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IPA provides efficient insight         

Title, Location, Date 8

With IPA you can:

 Analyze and visually integrate multi-omics datasets

 Identify pathway enrichment AND directionality

 Predict upstream molecules that may be driving expression changes

– Identify druggable targets

 Link differentially expressed genes to your phenotype

 Mining the Knowledgebase: One stop shop 

 Look up all curated knowledge about gene/disease of interest

 Explore and create pathways

 Bioprofiler: identify actionable targets



Sample to Insight

Overview 

Title, Location, Date 9

 Introduction to IPA

 Large Dataset Analysis

 Core Analysis

 Comparison Analysis

 Newer IPA Functionalities

 Overlay variant data

 Phosphoproteomic analysis

 miRNA Target Filter

 Isoprofiler

 Bioprofiler

 Search and Explore

 Questions/Answer
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When do you use IPA?
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What is Ingenuity Pathway Analysis?
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What can IPA do?

Large RNA seq dataset in 
form of a huge pile of papers
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The Ingenuity Knowledge Base

The Ingenuity Ontology

Ingenuity Findings
Ingenuity® Expert Findings – Manually 

curated Findings that are reviewed, from the 

full-text, rich with contextual details, and are 

derived from top journals.

Ingenuity® ExpertAssist Findings –

Automated text Findings that  are reviewed, 

from abstracts, timely, and cover a broad 

range of publications.

Ingenuity Modeled Knowledge
Ingenuity® Expert Knowledge – Content 

we model such as pathways, toxicity lists, 

etc. 

Ingenuity® Supported Third Party 

Information – Content areas include 

Protein-Protein, miRNA, biomarker, clinical 

trial information, and others

Ingenuity Content

Ingenuity Knowledge Base
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Species Supported
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Species Supported

 Human, Mouse, Rat in full content

 IPA uses HomoloGene to map other identifiers to human/mouse/rat 

orthologs (though supporting content for the additional species will be specific to human, mouse, and rat)

 Arabidopsis thaliana

 Bos taurus (bovine)

 Caenorhabditis elegans

 Gallus gallus (chicken)

 Pan troglodytes (chimpanzee)

 Danio rerio (zebrafish)

 Canis lupus familiaris (canine)

 Drosophila melanogaster

 Macaca mulatta (Rhesus Monkey)

 Saccharomyces cerevisiae

 Schizosaccharomyces pombe
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How can IPA help you?

16

IPA

 Deep pathway understanding of a single gene/protein

 Drug/therapeutic target discovery

 Biological understanding of large data sets 

 Differential gene expression, array and RNAseq (transcriptomics)

 Differential protein expression (proteomics)

 Metabolomics

 miRNA expression

 Gene List

– Chip-seq

– siRNA screening

– Sequence Variants (see also Ingenuity Variant Analysis)

 Methylation

 Protein phosphorylation
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How can IPA help you?

 Biological understanding of large data sets 

 Differential gene expression, array and RNAseq (transcriptomics)

 Differential protein expression (proteomics)

 Metabolomics

 miRNA expression

 Gene List

– Chip-seq

– siRNA screening

– Sequence Variants (see also Ingenuity Variant Analysis)

 Methylation

 Protein phosphorylation
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How can IPA help you?

 Biological understanding of large data sets 

 Differential gene expression, array and RNAseq (transcriptomics)

 Differential protein expression (proteomics)

 Metabolomics

 miRNA expression

 Gene List

– Chip-seq

– siRNA screening

– Sequence Variants (see also Ingenuity Variant Analysis)

 Methylation

 Protein phosphorylation

 Deep pathway understanding of a single gene/protein

 What other molecules does it interact with?

 What processes is it associated with?

 What compounds affect its activity?



Sample to Insight

How can IPA help you?

 Biological understanding of large data sets 

 Differential gene expression, array and RNAseq (transcriptomics)

 Differential protein expression (proteomics)

 Metabolomics

 miRNA expression

 Gene List

– Chip-seq

– siRNA screening

– Sequence Variants (see also Ingenuity Variant Analysis)

 Methylation

 Protein phosphorylation

 Deep pathway understanding of a single gene/protein

 What other molecules does it interact with?

 What processes is it associated with?

 What compounds affect its activity?

 Investigate a disease or process of interest

 Which genes/proteins/metabolites are good biomarker candidates?

 What are promising treatment targets?
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Return on Investment (ROI)

Title, Location, Date 20

Significant time savings vs open source tools

• Open source tools do not generally have directional content

• Many have woefully stale content: DAVID had no content updates for several years

IPA has directional content that is updated every week
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Overview 

Title, Location, Date 21

 Introduction to IPA

 Large Dataset Analysis

 Core Analysis

 Comparison Analysis

 Newer IPA Functionalities

 Overlay variant data

 Phosphoproteomic analysis

 miRNA Target Filter

 Isoprofiler

 Bioprofiler

 Search and Explore

 Questions/Answer
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IPA Core Analysis

Canonical 

Pathways

Upstream 

Analysis

Diseases and 

Functions

Regulator

Effect

Networks

 Predicts activation/inhibition 

of predefined pathways 

based on gene expression
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IPA Core Analysis

Canonical 

Pathways

Upstream 

Analysis

Diseases and 

Functions

Regulator

Effect

Networks

 Identifies upstream 

regulators eliciting 

expression changes

 Predicts activation state

Upstream 

Regulator
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Upstream Regulators, Mechanistic Networks and Causal Networks

Advanced Analytics: Causal Network Analysis

Master Regulators

Upstream Regulators

Your Dataset Genes/Molecules

Upstream Regulators Mechanistic Networks
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IPA Core Analysis

Canonical 

Pathways

Upstream 

Analysis

Diseases and 

Functions

Regulator

Effect

Networks

Diseases &

Functions

 Predicts biological effects 

based on gene expression
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IPA Core Analysis

Canonical 

Pathways

Upstream 

Analysis

Diseases and 

Functions

Regulator

Effect

Networks

Upstream 

Regulator

Diseases &

Functions

 Models pathway interactions

 How do dysregulated genes 

mediate a potential path from 

upstream regulator to function?
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Core Analysis: Claudin low vs Luminal Breast Cancer

Proprietary and 

Confidential
33
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Is the dataset enriched for cancer 
and EMT pathways and biological 

functions?

What are the upstream 
molecular events?

What ties upstream 
mechanism with cellular 

phenotype?
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Overview 
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 Introduction to IPA

 Large Dataset Analysis

 Core Analysis

 Comparison Analysis

 Newer IPA Functionalities

 Overlay variant data

 Phosphoproteomic analysis

 miRNA Target Filter

 Isoprofiler

 Bioprofiler

 Search and Explore

 Questions/Answer
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Comparison Analysis: BPH, PCA, MET

Title, Location, Date 40

What are the upstream 
molecular events?

BPH

PCA

MET

Can we form new 
hypothesis/conclusions?

How are these events 
different among the 

samples?
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Overlay expression values for multiple experiments/disease conditions
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Overview 
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 Introduction to IPA

 Large Dataset Analysis

 Core Analysis

 Comparison Analysis

 Newer IPA Functionalities

 Overlay variant data

 Phosphoproteomic analysis

 miRNA Target Filter

 Isoprofiler

 Bioprofiler

 Search and Explore

 Questions/Answer
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43

IPA:  Focused on Hypothesis Generation

Normalize 
Content 

Transcription 
Factor Analysis

Downstream 
Effects Analysis 

Upstream 
Regulator 
Analysis

Mechanistic 
Networks

Molecule 
Activity 
Predictor

Causal Network 
Analysis

BioProfiler

Regulator 
Effects

Pathway 
Activity 
Analysis 

2010 2011 2012 2013 2014 2015

 Upstream Regulator Analysis

• Predict upstream molecules which may be causing the observed gene 

expression changes

 Downstream Effects Analysis

• Identify whether significant downstream biological processes are 

increased or decreased based on gene expression results

 Causal Network Analysis*

• Uncover hidden connections in upstream regulators to generate 

plausible causal networks which explain observed expression changes

 Regulator Effects

• Integrate Upstream Regulator results with Downstream Effects results 

predict what may occur upstream to cause phenotypic or functional 

outcomes downstream.
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From Casual Analytics to Multi-omics

Title, Location, Date 44

5 years of progress: IPA highlights 2012-2016

Capabilities 2012 2013 2014 2015 2016

Causal Content 

and Analysis

• Upstream Regulator 

Analysis

• Downstream Effects 

Analysis

• Mechanistic Networks

• Molecule Activity 

Predictor

• BioProfiler

• Causal Network Analysis

• Diseases and functions on 

networks

• Regulator Effects

• Diseases & Functions 

on Canonical Pathways

• Grow to Diseases and 

Functions

• Pathway Activity 

Analysis

Enterprise 

Support

• Batch dataset upload (with 

metadata)

• Dataset & analysis search

• My Findings spreadsheet

• My Findings graphical 

entry interface

• Relationship Export

• IPA client Installer

Comparison 

Analysis

• Comparison analysis 

heatmaps trends, clusters

• Filtering of heatmaps • Gene-level 

heatmaps

RNA-seq 

Support

• Isoform view for human • Overlay data in isoform 

view

• Ensembl support for 

Isoforms

• IPA Plugin for CLC

• Isoform view for 

mouse

• IsoProfiler (v1)

• CuffDiff import

• IsoProfiler (v2)

• Isoform names / heat 

maps on pathways

• Automated 

processing of data to

IPA from CLC

Multi-omics 

Support

• Variant loss/gain & 

ACMG import

• Core Analysis 

Variant loss/gain

• Set color range on 

pathways

• New bar charts on 

pathways

• Overlay multiple 

analyses / datasets 

of different types

Phospho-

proteomics

• Phospho data import

• Initial Phospho 

analysis (CP, DEA) 

with flipped nodes

• Overlay phospho-

sites on pathways
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Synergism between expression and variant data

Title, Location, Date 45

Variants can provide a mechanism to explain the observed biology

Dataset Molecules

Diseases / functions

Upstream Regulator 

(predicted to be inhibited 

based on expression)

Dataset Molecules

X
Overlay variant loss/gain 

information
A loss-of-function variant 

explains/validates the 

prediction

Dataset Molecules

Diseases / functions

X X

Dataset Molecules

Overlay variant loss/gain 

information

Upstream Regulator 

Gain or loss of function 

variants contribute to 

known phenotype
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Elucidating mechanism of expression changes and phenotypes

48

Integrate expression results with gene variant information

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

 PARP1 is upregulated in the three patients but is likely inactivated by mutations. 

 The inactivation is correspondingly predicted from expression data as shown above

 Some disease findings for PARp1 are only found in HGMD and Ingenuity Expert Mutation content
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Phosphorylation Analysis in IPA 

Title, Location, Date 50

Phosphoproteomics dataset
Upstream phospho regulators and 

causal phospho networks (March 2017)

Canonical Pathways

Downstream Effects

Phospho Regulator Effects
(March 2017)
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Overview 

Title, Location, Date 53

 Introduction to IPA

 Large Dataset Analysis

 Core Analysis

 Comparison Analysis

 Newer IPA Functionalities

 Overlay variant data

 Phosphoproteomic analysis

 miRNA Target Filter

 Isoprofiler

 Bioprofiler

 Search and Explore

 Questions/Answer
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miRNA

Target 

Filter

miRNA

Target 

Filter

miRNA

data

miRNA

data

Molecule 

Type

Pathways 
(Cancer/ 

Growth)

88 data 

points

13,690 

targets

1,090 

targets

333 

targets

??
32 
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mRNA
↑↓

↓↑

39 

targets

Use Pathway tools to build hypothesis for microRNA – target 

association to melanoma metastasis.
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IsoProfiler helps you discover biologically relevant transcripts

Title, Location, Date 55

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

Title, Location, Date 57

(Data not required)
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Case Study: SNAI1 knockdown making cells less invasive

Blue = healthy cells

Red = invasive cells

Knockdown 

SNAI1

Overexpress

SNAI1
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Case Study: SNAI1 knockdown making cells less invasive
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Case Study: SNAI1 knockdown making cells less invasive

Title, Location, Date 61
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BioProfiler (new)
Quickly profile a disease, phenotype, or function

Identify genes known to be causally relevant as potential targets or identify 

targets of toxicity, associated known drugs, biomarkers and pathways

• Filter down to genes known to be 

causally associated with Alzheimer’s

• Which genes when decreased in 

activity increase liver cholestasis?

• What types of genetic evidence 

support this?



Sample to Insight

Demo Overview 

Title, Location, Date 68

 Introduction to IPA

 Large Dataset Analysis

 Data upload

 Core Analysis

 Comparison Analysis

 Other IPA Functionalities

 Search and Explore

 miRNA Target Filter

 Isoprofiler

 Bioprofiler

 Questions/Answer
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IPA provides efficient insight         

Title, Location, Date 69

With IPA you can:

 Analyze and visually integrate multi-omics datasets

 Identify pathway enrichment AND directionality

 Predict upstream molecules that may be driving expression changes

– Identify druggable targets

 Link differentially expressed genes to your phenotype

 Mining the Knowledgebase: One stop shop 

 Look up all curated knowledge about drug/gene of interest

 Explore and create pathways

 Bioprofiler: identify actionable targets
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When do you use IPA?
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The Ingenuity Pathway Analysis plugin – in BxWB
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Working in BxWB to IPA

Map reads to reference
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Title, Location, Date 78

Working in BxWB to IPA

Map reads to reference
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Working in BxWB to IPA

Map reads to reference
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Resources: Training Manuals and Videos

Title, Location, Date 82
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Resources: White Papers

Title, Location, Date 83



Sample to Insight

What can Qiagen bioinformatics products do for you?
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Thank You!!

Questions?

Jennifer Poitras, Ph.D.

Field Applications Scientist

Jennifer.Poitras@qiagen.com

mailto:Devendra.Mistry@qiagen.com

