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The network

Network: a graph representation of experimental phenomena
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What is Cytoscape?

» Cytoscape is an open-source community software project for integrating biomolecular
interaction networks with high-throughput expression data and other molecular states
into a unified conceptual framework.

 Although applicable to any system of molecular components and interactions, Cytoscape
is most powerful when used in conjunction with large databases of protein-protein,
protein-DNA, and genetic interactions that are increasingly available for humans

and model organisms.

* A software “Core” provides basic functionality to layout and query the network; to visually
integrate the network with expression profiles, phenotypes, and other molecular states;
and to link the network to databases of functional annotations.

» The Core is extensible through a straightforward plug-in architecture, allowing rapid
development of additional computational analyses and features.

» The central organizing metaphor of Cytoscape is a network graph, with genes, proteins,
and molecules represented as nodes and interactions represented as links, i.e. edges,
between nodes.



Plugins

A plugin is an external program sharing a common workspace with a core program.

—» Data analysis plugin

E— I/O plugin

Cytosca pe - » Network Inference plugin

~—» Communication plugin

—> Layout plugin




Cytoscape Quick Tour
- Base features -



Cytoscape quick tour: main window
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Cytoscape quick tour: main window
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Cytoscape quick tour: main window
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Cytoscape quick tour: main window
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Cytoscape quick tour
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Cytoscape quick tour: data panel

* Node name

* Alias

- Database names
» Sequence data

* Attributes
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Cytoscape quick tour: network views
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Cytoscape quick tour: network views
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Cytoscape quick tour: network views
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Cytoscape quick tour: network views
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Cytoscape quick tour: file and URL import

* File import (from heterogeneous sources)

 URL import (from several labs)

& Import Network

Import Network File

Data Source Type
i~ Local {* Remate/URL

I |

feast Protein-Protein: Ideker, T. ek al, (galFilkered. sif)
Human Protein-Protein: HPRD Likerature Curated Interactions

Human Prokein-Pratein: Rual ek al, (Subnetwaork For kukorial)

Human Prokein-Protein: Rual et al. Toward a prateome-scale map of the human protein-prokein interaction

Human Prokein-Protein: Stelzl et al. A human protein-protein inkeraction networls a resource For annakakin
feast Protein-Protein: Pracek et al. Global analysis of protein phosphaorylation in yeast, Nakture 2005

http: //cytoscape.org/datasets/ptacek, sif

Impart

Cancel
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Cytoscape quick tour: network import

» Simple interaction file (SIF or .sif format)

» Graph Markup Language (GML or .gml format)

« XGMML (extensible graph markup and modelling language).
» BioPAX (Biological PAthways eXchange)

SBML Impart Network nd Edge Atinoutes from Table

 PSI-MI Level 1 and 2.5

* Delimited text E ® @ Import Network from Table <
» Excel Workbook (.xls)
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YLR293C Y GLOS9 W PR true abhcd12350 1.2344543
YMR146C Y DR 2 S pp true abcd12351 1.2344543
YORA429C YFLO17 P true abcd12352 1.2344543
YPROBOW Y ALDOIW B triie abed12353 12344543 =
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Cytoscape quick tour: network import
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Cytoscape quick tour: attributes import

Attributes from file

F RS SR o Fre

B = @ Import Attribute from Table &

Diata Sources
Anribures & Mode (0 Edgs | Metaork

Input File | file fcellarfusers /kang fvarkip e fonlascipe Mbuild feytoicape-v 2 4.0-bl /tampleData/galEx pDta greali S2lect File

Advarced
o Show Adysnced Mapping Opdions [ ShowTewxt File Import Options
Apnalation File 10 Aflr ibiste Magping

key Caolumin in Annotation File ey Alfribuie for Mebwork
Prim &y Kay 3 CEHE -
[ i | Calumn (Attribute Nam e} [ DmaTvee | | g 3 canonicunianc -
L GEME J. Errlng -
v kAR -:l. String
[T gallRc A String
guHRLD 5 Floai |
gaisnR J:'. Elaat -
Text Fule Import Dyptions
Drelimiler Preview Oprions
o Tab | Comma | Semicolon [ Space | diber | T Show sl enFISS InThe e @ Showfirs | 100] 5| entries,
Alnilsile Mames Metwoaik Import Gpliens
=4 Tramsfer first line as ariribuie names Start Impor Row Comment Line: Beload
Freview
Bl Text File | Left Click: Edit Column Right Clicks ORJOFF Column | g key | Alias |
gaEsplata pyals By Attrihutes
I T T . T T T ; | TPROGZW
W GEME & COMMOM X galiF | % galdRi & galf0R X gallF YPROBOW =3
YHROS1W CONG =0.034 0111 0,304 375720000 |a
YHR12 W MDTED -0.080 0007 -0.348 z7l460e-00 o) YPRI0DZC
YEL1ISIW PRS1 -6167 -0.233 0.112 £.27120p-03 ¥YPR110C
¥ QRO T 2 W LIPF3 0.245 -0.471 0,787 4. 104508-04 ] YPR113W
YHLOZOC OFI1§ 0174 -0015 0151 1401E0e-04
YGR145W YCR145W 0.387 -0.577 - 0.088 5 37920e-03 YPR119W
YLLO41c YoL04 1 0.285 -0, {RE 0,103 4 AR50 -0 TPRLZ4W
| ¥YORE1EW CRMI =001 0001 -0O18 613g40e-0 o YPR145W 3
) o i ST T ) “Ts | YPR1&7C -

Nuber of madched Primary Key sad Key Atribute pair- 3 Firs1 10D entries are loaded for preview. File Sima: 415 Kiy14s import | | Cencel |




Cytoscape Quick Tour
- Layouts -



Cytoscape quick tour: network layouts
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Cytoscape quick tour: network layouts

Hierarchical layout
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Cytoscape quick tour: network layouts
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Cytoscape Quick Tour
- Visual Mapper -



Cytoscape quick tour: Visual styles
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Cytoscape quick tour: Visual styles
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Cytoscape quick tour: Filters

Control Panel
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- Plugins -



Cytoscape Plugins

*Analysis: Used for analyzing existing networks
Mcode, Metabolica, CentiScaPe (under submission)

*Network and Attribute 1/O: Used for importing networks and attributes in different file

formats
BiNoM,NCBIClient

* Network Inference: Used for inferring new networks
AgilentLiteratureSearch

 Functional Enrichment; Used for functional enrichment of networks
BinGO

« Communication/Scripting: Used for communicating with or scripting Cytoscape
CyGoose
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- Analysis Plugins -
Metabolica




Metabolica plugin: network motifs introduction

o * Feed forward loops
* Feed backward loops

 Single Input Modules

a A b 331 . Z, threshold
X = 06 Z, threshold
w02 Z. threshold
1 l 1 J—lj 0 '—I"r 1 T | T ]
L 4 - &y

gk N 02
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| 2 \
I i
0 J T — T T 1 [
) 1 F 3 4 g '] i B 9 10
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I Tivily

Mature Reviews | Genetics
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Metabolica Plugin

A Metabolica 1.2

Structure selection

=101 x|

x *

o Hew 000 | X

Y feed Forward loop feed backward loop single input madule

'I' ¥ ¥ ¥

—+ 7 2y Zy 5
~Threshald —Caomputation
| state: idle
|
~Progress
Value: 3
~Evaluator
(zet skructures Warning: this plugin may need long time computation!
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Metabolica Plugin
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Metabolica Plugin

A=E1A-BINDING-PROTEIN-P300

B=TRANSCRIPTION-FACTOR-1
C=STAT3

[(E1A-BINDING-PROTEIN-P300 TRANSCRIPTION-FACTOR-1)
(TRANSCRIPTION-FACTOR-1 STAT3)
(E1A-BINDING-PROTEIN-P300 STAT3)]
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Metabolica Plugin

A=E1A-BINDING-PROTEIN-P300

B=TRANSCRIPTION-FACTOR-1
C=STAT3

[(E1A-BINDING-PROTEIN-P300 TRANSCRIPTION-FACTOR-1)
(TRANSCRIPTION-FACTOR-1 STAT3)
(E1A-BINDING-PROTEIN-P300 STAT3)]

TRANSCRI -FACTOR-1

E1A-BINDIN
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- Analysis Plugins -
CentiScaPe



CentiScaPe plugin: centralities

 CentiScaPe can find centralities for a specified network. A centrality is a topological property
for each node of a graph.
Computed centralities are:

- Average Distance: biologically, a big protein network with low average distance may
suggest that the proteins within the network have the tendency to generate functional complexes
and/or modules

- Diameter: biologically, gives a measure of the easiness of the proteins to communicate
and/or influence their reciprocal function

- Degree: Biologically, gives immediate evaluation of the regulatory relevance of the node

- Stress: measures the number of shortest paths passing through a node.A “stressed” node is
a node traversed by a high number of shortest paths .

CW(V)ZZ SHEVE VZ t#veV o,

In biological terms, the stress of a node in a biological network can indicate the relevance of a
protein as functionally capable of holding together communicating nodes.
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CentiScaPe plugin: centralities

- Betweenness: It is similar to the stress. It is calculated considering couples of nodes (v1,
v2) and counting the number of shortest paths linking vl and v2 and passing through a node n.
Then, the value is related to the total number of shortest paths linking v1 and v2.

CSpb(v):Zs¢v€V Zt;sVEV 6St<v) SSt(V):O_S;(V)

biologically,can indicate the relevance of a protein as functionally capable of holding together
communicating proteins.

- Radiality: if the radiality is high this means that, with respect to the diameter, the node is
generally closer to the other nodes, whereas, if the radiality is low, this means that the node is
peripheral.

ZWeV(AG—I—l —dist (v, w))

n—I1

Cmd(V):

Biologically can be interpreted as the “probability” of a protein to be functionally relevant for
several other proteins, but with the possibility to be irrelevant for few other proteins.
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CentiScaPe plugin: centralities

- Closeness: high values of closeness should indicate that all other nodes are in proximity to
node v. In contrast, low values of closeness should indicate that all other nodes are distant from
node v.

1

ZweVdist(v,w)

Cczo<V):

Biologically, the closeness of a node indicate the “probability” of a node to be part of a cluster.

- Centroid Value: The centroid value suggests that a specific node has a central position
within a graph region characterized by a high density of interacting nodes.

C. (v)=min [f(v w):we V/[VH

where f (v, w): =y (W) —y (v), andy (w) is the number of vertex closer to v than to w.

Biologically,centroid can be interpreted as the “probability” of a protein to be functionally capable
of organizing discrete protein clusters or modules.
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CentiScaPe plugin: centralities

- Eccentricity: if the eccentricity of the node v is high, this means that all other nodes are
in proximity. In contrast, if the eccentricity is low, this means that there is at least one node (and all
its neighbors) that is far form node v.

1
C —
el max{ dist\v,w) - wd V}

Biologically, can be interpreted as the easiness of a protein to be functionally reached by all other
proteins in the network
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CentiScaPe plugin
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Welcome to Cytoscape 2.5
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Conclusions

» Cytoscape is a “must have” tool for biological and biotechnology research
« Homogeneous platform
* Open source (nearly free)

« Hardly updated and many contributions

http://www.cytoscape.org
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