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ABSTRACT

ARTICLE HISTORY

The complete mitochondrial genome of Brachyrhynchus triangulus Bergroth, 1889 was sequenced and
annotated in the present study. It was a typical circular DNA molecule of 15,170 bp, with 37 genes and
a control region. The percentages of A, C, G, and T nucleotides in the genome of B. triangulus were
41.1%, 17.4%, 11.9%, and 29.4%, respectively. Thirteen protein-coding genes (PCGs) start with a ATN
codon or a TTG codon and terminate with a TAA codon or a TAG codon or a single T residue. With
the exception of tRNA "N, each of the 22 tRNA genes had a clover-leaf structure and ranged in
length from 62 to 69 bp. The length of IrRNA and srRNA was 1241 bp and 828 bp, respectively. The con-
trol region had a length of 708 bp and an A+T content of 74.6%. The sister relationship between B.
triangulus and Brachyrhynchus hsiaoi is supported by the phylogenetic tree. Additionally, it proved the
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sister relationship between Mezirinae and Aneurinae,
the Aradidae.

Brachyrhynchus triangulus (Hemiptera: Aradidae) was discov-
ered in Burma by Bergroth (Bergroth 1889). Aradids were
known as flat bugs because of their strongly flattened dorso-
ventrals and bark bugs because they live under the bark of
rotting trees. Flat bugs are brown to black in color (Bhagat
2015). They are mysterious and their economic functions
have not been discovered (Chandra and Kushwaha 2015). In
this study, we first present the complete mitogenome of
B. triangulus and provide valuable genetic information for fur-
ther research on the classification and genomics of Aradidae.

The specimens used in this experiment were obtained on
26 March 2020, from the Tongbiguan Nature Reserve,
Yingjiang, Yunnan province (24.70579N, 97.93179E), and were
identified by Professor Xiaoshuan Bai from Inner Mongolia
Normal University. The voucher specimen was deposited with
the voucher number BtYj-1 in absolute ethanol at —20°C in
the molecular laboratory of Inner Mongolia Normal University
(Xiaoshuan Bai: baixs2007@aliyun.com). Since Brachyrhynchus
triangulus is neither a vertebrate or a protected invertebrate,
the reserve gave its consent for the field study to be carried
out. High-throughput sequencing techniques were used to
extract the mitochondrial genome of B. triangulus, which was
then submitted to the National Center for Biotechnology
Information (NCBI, http://www.ncbi.nIm.nih.gov/, accession
number: OK323200).

Total DNA was extracted from the feet of B. triangulus
using the TIANamp Genomic DNA Kit and sent to
BerryGenomics (Beijing, China) for sequencing. Total genomic

supporting the classical

taxonomy of

DNA was extracted using the lllumina NovaSeq 2500 plat-
form. A total of 6Gb clean data were returned and
assembled by IDBA-UD v1.0 (Peng et al. 2012), and mitochon-
drial genome sequence was obtained using a Python soft-
ware package. The annotation of B. triangulus was done by
MITOS  (http://mitos.bioinf.uni-leipzig.de/index.py). The sec-
ondary structure of tRNA genes was predicted by tRNA scan-
SE 2.0 (Lowe and Eddy 1997) (http://lowelab.ucsc.edu/
tRNAscan-SE/). The 13 PCGs were annotated using a hom-
ology alignment method, and we downloaded the nucleotide
sequences of 13 PCGs genes of seven species of Aradidae
from NCBI. The locations of the 13 PCGs were determined by
manual alignment using MEGA7 (Sudhir et al. 2016).

The mitochondrial genome of B. triangulus is 15,170 bp
and consists of 37 genes. These genes encode 13 protein-
coding genes (PCGs), 22 tRNA-coding genes, two ribosomal
RNAs, and a control region. Among them, 23 genes encode
in the J-strand and 14 genes encode in the N-strand. Except
for the rearrangements between tRNA"™ and tRNA®", the
sequences and orientations of these genes are identical to
the putative ancestral arrangement of Drosophila yakuba
(Clary and Wolstenholme 1985). This rearrangement is found
in seven other sequenced flat bugs, which may be consid-
ered a unique feature of the Aradidae mt-genome (Shi et al.
2012; Li et al. 2016; Song et al. 2016). The nucleotide compo-
sitions are 41.1% A, 17.4% C, 11.9% G, and 29.4% T, respect-
ively, with a strong AT bias.
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| Pentatominae
Pentatomidae
| Asopinae
Sclomina erinacea NC_056990 | Harpactorinae | Reduviidae
Lygus hesperus NC_024641 | Mirini | Miridae
Metasalis populi NC_037835 | Metasalis -
Tingidae
Tingis cardui NC_037836 | Tingis
Aradacanthia heissi HQ441233 | Calisiinae
Aradus compar NC_030362 | Aradinae
Libiocoris heissiNC_030363 | Carventinae
Aneurus similis NC_030360 .
100 Aneurinae Aradidae
L Aneurussublobatus NC_030361
Neuroctenus parus NC_012459
Brachyrhynchus hsiaoi NC_022670 [Mezirinae
Brachyrhynchus triangulus 0K323200

Figure 1. The phylogenetic relationships of the 14 species are derived from analysis of the combined 13 protein-coding sequence data based on the maximum-like-
lihood (ML) method. The best model is selected using ModelFinder (Kalyaanamoorthy et al. 2017) as GTR + F+| -+ G4, and later the ML tree is inferred from IQ-Tree
v.1.6.8 (Lam-Tung et al. 2015). The node values are obtained with 1000 repetitions of bootstrap percentages.

The 13 PCGs have a total length of 10,945bp and can
encode a total of 3638 amino acids. In general, the start codon
of the mitochondrial gene in invertebrates is commonly ATN,
while TTG or GTG has also been found to be the start codon for
several insects (Clary and Wolstenholme 1985). The complete
stop codon is TAA and TAG, and insect mitochondria also have
incomplete stop codons, such as TA and T. The incomplete
stop codon is usually found between PCG and its adjacent
tRNA genes. Ten PCGs are initiated with ATN (six for ATG, three
for ATA, and one for ATT) as the start codon, and the others
(COI, COll, and ND1) are initiated with TTG. Most PCGs termin-
ate with TAA or TAG as a stop codon, and the others (COIl,
COIll, ND4, and ND5) terminate with a single T residue.

Except for the dihydrouridine (DHU) arm of tRNAS®ACV,
which forms a simple loop, all 22 of the tRNA genes, ranging
in length from 62 to 69bp, have a clover-leaf structure. The
overlap between tRNA™ and tRNA®* is the largest (8 bp). The
length of IrRNA is 1241 bp with 74.3% A +T content, and the
length of srRNA is 828bp with 66.7% A+T content. The
708 bp control region is located between srRNA and tRNA®™,
with 74.6% A +T content.

We constructed a phylogenetic tree of B. triangulus using
the maximume-likelihood (ML) method to resolve the phylo-
genetic position of B. triangulus (Figure 1). The findings indi-
cated a tight relationship between Brachyrhynchus triangulus
and Brachyrhynchus hsiaoi. 1t also demonstrated a sisterly
relationship between Mezirinae and Aneurinae, supporting
the classical taxonomy of the Aradidae (Heiss and
Grebennikov 2014; Song et al. 2016).
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