesis I                  ALAS2    ALAD        UROS      HMBS        ALAS1 

Gene-set nameGene-set name gene gene  gene gene  gene gene

* Save as tab delimited text with extension .gmt
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If your model organism is Homo sapiens, you don’t need to create 
your own:
• you can use directly the MSigDB within GSEA
• you can use the Baderlab gene-set file which is a frequently 

updated .gmt file which gathers public Gene Ontology and pathways 
from different sources.

If your model organism is Mus musculus:
• you can use the Baderlab gene-set file

If your model organism is different and you need to run GSEA:
• get (access or download) the Gene ontology database directly from 

biomart / Ensembl and parse it as a .gmt file (see coding example - 
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/c
reate-gmt-file-from-ensembl.html).

Where to find a .gmt file?
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MSigDB database
https://www.gsea-msigdb.org/gsea/msigdb/
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BaderLab EM_Genesets
http://download.baderlab.org/EM_Genesets/

Reactome
(2652 

pathways)GO BP
(15126 pathways)

Panther
(149 

pathways)

NetPath
(25 

pathways)

NCI Nature
(223 

pathways)

IOB
(34 

pathway)

Human Cyc
(352 

pathways)

Pathbank
(1001 

pathways)

WikiPathways
(877 

pathways)
Msigdb – C2

(488 
pathways)

PFOCR
(49361 

pathways)

Based on June 2024 build

http://download.baderlab.org/EM_Genesets/
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•   go to http://download.baderlab.org/EM_Genesets/
• select current release/

• Human/
• symbol/

• save the Human_GOBP_AllPathways_noPFOCR_no_GO_iea….gmt file on 
your computer (right click on the link to save it)

BaderLab EM_Genesets

http://download.baderlab.org/EM_Genesets/
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GSEA preranked

.gmt

.rnk

Each gene-set will be 
permutated 1000 with 
random genes to build 

the null distribution

weighted = p1
weighted =  p1.5
weighted = p2

classic weight = 0
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Exploring GSEA results
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A GSEA result folder contains multiple files:

•Index.html will guide you to main result file
•The edb folder contains the input files filtered by GSEA
•.rpt file can be used in EnrichmentMap to built a network
•The main GSEA results are in 2 excel files :

• gsea_report_for_na_neg_1717773429384.tsv
• gsea_report_for_na_neg_1717773429384.tsv

How to access GSEA results?
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Index.html 
 summary of results

• Give the number or significant 
gene-sets (pathways)

• Link to the GSEA plots 
(snapshots)

• Link to the GSEA results as 
tabular format (html or excel 
format) 

Note: you can access the index.html 
file using the ‘Success’ link or 
locate it in the GSEA folder result.

Basal

Classical

gene-sets enriched in genes up-
regulated in treated cells 
compared to non-treated 
samples or condition A vs 
condition B

gene-sets enriched in genes 
down-regulated in treated cells 
compared to non-treated 
samples or condition B vs 
condition A
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Exploring  GSEA Results
NES FDR

NES: normalized enrichment score
FDR: false discovery rate

Excel tables are going to be 
exported and uploaded in 
Cytoscape/EM (module 3)
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Exploring  GSEA Results

NES:2.48
FDR:0.000

NES:-2.24
FDR: 0.000

Basal Classical

LED
LED

ES
ES

ES: enrichment score; NES: normalized enrichment score; 
LED: leading edge genes; FDR false discovery rate

Basal Classical
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Time to start practical part:

• Go the the CBW course page.
• Download or open the Module 2 Lab practical  documents.
• Download required files on your computer.
• Do the exercise at your own pace and ask teaching 

assistant for help or questions.
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Links to more tutorials

Step by Step Protocol: Pathway enrichment analysis of -
omics data:

https://www.nature.com/articles/s41596-018-0103-9

Notebooks of the protocol:
https://github.com/BaderLab/Cytoscape_workflows/tree/

master/EnrichmentMapPipeline

https://baderlab.github.io/Cytoscape_workflows/Enrichme
ntMapPipeline/index.html

https://www.nature.com/articles/s41596-018-0103-9
https://github.com/BaderLab/Cytoscape_workflows/tree/master/EnrichmentMapPipeline
https://github.com/BaderLab/Cytoscape_workflows/tree/master/EnrichmentMapPipeline
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Bonus – Run GSEA 
programmatically from R

• See example code -
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/run-gsea-
from-within-r.ht

• For instructions on how to set up R so you can run the above notebooks - 
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/setup.html 

https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/run-gsea-from-within-r.ht
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/run-gsea-from-within-r.ht
https://risserlin.github.io/CBW_pathways_workshop_R_notebooks/setup.html
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We are on a Coffee Break & 
Networking Session

Workshop Sponsors:


