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Pathway Analysis 

• Used to identify related proteins within a pathway 
• Finds distinct cell processes, diseases or signaling pathways that are statistically 

associated with the differentially expressed protein between two  samples 
• Available for human, mouse and rat data
• Data needed: list of all proteins detected in the experiment; protein ID (uniprot

accession number), the calculated fold change, and a p-value (from T-test or 
Fisher’s Exact Test) in excel format 

• Pathway Analysis service available for all protein expression data created at the 
Core or  outside the Core 

• Software: iPathway Guide from Advaita Bioinformatics Inc.



• Scaffold is a software that displays the data and results from 
protein identification and  qualitative and quantitative LC-
MS/MS analysis

• Scaffold has a “free viewer” version for data that users can 
download from www.proteomesoftware.com. 

• Scaffold allows the user to identify, compare and quantitate 
proteins, to review and validate  MS/MS spectra and sequence 
assignments including those related to posttranslational 
modifications (localize PTMs). 

• Scaffold’s scoring is based on the Peptide Prophet* Algorithm. 
• Probability based scoring allows for easy data interpretation 

and comparability between experiments. It has been verified in 
many, many samples. 

What is Scaffold?

* A. Keller, A. Nesvizhskii, A. Kolker, R. Aebersold (2002), Anal. Chem. 74, 5383-5392

http://www.proteomesoftware.com/


Scaffold displays the list of 
identified proteins (non-
redundant protein list) and 
provides a lot of additional 
information to support the 
ID. 

The numbers highlighted in 
green are the Total 
Spectrum Count, equal to 
the number of MS/MS data 
assigned to the identified 
protein. The total spectrum 
count is the raw data for 
quantitation. 

Quantitation by NSAF 
(Normalized Spectral 
Abundance Factor) Normalized Spectral Abundance Factor NSAF = (SpC/MW)/ΣN

n=1(SpC/MW) 
SpC = Spectral Counts; MW = Protein MW in kDa; N = Total Number of Proteins per sample

Label-free quantitation by 
Spectral counting 











Volcano Plot 

• Combines measure of statistical significance from statistical test with magnitude 
of change between samples or sample categories

• Used to quickly identify changes in large datasets. 





Data for Pathway Analysis 

• Data needed: protein ID (uniprot accession number), the calculated fold change, 
a p-value (from T-test or Fisher’s Exact Test) in excel format 

• Data be normalized and proteins be ranked by differential expression using T-
test. 

• The more proteins in the data set, the higher the significance of the data set 
• Pathway Analysis service available for all protein expression data created at the 

Core or outside the Core 



Impact Analysis  
using two types of evidence

Over Representation Analysis (ORA): provides the enrichment 
of differentially expressed  proteins based on the measured 
fold-change by comparing the measured fold-change to the 
the expected fold-change "by chance”  for the same set of 
differentially expressed  proteins within the pathway.               
–log p-values: larger values  represent more significant 
enrichment (fold change)

Perturbation Analysis: accounts for the role, position, and 
interactions of each differentially expressed protein within a 
pathway to estimate the impact of the measured changes on 
each pathway. The calculated  perturbation value for a given 
pathway is then compared to a perturbation value obtained 
by random permutation. This yields the perturbation p-value.  
–log p-values: larger values  represent more significant 
perturbation of the given pathway compared to what can be 
expected by chance for the same number of differentially 
expressed genes that fall on the same pathway. 



Impact Analysis  
using two types of evidence

Each pathway is scored in a two-dimensional evidence plot 
that  allows to understand whether a given pathway is 
significant because of enrichment, impact, or both. This dual-
evidence approach has been shown to not only dramatically 
reduce false positives, but also helps in identifying key 
pathway mechanisms.

Pathways that do not show protein –protein interactions 
based on the differentially expressed proteins in the data set 
are automatically scored on enrichment alone.



Databases used in iPathway Guide
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