
1 bioinformatics.ca

Canadian Bioinformatics Workshops
www.bioinformatics.ca

bioinformaticsdotca.github.io



2 bioinformatics.ca



3 bioinformatics.ca

More Depth on Pathway & Network Analysis

Veronique Voisin
Pathway and Network Analysis

June 26-28, 2024

Reactome FI practical lab

Cytoscape



4 bioinformatics.ca

Learning Objectives of Module

• Be able to perform pathway and network-
based data analysis using the 
ReactomeFIViz app.
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Major Features in ReactomeFIViz

The ReactomeFIViz app is designed to find pathways and network patterns related to cancer and other types of diseases.

This app accesses the Reactome pathways stored in the database:
• help you to do pathway enrichment analysis for a set of genes
• visualize hit pathways using manually laid-out pathway diagrams directly in Cytoscape
• investigate functional relationships among genes in hit pathways.

The app can also access the Reactome Functional Interaction (FI) network:
• allows you to construct a FI network based on a set of genes, query the FI data source for the underlying evidence for 

the interaction
• build and analyze network modules of highly-interacting groups of genes
• perform functional enrichment analysis to annotate the modules
• expand the network by finding genes related to the experimental data set, and overlay with a variety of information 

sources such as cancer gene index annotations or FDA-approved cancer drugs.
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Reactome Functional Interaction Network

Curated
Pathway DBs

Uncurated
Interaction
Evidence

+ Reactome Functional 
Interaction Network
(~13K proteins; ~436K 

interactions)

Machine Learning

Cytoscape using ReactomeFIViz app 

Project your data 
into Reactome FI 

Network

+

What is a Functional Interaction? 

• Convert reactions in pathways into pair-wise 

relationships

• Functional Interaction: an interaction in which two 
proteins are involved in the same reaction as input, 
catalyst, activator and/or inhibitor, or as 
components in a complex
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Construction of the FI Network

Reactome
KEGG

Encode TF/Target
TRED TF/Target

NCI-BioCarta
NCI-Nature

Data sources for 
annotated FIs

Naïve Bayes Classifier

Trained by Validated by

Predicted FIs Annotated FIs

FI Network

Human PPI

Fly PPI

Domain Interaction
Prieto’s Gene Expression
Lee’s Gene Expression

GO BP Sharing

Yeast PPI
Worm PPI

Data sources for 
predicted FIs

Mouse PPI

Panther Pathways

Featured by

Extracted fromPredicted by

436K interactions                           
13K proteins

geneA known to 
interact biologically with 
gene B
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ReactomeFIVIz (ReactomeFIPlugIn): pathway AND network analysis

• Browse the collections of the Reactome 
pathways

• Convert these pathways into a 
Cytoscape network

• Import your gene list. 
• Reactome pathways enriched in your 

gene list will be returned.
• Genes that in your gene list will be 

highlighted in the pathway diagrams and 
network

Your 
gene list

Your 
gene list

Reactome Functional 
Interaction Network
(~13K proteins; ~436K 

interactions) Create a FI network

NetworkPathway diagram

• Create a FI network 
using your gene list :

• Genes in your list will 
be connected by 
functional interactions.

• You can: further cluster 
your FI network to find 
protein complexes

• You can perform 
pathway analysis on 
the whole network.

• You can perform 
pathway analysis on 
the individual modules 
and it helps to add a 
biological label. 

• You can add drug 
targets to the network.

And more…
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Reactome: Collection of Pathways
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Pathway Enrichment Analysis (gene list)
binomial test

A binomial test uses sample data to determine if the population proportion of one level in a binary (or dichotomous) variable equals a specific claimed 
value.
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Pathway Enrichment Analysis (ranked list)
GSEA
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Visualize Cancer Targetome in 
Reactome Pathways
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Displaying Reactome Pathways in the 
FI Network View
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• Create the network
• Cluster the network
• Perform pathway analysis

Create and Cluster FI Network using a gene list
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File Formats to Create the FI Network

MSI2
PTPRT
PELO
SLC18A1
TACC2
FAM148B
PRC1
MSTN
ATP6V1G2
APOE
IMPA2
AGER
XPO5
MEST
RREB1
BAT1
WIPI1

Simple Gene List

Gene/Sample Number Pairs

NCI MAF (mutation annotation file)

Microarray (array) data file

• Choose Plugins, Reactome FIs.
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FI Results Display

• Constructed network is displayed in the Network View 
panel using an FI specific visual style
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Query FI Source

Annotated FIs Predicted FIs
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Overlay FDR approved Cancer Drugs
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• Load the NCI disease terms hierarchy in the left panel. 
• Select a disease term in the tree to select all nodes that 

have this annotation or one of its sub-terms. 

Overlay Cancer Gene Index
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Module Based Survival Analysis

• Discover Prognostic Signatures in Disease Module Datasets.
• Based on a server-side R script that runs either CoxPH or Kaplan-Meyer 

survival analysis. 
• Requires appropriate clinical data file.
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One example of use of Reactome FI VIZ 
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1.1 RNA splicing
1.2 transcription by RNA polymerase II
1.3 DNA repair

0.1 signal transduction
0.2 cell-cell adhesion

2.1 mRNA export from nucleus
2.2 protein import to the nucleus
2.3 protein sumoylation
2.4 mitotic metaphase plate congression

5.0 regulation of transcription
by RNA polymerase II

5.1 chromatin remodeling

4.2 antigen processing 

6.1 cytoskeleton-dependent cytokines
6.2 cell division
6.3 protein folding

4.1 defense response to virus

3. cytosplasmic translation

10. mitochondrial translation

10.1 calcium signaling pathway
10.2 mitochondrial ADP transmembrane transport

9.1 response to heat
9.2 eukaryotic translation

7. proteasomal protein
     catabolic process

11. mitochondrial respiratory
chain complex I assembly
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     catabolic process
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chain complex I assembly
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Get gene lists specific to a pure population extracted 
from the same experiment from different omics data:
• the omics lists have few direct overlaps but the 

genes might connect with each other if they are put 
in the same FI network.
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