
STATISTICAL VALIDATION
Getting to the Right Answers - a Non-Statisticians 

Guide to Validating Protein Identifications



WEBINAR OUTLINE

Introduction into common search engine scoring 

(Mascot, SEQUEST, and X!Tandem)

Combining multiple search formats and discriminant

score calculations

When do I need more robust statistics?

Peptide and protein false discovery rate analysis

Peptide and protein probabilities - using the prophet 

algorithms

When do I apply each approach and how do I 

analyze the results?

Reporting statistical analysis to scientific journals



PROTEOIQ SUPPORTS IMPORT OF MASCOT®, 

SEQUEST® AND X!TANDEM SEARCH RESULTS

For single search result projects, native search 

scores are displayed and used for validation (Ion 

score, Xcorr, Hyper Score)

When combining different search result formats, 

native scores are displayed and discriminant

scores are utilized for validation



OVERVIEW OF MASCOT® SCORING ï

PROBABILISTIC SCORING

The Mascot probability model is based on the MOWSE1 algorithm. The MOWSE 

algorithm functions by creating a matrix of weighting factors for the specified 

enzymatic cleavage, and sequence entries are clustered into cells formed by a 

distribution of intact protein and peptide fragment molecular masses. The frequency 

factors are normalized and used to calculate the final score. 

Mascot reports a probability-based Ion Score for each peptide match, which indicates 

the statistical significance of that MS/MS spectral assignment.

Individual Ion Scores are combined and reported as a cumulative protein score.

Ion Scores indicate significance for an individual (or group) search result but 

additional statistics are needed to establish error rates across multiple Mascot 

searches.

1. Pappin, D. J. C., Hojrup, P., and Bleasby, A. J. (1993) Rapid identification

of proteins by peptide-mass fingerprinting. Curr. Biol. 3, 327ï332



OVERVIEW OF SEQUEST® SCORING ï

CORRELATION COEFFICIENTS

SEQUEST uses the Fourier transform convolution between the measured spectrum 

and all predicted spectra derived from all the possible sequences in the database

SEQUEST generates a cross correlation value (XCorr) for every potential peptide 

sequence. The XCorr is highly dependent upon the number of fragment ions identified 

and thus is higher for larger peptides (higher charge states).  ȹCn indicates difference 

between top match and second best assignment for a given peptide ([XCorr1ï

XCorr2]/XCorr1)

Typically Xcorr filters are applied based on charge state. Typical filters include2: 

Xcorr 1.9 for +1 charged peptides

Xcorr 2.2 for +2 charged peptides

Xcorr 3.75 for +3 charged peptides

2. Jimmy K. Eng, Ashley L. McCormack, John R. Yates III., An approach to correlate tandem mass spectral data of peptides with amino acid sequences in a 
protein database .  JASMS, 1994, 5, 976-989 .

3. Wei Sun,, Fuxin Li, JueWang, DexianZheng, and YouheGao., AMASS: Software for 
Automatically Validating the Quality of MS/MS Spectrum from SEQUEST Results. 
Molecular & Cellular Proteomics 3:1194-1199, 2004



Like Mascot and SEQUEST, X!Tandem4 matches the 

experimental spectrum to the theoretical spectrum 

generated from a protein database

X!Tandem creates a preliminary score based on the sum 

of the matched fragment ions when comparing the 

experimental fragment ions with the theoretical fragment 

ions

Hyper scores are then calculated by multiplying the 

preliminary score by the number of total fragment ions 

assigned.

ProteoIQ uses the Hyperscore for all subsequent 

analysis. Note: X!Tandem also reports and E-value that 

indicates the likelihood of a higher quality match.

OVERVIEW OF X!TANDEM SCORING

4. Craig,R. and Beavis,R.C. (2003) Rapid Commun. Mass Spectrom., 17, 2310ς2316



APPLYING MASCOT, SEQUEST, AND X!TANDEM

FILTERS IN PROTEOIQ

Score filters can be applied for single 
search result projects but are disabled 
for multiple search result projects 
(combined Mascot/SEQUEST)

Score Differential = % difference (in 
score) between the most significant 
match and the second best match to 
a given spectra

For SEQEUST Xcorrfiltering,  apply charge 
state filters. Note: This is best performed in 
the peptide set viewer.



APPLYING MASCOT, SEQUEST, AND X!TANDEM

FILTERS IN PROTEOIQ

Create multiple protein sets and 
ǎŜƭŜŎǘ ά¦ƴƛƻƴέ ǘƻ ŎƻƳōƛƴŜ

Single score filters are sufficient for Mascot as the ion score is 

not charge state dependent. For X!Tandem and SEQUEST 

there is a charge state dependency. We recommend using F-

value in these cases.

To create differential filters based on charge state and score 

simply sort by score then by charge state. Select the peptides of 

interest, right click and copy to a new protein set. Then union 

the protein sets.



COMBINING MULTIPLE SEARCH FORMATS AND 

DISCRIMINANT SCORE CALCULATIONS

Keller, A., Nesvizhskii, A. I., Kolker, E., Aebersold, R.  Empirical statistical model to 

estimate the accuracy of peptide identifications made by MS/MS and database search. 

Anal. Chem. 2002, 74, 5383-5392

Discriminant score (F-value) removes scores dependency on charge 

state and allows a common scoring method to be applied for all search 

engines. ProteoIQ uses the F-value for FDR and probability analysis. 



COMBINING MULTIPLE SEARCH FORMATS AND 

DISCRIMINANT SCORE CALCULATIONS

Discriminant score (F-value) typically range from -10 to 

+10. Ideally random assignments have scores below zero. 

F-value distributions are calculated for all search engines  

types and charge states separately

Select charge 
state

Select search 
engine type


