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ABSTRACT
A giant water bug Lethocerus deyrollei (Hemiptera: Belostomatidae) is a large, predatory, and nocturnal
hemipteran insect, which has been considered threatened and thus enrolled as an endangered species
in South Korea and Japan. Here, we characterized the complete mitochondrial genome of L. deyrollei,
which has a circular form with 19,295bp in length, which is the longest when compared to those of
the 111 hemipteran species reported so far. Its longest genome size is due to the extremely extended
CR (4686bp), which is much longer than those of China and Japan. It consisted of a total of 37 genes
(13 PCGs, 22 tRNA genes, and two rRNA genes) and one control region (CR). The genome composition
and gene order were identical to those previously reported from the same species of China and Japan
with over 99.7% sequence similarities except for CR and trnI. The nucleotide composition was highly
Aþ T biased, accounting for 71% of the whole mitochondrial genome, as in other species of Nepoidea.
Based on the aa sequences of 13 PCGs, we reconstructed a maximum likelihood tree, which indicated
that the three mitochondrial genomes of L. deyrollei from South Korea, China, and Japan are grouped,
and also Lethocerus, Belostomatidae, Nepoidea, Nepomorpha, Heteroptra are strong monophyletic
groups, respectively.
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The giant water bug Lethocerus deyrolli (Vuillefroy, 1864) is a
large, nocturnal, and aquatic insect belonging to the family
Belostomatidae (Order Hemiptera). It is one of the principal
predators in a wide range of freshwater habitats, which
includes rice fields, ponds, lakes, and slow-flowing rivers
(Mukai et al. 2005). It is known that they are distributed in
South Korea, Japan, East China, East Indochina, and the Amur
region of Russia (Perez-Goodwyn 2006). They were found
very common in the distributed area, but have recently
declined drastically in South Korea and Japan. In these
regions, thereby, they have been considered threatened and
thus enrolled as an endangered species (Ohba 2007; National
Institute of Biological Resources (NIBR) 2018). In the case of
South Korea, it has been denoted as a second-class endan-
gered species by the Ministry of Environment in 2007 due to
the drastic reduction in population size and distribution: only
a few populations remain in specific natural habitats in the
coastal areas of Gyodong Island and majorly in Jeju Island (Jo
2003). For their conservation and management purposes,
characterization of mitochondrial genome information of
endangered species is of importance because of the useful-
ness for elucidating their genetic diversity, genetic structure,

and molecular evolutionary history (Hwang and Kim 1999;
Shin et al. 2015; Jang and Hwang 2016; Jang et al. 2016; Kim
et al. 2019).

Here, we attempted to characterize the complete mitochon-
drial genome of L. deyrollei collected from South Korea, with
which we examined the phylogenetic position within the super-
family Nepoidea. Lethocerus deyrollei specimens were collected
from Eoeum-ri, Aewol-eup, Jeju city, Jeju-do (33�22’51.6"N
126�21’09.0"E), South Korea, with a landing net on the 4 August
2015. Specimens were stored in 100% ethanol and deposited
under the voucher number GEIBIN0000339415 in the National
Institute of Biological Resources (NIBR), Total genomic DNA was
isolated from tissues using a DNeasy Blood and Tissue Kit
(QIAGEN Co., Germany) following the manufacturer’s protocol,
and the mitochondrial genome was amplified by long-range
PCR method using ExpandTM Long Template PCR System (Roche
Co., Germany). In total, one universal and three species-
specific primer sets were used in this study (Supplementary
table). The PCR products were purified using a QIAquick PCR
Purification Kit (QIAGEN Co., Germany) and then sequenced
using an ABI Prism 3730 DNA sequencer (PerkinElmer, USA) with
a BigDye Termination Sequencing Kit. The obtained sequences
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were aligned and trimmed using the Clustal X2 program (Larkin
et al. 2007) and BioEdit 7.0.9 program (Hall 1999). Protein-coding
genes (PCGs), rRNAs, tRNAs, and a control region were character-
ized using NCBI Basic Local Alignment Search Tool (BLAST) and a
program tRNAscan-SE (Chan and Lowe 2019). For phylogenetic
analysis, Clustal X2 (Larkin et al. 2007) was used in aligning the
PCG amino acid sequences. With separate amino acid sequence
alignments of the 13 PCGs across 16 hemipteran species, we
constructed a concatenated alignment set (3301 aa). Using the
maximum likelihood (ML) method, the phylogenetic tree was
built with 1000 bootstrap replicates and substitution model
mtARTþ Fþ IþG4, through IQ-TREE webserver (Trifinopoulos
et al. 2016).

According to the results, the complete mitochondrial gen-
ome of L. deyrollei is a circular form (19,295 bp in length;
GenBank accession no. KU237288), which is revealed to be
the longest when compared to those of the 111 hemipteran
species reported to date. The mitochondrial genome includes
37 genes (13 PCGs, 22 tRNAs, and 2 rRNAs) and one control
region (CR). Out of the 37 genes, 26 are located on the heavy
(þ) strand and 11 on the light (–) strand. We compared the
result with those published from the same species of China
(Li et al. 2017) and Japan (Nakasako et al. 2020). The longest
hemipteran genome size shown in the mitochondrial gen-
ome of L. deyrollei is due to the extremely extended CR
which is 4686 bp in length. The CRs shown in the Chinese
and Japanese L. deyrollei genomes are much shorter than
that of South Korea: 775 bp for China and 972bp for Japan.
Except for CR and trnI (not found in the Chinese one), it
showed that these mitochondrial genomes contain high
nucleotide sequence similarity: 99.73% between South Korea
and China, 99.82% between South Korea and Japan, and
99.74% between China and Japan. The base composition of
the entire mitochondrial genome of L. deyrollei exhibits a

typical Aþ T biased pattern (71.1%), which is similar to those
of the superfamily Nepoidea, including Lethocerus indicus
(70.5%, NC_017294), Diplonychus rusticus (69.8%, Hua et al.
2009), Nepa hoffmanni (72.0%, Zhang et al. 2016), and
Laccotrephes robustus (70.6%, Hua et al. 2009). The ML tree
was reconstructed based on the amino acid sequences from
13 PCGs of the L. deyrollei mitochondrial genome with those
of 16 representative hemipteran species. The result showed
that L. deyrollei collected from South Korea is grouped with
the same species from China (Li et al. 2017), and Japan
(Nakasako et al. 2020), having a sister of Lethocerus indicus
(Figure 1). The family Belostomatidae (including L. deyrollei)
and Nepidae within the monophyletic superfamily Nepoidea
strongly formed monophylies, respectively (BP 100). Besides,
the monophylies of Heteroptera (BP 100) and Nepomorpha
(BP 88) were robustly supported on the tree, respectively.
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Figure 1. Phylogeny of Heteroptera based on the 13 PCG amino acid sequences of mitochondrial genomes under the mtARTþ Fþ IþG4 model inferred from
IQTREE analyses. The mitochondrial genome of L. deyrollei obtained in this study is highlighted with a black box. Numbers at nodes indicate bootstrap support val-
ues (BP). A silver leaf whitefly Bemisia tabaci was employed as an outgroup.

1002 E. H. CHOI ET AL.

https://www.ncbi.nlm.nih.gov/nuccore/KU237288.1/
https://www.ncbi.nlm.nih.gov/nuccore/KU237288.1/
https://doi.org/10.6084/m9.figshare.13515194.v2


References

Chan PP, Lowe TM. 2019. tRNAscan-SE: searching for tRNA genes in gen-
omic sequences. Methods Mol Biol. 1962:1–14.

Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment edi-
tor and analysis program for windows 95/98/NT. Nucleic Acids Symp
Ser. 41:95–98.

Hua J, Li M, Dong P, Cui Y, Xie Q, Bu W. 2009. Phylogenetic analysis of
the true water bugs (Insecta: Hemiptera: Heteroptera: Nepomorpha):
evidence from mitochondrial genomes. BMC Evol Biol. 9:134.

Hwang UW, Kim W. 1999. General properties and phylogenetic utilities of
nuclear ribosomal DNA and mitochondrial DNA commonly used in
molecular systematics. Korean J Parasitol. 37(4):215–228.

Jang KH, Hwang UW. 2016. Complete mitochondrial genome of Korean
yellow-throated marten, Martes flavigula (Carnivora, Mustelidae).
Mitochondrial DNA Part A. 27:1026–1027.

Jang KH, Ryu SH, Kang SG, Hwang UW. 2016. Complete mitochondrial
genome of the Japanese wood pigeon, Columba janthina janthina
(Columbiformes, Columbidae). Mitochondrial DNA Part B. 27:2165–2166.

Jo SI. 2003. An ecological study of the giant water bug (Lethocerus deyr-
olli) in Korea [master’s thesis]. Seoul: Seoul Women’s University; p. 62.

Kim G, Jeong KC, Choi EH, Ryu SH, Lim YJ, Jun J, Lee YS, Hwang UW.
2019. The complete mitochondrial genome of an Asian crested ibis
Nipponia nippon (Pelecaniformes, Threskiornithidae) from South Korea.
Mitochondrial DNA Part B. 4(2):3707–3708.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA,
McWilliam H, Valentin F, Wallace IM, Wilm A, Lopez R, et al. 2007.
Clustal W and Clustal X version 2.0. Bioinformatics. 23(21):2947–2948.

Li H, Leavengood JM, Chapman EG, Burkhardt D, Song F, Jiang P, Liu J,
Zhou X, Cai W. 2017. Mitochondrial phylogenomics of Hemiptera
reveals adaptive innovations driving the diversification of true bugs.
Proc R Soc B. 284(1862):20171223.

Mukai Y, Baba N, Ishii M. 2005. The water system of traditional rice pad-
dies as an important habitat of the giant water bug, Lethocerus deyrol-
lei (Heteroptera: Belostomatidae). J Insect Conserv. 9(2):121–129.

Nakasako J, Okuyama H, Ohba S, Takahashi J-I. 2020. Complete mito-
chondrial DNA sequence of the giant water bug Kirkaldyia deyrolli
(Hemiptera: Belostomatidae). Mitochondrial DNA Part B. 5(3):
3739–3740.

National Institute of Biological Resources (NIBR). 2018. Endangered wild-
life at a glance. Seoul (in Korean).

Ohba S. 2007. Notes on predators and their effect on the survivorship of the
endangered giant water bug, Kirkaldyia (¼Lethocerus) deyrolli (Heteroptera,
Belostomatidae), in Japanese rice fields. Hydrobiologia. 583(1):377–381.

Perez-Goodwyn PJ. 2006. Taxonomic revision of the subfamily
Lethocerinae Lauck & Menke (Heteroptera: Belostomatidae). Stuttg
Beitr Naturkd A. 695:1–71.

Shin HW, Jang KH, Ryu SH, Choi EH, Hwang UW. 2015. Complete mito-
chondrial genome of the Korean reeves’s turtle Mauremys reevesii
(Reptilia, Testudines, Geoemydidae)). Mitochondrial DNA. 26(5):676–677.

Trifinopoulos J, Nguyen LT, von Haeseler A, Minh BQ. 2016. W-IQ-TREE: a
fast online phylogenetic tool for maximum likelihood analysis. Nucleic
Acids Res. 44(W1):W232–W235.

Zhang D, Xie T, Li T, Bu W. 2016. The complete mitochondrial genome of
Nepa hoffmanni (Hemiptera: Heteroptera: Nepidae). Mitochondrial
DNA Part A. 27(5):3770–3771.

MITOCHONDRIAL DNA PART B 1003


	Abstract
	Disclosure statement
	Funding
	Data availability statement
	References


