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Learning Objectives

• By the end of this lecture, you will:
• Understand how to transform your enrichment 
results from g:profiler, gsea or other 
enrichment algorithms to a Network
• Understand the differences between a 
network and an Enrichment Map
• Be able to summarize your enrichment results 
with annotation using the Autoannotate App.
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Results of Lab 2 – Enrichment Results

• Over the years thousands of papers have been translated into 
digital representations as pathways or functional annotation.

• Enrichment analysis allows us to interpret data from these papers
• But …. Major cognitive burden relating overlapping information



6Module 3 – part 2 bioinformatics.ca

Pathway Enrichment Test: General 
Framework

Spindle 0.00001
Apoptosis 0.00025

Experimental
Data

Pathway
Database

ENRICHMENT
TEST

Enrichment Table
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Pathway Enrichment Analysis
Ranked Gene 

List

Pathways

GSEA

UP
(A > B)

DOWN
(B > A)

g:Profiler
Thresholded 

lists (selected 
genes)

A B

Merico D, Isserlin R, Stueker O, Emili A, Bader GD 
Enrichment map: a network-based method for 
gene-set enrichment visualization and 
interpretation PLoS One. 2010 Nov 15;5(11):e13984
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Network Basics
Node 
(molecule/entity)
• Gene
• Protein
• Transcript
• Drug
• MicroRNA
• …

Edge 
(interaction/relationship)
• Genetic interaction
• Physical protein interaction
• Co-expression
• Metabolic reaction
• DNA-binding
• …
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Enrichment Map Basics
Node (molecule/entity)
• Pathway or geneset
• Size is correlated to number 

of genes in set
• Color indicates class in 

below example (for example 
Up/Down, classA/classB)

Edge (interaction/relationship)
• Degree of overlap between two 

genesets
• The more genes two pathways 

have in common the 
thicker/stronger the connection
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Enrichment Map
Overlap
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Each row is a gene-set (pathway).
It displays:
● a score associated with the magnitude of overlap between gene-set and gene 

list.
● a pvalue that estimates the significance of the enrichment (by chance or not).
● a corrected pvalue (FDR) that corrects for multiple hypothesis testing.

Typical Output
Network Visualization
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Enrichment Map: use case I
Single enrichment

Estrogen treatment of breast cancer cells
● Design:

2-time points, two-class

● Gene set Database:
Gene Ontology 

12 hrs 24 hrs

Estrogen-treated 3 3
Untreated 3 3

Lin C-Y, Vega VB, Thomsen JS, Zhang T, Kong SL, et al. (2007) Whole-genome 
cartography of estrogen receptor alpha binding sites. PLoS Genetics 3:e87
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Enrichment Map: use case II
Comparison of two enrichments

Estrogen treatment of breast cancer cells
• Design:

2-time points, two-class

• Gene set Database:
Gene Ontology 

12 hrs 24 hrs
Estrogen-treated 3 3
Untreated 3 3
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Enrichment Map: use case III
Query Set Analysis

Wojtowicz EE, Lechman ER, Hermans KG, et al. Ectopic miR-125a Expression Induces Long-Term 
Repopulating Stem Cell Capacity in Mouse and Human Hematopoietic Progenitors. Cell Stem Cell. 
2016;19(3):383-396
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Enrichment Map: use case IV
Multiple Datasets

Pajtler KW, Witt H, Sill M, et al. Molecular Classification of Ependymal Tumors across All CNS Compartments, 
Histopathological Grades, and Age Groups. Cancer Cell. 2015;27(5):728-743
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Enrichment Map Features
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Heatmap Panel

Leading Edge
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Cluster
Maker2

Enrichment Map Features
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AutoAnnotate
Steps:

1. Cluster the. Network

2. For each cluster, find 
frequent words in 
node labels

3. Select top 3 words to 
create labels

4. Possibility to move or 
edit labels to make 
figure publication 
ready.
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AutoAnnotate
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Collapsed network
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Pinto et al. Functional impact of 
global rare copy number variation in 
autism spectrum disorders. Nature. 
2010 Jun 9.

Pathways Enriched in Autism Spectrum Disorder
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Practical Lab

• Experiment with Cytoscape
• Try out Enrichment Map
• Load your g:Profiler results – and - load the GSEA 

enrichment analysis files that you generated in Module 2 lab
• Try out all the different Enrichment Map features
• Try AutoAnnotate to annotate your networks.
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We are on a Coffee Break & 
Networking Session

Workshop Sponsors:


