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Short version, see English version for details. Achievements of this
project: (1) Advancing the Nucleotide Archival Format. (2) Sequence Compression Benchmark. (3) Using
NAF for the GenomeSync database. (4) Supporting NAF in bioinformatic tools. (5) Publishing 9 papers
related to this project.

Genome data is increasingly used across many fields of science. NAF greatly increases efficiency of
working with such data compared to previous formats. This project applied, improved and advanced NAF
towards becoming the fundamental infrastructure tool for the next generation of genome databases.

The achievements of this project: (1) Continued development, maintenance,
and popularization of the Nucleotide Archival Format (NAF). Additions: Improved compression
strength, improved customization of decompressed format, support for storing multiple files, added
Bioconda installation option. (2) Evaluation of performance of various compressors in the Sequence
Compression Benchmark - the most comprehensive benchmark of available compressors for biological
sequence data. This benchmark clearly shows that NAF is a superior format for storing and working
with sequence data. The benchmark paper has 25 Google Scholar citations. (3) Distributing
NAF-compressed genome sequences via the GenomeSync database - one of the largest genome databases.
Now GenomeSync offers convenient access to over 640,000 genomes, thanks to the efficiency of the NAF

format. (4) Supported NAF in bioinformatic tools such as Genome Search Toolkit and Primer Tester.
(5) 9 papers were published related to this project.
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1. NAF format and tools. This project enabled the continued development, maintenance, and

popularization of the Nucleotide Archival Format (NAF) tools. Several new features have
been added. (1) Improved compression strength, with the addition of the "--long" command
line option to the ennaf compressor. (2) Added more flexibility to the decompressed output
format with the new command line option "--sequences" for the unnaf decompressor. (3)
Added Bioconda installation option, to make it easier to install NAF tools on user's computer.
NAF compressor is being increasingly used in the field for compressing large sequence data,
and the original NAF paper in Bioinformatics now has 33 Google Scholar citations.

Sequence Compression Benchmark. We evaluated the performance of various compressors
and constructed Sequence Compression Benchmark - the most comprehensive benchmark of
available compressors for biological sequence data. It currently compares 555 settings of 52
compressors (including 31 specialized sequence compressors), and uses 28 test datasets. The
test data include entire genomes, from small to huge sizes, as well as single gene datasets,
bacterial and mitochondrial datasets, protein databases, virus databases, and multiple
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Fig. 1. A chart dynamically generated by the Sequence Compression Benchmark website. This chart shows
compression strength (ratio) plotted against decompression speed, for various compressors. As a test data, a set of
smaller genomes is used, to be able to include even compressors that can’t work with large data.
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sequence alignments. With this diverse data, the benchmark clearly shows that NAF is a
superior format for storing and working with sequence data, especially when considering a
combination of metrics such as Compression Strength and Decompression Speed - the two
most important parameters of a sequence compressor. Importantly, the benchmark website
(‘http://kirr.dyndns.org/sequence-compression-benchmark/ ) provides a dynamic interface for
constructing custom comparisons based on particular user-selected combination of
compressors, test data, and performance measures (Fig. 1). The benchmark paper in
GigaScience already has 25 Google Scholar citations.

3. GenomeSync. Our GenomeSync database ( https://genomesync.org/ ) distributes the
available public genome data, compressed into the NAF format. Now GenomeSync offers
convenient access to over 640,000 genomes, or 10.4 TB of data. Thanks to the efficiency of
the NAF format, in compressed form this data occupies just 2.2 TB. GenomeSync more than
doubled in the size of stored data over the course of this project (Fig. 2). GenomeSync
provides an important example of usefulness of NAF compression for storing large data.
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Fig. 2. Changes in the size of data stored in GenomeSync over time. This chart shows the uncompressed size
of data, the compressed size 1s much smaller thanks to the NAF compression.

4. Other tools using NAF. NAF is now supported in two bioinformatic tools: Genome Search
Toolkit and Primer Tester. Genome Search Toolkit is a software package for analyzing
metagenomic datasets based on a comparison with genome database. Primer Tester is a tool
for scanning genome data for matches to a particular set of primer sequences.



5. SARS-CoV-2 genome compression. We evaluated NAF compression for improving the
efficiency of distributing SARS-CoV-2 genome data. Millions of SARS-CoV-2 genomes
have been sequenced and deposited to databases. This massive data is being downloaded and
used by research groups around the world for rapid response to the changing situation with
the emergence and spread of new variants of the virus. We have successfully demonstrated
the massive superiority of the NAF format for storing and distributing SARS-CoV-2
genomes. Compared to the solutions currently used by sequence databases, distributing
SARS-CoV-2 genomes in NAF format would provides an increase in efficiency ranging from
3.7 to 52.2 times. We recently published these findings in Patterns.

6. Publications. In total 9 papers related to this project have been published, including journals:
GigaScience, Patterns, BMC Microbiology, Scientific Reports, Infectious Diseases, BMC
Medical Genomics.

Summary

Genome data is increasingly used across many fields of science. The large genome databases
accumulate enormous amounts of sequence data, but it's often challenging to obtain and
efficiently utilize this massive data. NAF greatly increases efficiency of working with sequence
data, compared to previous formats. In this project we applied, improved and advanced NAF, in
both core functions and in its applications, towards becoming the fundamental infrastructure tool
for the next generation of genome databases. Thanks to this project, now NAF is a mature
technology, ready to be used for accelerating genome data analysis in scientific, medical, and
industrial projects.
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NAF on GitHub
https://github.com/KirilIKryukov/naf
GenomeSync
https://genomesync.org/
/ NAF
http://kazumaxneo.hatenablog.com/entry/2019/03/07/073000




