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Overview

A web server that interprets peptide mass fingerprinting data by searching 
the spectrum against protein sequence databases using log likelihood ratio 
as scoring function.

Log likelihood ratio is the best statistical model to distinguish correctly 
assigned peptides from incorrect assignments.

Matching peaks with self-adjusting mass tolerance offers more flexibility and 
accuracy than the traditional mass window.

Seamless pipeline for further processing of the result (internal calibration 
and PTM searches).

BUPID outperforms conventional database search algorithms in sensitivity 
and specificity. 



Introduction

A major goal of proteomics is to identify and characterize all proteins 
expressed in cells in various conditions. Mass spectrometry (MS)
has become popular for identification of proteins in high-throughput 
proteomics research. Peptide mass fingerprint (PMF) with database 
search is a standard way to analyze high-throughput MS data of 
complex protein samples. This method compares the PMF spectrum 
against those expected for all possible proteins obtained from a
sequence database. Each database protein is then assigned a 
probability score that reflects various aspects of the fit between 
spectrum and peptide. These scores help discriminate correct and
incorrect protein assignments to the spectrum and therefore identify 
proteins in the sample.



BUPID

http://zlab.bu.edu/Amemee

We report a new method of database searching using MS data. The 
algorithm utilizes a log likelihood score to discriminate correctly 
assigned peaks from incorrectly assigned ones. The accumulative 
log likelihood score of all peaks that match with the protein represent 
the significance of the correlation between the protein and the 
spectrum. The raw score is normalized according to the size and 
mass of the protein in order to compare with other proteins against 
the same standard. The method was proven to have the best 
sensitivity and specificity in identifying proteins in a mixture. 
Currently BUPID only search for unmodified proteins. PTM search is 
under development and will be available to the public shortly.



The Principle of Protein Identification by Peptide Mass Fingerprinting
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All database searching algorithms, although differ in scoring functions, share a similar 
approach. First, theoretical peptide mass values are created by applying simulative 
cleavage to sequences in the database. Then a set of peaks (matches) in the 
experimental spectrum are picked out and compared with calculated peptide mass values 
of the protein. Keep in mind that identifying matched peaks is as important as assessing 
their similarities. 



Incentive to Use and Not to Use Peptide Mass Fingerprinting

PMF is faster to acquire

PMF is more sensitive

PMF requires full (and correct) protein sequences in the 
databases



BUPID Uses Log Likelihood Ratio as the Target Function
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Spectrum data: All possible combination of peaks.
Predicted protein: A protein considered to be in the sample.
Background: - All proteins in the mixture.

- All proteins in the database.
- All proteins in the universe.

Log likelihood ratio is considered the most powerful method to distinguish two hypotheses. In 
the database search problem, the null hypothesis is that a certain set of peaks in the 
spectrum is generated by random background noise. The alternative hypothesis is that the 
set of peaks is generated by the peptides corresponding to the predicted protein. 



Calculation for the Likelihood of the Alternative Hypothesis
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Define that the peak is a match if likelihood of the match > background

(log likelihood ratio > 0)

and a miss-match if likelihood of the match <= background

(log likelihood ratio <= 0)

Automatically, the log likelihood of the alternative hypothesis is maximized if and only if all 
matched peaks and no miss-matched peaks are included in the calculation.



Calculation for Likelihood of Matches
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BUPID assumes that the experimental error follows the Gaussian Distribution. Thus the 
likelihood of a match is the z score of the mass difference. However if an experimental peak is 
adjacent to several theoretical peaks (peptides from the same protein or different proteins), 
chances are it may not be the result of the closest one. Thus it is necessary to calculate the 
cumulative likelihood of the experimental peak given all possible peptides exist in the sample. 
The bottom line is that any peak can be the result of a peptide with any mass. An far-fetched 
match still stands a chance in the nature, although much more impossible than a hit right in the 
bull’s eye.

Experimental peak

Likelihood of a match

Gaussian Curve for Likelihood Calculation
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Background probability

The background probability is generated by digesting all proteins the database. Assume that restriction 
sites appear randomly in the protein sequence with probability P. Length of peptides generated from 
the digestion would, therefore, be proportional to the exponential of (1-P). Peptide mass roughly 
follows the same distribution, as shown in the plot. Notice that miss cleavages generate more peptides 
and have larger peptide mass in average. 

Lines in red/yellow, green and blue each correspond to no miss cleavage, one miss cleavage, and one 
or two miss cleavages.



Mass difference between peaks and their corresponding peptides
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Due to the non-uniform background, the log likelihood ratio of a match is affected by both the 
difference and the absolute mass of the peak-peptide pair. The threshold (the point where the 
likelihood that a peak is generated by the specific peptide is equal to the likelihood that the peak 
is generated by a random background noise) rises as peptide mass becomes larger.
Number of peaks in the spectrum
The more peaks in the spectrum, the easier for a protein to match and get a high score. 
Therefore the background probability is adjusted according to the number of peaks in the 
spectrum. This serves as a internal quality-control scheme.



Correction for larger and/or heavier proteins

The matching score of a protein is the sum of the log likelihood ratios of all matched 
peptides, adjusted for the size and mass of the protein.

Size of the protein
Proteins with more restriction sites in their sequences generate more peptides after the 
simulated digestion. They are in advantage against small proteins to match more 
experimental peaks in the spectrum. This tendency has to be adjusted before all scores 
could be compared on the same basis.

Mass of the protein
Once again, peaks with smaller mass are easier to match with peptides because there are 
so many of them. The fact that light-weighted peptides are more abundant shifts the 
peptide mass tolerance and favors large proteins in scoring. This is also normalized before 
the search results are ranked.



Result comparison: Human Blood Sample
Sample HBA HBB HBG1 HBG2 HBD HBA HBB HBG1 HBG2 HBD

A12 2 1 6 4 --- 2 1 7 3 4
A02 2 1 --- --- --- 2 1 --- --- 3
A17 2 1 --- --- 57 2 1 --- 15 3
B1 2 1 --- --- --- 1 2 23 --- 4
B4 2 1 --- --- 3 3 1 19 2 4
B6 3 1 --- --- 117 2 1 --- --- 3
B8 1 2 --- --- --- 1 2 59 --- 7
B18 3 2 4 --- 1 2 3 8 1 4
B21 2 1 --- --- --- 2 1 --- --- 4
B22 1 2 --- --- --- 1 2 --- --- 5
B23 2 1 --- --- --- 1 2 --- --- 4
B24 2 1 --- --- --- 3 1 --- --- 2
C1 3 1 --- --- --- 2 1 --- --- 3
C2 2 1 --- --- --- 2 1 --- --- 3
C3 2 1 --- --- --- 2 1 --- --- 3
C4 2 1 --- --- 79 1 2 --- --- 3
C5 2 4 3 1 5 2 3 5 1 4
C6 2 1 --- --- --- 2 1 --- --- 3
C7 2 1 --- --- --- 2 1 --- --- 4
C8 2 1 --- 58 --- 1 2 --- --- 3
C12 3 2 4 1 --- 2 3 5 1 4
C13 3 2 --- 22 --- 2 1 41 4 3
C14 3 2 --- 4 --- 3 1 28 2 4
C15 3 2 88 89 --- 2 1 9 5 3
C18 2 1 --- --- --- 2 1 --- --- 3
C19 3 1 --- --- --- 3 1 40 76 2
C21 3 1 --- --- --- 3 1 --- --- 2
C21 2 1 --- --- --- 2 1 --- --- 3
C22 1 2 92 --- --- 1 2 --- --- 3
C23 2 1 --- --- --- 2 1 --- --- 3

MASCOT SEARCH RESULT BUPID SEARCH RESULT

A random blood sample.

In 6 cases, BUPID found all 
5 chains within the top 20.

Delta chain are found in all 
cases within top 10 
predictions. 

If the researcher is willing to 
go down the list, he/she’ll be 
able to find all five chains in 
BUPID’s results.



Result Comparison: Artificial Spectra (5-Protein Mixture)
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A:  Both MASCOT and BUPID return highly accurate protein identifications.
B: MASCOT returns accurate result while BUPID gives near-random protein ID.
C: BUPID returns accurate result while MASCOT gives near or worse than random 
protein ID.
ALL SAMPLES are correctly interpreted by BUPID or MASCOT or both.



E2F1 Protein
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BUPID Web Interface

The standard interface of BUPID offers 
standard parameters.

Users also have access to more options 
one mouse-click away. 

[Advanced Options]



score

Final results are ranked by the score. Click on the link in the first column to view each 
individual proteins. Check boxes in the last column and click Plot   for more data-processing 
(see bellow).



Protein view provides
A plot of spectrum and matched theoretical peaks
Sequence and coverage
Matched and miss matched peptides



… … etc.

… … etc.



Protein Mixture View



Protein mixture view plots all matched and miss matched theoretical peaks along with the 
spectrum. Users also have the choice to show peaks of self-digestion (peptides of the 
restriction enzyme).

All matched peaks are also plotted back to back for users to identify shared peptides or 
peptides with similar masses. In popular search engines such as MASCOT, matched peaks 
are removed after each round. Thus peptides overlap with another peptide with a stronger 
signal may not be picked up in the database search. BUPID doesn’t remove peaks and is 
free from such occasions.

Mass errors of all peptides are plotted together. A trend line generated from least-square-fit 
helps to identify the trend of the error. If, for instance, that the researcher believes that the 
trend line resembles the system error of the machine, BUPID offers an internal calibration 
option to adjust for such error.



Search for Post-Translation Modifications

RS30_HUMAN:
KVHGSLARAGKVRGQTPKVAKQEKKKKKTG
RAKRRMQYNRRFVNVVPTFGKKKGPNANS

Sequence Database: Single Amino Acid Mutations of RS30_HUMAN

BUPID can search for post-translation modifications within a set of user 
specified proteins.
For each protein sequence, BUPID creates a database with post-translation 
modification and variations, against which the spectrum is searched again. Final 
results are ranked by the p-value of their log-likelihood score.

Sequence Database: Post-Translation Modifications of RS30_HUMAN

K2C1_HUMAN

CAHA_HUMAN

Sequence Database: Single Amino Acid Mutations of K2C1_HUMAN

Sequence Database: Post-Translation Modifications of K2C1_HUMAN

Sequence Database: Single Amino Acid Mutations of CAHA_HUMAN

Sequence Database: Post-Translation Modifications of CAHA_HUMAN

PTM 
Database
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