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ABSTRACT
The complete mitochondrial genome of Notonecta chinensis Fallou was sequenced and was 15,149bp
long with 75.6% Aþ T. There were 37 typical genes including 13 protein-coding genes (PCGs), 22 trans-
fer RNA (tRNAs), and two ribosomal RNA (rRNAs). The 531bp D-loop region was located between 12S
rRNA and trnI-Ile. All PCGs started with ATN codons, except COI and ND4L, and ended with TAA, except
COII, COIII, ATPase6 and ND3. Phylogenetic analyses highly supported the monophyly for each super-
family. Notonectoidea was formed a solid monophyletic group, with N. chinensis and Enithares tibialis
clustered into one clade.
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The backswimmers, Notonectidae (Hemiptera: Heteroptera: h
and Slater 1995). They are predaceous insects and some spe-
cies are natural enemies and potential biocontrol agents
against Anopheles dirus, Anopheles sinensis, Culex pipiens,
Culex quinquefasciatus and Aedes togoi (Ellis and Borden 1970;
Sana et al. 2008; Fischer et al. 2012). In this study, the mt-
genome of h and Slater 1995). They are predaceous insects
and some species are natural enemies and potential

biocontrol agents against Anopheles dirus, Anopheles sinensis,
Culex pipiens, Culex quinquefasciatus and Aedes togoi (Ellis and
Borden 1970; Sana et al. 2008; Fischer et al. 2012). In this
study, the mt-genome of Notonecta chinensis which collected
from Ningyang County, Taian City, Shandong Province, China,
on 24 August 2008 was sequenced and analyzed.

The complete mt-genome of N. chinensis was a typically
circular molecule with 15,149 bp in length (GenBank

Figure 1. Phylogenetic relationship of Notonecta chinensis within Nepomorpha inferred from 13 PCGs. Numbers at the nodes are bootstrap values.
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accession no. KJ584365), and consists of 13 protein coding
genes (PCGs), 22 tRNA genes, two rRNA genes and a control
region. The nucleotide composition of N. chinensis mt-gen-
ome was significantly biased toward A and T, with an Aþ T
content of 75.6% (A¼ 42.9%, T¼ 32.7%, C¼ 14.0%,
G¼ 10.4%). The nucleotide skew statistics for the whole mt-
genome and J-strand PCGs were AT-skewed and CG-skewed,
whereas the N-strand PCGs were GC-skewed and much more
TA-skewed.

Gene overlaps were observed at 13 gene junctions and
involved a total of 41 bp, while the longest overlap (8 bp)
existed between tRNA-Trp and tRNA-Cys. The two overlaps
between two gene pairs ATP8/ATP6 and ND4L/ND4 are the
same seven nucleotides (ATGATAA). Eleven of the thirteen
PCGs of N. chinensis initiated with ATN as start codon (seven
with ATG, three with ATA and one with ATT). COI gene used
a non-traditional start codon TTG, and ND4L gene started
with unusual codon GTG. Most PCGs stopped with the com-
plete termination codon (seven with TAA and two with TAG),
whereas the remaining four PCGs were ended with an incom-
plete stop codon T.

The mt-genome of N. chinensis was employed to recon-
struct the phylogenetic trees of 13 PCGs with the following
14mt-genomes of closely related insects from GenBank. GPU
MrBayes (Bao et al. 2013) was employed to reconstruct the
phylogenetic tree with the GTRþ IþG model estimated by
Modeltest Version 3.7 (Posada and Crandall 1998). Each
superfamily formed a monophyletic cluster with a high
degree of bootstrap support, and Notonectiodea was mono-
phyletic. Notonectiodea was more closely related to Pleoidea,
and N. chinensis and Enithares tibialis were sibling clusters
(Figure 1) The complete mitogenome of N. chinensis provides
important molecular and evolutionary evidence for Notonecta
and Notonectidae.
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