IPA Introduction and Analysis Match:

Understanding biological
mechanisms in transcriptomics or
proteomics datasets

Stuart Tugendreich, Ph.D., Director & Global Prod Mgr, IPA, QIAGEN Bioinformatics
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Agenda

What is Ingenuity Pathway Analysis?
The QIAGEN Knowledge Base powers IPA
How can you find analyses similar or different to yours?

Case Study: Biological effects of gemfibrozil in liver (of rat)

Land Explorer for IPA

Conclusions

Sample to Insight
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Legal disclaimer

QIAGEN products shown here are intended for molecular biology
applications. These products are not intended for the diagnosis,
prevention or treatment of a disease.

For up-to-date licensing information and product-specific disclaimers,
see the respective QIAGEN kit handbook or user manual. QIAGEN kit
handbooks and user manuals are available at www.qgiagen.com or can
be requested from QIAGEN Technical Services or your local distributor

Sample to Insight

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft
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What is Ingenuity Pathway Analysis?

Sample to Insight

Title, Location, Date



sssss  |PA was built to understand the biology of living systems

How do two samples differ from one another biologically?
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metabolome
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Sample to Insight

What is the cause and what is the effect?
What drives the expression changes?

What effect does that have?

What well-understood pathways are involved?

Do | see the biological changes | expect?
Do the results suggest new hypotheses?

Are these results unusual or fairly common?

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



IPA's Knowledge Base identifies the “hidden” information in datasets
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Transcriptome dataset

Upstream regulators

Gene name
4933409K07Rik
9030619P08Rik
ABCCA

Aldhla7

AOX1

CBR1

CBR3

CDKN1A

EGR1

ELOVL3

EPHX1
Gm11827
Gm20236
Gm3893
Gm6300

Gstad

GSTAS

HSD3B1
HSPA1A/HSPA1B
Hspalb

LOXL2

Ly6a

NQO1

PGD

PIR

PLA2G7
Slc7a12

SRXN1

TSKU

Sample to Insight

(differential expression)
Fold Change

3.553
2.856

3
2.516
2.286
4.026
8.582
2.735

-2.272

2.263
2.371
2.796
2.491
3.547

-2.771

3.833
2.274

-2.319

-2.6

-2.689

3.348
3.052
3.471
2.475

2.32
2.423
-3.82
2.732

2.34

Downstream outcomes

p-value

4.32604 and affected pathways
1.47€-03

4.68E-12

3.46E-06

4.37E-08 . . )
276511 Quantity of ctlve tissue
Migra cells

NRF2 Mediated Oxidative
Stress Response Pathway

3.81€-02
3.21E-08
6.70E-06
8.55E-04
2.39E-02
3.396-02
1.56€-09 7
5.52€-03
1.79E-08
1.42607
4.96E-05
2.656-07
5.33£-03

6.85E-06 These “hidden” relationships are
Bt curated from the biomedical literature

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets
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sssss IPA visualizes the hidden biology in a dataset

] <1624 M 1757 Mg [None+| 5%+, IO ECEIIEI 6

”w’ ;"- 1 e 1 and Sur w’ al uﬂ ‘l"

Remodeling of Epithelial Adherens Junctions

Cdc42 Signaling

Regulation of Actin-based Motility by Rho

Acute Phase Response Signaling

Integrin Signaling

Actin Cytoskeleton Signaling

Actin Nucleation by ARP-WASP Complex

Calcium-induced T Lymphocyte Apoj

Sample to Insight
Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



sssse But you don’t need a dataset to use IPA...

n
Disease of kidney
L

Sample to Insight

Title, Location, Date 8



33558 Search and explore (no dataset)
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Sample to Insight

Title, Location, Date



33558 Search and explore (no dataset)

PPARG hydm”én__@\eroxide

N
~SLCTAM, N
% STRY -~ %cﬁv‘é Xygen spe\cie§

~

Sample to Insight

Title, Location, Date 10



33558 MAP (overlay) predicts effects based on literature
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Sample to Insight

Title, Location, Date 11
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BioProfiler can be used to explore hypotheses

All molecules (genes, drugs, etc.) known to connect to nephritis

Sample to Insight

BioProfiler ©//

LIMIT TO DATASET

Syrnbollz-deoxyglucose - CHRM4 (p1 of 6)

'] (<] AJ More Info

| Molec... + Add/R col

Disease or Function Evidence

Symbol Y| Molecul... Y X

Molecul... ¥ X

Effecto... Y X

2-deoxyglucose chemical drug
P 265 Proteasomcomplex

3-methyladeninéchemical toxicant

ABAT enzyme
abatacept |biologic drug
P ABCAL transporter
abelmoschus mabiologic drug
P> ACE 'peptidase

acetaminophen |chemical drug
PACTN4

ADD2 other

ADORA1L G-protein coup...
P ADORA2A G-protein coup....
ADORA2B G-protein coup...
P AGER \transmembran...
PAGT growth factor
PAGTR1 G-protein coup...
Agtrlb G-protein coup...
PALB \transporter
ALDH5A1 enzyme

P aliskiren chemical drug
AMBP transporter
amdinocillin chemical drug

ammonium trichichemical drug

transcription re..

increased activity
decreased acti...
increased activity |
decreased acti...
increased activity |
decreased acti...
increased activity
decreased acti...
increased activity

.|decreased acti...

increased activity
decreased acti...
decreased acti...

|decreased acti...

decreased acti...
decreased acti...
decreased acti...
decreased acti...
increased activity
decreased acti...
increased activity
decreased acti...
increased activity

Selected /Total molecules: 0 / 568

decreases
affects

increases

affects
decreases
affects,increases
decreases
affects,increases
decreases
affects

affects

affects

affects

affects
decreases,incr...
increases
affects,increases
increases

affects

affects
decreases
increases
decreases
decreases

|increased activity|

Note how the Ingenuity Ontology is used to gather all

+ Add
Disease or Function ¥ | Mutation... ¥ X | Biomark... T X|Species... Y X|Drugtar.. Y X|Expressi.. ¥ X|Causalo... T :
Glomerulonephritis all 1 |wild type not applicable  |Mouse not applicable  |not applicable |causal
IgA nephropathy, Lupus neph... all 2 |wild type not applicable  |Human phase 4 not applicable  |correlation
Nephrotoxic nephritis all 1 lwild type not applicable  |Mouse not applicable  |not applicable  |causal
|Primary focal segmental glom... all 1 |wild type not applicable |Human phase 2/3 not applicable  |correlation
Lupus nephritis all 1 |wild type not applicable  |Uncategorized |phase 3 not applicable  |causal
Glomerulonephritis all 3 |h yg k... [not applicable |Mouse,Human |not applicable,... |not applicable  |causal,correlati
IgA nephropathy all 1 |wild type not applicable  |Uncategorized |phase 4 not applicable [causal
Glomerulonephritis all 4 lhomozygous,k... |not applicable |Uncategorized,...|not applicable,... [not applicable  |causal,correlatic
Lupus nephritis all 1 jwild type not applicable  |Uncategorized |phase 3 not applicable  |causal
Acute phase crescentic glome... all 5 |wild type not applicable  |Rat,Human not applicable |downregulation |correlation
IgA nephropathy all 1 |wild type not applicable  |Uncategorized |not applicable |not applicable |correlation
Glomerulonephritis all 1 |wild type not applicable  [Human phase 3 not applicable [correlation
Crescentic glomerulonephritis ~ all 2 |wild type not applicable  |Rat,Human not applicable,... [not applicable,... |correlation
Nephritis all 1 lhomozygous,k... |not applicable  [Mouse not applicable  [not applicable  |causal
Lupus nephritis, Nephritis all 2 |homozygous,k... |not applicable  |Mouse not applicable  |not applicable  |causal
|Interstitial nephritis, Nephritis  all 3 |homozygous,k... |not applicable  |Rat,Mouse,Hu... |not applicable |not applicable [causal
Glomerulonephritis all 3 |h k... \not applicable  |Mouse,Human |not applicable,... |not applicable causai.correlatiq
|Nephritis all 1 jhomozygous,k... |not applicable  [Mouse not applicable  [not applicable |causal
Idiopathic interstitial nephritis  all 2 wild type efficacy,not ap... |[Human not applicable  [not applicable,... |correlation
|Primary focal segmental glom... all 1 |wild type not applicable  [Human phase 2/3 not applicable  [correlation
IgA nephropathy all 3 |wild type not applicable  |Uncategorized,... not applicable,... \not applicable  |causal
Nephgltis all 1 lhomozygous,k... [not applicable  [Mouse not applicable  [not applicable  |causal
Pyelgnephritis all 1 |wild type not applicable  |Uncategorized |phase 4 not applicable |causal
erulonephritis all 1 |wild type not applicable  |Rat not applicable  |not applicable |causal L]
> -

nephritis subtypes

Title, Location, Date
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BioProfiler can be used to explore hypotheses

Filtering: All molecules when DECREASED in activity, INCREASE nephritis

Sample to Insight

Symbol|ABCA1 - PSEN1

(plof2) | (3 @ i More Info

| ABCA1
P ACE
AGER
AGT
AGTR1
Agtrlb
AMBP

> APCS
P APRT
ARHGDIA
BAK1
BAX
PBCL2L11
BMF
Cl1QA

c3
C4A/C4B
CCR1
CCR7
CD151
co19
»CD1D
cD22
D274

/| Molecul... ¥ X

transporter
peptidase

growth factor

G-protein coup...
G-protein coup...

transporter
other
enzyme
other

other
transporter
other

other
peptidase
peptidase

G-protein coup...
G-protein coup...

other

transmembran...

other

transmembran...

decreased acti...
decreased acti...
decreased acti...
decreased acti...
decreased acti...
decreased acti...
decreased acti...
decreased acti...
decreased acti...
decreased acti..

decreased acti...
decreased acti...
decreased acti...

decreased acti..
decreased acti...
decreased acti..
decreased acti..
decreased acti...
decreased acti...
decreased acti...

decreased acti...
decreased acti..

Selected/Total molecules: 0 / 141

Molecul... ¥ x

| Diseas< or Function Evide :e

+ Add
Effecto... ¥ x| Disease or Function X | Mutation... ¥ /| Biomark... ¥ ecies ... Y *|Drugtar... ¥ X/| Expressi.. ¥ X| Causalo... Y °
increases Glomerulonephritis all 1 |homozygous,k... not applicable  |Mouse not applicable  |not applicable |causal e
increases Interstitial nephritis, Nephritis ~ all 2 lhomozygous k... [not applicable  |Mouse not applicable  |not applicable  [causal
increases Lupus nephritis all 1 |h k... |not applicable  |Mouse not applicable  |not applicable |causal
increases Interstitial nephritis all 1 'homozygous, k... [not applicable |Mouse not applicable  [not applicable  |causal
increases Nephritis all 1 \homozygous,k... not applicable  |Mouse not applicable  |not applicable |causal
increases Nephritis all 1 lhomozygous,k... [not applicable  |Mouse not applicable  [not applicable |causal
increases Nephritis all 1 lhomozygous,k... [not applicable  |Mouse not applicable  |not applicable |causal
increases Glomerulonephritis all 1 'heterozygous,h...[not applicable  |Mouse not applicable  [not applicable |causal
increases Inflammation of renal tubule all 3 lhomozygous,k... [not applicable  |Mouse not applicable  |not applicable |causal
increases Interstitial nephritis all 1 lhomozygous, k... [not applicable  [Mouse not applicable  [not applicable |causal
increases Glomerulonephritis all 1 |homozygous,k... |not applicable  |Mouse not applicable  |not applicable |causal
|increases Glomerulonephritis all 1 \homozygous,k... [not applicable |Mouse not applicable  |not applicable  [causal
increases Autoimmune glomerulonephritis all 2 |heterozy h...|not applicable  |Mouse not applicable  |not applicable  [causal
increases glomerulonephritis all 1 |h g k... [not applicable  |Mouse not applicable  [not applicable |causal
increases Glomerulonephritis all 1 jhomozygous, k... |not applicable  |Mouse not applicable  |not applicable  |causal
increases Glomerulonephritis all 1 homozygous, k... [not applicable  |Mouse not applicable  [not applicable  |causal
increases Glomerulonephritis all 1 gous,k... |not applicable  Mouse not applicable  |not applicable  |causal
|increases Glomerulonephritis all 1 lhomozygous. k... [not applicable  [Mouse not applicable  [not applicable  |causal
i Nephritis all 1 |homozygous, k... not applicable  [Mouse not applicable  |not applicable |causal
increases Interstitial nephritis all 1 lhomozygous k... [not applicable  |Mouse not applicable  |not applicable  [causal
increases Nephritis all 1 |homozygous k... |not applicable |Mouse not applicable  [not applicable  |causal
increases Glomerulonephritis all 3 |homozygous k... [not applicable  |Mouse not applicable  |not applicable |causal
increases Moderate i X n.. all 1k k... |[not applicable  |Mouse not applicable  |not applicable  |causal
Nephmls all 1 wild type not applicable  |Mouse not applicable  [not appllcable causal L

Visualize several on a network 2>

Title, Location, Date

13



sssse Visualizing BioProfiler results as a network

Specific subtypes of nephritis are carried over to the network
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Sample to Insight

Title, Location, Date
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sssse The basis of IPA: molecular information curated from the literature

Upstream TF

Drug
( 'Rx: ibuprofen )

Biomarker

( IBM: efficacy - prostatic carcinoma )

Downstream gene

Function )
Disease

Gather this information for nearly every gene. Inferences can be made from the resulting networks.

Sample to Insight




sssss 1The QIAGEN Knowledge Base powers IPA

A massive, manually curated Knowledge Base

Ingenuity Literature Findings

RRIRARAR

Ingenuity® Expert Findings —
Manually curated Findings from the full-text,
with contextual details, from top journals.

Ingenuity® ExpertAssist Findings —
Automated text Findings that are manually
reviewed, from abstracts covering a broader range
of publications. Comprise a small % of IPA’s
findings.

Ingenuity Modeled Knowledge

& « COSMIC * BioGRID
i == . _
WE - e Clinical Trials « MGD
IR P =
&aty TAT)

A\ « OMIM * HumanCyc

Ingenuity® Expert Knowledge — conferf\08 fM¥& such as

Canonical Pathways, toxicity lists, etc.

Ingenuity® Supported Third Party Information —

Content areas include Protein-Protein, miRNA, biomarker, clinical trial
information, and others

The QIAGEN

last ~20 years

Knowledge Base

Update weekly for The Ingenuity
Ontology

A

>6.7 M findingi INGENUITY

PATHWAY ANALYSIS

.

Sample to Insight




s3358 How IPA content is different; context and direction of effect

Homozygous mutant mouse Nrf2 [Nfe2l2] gene (knockout) in mouse decreases constitutive expression
of mouse Gstm3 mRNA in mouse_liver?

11991805
offat GJ, lItoh K, Yamamoto N, Hayes JD. Loss of the Nrf2 transcription factor causes a marked
eduction in constifutive and inqucible expression ®f the glutathione S-transfexase Gstal, Gsta2,
stml, Gstm2, Ggtm3 and Gstnm{4 genes in the livexs of male and female mice.\Biochem J. 2002 Jul
15;365(Pt 2):405£16.

Source: Ingenuity Expert Finding

species |

mutation type

Direction of effect on

tissue | :
upstream gene | '\ gene expression

downstream gene | Activity of the molecule in
this finding (decreased)

This structure provides
As represented in an IPA network:

rich contextual detail and causality
and can be used computationally

Sample to Insight

UGM OmicSoft IPA Boston, MA September 19th-20th Melanoma. J Pearson, Ph.D. JN Billaud, Ph.D

17


https://apps-stable.ingenuity.com/rs/nodeview/nodeview.jsp?analysisid=-1&nodeName=ING:3bj9
https://apps-stable.ingenuity.com/rs/nodeview/nodeview.jsp?analysisid=-1&nodeName=ING:1i7l

sssss IPA cumulative citation volume. IPA was released in late 2003

©0080
QIAGEN

35000
>30,000 total

citing IPA
30000 . i o .
IPA is growing: Citation volume has increased

every year (YOY) since it was released
25000

20000

Citations

15000

10000

5000

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Sample to Insight
18
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Sample to Insight

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



How can you find analyses similar or different to yours?

— QIAGEN

Until now, manually create a Comparison Analysis

i Analysis - Analysis Comparison 1

Canonical Pathways ' Upstream Analysis \ Diseases & Functions |, Regulator Effects ' Lists |, My Pathways ', Molecules |, Comparison Settings
Upstream Regulators \Causal Networks ',
Table ' Heatmap ', |

/Legend : Pathway | Molecules ',
More Info| | Overlay: Mouse expression RNA-seq High Insulin vs untreated FDR0.01, Expr

Fold Change
Measurement: Activation z-score ~4.118 - - 7.263

Sort Method: | Score ¥ Visualize: |Activation z-score ~ o

~
B« B9 = [ Cluster Columns

show legend

< Upstream regulato.

[TBX2

IMYC

estrogen receptor
POUSF1

ISPDEF

IMYCN

SOX2

JAlpha catenin
POR

INSIG1
IKDMSA
RICTOR
IMAP4K4
SB203580
LY294002
[TRIM24
1SOCS1
CD3
? 2]

PPARG

imono-(2 -ethylhexyl)phthz

HIFLA

ISCAP

ISREBF2

INSR

SRF n

F2 ] [~| | ©2000-2017 QIAGEN. Al rights reserved.

(up to 20 analyses)

Sample to Insight

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



s Analysis Match makes it easy to find insights

0000
— QIAGEN

Discover which analyses resemble yours, to uncover insights from mechanistic similarities and differences

el
Summary |, Canonical Pathways * Upstream Analysis | Diseases & Functions |, Regulator Effects | Lists | My Pathways ', Molecules ', Analysis Match |

Expression Analysis - Mouse expression RNA-seq High Insulin vs untreated FDR0.01

Upstream Regulators* Causal Networks ',
| 400 70 My PaTHWAY [ A0D TO My LisT IS Activation z-sc...[6.067 - 3.803 (p10f29)  ~ _iJ More Info
Ao Match against
Maste... 7| Ex... ¥/ X/[Mol... ¥ X/|Par... ¥ X/|De... T/1X|Predic.. X .. (YJIX|| p-... (¥)(x/[ Net... ¥/ /| Tar... ¥/ [X/| Ca... [¥]X/|7 e
CEBPD 42.253  |transcripti...| C......all 6 |2 6.067 3.73E-36 [1.00E-04 | ....all 235 [235 (6) 6|~ Lem— -
- i [ .39E- L00E- b...all 66 Sem—— —_—
INSR 1.812  |kinase 1 Activated  |5.908 1.39E-17 |[1.00E-04 al 66 (1) 1 your Own analyses g
1D-chiro-ir| chemical ... 2 5.889 3.77E-20 |1.00E-04 ([F...all75 |75 (3) 2 S=2== e 3w
benzylamin| chemical ... 2 Activated  [5.889 5.40E-20 [1.00E-04 |t...all 75 |75 (4) 3 =E=T= E=yu
HPSE lenzyme E..all8 |2 |Activated  [5.713 2.52E-22 [8.90E-03 ...all 206 (206 (8) 8| d s——— -
UBAL +2.339  |enzyme | ... all61 |3 Activated  [5.611 1.74E-43 [1.00E-04 | ....all 545 [545(61) |6 an E = i
ciglitazone chemical ... |F.....all 24 |2 |Activated  |5.590 1.41E-37 (1.00E-04 |...all320 (320 24) |2 EEE=TE ”ﬂs
LPIN1 +2.062  [phosphat... | *...... 2 Activated  [5.575 7.09E-30 [1.00E-04 |...all 181 [181(7) |7 i e
D-thioctic al chemical ... | A...... 2 5.480 1.04E-22 [1.00E-04 |...all112 |112 (4) 4 sy - o g
hexarelin chemical t...| A. 2 Activated  [5.426 8.10E-32 [1.00E-04 |...all 181 [181(6) |6 pr—orr e g
mibolerone chemical ... 3 5.353 2.98E-41 [6.00E-04 |...all 554 [554 (31) |3 N
hydroxyflutd chemical ... 3 Activated  [5.345 1.57E-38 |1.70E-03 .all547 (547 35) [3 e e [E TN
testosteronq chemical ... 3 5.250 3.226-39 [1.10E-03 | ...all 549 [549 (39) |3 >56,000 Other e By
1,1-bis(3'-| chemical 2 Activated  [5.185 2.05E-29 [1.00E-04 | ..all162 {162 (3) 3 t d oy TN
™iz2 +1.861  ftranscripti.. - 3 |Activated  [5.184 8.28E-37 [2.70E-03 | ..all 527 [527 31 3| curate o T
g — - e
Selected/Total rows : 0 / 2833
analyses

—®  Which analyses have similar Upstream Regulators, Canonical Pathways, Diseases & Functions, etc?

Sample to Insight

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



sssse Unprecedented Discovery with Analysis Match

Build confidence in your results
» |dentifying shared biology across disparate diseases, tissues, treatments and more.

Develop greater insights
* Upstream drivers, downstream phenotypes and biological pathways.

Identify key regulators/pathways
« Similarly activated/inhibited across the groups

Easily evaluate critical hypotheses
» Across an extensive collection of public data

Applications

* Biomarker discovery through comparison analysis
* Mechanism of action

» Target discovery/validation

* Drug repurposing

Sample to Insight
Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



sasss >56,000 comparison datasets from OmicSoft Lands in IPA

OmicSoft Lands, expression data in IPA

Gene Expression: w

RNA-seq Gene Expression Omnibus
Microarray
1 ' >325,000 ATAYEXPress|
samples SSEAC A
DNA-Seq: AATac © SRA
SNP/Mutations :
CNV Land
RNA-seq ' Platform 5% shaneang
SNP/Mutations it CCLE Encyclopedia

s 1

&2 cac

_ Public Annotation International Cancer Genome Consortium
1000 Genomes
cosmic
Customer databases And many other
Other sources

Sample to Insight

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets



sssss Analysis Match combines knowledge with data

(1111}
QIAGEN
Array Express Journal articles Clinical Trials
—
GEO = SRA COSMIC ==
-— — — OMIM
== LINCS - =
Etc. - o Etc.
>6.7 million @ i
Reprocessed using the curated Findings 4. Curation & QA
same pipeline @ @
>56,000
; O S ft comparison datasets I N G E N U ITY@
Array Studio Built from PATHWAY ANALYSIS

>325,000 samples

» Biological analyses of
each dataset

» Compare your analysis
to all OmicSoft analyses

—

Sample to Insight
Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets
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What the >57,000 Land Comparisons represent (End of Sept. 2019)

Sample to Insight

DiseaselLand
HumanDlsease (8891)

519 diseases

259 tissues

66 expression platforms
1577 RNA-seq datasets

MouseDlsease (10,326)

332 diseases

223 tissues

55 expression platforms
4078 RNA-seq datasets

RatDisease (846)

37 diseases
62 tissues
329 RNA-seq datasets

LINCS (28,234)

23 cell lines
374 chemical treatments or gene overexpression
226 different targets (or groups of target genes)

OncolLand
OncoGeo (2859)

141 cancers
e 73 tissues
e 42 expression platforms
¢ 944 RNA-seq datasets

TCGA (4789)

¢ 33 cancers
e 27 tissues

« 385 different mutational status / clinical signs

Pediatrics (444)

e 47 cancers
e 23 tissues

Metastatic Cancer (81)

e 27 cancers
¢ 18 tissues

Hematology (1387)

e 46 cancers

e 73 cell types

196 RNA-seq datasets




sssss  Case Study: Biological effects of gemfibrozil in liver (of rat)

[elslelelel
—— QIAGEN
O
+ gemfibrozil
) > 4 0 OH
>
J " i + Lipid-lowering drug
Liver
transcriptome Agonist of the Peroxisome
Proliferator-Activated Receptor
alpha (PPARa), a ligand-
dependent transcription factor
Q
| PPARA)
2= ’
What we expect to see: NP‘ZAIZ CPTIB CD36 Gom2 FATP GPDH GK (P ABCATAPOANPOA2FASNLCAD ACOX ACAA1  (IkBa

Fatty acid
|
odeatJ.on

Fatty acid . Lipgprotein Anti-inflammation
uptake £0sl metabalism L)

Sample to Insight
Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets
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Using IPA to explore the biology of gemfibrozil in rat liver

Analysis of liver expression of gemfibrozil-treated rats for 7 days compared to control

Series GSE47875
Status

Title

Organism
Experiment type
Summary

Query DataSets for GSE47875
Public on Aug 08, 2014
SEQC Toxicogenomics Study: microarray data set
Rattus norvegicus
Expression profiling by array
The comparative advantages of RNA-Seq and microarrays in transcriptome
profiling were evaluated in the context of a comprehensive study design.
Gene expression data from Illumina RNA-Seq and Affymetrix microarrays
were obtained from livers of rats exposed to 27 agents that comprised of
seven modes of action (MOAs); they were split into training and test sets and
verified with real time PCR.

contributor: DrugMatrix, National Toxicology program (NTP)

GSE47875

» 3 rats treated w/ 700 mg/kg for 7 days vs. 6 rats with corn oil control

* lllumina HiScanSQ FASTQ processed in OmicSoft Array Studio

* Analysis cutoffs in IPA:

¢ Fold chan

ge<-1.50r>1.5

* Adjusted p-value <0.01
* Max of group means > 10 FPKM

* Analyzed 503 down-regulated and 461 upregulated genes

—

chemical => GEMFIBROZIL vs Vehicle

. Ehhadh
70
Acaala
. Cyp4da1
Acox1
60
Apcs . Met
ApoA4

50
3
7 40
=
3
=)
E

0 )

3 - . 5
20 = % & .
L ."
| ]
10
0
4 3 2 1 0 1 3 4

Estimate
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https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE47875

g2saa IPA summary: Confirmation of known biology + new insights

©0080
QIAGEN

Effects on regulators and pathways (IPA Core Analysis)

1 PPARa upstream regulator PZA;@(\R“
* 1 Cholesterol biosynthesis P4 // \ e
* 7 Fatty acid B-oxidation o \\ Wi
+ 1 Ketogenesis )'\ Y
« | LXR/RXR pathway AR B A‘;\‘y“
* | Cholesterol transport L \ / >
N \ / r <
\ }‘ /‘( /
Similarities and differences to other analyses (Analysis Match) OxidatirJ@tty acid

e Confirm known effects

* Matches to well-known PPAR agonists such as fenofibrate, tesaglitazar, rosiglitazone, and amorfrutin (mouse, rat, and human and in
liver and adipose tissue).

* Insights into related biology

« Weaker but significant matches with conditions which (like gemfibrozil) appear to activate the key cholesterol regulators SREBF1,
SREBF2, and SCAP but (unlike gemfibrozil) don’t activate PPARa.

* Anti-match to siRNA knockdown of Prdm16 in mouse white adipose. Prdm16 regulates PPAR activity in adipose tissue and is a
master transcriptional coregulator in brown adipocytes, promoting expression of brown fat-selective genes and repression of white-
selective genes.

» Potential for drug discovery

* Anti-match to severe atopic dermatitis samples (where PPARa is “inhibited”). Possible treatment with PPARa agonists.

Sample to Insight
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sssse Confirm known biology (we see the expected target activation)

Activation of RXRa/PPARa by gemfibrozil (predicted from the gemfibrozil RNA-seq data)

wr i/ v

NR2F1
..
Note that PPARA itself is not AV —ORSRIP0

upregulated significantly in the dataset =y

RXRa |»—

]

S

/ﬁl cPiYB CD36 GOT2 FATP GPDI GK (P ABCATAPOANPOA2FAS) X AGAA1 (IkBa)

N

Anti-inflammation

Faftyacid  Fattya G'# cose Lipoprotei -oxidati
oxidation u e homegstasis metabolism B-oxidation

(zoomed in to show detail)
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sasss Confirm known biology (expected drug target, pathways, and functional effects)

Extracellular Space Other

@ = cxXef12
m@.

Examples of pathway impacts

oA
<= ©

Canonical Pathway B-H p-value z-score
opkzing - ) : Superpathway of Cholesterol Biosynthesis 3.14E-14 4.796
x : ) ‘ Ketogenesis 7.05E-08 2.646
‘ / Acyl-CoA Hydrolysis 3.33E-06 2.449
Cyioplasm a Fatty Acid Beta oxidation | 4.84E-06 3
‘ / Isoleucine Degradation | 8.01E-04 2.236
LXR/RXR Activation 2.47E-11 -3.674
fatty acid Examples of functional impacts
Disease or Function p-value  z-score
Oxidation of fatty acid 2.30E-11 2.577
Synthesis of cholesterol 1.05E-17 2.109
Vascularization 3.50E-04 -2.067
Invasion of cells 3.43E-04 -2.181
Cholesterol transport 9.87E-05 -3.204

What other conditions have predictions similar to these?

Sample to Insight
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33558 How can we find matches to other analyses?

Conceptually, create signatures of the predicted “entities” for every analysis and compare them:

Query signature

Upstream

Regulator
PPARA
ACSL3
INSR
RPE65
SREBF1
SCAP
SREBF2
ZNF423
PPARG
POR
ASXL1
NR1D2
ST3GALS
CREB3L3
ACOX1
GRB14
PDESA

Predicted

Activation
Activated
Activated
Activated
Activated
Activated
Activated
Activated
Activated
Activated
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited

Signature from another analysis

Does it
Match?

YES
YES
YES

YES
Compare

YES

YES
YES

Upstream

Regulator
PPARA
ABDHS5
ASXL2
RPEG65
SREBF1
KLF15
SREBF2
BTN2A2
ACSBG1
NR1I3
CR1
ASXL1
DUT
ACOX1
NR1I3
GRB14
PDESA

Predicted

Activation
Activated
Activated
Activated
Activated
Activated
Activated
Activated
Activated
Activated
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited
Inhibited

Create and score signatures for
* Upstream Regulators

» Causal Networks

* Canonical Pathways

 Diseases & Functions

The sign of the entity (activated or inhibited) is important, but not its order in the signature

Sample to Insight
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Analysis Match results for gemfibrozil in rat liver

Filtered to show top matching (>45% match) or top anti-matching (< -45% match)

Filtered to mostly exclude
matches to own analyses

Examples of available metadata

Brief description of the comparison

Upstream Diseases &

Regulators Functions
Canonical Master Overall
Pathways Regulators average

IAnaWsis Name

7| Project

¥ x|

case.diseas... Y X

case.tissue 7} ix

comparisoncategory Y/ X/

comparisoncontrast

Gemfibrozil microarray PMMicroarray Gem...

6~ normal control [liver] N/
5- normal control [liver] NJ
4- diet induced obesity [s{
3- obesity [subcutaneous

2- normal control [white af
1- normal control [white af
7~ normal control [embryq
1- normal control [liver] ar
42 - hypercholesterolemia
8- lung adenocarcinoma (|
1- obesity [mesenteric adi
44- hypercholesterolemia
8- normal control [embryd
1- normal control [liver] Ni
7- diet induced obesity [in
2- Alzheimer's disease (

1- diet induced obesity [li
1- lung adenocarcinoma (
2- normal control [embryg
60- adrenocortical carcing

MouseDisease
MouseDisease
HumanDisease
HumanDisease
MouseDisease
MouseDisease
MouseDisease
MouseDisease
MouseDisease
HumanDisease
HumanDisease
MouseDisease
MouseDisease
MouseDisease
MouseDisease
MouseDisease
MouseDisease
HumanDisease
MouseDisease
TCGA

94 - atherosclerosis;hyperlMouseDisease

1- normal control [fetal ne|
6- liver carcinoma [liver] N
3- normal control [embryd
7- liver carcinoma [liver] p
2~ atopic dermatitis [skin]

3- normal control [white af

Sample to Insight

MouseDisease
OncoGEO
MouseDisease
OncoGEO
HumanDisease
MouseDisease

normal control
normal control

diet induced obesity
obesity

normal control
normal control
normal control
normal control
hypercholesterolemia|
lung adenocarcino...
obesity
hypercholesterolemia
normal control
normal control

diet induced obesity
Alzheimer's diseas...
diet induced obesity
lung adenocarcino...
normal control
adrenocortical carc...
atherosclerosis;hyp...
normal control

liver carcinoma
normal control

liver carcinoma
atopic dermatitis
normal control

liver

liver

subcutaneous adip...
subcutaneous adip...
white adipose tissue
white adipose tissue
embryo

liver

visceral adipose tis...

lung

|mesenteric adipos...

gonadal adipose ti...
embryo
liver

inguinal adipose tis....

hippocampus
liver

lung

embryo
adrenal gland

liver

fetal neostriatum
liver

embryo

liver

skin

white adipose tissue

Treatment vs. Control
Treatment vs. Control
Treatment vs. Control
Treatmentl vs. Treatment2
Treatment vs. Control
Treatment vs. Control
Other Comparisons
Treatment vs. Control
Treatmentl vs. Treatment2
Treatment vs. Control
Treatmentl vs. Treatment2
Treatment vs. Control
Other Comparisons
Treatment vs. Control
Treatmentl vs. Treatment2
Disease vs. Normal

Other Comparisons
Treatment vs. Control
Treatment vs. Control
Other Comparisons

Other Comparisons
Treatment vs. Control
Treatment vs. Control
Treatment vs. Control
Treatment vs. Control
Disease vs. Normal

Treatment vs. Control

Tissue:Compound => liver -> tesaglitazar vs saline
Tissue:Compound => liver -> fenofibrate vs saline
Treatment => amorfrutin 4 vs DMSO

Tissue:Treatment => subcutaneous adipose tissue -> differentiation medi... |J

Transfection:Treatment => PRDM16 shRNA -> rosiglitazone vs none
Transfection:Treatment => control shRNA -> rosiglitazone vs none
Treatment:CultureCondition => DMSO -> N2B27 medium vs serum
Treatment => amiodarone vs DMSO

Tissue:ExperimentGroup => visceral adipose tissue -> high fat diet 9 wee.

Dosage => 10.56 ug/ml vs 0 ug/ml

Tissue:Treatment => mesenteric adipose tissue -> differentiation medium.

Tissue:SubjectTreatment => gonadal adipose tissue -> high fat diet;piogl
Treatment:CultureCondition => tazemetostat -> N2B27 medium vs serum
SubjectTreatment => calorie restriction vs normal diet

SubjectTreatment => high fat diet;rosiglitazone vs low fat diet
DiseaseState => Alzheimer's disease (AD) vs normal control
AnimalStrain[maternal] => BFMI vs C57BL/6N

SamplingTime => 24 hpi vs 0 hpi

Treatment:TreatTime[hours] => 12 -> miconazole vs DMSO
NOTCH2_Somatic_Mutation_[DNASeq]_Status => MUT vs WT
AnimalStrain[maternal] => SM/J vs C57BL/6)

Treatment => 3-nitropropionic acid vs none

Treatment => N-nitrosodimethylamine (DMN) vs none
GeneticModification:Treatment => none -> knockdown IRF3 vs control
Treatment => phenol vs none
DiseaseState => atopic dermatitis

Transfection:Treatment => none -

36.93
25.13
39.89
30.15
30.15

45.23

-45.23

-30.15

-39.89
-42.64

But what are the details behind the matching?

Analysis Match in IPA - Understanding biological mechanisms in transcriptomics or proteomics datasets

32



Sample to Insight

sssss Matching and anti-matching analyses fall into three distinct biological clusters
—— QIAGEN
{—3 — 3 — B — I — I — I — I — O — I — — I — A — I — i — — i — R — i — i —
AARADAANANANANANPNANANANANRANNNDADRADRAP A | Entity Type
- . FBZ3383837383335533¢8837¢8+4¢8
Part of upstream regulator signature: 2028221232 32555355 2548
% §.8§§T§,§ §§g§ gg gg'l_'EnmyName
" a a3 3 =
=
z-score i
_ ] _ £ Clusters:
species  case.tissue Notes: comparisoncontrast
mouse white adipose KD of PPAR regulator ~ Transfection: Treatment => none -> PRDM16 shRNA vs control shRNA 3- normal contr...
human skin Disease state DiseaseState => atopic dermatitis vs normal control 2- atopic derma...
mouse embryo GeneticModification: Treatment => none -> knockdown IRF3 vs control 3- normal contr...
human adrenal gland NOTCH2_Somatic_Mutation_[DNASeq]_Status => MUT vs WT |60~ adrenocorti...
mouse liver AnimalStrain[maternal] => SM/J vs C57BL/6J P o 5. Bl . 1|94~ atheroscler... SCAP / SREBP / PPARA
human liver Treatment => N-nitrosodimethylamine (DMN) vs none . S R . 6~ liver carcino...
human liver Treatment => phenol vs none . B . . . 7~ liver carcino...
mouse fetal neostriatum Treatment => 3-nitropropionic acid vs none s wifellel s s . s . 1- normal contr...
human lung Flu infection SamplingTime => 24 hpi vs 0 hpi . . . . . 1- lung adenoca...
human lung Adipocyte exosomes Dosage => 10.56 ug/ml vs 0 ug/ml . « . . . . . 8- lung adenoca...
mouse liver Caloric restriction SubjectTreatment => calorie restriction vs normal diet . . « .. 1- normal contr...
mouse hippocampus DiseaseState => Alzheimer's disease (AD) vs normal control . « |8 . . 2~ Alzheimer's ...
mouse embryo Treatment: TreatTime[hours] => 12 -> miconazole vs DMSO . . P . 2~ normal contr... SCAP / SREBP / PPARA
mouse embryo Differentiation Treatment:CultureCondition => tazemetostat -> N2B27 medium vs serum o o [ o . . 8- normal contr...
mouse embryo Differentiation Treatment:CultureCondition => DMSO -> N2B27 medium vs serum N . . 7~ normal contr...
rat liver PPAR alpha Gemfibrozil vs corn oil (microarray) B Gemfibrozil micr...
rat liver PPAR alpha Gemfibrozil vs corn oil (RNA-seq) Gemfibrozil vs ct...
mouse white adipose PPAR gamma Transfection: Treatment => control shRNA -> rosiglitazone vs none . .. . . « |1~ normal contr...
mouse white adipose PPAR gamma Transfection:Treatment => PRDM16 shRNA -> rosiglitazone vs none ‘ o & 2~ normal contr...
mouse liver PPAR alpha Tissue:Compound => liver -> fenofibrate vs saline o o ¥ . 5~ normal contr...
mouse liver PPAR gamma Tissue:Compound => liver -> tesaglitazar vs saline . . v 6~ normal contr...
human mesenteric adipose Adipose differentiation  Tissue:Treatment => mesenteric adipose -> differentiation medium vs ... . [ .. 1~ obesity [mes... SCAP / SREBP / PPARA
human subcutaneous adipose  Adipose differentiation  Tissue:Treatment => subcutaneous adipose -> differentiation medium ... - |3~ obesity [subc...
mouse liver PPAR gamma Treatment => amiodarone vs DMSO . . o lune 1~ normal contr...
mouse visceral adipose High fat Tissue:ExperimentGroup => visceral adipose -> high fat diet 9 weeks ... |« .« . . . 42~ hypercholes...
mouse gonadal adipose High fat Tissue:SubjectTreatment => gonadal adipose -> high fat diet; pioglitazone| . . . 0 44~ hypercholes...
mouse inguinal adipose High fat, PPAR gamma  SubjectTreatment => high fat diet;rosiglitazone vs low fat diet . . . 7= diet induced ...
mouse liver High fat AnimalStrain[maternal] => BFMI vs C57BL/6N . . 1~ dietinduced ...
human subcutaneous adipose ~ PPAR alpha Treatment => amorfrutin 4 vs DMSO . 4~ diet induced ...
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sssss  PRDM16 knockdown leads to downregulation of several relevant genes

PRDM16 is a regulator of PPAR activity in adipose tissue and master transcriptional coregulator in brown adipocytes, promoting
expression of brown fat-selective genes and repression of white-selective genes

PPARGC1A
1

3.146 PRBDMi6

l -1.309
-3.639
Expr Log Ratio

—
Differentiationiofi adipocytes

PPARG PPARG \
1

PPARA | ppaRA

3.146
1
[] -0.674 SR
-3.639
W el B -0.302
xpr Log Ratio _8.éhn Network overlaid with expression profile of

. Prdm16 shRNA vs. scrambled control
Expr Log Ratio
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sssse  Atopic dermatitis “anti-matches” the gemfibrozil treatment

©0080
QIAGEN

PPARa is predicted to be inhibited in this condition—> application of PPARa agonists may treat it

Extraceilular Space

Plasma
F. 2

Journal of Allergy and Clinical

: Immunology
ELSEVIER Volume 121, Issue 4, April 2008, Pages 962-968.e6

Cyloplasm

Atopic dermatitis and skin disease

Peroxisome proliferator-activated receptor a
regulates skin inflammation and humoral
response in atopic dermatitis

Delphine Staumont-Sallé MD * b & 9 * Georges Abboud BSc * ¥ & * Céline Brénuchon MD * b€,
Akira Kanda MD, PhD ® €, Thomas Roumier PhD * b €, Céline Lavogiez MD * b < 9, Sébastien Fleury
ab.¢ patrick Rémy * ® <, Jean-Paul Papin b, €, Justine Bertrand-Michel * f Frangois Tercé PhD © fig,
Bart Staels PhD ® & " Emmanuel Delaporte MD © 9, Monique Capron PhD * €, David Dombrowicz
PhD* b c Q=

Allergy. 2012 Jul;67(7):936-42. doi: 10.1111/j.1398-9995.2012.02844 .x. Epub 2012 May 15.

Topical application of PPARa (but not /5 or y) suppresses
atopic dermatitis in NC/Nga mice.

ahjm:{é-

PPARA inhibited

Sample to Insight
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sssse  Clustering provides insight into the signature entities as well
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Key regulators of cholesterol biosynthesis cluster with the enzymatic pathway, though not members of the pathway

Activation z-score - -

-10.354 9.567

?
|

4- diet induced ...

AN ST N T SO SN S O O A - S S S K S I
EEEEeysos 88 s 888:800
cfEcoccecooclececguwwececcc SO £ 9w
S5 00T UTCOEECO0O5000E8E>0000ERZS0200

) u.cuo‘_mguoou OO0 U=—=0UU0U0UU0U—=—=750775 33
@ £ =9 - gl ATV T E=-=s=NRN=s==22-=5-TT
& < fﬁ'gﬂwuwuﬂmmﬂ'aﬂﬂlﬂoomﬂiNN._,_G)NCJ'E.E

0 = X 0k oo ENE s D e I T

> > cE2o0m3I®3Io550Sc0co0o0&EEoco0ococaaL£f oL 22
£ & Cmmec | =  =EcTITcLQCCCEECCCCOO || €, TO
5 & B SRR SRR TR SRR SUR S
CP Superpathway of Cholesterol Biosynthesis I
UR SREBF1 [T} L]
UR SCAP ]
UR SREBF2

Heatmap rotated 90° from previous views
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sssss  All three regulators activate the rate-limiting step in cholesterol synthesis
QIAGEN

HMGCR is upregulated by gemfibrozil, consistent with the activation of the other regulators

-etyl-CoA > acetoacetyl-CoA
acetyl-CoA C-acetyltransferase

acety|-CoA H20

h, ; (S)-3-hydroxy-3-
hydro> ymet ylglutaryl-CoA synthase methylglutaryl-CoA

coenzyme A coenzyme A

coenzyme A NADPH

NADP+ H+

SREBF2

ATP ATP

ite-diphosphate
mevalonate-5-phosphate (R)-mevalonate

phesphomevalonate kinase mevalonate kinase

ADP ADP H+

phosphate

(Detail of Superpathway of Cholesterol Biosynthesis pathway)

Sample to Insight
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sssss  What is the expression of a gene in normal human tissues?

Land Explorer for IPA integration

MM ¢ 1soforms From (TR ¢

Sample to Insight

SREBF1

Chromosome: 17;

View GTEx human tissue expression (Land Explorer)

Location: 17p11.2

ol

Domains

HLH
=

]

- H T

Length
(# of AA's) # of findings

SREBF1 variant 1 | SREBF1 isof... WWMW ! 177 689
SREBF1 variant X1 | SREBF1 iso... WWW@’ 1176
SREBF1 variant X2 | SREBF1 iso... WWW 1174

SREBP1B_NM_004176.4 | SREBP1B r—hwmw
s O s A 1123 447

SREBF1 variant 3 | SREBF1 isof...

SREBF1 variant X3 | SREBF1 iso

1147 4

T [ T e

SREBF1 variant X5 | SREBF1 iso...

SREBF1 variant X6 | SREBF1 iso...

SREBF1 variant X4

B s s 766
B e 666

T

i

!

T

i - [—
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Land Explorer for IPA

Plot GTEx data for a whole gene or for individual splice variant in 51 human tissues

Sample to Insight

0 Selectland GTEx_B38_RefSeq88

v Findgene srebf1,

X Chart Setting v

Y Custom v  +:AddFiter  + Apply
Sample
Search...
SamplelD v
SubjectiD v
Tissue v
Tissue Detail Type v
Flag To Remove -

Check All Check None Invert

FLAGGED
([¥)-missing-
Land Sample Type v
Land Tissue Y;
TissueCategory v
Tumor Or Normal v

adrenal gland -
liver-
nerve
testis-
salivary gland -
pituitary =
fallopian tube
prostate -
cervix -
vagina -
breast -
skin -
ovary -
] small intestine -
g colon-=
é thyroid -
bladder-
esophagus -
lung -
uterus-
adipose tissue
kidney -
spleen -
brain -
stomach -
blood vessel -
muscle
heart -
pancreas-
peripheral blood -

Q Search Gene FPKM v o2

Grouping Tissue v Trellis No Trellis v Show PValue

Gene FPKM for SREBF1 by Tissue

° of® m PRI WP TONNN® & o °
DR ARROP, e °
TR BT °

ST T Mo

GRS Aee® ® o
WP =

' v T
200 300 400 500

Gene Expression (FPKM)

Download
i

(SN NN Mo NN N N

900 0OOOGOGOCONOORPONODOOOODODORONOSDO

(O]

Adipose - Subcutaneous
Adipose - Visceral (Omentum...
Adrenal Gland

Artery - Aorta

Artery - Coronary

Artery - Tibial

Bladder

Brain - Amygdala

Brain - Anterior cingulate ...
Brain - Caudate (basal gang...
Brain - Cerebellar Hemisphe...
Brain - Cerebelium

Brain - Cortex

Brain - Frontal Cortex (BAS...
Brain - Hippocampus

Brain - Hypothalamus

Brain - Nucleus accumbens (...
Brain - Putamen (basal gang...
Brain - Spinal cord (cervic...
Brain - Substantia nigra
Breast - Mammary Tissue
Cervix - Ectocervix

Cervix - Endocervix

Colon - Sigmoid

Colon - Transverse

Esophagus - Gastroesophagea...
Esophagus - Mucosa
Esophagus - Muscularis
Fallopian Tube

Heart - Atrial Appendage
Heart - Left Ventricle

Kidney - Cortex

Liver

Lung

Minor Salivary Gland
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View detailed sample data in OmicSoft Array Studio Lands

Hmgcr is upregulated by amorfrutin and several other treatments in mouse (Diseaseland)

Sample to Insight

| DiseaseCategory (AN

MouseDisease_B38.Hmgar [ %
(@ SelectView | 1=+ 32/ Comparisan Detais (TreatmentvSContral) X ¥ | Legend
Comparson [T P 8T 0 S D o R R B 11 - || 1Chart | 3 Auto Trelis 3 Copy Legend without border
PUNT . . W & Color by Case SampleSource -
Comparison details for Hmger by Case Treatment @ abdomnal sota
Pad
oxidative stress derived microvesicle © sodomnalfat
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8 7 Case Attrbutes GM-CSF © adpose progentor cel
@ 7 Control Attriutes Sicasions
' E2 protein scafiold @ adpone tase
@ 7 Dota Avalabity citalopram © adenal gand
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sssss  Analysis Match Summary

Discover related analyses

* In your own project folder or among analyses of thousands of public datasets with OncoLand and
DiseaseLand from OmicSoft

Build confidence

* In the biology of your analysis

Make unexpected insights

* Via shared and anti-similar mechanisms between studies

White paper on Analysis Match is available for download

* https://go.qgiagen.com/LP=1543

Literature-powered causal analytics from IPA combined with a massive dataset collection provided by OmicSoft
creates a unique opportunity for you to make biological discoveries

Sample to Insight
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sssss  Customer support and additional resources
QIAGEN

Telephone:
Contact us + Global: +1 (650) 381-5111
via email or telephone - US toll free: +1 (866) 464-3684

 Denmark toll free: +45 80 82 01 67
* German toll: +49 (0)341 33975301

A response .
within ONE business day Email:

ts-bioinformatics@qiagen.com

Websites:
08:00 - 17:00 Pacific
08:00 - 13:00 GMT www.qgiagenbioinformatics.com

http://tv.qiagenbioinformatics.com

Sample to Insight
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