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System Requirements

3

Operating systems

◆ Windows operating systems:

 Windows 11, 10, 8

◆ Mac operating systems:

 macOS Sonoma, Ventura, Monterey

◆ Internet browsers:

 Firefox 91 or later*

 Safari 16 or later*

 Chrome 110 or later*

 Microsoft Edge 94 or later*

◆ Java runtime environment (JRE; not needed if you install the IPA client):

 JRE 8 to 10

Hardware

•CoreTM i5 processor or equivalent running at 2 GHz or higher with 64-bit OS and Java

•Minimum at least 3 GB RAM free for Java

https://java.com/en/
https://analysis.ingenuity.com/pa/installer/select
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QIAGEN – from Sample to Insight

An example: Analyzing variant data from Sample to Insight

Sample to data

NGS library prep 
Sequencing

• Platform- and assay-agnostic

• Whole genome, whole exome, 
custom panels

Data to information 

Normalization and quality control 

Read mapping

Variant calling

• QIAGEN CLC Genomics
Workbench, Server and
Cloud Computation

BaseSpace ad Amazon Web
Service integration

Information to knowledge

Data integration 

Metadata exploration 

Differential expression

• QIAGEN OmicSoft 
Suite, Lands, and APIs

Curated experiments

• QIAGEN OmicSoft Lands:
OncoLand, DiseaseLand,
Single Cell Land

Knowledge to insight

Interpretation 

Pathway analysis

• QIAGEN IPA

Variant interpretation

• QCI Translational, HSMD,
HGMD and COSMIC

Portfolio designed to transition complex ′omics data into high-value actionable insights without the need for deep expertise

4
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Pathway and Network Analysis

• Save time compared to traditional approach

my favorite gene

7/15/2024

5
5
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• The data generated by an experiment using a high-throughput technology (e.g., microarray, proteomics, metabolomics),
along with functional annotations (pathway database) of the corresponding genome, are input to virtually all pathway
analysis methods.

• ORA methods require that the input is a list of differentially expressed genes
• FCS methods use the entire data matrix as input
• PT-based methods additionally utilize the number and type of interactions between gene products, which may or may not be a

part of a pathway database.
• The result of every pathway analysis method is a list of significant pathways in the condition under study.

6

•Khatri et. Al,2012 Plos computational biology
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Why are we using Qiagen Ingenuity Pathway analysis?

7

Your

dataset

What are the 
relationship 

between each 
molecules?

What do they 
relate to each 

other?

PDE6A

SLC6A14

LPCAT1

C2

CFB

REG4

CD55

TIMP1

DPP10

PDIA4

PRKG2

NAT8B

SHISA5

LCN2

CDH3

ACAT1

NAALADL1

APOBEC3B

NMT2

KYNU

TMEM63C

S100A11

PI3

CDC25B

CNNM2

CHRNA1

LRRN2

RMDN2

CNTFR

CDC14A

C7orf31

BACE2

CXCL1

SLC36A1

WDR78

PKM

Disease

Function

Pathway

Network

Public 
/commercial

database

Machine 
learning

Drugs and 
chemicals

ORA/FCS/Topology
Pathway Analysis
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Publication using Qiagen Ingenuity Pathway Analysis
June 21, 2023

8

transcriptomic

proteinomics

Single-cell RNA-seq

metabolomics

From 2019-2024

1,738 literatures
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Ingenuity Pathway Analysis is Powered by QIAGEN Knowledge Base

9
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QIAGEN IPA Analysis Match and Land Explorer
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Every Connection in IPA is Backed by Literature Findings

11
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Species Support within IPA

12

✓ Atlantic Salmon (Salmo salar)

✓ Thale cress (Arabidopsis thaliana)

✓ Bat (Greater horseshoe bat, Rhinolophus ferrumequinum)

✓ Brewer's yeast (Saccharomyces cerevisiae)

✓ Cat (domestic, Felis catus)

✓ Chicken (Gallus gallus)

✓ Chimpanzee (Pan troglodytes)

✓ Chinese hamster (Cricetulus griseus)

✓ Cow (Bos taurus)

✓ Crab-eating macaque (Macaca fascicularis)

✓ Dog (Canis lupus familiaris)

✓ Fission yeast (Schizosaccharomyces pombe)

✓ Fruit fly (Drosophila melanogaster)

✓ Golden hamster (Mesocricetus auratus)

What species identifiers are accepted for analysis by IPA?

✓ Guinea pig, domestic (Cavia porcellus)

✓ Horse (Equus caballus)

✓ Human (Homo sapiens)

✓ Mouse (Mus musculus)

✓ Pig (Sus scrofa)

✓ Rabbit (Oryctolagus cuniculus)

✓ Rainbow trout (Oncorhynchus mykiss)

✓ Rat (Rattus norvegicus)

✓ Rhesus Monkey (Macaca mulatta)

✓ Roundworm (Caenorhabditis elegans)

✓ Sheep (Ovis aries)

✓ Western clawed frog (Xenopus tropicalis)

✓ Zebrafish (Danio rerio)

HomoloGene Release 68 (04/09/2014)

Gene2accession(24/08/2023)

Gene_orthologs(24/08/2023)

(http://www.ncbi.nlm.nih.gov/homologene/statistics/)



Sample to Insight

Supported Identifiers for Data Upload

Vendor IDs Gene Protein Transcript microRNA SNP Chemical

Affymetrix
(na36)

Entrez Gene
(2023/8)

GenPept
Ensembl

(110)
miRbase
(mature)

Affy SNP IDs
CAS Registry 

Number

Agilent
GenBank

(257)

International
Protein Index 

(IPI)

RefSeq
(human、

mouse)

miRBase 
(stemloop)

dbSNP HMDB

Life Tech (ABI)
Symbol-human

(HUGO/ HGNC, EG)

UniProt/ Swiss-
Prot Accession

(2022_02)
UCSC (hg18) KEGG

Codelink
Symbol- mouse 

(EG)
UCSC (hg19) PubChem CID

Illumina Symbol- rat (EG) UCSC (hg38)

Ingenuity GI Number

UniGene

13

Get more complete mapping during dataset upload!
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IPA with OmicSoft Land Explorer

14

IPA Gene View :OmicSoft Land Explorer

Choose which you want
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Analysis match

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

compare

Donor 

datasets
Your 

datasets
Analysis Analysis



Sample to Insight

Analysis Match

How signatures are created and compared 

Canonical Pathways (up to 20 pathways) 

Upstream Regulators (up to 100 regulators) 

Causal Networks (up to 100 master regulators)

Diseases & Functions (up to 100 diseases or functions)
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Mapping Your Results to OmicSoft Datasets by IPA Analysis Match

17

z-scores

similar opposite

OmicSoft datasets

& metadata

Cell & TissueProject

Analysis Match

Datasets 

information
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Analysis Match
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Disease and Analysis Search 
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OmicSoft Data Storage and Analysis in IPA

Graphical summary

You can also use the repository without your own analysis, just by searching 

for available analyses of interest.



Sample to Insight

What’s new in the QIAGEN® Ingenuity Pathway Analysis Summer Release (2024)

21

Figure 1. View Canonical Pathways with the new Bubble 

Chart (Volcano) option. Simply click on the drop-down 

menu in the Canonical Pathways tab in your Core 

Analysis to easily view pathways as a function of z-

scores vs -log p-values. This example was

generated from gene expression data collected from 

TGF-b2-treated equine bone marrow-derived 

mesenchymal stem cell vs

untreated samples (GSE207394). FASTQ files were 

reprocessed using QIAGEN RNA-Seq Portal. Note: 

Pathway names were added

to this figure using PowerPoint.
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Other software improvements

• Updated several links from Gene View to Land Explorer

• Fixed shapes and coloring for groups and complexes in Path Designer

• Fixed an issue where changing pages in the Molecules tab in Core Analyses could freeze the software

• Fixed an issue involving column titles in exported Comparison Analysis Causal Network heatmaps

What’s new in the QIAGEN® Ingenuity Pathway Analysis Summer Release (2024)
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QIAGEN IPA– A Dual Approach to Data Analysis

With dataset Without dataset

• Find connections in your data • Search and explore the QIAGEN Knowledge Base

• Identify novel biomarkers • Test hypothesis in silico

• Uncover key targets and regulators • Identify degree of novelty in a hypothesis

• Discover novel disease mechanisms

• Compare across experiments

23
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Create Networks from Scratch and Test Activity in Silico

New feature:
Cells and Tissues overlay

Predict cell types 
associated with the genes 

on your network or 
pathway using data from 
The Human Protein Atlas

• Search for genes

• Search for diseases and functions

• Build: Path explorer

• Overlay: Molecule activity predictor, Drug, Cells & Tissues

• Drug: IPAChem View

24

Step by step slides 59-65
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Omics data analysis using QIAGEN IPA

Omics data type

• RNA-seq

• scRNA-seq

• Microarray

• Nanostring

• qPCR

• ChIP-seq

• Proteomics

• Metabolomics

• RNAi

• CRISPR

• WGS/WES etc.

QIAGEN IPA

3

June 21, 2023
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Formatting ‘omics data before uploading to IPA

Observation 1 Observation 2

Accepted file formats:

✓ .txt (tab-delimited text files)

✓ .xls, .xlsx, .csv (Excel tables

✓ .diff (Cuffdiff output

Analyte identifier REQUIRED

to explore enrichment

Change values needed to calculate activity predictions

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

Protein examples: UniProt, GenPept, Gene 
symbols, Ensembl. etc.

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

Change value examples: fold changes, ratios, etc.

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

Multiple comparisons or 

observations may be 

uploaded in one file

A

p

r

i

l

4

,

2

0

2

3

26
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Formatting proteomics data before uploading to IPA

Common protein IDs

• Ensembl

• Gene symbols (Entrez or HUGO)

• GenPept and GenBank

• International Protein Index

• UniProt and SwissProt

UniProt ID conversion tool:

• https://www.uniprot.org/mapping/

Ratio, fold change, etc. (recommended)

Significance (optional)

IDs (required)

A

p

r

i

l

4

,

2

0

2

3

27

https://www.uniprot.org/mapping/
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Formatting proteomics data before uploading to IPA

Common protein IDs

• Ensembl

• Gene symbols (Entrez or HUGO)

• GenPept and GenBank

• International Protein Index

• UniProt and SwissProt

UniProt ID conversion tool:

• https://www.uniprot.org/mapping/

Ratio, fold change, etc. (recommended)

Significance (optional)

IDs (required)

Observation 1

A

p

r

i

l

4

,

2

0

2

3
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https://www.uniprot.org/mapping/
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Formatting metabolomics data before uploading to IPA

Common metabolite IDs

• CAS registry number

• Human Metabolome Database

• KEGG

• PubChem CID

Metabolite ID conversion tools:

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

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

• http://csbg.cnb.csic.es/mbrole2/conversion.php

Ratio, fold change, etc. (recommended)

Significance (optional)

Multiple ID columns

(optional)

Observation 1

A

p

r

i

l

4

,

2

0

2

3
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https://biodbnet-abcc.ncifcrf.gov/db/db2db.php
https://cts.fiehnlab.ucdavis.edu/batch
http://csbg.cnb.csic.es/mbrole2/conversion.php
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Case study
June 21, 2023

30

Bulk RNA-seq 
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Gene baseMean log2FoldChange lfcSE stat pvalue padj

Agt 1491.232879 -2.142039506 0.141144271 -15.17624121 5.08E-52 7.63E-48

Itih3 2800.342725 -1.829055197 0.12670859 -14.43513186 3.11E-47 2.34E-43

Slc6a11 1045.429999 -1.985783121 0.146117825 -13.59028658 4.57E-42 2.29E-38

Htra1 3225.867947 -1.74990959 0.135037058 -12.95873609 2.10E-38 7.87E-35

Atp1b2 9206.462111 -1.377310491 0.110602053 -12.4528474 1.35E-35 4.05E-32

Slc7a10 1390.240591 -1.555116445 0.129765072 -11.98409111 4.31E-33 1.08E-29

Wnt7b 342.5214859 -1.96986571 0.16835759 -11.70048654 1.27E-31 2.72E-28

Slc6a1 4085.769821 -1.760055345 0.151622108 -11.6081709 3.75E-31 7.03E-28

Cers1 456.2308211 -1.980288255 0.170826017 -11.59242775 4.50E-31 7.51E-28

Upload Dataset 
June 21, 2023

31

IDs (required)
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Volcano Plot 
June 21, 2023

32

1

3

2

You can click on the dot and it could be 

labeled gene name on the plot

Volcano
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Core analysis –Graphical Summary

33
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Canonical pathway

327646

34



Sample to Insight

Upstream Analysis 

35
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Analysis Match
June 21, 2023

36
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Overview of unimodal analysis steps for scRNA-seq
June 21, 2023
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Heumos, L., Schaar, A.C., Lance, C. et al. Best practices for single-cell analysis across modalities. Nat Rev Genet 24, 550–572 (2023). 
https://doi.org/10.1038/s41576-023-00586-w
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Comprehensive single-cell RNA-seq analysis with Qiagen Digital Insights 

38

June 21, 2023
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Publication of Single-cell RNA Seq and Qiagen IPA

39

UCLA Health Jonsson Comprehensive Cancer 

center also use Qiagen IPA to interpreted 

spatial transcriptome  

https://www.uclahealth.org/cancer/researchers/shared-resources/genomics

June 21, 2023
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Use case
June 21, 2023

40
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Upload dataset
June 21, 2023
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Gene (Cluster2) p_val avg_log2FC pct.1 pct.2 p_val_adj

NRG3 1.32E-305 -1.830005156 0.397 0.949 8.17E-301

NPAS3 7.05E-296 -1.839575152 0.408 0.943 4.37E-291

LSAMP 5.25E-293 -2.01656665 0.422 0.931 3.25E-288

CTNNA2 1.88E-271 -2.181013296 0.297 0.877 1.16E-266

NTM 6.71E-269 -2.035792883 0.298 0.867 4.16E-264

LRP1B 2.07E-260 -1.862702776 0.364 0.906 1.28E-255

PCDH9 2.58E-258 -1.859367557 0.478 0.929 1.60E-253

ARHGAP15 1.28E-251 2.373274094 0.195 0.016 7.93E-247

RORA 4.58E-250 -1.758555994 0.369 0.896 2.84E-245

ADGRV1 3.05E-238 -2.01271719 0.202 0.801 1.89E-233

MIR99AHG 7.94E-230 -1.561175631 0.335 0.881 4.92E-225

ERBB4 1.14E-227 -2.089206464 0.251 0.798 7.07E-223

SKAP1 1.94E-226 1.815816958 0.12 0.005 1.20E-221

IGHGP 3.49E-224 4.478920506 0.186 0.017 2.17E-219

FTL 4.63E-224 2.728374402 0.733 0.432 2.87E-219

PTPRC 5.67E-222 2.315334346 0.189 0.018 3.51E-217

B2M 1.71E-219 2.642053778 0.508 0.163 1.06E-214

IGKC 1.08E-215 5.282442767 0.383 0.087 6.67E-211

CTNND2 2.72E-209 -1.362521536 0.424 0.917 1.68E-204

AC092691.1 2.79E-209 -1.979973814 0.188 0.755 1.73E-204

SOX5 4.74E-205 -1.573780235 0.294 0.83 2.94E-200

GPM6A 1.48E-204 -1.594303141 0.477 0.901 9.15E-200

CDH20 1.06E-203 -1.777170098 0.237 0.789 6.57E-199

IKZF1 9.59E-194 1.327121919 0.105 0.005 5.94E-189

DTNA 2.25E-192 -1.359734836 0.438 0.913 1.40E-187

PITPNC1 9.50E-190 -1.462155705 0.374 0.871 5.89E-185

MAGI2 2.14E-189 -1.298900114 0.376 0.876 1.32E-184

MAPK10 1.30E-187 -1.447131759 0.246 0.797 8.03E-183

GPC5 1.84E-187 -2.80772988 0.139 0.647 1.14E-182
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Upload dataset

42

1

2

June 21, 2023

3
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Core Analysis

43

June 21, 2023
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Core Analysis –Set Up

44

Three Step

1. Set Cutoff

2. Biological Filter

3. Run Analysis

Run Analysis

June 21, 2023
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June 21, 2023
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Core analysis –Canonical pathway
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Core analysis – Disease and function
June 21, 2023

46
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Upstream results
June 21, 2023

47
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Use Case

48

June 21, 2023
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Data Format 

49

gene avg_log2FC p_val_adj

SPRR2D 2.706423338 0

SPRR2E 2.654346543 0

DEFB4A 2.579461176 0

SPRR2A 2.520689273 0

LCN2 2.449394678 0

CRCT1 2.414710712 0

SLURP2 2.390169921 0

CNFN 2.342349982 0

SLURP1 2.340477642 0

S100A7 2.260580342 0

SPRR3 2.194651151 0

SPRR2B 2.173298475 0

KLK13 2.097040487 0

LCE3D 2.082024046 0

KLK6 2.027716246 0

SPRR1A 2.017865872 0

gene avg_log2FC p_val_adj

COL1A1 1.119188557 0

FN1 1.077456695 0

COL1A2 1.047688083 0

TIMP1 1.040462139 0

COL6A2 0.98234798 0

COL3A1 0.916656628 0

SPARC 0.902377431 0

VIM 0.87526439 0

HMGN2 0.791542974 0

TNC 0.778830913 0

IGFBP7 0.716862936 0

FTL 0.653061976 0

MT2A 0.612219081 0

PFN1 0.546409497 0

FBLN2 0.472353201 0

LGALS1 0.668868409 9.25E-299

June 21, 2023
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Upload dataset

50

1

2
3

June 21, 2023
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Core Analysis
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June 21, 2023
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Core Analysis –Set Up

52

Three Step

1. Set Cutoff

2. Biological Filter

3. Run Analysis

Run Analysis

June 21, 2023
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Tumor Core Analysis Result Overview

53

June 21, 2023
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Tumor Core Bubble Plot 

54

Neuroprotective Role of THP1 

in Alzheimer's Disease

S100 Family signaling pathway
MSP-RON Signaling in 

Cancer Cells Pathway

Pathogen Induced Cytokine Storm Signaling Pathway

Tumor core Leading edge

June 21, 2023
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Pathogen Induced Cytokine Storm Signaling Pathway

55

June 21, 2023
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Upstream analysis in Tumor Core

Proto-Oncogene transcription factor

56

June 21, 2023
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Leading Edge Bubble Plot
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Tumor microenvironment

Pathogen Induced Cytokine Storm Signaling Pathway

Wound healing pathway

Pulmonary Fibrosis idiopathic signaling Pathway

June 21, 2023
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Pulmonary Fibrosis idiopathic signaling Pathway

58

June 21, 2023
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Upstream analysis in Leading Edge

EMT regulator

59

June 21, 2023
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Compare Analysis

Step for You to do your compared analysis

60

1

2
3

4

June 21, 2023
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Compare Analysis Result
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Canonical pathway Upstream 

Regulators

Tumor core

Leading Edge

June 21, 2023
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Compare Analysis Result

62

Cell migration and invasionEMT signaling 

June 21, 2023
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Summary: Evaluating your ′omics data using IPA

• Data upload and analysis setup

• Canonical pathways

• Upstream regulators

• Diseases and functions

• Comparison analysis

gene avg_log2FC p_val_adj

SPRR2D 2.706423338 0

SPRR2E 2.654346543 0

DEFB4A 2.579461176 0

SPRR2A 2.520689273 0

LCN2 2.449394678 0

CRCT1 2.414710712 0

SLURP2 2.390169921 0

CNFN 2.342349982 0

SLURP1 2.340477642 0

S100A7 2.260580342 0

SPRR3 2.194651151 0

SPRR2B 2.173298475 0

KLK13 2.097040487 0

LCE3D 2.082024046 0

KLK6 2.027716246 0

SPRR1A 2.017865872 0

gene avg_log2FC p_val_adj

COL1A1 1.119188557 0

FN1 1.077456695 0

COL1A2 1.047688083 0

TIMP1 1.040462139 0

COL6A2 0.98234798 0

COL3A1 0.916656628 0

SPARC 0.902377431 0

VIM 0.87526439 0

HMGN2 0.791542974 0

TNC 0.778830913 0

IGFBP7 0.716862936 0

FTL 0.653061976 0

MT2A 0.612219081 0

PFN1 0.546409497 0

FBLN2 0.472353201 0

LGALS1 0.668868409 9.25E-299

Tumor core

Leading Edge

Tumor core Leading edge
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Summary

QIAGEN IPA – access to manually-curated knowledge base

➢ Perform expression analysis and compare cell clusters

◼ Discover novel biological mechanisms

◼ Identify cell type-specific biomarkers and key regulators/targets

64

June 21, 2023



Sample to Insight

Better Care with Better Knowledge

Bioinfo@GGA.ASIA

若有需要進一步的資訊或在使用軟體上遇到問題歡迎聯繫以下窗口:

席佩妤資深業務專員 CleoHsi@gga.asia   02-2795 1777 #3014

熊嘉妮專案主任 ChristineHsiung@gga.asia  02-2795 1777 #3028
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April 4, 2023

66

1

• Search for genes

• Search for diseases and functions

• Build: Path explorer

• Overlay: Molecule activity predictor, Drug, Cells & Tissues

• Drug: IPAChem View

2

Testing in silico –step 1

3

5
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April 4, 2023
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2

3

1

5

Testing in silico –step 2

• Search for genes
• Search for diseases and functions
• Build: Path explorer
• Overlay: Molecule activity predictor, Drug,

Cells & Tissues
• Drug: IPA Chem View
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April 4, 2023
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3

2

4

Testing in silico –step 3
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April 4, 2023
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Testing in silico –step 4

1
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April 4, 2023
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• Search for genes
• Search for diseases and functions
• Build: Path explorer
• Overlay: Molecule activity predictor, Drug,

Cells & Tissues
• Drug: IPA Chem View

Testing in silico –step 5
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April 4, 2023
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• Search for genes
• Search for diseases and functions
• Build: Path explorer
• Overlay: Molecule activity predictor, Drug,

Cells & Tissues
• Drug: IPA Chem View

Testing in silico –step 6

2

1
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April 4, 2023
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Create networks from scratch and test activity in silico
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p-value

What the p-value represents

• p-value is different from the
“Expression p-value” uploaded with
your dataset

• p-value is calculated using Fisher’s 
exact test

• The statistical test looks for an 
unexpectedly large overlap given the 
number of molecules in each category

• p-values should be significant (<0.05) 
for random datasets

• Gene expression direction is not taken
into account for this calculation

Genes in Reference Universe

73New user training: Large dataset analysis and knowledge base queries using QIAGEN IPA

Genes from previous literature that

belong to

• A canonical pathway OR

• Downstream of an upstream regulator 

OR

• Upstream of a disease or function

Genes from 
your 

dataset

Genes 
from 

QIAGEN
Knowledg

e

Base

Overlapping molecules
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Pathway Activity

Expected activation state 

(QIAGEN Knowledge 

Base)

74New user training: Large dataset analysis and knowledge base queries using QIAGEN IPA

Positive z-score Negative z-score

(User data) (User data)
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z-score: Activation prediction

• z-score is a statistical measure of the match between expected relationship direction and observed gene expression

• z-score greater than 2 or less than –2 is considered significant

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

= (7-1)/√8 = 2.12(=predictedactivation)

– + + + + + +– Gene expression from QIAGEN Knowledge Base (literature)

↓ ↑ ↑ ↑ ↑ ↑↓ ↓ Gene expression in your dataset

1 1 1 1 1 1 1 -1 +1 score for consistent relationships

and –1 for inconsistent relationships

75New user training: Large dataset analysis and knowledge base queries using QIAGEN IPA


