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Proteomic spectra obtained from matrix-assisted laser desorption ionisation (MALDI)
time-of-flight mass spectrometry (TOF-MS) are generated from the proteins and
peptides present in serum obtained from blood. By ionising the proteins and resolving
them in the mass spectrometer, data on the expression of proteins can be obtained,
realised from the amplitude of the signal for different mass to charge ratios. Of
primary interest is the biological signal, in particular the expression of proteins related
to disease [2]. In common with many ‘omic’ technologies, the raw spectra suffer
from systematic errors due to technological artefacts and batch effects, in addition to
sample and biological variability [1]. To negate these effects, novel applications of
genetic microarray pre-processing and analysis methods to proteomic TOF-MS data
are presented. However, there are important differences between microarray and TOF-
MS data which require consideration and nontrivial modifications to be successfully
applied. One important difference between MALDI TOF-MS data and other high-
throughput data, seldom addressed, is the high proportion of missing values.

The pre-processing of raw proteomic TOF-MS data needs to be undertaken prior
to analysis and remains a mathematical and statistical challenge. Performed in
distinct steps, pre-processing consists of signal smoothing, baseline correction, spectra
normalisation, peak detection and peak alignment. An argument as to why the order
of these steps is highly important is presented. Standard and novel data pre-processing
methods are investigated and compared to optimise the process. Each step is given due
consideration since the cumulative effects of substandard pre-processing can render
subsequent statistical analysis highly unreliable.
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Ultimately, the aim of proteomic MS is to analyse the protein profiles. Two different
but related approaches to the analysis are undertaken. The first approach is to identify
biological markers (biomarkers) that exhibit differential expression between disease
groups [3]. Identifying potential biomarkers for further research requires appropriate
exploratory, visual and statistical modelling, which is addressed in detail here. The
second approach is to perform statistical discrimination between groups, a classical
supervised learning problem. The ability of mathematical models to predict disease
groups using differential biological signals provides insight into the plausibility of
diagnostic tests. Methodologically, supervised learning is a multifaceted problem
given that feature selection, model parameter optimisation and the handling of the
training and test data all contribute to the inference that can be made from the results.
Empirical appraisal of the methods applied to the proteomic data is provided with the
outcome of discrimination error as a quantitative benchmark.

A number of proteomic TOF-MS datasets with differing characteristics are used
throughout this thesis to assess the validity of the methods presented. The detailed
analysis of a murine model MALDI TOF-MS dataset has facilitated the discovery
of potential biomarkers for gastric cancer. Correct classification of spectra to their
respective disease groups (gastric cancer or control mice) as high as 97.4% was
achieved using supervised learning. The thorough treatment of all the differently
behaved datasets contained in this thesis, starting from the raw data pre-processing
steps through to the challenging process of identifying potential biomarkers, provides
a comprehensive and best-practice pipeline to analyse real-world proteomic MS data.
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