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Pathway, Ontology and Sub-Network Enrichment Analysis of Microarray
Data in Pathway Studio® Explore, Affymetrix Edition

Introduction to Gene Set Enrichment Analysis in Pathway Studio Explore
The Gene Set Enrichment Analysis (GSEA) algorithm is a powerful analytical tool for interpreting microarray
data to gain insights into biological mechanisms. The algorithm ranks microarray results by the absolute value
of the fold change in experimental results and identifies known gene sets that are statistically enriched based
on this ranking.

T h &knofvngenesetsd0 used in the Gene Set Enrichment Analysis ir
of signaling and metabolic pathways curated by Ariadne scientists, Ariadne Ontology and Gene Ontology

and also sub-networks (calculated de novo) when using the Sub-Network Enrichment Analysis (SNEA)

option.

Experimental Data Algorithm Enriched gene sets results
Mame OAvs, Ctrl OA vs. Ctrl : pvalue
HEG1 0.5943 5.060e-01
X b =l Known Gene Sets:
CACNB4 06981 5.060e-01
6802 10857 s0s0e 01 GSEA Signaling Pathways
PFKFB2 -0.2204 5.060e-01
APpER2 o5 08001 Cellular Process Pathways
sLcaaat 02646 5.060e-01 Metabolic Pathways
o TRVEL [ [ Gene Ontologies
STH3 04781 5.060e-01 K K
s e o Ariadne Ontologies
SH3BP2 11539 5.060e-01
DDR2 -0.3512 5.060e-01
KCHAB2 01890 5.060e-01
STEDL [S6786 0 5 060e-01
FOXNL 03475 5.060e-01 De novo user-defined sub-networks
KIAADGES _5‘0503—01 S N EA

BSG -0.2755 5.080e-01

GRML _5‘0802—01

ANK2 0.7261 5.080e-01
SEC23B 06771 5.080e-01

The results of the analysis are a list of most significantly enriched pathway and ontologies or sub-networks
ranked by p-value. You can examine this list to better understand the underlying mechanisms and cellular
processes affected in your experimental conditions.

What Gene Sets Can be Identified in Enrichment Analysis:

1 Ariadne Curated Pathways (GSEA)
Ariadne Ontology gene groups or Gene Ontology gene groups (GSEA)
1 User-Defined Sub-Networks (SNEA)

=

Letés take a | ook at each of these gene groups:
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1 Ariadne curated pathways (receptor signaling pathways, cellular process pathways, metabolic)
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227 Receptor Signaling 22 Cellular Process 39 Metabolic Pathways

These pathways have been manually curated by Ariadne scientists and are available for use in enrichment
algorithms. The receptor signaling pathways are composed mainly of proteins and small molecules (some
functional classes). The Cellular Process pathways and Metabolic pathways are composed mainly of
functional classes and cellular processes. During the manual curation of these pathways, the functional
classes, which can serve as containers, have been
to them). You can examine the properties of a functional class to see what proteins are included.

1 Ariadne Ontology gene groups and Gene Ontology gene groups

Folders | &5 Ariadne Ontology x | B GO x

4) » |39 Ariadne Ontology * 40r (GO »
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Ariadne Ontology Gene Ontology

The Ariadne curated ontology is an ontology that has been optimized for best results in enrichment analysis.
The ontology is relatively flat and designed to minimize redundancy in classification. The ontology consists of
slightly more than 500 ontology groups representing almost 9000 genes.
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Gene Ontology, assembled by the Gene Ontology Consortium, consists of hierarchical controlled vocabularies
(ontologies) that describe gene products in terms of their associated biological processes, cellular
components and molecular functions.

Both enriched pathways and ontologies are identified when analyzing array data using Gene Set Enrichment
Analysis.

i Significant Gen for gds2126a: OA vs, C.. %

53 Edit ~ ct v L F Tools {in this table 2]
Name Type # of Entities  Expanded # of ... # of Measured... Measured entities Median change - £ p-value | Gene Set Category C
|%] Gonadotrope Cell Ac... Pathway 71 698 520 CACNB1, CACNGL, CALML3, AP2S... 1.0279 2.57238e-09 Ariadne Signaling Pathw.,
|] NK Cell Activation Pathway 58 523 376 CALMLS, AP251, CLTB, IFNALG, PL.. 110926 1.04703e-09 Ariadne Signaling Pathw..
4] Skeletal Myogenesis ... Pathway 70 569 431 CALML3, PIK3C2G, TAOKS, ITPKC, ... 1.02328 8.63285e-09 Ariadne Signaling Pathw.. 7
|4] T-cell receptor -> NF... Pathway 37 172 48 PIK3C26G, TREV19, TRAV20, CDE6, ... 1.48679 2.2016e-0 Ariadne Signaling Pathw..
|4] Melanogenesis Pathway 51 682 515 ALDH3B2, AOCZ, CALML3, GPR183... 1.02094 2.97535e-08 Ariadne Signaling Pathw..
|4] Focal Adhesion Regu... Pathway 41 308 253 PIK3CZG, I[TGBLL, TAOQKS, EGF, PLG... 1.08998 6.07132e-06 Ariadne Signaling Pathw.,
|] Mast Cell Activation Pathway 64 529 383 CALML3, AP251, CLTB, IFMALG, PL.. 1.08267 §.62499e-06) Ariadne Signaling Pathw..
|4] Gap Junction Regulat... Pathway 51 639 469 GPRI1E3, GPR1E, GUCY1AZ, S5G5SMS3... 1.00208 1.2663e-09 Ariadne Signaling Pathw..
|4] T-cell receptor -» AT... Pathway 49 189 66 PIK3C2G, TREV19, TRAVZ0, RACT, ... 1.43804 1.47409e-09 Ariadne Signaling Pathw..

[ TGF family Group 25 25 16 TGFB1, BMP4, BMP7, TGFB2, TGFB... -1.2028 9.48122e-09 Ariadne Ontology

|3] T-cell receptor -» CR... Pathway 36 176 47 CALML3, PIK3C2G, TRBV1S, TRAVZ... 1.48679 0.000135475 Ariadne Signaling Pathw..
|4] Actin Cytoskeleton R... Pathway 51 538 427 PIK3C2G, FAMS0A, ITGBLL, PDAPL,... 110305 0.000179353 Ariadne Signaling Pathw..
I Tocall racantar on AD  Dathusan Ad 180 57 DW2r3c TREVIO TRAVI RAADKT 1 43804 i (NN72053 ; S "
< T ’

Example of Gene Set Enrichment Analysis Results

1 User-Defined Sub-Networks
The Sub-Network Enrichment Analysis (SNEA) in Pathway Studio is an extension of the Gene Set Enrichment
Anal ysis where the fAgene setsodo used in the enrichment a

novo in the ResNet Explore database by the SNEA algorithm.

A sub-networks consist of a regulator and its targets.

[ regulator

This is an example of an expression sub-network,
where the regulator has expression or promoter
binding relationships with its downstream targets.

€l
€13 &

When analyzing gene expression analysis, the most commonly utilized sub-n et wor k i s the fAexpre:
sub-network which identifies expression regulators whose targets are enriched in your microarray results. This

analysis can identify transcriptional regulators that are responsible for the gene expression profile in your

experiment.
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Running Gene Set Enrichment Analysis and Sub-Network Enrichment Analysis in
Pathway Studio Explore

You can select to run both Gene Set Enrichment Analysis (GSEA) and Sub-Network Enrichment Analysis
(SNEA) directly while importing your experimental data from Partek® into Pathway Studio Explore. Simply
select the check boxes of the analysis you wish to run when you see this screen during import.

Import and Analyze Experiment @

Destination folder: . Projects E]

Experiment Mame:  Osteoarthritis (04) and Rheumatoid Arthritis (RA)

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

p-value cutoff: (no cutoff) it et s

Post-Import Steps: Check All ] [ Uncheck All

GSEA Ariadne Pathways and Ontology - OA vs, Ctrl
[] GSEA Ariadne Pathways and Ontology - RA vs Ctrl
GSEA Gene Ontology - OA vs. Ctrl

[] GSEA Gene Ontology - RA vs Ctrl

SNEA - 04 vs, Ctrl

[ SNEA - RA vs Ctrl

Open the experiment to color pathways in the results [ Start ] [ Cancel l

The results will open automatically in a table at the bottom of the page when the experiment import is
complete. Each tab represents an individual enrichment analysisresults. | t 6s t hat easy!

9 Pathway Studio® Explore - [Folders] =0 ECHF>=

Fy Home Folders x [ gds2126 x
| Database = |& Import v ¢~ A ﬁ Folders » W EZEdit v

Select » _: Tools «

Search Database P~ Find in this folder 2o |=] View v =3 Colors Find probe ~
= [ = view = |8 1mport v & Export * || | Name OAvs. Ctrl | OAvs. Ct.../, RAvs Cirl |RAwsCt *

ResMet Explore 1.0 (Mammal)

C\Users\heatwole\Documents\EZPathw

4.380 e-UZl—l

5.760e-0.

4 |EF Folders Name VEGFA 1.520e-02
Pathways -~ GADD454 1.520e-02

Data\resnetiexplore.gpy Ontologies 1 GNE 1.530e-02
. -

2.500e-0

Experiments

m

Folders ) Projects TCTA 0.6016 1650e02 02312 1940eQ

' r\ ! sLC36A1 168002 266060,

& New Pathway TNFRSFIIA 1.690e-02 5730e-0
[ New Group A Pathways MAFF 1.690e-02 185060

TRIM14 1.890e-02 8.110e-0.

i
Da e Release Motes B 1.800e-02 200060 _
Index base Content v . E— SRS

- 1 [ 3 < oA 1 | b

| Significant Gene Sets for gds2126: OA vs, Ct.., x ‘ L Significant Gene Sets for gdsZ126: OA vs. Ct.., I |4 Enriched Sub-networks for gds2126: OA vs. Ct...|

22 Edit ¥ Select * _k Tools » Find in this table 2~

Name Type # of Entities  Expanded # of ... # of Measure... Measured entities Median change ” 2 p-va.. Gene Set Category 3 *
|4 Gonadotrope Cell .. Pathway 71 698 520 CACMEIL, CACNGI, CA.. 10279 2.57238e-09 Ariadne Signaling... |E|
|4] NK Cell Activation  Pathway 58 523 376 CALML3, AP2S1, CLTE,... 110926  1.04703e-07 Ariadne Signaling...

| 4] Skeletal Mycgenesi... Pathway 70 569 431 CALMLS, PIK3C2G, TA.. 1.02328  8.63285e-07 Ariadne Signaling...

_j T-cell receptor -» ... Pathway 37 172 49 PIK3C2G, TREV1S, TRA.. 148679 2.2016e-06 Ariadne Signaling...

ﬂ Melanogenesis Pathway 51 682 515 ALDH3BZ, AQC2, CAL.. 1.02094  2.97535e-06 Ariadne Signaling...

|4 Focal Adhesion Re... Pathway 41 308 253 PIK3C2G, ITGBLL, TAQ... 1.08398  6.07132e-06 Ariadne Signaling...

[4] Mast Cell Activation Pathway 64 529 383 CALML3, AP251, CLTE,.. 1.08267  8.62499e-06 Ariadne Signaling... -
4 | il | +
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You can also run GSEA and SNEA any time after you have imported your experiment by selecting the
desired analysis from the Tools menu in the Experiment Pane.

|2
[ gds2126 x \
B2 Link | W v GZEdit v} Select v[ o Tools v]
=| View v 23 Colors = Build Pathway from Selection...
Mame OAvs. Ctl [ OAve. Ct...) Save Selection as Group... ]
VEGEA 1520e-02 Find Pathways/Groups Enriched with Selected Entities... i
GADDASA 1520e-02 Find Sub-Networks Enriched with Selected Entities...
GME 1.530e-02 Gene Set Enrichment Analysis...
TCTA 0.6016 1.650e-02 Sub-MNetwork Enrichment Analysis...
L SLC36A1 1.680e-02 Remap Experiment Data
TNFRSFLLA 1.690e-02 Send Selected Rows to Excel
MAFF 1.690e-02
e Send Selected Rows to Text Format
TRIM14 1.590e-02
PPAPIE 1.890e-02 Experiment Properties
HSPALA 3.570e-02
CAMCY N N L

When examining results of these enrichment analyses, you can select a pathway or sub-network in the results

table and view the network. Simply right-click and select fopen.0 The pathway opens in the main view pane.

The pathway is colored by the associated experiment val
selected. ( Ont ol ogi es ar e esnimpdd 4dn sdrst alnadgyiogpr oup will open
network view.)

i Pathway Studio® Explore - [T-cell receptor -> NFATC signaling] [= =] =s]
| File ~ [2 Window = (@ Help =
54 Home \ [ pa|mE| = [mages\ \ ;o\dw| [ Newpmway\ [ T-cell receptor -» NFATC signaling x [ gds2126 x
| Database v [g] Import v} = Idsave ~ dhPrint v B3~ 3 v (F v Findinthis pathway peind v EyEditv [ Selectv ) Tools v
Search Database - = View vl layout * | v ifiv v Oy o @01 @@ @ T Find probe -
Reshet Explore 10 (M ) = Name OAvs.Ctl | OAvs. Ctot RAVSCH
esNet Explore 1. ammal 1l
VEGFA 1520602 .
C:\Users! heatwols\Documents\EZPathw *
resneerploregpy GADD45A 1520602
) | GNE 153002
olders TCTA 1650e-02
Open SLC36AL 1680e-02
[ N Preview TNFRSFILA 1690e-02
N Find Pathways/Groups Enriched with Selected Entities... MAFF 1690e-02
Databs|  Find Sub-Networks Enriched with Selected Entitie... JIRIMLY =
R PPAP2E 189002
. ind Similar Pathways/Groups. 7 N
T Build Pathway from Selection... = '*. ﬁsﬁ“m 1‘?9{’&?2
[ » i ]
. Copy =
& sig Copy Contents or gds2126: OA vs. Ct...| [/ Enriched Sub-networks for gds2126: OA vs. Ct..
2 Edi Open Location Find in this table L2~
Name Mirror Selection To Active Pathway easure... Measured entities Median change  * 0 p-va.. GeneSetCateg.. #  *
] Gon: Mirror Selection From Active Pathway 520 CACNEL, CACNGI, CALML3, AP251, CLTB, STXBPS... 10279  2.57238e-09 Ariadne Signalin... 1 ;|
[Nk g Select Contents on Active Pathway 376 CALML3, AP25L, CLTB, IFNALG, PIK3C26, TSPAN3L... 110926 1.04703e-07 Ariadne Signalin.. 2 —
4] Skele 431 CALML3, PIK3C2G, TAOK3, ITPKC, EGF, HGF, ADM, . 102328 863285¢-07 Ariadne Signalin.. 3
= Propetties bl
PIK3C2G, TRBV19, TRAV20, CD86, CDBO, CDBA, CD2... 148679  2.2016e-06 | Ariadne Signalin... | 4]
|4l Melanogenesis  Pathway 51 582 515 ALDH3B2, AOC2, CALML3, GPRIE3, GPRIS, ASMTL... 102094 287535e-06 Ariadne Signalin.. 5
|48l Focal Adhesion R... Pathway 4 308 253 PIK3C26, ITGBLL, TAOKS, EGF, PLG, HGF, FGFT, MA... 108998 6.07132e-06 Ariadne Signalin.. 6
2] Mast Cell Activati... Pathway 64 529 383 CALML3, AP2SL, CLTB, IFNAL6, PIK3C26, STXBPSL,.. 108267 862499e-06 Ariadne Signalin.. 7
|| Gap Junction Req... Pathway 51 639 469 GPRI183, GPR1S, GUCYLAD, SGSM3, TAOK3, EGF, H.. 100208  12663e-05 Ariadne Signalin.. 8 <

The pathways and ontologies in your results table provide you valuable information as to what
mechanisms are being impacted in your experimental conditions. Results tables can be exported to MS
Excel® to be saved for future reference.
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More Information about using Pathway Studio Explore

Once you begin to use these enrichment algorithms in Pathway Studio Explore to find enriched pathways,

ontologies and sub-networks in your microarray data, you will find additional capabilities you will also be
interested in exploring, including:

|l

Query the ResNet database for proteins, cell process, diseases or small molecules you are
interested in and build a network that includes them.

Import alist of genes and find pathways, ontologies or sub-networks enriched in your list
(Fisherb6s Exact Test)

Filter your experimental data and find pathways, ontologies or sub-networks enriched in your
filtered short |ist (Fisherds Exact Test).

To find additional information on all the capabilities in Pathway Studio Explore, you have nhumerous resources
available to you.

1. Ari adneds Techni pravides 8 coleptionrot FA@siandea self-guided Training Manual.
http://www.ariadnegenomics.com/support/pathway-studio-explore/

N\
\

The Training Manual provides detailed explanations of the tools and capabilities in Pathway Studio Explore,
including self-guided exercises that can be reproduced by the user. The FAQ section provides a key word
search to find answers to focused questions.
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