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ABSTRACT
In this study, we analyzed the complete mitochondrial genome of the invasive Asian hornet Vespa velu-
tina from Japan. The mitochondrial genome of V. velutina was identified as a circular molecule of
16,765 bp, similar to that in other hornet species. It was predicted to contain 13 protein-coding, 20
tRNA, and two rRNA genes, along with one Aþ T-rich control region. The initiation codons ATC was
found in one, ATG in four, ATT in five, and ATA in three genes, while TAA was the termination codon
in all these genes. The average AT content of 13 protein-coding was 82%.
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The naturalization of the invasive Asian hornet Vespa velutina
has resulted in general decline of the native hornet popula-
tion and apiculture and increase in sting injuries across non-
native countries, including South Korea, Japan, and countries
in Europe (Choi et al. 2012; Monceau et al. 2014). In Japan, V.
velutina was first observed on Tsushima Island in 2012 (Sakai
& Takahashi 2014). Tsushima Island is an important region in
the ecosystems of the Japanese Archipelago. To conduct an
effective prevention of V. velutina introduction and establish-
ment, genetic data are necessary to identify the invasive path
of this species.

Here, we report the complete mitochondrial genome of
V. velutina, which will enhance our knowledge on its invasion

routes in Japan and thus help its extermination. Adult worker
was collected from the front of a honeybee hive located on
Tsushima Island, Nagasaki Prefecture, Japan (the specimen
was stored in the National Museum of Nature and Science,
Japan, accession number: NSMT-I-HYM 74241). Genomic DNA
isolated from one worker was sequenced using Illumina’s
Next Seq 500 (Illumina, USA). The resultant reads were
assembled and annotated using the MITOS web server (Bernt
et al. 2013), MEGA6 (Tamura et al. 2013), and GNETYX v.10
(Genetyx Corporation, Japan). The phylogenetic analysis was
performed using TREEFINDER version (Denmark) of March
2011 (Jobb et al. 2004) based on the nucleotide sequences of
13 protein-coding genes (Figure 1).

Figure 1. Phylogenetic relationships (maximum likelihood) of the Vespidae based on the nucleotide sequence of 13 protein-coding genes of the mitochondrial gen-
ome. The numbers at the nodes indicate bootstrap support inferred from 1000 bootstrap replicates. The sequence of Abispa ephippium was used as outgroup.
Alphanumeric terms indicate the GenBank accession numbers.
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The V. velutina mitochondrial genome forms a 16,765 bp-
long closed loop (accession number AP017943). It represents
a hornet mitochondrial genome and matches the genomic
organization common in V. velutina in that it comprises 13
protein-coding, 20 putative tRNA, and two rRNA genes, as
well as an Aþ T-rich control region. The average AT content
of the V. velutina mitochondrial genome was 81.9%. Similar
to other hornet mitochondrial genomes, the heavy strand
was predicted to have nine protein-coding and 13 tRNA
genes and the light strand was predicted to contain four pro-
tein-coding, seven tRNA, and two rRNA genes. The genes
ND4 and ND4L shared seven nucleotides. Of the 13 protein-
coding genes, the initiation codons ATC was found in one,
ATG in four, ATT in five, and ATA in three genes, while TAA
was the termination codon in all these genes. Phylogenetic
analysis using the 13 mitochondrial protein-coding genes
from seven closely related taxa of Vespidae (Cameron et al.
2008; Song et al. 2016; Wei et al. 2016; Zhou et al. 2016) sug-
gested a sister relationship between V. velutina and V. bicolor
(Archer 2012; Chen et al. 2016).

A previous partial sequence analysis of V. velutina mito-
chondrial DNA provided a rough estimate of the invasion
route of this species to Europe and East Asia (Perrard et al.
2013; Takeuchi et al. 2017), but it was not able to analyze the
origin and population genetic structure. The complete mito-
chondrial DNA data of V. velutina will help to develop specific
primers for identification of strains and estimation of genetic
diversity. The sequence analysis of the V. velutina mitochon-
drial genome provides important information about environ-
mental adaptation and origin of invasive strains.

Acknowledgements

We are grateful to Dr. H. Okuyama and Dr. T. Okamoto for valuable com-
ments on the manuscript.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of this article.

References

Archer ME. 2012. Vespine wasps of the world: behavior, ecology &
taxonomy of the Vespinae. Manchester: Siri Scientific Press.

Bernt M, Donath A, Juhling F, Externbrink F, Florentz C, Fritzsch G, Putz J,
Middendorf M, Stadler PF. 2013. MITOS: improved de novo metazoan
mitochondrial genome annotation. Mol Phylogenet Evol. 69:313–319.

Cameron SL, Dowton M, Castro LR, Ruberu K, Whiting MF, Austin AD,
Diement K, Stevens J. 2008. Mitochondrial genome organization and
phylogeny of two vespid wasps. Genome. 51:800–808.

Chen PY, Wei SJ, Liu JX. 2016. The mitochondrial genome of the Vespa
mandarinia Smith (Hymenoptera: Vespidae: Vespinae) and a phylogen-
etic analysis of the Vespoidea. Mitochondrial DNA A. 27:4414–4415.

Choi MB, Martin SJ, Lee JW. 2012. Distribution, spread, and impact of the
invasive hornet Vespa velutina in South Korea. J Asia-Pacific Entomol.
15:473–477.

Jobb G, von Haeseler A, Strimmer K. 2004. TREEFINDER: a powerful
graphical analysis environment for molecular phylogenetics. BMC Evol
Biol. 4:18.

Monceau K, Bonnard O, Thi�ery D. 2014. Vespa velutina: a new invasive
predator of honeybees in Europe. J Pest Sci. 87:1–16.

Perrard A, Pickett KM, Villemant C, Kojima J, Carpenter J. 2013. Phylogeny
of hornets: a total evidence approach (Hymenoptera, Vespidae,
Vespinae, Vespa). J Hymenoptera Res. 32:1–15.

Sakai Y, Takahashi J. 2014. Discovery of a worker of Vespa velutina
(Hymenoptera: Vespidae) from Tsushima Island, Japan. Jpn J Entomol.
17:32–36. In Japanese with English summary.

Song SN, Chen PY, Wei SJ, Chen XX. 2016. The mitochondrial genome of
Polistes jokahamae and a phylogenetic analysis of the Vespoidea
(Insecta: Hymenoptera). Mitochondrial DNA A DNA Mapp Seq Anal.
27:2783–2784.

Takeuchi T, Takahashi R, Kiyoshi T, Nakamura M, Minoshima Y, Takahashi J.
Forthcoming 2017. The origin and genetic diversity of the yellow-
legged hornet, Vespa velutina introduced in Japan. Insectes Sociaux.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol.
30:2725–2729.

Wei SJ, Niu FF, Tan JL. 2016. The mitochondrial genome of the Vespa
bicolor Fabricius (Hymenoptera: Vespidae: Vespinae). Mitochondrial
DNA A DNA Mapp Seq Anal. 27:875–876.

Zhou Y, Hu YL, Xu ZF. 2016. The mitochondrial genome of the German
wasp Vespula germanica (Fabricius, 1793) (Hymenoptera: Vespoidea:
Vespidae). Mitochondrial DNA A DNA Mapp Seq Anal. 27:2917–2918.

144 R. TAKAHASHI ET AL.


	Complete mitochondrial DNA sequence of the invasive hornet Vespa velutina (Insecta, Hymenoptera) found in Japan
	Acknowledgements
	Disclosure statement
	References


