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Graph Theory

AGraphG = (V, E)
Amathematical structure modelling pairwise relations between objects
AV=set of nodes/vertices, E= set of edges

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

AMathematically represented as graphs

ANodes: genes, proteins, domains,
' Jt Rl 2 3t AWt Bhue JURDt AL

G=(V.E) AEdges molecular interactions, genetic
Interactions, sequence similarity
V= {v1, v, 03,04} measures, functional relationship, co-

E = {{v1, vo}, {vs, v}, {v3, va}, {va, 10}, {va, v1}} 1J + Gl Jt t R Y U KO



Graph Categories

Undirected

e.g. protein protein interaction network

TP53 EP300
Pt

\ CREBBP

Directed

e.g. pathways, GRNs, metabolic networks

Weighted

e.g. sequence similarity networks

Ensemble (20 models)

Probabilistic RIN
0.05 "N 1 00

Begue et al, 2025

Koutrouli et al, 2025


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

Quantitative Characterization

Ashortest path length; distances- number of nodes in the shortest path
Adegree: # of edges of a node; indegree: node=target; outdegree: node=source

Aclustering coefficient: indicator of nodes tendency to cluster are nodes

neighboursalso connected
Clustering Coefficient

Interaction NWs aresmall -world networks: low high

A Tightly connected: graph with high clustering
coefficient and low distances

A allows for an efficient and quick flow of signals

high

Q

()

(o))
Interaction NWs withscale -free characteristics: A&
A power-law degree distribution with large hubs

A conveys stability le : :

Teppaetal

low

Watz& Strogatz 1998 Barabdsi&Oltvai, 2004 EBlcourse


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/

ldentify Important/Influential Nodes

Centrality indices assign ranks/numbers to each
node based on importance for flow or

. High Closeness High Clustering
cohesiveness. often by count # of paths Centrality Coefficient

ADegree centrality
degree of nodes/# of nodesl; counts walks of ‘\ :
length 1; findhubs oo
Betweenness

A Betweenness Centrality r kovi nford AW:(“i’Ilifj.f:fI{rt;“i nN :Ir::;ljl’s/:\;t :;fasZZdw.stanford.edu
average # of shortest path through a node/#
shortest paths; find hightraffic nodes; In Cytoscape: ToolsA Analyze Network
Important for network connectivity Apps/centralityanalysis:
: A CytoNCA
ACloseness centrality A RiNalysor

average length of the shortest path of node to all A rinspector
other nodes: inverse of farness; find nodes close
to all other nodes:


https://apps.cytoscape.org/apps/with_tag/centralityanalysis
https://apps.cytoscape.org/apps/with_tag/centralityanalysis

Network Analysis/Vis tools

Cytoscape (desktop app):
A Many biological plugins
A extensive manual
A and tutorials

GEPHI:
A large-scale network visualization
A pretty; great network analysis plugins

https://igraph.org/
A R, python, C/C++. Mathematic@—%

> NetworkX

Network Analysis in Python

Cytoscape.|s

A javascript library for network visualization

A aiming atwebapplications

G bephi

%%) )
b it NOPEE

ﬁ graphia-app

.....

Retina

Cosmograph @ kumu oran g@


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

CytoscapeCore Concepts

Networks and Tables

Node Attributes Edge Attribute

Gene Name Interaction Type
GO terms Evidence Score
LogFC Number of Exp

23D JPIAW9 [E2cide JWs IO

Mapping of data value to graph visuals:
A Node fill color, border color, border width,

I RAJAUY 6¢ GUAWIYGe HRq! &
AET DWW Wq! GUAWHYGY! Adlls RI
A Mapping types: continuous, discrete

(categories), passthrough (labels)

Network visualization 2017


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

Cytoscapdnterface Components

o0 e Session: /Applications/Cytoscape_v3.10.0-SNAPSHOT/Cytoscape.app)../sampleData/sessions/Yeast Perturbation.cys

o> BRA 4 h QQQQ @

5 panels with multiple tabs (accessible =
via drop down in title bars) : p—

»
(]

A Control Panel with Network, Style, | '
Filter and Annotation tabs N ; -

A Table Panel with Node, Edge Network -
& Enrichment Tabletabs — - Network View Window

=5 galiltered.sif b .-'} is; @ @; u.A a , 0 &

Hide Panels: a) via View Menu or b) right | ™
click on any sidebar T >

| @
|2
. | &
Network View Tools Command
3
Show Grid Export to File Toggle Node Toggle Annotation f ) :
Show Network N select jion  Selection ! B Command Line B3 Node Table B Edge Table % Network Tafe % Enrichment Table
Detach View Always Show . | Teggle Edge Toggle Label Hide Navigator |Ls]le :
l Graphics Details | selection /' ggject ion i

HH @] B e B ocEEES " 1 e x Panels aredocked by default
A But can be:minimized - undocked s>
ﬂoatEd 0 https:/manual. .org/en le/Panels. html

Table



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

Example 1: Import A Local Network Files

From: To:

source, target

YKROZ26C,YGL122C
YGRZ218W,YGLO97W
YGLO97W, YOR204W
YLRZ249W,YPROZOW

YLRZ249W,YBR118W
YLR293C,YGLO97W
YMR146C,YDR429C
YDR429C,YFLO17C
YPROBOW,YALOO3W




Network Data Import

ACytoscape can import network data from:
A Files (or URLS)
o Excel, TSV, CSV

0 XGMML: eXtensible Graph Markup and Modelling Language

o SBML Systems Biology Markup Language

0 BioPAX

o PSKMI

o SIFE Simple Interaction Format toh relotione:

nodeA relationship_type nodeB

o GML: Graph Markup Language nodeC relationship_type nodeA

0 ... and others depending on loaded ApPS naee R ModeE noder nodes
A Automation: edeY relationship_type nodeZ

o Command line scripts
0 CyRESTvia R, Python, etc


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

File Edit View Select Layout Apps Tools Help

Import a Network from Local File

Anetwork table files should contain at least two st @
columns: source nodes and target nodes )| moktone

Al RGIDWS Wf 6 GYI qlud W hqsmﬁ/ﬂ” Dfiilg [ |

drag&droplnto Network tab — Command Import Network From Table

Preview

network Import flle Click on a column to edit it.
® source <« (@ target 4 P> interaction 4
. . . YKRO26C YGL122C pp
Aalternatively via command line: o vowomw oy
YLR249W YPROBOW PP
Command: |

Command Line help network import file

network import file

file ="/Applications/Cytoscape_v3.10.3/ sampleData / importNetworkFromFile.csv -\
firstRowAsColumnNames =true \
iIndexColumnSourcelnteraction =1\

indexColumnTargetinteraction =2 startLoadRow =1



RCy3

Aalternatively via RCy3:

#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 ")

™| vewesse |
A S
' T
\’/,/ -
{ \
i
A
= Y

Ono etal, 2015 Otasek et al, 2019


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

CytoscapeAutomation

AFor collections of datasets, you will iterate over
AFor complex workflows

AFor better reproducibility %
E RCy3

Com mands I
node list network=current

[
Cyto

py4cytoscape

) CyREST "t

A Example Transcriptomics:Rcy3py4cytoscape
A Example Proteomics:Rcy3py4cytoscape

https:/icytoscape.org/RCy3/reference/index.htrhitps:



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

Category
Apps

Collections

Commands

CyNDEXx

Cytoscape
System

Groups

Layouts

Networks

Network
Selection

Network
Views

Description

Inspecting and managing apps for
Cytoscape.

Getting information about network
collections.

Constructing any arbitrary CyREST API
or Commands API method via standard
GET, PUT, POST and DELETE
protocols.

Communicating with NDEx from within
Cytoscape.

Checking Cytoscape System
information, including versions and
memory usage.

Working with groups in Cytoscape.

Performing layouts in addition to getting
and setting layout properties.

Functions for network management and
retrieving information on networks,
nodes and edges.

Working with selection of nodes and
edges in networks.

Performing view operations in addition
to getting and setting view properties.

Examples

installApp() disableApp()
getinstalledApps()

getCollectionList()
getCollectionNetworks()

cyrestPOST()
commandsPOST()
cyrestAPI()
commandsAPI()

importNetworkFromNDEX()
exportNetworkToNDEX()

cytoscapePing()
cytoscape Versioninfo()

createGroup()
collapseGroup()

layoutNetwork()
getlayoutNames()

createNetworkFrom...()
create...FromNetwork()
getNetworkSuid(),
exportNetwork()
getAlINodes()
getAllEdges()

selectNodes()
invertNodeSelection()
selectFirstNeighbors()

getCurrentView()
fitContent() exportimage()
toggleGraphicsDetails()

Session

Style

Bypasses
Style Defaults
Style

Dependencies

Style
Mappings

Styles

Style Values

Tables

Tools

User Interface

Managing Cytoscape sessions,
including save, open and close.

Setting and clearing bypass values for
visual properties.

Getting and setting default values for
visual properties.

Getting and setting style dependencies.

Defining mappings between table
column values and visual properties.

Managing styles and retrieving general
lists of properties relevant to multiple
style modes.

Retrieving current values for visual
properties.

Managing table columns and table
column functions, like map and rename,
as well as loading and extracting table
data in Cytoscape.

Functions related to actions found in
the Tools Menu in Cytoscape.

Functions affecting the Cytoscape user
interface, such as panel management.

openSession()
saveSession()
closeSession()

setNodeColorBypass()
setEdgeLineStyleBypass()
hideNodes()

setNodeShapeDefault()
setEdgeLineWidthDefault()

lockNodeDimensions()

setNodeSizeMapping()
setEdgeColorMapping()

createVisualStyle()
setVisualStyle()

exportVisualStyles()
getArrowShapes()

getNodeWidth()
getEdgeColor()
getNetworkZoom()

getTableColumns()
renameTableColumn()
loadTableData()
mapTableColumn()

cybrowserDialog()
diffusionBasic()

hidePanel() floatPanel()
dockPanel()



https://f1000research.com/articles/8-1774

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

From: To:

logFC
.086662603
.119807885
.11041009
.870069522
.863730569
.382577694
.2196726438
.974758942
. 994607020

6
2
2
1
1
2
2
1
1




Import Network from Public Resources

Af nll! Ye WI YUK q W6 ¢ 2 tyidscdpdicErAnporthetWorkzdatd t LWn R
from:
APublic repositories:
0 PSICQUIC
0 STRING(via thestringApp)
o IntAct (via thelntActApp)
0 Reactome (via theReactomeFlapp)
o WikiPathways (via theWikiPathwaysapp)
o Pathway Commons (via the CyPath2 app)
o NDEXx



StringApgsummary

StringAppmirrors several DBs:
A STRING, DISEASEBubmed, STITCH (proteirchemical,

chem-chem), COMPARTMENTS, TISSUES (expression),

STITCH: compound query =

STRING: cross-species query (£

STRING: disease query &
STRING: protein query =
STRING: PubMed query =

Example workflows:

Pharos (drug targets)

List of
protei

ins

Cytoscap
//Dttbl/ /network/ /Tw speci /

Various query types supported e.g.: N |
1. Start from a set of ids @niprot/symbol/geneids b L e e=yaNE -y,
string STRING: protein query \ Network v Visuali‘z:-ed: Vi Ii‘zted; EXt;;ni
G_‘O on netwol O etwor WO
%, 9543 165 2200 1307 633 1289 83... | | |
= | [
2. Start from a network andAppsA STRIN@, STRINGIfy ,, ,, ,,
Get functional Get e_nri hed (;I ste
than ShOW edges enrichment publicat with MCL
STRING » IR © 0@  Change Network Confidence or Typs E ::L“Zt e ""X = Vlsua“‘{e o
Score (functional) 1.00 Lé, —" Confidence cutor L " T _—
T : e 8 B [rEE] [y

Doncheva et al 2022/Stringapp 2[@Moncheva et al 2020/Stringapyitps://jensenlab.org@zklarczyk et al/Stringdb2025


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

StringAppFunctional Enrichment

contacts https://string -db.org/

. . @ STRING v 05 =
R 2
Enrichment vs GOUnNIProtKB KEGG .
] ® o Flat node design STRING style labels >
\
- k - h h \ Glass ball design STRING style colors =
Reactome, WikiPathway Monarch, » ,
R \/ Structure images Highlight first neighbors
Pfam/SMARTInterPro, DISEASES, o’ g | e |
COMPARTMENTS, TISSUES 77
) : : L8 f y » Tissue filters
e . . 57 » Compartment filters
i e é v Selected nodes
A AddsPublications tab in Table Panel . I
HH String de ... b ':..:' . 0 ! o| & Nodes  Edges
STRING Enrichment v O 5# e
A ' h d t n,.] b d d d t th Y ¢) QO  STRING Enrichment: All B orsrows o
e n rl C e e r C an e a e O e category chart color term name description FDR value # genes # background ... genes
GO Cellular Co... G0:0031012 Extracellular ma... 2.99E-39 59 552 [MMP2, COMP, S...
UniProt Keywords KW-0964 Secreted 1.81E-32 84 1839 [FAP, MMP2, CO...
n e tWO r GO Cellular Co... G0:0062023 Collagen-contai... 3.82E-32 47 407 [MMP2, COMP, S...
UniProt Keywords KW-0732 Signal 9.83E-32 107 3277 [NGFR, EFNA2, ...
UniProt Keywords KW-0272 Extracellular ma... 4.18E-30 39 267 [MMP2, COMP, C...
. UniProt Keywords KW-0325 Glycoprotein 3.36E-25 113 4386 [NGFR, FAP, EFN...
categony chart color legjname deSCI’IptIOI‘I FDR value GO Cellular Co... G0:0005576 Extracellular re... 7.61E-24 109 4175 [NGFR, FAP, MM...
GO Cellular Co... G0:0031012 Extracellular ma... 2.99E-39

UniProt Keywot Remove color Ereted 1.81E-32 f8 Node Table B3 Edge Table B2 Network Table BB Unassigned Tables Iﬂﬁ.&STRING Publications ?gr_%ﬂSTRING Enrichment

SOI;ZeIIuKIar Co Add term(s) to network Ila?en—contai... :2;5—:;
niProt Keywo N na .83E-

UniProt Kezwm Add term(s) as annotations tracellular ma... 4.18E-30
linibrat kanme  ClEAT rOW Selection Eanratain 2 2RE_7K

Doncheva et al 2022/Stringapp 2[@Moncheva et al 2020/Stringapyitps://jensenlab.org@zklarczyk et al/Stringdb2025


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/

StringAppExample/Import

ALets take the data from automation examplesRcy3py4cytoscape; Genes up
and down in Mesenchymal vs Immunoreactive epithelial ovarian cancer

AupTxt; copy paste coll gntrezids) asStringProteinQuery View->Fit Content;
A~90AINUC G UWBLE ql R U NULEsIidlaEDsy] boldd cive G iU Y q |

Network v O & =

-~

[

<)

2 gﬁﬁﬁg- 9543 1652200 1307 633128983 = Q

v 0

pd

b Species: Homo sapiens ¢

o Network type: © full STRING network physical subnetwork

5

Y Confidence (score) cutoff: 0.40
000 010 020 030 040 050 060 070 080 090 1.00

)

=

ic Maximum additional interactors: 0

> 0 10 20 30 40 50 60 70 80 90 100

Options: Use Smart Delimiters Load Enrichment Data

on

A Alternatively search inhttps://string -db.org/, under export </ send network o cytoscape
Arun Analyzer,selectNY YOt W W Uecd! AJW Was YI ¢



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/

StringAppeExample/Added Node Annotations

~  Network v 0 - 8 . Analyzer v O 23 - Q
5 ' z
12 g@g . 954316522001307633128983 = Q String de genes up (undirected) 3
T . - <
A 1 of 1 Network selected . Summary Statistics N
| v = ¢ Number of nodes: 192 *
STRING network 1 . Number of edges: 740
) . Avg. number of neighbors: 9.986 ﬁ,
|'=|® String de genes up 192 740 \ Network diameter: 8 5
@* \ ; Network radius: 5 =l
' \’ @ Characteristic path length: 3.141 =
| Clustering coefficient: 0.377 g
= Network density: 0.068
o ® ® Network heterogeneity: 1.177
] o Network centralization: 0278
= & Connected components: 40
| o4 Analysis time (sec): 0.051
c Y R ? .
4,% | 4 3 Node specific statistics are found in the Node Tat
<
s - Edge Betweenness is added to the Edge Table
< -
é . Node Degree Distribution
@ Betweenness by Degree
e
] e ®
=
2 @
(=% &
o ®
<
,+0
i oo : .
| |
String de genes up
-
« BB Q
stringdb S stringdb @&  stringdb @&  stringdb
shared name name canonical name display nam desc query term sequence structures
YOUD.LNSFUUUUUZLYU/U  YOUD.ENSFU,|
9606.ENSP00000351310 9606.ENSPO... ~ CO6A6_HUMAN COL6A6 Collagen alpha-6(Vl... . 131873 MMLLILFLVIICSHIS...  [AF-A6NMZ7]
% 9606.ENSP00000391227  9606.ENSPO...  MGT5B_HUMAN MGATSB Alpha-1,6-mannos... . 146664 MHSFVKHLCSRYV...  [AF-Q3V5LS5]
!9 9606.ENSP00000375783  9606.ENSPO...  DACT3_HUMAN DACT3 Dapper homolog 3 147906 MIRAFSFPVSPERGR... [AF-Q96B18]
ks 9606.ENSP00000369071  9606.ENSPO... ~ POSTN_HUMAN POSTN Periostin; Induces c... . 10631 MIPFLPMFSLLLLLIV... [SWt7_A, 5yjg_A, A...
e 9606.ENSP00000383392  9606.ENSPO... ~ NCAM2_HUMAN NCAM2 Neural cell adhesion... . 4685 MSLLLSFYLLGLLVS... [2doc_A, 2jlI_A, 2k...
i 5 9606.ENSP00000361337 9606.ENSPO...  PLAC9_HUMAN PLAC9 Placenta-specific pr... . 219348 MRPLLCALTGLALL... [AF-Q5JTB6]
] 9606.ENSP00000304133  9606.ENSPO... SCG2 HUMAN SCG2 Secretogranin-2; Ne... . 7857 MAEAKTHWLGAAL... [AF-P13521]
wad

B Command Line E§ Node Table B> Edge Table E& Network Table B8 Unassigned Tables



StringAppExample/Added Edge Annotations

~ Network v B 5 - . - 3 " @ Analyzer v B % -
= ¢
(<] . A
2 sfo 0s4316522001307633 128983 = Q String de genes up (undirected)
v 00
zZ - -
A 1 of 1 Network selected ol ¢ Summary Statistics
v B Number of nodes: 192
STRING network 1 ¢ @ ) Number of edges: 740
) . i . b Avg. number of neighbors: 9.986
= String de genes up 192 740 € Network diameter: 8
7] ’\ 3 Network radius: 5
\’ Characteristic path length: 3.141
Clustering coefficient: 0.377
= Network density: 0.068
] @ ¢ Network heterogeneity: 1.177
= ; g g Network centralization: 0.278
. & Connected components: 40
| o Analysis time (sec): 0.051
c
-g Node specific statistics are found in the Node Tak
<
5 9 - - Edge Betweenness is added to the Edge Table
=
g: Node Degree Distribution
o Betweenness by Degree
o
o
=1
(%] @
=3 ® o
<
+0
oo 0" @ @ @ . B~ 0@ @ w
String de genes up
8% -
- Y
- N Qa &
stringd & stringc @& string & stringd
shared name shar name i i coexpres experim: textmini M EdgeBetweenness
9606.ENSP0000000114... pp 9606.ENSPO... pp .. 0.0 0.0 0.08 0.10 0.0 0.9 0. 31.71434236408661
" 9606.ENSPO000000114... pp 9606.ENSPO... pp .. 0.0 0.0 0.0 0.067 0.045 0.91 0.875 306.1768758699497
g 9606.ENSP0000017222... pp 9606.ENSPO... pp .. 0.0 0.0 0.0 0.0 0.0 0.0 0.431 324.6207867513785
= 9606.ENSP0000017222... pp 9606.ENSPO... pp .. 0.0 0.0 0.0 0.042 0.0 0.0 0.482 403.647558088481
5 9606.ENSP0000017222... pp 9606.ENSPO... pp .. 0.0 0.0 0.0 0.047 0.0 0.0 0.541 35.0250877777193
% 9606.ENSP0000017222... pp 9606.ENSPO... pp .. 0.0 0.0 0.0 0.055 0.0 0.65 0.113 76.1767063227509
— 9606.ENSP0000017222... pp 9606.ENSPO... pp .. 0.0 0.0 0.0 0.044 0.0 0.65 0.348 48.08566571095783
i AFAC FAENAAAANAT 7R -— AcAc Facnn _— AN nn AN P Y AN ner Are 14nANIAFFATANOIEA
kN

B Command Line fe Node Table B> Edge Table B2 Network Table BB Unassigned Tables

ONRILS &S sezAleuy W9



Rcy3

StringAppExample/Add Own Node Annotations

= ~ 'Rl o s . ~ .
A[ RGOIDWS Wf 0 GY | a UEY UNC  werseon
Where to Import Table Data:  To selected networks only ¢

drag&drop =
Network List: String de genes up Select All

loadTableData ( de.genes |, SIRRET ok~ 1 =
data.key.column ="Gene", T
table.key.column ="query term") Delimiter: , (comm)

Akey columns of node table and newly e T—

Case Sensitive Key Values: v TAB

Imported file need to match
ANode Table populated with new cols
ATable Panel can be edited: Create New =t * ™"y

Decimal separator: © . (dot)

Click on a column to edit it.

2200 2.11041009 1.21E-29 Use first line as colun

column @ Delete Columr[® oy i e SIS

1289 2.382577694 1.26E-28

I 83716 2.219672648 3.75E-28 Ignore Lines Starting With:
e e C O u I I I n I re I I IOV‘ E 1278 1.974758942 5.07E-27
== 84627 1.994607026 1.60E-26
7070 5 101n10cc> 2 nce ae
Advanced Options...

Import - Advanced Options



ARMC on columns to usecyChart plot&filter (example LFC; disconnected nodes)

& Style =& Network

Y Filter

m Annotation

84 App Store

E.. Layout Tools

Filtering Nodes/Filter Interface

Node Table v

&% [

PR fma SB

shared n: @id logfFC FDR adjustec
9606.ENSPO...  stringdb:9... 1.993908... 8.13E-13
QANA FNSPN ctrinndh-Q | .
Filter v o _;g; @ Hide Column
— | 4
cychart filter 0 = 1.89% (¢ Rename Column...
225, Wl Delete Column
x Node: logFC 2] is [} 1.98
between 3.55 and 5.712 inclusive. 219! Format C0|umn
2.95! Cyplot Histogram plot
2 2.331  Map column...
@ @ Strin de genes up default network 3.50 P|0t Histogram___
Exportima.. ' |V Interact... Regress... ;g; PIOt Scatter".
0.039 1.85"
L 21 Copy Column Values
1.871630... 2.97E-22
1.974758... 5.07E-27
2.188733... 1.04E-24
2.705837... 5.42E-14
I 1
, | 1
1 6
log
logFC v 3 5
0/192 are between 3.55 and 5.71
v Apply when filter changes
* select show
Apply
Filter = Chain

® ® Session: [lUse Mouse Drag Selects 025/TCGA_Ovarian_Mesenvsimmuno_up_imported.cy
Nodes
> BER Lh ¢ D 2@ -
= - B < &8 C Edges
¢ | Filter 'y
s
@ cychart filter Hide Selected Nodes and Edges Hide Selected Nodes and Edges
z .
v Hide Unselected Nodes and Edges
x Node: Degree
Az between 0 and beselsctal -
= Select All
wv . Y
\' L S ’
i~ + " ae & @ 2
2 o
[ o “
> -
c e
= . 3 =
g p Z ')
o & ¢
c - &
= @ &
< e
4 e
<}
&
Q
a
= -
+0
oo
sss . T ) 34 @ 0
=8 se. By %N 0 o ©
Node Table v
- O
“w Apply when filter changes o DJ @ @ f(z) Q b b Wl
§ O select show
5 Apply NumberOfDirectedEdges NumberOfUndirec diali Topolot
o o
> N 0.0 0 0 Infinity
& Selected 34 nodes and 0 edges in 3ms l 0.0 o 5 Infinity
wd Filter ~ Chain no n n Infinine



Coloring Nodes/Styles Interface

AlIn RCy3 your use:

copyVisualStyle ( from.style = "default", to.style = "de genes up")
Ros SetVisualStyle ("de genes upo)
setNodeColorMapping (' logFC ', colors= paletteColorBrewerYI|OrRd , Style.name ="de genes up")
AlIn GUI use the style interface for the same:
1) 1; _\g Style v O & = 2)§ 5“2: ;enes up v = ;
A 3 default v = o 2 . . g
hE S Create New Style... v & @9@& o MoreProperties... v 4 el
5 v 0&”’0 &QQ %\\Q&j More Properties... § D Border Paint Column
.E D Sorder paint Refresh Style \: 0.0 Border Width Mapping Type
0.0 Border Width % CE] ek § s“:jlig'enesup vu
g _ Make Current Styles Del M:::nn Type 2 Styled Columns
i D e Create Legend... 9 ; ET;‘:Z"* col':’zgc
S 35.0 Height = Current Mapping \m,
3 ¢ 03B [ p . X
wd Node Edge Network EB Column 2 L.a0 5.08 &
3 @ -
Style types are: L |
A Default, Mapping, andBypass 5| femmca *mBE o AR
. . . . IGDCC3  strin gdb:o... [N
A Bypass is overriding Def/Map for selected ite —

A Styles can also be applied to table columns 1 S T

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



Most Styles Are Not Shown by Default

~ Style v O = X Style v B 2 =1
g de genes up v = % de genes up v =
L g
\Zf S & b's S & o .
oé@ &QQ %\\Q"" More Properties... & & K More Properties...
[
) D Border Line Type > Bend
“” Border Transparency ;” Curved
* 00 /Border Width 2 V/Label
~ Label . Label Autorotate
£ D m Label Background Color = . Label Background Color
:; Column Label Background Shape » 10 Label Background Shape
_ Label Background Transpa Label Background Transpar
5 Mapping Type Label Font Face €| Il— Label Font Fgce
= \/Label Font Size = V/Label Font Size
] _ Label Position S None Label Position
E Current Mapping Label Rotation = Label Rotation
Label Transparency . Label Tr.ansparency
Label Width i Ltabel Width
Nested Network Image Visi V/Line Type
Padding (Compound Node Paint
350 Paint - V/Source Arrow Shape
V/Shape . Sou rce Arrow Size
Shape (Compound Node) . Stack!ng .
= Size 5 255 Stacking Density
L Tooltip = 5o /Target Arrow S.hape
3 V' Transparency § . Targgt Arrow Size
iq‘ R Visible 3 , , \/Iooltlp
X Location | Node @ Edal ransparency
wal Nod Ed wa g LA
d ode 9 ¥ Location — V|§1ble
B Command Line  Z Location B Command Line +/Width
Z Order

. o—
o—
b —



Changing Network Layouts

AThe default layout algorithm isPrefuse Force Directed Layout
AThere is a wide range afutomatic layout algorithms (vFiles via apy)
ALayoutA YFilesorganic
A~cUecilWic! YeqW2RclWxc¢c! YeqldWxce! Ye qlUN

Layout Apps Tools Help

Bundle Edges > @ Layout Settings
Clear All Edge Bends

Layout Tools Layout Algorithm:

 Prefuse Force Directed Layout (default) @
Settings...
i Apply Preferred Layout Edge column that contains the weights:  (none) €]
1
Edge Weight Settings
Grid Layout
Hierarchical Layout How to interpret weight values:  Heuristic 8
Srcliaglavoll The minimum edge weight to consider: 0EO
Stacked Node Layout
The maximum edge weight to consider: 1.79769E308
Attribute Grid Layout > def. ok .
JAttribate Circle tayout N The default edge weight to consider: 0.5
Degree Sorted Circle Layout
Prefuse Force Directed OpenCL Layout > Number of Iterations: 100
Prefuse Force Directed Layout > Default Spring Coefficient: 1E-4
Group Attributes Layout >
Default Spring Length: 50
Edge-weighted Force directed (BioLayout >
9 9 ( oty Default Node Mass: 3

Edge-weighted Spring Embedded Layout >
Force deterministic layouts (slower):
Compound Spring Embedder (CoSE) Standard Settings

Inverted Self-Organizing Map Layout Don't partition graph before layout:


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

StringAppExample/Functional Enrichment

AlIn RCy3 you use command interface:

commandsRun('string retrieve enrichmentallNetSpecies="Homo sapiens™)
R93  commandsRun('string show enrichment')

AlIn the GUI use button Functional enrichment oAppsA STRINGEnrichment
A Retrieve functional enrichment

® Flat node design
Glass ball design Vi
Cytoscape design 4

v/ Structure images |

I Functional enrichment I
© [ ] Retrieve functional enrichmen

Retrieve for selected nodes only [ )

| O % =
Retrieve for species |

\ - hment: 1.0E-16 STRING Enrichment: All @ o78rows [V Q

\ v N Network to be used as background  genome

olor term name description FDR value # genes # background ge... genes

Cancel _ G0:0031012 Extracellular matrix 2.99E-39 59 552 [MMP2, COMP, SER...
N KW-0964 Secreted 1.81E-32 84 1839 [FAP, MMP2, COMP,...
G0:0062023 Collagen-containi... 3.82E-32 47 407 [MMP2, COMP, SER...
UniProt Keywords KW-0732 Signal 9.83E-32 107 3277 [NGFR, EFNA2, MM...
UniProt Keywords KW-0272 Extracellular matrix 4.18E-30 39 267 [MMP2, COMP, COL...
UniProt Keywords KW-0325 Glycoprotein 3.36E-25 113 4386 [NGFR, FAP, EFNAZ2...
GO Cellular Comp... GO:0005576 Extracellular region 7.61E-24 109 4175 [NGFR, FAP, MMP2, ...
UniProt Keywords KW-1015 Disulfide bond 2.27E-21 93 3338 [NGFR, FAP, EFNA2...
COMPARTMENTS GOCC:0005576 Extracellular region 1.46E-20 74 2079 [NGFR, FAP, MMP2, ...
COMPARTMENTS GOCC:0031012 Extracellular matrix 1.94E-20 31 259 [MMP2, COMP, SER...

Raartama Dathurmve HCA_1A7A2A4 Evtrarallilar matri 2NT7E_1R 21 22NN [MMD? CNMD CER

F8 Node Table &% Edge Table FE& Network Table BB Unassigned Tables %ﬁ%‘ﬁSTRING Enrichment



Rcy3

StringAppExample/Filter Functional Enrichment

AlIn RCy3 you use command interface:

commandsRun('string filter enrichment categories="GO Biological Process9verlapCutoff =

removeOverlapping= "true™)
commandsRun('string show charts')

AlIn the GUI use button Filter and Chart:

Filter STRING Enrichment table

Select categories [e{el:I Il NATol 11

CN_NON

Select All
GO Cellular Component
b | GO Molecular Function Select None
- DISEASES

Monarch Phenotype
KEGG Pathways
Reactome Pathways

Remove redundant terms

Redundancy cutoff 05

0 0.5 1
ses
sas
sas

' Cancel

STRING

Y O PriEnrichment: 1.0E-16  STRING Enrichment: All

category chart color term name description FDR value
GO Cellular Comp... G0:0031012 Extracellular matrix 2.99E-39
UniProt Keywords KW-0964 Secreted 1.81E-32

Column

Mapping Type

Image/Chart 1

Image/Chart 4

Image/Chart Size 1

Label

Label Color

Label Font Size

Shape

Size

Transparency

Width

CPA3

STRING Enrichment v

(5 ) PPl Enrichment: 1.0E-16  STRING Enrichment: All

ca.. chartcolor termname

GO... G0:0030198
GO... I GO:0048513
GO... G0:0001501
GO... G0:0030199

A Number of categories for split donut chart can be change: &

'-‘w'/f 'ﬁ\

= a4 B

0.5,

' l"

."‘M
Ny,

/r'@ ,
ARy

i N -..-*A

description

Extracellular matrix organization
Animal organ development
Skeletal system development
Collagen fibril organization

' COL6AG ; "/J/AM
.w,;ee.\\t /

l/'..

ECM2

FDR value
2.2E-17
2.64E-16
9.47E-15
3.77E-9

\\I

1

# genes



Example 3: Retrieve Network & Show Multiple
Ph-sites Per Proteins WithOmicsVisualizer

From: To:

UniProt,Gene name,AA position,EOC vs FTE,EOC vs OSE,Ad]j p-value,Cluster
Q9UQ35,SRRMZ2,52407,1.61,2.56,3.35E-02,C
Q9UQ35,SRRMZ ,52067,2.88,3.34,2.80E-02,C
Q9UQ35,SRRMZ,52071,2.88,3.34,2.80E-02,C
Q9UQ35,SRRMZ,52426,2.23,2.09,2.70E-02,C
Q9UQ35,SRRMZ2,T866,2.76,2.59,2.65E-02,C
Q9UQ35,SRRMZ2,T1492,1.33,2.3,1.51E-02,C
Q9UQ35,SRRMZ2,T1434,2.03,2.04,9.14E-03,C
Q9UQ35,SRRMZ2,51854,3.82,4.39,8.72E-03,C
Q9UQ35,SRRMZ2,52046,4.88,5.37,8.29E-03,C

Q9UQ35, SRRM2,T1472,4.07,3.8,6.49E-03,C
Q9UQ35, SRRMZ, S2581,2.36,2.67,6.37E-03,C
Q9UQ35, SRRM2,T24@9,4.57,4.98,5.32E-03,C
Q9UQ35, SRRM2,T983,2.28,5.31,4.14E-03,C
Q9UQ35, SRRM2,51975,3.97,3.89,3.81E-03,C
Q9UQ35, SRRM2,52044,3.8,5.33,1.89E-03,C
Q9UQ35, SRRM2,52032,2.39,4.4,1.24E-03,C




OmicsVisualizeExample/Import

AOmicsVisualizerspecialization: when multiple rows refer to the same
network node- visualize this information

AExample-data: Phosphoproteomics Francavilla2017 from OmicsVisualizer
Exercise Multiple Ph-sites per protein; 2 LFC per Pisite: 1) epithelial ovarian
cancer (EOC) vs distal fallopian tube epithelium (FTE) 2) EOC vs ovarian

surface epithelium (OSE)
A GGt W3 W8 GRHAI WéERYt 2¢c i RAIJI W3 Wf GGY! qllgc Hi
AFilter OmicsTable Filter Button= GGt W3 W8 G RAY Wé Rt 2c¢c G RAIJ

® Filter francavilla2017CellRep.tsv
Adj p-val 8 <=
0.01|

Delete Apply
791 rows (791 before filtering)  Francavilla2017CellRep.tsv
Modified sequence AA position EOC FTE OSE EOC vs FTE EOC vs OSE
A6ND36 FAM83G _AKS(ph)VDEIAK_ S356 25.66 21.92 22.66 3.73 2.99
A6NKT7 RGPD3 _YSLS(ph)PSK_ S789 25.86 22.53 21.85 3.33 4.01
||||||||||||||| MFPAS(nh)PWAOP . S§ 2754 20.01 2037 -2.47 -2.83

Jensenlab/omicsvisualizer


https://jensenlab.org/assets/Francavilla2017CellRep.tsv
https://jensenlab.org/training/omicsvisualizer/
https://jensenlab.org/training/omicsvisualizer/
https://jensenlab.org/training/omicsvisualizer/

OmicsVisualizeExample/Connect Nodes with STRING

Almport Network/Stringapp: String Button= GGt W3 W8 G RAY Wé Rt 2 ¢ i
STRING network(StringAppanP OmicsVisualizerboth from jensenlab)

Retrieve a STRING Network

Species: Homo sapiens <

Protein identifier column: UniProt 8

You can simplify the STRIN@Gw-view:

Network typg: © full STRING network physical subnetwork

Confidence

Only filt

score) cutoff:

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

0.7

ared rows

Close

Retrieve network

Omics VisualiEe‘; Tables v

343 rows (791 before filtering)  Fr.

UniProt Gene name Modified sequence AA position EOC FTE OSE

ABNKT7 RGPD3 _YSLS(ph)PSK_ S789 25.86 22.53 21.85 Save Sess'on
B1AJR3 LL22NCO03-... _MFPAS(ph)PWAQP... S5 27.54 30.01 30.37

000192 ARVCF _NFDT(ph)LDLPK_ T573 22.82 26.8 27.19



