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The emergence of modern DNA sequencing methods revolutionized biology, epidemiology, and medicine. However, the rapid
growth of sequencing data, surpassing Moore’s law, makes it increasingly difficult to search these data using the traditional
methods, such as Basic Local Alignment Search Tool (BLAST) [1] and its successors. To keep up with the volumes of data being
generated, we need novel compressive approaches that could store and analyze data directly in the compressed domain.
However, while it has been shown that genomic data have particular geometrical properties that guarantee the existence of
such efficient algorithms [2], [3], the compression of exponentially growing genome collections in a scalable manner remains
an unsolved challenge.

A recent technique called phylogenetic compression provided a possible solution [4]. The technique builds upon the insight
that the redundancies in genomic data have in fact a highly predictable structure, mirroring the underlying evolutionary
processes. As the evolutionary history of genomes can be rapidly estimated, this can be embedded directly into the
compression and search algorithms, in order to increase their efficiency and scalability. The preliminary results demonstrated
remarkable improvements over the state-of-the-art compression methods, and also suggested its applicability to many
diverse data structures across bioinformatics [4].

The goal of this PhD thesis will be developing novel computational methods and mathematical tools for phylogenetic
compression of data structures. The student will combine skills in algorithm design and analysis, discrete mathematics and
probability, with a taste for programming and experimentation with big genomic data. One focus of the thesis will be the
development of a mathematical framework for formalizing phylogenetic compression as an optimization problem, with the
use of data structure modeling using evolutionary models. Another direction will focus on the development of
phylogenetically compressed variants of modern indexing structures, such as those based on de Bruijn graphs, Bloom filters,
and sketches. Finally, an important aspect of the thesis will be efficient implementations of the proposed algorithms and
experimental evaluations using some of the largest existing genome databases. The thesis is expected to provide novel
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computational solutions to the current challenges and its results may have a direct impact in a range of applications, starting
from search engines for sequence data to infectious disease diagnostics in remote locations.
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