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Choose your IPA installer
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IPA Installer Download (ingenuity.com)

https://analysis.ingenuity.com/pa/installer/select
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IPA Installer Download (ingenuity.com)

System Requirements

https://analysis.ingenuity.com/pa/installer/select
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Introduction to pathway analysis

What is QIAGEN Ingenuity Pathway Analysis

• Introduction of Ingenuity Pathway Analysis

• What’s new in Ingenuity Pathway Analysis

Machine Learning pathway 

Interpreting your ′omics data using IPA

• Data upload and analysis setup

• Canonical pathways and upstream regulators

• Diseases and functions/Tox analysis

• Comparison analysis

Create networks from scratch

Summary

Agenda
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Khatri, Sirota, and Butte. PLoSComp Bio. 2012.

Introduction of pathway analysis
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https://doi.org/10.1371/journal.pcbi.1002375
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Why are we using Qiagen Ingenuity Pathway analysis?
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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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What Can We Achieve with IPA?
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1. Canonical pathway

2. Machine Learning 

disease pathway

3. Disease and function

4. Upstream regulator

5. Regulate effect

6. Network

• Biomarker

• Drug 
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Publication using Qiagen Ingenuity Pathway Analysis
June 21, 2023
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transcriptomic

proteinomics

Single-cell RNA-seq

metabolomics

From 2020-2026

1,537literatures

GWAS
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Every connection in IPA is backed by literature findings
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Species Support within IPA
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✓ 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)

Orthologs Gene from NCBI Eukaryotic Genome 

Annotation Pipeline

✓ Domestic goat

✓ three-spined stickleback
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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

11

Get more complete mapping during dataset upload!
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Multi-omics data analysis using QIAGEN IPA
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路
徑
名
稱

體學種類
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Real-World Application: The Psoriasis Network
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Birding Global Literature with Empirical Data
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Directly through Core analysis
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QIAGEN IPA Analysis Match and Land Explorer
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Diseases and Function

17
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IPA with OmicSoft Land Explorer
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IPA with OmicSoft Land Explorer
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IPA Gene View :OmicSoft Land Explorer

Choose which you want
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IPA with OmicSoft Land Explorer
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• TCGA-B38-G33

Land selection Search bar

Metadata 

filtering

View controller

Download data for current view

View selection
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IPA with OmicSoft Land Explorer
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• Through DiseaseState filter, to observe the expression difference of EGFR gene in cancer type 
in TCGA

• Select a specific experimental group to view more detailed information.
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SURVIVAL ANALYSIS RESULT IN TCGA DATASET

TCGA_B38_GC33

22
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Analysis matching

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

This Photo by Unknown 

Author is licensed under 

CC BY-NC

compare

Donor 

datasets
Your 

datasets
Analysis Analysis

23

https://www.pngall.com/storage-png/download/53843
https://creativecommons.org/licenses/by-nc/3.0/
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Mapping Your Results to OmicSoft Datasets by IPA Analysis Match
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z-scores

similar opposite

OmicSoft datasets

& metadata

Cell & TissueProject

Analysis matching

Datasets 

information
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Analysis Match
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Dataset and analysis search
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1
2

3

4
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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.

27



Sample to Insight

28

What’s new in the QIAGEN® Ingenuity Pathway Analysis Fall Release (2025)

If we use this cut off and threshold, the plot highlights genes of interest by fading away those that do not meet your criteria.

Set filter
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5/19/2026
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What’s new in the QIAGEN® Ingenuity Pathway Analysis Fall Release (2025)

We can filter the gene names 
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What’s new in the QIAGEN® Ingenuity Pathway Analysis Winter Release (2025)
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What’s new in the QIAGEN® Ingenuity Pathway Analysis Winter Release (2025)
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Reduced learning curve with accessible definitions for statistics in IPA Interpret
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ID not on the left
Multi observation

AI can help pares 

and map 

automatically

What’s new in the QIAGEN® Ingenuity Pathway Analysis Winter Release (2025)
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What’s new in the QIAGEN® Ingenuity Pathway Analysis Spring Release (2026)
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OmicSoft datasets 

34
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Formatting ‘omics data before uploading to IPA

Accepted file formats:

✓ .txt (tab-delimited text files)

✓ .xls, .xlsx, .csv (Excel tables

✓ .diff (Cuffdiff output

Analyte identifier REQUIRED
to explore enrichment

Observation 1 Observation 2

Change values needed to calculate activity predictions

RNA examples: Gene symbols, array
identifiers fromAffymetrix, 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

35

5/19/2026
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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)

36

5/19/2026

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

37

5/19/2026

https://www.uniprot.org/mapping/
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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

38

5/19/2026
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5/19/2026

39

Case Study

Education training case | ErbB2 KI, ERRα KO, KI:KO mouse hearts

Source article: Dufour et al., Communications Biology 2022
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From experiment to upload tables

Design: compare each genotype against WT
4

Bioinfo@GGA.ASIA | IPA training case deck | Source: Communications Biology 2022, Supplementary Data 1 and 3 4

1

WT baseline

2

ErbB2 KI

3

ERRα KO

4

KI:KO

5

WT comparison tables

Key contrast logic

•ErbB2 KI: attenuated ErbB2 signaling.
•ERRα KO: loss of ERRα-dependent transcriptional/metabolic 
control.
•KI:KO: combined perturbation, strongest phenotype and 
largest omics signal.

Teaching prompt

•Which comparison should be uploaded first for IPA 
demo?
•Which result is useful as a positive-control 
interpretation?
•How do phosphosites and metabolites provide 
different evidence types?
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Phosphoprotein upload dataset 
5/19/2026

41

Phosphosite add to observation 1 
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Upload dataset from core analysis 
5/19/2026

42

Create New

Upload dataset

Choose your 

file

Edit 

observation 

name

Infer 

observation

Select 

variable type
Check

variable type
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Choose which analysis do you want
5/19/2026

43

Analyze filter 

dataset

Core analysis

Set cut off

Choose which 

analysis 
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Set Cutoff
5/19/2026

44

Analyze filter 

dataset

Core analysis

Set cut off

Recalculate
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Biological Filter in phosphoprotein -omics
5/19/2026

45
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What do colors mean in IPA?

Pathway or gene activity predicted by IPA

Inhibited Activated

46

Downregulated Upregulated

Actual measurement of gene expression in your dataset

5/19/2026
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What do z-scores mean in IPA?

Pathway inhibited

- Z score

No clear signal 

for prediction 

Z score = 0

Pathway activated

+ Z score

What IPA expects if pathway
is activated

Actual dataset 
measurement

47

VS.

How well do the actual measurements match the expected measurements?

5/19/2026
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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 (=predicted activation)

– + + + + + +– 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

48New user training: Large dataset analysis and knowledge base queries using QIAGEN IPA
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Examples of z-scores

Z-score = 2.4

10/12 measurements match expected 

Mostly matching

Signal predominantly points to predicted activation

Z-score = -2.236

4/12 measurements match expected

Mostly anti-matching

Signal predominantly points to predicted inhibition

49

5/19/2026
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IPA Analysis Tabs

50
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Pathway enrichment: P-value of overlap

51

Universe of molecules in 
reference set

Most perturbed 
molecules in dataset

Molecules 
associated with 

a biological 
category

• Reference set is typically all genes or proteins that 
can be reliably detected by the ‘omics technology 
used

• Most perturbed is a subset of measured 
genes/proteins that were significantly different 
between experimental groups

Fold change cut offs and p-value cut offs used

IPA calls these “Analysis-ready molecules”

• Molecules associated with a biological category are 
a set of genes/proteins that the IPA  knowledgebase 
has annotated to be important for a biological 
pathway, function, or disease.
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Testing for Enrichment using the Fisher’s Exact Test

52

Reference set

Analysis ready 
molecules

Molecules 
associated with 

a biological 
category

Overlapping molecules

Non-analysis-ready molecules that have been 

annotated to a biological category

i.e. genes that did not pass 

cut offs

Genes not detected by the technology 
used and are annotated to a biological 
category

Is this overlap larger than 
expected by random 

sampling?
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P-Value from the Right-tailed Fisher’s Exact Test
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0

*RNAseq theoretically 
can detect all molecules

P-value = 2.08 x 10-12

We can reject the null hypothesis
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Summary Tab
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Top 5 for all analysis modules and a quick high-level look at your data 
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Graphical Summary Tab
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Graphical display of the top biological themes and features within your data with added AI inferences (dotted lines) 

Cluster 6 vs Cluster2
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Pathways Tab

56

Metabolic and cell signaling pathways that are enriched in your data with activity prediction

Change chart 
characteristics

Change chart 
view

Export data or 
picture

Click on bar to 
display chart 

below

Genes in data 
set annotated 

to selected 
pathway

View network 
map of 

pathway

Your 
experimental 

data 
measurements

Expected by 
IPA if pathway 
were activated

Compared in 
z-score 

calculation
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Phosphoproteomics interpretation

IPA canonical pathways prioritize contraction and signaling
9

Bioinfo@GGA.ASIA | IPA training case deck | Source: Communications Biology 2022, Supplementary Data 1 and 3 9

KI:KO phosphoproteomics IPA canonical pathways (-log p-value)

Protein Kinase A 9.46

Dilated Cardiomyopathy Pathway 9.36

ILK 6.83

Integrin 4.84

Cardiac β-adrenergic 4.64

Semaphorin Neuronal Repulsive Pathway 4.34

RHOA 4.04

Calcium 3.97

Protein Kinase A (PKA) signaling and Dilated Cardiomyopathy 

signaling are closely linked because cardiac remodeling involves both 

functional and structural adaptations of cardiomyocytes.
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Structural context

Cellular component enrichment localizes the signal
10

Bioinfo@GGA.ASIA | IPA training case deck | Source: Communications Biology 2022, Supplementary Data 1 and 3 10

KI:KO enriched GO cellular components (# genes)

cytoskeleton 28.00

actin cytoskeleton 20.00

focal adhesion 20.00

contractile actin filament bundle 7.00

stress fiber 7.00

actomyosin 7.00

myofibril 5.00

sarcoplasm 5.00

Teaching move: after IPA reports pathways, use localization terms to make the story concrete: cytoskeleton, actin cytoskeleton, 
sarcomere, intercalated disc, and contractile apparatus.
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Canonical Pathway

59
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ML pathway
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Upstream Regulator Analysis:  How does it work?
5/19/2026

61

• Use experimentally observed relationships (vs. 

Predicted event) between Upstream Regulators and 

genes to predict potential regulator and activation

• Predict activation or inhibition of regulator to explain 

the changes in gene expression in your dataset

• Calculates two complementary statistical measures:

Activation z-score

Overlap p-value
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Regulator 
predicted by 

IPA using 
patterns seen 
in your data 

(no 
measurement)

Upstream Analysis Tab

62

Regulators that may be contributing to the signal observed in your data. Some have been measured in your dataset and some have 
been predicted by IPA

** ALL COLUMNS ARE FILTERABLE**

Immediately 
upstream of 

dataset genes 
regulators

One 
additional 

level 
upstream of 
regulatory 
networks

Measurement 
from your 
dataset for 

this regulator

Activity 
prediction

Genes that 
this regulator 

targets 
present in 

your filtered 
dataset

P-value of 
significance

Filter icons

ExportExport

Activity 
prediction

Highlight row 
and click to 
display at 

network map
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GH1 upstream regulator
February 13, 2024

63
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Casual network 
February 13, 2024

64

Interesting 

gene/chemical
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February 13, 2024

65

Modulated 

regulator

Interesting 

gene
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Diseases & Functions Tab

66

Diseases and functions that may be key to the biology in your experimental data based on patterns of expression observed

Organized by 
biological 
themes

Color is 
activity 

prediction; 
size of square 
is p-value but 

can be 
changed

Significance 
of enrichment

Genes from 
dataset 

involved in 
disease or 
function

Highlight row 
and click to 
display at 

network map
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Regulator Effects Tab

67

Ties dataset molecules and regulators to a predicted phenotypic outcome

Disease or 
function 

Network of 
molecules 

and regulators 
that are 

predicted to 
be involved in 

diseases & 
functions

How matching 
your data is 

with the 
expected 

directions in 
IPA for the 
diseases & 
functions 
they’re 

predicted to 
effect

Genes from 
dataset 

involved in 
disease or 
function

Regulators 
involved in 

network

Known 
connections 

in IPA 
between 

regulator and 
disease & 
function-
discover 

novel 
relationships
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Networks Tab

68

Networks constructed from your dataset with level of connectivity prioritized

Network of 
highly 

connected 
molecules, 

click to open 
network map

Molecule in 
bold is in your 

dataset; 
unbolded

have been 
added to 
maximize 

connectivity

Based on a p-
value 

calculation 
how likely 
molecules 

exist as part 
of a network 
than chance 

alone

Disease or 
function 

predicted to 
be an 

outcome
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Analysis Match

69
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Metabolites Case study – upload dataset 
5/19/2026

70

CAS HMDB
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Metabolomics analysis  

71

5/19/2026
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Canonical Pathway

72

heart energy 

substrate 

reprogramming

failing heart phenotype
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Upstream regulator

73
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TCA cycle

FAO metabolism

OPA1 is a key regulator 

of mitochondrial fusion 

and mitochondrial 

integrity.

IPA upstream regulator 

analysis suggests that 

the observed metabolite 

profile is associated 

with OPA1-related 

mitochondrial 

remodeling and altered 

energy metabolism.
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Regular effect
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Compare Analysis

Step for You to do your compared analysis

76

1

2
3

4

June 21, 2023



Sample to Insight

Comparison analysis in IPA interpret
5/19/2026

77

1. Choose which analyses you want to comparison

2. Press Create Comparison
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Compare Analysis Result

78

Canonical pathway

June 21, 2023

KOKI

phosphoprotein

KOKI

metabolite
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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

79

5/20/2026
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Test in Silico

80

Disease 

model
GSD 

treatment

Drug

treatment
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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

• Upload list

• Build: grow/network/ path-explore

(molecular or disease a function)

• Search for disease

• Path explore

• Overlay: Molecule activity predictor/ 

datasets, Drug, Cells & Tissues

• Drug: IPAChem View

Create networks from scratch and test activity in silico
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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
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Better Care with Better Knowledge

Bioinfo@GGA.ASIA

83

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:

廖奕涵資深業務專員 YvonneLiao@gga.asia 02-2795 1777 #2508

熊嘉妮資深專案副理 ChristineHsiung@gga.asia  02-2795 1777 #2505

mailto:YvonneLiao@gga.asia

