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IPA Analysis Overview 

 An IPA (Core) Analysis maps your data to the Ingenuity Knowledge 
Base (KB) and provides the following outputs: 
 

– Biological functions and diseases that are over-represented in your 
data, and the predicted directional effects on these functions and 
diseases 
 

– Signaling and metabolic canonical pathways enriched in your data. 
   
– Predicted upstream transcription regulators that might explain 

the changes observed in your data. 
 

– Molecular networks (algorithmically generated pathways describing 
potential molecular interactions in your experimental system) 



Proprietary and Confidential 3 

Data Upload to IPA 
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Supported Identifiers for Data Upload 
Vendor 

IDs 
Gene Protein RNA-

Seq 
MicroRN

A 
SNP Chemical 

Affymetrix Entrez Gene 
(LocusLink)* 

GenPept Ensembl miRBase 
(mature) 

Affy SNP 
IDs 

CAS 
Registry 
Number 

Agilent GenBank International 
Protein Index 

(IPI) 

RefSeq miRBase 
(stemloop) 

 

dbSNP HMDB 

ABI Gene Symbol-
human 
(HUGO/ 

HGNC, EG) 

UniProt/ 
Swiss-Prot 
Accession 

UCSC 
(hg18) 

KEGG 

Codelink Gene Symbol- 
mouse (EG) 

UCSC 
(hg19) 

 

PubChem 
CID 

Illumina Gene Symbol- 
rat (EG) 

 

Ingenuity GI Number 

UniGene 

*Primary mapping to Entrez Gene 
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Species Support 
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Key Terminology 

Observation 
• An experimental condition or sample 
Expression Value 
• Numerical value indicating level of expression or 

significance of a specific identifier 
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Uploading Multiple Observations 

• IPA calculates significance based on the number of 
genes/molecules that map to a biological function, 
pathway, or network. 

• Differences between observations will be determined by 
differences in the number of genes that map to these 
categories. 

• Values associated with IDs need to be either filtered prior 
to upload or filtered via a threshold during analysis set up. 
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Multiple Observation: No Filtering 

PROBE_ID Observation 1 Observation 2 Observation 3 Observation 4 

1007_s_at 1.102060201 -1.950174692 -2.284966033 -1.490350557 

200012_x_at -1.056204495 -1.278105602 -1.126543599 -2.976190286 

200061_s_at -1.169087572 -1.202210924 -1.331014726 -2.310772708 

200062_s_at 1.04380303 -1.251690101 -1.400551146 -2.511834387 

200095_x_at -1.039891293 -1.393501117 -1.155986718 -2.106450544 

200633_at -1.18377169 -1.502370828 -1.137044297 -3.547585559 

200650_s_at 1.105123325 -1.503295614 -1.263102761 -3.071208931 

200680_x_at -1.121915583 -1.19019341 -1.261911465 -2.902124686 

200716_x_at 1.055138928 -1.395614383 -1.199132766 -2.592501325 

Significant Genes 10 10 10 10 

All observations have 10 significant genes and will 
look identical in IPA 
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Multiple Observations: Pre-filtering 

PROBE_ID Observation 1 Observation 2 Observation 3 Observation 4 
1007_s_at -1.950174692 -2.284966033 
200012_x_at -2.976190286 
200061_s_at -2.310772708 
200062_s_at -2.511834387 
200095_x_at -2.106450544 
200633_at -1.502370828 -3.547585559 
200650_s_at -1.503295614 -3.071208931 
200680_x_at -2.902124686 
200716_x_at -2.592501325 

Significant Genes 0 3 1 9 

Pre-filtering data for fold change less than 1.5 will differentiate 
the four observations because there are differing numbers of 
probes/genes for each observation. 
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Multiple Observations: Filtering During Analysis 
Set-up 

PROBE_ID Observation 1 Observation 2 Observation 3 Observation 4 
1007_s_at 1.102060201 -1.950174692 -2.284966033 -1.490350557 
200012_x_at -1.056204495 -1.278105602 -1.126543599 -2.976190286 
200061_s_at -1.169087572 -1.202210924 -1.331014726 -2.310772708 
200062_s_at 1.04380303 -1.251690101 -1.400551146 -2.511834387 
200095_x_at -1.039891293 -1.393501117 -1.155986718 -2.106450544 
200633_at -1.18377169 -1.502370828 -1.137044297 -3.547585559 
200650_s_at 1.105123325 -1.503295614 -1.263102761 -3.071208931 
200680_x_at -1.121915583 -1.19019341 -1.261911465 -2.902124686 

200716_x_at 1.055138928 -1.395614383 -1.199132766 -2.592501325 
Significant Genes 0 3 1 9 

Setting a threshold of 1.5 during analysis set up will result in 
IPA ignoring values less than 1.5 fold up or down, 
differentiating the samples. 
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Best Practices of Data Upload 

• Calculate metrics outside of IPA (e.g. fold-change, p-value). 
• Create an Excel spreadsheet or tab delimited file 

– One column must have identifiers, preferably the left-most column 
– Can have up to 20 observations 
– 0 to 3 expression value-types per observation 
– Only 1 header row allowed 
– Place data in top Excel worksheet 
– Place metric you would like to visualize, usually fold-change (recommend 

log2[ratio]), in the first column after ID. 
– Optionally upload the max intensity, or RPKM, between case and control to 

understand magnitude of signal 
• If you can group related observations into a single spreadsheet, do so. 
• Specify array platform (chip) if possible 

– Its is OK for “Not specified/applicable” 
• Pre-filter you data at the lowest threshold that you have confidence in. 

– For example, probe measurement p-value of .05 or other criteria. 
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Why don’t all of the molecules in my dataset map to the 
knowledge base? 
• The gene ID might not correspond to a known gene product. For 

example, most ESTs are not found in the knowledge base (exception: 
ESTs that have a corresponding Entrez Gene identifier are found in 
the knowledge base).  

• A gene/protein ID might correspond to several loci or more than one 
gene. Such identifiers are left unmapped in the application due to the 
ambiguity of the identity. 

• Identifiers for species other than human, mouse or rat must map to 
human, mouse or rat orthologues in order to map in IPA. 

• SNPs must map to a single gene. SNPs that fall greater than 2 KB 
upstream or 0.5 KB downstream of a gene coding region will not be 
mapped in IPA during data upload, since they cannot be 
unambiguously mapped to a single gene.  

• There may be insufficient findings in the literature regarding some 
molecules. 
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Data Upload Format Examples 

• Gene list with 1 or more identifiers 
– Tip: IPA will auto-detect the identifier type if it is in the first column of your spreadsheet 

• Gene list with 1 or more identifiers and a single measurement of one observation 
– Tip: IPA can import fold-change, log(ratio), ratio, p-value, intensity/RPKM 

• Gene list with 1 or more identifiers and a multiple measurements of one observation 
– Tip:  Up to 3 different measurements can be mapped 

– Tip:  Measurements can be in any order but ‘easiest’ if log(ratio) is the first measurement 

• Gene list with 1 or more identifiers and a multiple measurements of multiple observations 
– Tip:  File can contain up to 20 different observations 

• Data can be in text file, or Excel file 
– Tip:  If using an Excel file ONLY the first worksheet is read and used 
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Creating an IPA Core Analysis 
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Creating an IPA Core Analysis 
Make sure reference set 

matches source of molecules 

Click here to apply filter cutoffs and see number 
that are network and  function eligible Set data cutoff filters 

“Analysis ready “molecules should be 100-
1500 for best results, but other values can 

work 

View other observations if a multi-
observation data set 

Assembles networks and identifies transcriptional 
regulators with only direct relationships. Results in 

networks in which members are nearer neighbors of 
one another and biases for binding relationships. 
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Creating an IPA Core Analysis: Using Filters 

Several filters available. Set 
criteria to filter out findings of 

less interest.  
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Creating an IPA Core Analysis- Network 
Generation 

Option to turn off molecular 
networks for a faster analysis 

Option to exclude endogenous 
chemicals from networks 

Fine-tune format of networks 



Proprietary and Confidential 18 

Creating an IPA Core Analysis- Advanced Settings 

Confirm how you would like 
to resolve duplicates 

Deselect any observations 
that you would like to 

exclude from the analysis 

Make sure molecule coloring 
is set for a metric such as 
fold change, log ratio, etc. 
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Saving an IPA Core Analysis 

Replace time stamp 
with parameters for 

easy reference 
Enter notes that 

provide basic 
information about 

experiment 

Create a new project 
folder to group 

related data 
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Using Core Analysis Pre-filters 

• Set criteria to filter out findings of less interest. 
– Species 
– Tissue 
– Data source 

• Filter stringency 
– A “Stringent” setting requires that each of a pair of molecules and 

the relationship that connects them meet the filter criteria 
– A “Relaxed” filter requires that the gene or protein expression of the 

molecules connected by a relationship meet the filter criteria 
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Using Core Analysis Pre-filters, Cont. 

• Unspecified refers to findings or molecules where 
cell/tissue/organ is not specified or classified 
 
 

• Pre-filter Advantages 
– Focuses IPA analysis on networks, biological functions, and 

canonical pathways on molecules and relationships closely related 
to the experiment. 

• Pre filter Disadvantages 
– Loss of information 
– Loss of relationships that may be applicable to your species or 

tissue but were described in a different speices or tissue. 
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Analyzing Results 
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Ingenuity Definitions 

Networks 
• Generated de novo based upon input genes, proteins, or 
chemicals 
Canonical Pathways (Signaling and Metabolic) 
• Are generated prior to data input, based on the literature 
• Do NOT change upon data input 
• More directional (proceed “from A to Z”) 
My Pathways and Path Designer Pathways 
• Custom pathways 
• You can add information/edit custom pathways 

 



Proprietary and Confidential 25 

Approaches to Viewing Results 

• IPA will subdivide your data into slices based on molecule 
connectivity (networks), cellular functions, and involvement 
in canonical pathways. 

• Spend time surveying the information.  Not everything is of 
scientific interest, look for slices of your data that address 
your scientific question, are consistent with known 
biological processes, are consistent with pathology, etc. 

• Typically the goal will be to find a set of genes/molecules 
that can be looked at in greater detail by building a custom 
pathway . 

• If you are comparing observations, run comparison 
analysis. 
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IPA calculates two distinct statistics as part of a 
core analysis.   

  
 P-value:  
Calculated using a Right-Tailed Fisher’s Exact Test 
Reflects the likelihood that the association or overlap between a set of 
significant molecules from your experiment and a given 
process/pathway/transcription neighborhood is due to random chance. 
The smaller the p-value the less likely that the association is random. 
The p-value does not consider the directional effect of one molecule on 
another, or the direction of change of molecules in the dataset. 

 Z-score: 
Applied in some analysis types and provides predictions about upstream 
or downstream processes. 
Takes into account the directional effect of one molecule on another 
molecule or on a process, and the direction of change of molecules in the 
dataset. 
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Core Analysis Statistics 

 IPA calculates the following statistics for the outputs of a core analysis: 
  

 Analysis Type P-value (FET)* Z-score* 

Functions Analysis 

Downstream Effects 
Analysis 

Canonical Pathway 
Analysis 

Transcription Factor 
Analysis 

Network Analysis 

 *Different values will enter into the calculations for p-values and 
Z-scores, depending on the analysis type.  
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Downstream effects analysis  
(functional analysis) 
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Downstream effects analysis - a whole new way to 
visualize biological trends in your experiment 
• Uses Z-score to predict 

increases or decreases in 
downstream biological 
processes 
 

• Use a hierarchical overview to 
quickly get a top-to-bottom 
view of the biology affected in 
your experiment 
 

• Zoom in on areas of interest 
and quickly see the specific 
genes and references that 
support a prediction 

High-level 
process Low-level 

process 

Downstream Effects Map 
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Downstream Effect on Bio Function 

Click on a Square to Drill 
Down within that function 

Color by and Scale 

Size of the 
Square Toggle to the Bar 

Chart 
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Ontology Levels 

Click to See the Specific 
Genes and Findings 
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Functional Category and Statistical 
Result 

Access Findings 

Expression Value in 
Your Dataset 

Prediction Logic 
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Downstream Effect z-score 

↓ ↑ ↑ Differential Gene Expression 
 (Uploaded Data) 

↑ 

Bio 
Process/Function 

↓ 

Literature-based effect genes have on process or function 

Predicted Effect- 
1: Increasing (correlated), -1: inhibited (anti-correlated) 
 

↑ 

-1    -1     1    0       1     1 

Actual z-score is weighted by relationship, relationship bias, data bias 

• “z-score” is statistical measure of correlation between 
relationship direction and gene expression. 

• z-score > 2 or < -2 is considered significant 

+ - + + - 

=
1
5

= .447 
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Functional Analysis (FA) Workflow 

• Goal is understand biology and identify smaller subsets of 
genes that are of interest 
 

• Genes related to a particular function can be : 
– sent to a pathway for building and/or overlay analysis 
– saved as a new Data Set and sent to Core Analysis for additional 

categorization and segmentation 
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Canonical pathway analysis 
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Canonical Pathway (CP) Workflow 

• Scan CP names for pathways of particular interest 
• Survey many top or interesting CPs by viewing 

– Click on CP bar in chart and click “VIEW PATHWAY” 

• If your data has values, are overlaid values consistent with 
molecular relationships between molecules? 
– If CP indicates that gene A increases expression of gene B, do the 

data indicate that genes A and B are co-regulated? 
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Canonical Pathway tab 
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Pathway Navigation 

• Scroll-wheel on mouse controls zoom, or use toolbar zoom 
buttons. 

• Left-click selects (turns blue)  
• Left-click-drag on nodes moves the node 
• Right-click hold-and-drag moves your view 
• Right-click brings up menu for controlling 

– tool tip (mouse-over node pop-up) 
– copy/past 
– Highlight 
– selection 

• Node shapes indicate a protein’s primary function, see 
Help>Legend 

• Relationship lines indicate the type of relationship and the 
mouse-over letter the type of relationship, see Help>Legend 
 
 

Navigation Control 
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Pathway Navigation, continued 

• Double-clicking a node brings up the node summary 
– You can navigate to the Gene/Chem View page by clicking the 

protein name at the top of the summary window pane. 

• Double-clicking a relationship line brings up the 
relationship summary 
– You can to the literature evidence findings by clicking the “View 

relationships between:…” link at the top of the summary window 
pane.  

• Groups 
– Groups are represented by a double outline applicable to any 

molecule shape.  These represent cases where findings use a 
general gene name to describe a gene class or group of isoforms 

– Complexes of different proteins are also given a double outline 
• View members by left-click selecting, then right-click>Show Membership 
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Directional Effects Applied to Pathways & Networks 

Use observed 
expression changes (  ) 
to suggest functional 
effects (  ) on 
neighbouring molecules 

Set altered activation 
states to observe 

predicted effects on 
canonical pathways 
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Upstream Regulator Analysis/ 
Transcription Factor Analysis 
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What is Upstream Regulator Analysis? 

• The upstream regulator analysis is based on prior knowledge of 
expected effects between transcriptional regulators (TR) and their 
target genes stored in the Ingenuity® Knowledge Base.  
 

• The analysis examines how many known targets of each transcription 
regulator are present in the user’s dataset, and also compares their 
direction of change (i.e. expression in the experimental sample(s) 
relative to control) to what is expected from the literature in order to 
predict likely relevant transcriptional regulators.  
 

• IPA’s definition of upstream transcriptional regulator is quite broad – 
any molecule that can affect the expression of other molecules, which 
means that upstream regulators can be almost any type of molecule, 
from transcription factor, to microRNA, kinase, compound or drug.  
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Upstream Regulator Analysis:  How does it work? 

• 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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How does it work? 
Can we predict the activation state (activated/inhibited) of a potential 
regulator from expression data? 
 

Approach: Two complementary statistical measures: 
 Activation z-score 
 Overlap p-value 

 

Data set 
(differentially-  
 expressed genes) 

Upstream Regulator-
regulated genes in 

Ingenuity Knowledge 
Base 

TR  target edge types considered: 
• Expression 
• Transcription 
• Protein-DNA binding 

Evaluate the perturbed genes 
in the dataset that are known 
targets of a particular regulator 
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Activation z-score 

↑ ↓ ↓ ↑ ↑ 

TR 

Differential Gene Expression (Uploaded Data) ↑ 

Predicted activation state of TR: 
1: activated (correlated), -1: inhibited (anti-
correlated) 

1 -1 1 1 1 1 

+ + + + + - 

Actual z-score can weighted by relationship, relationship bias, data bias 

• z-score is statistical measure of correlation between 
relationship direction and gene expression. 

• z-score > 2 or < -2 is considered significant 

Literature-based effect TR has on downstream genes 

Every TR is analyzed 

=
4
6

= 2.04 
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Hover over the Prediction column to see whether 
the directionality of change of an individual gene 

suggests activation or inhibition of the TR 

Click gene names to link out to gene views. 
View extensive information from the literature 

about the transcription regulators.  

Click to view all genes in dataset that 
are part of the TR neighborhood. 

Select TRs and downstream genes 
and display on an interactive pathway 

as a network.  

Click to Filter base on the molecule type 
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Identify cross-talk between Upstream Regulator in 
focused regulatory networks 

• Automatically generate a 
directed TR-target 
network 
 

• Add relationships to the 
regulatory network, e.g.  
upstream signaling 
molecules, or to disease, 
biological process 
associations 
 

• See published evidence 
for the regulatory 
interactions 
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Mechanistic Networks  

Which predicted upstream 
regulators might work together to 
explain the expression changes in 
this dataset? 

? 

? 

? 

Upstream Regulator Analysis Results: 
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Mechanistic Network Algorithm 

• Algorithm seeks large overlaps between an upstream regulator’s 
targets and a more downstream regulator’s targets 

Upstream molecule likely to operate 
thru this more downstream regulator 

Upstream molecule less likely to operate 
thru this more downstream regulator 

Shares 1 of 7 of the more 
downstream regulator’s targets 

Shares 6 of 7 of the more 
downstream regulator’s targets 
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IPA Upstream Regulator Analysis results table with Mechanistic 
Networks 

Click to bring up 
settings 

# of dataset molecules 
accounted for in the 

network 

# of upstream regulators 
contained in the 

mechanistic network 

Click to see the 
network 
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You can change the settings and re-run 

New results 
replace the original 
ones 
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Mechanistic Network Settings 

Minimum p-value of 
each regulator  

Minimum absolute 
 z-score of each 

regulator  

Types of relationships 
that can connect 

regulators 

Max # of layers below the 
top regulator 

Max # of regulators downstream of 
each upstream regulator 

Minimum p-value of 
neighborhood overlap 

Interaction types 
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Example: TNF mechanistic network 

Mechanistic Network (regulators 
only) 

Table of the targets for each 
regulator 

Filter for targets 
under control of 
each regulator 
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Network analysis 
(Different from Mechanistic Networks) 
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Networks in IPA 

• Purpose:  
– To show as many interactions between user-specified molecules in 

a given dataset and how they might work together at the molecular 
level 

• Why are Ingenuity networks biologically interesting? 
– Highly-interconnected networks are likely to represent significant 

biological function 
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Networks 

• Networks are assembled based on gene/molecule 
connectivity with other gene/molecules.   
– Assumption: the more connected a gene/molecule, the more 

influence it has and the more “important” it is. 

• Networks are assembled using decreasingly connected 
molecules from your data set.   

• Genes/molecules from the Knowledge Base may be added 
to the network to fill or join areas lacking connectivity. 

• A maximum of 35, 70, or 140 genes/molecules can 
comprise a network based on parameter settings. 

• Networks are annotated with high-level functional 
categories. 
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Networks, cont. 

• Keep in mind: 
– Networks may contain smaller networks of connectivity related to 

specific functions, i.e., don’t be afraid to subset a network. 
– Larger cellular networks may span IPA assembled networks, i.e., 

don’t be afraid to merge networks. 
– Networks should be treated as “starter pathways” that you then 

modify based on your biological understanding and questions you 
want answered using pathway building (Build button) and analysis 
(overlay button) tools. 



Proprietary and Confidential 62 

Key Terminology Review 

• Focus Molecule: 
– Molecules that are from uploaded list, pass filters are applied, and 

are available for generating networks 
• Networks: 

– Generated de novo based upon input data 
– Do not have directionality 
– Contain molecules involved in a variety of Canonical Pathways 

• Canonical Pathways (Signaling and Metabolic) 
– Are generated prior to data input, based on the literature 
– Do NOT change upon data input 
– Do have directionality (proceed “from A to Z”) 

• My Pathways and Path Designer Pathways 
– Custom built pathways manually created based on user input 
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Viewing Networks 
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How Networks Are Generated 

1. Focus molecules are “seeds” 
2. Focus molecules with the most 

interactions to other focus 
molecules are then connected 
together to form a network 

3. Non-focus molecules from the 
dataset are then added 

4. Molecules from the Ingenuity’s KB 
are added 

5. Resulting Networks are scored 
and then sorted based on the 
score 

35 molecules per network for visualization purposes 
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Example Network 
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