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Sample to Insight

• Introduction to QIAGEN Ingenuity Pathway Analysis

• Analyzing risk loci using IPA
- Data format
- Data upload and analysis setup
- Core analysis

• Comparing between risk loci analysis
- Comparison Analysis
- Compare

• Querying IPA’s Knowledge base 
- Custom network construction for risk loci associated genes
- Contextualization using public data

• Summary

Agenda
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IPA Training Account  & Demo Data

Download website: https://tinyurl.com/GGAIPA

Dataset: https://tinyurl.com/GGAdataset

Client: (IPA Login)

3

Account: ipaXX@ingenuity.com                 

(XX= 01~45) 

Password: 9-Str0ngP@&&IPA

Expired until 10/20
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IPA Download webpage
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Choose your IPA installer
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The large-scale organization of metabolic networks
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Despite significant variation in their individual
constituents and pathways, these metabolic networks
have the same topological scaling properties and show
striking similarities to the inherent organization of
complex non-biological systems. This may indicate that
metabolic organization is not only identical for all living
organisms, but also complies with the design principles
of robust and error-tolerant scale-free networks, and
may represent a common blueprint for the large-scale
organization of interactions among all cellular
constituents.

Nature 407, 651-654 (2000)
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Lethality and centrality in protein networks
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The most highly connected 
proteins in the cell are the most 
important for its survival.

Nature 411, 41-42 (2001) 
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Measurement of topology
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(Source: Needham & Hodler, 2019)

Closeness
Which node can most easily 
reach all other nodes in a 
graph or subgraph?

“B” is closest with the fewest 
hops in its subgraph

PageRank
Which node is the most important?

“D” is foremost based on number & weighting of 
in-links

“E” is next, due to the influence of D’s link

Degree
Number of 
connections?

“A” has a high degree

Betweenness
Which node has the most control 
over flow between nodes and 
groups?

“C” is a bridge



Sample to Insight

Casein Kinase II Complex
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•https://doi.org/10.1371/journal.pcbi.1000108
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Histone Protein Interactions and Neighbouring Proteins
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•https://doi.org/10.1371/journal.pcbi.1000108
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Models can identify the areas of influence of
proteins leading to undesired effects, and to
explore how they are related to network
connectivity.

• Identifying potential drug targets
• Designing the toxicity tests
• Highlighting the existence of validated drug targets 

for a given therapeutic indication in key enclaves of 
the network describing a different disease, thereby 
suggesting candidates for drug repurposing (i.e. 
finding new indications for a target).
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Why are we using IPA?
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What is the difference?

pathwayYour
dataset

Disease

function

Relationship
With other 

Observation

What are the 
relationship 

between each 
molecules?

What do they 
relate to each 

other?
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Ingenuity Pathway Analysis is powered by our knowledge base
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Using IPA to Discover Relationships in Experimental Data

Gene 
Protein

Metabolite
Drug

Gene 
Protein 

Metabolite
Drug

Biomarker

Pathway Toxicity

Function

Disease
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Every connection in IPA is backed by literature findings
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OmicSoft Lands and findings in QIAGEN IPA
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 More than 12 million findings from literature source or database.

 More than 124,927 comparison datasets from QIAGEN OmicSoft Lands.

Lands provide expression data to QIAGEN IPA
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Species support within IPA
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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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Supported Identifiers for Data Upload

ChemicalSNPmicroRNATranscriptProteinGeneVendor IDs

CAS Registry 
Number

Affy SNP 
IDs

miRBase 
(mature)

Ensembl
(101)

GenPept
Entrez Gene
(2020/10)

Affymetrix
(na36)

HMDBdbSNP
miRBase 

(stemloop)

RefSeq
(human、

mouse)

International
Protein Index 

(IPI)

GenBank
(239)

Agilent

KEGGUCSC (hg18)

UniProt/ 
Swiss-Prot
Accession
(2020_03)

Symbol-human
(HUGO/ HGNC, 

EG)

Life Tech 
(ABI)

PubChem CIDUCSC (hg19)
Symbol- mouse 

(EG)
Codelink

UCSC (hg38)
Symbol- rat 

(EG)
Illumina

GI NumberIngenuity

UniGene
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Get more complete mapping during dataset upload!
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IPA was cited in paper to study severe COVID-19

Here is one latest paper submitted to medRxiv using IPA to identify potential protein and metabolite biomarkers in severe COVID-19 
disease. In this study, IPA was used to identify most significantly relevant pathways and build regulation networks. It is welcome to 
share with your customers or distributor, and please let me know if you need further help. 
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https://www.medrxiv.org/content/10.1101/2020.04.07.20054585v1
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Multi-Omics Analysis using IPA

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

21

Transcriptomics, proteomics and metabolic changes in the postnatal mouse 
heart identified by QIAGEN IPA and OmicSoft

https://go.qiagen.com/IPA-multi-omics-analysis-webinar



Sample to Insight

What’s new in the IPA spring release? 
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Identify potential cell types based on the set of genes on networks and pathways

Enrichment of natural killer enriched genes on a network.

Overlay :Cell and Tissues
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What’s new in the IPA spring release? 
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Causally score My Pathways in Core Analysis

A custom My Pathway with nodes assigned by the user as activated (red) or green (inhibited).
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What’s new in the IPA spring release? 
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Causally score My Pathways in Core Analysis

Causally scoring a My Pathway.
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What’s new in the IPA spring release? 
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Set the “User Dataset” as the reference set when uploading a dataset

Setting the reference set to User Dataset reference during dataset upload.
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What’s new in the IPA summer release? 
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Discover more precise matches in Analysis Match

Analysis Match results sorted by the original score (top) and new score (bottom).
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What’s new in the IPA summer release? 
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Heatmap of the top forty matching analyses

Heatmap of the top forty matching analyses. Each 
orange-colored square in the top row of the heatmap 
represents the z-score for that analysis versus the query
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What’s new in the IPA summer release? 
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Heatmap of the top forty matching analyses

250 genes match between the cardiomyocyte 
analysis and its best matching analysis.
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What’s new in the IPA summer release? 
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The new scoring method using a small dataset.

The analysis of a 10-gene dataset from the cardiomyocytes versus embryonic stem cells matches the expected 
types of analyses.

The new scoring method often works on small datasets, where there are typically too few genes to generate robust 
Upstream Regulator, Causal Network, Canonical Pathway, and Disease and Function signatures to match to other
analyses.
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What’s new in the IPA summer release? 

30

Find the unexpected with ML Disease Pathways in Core Analyses

ML Disease Pathways scored against simvastatin-treated rats (liver). The 
most significant result by Fisher’s Exact Test (right-tailed) is “Severe sepsis".
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What’s new in the IPA summer release? 
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Find the unexpected with ML Disease Pathways in Core Analyses

The severe sepsis ML pathway overlaid with simvastatin differential 
expression data. IPA predicts that simvastatin may decrease severe sepsis.
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Explore previews of disease and phenotype networks
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Enhancing the KB through Machine Learning

Standard KB

• Relationships between Disease X and neighboring genes can 
be described as an Activity Effect Vector built only from KB 
findings.

Enhanced KB

• Machine Learning builds richer Activity Effect Vectors by 
identifying molecules that have similar activity effects. Such 
vectors enable the inference of new associations and 
prioritization of relationships.

• In short, if two genes regulate the expression of a similar set 
of genes, but only one is associated with the disease, then 
the other likely has a similar biological impact as well.

Activity Effect Vectors consist of thousands of molecules in the KB. The approach has been validated by “rediscovering” known, curated findings in the KB.



Sample to Insight

What’s new in the IPA summer release? 
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Other software changes

• The speed to upload and save a dataset has been improved, most noticeably for datasets with many 
columns.

• “Reactome” appears as a content source in certain filters in the UI in this release, however, there is 
currently only a minor addition of Reactome content in IPA. As we prepare to add Reactome pathways in a 
future release, that source currently only refers to new groups and complexes that have added from 
Reactome.
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What’s new in the IPA summer release? 
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New pathways

• Acetylcholine Receptor Signaling Pathway
• Adrenergic Receptor Signaling Pathway (Enhanced)
• Cachexia Signaling Pathway
• GABAergic Receptor Signaling Pathway (Enhanced)
• Glutaminergic Receptor Signaling Pathway (Enhanced)
• ISGylation Signaling Pathway
• Microautophagy Signaling Pathway
• NFKBIE Signaling Pathway
• Orexin Signaling Pathway
• Sertoli Cell Germ Cell Junction Signaling Pathway (Enhanced)

• IL-17A Signaling in Fibroblasts
• Sertoli Cell-Sertoli Cell Junction Signaling
• TR/RXR Activation

Existing pathways updated to include an activity pattern
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What’s new in the IPA summer release? 
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Addition of >400,000 new findings (bringing the total in IPA to over 12.6 million)

>29,000 protein-protein interaction findings from BioGrid
>407,000 cancer mutation findings from ClinVar
>1,800 target-to-disease findings from ClinicalTrials.gov
>1,700 drug-to-disease findings from ClinicalTrials.gov
>800 Gene Ontology findings
>220 mappable chemicals
> 3,800 Lipid Maps IDs



Sample to Insight

What’s new in the IPA summer release? 
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141,323 expression datasets (5,689 added)

IncreaseDatasets Q2 2023Datasets Q1 2023RepositoryLand

99233,67232,680HumanDisease

DiseaseLand
18325,25325,070MouseDisease

8,2268,226RatDisease

28,23428,234LINCS

1,97817,12515,147OncoHuman (Formerly 
OncoGEO)

OncoLand

1,0541,054OncoMouse

4,4384,438TCGA

8181MetastaricCancer

4,2674,267Hematology

444444Pediatrics

486486ENCODE RNA Binding*

194194SingleCellHuman

Single Cell Land

2,41311,0498,636SingleCellHumanUmi

603603SingleCellHumanUmiLite

-71,4691,476SingleCellHumanHCL

8181SingleCellMouse

1233,2203,097SingleCellMouseUmi

115115SingleCellMouseUmiLite

1,3121,312Human Tissues (GTEx)Normal Cell and Tissues
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IPA與市售系統生物學分析工具比較
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NoteKEGGMetacoreIPA
資料檢索

OOO基因、蛋白質
OOO藥物、毒物、代謝物
OOO疾病與生物功能
OOOPathway

OOOmiRNA

OOO調控作用關係
XXOIsoform

XXOSingle Cell DB

XXOPatient Metadata

XXOClinical data

繪製Pathway功能
X(僅提供Mapping)OO互動式Pathway繪製工具

根據產生出來的Network以
及實驗表現結果，搜尋資料
庫疾病、Pathway是否有類
似的表現趨勢以及路徑。

XXOPattern Mapping

在龐大的訊息路徑中，特別
標示感興趣的訊息因子。XXOPath Tracer

根據實驗結果，預測上下游
調控因子表現。XOO表現預測功能
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IPA與市售系統生物學分析工具比較
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NoteKEGGMetacoreIPA

Enrichment Analysis

OOO
基因體、蛋白質體表現分

析
OOO代謝體

OOO毒物分析
將各項Enrichment結果以不同的視覺化分析

圖表呈現。XXO
Enrichment Analysis結果

視覺化表現
將本次Enrichment結果與其他疾病、實驗的

Dataset進行相似性比較。XXO
Enrichment Analysis 

Expression Pattern比較
將Enrichment結果與感興趣的生物分子或者

疾病、生物功能產生關連。XXO因果網路分析

以Ontology分類，依據Enrichment分析p-
value進行熱圖繪製，可找出較相關的生物

功能以及疾病。
XXO疾病熱圖

將各項Enrichment結果依照重疊的訊息傳遞
因子數量進行關聯統計。XXO網絡關聯圖

以泡泡圖進行三維分析數據結果解讀。可依
照生物功能、疾病或者訊息路徑比對關聯性。XXO泡泡圖分析

以熱圖表示不同Enrichment結果差異，可用
做Time or dosage – dependent的實驗比

較。
XXO比較結果熱圖
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IPA與市售系統生物學分析工具比較
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NoteKEGGMetacoreIPA
其他功能

Bioprofiler，可篩選出具有相同生物特性的
訊息傳遞因子。XXO生物特性篩選

Isoprofiler，可鑑別出同基因不同Isoform的
生物表現結果。XXOIsoform篩選

GTEx Expression Pattern，用作於比較相同
基因在不同組織的差異分析。XXO基因於組織差異表現分析

miRNA Target filter，可進行miRNA與mRNA
配對，進而比較出miRNA的作用方式。XXOmiRNA調控目標預測分析

用於確認不同位點的磷酸化蛋白質功能。XXO磷酸化蛋白質體分析
透過機器學習方式，搜尋相似表現路徑的訊
息傳遞因子，連結其相關影響疾病和生物功
能。

XO (僅有Drug)OAI預測訊息路徑
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Genome-wide association study
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A genome-wide association study (GWA study, or GWAS), is an observational study of a genome-wide set of genetic variants in 
different individuals to see if any variant is associated with a trait. GWAS typically focus on associations between single-
nucleotide polymorphisms (SNPs) and traits like major human diseases, but can equally be applied to any other genetic variants 
and any other organisms.
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Analyze risk loci to identify enriched pathways

41



Sample to Insight

Discover regulatory molecules influencing genes associated with risk loci
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Compare multiple GWAS risk loci analysis using heatmaps

Canonical pathways Disease and bio-functions Upstream Regulators
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Compare and identify common molecules between risk loci list
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Construct a custom network using risk loci associated genes to 
discover relationships
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1 – Ulcerative colitis disease state
2 – Colorectal cancer disease state
3 – Ipatasertib treated colorectal cancer
4 – Vedolizumab treated ulcerative colitis

Contextualize a network using public omic data
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IPA is powered by the QIAGEN Knowledge Base
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Accepted Files Formats

.txt (tab delimited text files)

.xls, .xlsx, .csv (excel files)

.diff (cuffdiff files)

Data format
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Use Case

Analysis of genetic loci list identified in genome-wide association study (GWAS)
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IPA Training Account  & Demo Data

Download website: https://tinyurl.com/GGAIPA

Dataset: https://tinyurl.com/GGAdataset

Client: (IPA Login)
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Account: ipaXX@ingenuity.com                 

(XX= 01~30) 

Password: 9-Str0ngP@&&IPA

Expired until 10/20
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51Title, Location, Date
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Use Case

Secondary colon cancer in patients with ulcerative colitis: a systemmtic
review and meta-analysis.
Zhang L. Gan H.
J Gastrointest Oncol. 2021 Dec:12(6):2882-2890. doi: 10.21037/jgo-21-800.

A young woman who developed ascending colon cancer 2 years after 
the onset of ulcerative colitis.
Matsuda K, Hashiguchi Y, Asako K, Okada Y, Ohno K, Tsukamoto M, Fukushima Y, Shimada R, 
Ozawa T, Hayama T, Nozawa K, Fukagawa T, Kikuchi Y, Sasajima Y.
Clin J Gastroenterol. 2020 Dec: 13(6):1189-1195

Risk of Colon Cancer and Recommended Surveillance Strategies in 
Patients with Ulcerative Colitis.
Rabbenou W, Ullman TA.
Gastroenterol Clin North Am. 2020 Dec:49(4):791-807
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Comparison Analysis – P-value

https://qiagen.my.salesforce-sites.com/KnowledgeBase/KnowledgeNavigatorPage?id=kA41i000000L5nQCAS&categoryName=BioX
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Construct a custom network to discover relationships
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Construct a custom network to discover relationships
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Better Care with Better Knowledge

Bioinfo@GGA.ASIA
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若有需要進㇐步的資訊或在使用軟體上遇到問題歡迎聯繫以下窗口:

周儀柔 資深業務專員 GraceChou@gga.asia   02-2795 1777 #3019

林文賢 經理 BryceLin@gga.asia       02-2795 1777 #3665


