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ABSTRACT
The sphingid, Theretra latreillii subsp. lucasii is a common hawk moth distributed in southeast Asia and
Australian regions. Although barcode analyses have been published, its complete mitogenome
sequence has not been deciphered. In this study, the complete mitogenome of T. latreillii lucasii
(GeneBank accession no. MW539688) was sequenced using Illumina HiSeq X Ten system for mitoge-
nome-based phylogenetic analysis. The mitogenome was 15,354bp in length and comprises 13 pro-
tein-coding genes (PCGs), two ribosomal RNA (rRNA) genes, and 22 transfer RNAs (tRNAs) with the
typical gene order and orientation of Sphingidae mitogenomes. The nucleotide composition of majority
strand is 41.2% for A, 7.4% for G, 12.0% for C, and 39.4% for T, with an Aþ T content of 80.6%.
Phylogenetic analysis using the 13 PCGs fully resolved T. latreillii lucasii in a clade with T. japonica,
Macroglossum stellatarum, and Ampelophaga rubiginosa, with high nodal support both by Bayesian
inference and maximum-likelihood methods, forming the Macroglossini monophyletic group.
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The hawk moths (Lepidoptera: Sphingidae) have attracted
the attention of researchers for a long time with their slender
body shape and agile flying behavior as adults, as well as
their large size and realistic mimicry as larvae (Abrera 1986;
Kawahara et al. 2009; Rafi et al. 2014). There are more than
1400 recognized species in some 200 genera of Sphingidae,
which are found on every continent except Antarctica
(Kawahara et al. 2009; van Nieukerken et al. 2011). Some spe-
cies play a vital role as pollinators in many wild ecosystems
(Alexandersson and Johnson 2002). Others are important
agricultural or ornamental insect pests (Sambath 2011; Rafi
et al. 2014; Rougerie et al. 2014). Studies of the genetic diver-
sity of Sphingidae have contributed to the understanding of
their adaptive evolutionary mechanisms (Hundsdoerfer et al.
2005; Barth et al. 2018). To date, complete mitogenome
sequences of Sphingidae are available from several species,
Manduca sexta (EU286785) (Cameron and Whiting 2008),
Sphinx morio (KC470083) (Kim et al. 2013), Notonagemia
analis scribae (KU934302) (Kim et al. 2016), Ampelophaga rubi-
ginosa (KT153024) (Xin et al. 2017), Theretra japonica
(MG655620) (Li, Lin, et al. 2018), Macroglossum stellatarum
(MG747645) (Li, Zhang, et al. 2018), Psilogramma increta
(MF974243) (Li, Zhang, et al. 2018), and Parum colligate
(MG888667) (Li et al. 2019). In this study, we sequenced the
complete mitogenome of the sphingid Theretra latreillii
subsp. lucasii (Walker), distributed in the Oriental and

Australian regions (Rafi et al. 2014) to determine its mitoge-
nome structure and phylogenetic relationship to
other Sphingidae.

Larvae of T. latreillii lucasii were collected on Tetrastigma
hemsleyanum Diels et Gilg at Ruoheng (28�2303300 N,
121�2904500 E), Zhejiang Province, China, in June 2020, and
were reared on fresh leaves of T. hemsleyanum until eclosion
in the insectary at 25 ± 1 �C, RH 60± 5% and L:D¼ 14:10 h.
Adult specimen was deposited at Institute of Insect Sciences,
Zhejiang University (http://www.cab.zju.edu.cn/iae/, Hongwei
Yao, hwyao@zju.edu.cn) under the voucher number
ZJUIS2020-011. Total genomic DNA was extracted from the
larvae of T. latreillii lucasii using phenol–chloroform method,
and was sequenced using Illumina HiSeq X Ten system with
the strategy of 150 paired-ends reading. The mitogenome
was annotated using the Geneious 11.0.4 version and MITOS
Web Server (Bernt et al. 2013).

The mitogenome of T. latreillii lucasii is 15,354 bp in length
(GenBank accession no. MW539688) and contains 13 protein-
coding genes (PCGs), 22 transfer RNA (tRNA) genes, two ribo-
somal RNA (rRNA) genes, and one non-coding region (the
Aþ T-rich region). The genome size of T. latreillii lucasii is
consistent with the 15,312 bp reported for T. oldenlandiae
(Wang et al. 2020) and 15,399 bp for T. japonica (Li, Lin, et al.
2018). There are 23 genes encoded on the majority stand,
and the remaining 14 genes on the minority strand.
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The gene order and orientation are consistent to T. japonica
and other Sphingidae. The nucleotide composition in major-
ity strand of T. latreillii lucasii mitogenome is 41.2% for A,
7.4% for G, 12.0% for C, and 39.4% for T, with an Aþ T con-
tent of 80.6%. All 13 PCGs initiate with ATN start codons and
terminate mostly with the TAA stop codon. The 22 tRNA
genes varied from 64 to 69bp in length. The gene arrange-
ment of the tRNA cluster, trnM-trnI-trnQ between the Aþ T-
rich region and ND2, is identical to that of Sphingidae and
other ditrysian Lepidoptera (Cameron and Whiting 2008; Kim
et al. 2013, 2016). The large ribosomal gene (rrnL) was
located between trnL1 and trnV with a length of 1381 bp,
whereas the small ribosomal gene (rrnS) was located
between trnV and the Aþ T-rich region with a length
of 761 bp.

Phylogenetic analysis of T. latreillii lucasii with 14 other
species in three families of Bombycoidea was performed by
using nucleotide sequences of 13 PCGs from their mitoge-
nomes. Two species of Noctuoidea, Spodoptera litura and
Helicoverpa armigera, were designated as outgroups. The
sequences were aligned by using MAFFT v7.271, and the
phylogenetic tree was constructed by CIPRES (https://www.
phylo.org/) using MrBayes on XSEDE and IQTree on XSEDE
with the best-fit nucleotide substitution model
GTRþ FþIþG4 determined by ModelFinder
(Kalyaanamoorthy et al. 2017) with bootstrap 1000 (Figure 1).
The analysis showed that T. latreillii lucasii and T. japonica
were clustered in the Theretra clade. The three families of
Bombycoidea were grouped in different clades, as well as the

three tribes of Sphingidae. The result of phylogenetic analysis
was consistent with other results from the analyses based on
morphological characters and mitochondrial sequences
before (Rougerie et al. 2014; Kim et al. 2016; Wang et al.
2020). This study enriches the Sphingidae genetic database,
and also further clarifies our understanding of the phylogen-
etic relationships of the Sphingidae.
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Figure 1. Phylogenetic tree of Bayesian inference (BI) and maximum-likelihood (ML) methods using matrixes of 13 PCGs in mitogenomes of 15 representative spe-
cies classified in the Bombycoidea and two species of Noctuoidea serving as outgroups. The numbers at each node are Bayesian posterior probabilities by BI analysis
(first value) and bootstrap percentages of 1000 pseudoreplicates by ML analysis (second value). The scale bar indicates the number of substitutions per site.
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