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Preface
This manual is for users of Pathway Studio® Explore, Affymetrix Edition Version 1.1.

Instructions for the installation of Pathway Studio Explore are not included in this manual. Please see the
Pathway Studio Explore Installation Guide for information on the installation of Pathway Studio Explore and
the ResNet Explore Database. The Installation Guide can be found on Ariadne’s Technical Support site:
http://www.ariadnegenomics.com/support/pathway-studio-explore/training-material/.

How to Use this Manual

This manual is designed to walk you through some major workflows in Pathway Studio Explore. Each
section has an introduction to the tools in Pathway Studio examples of how they can be used, followed by a
hands-on work example. Each example builds on information from the previous exercises, and sometimes
utilizes files generated from previous examples.

Two example data files accompany this training manual:

o (GDS2126.gepr and GDS2126.txt — This files contains the information needed to import a microarray
experiment

e SCLC genes — this is an MS Excel spreadsheet containing genes differentially expressed between
normal lung and small cell lung tumor samples.

You will need to download these files to be able to reproduce the hands-on exercises. You can find these
files in the same location in the Support section of Ariadne’s website as this Training Manual.

ResNet® Explore Database and Pathway Studio® Explore software registered trademarks of Ariadne
Genomics, Inc.

MS Excel® is a registered trademark of Microsoft Corporation.

Affymetrix GeneChip® is a trademark of Affymetrix, Inc.

Partek® is a registered trademark of Partek Incorporated.

Other Training and Support Resources

The Ariadne Technical Support site has additional resources available to enable Pathway Studio Explore
users found at:

http://www.ariadnegenomics.com/support/pathway-studio-explore
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Access to Technical Support

Technical Support for Ariadne’s products can be easily accessed from Pathway Studio:

Eﬂ Pathuway Studio® Explore - [Folders]

34 Harme

| Database v | &] Import v ¢ Tools «

Search Database Jeins

ResNet Explore 1.0 {(Mammal)
CihlserssheatwolehDocuments\EZPathrayl
DatatresnetTexplore. gpy

Folders |47 Meww Pathnay

Mewe Group

Database Release Motes
Index of Database Content
Quick Start

L L L

Support & Training
Welcorne to Pathway Studio Explore
Search for Ansuwers

Training banual

Submit a Question

Downloads m

Mewrs & Updates Y
About Pathuvay Studio® Explore Y

Quick Start Guides

Ea Pathway Studio® Explore - [Folders]

34 Home

| Database = |& Import v Tools »

Search Database Jolns

ResMetExplore 1.0.0.0 (Mammal)

Virginia\Documents\EZPathwayl

Data\ResMNetExplore.gpc

Folders 27 New Pathway

MNew Group

Database Release Motes 7

<

Index of Database Content

Quick Start L

Hands-on guide to key functionality of Pathway
Studio® Explore

Search the ResMet® Explore Database for a
gene/protein (or other entity) and build a pathway

Examine experimental data to find: entologies,
pathways, main regulaters associated with results

Examine a gene/protein list to find: ontologies,
pathways, main regulaters associated with list

Support & Training Y
MNews & Updates
About Pathway Studic® Explore Y

<

Links within the Information Pane in Pathway Studio take you
directly to the support website. Registration and log-in to this

website is required.

In addition, you can access the support site directly at:

http://www.ariadnegenomics.com/support/pathway-studio-

explore

A link is provided here to submit questions directly to

Technical Support.

In addition this Training Manual, you can access the

Quick Start Guide through the Information Pane.

This

Quick Start Guide will walk you through the steps of some

common analysis workflows for Pathway Studio.

| Pathway Studio Quick Start Guide

4" IDENTIFY ENRICHMENT OF ONTOLOGIES

Introduction:
You can run an enrichment analysis to see if any known gene
ontolagies are statistically enriched in your microarray dataset using
the "Gene Set Enrichment Analysis" (GSEA) tool. GSEA is a powerful
analytical tool for interpreting gene expression data to gain insights
into biological mechanisms. GSEA evaluates data at the level of gene
GSEA is a statistical test used to compare two sample groups (i.e.
tumor vs. normal tissues) and determine which of these gene sets tend
to correlated with the compared sample classes.

The ontologies available in Pathway Studio® Explore include: Gene
Ontology groups and Ariadne Ontology groups. You can add to this
list by importing other groups into your database (not shown in this
eample).

Outline:
 Open an experiment in Pathway Studio Explore.
& Run the Gene Set Enrichment Analysis algorithm "Gene Set
Enrichment Analysis”

Procedure:
1. Open an experiment from the Folder Viewer.

| Folders x

(@) » ||E Folders » |, Experiments »

Bl &2 View ~ [# Import + (] Bxport ¥ |7 Ney

4| Folders | Name
b 1} Pathways ——
|\ Ontologies
. Experiments :
b )} Projects aDs2126 Open

Preview

Gene Set Enricl
Sub-Network E|

2. Run "Gene Set Enrichment Analysis” (GSEA). [Experiment Data
Viewer: Tools — Gene Set Enrichment Analysis]

JEdit v {7} Select = | .k Tools +

e~ Build Pathway from Selection. .
Save Selection s Group..

Find Pathways/Groups Enriched with|
Find Sub-Netwerks Eniched with Sell

.Ctrl OAws.Cf

5.080e-0;

I

Page 3 of 68


http://www.ariadnegenomics.com/support/pathway-studio-explore
http://www.ariadnegenomics.com/support/pathway-studio-explore

Table of Contents

=) - [ol T OO TP PO TSP PPTOPRPP 2
TADIE OF CONTENTS ...ttt et sttt et e e s b et e s ab e e sabe e s beeesabe e e sabeesabeesasbeesabeeenbeesnbeesanenesareesanes 4
Section 1: Introduction to Pathway Studio Explore and ResNet Explore Database........cccccvevevieiiviiieeeeniieee e, 6
What can Pathway Studio EXPlOre do fOr YOU? ...ttt e s st e s s e e s s naaeeesans 6
MEASCAN REATET 3.0 . .eiiieiieiite ittt ettt ettt b e s bt st e bt et e b e e sheesabe st e e bt e b e e abeesmeeeme e et e enbeenbeesanesanenane 7
T Nl o] (oY TN D 1 =1 o = 1Y ISR 8
Curated PathWay CollECTION .....vviei et e e st e e e s bt e e e s s bte e e e s bteeeesstaeesssteeeesassaeassnns 8
Ariadne Gene ONtologY/GENE ONETOIOZY ...ccveeiriiiiiiie et ettt et ete ettt e ste et este e e b e e beesteesteesabesabeebeebeebeesssenanes 9
Section 2: Introduction to the Pathway Studio iNterface........ccviieieiiiccie e 10
(0] oY= a1 Y= a W D E= 1 =] o = Y IR 11
INFOIMALION PANE... ittt b e s ae e s a et et e e bt e s bt e she e saeesabe st e e bee bt e sbeeemeeenseebeenseens 11
FOIAEIS VIBW ..ttt st et b e bt e s bt e s ae e s ae e e at e et e e sbe e she e saeesabesabe e be e beesbeeemeeemteenteenseens 12

e Exercise One: Open the local ResNet EXplore Database........ccccuveiiieiiiiiiiiiii ettt eseee e 13
)<Yot o g T H = 111 1o T =d a= Y o1V 1YL SRS 14
YT T el sl = N =L o {o T T o T = o Y2 SRR 14

T g oYo Yl T NI fo )l 3 0 4L =R 14

® Exercise Two: Search ResNet Explore for Entities and Relationships and Import a Protein List.................. 17
Build Pathway Tools in PathWay STUGIO .........eeiiiiiie ettt e e et e e et e e e bae e e e eanae e e e eanees 21
Build Pathway TOOl — QUICK IMENUS ......coiiiiiiiiieieeeieestt ettt ettt ettt et st esbe e e sabeesabeessaeeesabeeennes 21
Build Pathway Tool — Advanced Menu DeSKLOP .......ueiiiiiiiiiiiiiie ettt e e e 22
Graph View/ Entity Table view / Relation Table VIEW ........cc.ecviiiiiiieeiie ettt ettt 23
Customizing tables, filtering by SigNIfICANCE .......oeiieiiee e et e et e e e areea s 23
Viewing Details about Entities/RelationShips .....ccuiieueiiiiiiiiee ettt ettt etee et et eeaee s 24
Creating new Entities and RelationShips .......uueiiiiiiiciiiiieiec e e e e e e e e e e e nrraee s 25
Customization Of PathWay LayYOULS ......cccccuiiiiiiiiie ettt e e e e rtre e e st e e e e satae e e e nsaeeesansbaeesnnsaeees 26

® Exercise Three: BUilding PathWays........coo ittt ettt e e e bre e e e bee e s e s abeee e ennes 28
SAVING PAtNWay IMAZES ..eeeeiiiiiiitiiiee et ettt e e e e e e et e e e e e e e e es s aabeeeeeeeesssnseteaeeeaesesansssaneeeaesesnnnssennnes 36
o To TR Lo Y=l = 1 o1V V- V£ 36
Section 4: Importing EXPerimental DAta ........cceeiiiicciiiiiee ettt e e e e re e e e e e e e e b rare e e e e e eeannraeaeaaaeas 38
L o Y=l o U [n ] o Jo  dl o - - ISR 39
Section 5: Experimental data analysis t00IS.......ciiiiiiiiiiiiiie e e e 41

Page 4 of 68



(R 1= g o = [ A =) (TR 41

® Exercise Five: Experimental Data Analysis — Fisher’s Exact Test for Enriched Groups and Pathways........... 46

GEeNE Set ENFICNMENT ANGIYSIS.....iiiiiiiiiei ettt et e et e e e et e e e e sttaeeessataeeeensaeeesansseeseansseeesansseeesansseeenn 50

® Exercise Six: Experimental Data Analysis — Gene Set Enrichment Analysis......ccccceeeieriiciieecccciee e 52

SUB-Network ENFICNMENT ANGIYSIS ....vviiiiiiiiie ittt et e et e e et e e e e sttre e e ssatre e e e asaeeesansaaeeesnsseeesansseeesansreeens 56

DefiniNg the SUD-NETWOIKS .....oviiiiie e e e st e e e st ee e s e abee e s e sabeeessnnrees 56
Both enrichment algorithms, Fisher’s Exact Test and Gene Set Enrichment Analysis, can be used to

identify enriched SUD-NETWOIKS.........oo i e e e et e e e s erte e e s eente e e e snteeeesnteeeenans 59

® Exercise Seven: Experimental Data Analysis — Sub-Network Enrichment Analysis (with GSEA) ................... 60

F YT oT< o Yo [0t N DTN T T oY o TSR 65

Appendix B: Deleting Entities and Relations from a Local Database (Pathway Studio Explore and ResNet
o] Lo T =Y R 67

Page 5 of 68



Section 1:

Introduction to Pathway Studio Explore and ResNet Explore Database

Congratulations on your decision to utilize Pathway Studio Explore as an important tool to support your

biological research.

Pathway Studio Explore helps you to interpret experimental data in the context of

pathways, gene regulation networks and protein interaction maps; interpret microarray and proteomics data,
classify and prioritize proteins, draw pathway diagrams, and automatically update your pathways with newly

published facts using MedScan Technology.

What can Pathway Studio Explore do for you?

e |dentify relationships among proteins, small molecules, cell processes and diseases

What is known to interact with my protein? What processes are associated with my protein?

| 3. Home| (] Palette || ] Images| [

Folders | (%] PLSCRL x |

7 Filter by Pathway

O Protein

(#)

Small Molecule

& idsave v @Print v

2 View v B Layout

R @

ZEdtv ) Undo v ) Tools v

W/ (3 Camera v

Find in this pathway

=

Disease

Treatment

it

Cell Object
Cell Process

Functional Class

(D Comple

o> Regulation
—o—= DirectRegulation
—o—= ChemicalReaction
—&—= Expression
5= MolTransport
—8—= MolSynthesis

- ProtModification
—e—= PromoterBinding

—e— Binding ,

iSelect v $iAdd v 9y Highlight v (iStylev 1 | 22 (@ )} ONCONS

“““““ <y

lcen cenm < — e
-
,

e Build and reconstruct pathways from your microarray and other high-throughput data

Analysis Tools to find enriched networks in experimental data

5 Pathway Studio® Explare - [New Combined Pathway] (=3 e
] File » [Z] Window v @ Help v
& Home \ ] Palette | =] ;mg,g\ rum,“\ 4] Mew Combined Pathway x 1 myStudy =
 Database v (8] Import + % i Swe v @bt v Gkt~ O Unde v iTools v Findinthispathaey O v v Ry iSelectv v
Search Database P~ 2 View v B Layout v [iSelect v §addy v (rv o T ® @G [E v v findprobe P~
Reshet Exolore 10 - I | mame | Do Syrete... | Down Symaro. ~
esNet Explore = =
™ amma‘)p ‘P‘“Z), G APP 09898 883401
) e CASP3 10140 8436e-01
C:\llserstheatwole\Docum ents \EZF
DataresnetTerglore. ey ®. ZNFaL 10043 8.837-01
® ABCES 1.0060 8.837e-01
Folders T = FENK == ' P 1| Cborf26 0.0944 8.837e-01
i g
o ‘;’.;‘—‘ 100042270 0.8900 8.838e-01
[& New Pathway Sz | 1"—! BN 0.9919 8.838e-01
[ Hew Group TS | MCTP2 10089 8.438e-01
4 < FUSIPL 10132 8838201
Datsbase Reeasetlotes ¥ e > t o0 S a0t
- ! 430
Index of Dstsbase Content ¥ ‘ s/ an) s pCEDS
T e Cldorfd3 0.9948 8.430e-01
Quick Start v Comanr) L
- T > | SDHC 10132 883001 [
Support & Training v [ s |
= | [papoLa 0.9876 8.930e-01
News & Updates v o cohi > i
= [l 10058 8340e-01
About Pathway Studio® v - << b i B
1% Enriched Sub-networks for myStudy: Down Synd... % | (7 Enriched Sub-netwaorks for myStudy: brain vs |J Enriched Sub-networks for ryStudy: brain vs.... |
U5 Edit v [ Select v Tools ~ Find in this table o~
Mame Total #of Neighbors  #of Measured Meighbors ~ Gene SetSeed  Measured Meighbors Median log-change 0 p-va.. # B
_ﬂ SMEA Expression Targets of COMP 9 a Comp THESL, THESZ, TEK, PECAML, SMADT, SMAD2, ShA, 106481  0.000074003 10
ﬁ SMEA Expression Targets of SPase 9 9 SPase FOS, RXRA, JUN, RARA, SPHKL, GCHL, HLA-E, 1L6, C. -1.13986 0.0010404 11
ﬁ SMEA Expression Targets of NGF f. 7 26 NGF famnily TACL, NGF, PLAT, NRN1, FOS, Arpp-21, DRDS, CREB, -1.04343 0.0011062 12 | |
_ﬂ SMEA Expression Targets of ROCK1 31 30 ROCKL BAX, NOS3, CDHS, SERPINEL, CCLZ, F3, SPP1 CRYA, -1.02083 0.0013505 13 |7
_ﬂ SMEA Expression Targets of NKXG-2 7 T NKxE-2 1IGFL, STMNL, PLP1, CNTN1, MBP, CKB, OLIGZ 1123 0.00177386 14
|-£] SNEA Expression Targets of CTSLL 7 7 CTSLL COLLEAL BEL2, PENK, CDKNLS, FOXPS, NPY, APP 102080 00023444 15
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MedScan Reader 3.0

MedScan technology is a Natural Language Processing Technology used to extract relationship information
from biomedical literature. Ariadne utilizes MedScan technology to build the ResNet Explore Database, the
mammalian (human, mouse and rat) database, of relationship information summarized from all abstracts in
PubMed as well as information contained in 61 free full-text journals. ResNet Curator was applied to the
extracted data to condense information and remove some technical false positives.

Here is an example of how MedScan works. MedScan reads sentences and identifies entities (proteins,
complexes, small molecules, diseases etc.) in sentences, here depicted in red.

Sentence in scanned literature: “Axin binds beta-catenin and inhibits GSK-3beta.”

. Identify Proteins in Dictionary (in red): [Entities]
“Axin binds beta-catenin and inhibits GSK-3beta.”

Next MedScan utilizes pattern rules to identify described relationships between the sentences
. Identify Interaction Type (in blue): [Relationships]

“Axin binds beta-catenin and inhibits GSK-3beta.”

The extracted facts are the relationships, which are added to the ResNet database:

Extracted Facts:

AXin - beta-catenin relation: Binding
Axin -> GSK-3beta relation: Regulation, effect: Negative

" ProtModification Properties o =0 ]
Genere! | Linked Entities | FoundIn Pathways|

Relation Type: | ProtModification

Remove | (7] Hide empty properties Declare New Property

The sentences containing identified Category Propery Value
. . . . . Common Properties MedLine Reference 15308560:10068
relatlonshlps are available for examination Local Praperties Sentence Tnvitro phosphorylation of PLSCRI. ...
. . All References Journal Blood
within the Pathway Studio interface as well as [CEETT | iovrelReference A0 L2 3731
. Reference 2 Journal Link ://www.bloodjourna [cgi/co.,
the literature reference. Reference3 Celype enthrocyte

Reference 4

[ e
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Types of Relationships Identified by MedScan

Expression  ()——=(E) we—>. Interpretation of Gene

The MedScan dictionary contains lists of .
y PromoterBinding  (so ———=ZD Expression data

entity names. (There are eight types of
relationships between entities identified by  pjrectregulation «ge o

- . ¥ 4

MedScan: To see a definition of entity t.ypes ProtModification @ = g:;rgéﬁ]t?;;ogac;;

and relationships types, see Appendix A. Binding @

All relations have directionality except

Binding.) M hesis @Dt Interpretation of
olSynthesis Py WE==2> Metabolomics data,
MolTransport Biomarkers prediction

Regulation @--o-om@@

ResNet Explore Database

The ResNet Explore database includes almost 700,000 unique relationships derived from over 19 million
PubMed abstracts as well as 61 full-text journals. In addition to information extracted by MedScan, ResNet
Explore includes MeSH terms for diseases based on the Medical Subject Headings (MeSH) from the
National Library of Medicine (http://www.nlm.nih.gov/imesh/meshhome.html), GO terms from The Gene
Ontology Consortium (http://www.geneontology.org/), Ariadne Ontology terms, and a collection of Ariadne
curated reference pathways (227 receptor signaling pathways, 21 cellular process pathways and 39
metabolic pathways). Most small molecules in ResNet have identifiers from either PubChem
(http://pubchem.ncbi.nim.nih.gov/) or from the American Chemical Society (http://www.cas.org/).

Curated Pathway Collection

The ResNet Explore Database includes a collection of reference pathways including a large number of
receptor signaling pathways, cellular process pathways and metabolism pathways. These can be found in
the Pathways folder. Ariadne scientists have built these pathways based on general knowledge in order to
provide you with useful building blocks to extend with your own specific expertise.

Folders x
4 B Folders » || Pathways » Receptor pathways curated into 227
& View v (5] Import v (&) Export v | New vk Tools v signaling pathways
4 [l Folders Name Description
e — 21 Cellular Process pathways

. Ariadne Metabolic Pathways
- . Ariadne Signaling Pathways

. Ontologies )
| Experiments 39 Metabolic Pathways
- . Projects
Ariadne Metabolic Ariadne Signaling
Pathways Pathways

\
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Ariadne Gene Ontology/Gene Ontology

In addition to the well-known “GO” vocabulary from the Gene Ontology Consortium, Ariadne has prepared a
robust ontology that has been optimized to provide the best results from analysis with Pathway Studio.
Ariadne’s Gene Ontology is designed to sort genes into the appropriate category, rather than to assign
multiple categories to a gene. The ontology is relatively flat, containing only two groups, cellular process and
molecular function. Additionally, the Ariadne Gene Ontology has been designed to minimize redundancy in
the classification, and consequently avoids much of the redundancy found in analysis results produced using
the Gene Ontology Consortium’s vocabulary.

Folders |l Ariadne Ontology =
b |0 Ariadne Ontology *

= View v _k Tools

(W Ariadne Ontology Name
0 Cellular process
(W Disease regulation
0 Molecular function 1

Cellular process

Description

J

Disease regulation

Molecular function

Infc

Organizes almost 9000 genes
into 505 groups with three-tier
biological hierarchy (created by
Ariadne scientists)

This more succinct ontology
can be used with Gene Set
Enrichment  Analysis  and
Fisher's Exact test to obtain
meaningful results.

Page 9 of 68



Section 2: Introduction to the Pathway Studio interface

The major panes in the interface include: Information Pane (1), Folders Views (2), List Pane (3), Graph (and
Relationship and Entity) View (4), Experiment Pane (5) (see following two figures).

£ Pathway Studio® Explare - [Falders]

Ll Sliced > T

55 Home Folders x ‘
| Database = (g Import ~  Ta 1 » [ Folders » | Pathways * | Ariadne Signaling Pathways Find in this folder 2
abc [ = View = (£ Import v &) Esport v | Mew ~ _k Tools =
¢ Falders Mame Description Info
ResMet Explore 1.0 (Mammal) a | Pathways
Ci\Userstheatwole\Documents\EZPathmayl | Ariadne Metabolic Pattways
Data\resnetTexplore.gpy » L. Ariadne Signaling Pathways 5 B%'f'
) | Ontologies e
olders & New Pty . Experiments [
; ¢ New Group | Projects
Btlas of Signaling  Cell Process Regulation  Receptor Signaling
Database Releass Motes v
Inttex of Database Content v
Quick Start v
Support & Training v
Mews 82 Updates v
Abaut Pathway Studio® Explore v
= —
|5 Lrmatehes for ‘mybl2' | 150 104 matches for abe’ x
2 Edit v ) Select = Tools + Find in this tabic 3
Name Type Description # -
4 ABCES Protein ATR-binding cassette, sub-family B (MDR/TAP), member & 1
4 ABCAL Pratein ATP-binding cassette, sub-family & (ABC1), member 1 H
4 HEATRG Protein HELT repeat containing 6 3
4 ABCE2 Protein ATP-binding cassette, sub-family & (36C1), member 2 4
4 ABCA3 Protein ATR-binding cassette, sub-family & (ABC1), member 3 5| [+
£ Pathway Studio® Explare - [mybl2] = e (=
| ] File = Window » @ Help
B Home | i) Palette | || Images| Folders | [ mybl2 x | [ myStudy x
| Database v |4 Import vk Toals I Save w pmnPrint ¥ ) w kv Findin this pathwal 4 T ov G Edit v Select 5
abe P 2 vieww| Bilaout » v jEv v O'E] 0 View w v Find probe =
Graph View s oWy o A [ Carnera v Name brain ws. heart..| brain vs. heart..| *
ResMet Explore 1.0 (Mammal) A
Entity Table Vi HIST4H4 3.4002-01
CUsersthestwale\Docurments\EZPathgnl Al -
Data\mm”yplmgpyﬂ Relation Table Yiew PRMA2 5.208e-09
Mo Path Bdvanced Visualization Toolsar Fan1204 02340 8.463e-01
Folders Aty ACARY 3.014e-02
? Mews Graup Rifiredn CAPN3 6.15¢-04
et PATAILL 10128 8.697e-01
Database Releass Motes © L cois 4
ATIC 1.4450 3.185¢-02
Index of Database Content v <o
e - _ RHEB -1.0502701
Suppart & Training v Hen2 7085e-01
News & Updates v 1 MOBKL3 14985 6.895¢-02
About Pathway Studio® Explore v EaFL 1010 8083601
KI&ANG52 10443 5.116e-01 B
o GME2LL 10642 5.387¢-01
¥ RIPKS 13239 124302
RADS4L2 1.0566 4,327e-01
DCTHZ 15186 4,§26e-05
¥y MDSTL 2.122¢-02
i TS0 9.288¢-01
KCHD2 1.3663 2.517e-03
% SMRPF 13913 1.197¢-02
% T HPsS 2.821e-01
S — i ACTHL 8.314e-04 i
7 ¥ 4 : r
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Opening a Database

To before working with Pathway Studio, you must first select to open the Explore Database (if it has not
opened by default). The database hosted locally on your computer’s hard drive.

£ Pathway Studio® Explore for Affyme To open a local database go to the
| 7 File = [ Window ~ ) Help ~ Information Pane and select: Database
> Open local.

g Home | = Paletl:e|__, Images

| Database »| & Import

Open Local...
Create Empty...

Apply Data Updates...
resneth

Close Database
Properties

Information Pane

The Information Pane contains subheadings that provide useful links and information.

Eﬂ Pathway Studio® Explore - [mybld]
| ] File = Window v ) Help »

59 Hore | | Palette | | ] Images

| Database » | &) Irnport » & Tools

The header in the Information Pane indicates
the database that is currently active in the
ResNet Explore 1.0 (Mammal) _ Pathway Studio application.

CiUsershheatwoleyDocurnents\EZPathwayl
Data\resnetTexplore.gpy

abe 2 -

Folders | Mewn Pathunay

|25 Mew Group

Opening the “Index of the Database Content”

Catabz:cliclescliiotes "_ tab reveals a summary of the information

Index of Database C ~ . .

e ofDtabase Lontent contained in the current database, such as totals
for entity and relationship types, numbers of

7 Group 12438 .

. groups, pathways and experiments as well as

e Ontology (2 .

Pathway (289) ' ontologies.

-~

Collections {12729

m

Entities {116527)
Cell Process (2053)
Complex (287) =
Disease (3806)
Functional Class (3033}

4 Protein (106112

LT Small Molecule (121T)

Treatrment (19)
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Folders View

The Folders View allows you to browse through the complete
Folders x folder tree to find specific files. Pathways and Ontologies are
provided in their respective folders. In the Experiments

|ﬁ Folders » )
Projects folder you can create folders and subfolders as
& View v |# Import ~ [#] Ex needed, and you now have the flexibility to save related items
4 [ Folders (group, pathway and experiment) in the same folder. This

4 | Pathways
, Ariadne Metabolic Pathways
, Ariadne Signaling Pathways

allows you easily organize your work.

. Ontologies Note: When working with this database you have complete
. Experiments freedom to manipulate the folders. This includes the ability to
4k p'ﬁie‘fth (accidently) delete reference pathways and ontology groups.
: M: G:Du‘::}rs It is advisable to keep all your work in the Experiments and

| Training Projects folders.

Page 12 of 68



® Exercise One: Open the local ResNet Explore Database

Begin Exercise:
Objective: To learn how open the Explore Database.
Let's begin using Pathway Studio by opening the local ResNet Explore Database. (To do this, the database

must first be installed on your local computer.) Note: the first time you use Pathway Studio Explore, the
Explore Database should automatically open.

" File v [ Window = @ Help ~ 1 1. In the Information Pane, go to Database > Open

Local.
3 Home | ¢ ] palette | | ] Images| 2. Select resnet7explore (gyp) to open the ResNet
4] Import vk Tools = Explore database.
" Open Local.. _ o 3. In the top of the Information Pane see “ResNet
Create Empty... Explore 1.0 (Mammal)
4. Select “Index of Database Content” to see a summary
Apply Data Updates... ) . .
hwayl of the content in the local database: types and
resnetexplore.gpy numbers of collections, experiments, entities and
resnetlexplore.gpy wav relationships.
Close Database up
Properties

Index of Database Content
Quick Start

Support & Training
Mews & Updates

About Pathway Studio® Explore

£ £ € € ¢ £

End Exercise: Open the local ResNet Explore Database
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Section 3: Building Pathways

Pathway Studio Explore provides the tools to build pathways (networks) from the entities and relationships
found in the ResNet Explore database. There are many ways to start to build pathways and only some
examples will be shown here. You can start by searching the database to find an entity of interest and then
query for relationships to that entity. Alternatively you can import a list of entities and query the relationships
they have with each other and what other relationships in the database connect to them.

Search ResNet for an Entity

The Quick Search Box in the Information Pane allows for a keyword search of the entire database. Simply
type the keyword in the box and select the magnifying glass to the right of the box. To define more specific
searches, utilize the options in the drop-down menu to the right of the magnifying glass. Note: you can
search for relationships as well as entities.

EE Pathwway Studio® Explare - [Mew Group]
U File = [=] Wiindow ) Help +
47 Home Folders | <] rmybl2 [ (2] Mew Grouy
Database » |g Import i Tools v | & |d Save ~ L2 BEdit~ 0 To
abe P | E iew ~ L select +
4~ 3earch Database by Keyword Des
ResMet Explore L0 (Mamma
Cilsers\heatwole\DocumentshEZP
DatahresnetTexplore.gpy

Search Entities by Keyword...
Search Entities by Attributes..,
Search Relations by Attributes..,

Falders |7 Mews Pathuvay

|25 Mewr Group

The results of the search will appear in the bottom list pane.

Import a list of Entities

You can import a list of entities by selecting the Import > Gene List. The Import Wizard appears
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Import Wizard ==

Entity type: |Protein - Lookup in the Database

Identified by:  Small Molecule
Cell Process . 1 i 1 1
Complex Note: ambiguous matches are NOte' SEIeCt thlS Optlon for Importlng
Disease highlighted: please use the Delete . . . . )
Functons!Closs Seleced buton to resohe smbiguites: any entity list of IDs including:
Treatment

e P — p—— proteins/genes, small molecules, cell

objects, cell processes, complexes,

diseases, functional classes and
treatments.

Delete Selected

Please select entity type, look up the entities in the database and press Finish to show matched entitics as @ new group.

[ Import Wizard =

Once the type of entity to import is

Entity type: [Protein - Lookup in the Database

tenives oy [P oD = selected, a second menu is available to
Ereite) e e identify the specific ID types.

Mame-+Alias highlighted; please use the Delete
GenBank D Selected button to resolve ambiguities.

Microarray ID
Use Mapfile

PID tch Name in DB
Unigene ID

Load from File... Swiss-Prot ID
KEGGID
- Homalogene 1D
Paste from Clipboard gy

miRBase 1D
MGIID
Hugo ID

Delete Selected

Please select entity type, look up the entities in the database and press Finish to show matched entities as 3 new group.

You can simply copy a list of IDs from an Excel spreadsheet or txt file to your clipboard, and then select
Paste from Clipboard. The list will appear in the window. Select Lookup in the Database to find the entities.

Import Wizard ==

Entity type: [Protein - ( Lockup in the Database |

Identified by: [Entrez GenelD -

Note: ambiguous matches are
highlighted: please use the Delete
Selected button to resolve ambiguities.

Note: if the imported ID list produces

Input# Entrez GenelD? Match Name in DB m
o — some ambiguous mapping, you have
3 4057 oK LTF = i
2 407 o o the .opportunlty .to manually seI?ct the
5 57 o B desired mapping. Use “Delete
Selected 6 4311 oK MME "
e feed o o G Selected” to remove any unwanted
8 7447 oK VSNLL .
9 2038 oK GSTAL mapping.
10 11130 oK IWINT
11 1164 oK CKs2
12 4321 oK MMP12
13 22943 oK DKK1
14 11197 oK WIFL
15 11272 oK PRR4

e . = Page 15 of 68

Please select entity type, look up the entities in the database and press Finish to show matched entities as a new group.

Back Fish | [ cancel | [ Hep




Choose to save your imported list as a group.

Fuldarsl 4] Mew Pathway =2 Mew Group x

{i diave ~ [ Edit = ¥ Tools ~

iE View v || Select v . i
Narme Description fo Once the entities that are the starting
& LTF lactotransferrin 591 neighbors 1 1 1 H

B eon o |2 point in pathway building have been
vy e @;":?.S::Zs either identified by searching ResNet
Sl L] [ncighbors Explore or imported and saved as a
e Neme:  (ENGEN reighor Group, you are ready to start to build a
neighbors

4 MME —r— ancel | preighbors athway.

# MAGEA3 S I Lancd . p y

& DLK1 UENE-NRE L NOMOIog (UIosopnina) 138 neighbors

& CDKN3 cyclin-dependent kinase inhibitor 3 (CDK2-asseciated d... 95 neighbors

&4 SERPINA3 serpin peptidase inhibitor, clade A (alpha-1 antiproteina.. 263 neighbors
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® Exercise Two: Search ResNet Explore for Entities and Relationships and Import a Protein
List

Begin Exercise:

Objective: To learn how to find entities and relationships contained in the ResNet Explore database either
by searching the database or by importing a list of entities.

Let’s begin by searching the ResNet Explore database for a specific protein:

1. Select the Search Database by Keyword option in the Information Pane and type in the protein
name: MYBL2

E} Pathuvay Studio® Explare - [Mew Group]
| File = [=0] Window g Help -

4 Home

| Database = |4 Import » _ Tools =

rrybl2| o~

ResMNet Explore 1.0 {Mammal}

The results of your search are found in the List Pane at the bottom of the screen.

4 1 matches for 'MYBLZ' x |

2 Edit = elect = Tools =
MName Description Entrez GenelD Connectivity #
4 MYBL2  similar to Myb-related protein B (B-Myb) 4605, 510420, 17865, 218 1

2. Examine the more specific search options found in the drop down menu just to the right of the
Keyword search box:

51 Home | Foldersl ) mybl2 | 55 Mew Groug

| Databaze » g Import v ¢ Teols v | & [ Save ~ L2 BEdit~ o To

abe P | E iew ~ L select +

9,'-:' Search Database by Keyword Des
ResMet Explore L0 {Mamma
Chdzers\heztwole?DocumentshEZP

DatahresnetTexplore.gpy

Search Entities by Keyword..
Search Entities by Attribiotes..,
Search Relations by &ttributes..,

Folders |&7 Mewe Pathuvay

|25 Mewr Group
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a. Search Entities by Keyword — can specify specific entity types for your search

b. Search Entities by Attribute — use this option to search specific annotation fields for a
selected entity type (left figure below)

c. Search Relations by Attribute — use this option to search specific annotation fields for a
selected relationship type (right figure below)

Search Entities by Attributes =] Search Relations by Attributes =]
Search For: Search For
Obj Type Total # m Obj Type Total # o
! Protein 106144 + Regulation 449538
Cell Process 2179 ChemicalReaction 8630 £
Functional Class 3512 E Expression 108889
Disease 3936 DirectRegulation 19837
Complex 314 MolSynthesis 10084
Small Malecule 1220 - Binding 50558 -
Add Condition | [ Remove | [ o ][ anp | Add Condition | | Remove | [ or | [ anp |
Attribute Operation Value Logic Attribute Operation Value Logic
and and
Alias - # of References o
Cell Localization A Authors
Chromosome position 3 CelllineName E
Connectivity CellType
Danio rerio Chromosorr Connectivity
Description Effect
EC Number ISSN
Entrez GenelD Issue
FunctionalClass Journal
GenBank ID Joumnal Link
Ran - 1 LB, 52
L« m r

Leave the tab in the List Pane containing the search results for MYBL2 open for now.
Now let’s import of list of entity IDs. Use the MS Excel file provided with this training manual.

3. Open the MS Excel file that accompanies this manual (SCLC genes) and copy all the column
contents with the header “name” to the clipboard.

A B &
1 |Entrez GenelD Probesets Name
2 4232 202016_at MEST
3 5947 203423 _at RBP1
4 4311 203434 s at |MME
5 8836 203560_at GGH
6 7447 203797 _at VSNL1
7 2938 203924 at GSTA1
8 4321 204580_at MMP12
9 22943 204602 at DKK1
10 11197 204712 at WIF1
11 11272 204519 _at PRR4
12 5274 205352 at SERPINI1
13 1465 206224 at CST1

17 INAIAT at SFRPINAZ

1 |
4 4 » ¥ | Lung normal vs ADCA vs SCCvs S < ¥

4. Go to Import > Gene List. The Import Wizard is displayed.

Note: Use Import > Gene List to import any list of entities: proteins (genes), small molecules, cell objects,
cell processes, complexes, diseases, functional classes and treatments. The “Identified by” ID list will reflect
the selected entity type.

Note: Recall that in Pathway Studio the gene and the product of the gene (protein) are merged into one
entity.
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5. Select “Paste from Clipboard” to copy the list of protein names into the Wizard.
6. For “Entity type” select: Protein. For “Identified by” select: “Name+alias”.
7. Select “Lookup in the Database” to identify the imported entities in the ResNet database.
8. “Not found” in the Match column indicates the entity was not found in (note that “Name” from the
column header in the MS Excel sheet is indicated as “not found”).
Import Wizard ==
Entity type: |Protein - Lookup in the Database ]
Identified by: [NamesAlias -
Mote: ambiguous matches are
highlighted; please use the Delete
Selected button to resolve ambiguities.
Input® Name? Match MName in DB ot
1 Name not found
= 3 RBP1 OK Pdxp
4 MME ambigous MME 3
4 MME ambigous MMP12
o 5 GGH oK GGH
- 6 WSNLL oK VSHLL
7 GSTAL oK GSTAL
8 MMP12 oK MMP12
9 DKK1 oK DKK1
10 WIF1 OK WIF1
11 PRR4 ambigous PRR4
11 PRR4 ambigous PVRL4
12 SERPINIL oK SERPINIL
13 C5T1 oK CSTL il
Please select entity type, look up the entities in the database and press Finish to show matched entities as a new group.
B [ Finish ] I Cancel I I Help

10.
11.

1 New croup =

Iltems with ambiguous mapping are highlighted (Note: lower case and capital letters are recognized

differently).

Remove undesired mapping by highlighting the rows and click “Delete Selected” button to remove.

When all undesired mapping is removed, select “Finish” to import the list.

appear in a New Group window.

[# ldisave = [ Edit~ JTools~ Find in this folder Lo~
i View = LISelect =

MName Description Info i
2 SERPIMIL similar to neuroserpin 92 neighbors

2 DKKL similar to Dickkopf-1 (hdlkdk-1) 237 neighbors

2 MAGEA4 similar to MAGE-B4 39 neighbors

2 MAGEAG hypothetical protein LOCT82979 14 neighbors

21 PTPRU similar to protein tyrosine phosphatase, receptor type, U 42 neighbors |~
2 MMPL2 matrix metallopeptidase 12 (macrophage elastase) 262 neighbars

' MME similar to Mme protein 655 neighbors

2 MAGEA3 hypothetical protein LOCT81934 70 neighbors

2 CDKN3 cyclin-dependent kinase inhibitor 3 (CDK2-associated d... 95 neighbors

41 SERPINAS serpin peptidase inhibitor, clade A (alpha-1 antiproteina... 263 neighbors

241 GSTAL glutathione S-transferase Al 111 neighbors

2 RRM2 similar to Ribonucleoside-diphosphate reductase M2 c.. 41 neighbors

# GGH similar to human gamma-glutamyl hydrolase 43 neighbors

2 VSNLL wvisinin-like 1 59 neighbors

& BAG2 BCL2-associated athanogene 2 25 neighbors

# MEST mesederm specific transcript homolog (mouse) 46 neighbors

bl . r

The imported list will

12. Choose Save to save the group (provide a destination folder and name for the group — create a new

folder if desired).
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Save Group As

a H

Save in: Projects/P56 Training

Mame: Imported Protein List]

[ Save l ‘ Cancel |

End Exercise: Search ResNet for Entities and Relationships and Import a Protein List
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Build Pathway Tools in Pathway Studio

Pathway Studio provides both quick short cut menus for pathway building as well as an advanced menu

that allows you to define more specific network options.

Build Pathway Tool — Quick Menus

With the entities in a new Pathway View, select the Add tool to see the short cut menu for building pathways.

Falders | %] Mew Pathuvay x

= | Save « mmPrint + G Edit~ &) Undo -

Select = %7 Highlight = :» Style vD

Tools =

22 View - }ﬂ: Layout =

find in this |

MR = %, Align * -i- Resize Entity...
Mewy Relation between Selected Entities..,
Relations between Selected and Unselected
-— d .
- b MNeighbors from DB >
- = Direct Interactions >
= ez Shartest Path »
- -_— 1
pu— Cornmon Targets 4
E— 3 e it
— Cornmon Regulators >
TR . ane
- - — Advanced..,
-_— == [ ]
Lt e = - Fli
— —_— - = -_—
=y =
== TSR e
-_— -_—
-_— "
D == -
s o
—_— == | —

Each of these short cut menu
options has  easy-to-interpret
submenus. Select the appropriate
option for the desired pathway.

Note: If an option is grayed out, it
is not an appropriate option for the
number of entities selected.

The Relationship types and Entity types included in the Shortcut menu options:

Neighbors from DB Expression Targets
Expression Regulators
Physical Interactions
Protein Modification Targets
Protein Modification
Enzymes

All

Physical Interactions
Expression Regulation
Protein Modification
Physical Interactions
Expression Regulation
Protein Modification
Expression Targets
Physical Interactions
Protein Modification Targets
All

Expression Regulators
Physical Interactions
Protein Modification
Enzymes

Direct Interactions

Shortest Path

Common Targets

Common Regulators

Type(s) of Relationships

Expression, PromoterBinding
Expression, PromoterBinding
Direct Regulation, Binding
Prot Modification

Prot Modification

All

Direct Regulation, Binding
Expression, PromoterBinding
Prot Modification

Direct Regulation, Binding
Expression, PromoterBinding
Prot Modification

Expression, PromoterBinding
Direct Regulation, Binding
Prot Modification

All

Expression, PromoterBinding
Direct Regulation, Binding
Prot Modification

Type(s) of Entities

Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes

All

Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
All

Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
Proteins, Complexes, Functional Classes
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Build Pathway Tool — Advanced Menu Desktop

The Advanced Menu option (Add > Advanced) opens a wizard that provides you to options for more
specifically defining the pathway building filter options. After selecting the entities to including in your build
pathway algorithm, the four wizard windows allow you to specify: a.) algorithm type for pathway building, b.)
select the directionality of the resultant relationships, c.) the entities to be included in the pathway and d.) the

relationships to be included in the new pathway.

Select Algorithm Type =3 Select Directions for Each Entity ==
“) Upstream
) Donstream
*) Add direct interactions @ Both
Name Type Description Direction ~ *
) Add shortest path SERPINIL  Protein  similar to neuraserpin <>
DKK1 Protein  similar to Diddopf-1 (hdkk-1) P
MAGEA4 Protein  similar to MAGE-B4 <>
~) Add common targets MAGEAS Protein  hypothetical protein LOC782979 £ £
FTPRU Protein  similar to protein tyrosine phosphatase, receptor type, U~ <—3
MMP12 Protein  matrix metallopeptidase 12 (macrophage elastase) pa=.
*) Add common regulators MME Protein  similar to Mme protein <>
MAGEA3 Protein  hypothetical protein LOC781934 R
CDKN3 Protein  cydin-dependent kinase inhibitor 3 (CDK2-assodated dual... <—3
*) Add neighbors from group SERPINA3  Protein  serpin peptidase inhibitor, dade A (alpha-1antiproteinas... <—3
Gz GSTAL Protein  glutathione S-transferase Al <=3
RRM? Brotein__ similar tn Bihar rlenside-dinhnsnhate redictage M2 chain e S
< Back Next > ] [ Cancel ] [ Help ] b < Back ][ Next > l [ Cancel ] [ Help
Set Filter Parameters [l Set Filter Parameters e
Entity Type Use Filter Operation WValue Relation Type Use Filter Operation Value
| Protein ALL | Regulation ALL
| Cell Process ALL ' ChemicalReaction ALL
| Functional Class ALL ' Expression ALL
v Disease ALL ! DirectRegulation ALL
| Complex ALL vl MolSynthesis ALL
! Small Molecule ALL ' Binding ALL
| Treatment ALL +/| PromoterBinding ALL
! ProtModification ALL
¥ MolTransport ALL

Check all Clear all

< Back ][ Dext > ][ Cancel ][ Help ]

[_Checkal || Clearall

< Back H Mext > ][ Cancel

J

Help ]
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Graph View/ Entity Table view / Relation Table view

There are three options for viewing resultant pathways: Graph View, Entity Table View and Relation Table
View.

Folders | 15 Mybl2 x |
& dSsve v @mPrint v ZZEditv ¥ Undo v  jTools v Find 1

| 22 view ~ 2 layout v | iSelect v i%Add v 9 Highlight v (3 Style v 22 @

Graph View
Entity Table View
Relation Table View

Advanced Visualization Toolbar

Refresh

Ire .
e MiElcidblocd ..

: o mopkeis
AT Lo TRy i (S lreln [
- 4 .. b \@", embrycgeresls

= 3 1 ioraps: sere undenc
.a|f embacelcde. ..

S gl 02 rrelien 1o
Lgs M Mphase

CF il Altaion
M call sundust
i~ .

mpimsaa & L nin
c'n"oa—nlcl prokine l:vllon meresls 0
e . m.-.ullmﬂimlm oseme. ..
QU oy auruana g

Customizing tables, filtering by significance

The Entity Table view and Relation Table view provide customizable tables of summary information of the
pathway. Any information deleted from either of these tables is also deleted from the Graph View.
Customize the columns of information by selecting Tools > Customize Columns.
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Folders | [:/] Imported Protein List| |4 New Pathway x

I ssve + B - EEEits I Undoe v ) Tools~ P~
UE View [ iSelect v 33 Add v

Relation Type Sentence MedLine Reference Connec.. #of References Owner  Joumnal Link Joural Reference -
» MYBL2--->.. Regulation The BMYB aene i stronaly induced at th.. 11264176:10173. 15548681:10116 30 Public  hitps//www.bloodjournslorg/c.. V7 i7 p203L, vE4 22 pEL6T, V23 . ;‘
» MYBL2 ---> a... Regulation Choose the Columns to be Displayed ES| 21 public  httpicsbiologistsorg/cgifco.. 119 8 pl483, v19 6 p719, v280 . —
s MYBL2 > c... Regulation 66 Public  htpy/cancemes.aacrioumals.or.. vES i2 p43, v65 i21 pS75L, v7 i4 .

s MYBLZ-—-» .. Regulation 4  Available Columns: SR I 2 Public  hitp://www.bloodjournsl.ora/c... V105 il0 p3355, v280 il6 p15628

» MYBL2 ---> 5... Regulation 1| Authors = Relztion 29 Public  http://www.current-biclogy.co.. V7 i p26, 274 iS1 p36741, v105 .

- MVBL2-—-> ... Regulation ij::“me — IZ:;ME 57 Public  http/fjcs.biclogists.org/cgi/co.. 110 i8 pl483, v110 2 pb, 18 i2..

» MYBL2 > c.. Regulation § |Corrlation L — MedLine Reference 30 Public  hitpy//wiw.cancercellorg/contu. V1 # 7, v59 il4 p3365, V62 i8 p2.

|| MVBL2 > L. Regulstion | Effect . e —— ED”"HUVW 1 Public  http://www bloodjournal.org/c... 5 i12 p3000

» MYBL2 > v... Regulation B ;S”S“h;‘d In Pathways L O;fnzfﬁm“s 5 Public  http://www.cancercell.org/cont... v1 i p7, v64 7 p2561, 65 i7 p28
 neurcblaste.. Regulation 1 [lssue Journal Link 8 Public  hitpi//cancenes.ascrjoumals.or.. V9 ild p3365, V275 28 p21055, .

» Myeloid Leuk... Regulation | Journal Joumnal Reference 1 Public  httpy/www.bloodjournal.org/c... 96 i3 p1013

- lung cancer .. Regulation R ,&j;:z:z:g T 5 Public  httpy//www jbc.org/cai/content... v275 4 pl0GI2, vI7 i7 p2091, v..

s MYBL2-—> g.. Regulation 4 |MediineTA 6 Public  http://jes.biologistrorg/cgi/co... VI3 i pl483, 18 23 p2837, V2.
 bresst cancer ... Regulation 4  |0rgan i Down 2 Public  httpy//cancerres.aacjournals.or.. V60 il6 pa519

s MYBLZ-e> .. Regulsion 1§ "™ 13 Public  httpy//cancemes.sacioumals.or.. 59 il4 p3365, v119 8 pl483, v2..

» MYBL2 > c... Regulation R 36 Public  hitpy//www.genesdev.org/cgifC.. V19 i6 p719, v278 il1 p655, Vi1.

» cancer-—-> .. Regulation 7 8 Public  httpi//cancenes.aactioumals.or., V62 it5 pa439, 275 i28 p21055, .

» prostate canc... Regulation 1 2 Public  hitpi//cancemes.aactioumals.or... V2 il5 pd4g, v62 (23 6303

» MYBL2 ---> n... Regulation Raschella Expression of Insulin-like Grow... 9408744:12121, 1113418210669, ... 2 10 Public http://edrv.endojournals.org/cg... v18i6 p801, v107 il p73, w275 i2..

» MYBL2 > t.. Regulation Several genes novel to testicular tumorig... 11956097:10013 2 1 Public  hitpi//cancenes.aacrjoumsls.or., V62 i8 p2359

» MYBL2 > ... Regulation  The defects caused by reduced B-Myb le... 16551696:10038 2 1 Public ts.org/cgi/co., V119 8 pl4g3 -
o i b

Note: In the Relationship View table you can see the number of references in the database that support an
individual relationship. High numbers of references can be used as a measure of confidence for a
relationship. Lower numbers of references can indicate newly identified relationships or potential false
positives from MedScan. The reference sentence is available for you to examine in order for you to
determine the accuracy of the interpretation by MedScan. Undesired (false positive) relationships can be
manually deleted from the database. See Appendix B: Deleting Entities and Relations from a Local
Database.

Viewing Details about Entities/Relationships

Detailed information about entities and relationships displayed in the Graph View can be seen by a.) mouse
over the object or b.) double click to open the properties dialog.

Here is an example of attribute information for a selected entity, viewed in the Properties dialog:

Folders | [::) Imported Protein List | % New Pathway x |

id Save = mhPrint v [5Editv ) Unde ~ i Tools =

Protein Properties o &)=
General | Notes | Found In Pathways | Found In Groups
Name: Type: |Protein Lookup in DB...

Description:  similar to Myb-related protein B (B-Myb)
broperties Declore New Property | [ Add | [ Remove |

Category + | Property Value -

[ All Properties Bos taurus Chromosome position 13

General Info Cell Localization Nucleus 3

Local Properties Connectivity 28 ,

Alias Entrez GenelD 206344

Ariadne Ontology || | Entrez GenelD 17865

GenBank ID Entrez GenelD 4605

GO Biclogical Process Entrez GenelD 510420

GO Cellular Component Entrez GenelD 445361

GOID || | FunctionalClass DNA binding

GO Molecular Function Homologene ID 1847

Microarray ID = |HugeID 7548 2

The properties dialog for the relationship provides reference information that supports the relationship. You
can view the sentences identified by MedScan that support the relationship.
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Folders | |:2| Imported Protein List | %] New Pathway 3

i Save ~ @hPrint v G5Edit= ) Undo ~ ) Tools =

# View v B layout ~ I |Select v iliAdd v % Highlight = (xStyle = &1 @ ; ®EQ@
PromoterBinding Praperties i
General | Linked Entities | Found In Pathways|
Relation Type: | PromoterBinding

Hide empty properties Declare New Property Add Remove
Category Property Value
|
Commen Properties Journal Link httpu//urw.genesdev.org/cqi/content/full/16/8/933
Local Properties Tissue serum L
All References MedLine Reference 1195084210203 T
Reference 1 Sentence Robust binding of E2F4, p130, mSin38, and HDACI to the . s
S

Reference 2 Journal Genes Dev Robust binding of E2F4, p130, mSin3B, and HDACL to the endogenous B-myb promoter wes

Journal Reference V16 i6 p933 abserved in both celllines (Fig. 6 B). in agreement with our experiments using other mouse cell

lines (Figs. 28,3, 4, and 6 A)
] i v

oK Cancel

Creating new Entities and Relationships

You can create a new entity or a new relationship between entities by using the Add > Entity or Add > New
Relation between selected entities options in the New Pathway window.

To add a new Entity, provide appropriate information in the Add New Protein dialog:

Add New Protein [E=% Eon ==
— Note: When you attempt to add a new
Name: My New Protein Tyee: [Protein <] [ Lookupin ... entity to ResNet, Pathway Studio will
bescrgion E:Ij’:‘ first check to see if an entity with the
— [t o e given name already exists in the
coegery [ propery Smal Mlecle database. It is advisable not to create a
Gorte new entity with the same name or

E',‘.Zs:mﬁ;m identifier as an existing entity.

50 Biological Process
GO Cellular Component

com Use the Add New Protein dialog for all

GO Molecular Function

Mictcaray D entities you choose to add to ResNet,
not just protein entities.
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| Add New Protein = ==
Similar Objects
No entities with a name or alias starting with "My New Protein” has been found.
Name Alias. Description
If your identifier is unique, complete the
dialog by providing the type of primary
identifier (in the example shown “name”)
and select OK. This will create this new
Use entiy selectedin the i entity in ResNet.
@ Create new entity (Ignore entities in the list)
Primary ID Type: Value: | My New Protein
Entrez GenelD
ﬁ:”ia%m oK [ concel |
Automatic ID f T T
Newly created entity:
.. Folders | ) Imported Protein List | ) New Pathway| = New Pathway x |

id Save v @mPrint v B Eitv ¥)Undo v % Tools v

2 View v Ef Layout v [ Select v 32Add v % Highlight v x Style -
Uy Newh
«Protein

You can permanently delete an entity or relationship from ResNet by selecting it in a Graph View, then when
the mouse is in the white space of the graph, right-click and select “Delete Selected Entities/Relations from
the Database.” Note: if you do not find this option available in the menu it can be enabled by going to the
Information Pane, selecting Tools > Program Options > Menu > Enable Advanced Menu for Pathways > Yes.

Customization of Pathway Layouts

There are multiple layout options for displaying a pathway. (Please see the User’s Manual for a description
of how each layout is calculated.)

The Layout by Localization options utilizes Gene Ontology cellular localization assignments when placing the
entity with respect to cellular objects. Be aware that entities can have more than one legitimate localization
assignment within Gene Ontology (an example would be a protein that shuttles between the nucleus and
cytoplasm). In this case the layout displays only one of the localization assignments. You can change the
assigned localization of an entity by selecting the entity, right-click, choose “Localization in Pathway” and
choose the desired cellular localization.

You can change the default layout view by choosing Layout > Set Default Layout.
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) Folders | |::] Imported Protein List | [*:/ New Pathway X | ] New Pathway |

@ dsave v @mPrint v E3Editv ) Undo v ) Tools v Find in this pathway P~
22 View v| B Layout |v| ["iSelect v il2Add v % Highlight v (xStyle v 1 22 @—T— @0
Layout by Localization (Plain Membrane)
Layout by Localization (Circular Membrane)
DirectForce Layout
Hierarchical Layout
Symmetrical Layout
Dynamic Layout

Dynamic Layout Parameters...

Stop Layout

Set Default Layout...

@ Pin Selected Entities
41 Unpin Selected Entities
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® Exercise Three: Building Pathways

Begin Exercise:

Objective: To build pathways using both the Quick Menu and the Advanced Menu option and to become
familiar with basic functionality used for viewing and modifying pathways.

Build Pathway Tool

— Quick Menu

Let's build a simple pathway displaying all connections in the ResNet Explore database to our protein

MYBL2.

1. Select “New Pathway” from the Information Pane. A new pathway view will open to the right.
2. Click and drag the MYBL2 protein icon from the List Pane below and drag it to the new pathway

window.

3. With the MYBL2 protein entity selected (highlighted in blue) go to the Add menu and select >
Neighbors from DB > All. This will identify all entities connected to MYBL2 in the database.

i Pathway Studio® Explare - [Mew Pathway]

| File = [£] Window + @ Help =

Gy Home | ] Palette | ] Images|

[ Folders | () New Pathway x |

(=)= ]

Database v [ Import v b Tools =

mybl2 P~
ResMet Explore 10 (Mammal)

CiUsers\heatwoletDocumentsyEZPathwayl
Dataresnetlexplore.apy

Folers 3 New Pathway
[ New Group

Database Release Motes v
Index of Database Content v
Quick Start v
Support & Training v
Fews & Updates v
~

baut Pathway Studio® Explare

I Save v mmPrint v E5Ed

2 View v B Layout w7 Select v

veL2).

itv ) Undo v Lk Tools v

%5 Highlight + <5 Style =

Entity...
New Relation between Selected Entities...

Relations between Selected and Unselected
Meighbars from DB

DirectInteractions

Shortest Path

Carnmen Targets

Common Regulators

Advanced...

Find in this pathway

= "

Expression Targets
Expression Regulators
Physical Interactions

Protein Modification Targets
Protein Modification Enzymes
2l

0

&

&

4 2atches for 'myhl2' x

2 Edit v i Select v Tacls =

Hame Type
4 MVBLZ

Protein

Description

w-ryb myeloblastasis viral ancagene hamolog (avian)-like 2

Find in this tabis

ye)

4. The Results Preview window displays a summary of information about the resultant pathway. You
can manually review the results here and manually delete any undesired entities or relationships at

this time.
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Results Preview ==

Display: [AJI Entites. v]
157 entities found (uncheck to exdude): Check All Uncheck Al

Name Type - A2 1 Desciption Connectivity

EP300 Protein Mew E1A binding protein p... 2

| myeloid blood cell ... Cell Process MNew 1

v cell proliferation Cell Process MNew 1

| cell contact Cell Process MNew 1

7 smnntacie ol Drnrone Wi 4 B

Entities connected to EP300

Direction Entity Name Entity Type Relation Type Effect
L MYBEL2 Protein Expression positive
—— MYBEL2 Protein ProtModification unknown

Done. Total time: 00:00:00 Total objects checked: 376
Entities found: 157 Relations found: 214 Entities manually exduded: 0

-————————————m

[ <gec [ Foeh ][ cancd | [ nep |

5. To visualize the resultant pathway, select “Finish”.
6. Select the “Fit All Entities to Window” button (found in upper right) to view the entire pathway in the
window.

o Folders | [ New Pathway

[ Save + @bPrint v Z5Editv ) Undo ~ iTools v Find in this pathway 2 =
2% View v Elf Layout ~ [ Select v i Add ~ 57 Highlight v < Style v 21 22 @ —u— 1

7. The Advanced Visualization Tool bar provides many functions to optimize your pathway view. Select
the icon to display the bottom tool bar row.
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I Save v = Print v EZEditv ) Undo v Tools v Find in this pathway e
Select v 32 Add v % Highlight » x Style +| o0 _ — @

E Align v <0+ Resize v 7 B4 W 4 (& Camera v

4

22 View v B Layout ~

Y

. @

£ N Embregeresis

FEPS: sere uiEnE
) Embrgonicde.

T4 il ivkion
il sunlus
oroaiEs - <=l prollemlon CFOME.. .
!quoa
LR e

8. Select: Resize > Size All Entities to Labels to better visualize the names of the entities.

Falders | 3 Mew Pathway % |

I Save v gmPrint v [EZEditv ) Undo v Tools v

Select = ﬁ%.ﬂ.dd * %7 Highlight = a Style v
ks Blign v | 3o Resize w| &7 R4 3 4 (3 Camera v

kdake Same Size
kdake Same Width
kake Same Height

s Size Al Entities to Labels 4=

“  Reset Al Entity Sizes

22 Vigwy v gEELaynut N

Hy o -

Build Pathway Tool — Advanced Menu
Now let’s use a different Build Pathway algorithm to build a pathway from the list of imported proteins.

1. Right-click the group icon from the saved list of imported proteins. Select “Show contents in Bottom
Pane.” This will open the group list in the List Pane.
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£ Pathway Studio® Explore - [Falders]
| File ~ [ Window ~ (@ Help +

(=Rl )

3 Home Folders
Database v [#] Import » & Tools = 4 |EF Folders » | Projects » | My Groups » Find in this foider P~
mybl2 o~ S View v 8 Import v ] Export v | New v 5 Toals =
4 [ Folders Harne Description Info
ResMet Explore 1.0 (Mammal} Pathways r
CAllser\hestwale\Documents EZP athway L Ontalogies i
DatabresnetTexplore.gpy Expetiments
4 | Projects
; Open
Folders [ MewPathuay My Graups ,
review
[ Mew Group
rrybl2 proj Show Cantents in Bottom Pane
~
Database Release Notes : P——
Index of Database Content v Export as RNEF..
Quick Start A
Support & Training v Find Similar Pathways/Groups...
Newis & Updstes v Cut
About Pathway Studio® Explare v Copy
Copy Contents
Delete
Rename
Properties
] mybl2 proteing x
G Editv [ iSelectv s Tools v Find in this table o~
Name Description Entrez GenelD Connectivity # 2
4 CoL1AL collagen, type L, 3lpha 1 12842, 1217, 29393 182 1
2 TGFBL transforming growth factor, beta 1 59086, 7040, 21803 2523 2
4 EGF epidermal growth factor (beta-urogastrone) 25313, 1050, 13645 1923 3
4 CCNDL cyclin D1 585, 12443, 56918 1044 4
4 TPS3 tumor protein pS3 22059, 24843 7157 2114 5| |=

2. Select “New Pathway’ the Information Pane and select all the entities in the List Pane. Click and
drag the entire list to the new pathway window. Select “Fit all Entities to Window” in the upper right

to visualize all the entity icons.

Folders | [ New Pathway [ ] New Pathway | |- Mew Pathway x
idSave + mmPrint + [[2Editv «IUndo = Tools + -
o View v Bflayout v [ Select v iGAdd v % Highlight v JrSile v a1 = »EE
o
o o o
o
= _
. o
o o
o
o N
o o
o o
o
- o
o
o o
o o
o

3. Choose Select > All to select all entities.

Advanced Build Pathway wizard will appear.

Let’s find common transcriptional regulators shared by at least two members of our group.

4. In the Select Algorithm window, select “Add common regulators”.
regulators that shared by two or more members of the group. Recall that some relations have

directionality, which allows us to define direction of influence.
5. Next select the type of entity or entities for the regulators. In this example, select proteins.
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The

This will identify upstream



Select Algorithm Type @ Set Filter Parameters @
- Entity Type Use Filter Operation Value
() Add neighbors =
e B G@poen | |
Cell Process
() Add direct interactions Functional Class
Disease
Complex
71 Add shortest path Small Molecule
i Treatment
() Add common targets
@ Add common reguiators: —
(7) Add neighbors from group
< Back l Mext > J [ Cancel ] [ Help l [ < Back l[ Mext > ] I Cancel ] I Help ]
6. Finally, select the types of relation the transcriptional regulators will have with the targets. In this

example, we will select Expression and PromoterBinding. Although regulation could also be utilized,
the category of Regulation contains by far the largest number of relationships and is less specific, so

we will leave it out for now.

Set Filter Parameters

Relation Type Use Filter Operation Value

Regulation
ChemicalReaction
| Expression ALL
DirectRegulation
MolSynthesis
Binding
| Promoterfinding L * | |
ProtModification
MolTransport

J

[ < Back ][ Mext = J[ Cancel Help

]

7. When the algorithm is finished, select Finish to view the pathway. Note: at the bottom of the Results

Preview window there is a summary of the resultant pathway.

In the example below, 16 shared

potential transcriptional regulators were identified and 42 relations between those regulators and the
starting group of entities will be added to the pathway view.
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Results Preview

=S

Display: [ all Entities

z)

16 entities found (uncheck to exdude):

Check All | [ ncheckal |

Mame Type : £ 1 Desciption Connectivity i

CSFZ  Protein  Mew colony stimulating factor 2 2 |i|

v L4 Protein  MNew interleukin 4 2

v HGF Protein  Mew hepatocyte growth factor 2

| IFNG Protein Mew interferon, gamma or immune type ]

wd T Drndain Ml ratanin (radharin sccnriztad aratain_hats 1 2
Entities connected to CSF2

Direction Entity Name Entity Type Relation Type

------ MMP12 Protein Expression positive

------ MME Protein Expression positive

Done. Total time: 00:00:04 Total objects checked: 581
Entities found: 16 Relations found: 42 Entities manually exduded: 0

[ <Back |i Finish |[ Cancel

Help ]

8. Use the “Fit All Entities to Window” button to maximize the pathway view.

9. Select “Resize > Fit All Entities to Labels” in the Advanced Visualization tool bar.

10. As this pathway depicts upstream transcriptional regulators, select “Hierarchical Layout” from the
layout menu. This will display the transcriptional regulators above the targets they regulate.

11. If needed, adjust the x and y-axis scale of the image by selecting Advanced Scaling from the menu

in the far upper right.
proportions.)

ZoomIn
Zoom Out
Fit to Window

Show Magnifier

Advanced Scaling...

(Uncheck “Keep Aspect Ratio” before changing horizontal and vertical

Advanced Graph Scaling

() Scale entity sizes

() Scale entity labels

=)

Horizontal: o 100 % =
Vertical: i 100 % :
Keep Aspect Ratio
[ Apply ] I Close ]

12. The new pathway contains the original group list and new transcriptional regulators. Let’s select the
members of the original group. From the List Pane, choose Select > All, then Select > Mirror
Selection to active pathway. The original members will be selected (blue line around selected
entities). Alternatively you can Select > All, Edit > copy the list, then in the pathway view Select >
Entities on Clipboard.
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Folders I 15 New Pathway | New Group | 4] New Pathway x |

i Save v gmnPrint v [[5Edity ) Undo v Tools v Find in this pathway peine
2 View v 2 Layout v || Select v F%Add v %2 Highlight v < Style v ) y ONCNE
FRCITr T
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o <RI

Now let’s find shared transcriptional targets for our original list of proteins.

13.
14.

15.
16.

17.

With the original group members selected, go to the Add menu and select Advanced.

Select algorithm type > Add common targets. This will find targets shared by two or more from our
selected list.

Select Entity type Proteins and Relation type Expression and PromoterBinding.

Select Finish to view the pathway. Adjust the visualization by first selecting Layout > Hierarchical
Layout, fit the pathway to the window.

Select the members of the original group by Select > All and then Select > Mirror Selection to Active
Pathway

Let’'s add highlighting (a color halo) to the upstream regulators and the downstream targets.

18

19

20

. With the original list selected, go to Select > Invert Selection. Now the added upstream regulators

and downstream targets are selected. (Note: relations will also be selected which is ok as highlight
won't apply to relationships.)

. Choose Highlight > blue to highlight the upstream regulators and downstream targets. None of the

members of your original list will be highlighted.

. Save the pathway with the name “Upstream Regulators and Downstream Targets.”
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| Folders | ] NewPathway | | New Group | [ New Pathway x l
| Save v pmPrint v (% Editv «)Undo v ) Tools v find in this pathway P~
2 View v Bl Layout v [ i Select v iFAdd v %2 Highlight v (»Style v =2 @ —% ® e
< i J v

End Exercise: Building Pathways
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Saving Pathway Images

Right-click on the pathway to access the four options for saving an image:

a.) Copy Picture to clipboard (available to paste into many programs),

b.) Save Picture As (saves the pathway image as a *.gif — default or *.jpeg, *.png, *.tif, and *.bmp),

c.) Save Picture with Legend (save an image of a pathway with a legend included. There are also
options to scale the image size —height/width and a choice of image resolutions from screen resolution

up to 1200 dpi).

d.) Save Pathway as HTML (export and save the pathway to an HTML file which enables the
visualization of a pathway outside of Pathway Studio such as Internet Explorer. The HTML figure has

hyperlinks for entities.)

Options for saving a pathway image are also found in the Advanced Visualization Tool bar menu when

selecting the camera icon.

Folders | 12| Mybl2 x

2 Miew v

i Save + @B Print -
Ef Layout =

& Align

2 Edit v @3 Undo

Select =

)
&

R -

i Resize v

Cut;
Copy
Paste

Rerrnove

£dd Entity..
£dd New Relation between Selected Entities...

£add Text Label...

Remove Unconnected Entities

Find Pathways/Groups Enriched with Selected Entities...
Find Sub-Metworks Entiched with Selected Entities..

Pin Selected Entities

Unpin Selected Entities

Capy Picture to Clipboard
Save Picture fs...
Save Picture with Legend...

Sawe Pathuway as HTML..,

Showe Diagrarns for Selected Entities
Hide Diagrarns for Selected Entities

Pathway Properties

 Taols ~

Find in this pathway el

§l2Add v %7 Highlight = <Dy Ie' = ) ORORE
ol <

Exporting Pathways

From the folder view select the pathway file for export and select Export. A menu box appears with options
for destinations to export the file.
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Folders x | 22| Imported Protein Listl 4| MYBL2 network | % New Pathway

4- » ﬂ Folders » | Projects » | P56 Training

[Ef] =% view = |# Import »| % Export »| | New v i Tools =

MName Bl Selected Items to Desktop...
Selected Items to Windows Folder...

[*]

Selected Items as RNEF...

Imported
Protein List

The third option, “Selected Items as RNEF” opens an export wizard that allows for more flexibility in selecting

data about the pathway for export.

Export Wizard - Options

Choose items to be exported:

MName Type Source Owner
MYBL2 network Pathway Admin

Export options for referenced items:

Do not export content of the referenced items

@) Save complete information for entities and relations
(7) Save only major properties for entities and relations

(2 Use custom filter to export specific data Filter...

Save presentation information for pathways (layout, backgreund images, text)

[ < Badk ][ Next > ][ Cancel

Help
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Section 4: Importing Experimental Data

Experimental data will be directly imported into Pathway Studio from Partek® after an initial analysis of the
differentially expressed genes has been performed. See instructions provided by Partek for explanations of
the data generated and exported into Pathway Studio Explore.

For the purpose of this Training Manual, two files of microarray data, GDS2126.gepr and GDS2126.txt have
been provided. The following exercise demonstrates how to import this file so that the experiment data is
available for use in the remaining training exercises. This experiment contains gene expression data from
synovial tissues from patients with rheumatoid arthritis and osteoarthritis and well as normal controls.
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® Exercise Four: Import data

Note: This example is not your standard workflow for moving experimental data into Pathway Studio
Explore. This example is solely to generate an experiment data file for further training examples to
be used here. When you use Pathway Studio Explore for your research needs, your data will be
imported directly from Partek.

Begin Exercise: Import data (non standard workflow)
Objective: import a file of microarray data into Pathway Studio Explore.
1. Place the files, GDS2126.gepr and GDS2126.txt on your computer desktop.

2. With Pathway Studio Explore open, double click on the GDS2126.gepr file. The following dialog will
appear:

Import and Analyze Experiment

ay

Destination folder: . Projects

Experiment Name:  gds2126

(filters out row only if p-values in all samples

p-value cutoff: (no cutoff) e

Post-Import Steps:

GSEA Ariadne Pathways and Ontology - OA ws. Ctrl
GSEA Ariadne Pathways and Ontology - RA vs Ctrl
[] GSEA Gene Ontology - O& ws. Ctrl

[] GSEA Gene Ontology - RA vs Ctrl

SMEA - OA vs, Ctrl

SMEA - RA vs Ctrl

Open the experiment to color pathways in the results I Start J l Cancel ‘

3. Select the desired destination folder where the experiment will be imported.

4. Some experimental analysis options have been selected by default (Gene Set Enrichment Analysis and
Sub-Network Enrichment Analysis). For the purpose of this training session, uncheck all the analysis. We
will introduce and explain these tools below prior to running these analyses. When the import has
completed, select “Finish”
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Import and Analyze Experiment
Destination folder: . Projects/Training

Experiment Mame:  gds2126

{filters out row only if p-values in all samples

p-value cutoff: exceed specified cutoff)

Experiment import complete

Experiment Import started P
Mapping probes to entities

Mapping completed, 11950 probes were mapped to entities using property LocusLink ID

Mo tools selected

The Experiment Table will open automatically.

Wov [ Edit - Select = Tools =
View » 5 Colors » Find probe

Name OA s, Ctrl OA ws, Ctrl: p... | RA vs Ctrl RAvs Ctrl: pv...
MAPK3 0.2180 5.080e-01 -0.1990 5.200e-01
TIEL -0.2968 4.940e-01 -0.4092 6.780e-01
CYP2C19 -1.0393 4,050e-01 -0.0494 9.820e-01
CXCR5 0.7845 5.740e-01 1.0190 5.220e-01
CXCRS -01713 9.370e-01 1.2458 3.220e-01
DUSP1 -0.2578 7.140e-01 -0.4002 5.080e-01
MMP10 -0.4918 8.010e-01 -0.9154 6.080e-01
DDR1 0.0956 8.620e-01 01134 7.950e-01
EIF24K2 08167 3.820e-01 08275 3410e-01
HINT1 -0.1156 8.740e-01 -0.3861 3.480e-01
RABGGTA 01931 7.510e-01 04647 1.380e-01
MAPK11 -0.5302 6.360e-01 -0.5809 6.550e-01
YWHAE -0.8455 5440e-01 -0.0109 9.900e-01

1| PCAF 0.3495 8.400e-01 0.5316 6.780e-01
SMADS 0.2637 7.810e-01 -0.0301 9.820e-01
POLG -0.3515 3.660e-01 -0.2671 3.880e-01
1TRAKT 0.1080 9.350e-M 0.A739 3.840e-m

End Exercise: Import data
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Section 5: Experimental data analysis tools

The experimental data analysis tools in Pathway Studio provide two different enrichment analysis algorithms,
the Fisher’s Exact Test and Gene Set Enrichment Analysis. ldentification of enrichment of defined gene sets
(pathways and groups) as well as user-defined sub-network identified in the ResNet database are both
possible.

gene Known Gene Sets Sub-Networks
sets (ontologies, curated pathways) (user defined from ResNet)
algorithms
Fisher’s Exact Test Find Pathways/Groups Enriched Find Sub-Networks Enriched with
(experimental values not with Selected Entities Selected Entities
utilized)

Gene Set Enrichment

Analysis (GSEA) Gene Set Enrichment Analysis Sub-Network Enrichment Analysis
(experimental values are
considered in the analysis)

Names of the tools as they appear in Pathway Studio

Fisher’s Exact Test

Fisher's Exact test is a statistical test used to determine if there are nonrandom associations between two
categorical variables. You can use the Fisher's Exact test to see if there are gene groups (such as ontology
groups) or pathways that are statistically enriched in your list of genes. In addition you can identify if sub-
networks are enriched.

For more information about the Fisher's Exact test see: http://mathworld.wolfram.com/FishersExactTest.html

In gene expression analysis, the Fisher's Exact test is typically run on the list of genes that have been
determined (ex. by fold change / p-value) to be statistically significantly differently expressed between
experimental conditions. The experimentally derived values are not utilized in the Fisher’s Exact test
when calculating enrichment in the gene list.

You can launch the Fisher’s Exact test from the Group view by selecting the proteins in the group, then right-
click and select “Find Pathways/Groups Enriched with Selected Entities”.
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http://mathworld.wolfram.com/FishersExactTest.html

| Save = [ Edit =k Tools =
s View = elect =
Mame Description Info
4 SERPINIL similar to neuroserpin 101 neighbors
| DICKL dickkopf homolog 1 (Xenopus la... 297 neighbors
& MAGEA4 Open
& MAGEAB Preview
& PTPRO
4 MMPL2 Find Sub-Metworks Enriched with Selected Entities...
& MME Find Pathways/Groups Enriched with Selected Entities...
< MAGEAZ Build Pathway from Selection...
1| & CDKN3
4 SERPINA3 [
2 GSTAL | Delete
21 RRI2 |
8 GGH | Properties
=i RBP1 retinel binding protein 1, cellular 168 neighbors
1 WSNLL visinin-like 1 67 neighbors

You can also launch the Fisher’'s Exact Test from the Experiment Pane. First filter the view of your results

table by fold change / p-value to identify the list of statistically significant genes.

Filter a table by selecting the filter icon and choosing: “Filter Probes by Value”

[# RAand OA study x |

elect i Tools ~

= View

Mame

TIEL
CYP2C19
CXCRS

=) Link | 7 »| B2 Edit +

=l ©

Filter Probes by Value...
Highlight Probes by Value...
Don't Filter by Value

Filter Probes by Active Pathway

Hide Unmapped Probes

| RA/M : pvalue

7

2.110e-01

;

CXCRS

You can define two filters, in this example fold change range and p-value range.

-0.1713 7.881e-01

08774

2.028e-01
9.847e-01
3471e-01
1.084e-01
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Filter Probes by Value

==

Select samples of interest Select All H Unselect All ]
Sample Type

OA/N Sample

[C] RavN Sample

Filtering conditions (specify at least one - min, max or p-value cutoff)

Hide probes range  -1.2000

Hide probes with p-values exceeding

max

to  1.2000

You can apply this filter to one or more than one
dataset. In addition, you can choose Highlight
Probes by value to highlight the probes in the list

that meet the filter criteria.

Note: Applying this filter does not

remove the rows that are filtered out.
The rows containing values that do not
meet the filter criteria are displayed in

gray.

To run an analysis on only the probes
that did meet the filter criteria, you must
first choose “Select Unfiltered Probes.”

Name
CD19
CCR7
THPO
GSTT2
RABEPK
IRAKL

W APBB1
NR3C1

® ABO
BIRC3

W GPR33
® CCR9
W 15615
EPHAL

OAMN QAN : pvalue
01164 T.T11e-01
01429 7.293e-01
-0.5120 6.201e-01
0.6160 2.957e-01
-0.1451 4.270e-01
-0.3257 1.490e-01
-0.1878 7.976e-02
01583 6.077e-01
4.373e-02
- 3.001e-05
09192 7.073e-02
0.8968 2.277e-03
05487 6.431e-02
04140 1.652e-01

In addition, you can determine this list of genes in an analysis outside of Pathway Studio, and import the
resultant list into Pathway Studio for Fisher's Exact test analysis.

To run the Fisher's Exact test from the Experiment Pane, select the genes to be included in the analysis by
choosing “Select Unfiltered Probes”, then right-click on the gene name column and select “Find

Pathways/Groups Enriched with Selected Entities.”
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| | GDS2126 x ¥ GDS2126 x

G5 Edit v i Select v Tools ¥ 5 Edit v {73 Select + ¥ Tools ~
View v = Colors = find probe Pl [Z] View = 3 Colors ~ Find probe L~
Mame OA/N p-values for...", RA/N p-values forR.. = Mame OA/N p-values for...”, RA/N p-values forR... *
disease state £ disease state &
DDIT4 32274 1108e-07 6.397e-04 DDIT4 32274 1.108e-07 6.397e-04
HIFX 2231 3932e-07 7.210-04 HIFX 22371 393207 7.210e-04
HLFX [ 7 150¢-07 1276e-03 HLFX N7 150< 07 1276603
MMP3 38320 3.986e-06 5.974e-05 MMP3 38320 3.986e-06 ! 5974605
RABSA 06196 5130e-06 9.755¢-03 RABSA 06196 5.130e-06 9.755¢-03
ITPKC 31132 6.559¢-06 5.059¢-06 TTPKC 31132 5.550¢-06 5.059¢-06
T5C2203 _1789e-06 1186e-03 TSC2203 a0~ s
MAGA 178 Ep—— © R Build Pathway from Selection...
1| Eadl Build Pathway from Selection... 05 .\ Easn Save Selection as Group...
HN Save Selection as Group... -03 HNRNPAL Find Pathways/Groups Enriched with Selected Entities...
VEG Find Pathways/Groups Enriched with Selected Enfities... 01 VEGFA Find Sub-Metworks Enriched with Selected Entities...
GAl Find Sub-Metworks Enriched with Selected Entities... -03 GADD45A Copy
GN -05 GNE
Tl Copy L TcTA Select Unfiltered Probes
sic  Select Unfiltered Probes 05 SLC36AL g S e s g D
MA Bring Selected Probes Together 03 MAFF Properties
TN Properties -02 JINRSELY
=7e-05 PPAP2B

5.603e-04 TRIM14

1.782e-04 HSPALA

3.151e-05 FADSL

5.787e-05 N RGSIS =

» ‘ b

The Find Pathways/Groups Enriched with Entities dialog opens. Here you can select by check box the
groups and pathways to include in the analysis. In Pathway Studio you have available the classic Gene
Ontology as well as Ariadne Ontology and the Ariadne reference pathway collection to use in the analysis.
In addition you can include any pathways and groups you have created in the analysis.

Find Pathways/Groups Enriched with Entities

Find Pathways/Groups enriched with 308 selected entities

(1 non-entities in selection will not be used)

Look in:

[ | Ariadne Metabolic Pathways
-.[¥] Ariadne Signaling Pathways
-[[|User's pathways

[¥] Ariadne Ontology

GO
----Dcellular_compnnent
.| melecular_function
-[“|biclogical_process
[[]User's groups

Expand the content of functional classes, cell processes and complexes in target gene sets

QK l [ Cancel
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Note: Some types of entities, such as functional classes in the Cellular Process pathways contain proteins
that have been mapped to them. To include these proteins in the analysis make sure the check box labeled,
“Expand the content of functional classes and complexes in target gene sets” is selected.

The results of the enrichment analysis are displayed in a table in the List Pane, ranked by p-value.

| Enriched Pathways/Groups x |
|l Save 2 Edit = | Select ¥ ¥ Tools Find in this table 2~
Name Type Total Entities  Expanded # of Entities Owverlap  Percent Overlap  Overlapping Entities “ P p-v.. DataSource # m
| Estrogen-like Group 9 9 2 22 PGR,ESRRB 000120421 Ariadne Ontology 1
|4 Melanogenesis Pathway 51 B82 13 1 ITPKC ADM, TGFAVEGFA,CXCL12,PRKCE,CSFIRED... 0.00286401 Ariadne Signaling Pathways 2
| ECM degradation Group 14 14 2 14 MMP3,MMP14 0.00298662 Ariadne Ontology 3
|4] Adipocytokine Signaling  Pathway 52 TE0 14 1 ADIPOQ,ILGR FASN ADFP TNFRSF114 FABP4 ACSL1...  0.00334572 Ariadne Signaling Pathways 4
| Oncogenes Group 2713 273 [ 2 RABL3,CSF1R,ETS2,RET,MYBLL, MAFF 0.00531976 Ariadne Ontology 5
|| Gonadotrope Cell Activat... Pathway 7 098 12 1 ITPKC ADM,TGFA VEGFA MMP3,PRKCE MMP14,CS... 0.00976601 Ariadne Signaling Pathways [
| Adiponectin Group 2 2 1 50 ADIPOQ 00117851 Ariadne Ontology 7
| GADD45 Group 3 3 1 33 GADD45A 00176263 Ariadne Ontology 8 -

The “# of Entities” indicates the number of entities shown in the group or pathway. The “Expanded # of
Entities” includes the total number of entities shown on the pathway and contained in complexes and
functional classes. The “Overlap” is the number of proteins shared in common between your input group and
the resultant group or pathways. The Percent Overlap expresses the overlap of the input list with the entities
in the identified object in percent value. The overlapping entities are listed in the Overlapping Entities
column. Data Source indicates the source of the group or pathway.

You can save the results of the analysis by exporting to MS Excel: Select > All, Tools > Send Data to Excel.
In addition, you can save the results in Pathway Studio by selecting “Save” from the tool bar just above the
table.
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® Exercise Five: Experimental Data Analysis — Fisher’s Exact Test for Enriched Groups and
Pathways

Begin Exercise:
Objective: To run a Fisher's Exact test analysis on a filtered list from gene expression data to identify
ontology groups and pathways enriched in the significantly differentially expressed gene set.

Let's use the osteoarthritis and rheumatoid arthritis synovial tissue data set to run the Fisher’'s Exact test.

Fisher’s Exact Test

1. Filter the table by selecting the filter icon and selecting “Filter Probe by Value”.

] gds2126 x

aﬂ Link E 32 Edit v I Select v . Tools =

=] View Filter Probes by Value... Find probe
Name Highlight Probes by Value... Cuil RA vs Ctrl: v
MAPK3 @ Don't Filter by Value 5.290e-01
TR Filter Probes by Active Pathway 2 6.780e-01
CYP2C19 4 9.820e-01

Hide Unmapped Probes &

CXCRS 5220e-01
CXCRS -01713 9370e-01 1.2458 3.220e-01
DUSPL -0.2578 7140e-01 -0.4002 5.080e-01

2. Set the filter for the Osteoarthritis data set (check that box) to include only genes with a log change
range greater than 1.5 (i.e. set the range to be outside of -1.5 and 1.5), and set the p-value cut off at
0.05.

3. Select “Set Filter.” All genes that don’t meet the filter criteria and displayed in gray.

4. Right click and choose “Select Unfiltered Probes.” Then right click and select “Find pathways/groups
Enriched with Selected Entities”. This runs the Fisher's Exact test.

IS
[ GDs2126 x [ Gpsz1zs =
|=| View = 34 Colors ~ Find probe P~ (=] View ¥ 53 Colors ~ find probe T
Name 0A/N | p-values for..... RasN | p-val DR QAN p-values for..., RA/N |P"’3‘Ii
L disease state
disease state

7.150e-07 7.150e-07

7.78%¢-06

8.079e-06

Build Pathway from Selection...

Save Selection as Group... ' Build Pathway from Selection...

Save Selection as Group...
Find Pathways/Groups Enriched with Selected Entities...

Find Sub-Netwerks Enriched with Selected Entities... Find Pathways/Groups Enriched with Selected Entities..

Find Sub-Networks Enriched with Selected Entities...
Copy

C
Select Unfiltered Probes opy
Bring Selected Probes Together Select Unfiltered Probes

. Bring Selected Probes Together
Properties

19815
-2.0447
-1.8955

Properties

-Z0HT
-1.8955
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5. Select “Ariadne Signaling Pathways” and “Ariadne Ontology” for the analysis and then select “OK” to
run the analysis. (Make sure the check box for “Expand the content of functional classes and
complexes in target gene sets” is selected.

6. See the results in the List Pane.

7. Find the top pathway in the list and right-click and select “Open” to see it in a pathway view.

] Pathway Studio® Explare - [Adipocytokine Signaling] [=lEEs]
[ [ Folders [ [%] New Pathway| ] Adipocytokine Signaling | | [ gasi26 x |

i H~ @ -8B« G- Find inthispathway 2 | || &) Link | 7 +| G2 Edit v L] Select ~ (J Tools v
LA ey B v iiv e wrHrn O 0 @@ O || Evewr §Colos~ Fiodpobe | P~

- Name Ofvs.Cil | OAvs Cilipu [RAvS 1 RAws Gt pua
HIFX 480e- S 5 070e-02
TRIMLY 16901 8.1106-02
TNFRSFI1A ¥ 19971 5730602

0.5737 6.580e-01

0.6012

Sergl
SDC4
MTHFD2
ACSLL

N

Open
Preview
Find Pathways/Groups Enriched with Selected Entities..
Find Sub-Networks Enriched with Selected Entities...
Find Similar Pathways/Groups...

Build Pathway from Selection...

Copy.
Copy Contents

(% Enriched Pathways/Groups X

Open Location

Mirrer Selection To Active Pathway

[ Edit v [ [Select v ) Tools ~ Mirror Selection From Active Pathway Find in this table s
Name Type  EofEntities Expanded #of En.. Overlp Pe|  Select Contents on Active Pathway -va... Data Source e
[4%] lipocytokine Signalin, athwa riadne Signaling Patl

% Adipocytokine Signaling  Pathway 5 780 10 — 65143 Ariadne Signaling Path... 1
[ Adiponectin Group 2 2 1 50 ADIPOQ 000361144 Ariadne Ontology 3
7 GaDDas Group 3 3 1 33 GADDASA 000840575 Ariadne Ontology 4
I Lipid transport Group 55 55 2 3 ADFP.FABP 00103221 Ariadne Ontology 5
P s0c Group 4 4 1 25 spca 00111925 Ariadne Ontology 5
P His metabolism Group 5 5 1 20 HDC 00139716 Arisdne Ontology 7

4] Melanogenesis. athwa A ¥ L. L riadne Signaling Path...

% Melanog Pathway st 82 7 1 VEGFACXCLI2ADMMAOAADHIE ADHIAL. 00195043 Ariadne Signaling Path... &
P et Group 7 7 1 14 MAFF 00195074 Arisdne Ontology 5| |
= :

8. If the proteins in the pathway are not colored by the experimental values (here red and blue), then
select the “Link” button above the Experiment Pane. This will apply the colorized values of the
experiment to the nodes on the pathway.

glect + _ Tools =

9. With the “Link” function active (the pathway nodes colored by the experiment values) select the
second dataset, rheumatoid arthritis, by clicking that column header. Do you see any change in the
expression levels of any of the proteins in the pathway?
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Osteoarthritis

Rheumatoid arthritis

10. Find the members of an ontology group that overlap with your gene list, right click on the ontology
group and select “Copy Contents.” This will copy the proteins in the ontology to the clipboard. Note:
if the ontology contains a child ontology group, the contents of that lower level will not be copied.

About Pathway Studio v H
Open
Preview

Find Similar Pathways/Groups...

Build Pathway from Selection...

Copy
Copy Contents

Open Location

Mirror Selection To Active Pathway

|4 Enriched Path : v 3
Mirror Selection From Active Pathway

Find Pathways/Groups Enriched with Selected Entities...

[ Edit ~ Select Contents on Active Pathway

Name Properties
[ ALK -> STAT signaling Pathway
[ Chemokines Group
" GADD45 Group
[7) Fatty acid biosynthesis Group

11. In the Experiment Pane choose: Select > Entities on Clipboard. The proteins of the ontology group
will be highlighted in the Experiment table.

4 RAand AO synovial tissue x |

B2 Edit v [ Select = ) Tools

IMIDG
PDE4A
STXBP5L
STMNZ

MT2A

APOBEC3G
Chorf32

[Z] View v 33 Colors v Find probe P~
Name 0Avs Normal |p-values for...”. RAvs Normal |p-valuesforR..| *
disease state

m

Right-click and select “Bring Selected
Probes Together” to see all overlapping
probes groups together in the
experiment list.
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12. Results of the analysis can be saved by exporting to MS Excel: Select > All, Tools > Send Data to
Excel.
13. Leave the experiment tab open for use in the following exercise.

End Exercise: Experimental Data Analysis — Fisher’s Exact Test
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Gene Set Enrichment Analysis

Gene Set Enrichment Analysis (GSEA) is similar to the Fisher's Exact test in that it identifies statistical
enrichment in experimental data of known groups (such as ontologies) and curated pathways. Gene Set
Enrichment analysis differs from Fisher's Exact test in that the rank (based on the absolute value of the
ratios of the experimental data values) of the genes in the experimental dataset is taken into consideration

when identifying enrichment and the entire dataset can be used (no statistical threshold needs to be initially
defined).

Potential Advantages of Gene Set Enrichment over Fisher’s Exact Test:

e Threshold relevance — In Fisher's Exact test only the subset of genes determined by a relevance
threshold is considered. This list can be variable depending on the user defined chosen threshold
(ex. fold change or p-value).

e In Fisher’'s Exact Test the rank position of the gene in the experimental results is not considered (it is
either on the list or its not). In GSEA rank is considered.

e GSEA is able to identify when many members of a pathway are changed even if none are changed
above the threshold used in the Fisher's Exact test (correlation).

It is unnecessary and not recommended to filter your data set by fold change/p-value prior to running the
Gene Set Enrichment Analysis; however you can filter to remove genes with high p-values if desired.

Note: The Gene Set Enrichment Analysis algorithm was developed at the Broad Institute,
(http://www.broad.mit.edu/gsea/). The Broad Institute has curated a large number of gene sets that can be
used in this analysis. Gene sets downloaded from the Broad Institute can then be imported into Pathway
Studio by selecting Advanced in the Import menu in the Information Pane. Select Gene Sets/Gene Sets in
Broad Institute Format to download these gene sets.

Launch GSEA from the Tools menu in the Experiment Pane.

] gds2126 =
=] Link : : 2 Edit v [} Select v | Tools v
== View v 23 Colors - Build Pathway from Selection...
Name OA ve, Chil OA e, Ci Save Selection as Group...
HIFX 2 480e-03 Find Pathways/Groups Enriched with Selected Entities...
TRIML4 1.9815 1.890e-03 Find Sub-Metworks Enriched with Selected Entities...
TMFRSF11A 20172 1.690e-02 Gene Set Enrichment Analysis... _
TF _Z.SIOE-GE Sub-Network Enrichment Analysis...
HDC 2.2631 2.720e-02 Remap Experiment Data
® ‘ Send Selected Rows to Excel
" gl 2y EE Send Selected Rows to Text Format
sDC4 -1.713 3.390e-02
MTHFD2 17694 4.080e-02 Experiment Properties
ACS1L -1.5598 2.510e-02 9.320e-02
KLF9 -1.6458 4.500e-02 8.680e-02
ADIPOQ 2.580e-02 6.880e-02
IGHM 6.0716 2.510e-02 1.720e-02

Select the dataset for the analysis, the gene sets (ontologies/pathways,) and the preferred algorithm. You will
get similar results from both the Mann-Whitley U-Test or the Kolmogorov-Smirnov algorithms however the
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Mann-Whitley U-Test will run much faster. As with the Fisher's Exact test, check the box “Expand the
contents of functional classes and complexes in target gene sets, to include those genes in your analysis.

Gene Set Enrichment Analysis of gds2126 =3
Sample to analyze: [OA ws, Ctrl v] Gene Set Categories
- Pathways
Enrichment algorithm: [Mann-Whitney U-Test (faster) '] [] Ariadne Metabolic Pathways

Ariadne Signaling Pathways
[T]User's pathways
riadne Ontology

GO

. [ eellular_component

Enrichment p-value cut-off: 0,05 [Tl molecular_function

[“biclogical_process

[[JUser's groups

Expand the content of functional classes, cell processes and
complexes in target gene sets

Limit the analysis to the highlighted/filtered probes
(no filter saved with the experiment)

[ R | [ canca |

Select “Run” to compute the results and view the results in the bottom List Pane. Enriched gene sets are
ranked by p-value.

E] Significant Gene Sets for GDS2126: OA/N x
Il Save [ Edit » Select v Tools = Find in this table 2o~

Name Type Total Entities  Expanded # of En... # of Measured En... Measured Entities Median change  * O p-va.. GeneSet Category # m
[#4] T-cell receptor -> NFATC sig... Pathway 7 172 49 PIK3C2G, TREV19, TRAV20, CD86, CDBO, CDE... 148681  218275e-06 Ariadne Signaling Path... 4 U
_ﬁ[ Melanogenesis Pathway 51 682 515 ALDH3B2, A0C2, CALML3, GPR183, GPRIE, ... 102095  2.88109e-06 Ariadne Signaling Path... 5

_ﬁ[ Focal Adhesion Regulation Pathway 41 308 253 PIK3C2G, ITGBLL, TAQKS, EGF, PLG, HGF, FG... 108994  110461e-05 Ariadne Signaling Path... [

|4] Gap Junction Regulation Pathway 51 639 469 GPRI183, GPR18, GUCY1AZ, SGSM3, TAOKS, .. 1.00207  1.23365e-05 Ariadne Signaling Path... 7

_ﬁ[ Mast Cell Activation Pathway [T} 529 383 CALML3, AP251, CLTB, IFMNAL6, PIK3C2G, 5T.. 10827  1.37767e-05 Ariadne Signaling Path... 8

|#4] T-cell receptor -> ATF/CREB... Pathway 49 189 66 PIK3C2G, TREVIO, TRAV20, RACL, CD&6, CD... 143807  145816e-05 Ariadne Signaling Path... 9

=TI TGF family Group 25 25 16 TGFBL, BMP4, BMPT, TGFBZ, TGFE3, BMPZ, L., -1.20278 94412105 Ariadne Ontology 10

[4] T-cell receptor -> CREBBP si.. Pathway 36 176 47 CALML3, PIK3C2G, TRBVLY, TRAV20, CDEE, ... 148681 0000134352 Ariadne Signaling Path.. 11 -
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® Exercise Six: Experimental Data Analysis — Gene Set Enrichment Analysis

Begin Exercise:
Objective: To run the Gene Set Enrichment Analysis (GSEA) on a gene expression data set to find ontology

groups and pathways that are enriched in the dataset and to compare the results of GSEA to the results
obtained by the Fisher’s Exact test.

Let's use the osteoarthritis and rheumatoid arthritis synovial tissue data set to run the Gene Set Enrichment
Analysis and find Ariadne Pathways and Ariadne Ontology groups enriched in the experimental results.

1. If afilter has been applied to the experimental dataset, remove the filter before continuing.

%] gds2126 =
E 52 Edit = elect = ; Tools »
=] View Filter Probes by Value...

Name Highlight Probes by Value... Ctrl RAvs Ctrl : pv...

MAPK3 @  Don't Filter by Value 0 5.200e-01
TIEL Filter Probes by Active Pathway h 6.780e-01
CvPacls Hide Unmapped Probes ¥ 982001
CXCR5 5.220e-01
CXCR5 -0.1713 9.370e-01 1.2458 3.220e-01
DUSP1 -0.2578 7.140e-01 -0.4002 5.080e-01
MMP10 -0.4918 8.010e-01 -0.9154 6.080e-01

2. Select Tools > Gene Set Enrichment Analysis.

Gene Set Enrichment Analysis of gds2126 @

Sample to analyze: IOA s, Crl v] Gene Set Categories

= Pathways

Enrichment algorithm: | Mann-Whitney U-Test (faster) A [T Ariadne Metabolic Pathways
Mann-Whitney U-Test (faster) |¥] Ariadne Signaling Pathways
Kolmegerov-5mirnov (classic) | -[MUser's pathways

[] Ariadne Ontology

- 30

~[Ceellular_component
[T molecular_function

Enrichment p-value cut-off: 005

-["|biclogical_process

;---DU;er‘s groups
Expand the content of functional classes, cell processes and

complexes in target gene sets

Limit the analysis to the highlighted/filtered probes
no filter saved with the experiment

3. Select: Sample to analysis: (osteoarthritis vs control), Gene Set Categories: Ariadne Signaling
Pathways and Ariadne Ontology, Enrichment algorithm, Mann-Whitney U-Test, p-value cut-off: 0.05,
check “Expand the contents of functional classes and complexes in target gene sets.” When
finished, select “Run” to compute the results. The results appear in the List Pane, sorted by p-value.

4. Right-click on the top pathway and select open to view the pathway. See that this pathway contains
many functional classes.
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Eﬂ Pathway Studio® Explore - [Gonadotrope Cell Activation]

Ll Folders | %] New
i H - & -
SH | View - EE -

Fe IR 24

- ,ﬁ-:;v v v 2

===
Pathway 4| Gonadotrope Cell Activation x \j gds2126 x
Find in this pathway 2 TR Edit = Select v (_} Tools ~
@@ @ View = & Colors = Find probe P~
Name OA ws, Ctrl IOA vs. Ctrl RAwsCtrl  +
MAPIKZ 0.2180 5.080e-01 -01990 B
TIEL -0.2968 4940e-01 -0.4092
CYP2C19 -1.0393 4.050e-01 -0.0494
CXCRS 0.7845 5.740e-01 1.0190
CXCR -01713 9.370e-01 1.2458
DUSP1 -0.2578 7140e-01 -0.4002
1| MMP10 -0.4918 8.010e-01 -0.9154

DDR1 0.0956 8.620e-01 -01134

Open

Preview

Find Pathways/Groups Enriched with Selected Entities...

Find Sub-Networks Enriched with Selected Entities...
Find Similar Pathways/Groups...

Build Pathway from Selection...

Copy
Copy Contents

Open Location

|4 Significant Gene Sets for gds2126: OA vs, Ct.. x |

Mirror Selection To Active Pathway

32 Edit » [7iSelect v ([} Tools »

Name Type # of Entities

Expanded # of ...

59 523 3

# of Measured ...

|44 NK Cell Acti.. Pathway 6 EGRL, MAPKIL, VWF,...
|4] Skeletal Mye... Pathway 70 569 431 KITLG, EPO, VEGFA, ...
@ T-cell recept... Pathway 37 172 49 CD4, CD3E, SYK, PT..
|4] Melanagene... Pathway 51 682 515 KITLG, EPO, VEGFA, ...
| %] Focal Adhesi... Pathway 41 308 253 KITLG, EPO, VEGFA, ...
7] Mast Cell Ac... Pathway 64 520 383 EGRL, MAPKIL, THFS...
|%] Gap Junctio... Pathway 51 639 469 KITLG, EPO, VEGFA, ...
|4] T-cell recept... Pathway 49 189 66 CDC42, PRKCA, CD..
(") TGF family Group 25 25 16 TGFEL, BMP2, TGFB...
|44] T-cell recept... Pathway 36 176 47 CD4, CD3E, SYK PT...

pel
Meg

m Properties E
2

3

4

5

6

7

8

9

10

Mirror Selection From Active Pathway
Select Contents on Active Pathway

110926
1.02328
1.48679
1.02094
1.08998
1.08267
1.00208
1.43804
-1.2028
1.48679

1.05843e-07 Ariadne Signali...
8.72919e-07 Ariadne Signali...
2,20931e-06 Ariadne Signali...
3.01022e-06 Ariadne Signali...
6.11858e-06 Ariadne Signali...
8.70775e-06 Ariadne Signali...
1.27845e-05 Ariadne Signali...
1.48001e-05 Ariadne Signali...
9.49468e-05 Ariadne Ontolo...
0.00013587 Ariadne Signali...

5. Select a functional class and right-click to open the properties view. Select the members tab to see
the members of the functional class. Select “Open list in bottom pane.”

Functional Class Properties

| General | Members | Found In Pathways

(= [EEs

</ HRAS
& KRAS
< MRAS
&/ NRAS
< RALA
& RRAS
< RRAS2

Open list in bottom pane

Lok ]|

Cancel ]
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6. W.ith the Functional Class open in the list pane choose Select > All, Edit > Copy. This copies the list

of proteins to the clipboard.

7. In the Experiment Pane, choose Select > Entities on Clipboard. Next, right-click and choose “Bring
Selected Probes Together.” This will group all the selected proteins in the table together. If no
proteins are selected, there is no overlap between the selected functional class and your dataset.

[ gds2126 x

Select + _: Tools =

[=] View = 23 Colors Find probe P~
OAvs. Ctrl | OAwvs. Ctrl: p... RAws Ctrl -
0.3834 8.950e-01 1.4004 B
-0.2210 4.970e-01 -0.5423
0.0673 9.170e-01 -0.1510
0.0719 9.470e-01 -0.0087
0.4586 4.530e-01 0.2972
0.0530 8.960e-01 -0.2722
03117 5.080e-01 -0.0044
-0.0269 9.890e-01 -0.2000
-0.1031 9.150e-01 0.5532
HINT1 Build Pathway from Selection...
RABGGT. Save Selection as Group...
MAPK11 Find Pathways/Groups Enriched with Selected Entities...
WHIAE Find Sub-Networks Enriched with Selected Entities...
PCAF
SMADS Copy
POLG Bring Selected Probes Together
MK Properties
IL13RA2 Lo wzaueuL
] il < n v |

8. To find the overlap of pathways and groups between the results of the Fisher's Exact test and the
Gene Set Enrichment Analysis for a dataset, first choose the tab containing the Fisher's Exact test
result (labeled “Enriched Pathways/Groups”). This will allow you to examine what pathways/groups

in your results that are unique to one of the algorithms and which are common to both.

9. Choose Select > All, Edit > Copy.

10. Next, choose the GSEA results tab “Significant Gene Sets”. Choose Select > Entities on Clipboard.

The groups and pathways that are in both analysis results will be selected.

| |4 Enriched Pa‘thwaystroups| & Significant Gene Sets for gds2126: OA vs, Ct.. % |

Select v] . Tools ~

All
Entities on Clipboard

Ctrl+A ded # of Entities  # of Measured Entities Measured entities

Ctri+E KITLG, EPO, VEGFA, MET, EG
| 276 EGRL MAPKL VWF, NCR2,

Mirror Selection To Active Pathway m KITLG, EPO, VEGEA, MET, 1G
J, 3 | a » 431

Mirror Selection From Active Pathway 172 49 CD4, CD3E, SYK, PTPRC, CDE

Select Contents on Active Pathway KITLG, EPQ, VEGEA, MET.

e ﬂ EGRL, MAPKL, TNFSFI0, CD{
L | R S— T

|j T-cell receptor -> ATF/CREB sign... Pathway 139 66 CDC42, PRKCA, CD4, PRECQ
(7 TGF family Group 23 23 16 TGFEL, BMPZ, TGFB2Z, INHE/
|j T-cell receptor -> CREBEP 5|gr|aI|... 36 176 47 D4, CD3E, SYK, PTPRC, CDE

Invert Selection

Pathway
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11. Choose Tools > Send Data to Excel to save the selected groups and pathways to an Excel
spreadsheet.

End Exercise: Experimental Data Analysis — Gene Set Enrichment Analysis
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Sub-Network Enrichment Analysis

For every entity in the ResNet database, the Sub-Network Enrichment Analysis (SNEA) algorithm uses the
relationships in the ResNet database to build “sub-networks” based on user specified criterion. It then uses
these sub-networks and the Fisher's Exact test or GSEA algorithm to identify the networks that are
significantly enriched.

The user-defined sub-networks consist of a single “regulator” gene and its targets. The significance of the
target expression levels in every built network is evaluated. The result is the identification of individual

“regulators” which most likely affect the differentially expressed genes, thus providing the one plausible
explanation for the observed expression changes in the experiment.

Defining the Sub-Networks

Setting user-defined criteria for building the sub-networks involves first defining the “regulator” (also referred
to as the “seed”) and then the “neighbors” (the “targets” defined by selecting specific relationship types).

For example, defining a protein seed and promoter binding relationships will give these types of networks:

The network consists of the target proteins with which the seed protein has a promoter binding relationship.

The Sub-Network Enrichment Analysis menu provides some short-cut menu options (see table below) or you
can use the “custom” options for more flexibility in sub-network definitions.

Page 56 of 68



Sub-Metwork Ennichment Analysis of gds2126

Run Enrichment analysis for ’OAvs. Ctrl ¥ | ingds2l26

against dynamically generated sub-networks of Proteins

Sub-networks are generated by connecting entities to their neighbors in the database.

The choice of neighbors is:

Expression Targets
Binding Partners
Protein Modification Targets
Lustom...

Limit the returned results to

100 sub-networks with best p-values; use

0.05 enrichment p-value cut-off.

Limit the analy
(no filter saved

is to the highlighted/filtered probes
ith the experiment)

Clean up resulting sub-networks by removing neighbors not present in the experiment

See definitions for these short-cut
menu options in table below.

Note: Ariadne recommends that you check the box “Clean up resulting sub-networks by removing neighbors
not present in the experiment.” This way, only measured entities for which experimental data exists (for
example proteins/genes in a microarray experiment) are included in the network. (A small molecule or a
disease would not have experimental data on a gene expression microarray and would have no expression

data associated with it.)

Sub-network preset conditions for short-cut menu:

Sub-network Type Seed Neighbors Relationship Direction

Expression Targets Gene Gene Promoter Binding, Outbound from
Expression seed

Protein Binding Partners Protein Protein Binding No direction

Protein Modification Protein Protein / Protein Modification Outbound from

Targets Complex seed
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Use the custom menu to select specific seeds and relationships.

Advanced Parameters ==
Generate sub-networks as neighbors of: Connected by:
[ Protein = Regulation
[ Functional Class [T] ChemicalReaction
[7] Complex [7] Expression
[] Small Molecule |} DirectRegulation
[7] MolSynthesis
[T inding

|| PromoterBinding
[ ProtModification
[] MolTransport

[ ok |[ conce |

Note: all relationships are outbound from seed to regulators except when relation is binding, which has no
directionality.

The results of the SNEA are viewed in a table sorted by p-value. Each network is named by the regulator of
the network.

1 Enriched Sub-networks for gds2126: OA vs, Ct.. =

22 Edit - Select v ; Tools Find in this t
Mame Total # of Neighbors  # of Measured Meighbors  Gene Set Seed  Measured Neighbors Median change - £ p-value  #
| ] Expression Targets of HSD11B1 7 7 HSD11B1 TIMP1, MMPS, TIMP2, MMPT, MMP1, ... 1.50483 0.00135834 1
Ij Expression Targets of LCN2 7 7 LCM2 PPARG, HMOXL, CDH1, IRS1, ATFS, VEG... -217543 0.00143916 2
Ij Expression Targets of IL1EBP 7 7 IL1EBP CCLS, IL1B, TNF, MMPS, IFNG, VCAMIL, .. -1.42662 0.00223295 3
| ] Expression Targets of DCN 23 21 DCN RHOA, IL1B, IL&, MMP14, MMP1, NCAN... -1.58185 0.00245946 4
Ij Expression Targets of SPARC 20 20 SPARC MMP3, MMPL, FINI, MMP2, CDK2, TNF... 1.31887 0.00252243 5
Ij Expression Targets of EIF251 11 9 EF251 DDIT3, MYC, PHLDAL, ATF3, NFKBIA, C... -2.34404 0.00263447 6
|Z] Expression Targets of CCNC 5 5 CCNC VCAML, TYMS, CDC2, MYC, CCNH 2.25355 0.00287694 7
ﬂ Expression Targets of exosome [ 6 exosome MMPL, IFNG, THF, SERPINEL, 1L6, PRFL -1.69525 0.00295389 8
ﬂ Expression Targets of chemokine 62 57 chemokine AKT1, CSF2, SELE, TNFSF11, CXCL12, CX... 1.28138 0.00311814 9
Ij Expression Targets of CCL3 25 24 CCL3 ITGAM, CCL21, 1110, MMPS, IL2, FLT3L... 131741 0.00332672 10
| ] Expression Targets of SREBFL 105 83 SREBF1 PCSKE, IL8, VEGFA, PDX1, ESR1, PPAT, F... -1.28129 0.00412663 11
el = inm Tarnate nf CNEA 120 105 CNEA TERA GAZMAA TCARM DRE1L KIRKL D 1 21A05 . ONAOATAA 12

When networks are the same size, those with greater differential gene expression will have better p-values.
When differential expression is equal, larger networks will have better p-values than smaller networks.

Better p-value

Zne3

e T . NN
v v ol 4 00 ST 0 = o & e =
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Both enrichment algorithms, Fisher's Exact Test and Gene Set Enrichment Analysis, can be used to
identify enriched Sub-Networks.

Known Gene Sets Sub-Networks
(ontologies, curated pathways) (user defined from ResNet)
Fisher’s Exact Test Find Pathways/Groups Enriched Find Sub-Networks Enriched with
(experimental values not with Selected Entities Selected Entities

utilized)

Gene Set Enrichment
Analysis (GSEA) Gene Set Enrichment Analysis Sub-Network Enrichment Analysis

(experimental values are
considered in the analysis)

Names of the tools as they appear in Pathway Studio
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® Exercise Seven: Experimental Data Analysis — Sub-Network Enrichment Analysis (with
GSEA)

Begin Exercise:
Objective: To run the Sub-Network Enrichment Analysis on a gene expression dataset to identify
dynamically defined transcriptional regulatory networks enriched in the dataset and to visualize multiple

networks in one view to allow for identification of overlap between networks.

Let's use the osteoarthritis and rheumatoid arthritis synovial tissue data set to run the Sub-Network
Enrichment Analysis and find transcriptional regulatory networks enriched in the experimental dataset.

1. If afilter has been applied to the experimental dataset, remove the filter before continuing.

] gds2126 =
E =2 Edit Select + _: Tools =
= View Filter Probes by Value... probe o g
- I
Name Highlight Probes by Value... Ctrl IRA\rs Ctr: pv. *
MRAS © Don't Filter by Value 5.360e-01
HRAS Filter Probes by Active Pathway 3 6.370e-02
RRAS 0 7.050e-01
Hide Unmapped Probes €
KRAS 7 9.940e-01
KRAS 0.4586 4.530e-01 02972 7.400e-01
1 |HRAS 0.0530 8.960e-01 -0.2722 2.770e-01

2. Select Tools > Sub-Network Enrichment Analysis
3. Inthe Run Enrichment analysis menu, select the osteoarthritis study.
4. In the choice of neighbors menu select “Custom”

Sub-Network Enrichment Analysis ==

Run Enrichment analysis fer | OA vs Nermal | inRAand AO synovial tissue

against dynamically genersted sub-networks of Proteins
Sub-netwarks are generated by connecting entitics to their neighbors in the database.

The choice of neighbors is:

Expression Targets
Binding Partners

ian Targets
[ Custorn.

Limit the returned results to

100 sub-networks with best p-values; use

005 p-value cut-off.

7] Clean up resulting sub-netwarks by removing neighbors not present in the experiment

5. Here we will define transcriptionally regulated networks: Select Protein for the (transcriptional)
regulator “seed” and select Expression and PromoterBinding to define the transcriptionally regulated
“target” network. Note: We will not utilize Regulation in this example, as this is the largest relation
category in ResNet.
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Advanced Parameters

Generate sub-networks as neighbors of!

Connected by:

Protein

[] Functicnal Class
[T] Complex

[] Small Molecule

[T] Regulation
Expression
[7] Binding

[T] MolSynthesis

[ ProtModification
[] MolTransport

["] DirectRegulation
PromoterBinding

[] ChemicalReaction

ok ||

Cancel

6. Select OK

7. In the Sub-Network Analysis tool ensure that the box “Clean up resulting sub-networks by removing
neighbors not present in the experiment”, then select OK to run the analysis.
8. View the results in the List Pane. Each network is named by the “seed” (the regulator).

1 Enriched Sub-networks for gds2126: OA vs. Ct.. = ‘

B3 Edit « Select v _ Tools = Find in this table 2 -
MName Total # of Neighbors # of Measured Neighbors Gene Set Seed Measured Neighbors Median change - 2 pva. # i
|-] Meighbors of HSD11B1 7 7 HSD11B1 TIMP1, MMPS, TIMP2, MMP1, MMPT, ILLE, THF 150483 0.00137118 1
|+4] Neighbars of LCMN2 7 7 LCN2 PPARG, HMOX1, CDHL, IRS1, ATF5, VEGFA, ADIPOQ -217543  0.00143553 2
|4] Meighbors of IL18BP 7 7 1L18BP CCL5, TNF, IL1B, MMPS, TFNG, VCAMI, 114 -1.42662 0.00224365 3
|] Neighbars of DCN pE] 21 DCN RHOA, IL1E, MMP14, IL6, MMP1, NCAN, IFNG, CCL2, IL8... -158195  0.00249681 4
|#] Meighbars of SPARC 20 20 SPARC MMP3, MMPL, MMP2, FM1, CDK2, MIMP14, BMP2, TNFR... 131887  0.00255866 5
|-] Meighbars of EIF251 1 9 EIF251 DDIT3, MYC, PHLDAL, ATF3, CCNDL, NFKBIA, NOS2, AT... -234404  0.00271077 6
|+] Meighbors of CCNC 5 5 CCNC VCAML, TYMS, CDC2, MYC, CCNH 225355 0.00238025 7
|4] Meighbors of CCL3 25 24 cas ITGAM, CCL2, 112, MMPS, 1110, FLT3LG, ICOSLG, CXCLL... 131741 0.00342162 8
|] Neighbars of SREBFL 105 88 SREBF1 PCSKB, VEGFA, IL8, ESRL, PDX1, PPAT, FABPS, ACSLY, AD... -1.28129  0.00440584 9

T Bleimkak fcnen 120 108 cnen NE0A STAAA TCARAL NDCL KIDW CNE3 CYOln DRCn 121605 NAASI4230 10

9. Let's view the top four networks in

one pathway. Select the top four networks, right-click and
choose “Union Selected Pathways.” In the “Combine Pathway (Union)” window, select OK.
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Open

Preview

m

Find Pathways/Groups Enriched with Selected Entities...
Combine Pathways (Union)

Find Sub-Metworks Enriched with Selected Entities...
Find Similar Pathways/Groups...

Build Pathway from Selection... Selected Pathways:

Copy Pathway
Copy Contents | Neighbors of HSD11B1

Open Location ¥ Neighbors of LCN2
Union Selected Pathways... : :::::::Z ::LL:':?\JBP
Intersect Selected Pathways...
Subtract Selected Pathways...

_ Mirror Selection To Active Pathway
15 Enriched Sub-n Mirror Selection From Active Pathway

2 Edit v 77} Sel Select Contents on Active Pathway

Properties
Copy Gene Set Seeds

ok | [ concel

§ Meighbors of LCNZ Lhcius

20

2] Neighbors of SPARC 20 SPARC
g

| Meighbors of EIF251 11 9 EIF251

2] Neig

|2] Meighbors of CCNC 5 5 CCMNC

4] Meighbors of CCL3 25 24 CCL3

2] Neighbors of SREBFL 105 88 SREBF1

g
1 Rlaiakb, £0N9 130 105 DR

The resultant network should look something like this (using the dynamic layout). Note: although your
network may look similar, the dynamic layout may generate a slightly different layout than the one see here.

Now let's modify this network to better view the entity names and emphasize the four regulators in this
network by applying highlighting.

10. Select “Fit all entities to window” to maximize the size of the network in the window.
11. Open the Advanced Visualization tool bar and select “Size All Entities to Labels” in the Resize menu.
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12. Next, using the control key, select the four regulators, BP1, CCR7, IV and CD69. Note that selected
entities have a blue halo. One of the selected entities will also have small white boxes around it.
Click on the corner white box and expand the size of this entity.
®,
D,

‘*‘6 )

13. With the other three entities (regulators) still selected, go to the Advanced Visualization tool bar and
select “Make Same Size” from the Resize menu. This will expand all the regulators to the same
larger size.

14. While the four regulators remain selected, go to the highlight menu and select the blue highlight.
This will put a blue halo around the regulators. Your network should look similar to this:

Note that two of the four regulators is gray. This is because these regulator were not measured in the gene
expression experiment. The Sub-Network Enrichment Analysis is able to utilize all the relationship
information in ResNet to identify potentially important regulators for a gene expression experiment, even if
that specific regulator was not included on the microarray.

End Exercise: Experimental Data Analysis — Sub-Network Enrichment Analysis (with GSEA)
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This Training Manual gave examples of three of the four enrichment analysis options highlighted below:
Fisher's Exact Test of known gene sets, Gene Set Enrichment Analysis of known gene sets and Sub-

Network Enrichment Analysis (GSEA) of Sub-Networks.

gene Known Gene Sets Sub-Networks
sets (ontologies, curated pathways) (user defined from ResNet)
algorithms
Fisher’s Exact Test Find Pathways/Groups Enriched Find Sub-Networks Enriched with
(experimental values not with Selected Entities Selected Entities
utilized)

Gene Set Enrichment
Analysis (GSEA) Gene Set Enrichment Analysis

(experimental values are

Sub-Network Enrichment Analysis

considered in the analysis)

In addition, you can run the Fisher's Exact Test on any list of proteins to find enriched sub-networks. Keep in
mind that if you start with a short protein list, most of your enriched sub-networks will also be small. The Find
Sub-Networks Enriched with Entities dialog allows you to set a threshold for the size of the sub-network to be

returned.

Find 5ub-Metworks enriched with 41 selected entities

Sub-networks are generated by connecting entities to their neighbors in the database,

The choice of neighbors is:

Expression Targets
Binding Partners
Protein Modification Targets

Custem...

Filter returned results

2 or more selected entities should be present in a sub-network

Limit the returned results to

100 sub-networks with best p-values; use

0.05 enrichment p-value cut-off,

Clean up resulting sub-networks by removing neighbors not in the original selection

Find Sub-MNetworks Enriched with Entities (=3
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Appendix A: Definitions

Entity definitions:

Protein: The principal source of proteins and their annotation in ResNet is Entrez Gene. The level of
detalization of proteins in ResNet Mammal is the Gene. This means that if proteins are encoded by the
same gene, they will have the same identifier.

Small molecule: Symbolizes metabolites, drug and other chemicals of low molecular weight (< 1 KDa). It
also can be used to represent non-biological polymers of larger molecular weight.

Cell object: Symbolizes cellular organelles and other sub-cellular components. A majority of cell process
entities coincide with the part of the Gene Ontology cellular component classification that excludes protein
complexes.

Cell process: Symbolizes biological processes. A majority of Cell process entities coincide with Gene
Ontology biological processes classification.

Disease: Symbolizes diseases and other health conditions and processes.

Treatment: Symbolizes non-chemical treatments and environmental conditions such as cold shock, draught
etc.

Complex: This is a container entity that symbolizes several polypeptides that form the complex via physical
interaction. The complex is usually well-characterized in the literature, performs well-defined function and is
referred in the literature by a specific name. A majority of complex entities coincide with part of Gene
Ontology cellular classification that describes protein complexes.

Functional class: This is a container entity that symbolizes functional classes of proteins. Majority of
functional class entities coincide with Gene Ontology molecular function classifications.

Relationship definitions:

MolTransport: Indicates that the regulator changes the localization of the target. Describes events of
molecular translocation, export, import or release

Regulation: Indicates that the regulator changes the activity of the target. The mechanism of the regulation
is either unknown or has not been specified in the sentence describing the relation.

Chemical Reaction: Symbolizes either enzyme catalyzed or spontaneous chemical reaction, i.e.
transformation of one set of Small Molecules into another. Usually must have at least one substrate show
with the link incoming to control and one product shown with the link outgoing from control. Enzyme is
shown as undirected link between Functional Class or Protein entity and control
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Binding: Physical interaction between molecules

ProtModification: Indicates that the regulator molecule changes the protein modification of the target
molecule. Usually indicates the direct interaction, i.e. the regulator catalyses the chemical modification
reaction.

DirectRegulation: Indicates that the regulator influences the target activity by physically interacting with it.
Expression: Indicates that the regulator changes the protein level of the target, by means of regulating its
gene expression or protein stability.

PromoterBinding: Indicates that the regulator binds the promoter of the target.

MolSynthesis: Indicates that the regulator changes the concentration of the target. Usually Small Molecule
is a target in MolSynthesis
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Appendix B: Deleting Entities and Relations from a Local Database (Pathway Studio

Explore and ResNet Explore)

When you delete a relation or entity from a pathway view, it is only removed from that specific pathway but

still remains in the ResNet database.

To permanently delete a relation or entity from the ResNet database, select the relation or entity, move the
mouse cursor to an empty area of the pathway, right-click and select “Delete Selected Entities/Relations from
Database.”

Remove
Add Entity...
Add New Relation between Selected Entities...

Add Text Label...

Pin Selected Entities

Copy Picture to Clipboard
Save Picture As...

Save Picture with Legend...
Save Pathway as HTML...

Delete Selected Entities/Relations from the Database...

Pathway Properties

Note: If “Delete Selected Entities/Relations from the Database” does not appear as a menu option, in the
Information Pane go to Tools > Program Options. Next, select “Menu” then change “Enable Advanced Menu

for Pathways” from “No” to “Yes.”

Eﬂ Pathway Studio® Explore - [Ariadne Ontology]

| Database » | &] Import » | Tools «

Search Database

ffit  Program Options... -~
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Program Options

Shortcut for Build Pathway (F8)

View Option Value
Layout . A .
o Auto-hide application menu bar (use Alt to show/hide) Yes
pa enu . Enable advanced Database menu Yes
Enera Enable advanced Export menu No
Enable advanced menu for pathways Yes =
Yes

OK

| [ Cancel

If you have any questions about Pathway Studio Explore, please contact us at:

Ariadne Support Team

Call Monday — Friday 9:00 am — 5:00 pm Eastern time (GMT -5:00)

866-340-5040 (US and Canada toll-free) or +1-240-453-6301
Email: support@ariadnegenomics.com

http://www.ariadnegenomics.com/support/pathway-studio-explore
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