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Nonagglutinating Lactococcus garvieae has been isolated from diseased farmed yellowtail in Japan since 2012. In this study, the
complete genome and plasmid sequence of nonagglutinating L. garvieae strain 122061 was determined, to our knowledge, for
the first time.
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Lactococcus garvieae is a Gram-positive, �-hemolytic, nonmo-
tile, and non-spore-forming ovoid coccus that forms short

chains and white colonies. In aquaculture, yellowtail infected with
L. garvieae show high mortality (1–3). A protective vaccine con-
taining formalin-inactivated cells, which can be injected or orally
administered, was developed for the genus Seriola, dramatically
decreasing the damage caused by L. garvieae infection (4, 5). In
Japan, a slide agglutination test with rabbit antiserum is routinely
used to identify L. garvieae isolated from fish (6).

Since 2012, L. garvieae, which does not agglutinate with regular
antiserum, has been isolated from vaccinated yellowtail (Seriola quin-
queradiata). The isolates were identified as nonagglutinating L. gar-
vieae (7). The biochemical properties and morphological character-
istics of nonagglutinating L. garvieae were the same as those of typical
L. garvieae (7). However, nonagglutinating L. garvieae differed from
typical L. garvieae in terms of the susceptibility to lytic phage and
antigenicity of autoclave-extracted cellular antigens (7). Interestingly,
the protective effect of a commercially available vaccine against non-
agglutinating L. garvieae was found to be limited (8). Thus, nonag-
glutinating L. garvieae is one of the most dangerous pathogens of fish
farms in Japan. To comprehensively analyze the genome of nonag-
glutinating L. garvieae, we determined the complete genome se-
quence of nonagglutinating L. garvieae strain 122061.

L. garvieae strain 122061 was isolated from vaccinated yellow-
tail in 2012 and grown in Todd Hewitt Broth (Difco, Sparks, MD,
USA) at 25°C for 24 h. Genomic DNA was extracted using the
Maxwell Cell DNA purification kit (Promega, Madison, WI, USA)
and used to construct SMRTbell sequencing libraries (Pacific Bio-
sciences, Menlo Park, CA, USA). The whole-genome sequence
was determined using PacBio RS II (Pacific Biosciences). De novo
assembly using Hierarchical Genome Assembly Process 3 (PacBio
DevNet; Pacific Biosciences) generated two circular contigs com-
posed of a chromosome and a plasmid. Functional annotation was
performed using Prokka (http://www.vicbioinformatics.com
/software.prokka.shtml). The chromosomal genome was
1,985,694 bp with a G�C content of 38.2%. The plasmid was

14,414 bp with a G�C content of 34.7%. Prokka predicted a total
of 2,036 genes including 1,961 coding genes, 16 rRNA genes, and
59 tRNA genes in the chromosomal genome of nonagglutinating
L. garvieae strain 122061. The plasmid was predicted to contain 16
coding genes. The average nucleotide identity (ANI) between the
typical L. garvieae strain lg2 (AP090129) and nonagglutinating
L. garvieae strain 122061 was estimated at 90.7% by the ANI cal-
culator (http://enve-omics.ce.gatech.edu/ani/index). Here, we re-
port the complete genome sequence of nonagglutinating L. gar-
vieae for, to our knowledge, the first time. This genome sequence
can be used to comparatively analyze the genomes of different
L. garvieae strains.

Nucleotide sequence accession numbers. The complete an-
notated genome and plasmid sequences of nonagglutinating
L. garvieae strain 122061 were deposited in GenBank under the
accession numbers AP017373 and AP017399, respectively.

ACKNOWLEDGMENT

This study was supported by a Grant-in-Aid (Marine Metagenomics for
Monitoring the Coastal microbiota) from the Ministry of Agriculture,
Forestry and Fisheries of Japan.

REFERENCES
1. Kusuda R, Kawai K, Toyoshima T, Komatsu I. 1976. A new pathogenic

bacterium belonging to the genus Streptococcus, isolated from epizootic of
cultured yellowtail. Bull Jpn Soc Sci Fish 42:1345–1352. http://dx.doi.org/
10.2331/suisan.42.1345.

2. Kusuda R, Kawai K, Salati F, Banner CR, Fryer JL. 1991. Enterococcus
seriolicida sp. nov., a fish pathogen. Int J Syst Bacteriol 41:406 – 408. http://
dx.doi.org/10.1099/00207713-41-3-406.

3. Nishiki I, Furukawa M, Matui S, Itami T, Nakai T, Yoshida T. 2011.
Epidemiological study on Lactococcus garvieae strains from fish in Japan.
Fish Sci 77:367–373. http://dx.doi.org/10.1007/s12562-011-0332-0.

4. Ooyama T, Kera A, Okada T, Inglis V, Yoshida T. 1999. The protective
immune response of yellowtail Seriola quinqueradiata to the bacterial fish
pathogen Lactococcus garvieae. Dis Aquat Org 37:121–126. http://
dx.doi.org/10.3354/dao037121.

5. Ooyama T, Hirokawa Y, Minami T, Yasuda H, Nakai T, Endo M,
Ruangpan L, Yoshida T. 2002. Cell-surface properties of Lactococcus gar-

crossmark

Genome AnnouncementsJuly/August 2016 Volume 4 Issue 4 e00592-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00592-16&domain=pdf&date_stamp=2016-7-7
http://genomea.asm.org


vieae strains and their immunogenicity in the yellowtail Seriola quinquera-
diata. Dis Aquat Org 51:169 –177. http://dx.doi.org/10.3354/dao051169.

6. Kitao T. 1982. The methods for detection of Streptococcus sp., causative
bacteria of streptococcal diseases of cultured yellowtail (Seriola quinquera-
diata). Especially, their cultural, biochemical and serological properties.
Fish Pathol 17:17–26. http://dx.doi.org/10.3147/jsfp.17.17.

7. Oinaka D, Yoshimura N, Fukuda Y, Yamashita A, Urasaki S, Wada Y,

Yoshida T. 2015. Isolation of Lactococcus garvieae showing no agglutination
with anti-KG� phenotype rabbit serum. Fish Pathol 50:37– 43. http://
dx.doi.org/10.3147/jsfp.50.37.

8. Fukuda Y, Tue Y, Oinaka D, Wada Y, Yamashita A, Urasaki S, Yoshioka
S, Kimoto K, Yoshida T. 2015. Pathogenicity and immunogenicity of
non-agglutinating Lactococcus garvieae with anit-KG� phenotype rabbit
serum in Seriola spp. Fish Pathol 50:200 –206.

Nishiki et al.

Genome Announcements2 genomea.asm.org July/August 2016 Volume 4 Issue 4 e00592-16

http://genomea.asm.org

	Complete Genome Sequence of Nonagglutinating Lactococcus garvieae Strain 122061 Isolated from Yellowtail in Japan
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENT

	REFERENCES

