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Caveats

* Research 1n biological network analysis
requires. ..
— 1n-depth knowledge of graph theory

e Which I’'m not sure I have...

— strong background in statistics
 Which I know I don’t have...

— strong background in biology
 Which I *think* I have...

* [’m not going to talk about cutting edge research

* [’m going to introduce some of the approaches
and tools only



S0, why am I here?

Executive Director: NIH Resource for
Biocomputing, Visualization, and Informatics

19 Years of Pharmaceutical Experience
(Genentech)

Cytoscape core team (4 years)
Author:

— Cytoscape layout mechanism
— Cytoscape group mechanism
— Metanode Plugin

— clusterMaker

— chemViz

— structureViz



Why are you here?

Bench biologists?
Geneticists?
Bioinformaticists?
Mathematians?
Cheminformaticians?

Structural biologists?



Outline

The Challenge
Biological network taxonomy
Analytical approaches

Visualisation approaches
— Data mapping

— Layouts

Tools

— Cytoscape
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The Challenge

* Biological networks (nodes and edges)
— Seldom tell us anything by themselves

— Analysis mvolves:

« Understanding the characteristics of the network

— Modularity
— Comparison with other networks (specifically random networks)

— Visualization involves:

 Placing nodes in a meaningful way (layouts)
* Mapping biologically relevant data to the network

— Node size
— Node color
— Edge weights
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Biological Network Taxonomy
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Biological Network Taxonomy
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Analytical approaches

e Scale-free networks

— Degree distribution follows power law: P(k) ~ k7,
where v 1s a constant.

— Result 1s that there are distinctive “hubs” (essential
proteins?)
— Overall, though, network 1s resilient to perturbation

— Biological (and social) networks tend to be scale-
free
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Analytical approaches

O8N0 _ Node Degree Distributi

Number of nodes

Degree

®eNno NetworkAnaIyzer - Fitted Function

A power law of the formy = axb was fitted.
a= 148.46 b= -1.896
Correlation =  0.742
R-squared = 0.871

Note: R-squared is computed on logarithmized values.

( ok ) (Help\
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Analytical approaches

e Hierarchical networks
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Analytical approaches

acti\

ID AverageShortestPathLength BetweennessCentrality ClosenessCentrality ClusteringCoefficient Degree
node0 1.0 0.66666667 1.0 0.33333333 3
nodel 0.0 0.0 0.0 0.0 1
node2 1.33333333 0.66666667 0.75 0.5 2
node3 2.0 0.0 0.5 1.0 2
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1ical approaches

MO ® BINGO
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["1459... positive regulation of carbohydrate metabolic process 5.394... 5.204... 4/322... 8/5819... YGL115W YJLO89W YNL199C YPLO75W %
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response to pheromone during conjugation with cellular f... 7.363... 6.544... 10/322... 55/581... YOR212W YCLO32W YNL145W YLR229C YLR362W YDR461W Y...

.. ribosome assembly 7.618... 6.717... 11/322... 65/581... YPL131W YPR102C YNROS3C YPL211W YMLO24W YPRO4IW Y...

.. hexose biosynthetic process 9.602... 8.400... 6/322... 22/581... YDROSOC YHR174W YLR377C YGR254W YKRO97W YCRO12W

.. interphase 1.027... 8.921... 16/322... 122/58... YALO40C YDR167W YGR108W YFRO37C YJL194W YDR146C YK...
protein amino acid phosphorylation 1.147... 9.883... 17/322... 135/58... YGL115W YHR135C YLR362W YKL101W YNL307C YGL208W Y...

.. response to pheromone 1.218... 1.037... 14/322... 101/58... YILOISW YFLO26W YDR461W YLR362W YDR103W YHROOS5CY...
hexose transport 1.239... 1.037... 6/322... 23/581... YBRO20W YOL156W YLRO81W YCLO40W YJL219W YDR277C

.. monosaccharide transport 1.239... 1.037... 6/322... 23/581... YBRO20W YOL156W YLRO81W YCLO40W YJL219W YDR277C

.. growth 1.247... 1.037... 17/322... 136/58... YALO40C YFLO39C YLR362W YGRO14W YOR326W YDR103W Y... |a

.. cellular response to stress 1.251... 1.037... 9/322... 49/581... YBRO93C YGL208W YPL149W YHR171W YBR217W YMLOO7WY... [y
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Visualisation approaches

e Data mapping
* Layouts

e Animation
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Data mapping
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Data mapping

* Avoid cluttering your visualization with too
much data

— Map the data you are specifically interested in to call
out meaningful differences

— Mapping too much data to visual attributes may just
confuse the viewer

— Can always create multiple networks and map
different values
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Use layouts to convey the true relationships
between the nodes

Layout algorithms may need to be “tuned” to fit
your network

Lots of parameters to change layout algorithm
behavior

Can also consider laying out portions of your
network
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Animation
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Cytoscape

* About Cytoscape:

“Cytoscape 1s an open source bioinformatics
software platform for visualizing molecular
interaction networks and integrating these
interactions with gene expression profiles and other
state data.” — Cytoscape Web Site
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‘ Cytoscape Version 2.5
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Demonstration

e Cytoscape Demo
— Vizmapper
— clusterMaker
— structureViz
— chemViz
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Questions?

* Thanks for your attention!
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Workshop: Cytoscape
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August 16, 2010 34



Cytoscape

* About Cytoscape:

“Cytoscape 1s an open source bioinformatics
software platform for visualizing molecular
interaction networks and integrating these
interactions with gene expression profiles and other
state data.” — Cytoscape Web Site
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‘ Cytoscape Version 2.5
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Networks
e.g, biological pathways
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Networks

with VizMapper
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Similar to GCN2 elF2alpha kinase S_T_Y_Kinase Doma
043914 DAP12 ITAM Doma
Q13007 Interleukin 24 1L10 Doma
ADAMTS 13 TSP1 Domz
Q99755 Phosphatidylinositol-4-phosphate 5 PIPKc Doma
095425 Supervillin Domz
Sulfotransferase family 28, member 1
Q99708 CTIP z Motif
043915 VEGF D PDGF Doma
014531 Collapsin response mediator protein 3
Q9HEPS Threonine aspartase
P51571 Signal sequence receptor delta  SP Motif
P36021 X linked PEST containing transporte TM Doma
Q9H8TO FTS UBC Doma
P41743 Protein kinase C, iota type S_T_kinase  Doma
RPA4 TRNAA Doma
Type 1 protein phosphatase inhibitor
JM11 protein cc Motif
M1 protein cc Motif | &
M4 protein ™ Domz y

T hprd.noa [+

Ready

]

© SCRL | © CAPS [ © NUM

Annotations



Visual Styles

Use specific line types to indicate  Encode specific physical entities Set node sizes based on the degree
different types of interactions as different node shapes. of connectivity of the nodes.

Browse extremely dense networks - get node font sizes based on the Expression data

by(;:ontrolling for the opacity of  gegree of connectivity of the nodes.
nodes
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Core Concepts

* Plugins!

http://chianti.ucsd.edu/cyto_web/plugins/index.php
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Cytoscape

» Traditional uses
— Visualizing:
 PPI
« Pathways

— Mapping:
» Expression profiles
* “Other state data”
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Control Panel
[ 7o Network VizMapper™ b |

\ ] .
\ 7’/
- AN ¢ LM2
@ == \

A=\ MIG 1 —sLML

lbomc 1‘

- \

MUD2
RDC5S

Network Nodes Edges
B cafFiltered.sif  331(1)  362(0)

CALL

Data Panel fal
ID Pathway SGD symbol gallRGexp
YBRO20W [KEGG pathway: Galactose metabolism] [GAL1] -2.426

[ Node Attribute Browser Edge Attribute Browser  Network Attribute Browser |
Welcome to Cytoscape 2.6.2 Right-click + drag to ZOOM Middle-click + drag to PAN




Cytoscape

A

oo

DGO

TN

G,

o

[0, SRR

i

A MSRATION [1 1Y
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Cytoscape: Platform

006

MCODE Results Summary

Rank

< Agilent Literature Search 2.3 beta 3 (LitSearch version 2.3)
Fle Edt View Hep

Score

(M m]|; =] vor261c, YDL147W, YDR427W,

'?: Cytoscape Desktop (New Session)

4 Page: 1% of2 b

Size

QX

Names

YGR232W, YDLOO7W, YKL145W,
YFRO52W, YFRO04W, YLR421C,

Complex

YHR200W, YERO21W, YOR117W,

% default

nlk
(eI ed  Show Sentences from the Literature

LinkOut ) Gather Evidence from the Literature

>

niida ngt"work.“”& 5%‘\?& ) {_ bone )

Terms Context
. Fle Edit View Select Layout Plugns Help Data
beta-catenin meknoma | . ‘ LA
P53 9» é = ofp JF 2
wntSa ! >
ifnb CytoPanel 1 &
nfatc ¥s Network |Editor
5 Network Nodes Edges
L E 36(0)  80(0)
Search Controls
Max Engine Matchas: -
Extraction Controls
Concept Lexicon:  Homo sapiens v Interaction Lexicon: kmited W
Query Editor
({beta-catenin OR “beta catenin” OR bcatenin)) AND melanoma
({(pS3 OR trpS3 OR tpS3)) AND melanoma
((wntSa OR hwntSa)) AND melanoma
((iff OR ifn-beta OR ifnbl OR nterferon-bata OR "fn beta"” OR ifnb OR ifb O
AND melanoma
({nfatc OR nf-atc OR nfat2 OR nfatcl)) AND melanoma
({ifnb2 OR i6 OR bsf2 OR i-6 OR hsf)) AND melanoma
[(X] = [>]
Query Matches
Completed:
1. D Activation of Notchl signaling is required for beta-catenin-meq
: o y - Sormg AV _ .
EJ Capobianco AT Heriyn M, Liu ZJ) |J Clin Invest, 115:(11), Nov, 2005][JOURNAL > |

e Attribute Browser Edge {\ttributg Browser erretrwork Gtﬁfi,t,'u?e, Browser

ZOOM Middle-click + drag to PAN
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MCODE Results Summary

Rank Score
1 7.25
2 6.387
3 5417
4 5

5 5

Size

16,116

31,198

12,65

15,75

12,60

|| Create a new child network. ( Save ) ( Done )
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Names
YGR232W, YDLOO7W, YKL145W,
YFRO52W, YFRO04W, YLR421C,
YOR261C, YDL147W, YDR427W,
YHR200W, YERO21W, YOR117W,
YDLO097C, YOR259C, YPR108W,
YDR394W
YPLO93W, YBLOO4W, YOR272W,
YNL110C, YKLOOSW, YFL002C,
YOLO77C, YPL126W, YILO35C,
YLR409C, YLR129W, YORO61W,
YKRO60W, YCRO57C, YDR449C,
YORO039W, YJL109C, YPLO12W,
YGR103W, YLR449W, YOR206W,
YKLO14C, YLLOO8W, YKL172W,
YNLOO02C, YLRO02C, YGL111W,
YOL041C, YGLO19W, YOR145C,
YPRO16C
YGLO11C, YOLO38W, YPR103W,
YMR314W, YBLO41W, YOR362C,
YERO12W, YJLOO1W, YMLO092C,
YGR253C, YER094C, YGR135W

YPLO43W, YMR290C, YEROO6W,
YKRO81C, YDR496C, YDLO31W,
YNLO61W, YNL132W, YLR222C,
YLR197W, YMR049C, YHRO52W,
YJLO69C, YKLO99C, YDLO14W
YPR187W, YPRO10C, YPR110C,
YNL248C, YOR341W, YNROO3C,
YKL144C, YOR207C, YPR190C,
YNL113W, YOR116C, YBR154C

Complex

>




. -y Cytoscape Desktop (New Session)
o B I N G O File Edit Yiew Select Layout Plugins Help
9P é L :& 6’ 520 @ x @ BINGO_test2 v %

CytoPanel 1
?g Network | |Editar

signalt@ducﬁon
MNetwork Nodes Edges protein royffication
\\Program FilesiCy331(25)  362(40) cell communication

99(0) 135(0) protein fetabolism !

cell ulkr-.pﬂo cess

sae 2
response to endogenous stimulus

metali:dlism X
biologigal

physiologj;d process
Gene_'.;_Or‘itology

molecu[,a.;: ction
] catalylic dctivity

response to @'iﬂotic stimulus

bi'/d}ng transfel activity
: " . .
nucle otide’ binding kinasg activity
rmifin
trmﬁh.r
rlm CytoPanel 2 5
\ “‘i%.pwn.n.. -
. )5 o Node Attribute Browser { test2 )
m«&'q—r Gy ~ == e -
/g 1
"/ ae ¥ SR8
e L
oA »
= 1D |
...,«éw« ey . ‘
Node Attribute Browser |Edge Attribute Browser || Network Attribute Browser |
Welcome to Cytoscape 2.3 Right-click + drag to ZOOM Middle-click + drag to PAN
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Fle Edt View Heb
Terms Context

Fle Edit View Select Layout Plugns Help Data

beta-catenin meknoma | . ‘ - =
rd =hg il QX P v K
wntSa y: d
ifnb CytoPanel 1 @0 4
nfatc ¥e Network |Editor
i Network Nodes Edges

| B 36(0)  80(0)

Search Controls

Max Engine Matchas: -

v

Use Aliases: (@) s

Extraction Controls

Concept Lexicon:  Homo sapiens v Interaction Lexicon: lmited v

Query Editor

((beta-catenin OR “beta catenin® OR bcatenin)) AND melanoma
((pS3 OR trpS3 OR tpS53)) AND melanoma

((wntSa OR hwntSa)) AND melanoma

((iff OR ifn-beta OR ifnbl OR nterferon-beta OR "tfn beta" OR ifnb OR ifb O
AND melanoma

((nfatc OR nf-atc OR nfat2 OR nfatcl)) AND melanoma
({ifnb2 OR i6 OR bsf2 OR i-6 OR hsf)) AND melanoma

[(X] = [
Query Matches

ik

(el  Show Sentences from the Literature

) Gather Evidence from the Literature

Completed: ;
1.  Activation of Notchl signaling is required for beta-catenin-med P
L = —e 6—O
EJ Capobianco AT Heriyn M, Liu ZJ) |J Clin Invest, 115:(11), Nov, 2005][JOURNAL b

4 Page: 1% of2 b
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Tutoral

» Start with “Introduction to Cytoscape”

— NOTE: When you get to the “WikiPathways” step (page 7),
you will need to go to the Plugin Manager and load the
GPML Plugin (under Network & Attribute 1/0)

— Details on the Plugin Manager are available on page 11 of
the handout.

e Other available handouts:

— Agilent Literature Search
— ClusterMaker
— Network Analyzer

* Don’t hesitate to ask questions!
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After Today

Downloading cytoscape:
— www.cvtoscape.org

* Questions about cytoscape
— cytoscape-helpdesk(@googleeroups.com
— cytoscape-discuss@googlegroups.com

 Tutorials web site:
— http://labrador.library.ucsf.edu/opentutorials/
— http://opentutorials.rbvi.ucsf.edu/ (new URL)

* My contact information:
— scooter@cgl.ucsf.edu
— http://www.cgl.ucsf.edu/home/scooter

— http://www.rbvi.ucsf.edu/cytoscape (documentation on our
plugins)
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Backup Shides
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clusterMaker

e Base Cytoscape:

— Map expression values onto network

* Next step: clusterMaker
— Visualize expression heat maps

— Include standard clustering approaches

e Hierarchical, k-Means
— Provide interaction between head map and network

— Extensions:

* epistatic maps, complex determination
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clusterMaker

TN S s i T 23 Wil

e 00 CIusterMaker TreeView : DNA and Tran 07-21-06b.csv

Usage Hints

use arrow keys
click and drag
- hold shift to

View Status

6 genes sele<m
7 arrays selec

Genes from 1

T e rre—

sktop (Session Name: collinsPlus.cys)

<>

CIusterMaker TreeV|ew combmed scores_good.txt--clustered

'—E.,

Usage Hints
Click and drag to scroll

View Status
No status info 1

—

~ B

combined_scores_good.txt--clustered

=)= |

DNA and Tran 07-21-06b.csv Endo full avg 06-15-07.csv KinAvg

( Settings.. 3 € Save Data.. 3 € Export Graphics.. Y ( Map Colors Onto Network... Y ( Close ) ;;i m
(—) < »

[ Node Attribute Browser

Edge Attribute Browser  Network Attribute Browser |

Welcome to Cytoscape 2.6.2

Right-click + drag to ZOOM

Middle-click + drag to PAN




structureViz

* Base Cytoscape:

— Show protein-protein pathways and interaction networks

* Next step: structureViz

— Use node and edge annotations to provide structural
references:

 PDB files
* Functional residues

* [Links to modeled structures

— Visualize structures in UCSF Chimera

* Provide interaction between structure and network
* Provide simplified interface to structural elements
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structureViz

toscap a e Alignment Dialog [x] =L Lol
Reference Structure File Select Actions Tools Favorites Help

Node gil2084365; model 1EZ2 '\

Match Structures Aligned Pairs RMSD
1QW7 329 0.298 )
1JGM 329 0.241 Vs
["] Show sequence panel for each alignment
&

[] Assign results to Cytoscape edge attributes

Done

Cytoscape Molecular Structure

Chimera View Select

|= 3 Open Chimera Models
£} Node gi12084365 [Model #0 1EZ2 (4 chains, 619 residues)]
(3 Chain A (331 residues)
(3 Chain B (331 residues)
(3 Chain het (2 residues)

(3 Chain water (286 residues)
[ tl Node gil29176 [Model #1 1QW7 (4 chains, 543 residues)]‘
#-[] Node gil4719485S [Model #2 1)GM (4 chains, 776 residues)]

BO@ E

subgroup \ PFAM Family pdbFileName | FunctionalResidues
qil29176 phosphotriesterase like PTE 1Qw7
qi2392286 phosphotriesterase like PTE 1DPM His55,His57,Lys169,His201,Hig
qil4719485 phosphotriesterase like PTE 1JGM His55,His57,Lys169,His201,Hig
qil7977844 phosphotriesterase like PTE
qil2084365 phosphotriesterase like PTE 1EYW, 1EZ2 His55,His57,Lys169,His201,Hig
qi2098312 phosphotriesterase like PTE 1PSC His55,His57,Lys169,His201,Hig
j{lSZ 12234 phosphotriesterase like FTE
4

Node Attribute Browser | Edge Attribute Browser | Network Attribute Browser

Welcome to Cytoscape 2.4.0-b3 Right-click + drag to ZOOM Middle-click + drag to PAN I ’100 atoms, 96 bonds
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chemViz

* Base Cytoscape:
— Visualize pathways
» Color nodes by drug screening results
* Next step: cheminfo plugin (chemViz?)
— Use node and edge annotation to provide chemical

descriptors
« SMILES strings, InChi fingerprints

— Visualize structures

— Cheminformatics calculations
e Tanimoto similarity

e Chemical descriptors (e.g. Rule of Five, Hydrogen Bond Donor
and Acceptor count)
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chemViz

DO C Cytoscape Desktop (Session Name: screening_network.cys)

BE QaQQ @ @ B o - B

(F‘ontrol Eane! o le 0.0 Interesting Compounds and neigbours
1000 2D Structure Table "
Netwdl D Molecular Wt. | HBond Donors HBond Accept... = 2D Image
46158236
339 1 6
69931173 i
Al
8 R 2D Structures for Node 85690067
357 1 5
o}
85690067
360 1 5
67660655
oo
349 1 5 EE‘
( Export Table... ) ( printTable... ) ( Close )
l Node Attribute Browser  Edge Attribute Browser ~ Network Attribute Browser |
Welcome to Cytoscape 2.6.2 Right-click + drag to ZOOM Middle-click + drag to PAN
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