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ABSTRACT Streptococcus parasuis is a close relative of Streptococcus suis, an impor-
tant zoonotic pathogen that causes various diseases in pigs and humans. Here, we
report the complete genome sequences of four strains, including the type strain of
S. parasuis, isolated from the saliva of healthy pigs in Japan.

S treptococcus parasuis was formerly classified as serotype 20, 22, and 26 of the zoo-
notic pathogen Streptococcus suis and has recently been taxonomically separated

from S. suis as a novel species (1). Since it has been proposed as a novel species, the bi-
ological and pathological features of S. parasuis have remained unclear because of the
lack of whole genetic information on S. parasuis. Here, we report the complete genome
sequence of four S. parasuis strains, SUT-7, SUT-286T, SUT-380, and SUT-503, which
were previously isolated by our group from the saliva of clinically healthy pigs in
Ibaraki Prefecture, Japan (1, 2).

The four S. parasuis strains were cultured on Todd-Hewitt agar at 37°C for 24 h under
5% CO2. Genomic DNA was extracted using the PureLink genomic DNA minikit (Thermo
Fisher Scientific, USA), according to the manufacturer’s protocol. For Illumina sequencing,
genomic libraries were prepared using the Nextera XT DNA library prep kit (Illumina, USA),
and sequencing was performed using the Illumina MiSeq system with v2 chemistry
(2 � 250-bp format). The raw reads were quality filtered and trimmed using fastp v0.23.2
(3) with default settings. Library preparation for Oxford Nanopore Technologies (ONT)
sequencing followed the rapid barcoding DNA sequencing protocol with the SQK-RBK004
kit (ONT, UK) without DNA size selection, and the libraries were sequenced using a single
R9.4.1/FLO-MIN106 flow cell on a MinION sequencer (ONT). Base calling was performed
using Guppy v3.0.7 in “accurate” mode implemented on the MinIT device (ONT). The ONT
raw reads were demultiplexed, and ONT adapters were trimmed using Porechop v0.2.4
(https://github.com/rrwick/Porechop). The numbers of reads are listed in Table 1.

Hybrid assemblies with the ONT and Illumina data were performed using the Unicycler
v0.4.8 pipeline (4) with default settings. The Illumina reads were assembled using SPAdes
v3.13.0 (5), and the resulting long-anchor contigs were assembled with the ONT reads
using an optimized version of miniasm (6) and Racon v1.4.3 (7). Pilon v1.23 (8) was used
within Unicycler to iteratively polish the assembly with Illumina reads. The circularity of
each contig was confirmed using the Unicycler log files. The circularized genome was
rotated to the default starting gene, dnaA. The chromosome and plasmid sequences were
annotated using the DDBJ Fast Annotation and Submission Tool (DFAST) (9). The assembly
metrics and annotation features are shown in Table 1.

Data availability. The complete genome sequences and raw sequence data of the
four strains were deposited in DDBJ/EMBL/GenBank under BioProject accession no.
PRJDB10858. The accession numbers of the complete genome sequences are AP024275,
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AP024276, AP024277, AP024278 (plasmid sequence of SUT-380), AP024279 (plasmid
sequence of SUT-380), and AP024280. The DRA accession numbers are DRR332823,
DRR332824, DRR332826, and DRR332827 (Illumina read data) and DRR332831, DRR332832,
DRR332834, and DRR332835 (ONT read data).

ACKNOWLEDGMENTS
This work was partially supported by a grant-in-aid from the Japan Agency for

Medical Research and Development (AMED) Research Program on Emerging and Re-
emerging Infectious Diseases (grant no. JP21fk0108103), the Japan Society for the
Promotion of Science (KAKENHI grants 18KK0193, 19H03126, 20K15658, and 20K21364),
and a Livestock Promotional Subsidy from the Japan Racing Association.

REFERENCES
1. Nomoto R, Maruyama F, Ishida S, Tohya M, Sekizaki T, Osawa R. 2015. Reap-

praisal of the taxonomy of Streptococcus suis serotypes 20, 22, and 26:
Streptococcus parasuis sp. nov. Int J Syst Evol Microbiol 65:438–443.
https://doi.org/10.1099/ijs.0.067116-0.

2. Yamada R, Tien LHT, Arai S, Tohya M, Ishida-Kuroki K, Nomoto R, Kim H,
Suzuki E, Osawa R, Watanabe T, Sekizaki T. 2018. Development of PCR for
identifying Streptococcus parasuis, a close relative of Streptococcus suis. J
Vet Med Sci 80:1101–1107. https://doi.org/10.1292/jvms.18-0083.

3. Chen S, Zhou Y, Chen Y, Gu J. 2018. fastp: an ultra-fast all-in-one FASTQ pre-
processor. Bioinformatics 34:i884–i890. https://doi.org/10.1093/bioinformatics/
bty560.

4. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

5. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, Lesin
VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV, Vyahhi N,

Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new genome assem-
bly algorithm and its applications to single-cell sequencing. J Comput Biol
19:455–477. https://doi.org/10.1089/cmb.2012.0021.

6. Li H. 2016. Minimap and miniasm: fast mapping and de novo assembly for
noisy long sequences. Bioinformatics 32:2103–2110. https://doi.org/10
.1093/bioinformatics/btw152.

7. Vaser R, Sovic I, Nagarajan N, Sikic M. 2017. Fast and accurate de novo ge-
nome assembly from long uncorrected reads. Genome Res 27:737–746.
https://doi.org/10.1101/gr.214270.116.

8. Walker BJ, Abeel T, Shea T, Priest M, Abouelliel A, Sakthikumar S, Cuomo CA,
Zeng Q, Wortman J, Young SK, Earl AM. 2014. Pilon: an integrated tool for
comprehensive microbial variant detection and genome assembly improve-
ment. PLoS One 9:e112963. https://doi.org/10.1371/journal.pone.0112963.

9. Tanizawa Y, Fujisawa T, Nakamura Y. 2018. DFAST: a flexible prokaryotic
genome annotation pipeline for faster genome publication. Bioinformatics
34:1037–1039. https://doi.org/10.1093/bioinformatics/btx713.

TABLE 1 Assembly metrics and annotated features of four Streptococcus parasuis strains isolated from the saliva of pigs

Strain
Yr of
isolation

Genome
size (bp)

Plasmid
size (bp)

No. of
contigs

No. of
Illumina
reads

No. of
Nanopore
reads

G+C
content
(%)

Total no.
of CDSsa

N50 of
Nanopore
reads (bp)

GenBank
accession
no.

DRA
accession no.

SUT-7 2012 2,202,836 1 1,024,534 37,584 39.9 2,132 8,640 AP024275 DRR332823,
DRR332831

SUT-286T 2013 2,197,342 1 914,654 28,154 40.0 2,138 9,226 AP024276 DRR332824,
DRR332832

SUT-380 2013 2,109,881 25,027;
6,937

3 (including
plasmid)

827,158 27,017 39.8 2,130 7,605 AP024277,
AP024278,b

AP024279b

DRR332826,
DRR332834

SUT-503 2014 2,065,066 1 882,810 20,835 39.9 2,053 7,116 AP024280 DRR332827,
DRR332835

a CDSs, coding DNA sequences.
b A complete plasmid sequence.
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