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ABSTRACT Pseudomonas syringae pv. actinidiae is the pathogen that causes kiwi-
fruit bacterial canker and is categorized into several groups (biovars). In Japan,
biovar 3, known as the pandemic group, was first discovered in 2014. Here, we
sequenced the genomes of nine Japanese biovar 3 strains.

The kiwifruit bacterial canker pathogen, Pseudomonas syringae pv. actinidiae, causes
serious damage to kiwifruit production worldwide (1) and is currently subdivided

into several groups (biovars) (2, 3). Among them, biovar 3 caused recent pandemics of
this disease in various parts of the world (1–5). In Japan, biovar 3 strains were first dis-
covered in 2014 (6) and have caused enormous damage since then (3). Because biovar
3 strains were not detected at all in Japan until 2014 (3, 6) and it has been clarified that
the pandemic lineage of biovar 3 originated in China (4, 5), it is speculated that biovar
3 might have invaded Japan from any country where it previously occurred (3). In bio-
var 3, various types of the integrative and conjugative element (ICE) with differing
structures and insertion sites have been detected (5). Among them, Pac_ICE1 was
detected by PCR assays in biovar 3 strains isolated in Japan (6). Pac_ICE1 has also been
detected in biovar 3 strains isolated in China and New Zealand (5). Here, we selected
nine Japanese strains of biovar 3 from the National Agriculture and Food Research
Organization (NARO) Genebank collection (MAFF collection) (https://www.gene.affrc
.go.jp/index_en.php), whose MAFF accession numbers are found in Table 1, and
sequenced their genomes to help elucidate the origin, evolution, transmission, and
pathogenicity of biovar 3.

Genomic DNAs of the nine strains were prepared and sequenced following the
methods of our previous study (7). Briefly, all strains were recovered on yeast-peptone
(YP) agar medium from freeze-dried stocks; these were cultivated in YP broth at 27°C
for 1 day with agitation at 140 rpm. Then, 1-ml aliquots of each culture were used for
genomic DNA extraction with a DNeasy minikit (Qiagen, Hilden, Germany). The DNA
libraries were prepared from genomic DNA using an Ion Plus fragment library kit, with
physical shearing and size selection (about 200 bp), and were sequenced using an Ion
PGM sequencer with an Ion PGM Hi-Q View OT2 kit, an Ion PGM Hi-Q View sequencing
kit, and an Ion 318 Chip kit v2 (all from Thermo Fisher Scientific, Inc., Waltham, MA,
USA), according to the manufacturer’s instructions. The sequence reads were evaluated
for quality (quality scores of ,20) and adapter sequences were trimmed using CLC
Genomics Workbench v12 (Qiagen). Using these reads, multiple contigs were assembled
de novo using the same software with default parameters (mapping mode5 create simple
contig sequences [fast], automatic bubble size5 yes, minimum contig length5 500, auto-
matic word size 5 yes, performing scaffolding 5 yes, auto-detect paired distances 5 yes).
Using the CLC Genomics Workbench program, we confirmed that the genome coverage
of these contigs is sufficient for genome mapping and that the correctness of these
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contigs is maintained by removing suspected contamination sequences. The draft
genomes were annotated using the NCBI Prokaryotic Genome Annotation Pipeline (PGAP)
v4. 1 (8).

The G1C contents and genome sizes for these strains were found to be 58.5 to
58.7% and 4.2 to 6.1 Mbp, respectively (Table 1). PGAP identified 5,662 to 6,081 genes,
including multiple rRNA and tRNA genes. Various polymorphisms were detected in the
Pac_ICE1 regions of these strains except for MAFF 212115 and MAFF 212118, in which
Pac_ICE1 could not be detected. Further investigations are needed to determine
whether MAFF 212115 and MAFF 212118 possess Pac_ICE1. Other than Pac_ICE1, no
ICEs were detected in the nine draft genomes sequenced in this study. This informa-
tion will contribute to future studies on the genomics of biovar 3 worldwide.

Data availability. All sequences identified in this study have been deposited in
GenBank (see Table 1 for accession numbers).
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