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ABSTRACT
One new mitochondrial genome of Indonemoura auriformis from the family Nemouridae (Insecta:
Plecoptera) was sequenced in the study. The mitochondrial genome has the length of 15,718bp,
encoding 37 genes: 13 protein-coding genes (PCGs), 22 transfer RNA (tRNA) genes, and 2 ribosomal
RNA (rRNA) genes. The whole nucleotide composition biased adenine and thymine with Aþ T account-
ing for 69.9%. Nine PCGs and 14 tRNA genes are encoded in the J chain, the other four PCGs, eight
tRNAs, and two rRNA genes are encoded in the chain of N. The mitochondrial genome includes 13
gene overlaps and 12 intergenic spacers. Most PCGs strictly use the ATN as start codon, and terminate
with traditional stop codon (TAA and TAG). Except the tRNASer(AGN) seems to lack dihydrogen glycine
arm, all tRNA genes of the mitochondrial genome are the typical clover secondary structure. The phylo-
genetic tree of PCGs dataset based on bayesian inference (BI) and maximum likelihood (ML) analysis
show the same tree topology. Both ML and BI analysis support the sister-group relationship between
Amphinemuria and Nemoura. Meanwhile, Capniidae is closely related to Taeniopterygidae.
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The mitochondrial genome of insect usually contains 13 pro-
tein-coding (PCG), 22 transfer RNA (tRNA), 2 ribosomal RNA
(rRNA) gene, and an assumed control region (Lin and
Danforth 2004; Gissi et al. 2008). The Nemouridae is of
important systematic status and ecological importance, more
than 1100 species of this family have been discovered
(DeWalt et al. 2019), which are distributed in aquatic areas all
over the world except the Arctic continent. To date, two
mitochondrial genomes from the Genus Indonemoura have
been reported in GenBank or registered (Cao et al. 2019). To
facilitate a more comprehensive study of mitogenome phyl-
ogeny in the Plecoptera, we analyzed the mitogenome of
Indonemoura auriformis and reconstructed the phylogeny of
Nemouroidea. Adult specimens of I. auriformis were collected
from Nanping, Henan Province, China, by Weihai Li and
Jinjun Cao in June 2017 (35.712�N, 113.620�E). We preserved
specimens in 100% ethanol in the field and stored them at
–20 �C until tissues were used for DNA extraction. A voucher
specimen of I. auriformis (No. VHL-0009) was stored in the
Entomological Museum of the Henan Institute of Science and
Technology (HIST), Henan Province, China. We extracted total
genomic DNA from thoracic muscle tissue by using the
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol.

The entire circular genome has the length of 15,718 bp
(GenBank no: MN419915) and contains 37 genes and a
control region. Like previous published stoneflies, 23 genes

encode most coding chains (J chains) and 14 genes encode a
few coding chains (N chains). The entire genome accounts
for 69.90% of the base composition, including 13 gene over-
laps and 12 intergenic spacers. Most PCG genes initiated
using the typical starting codon ATN, but TTG is recom-
mended as the starting codon for ND1. Eleven PCG genes
use TAA or TAG as stop codon, two genes (COII and ND5)
terminated with single T. The length of each tRNA ranged
from 63 to 71 bp, most tRNAs can be folded into a typical
clover structure except the dihydrodoladine arm of
tRNASer(AGN) forms a simple loop. The Aþ T-rich region is
located between srRNA and tRNAIle with the length of 852 bp.
This region is considered to be the control region because it
contains sources of transcription and replication (Taanman
1999; Cameron 2014).

Phylogenetic trees from 21 Nemouroidea species which
belong to 5 families were reconstructed using published DNA
data, and two species (Suwallia bimaculata and Suwallia tele-
ckojensis) from Chloroperlidae were outgroups, as shown in
Figure 1. The phylogenetic tree conducted from PCGs dataset
based on Bayesian inference (BI) and Maximum likelihood
(ML) analysis provide the same tree topology. In Nemouridae,
the ML and BI trees both support the sister-group relation-
ship between Amphinemura and Nemoura, and the monophy-
letic clade of genus Indonemoura. Capniidae is closely related
to Taeniopterygidae. Meanwhile, the position of Leuctridae is
consistent with the previous traditional morphological
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classification (Illies 1965; Zwick 2000, 2009). This study needs
the mitochondrial genome data to understand the phylogeny
of Nemouroidea.
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Figure 1. Phylogenetic analyses of Indonemoura auriformis based on the 13 protein-coding genes by BI and ML methods. The NCBI accession number for each spe-
cies is indicated after the scientific name.
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