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Our society is increasingly threatened by pandemics and spread of drug-resistant pathogens. My

sequence classifier will help in achieving rapid response to these threats, by providing fast and
accurate sequence based diagnostics.

Rapid and accurate diagnostics of infectious disease pathogen is important
for successful treatment outcome. In this project 1 developed a highly efficient sequence classifier
system. This system can be applied to medical metagenomic sequence samples in order to detect
pathogens contained in those samples. 1 also developed the GenomeSync database that is used by the
classifier as a reference. My system for investigating medical metagenomes has shown utility in
research studies, field trips and tests on medical samples. The results have been described in
peer-reviewed literature. | expect that my classifier system will be widely adopted for
investigating infectious diseases using next generation sequencing.
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Rapid and accurate diagnostics of infectious disease pathogen is important for successful treatment
outcome. Recently sequencing-based approaches show promise as efficient diagnostic tools. However
their performance is still lacking in both speed and accuracy. The currently available DNA classifiers are
severely limited, providing either modest accuracy at the cost of long computation time, or high speed
with low accuracy. Also, existing classifiers use small databases that don't contain recently sequenced
genomes. Therefore there is an urgent need for developing a better techniques for sequence-based
diagnostics of infections.
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(1) The purpose of this project was developing a computational system for classifying metagenomic
reads obtained from medical samples, with the purpose of detecting and describing the pathogenic
microbes contained in those samples. Such system would allow quick diagnostics of dangerous
infections, and help choosing the treatment.

(2) The system has to support variety of sequencing platforms, including lllumina HiSeq and MiSeq,
lonPGM, and Oxford Nanopore's MinlON. It has to be able to detect bacterial and fungal pathogens, and
work with both amplicon-based and metagenomic approaches.

(3) The classifier system has to provide graphical report showing the composition of a sample in an easy
to interpret way.

3. WD Hik

(1) Development of GenomeSync - a reference genome database
@O GenomeSync is one of the largest databases of genome sequences. It is used for classifying
metagenomic reads with high accuracy. GenomeSync is available at http://genomesync.org/.
© 1 developed a new highly effecient data compression method NAF. | now applied this method to
compress the GenomeSync database. This increases the speed of transfering and accessing the
genomes.
(2) Development of Genome Search Toolkit (GSTK)
@ GSTK allows performing searches against the GenomeSync database using variety of homology
search tools, including BLAST, BWA, LAST, Centrifuge, Minimap2.
@ GSTK then performs taxonomic classification of the reads.
® GSTK produces classification reports for each sample.
@ GSTK can work on computers ranging from laptops for field work to supercomputers for
accurate analysis of large datasets.
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During this project | developed a computational system for analyzing medical metagenomic DNA
datasets. With improved functionality, speed and accuracy this system has now been applied in several
projects. In these projects system is used for analyzing actual medical samples in order to achieve rapid
diagnostics of diseases.

The early version of our system was tested on a mock bacterial community and on pleural effusion
samples from a patient with empyema. The improved system was applied to detecting bacterial
pathogens in blood samples from sepsis patients. These studies are collaborations within Tokai
University. Recently our system is also used at Kyoto University Hospital and Kansai Medical
University for rapid identification of bacterial pathogens. A portable application of our system was
successfully tested in the field application in Zambia. Currently the system is undergoing further tests
and applications, and more papers are in preparation.

GenomeSync

I continued to develop and improve the genome database that is used as a reference in my classifier
system. This database, called GenomeSync, currently contains 2,962 Gbp of sequence in 234,358
genomes, making it one of the largest reference genome resources. This database is specifically designed
to facilitate metagenome analyses.

Genome Search Toolkit



The main component of our system is Genome Search Toolkit (GSTK) - a set of tools for
performing analysis of metagenome datasets. This toolkit allows precise and rapid classification of
metagenomic reads by comparing them with the reference genomes and taxonomy database. The
comparison can be done using a wide selection of supported homology search tools, including BLAST,
BWA, LAST, Centrifuge and Minimap2.

Genome Search Toolkit performs taxonomic classification of metagenomic sequences. Each
sequence read is placed in a taxon, and then the number of reads for each taxon is counted. GSTK then
visualizes this data in circular Krona charts.

Related projects

We applied my metagenome analysis pipeline to understanding viral sequences in eukaryotic
genomes. We constructed pEVE - a database for predicted endogenous viral elements in eukaryotic
genomes.

Another important outcome of this project was the development of a new compression method for
DNA data. This method is now used in our GenomeSync database. The method was recently published
online in Bioinformatics.

Conclusion

My system for investigating medical metagenomes has shown utility in research studies, field trips
and tests on medical samples. The results have been described in peer-reviewed literature. We are
preparing additional publications for this method. | expect that my classifier system will be widely
adopted for investigating infectious diseases using next generation sequencing.
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GenomeSync database: http://genomesync.org/
pEVE database: http://peve.med.u-tokai.ac.jp
NAF Compression: http:/kirill-kryukov.com/study/naf/

NAF Compressor and Decompressor on GitHub: https://github.com/KirillKryukov/naf
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