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Abstract. Tandem mass spectrometry is the core of the high-throughput techniques for protein
identification. Abundant of MS/MS data can be generated and need to be interpreted, although
numerous of peptide identification algorithms have been proposed, most well-known algorithms have
been prevailingly employed to predict fragment m/z value to assign peptide sequences to spectrum,
such as X!Tandem, OMSSA, Sequest, SQID and ProVerB incorporate intensity information into
algorithms to assist peptide identification. Hence, we can easily know, different algorithms would use
different information from the same MS data sets. Here we describe a novel protein algorithm based
on the weight of pair amino acid fracture, named PepWise, compared with Mascot, Sequest at 1%
False Discovery Rate (FDR), which verified the more accuracy, robustness and compatibility.
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1. Introduction

High throughput proteomics involves the analysis of large number of peptide spectra derived, the
most common method is the database search, in which the mass spectrum is scored gist a
corresponding database of all candidate peptides, then detect the effective matches[1,4,6-9]. In order
to ascertain the peptide sequences, generally, we need to consider the following four aspects: Firstly,
the digested peptides are dissociated and ionized; Secondly, the intact mass of each peptide is
measured by MS/MS; Finally, the peptide is mass-selected and fragmented to produce mass spectra
and propose peptide identification algorithms to process spectra[2, 3, 10, 11].

According to the description above, how to derive the peptide sequences and propose the
reasonable identification algorithms is critical, although it has been improved in identification
algorithms for deriving peptide sequences, anyway, a robust scoring function and consider the
MS/MS feature information are still the heart of identification algorithms[5,11,13]. In the database
search, which aims to evaluate the similarity between the experimental and theoretical MS/MS
spectra[12].Many peptide identification algorithms with varies of concepts, during the course of

similarity analysis, M/Zvalue has been the main information to be integrated into the algorithms[2,
8, 17], e.g. Mascot[7], Sequest[3] and X!Tandem[6]. Despite they are commonly and widely used in
protein identification, feature information used singly and the number of peptide identifications
inadequate reflect the incompleteness of algorithms which mentioned on the above. Hence, MassWiz,
Dispec[9], ProVerB[10] and SQID[2] integrated diversified feature information to scoring model to
improve confidence and generate better identification[11-15].

To integrate more abundant and complete feature information and maximize the universality.
Firstly, we statistic the matching information of varies ions type based on the partial of S. pneumoniae
D39 data set which has been verified reliable MS/MS spectra; Secondly, define and quantify the
weight of pair amino acid fracture; Finally, we integrate the feature information to score function,
and propose a novel protein identification algorithm PepWise which is based on the weight of pair
amino acid fracture. In order to verify effectiveness and robustness of PepWise, we use multiple MS
data sets to compare with Mascot, Sequest at 1% FDR (False Discovery Rate), the results show
significantly and stably higher than Mascot and Sequest.
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2. Materials And Methods

2.1. MS/MS Datasets

The data sets of 18 protein standard mixtures can be download from public data sets web site
(http://regis-web.systemsbiology.net/PublicData sets/), which contains four types instrument
platforms: Thermo Finnigan LCQ DECA, Thermo Finnigan LTQ-FT, Thermo Finnigan LTQ and
Micromass/Waters QTOF Ultima, in order to describe conveniently, the instrument names are
abbreviated as follows: LCQ, FT, LTQ, QTOF, respectively. The data sets of S.pneumoniae D39 and
E. Coli were obtained from LTQ-Orbitrap, and can be downloaded from the following web sites :
http://bioinformatics.jnu.edu.cn /software/proverb/ and http://marcottelab.org/MSdata/Data03/,
respectively. The partial of S. pneumoniae D39 proteome which has been verified valid by Mascot,
Sequest and ProVerB are served as training dataset for the feature information of the algorithm model.

2.2. Peaks Selecting

Noise peaks are inevitable in each MS/MS spectra, we need to select reliable peaks to improve
SNR (Signal-To-Noise Ratio). Various peptide identification algorithms have different methods to
select peaks, such as Sequest[3] selects the highest 200 peaks from mass spectrum, Mascot[7] selects
one peak from 14 Da, X!Tandem[6] selects the maximum of 50 peaks from all fragment spectrum
and OMMSA[4] selects the top 5 peaks in each 100 Da window. Here, in order to improve SNR, we
firstly remove isotope, which peaks closer to 1#0.25Da, secondly, divide the ™/ Z range into ten parts,
then select the highest of 20 peaks in each parts.

2.3. Generate the Theoretical Spectra

The core of the database search approach is to evaluate the similarity between the experimental
and theoretical spectra. Therefore, generating the theoretical spectrum is critical for the peptide
identification algorithm, generated rules as follows:

Rule 1: Loss of 7O If borY ions type involved S:T+E D residue.

Rule 2: Loss of NHs 1 borYions type involved R.K.Q:N yesidue.
Rule 3: +1/+2fragment ions. If the parent ions charge were not less than 2 and contained one of
R,K.H residue.

2.4. False Discovery Rate (FDR)

All the highest rank candidate peptides are exported to calculate the FDR threshold[19], and the
formula is as follows:

_ Number of decoy PSMs above threshold

FDR =
Number of targ et PSMs above threshold

2.5. Scoring Function

The scoring function is the heart of MS/MS peptide identification algorithms. In this paper, we
firstly define the weight of pair amino acid fracture, then construct the scoring function from three
aspects: fragment ion matches, consecutive fragment ion matches and b/y fragment ion matches.

2.5.1 Define the Weight of Pair Amino Acid Fracture

The dataset of S. pneumoniae D39 is served as training dataset for parameters of the algorithm
model, specific methods as follows:

We consider six types of fragment ions, which are b ,b_NH3 ,b-H,0 Yy y_NH3, y-H0
respectively. Count the number of different ions type appear under various pair amino acid fracture,
then calculate the probability of different ions type in various pair acid fracture, and the formula is as
follows:
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Pid = p(AA] IT|)
Where:
AA s constructed by the se
I is the element of set®23:

A denotes the 1t pair amino acid fracture.

T is constructed by the set

T={b,b—NH,,b-H,0,y,y—NH,,y-H,0}

i is the element of the set 26},

Ti denotes the i —thions type.

Riis the probability of the j-th pair amino acid fracture ~iunder thei—thjons typeT' .

Here, we need to define the weight of different pair amino acid fractures which under various ions
type, the mathematical formula is as follows:

Wr = —l0g(1- p(AA; |T)))

AA|IT

{ AA={AA,AC,AD....}
400}

AA

Where:

Wur is the weight of the pair 1 =™ amino acid fracture.

M is the amino acid under thei—thions type.

Tiis the higher weight of the greater probability.
2.5.2 Scoring Function for MS/MS Spectra
How to evaluate the similarity between experimental spectra and theoretical spectra is crucial for

peptide algorithms. For matching a spectrum against a candidate peptide PeD the score of peptide
matching is calculated as follows:

Score(Pep) = S(Pep) x

Where:
Pep is denoted as candidate peptide.

ks js the number of experimental peaks matched.
N is the number of experimental peaks which have been selected.

Score(Pep) js the score for candidate peptide against experimental spectra.

S(Pen) js the primary score function and described as follows:
S(Pep)=S,+S,+S,
Where:
Sois the score for fragment ion matches: When the distance of experimental spectrum and
theoretical spectrum less or equal than fragment error tolerance, they matched.

k
S, =—— 1
°0.1406n, 2

Ky is the number of experimental peaks matched
"o js the number of peaks in the theoretical spectrum

W, =W js the weight of | -th matching, which is denoted as "
0.1406 is the random parameter which had been reported by ref 9, calculated by the following
formula:

sum of the random peptide matching peaks number
sum of the random peptide theoretical peaks number
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S. s the score for consecutive fragment ion matches: If '©-1 and 10MS_2 are consecutive

fragment ions match, must satisfy three conditions: matched, belong to the same ions type and only
differ of a residue.
k

S, = ! +W,
' 0.0279n1|Z(W”‘ o)

Kijs the number of experimental peaks consecutive matches in MS/MS spectra.
M. is the number of theoretical peaks consecutive matches in MS/MS spectra.
Wais the weight of the m—th peak which had been matched against theoretical spectra.

Weis the weight of the d —th peak which had been matched against theoretical spectra, here, peak m
and peak % is a consecutive matches

0.0279 is the random parameter which has been reported by ref 9, calculated by the following
formula:

sum of the random peptide consecutive matching number
sum of the random peptide theoretical consecutive matching number

S is the score for®/Yions match: In a typical CID experiment, peptide bond is easy to fracture and

generate C-terminal ¥ ions and N-terminal b jons, the content of ¥ ions and © ions reflects the degree of
similarity between experimental spectra and theoretical spectra.
k,(XWh, +>Wy,)

0.0706n,

2

. is the sum of number of experimental peaks matching toP and ¥ ions in spectrum.

N2 js sum of the number of theoretical peaks matching toP and ¥ ions in spectrum.

W, = Wann_io , which is the weight of P ions type which based on the j-th pair amino acid fracture

M and ions type To_iow had been matched.

Wy, =W

| AAj'ﬂ'yiions

, which is the weight of P ions type which based on the j-th pair amino acid fracture

A and ions typeTwons .

0.0706 is the random parameter which has been reported by ref 9, calculated by the following
formula:

sum of the random peptide b/ y —ions matching number
sum of the random peptide b/ y —ion theoretical peak number

3. Results

All peptide identification algorithms need to be compared after FDR calculation. In this paper, we
compare PepWise with two widely-used MS identification algorithms Mascot and Sequest, Six
different data sets from 1SB standard mixture of 18 proteins, the compared results as follows figures
and table:

S. pneumoniae D39 data set is simultaneous searched by Msacot, Sequest and PepWise, the
number of identified peptides of the three algorithms that mentioned above are more than 3000 at 1%
FDR (Fig.1), and higher overlap between Mascot and PepWise; In addition, the number of spectra
which PepWise identified is the most highest (Fig.2), and also had higher overlap with others.
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PepWise
Fig.1. Comparison of Mascot, Sequest and PepWise using D39 data set: number of peptides

Mascot

PepWise
Fig.2. Comparison of Mascot, Sequest and PepWise using D39 data set: number of spectra

In terms of the publicly available standard 18 peoteins dataset and E.coli (including E.Colil,
E.Coli2 and E.Coli3) are test under PSMs-Level FDR<0.01, the histogram of the number of
identified peptides and spectra are showed by Fig.3 and Fig.4. PepWise identified more peptides than
Mascot in almost all MS/MS data, the result shows its robustness and high stability.
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Fig.3. Comparison of Mascot, Sequest and PepWise using various data sets, the height of histogram
shows the number of peptides
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Fig.4. Comparison of Mascot, Sequest and PepWise using various data sets, the height of histogram
shows the number of spectra

Overlap of targets PSMs based on the various data sets which are described on the above, PepWise
explains large fractions of PSMs also identified by Mascot and Sequest, table 1 showing the overlap
results of Mascot, Sequest and PepWise, abbreviated M, S and P, respectively.

Table 1 Overlap among Mscot, Sequest and PepWise

SUM M&S S&P P&M M&S&P
D39 3290 2707 2703 3266 2693
0.82 0.82 0.99 0.82
FT 702 573 575 690 568
0.82 0.82 0.98 0.81
QTOF 311 272 272 303 268
0.87 0.87 0.97 0.86
E.Coli 1 663 429 431 653 425
0.65 0.65 0.98 0.64
E.Coli 2 552 390 389 541 384
0.71 0.70 0.98 0.70
E.Coli 3 505 345 346 490 338
0.68 0.69 0.97 0.67
LCQ 444 379 393 408 368
0.85 0.89 0.92 0.83
LTQ 592 476 464 570 459
0.80 0.78 0.96 0.78
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4. Conclusion

In this paper, we propose a new algorithm called PepWise based on the weight of pair amino acid
fraction model, the detail value of the weight can be obtained support info table. According the
analysis on the above, we validate its accuracy, robustness, and compatibility. Although PepWise has
not been tested the data which is generated by HCD, it reflects the physicochemical attribute of
peptide, we suppose the peptide identification algorithm can also support HCD.
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