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Blologlcal Pathways’?

S '- Pathways are blologroal processes
‘But; not: really pathways -> networks
S Metabollc S|gnalrng, regulatory and genetic

y ﬁ .- Deflne gene function at’ many dlﬁerent levels.
/9 Human constructs to orgamze the oell

Byfp

Note: generally out of cell context =~ -~ -

Pathways

» However, there is no precise biological definition
of a pathway
— You can’t see a pathway ‘object’ under a microscope

« Start point is important or easily accessible
stimulus (e.g. EGF hormone, drug)

» End point is a chosen readout (e.g. reporter
gene expression, protein phosphorylation,
production of a metabolite)

What’s Missing?

Pathway/network abstraction is not dynamic

— Difficult to represent a calcium wave or a feedback loop
More detailed mathematical representations exist that
handle these e.g.

— Stoichiometric modeling
« flux balance analysis, extreme pathways

— Kinetic modeling (CyberCell, E-cell, ...)
« Need to accumulate or estimate comprehensive kinetic information

Level of detail
Context
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complex
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Towards More Biologically Relevant
Networks

Cell Location
(signal peptides)

Partner context,
competition
(cell types)

Temporal expression
(TFs, miRNA)

Concentration
(production,
degradation

Cooperativity rates)

Allostery &P

o2 Alternative splicing
- (splicing factors)
Inhibition

Post-translational modification (enzymes)

Pathway Information

+ Databases

— Fully electronic

— Easily computer readable
* Literature

— Increasingly electronic

— Human readable
* Biologist's brains

— Richest data source

— Limited bandwidth access
+ Experiments

— Basis for models
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Databases!

« Arguably the most accessible data source, but...

« Varied formats, representation, coverage

« Pathway data extremely difficult to combine and use
Pathguide Pathway Resource List (http://www.pathguide.org)

Gathering Network Information is Hard

Software
X

Database

User

>100 DBs and tools
Tower of Babel




Solution: Standard Exchange
Formats

Database

User
>100 DBs and tools With Data
Tower of Babel Exchange Format

Reduces work, promotes collaboration, increases accessibility

Interaction and Pathway Data
Exchange Formats

PSI-MI http:/psidev.sourceforge.net
— Molecular interactions - protein-protein interaction focus
— Peer reviewed, HUPO community standard
« BioPAX http://www.biopax.org
— Biological pathways
— Community ontology in OWL, Protégé
« SBML http://www.sbml.org

— Widely adopted for representing mathematical models of
biological processes e.g. biochemical reaction networks
« CellML http://www.cellml.org

— Math models of biological processes

Biological Network Exchange Formats

Database Exchange

Simulation Model
Formats

Exchange Formats

Genetic SBML
Interactions .

CellML

Rate
Molecular Interactions Formulas
Pro:Pro «——» AILAIL

che 1l
Reactions
Small Molecules

\| Low Detail «— High Detail x:': bo_llc Pm."hl ‘l')v:z:




PSI-MI: Storing Protein Interactions

Structure of a PS1 MI record o

“The root element of a PSTMI XML file is the entrySet.
An entrySet contains one or more enries. Each entry is
a self-contained unit. This allows to easily concatenate
the contents of multiple files into a single file by simply
adding all the entries into the entrySet.

s

Figure 1: The entry top level element

PSI-Ml is XML Text

BioPAX Pathway Language

» BioPAX = Biological Pathway Exchange
* Represent:

— Metabolic pathways

— Signaling pathways

— Protein-protein, molecular interactions

— Gene regulatory pathways

— Genetic interactions
« Community effort: pathway databases

distribute pathway information in standard
format




BioPAX Structure

= Contains (has a)
« Pathway

— Aset of interactions

— E.g. Glycolysis, MAPK, Apoptosis
« Interaction

— A basic relationship between a set of entities

— E.g. Reaction, Molecular Association, Catalysis
« Physical Entity

— A building block of simple interactions

— E.g. Small molecule, Protein, DNA, RNA

Physical Entity

BioPAX: Interactions

Physical Interaction

Control

Conversion

ComplexAssembly

Comrin ) (oot (eremtroston ) omero)
S

Transpor

BioPAX: Physical Entities

(PhysicalEntity]

Protein Small Molecule




BioPAX Ontology
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Controlled Vocabularies (CVs)

BioPAX uses existing CVs where available via
openControlledVocabulary instances
— Cellular location: Gene Ontology (GO) component
— PSI-MI CVs for:
« Protein post-translational modifications
« Interaction detection experimental methods
« Experimental form
— PATO phenotypic quality ontology
— Some database providers use their own CVs
« E.g. BioCyc evidence codes
More at the Ontology Lookup Service
— http://www.ebi.ac.uk/ontology-lookup/
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OWL (XML) Snippet

BioPAX Level 3 (in progress)

 States and generics
— E.g. phosphorylated P53, alcohols
* Gene regulation

— E.g. Transcription regulation by transcription
factors, translation regulation by miRNAs

Genetic interactions

— E.g. synthetic lethality, epistasis

Better controlled vocabulary integration
— More accessible to reasoners

Switch to Protégé

Using Pathway Information

Accurate Pathway Model
For Simulation ** Databases

<

/-‘ Literature
[~
Pathway

Information Expert knowledge
(BioPAX) . ANAY

Experimental Data

12



The Cancer Cell Map

EGF, TGFR, AR, Delta-notch, A6B4 Integrin, Id, Kit,
TNF-alpha, Wnt, Hedgehog (10 pathways)

‘ http://cancer.cellmap.org ‘

Details on interaction, reactions, post-translational
modifications from membrane to nucleus

Derived from original articles

Reviewed by MSKCC experts in Massague, Benezra,
Besmer, Gerald, Giancotti labs

EGF Pathway

>170 Proteins

~240 Protein interactions
~90 Biochemical reactions

cancer.cellmap.org ~30 Transport events

EGF PATHWAY
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Ethan Cerami
Ben Gross

EGFR1 (Pathway) from Homo sapiens

Data e

Source:
Availability:

cancer.cellmap.org

cPath Pathway Database Software

P —

— — __ L Cluster
B8 .. %@
Pﬁ E‘ /l Sine- wéry

HPRD

—_—

BioPAX
BioCyc Cytoscape T /
- _ -
E‘ E W v
- == Services API

PUMA2 Reactome KEGG

Collect ———————3 Browse / Query =3 Analyze

Analyze

cPath

cPath Key Features

Identifier mapping system e.g. proteins
Scalable pathway data aggregation
» Simple web interface for browse and query

« Standard web service API for application
communication

100% open source
—Java, Tomcat, MySQL, Lucene, Struts, YUI
Local installation and customization

http://cbio.mskcc.org/cpath|  gurmseeme s, oo
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Customizable Content

Customizable headers, footers, and
home page content.

Enables users  to search for pathways
or proteins of interest.

Basic Pathway Data

Includes pathway nan
organism, source of data,
availabiliy restrictions,
and comments.

Interaction List

Lists all interactions that
participate In the pathway.

Sample Pop-Up Box

Rolling over members of an

Lists all molecules that
participate In the pathway.

interaction opens a pop-up
box with cellular location a
and synonyms.

Node / Edge Details
Window for viewing

interactor or interaction
details,
Graphical rendering of the
Kit Receptor pathway. . T
S L Vet s oot

HOXEGumu

. .

—

= |

Overlay Expression Data

Node color indicates
expression level. Red
indicates high expression
level. Blue indicates

low expression level.

it ®

T

Condition Selector

Slider for selecting current
experimental condition.

Visual Legend

Visual legend for viewing
and configuring the color gradient.

cPath Web Service API

Queried by URL (RESTful architecture)
getPathway, getNeighbors, getPathwayList,
search

webservice.do?cmd=get_pathway_list&versio
n=2.0&q=014763&ingat_id_type=UNIPROT

Database:1D Pathway_Name Pathway_Database_Name Internal_ID
UNIPROT:014763  Apoptosis REACTOME 579
UNIPRO Extrinsic Pathway for Apoptosis REACTOME 580
UNIPROT:014763  Death Receptor Signalling REACTOME 581
UNIPROT 014763 FasL/ CD95L signaling REACTOME 582
TRAIL signaling REACTOME 584
Caspase-8 is formed from procaspase-8 REACTOME 585
Activation of Pro-Caspase 8 REACTOME 586

15



Aim: Convenient Access to Pathway Information

http://www.pathwaycommons.org @ Path way
Com mons

community pathway databases

A5 ,’j 2

GentaPP analyze

add links
common language )

el

iterature context

Facilitate creation and communication of pathway data
Aggregate pathway data in the public domain
Provide easy access for pathway analysis

Long term: Converge
to integrated cell map

.Pathwoy
Commons

Pathway Commons s a convenient point of access to biological
pathway information collected from public pathwoy databases,
‘which you can browse or search. Pathways Include biocherical
reactions, complex assembly, transgort and catalysis events, and
physical interactions Involving proteins, DNA, RNA, small
molecues and complexes. more...

Search Pathway Commons:
| —

To get started, enter a gene name, gene Identfier or
pathway name in the text box above. For example: 053,
£38398 or mT0R.

To restrict your search to specifc data sources or specific
organisms, update your global ite settings.

Pathway Commons Quick Stats:
Number of Pathways: 921
Number of Interactions: 9,924
Number of Physical Entties: 15,515
Number of Organisms: 10

Biologists: Browse and search pathways

across multple valuable publc pathway
catabases.

Computational biologists: Dowrioad an
Integrated set of patiways in BioPAX format
for giobal anaysis

Software developers: 8uid softwore on
top of Pathway Commons using our

So0n-to-be released web service APL
Pattway Commons currently contains the following Cata SOUTCES:  Download and instal the cPath software fo

7 $\ Cancer Call Map, Relsase: 1.0 (19-May-06]

/Ipathwaycommons.org

Humancys, Release: 10.5 (16-Sep-06]

130007

g Reactome, Relsase: 19 (16-Nov-06]

http

Pathway
Commons
Pan AT AT VT
[ tome T rier [ 7AQ [ About | crets L esie |
Searchedfor:p53
Pttway Commans completed your searchfor 553 and found 22 eevan records

* s 45 ¢ a
© By
Summary:
OISR ps3 couses G arest by nducingthe oxpressin of  cll cyl nhiio, 21 (ELDery ot 3, 1993; Harer ¢ al, 1993; Xong et 3, 1993). P21
Dot Sources @2) ¢ B ot € o erE ot ot 1/ et reling oo ot of 37 oteation et
Mt Oy st 3 the G1/3 ranation M Wi & normeey@0us delton o 2 gene e Gehient b tner SSARY 10 e o O
© T Pty Fliponde 1 ONA damoge (Beng et &, 1995).
e )
. oata Sources:
[updete Fiter Settnas) Reactome
Eree— (Every et 3, 1993; \ 1993;
— Pathway: Stabilzation of 553
ATH s reguates . especily Ser:
TR ichenab ot 3, 2000
= Pathway: p53-Dependent G1 DNA Damags Response
« Most o the damageinduced modiicaions o p53
et i
S35 nd hanra and ove, 15531 PUnae nmhal oGk, PS5 23 e e o
= Pathway: p53-Dependent G1/5 DNA damage checkpoint @
o e . 953 *
iens 15535
= Pathway: pSa-Independent G1/5 DNA damage checkpoint @
£ the 1 phas e are e o responses, e 553 dependent and the p53-independent pathways. . The 3 dependent.
e b R ouoh e 5 oo En St s CEaned Byt PR o wreress e By depandent

e aams M COKS hraugh Ehe bty TLVL5 phosphomaton of LS
= Pathway: Coll Cycle Checkpoints @

http://pathwaycommons.org
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Towards an Integrated Cell Map
« Semantic pathway integration is difficult

Ras family
Protein family

Protein N-Ras 5 . cK-ras2

Relationships

Protein in state

active  inactive

(GTP)  (GDP)

Semantic confiict _
. (

Physical entities

Equivalent

‘Semantic conflct

Practical Semantic Integration

» Minimize errors

— Integrate only where possible with high accuracy

— Detect and flag conflicts, errors for users, no revision

— Promote best-practices to minimize future errors

— Interaction confidence algorithms

— Validation software

— Allow users to filter and select trusted sources
» Converge to standard representation

— Community process

Doable: hundreds of curators s PG

globally in >200 databases
(GDP) - make it more efficient ‘

Practical uses of pathway
information

* Use as a reference

— Summary of what is known about a cellular process or gene
— Visual communication
* Analyze molecular profiles
— After ranking and clustering
— Summary of ranked data or clusters (1000 genes, now what?)
+ Visualize molecular profiles in pathway context
» Find active pathways in sets of genes defined by ranking
or clustering

+ Find protein complexes in protein interaction networks

17



Graph Theory

<_Vertex (node)

Cycle
—’. . +«——Edge
5
Directed
Edge (Arc, >

10 Weighted
Edge

We map molecular interaction networks to graphs

Mapping Biology to a Graph

A simple mapping

— one compound/node, one interaction/edge

A more realistic mapping

— Cell localization, cell cycle, cell type, taxonomy

— Only represent physiologically relevant interaction
networks

Edges can represent other relationships

Critical: understand the mapping for network
analysis

Protein Sequence Similarity Network
http://apropos.icmb.utexas.edu/Igl/

18



Using Pathway Information

Accurate Pathway Model

For Simulation / Databases
%i - therature

Expen knowledge
Pathway ‘
::.::;:Z Informatlon
(Cytoscape) (Cell Map)

Experimental Data

toscape =

\ http://cytoscape.org \

Cytoscape - Network
Visualization and Analysis

|http://cytoscape.org|

* Freely-available (open-source, java) software
+ Visualizing biological networks (e.g.
molecular interaction networks)

* Analyzing networks with gene expression
profiles and other cell state data

Other software: Osprey, BioLayout, VisANT, Navigator, PIMWalker, ProViz

19
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yFiles Circular

Network Layout

+ 15 algorithms available through plugins

» Demo: Move, zoom/pan, rotate, scale,
align

( Rotate | Scale  Align and Distribute ! Rotate  Scale  Align and Disnibu(e}

Rotate in Degrees:

Align
— Sl
0 90 180 270 360 Distribute

Rotate Selected Nodes Only o] e W= =] ‘

0 06 Cytoscape Desktop (Session: galFiltered.cys)
5 all edges N
Open "0 | Session | From selected nodes,selected edges ~oN |7 B 4
Save ~s lone current network i
SaveAs.. ~0S G Editor] EmpyNetwork
Import M—————— Construct network using cPath...
= e T 1
Dot Yoy w620
_Quit ~Q
Algn
|
Oistrbue
W WEE=E
Cropane 2
‘:l HOS ==} ]
0
YFLO26W
YDR461W
YNL145W
(o Atbute Browser | _Edoe Atibute Browser ) ()
Welcome fo Cytoscape 24:1____ Right-click+ crag to Z0OM___ Widdlelick + drag to PAN
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Create subnetwork

806 Cytoscape Desktop (Session: galFiltered.cys)
EEQAQE @ @ : ‘B E
CytoPanel 1 i [®@ee

iENewoRS Editor 606 galFiltered.sif-~child

Network

Vodes | tages
‘nm) 36220)
70) 70 veLos7c T

Cytopanel 5 2
Rotate  Scale  Align and Distribute | YNL145W

A ororarer2

N EP@ ==} |

(ode Abute Browser™|_Edge Attribute Bowser ) (b
Welcome to Cytoscape 24,1 Right-click + drag to Z0OM____ Middle-click + drag o PAN

Visual Style

+ Customized views of experimental data in
a network context
* Network has node and edge attributes
* E.g. expression data, GO function, interaction type
* Mapped to visual attributes
 E.g. node/edge size, shape, colour...
» E.g. Visualize gene expression data as
node colour gradient on the network

Visual
Style

22



0227

Visual
Style

0272

Load “Your Favorite Expression”
Dataset

Visual

Node Attributes Edge Attributes Global Defaults
@ ‘ Change Default

RedGreen

New Duplicate Rename Delete

Map Attribute: [ gal1RGexp )
gelow [l Acd Point
Del -1 equal ) [

Del 0 Equal

Del 13 Equal

avove [

Map expression values
to node colours using a
continuous mapper

Apply to Graph Close

Visual
Style

Expression data mapped
to node colours

23



006 ity crsionsises Network Filtering

Filter types Filter Type Description
Numeric Filter Select nodes based on the
String Filter attributes of surrounding
Topology Filter nodes

Boolean Meta-Filter
Node Interactions
Edge Interactions

OK

606 Use Filters

Manage Filters Node Topology Filter

Create new filter ) ( Remove selected filter )

Available Filters Filter Name NodeTopology:>=1~1

Node Interaction:

Node : canonicalName ~ Select nodes with at least | 1 neighbors
Edge : nuli<0.0 -
NodeTopology:>=1~1

Node Interaction: within distance 1

Edge Interaction:

Node : Protein description ~ *phage* . that pass the filter [ No Filter ] =
NodeTopology:>=1~1 v

(Apply selected filter )

Analyzing gene expression data in
a network context

* Input
— Gene expression data
— Network data
« Output
— Visual diagram of expression data on network
— Active network regions
« Outline
— Where to find network data?
« Interaction database (cPath)
« Literature associations via text mining
— Load expression data
— Identify active pathways

Pathguide the patway resource st

Complete Listing of All Pathguide Resources
Protain-protein

Clickona Detals for a descrption
CellML, PSLMI
or SBL standards are respecively indicated. o Stats
Pathway Diagrams. Dol Paingute resource.
orhave omer Sitates row svalsbe

G Reguitory Questons or comments,please send Us an e-mal. Pathguide Publshed
Protein-Compound
Intoracions.

ioworks

/Ipathguide.org

Protein Sequence Protein-Protein Interactions
Focused ase Naro (Oder sphabotaly | by web popuiry )
Other

30ID - 30 nteracting domains
Ee= ABCAD - Archaea and Bacieria ABC ransporier database

ages Database

for Cellular Signaling Molec

Al E| === =

Fr— o Scaning Energ abase

Al =1 | Aspo -Anitcia Selecied ProweinsPeptdes Database
stanards BID - Binding nterface Database

Al =1 | BiND - Biomolecuiar interacton Network Database

Reset | Search

‘Anayze Patnguide

http

c: Map -The P
‘Comments, Quostions,

Soggestions are CSP-Gylokine Signaling Patnway Database

Aways Weicome! CTDB - Calmoduiln Targot Database

ain Ineractons and Bindings

mains from lambda experiments

DR~ Databasa of Ribosomal Crossinks
. 0SM - Dynamic Signaiing Maps
Vuk Pavlovic FIMM - Functonal Molecular mmunoiogy

FusionDR - Prokarvate Gana Fusion Fvents Datalis
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Interaction Database Search

Edit View Select Layout Plugins Help
From selected nodes, all edges AN

Open ~O  Session  From selected nodes, selected edges ~ON
Save s B ™ Clone current network |
SaveAs.. ~0S ] Editor|_Empty Network

Imoort » Construct network using cPath...

e 06 cPath Plugin
Search cPath

arp2 Saccharomyces cerevisiae |5 | Limitto 10 ) (Search )
Examples: p53 | radS1

06525 yeast

q06525_yeamic3_yeast

las17.yeast
Prp40.yeast

Organic
layout

sanl_yeagfb0_yeast

prp40_yeast6b._)

1as17_yeastp2_yea:

Text Mining

Computationally extract gene relationships
from text, usually PubMed abstracts
Literature search tool, lots of network data
BUT not perfect

— Problems recognizing gene names

— Natural language processing not perfect
Agilent Literature Search Cytoscape plugin
Others: E.g. iIHOP

— www.ihop-net.org/UniPub/iHOP/
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Cytoscape Network produced by Literature Search.

i

EROX B S~ M

e o e i Abstract from the scientific literature
b °. & — gl

o - 0uf
& bel211 (pp) bel2a1

Sentences for an edge

Agilent Literature Search Plugin for Cytoscape

Output ALFA
Terms Network
Bind

Cleave
Promote
‘ Catalyze

Retrieved
Documents

Extract

Sentence Nouns/Verbs
GEtD(’C"me"'Ff’{ Tokenizati }—.(UserComex'/

BNS)

S Interesting
Sentence?

Query Interface

No

Vailaya A, Bluvas P, Kincaid R, Kuchinsky A, Creech M, Adler A.
Bioinformatics. 2005 Feb 15;21(4):430-8. Epub 2004 Dec 17.

Gene Expression/Network
Integration

* Identifier (ID) mapping
— Translation from network IDs to gene expression
IDs e.g. Affymetrix probe IDs
— Also: Unification, link out, query
— Entrez gene IDs (genes), UniProt (proteins)
» Synergizer
— llama.med.harvard.edu/cgi/synergizer/translate
* More ID mapping services available
— http://baderlab.org/ldentifierMapping
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Gene Expression/Network

Integration
THE SYNERGIZER

[The Synergizer database is a growing repository of gene and protein identifier
lsynonym relationships. This tool facilitates the conversion of identifiers from one
naming scheme (a.k.a "namespace”) to another.
load sample inputs
Select species: [Saccharomyces cerevisiae - entrezgene
Select authority: [ensembl

Select "FROM"

~j (NB: The strings in
namespace: [brack:

representative IDs in the | YBR234C | 852536
corresponding
namespaces.)

Select "TO"
namespace:

File containing IDs to

translate: oSt

andjor
e
it 1. Load as attributes in
105 to translate: [1NRO35C
[reRzadcl Cytoscape
coremsones 2. Assign expression values
Submit to nodes using this attribute set

Visualize
Gene Expression”

Find Active Subnetworks

» Active modules

— Input: network + p-values for gene expression
values e.g. from GCRMA

— Output: significantly differentially expressed
subgraphs
* Method

— Calculate z-score/node, Z, score/subgraph, correct
vs. random expression data sampling

— Score over multiple experimental conditions

— Simulated annealing used to find high scoring
networks

Ideker T, Ozier O, Schwikowski B, Siegel AF Bioinformatics. 2002;18 Suppl 1:5233-40
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Active Module Results

Network: yeast protein-protein and
protein-dna network

Expression data: 3 gene knock out
conditions (enzyme, TF activator, TF

repressor)

ene Conditions vs. Pathiays

Nework Sz | Score gailfGeig guRGr gua0tsg
1 a7

1
2
3 10
i
s

Note: non-deterministic, multiple runs
required for confidence of result robustness

Ideker T et al. Science. 2001 May 4;292(5518):929-34.

The Gene Ontology (GO)

Gene_ontalgy

» Describes gene function

1. Agreed upon terms
(controlled vocabulary)
— Biological process

ViogicaLoracess

— Cellular component
— Molecular function

2. Genome annotation

[——
i

PR apoptass

B cellapoptert

www.geneontology.org

B H N G O Hypergeometric p-value
I Multiple testing correction
(Benjamini-Hochberg FDR)

Gene (Ontology

biological_process
cel\ulanfrnc{s -

“Tphysiol ma\l process
N metabglism
ological p%
biogenesis  primary\nél

ce:@n, o "
cytoplasm organization and Eﬁﬂﬁgﬁ‘m p

organelle organizafigh and biogenesis ) pi

cellular ph

allular acromolecule metabolis

ribosome biogerests and assembly  cellular biosithesis
ribosome

ribosomal subUnit assembly

ribosomal large subunit assembly and maintenance tranglgtion
Caveats: Gene identifiers must match; Maere, S., Heymans, K. and Kuiper, M
low GO term coverage, GO bias Bioinformatics 21, 3448-3449, 2005

28



NetMatch
* Query a network for topological matches
* Input: query and target networks, optional
node/edge labels
Output: Topological query matches as
subgraphs of target network
+ Supports: subgraph matching, node/edge
labels, label wildcards, approximate paths
* http://alpha.dmi.unict.it/~ctnyu/netmatch.html

Ferro A, Giugno R, Pigola G, Pulvirenti A, Skripin D, Bader GD, Shasha D
Bioinformatics 2007 Feb 3

Extends state space representation based search from Cordella et al. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2004, 26, 10, 1367--1372

Find Feed-Forward Motifs

« Graph motifs over-represented in many

network types

food web
XY represents| X Y X Y
’ J:A®3r:4® C=C= @‘3 | — »

genex geney

R R R
> I> > > > & Feed-forward loop

Gene regulation
Neurons
Electronic circuits

Milo et al. Science 298, 2002

N << <H4

Find Feed-Forward Motifs

806 NetMatch Query Editor - new query* 806

Nethateh V101
Query dit File Query Wizard Help
7 5 G Propartes Em———
7
LNeLe |y e @ Lies 2 asosc
- 'YOR361C, ®
Paerie TWBH) o o @8y
2 vouc
Yolotaw,
YLRI97W —.—
3 vomuoow
YGLI6IC, [N
YORO36W “

4 vwowsw,
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Find Signaling Pathways

+ Potential signaling pathways from plasma

membrane to nucleus via cytoplasm
NetMatch Results
Signaling pathway example NetMatch query [ i vumser

image

Nodes
YGLO0BC T
Plasma membrane 4 yusic
YMRO43W,

e

I
1
¥ 5 ILIS7C,
YALO4OC, °

(=) wese g
! .
1
= \
L]

0

6 vwaloc,
YERLO3W,

a7 Q}.
=

MAP Kinase Raf-)
Cascade . 1
(MAPK)

Shortest path between
subgraph matches
Nucleus - Growth Control

Mitogenesis

Find Expressed Motifs

NetMatch Results
NetMatch query vasicn J =
&

/

Find specific @ mmovwwowwo
subgraphs where 7

nagdsc

certain nodes are YA o :
o P A

significantly @ ‘ yyyyyy . /N

differentially & /

expressed e’

LROZSW nese A
0 A /\

Protein Differential Expression Significance
YLRO75W 1.7255E-4

YGR085C 2.639E-4

YPR102C 3.7183E-4

Graph Clustering - MCODE Plugin

+ Clusters in a protein-protein interaction
network have been shown to represent
protein complexes and parts of pathways

* Clusters in a protein similarity network
represent protein families

» Network clustering is available through the
MCODE Cytoscape plugin
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NN T R 7 X 77RO,

Network Clustering

]

(64 KR
it
U]

006 MCODE Results Summary ]
Rank Score Size Names. Complex
YGR232W, YDLOOZW, YKL145W, m

YFRO52W, YFROO4W, YLR421C,
YOR261C, YDL147W, YDR427W,
& 22> 16116 y1iR200W, YERO21W, YORIIZW,
YDL097C, YOR259C, YPR108W,
YDR394W
YPLO93W, YBLOO4W, YOR272W,
YNL110C, YKLOO9W, YFLOO2C,
YOL077C, YPLI26W, YILO3SC,
YLR409C, YLR129W, YOR061W,
YKRO6OW, YCRO57C, YDR449C,
2 6.387 31,198  YORO39W, YJL109C, YPLOI2W,
YGR103W, YLR449W, YOR206W,
YKLOL4C, YLLOOSW, YKLL72W,
YNLO02C, YLRO02C, YGLI11W,
YOL041C, YGLO19W, YOR145C,
YPRO16C
YGLO11C, YOLO38W, YPR103W,
YMR314W, YBLO41W, YOR362C,
3 5417 12,65  YERO12W, YJLOOW, YMLO92C,
YGR253C, YER094C, YGR135W

YPLO43W, YMR290C, YEROOGW,
YKRO81C, YDR496C, YDLO3IW,
4 5 1575 YNLO61W, YNL132W, YLR222C,
YLR197W, YMRO49C, YHROS2W,
YJLOB9C, YKLO9IC, YDLOLAW
YPR187W, YPRO10C, YPR110C,
YNL248C, YOR341W, YNROO3C,
5 5 12,60  YKL144C, YOR207C, YPR190C,
YNL113W, YOR116C, YBR154C

() Create a new child network. 2
Bader & Hogue, BMC Bioinformatics 2003 4(1):2

006 MCODE Results Summary ]
Rank Score Size Names. Complex
YGR232W, YDLOOZW, YKL145W, m

YFROS52W, YFROO4W, YLR421C,
YOR261C, YDL147W, YDR427W,
1 Z23 16116 yiiR200W, YERO21W, YORLLW,
Proteasome 26S YDLO97C, YOR259C, YPR108W,
YDR394W
YPLO93W, YBLOO4W, YOR272W,
YNL110C, YKLOOOW, YFLOOC,
. YOLO77C, YPLI26W, YILO3SC,
Ribosome YLR409C, YLR129W, YORO61W,
'YKRO60W, YCROS57C, YDR449C,
2 6.387 31,198 'YORO39W, YJL109C, YPLO12W, %
'YGR103W, YLR449W, YOR206W,
YKLO14C, YLLOOSW, YKL172W,
YNLOO2C, YLRO02C, YGLL11W,
YOLO41C, YGLO19W, YOR145C,

YPRO16C

Proteasome 20S YGLOL1C, YOLO38W, YPR103W,
YMR314W, YBLO41W, YOR362C,

3 5417 12,65  YEROI2W, YJLOOIW, YMLO92C,

YGR253C, YER094C, YGR135W

. YPLO43W, YMR290C, YEROO6W,
RNA Splicing YKROS1C, YDR496C, YDLO3IW,
4 5 1575 YNLOGIW, YNL132W, YLR222C,
YLRI97W, YMRO49C, YHROS2W,

YJLO69C, YKLO9IIC, YDLOL4W

RNA Pol core YPRI87W, YPRO10C, YPR110C,
YNL248C, YOR341W, YNROO3C,
5 5 12,60 YKL144C, YOR207C, YPRLI0C, b

YNL113W, YOR116C, YBR154C

() Create a new child network.
Bader & Hogue, BMC Bioinformatics 2003 4(1):2
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Other Pathway Analyses

* Find known pathways in new species using
Pathblast (www.pathblast.org)

Find active pathways from molecular profiles (e.g.

active modules, activity centers, GOALIE)
* Molecular interaction and pathway prediction from

genome sequence

« Pathway simulation to predict drugs and drug
combinations that activate or inhibit specific

biological processes

Systems

Biology
Graphical *
Notation

http://sbgn.org
In progress
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