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(Plecoptera: Perlidae)
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ABSTRACT
We sequenced the complete mitochondrial genomes of Togoperla limbata which is the unique species
distributed in Japan to provide supplementary data for future study in phylogenetic studies of Perlidae.
This complete mitogenome of T. limbata is 15,915bp long, including 37 typical genes and a control
region as other stoneflies. Through the data analysis, the Aþ T content of the whole mitogenome,
PCGs, tRNAs, rRNAs, and control region was 63.7%, 61.3%, 68.7%, 66.8%, and 74.8%. Most PCGs used
typical start or stop codon except COI, ND5, and ND1 used the exceptional start codon and the COII
and ND5 used the single T as the stop codon. Phylogenetic tree was constructed by using Bayesian
inference (BI) and maximum-likelihood (ML) analysis based on the sequences of the 13 PCGs and two
rRNAs and the result showed that subfamily Perlinae was a monophyletic group and the clade
Togoperla and Paragnetina had a closer relationship.
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There are 20 genera with more than valid 1100 species
worldwide in family Perlidae, and a few genera extending
into the southern hemisphere in Africa and South America
(DeWalt et al. 2020). Genus Togoperla was originally estab-
lished by Klap�alek in Perlinae which includes about 13 valid
species, and all of them are distributed in the Oriental region.
Among them, eight species are distributed in China but only
the species Togoperla limbata was found in Japan (Sivec
et al. 1988; Stark and Sivec 2008; Chen and Du 2018; Yang
and Li 2018; DeWalt et al. 2020). However, about nine mito-
chondrial genomes in seven genera of the Perlinae have pre-
viously been published but only one species in genus
Togoperla (Qian et al. 2014; Wang et al. 2014; Elbrecht et al.
2015; Wang et al. 2016; Liu et al. 2019; Wei et al. 2020). Here,
we sequenced the complete mitochondrial genomes of T.
limbata which is the unique species distributed in Japan to
provide supplementary data for future study in phylogenetic
studies of Perlidae.

The specimen was collected by Mur�anyi D�avid from Toon
city, Ehime Pref, Japan (N33.4518, E132.5951) on 5 July 2015.
Voucher specimen (no. VHL-0023) is now preserved in Henan
Institute of Science and Technology (HIST), Henan Province,
China at �20 �C. We extracted the total genomic DNA from
adult’s chest muscle by using QIAamp DNA Mini Kit (QIAGEN,
Hilden, Germany) and sequenced the sample by high-
throughput sequencing method. The sequences were
assembled by BioEdit version 7.0.5.3 (Hall 1999).

This complete mitogenome of T. limbata was deposited in
the GenBank under the accession number MN969990 with
15,915 bp long, including 37 typical genes (13 protein-coding
genes, 22 tRNA genes, and two rRNA genes) and a control
region as other stoneflies. Through the data analysis, the
Aþ T content of the whole mitogenome, PCGs, tRNAs, rRNAs,
and control region biased toward A/T nucleotides was 63.7%,
61.3%, 68.7%, 66.8%, and 74.8%, respectively. Excluding the
control region, the mitogenome has 10 intergenic regions,
ranging from 1 to 20 bp. There are totally 51 bp overlapped
nucleotides in 14 locations, ranging from 1 to 8bp. With an
exception for tRNASer(AGN) which lacks the dihydrouridine
(DHU) arm, all tRNA genes can be folded into the normal
cloverleaf secondary structure. Most PCGs used conservative
initiation or terminal codon except COI, ND5, and ND1 used
the exceptional start codon and the COII and ND5 used the
single T as the stop codon.

Phylogenetic tree was constructed by using Bayesian infer-
ence (BI) and maximum-likelihood (ML) analysis based on the
sequences of the 13 PCGs and two rRNAs from 16 species in
Perlidae and two species (Taeniopteryx ugola and Doddsia
occidentalis as the outgroups) in Taeniopterygidae (Figure 1).
Two methods supported the identical tree topology, the sub-
family Perlinae was a monophyletic group and the clade
Togoperla and Paragnetina had a closer relationship.
However, the monophyly of the genus Togoperla was not
supported and more mitogenome information of Perlidae
species is needed for further phylogenetic studies.
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Figure 1. Phylogenetic trees of Togoperla limbata were inferred based on the PCGs of two rRNAs from 16 species in Perlidae and two species as the outgroups by
Bayesian inference (BI) and maximum-likelihood (ML) methods. The NCBI accession number for each species is indicated after the scientific name.
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