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ÅGraph G = (V, E)
Åmathematical structure modelling pairwise relations between objects 
ÅV=set of nodes/vertices, E= set of edges

ÅBiological network: sets of binary relations of a set of biological entities

ÅMathematically represented as graphs
ÅNodes: genes, proteins, domains, 
ƖĲƚŔĬƨĲƚЯШƚĲƕƨĲŰĦĲƚЯШƚƓĲĦŔĲƚЯШĦĲũũƚвЮ
ÅEdges: molecular interactions, genetic 

interactions, sequence similarity 
measures, functional relationship, co-
ĲǂƓƖĲƚƚŔŸŰвЮ

v1

v2

v3

v4

Graph Theory
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Graph Categories

Undirected
 e.g. protein protein interaction network

Directed
 e.g. pathways, GRNs, metabolic networks

Weighted
 e.g. sequence similarity networks

Begue et al, 2025

Koutrouli et al, 2025
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https://pubmed.ncbi.nlm.nih.gov/40914688/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2020.00034/full


Quantitative Characterization

Åshortest path length; distances- number of nodes in the shortest path
Ådegree: # of edges of a node; indegree: node=target; outdegree: node=source
Åclustering coefficient: indicator of nodes tendency to cluster- are nodes 

neighbours also connected

Watz&Strogatz 1998 Teppa et alBarabási&Oltvai, 2004

Interaction NWs are small -world networks:
ÅTightly connected: graph with high clustering 

coefficient and low distances
Åallows for an efficient and quick flow of signals

EBIcourse

Interaction NWs with scale -free characteristics:
Åpower-law degree distribution with large hubs
Åconveys stability
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https://www.nature.com/articles/30918
https://www.researchgate.net/publication/261995698_Identification_of_Coevolving_Amino_Acids_using_Mutual_Information
https://www.nature.com/articles/nrg1272
https://www.ebi.ac.uk/training/online/courses/network-analysis-of-protein-interaction-data-an-introduction/protein-protein-interaction-networks/properties-of-ppins-small-world-effect/


Identify Important/Influential Nodes
Centrality indices assign ranks/numbers to each 
node based on importance for flow or 
cohesiveness. often by count # of paths
ÅDegree centrality

degree of nodes/# of nodes-1; counts walks of 
length 1; find hubs

ÅBetweenness centrality
average # of shortest path through a node/# 
shortest paths; find hightraffic  nodes; 
important for network connectivity

ÅCloseness centrality
average length of the shortest path of node to all 
other nodes; inverse of farness; find nodes close 
to all other nodes; 

In Cytoscape: ToolsĄAnalyze Network  

Apps/centralityanalysis:
Å CytoNCA
Å RINalyzer
Å RINspector
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https://apps.cytoscape.org/apps/with_tag/centralityanalysis
https://apps.cytoscape.org/apps/with_tag/centralityanalysis


Cytoscape (desktop app):
ÅMany biological plugins
Åextensive manual
Åand tutorials

GEPHI:
Ålarge-scale network visualization
Åpretty; great network analysis plugins

https://igraph.org/
ÅR, python, C/C++, Mathematica

Cytoscape.js
Åjavascript library for network visualization
Åaiming at webapplications

Veronica Espinoza/16 network visualization tools that you should know!

Network Analysis/Vis tools
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https://cytoscape.org/
https://apps.cytoscape.org/apps/all_#downloads
https://apps.cytoscape.org/apps/all_#downloads
https://manual.cytoscape.org/en/stable/
https://manual.cytoscape.org/en/stable/
https://github.com/cytoscape/cytoscape-tutorials/wiki
https://igraph.org/
https://js.cytoscape.org/
https://medium.com/@vespinozag/16-network-visualization-tools-that-you-should-know-2c26957b707e


Cytoscape Core Concepts

Network visualization 2017

Mapping of data value to graph visuals:
ÅNode fill color, border color, border width, 
ƚŔǍĲЯШƚőċƓĲЯШŸƓċĦŔƣǃЯШũċĤĲũв
ÅEĬŊĲШƣǃƓĲЯШĦŸũŸƖЯШƽŔĬƣőв
ÅMapping types: continuous, discrete 

(categories), passthrough (labels)

Visual style

Edge Attribute

Interaction Type

Evidence Score

Number of Exp

E-ƻċũƨĲШвЮ

Node Attributes

Gene Name

GO terms

LogFC

?ĲŊƖĲĲЯШ9ĲŰƣƖċũŔƣǃв
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https://cytoscape.org/cytoscape-tutorials/presentations/network-visualization.html#/


https://manual.cytoscape.org/en/stable/Panels.html

5 panels with multiple tabs (accessible 
via drop down in title bars)
ÅControl Panel  with Network, Style, 

Filter and Annotation tabs
ÅTable Panel with Node, Edge, Network 

& Enrichment Table tabs

Panels are docked  by default
Å But can be: minimized        undocked 
floated  

Network View Window

Hide Panels: a) via View Menu or b) right-
click on any sidebar 

Network View Tools

Cytoscape Interface Components
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https://manual.cytoscape.org/en/stable/Panels.html


Example 1: Import A Local Network Files

From: To:
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Å Cytoscape can import network data from: 
ÁFiles (or URLs) 

o Excel, TSV, CSV
o XGMML: eXtensible Graph Markup and Modelling Language
o SBML: Systems Biology Markup Language
o BioPAX
o PSI-MI
o SIF: Simple Interaction Format
o GML: Graph Markup Language
o ... and others depending on loaded Apps

ÁAutomation: 
o Command line scripts
o CyREST via R, Python, etc

Network Data Import
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https://manual.cytoscape.org/en/latest/Supported_Network_File_Formats.html#xgmml-format
https://manual.cytoscape.org/en/latest/Supported_Network_File_Formats.html#xgmml-format
https://manual.cytoscape.org/en/latest/Supported_Network_File_Formats.html#biopax-biological-pathways-exchange-format
https://manual.cytoscape.org/en/latest/Supported_Network_File_Formats.html#biopax-biological-pathways-exchange-format
https://manual.cytoscape.org/en/latest/Supported_Network_File_Formats.html#sif-format
https://manual.cytoscape.org/en/latest/Supported_Network_File_Formats.html#sif-format


Import a Network from Local File
Ånetwork table files should contain at least two 

columns: source nodes and target nodes
Å[ŔũĲШӛШfůƓŸƖƣШӛШ ĲƣƽŸƖťШŉƖŸůШ[ŔũĲвШӀШШШШШШШШШШӀШ

drag&drop into Network tab = command 
network import file 

network import file 

file ="/Applications/Cytoscape_v3.10.3/ sampleData / importNetworkFromFile.csv " \

firstRowAsColumnNames =true \

indexColumnSourceInteraction =1\

indexColumnTargetInteraction =2 startLoadRow =1 

help network import file

Åalternatively via command line: 
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#BiocManager ::install("RCy3")

library(RCy3)

cytoscapePing ()

data < -  read.csv ("/Applications/Cytoscape_v3.10.3/ sampleData / importNetworkFromFile.csv ") 

createNetworkFromDataFrames (edges=data)

layoutNetwork ("force - directed")

analyzeNetwork (directed = FALSE)

head( getTableColumns (),2)

setNodeColorMapping (" Degree",colors =paletteColorBrewerRdBu )

setNodeSizeMapping (" BetweennessCentrality ")

Otasek et al, 2019Ono et al, 2015

Åalternatively via RCy3: 
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https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1758-4
https://f1000research.com/articles/4-478/v1


https://cytoscape.org/RCy3/reference/index.htmlhttps://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/index.html. https://py4cytoscape.readthedocs.io

ÅExample Transcriptomics: Rcy3 py4cytoscape
ÅExample Proteomics: Rcy3 py4cytoscape

ÅFor collections of datasets, you will iterate over
ÅFor complex workflows
ÅFor better reproducibility

Cytoscape Automation
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https://cytoscape.org/RCy3/reference/index.html
https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/index.html
https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/index.html
https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/index.html
https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/index.html
https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/index.html
https://py4cytoscape.readthedocs.io/
https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/Differentially-expressed-genes.nb.html
https://github.com/cytoscape/cytoscape-automation/blob/master/for-scripters/Python/differentially-expressed-genes-network-analysis.ipynb
http://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/AP-MS-network-analysis.nb.html
https://github.com/cytoscape/cytoscape-automation/blob/master/for-scripters/Python/affinity-purification-mass-spectrometry.ipynb


Gustavsen et al, 2019
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https://f1000research.com/articles/8-1774


Example 2: Retrieve STRING Network & Functional 
Enrichment for a set of DE genes with StringApp

From: To:

H
D

Y
D

I



ÅfŉШǃŸƨШĬŸŰќƣШőċƻĲШċШũŸĦċũШŰĲƣƽŸƖťШŉŔũĲ- cytoscape can import network data 
from: 
ÁPublic repositories: 

o PSICQUIC
o STRING (via the stringApp)
o IntAct  (via the IntActApp)
o Reactome  (via the ReactomeFI app)
o WikiPathways  (via the WikiPathways app)
o Pathway Commons  (via the CyPath2 app)
o NDEx

Import Network from Public Resources
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Doncheva et al 2022/Stringapp 2.0  Doncheva et al 2020/Stringapp https://jensenlab.org/ Szklarczyk et al/Stringdb2025

StringApp mirrors several DBs: 
ÅSTRING, DISEASES, Pubmed, STITCH (protein-chemical, 

chem-chem), COMPARTMENTS, TISSUES (expression), 
Pharos (drug targets)

Various query types supported e.g.:

1. Start from a set of ids (uniprot/symbol/geneidвьШ

2. Start from a network and AppsĄSTRINGĄSTRINGify 
than show edges

StringApp/Summary

Example workflows:
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https://pmc.ncbi.nlm.nih.gov/articles/PMC9904289/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6800166/
https://jensenlab.org/
https://academic.oup.com/nar/article/53/D1/D730/7903368


Doncheva et al 2022/Stringapp 2.0  Doncheva et al 2020/Stringapp https://jensenlab.org/ Szklarczyk et al/Stringdb2025

contacts https://string -db.org/

ÅEnrichment vs  GO, UniProtKB, KEGG, 
Reactome, WikiPathway, Monarch, 
Pfam/SMART/InterPro, DISEASES, 
COMPARTMENTS, TISSUES

ÅAdds STRING Enrichment tab in Table Panel
ÅAdds Publications tab in Table Panel 

Åenriched term can be added to the 
network/RMC

StringApp/Functional Enrichment

``````

``
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https://pmc.ncbi.nlm.nih.gov/articles/PMC9904289/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6800166/
https://jensenlab.org/
https://academic.oup.com/nar/article/53/D1/D730/7903368
https://string-db.org/
https://string-db.org/
https://string-db.org/


StringApp-Example/Import
ÅLets take the data from automation examples: Rcy3 py4cytoscape; Genes up 

and down in Mesenchymal vs Immunoreactive epithelial ovarian cancer
ÅupTxt; copy paste col1 (entrezids) as StringProteinQuery; View->Fit Content; 
Å~9оÅĲŰċůĲШљÉƣƖŔŰŊШĬĲШŊĲŰĲƚШƨƓњШыŰŸƣĲШup.csv is a tsv, not a csv)

ÅAlternatively search in https://string -db.org/, under export
Årun Analyzer, select ÑŸŸũƚШӛШ ŰċũǃǍĲШ ĲƣƽŸƖť.
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https://cytoscape.org/cytoscape-automation/for-scripters/R/notebooks/Differentially-expressed-genes.nb.html
https://github.com/cytoscape/cytoscape-automation/blob/master/for-scripters/Python/differentially-expressed-genes-network-analysis.ipynb
https://raw.githubusercontent.com/cytoscape/cytoscape-tutorials/gh-pages/protocols/data/TCGA-Ovarian-MesenvsImmuno-data-up.csv
https://raw.githubusercontent.com/cytoscape/cytoscape-tutorials/gh-pages/protocols/data/TCGA-Ovarian-MesenvsImmuno-data-up.csv
https://raw.githubusercontent.com/cytoscape/cytoscape-tutorials/gh-pages/protocols/data/TCGA-Ovarian-MesenvsImmuno-data-up.csv
https://string-db.org/
https://string-db.org/
https://string-db.org/


StringApp-Example/Added Node Annotations
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StringApp-Example/Added Edge Annotations
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Å[ŔũĲШӛШfůƓŸƖƣШӛШÑċĤũĲШŉƖŸůШ[ŔũĲ =        = 
drag&drop  = 

loadTableData ( de.genes , 

data.key.column ="Gene", 

table.key.column ="query term")

Åkey columns of node table and newly 
imported file need to match
ÅNode Table populated with new cols
ÅTable Panel can be edited: Create New 

column         Delete Columns           
Select Column         (remove)

Lets save our progress: File-> SaveSession

StringApp-Example/Add Own Node Annotations
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Filtering Nodes/Filter Interface
ÅRMC on columns to use cyChart plot&filter  (example LFC; disconnected nodes)
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Coloring Nodes/Styles Interface
ÅIn RCy3 your use:
copyVisualStyle ( from.style  = "default", to.style  = "de genes up")

setVisualStyle ("de genes upò)

setNodeColorMapping (' logFC ', colors= paletteColorBrewerYlOrRd , style.name ="de genes up")

Style types are:
ÅDefault, Mapping, andBypass
ÅBypass is overriding Def/Map for selected items
ÅStyles can also be applied to table columns

ÅIn GUI use the style interface for the same:
1) 2)
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Most Styles Are Not Shown by Default
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Changing Network Layouts
ÅThe default layout algorithm is Prefuse Force Directed Layout
ÅThere is a wide range of automatic layout algorithms (yFiles via app)
ÅLayout Ą YFiles organic
Å~ċŰƨċũШũċǃŸƨƣШƻŔċШxċǃŸƨƣШӛШxċǃŸƨƣШÑŸŸũƚ
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https://github.com/prefuse/Prefuse
https://manual.cytoscape.org/en/3.10.0/Navigation_and_Layout.html
https://www.yworks.com/products/yfiles-layout-algorithms-for-cytoscape


commandsRun('string retrieve enrichment allNetSpecies="Homo sapiens"')
commandsRun('string show enrichment')

ÅIn RCy3 you use command interface:

StringApp-Example/Functional Enrichment

ÅIn the GUI use button Functional enrichment or AppsĄSTRING Enrichment

``

ĄRetrieve functional enrichment
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commandsRun('string filter enrichment categories="GO Biological Process", overlapCutoff = "0.5", 
removeOverlapping = "true"')
commandsRun('string show charts')

Å Number of categories for split donut chart can be changed 

StringApp-Example/Filter Functional Enrichment

ÅIn the GUI use button Filter and Chart:

ÅIn RCy3 you use command interface:
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Example 3: Retrieve Network & Show Multiple 
Ph-sites Per Proteins With OmicsVisualizer

From: To:
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ÅOmicsVisualizer specialization: when multiple rows refer to the same 
network node- visualize this information
ÅExample-data: Phosphoproteomics Francavilla2017  from OmicsVisualizer 

Exercise; Multiple Ph-sites per protein; 2 LFC per Ph-site: 1) epithelial ovarian 
cancer (EOC)  vs distal fallopian tube epithelium (FTE) 2) EOC vs ovarian 
surface epithelium (OSE)
Å ƓƓƚШӛШ§ůŔĦƚШéŔƚƨċũŔǍĲƖШӛШfůƓŸƖƣШƣċĤũĲШŉƖŸůШŉŔũĲ
ÅFilter OmicsTable: Filter Button= ƓƓƚШӛШ§ůŔĦƚШéŔƚƨċũŔǍĲƖШӛШ[ŔũƣĲƖШƣċĤũĲ

Jensenlab/omicsvisualizer

OmicsVisualizer-Example/Import
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https://jensenlab.org/assets/Francavilla2017CellRep.tsv
https://jensenlab.org/training/omicsvisualizer/
https://jensenlab.org/training/omicsvisualizer/
https://jensenlab.org/training/omicsvisualizer/


ÅImport Network/Stringapp: String Button= ƓƓƚШӛШ§ůŔĦƚШéŔƚƨċũŔǍĲƖШӛШÅĲƣƖŔĲƻĲШ
STRING network (StringApp and OmicsVisualizer both from jensenlab)

Save session 

OmicsVisualizer-Example/Connect Nodes with STRING

You can simplify the STRING nw-view:
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