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Research on Methods of Peptide Identification Based on
Statistical Learning

Hai-Peng WANG (Computer Application Technology)
Supervised by Prof. Wen GAO

Protein identification is one of the fundamental issues in proteomics research.
Tandem mass spectrometry and database searching have become routine techniques
for bottom-up protein identification strategies. As the first step in protein
identification, peptides have to be sequenced in order to identify the proteins from
which they are derived. In this sense, the module of peptide identification is the core
part of the protein identification software, and the peptide scoring function, which
correlates peptide sequences with tandem mass spectra, is the key to peptide
identification. In this thesis, the research focuses on how to design peptide scoring
functions and how to improve their peptide identification performance by using
statistical learning techniques.

In order to measure the relative importance of peptide-spectrum match (PSM)
features, a ranking method based on the support vector machine recursive feature
elimination (SVM-RFE) algorithm is proposed to find the most essential and
representative features, with which we can construct novel peptide scoring functions.
In currently existing work on peptide identification, the PSM features are mostly
employed to evaluate and validate peptide identification results. There is no relative
work focusing on examining the importance of the PSM features and their usability
for peptide scoring functions. The method proposed here can rank the PSM features in
terms of their relative importance which is measured by the weight vector of the linear
ranking SVM. The degree to which one PSM feature contributes to the linear peptide
scoring function can be observed through one-by-one feature elimination. The
experiments discovered the three most important PSM features for peptide scoring
functions. These features are as follows, (1) IntenRatio - the ratio of the total matched
peak intensity to the total ion current, (2) lonRatio - the ratio of the number of
matching fragment ions to the number of all predicted fragments, and (3) CnscCmpl -
the measure for both the continuity and the complementarity of the matching fragment
ions. These features are sufficient to rank more than 99% correct peptides at the first
place in the candidate peptide lists in the training set.

According to the feature ranking results, a simple and effective peptide scoring

function, i’Score, is then constructed using the two simplest PSM features, IntenRatio
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and lonRatio. Two types of mathematical operations, multiplication and addition, of
the two features are attempted in the scoring function. Comparative experiments show
that the multiplication operation is superior to the addition one with respect to the
identification sensitivity and the discriminative power for discrimination between
correct and random PSM matches. The experiments on three different types of
spectral data sets demonstrate that the peptide scoring function, i*Score, performs
significantly better than the one in SEQUEST, which is also based on similarity
measures. With a false discovery rate of 1% at the spectrum level, i*Score identifies
more spectra than SEQUEST by 17%~78%, and more unique peptides by 13%~45%.
Through additional experiments, i’Score also shows certain advantages over Mascot
and KSDP previously proposed by our group.

Reversed-phase high performance liquid chromatography (RP-HPLC) coupled
with tandem mass spectrometry is the commonly used analytical technique for protein
identification. RP-HPLC can be employed to separate complex peptide mixtures in
that different peptides show different retention times in the column due to their
different physiochemical properties. The retention time for a peptide can be predicted
from its amino acid sequence. Many efforts have been made to predict retention times
for peptides under RPLC conditions and achieve good prediction performance. The
difference between experimental and predicted retention times can be adopted as a
measure of reliability for peptides. There exist many peptide scoring functions,
however, a peptide scoring function incorporating peptide retention time is still not
available. To further improve the peptide identification performance of the above
scoring function, the difference between experimental and predicted retention times,
rDiff, is incorporated into a new scoring function, i’rScore, which is a linear
combination of three features, i’Score, Ai* (see section 3.2.2), and rDiff. The weight
coefficients in the linear combination are dynamically determined by a linear
classification SVM model trained on a specific spectral data set. The experiments
show that i’rScore can identify more spectra and more unique peptides than i*Score by

more than 10%.
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