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The similarity search in mass spectra is an interdisciplinary research topic spanning from
database systems (content-based retrieval techniques) on one side and computational biology
subfield (mass spectra identification) on the other. The interdisciplinary nature of the problem
requires a significant effort of understanding the fundamentals of both disciplines and to
recognize opportunities of their synergistic combination. One of the frequently used tasks in
computational biology is to identify peptide and/or protein sequences in an in vitro sample
that was processed by a spectrometer (outputing a set of mass spectra). A determination of
which proteins are present in the inspected material is a challenging task. as the information
provided by the mass spectrometry is very low-level (the sample is shot and the fragments are
weighed). A substantial reason of the task difficulty is the structure of the sample — processing
a purified sample containing only a few proteins is much easier than processing an
unspecified mixture of biological material.

The thesis contributes to the task of effective (accurate) and efficient (fast) mass
spectra identification assuming mixtures of few tens to hundreds proteins. The used methods
comprise metric and non-metric access methods together with a specifically developed
distance measure (originating from the Hausdorff distance).

In Chapters 1 and 2 the reader is briefly introduced into the fundamentals of mass
spectrometry, while Chapter 3 overviews the approaches to processing mass spectra data. The
related work on fast search in mass spectra databases is discussed in Chapter 4. In Chapter 5
the metric and non-metric access methods are summarized. The main contribution of the
thesis — non-metric similarity search in mass spectra databases — is described in Chapter 6,
while the results of comprehensive experimentation are presented in Chapter 7. The
implementation of the publicly available SimTandem tool is briefly mentioned in Chapter 8.
The thesis is concluded in Chapter 9.

The thesis demonstrates a comprehensive insight of the candidate into the problem,
while the proposed contributions to the research area are significant and original. The
candidate also proved his ability to independently recognize, formulate and develop novel
approaches to mass spectra identification. Besides the main contribution of the thesis, the
Chapters 1-4 are valuable to an IT reader for a quick introduction into the mass spectrometry
and mass spectra identification.

The results presented in this thesis have been published in proceedings on a number of
representative international bioinformatic and database conferences (ISBRA, BIBM. CIBCB,
SISAP) published by ACM/IEELE/Springer, while the main contributions of the thesis has
been published in Journal of Discrete Algorithms (Elsevier). The candidate also gained an
experience in mass spectrometry during his three-month fellowship at the Eberhard-Karls-
Universitidt Tuibingen, WSI/ZBIT, Applied Bioinformatics Group, Germany (funded by the
travel grant awarded by the Federation of European Biochemical Societies - FEBS).

Based on the evaluation above, I recommend the candidate Jifi Novak to obtain the
PhD degree.
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