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Ingenuity Pathway Analysis (IPA) :
Maximizing the Biological Interpretation of Gene, Transcript
& Protein Expression Data with IPA

Jennifer Poitras, Ph.D.
Field Applications Scientist
Qiagen Advanced Genomics
Jennifer.Poitras@gqiagen.com
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sssss |IPA provides efficient insight
— QIAGEN

With IPA you can:

B Analyze and visually integrate multi-omics datasets
O Identify pathway enrichment AND directionality
[0 Predict upstream molecules that may be driving expression changes
— Identify druggable targets
O Link differentially expressed genes to your phenotype

B Mining the Knowledgebase: One stop shop
O Look up all curated knowledge about gene/disease of interest
O Explore and create pathways
O Bioprofiler: identify actionable targets
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Overview

B Introduction to IPA
B Large Dataset Analysis

O Core Analysis

0 Comparison Analysis
B Newer IPA Functionalities
Overlay variant data
Phosphoproteomic analysis
mMiRNA Target Filter
Isoprofiler
Bioprofiler
Search and Explore
B Questions/Answer
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When do you use IPA?

QIAGEN Sample to Insight
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PATHWAY ANALYSIS
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Intensity/
1D Log2Ratio pvalue RPKM/FPKM
2 NM_130786 014 860E-01 2931.69)
3 [NR 015380 099 224E-01 164926
4 NM_138932 002 98301 167}
5 |NM_014576 002 985601 1.77)
6 |NM_136933 002 979ED1 1.83
7 |NM_000014. 479 102601 239.75
8 |NR026971 067 GATEDT 21379
9 |NM_144670 596 130E-01 610 64
10 NM_001080438 -197  347E-01 391
11 NM_017436 -1.09 5.02E-01 6186.83)
12 NM_016161 202 597E-02 149 85

13 |NM_015665 027 568E-01 1333034
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What is Ingenuity Pathway Analysis?
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Intensity/
11D Log2Ratio p-value RPKM/FPKM
2 NM_130786 014 B.68E-01
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Canonical Pathways

Large RNA seq dataset n form of organized binders on
form of a huge pile of papers 2 bookshelf
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Ingenuity Content
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Ingenuity Knowledge Base

The Ingenuity Knowledge Base

Ingenuity Findings

Ingenuity® Expert Findings — Manually
curated Findings that are reviewed, from the
full-text, rich with contextual details, and are
derived from top journals.

Ingenuity® ExpertAssist Findings —
Automated text Findings that are reviewed,
from abstracts, timely, and cover a broad
range of publications.

Ingenuity Modeled Knowledge

Ingenuity® Expert Knowledge — Content
we model such as pathways, toxicity lists,
etc.

Ingenuity® Supported Third Party
Information — Content areas include
Protein-Protein, miRNA, biomarker, clinical
trial information, and others
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Species Supported

® Human, Mouse, Rat in full content

B |IPA uses HomoloGene to map other identifiers to human/mouse/rat
orthologs (though supporting content for the additional species will be specific to human, mouse, and rat)

Arabidopsis thaliana

Bos taurus (bovine)
Caenorhabditis elegans
Gallus gallus (chicken)

Pan troglodytes (chimpanzee)
Danio rerio (zebrafish)

Canis lupus familiaris (canine)
Drosophila melanogaster
Macaca mulatta (Rhesus Monkey)
Saccharomyces cerevisiae
Schizosaccharomyces pombe

OO00O000000a00ao0aano
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Introduction to QIAGEN Ingenuity & IPA - www.ingenuity.com
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How can IPA help you?

— Sample to Insight

IPA

B Deep pathway understanding of a single gene/protein

O

Drug/therapeutic target discovery

M Biological understanding of large data sets

O

O 000

Differential gene expression, array and RNAseq (transcriptomics)
Differential protein expression (proteomics)

Metabolomics

mMiRNA expression

Gene List

— Chip-seq

— siRNA screening

— Sequence Variants (see also Ingenuity Variant Analysis)
Methylation

Protein phosphorylation

16
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B Biological understanding of large data sets
O Differential gene expression, array and RNAseq (transcriptomics)
O Differential protein expression (proteomics)
O Metabolomics
0O miRNA expression
O Gene List
— Chip-seq
— siRNA screening
— Sequence Variants (see also Ingenuity Variant Analysis)
O Methylation
O Protein phosphorylation
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B Biological understanding of large data sets
O Differential gene expression, array and RNAseq (transcriptomics)
O Differential protein expression (proteomics)
O Metabolomics
0O miRNA expression
O Gene List
— Chip-seq
— siRNA screening
— Sequence Variants (see also Ingenuity Variant Analysis)
O Methylation
O Protein phosphorylation

B Deep pathway understanding of a single gene/protein
O What other molecules does it interact with?
0O What processes is it associated with?
O What compounds affect its activity?

| Genes and Chemicals |' Diseases and Functions |' Pathways and Tox Lists

2

‘ SEARCH

— Sample to Insight
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B Biological understanding of large data sets
O Differential gene expression, array and RNAseq (transcriptomics)
Differential protein expression (proteomics)
Metabolomics
mMiRNA expression
Gene List
— Chip-seq
— siRNA screening
— Sequence Variants (see also Ingenuity Variant Analysis)
O Methylation
O Protein phosphorylation

O
O
O
O

B Deep pathway understanding of a single gene/protein
O What other molecules does it interact with?
0O What processes is it associated with? (" Genes and Chemicals | Diseases and Functions | Pathways and Tox Lists
O What compounds affect its activity? | E=)

B Investigate a disease or process of interest
O Which genes/proteins/metabolites are good biomarker candidates?
00 What are promising treatment targets?

— Sample to Insight




88888 Return on Investment (ROI)
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Significant time savings vs open source tools

A. IPA Data Analysis Workflow

Upload Run Core Pathways Functional Transcription Research Genes Save,
Data Analysis (overlay) Effects Regulators of Interest Export

*Direction of effect and transcription regulators prediction not included.

Upload Functions Save, + Upload Pathway Save, + Research Genes
Data Analysis* Export Data (overlay) Export of Interest

Analysis IPA Review Findings (research 10 genes) ___
Time 32.65 min. + 2.33 h (average/gene) X 10 —

B. Open-Source Data Analysis Wokflow*

Analysis DAVID Path Visio (10 pathways) PubMed (research 10 genes) ___
Time 26.47 min. + 832min. X 10 + 4.75 h (average/gene) X 10 -

» Open source tools do not generally have directional content
« Many have woefully stale content: DAVID had no content updates for several years

IPA has directional content that is updated every week

— Sample to Insight
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Overview

B Introduction to IPA
B Large Dataset Analysis

O Core Analysis

0 Comparison Analysis
B Newer IPA Functionalities
Overlay variant data
Phosphoproteomic analysis
mMiRNA Target Filter
Isoprofiler
Bioprofiler
Search and Explore
B Questions/Answer
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00 Predicts activation/inhibitio

of predefined pathways

|

based on gene expression

rlay: ClaudinLow-12R-1-P-0.05-RPKM-15

ILK Signaling

Ove

© 2000-2015 QIAGEN. All rights reserve
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O Identifies upstream
regulators eliciting
expression changes

00 Predicts activation state

SINAIY
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B éﬁﬁﬁ Upstream Regulators, Mechanistic Networks and Causal Networks

Upstream Regulators Mechanistic Networks

dnd W] ANA

Advanced Analytics: Causal Network Analysis

Master Regulators

Upstream Regulators

(X | Your Dataset Genes/Molecules

— Sample to Insight
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Predicts biological effects
based on gene expression

— Sample to Insight
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Models pathway interactions

How do dysregulated genes
mediate a potential path from
upstream regulator to function?

N
\\\I

Y
invasion or cells

— Sample to Insight
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( Is the dataset enriched for cancer
I and EMT pathways and biological |

ioa

molecular events? _ ,
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Adapted from Aroeira et al. J Am Soc Nephrol 18: 2004 —2013, 2007
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Overview

B Introduction to IPA
B Large Dataset Analysis

0 Core Analysis

0 Comparison Analysis
B Newer IPA Functionalities
Overlay variant data
Phosphoproteomic analysis
mMiRNA Target Filter
Isoprofiler
Bioprofiler
Search and Explore
B Questions/Answer
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(CTooTET T

Can we form new 1
« hypothesis/conclusions? ;
(or==—m=—=————a 1/
What are the upstream | 1/
l_ _molecular events? _ _) 1/
~~.\: 4

Integrin Signaling
Actin Mucleation by ARP-WASP Complex
Oncostatin M Signaling

Leukocyte Extravasation Signaling

Regulation of Actin-based Metility by Rho

Colorectal Cancer Metastasis Signaling
HMGBL Signaling

Actin Cytoskeleton Signaling
Cded2 Signaling
Rac Signaling

Gliema Invasiveness Signaling

Cell Cycle: G2/M DNA Damage Checkpoint R...
PIEK/AKT Signaling

CXCR4 Signaling

cell movement noma cell lines

1
s
e

How are these events ‘.
different among the :
samples? I

\-------------

--~

— Sample to Insight
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[Z) Insulin Rece...\

B @ B e of (x50 o (6] O D R view (] # (2] 40 ] [§ Zeom Q) (@) bpot6w B 24 &)

Insulin R Signaling N AN i ;T \]
v| : eceptor Sig| ;&\{ 1 P4 ;(CHJE\ A P|P2 @, 5] /_; B

Overlay: | Analyses, Datasets & Lists Overlay: MET, Expr Fold Ct

[_] Ignore Cutoffs |§|\§"§|

Overlay datasets, analyses and lists

11712 ExerﬂlnChanga

—

v~ | Matching
“. | ExprFold Chan...

N
3 ripTOR ATP (TSCH -
.E | Name (select to overlay) W 3301
1 Prostate Cancer Subtyping - BPH = . -3785
2 Prostate Cancer Subtyping - PCA _ R
3 Prostate Cancer Subtyping - MET 12 v [ v
E El Add more... l | Remove selected | “ &
Matching molecules T kv
; Symbol Y Displayname T Index
Measurement 1 2 3 MET b
-
“ FGFR2 PBK
Expr Fold Change ~—a -1.79%
- © 2000-2017 QIAGEN. All rights reserved.
— Sample to Insight
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Overview

B Introduction to IPA
B Large Dataset Analysis

O Core Analysis

0 Comparison Analysis
B Newer IPA Functionalities
Overlay variant data
Phosphoproteomic analysis
mMiRNA Target Filter
Isoprofiler
Bioprofiler
Search and Explore
B Questions/Answer

O0O0O0O000

Title, Location, Date

42



IPA: Focused on Hypothesis Generation

Transcription

Netwrks Causal Network

i Factor Analysis Upstream :
gg:{‘e&:,l;ze Downstrean): Regulator Molecule Analysis
Analysis ivi : -
Effects Analysis g °"ty BioProfiler
v' Upstream Regulator Analysis

v

v

— Sample to Insight

* Predict upstream molecules which may be causing the observed gene
expression changes

Downstream Effects Analysis

« Identify whether significant downstream biological processes are
increased or decreased based on gene expression results

Causal Network Analysis*

* Uncover hidden connections in upstream regulators to generate
plausible causal networks which explain observed expression changes

Regulator Effects

* Integrate Upstream Regulator results with Downstream Effects results
predict what may occur upstream to cause phenotypic or functional
outcomes downstream.

Activity

43



From Casual Analytics to Multi-omics
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5 years of progress: IPA highlights 2012-2016

Causal Content
and Analysis

Enterprise
Support

Comparison
Analysis

RNA-seq
Support

Multi-omics
Support

Phospho-
proteomics

Upstream Regulator
Analysis

Downstream Effects
Analysis

Mechanistic Networks

Molecule Activity
Predictor

Isoform view for human

BioProfiler
Causal Network Analysis

Diseases and functions on
networks

Batch dataset upload (with
metadata)

Dataset & analysis search
My Findings spreadsheet

Comparison analysis
heatmaps trends, clusters

Overlay data in isoform
view

Regulator Effects

Diseases & Functions
on Canonical Pathways

Grow to Diseases and
Functions

Pathway Activity
Analysis

My Findings graphical
entry interface
Relationship Export

Filtering of heatmaps

Ensembl support for
Isoforms

IPA Plugin for CLC

IPA client Installer

Gene-level
heatmaps

Isoform view for
mouse

IsoProfiler (v1)
CuffDiff import

Variant loss/gain &
ACMG import

Core Analysis
Variant loss/gain

Set color range on
pathways

IsoProfiler (v2)

Isoform names / heat
maps on pathways

Automated

processing of data to
IPA from CLC

New bar charts on
pathways

Overlay multiple
analyses / datasets
of different types

Phospho data import

Initial Phospho
analysis (CP, DEA)
with flipped nodes
Overlay phospho-
sites on pathways
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Variants can provide a mechanism to explain the observed biology

Upstream Regulator
(predicted to be inhibited
based on expression)

Overlay variant loss/gain
information

Upstream Regulator

A loss-of-function variant
explains/validates the

o 6/\6\0

Dataset Molecules

Dataset Molecules

Overlay variant loss/gain
information

v

/ \\‘ prediction
~L —_—
000

Dataset Molecules

Dataset Molecules

variants contribute to

DNV
o

Diseases / functions

n
>

\ \[ Gain or loss of function

known phenotype

Diseases / functions

— Sample to Insight
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8s32ss Elucidating mechanism of expression changes and phenotypes

— QIAGEN

Integrate expression results with gene variant information

1l PARP1
12 3 4

1.34E-03

;pr p-value
- 4.240
Expr Fold Chan... ~
S\Am“- AP
~
oo [NOTSO Y
Variant ACMG ... ~ ~ ~
~ ~ ~
~ ~
-~ ~ T ~
-~ ~ ~
-~ ~ ~ ~
~ 1] ~ ~ ~
. > 000 ~ ~ ~
-~ 1] : el ~ ~
- e : Wariant Loss/G... — 4
MM4 TP53 ELA PR[&DC M 8 G __BLZ, @

A P(14)

Example: HCC RNA-seq dataset and individual patient variant datasets overlaid on causal network.

- PARP1 is upregulated in the three patients but is likely inactivated by mutations.
- The inactivation is correspondingly predicted from expression data as shown above
- Some disease findings for PARp1 are only found in HGMD and Ingenuity Expert Mutation content

— Sample to Insight
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sssss Phosphorylation Analysis in IPA
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Phosphoproteomics dataset

Upstream phospho regulators and

— Phospho Log... * | Phospho Site B Flags | Symbol T x|

+3.924 T_261 SAGMRRTLPSTSS IPI00229362 [D NFIC* = I h h k ( )
+3.895 S_88 VSSLSSSPSNSLE IPI00BI0844 [D UBE4B* causa p OSp O networ S (March 2017
+3.867 5139 RDLVRNSQDDYDE IPI00316133  [D SRP72*

+ 3.866 5 616 FVWEVKSDELPEE IPID0469123 |D MCAM*

+3.847 572 SRGLDISHISORL 1PI00222307 [D NUP93* smmary |

+3.847 5_75 LDISHISQRLESL PI00222307 D NUP93* B

+3.789 5 458 RPSSMYSTGGKRK IPI00129020 [D TRIM3* oot

+3.773 Y_734 SPEDSGYMRMWCG IPID0923679 [D IRS2* —

sodum orthovanadane
[F]
(=0}

Canonical Pathways

[r——p— Y T 7 rvT———

1t | Denrbpeny
T e - (T T GO et & Veds! o = O

TR RRRR

il mignlll Phospho Regulator Effects
" (March 2017)

Downstream Effects

|t | st |

Oeases ar s Funenens | Tew Fscans |

— Sample to Insight
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Overview

B Introduction to IPA
B Large Dataset Analysis

O Core Analysis

0 Comparison Analysis
B Newer IPA Functionalities
Overlay variant data
Phosphoproteomic analysis
mMiRNA Target Filter
Isoprofiler
Bioprofiler
Search and Explore
B Questions/Answer
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microRNA Target Filter

68 microRMNA Families have targeting information available.
Filtered to 51 microRMAs targeting 32 mRMAS,

ADD/REPLACE MRNA DATASET

EXPRESSION PAIRING -+

- Details \Summarv \l

| ADD TO MY PATHWAY ADD TO MY LIST

Use [T ko filter a column, Add data or more columns using 'add colurmnis) |+

@’: & Raows:

1-131 -

microRMA dataset: melanoma_microRMA_data  Add columngs) Relationship Add columnds) . mRMA dataset: mRMA Metastasis vs Mormal - 2FC,0.05PY Add columng;
(o} Symbol  netastatic melanoma (Fald .. | Source El Confidence El Expression Pairing . - (s} Symbol Fold Change Molecular Type Pathway h
hsa-let-7c let-7 —3.120 TargekScan Human High (predicted) + 5072015 ADRBKZ 73,3594 kinase Colorectal Cancer Mek
hsa-let-7c let-7 —3.120 TargetScan Human Maderate (predicted) + 5067167 ALUREA 12,136 kinase Molecular Mechanisms
hsa-let-7c let-7 —3.120 TargetScan Human High (predicted) + 5105121 GHR *2.052 transmembrane receptor | Growth Hormaone Sign
hsa-let-7c let-7 —3.120 TargetScan Human Maderate (predicted) + 7594131 PRECB T4.995 kinase Breast Cancer Regulal
hsa-miR-206 mir-1 +1.830 TargetScan Human Moderate (predicted) + 7956301 LRPL —3.463 transmembrane receptor | Coloreckal Cancer Met
hsa-miR-206 mir-1 +1.380 TargetScan Human High (predicted) + 8005201 NGFR —2.517 transmembrane receptor | PTEM Signaling
hsa-miR-122 mir-122 +1.970 TargekScan Human High (predicted) + 7953670 MAP3K1Z —3.119 kinase Germ Cell-Serboli Cell J
hsa-miR-122 mir-122 +1.570 TargetScan Human Moderate (predicted) + 5157524 TLR4 —6.250 transmembrane receptor | Coloreckal Cancer Met
hsa-miR-125a-5p mir-125 —L.450 TargetScan Human Moderate (predicted) + 7985213 CHRMAS T2.965 transmembrane receptor | AMPE Signaling
Ll Ik il 1 P o En 1 4cn Q041721 4 QOC

Pathways

Tl

Molecule

Type (Cancer/

Growth)

333
targets

mRNA |1

data

88 data
points

13,690
targets

1,090
targets

39 32
targets targets

Use Pathway tools to build hypothesis for microRNA — target
association to melanoma metastasis.

— Sample to Insight




IsoProfiler helps you discover biologically relevant transcripts

— QIAGEN

CEACAM1 has oppositely regulated transcripts in HCC, leading to same outcome

IsoProfiler; Universe = Human isoforms from Ensembl with Expr Fold Change and Expr Intensity /RPKM, FPKM/ Counts

. Datasets

) 2552
=R 2

kY 222

£ | Name a|E|2|E

1 HCC EM pool Tumor vs_ Normal 2016-09... « « "

1 Gene has

RIE
Filters +
 Biotype x
[1 select all =
protein-coding
[ 3prime overlapping ncRNA
‘[ 3prime overlapping ncrna
] antisense
{1 bidirectional promoter IncRNA
[11G C pseudogene
: [11G D pseudogene =
.~ Expression Patterns x

® Transcripts are both up and down regulated in the dataset

transcript(s) in the dataset

2 Switch in the highest intensity isoform for the gene

: D s
B Symbol[A6CH1 - PTPAAL (o1 or2) +| £ 6D i More o
,  Symbol Molecule Type /| G level Di... X/ |G level Fi... X/| E: Patterns X/| Max Expr... %/| Transcrip... %/| Range x| Isoform-s... 1X/| Isoform-s... X‘
ABCBL ltransporter abnor... ..., all 300 1293 |0 O----- X——— -5.244 2 9.801 | adv... ... all 16 40
AGL enzyme abnorm... ..all 41 477 | O-—- O 12933 2 5.558
ANG enzyme activatio.......all 53 226 | (- +2490.769 2 2510.289 1
ASPH enzyme abnorm... ...all 39 58 | 000--0-0Q---—-—- o ﬂlc- +387.876 6 400.423
BAIAPZ kinase autopha......all 30 58|--0-0--------m - ﬂé +4.839 2 8.696
C19orf43 other endomerr... ...all 2 3l-0-0- 167.254 2 72.307
CEACAM1  [transporter abnor... ..., all 119 174 | OO0 -—---——————- -47.085 2 50.309 |apopt......all 4 6
CENPX other activatio......all 13 21 .0--Q------ +11.843 2 16.236
CNEBP [transcription reg... | activatio......all 13 24| _.0--00--- +17.367 3 34.160
CcoTLl other antifungal... ... all 8 8lo0o--—-—- +4.845 2 7.301
CRP other activati......all 182 459 ——x +5.307 2 9.300
EIF4AL [translation regula...| acute m... ..all 20 L e R o e nld -201.918 2 210.695
FDFT1 enzyme accumul... ...all 77 2400 (G- = e m -11.642 2 22.366
FKEPS other abnorm... ...all 57 N [O0---mmmmmmmm- -17.076 2 20.332 |apopt.....all 1 1
Selected rows 1 / 38
’ X/| Tran... x/| Protein X/| Sche... XI/| Amin... [X|| Nucl... [¥/| APPRIS |X/| Biotype || TSL %/ Isoform-specific Disease or Fun... X/| Is... [X/| HCC EM pool Tu... #|
D E.. X|E.. X 3 ] S
1 ICEACAM... |CEACAM... [l7717 526 3519 PRINCIPA...|protein-... [TSL:1 apoptosis of colorectal canc......all 4 | 4 ENST...| 2.77E{ 3.84E) () | 13.22 9.172
2 CEACAM... [CEACAM... [I1-17 |464 3427 ALTERN... |protein-... [TSL:1 invasion of tumor cell lines  ..all 1| 2 ENST...| 2.86E{ L41E| O -47 11.43|
3 ICEACAM... [CEACAM... [ 461 1484 protein-... TSL'1 =
4 CEACAM... |[CEACAM... |11 430 3170 protein-... TSL'1 -
5 ICEACAM... |CEACAM... [l |399 1342 protein-... [TSL:S =
6 CEACAM... |[CEACAM... 368 1263 protein-... TSL'1 -
7 ICEACAM... [CEACAM... [ 98 434 protein-... [TSL:S -
8 CEACAM... |CEACAM... |1 93 417 protein-... [TSL'S -
9 |CEACAM... 3 1773 retained ...[TSL:1 =
10 CEACAM... 1778 retained .. [TSL'1 -
11 ICEACAM... 1619 retained ...[TSL'1 =
12 CEACAM... 678 retained ...|TSL:S -
13 |CEACAM... 429 processe...[TSL:3 -

“IsoProfiler Findings

ot E

[400 70 wy pathwaY [ 40D 70 my LT DisPLaY a5 NETwonk ISV U More info
Molecule Add/Remove column(s) '+ | Disease or Function Evidence

Sy... T ID X[ HCC E... X[|HCCE... XI|HCCE... X/ [HCCE... X[ Tr... Y/ IX]] Pro... [V} IX|| Mo... (Y| [X|| Mo... (Y] X | Sp... [T/ 1X/[ Mo... ¥/ x| Eff... [T/ [X|| Disease or Function Xl Mu... [v| X[} Bio... [¥]X]]5p... X[ Dr... [Y/Ix

WCEACAM] ENST0000( 2.77E-02, | 3.84E-01,| +3.224, 9.172, ICEAC! all 4 |CEAC? all 2 |protein is... |transporter |Human increased... [decreases...|apoptosis of colorectal cancer cell lines all 4 |wild type not applic... |[Human not applic...

ENSTO000(] 2.86E-10 | 1.41E-07 | +-47.085 | 11.431  |CEAC/ all 2 |CEAC all 1 |protein is... Human increased... [decreases |invasion of tumor cell lines all 1 |wild type  |not applic... |Human not applic...

ENSTO000( 2.77E-02 | 3.84E-01 | +3.224 9.172 ICEAC! all 2 |CEAC! all 1 |protein is... Human increased... [decreases |cell proliferation of carcinoma cell lines all 2 |wild type  |not applic...|Human not applic...

ENSTO000( 2.77E-02 | 3.84E-01 | +3.224 9.172 ICEAC# all 2 |CEACE all 1 |protein is... Human increased... [increases  |apoptosis of colorectal cancer cell lines all 1 |wild type  |not applic...|[Human not applic...

ENSTO000( 2.77E-02 | 3.84E-01 | t3.224 9.172 ICEAC/ all 2 |CEACF all 1 |protein is... Human increased... |increases  |invasion of wmor cell lines all 1 |wild type  |not applic...|Human not applic...

— Sample to Insight
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— Sample to Insight

Search and Explore
(Data not required)
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sssee Case Study: SNAI1 knockdown making cells less invasive

— QIAGEN

Blue = healthy cells

\3%00& 0. " o
oS

Red = invasive cells

Overexpress
SNAI1

L) )

— Sample to Insight



sssee Case Study: SNAI1 knockdown making cells less invasive

FalV ValadN]

My Pathways
[E Mew My Pathway 5"'.
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Case Study: SNAI1 knockdown making cells less invasive

— Sample to Insight
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sgoas BioProfiler (new)
_ Sveee __ Quickly profile a disease, phenotype, orfunction

|ldentify genes known to be causally relevant as potential targets or identify
targets of toxicity, associated known drugs, biomarkers and pathways

&) Bt

Molecule Add column(s) Disease & Evidence 4 Y Add column(s)
Symbol Molecule Type Disease ... Disease Mut... El Effect on Disease/Function Spe... . d Causal or Correlated Molecule Activity Findings
ACE peptidase 219 Alzheimer's disease wild type increases Human causal increased activity 1
APBE2 other 55 Alzheimer's disease; late-onset Al .fwild type increases Human causal increased activity 1
APOE transporter 920 (Alzheimer's disease wild type cheases Human causal J'cheased activity 1
APP other 1134 Alzheimer's disease wild type increases Human causal increased activity 2
BLMH peptidase 54 Alzheimer's disease wild type increases Human causal increased activity 1
PAXIP1 other 63 Alzheimer's disease wild type increases Human causal increased activitv 1
PSEN1 peptidase 585 Alzheimer's disease wild type increases . - o o _
PSEMNZ peptidase 277 Alzheimer's disease wild type increases - -
SORLL transporter 43 Alzheimer's disease wild type increases &
* Filter down to genes known to be & —
; : C = —
causally associated with Alzheimer’s N —
* Which genes when decreased in NS
activity increase liver cholestasis? )

« What types of genetic evidence
support this?

— Sample to Insight




— QIAGEN

Demo Overview

B Introduction to IPA

B Large Dataset Analysis
0 Data upload
0 Core Analysis
0 Comparison Analysis

® Other IPA Functionalities
O Search and Explore
O miRNA Target Filter
O Isoprofiler
O Bioprofiler

B Questions/Answer

— Sample to Insight
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IPA provides efficient insight

— Sample to Insight

With IPA you can:

B Analyze and visually integrate multi-omics datasets
O Identify pathway enrichment AND directionality
[0 Predict upstream molecules that may be driving expression changes
— Identify druggable targets
O Link differentially expressed genes to your phenotype

B Mining the Knowledgebase: One stop shop
O Look up all curated knowledge about drug/gene of interest
O Explore and create pathways
O Bioprofiler: identify actionable targets

Title, Location, Date
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— QIAGEN

— Sample to Insight

9|dweg

When do you use IPA?
QIAGEN Sample to Insight

Biology of
Interest

Sample
Prep

Assay
Data .

Upstream Analysis

‘Primary’

(Genes,

Variants, etc.)

‘Secondary’

»

Annotation &
Comparative

(Statistical)
Analysis

»

‘Tertiary’

Biological
Interpretation

Annotation &

Reads ‘ References
=% Map Reads to Reference (2ax1) fom) . form) MYBPC3 PIK3CA ‘Q
"’ N’ ) — €. 1624G>C ©.3075C>T
Reads Track ‘ Read Mapping :{_u ) S.T'“.' pESs42Q p 110257 ’
Lib P I
Al big escee
4. QUAGEN® Compary aiaGeN Clinical Insight
PATHWAY ANALYSIS BIOLOGICAL DATRERSES
A B C D
Intensity/
1D Log2Ratio pvalue RPKM/FPKM
2 NM_130786 014 8.68E-01 2931.69|
3 NR_015380 -0.99 2.24E-01 1649.26
4 NM_138932 -0.02 9.83E-01 1.67)
5 NM_014576 -0.02 9.85E-01 1.77]
6 NM_138933 0.02 9.79E-01 1.83]
7 NM_000014 479 1.02E-01 239.75)
8 NR_026971 -0.67 6.17E-01 213.79§
9 NM_144670 -65.96 1.30E-01 610.64|
10 NM_001080438 -1.97 3.47E-01 3.91
11 NM_017436 -1.09 5.02E-01 6186.83
12 NM_016161 202 5.97E-02 149.85)
13 NM_015665 -0.27 5.68E-01 13330.34)

QIAGEN Sample to Insight | www.ingenuity.com

www.clcbio.com

www.giagen.com

75



The Ingenuity Pathway Analysis plugin — in BXWB

Ingenuity Pathway Analysis

Provider: QIAGEM Aarhus

Support contact: support-clcbio @giagen. com
Version: 2.1 (Build: 160303-1420-139355)

Ingenuity Pathway Analysis plug-in
EEL Ingenuity Pathway Analysis

- IPA Pathway Analysis
ﬁ Pathway Analysis (legacy)

& Whole Transcriptome Seguencing
}? Analyze Expression Data and Upload Comparisons to IPA

EI%“ Expression Analysis

E Set Up Experiment

{j'.- Extract Differentially Expressed Genes
-2 RNA-Seq Analysis

: 1’% RMA-Seq Analysis

Create Fold Change Track

Advanced RNA-Seq [Beta]

Provider: QIAGEM Aarhus

Support contact: support-dcbio @giagen. com
Version: 1.0 beta 1 (Build: 160302-1508-139285)

End-to-end analysis of RMA-Seq experiments

PCA for RMA-Seq

|- Create Heat Map for RNA-Seq
Q) Create Yenn Diagram for RNA-Seq

 Differential Expression for RNA-Seq

1§ Workflow Input

-'“““-_\q_‘\

—

Expression Tracks

%4 Differential Expression for RNA-Seq

Statistical Comparisons

x_d__,_u-—d-—— \-______
-— —

Expression Tracks Statistical comparison Feature track

B8 Create Heat Map for RNA-Seq

Heat Map

Q) Create Venn Diagram for RNA-Seq 4 Statistical Compariscns

Statistical Compariscns Statistical Comparisons

Venn Diagram

et
o

INGENUITY

PATHWAY AMALYSIS

Expression Tracks

PCA for RNA-Seq

FCA Plot

— Sample to Insight
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eosee Working in BXWB to IPA

00000
— QIAGEN

Map reads to reference

Bx

Advanced RNA-Seq [Beta]

v

Provider: QIAGEM Aarhus
Support contact: support-clchio@qgiagen. com
Version: 1.0 beta 1 (Build: 160302-1503-139285)

End-to-end analysis of RNA-Seq experiments

Processed mBMNA

— Sample to Insight
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eosee Working in BXWB to IPA

00000
— QIAGEN

Map reads to reference

Bx

Advanced RNA-Seq [Beta]
Provider: QIAGEM Aarhus

Support contact: support-dchio@giagen. com Processed mRBMNA
Version: 1.0 beta 1 (Build: 160302-1503-139285)

A 4

End-to-end analysis of RNA-Seq experiments

Ingenuity Pathway Analysis

Provider: QLAGEM Aarhus

Support contact: support-cchio@qgiagen. com
Version: 2.1 (Build: 160303-1420-139355)

Ingenuity Pathway Analysis plug-in

— Sample to Insight

Title, Location, Date

78



eosee Working in BXWB to IPA

— QIAGEN

Bx

Advanced RNA-Seq [Beta]

Provider: QIAGEM Aarhus

Support contact: support-clchio@qgiagen. com
Version: 1.0 beta 1 (Build: 160302-1503-139285)

End-to-end analysis of RNA-Seq experiments

Map reads to reference

Ingenuity Pathway Analysis

Provider: QLAGEM Aarhus

Support contact: support-cchio@qgiagen. com
Version: 2.1 (Build: 160303-1420-139355)

Ingenuity Pathway Analysis plug-in

v

A 4

B

c

1/ID Log2Ratio p-value
2 |NM_130786 0.14 8.68E-01
3 NR_015380 -0.99 224E-01
4 |NM_138932 -0.02 9.33E-01
5 NM_014576 -0.02 9.85E-01
6 [NM_138933 0.02 9.79E-01
7 NM_000014 479 1.02E-01
8 [NR_026971 -0.67 6.17E-01
9 [NM_144670 -5.96 1.30E-01
10 'NM_001080438 -1.97 J47E-0
11 [NM_017436 -1.09 5.02E-01
12 NM_016161 202 5.97E-02
-0.27 5.68E-01

13 NM_015665

D
Intensity/
RPKM/FPKM

2931.69,

1649.26

1.67|
1.77]
1.83
239.75
213.79
610.64]
in

6186.83

149.85)
13330.34]

Processed mBMNA

INGENUITY
PATHWAY ANALYSIS

v

. Project Manager

B
| Rerrest]
. EFES tumor/narmal Bx-TPA =
9 Dataset Files
@ Tumor vs. Mormal 2016-05-20 10:52:05
EFE Analyses
LB Tumor vs. Normal 2016-05-20 10:52:05

— Sample to Insight
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Edit  View Window

Help and Support  FL

Provide Feedback | Support  Mr. Mistry Close IPA

Chemicals | Diseases and Functions | Pathways and Tox Lists |

| SEARCH

Advanced Search |3

sssse
essse
QIAGEN

Tutorials
newy i

Workflows

Project Manages Quick Start %]
Legend Ctri-Slash

T3t

laudin-Low-Breast-Cancer About IPA

eratinocytes What's new in PA

0 Dataset Files

B SNALRI-HGU144 universe
B SNARi Keratinocytes
H Analyses

B SNALI-HGU144 universe-L2R1-P-0.05
B SNADi Keratinocytes-KC-only

B SNALi Keratinocytes L2R1_P0.0S

" Comparison Analyses

A Biomarker Filter Results

H Biomarker Comparison Analyses

i MicroRNA Target Filter Results

g BioProfiler Results

El My Pathways

[

Discover the Biology

IPA® | What is IPA?

INGENUITY

ol © . o

Contact Support

Customer Support
Phone: 650.381.5111
Hours: 6am-5pm(PST)
Monday-Friday
(Excluding Holidays})

Contact Customer Support any time by creating
a new support case.

ingenuity.com - IPA Product Manual

i3
N Training

Help and Support

" Customer Forum

Pl
'QJJ
Feedback and Suggestions

— Sample to Insight
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Resources: White Papers

& & www.ingenuity.com

| INGENUITY

LOGIN

PRODUCTS NENCE BLOG
- = E

INGEN ' ,.\'

Nl Analsls

VARIANT Al

Cuslom Soldtlors

The most comprehensive | | INGENUITY

PRODUCTS SCIENCE BLOG LOGIN

just got more comprehens
Preview Ingenuity Variant Analysis with HC

LEARN MORE

Intuitive web-based applications for quick
the biological meaning

YWIREE Kind of 3 3re you 3l zing T Select an agtion |

Microarray Data

ACGTAATAEL
GTACAGTATC
TATAGTAATA
COTACATGGL
ATACGTAGAT
ACAGATACCA

Saquencing dats

Bad suppon for sequencing
«i=ia fypes, from DNA fo RNA

Extensie sugpart 1 mIGRaray
gene expression analysls

OVERVIEW

CURRENT USERT LOGMN HERE B

INGENUITY

PATHWAY ANALYSIS

SIGN UP FOR IPA

SHGM UF TOOMY

® oo
-y - OB IR LIGENSE B

DOWMLOAD THE DATASHEET &

WATCH A SHORT VIDED

FEATURES ADNVANCED APPLICATIONS WEBINARS TRAINING

@ QIAGEN's Ingenuity Pathway Analysis (IPA4) Support Documents

The Basics

Leas mons @ veas moss @

— Sample to Insight
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B =, 2045 Fail Reiease ()

42015 Summer Reizese @

P Agvanoed Analiics P &

B4, 2045 Soring Selesse (D

A 2015 Soring Relesme Siides &

Pouse FM4-sen candiomyoc;ies for Soring 2015 IFA release &
P Proguct Datssnest B

Fh 2014 Winier Resease (D)

B, 201 & Faill Fomimase )

A 2014 Fall Relsmse Sioes &

A 2014 Bummer Reteese (0

B4 2014 Saring Release @

P4 201 4 Soring Relesse Sldes win Cardlomyocyts Uss Case
B, 201 3 Winer Ralease (D

P4 2013 Fall Relese &

B4 2013 Fall Ralssse Sliges win Camlonocie Uss Case &
B4 2043 Sorig Rzieame &

A 2013 Eranpriss Fiper &

P 2013 Spring Rl Slides with Mouss Wakling Case Sy &
P T Danmsnest B

Guielines for CRing IPA In Pulications &

Flle Format Sopecs for Uploeding Dats win Mesdes &



sssss  What can Qiagen bioinformatics products do for you?

A B E D

Intensity/
1D Log2Ratio palue RPKM/FPKM
2 NM_130786 014 G.68E-01 2931.69)
3 NR 015380 099 224E01 1649.26
4 NM_138932 002 9.83E01 1.67)
5 NM_014576 002 9.85E-01 1.77|
6 NM_138933 002  979E-01 183
7 NM_000014 479 1.02E01 239.75
8 NR 026971 067  GATEO1 213.79
9 NM_144670 596 1.30E-01 61064
10 NM_001080438 .97 34TE01 3.91
11 |NM_017436 .00 502601 6186.83
12 |NM_016161 202 597E02 149.85)
13 |NM_015665 027 S6BE01 1333034

Upstream Regulators

WorkBench
IPA
IVA/HGMD/QCI

Invasion

>
®©
S
=
©
Q
'_
O

Canonical Pathways

— Sample to Insight
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| SRR

Queshons"

Thank Youll

Jennifer Poitras, Ph.D.
Field Applications Scientist
Jennifer.Poitras@giagen.com

— Sample to Insight
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