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Genomics

Our research is focused on development of methods dedicated to detec-
tion and analysis of genomic rearrangements. During the last few years it
turned out that the causes of many diseases are genetic rearrangements
involving duplications or deletion of DNA segments (referred to as Copy
Number Variation – CNV). Such disorders can be detected experimentally
using Comparative Genomic Hybridization arrays (aCGH). We have deve-
loped and deployed the computational system supporting clinical diagnosis
used in Institute of Mother and Child for genetic disorders like autism, epi-
lepsy or congenital heart defects. Compared to existing methods it allows
for detection of rare changes that are typical in cytogenetic analysis.

Working with a unique in the world-wide scale knowledge collected in
the database composed of patients diagnosed in BCM (over 25 000 cases)
we have attempted to explain what are the features of the genome architec-
ture that influence the structural mutations. Based on appropriate genome
architecture features we have built Poisson regression model for rearrange-
ments occurred in a given genetic region.

Our latest research (both theoretical predictions and confirming them
molecular experiments) indicate that in contrast to currently presumed
knowledge Non-Allelic Homologous Recombination (NAHR) mechanism can
be induced by much shorted homologous sequences that it was thought. So
far, it was assumed that NAHR occurs only in regions flanked by long ho-
mologous sequences of Low Copy Repeats (LCR) type. We have decided to
verify if it may be sufficient for transposable elements, which cover highly
significant part of the genome (> 40%), to induce such NAHR events. Our
results strongly reverberated in the scientific community, since they dia-
metrically change the way one can think about the stability of the human
genome.

Proteomics

Application of a mass spectrometer in molecular medicine are very broad,
since it allows determination of the composition of complex mixtures, e.g.
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body fluids. Our first studies were related to algorithms for automatic in-
terpretation of two-dimensional (LC-MS) spectra and effective alignment of
MS samples. The comparison of samples from different patients enables the
use of peptide composition fingerprints for diagnostics and medical progno-
sis. Main tasks for computer scientists include proposing effective machine
learning algorithms along with adequate statistical methods that will sup-
port selection of significant discriminatory features in diagnosed group of
patients.

One of our main achievements was the model of proteolytic activity in
blood serum, in which parameters estimation is based on mass spectro-
meter measurements. The proteolysis process is modeled as a Continuous
Time Markov Chain for which we have managed to characterize the sta-
tionary state. Moreover, we proposed efficient MCMC procedure for model
parameters estimation. Recently we generalize this approach to a different
phenomenon: the electron transfer dissociation, ETD. ETD is a method of
top-down mass spectrometry used to perform fragmentation of molecules
inside the mass spectrometer. The rationale behind fragmentation is simple:
a mass spectrometer instrument measures only the mass over charge ratio of
chemical compounds. Such ratio derived for fragments can reveal important
additional information on the identity of their source.
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