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Copyright © 2018 GGA Corp. All rights reserved.

* This presentation and/or any related documents contains statements regarding our plans or
expectations for future features, enhancements or functionalities of current or future products
(collectively "Enhancements"). Our plans or expectations are subject to change at any time at our
discretion. Accordingly, GGA Corp. is making no representation, undertaking no commitment or legal
obligation to create, develop or license any product or Enhancements.

* The presentation, documents or any related statements are not intended to, nor shall, create any legal
obligation upon GGA Corp., and shall not be relied upon in purchasing any product. Any such
obligation shall only result from a written agreement executed by both parties.

* In addition, information disclosed in this presentation and related documents, whether oral or written,
Is confidential or proprietary information of GGA Corp.. It shall be used only for the purpose of
furthering our business relationship, and shall not be disclosed to third parties.
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Searching
o Searching Basics
o Gene/chemical search and results
o Function/Disease search and results
o Drug target search and results
o Advanced search: Limiting results to a molecule type, family or subcellular
location
Era ==l x|

File Edit ¥iew Window Help

BB T

| Project Manager

Provide Feedback / Live Support JToe Hung  Sign Out

=5
| Genesand Chemicals | Functionsand Dissases |~ Fathwaysand Tox Lists | -

Enter gene namesisymbolsTDs or chercalidmg names here ‘ ‘ NHyanced searal @ | bi‘m’ggsﬂ

[y Ingenuity Answers Alpha to anzwer biological questions

[ [E My Projects

IPA Start here

Learnina IPA Shartcuts

— Sample to Insight
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Build Tools BYTZHEE

) New Pathway 1)

A ) ([ e @R x 00 o (o s G v
Tool: |[<Selectatool> -ﬂ: @
Grow
Path Explorer
Connect
Tom ©
Keep
Add Molecule /Relationship

Build Tools® & F5IE{EZEiEpathway B BRI T &:

(m]

O O o o o

— Sample to Insight

(;row: KIREARENEREMKRSEERTE - LKL BEPathway B2 B 12D F FEBEZINE MY
Path Explorer: IE TE oD HMAF 2 FRRBEGERE

Connect: MkBBERZENIEERTE - DFERFGPathwayBZE AN S 7 FREGIK B ELE

Trim: kBB ERAZENIRERE - BBRPathway B 28I 72+

Keep: IKBEAHZENIRGRTE - RBFEBRERPathwayB R AR 7 F

Add Molecule/Relationship: F#fEREIAB1T:] € 2E LUK HE AN EZIPathway
BEEE - BUEEASREEEAREECHREA O ER
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Build and Grow Networks of Molecules

Grow Upstream from AKT1 to

kinases and phosphatases %;g E(F“ﬁz E%g“ Q@;

Ingenuity Relationships
phosphorylation [9]

In Pc 3 cells, PTEN protein decreases (in a dose-dependent manner) phosphorylation of human PKB [AKT1] protein to phosphorylated (5473) human PKB
[AKT1] protein.

10716737 Persad S, Attwell S, Gray V, Delcommenne M, Troussard A, Sanghera 1, Dedhar S. Inhibition of integrin-linked kinase (ILK) suppresses
activation of protein kinase B/akt and induces cell cycle arrest and apoptosis of PTEN-mutant prostate cancer cells. Proc Natl Acad SciU S A
2000 Mar 28;97(7):3207-12.

Source: Ingenuity Expert Findings
In US7MG cells, human PTEN protein decreases phosphorylation of human PKB/AKT [AKT1] protein.

10554022 Maier D, Jones G, Li ¥, Schonthal AH, Gratzl O, Van Meir EG, Merlo A. The PTEN lipid phosphatase domain is not required to inhibit invasion
of glioma cells. Cancer Res 1999 Nov 1;59(21):5479-82.

Source: Ingenuity Expert Findings

— Sample to Insight
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Why are we using IPA?
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Differences in Before and after treatment

R -

Your pathway

Observation dataset \m

Relationship
With other

/What are the . /Whatdothey\
relationship —> | relate to each
between each other?
. .
L molecules? ) \_ )

— Sample to Insight
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|a

B MCF-7 Docetaxel Resistanc

Click squares below to explore  Currently Viewing:
Cellular Mowvement | Hematological Syst... |Cellular Groveth ... | Ifflammatory... | Cardiowasc...
_ = - E—— .

Genetic 0...

Reprodus...

Diseases & Bio

Functions Ll Upstream Regulator | Molecule Type | |Predicted ... | Activation z..|/ p-value..|

11 TERIAT | rodalema [T R S o e b 4 | 2RIC_AT

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

Upstream Regulator

Chart’ Heatmap

An alyS|S Settings/Legend Pathway | Molecules |
More Info Cardiomyocyte Differentiation via BMP Receptors [~
] Ovwverlay: ESC vs. CM (cardiomyocytes) Fold Change
My P ways s Hf H
DI NOND-2 1)
; A [ edic (@ (@ x B (0 o (o) D | [EEEmmm view: (=] [ (<] 90 § Zoom: | & (@] Exporuye B O (&
Comparison “ ) ) O zeomid @) & _
. Overlay: | Analyses, Datasets & Lists - : 0“":""'\": HCC Tumor vz, HCC Normal adjacent 2016-03-18 2FC.0.01 af
Analysis =0 <how legend
[EEEY [ ignore Cutoffs O|@[O
Owverlay datasets, analyses and lists 1 2 4
I - . |ﬂ| — 02.E
3‘336:%*’5”5 4.755
b £ 2 = Oi2lg|lel2
] AR AR ] x| = GEG.EI0
..E MName (select to overlay) i al &l&|& E E E 3 E Exp Fold Change
Multl_omlcs 1 HCC Tumor vs. HCC Mormal adjacent 2016-0... 1 + + « « = [ Eo
2 HCC_448 Variants 1 v o
Overlay 3 HCC_473 Varians 1 v ¥ [ e

al[¥] [ Add more... | Remowe selected |

P ~
P RN o
Variant Loss/G...

&
-~ -
Matching molecules O o= d m

s Symbol Display name Index
Measurement 1 2 3 4 HCC Tumor vi. HOC Normal |

* NOMO HOND Fold Change = 4.755 ¢ i1 E

Loss Gain = s o= _ [ The entries in the table show how a target (row) supports the pr...  j More Info
Selecting regulators in the network filters the table.

]|+ Target E:pFuIdGullpehhl!cule Ty... |T| NONO [ 1] coxmza EIAR Ell |
[]| AKRIC3 +11.374 anzyme nhibited -
L — [s] || O [A7A02 113204 | enzyme oo b
ATP2AZ +5.760 ransporter rikibited
Selection meaning: (41 select nodes % display node charts] g BAX +3.076 wransporter Acthvated
» Graph overlay options 1] BIRCS +68,264 | other Inhikited Activated =
Selected (Total targets: 0/70

Copyright©2018 GGA Corp. All rights reserved. 8
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Uncover causality — the next level of pathway analysis

This set of capabilities includes Causal Network Analysis, BioProfiler, IsoProfiler, Relationship
Export, and Phosphoproteomics Analysis, all designed to help you understand causal
connections between diseases, genes, and networks of upstream regulators.

phosphatese

Causal Network —
Analysis ey

Summary ', Canonical Pathways | Upstream Analysis
e e
. . Analysis Name I7 | Proj... ™ %[ case... 7/ X[ case... T/ X |com...
B I O P rofl Ier testl- normal control [lung] H_ influenzae (neat kijMouseDise... [normal cont..|lung [Treatment .. [PreTreatm. _
test2- i i enc i i i lumbar spi... [Disease vs.... |DiseaseStat [
E testl- i i i i i lumbar spi... [Disease vs.... |DiseaseStat X Evidence ¥ X
testl- normal control airway] TNF i [normal cont. ... [Treatment .. [Treatment ..
testd- bacterial pneumania (lung] NA ise... [bacterial p... |lung Disease vs.... |Dis e gorized, Mo .
test4- atopic dermatitis [skin] NA It atopic der... |skin Disease vs.... [SamplePat... 2, Human
test8- dysbiosis [ileum] NA MouseDise.... |dysbiosis  [ileum Treatment ... [Tissue:sam n
Re I atl O nS h I p test1- viral infectious disease [hippocampus] NA |MouseDise... |viral infecti... [hippoc i vs....|Di e gorized, Mon.
test2- crohn's disease (CD) [colon] NA MouseDise....[crohn's dis.... [colon [Treatment .. |Genotype:s... o
test3- pulmonary fibrosis [lung] NA b . |ung Treatment .. [subjectTre...
Expo t test3- normal controf [lung] lipapolysaccharide (LAMouseDise... [normal cont...|lung [Treatment ... [PreTreatm...
test1- neuronopathic Gaucher disease (nGD) [thal[MouseDise... [neuronopat... thalamus ~ |Disease vs.... [DiseaseStat.
test8- normal control [skin] NA ise...|normal cont... [Treatment ... [Treatments.
test2- normal control [periy blood] ise...|normal cont...|peri ..[Treatment ... |Molecule:T... o Hmen
test2- bacterial jainfluenza A [lung] NA bacterial p... |lung [Treatment ... [subjectinfe... gorized Mo
test11- viral infectious disease [lung] NA MouseDise... |viral infecti... [lung [Treatment ... [subjectinfe... [1.30
. testl- kidney disease [kidney] NA ise... |kidney dise... [kidney Disease vs... |DiseaseOn...
I SO P r0f| I er test3 - bacterial pneumania (lung] NA MouseDise... [bacterial p Disease vs....[Di

testd- cerebral malaria [brain] NA MouseDise... |cerebral m... [brain [Treatment ... g

test2- NA [adipose tissue] TNF alpha MouseDise... [NA [Treatment...
testl4- rheumatoid arthritis (RA) [synovial i ...[Treatment ... sized Mouse, H.
test4- normal control [broncl lar lavage] K_ normal cont...|bronchoalv... [Treatment ... [Treatment . K tegorized,Mou. .
testl4- normal control [pancreatic islets] IL-1 b i normal cont...|pancreati [Treatment ... |Treatment . bz gorized,Mon..
. test21- normal control [lung] lipopolysaccharide (IMouseDise... [normal cont...|lung [Treatment ... [PreTreatm... rized,Mouse,H..
P h Osp h 0 proteo m I CS test2- NA [synovial tissue] TNF ise...[NA synowvial tis... [Treatment ... [Treatment ... tegorized,Mou. .
testl- melanoma [skin] NA I skin |Other Com... |G pelh. .
AnaIySIS test14- NA [peripheral blood] anti-CD28 antib ise...|NA peripheral ... [Treatment ... [Treatment . d
testl1- normal control [pancreatic islets] IL-1 b ise...|normal cont...| ic i...Treatment ... [Treatment J
test8- lung cancer [lung] NA MouseDise... [lung cancer [Treatment... |SubjectTre..
test2- normal control ium] Transfection_| i normal cont. Treatment ... [Transfectio.
test7- lung cancer [lung] NA i lung cancer  |lung [Treatment... |SubjectTre...
test9- lung cancer [lung] NA MouseDise... [lung cancer |lung [Treatment... |SubjectTre...
. Selected /Total match analyses : 0 / 32
Analysis Match = ===

— Sample to Insight
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Basic Module

— Sample to Insight

Canonical Pathway
Isoform View

Disease View

Gene and Chem View
Path Designer

Interactive Disease and Functions
Nodes

Biomarker filter

Molecule Activity Predictor (MAP)
Mechanistic Network

Upstream regulator Analysis
Downstream Effects Analysis
Regulator Effects

Network Analysis

Comparison Analysis

MicroRNA Target Filter

Tox Lists and Tox Functions

Advanced Analytics (AA)

Causal Network Analysis
BioProfiler

Relationship Export
IsoProfiler
PhosphoProteomics Analysis

Analysis Match (Pay extra)

https://www.qiagenbioinformatics.com/products/features/

https://www.qgiagenbioinformatics.com/files/flyers/IPA_Advanced_Analytics WEB.pdf
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A. Data Upload and How to Run a Core Analysis

1. Upload experiment data

2. Data process with IPA Core Analysis

FEERERNLE FHIPASRTIRE

B. Functional Interpretation in IPA

O Hands-on Exercises 4

1. Introduction for Analysis Tools

2. Interpret the data output information

IPATT T4 RS 14 e~

C. Multi-Omics Analysis using IPA

Integrate and compare genomics, transcriptomics, proteomics and
metabolomics data to see the big picture on your focus resear

LLE A& R 22 52
D. Case study
E. Q&A

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. 11
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Ingenuity Pathways AnalysisB95 #rid 45 R E]{E

B HERERERNEMINEREERDT

B T2 8Signaling PathwayfiMetabolic Pathway A X8 E K D F
B S ERTranscription regulatorfViEE L K BBEEREER

B ERERDPND ARG AEE

vakiivER E s
IPA-Core Analysis 2 4fmRNA, miRNAZ EproteinIEREER
IPA-Tox Analysis: D2 SEISFHEBMHEEER

IPA-Metabolomics Analysis: EEZRAR 7 {L#H EE(Metabolomics)EEEFHEIE 1R

— Sample to Insight
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IPA Data Analysis Workflow GGA

Run Core Pathways Functional

Analysis (overlay) Effects

L Research -
Transcription Experiment
Regulators Gele ol

Interest approval

|PA User platform

General Analysis Workflow in IPA

— Sample to Insight

Copyright©2018 GGA Corp. All rights reserved. 13
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IPA

ISR | e s sctod it i ot <|

MM
Top Bomatars 41 crnarers

/| eeaRuARaRg

g
e B

ROBST S5
MENELEERS
bl L

Uit

Genomic, exon, MiRNA,
SNP, protein arrays; |dentify functions,
Any molecule lists; diseases, and canonical
Other proteomic & pathways associated with
metabolomic assays your data

— Sample to Insight
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Observation:

B An experimental condition such as a time point, disease subtype, or compound
concentration

Expression Value:

B Numerical value indicating level of expression, significance, or other assay result for a
specific identifier (gene, RNA, protein, or chemical)

Reference Set:

B The set of molecules used as the universe of molecules when calculating the
statistical relevance of biological functions and pathways with respect to a
dataset file. The set of molecules are the user's dataset or molecules in Ingenuity's
Knowledge Base (genes, endogenous chemicals, or both).

Focus Molecule:

B Molecules that are from uploaded list, pass filters are applied, and are available for
generating networks

— Sample to Insight
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ARR T Replicates ' \V€r39®  Other observations
(Comparison)
[ | l
A B C D E F G H | ] N a P Q R 5

1 |CECR-T In_l Clone ID Unigene C Accession Gene Sym MAME BPH-205 BPH-202 BPH-203 BPH-201 BPH-204 BPH Ave FPCA-402 PCA-403 PCA-404 PCA-410 PCA-408 PCA-401 PCA-409

2 1-10-10-1f 770850 Hs.109851 AA434409 ESTs 0.938 0.993 0.544 1.201 0.995 1.019 0.912 0.861 0.869 0.706 0.781 0.716 0.821
3 1-10-10-2 753420 Hs.240112 AAA0B422 KIAADZTE KIAADZVG 0.942 1.083 1.312 1.115 1.285 1.113 0.724 0.868 1.021 0.742 0.551 0.491 0.531
4 1-10-10-3 366154 Hs.222909 AADG2813 DKFZP434 DKFZP434 0.941 0.913 0.968 0.941 0.908 -1.06298 1.453 0.991 1.052 0.903 1.087 1.07 0.907
5 |1-10-10-5 51746 Hs.79348 H23046 RGS7 regulator 1.054 0.9 0.853 0.826 0.8 -1.10102 1.113 1.082 0.803 1.031 1.003 0.942
6 1-10-10-6 781704 Hs. 77558 AA431611 TRIPT thyroid hc 0.996 1.38 1.605 1.172 1.115 1.28825 0.692 0.944 1.022 0.91 0.51 0.769 0.747
7 1-10-10-8 282051 Hs.71741 N53616 ESTs, High 1.016 1.051 1.062 0.952 1.027 1.03025 1.03 1.043 1.054 1.043 1.237 1.117 1.105
8 |1-10-1-11 366966 Hs.27865 AA026562 ESTs 0.965 2.153 2.193 1.665 1.789 1744 0.47 0.833 0.291 0.644 0.669 0.683 0.775
9 |1-10-11-1 280752 Hs.79362 N50554 RBL2 retinoblas 0.993 1.229 1.39 1.146 1.107 1.1895 0.776 0.89 1.125 0.938 0.964 0.736 0.752
10 |1-10-11-1C 123646 Hs.117331 R02728 ESTs 1.007 0.904 0.895 0.818 0.892 -1.10375 1.033 0.889 1.07 0.919 1.081 1.143 1.016
11 1-10-11-1: 200307 Hs.68647 R96804 ESTs, Wea 1.031 1.085 1.396 1.268 1.091 1.195 0.773 1.025 0.998 0.958 0.987 0.982 1.086
12 |1-10-11-1% 325138 Hs.82035 W49785 ESTs 0.868 0.995 1.124 1.211 1.219 1.0455 0.626 0.823 0.724 0.798 0.611 0.661
13 |1-10-11-1¢ 502287 Hs.83992 AA156781 ESTs 0.918 1.246 1.253 1.419 1.51 1.209 1.402 0.931 1.26 1.896 1.277 1.004 0.834
14 /1-10-1-17 809473 Hs.29759 AA443119 Homo sap 0.929 0.993 1.756 1.359 2.58 1.26925 0.571 0.743 1471 0.626 0.464 0.514 0.628
15 |1-10-1-20 137890 Hs.92202 REB581 ESTs 0.931 1.218 1.226 0.969 1.313 1.086 0.415 0.689 0.744 0.728 0.946 0.897
16 |1-10-12-1: 213118 Hs.37978 H69576 ESTs 0.893 0.796 0.973 0.796 0.951 -1.15674 1.089 0.995 1.19 1.111 1.153 1.164 0.978
17 |1-10-12-20 198607 Hs.58617 R54547 ROCK2 Rho-assoc 0.963 1.137 1.236 1.038 1.483 1.0935 0.65 0.866 1.154 0.68 0.76 0.778 0.758
18 1-10-14-2 735752 Hs.6151 AAA96327 Human ml 0.944 1.141 1.221 1.11 1.077 1.104 0.963 0.987 1.053 1.053 0.9732 0.942 0.873
19 1-10-14-2( 427980 Hs.150390 AAOD01B35 ZNF262  zincfingel 0.951 1.043 0.91 1.004 0.86 -1.02354 0.807 1.116 0.922 1.032 1.054 0.932 1.083
20 |1-10-14-6 49260 Hs.12840 H16573 Homo sap 0.975 0.861 0.907 0.9 0.92 -1.098 1.124 1.067 0.938 1171 1.122 1.113
21 1-10-15-14 810741 Hs.7719 AAA57725 GABARAP GABA(A) r 1.016 1.096 1.281 1.318 1.17 117775 1.14 1.291 1.178 1.156 0.986 0.908 1.128
22 |1-10-15-17 265592 Hs.29826 N21407 ESTs L11 1.261 1.391 1.482 1.084 1.311 0.842 1.073 1.068 1.307 0.847 0.755 0.989
23 |1-10-15-20 428737 Hs.103280 AADD4648 ESTs 1.089 0.879 0.884 0.819 1.069 -1.08962 1.191 1179 1.092 0.979 1.147 1.086 1.114
24 |1-10-15-21 50182 Hs.89591 H17882 KALL Kallmann 0.958 1.564 1.208 1.224 0.79 1.2635 0.662 1.162 0.652 0.456 0.749 0.73 0.558

— Sample to Insight
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m ESEMERIEET « p-vlauedkfold-changeE #5158 - BEX#E
IPAR R ZRISTH °

B EEEERA Excel RIBEEMT - EEXEEREA—(ESheetziE -
O Excel Sheet€FMHAZE—HESH D FHIID (WGene Symbol, Refseq number,

Uniprot number, HMDB% & A an & B 18)

HF{EExcel Sheet 2 0] AR A 201& observations (EI20EEfEE2HNERENER

S {EObservationt] LIB3E A EIRIZRIZEELE (ex. p-Value : fold-changeZ)

gt & LA REEB—EHead row (B17)

& EERIPAE - offEcut-off BEfRMETRE - EFEABREFEIRAERIREE

BEENEY DT - ERERBERENPBAES FHEEALEZE - o] MIHcut-offE

TERPIEHERRI D TiEE & - BLE@iBcut-of BN D FMEIPATTE 2 B Analysis-

Ready Molecules -

O O O O

— Sample to Insight
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%*‘Z%FEIPA DTARERRSEHA - EENEELREZ Log Ratio
540 B i E R 4EE A — & Observation :

* Observation 1 : Smokers vs. NonSmokers
« Observation 2 : Early COPD vs. NonSmokers
* Observation 3 : COPD vs. NonSmokers

4 A B C D

Early COPD
Smokers vs. VS. COPD vs.

1 ID_REF NonSmokers | NonSmokers | NonSmokers

*2711007_s_at -0.006955963 | -0.028339307 0.06209247

3 1053 at -0.047503628 | -0.001610169 0.060261582

4 117_at -0.110988314 0.193030977 -0.079160692

5 |121_at 0.050275771 -0.010810624 0.078980219

6 1255_g_at 0.01098737 -0.151880946 0.271391848

7 1294 _at -0.05090447 0.020144002 0.045157579

8 1316_at 0.041293255 0.040339731 0.101614517 _ _

9 1320_at -0.086868115 | -0.050757375 | -0.746738716 * A [E] observation BY
10 1405_i at 0.374965097 -0.01805262 0.474615195

11 1431_at -0.084408555 0.014600862 0.010719682 7‘55 MBECK
12 1438_at -0.043223369 0.04906669 0.072519797 47 38 7 45

13 1487_at 0.016570535 0.017204065 0.140111634 RIASB T A
14 1494 _f at 0.074827039 -0.171039972 | -0.053830243 tEFE 4R

— Sample to Insight
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Live Demo

— Sample to Insight
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* Null hypothesis: No overlap between molecules from dataset and
disease/function/upstream regulator/pathway.

» 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
TR

4 f_.ﬂeferenuﬂ Set

YOVEOEEY

111111011

* Predicts Activation or Inhibition

« Correlation between what is known (IPA Knowledge Base) and

your expression data

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. 20
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Functions analysis: 2IRER 2 FE MR ENEYIINGE - ERESHEE

Canonical Pathways : 5t 2 B 5 Z/9Signaling PathwayfMetabolic Pathway
Upstream Analysis: 5t EIE R ch & &) 3 FBREIAIUpstream molecules - MUK RIBEH T
XA EMEESHAESSHINE -

Networks : 2IREBBEMN P FRENAEIER% - I HoFIABuild ToolEOverlay
Tool3ETTIEBEIAEERE - L LB MERMEARGEERBEIWIRENEERIE -

Early COPD wa, Nap 5

ol = £

-}:u: Download Summary (FDF)

Analysis settings
Top Networks

D Associated Metwork Functions Score

1 View Endocrine System Development and Function, Energy Production, Small Malecule Biochemistry 34

2 Wiew Cellular Compromise, Cardiovascular System Development and Function, Cell Morphology 22

3 View Cell Death and Survival, Hereditary Disorder, Cardiovascular Disease 21

4 VWiew Connective Tissue Disorders, Hereditary Disorder, Inflammatory Disease 1%

5 View Lipid Metabaolism, Small Malecule Biochemistry, Amina Acid Metabalism 15
Top Bio Functions

[—|

— Sample to Insight
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Upstream Analysis

%

Dataset Molecules

Function Analysis

Dataset Molecules

Diseases / functions

Mechanistic Network of Upstream Regulators

Upstream
Regulator

Other upstream
regulators

DatasetMolecules @ @' @ @ @® © @

Regulator Effect Network Interaction Network
Any

Dataset Molecules

Diseases / functions

— Sample to Insight
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Functions analysis: 2IRER 2 FEEMBFENEYINGE - BRESHBELER

Early COPD ws. Non

Sumr‘nary\',l FIJHCtiCIﬂS\HI Canonical Pathway‘s\'\ Upstream Analyﬁis\\ Netwcurlm\'.l I".'1t:ulE.lv.:l.llva'f.\'.I Lists\'! By F'ﬂthwa}.-f.\'.I

;Eﬁ Download Summary (FDF)

FY

Analysis settings

Top Networks

D Associated Metwork Functions Score

1 View Endocrine System Development and Function, Energy Production, Small Malecule Biochemistry 34

2 Wiew Cellular Compromise, Cardiovascular System Development and Function, Cell Morphology 22

3 View Cell Death and Survival, Hereditary Disorder, Cardiovascular Disease 21

4 VWiew Connective Tissue Disorders, Hereditary Disorder, Inflammatory Disease 1%

5 View Lipid Metabaolism, Small Malecule Biochemistry, Amina Acid Metabalism 15
Top Bio Functions

[—|

— Sample to Insight
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"Childhood Exacerbated Asthma - 2012-03-25 08:49 AM :

Summary ' Functions \Camnical Pathways ', Transcription Factors |, Networks ', Network Explorer | Overlapping Networks ', Molecules ', Lists ' My Pathways |

Bio Functions \Tm( Functions \\.

CUSTOMIZE CHART | AUETIETH| BAR CHART ||| LINE CHART

[m cnidnond Exacerbated astnma - 2012-03-25 06:49 am |

=]
n

5
o

-log(p-value)

migration of cells
[ z-score 3.758 ]

Immune Cell Traffi..

Click squares below to explore Currently Viewing:
Cellular Movement Inflammatory Res...

Cell-To-Cell Signaling .. | Small Molecule... | Cellular Gr.. | Molecular... | Cardiova.. | Organ...
|

Tissue Morpho.. | Antigen.. |Nervou.. | Infect. | Cancer |Rena..

Tissue Development

Cell Death | ConNe..| Org.. | Cel. |Imm..| Or..

Lipid Metabolism

€ € 3
% % : £ E ¥ B z Cell.. | Con.. | Em. | Ce.. | M..] R-
a & 43 g zy ¢ g Cellula..
! 2 “ g ; § :E' 2 Eg = Organismal Injury and.. Skele. l'-\"'“l- Ew |C.
g _g g5 4 a g 5 & i Cardiovascula.. | Hem LI
é 3 §§ S g 54 ‘E':' Renal an.. —= - H. | C.|F.
In
3 5 §3 § £ =5 Ske_ |G | |-
|« ] N.
. 4
Table view | Tree View
v | R T T cstoae e [EA T pr e ra—]
[] | Category Functions Annotation p-Value Predicted Actival= Regulation { Molecules |# Molecules
1| Cellular Movement cell mavement 3.80E-08 TR 3.801 [FADORA3", +ALB*, TALOX12, TALOX15B*, +ANGPT2*, TANGPTL3", - all 99| 99 -
1] Cellular Movement migration of cells 2.04E-D8 Increased 3.758 [tADORA3*, +ALB*, tALOX12, tALOX15B%, +ANGPT2*, +ANGPTL3*, -_ all 92| 92
[ | Cell-To-Cell Signaling an{ binding of tumor cell lines | 4.34E-04 Increased 2.673 [+CD44 (includes EG:100330801)*, +EGF (includes EG:13645), +GAL... all 14| 14
1| cellular Movement leukocyte migration 5.26E-06 Increased 2.469 [tADORA3®, +ALB*, +ANGPTZ*, +AQP9, +C2*, 1C3ARL, +CCBP27, +... all 50 50
1] Immune Cell Trafficking | leukocyte migration 5.26E-06 Increased 2.469 [FADORA3*, +ALB*, +ANGPT2*, tAQP9, +C2*, +C3AR1, +CCBPZ*, +... all 50| 50
[] | Hematological System De| cell movement of leukocytes| 4.94E-04 Increased 2.411 [tADORA3®, +ALB*, +ANGPTZ*, +AQP9, +C2*, +C3ARL, +CCBP2*, +... all 39( 39 ~|

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

— Sample to Insight
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S 588

AR EREENEY BB ER - B0
PLA[Color by]igE Zz-score, -log (p-value),

sk = # of genes L& - MNREMz-score LERY
in - EEERIFEASREINEE - A1

FHIEAET o LAAK FH B S A T —
level functional category (level 2) Ei
Specific functions (level 3)

vt

Mid-

AEEIEN - EAREERENLIES

3 E o
Iiv-l-
.Smokers ws. NonSmeokers

Summary \l Functions I\ Canonical Pathways \ Transcription Fact: \ Networks\\‘ Metwork Explarer \\‘ Overlapping Nehvorks\ Molecules\ Lists\ My Pat

Bio Functions \ Tox Funcliorls\

Size by: |-log (p-value) +| Color by: Decreasing <-1.923 m 2.280 Increasing Highlight:

hwa o
7/ Click to show bar chart |
EI _HIMoreInfo Provide Feedback

Il Traffic...

=2 flrmune

Tis=sue Development Cell-To-Cell Signaling and ... Lipid Metabolism Cellular Mowvemert Gastroirtestinal Dises:

Skeletal and Musc...

Organismal Dewvelopment

Small Molecule Biochemistry Hematological Systerm Dewv... Genetic Disorder Malecular Transport

Tissue Marphol ogy

Endocrirne System ...

L Cellular Growth and Prolife... i i
ancel Cardiowassular Disease | ooj|yjar Developmant

Cardiowascular System...
Embryconic Dewelo...

Hematological Dis...

Inflammatary...

Qrganismal In...

Metabolic Oi...

Reproductive...

Meurological Dis... | %itamin and Min...
|

Connective Ti... | Organ Dewel...

Skeletal an... | Hematopoi... | Nutrition... | Organ k... |Cell Sign...
Irfectiou... |Dewvelopm...| Respirat... | Hair and...
F=ychologi...
Connectiv._. Cell Cy... | Behaw... |Lymph... | Cell_..
Mucleic Ac...
Organ... | Free . [Carbo...
Cell Death | Cellul...
Rera... | G... |D...
Hepat...
Reproducti...
Drug Met... | Cell M. Arti... [ A |0
Derma...
Dige...

Inflarmmatory R...

Irmmunclogic... | Endocrine ...

— Sample to Insight

Copyright©2018 GGA Corp. All rights reserved.

25




[
& Bl

83332  IPA DifT4E GGA

— QIAGEN

—

Canonical Pathways : 5t 2 B 5 Z/9Signaling PathwayfMetabolic Pathway

Early COPD ws. Non

Sumr‘nary\',l FIJHCtiCIﬂS\HI Canonical Pathway‘s\'\ Upstream Analyﬁis\\ Netwcurlm\'.l I".'1t:ulE.lv.:l.llva'f.\'.I Lists\'! By F'ﬂthwa}.-f.\'.I

;Eﬁ Download Summary (FDF)

FY

Analysis settings
Top Networks

D Associated Metwork Functions Score

1 View Endocrine System Development and Function, Energy Production, Small Malecule Biochemistry 34

2 Wiew Cellular Compromise, Cardiovascular System Development and Function, Cell Morphology 22

3 View Cell Death and Survival, Hereditary Disorder, Cardiovascular Disease 21

4 VWiew Connective Tissue Disorders, Hereditary Disorder, Inflammatory Disease 1%

5 View Lipid Metabaolism, Small Malecule Biochemistry, Amina Acid Metabalism 15
Top Bio Functions

[—|

— Sample to Insight
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Canonical Pathways#: RIZ%:

=5 Z1Signaling PathwayfMetabolic Pathway k58

Srnakers vs. MonSmok

Summary\\ Functions  fLanonical Pathways Transcription Factors\\ Networks-\ MNetwork Explorer \'\ Owerlapping Networks\'\ Molecules-\

customize cHART [V RSP g carT || Une craRT [ STACKED BAR CHART RISt RV R = = T

W Smakers vs, MonSme C I I C k k

A= IR E RS

MHEFRITECanonical Pathway [
%?“'J:EE’\JBarﬂ —FTﬂﬁ- |

. IHidataset PESEHRN
|I:E| / / \I\
. AN
3 athway#y ID
E % pathwayfy 73+
§an
=
_g‘ 1.5
1.0 — i
0.0 p-
- 2 x5 3 g oz 2 2 5 2 E 3z 2 E sT g £ & £ 5 =z, . £ 5 2
T3 E s 5 - 5r T < H 2 & = I B g g £ g 2 ET 5. 2 3 E
T g A 28 3 i 5. 3s & § % 8 I & I f i Z & & i ¥ 3 <% % 3 3 7
= sg 5 g4 Lo =2 2x 55 @ - 5 E To %5 i B2 LT £ o T = g5 I5 = = Q
= 15 5 2w o= T 55 W: L -] u 2 2 T st g2 a o =] 5 3 £ E u 3 E =g 03 E ; .
2 T C o T E = G TR o E ] = - £ o i) [ o E = &5 2 5 m ) = FE =L c - i i
E-) o * g EE < o g8 =4 i H < = Iz T 2 =8 T 5 c b = BE B = = = E
= 2 k] £ &< u a8 L & a6 a = go =3 U B R ] 4] 2 £ g cw =2EfS L] 3 I
L35 0 EE L 5§ oz EE -3 e g7 BI0® 8§F 58 & s & F gz 2z 2 3
z = K] 2 g 3 £ =
20 g 50 03 2 2 = L 5 ] a0 ] [ % o T 23 < c = E-
“E 2 3 z ] = a = B g T 2E E ¥ i< fa :
z =2 T ] I E E= 7 1 ] - 3 ET oE b
& [G] 2 LA % il o L] = o U I EG 3 a 5
2 = u g R S ec El
<
.
12 molecule(s) associated with FXR/RXR Activation at Smokers vs. NonSmokers [Ratio: 12/102 (0.118) ]
T o] e o | cosnouze e NRCEREY
0 7 Symbol Exp. Chart Synonym(s) Entrez Gene Mame Identifier Exp Val
Affymetrix Log Ratio
| apoca~ E.,q APO-CI arelprEEhn Gl 231562 _at* 104325
MGCI17EED

Selected/Total molecules : 0712

#Z "Open Pathway” HlTJ]]
R AB{ECanonical Pathway
ERERPND FEHRERN

— Sample to Insight
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Upstream Analysis: 5t EIE R ch & &) 3 FBREIAIUpstream molecules - MUK RIBEH T
XA EMESES WA EIS W& INE -

Early COPD ws. Non

Summary\',l FIJHCtiCIﬂS\HI Canonical Pathway‘s\'\ Upstream Analyﬁis\\ Netwcurlm\'.l I".'1t:ulE.lv.:l.llva'f.\'.I Lists\'! By F'ﬂthwa}.-f.\'.I

EXPORT ALL & Download Summary (FDF)

FY

Analysis settings
Top Networks

D Associated Metwork Functions Score

1 View Endocrine System Development and Function, Energy Production, Small Malecule Biochemistry 34

2 Wiew Cellular Compromise, Cardiovascular System Development and Function, Cell Morphology 22

3 View Cell Death and Survival, Hereditary Disorder, Cardiovascular Disease 21

4 VWiew Connective Tissue Disorders, Hereditary Disorder, Inflammatory Disease 1%

5 View Lipid Metabaolism, Small Malecule Biochemistry, Amina Acid Metabalism 15
Top Bio Functions

[—|

— Sample to Insight
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— 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:
O Activation z-score
0 Overlap p-value

— Sample to Insight

29



& o
| _ & AR
3338  Upstream Regulator Analysis: How does it work? o

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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Statistical measure of correlation between the transcription
regulator (TR) and resulting gene expression

@ N = 8 genes

“““@.‘ '!'Lliengjree():t on downstream genes
@@@@@)@@@@‘ Differential gene expression

(Uploaded Data)

1I1I-1!1,

1 1!0 11

Z-score > 2 or < -2 is considered significant

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

— Sample to Insight
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— QIAGEN

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

Upstream Regulators
Simplest Regulator Effects result

O O P
A

I

1

Algorithm '.

Molecules in the dataset > |

1

First iteration \, l l
Disease or
Function
Displays a relationship between the
Disease or regulator and disease/function if it exists

Function

Downstream Effects Analysis

Causally consistent networks score higher
The algorithm runs iteratively to merge additional regulators with diseases and functions

— Sample to Insight
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Networks : EIRERER PN FRERVMHEEEE% - B IFIABuild ToolEOverlay
Tool3 1T EAFEMARE - U EI N HERMEARBEERHZINRNENEEKE -

Early COPD ws. Non

e E

Summary\',l FIJHCtiCIﬂS\HI Canonical Pathway‘s\'\ Upstream Analyﬁis\\ Netwcurlm\'.l I".'1t:ulE.lv.:l.llva'f.\'.I Lists\'! By F'ﬂthwa}.-f.\'.I

EXPORT ALL & Download Summary (FDF)

FY

Analysis settings
Top Networks

D Associated Metwork Functions Score
1 View Endocrine System Development and Function, Energy Production, Small Malecule Biochemistry 34
2 Wiew Cellular Compromise, Cardiovascular System Development and Function, Cell Morphology 22
3 View Cell Death and Survival, Hereditary Disorder, Cardiovascular Disease 21
4 VWiew Connective Tissue Disorders, Hereditary Disorder, Inflammatory Disease 1%
5 View Lipid Metabaolism, Small Malecule Biochemistry, Amina Acid Metabalism 15
Top Bio Functions
[—|

— Sample to Insight
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1. Focus molecules are “seeds”

2. Focus molecules with the most
Interactions to other focus molecules
are then connected together to form a
network @

3. Non-focus molecules from the
dataset are then added

4. Molecules from the Ingenuity’s
Knowledge Base are added ™~

5. 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

— Sample to Insight
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Live Demo

— Sample to Insight
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— QIAGEN

The enhanced Causal Network Analysis (CNA) provides a comprehensive approach to
identifying upstream molecules that control the expression of the genes in your datasets. You
can now, in a single click, visualize the diseases and functions you are scoring against,
understand the effect of the master regulator on that disease or function, and drill-down to the
evidence supporting those relationships. In addition, increase the predictive power by allowing
intervening molecules or functions, up to three steps or ‘hops’, to connect a hypothesis to the
scoring criteria.

-~ —

\ LoE =
A.CP,l, L. LO, M. P, TR, UB (136)
\ 2

A (% root B (S root

’ \rl ' \ -
regulator M regulator e a5 \
I/: \ / ‘)( A / \
F\ /100 \to“’ y: \
18 / E \ e ="Two \¢ AM \ L0, TR(1)
. ) / P X / / Y% 2N \
intermediate i 1 N "
regulators '
! : \\
) \
) \
’ 1 \
’ [ \
/ ) \
O & o ¢
target genes target genes

Causal analysis approaches in Ingenuity Pathway Analysis. 2014 Bioinformatics

— Sample to Insight
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How to Create Causal networks?

The option to build causal networks is available in IPA on the Create Analysis page. Select the
check box for Causal network under General Settings > Networks to include Casual Analysis in

your analysis results.

» Metworks Interaction & Causa...

Species All

General Settings Generate the following Metworks (increases analysis time)
Interaction networks

Include endogencous chernicals Molecules per network Metworks per analysis
Node Types
Genes are always included 5 - 5 -
Data Sources All -

Causal networks
Confidence Experimentally Ob... ] ] ] ] ]
core raster regulators for relationships to diseases, functions, genes, or chemicals (max 50)

Score using causal paths only

Tissues & Cell Lines All

Mutation All

ADVANCED B SAVE AS DEFAULTS

Click on Add to begin searching for specific function, disease delay in differentiation of cardiomyocytes
. . . = Cellular Development
or genes and chemicals that you may wish to score against £10] diffarentiation

your causal networks.

differentiation of cardiomyocytes |

gt

~» Add functions and genes/chemicals

Genes and Chemicals " Diseases and Functions \

Differentiation of cardiomyocytes

SEARCH

_'_CI'UEWTENTIEUW TOT CaETOTOTT Ty OCyIES

BD Cardiovascular System Development and Function
ED differentiation
: [ differentiation of cardiomyocytes

— Sample to Insight
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Mechanism of scoring path types

Path Types
=[] Selectall
[] Affects Both -- AB
[] Affects Downstream - AD
[] Affects Upstream -- AU
Master regulator (] Decteases Eoth - DB
. . [v| Decreases Downstream -- DD
Entity being scored ) Decoases Upstream — DU
[ ] Incresses Both -- IB
-] Increases Downstream -- ID
[ ] Increases Upstream -- 1T

The effect of the upstream node on the The position of the master regulator node relative to
downstream node: the entity being scored:

- Increases: The upstream node increases the - Upstream: The master regulator is upstream (acts on)
activity of the downstream node of the entity being scored

- Deceases: The upstream decreases the activity of - Downstream: The master regulator is downstream (is
the downstream node acted upon) by the entity being scored

- *Affects: The upstream node neither increases nor - *Both: The master regulator is neither upstream nor
decreases the activity of the downstream node downstream of the entity being scored

— Sample to Insight
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— QIAGEN
Result Specific function, disease or genes and
chemicals that you wish to score against your
Master Regulator and Networks causal networks.
+ Add/Remove column(s) |kNR1 +!| Diabetes mellitus [diabetes] + | Insulin +/| Relationships Between M... +
Mester ... T |Expr.. ¥ x| Mol.. [T/ X | Participatng regulators T X |Depth [T/ X/|— Pre.. X/|Ach. T X |pva. T X ILengI.hl | Path ... X|| Length|... %/|Path... |7/ X | Length|l.. % | Path.. ¥ X/|Incr.. T/ /X[ Decr. [T [X
ICMT enzyme ICMT Lalll |1 Activated 2,000 1.31E-08 318 DU(3), 211 DU(t) 3123 DD(2),
GEPC phosphatase +D-glucose, GEFC all2 |2 A ctivated 2000 9.99E-03 2112 DD, 3151 DU23), 11t DD(1) GC....all9 | Talp....all8
afatmib chemical drug | afatinib Lalll |1 -1.667 9.47E-16 211 DUty 213 DU}, 213 I0(3)
Ucr2 transporter UCP2 Lalll |1 -1633 6.82E-13 217 DD, 111 ity 111 DD(1) siiol....alll | PLL. .all5
propylthiourad chemical drug | propylthiouracil Lalll |l -1.134 6.83E-13 211 Uity 213 DU(3) 211 (1)
strolimus chemical drug | sirolimus Lalll |1 -1.265 |2 23E-09 212 DUy 111 (1) 111 (1)
methimazole chemical drug | methimazole Lalll |l -1.342 [2.62E-08 212 DU(t), 211 DU(t) 212 Dut),
probenecid chemical drug | CASPL, DIOZ,PANKL, all7 |3 0816 1.23E-06 315 DU 317 DU(36), 317 Du),
HTT transeription .. | HTT Lalll |l -0.447 [2.05E-06 111 i) 111 DU(t) 217 DD(2), sirol.....all 2
Length (3) n,_@se
-,
-~
~ N\
-~
// N\
~ N
-~
‘\.\

Participating
Regulators

N

<G\5\Sﬁ1}actwe oxygen specieD|02

— Sample to Insight
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BioProfiler
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| BioProfiler

ADD TO MY PATHWAY

ADD TO MY LIST || DIS

LAY AS METWORK

CREATE DATASET

| IE_# Genentech BMCT..

Malecule +| Add/Remove column(s) | Disease or Function Evidence

Sym_. Y| Mole. T XD X Expr.. T X Expr_. T X | Expr_. T X| Mole.. T X EffectonD.. T X/| Disease or Function 7| Muta. T X
P ABCES transporter  |214209 s at | +1.072 3.59E-04 1.30E-03 increased ac... |affects,increases  |Adenosquamous ... all 6 [heterozygou.
P AEHD17A |enzyme 221267 s at -0.602 3.44E-04 1.26E-03 unknown ch... |affects Acute myeloid leu... all 4 |heterozygou.
» ARL? other 225112 at 4+0.091 3.92E-01 6.19E-01 decreased a... |affects,decreases,i... | Abnormal morp... all 23 |heterozygou.
B ACAT2 enzyme 209608 _s_at -0.787 1.12E-02 2.02E-02 decreased a... |affects,decreases,i... [Absorption of ch... all 23 [homozygou..
P ACTMNG transcription... | 200601 _at +1.464 B.8BE-16 24BE-14 decreased a... |affects,decreases,i... | Abnormal morp... all 81 |dominant he.
B ADANZE  |peptidase 205997 _at +1.646 9.07E-01 1.00E00 decreased a... |affects,decreasesi... [Adhesion of end... all 19 |frameshift h...
P ADAMDEC] peptidase 206134 at +1.300 1.00E00 1.00E00 increased ac... |affects Adenosquamous ... all 8 |heterozygou.
P ADAP2 other 222876s_at | +1021 9.60E-01 1.00E00 increased ac... |affects Advanced stage .. all 4 |heterozygou.
P ADGRES [G-protein co..|202910 = at | +1.182 1.80E-06 1.05E-05 decreased a... |affects,decreases,i... |Accumulation of... all 36 [homozygou..
P ADGRLL G-protein co...|203488_at +1.334 1.11E-13 218E-12 decreased a... |affects,decreases,i... | Abnormal functi... all 10 |homazygou..
» ADNPZ other 203321 s at -0.466 3.03E-03 8.09E-03 increased ac.. |affects, decreases,i... | Cell death all 7 |heterozygou.
P AGPATA  |enzyme 228667 _at -1.675 274E-06 1.52E-05 decreased a... |affects Abnormal quantit... all 8 |heterozygou.
P AKS kinase 224655_at -1.323 2.52E-05 1.14E-04 decreased a... |affects,decreases | Cell viability of m... all & |frameshift,wi.
P AKAPTL other 203156_at -1.330 2.72E-09 2 .65E-08 decreased a... |affects,decreases,i... | Abnormal morp... all 24 |heterozygou.
B AKAPS other 203847 s at | +0.630 5.05E-09 471E-08 decreased a... |affectsincreases  |Cleft palate synd... all 11 |heterozygou.
paKAPaL  |other 218064 s at | +1.058 6.40E-12 9.58E-11 decreased a... |affects,decreases,i... [Activation of DN... all 17 |heterozygou.
P ALGS enzyme 218203 _at -0.653 3.14E-08 247E-07 increased ac... |affects Adenosquamous ... all 8 |heterozygou.
P ALS2 other 226291 _at +0.375 1.01E-03 3.34E-03 decreased a... |affects,decreases,i... | Abnormal morp... all 64 |frameshifth...
pANAPCS  |other 200098 s at | +0471 172E-04 6.74E-04 decreased a... |affects Liver carcinoma all 6 |missensesile.
B AMNKRD33E [other 231963 _at +2676 2.BBE-15 6.50E-14 unknown ch... |affects Cutaneous melan... all 3 |frameshift h...
P ANPIZE  |other 221505 _at +0.544 278E-04 1.04E-03 unknown ch... |affects Endometricid en... all 3 |missense,no..
»APZEL transporter  |200612 s_at -1.040 1.15E-04 4 66E-04 decreased a... |affects, decreases,i... |Activation of RMA  all 7 |nonsense,un..
»AP3D1 transporter  |206592_s_at -0.410 1.04E-04 4 25E-04 decreased a... |affects, decreases i | Acidification of . all 23 |frameshift h...

BioProfiler allows you to make novel discoveries by providing you the ability to
filter the fine-grained relationships between molecules (genes, RNASs, proteins,
and chemicals) and diseases or functions.
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« Targets of toxicity: Which genes when [decreased] in activity [increase][liver cholestasis]? What
types of [genetic] evidence support this?

+ Target discovery: What [heterozygous knockouts] in [mouse] can [decrease] [asthma]?
* Which drugs or which targets have been in late stage clinical trials or approved to decrease

[diabetes]?

« Biomarker research: Which genes are potential [diagnosis OR prognosis] biomarkers of [breast
cancer] and are [upregulated] in breast cancer?

BioProfiler

ADD TO MY PATHWAY | ADD TO MY LIST | DISFLAY AS NETWORK E| Eﬂ-

g [

ypterin - val.. (plof1) «| & [

doge Info
AdAd ralumnis)

Maolecule Add column(s)
Symbol Molecule Type [v]
(6R)-tetrahydrobiopt... |chemical drug
P ABAT enzyme
acamprosate chemical drug
ACHE enzyme
> ADRALA G-protein coupled r
»ADRALB G-protein coupled r
> ADRAID G-protein coupled r
P ADRAZA G-protein coupled r
> ADRAZE G-protein coupled r
P ADRAZC G-protein coupled r
P ALDHSAL enzyme

P aripiprazole

chemical drug

[E3

Add Column(s) to section

idence

Effect on Dise... (o] Tl

Molecule Type

[ Disease Count

[ synonym(s)

[ Entrez Gene Name
[ Tissue/Cell Line

[ Location

decreases
affects
decreases
affects
affects
affects
affects
affects
affects
affects

affects

|increased activity

decreases

Causal or Caorr,

causal
correlation
causal
correlation
correlation
correlation
correlation
correlation
correlation
correlation
correlation
causal
causal
causal
causal
correlation
causal

Add Column(s) to section

Molecule Activity
Effect on Disease or Function

Mutation evidence

Biomarker Application Evidence
Species Evidence

Drug target evidence
Expression evidence

Causal or Correlated

[ Tissue/Cell Line

Findings
[11 |

— Sample to Insight
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« Type: Transporter « Type: Transporter
« Location: Cytoplasm * Location: Cytoplasm
ABC « Tissue: Adipose, Liver L2 « Tissue: Liver, Lung
D2 « Disease: Abnormal « Disease: Abnormal
Conduction by Nerves Conduction by Nerves
« Effect: Decrease « Effect: Increase

« Type: Growth Factor
* Location: Extracellular

ART Space . Wh@k@@eﬁﬁmwss:ehe
N « Tissue: Adrenal Bxpress of Alveo?mal
« Disease: Abnormal conciuction by-nerves?

Conduction by Nerves
« Effect: Decrease

— Sample to Insight
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The new Relationship Export capability in IPA enables you to export the structural information
contained within IPA networks or pathways for visualization in other tools such as Cytoscape.

The export format contains relationships modeled as triples: Node A --> Relationship -->Node B

Cyi 4
IR CGM0s7 \
// \
/ \ \

IPA Network ‘

v

A B C
1 |From Molecule(s) Relationship Type To Molecule(s)
2 BAG3 activation ERK1/2
3 |BAG3 phaosphorylation ERK1/2
4 |BAG3 protein-protein interaction BAG3
5 |BAG3 protein-protein interaction ERK1/2
6 |BAG3 regulation of binding ERK1/2
7 |CDH1 activation ERK1/2
8 |CDH1 activation Mapk
9 |CDH1 expression CDH1
10 |CDH1 expression CDH2
11 |CDH1 expression ERK1/2
12 |CDH1 expression ITGB3
13 |CDH1 expression MMP14
14 |CDH1 expression MTOR
15 |CDH1 expression S0X9
16 |CDH1 phosphorylation ERK1/2
17 |CDH1 protein-protein interaction BAG3
18 |CDH1 protein-protein interaction CDH1
19 |CDH1 protein-protein interaction CDH2
20 |CDH1 protein-protein interaction ITGB1
21 [CNH1 reanlatinn_nf hindinn :NHA1
Relationship

Export

‘ofep

Cytoscape

— Sample to Insight
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IsoProfiler displays and enables filtering on transcripts & isoforms in your RNA-seq dataset(s)

Your data must be mapped using RefSeq, Ensembl, or UCSC identifiers. You cannot use gene
names or gene-level IDs to map your dataset for IsoProfiler, you must use transcript IDs.

Furthermore, for IsoProfiler your dataset must consist of a single source for your dataset-- i.e.

only Ensembl, or only RefSeq. You cannot mix sources.

— Sample to Insight

AlFMA1

Chromosome: X;

Location: Xq26.1

_HI' — ! '|'H I T ! —W‘HII Fl 1l H: W §
Domains e 5
NADB_Rossmann AIF_C Length 2
= — (# of AA's) # of findings w
AIFM1-001 - T TTT™ T |T_| 613
e [ T ——— T 609 :
AEMA-003 | .. S — T |'| 396
s e i e I s s [ e i 324 3
20 [ e B R s s s -~ 3
AIFMI-004 i | '| 274 9
AIFN1-007 H_F _[ 89 e
AIF1-008 | s . I I s s =TT T 43
AIFM1-008 I_|_|_|_|_|_‘ i

JADEQD &

Ensembl ID with isoform viewer in IPA
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Once IsoProfiler launches, it will display results such as in this example

Dataset Chooser

Genes and their isoforms from the dataset

IsoProfilex; = Human i from with Expr Fold Change and Expr Intensity/RPKM/FPKMICounts
 Datasets DD TO MY PATIWAY | ADD TO MY LIST | SOPROFILER FINDINGS | CREATE DATASET | CUSTOMIZE TALE oA A Mo o
& g ; ; Sym.. |Mole... X |Gene-level Disease or Function X/| Gen... X|| Expression Pattemns Ma.. x| Tea. X/ |Ra. X |Isoform-spec.. || lsoform-specific Disease or Function %
213
a E o
b '§ E ; = ABCBI1 ltronsporter |Abnormal morphology of CDB-positive slpha-beta intra... . all 235 432 4-5.244 2| 9801 Acute myeloid leukemis,Breast ca......all 16
E | Name L2 e B GTEx 4 2 --1-2122
1 HCC EM pool Tumor vs_ Normal 2016-09-30 v v
CEACAM] |transporter |Abnommal morphology of colon, Accurmulation of triscy... ..all 138 w | +-47.085 2 | 50.309 7 | Apoptosis of colorectal cancer cell . all 5
GTEx 9 15 -8-1-- 14487
FKEP8  fother Abnomel of brein, Abnormal o...all63 107 D 17,076 2 | 20332 1 |poptosis of epithelial cell lines, Ap. .1l 2
GTEx 3 1116-11-111-~
S [stamon | PSS
RTN4 lother Acute brein infarction, Acute coronary syndrome, Adeno... ..all 117 2 +-3.560 2| 6192 8 [Acute coronary syndrome, Angina..... all 14
GTEx16161-11 - == | -----
Filters +
~ Expr Fold Change
1000 m—) — 1.000
Selected rows 1/4
;.. | Tsoform Tracks +| Add/Remove column(s) | G
-~ Expression Patterns Transeript Frotein X | Schematic X/|.. xl].. [x|]APPRIS x| Biotype ... % | Isoform-specific Disease ox Function x| L. x| ADlt.. | Tiss...
@® Trenseripts are both up and down regulated in the deteset 1 FKBP8-209  [FKEPSimforml | W 413 [1781  [PRINCIPAL:3 protein-coding TSL:5 [Apoptosis of epithelial cell lines,Apoptosisof eyec....allZ [ 1 5054 | 3 tissues
) Gens has D tremseript(s) in the dataset V] FKBP8-213  [FKBP8isform1 | [re BN Em (413 [1849  [PRINCIPAL:3 protein-coding TSL:1 |Apopiosis of epithelial cell lines,Apopiosisof eye e allZ | 1 64073 | 1 tissue
) Switth in he highest infensity isoform for the gene 3 [FKBPS201  [FKBPBisform2 | (v P mE e W12 (1710 |ALTERNATIVE! |protin-coding TSL:1 57672 | 1 tissue
4 IFKBF8-206 [FKBPS isoform2 | 7 L M 412 1756 |ALTERNATIVE:l [protein-coding TSL:2 3451 1 tissue
15 [FKBP8-208  |[FKBP8-208 |t ] [256  |966 protein-coding TSL:3 0.091 | 6 tissues
6 FKBPS-202 |FKBPS-202 | [ [ n 248 (1292 protein-coding TSL:1 0.094
7 [FKBPS-210  |[FKBP8-210 | 202 [1140 protein-coding TSL:2 13697 | 1 tissue
i3 IFKBF8-204 [FKBP3-204 ERR 181 612 protein-coding TSL:3 0.350 | 1 tissve
-~ Isoform-specific Disease or Function count 9 [FKBP8-203  |[FKBP8-203 | [t | 166 (593 protein-coding TSL4 0.000
Hosotleast [1_| ioform(9) involved inatleast [I_| 10 [FKBPE-207 [FKEPS-207 000 | P - 162 [574 protein-coding TSL:3 0077 | 1 tissue
disease(s) or function(s) 11 [FKBPS-211 FKBPS-211 | [ | 116 1548 protein-coding TSL:5 0171 | 1 tissve
12 [FKBP8-212 [FKBPS-212 [ | 102 {460 protein-coding TSL:2 1.408 | 1 tissve
12 [FKBP8-214  |[FKBP8-214 | 1 22 220 protein-coding TSL:2 0.000
14 FKBPE-205 439 retammed intron TSL:3 0.463
Ealy [»

Isoform filters

— Sample to Insight

Isoform details on the selected gene

Copyright©2018 GGA Corp. All rights reserved.
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If your dataset is based on human expression data, additional functionality appears in

IsoProfiler to help you explore tissue expression information from the GTEx consortium, which
profiled 51 tissues from multiple human tissue donors by RNA-seq.

|£/ Isoform Expression in GTEx tissues

o B

Median FPKM

| Show valve mdicators

ASPH aspartate beta-hydroxylsse

X

ASPH-2

W ASPH-203
@ ASPH-230
A ASPH-214
¢ ASPH-201

ASPH-207
¥ ASPH-209

ASPH-205

ASPH-2
§ASPH-225

ASPH-2
B ASPH-224

ASPH-202
A ASPH-212
# ASPH-22
= ASPH-22
¥ ASPH-2
« ASPH-22i
» ASPH-22.

ASPH-2
ASPH-2
ASPH-2
ASPH-2

® ASPH-2
ASPH-2

¥ ASPH-2

« ASPH-22

. | Isoform Tracks Tt Remove Totmmer e T [EENEE 4 Add/Remove column(s)
Transcript | Protein * | Bchematic APPRIS * | Biotype X ..o x| x|I. x|Allt. | TrorEmeiMent x
1 ASPH-203 |ASPH tsoforma |17 T 758 5268 (PRINCIPAL:2 protein-coding TSL:1 6.700
2 ASPH-230 |ASPH isoformf |77l 11 729 2550 |ALTERNATIVE:Z |protein-coding TRL2 0.000
3 ASPH-214 |ASPH-214 [ 327 2874 protein-coding TSL:5 3.005
4 ASPH-201 |ASPH ssoforme [7-==ooooooooo 313 |3730 protein-coding TSL:A 0011 | 11 tissues

ASPH-201 1s enriched m ‘
Adipose - Subcutaneouvs 15921 x

Brain - Cerebellar Hemisphere 10.326 x

Brain - Cerebellum 9.193 x

Brain - Frontal Cortex (BA9) 55944 x

Brain - Nucleus accumbens (basal ganghia) 5.242 x

Brain - Putamen (basal ganglia) 5.756 x

Breast - Mamumary Tissue 5285 x
Fallopiam Tube 9 568 x

Skin - Not Sun Exposed (Suprapubic) 6.324 x

Skin - Sun Exposed (Lower leg) 9.209 x

Stomach 6.207 %

The GTEXx consortium has performed over 9,800 paired-
end RNA-Seq experiments across 51 human tissues

— Sample to Insight
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Find out how to understand your Phosphoproteomics Analysis and about the multiple ways
of relating the molecules in your dataset to the body of information in the Ingenuity Knowledge
Base.

Halos indicate the protein’s activity when it is opposite of the direction of phosphorylation

Fill color represents
Halo is the  Phospho log ratio
predicted
protein
activity

6 2

SFLy GSK3B*
\

CFL1 has increased phosphorylation in GSK3B has decreased phosphorylation in
dataset but prediction of decreased protein dataset but prediction of increased protein
activity activity

— Sample to Insight
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Gene expression data:

FST causes the up-or-down-regulation of
target genes

A,

s 1\ N\
7 §F Y S

I\ A

FN1
CD36 3@1

PLG, CD36, CPS1 are up-regulated by
activated PST

FN1 is down-regulated by activated PST

— Sample to Insight

Phosphorylation data:

LEP causes the up-or-down phosphorylation of
target proteins

s N ~
7 / \ ~ N .
(2‘/ l7 - ~ S’ 11
Wﬁ: | 1] EIF2A
AKT1* b

AKT1, IRS2 are activated by increased
phosphorylation from activated LEP

EIF2A’s activity is inhibited by decreased
phosphorylation from activated LEP
ACACA has increased phosphorylation from
activated LEP

The blue halo indicates that phosphorylation
cause inhibition of ACACA's activity
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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.

— Sample to Insight

Expression Analysis - 4 hr lung

Summarv\ Canonical Pathways \ Upstream Analysis \ Diseases & Functions \ Regulator Effects \ Lists \ Molecules ' Analysis Match \

EISETEIT &) By il More nfo
—
Analysis Name ¥/| Proj... @ X|| case... |7|IX|| case... ¥/ X|| com... Y| Xl com... ¥/ X/| CP {... ¥IIXI|UR (... [¥IIX] # & w CP ... (Y IX|[UR... Y X[ p=w... (¥I I
testl- normal control [lung] H_ influenzae (heat kijMouseDise... [normal cont...|lung Treatment ... |PreTreatm... |64.89 74.83 69.49 1.49E-05 .SBE-B7 4 [69.35
test2- experimental autoimmune encephalomyelitfMouseDise... |experiment... |lumbar spi... [Disease vs._.. |DiseaseStat...|64.89 76.16 69.37 3.9E-05 1.43E-71 3 [75.98
testl- experimental autoimmune encephalomyelit|MouseDise... [experiment... [lumbar spi... |Disease vs.... [Disease5tat...|56.20 76.16 68.68 7.79E-04 |L43E-71 |LE- 76.55
testl- normal control [pulmonary airway] TNF alpHumanDise... [normal cont...[pulmonary ... |Treatment ... [Treatment ... [S1.30 73.48 68.07 8.59E-04 |[1.32E-63 [|9.65E-101 |9.1E- 2.55
test4- bacterial pneumonia [lung] NA MouseDise... |bacterial p... |lung Disease vs.... |DiseaseStat...[45.88 74.16 66.67 1.2E-02 1.48E-B5 [4.25E-72 (2.19E-60 (75.96
test4- atopic dermatitis [skin] NA HumanDise...[atopic der... [skin Disease vs.... [SamplePat... (56.20 72.80 66.22 5.87E-05 |lL.11E-61 |9.47E-62 |1.05E-44 (74.11
test8- dyshiosis [ileum] NA MouseDise... [dysbiosis ileumn Treatment ... [Tissue:5am...|60.70 71.41 66.07 2.67E-06 |B.5E-58 3.04E-47 |1.83E-49 [75.41
testl- vi [hippocampus] NA |MouseDise... |viral infecti. .. Ui jcease vs.... [DiseaseStat.. |56.20 76.81 65.96 2.81E-05 |1L.24E-73 [4.2 9E- 70.46
Test2- cri o\on] NA MouseDise... [crohn's d atment ... [Genotype:S...|51.30 72.80 65.80 4.95E-04 |1.11E-61 74.90
est3- p NA MouseDise... |pulmon reatment ... [SubjectTre... [45.88 72.80 65.70 5.69E-03 [L.11E-61 9 |75.38
test3- nofinfl Whp polysaccharide (LHMouseDise... |normal eatment ... [PreTreatm. 1.30 .50 65.56 2.14E-03 [L.54E=69 67.57
test1- nefrinogatbic Caycher Misease (nGD) [thalMouseDise... [n€uron isease vs.... DlseaseSHﬁ 65.33 4.25E-05 (1% 5 9 |63.18
test8- noimfal control [skin] NA HumanDise...|normal ! reatment ... [Treatments...|56.20 70.71 65.15 1.11E-04 [4.55E-56 5 |69.12
test2- noffpl control [periphe il blood] lipopolys{HumanDise... [normal cont™ tment ... (Molecul 51.30 n?1.41 65.13 2.14E-03 |B.S5E-58 [l 70.22
test2 - halegrial pneumonia;inflienza A [lung] NA [MouseDise... |bacterial p... [lung ent ... Subjeﬂ@()m CIZ‘Fe 655.01 8.45E-03 [1.56E-67 [1.39E-60 |[L21F 6.00
testl1- viral INfectious disease (lung] NA MouseDise... [viral infecti... |lung Treatment ... |Subjectinfe... |[51.30 74.83 64.99 1.39E-03 |[1.56E-67 |[8.93E-42 |3.32E-5 71.95
testl- kidney disease [kidney] NA HumanDise... [kidney dise... [kidney Disease vs.... |DiseaseOn... (51.30 71.41 64.95 4.95E-D4 [B.5E-58 1.77E-52 |3.9BE-56 |[76.65
test3- Ygur ngwm MouseDise... bacte:gnmysisease vs.... |DiseaseStat...|45.88 72.80 64.91 8.45E-03 [L.11E-61 |6.78E-65 [2.21E-52 |76.04
testd- lari MouseDise... [cereb atment ... [SamplingTi... |SL.30 76.16 64.84 1.39E-03 |1.43E-71 (1.8E- S7TE-44 (72.20
test2 dippse tissue F alpha MouseDise... adipose fis... [Treatment... [TreatTime:....|51.30 74.16 64.70 1.23E-04 |1.48E-65 (1 m7.19
mst14mai éfRA] [synovial membr{HumanDise... rheumirom\a\ ment ... [DiseaseStat...|56.20 72.11 64.69 1.96E-04 [B.75E-60 0 [66.49
testd - normal control [bronchoalveolar lavage] K_[MouseDise... |normal cont...|bronchoalv... [Treatment ... [Treatment ... [45.88 72.11 64.66 1.63E-02 |B.75E-60 73.99
test14- normal control [pancreatic islets] IL.-1 bet{HumanDise...|norma ratalge Treatment ... [Treatment.... |56.20 70.71 6467 TrTETT— IS 58.53
test21- normal control [lung] lipopolysaccharide ([MouseDise... [normal cont...|lung [Treatment ... |PreTreatm... |[45.88 72.11 64.56 2.16E-02 |[8.75E-B0 69.48
test2- NA [synovial tissue] TNF HumanDise...|NA synovial tis... [Treatment ... [Treatment ... |51.30 74.16 64.47 1.39E-03 |1.48E-B5 |L. 67.17
testl- melanoma [skin] NA MouseDise... [melanoma skin Other Com... |Genotype[h...[45.88 67.82 64.26 5.69E-03 |6.04E-49 |7.9E-72 6.42 5.23
test14- NA [peripheral blood] anti-CD2 8 antibod{HumanDise...[NA peripheral ... [Treatment ... [Treatment ... |56.20 70.00 64.01 5.87E-05 |3E-54 3.82E-76 |2.38E-2 4.93
test11- normal control [pancreatic islets] IL-1 befHumanDise...|normal cont.. |pancreatic i...[Treatment .. [Treatment... |56.20 71.41 64.00 2.81E-05 |6.5E-58 1.39E-60 |(1.31E-33 |68.72
test8- lung cancer [lung] NA MouseDise... [lung cancer |lung Treatment... |SubjectTre... |-45.88 -72.80 -64.55 1.63E-02 |1.1 .33 F- A Ezt]i 8
test2- normal control [endothelium] Transfection_{HumanDise... [normal cont...[endothelium |Treatment ... [Transfectio... [-56.20 -70.71 -65.91 2.81E-05 A [ ¥S| 268 ib ms
test7- lung cancer [lung] NA MouseDise... |lung cancer |(lung Treatment... |SubjectTre... [-51.30 -74.83 64.76 -66.36 2.14E-03 1 56 7.8E-B1 4 -38 (70.g1
test9- lung cancer [lung] NA MouseDise... [lung cancer |lung Treatment... (SubjectTre... |-51.30 -72.80 tase1t8 58 3.15E-03 d 1.@{?1 agaseiss
Selected/Total match analyses : 0 / 32
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C. Multi-Omics Analysis using IPA

Integrate and compare genomics, transcriptomics, proteomics and
metabolomics data to see the big picture on your focus research

B MERNEE

— Sample to Insight
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Single Experiment

« Time Course
* Dose Response

VL vnerin

« System biology

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

Set Analysis

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

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. s1
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Research AIM:

0 To attain a systems biology understanding of your research by bringing multiple
types of genomic data together (SNP, CNA, mRNA, microRNA, proteomics, etc.).

Challenge:

O Data types measured different molecular status in experiment

0 Too much data, some data types may have extra ‘noise’(i.e. arrays)
O Venn Diagram-type comparison excludes ‘A affects B’ information

Solution:

O Identify phenotypes, disease associations, and pathways that are common themes
for multiple data types using Comparison Analysis

O Interactive pathways overlay multiple data types and find genes up or down-stream
that change in the various data types.

O Pathway tools find regulatory connections between molecules of interest and the
various data types

0 microRNA Target Filter can link microRNAs and targets from miRNA and target data
sets

How do you integrate multiple data types now?

— Sample to Insight
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Single Experiment

« Time Course
* Dose Response

VL vnerin

« System biology
« Combining SNP, CNA, mRNA, microRNA, proteomics,

etc.

Set Analysis

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

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. s3
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_ CNA MRNA
Mutations ICNV Expression

Methylation J

[ ChlIP-Seq

[ miRNA }\
Expression

Biological Iterpretation

Phosphorylation J

Protein }
Expression

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. s4



& ames
s222s IPA: APoint of Data Integration GGA

— QIAGEN

_ CNA MRNA
Mutations ICNV Expression

[ Methylation }

[ ChlIP-Seq

[ miRNA }\
Expression
Biological Interpretation

Phosphorylation }

Protein }
Expression

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. s5
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sssss  What do you want out of this comparison? COA
Review your workflow — What are your goals?
Core Biological Interpretation
MRNA data TS
Comparison
Analysis
Metabolomics Core
data Analysis

Pathways?
Export?
References?
Lists?

— Sample to Insight
Copyright©2018 GGA Corp. All rights reserved. sg
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Single Experiment

« Time Course
* Dose Response

VL vnerin

« System biology
« 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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IPA Analysis of Metabolomics Data
Including Cross-Platform Integration with

Transcriptomics Data from a Diabetic
Mouse Model

Integration of metabolomics and transcriptomics data to aid biomarker
discovery in type 2 diabetes

Susan C. Connor,7*“ Michael K. Hansen,:” Adam Corner,° Randall F. Smith? and
Terence E. Ryant®

Received 15th July 2009, Accepted 4th December 2009
First published as an Advance Article on the web 23rd March 2010
DOI: 10.1039/b914182k

— Sample to Insight
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Case study

(34
[ 3
(34
(34
Z00

urine

liver
adipose
muscle

IPA analysis
(biomarker)

db/db diabetic
mouse model

— Sample to Insight
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— Sample to Insight

Goal:

« providing novel biomarkers of T2D and drug efficacy

Challenge:

 difficult to determine the precise pathophysiology in
iIndividual T2D patients

Solution:

« |Integrate metabolomics of study data from other platforms,
such as transcriptomics, thus linking known metabolites
and genes to relevant biochemical pathways.

Outcome:

 These biomarkers may be useful by identifying patient
populations that share common disease and may
respond better to a particular class of anti-diabetic drugs.

60
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Input dataset

* Observation 1 : urinary NMR-based metabolomics data

* Observation 2 : liver transcriptomic data

» Observation 3 : adipose transcriptomic data

* Observation 4 : muscle transcriptomic data

metabolomics data + transcriptomic data

ID Symbol Fold Changp-value D Fold Change p-value ID Fold Changp-value D Fold Change p-value
CO06TL  (38)-3-methyl Z-ozopentanoate 1344 0.00E+00 CO0&71 -1.344 0.00E400] | COSZ70 149 QO0E+00! | cons7l 1244 D00E400
COLOSY  (R)-3-hydroxybutyric acid L3110 Q.00E400 01089 1311 000E400| | COOSSS -1.49 Q00E+00| | co1089 1AL 000E400
05984 2-hydrozybutyric acid 1244 Q.00E+0 1416083 _at 2 3RIELHZ| | COOOZG 2031 QO0E400| | 1452730 _at 2 ZH0ELD3
CO0322  Z-ozoadipic acid 2 1433936 _at 2 286ED3| | COOZ33 -1.371 0.00E+00| | 1436187 _at 2 2.594E-12
COO0Z26  Z2-ozoglutaric acid 2031 0.00E400 1434454 at 2 18pEDZ| | COOL4L -1.559 Q00E+00| | 1424722 _at 2 3BTELZ
CO1468  4resol 164 000E+00 1453238 5_at 2 893EL5| | COLCE9 -1.311 QUODE4D0| | 1456546 _at 2 113E02
C00642  4-hydroxyphenylacetic acid 1,002 0.00E400 1435137 & at 2 30pELR| | C11457 -1.838 Q.00E+00) [ 1455692 <2 1.11EL2
CO0033  acetic acid 1226 18302 1427932 _5_at 2 977ED8| | CUZ642 -1.072 Q00E+00) | 1448038 _at 2 4.14E04
CO2571  acetyl-L<arnitine 1011 0.00E400 1430989 _a_at 2 37LELHZ| | COZ571 -1.011 QUOOE4D0| | 1451588 at 2 B20OE27
CO0212  adenocsine 1066 0.00E400 1445035 _at 2 391E02| | COOZLZ -1.066 Q00E400( | 1424365 _at 2 104ED4
C0O1551  allantoin 1081 0.00E+00 1424365 _at 2 254E47| | CODO4L 1.119 Q.O0E+00) | 1436339 at 2 261E-12
00233 alpha-ketoisocaproic acid 1,371 0.00E400 05984 1,344 0.00E400| | COL551 1.081 Q.00E+00| | cosas4 21344 000E400
00141 alpha-ketoisovaleric acid -1.559 0.00E+00 00322 2 0.00E+00| | CO5954 -1.344 0.00E400) | CO0322 2
CO0417  cis-aconitic acid 1208 Q.00E+00 CO0026 2031 000E+00| | COL585 -1.49 QO0EHDQ| | COO026 2031 0.00E+00
CO0158  citric acid 1.262 0.00E400 1429115 at 2 459Nz | COOS03 -1.49 Q00E4030| | 1435524 at 2 TAZED6
Co0327  citrulline 2 1435522 a_at 2 186E0s| | COO6Y] -1.344 QO0E400| | 1452170 _at 2 BB2ELDE
CO0200  creatine 1,33 0.00E+400 1428083 _at 2 10BEN9| | CO0417 1.208 O.00E+00| | 1424968 _at < L94E06
CO0791  creatinine 1281 600E06 1455207 at 5 o75p.04| | COOLSS 1.262 0.00E+00| | 1433530 _at 2 146E03
00879 D-galactaric acid 2.896 0.00E+00 1420269 _at 5 seopps| | CO0300 -1.33 0.00E+00] | 1428500_at 2 400EDS
C00124  D-galactose 3,183 0.00E400 1423357 at o og8En3| | CO0543 -1.12 Q.00E+00| | 1439962 _at 2 534EL05
CO0031  D-glucoss 10,045 Q.00E400 1453207 at 2 44103 | CO0346 1248 OQ.00E+00| | 1435522 _a_ 2 254E03

— Sample to Insight
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A
_ ——isovaleric acid
ATP2A3. ;
/I - ~ &
@
) “« hexanoic acid*
PRKAAZ pentanoic acid ,,

,CcD36 ! \ /
\\\ E')\\ \\ / \\ //
GRAM opoia L
sy " CPT1‘A\\\;UCP1 '/

B \ \
e — __————*\~’V\ P cutncacnd
@mwmmmmammms 3= ;’LEP ““““
— R AT — e I\|
& 27 ) X l acetic acid
N = P4 \N\ b\\ N ?
e e nJo” /,’ //,/\ 1J\\:\\/ \\ malonic acid
R - /’ s e / CREB1 <%
WPL e’ /paljmhc acid e A >
: Iiww ~,% RNA polymerase ||
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Gluconeogenesis pathway mapping metabolomics and transcriptomics results
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Result;

« Several biomarkers (e.g., BCAAs, nicotinamide
metabolites, pantothenic acid) have not previously been
suggested as possible biomarkers for diabetes.

« metabolomics highlighted at least 24 distinct pathways that
distinguish diabetic and control mice. The pathways most
affected were amino acid, amino group metabolism and
the urea cycle. Also affected were fatty acid biosynthesis,
degradation and transport, DNA and protein synthesis
changes in urinary protein, MUP and NAG, energy
metabolism, and steroid hormone synthesis.
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RESEARCH ARTICLE

A Multi-Omics Approach Identifies Key Hubs
Associated with Cell Type-Specific Responses
of Airway Epithelial Cells to Staphylococcal
Alpha-Toxin

Erik Richter', Manuela Harms', Katharina Ventz', Philipp Gierok?, Ravi Kumar Chilukoti’,
Jan-Peter Hildebrandt*, Jérg Mostertz', Falko Hochgrife*
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Staphylococcus aureus

Alpha-toxin, or alpha-hemolysin (Hla)
ADAM10

Hla-resistant S9 cells  Hla-susceptible 16HBE14o0-

Phosphoproteomics

S9 Alpha toxin treatment €———

Transcriptomics
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Goal:

« Better understanding of Hla-induced cellular programs

Challenge:

« Diverse cellular reactions of Hla-treatment, difficult to
defined cell-specific responses

Solution:

* Integrate phosphoproteomics and transcriptomics data,
thus linking known metabolites and genes to revealed a
substantial impact on phosphorylation-dependent
signhaling and the interaction between gene expression

Outcome:

 Revealed a substantial in both cell models and highlights
alterations in signaling pathways associated with contacts
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Input dataset

* Observation 1 : S9 alpha-toxin treatment phosphoproteomics data
* Observation 2 : S9 alpha-toxin treatment transcriptomic data

transcriptomic data

Phosphoproteomics data

— Sample to Insight

First Hit 1D Phosp Alpha
DOUNLZ 50482912
P49207 50406368
C95747 25411981
214573 35139138
QONZO3 32174572
FO4792 2.2136851
Q13085 21679433
D9Y5E0 31565325
FO4792 2.155894
PA6TI 20451337
ES76TE 20223860
QANCS1 20177892
F17358 2.9930667
ABND36 27129297
Q9ANET  2/87532043
D94874  2/740560
F2O066 26586675
QONSE9 25523421
QANDO4  2.5458685
Q14573 24490019
ZBNDIL 2444508

+

Affy IDD Gene Name

8055952 NR4AZ
FAIST9 FOS
8131803 ILG
8115831 DUSEL
8108370 EGRI
S095650 ILE
7938390 ADM
8069676 ADAMTSL
8163002 KLF4
8029693 FOSE
FO006010 ATES
8083294 PTH3
8143304 TRIEL
7950589 NR4Al
8129677 SGK1
8148317 MYC
965335 DUSPS
8156545 NR4A3
P00
8030128 PFFPIR1SA
8100994 CHCLZ

Exzp Fold Change [59 ws, HLA
7.99979
699416
407129
385729
382366
333594
331279
3.18191
284788
275585
273689
2658894
268555
266317
261712
2.52871
244648
2.33387

231459
2.19422
21804
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Result;

« Several biomarkers (e.g., BCAAs, nicotinamide
metabolites, pantothenic acid) have not previously been
suggested as possible biomarkers for diabetes.

« metabolomics highlighted at least 24 distinct pathways that
distinguish diabetic and control mice. The pathways most
affected were amino acid, amino group metabolism and
the urea cycle. Also affected were fatty acid biosynthesis,
degradation and transport, DNA and protein synthesis
changes in urinary protein, MUP and NAG, energy
metabolism, and steroid hormone synthesis.
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