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ALGGENOMES is a Marie Curie project supporting reintegration of Dr. T. Vinar at the Faculty of Mathe-
matics, Physics and Informatics of Comenius University in Bratislava, Slovakia. Dr. Vinar has spent almost
ten years of his research career in Canada and the United States after which he decided to return to Slovakia
in order to start a bioinformatics research and education program there. The main goals of the project, as
outlined in the grant agreement, are as follows:

A: Development of algorithms for bioinformatics. Design of new algorithms and probabilistic
models for a variety of bioinformatics problems in sequence analysis and gene evolution, their imple-
mentation, and application of the resulting tools to the analysis of real biological datasets.

B: Analysis of yeast mitochondrial genomes. A collaboration with the research group of Prof.
Nosek at the Faculty of Natural Science to study evolution of mitochondrial genomes of pathogenic
yeasts, with the focus on rearrangements.

C: Supporting activities. Setup and development of a computational environment necessary for bioin-
formatics research, recruitment and supervision of students, and teaching activities supporting the
research in this proposal.

We have developed new algorithms for comparative genomic analysis of complex duplicated regions (goal
A): an algorithm for reconstruction of evolutionary histories of gene clusters (Vinar et al., 2010), an artificial
simulation framework, and an algorithm for automated segmentation of gene clusters (Brejova et al., 2011a)).
We have applied these algorithms to analyze the evolutionary history of the alpha defensin gene cluster in the
primate genomes (Orangutan Genome Sequencing Consortium, 2011) and we have also investigated other
theoretical and algorithmic problems stemming out of this research (Brejova et al., 2011bj; Kovac et al.,
2012). Together with our collaborators from Penn State University and National Human Genome Research
Institute, we have become members of an ongoing collaboration for sequencing and analysis of biomedically
important complex gene clusters. We are working on improved algorithms for gene cluster analysis through
more efficient MCMC sampling, and on making our prototype software tools available to a wider community.

In collaboration with Dr. Luptak at the University of California at Irvine, we have developed a new
sequence analysis algorithm and a software for RNA motif search (Jimenez et al., 2012)) that is currently
being applied in biochemical research on ribozymes. We have used our experience in RNA motif search
to develop a similar framework for contact-rich protein domain search (Macko et al., 2013). We have
also studied theoretical and practical problems relevant to annotation of alternative splicing (Kovac et al.,
2009) and gene finding in novel genomes (Brejova et al., |2009)). Finally, we have continued developing
software for identification of gene orthologs and methodology for studying positive selection, which we
have applied in several international projects (Panda Genome Sequencing and Analysis Consortium, 2010;
Orangutan Genome Sequencing Consortium, [2011; |The Western Painted Turtle Genome Consortium) 2013
The Marmoset Genome Sequencing and Analysis Consortium) 2013)).


http://compbio.fmph.uniba.sk/

In collaboration with the Laboratory of Comparative and Functional Genomics of Eukaryotic Organelles
(prof. Nosek, goal B) and with Dr. Brejova at the Department of Computer Science, we have analyzed
eight newly sequenced mitochondrial genomes of pathogenic yeasts, with focus on their phylogeny and
rearrangement history (Valach et al 2011). To this end, we have developed a novel algorithm and software
for analysis of rearrangement histories based on double-cut-and-join rearrangement model (Kovac et al.,
2011a)) and we also studied several theoretical problems in this area (Kovac et al., 2010}, 2011b; |Jahn et al.|
2012).

Within the supporting activities (goal C), we have succesfuly established a computational biology re-
search group at the Faculty of Mathematics, Physics, and Informatics that comprises two principal investi-
gators (Dr. Vinar and Dr. Brejova) and 16 students at all levels of studies (bachelor’s, master’s, doctolar).
Dr. Vinar currently supervises research projects of three doctoral students (Jakub Kovac, Martin Macko,
Martin Kravec), and five master students; two bachelor and five masters theses have been completed within
the scope of this project so far. The research group maintains stable research collaborations with scientists
from Austria, China, Germany, Canada, and the Unites States. With contribution from a separate grant to
Dr. Brejova, we have built a research computing cluster that supports the activities of the research group.
To support our research activities, we maintain a weekly seminar on recent topics in computational biology,
as well as regular lab meetings.

In collaboration with Dr. Brejova (Dept. of Computer Science), prof. Nosek, and prof. Tomaska (Faculty
of Natural Sciences), we have developed two courses covering the area of computational biology (“Methods
in Bioinformatics” and “Genomics”), and we have started preparations for establishing bioinformatics degree
program. We organize common seminars and summer schools. These educational activities (goal C) will
ensure sustainability of research in computational biology at our institution.
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