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ABSTRACT

Semiothisa cinerearia Bremer & Grey, 1853 belongs to the lepidopteran family Geometridae, subfamily
Ennominae. We sequenced the complete mitochondrial genome of S. cinerearia by PCR and Sanger
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sequencing method. The mitochondrial genome of S. cinerearia is 15,523 bp in length and contains a

typical set of 37 genes with ‘MIQ" type gene arrangement and a 394bp AT-rich regions. Except for
cox1 using CGA as initiation codon, all protein-coding genes (PCGs) start with ATN codons and except
for nad2 and nad4l using TAG as termination codon, all PCGs terminated with TAA codon. A phylogen-
etic tree including 39 genus of subfamily Ennominae was first reconstructed based on the mitochon-
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drial genome sequences with nucleotide substitution model GTR + G + |, which showed that the
genera Amraica, Jankowskia, and Ectropis are not monophyletic and S. cinerearia and Macaria notata

are classified together.

1. Introduction

The moth of Semiothisa cinerearia Bremer & Grey, 1853 has
gray and yellow brown body, filiform antennas and about
30-45mm wingspan. Both the subbasal and the medial
lines in the forewings are dark brown and turn into acute
corners at the part near outer margins. The subterminal
lines on the forewings are black-brown, consist of two or
three rows of black-brown plaques and form a single brown
triangular patch at the part near outer margins. A rectangu-
lar brown patch is out of the subterminal line. The apex of
the forewings is pale yellowish brown with a dark triangular
patch below it (Figure 1). The moths distribute widely in
Japan and China (Beijing, Hebei, Shandong, Jiangsu,
Zhejiang, Jiangxi, Taiwan, Shaanxi, Gansu, and Xizang). The
larvae of S. cinerearia are harmful mainly to landscape plant
Chinese scholar tree Sophora japonica L., 1767 and some-
times to Robinia pseudoacacia L., 1753. Lepidopteran mito-
chondrial genomes, containing conservative 37 genes,
which are important for constructing electron transport
chains and ATP synthases, have been wildly used for the
phylogenetic analysis at the family or subfamily level. About
one hundred of mitochondrial genomes of subfamily
Ennominae have been sequenced and 13 articles had been
published (Yang et al. 2013; Liu et al. 2014; Xu et al. 2016;
Sun et al. 2017; Wang et al. 2017; Li et al. 2018; Chen et al.
2019; Du et al. 2019; Liu et al. 2020; Huang et al. 2021;
Song et al. 2021; Sun et al. 2021; Chen et al. 2022). While
subfamily Ennominae contains about 1100 genera and 9700

described species, more mitochondrial genomes should be
sequenced for comprehensive understanding of the phyl-
ogeny of the subfamily. Here, we report the complete mito-
chondrial genome of S. cinerearia of subfamily Ennominae,
and try to perform a phylogenetic analysis based on the
known mitochondrial genomes to clarify the branch rela-
tionships among these Ennominae species.

2. Materials and methods
2.1. Sample collection, DNA extraction, and preservation

The
Xiangshan Mountain, Huaibei City, Anhui Province, China (lati-
tude 116.816834, longitude 33.989836). The total DNA was
extracted from the muscle of the specimen legs according to
the instruction manual of Ezup Column Animal Genomic DNA

specimen of S. cinerearia was light-trapped from

Purification Kit (Sangon, Shanghai, China) and the quantity and
quality of the extracted DNA were evaluated by NanoDrop
2000c spectrophotometer (Thermo, Waltham, MA) and 1%
agarose gel electrophoresis. The specimen (accession number
20170722E) and the DNA solution (accession number
DNA20170722E) were deposited in the Specimens Room and
the Human and Animal Genetics Laboratory (contact person
LiJun and email

healthlicn@chnu.edu.cn), College of Life

Sciences, Huaibei Normal University, China.
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2.2. Mitochondrial DNA amplification, sequencing,
assemblage, and annotation

Primers to amplify mitochondrial DNA were designed accord-
ing to the conserve regions of published lepidopteran mito-
chondrial genomes and produced by Sangon Biotech

(Shanghai) Co., Ltd. (Shanghai, China). The overlapping frag-
ments were amplified using PrimeSTAR GXL DNA Polymerase
(Takara, Beijing, China) and sequenced with Sanger dideoxy
sequencing method by Shanghai Sequencing Department of
(Shanghai,

Beijing Genomics Institution (BGI) China).

Figure 1. Specimen of S. cinerearia was collected from the Xiangshan
Mountain, Huaibei City, China. Photographed by Jun Li on 18 March 2023.
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Complete mitochondrial DNA sequence was assembled using
Lasergene DNASTAR7.1 (DNAStar, Madison, WI) (Burland
2000), preliminarily annotated using MITOS2 (Bernt et al.
2013) and manually verified with NCBI BLAST.

2.3. Sequence alignment and phylogenic tree
reconstitution

Ninety-nine mitochondrial genomes of subfamily Ennominae
have been published in GenBank up to now, and most of
which are neither annotated nor published in unified
arrangement. These mitochondrial genomes were down-
loaded and only one mitochondrial genome per species was
retained and rearranged into unified sequence with the first
nucleotide of tRNA-Met as the start position after aligned
with reference sequence such as NC_069306. Sequences
were aligned using MAFFT7.505 with L-INS-I method (Katoh
et al. 2002). The phylogenetic tree was reconstructed using
Bayesian inference (BI) method with software MrBayes3.2.6
(Ronquist and Huelsenbeck 2003; Ronquist et al. 2012).
lotaphora admirabilis Oberthur, 1883 (Geometrinae) and Idaea
salutaria Christoph, 1881 (Sterrhinae) were used as outgroups
(Ding et al. 2020). The best nucleotide substitution model
was assessed by Megal11.0 with the lowest Bayesian informa-
tion criterion (BIC) score (Tamura et al. 2021).
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Figure 2. Complete mitochondrial genome map of S. cinerearia with 13 protein coding genes, 22 tRNAs, 2 rRNAs, and an AT-rich region. Outside and inner circles
represent the J- and M-strand respectively. Bold lines in circles represent strands in which the genes lie. (Green: tRNAs; yellow: PCGs; greenish yellow: rRNAs; grey:

overlaps; white: interval spaces).
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Table 1. Annotations of the mitochondrial genome of S. cinerearia (GenBank MK880228).

Gene name Start site Stop site Strand Antisense codon Gene length (bp) Initiation/termination codon Interval size (bp)
tRNA-Met 1 68 J cat 68 - 0
tRNA-lle 69 134 J gat 66 - -3
tRNA-GIn 132 200 N ttg 69 - 59
nad2 260 1273 J - 1014 ATT/TAG 6
tRNA-Trp 1280 1350 J tca 71 - -8
tRNA-Cys 1343 1411 N gca 69 - 8
tRNA-Tyr 1420 1487 N gta 68 - 3
cox1 1491 3026 J - 1536 CGA/TAA -5
tRNA-Leu2 3022 3089 J taa 68 - 0
cox2 3090 3791 J - 702 ATG/TAA -20
tRNA-Lys 3772 3842 J ctt 71 - 0
tRNA-Asp 3843 3910 J gtc 68 - 0
atp8 3911 4078 J - 168 ATA/TAA -7
atp6 4072 4749 J - 678 ATG/TAA 1
cox3 4761 5549 J - 789 ATG/TAA -1
tRNA-Gly 5549 5614 J tec 66 - 0
nad3 5615 5968 J - 354 ATT/TAA 1
tRNA-Ala 5970 6034 J tgc 65 - -1
tRNA-Arg 6034 6098 J teg 65 - 4
tRNA-Asn 6103 6169 J gtt 67 - 0
tRNA-Ser1 6170 6235 J gct 66 - 19
tRNA-Glu 6255 6325 J ttc 71 - 4
tRNA-Phe 6330 6397 N gaa 68 - -17
nad5 6381 8114 N - 1734 ATT/TAA 21
tRNA-His 8136 8203 N gtg 68 - 8
nad4 8212 9552 N - 1341 ATG/TAA 0
nad4l 9553 9843 N - 291 ATG/TAG 2
tRNA-Thr 9846 9910 J tgt 65 - 0
tRNA-Pro 9911 9975 N tgg 65 - 8
nadé 9984 10517 J - 534 ATA/TAA 25
cob 10543 11694 J - 1152 ATG/TAA 7
tRNA-Ser 11702 11769 J tga 68 - 27
nad1 11797 12720 N - 924 ATG/TAA 15
tRNA-Leu1 12736 12803 N tag 68 - 0
16s rRNA 12804 14267 N - 1464 - 0
tRNA-Leu2 14268 14336 N tac 69 - 0
12s rRNA 14337 15129 N - 793 - 0
AT-rich region 15130 15523 - - 394 - -

3. Results and discussion classic ‘ATAGA + polyT motif, two ‘TA’ tandem repeats and a
3.1. Characteristics of mitochondrial genome polyA tail.

The complete mitochondrial genome of S. cinerearia

(GenBank accession number MK880228) is 15,523 bp, and
contains 13 protein-coding genes (PCGs), 22 transfer RNA
genes (tRNAs), two ribosomal RNA genes (rRNAs), and a
394bp AT-rich regions. Twenty-three genes are located on
the majority strand (J-strand), in which nine are PCGs and 14
are tRNAs. The remaining 14 genes are located on the minor-
ity strand (N-strand), in which four are PCGs, eight are tRNAs
and two are rRNAs. The mitochondrial genome characteristics
usually refer to the characteristics of its J-strand. The nucleo-
tide composition of the J-strand of the mitochondrial gen-
ome is A 41.50%, C 12.09%, G 7.94%, and T 38.47%. The
gene arrangement is just as most of lepidopteran mitochon-
drial genomes with ‘MIQ" arrangement and 17 intergenic
spacers (228 bp in total) and eight overlaps (59bp in total)
were founded (Figure 2). The intergenic nucleotides vary
from 1 to 59bp and the longest intervals are located
between tRNA-GIn and nad2, while the overlap nucleotides
vary from 1 to 20 bp and the maximum overlap lies between
cox2 and tRNA-Lys (Table 1). Except for cox1 using CGA as ini-
tiation codon, all PCGs start with ATN codons. Except for
nad2 and nad4l using TAG as termination codon, all PCGs ter-
minated with TAA codon. The AT-rich region contains the

3.2. Phylogenetic analysis

The mitochondrial genomes for reconstructing the phylogen-
etic tree of subfamily Ennominae belong to 39 genera, 58
species, and the best nucleotide substitution model is
GTR + G + I. The tree shows that neither genus Amraica nor
Jankowskia was classified together. Ectropis obliqua
(MF417804) was not classified into the clade of genus
Ectropis, which was consistent with the result obtained by
Sun et al. (2021). Semiothisa cinerearia and Macaria notata
were classified together (Figure 3).

4, Conclusions

The gene arrangement of the mitochondrial genome of S.
cinerearia is ‘M-I-Q" model and S. cinerearia is closer to M.
notata than other 57 known mitochondrial genomes of
Ennominae species. The genera Amraica, Jankowskia, and
Ectropis are not monophyletic, which indicates the classifica-
tion within subfamily Ennominae should be further studied
and more mitochondrial genome data are needed.
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Figure 3. The Bayesian inference (Bl) phylogenetic tree was reconstructed based on published mitochondrial genome sequences of subfamily Ennominae and two
species of subfamily Geometrinae were used as outgroup. GenBank accession numbers were indicated before the species names. Numbers at the nodes indicated

Bayesian posterior probability values.
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