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PathArt

@ Jubilant Biosys — PathArt - Metscape
. File  Edit Vie (
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PathArt™ is a curated database of biomolecular interactions with tools for searching, analysis and visualization of data
for use by microarray researchers and identification of potential drug targets. Pathway diagrams in PathAt'™ are

dynamically generated from data in the database. PathArt™ is accessible via any Java enabled browser and provides
enterprise wide access to data stored in an Oracle database.

Features

" Coverage of about 900 regulatory and signaling
pathways across species.

" Browse pathways by organism, disease and other
classifications.

" Coverage of protein-protein interaction.
" Information on knockout and mutagenesis studies.
" Search for pathways by specific genes.

" Coverage of 17 high priority diseases and disease
responsive genes.

" Generate customized reports on genes and
interactions of interest.

" Allows use of microarray expression data to search
relevant pathways based on expression level.
Allows use of Agilent and Affymetrix data.

" Comprehensive information on all participating
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PathArt opening screen
R —
Pathway |

Physiology

Qrganism

View Pathways

© Copyright 2004, Kevin R. Coombes and Keith A. Baggerly

GS01 0163: ANALYSIS OF MICROARRAY DATA



INTRODUCTION TO MICROARRAYS 4

PathArt as pathway browser

@ Pathart - Netscape

File “iew Options Search Help
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PTEN mediated pathway

@ Pathart - Netscape

File View Options Search Help
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] cCHD1
[C] EGF
[_] EGFR
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] IGF1R
[T ILK
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[_] Apoptosis [C] PTEN Mediated Path... | [_] IRS1
] MAP2K1
] MAPK1
] MAPK3
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] MYC
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] PTK2
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PTEN pathway diagram

@ Pathart - Netscape

File View Options Search Help

Heport | Pathway Diagram |

PTEN Mediated Pathway
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PathArt symbol legend

@ Pathart - Netscape

File “iew Options Search Help

Report | Pathway Diagram |

PTEN Mediated Pathway

AP K1 | MAF K3 |
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COND1

© Copyright 2004, Kevin R. Coombes and Keith A. Baggerly GSO01 0163: ANALYSIS OF MICROARRAY DATA



INTRODUCTION TO MICROARRAYS 8

Evidence supports inclusion of genes in diagrams

Pathart - Netscape

File View Options Search Help
:oHEBEEER &
Report | Result || Legends | Repori | Pathway Diagram

PTEN Mediated Pathway
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Links go live to NCBI

@ Entrez PubMed - Netscape

| Q, Search |

National
Library
of Medicine

Entrez Fubhed Structure Journals

Ahout Entrez

Text Yersion

FREE full rext arricle at
Entrez Pubhied www.jbc.org
Cuenidew .
Help | FAQ PTEN protects pS3 from Mdm2 and sensitizes cancer cells to chemotherapy.
Tutorial

Eﬂ‘mgswmw Mayo LD, Dixon JE, Durden DL, Tonks NK, Donner DE.

Pubhed Services
Journals Datahase
MeSH Database
Single Citation
hiatcher

W Hatch Citation Matcher
Clinical Queries
LinkOut

§ Cubhy

Related Resources
Order Documents
MWLM Catalog

MLM Gateway
TOXMET

Consurmer Health
Clinical Alerts
ClinicalTrials gov
Pubted Central
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PathArt Menu to load microarray data

Pathart - Netscape

File | View Options Search Help

Import

Print Report | Pathway Diagram
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PathArt with array info loaded

@ Pathart - Netscape

File View Options Search Help
Microarray | Pathway |
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Microarray-selected pathways

@ athArt - Netscape

File View Options Search Help

";’:d!‘us’lH

et | Result |
[[] CCR5-mediated Pat...
[C] CD28 Mediated Path...

(] CD4-dependent Path...
[C] cD40L Signaling Pat...

[[] CXCR4-mediated Pa...
[C] Env Signaling Pathw...

[} Acguired Immuno Defici... [ LPS Signaling Path...
[[] Nef-mediated Pathw...
(] Responsive Genes

[[] TNFalpha Signaling ...

[ Tat Signaling Pathway

[ Vpr Signaling Pathw...

[ Amyioidbeta-peptide...

[ IGF1 Signaling Path...
[[] Notch Signaling Pat...

[] Alzheimers [Z] Responsive Genes

[[] c¥cL12
[C] TNF

[C] CDK9
[[] cxcL12
] THF

] THF

[C] TNFRSF5
] CXCL12
[] TNF

I MvC

[_] PRKCA
1 STAT3
] IRAK1
[C] TNF

1 STAT3
[C] TNF

I mycC

] NCOA1
[C] THF

[ ITGBA1
[_] MAPKg
[_] TNF

[_] TRAF4
] cpc2
[_] HRB2
[C] TNF

[C] CDK5
1 IGF1

] THF

1 1GF1

[[] RBPSUH
[_] CRYAB
[_] HSPBA1
[_] SERPINA3

d

[[] Hs.136042

[[] Hs.241570
[C] Hs.150423
[C] Hs.436042
[[] Hs.241a70
[[] Hs.241570
[[] Hs.504816
[] Hs.436042
[] Hs.241570
[[] Hs.202453
[_] Hs.349611
[[] Hs.421342
[C] Hs.182018
[[] Hs.241570
[[] Hs.421342
[C] Hs.241570
[[] Hs.202453
[[] Hs.386092
[[] Hs.241570
[] Hs.287797
[] Hs.348446
[[] Hs.241570
[_] Hs.8375
[[] Hs.334562
[_] Hs.269857
[[] Hs.241570
[C] Hs.166071
[C] Hs.308053
[[] Hs.241570
[[] Hs.308053
[[] Hs.347340
[] Hs.408767
[_] Hs.76067
[[] Hs.76353
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Pathways are organized by disease

@ athArt - Netscape
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The FGF pathway with array data

@ PathArt - Netscape

File “iew Options Search Help

Repont | Pathway Diagram |

FGF Signaling Pathway
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Weaknesses of PathArt

1. Dreadful interface

(a) File selection box often starts blank (TAB display icons).
(b) No easy way to return to previous screens. (Often have to
reload microarray data to get back to first page.)

2. Diagrams are rigid

(a) Can shrink, but not move things around
(b) Typical diagram is wider than the screen, but not very deep
(c) Often impossible to see all the information at once

3. Cannot sort pathways by number or proportion of hits

4. No statistical way to decide If a pathway is “enriched” for
differentially expressed genes

© Copyright 2004, Kevin R. Coombes and Keith A. Baggerly GSO01 0163: ANALYSIS OF MICROARRAY DATA



INTRODUCTION TO MICROARRAYS 16

Ingenuity

@ Ingenuity Systems - Metscape
File Edit

4, Search |

4% Home G Radio

INGENUITY™

Better Decisions Faster™ ~

| i1 Company | 111 Products | 11! Customers | i News | i1 Careers i1 ContactUs | i Customer Login

Helping Life Science Researchers ——
Understand Bio‘ogical Mechanisms Ingenuity Announces YWave of Mew

Products, Independent Report Claims
Dramatic ROl For Pharmaceutical
Companies... read rmore =

Analyst Report Finds Drug Companies May
Increase R&D Productivity By 10% And
Reduce Failures By 33%... read more =

Ingenuity Pathways Analysis Summer D4
Release Includes Major New Features...
read mare >

Ingenuity Systems and Millennium
Pharmaceuticals, Inc. Sign MNew Three-Year
Ingenuity delivers systems biology expertise to biologists and bicinformaticians through Deal... read more =

pathways analysis software, g scale putable network datab and -
management services and infrastructure, resulting in increased R&D productivity T
and faster drugs to market.

Biologists Bioinformaticians

Ingenuity Pathways Analysis, a Ingenuity Pathways Knowledge
new way for scientists to Base is the waorld's largest
compare and understand curated database of hiological
biological states, Mow scientists  netwoarks created from millions of
can concurrently analyze multiple individually modeled relationships
datasets across different between proteins, genes,
experimentation platforms and..  complexes, cells, tissues, drugs,
read mare > and diseases. read more >

Ingenuity Pathways Analysis

Mew White Paper - FREE
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http://www.ingenuity.com/products/
pathway-analysis.html

&) Ingenuity Systems - Netscape

-

./ B 48 Home P Rado | £3

INGENUITY™

Better Decisions Faster™ ¥

Home 11l Company 1l Customers |l News i1l Careers {i! Contact Us |:iiCustomer Login

Ingenuity Pathways Analysis - A new way for Product Overview

scientists to compare and understand biological
states. Now scientists can concurrently analyze
multiple datasets across different experimentation
platforms and identify key functions and pathways
that distinguish biological states. This innovative
technology is especially useful for dose response
assessment, patient stratification for clinical trials,
time course experiments, and simultaneous analysis
of gene lists and protein lists. The web-delivered
application makes use of the Ingenuity Pathways
Knowledge Base, the world's largest curated
database consisting of millions of individually
modeled relationships between proteins, genes,
complexes, cells, tissues, drugs, and diseases. These
new features help life science researchers in early
discovery to clinical trials gain novel insights in a
shorter period of time than previously possible.

Biological researchers have traditionally examined -
functional genetic information to elucidate Pathways Knowledge Base

fundamental cellular processes and unravel the Enterprise Knowledge
i i ' Management
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Ingenuity three week free trial

@ Ingenuity Systems - Metscape = | |

|_ Cl, search | \SO Q

. File Edit

43 Home G2 Radio | £

etiology of human disease. In today's post-genome Management

era, scientists are drowning in data trying to

leverage high throughput experimental platforms,

and understand the millions of interrelations

between proteins, small molecules, and phenotypes.

Public literature is manually referenced in an

attempt to better understand the relevant biology Ingenuity Pathways Analysis
underlying their experimental results. For example,
discerning therapeutically relevant pathways from
expression profiling is still largely a labor intensive,
manual endeavor performed by individual scientists.

New White Paper - FREE

The Ingenuity Pathways Analysis application is
focused on providing a powerful computational
solution to this problem. A therapeutic researcher
inputs into the Pathways Analysis application a set of
genes and/for a set of proteins, (e.g. a set of
differentially regulated genes on the mRNA
transcript level). Utilizing this data in conjunction
with Ingenuity's vast, computable, biological
knowlaedge base, the software dynamically computes
a set of relevant pathways and presents this
information to the scientist. The researcher analyzes
these novel gene and protein networks, and
associated biological research, to verify that the
networks are differentially modulated in disease and
may serve as a target-rich environment for
therapeutic manipulation.
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Ingenuity start page

a Ingenuity Pathways Analysis - Microsoft Internet Explorer

Ingenuity User: Dr. Coombes | Preferences | Sign Out
Pathways Analysis | Help

Home

me page.

No anal

Training *
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Creating a new project

’5 Ingenuity Pathways Analysis - Microsoft Internet Explorer

File Edit Wiew

Ingenuity /_[&
Pathways Analysis
Home = Project: » Create Project

Create Project

400 ch

400 char

About Ingenuity | Contact Us
Copyright Ingenuity Systems 2000 - 2004 All Rights Reserved.

rnurmn

User: Dr. Coombes | Preferences | Sign Qut
Project | Help
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Ingenuity project page

a Ingenuity Pathways Analysi icrosoft Internet Explorer . [m) ﬂ

Fle Edt view Favorites n

Q[ ¢

Links **/

Ingenuity User: Dr. Coombes | Preferences | Sign Out ﬂ

Pathways Analysis Home | Help

Home = Project: prostate
Project: prostate

Upload & dats W 8 go icking on the approj

Analyses

Comparison Analyses

5 |4 Internet

&) Done
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Uploading microarray data

/3 Ingenuity Pathways Analysis - Microsoft Internet Explorer

Ingenuity % User: Dr. Coombes B
Pathways Analysis g ; Help

Home = Project: prostate = Upload Dataset File: Step 1 of 3

Upload Dataset File - Step 1 of 3

To upload a dataset file, o+ the file within you m and then click Next.

must be in the Ingenuity format.
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Uploading microarray data

"3 Ingenuity Pathways Analysis - Microsoft Internet Explorer

|I"IgEI'Ilulity _ User: Dr, Coombes
Pathways Analysis Help

Home = Project: prostate = Upload Dataset File: Step 1 of 5 = Step 2 of 3

unigene id and

prostate-pathart.txt

A: GenefProtein ID B: Expression Yalue
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Uploading microarray data

"3 Ingenuity Pathways Analysis - Microsoft Internet Explorer

File  Edit

|I"IgEI'Ilulity _ User: Dr, Coombes
Pathways Analysis Help

Home = Project: prostate = Upload Dataset File: Step 1 of 3 = Step 2 of 3 = Step 3 of 3

Create Analysis. *

normalized around zero - expected values

prostate-pathart.tut

A: GenefProtein ID B: Expression ¥alue
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Finding the networks (analyzing)

/3 Ingenuity Pathways Analysis - Microsoft Internet Explorer ;Iglil
i) Edit H
Ml " | 1=
ddress http - | | Links **
Ingenuity " User: Dr, Coombes H
Pathways Analysis @ Help

Home = Project: prostate = Create Analysis - Step 1 of 2

& bore "- [ | EE
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Finding the networks (analyzing)

/3 Ingenuity Pathways Analysis - Microsoft Internet Explorer

Ingenuity
Pathways Analysis g ;
Home = Project: prostate = Create Analysis - Step 1 of 2 = Step # of 2

Create Analysis - Step 2 of 2

Define and i alysi i i entifier mapping and then click Run Analysis. * Required.

Nurnber
Define

Expression Yalue Cutoff Focus On
Val Type 1

Dataset File Mapp

about Ingenuity | Contact Us
Copyright Ingenuity Systems 2000 - 2004 All Rights Reserved.

Advanced Settings

User: Dr, Coombes

Help
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Waiting for the analysis to complete

a Ingenuity Pathways Analysis - Microsoft Internet Explorer

Ingenuity User: Dr. Coombes | Preferences | Sign Out
Pathways Analysis Home | Help

Home = Project: prostate
Project: prostate

Upload : g ng an the appropriate butto

prostate
Dataset Files
pre athart
Analyses
pro Running

Comparison Analyses
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Ingenuity networks

"3 Ingenuity Pathways Analysis - Microsoft Internet Explorer

File  Edit

|I"IgEI'Ilulity User: Dr. Coombes | Preferences | Sign Out
Pathways Analysis Dataset File Mapping | Project | Help

Home = Project Manager = Analysis Summary

Analysis Summary: prostate DE
the icon in the
Networks (77)

List of Networks | Overlapping Networks | Merged Networks

ACTN14, ANXA4*4, ARTS-14, C60RFLO8+, CALD1*4, CAST+, DSTN*4, EEF2%,
EEF2K+, FADS24, FASNY, GAS14, GBP2*4, GPI4, MGST34, MXI14, MYC+, MYOLB
+, NME2*+, NUCB14, PAM (LOC23077)*4, PLP14, PLS34, PTN*4, PTPRZ14,
RPL224, RPL7A®, RPS134, RPS19%4, RPSO*4, SHMT24, SRM+, TM4SF24, TPM1*4,
TRIP12*4

BCOR+, COX5A4, DNMT3A+, DUSP3*4, EVI , FHL1+, FOSLZ2*4, HDAC14,
IFRD1+, JUNB+, KIAADGD 1+ r X MAPKSIP3+,
MAPK9+, MAPKAPK3+, MEIS1 524, NFE2L2+, PAKL1*4, PAKLIP1+,
PBEX1*4, PPARDT, PPARGC1A+, PRNPY, RARE*+, RARGY, REPSUHY, SH3MD2Z*4,

PPAPZE*+, PRKCA+, PTGFRN+, PTPN114, PTPNS 1+, SLC7AGT, SNX 14, SNX24,
STAT3+, TGFA4, TGFBZ*4, TGFB3™4, TGFBR1+, TGFBR2+, TGFER34, ¥AY3+

APOE4, ATP2AZ4, B2M4, BAF53A+, BCL2*4, BNIP3L4, CDX24, CXCL12+, FKBP
GRP58*+, HFE4, KLK3+, LGALS3+4, LGALS3BP+, MITF MMP2+4, NID+, NR3C
PLN+, POMCY, , RTN44, RUYBL1*+, SERPINA3+

IRF24, M
ROCKZ4,

EE1, DDEF1*4, EPAS1*4, EPHE1*4, EREE
7, HIF1A, NRG 1+, NRP1, NRPZ2*4, PARVAL

CTGL, ACTG2+, CAPGH, CCT2+, C
, CDC104, , CDC42EP3*4,
PARDG6GH, FI
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The first network: MYC

—
fa Metwork Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

E prostate | prostate DE | Network 1

[E[=]

_ PIPRZ1
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Ingenuity figure legend

Fa Ingenuity Pathways Analysis Help - Microsoft Internet Explorer = II

Ingenuity B

in This R

Network Explorer Node Shapes Canonical Pathways Node Shapes

Qﬁ_’./ Factor

Network Explorer Edge Types Canonical Pathways Edge Types

dge Types
binding only #—nhibits
A'B

#.Rinding only & &—nhibits 4 5
R e ® translocates to
Y ———}

p—dctson g "
& inhibits AND acts on - & inhibits AND acts en | B

sphorylation/dephosphorylation
Transcription
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Evidence for interactions

—
/3 Network Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

prostate | prostate DE | Hetwork 1

Node Name: MYC
(Neighborhood Explorer)

1d
H 3
Protein Family, Domain
=]

 PIPRZY

Edge Summary:
MYC/RPS19

Functional Interactions [2]

In melanom lines, C-MYC
MYC] prot ncreases
expression of human RP519
mRNA,

In mutan

expression of rat Rps19
mRNA,

&] Dane Inading network
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Second network

—
fa Metwork Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

ate DE | Hetwork 2

& | Done loading network
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Third network

—
/3 Network Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

Node Name: Cavi
(Neighborhood Explorer)

Edge Summary:

CAY1/STAT3

Physical Interactions [5]
Binding Events [5]

Binding of human Cavi
protein and human Stat3
protein occurs in a
membrane fraction of

and human Stat3
occurs in a

Binding of human Cavi1
protein and human 5tat3
protein occurs in
cytosolic fraction of Hep3B

Bi ng of human Cav1
protein and human Stat3
protein occurs in a
membrane fraction of
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Fourth network

o
/3 Network Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

E prostate | prostate DE | Network 4

P =)

& | Done loading network
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Fifth network

—
/3 Network Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

prostate | prostate DE | Network 5

& Done loading network ’— ’— ©
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Sixth network

—
fa Metwork Explorer | Ingenuity Pathways Analysis - Microsoft Internet Explorer

ate DE | Hetwork 6

& | Done loading network
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CAV1 node detalls

’5 Mode Yiew: CAY1 | Ingenuity Pathways Analysis - Microsoft Internet Explorer

Ingenuity User: Dr, Coombes

Pathways Analysis

Node View: CAVL

Mode View: CAV1

Synonyms:
Source Id:

Protein Family, Domain:

Subcellular Locat

Top findings from Ing ity K

regulates: Alct, " , ) ME1,

regulated by: g A AP ulin,

binds:

role in cell:

disease:

LocusLink Summary:

Molecular Function: structural
Biological Process: -

Cellular Component: i : rane; r membrane
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Ingenuity statistical information
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