
Bioinformatics of Pathogens
Tomáš Vinař #

Faculty of Mathematics, Physics and Informatics, Comenius University in Bratislava, Slovakia

Abstract
Genomic sequencing has become an important tool in identification and surveillance of human
pathogens. Compared to large organisms, where our goal is to obtain high-quality sequences for
detailed analysis, in pathogen sequencing the emphasis is often on optimization of cost and time.
Consequently, sequencing of pathogens creates interesting computational challenges and development
of new methods has a potential to significantly enhance applicability of the results in epidemiology
and clinical practice. In my talk, I will give two examples: plasmid identification in bacterial
isolates and genomic surveillance of wastewater for SARS-CoV-2. In both cases, application of better
algorithms and modeling helps to improve the quality of analysis of very noisy data.
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1 Plasmid Identification in Bacterial Isolates

Plasmids are extra-chromosomal DNA molecules, often circular and significantly shorter than
bacterial chromosomes. They typically host genes beneficial to the bacteria, such as genes
assisting in resistance to antibiotics. Identification of plasmids in bacterial isolates poses an
interesting challenge, as these isolates are often sequenced using short-read sequencing, and
such sequencing data can only be assembled to short contigs instead of whole chromosomes.

Recently, Pu and Shamir [4] introduced an idea that classification of contigs can be
improved by considering neighbouring contigs in assembly graphs. The assembly graph
summarizes possible connections of contigs to longer molecules, and are typically a byproduct
of the short-read assembly. Building on this idea, we have built a graph neural network
framework for plasmid identification [7]. Recently, we have also explored several ways
of incorporating sequence similarity to databases of known sequences to improve plasmid
identification. Finally, considering multiple genome assemblies in the form of a pan-genome
graph, combined with flow-based approach to analysis of these graphs [3], can help to
compensate for various artifacts of a particular assembler software, and further improve
plasmid identification.

2 Genomic Surveillance of SARS-CoV-2 in Wastewater

In surveillance of pathogens, such as SARS-CoV-2, wasterwater-based epidemiology has
recently emerged as a cost effective alternative to sequencing individual patient samples [6, 2].
Since concentration of target molecules is typically very low, the PCR-based laboratory
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techniques (such as ARTIC protocol originally developed in the context of Zika virus
epidemics [5]) are first used to multiply short fragments of target genomes. These fragments
are then sequenced in order to estimate composition and abundance of known virus variants.

In our work [1], we have addressed this problem by designing a probabilistic mixture
model that characterizes likelihood of observing particular sequencing reads for a given
composition of the sample. The standard optimization techniques are then used to estimate
the most likely abundances. While this method works well on many real data sets, we
have observed that in some cases, our method gives incorrect predictions due to unexpected
observations. These include mutations that should be present in the sequenced reads at
high frequencies according to the model, yet in some cases they are completely absent. To
address this challenge, we have designed a wet lab experiment in which we have been able to
reproduce these observation in a controlled scenario. Based on the data obtained from the
experiment, we plan to desing more complex models that will address this issue, resulting in
significantly more accurate prediction on real data.
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