r

Dataset analysis using QIAGEN IPA

GraceChou BEX EFXEFEE

Zoe Huang =i EmEE

— Sample to Insight



% AlEAR

4343 IPA Training Account & Demo Data GGA
— QIAGEN

Account: sinicaXX@ingenuity.com
(XX=1~10)
Password: Qiagen@312

Dataset: https://reurl.cc/9V20gj
Client: (IPA Login)

::::: Solutions  Products and Services Resources Support About Request a Trial > Product Login & Contact W Shop ‘ Q

QIAGEN

Home > Product Log in

soowe Ingenuity Pathway Analysis so0os Ingenuity Pathway Analysis for China

QIAGEN QIAGEN

DOWNLOAD CLIENT INSTALLER

— Sample to Insight



411 Agenda ¥, mEsn

— QIAGEN

1. What's New in the IPA

2. Data Upload and How to Run a Core Analysis
Upload experiment data

3. Functional Interpretation in IPA
Introduction for Analysis Tools

4. Comparison Analyses

5. Q&A

— Sample to Insight




AR &R
GGA

 Overlay: naturl kiler cofls vs rest - 2023-02-28 1242 PM, Expr Log Ratio

Overlay: Ceds and Tissues
Suoct Cols and tiasue 10 be daplinped on patwsy.
Cody ) Twaas.
Relervant Cells and Tissues

# MAden b Mo oy
> AB CEE, COLS. COM4, CLC.

physiclogical Byshem LHTERS KD 2 ALS CHUE, COLY, COM4, CUC.
. Immane ymem LATERS - 160 2 CALB, COLY, C0sd CLICH, T
/ lekncytes LATE2S - 50 26 CHUB, COLY, 034 CUGY, €T
moncnuciear eukccy e ARTEIS - 1351 24 CRLR, CCLI, OOed, QUCH, 6T T
Iymehocytus ASTES - M COLA, CCLI, COO4 QUG ET.
Tlymphocyses 4ame-2e 21 CHLD, COM4, TT5) FARG, Y -
< < lenate lymphoid cols. TOR2T -2 E0 10 CON4, CLICD, ETSY, PASLG. PV
© 7 typa | innate lymphoid 2020 - 2EX0 18 CONA, CUG, ETSY, PASLD, #Y._
7 ot Wler ool LOE 18 COR, CLICK, EPSY, FASLE. FY..,
B ymphocyies 16D -1 THED § COLY, RACH K RC KA, P

14961
14751 - %0
2ITE- - D
13821 - %20

3 COPL HUAA, SLAVET
73 CALRA, CCLY, COMA. CLICY, €T,
72 COLD, CCA3, SU344. CUCY, £T.
5 COLY, COMA, HA-A HEPALY.
4823 - 0 5 CHLS, COLY, GORet CUGY, ..
14E - %0 6 AL OO CORM, HLAA, L2
andocnine system 1€ - €0 4 HUAA L2 RASAZ STATE HAR
Gredouncary systam $2761 - %0 T COLY, CLCR, PYN, HEPAANS. rARA:

150 163 6 COLR, FYN, HSPASAMSEALD,
141 - %0 13 ALRL CHLE, CCLY, CORML, CLC.
o - 1ee 1 MEARANEPATD
S0 - 3.0081 1 Er%1
4BME2S . D = ALS. CERLS, OIS, CORM, CLC.
14E < KD 16 ALS. CELE, CCLS, COMe, CLC.

QIAGEN IPA JTEHEE# A1 4

— Sample to Insight



— QIAGEN

1.

Overlay :Cell and Tissues

What's new in the IPA spring release? (March2023).

AR &R

Identify potential cell types based on the set of genes on networks and pathways

= HUMAN PROTEIN ATLAS®

Overlay: Cells and Tissues

Cells and Tissues

Relevant Cells and Tissues
physiological system
immune system
leukocytes
mononuclear leukocytes
lymphocytes
T lymphocytes
~ innate lymphoid cells
+ type 1 innate lymphoid cells
+ natural killer cells
B lymphocytes
monocytes
phagocytes
antigen presenting cells
myeloid leukocytes
hematolymphoid system
digestive system
endocrine system
genitourinary system
neuromuscular system
physiological system component
skeletomuscular system
vascular system
eukaryotic cells
gross anatomical part

Mode Label

isplayed on pathway.

p-value

4.87E-25 - 1E0
4.87E-25 - 1E0
4.87E-25 - 1E0
4.87E-25 - 1.12E-1
4.87E-25 - 1.79E-3
4.87E-25
2.04E-20 - 2.04E-20
2.04E-20 - 2.04E-20
2.04E-20

1.79E-3 - 1.79E-3
1.12E-1

1.12E-1 - 1E0
3.17E-1 - 1E0
1.12E-1 - 1E0
4.87E-25 - 1E0
1.49E-1 - 1E0
1.49E-1 - 1E0
5.27E-1 - 1E0

1EQ - 1E0

1.49E-1 - 1E0

1E0 - 1E0

5.99E-1 - 5.99E-1
4.87E-25 - 1E0
1.49E-1 - 1E0

Interactive OFF

v

# Molec... Molecules

26 ALB, CBLB, CCL3, CD244, CLICS, ...
26 ALB, CBLB, CCL3, CD244, CLIC3, ...
25 CBLB, CCL3, CD244, CLIC3, ETS1...
25 CBLB, CCL3, CD244, CLIC3, ETS1...
24 CBLB, CCL3, CD244, CLIC3, ETS1...
24 CBLB, CCL3, CD244, CLIC3, ETS1...
21 CBLB, CD244, ETS1, FASLG, FYN, ...
18 CD244, CLIC3, ETS1, FASLG, FYN,...
18 CD244, CLIC3, ETS1, FASLG, FYN,...
18 CD244, CLIC3, ETS1, FASLG, FYN,...

6 CCL3, KLRC4-KLRK1/KLRK1, PRF...

3 CD244, HLA-A, SLAMF7

23 CBLB, CCL3, CD244, CLIC3, ETS1...
22 CBLB, CCL3, CD244, CLIC3, ETS1...

5 CCL3, CD244, HLA-A, HSPATA/HS...
25 CBLB, CCL3, CD244, CLIC3, ETS1...

5 ALB, CCL3, CD244, HLA-A, IL32
4 HLA-A, IL32, RASA2, STAT4

7 CCL3, CLIC3, FYN, HSPA1A/HSPA...
6 CBLB, FYN, HSPA1A/HSPA1B, RA...
13 ALB, CBLB, CCL3, CD244, CLIC3, ...

1 HSPATA/HSPA1B
1 ETS1

26 ALB, CBLB, CCL3, CD244, CLIC3, ...
16 ALB, CBLB, CCL3, CD244, CLIC3, ...

~

< Overlay: natural killer cells vs rest - 2023-02-28 12:42 PM, Expr Log Ratio

¥ .
aile
A 4 imcaigar Space
Erimceir S ‘
+ ]
FASLG ALB
:
ccLa |
IL32
T Plasma Membrane i
:
- ; cD244
NCR1
g
KLRC4-KLRK1/KLRK1* 3 0
LAME7
JET natural killer cells KRG
; :
PTPRCAP
G NOR3
RASAZ GNLY
: A
PRF1
HSPA1A/HSPA1B* 1
[ 4 SH2D1B
SH2D1A
Fisios
5TAT4‘
ceLe ETS1

Figure 1. Enrichment of natural killer enriched genes on a network.

— Sample to Insight

IFNG

GZMB

cLIc3

Show Legend

Killing of cells

Copyright©2023 GGA Corp. All rights reserved.




332 What's new in the IPA spring release? (March2023)% &5

— QIAGEN

2. Causally score My Pathways in Core Analysis

Project Manager X .

A-Z Sort Refresh - CLDN1
Analyses SNAI1 '
Comparison Analyses .

. g EPCAM
Biomarker Filter Results Disassembly of intercellular junctions
Biomarker Comparison Analyses

I MicroRNA Target Filter Results - - -
W BioProfiler Results SNAI2 SMAD6
| IsoProfiler Results . RUNX2
My Pathways
B p53 Signaling

B EMT key TF - ‘ -
B~ ILK Signaling ZEB2 CDH1 .
TWIST1

B Prolactin Signaling Differentiation of mesenchymal cells
B Oxytocin In Brain Signaling Pathway TNFRSF11B

My Lists ‘ .
ESRP2 ZEB1 TGFBA -

Epithelial-mesenchymal transition of epithelial cell lines

FOXA1
[
. - AFP
LAMC2 GRHL2 ‘

VIM

Figure 3. A custom My Pathway with nodes assigned by the user
as activated (red) or green (inhibited).

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved. 6



What's new in the IPA spring release? (March2023)\.

BlR R
GGA

2. Causally score My Pathways in Core Analysis

— Sample to Insight

Canonical Pathways

Customize Chart

My Pathways

Vertical Bar Chart

7 molecule(s) associated with EMT key TF [Ratio: 7/18 (0.389)] [z-score: 2.646] [p-value: 1.66E-05]

Add To My Pathway

Symbol

CDH1
EPCAM
ESRP2
FOXA1
GRHL2
RUNX2*
ZEB1*

Entrez G... *

cadherin 1
epithelial cell adhe
epithelial splicing
forkhead box A1
grainyhead like tri
RUNX family tran:
zinc finger E-box

Selected/Total molecules: 0/ 7

Add To My List

Identifier
RefSeq
NM_004360
NM_002354
NM_024939
NM_004496
NM_024915
NM_001015051
NR_024285*

3 Py ¥
v B BRI @)
M positive z-score z-score=0 [ negative z-score no activity pattem available
5.0
45
4.0
35
T 30
g
& 25
g
+ 20
1.5
1.0
0.5
0.0
w 2
E=
3 3
c
= g
@ g
a
View Report Open Pathway
Create Dataset Customize Table | E#» & ¥ | Expand
Measurement + Add/Remove column(s)ll Expected * Mlocation % Type(s) * Biomarke... * Drug(s) X
Expr Fold... * [Exprp-v... ¥ Exprinte... *
-691.312 .74E-05 911412.090 Down lasma Membr... other diagnosis, ....all 4
-91.899 42E-04 92292.211 Down lasma Membr... other unspecifi... ... all1 adecatu... ... all 8
-15.577 1.22E-03 13772.022 Down ucleus other
-124.470 1.18E-05 251877977 Down ucleus transcription re... disease p......all 1
-896.809 56E-05 131150.552 Down ucleus transcription re...
+11.806 23E-04 7075.378 + Up ucleus transcription re... disease p......all 3
4370.248 1.50E-03 595.442 + Up ucleus transcription re...

Figure 4. Causally scoring a My Pathway.

Copyright©2023 GGA Corp. All rights reserved.



What's new in the IPA spring release? (March2023)

% AlEAR
GGA

3. Set the “User Dataset” as the reference set when uploading a dataset

1. Select File Format: Flexible Format v
2. Contains Column Header: ®) Yes No
3. Select Identifier Type: Please assign at least one column below as “ID”, and assit

Assign additional columns as ID to improve mapping cover

4. Array platform used for experiments: J\[o) 8 sl=Iefiil=Te FTo o] [[e2210] (2] Select relevant array
5. Use the dropdown menus to specify tHREEETEDEIER observations.

Affymetrix >
Raw Data (18589)  Dataset Summary Agilent >
CodelLink >
Edit Observation Names Infer C , ,
lllumina >
. ID ife Technologi li i tems) > P-val
ID/Observation Name Life Technologies (Applied Biosystems) alue
Not specified/applicable Expr False
Measurement/Annotation
Ensembl v
il ID P-value Bonferroni FDR p-value
2 ENSMUSG00000051... | 0.8708015979022331 1.0 0.9077575903
3 ENSMUSG00000025... | 4.504633100231221... 8.57456910629013E... 4.4210170566
4 ENSMUSG00000033... | 6.221800613621819... 1.184319746802913... 7.3009378079
5 ENSMUSG00000025... | 1.682341354813838... 3.202336768888141... 1.4496821829

Figure 5. Setting the reference set to User Dataset reference during dataset upload.

— Sample to Insight
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2. Data Upload and How to Run a Core Analysis
Upload experiment data

— Sample to Insight



seses IPARVER LBEEDMINEE T 48 =

— QIAGEN

Ingenuity Pathways Analysisad 73 Ay 45 SR [o] &

B B ERERARBENEY RS ER DT

B FTE ZRJSignaling PathwayiMetabolic Pathway A 5 48 | Y 48 Af 7>
B 22 ZE M Transcription regulatorfV &8 R HBEEFEEEH

B ERERTD FEGINIA AR

DT IEETEER:
IPA-Core Analysis: 72 #TmRNA, miRNAZL ZproteinfI E 5 & 1}
IPA-Tox Analysis: 7T ES2IEZHEMRBEER

!JFZA-Metabolomics Analysis: 2 AR 7247 #1532 (Metabolomics) B 5 tHEE &

— Sample to Insight
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sssss  Data Upload Workflow s e

— QIAGEN

+ID » Observation Dataset Preparation

 Annotated Dataset

» Create Core Analysis

« Expression type An a|yze Dataset

 Measurement type

« Create Expression Analysis
e Criteria
e Cutoffs
e Summary v
« Diseases/Disorders Expression AnaIySiS

« Canonical Pathways
« Upstream regulators
* |nteraction Network

— Sample to Insight

11



sssss FOrmatting transcriptomics data before uploading to IP y s

— QIAGEN
IDs (required) e Ratio, fold change, etc. (recommended)

] e Significance (optional)
A B D E

1 geneid UCvsNormal.Log2FoldChange UCvsNormal.pval 52wksVedolizumabvsBaseline.Log2FoldChange 52wksVedolizumabvsBaseline.pval

2 |DDX11L1 -0.1067 0.2878 0.1183 0.1624

3 \WASH7P -0.1883 0.0097 0.3063 0.0006

4 FAM138F -0.0761 0.4699 0.2466 0.0191

5 |OR4F5 0.1474 0.5311 0.1713 0.2913

6 |LOC729737 0.4789 0.0017 0.029 0.8331

7 |LOC100133331 0.4789 0.0017 0.029 0.8331

8 |LOC100132062 0.4789 0.0017 0.029 0.8331

9 |OR4F29 0.2495 0.2389 0.2181 0.1887

10 |JA429831 0.1215 0.3338 0.2556 0.0004

Common identifier types

+ Arrays from Affymetrix, lllumina, etc.

* Gene symbols (Entrez or HUGO)

* Ensembl, RefSeq, UCSC, etc.

Observation 1

Accepted file formats

+ Xls, .xIsx, .csv (Excel tables)

xt (tab-delimited text files)

diff (Cuffdiff output)

Observation 2

IDs are the only required column

Change measurements are needed
for IPA to make activity predictions

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved. 12



— QIAGEN

Formatting proteomics data before uploading to IPA

AR &R

GGA
IDs (required) + Ratio, fold change, etc. (recommended)
I e Significance (optional)
v v
A 8 e . Common protein IDs
] ‘ Proteins Fold change P_value P_value_adjust
- * Ensembl
2 | P00738 0592740341  0.000671209  0.016736513
3 | P01008 0.25826353  0.000155027  0.006454004 - Gene symbols (Entrez or HUGO)
4 | P01011 0.47378079  0.000628734  0.016577608
5 | P04003 0312321917  2.2507E-05 0.001618456 - GenPept and GenBank
6| P06681 0272046102  0.001374078 = 0.027869114
7| P05155 0.429462469 4 19294E-05 0.002551241 « |International Protein Index
8 | P02748 0580232999  0.002252137  0.038734209
9 P02763 0.555940063  0.00014192 0.006236575 « UniProt and SwissProt
10| Q14520 0.368464274  9.75518E-05  0.004786156
1| Q08380 0536007179  0.000258392  0.009290371
12| QIBXR6 0.332814513  0.00075662 0.01813594 . .
1] P03951 0306633696 0000504476 0016236342 UniProt ID conversion tool:
14| P08185 0.304349939  1.12204E-05  0.000914984
15 P05090 0.302847519  0.000817844  0.018730825 * https://www.uniprot.org/mapping/

Observation 1

Phosphorylation changes (ratio, fold change, etc.) and sites are supported, but these columns must be assigned

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved. 13



— QIAGEN

Formatting metabolomics data before uploading to IE/E@E%

Multiple ID columns

|

Ratio, fold change, etc. (recommended)

(optional)

Significance (optional)

I : I ! 1
A . B C D ‘ E ‘ F G | H
Pubchem Kegg HMDB CAS Metabolites Fold change P_value P_value_adjust
| '(2 or 3)-decenoate (10:1n7 or n8) 1.212936133 4.44028E-05 0.000585189
6443013 C14762 HMDBO0004667 29623-28-7 13-HODE + 9-HODE 0584109411 0.003698077 0.016919182
10111 C02294 HMDB01522 471-29-4 1-methylguanidine 1.219937764 0.015399637 0.049446834
5462190 C15606 HMDBO0012134  746507-19-7 2 3-dihydroxy-5-methylthio-4-pentenoate (DMTPA)* 1.566518315 0.002802172 0.013670263
180283 C02356 HMDBO00452 1492-24-6 2-aminobutyrate 0.633800292 0.011016709 0.038805594
10796774 HMDB00317 488-15-3 2-hydroxy-3-methylvalerate 0997343835 0006172648 0024774766
11427 HMDB37115 120-91-2 2-hydroxy-4-(methylthio)butanoic acid 1.294720456 0000305912 0002622524

0~ O B W N -

— Sample to Insight

Common metabolite IDs

CAS registry number

* Human Metabolome Database

KEGG
PubChem CID

Observation 1

Metabolite ID conversion tools:

 https://biodbnet-abcc.ncifcrf.gov/db/db2db.php

» https://cts.fiehnlab.ucdavis.edu/batch

« http://csbqg.cnb.csic.es/mbrole2/conversion.php

Copyright©2023 GGA Corp. All rights reserved.
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. . . BIIRAER
gegss Formatting omics data before uploading to IPA GGA
— QIAGEN
Observation 1 Observatlon 2
[ I 1
A E C D E
1 geneid UCvsNormal.Log2FoldChange UCvsNormal.pval 52wksVedolizumabvsBaseline.Log2FoldChange 52wksVedolizumabvsBaseline.pval
2 DDX11L1 -0.1067 02878 01183 0.1624
3 |WASHT7P -0.1883 0.0097 0.3063 0.0006
4 FAM138F -0.0761 0.4699 0.2466 0.0191
5 |OR4F5 01474 05311 01713 0.2913
6 LOC729737 0.4789 0.0017 0.029 0.8331
7 |LOC100133331 0.4789 0.0017 0.029 0.8331
8 LOC100132062 04789 0.0017 0.029 0.8331
9 |OR4F29 0.2495 0.2389 0.2181 0.1887
10 |JA429831 0.1215 0.3338 0.2556 0.0004
|

Analyte identifier REQUIRED
to explore enrichment

symbols, Ensembl. etc.

\ensure best mapping

/RNA examples: Gene symbols, array \
identifiers from Affymetrix, Ensembl, etc.

Protein examples: UniProt, GenPept, Gene

Metabolite examples: KEGG, CAS registry
number, etc. *add multiple columns of ids to

/

Change values needed to calculate activity predictions

Change value examples: fold changes, ratios, etc.

Significance values: P-values *optional but
recommended to enable filtering for significance

Accepted file formats:

v _ixt (tab-delimited text files)

v Xls, .xlIsx, .csv (Excel tables

v diff (Cuffdiff output

Multiple comparisons or
observations may be
uploaded in one file

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved.

15



gg2es What do colors mean in IPA?

— QIAGEN

Pathway or gene activity predicted by IPA

Actual measurement of gene expression in your dataset

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved.
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g309¢ Network types in IPA Core Analysis -

— QIAGEN

Upstream Analysis Mechanistic Network of Upstream Regulators

Upstream

Regulator

‘ Other upstream regulators
Dataset Molecules
Dataset Molecules @ @
Function Analysis Regulator Effect Network Interaction Network
Dataset Molecules Any @
© @

Diseases / functions Diseases / functions Dataset Molecules

— Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 17



BlR A
1333 IPA demo data GGA
— QIAGEN
h 1 V |
[ ]
Dataset: https://reurl.cc/9V20g;
. ) IR 2= 32X H 20— B 4R 042 5 =
use the browser version of IPA: (MIREBE A tErrol A E 4R B E8R)
https://analysis.ingenuity.com/pa/
[  a# IPALaunch x  +
(&) ) https://analysis.ingenuity.com/pa/
i e v
Analysis
You successfully logged in, now click to launch IPA:
Or to simplify the login process, install the IPA client instead
If IPA does not start after you click the Launch IPA button above:
l1i.|)(e(:=lit:k on your browser's download icon. It is often at the top right of the toolbar and may look @ or B
2) Click the IPA ".jnlp" file in the download menu: i |:P3:DD|ICMIOH.JHID
3) Click here if your computer blocks .jnlp files or if you have any other issues launching IPA
Contact Cust: pport for any add
IPA runs as a separate application. To return to IPA,
look for one of these icons in your task bar or dock:
About QIAGEN Bioinformatics | Contact Us
©2000-2023 QIAGEN. All rights reserved.
— Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 18
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3. Functional Interpretation in IPA
Introduction for Analysis Tools

— Sample to Insight
20



g309¢ Network types in IPA Core Analysis -

— QIAGEN

Upstream Analysis Mechanistic Network of Upstream Regulators

Upstream

Regulator

‘ Other upstream regulators
Dataset Molecules
Dataset Molecules @ @
Function Analysis Regulator Effect Network Interaction Network
Dataset Molecules Any @
© @

Diseases / functions Diseases / functions Dataset Molecules

— Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 21



Sases |IPA analysis result s

— QIAGEN

Graphical Summary: This feature selects and connects a subset of the most significant entities
predicted in the analysis, including the relationship between molecules, functions, diseases and
pathways.

Pathways: List the Signaling Pathway and Metabolic Pathway affected by the experiment

Upstream Analysis: List the upstream molecules related to the changed molecules in the data,
and predict whether they are activated or inhibited according to the research literature.

Diseases & Function: Present biological functions, diseases and toxicological results affected
by molecular changes

Regulator Effects: Hypothesize the effects of activation or inhibition of upstream regulators on
downstream molecules

Networks: Present the network relationship between molecules in the experimental data. And
the Build Tool and Overlay Tool can be used to extend and expand knowledge. The above
analysis results are important basis for explaining the phenomena observed in the experiment.

Summary  Graphical Summary  Pathways Upstream Analysis Diseases 8 Functions  Regulator Effects Networks  Lists  Analysis Match Molecules
Export : A B ":E:]
Experiment Metadata
Analysis Settings
Top Canonical Pathways
Name p-value Overlap
EIF2 Signaling +  475E-36 321%
Regulation of elF4 and p70S6EK Signaling +  5.64E-16 23.5%
ILK Signaling . 9.78E-16 22.2%

— Sample to Insight
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sssss  |IPAanalysis result

— QIAGEN

% AlEAR
GGA

Graphical Summary: This feature selects and connects a subset of the most significant
entities predicted in the analysis, including the relationship between molecules,
functions, diseases and pathways.

Summary  Graphical Summary  Pathways Upstream Analysis

Experiment Metadata
Analysis Settings
Top Canonical Pathways

Name

EIF2 Signaling

Regulation of elF4 and p70S6EK Signaling
ILK Signaling

— Sample to Insight

Diseases & Functions  Regulator Effects

Export : A B

Networks

Lists

Analysis Match

p-value
4.75E-36
5.64E-16
9.78E-16

Molecules

Overlap
321%
23.5%
22.2%

23



Sesss Graphical Summary B
QIAGEN I

The Graphical Summary can include entities such as canonical pathways, upstream regulators,
diseases, and biological functions. The algorithm that constructs the summary uses machine
learning techniques to prioritize and connect entities that are in some cases not yet connected

by findings in the QIAGEN Knowledge Graph.

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases & Functions  Regulator Effects  Networks  Lists  Analysis Match ~ Molecules

#Y  Revise Summary | Edit: [ [l ¢ y \ﬁew::: % = Zoom: ‘&) Export: R EB @ = C

> Overlay: EEC P32 Tumor vs Norm RPKM123 - 2021-12-01 11:22 4, Expr Fold Change R3]
TEAD3
A 3
«ly
A 4

+

HeredRary connectve tssue dlsorder

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved.
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sz IPAanalysis result 1 g

Graphical Summary: This feature selects and connects a subset of the most significant entities
predicted in the analysis, including the relationship between molecules, functions, diseases and
pathways.

Pathways: List the Signaling Pathway and Metabolic Pathway affected by the experiment

Upstream Analysis: List the upstream molecules related to the changed molecules in the data,
and predict whether they are activated or inhibited according to the research literature.

Diseases & Function: Present biological functions, diseases and toxicological results affected
by molecular changes

Regulator Effects: Hypothesize the effects of activation or inhibition of upstream regulators on
downstream molecules

Networks: Present the network relationship between molecules in the experimental data. And
the Build Tool and Overlay Tool can be used to extend and expand knowledge. The above
analysis results are important basis for explaining the phenomena observed in the experiment.

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases 8 Functions  Regulator Effects  Networks  Lists  Analysis Match ~ Molecules
Export: i [ BB ® o
> Experiment Metadata |
> Analysis Settings |
v~ Top Canonical Pathways
Name p-value Overlap
EIF2 Signaling =+ 475E-36 321% 72/224
Regulation of elF4 and p70S6K Signaling —————+  5B4E-16 235%  42/179
ILK Signaling =+ 978E-16 222% 447198

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved. 25



% AlEAR

sssss Canonical Pathway Analysis GOA
N

B The affected Signaling Pathway and Metabolic Pathway are arranged in a bar chart
according to their significance

B Click the Bar above the name of a specific Canonical Pathway, and the lower window will
display the molecular IDs that participate in the composition of the pathway in the dataset

B Click "Open Pathway" to expand the Canonical Pathway, and the molecules in the
experimental data will be indicated by colors.

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases & Functions ~ Regulator Effects  Networks  Lists  Analysis Match ~ Molecules

Canonical Pathways J| My Pathways
——

Chart Overlapping

Customize Chart | Vertical Bar Chart g B ®

W positive z-score z-score =0 M negative z-score no activity pattern available

35

3 2 2 § 2 = e 2 @ 13 e =
e g (] ® 8 e e 4 a 5 g -
& 5 R 2 & & & 5 b & &
% N > S » & & 2 a r &
v : 5 = @ v
= s = & 2 2 X = : : 2 E
£ ] ) 8 = & 2 & = £ <
% ) v 4 T & W =
a = b = x o =
I Q - T 2 F: 1 & 2
% 2 % B o z
b & $ o & e
T . = &
& S
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72 molecule(g associated with EIF2 Signaling [Ratio: 72/224 (0.321)] [z-score: 1.234] [p-value: 4.75E-36] Activity Plot View Report

Customize Table B S O Expand

Symbol Entrez Gene Name X Identifier + Measurement + Add/Remove column(s) Expected X Location X Type(s) X Biomarker Applica... X Drug(s) x
y Ensembl/UCSC (h.. X ExprFold Change X Exprintensity/RPK.. X ExprIntensity/RPK.. X
ACTA2" actin alpha 2, smooth mu ENST00000224734* -130.776 2711.149 20.731 Cytoplasm other efficacy all 1
A o Ay P =

Selected/Total molecules: 0 /72

— Sample to Insight
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Bubble Charts GGA
Expression Analysis - CDDO vs DMSO genes - O X
Summary Graphical Summary Canonical Pathways Upstream Analysis Diseases & Functions Regulator Effects Networks Lists Molecules  Analysis Match
Chart  Overlapping

Customize Chart = Bubble Chart v O B RO C)
|
Cardiovascular Signaling @
Cancer @ ‘
Disease-Specific Pathways c00
Cytokine Signaling o & i Color by
Cellular Growth, Proliferation and De... o - z-score
Generation of Precursor Metabolites a... 1 @ Negative value
Intracellular and Second Messenger Si... ‘® N J ® Positive value
Humoral Inmune Response £e . . i Zero value
Cellular Immune Response ool 9 @ No activity pattem
Biosynthesis “ .. L] - }
Size by
Cell Cycle Regulation Numiber of
Apoptosis - @ ‘ genes that overlap the
Detoxification & pathway
Degradation/Utilization/Assimilation .- Sewe @ @ Blor & ‘ .2
Pathogen-Influenced Signaling ® ’ 16.5
Nuclear Receptor Signaling &
Xenobiotic Metabolism .
Ingenuity Toxicity List Pathways @ ® @ . ;
Cellular Stress and Injury o8 P—T
|
1 2 3 4 5 6 7 8 9
-log(p-value)
ANV
31 molecule(s) associated with NRF2-mediated Oxidative Stress Response [Ratio: 31/214 (0.145)] [z-score: 2.496] [p-value: 2.10E-13] Activity Plot View Report Open Pathway
Add To My Pathway Add To My List Create Dataset Customize Table | B & £} [ Expand
/ Symbol Entrez Gen... * Identifier + Measurement + Add/Remove column(s) Expected  * Location X Type(s) X Biomarker ... * Drug(s) x
Ensembl/G... * ExprFold ... * Exprp-value * Exprp-value *
ABCC1 ATP binding casset ENSMUST0000010 41.477 2.74E-07 1.03E-03 + Up Plasma Membrane transporter prognosis  ..all1 sulfinpyraz... ...all 1
ABCC2 ATP binding casset NM_013806 +1.461 4.73E-08 2.79E-04 4+ Up Plasma Membrane transporter sulfinpyraz... ...all 1
ABCC4 ATP binding casset NM_001033336 43.000 4.68E-12 1.45E-07 4+ Up Plasma Membrane transporter prognosis  ...all 1
AOX1 aldehyde oxidase 1 ENSMUST0000000 +2.286 3.46E-06 6.48E-03 + Up Cytoplasm enzyme
BACH1 BTRB domain and C/ NM 007520 41229 4 08F-04 1.19F-01 4+ Down Nucleus transcrintion reau...
Selected/Total molecules: 0 / 31
— Sample to Insight
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Canonical Pathway Analysis Qs

B Click "Open Pathway" to expand the Canonical Pathway, and the molecules in the
experimental data will be indicated by colors.

Mrat Heme  Oucatve

AMPOBIS  cedencs  mrest wsun Goun
-2021-12-01 11:22 E4, Expr Fold Cha i T i
Extaceidar space k 1/ i
e 1\ 7 hide
l tL \ |/ Prediction Legend
agraec Tem Semacme ™ Y \' / more extreme in dataset less
_L ' @ Increased measurement ()
7 o A @D Decreased measurement ()
e = T more confidence less
2 - o
x :

@ Predicted activation )
@ Predicted inhibition ()

Prosphoryistion of eF2a by Wwateam
Kknases causes |t © sequester he GAR
28, preventingrecyding ana
InPiitng Tarsiaton iSedan rom

rormal

@ —H

Glow Indicates activity .

x mANAS Stsles when opposite
rEotomes ente wess grarues of measurement .
Predicted Relationships
Leads to activation
w—— | eads to inhibition
ol i Flpdmgs inconsistent
Jvats of hancornt o2 scan with state of downstream
I molecule

w— Effect not predicted

\

The 433 pre-inliation complex with
SF23/4'5 and metANA sCanthe mANA
for an Intiation Caton, 8t wWhich point the
rest of he ftosome asembies, the
ritagon factys lesve. ang
Tarsiaton contnues

— Sample to Insight
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Pathway Report > &6

Click on the View Report button to display the Canonical Pathway report.

Ingenuity Pathway Analysis Canonical Pathway

Report Date: 2022-10-18 o
Report Version: Provide Feedback | Contact Support | = Download Report (PDF)
Content Version: 81348237 (Release Date: 2022-09-15)

Canonical Pathway:  Tumor Microenvironment Pathway

Description: The tumor microenvironment (TME) comprises cancer cells, the cytokine environment, a(tracellular matnx, immune cell subsets and other components. In this complex
network, the pro-tumorigenic immune response, diated by diverse i essive cell les, plays a pivotal role in driving immune evasion. The tumor not
only manages to escape from the host immune system, but it effectively benefits from infiltrating cells by modifying their functions to create the microenvironment favorable for
tumor progression.31500650

The majority of stromal cells within the TME are specific with a ic pl ype and are distinguis as i (CAFs) These CAFs have a significant
impact on cancer progression through remodeling the ECM, inducing angi i iting i y cells, and directly sti ing cancer cell i via the of growth factors,
intermediate metabolites and immune suppressive cytokines.28382138

Myeloid-derived suppressor cells (MDSCs) are a of i myeloid cells, which are in iti and up-regulate expressmn of immune
suppressive fadols, such as arglnase and inducible nitric oxide syn!hase (NOS2), thus reducing lymphocyte functions. MDSCs also show high of i IDO), an
th which leads to inhibition of T cell proliferation and induces T cell apoptosis. Local hypoxia has been identified as another key regulator that can

enzyme for the
promote MDSC accumulation.. 31430935

The cancer cell-derived cytokines, such as IL-4, IL-13, CSF1, CCL2, induce tt (TAM) These secrete multiple key proinflammatory cytokines (e.g. IL-1B, IL-6,
and TNF-a) which stimulate tumor progression and in parallel inhibit through the of IL-10, and also contribute to the expansion of Th17 cells, which induce local
inflammation. TAMs also produce vascular endothelial growth factor (VEGF), which stimulate tumor its i and ic potential.31500650

T (TANs) are with facilitate the immune system. The migration of TANs from
the blood circulation into the TME is stimulated by tumor-derived CXCLB TANs mainly suppress anti-tumor Immunlty vla interacting with CDB+ T cells, inducing their apoptosis through nitric oxide
production.31430935

Signaling Pathway Cancer

Categories:
Top i & Cell-To-Cell Siy and ion; Cellular Growth and Proliferation; Lymphoid Tissue Structure and Development
Diseases:
of ATP, of myeloid-derived suppressor cells, Adaptive immune of CD8+ T Ap1, is of CD8+ T
show all is of Th1 cells, of (um(x cells, ARG1, BAD, BCLZ CCL2, CCND1 CD274, CD44 Cell vlablllty of tumov cells, CFLAR collagen type i (family), CSF1 CSF2 CSF3
CSPG4, CTU\d 'CXCL12, CXCL8, CXCR4, D-gl of regulatory Di

of Th17 cells, EGF, Epithelial-mesenchymal transmon ERK1/2 FAS, FASLG fatty acxd Fgf, FN1, Foxo, glutamme glutathione, HGF, HIF1A Hypoxia of tumor, ICAM1, IDO, Igf, IL10
Back to top >>
Drug Summary - Overview of drugs targeting molecules in Canonical Pathway
Showing 3 of 1028 row(s) of Drug data. (Show All)

o e ] e e | ot | indertonasn

(-)-gossypol BCL2 inhibitor adrenal cortex carcinoma/Phase 2
adult Burkitt lymphoma/Phase 1
adult diffuse large-cell lymphoma/Phase 1

1-(3-(1,4- dlhydmlm\dazo{lt 5-c]pyrazol -5- yl) -4~ RAF1 inhibitor
methyl-1H-imid: -yl)-5-
(lnﬂuorome(hyi)phenyl)um
131l-chlorotoxin MMP2 binder astrocytoma/Phase 1/Phase 2
brain tumor/Phase 1/Phase 2
glioblastoma/Phase 1/Phase 2

Back to top >>
Target Information - Overview of known drug targets in Canonical Pathway
Showing 3 of 112 row(s) of Target data. (Show All)

Target
(Gene Location Species

Cytoplasm afuresertib, Akt inhibitor XI, AT13148, HTBPI, ipatasertib, MSC2363318A, ONC-201, SR-13668, TAS-117, TAS0612 Human,
Mouse, Rat
AKT1 AKT Cytoplasm kinase A-443654, AKT inhibitor XIll, archexin, BAY1125976, capivasertib, CCT129524, > ipi , LY2780301, mi MK2206, Human,
serine/threonine MPTOE028, 3 vevorisertib Mouse, Rat
inase 1
AKT2 AKT Cytoplasm kinase AKT inhibitor XIll, BAY1125976, CCT128930, CCT129524, il , triciribi iciribit Human,
serine/threonine Mouse, Rat

— Sample to Insight
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sssss  |IPAanalysis result
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% AlEAR
GGA

Upstream Analysis: List the upstream molecules related to the changed molecules in the data,
and predict whether they are activated or inhibited according to the research literature.

Summary  Graphical Summary  Pathways Upstream Analysis

Experiment Metadata
Analysis Settings
# Top Canonical Pathways

Name

EIF2 Signaling

Regulation of elF4 and p70S6EK Signaling
ILK Signaling

Diseases & Functions  Regulator Effects

Export : A 55

Networks

Lists

Analysis Match

p-value
4.75E-36
5.64E-16
9.78E-16

Molecules

Overlap
321%
23.5%
22.2%

— Sample to Insight
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sssss  Regulator Analysis: How does it work? B

— QIAGEN

Use experimentally observed relationships (vs. Predicted event) between
Upstream Regulators and genes to predict potential regulator and activation.

Predict activation or inhibition of regulator to explain the changes in gene
expression in your dataset.

Calculates two complementary statistical measures:
M Activation z-score

W Overlap p-value Upstream Analysis

e A \
¥ 3
"4 B
£ l

4 q D)
j
2 \ ¥
7 4 \Ls oM
7 N33 S
(= 7 <

Dataset Molecules

— Sample to Insight
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334 Upstream Regulator Analysis: How does it work? B 2

00000
— QIAGEN

Can we predict the activation state (activated/inhibited) of a potential regulator
from expression data?

Approach: Two complementary statistical measures:
Activation z-score and Overlap p-value

Evaluate the perturbed
genes in the dataset that
TR - target edge types considered: are known targets of a
- Expression particular regulator
- Transcription
- Protein-DNA binding

Data set
Upstream Regulator- (differentially-
regulated genes in expressed genes)

Ingenuity Knowledge
Base

— Sample to Insight
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% AlEAR

Statistical Analyses Used in IPA GOA

-
5is

* Null hypothesis: No overlap between molecules from

p-value of dataset and disease/function/upstream regulator/pathway.

overlap

« Calculate using the right-tailed Fisher’s Exact Test.

« Significant p-value < 0.05

Note: Benjamini-Hochberg correction for multiple testing can
be implemented in some cases

* Predicts Activation or Inhibition

» Correlation between what is known (IPA Knowledge Base)

and your expression data

— Sample to Insight
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82338 Predicting upstream regulators of a dataset CCh
— QIAGEN

< Every possible TF & Upstream Regulator in
the
Ingenuity Knowledge Base is analyzed

< Literature-based effect TF/UR has on downstream genes

< Differential Gene Expression (Uploaded Data)

< Predicted activation state of TF/UR:

1 1 1 -1 1 1 1 1 1 = Consistent with activation of UR
-1 = Consistent with inhibition of UR

s N, —-N_
zZ= — 2i% i =(7-1)/V/8 = 2.12 (=predicted activation)

& VN N

e Zz-score is a statistical measure of the match between expected
relationship direction and observed gene expression
e Zz-score > 2 or < -2 is considered significant

Note that the actual z-score is weighted by the underlying findings, the
relationship bias, and dataset bias

— Sample to Insight
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g3 IPAanalysis result LY 3

Graphical Summary: This feature selects and connects a subset of the most significant entities

predicted in the analysis, including the relationship between molecules, functions, diseases and
pathways.

Pathways: List the Signaling Pathway and Metabolic Pathway affected by the experiment

Upstream Analysis: List the upstream molecules related to the changed molecules in the data,
and predict whether they are activated or inhibited according to the research literature.

Diseases & Function: Present biological functions, diseases and toxicological results affected
by molecular changes

Regulator Effects: Hypothesize the effects of activation or inhibition of upstream regulators on
downstream molecules

Networks: Present the network relationship between molecules in the experimental data. And
the Build Tool and Overlay Tool can be used to extend and expand knowledge. The above
analysis results are important basis for explaining the phenomena observed in the experiment.

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases 8 Functions  Regulator Effects  Networks  Lists  Analysis Match ~ Molecules
Export: i [ BB ® o
> Experiment Metadata |
> Analysis Settings |
v~ Top Canonical Pathways
Name p-value Overlap
EIF2 Signaling =+ 475E-36 321% 72/224
Regulation of elF4 and p70S6K Signaling ——+  5pB4E-16 235%  42/179
ILK Signaling —————+  978E-16 222% 447198

— Sample to Insight
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23883 Interpret Downstream Biological Functions GGA

00000
QIAGEN

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases & Functions  Regulator Effects  Networks  Lists  Analysis Match ~ Molecules

Diseases and Bio Functions Tox Functions

Customize Chart Vertical v 8 B g O ”; Size by:  -log(p-value) v »

W EEC P32 Tumor vs Norm RPKM 123 - 2021-12-01 11:22 £ Click 1 e y Viewing:

Orgarismal Injury and Abnarm-al ities Cellular Movement
]
: PSR
v 60
E
g
a a
8 40
3
20
0
3 E 8 ? 3 2 & H
H e ] H @ EE El
5 ; & 23 5 £ g &
5 8 25 3 &5 3£ o [
s . - £ E e . 2 ] Skeletal and Muscu... m =l Heredi .. pe... .. Psy... cal...
£ L] g 8 2 2 ’E < % [ 11 . i im I=G"’" ..-- .l --l--l -
& ] £2 & & g 8 H EEEER -.I-.I “E =E i Ein. T
o ) 3 S 88 £ ...... HEmllias 17" == m c"di"' "y"' s EmnE=N
] o 5 | Cellular Growth and... Hematol . ==
3% ] T ET - m oce Al
S 3 - -Ill.l | . | mn
| 1 ] ll Met..
. Em = -ll- I wrti s
Add To My Pathway Add To My List Annotation Activity Plot Display as Network Customize Table = & EP p-value 1.66E-85-1.13E-28(1/5) v
Categories T Diseases or Functions ... ¥ p-value T X predicted Activatio... T X Activationz-score T X Molecules T X #Molecules ¥ X
Cell Death and Survival Necrosis 1.66E-85 -1.080 +A2M, TABCCA, +.... all 548 548
Cell Death and Survival Apoptosis 8.74E-79 -0.442 +A2M, +ABL1, TA... all 524 524
Cellular Movement Migration of cells 2.25E-73 Decreased -4.361 +A2M, TABCCA, +.....all 453 453
Cellular Movement Cell movement 2.04E-72 Decreased -4.921 +A2M, TABCC4, +.....all 482 482
Cancer,Organismal Injury a... Cancer 1.86E-69 -0.436 +A2M, TAAGAB,"....all 1255 1255
Cancer,Organismal Injurya... Malignant solid tumor 1.39E-68 1.049 +A2M, TAAGAB,"....all 1251 1251
Selected 0 /500

Identify over-represented biological functions and predict how those functions are increased or
decreased in the experiment

— Sample to Insight
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ssese Diseases & Function D) Cea

— QIAGEN

}"‘j‘ifﬁfc%xg B ZREY IR EIE

R J’X%[C()loﬂzb)’]ﬁﬁﬁz' B o] IR EBEA N —EBDE:

score, -log (p-value), Sk # of genes Mid-level functional category (level 2)

L6 HD%FFH\Z_"SCO@J{\%E/‘J o B EA Specific functions (level 3)

& 82 TR SR ERITEE - BB R

%Jﬁtg INAEEHEN - EARBERE R
BE e

Click to show bar chart

A

Summary  Graphical Summary  Ppthways  Upstream Analysis  Diseases & Functions  Regulator Effects  Networks  Lists  Analyss Match  Molecules

Diseases and Bio Functions Tox Fungtions

< . . B . .
AN Size by: | -log(p-value) v Color by: z-score “ Decreasing <-3.115 iR B 1 5.314yreasmg Highlight: None v I : : Show Label I Show Barchart I@ ® @
Cli 1
Organismal Injury and Abnormalities Cancer Cellular Movement cul... ular Develo. ical Di... .. Endocrine ... Inflammato... Cell-To-Cell... Cellular A...
I i — _- - - - = r
ll-._ n (T | g |
-

o H A H Ll e [ [
Conry ect ive.. GenuEx Infecti.. Skdet Connec..
-. . I l — . leurological Dis. - -

mnhl
sllular Growth and P Cardiovascular... .l || .ll -I
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— Sample to Insight
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sssss  Disease and Molecules relationships - ¥

— QIAGEN

B Powerful functionality enables you to understand causal connections between molecules and
diseases.

B Interactive visual exploration of causality between molecules and disease, function, or
phenotypes from a network or My Pathway.

GAA // / \(/ \ \\ \ \\ \\ A \\ \\ *1
/ / / \ \ \ N
cihz 7 R o RNY X W)W R
BRES — /| o\ N\ N\ TIP3
. E ACE \\ y \ R\JMSI 2
X‘WEGFKRQGI"S

— Sample to Insight
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Disease or Function View B pmk

provides details associated with the disease or biological function such as molecules associated
with that disease or function, known drug targets, drugs known to target those molecules, and

more.

Ingenuity Pathway Analysis

Disease or Function:

Synonyms:
(Show All)

Molecules:
show all

Ontology

Cell migration ...

Cell movement

— Sample to Insight

Cellular migration

Disease or Function

Provide Feedback | Contact Support

Cell movement of leukocytes

immune cell movement,innate immune cell movement,leukocyte movement,white blood cell movement,cell movement of immune cell,cell movement of immune cells,cell movement of immunological cells,cell
movement of innate immune cell,cell movement of innate immune cells,cell movement of leucocytes,cell movement of leukocyte,cell movement of white blood cell,cell movement of white blood
cells,movement of leukocytes,movement of immune cell, movement of immune cells,movement of immunoclogical cells, movement of innate immune cell, novement of innate immune cells,movement of

leucocytes

(+)-butaclamol, (2R* ,4S*)-N-(1-benzoyl-2-methyl-1,2,3,4-tetrahydroguinolin-4-yl)-N-phenylcyclopropanecarboxamide, (S,R)-3-(4-hydroxyphenyl)-4,5-dihydro-5-isoxazole acetic acid, methyl ester, (Z,E)-5-(4-ethylbenzylidine)-2-
thioxothiazolidin-4-one, (+)-4-DOI, 1,1-diethyl-2-hydroxy-2-nitrosohydrazine, 1,10-phenanthroline, 1,2-dimethylhydrazine, 1-(palmitoyl)-2-(5-keto-6-octene-dioyl) phosphatidylcholine, 1-chloro-2 4-dinitrobenzene, 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine, 1-naphthylisothiocyanate, 1-o-hexadecyl-2-o0-methyl-rac-glycerol, 1-palmitoyl-2-oleoylphosphatidylserine, 10-CI-BBQ, 11,12-epoxyeicosatrienoic acid, 11-dehydro-thromboxane B2, 12 lipoxygenase, 12(S)-
hydroxyeicosatetraenoic acid, 12-hydroxy-17,18-epoxyeicosatetraenoic acid, 12-hydroxyeicosapentaenoic acid, 12S-hydroxy-17R,18S-epoxyeicosatetraenoic acid, 12S-hydroxy-17S, 18R-epoxyeicosatetraenoic acid, 13,14-dihydro-15-
ketoprostaglandin D2, 15-deoxy-delta-12,14 -PGJ 2, 15-epi-lipoxin A4, 15-hydroxyeicosatetraenoic acid, 15-LOX, 15S-methyl-prostaglandin d2, 16,16-dimethylprostaglandin E2, 17-epi-resolvin D1, 17-octadecynoic acid, 2'-fucosyllactose,
2'3'-cyclic guanosine monophosphate-adenosine monophosphate, 2,4-dinitrofluorobenzene, 2,4-O-di-sulfated iduronic acid, 2-(4-acetoxyphenyl)-2-chloro-N-methylethylamine, 2-(p-hydroxyanilino)-4-(p-chlorophenyl) thiazole, 2-
arachidonoylglycerol, 2-mercaptoacetate, 2610528A11Rik, 27-hydroxycholesterol, 3'-O-(4-benzoyl)benzoyladenosine 5'-triphosphate, 3,4-dichloroisacoumarin, 3-aminobenzamide, 3-deoxy-2-octulosonic acid(2)-lipid A, 3-
hydroxydodecanoic acid, 3M-052, 4-hydroxynonenal, 4-methoxydiphenylmethane, 4-methyl umbelliferone-8-carbaldehyde

Back to top >>

Function

Cell biology Immunoclogy
Regulation of i... Immune cells

Leukocytes

Immune stimulat...

Cell movement o... Migration of cells
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g3 IPAanalysis result L 3

Graphical Summary: This feature selects and connects a subset of the most significant entities

predicted in the analysis, including the relationship between molecules, functions, diseases and
pathways.

Pathways: List the Signaling Pathway and Metabolic Pathway affected by the experiment

Upstream Analysis: List the upstream molecules related to the changed molecules in the data,
and predict whether they are activated or inhibited according to the research literature.

Diseases & Function: Present biological functions, diseases and toxicological results affected
by molecular changes

Regulator Effects: Hypothesize the effects of activation or inhibition of upstream regulators on
downstream molecules

Networks: Present the network relationship between molecules in the experimental data. And
the Build Tool and Overlay Tool can be used to extend and expand knowledge. The above
analysis results are important basis for explaining the phenomena observed in the experiment.

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases 8 Functions  Regulator Effects  Networks  Lists  Analysis Match ~ Molecules
Export: i [ BB ® o
> Experiment Metadata |
> Analysis Settings |
v~ Top Canonical Pathways
Name p-value Overlap
EIF2 Signaling =+ 475E-36 321% 72/224
Regulation of elF4 and p70S6K Signaling ——+  5pB4E-16 235%  42/179
ILK Signaling —————+  978E-16 222% 447198

— Sample to Insight
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ssss  How does the Regulator Effects algorithm work? GGA

Upstream Regulator Analysis Hypotheses for how activated or inhibited upstream
regulators cause downstream effects on biology

. [

I = Algorithm

. Targets in the dataset | >
I . First iteration

Displays a relationship between the
regulator and disease/function if it exists

Downstream Effects Analysis

— Sample to Insight
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8333 Regulator Effects
QIAGEN

AR &R
GGA

Click on the Network ID or Display As Network button to open a Regulator Effects network.

miz

B % B edt: B CE B . ¢) (¥ @  Buld | Overlay | Path Designer

§ Overlay: BPH, Expr Fold Change
e 3
«lp
A 4

+

— Sample to Insight

View:

Immune r

KA

of cells

I X = = Zoom: [d) Export: R B &@» S

~IN /
Aggrega\tW»Iood cells

® e

hide

Prediction Legend
maore extreme In dataset less

@ increased measurement
D Decreased measurement {_J

more confidence less
@ Predicted activation

@ Predicted inhibition ) |

Glow Indicates activity .
when opposite
of measurement .

Predicted Relationships
== Leads to activation
=== Leads to inhibition
Findings inconsistent
with state of downstream
molecule

= Effect not predicted
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83388 IPA analysis result GOA
N

Networks: Present the network relationship between molecules in the experimental data. And
the Build Tool and Overlay Tool can be used to extend and expand knowledge. The above
analysis results are important basis for explaining the phenomena observed in the experiment.

Summary  Graphical Summary  Pathways Upstream Analysis Diseases 8 Functions  Regulator Effects Networks  Lists  Analysis Match Molecules

Export : A B (E)

Experiment Metadata
Analysis Settings
Top Canonical Pathways

Name p-value Overlap

EIF2 Signaling +  475E-36 321%

Regulation of elF4 and p70S6EK Signaling +  5.64E-16 23.5%

ILK Signaling . 9.78E-16 22.2%

— Sample to Insight
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— Sample to Insight

% AlEAR

How Networks Are Generated A

Focus molecules are “seeds”

Focus molecules with the most /
Interactions to other focus molecules

are then connected together to form

a network .

N

Non-focus molecules from the
dataset are then added

Molecules from the Ingenuity’s
Knowledge Base are added ~~_

Resulting Networks are scored and
then sorted based on the score

Molecules per Network — Networks per Analysis
35 |25 -

35 10
70 25
140 50
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sssee Networks in IPA

— QIAGEN

Purpose:

® To show as many interactions between user-specified molecules in a
given dataset and how they might work together at the molecular level

Why are Ingenuity networks biologically interesting?

® Highly-interconnected networks are likely to represent significant
biological function

B Networks involve molecules you don'’t see in your data set. This allows
genes you have assayed to be linked to metabolites and chemicals
that you could not have assayed for, to imply a regulation network that
IS meaningful.

— Sample to Insight
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— Sample to Insight

Analysis Match

=

BlR R
GGA

Automatically discover other IPA Core Analyses with similar (or opposite) biological results as

compared to yours, to help confirm your interpretation of the results or to provide unexpected

insights into underlying shared biological mechanisms.

Expression Analysis - CDDO vs DMSO genes

Summary  Graphical Summary  Pathways  Upstream Analysis  Diseases & Functions ~ Regulator Effects
Evaluate Metadata View As Heatmap View Comparison Customize Table 5 B

Analysis Name T Project M X case... ¥ X case.. ¥ X case.. ¥ X case.. 7 X
32- normal control [lung] NA 12384 MouseDisease normal control lung NA
28- bronchitis;emphysema [lung] NA 12379 MouseDisease bronchitis;em... lung NA
3- chronic obstructive pulmonary disease (COPD) [l MouseDisease chronic obstr... lung NA
31- normal control [nasal epithelium] NA 11786 MouseDisease normal control nasal epithelium NA
18- normal control [peripheral blood] NA 4945 MouseDisease normal control peripheral blo... NA
1- alcoholic fatty liver [liver] NA 17035 MouseDisease alcoholic fatty ... liver NA
947- normal control [stomach] 946 SingleCellMouseUmi normal control stomach

1- skin disease [skin] NA 16522 MouseDisease skin disease skin NA
1- normal control [lung] NA 16447 MouseDisease normal control lung NA
17- colorectal cancer [colon] NA 409 OncoMouse colorectal can... colon NA
23- normal control [nasal epithelium] NA 11777 MouseDisease normal control nasal epithelium NA
10888- pancreas adenocarcinoma (PAAD) [pancrez LINCS pancreas ade... KEAP1 pancreas KEAP1 overe...
25- normal control [nasal epithelium] NA 11779 MouseDisease normal control nasal epithelium NA
3- ovarian cancer [ovary] NA 8121 OncoHuman ovarian cancer ovary NA
7- normal control [peripheral blood] NA 18008 MouseDisease normal control peripheral blo... NA
2- normal control [lung] NA 19305 MouseDisease normal control lung NA
39- normal control [jejunum] NA 16270 MouseDisease normal control jejunum NA
5- atherosclerosis;hyperlipidemia [liver] NA 19373 MouseDisease atherosclerosi... liver NA
27- normal control [nasal epithelium] NA 11781 MouseDisease normal control nasal epithelium NA
221- small intestine carcinoid neuroendocrine tumor OncoHuman small intestine... smallintestine  luminespib
562- normal control [liver] 561 SingleCellMouseUmi normal control liver

3- disease control [liver] NA 952 OncoMouse disease control liver NA
1- type 1 diabetes mellitus [liver] NA 16835 MouseDisease type 1 diabet... liver NA
5- diet induced obesity [hypothalamus] NA 779 MouseDisease diet induced ... hypothalamus  NA
2- normal control [large airway epithelium] NA 22527 HumanDisease normal control large airway e... NA
4- emphysema [lung] NA 20909 MouseDisease emphysema lung NA
6- emphysema [lung] NA 7610 MouseDisease emphysema lung NA
3- alcoholic fatty liver [liver] NA 18043 MouseDisease alcoholic fatty ... liver NA
4- normal control [liver] NA 2696 RatDisease normal control liver NA
1- nonalcoholic steatohepatitis (NASH) [liver] NA 187 MouseDisease nonalcoholic s... liver NA
663- normal control [kidney] NA 7126 RatDisease normal control kidney NA
1186- normal control [liver] NA 4243 RatDisease normal control liver NA
16- chronic obstructive pulmonary disease (COPD) HumanDisease chronic obstr... small airway e... NA
3- emphysema [lung] NA 20908 MouseDisease emphysema lung NA
1- normal control [large airway epithelium] NA 22526 HumanDisease normal control large airway e... NA
65- normal control [liver] NA 6176 MouseDisease normal control liver NA
11- normal control [heart left ventricle] NA 16761 MouseDisease normal control heart left vent... NA
255- Ebola hemorrhagic fever [spleen] NA 4045 MouseDisease Ebola hemorr... soleen NA

Selected 0 /89515

Networks Lists

Analysis Match

Molecules

com... ¥ X webl... T X CP(.. T X UR(..
GSE109776.GP https:/www.n...
GSE109776.GP https:/www.n...
GSE87292.GPL https://www.n...

E-MTAB-3150./ http://www.el

GSE131914.GP https://www.n...
GSE40334.GPLI http://www.nc...

GSE108097_UN https://www.n.

GSE35160.GPL https://www.n...
GSE33512.GPL https://www.n...
GSE109520.GP! https://www.n...
E-MTAB-3150./ http://www.eb...
GSE70138.GPL https://www.n...
E-MTAB-3150.£ http://www.eb...
GSE30274.GPL https://www.n...
GSE52403.GPL http://www.nc...
GSEB5124.GPL http//www.nc...

GSE32513.GPL http://www.nc.

GSE66568.GPL https://www.n...
E-MTAB-3150./ http://www.eb...

GSE96760.GPL https://www.n.

GSE108097_UN https://www.n...
GSE79084.GPL https://www.n...
GSE38138.GPL https://www.n...
GSE102415.GP! https://www.n...
GSES5056.GPL8! http://www.nc...
GSEB8790.GPL1: http://www.nc...

GSE76205.GPL https://www.n.

com.. ¥ X com.. VX
Treatment vs.... Genotype:Ge...
Treatmentvs.... Genotype:Ge...
Treatment vs.... SubjectTreat...
Treatment vs.... SubjectTreat...
Treatment1 v... SubjectTreat...
Disease vs. N... DiseaseState ...
CellTypel vs epithelial cell v...
Disease vs. N... DiseaseState ...
Treatment vs.... SubjectTreat...
Other Compa... SubjectTreat...
Treatment vs.... SubjectTreat...
Treatment vs.... Treatment=>...
Treatment vs.... SubjectTreat...
Disease1 vs. ... ExperimentGr...
Treatment1 v... Dosage:Samp...
Treatment vs.... Genotype:Su...
Tissue1 vs. Ti... SamplingTime.
Other Compa... AnimalStrain...
Treatment vs.... SubjectTreat...
Treatment vs.... TreatTime:Ex...
CellTypel vs.... hepatocyte vs...
Other Compa... ExperimentGr...
Treatment vs.... ExperimentGr...
Treatment! v... SubjectTreat...
Other Compa... TissueRegion:...
Treatment vs.... TreatTime:Su...
Treatment vs.... SubjectTreat...
VS....

Treatment vs.... SubjectTreat...
Treatment vs.... Genotype:Su.
Treatment1 v... ExperimentGr...
Treatment vs.... ExperimentGr...
Other Compa... VisitMonth:AQ...
Treatment vs.... TreatTime:Su...
Other Compa... TissueRegion:...
CellType1 vs.... ExperimentGr...
Other Compa... Gender:Genot...
Other Compa... ExperimentGr...

4.GPL http:// .NC...
GSE122184.GP https:/www.n...

GSE61534.GPLI https://www.n.

GSE57811.GPL https://www.n...
GSES57815.GPL https://www.n...
GSE108134.GP https://www.n...
GSE8790.GPL1: http://www.nc...
GSES5056.GPLS! http://www.nc...
GSE145820.GP https://www.n...
GSE37597.GPL https://www.n...
GSE130629.GP! httos://www.n...

z-sC...

52.52
55.71
51.21
50.85
43.55
4211
4211
60.17

34.74
45.49
39.39

37.32 - 16.28 (1/448)

T X CN(..

37.59
45.44
46.63
40.38
19.78
27.86
23.31
48.90
51.08

4423
48.90
40.38
27.58
17.38
37.59
20.85

41.96
2331
17.03
36.12
4423
23.31
4299
40.38
34.58
40.38

34.58
20.85
40.38
3297
34.58
39.32

39.01

v

YR IDEE.

59.16
44.72
44.72
44.72
59.16
44.72
44.72

70.71

44.72
44.72

37.32
36.47
35.64
33.99
30.62
28.67
27.54
27.27
27.08
26.96
26.10
25.76
25.14
25.04
24.81
24.79
24.43
24.04
23.62
2321
23.10
22,96
22.89
2273
2258
22.38
2218
22.04
21.78
21.78
21.75
21.58
21.37
21.36
21.20
21.19
21.12
21.03
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% AlEAR

88382 OmicSoft Datasets Stored and Analyzed in IPA GGA
— QIAGEN
DiseaseLandHumanDisease
Project Manager X *MouseDisease
A-Z Sort Refresh *RatDisease
My Projects *LINCS
® Shared Projects OncoLand
Libraries oHemat0|ogy
OmicSoft Metastatic Cancer
8_”C°La”d «OncoHuman (Formerly OncoGEO)
iseaseLand o
SingleCellLand *Pediatrics
Normal Cells and Tissues *TCGA
Ingenuity Canonical Pathways *OncoMouse
Ingenuity Inferred Networks ‘ENCODE RNA Bmdmg
::’;’:::;;V?; - SingleCellLand
My Lists *SingleCellHuman

— Sample to Insight

*SingleCellHumanUmi
*SingleCellHumanUmiLite
*SingleCellHumanHCL
*SingleCellMouse
*SingleCellMouseUmi
*SingleCellMouseUmiLite
Normal Cells and Tissues
*Human Tissues (GTEX)

Total datasets for release: 121,000 +
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sssss  Analysis Match

% AlEAR
GGA

— QIAGEN

How OmicSoft datasets were analyzed in IPA

Example of
Omicsoft Dataset

Up-regulated

Down-regulated

Filter genes by p<0.01

(Standard p-value)

If <50 genes total survive,
then reject the dataset

]

If > 1000 genes, then pick
the top up and down

genes to get ~1000 genes

~1000
Analysis-
ready genes

»

Maintain balance of up vs
down

(i.e. 69% up and 31% down)

L]

— Sample to Insight

49



33 Analysis Match

— QIAGEN

% AlEAR
GGA

My Analysis

©0O

Match?

QOO000OO

Query
Upstream Regulator
signature

— Sample to Insight

A 4

Another analysis

+

+ + + +

+ + +

Q0006 00PO®®

Scoring against
Upstream Regulator
signature from
another analysis

Z = matches - mismatches
Square root of all matches

z-score is a measure of the match between
two patterns

Assumes the pattern is created from two
sets of entities where the sign of the
matching entities is random

= (8-1)/N9 = 2.33 (raw z-score)

Yes, it matches (because z>2)
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Analysis Match

% AlEAR
GGA

— QIAGEN

How signatures are created and compared

Canonical Pathways (up to 20 pathways)

Upstream Regulators (up to 100 regulators)

Causal Networks (up to 100 master regulators)
Diseases & Functions (up to 100 diseases or functions)

Example

All Upstream regulators
with |z|>2, p-value <0.05)

— Sample to Insight

Query signature

Query Analysis
(Upstream Regulator signature)

50

Take N top-most and
bottom-most regulators

> 100

Currently N = 50 each for UR,
CN, & DE, and 10 for CP

Scoring
_—

Strong +

Weak +

Other Analyses to match against:

=N

The ranking itself is
not used in scoring.
Every gene in the
top/bottom 50 counts
equally.

g5/

Strong -
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% AlEAR
GGA

Live Demo

— Sample to Insight
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— Sample to Insight

sssss  Agenda s
QIAGEN
4. Comparison Analyses

Copyright©2023 GGA Corp. All rights reserved. 53



g AR
i GGA

— QIAGEN

Single Experiment

* Time Course
* Dose Response

« System biology

« Combining SNP, CNA, mRNA, microRNA, proteomics,
etc.

Set Analysis

« Exploring Common Molecules across one or more
experiment (s)

— Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 54



s2252 Multi-omics analysis of the liver in response to ins@liffx”

— QIAGEN

&

Insulin

&

PBS

NS

0

60 minutes

Post injection

>

120 minutes

_

Transcriptomics
Proteomics

Metabolomics

— Sample to Insight
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sssss  To start a Comparison Analysis B e

00000
— QIAGEN

| Create Comparison Analysis >
p ¥
Select analyses for side-by-side comparisen. Click View Comparison to view comparison results,
Create Comparison Analysis
Select Analyses - - * A-7 Sort Analyses to Compare
My Project Add = S Low Dose6 hr Mowve Up &
Training Project f_x High Dose & hr Move Down %
S LPSHepatotoxicitylnRats.bxt - 2020-1 =i Low Dose 24 hr
5 Affy alpha-toxin S9 from table S3 =i High Dose 43 hr
 Claudin vs Luminal new - 2020-08-2
['= Shared Projects
QIAGEM shared space
<« Remove
View Comparison Cancel

— Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 56



§J IR

sssss Comparison analysis heat map for canonical pathw§

00000
QIAGEN

Comparison Analysis - Prostrate Cancer

Canonical Pathways Upstream Analysis Diseases 8 Functions Regulator Effects Lists My Pathways Molecules MNetworks Comparison Settings

. <
r Settings/Legend 5 Pathway — Molecules  Metadata
Filter More Info Role of NFAT in Regulation of the Inmune Response

Owerlay: BPH, Expr Fold Cha
Measurement: Activation z-score -2:048 _ - 4379 rlay P nge

¥ &
Sort Method: | 5core 1u’isualize: ailn
A4
Insignificance Threshold: (absolute value) Apply &
Eahd

View Report Edit Netwaork GeneHeatmap BB K@

= Cananical Pathw...

Synaptogenesis Signaling Pathway
Colorectal Cancer Metastasis Signaling
Insulin Secretion Signaling Pathway
Role of NFAT in Regulation of the Immune Response
Estrogen Receptor Signaling
Senescence Pathway

Opioid Signaling Pathway

Thrambin Signaling

Role of NFAT in Cardiac Hypertrophy
MGF Signaling

Cardiac Hypertrophy Signaling
Matural Killer Cell Signaling
Endaothelin-1 Signaling

PECE Signaling in T Lymphocytes

© 2000-2020 QIAGEN. All rights reserved.

— Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 57



sssss Comparison analysis heat map for canonical pathw@
QIAGEN

§J IR

Comparison Analysis - Prostrate Cancer

Insignificance Threshold: | 2

Sort Method: | Score ™ Visualize: | z-score

(absclute value) Apply

Cancnical Pathways Upstream Analysis Diseases & Functions Regulator E
r Settings/Legend ;
Filter More Info
Measurement: Activation z-score 2848 — - 4.379

Eal

View Report Edit Metwork

= Canonical Pathw...

Gene Heatmap

Regulation Of The Epithelial Mese...
Gog Signaling

Thi Pathway

HMGE1 Signaling

CXCR4 Signaling

Th2 Pathway

LXR/RXR Activation
IL-2 Signaling
HOTAIR Regulatory Pathway

F Tall Darantar Sianalinn

¥enobiotic Metabolism General 5i...

B e 2

My Heatrmaps

Reole of MFAT in Regulation of the Immune Response

Settings/Legend

Measuremnent: Expr Fold Change -3.932 -

Sort Method: | Expression v

More Info

2426

Pt

Edit Network | B [ [

= Genes in the Role...
EFH
MET
PCA

FIK3RZ
GATA4
HLA-DOAT
NFEE1
ITPRZ
HLA-DRA
AET3
GNG2
GMNAQ
RAPTA
FIK3R1
JUN

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved.
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AR &R

_sssss  Comparison analysis heat map for upstream analysﬁm

®
QIAGEN

Comparison Analysis - Analysis Cemparison 2 - 0o X

Canonical Pathways Upstream Analysis Diseases & Functions Regulator Effects Lists My Pathways Molecules Metworks Comparison Settings

Upstream Regulators Causal Metworks

Table Heatmap

- <
r Settings/Legend 5 Pathway Molecules Metadata
Filter More Info | Qverlay: IV_LO_A, Expr Fold Change
Measurement: Activation z-score ~+-384 _ - 6.880 B hide
aillv Prediction Legend
Sort Method: | Score ™ Visualize: | z-score e ¥ maore extreme in dataset less
. Increased measurement Q
N — &
nsignificance Threshold: (absolute value) Apply ) Decreased measurement ©_
mare confidence less
e . Predicted activation Q

@ rPredicted inhibition (2

Edit Metwork Gene Heatmap | @ T

ALY Glow Indicates activity
= “ \"‘L\\\"1 i ’:,aj/i/ when opposite .
'\\\\\\IHJ.;.,"_,// ~

NN e of measurement (]
o, -

= Upstream Regulat...

“}{qu1frj.-'x,},‘;/ SO
— Predicted Relationships
= Leads to activation
== Leads to inhibition
lipopolysaccharide Findings inconsistent
IL1B [ ] with state of downstream
IFNG molecule
cisplatin = Effect not predicted
THF ||
AGT
IL1A I
tetradecanoylphorbol acet...
vancomycin
puramycin aminonucleoside
IL&
gentamicin C
lomustine

MNFKE [complex)
hexachlorobenzene
triamterene

fenamic acid
SB203580 Bl © 2000-2020 QIAGEM. All rights reserved.

— Sample to Insight
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sssss  Causal Networks-Comparison Analysis Heat Map  ® cex ™
— QIAGEN

Cancnical Pathways Upstream Analysis Diseases & Functions Regulater Effects Lists My Pathways Melecules Metworks Comparison Settings
Upstream Regulators Causal Metworks
Table Heatmap
. <
[ Settings/Legend 5 Pathway Maolecules Metadata
Filter Meore Info § Overlay: BPH, Expr Fold Change
Measurement: Activation z-score ~/-093 _ - a4 Rt 3 show legend
«alln
Sort Method: | 5core ™ | Visualize: | z-score e L 4
- , +
Insignificance Threshold: (absolute value) Apply

Fal
Edit Network Gene Heatmap BBy [ T
2 -
a
E
o
=
E T oa
2 slE 28
T 3|5 EE
apatinib 3
Pro-inflammatory Cytokine 2
bevacizumab 2
TGX-221 3
JAK12 3
mir-221 3
KIFSB-RET 3 ?5000—2020 QIAGEN, All rights reserved.
hytoh lutini 1
gsy;:wemagg utinin ! P — ) The entries in the table show how a target (row) supports the prediction of a regulator (column) in the networ... More Info
MEFZD-MFAT2-p300 3 fas fe Eers Selecting regulators in the network filters the table.
gP?i)E:d' 2 s Target Expr Fold Change T Molecule Type T AR T X ERK1/2 T X FYN
imer o
GHR dimer 5 I GASE +1.095 growth factor Activated
LAMTORS 3 ITPR2 +1.193 ion channel
neratinib 2 [T FYrey et
CCR2 2 Selected/ Total targets: 0/88

— Sample to Insight

Copyright©2023 GGA Corp. All rights reserved.
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Causal Networks-Comparison Analysis Heat Map

Comparison Analysis - Prostrate Cancer

Canocnical Pathways Upstream Analysis Diseases & Functions

Upstream Regulators Causal Networks

Table Heatmap

Regulator Effects

rSettings/Legend
Filter

Measurement: Activation z-score ~ 1033 _ - 714

Sort Method: | Score ™ | Visualizes | z-score

Insignificance Threshold: (absclute value) Apply

More Info

- 0O =
Lists My Pathways ~ Molecules MNetworks Comparison Settings
<
5 Pathway Molecules Metadata
< Overlay: BPH, Expr Fold Change
H
¥ & hide
a«allp Prediction Legend
A4 mare extreme in dataset less

+

. Increased measurement O
. Decreased measurement O

more confidence less
A . Predicted activation O
Edit Metwork Gene Heatmap By @ . Predicted inhibition O
Glow Indicates activity
-
!; when opposite .
E of measurement .
=
E z Predicted Relationships
5 = A
o E _“E- = |eads to activation
T a = === Leads to inhibition
apatinib 3 Findings inconsistent
Pro-inflammatory Cytokine 2 with state of downstream
bevacizumab 2 malecule
TGX-221 3 === Effect not predicted
JAK12 3
mir-221 3
KIFSB-RET 3 © 2000-2020 QIAGER. All rights reserved.
phytohemagglutinin 1 P
OSBRLE 3 The entries in the table show how a target (row) supports the prediction of a regulator (column) in the network above, More Info
MEF2D-MFAT2-p300 3 Add to Netyflork Selecti lators in the network filters the tabl
— : | electing regulators in the network filters the table,
EPOR dimer 3 I Target Expr Fold Change T Molecule Type T AR T X ERK1/2 T X FYN T X |TGBE
E:ST‘::‘}:: : RSU1 +1.195 ather
- ITGAZ +1.308 transmembrane receptor Activated
neratinib 2
CCR2 2 CHM1 +1.408 other
SMAD3-EP300 3
1 . o . - Selected/Total targets: 0/88
Sample to Insight
Copyright©2023 GGA Corp. All rights reserved. 61
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— QIAGEN

Comparison analysis heat map for Diseases and

— Functions

AR &R
GGA

= Diseases and Bio ...

Migration of myeloid cells
Binding of tumaor cell lines

Chemotaxis of myeloid cells
Invasion of cells
Inflammatory response

Adhesion of immune cells
Migration of cells
Activation of cells
Quantity of metal

Chemotaxis of phagocytes
Chemataxis

Activation of leukocgytes
Activation of macrophages
Invasion of tumaor cell lines
Proliferation of cancer cells
Activation of myeloid cells

Atherosclerosis
Dearanulatinn of rells

— Sample to Insight

Cell movement of myeloid cells

Production of reactive oxygen species
Synthesis of reactive oxygen species

Cell movement of phagocytes
Cell movement of leukogytes

Migration of tumaor cell lines

Canonical Pathways Upstream Analysis Diseases & Functions Regulator Effects Lists My Pathways Molecules Networks Comparison Settings
Diseases and Bic Functions Tex Functions
. <
 Settings/Legend 5 Pathway Molecules Metadata
Filter Morelnfo | Overlay: IV_LO_A, Expr Fold Change
Measurement: Activation z-score ~2-792 _ - 3.642 ¥
«alls
Sort Method: | Score v | Visualize: | z-score e R 4
S , +
nsignificance Threshold: (absolute value) Apply
CXCL10*  hells
A CR g_l
: — ckelh
Edit Network Gene Heatmap | BB [ GCLE ]
\ \ / /

~ 4-.\
ADORAZA Chemotaxi

- // |

SL}%M 7 < // ,‘f |
o0 ]

r"\/ / J’
SERPINE1 AR |
i 7 / |
/‘"( / |
sfoope B
P L
SI&O_D.-‘);‘B PLAUR {I:Q@ﬂ}

py

© 2000-2020 CIAGEN. All rights reserved.

hide

Prediction Legend
more extrerne in dataset less

'. Increased measurement O
'. Decreased measurement O

maore confidence less

'. Predicted activation O
@ Predicted inhibition

Glow Indicates activity .
when opposite

of measurement
Predicted Relationships

== | eads to activation

=== |eads to inhibition
Findings inconsistent
with state of downstream
molecule

= Effect not predicted

Copyright©2023 GGA Corp. All rights reserved. 62



Filter

% AlEAR
GGA

— Sample to Insight

Canonical Pathways Upstrearn Analysis Diseases & Functions Regulator Effects Lists My Pathways Maolecules Metw
. . . . 5| Fi
Diseases and Bio Functions Tox Functions (£ Filter x
- Settings/L d—-—-—-L' .
ings/Legen — Select Functions and Diseases to Display @ ka
. - -
Filter P
— Bile duct adenocarcinoma
Measurement: Activation z-score -2792 [N Rl | Cholangiocarcinoma
o Hepatitis B surface antigen-negative hepatitis
Sort Method: | Score ™ | Visualize: | z-score ~ . . .
Hepatitis C virus-related hepatocellular carcin
- | Hepatobili st
Insignificance Thresheld: (absolute value) Fpatebiliary sy er.n caneer :—|
Hepatocellular carcinoma jf
" Liver cancer
e " Liver turmor \\
Edit Metwork Gene Heatmap | B3 @ Cancer, Gastrointestinal Disease, Inflammatary D \ \
. Barrett syndrome N\
a5 Cancer, Gastrointestinal Disease, Organismal Inju A \\
E Colon sporadic adenocarcinoma N
b L oo r ; T
| Digestive organ tumor
g - BEEE 9EEE e (Ghemc
= L | Digestive systern cancer
a |EmEE==z=
T EEEEE Duodenal necplasm //’
Digestive system cancer /| Gastrointestinal tract cancer /f
Digestive organ tumar /| Gastrointestinal tumor /!
Liver cancer . r
Metastat lorectal ;
Hepatobiliary system cancer astatic co prectal cancer !/
Gastrointestinal tumor Pancreatobiliary tumaor !
Liver tumor Cancer, Hematological Disease, Immunaclegical [ /
Gastrointestinal tract cancer R
DOAB
Score Filter @
p-value Cutoff: | 1.3 (log10)
z-score Cutoff: (absolute value)
B-H p-value Cutoff: (log10)
ed.
Cancel
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g AR
i GGA

— QIAGEN

Single Experiment

* Time Course
* Dose Response

« System biology

e Combining SNP, CNA, mRNA, microRNA, proteomics,
etc

Set Analysis

» Exploring Common Molecules across one or more
experiment (s)

— Sample to Insight
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J
. . . BlR A
sssss Compare Data Tool with Interactive Venn Diagram = cea
— QIAGEN
Cormpare - 0O X
Create New...

Core Analysis Select Entities to compare and click Add
Comparison Analysis Refrech Calculate intersections @ Export to image Maore Info
Biomarker Filter...
Blomarkar Comparison Anslysis. My Projects Add > Click in the Venn diagram below to compare different sets.
MicroRNA Target Filker 2020-3 T — Keep the Ctrl key down to select multiple areas.
BioProfiler Dataset Files Clear Al A Low Dose 6 hr (Dataset)
IsoProfiler B Lps Hepatotoxicity in Rats.bet B High Dose 6 hr (Dataset)
My Pathway @ High Dose 24 hr )
Path Designer B High Dose 48 hr C High Dose 24 hr (Dataset)
Filter Dataset EI High Dose 6 hr
Upload Dataset... EI Low Dose 24 hr
Advanced Search B Low Dose 48 hr
Project... Bl Low Dose6hr

B WNV human macrophages TE Ensembl, GSE40718
Import Pathway B LPS Hepatotoxicity in Rats_Transporter Molecules
B ty B
B Macro vs Others
B Estradiol(E2)treatedMCFT 12hr FC1.5 P05 GSE1135
B MRF2-Proteome-modified 2
B ESC wvs_ MES, CP, CM_ TE mouse cardiomyocytes G
yocyt
B Welding G55 vs air lllumina MouseRef-8 v2 0
B AB T ws Others
B Alpha toxin s9 phosphorylation log ratic PMID 2381
P phospnory g

Entities Comparison Results (4)

[ Anti PD-1 Non-Responder vs_ Responder-TE 2017-0 AZM
B APAP Dose + Timecourse 2;5[1
B B vs Others S10DAQ
B Claudin vs Luminal RMA-Seq
B Prostrate disease dataset
Analyses
BioProfiler Results
My Pathways
My Lists
Training Project
% Shared Projects
Show All “w Add To My Pathway Add To My List Annotations

— Sample to Insight
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s Compare Data Tool with Interactive Venn Diagram = cex™

— QIAGEN

- The Union operator will display a list of the total population of molecules present in all off the
entities (the sum of the molecules).

- The Common operator will display the intersection of molecules. In order to appear on this list,
a molecule would have to be present on each of the individual entities used in the General
Comparison.

- The Unique operator will display only the molecules that are present on individual entities. Use
the pull-down menu to choose the entity for which you would like to display the results.

Compare - 0O x
Select Entities to compare and click Add
Entities to Compare More Info
Refresh
Add » [& High Dose 24 hr
My Projects Bl High Dose 48 hr
2020-3 « Remove [& High Dose 6 hr
Dataset Files [& Low Dose 24 hr
L Clear All
B LPS Hepatotoxicity in Rats.tet B Low Dose48 hr
[& High Dose 24 hr [& Low Dose 6 hr

Bl High Dose 48 hr
[& High Dose 6 hr
B Low Dose 24 hr
B Low Dose48 hr
B Low Dose6 hr
[& WNV human macrophages TE Ensembl, GSE40718
[& LPS Hepatotoxicity in Rats_Transporter Molecules
B Macro_vs_Others
[ Estradicl(E2)treatedMCF7 12hr FC1.5 P<.05 GSE11352
B MRF2-Proteome-modified 2
& ESCws_MES, CP, CM_ TE mouse cardiomyocytes GSE47948
B Welding G55 vs air lllumina MouseRef-8v2 0
B AB_T_vs_Others
[ Alpha toxin =9 phosphorylation log ratio PMID 25816343
[& Anti PD-1 Non-Responder vs_ Responder-TE 2017-04-10 SRP
B APAP Dose + Timecourse
B B_vs_Others
B Claudin vs Luminal RMA-Seq
& Prostrate disease dataset
Analyses
BioProfiler Results
My Pathways
vy Lists
Training Project
= Shared Projects

Show All ™

— Sample to Insight
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. . . BlR A
ssses Compare Data Tool with Interactive Venn Diagram = cea
— QIAGEN
To view the molecule details or to create a new dataset from these, click on
the 'Annotations' button.
Cornpare - 0O X
Select Entities to compare and click Add
Entities to Compare Meore Info
Refresh
B High Dose 24 hr
My Projects Add » B High Dose 48 hr
2020-3 <« Remove B High Dose6 hr
Dataset Files o Clear All B Low Dose 24 hr
B LPS Hepatotoxicity in Rats.bxt B Low Dose48 hr
B High Dose 24 hr E Low Dose 6 hr
B High Dose 48 hr
B High Dose 6 hr
B Low Dose 24 hr
B Low Dose 48 hr
B Low Dose 6 hr
B WNV human macrophages TE Ensembl,
B LPS Hepatotoxicity in Rats_Transporter b
B Macro_vs Others . .
B Estradiol(E2)treatedMCFT 12hr FC1.5 P<./ Unien Commen Unique
B MRF2-Proteome-modified 2 High Dose6hr  ~ | Unigue to Entity (60)
B ESC ws_ MES, CP, CM_ TE mouse cardion ACKRI
B Welding G55 vs air lllurina MouseRef-8 ACO2
B AB_T_vs_Others ADHS
B Alpha toxin s9 phospharylation log ratio AKR1DN
B Anti PD-1 Non-Responder vs_ Responde Anp3da
B APAP Dose + Timecourse AQPY
B B_vs_Others
B Claudin vs Luminal RMA-Seq
B Prostrate disease dataset
Analyses
BioProfiler Results
My Pathways
Show All v Add To My Pathway Add To My List Annoctations
— Sample to Insight
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. . - BlR A
ggsee Compare Data Tool with Interactive Venn Diagram = cea
— QIAGEN
Meolecule Annotations - 0
Add To My Pathway Add To My List Create Dataset Customize Table | B E] ﬁ
Symbol Expr. Chart ¢  Entrez Gene Name Identifier Measurement | ocation Typels) Biomarker Applicg Drugls)

ACOZ

AKR1D1

AQPS

ARNTL

ACKR3

Cald1

CTH

CYP2F1

DGATZ

DT

acidic {leucine-rich) nucle...

aconitase 2

alcohol dehydrogenase 5 ...

aldo-keto reductase famil...

aquaporin 9

aryl hydrocarbon receptor...

asparaginase and isoaspa..

atypical chemokine recept...

caldesmon 1

CAP-Gly domain containin...

carnitine palmitoyltransfe...

cystathionine gamma-lyase

oytochrome P450 family 2 ...

diacylglycerol O-acyltransf...

DMA damage inducible tr...

Affymetrix

1367589 _at

1398310_at
1368621_at

15370510_a_at

1367940 _at

1371969 _at

1367838 _at
1368608_at
1371615_at

1369590_a_at

Expr Fold Change

+-2.026

+-2.215

+-2.856

+2.653

45610

+-2.208

+-13.240

+-4,493

+-2,656

+3.956

Mucleus

Cytoplasm

Cytoplasm

Cytoplasm

Plasma Membrane

Mucleus

Cytoplasm

Plasma Membrane

Plasma Membrane

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Cytoplasm

Mucleus

other

enzyme

enzyme

enzyme

transporter

transcription re...

enzyme

G-protein coupl...

other

transcription re...

enzyme

enzyme

enzyme

enzyme

transcription re...

azelaic acid

perhexiline

Selected/Total molecules: 5/60

— Sample to Insight
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Live Demo

— Sample to Insight
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sssss  Downstream Effect Activation z—score B ZEE

— QIAGEN

Statistical measure of correlation between the relationship direction and resulting gene
expression

111111 1011
. i i (Uploaded Data)

@@@@ Differential gene expression
”““@” I(ELT[eeraCttu genes have on a process or function

X Yix; Ny—N_
J =

\/ Op J_ VN

Z-score > 2 or < -2 is considered

Actual z-score can be weighted by relationship types, relationship bias, data bias

— Sample to Insight
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sssss  Predicting upstream regulators of a dataset B
N

< Every possible TF & Upstream Regulator in
the
Ingenuity Knowledge Base is analyzed

& Literature-based effect TF/UR has on downstream genes

< Differential Gene Expression (Uploaded Data)

< Predicted activation state of TF/UR:

1 1 1 -1 1 1 1 1 1 = Consistent with activation of UR
-1 = Consistent with inhibition of UR

b N, —N_
zZ= — 2ix; Ny =(7-1)/V8 = 2.12 (=predicted activation)

o VN VN

« z-score is a statistical measure of the match between expected
relationship direction and observed gene expression
« Zz-score > 2 or < -2 is considered significant

Note that the actual z-score is weighted by the underlying findings, the
relationship bias, and dataset bias

— Sample to Insight
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