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(Plecoptera: Perlidae)
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ABSTRACT
Flavoperla is a small genus in Acroneuriinae, which was established by Chu but was treated as a
synonym for a long time until Uchida and Harper recognized Flavoperla as a valid genus. This
genus includes 15 species in the world now, including six species from China. Here, we sequenced
and annotated the mitochondrial genome of Flavoperla sp. under the next-generation sequence
technology, the first representative of Genus Flavoperla. The complete mitochondrial genome of
Flavoperla sp. is 15,796bp in length with an Aþ T content of 68.3% showed a positive AT-skew
(0.037) and a negative GC-skew (�0.262). The gene order and organization of the mitochondrial
genome is consistent with other stoneflies. The control region had the highest Aþ T content.
Eleven PCGs started with the typical codon (ATN), the remaining PCGs started with TTG (ND1and
ND5). All PCGs terminated with TAA/TAG, except COII and ND5 used single T. The phylogenetic
tree by maximum likelihood (ML) and Bayesian (BI) methods supported that Flavoperla sp. was the
sister group to Niponiella limbatella.
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The subfamily Acroneuriinae of Perlidae contains more than
500 species worldwide (DeWalt et al. 2019). Flavoperla is a
small genus in Acroneuriinae that was initially established
by Chu (1929) but was treated as a synonym of genus
Gibosia by Wu (1935) for a long time until Uchida (1990)
and Harper (1994) recognized Flavoperla as a valid genus.
Recently, three species were described and reported from
Southwestern and Northwestern China. This genus includes
15 species in the world, including six species from China
(Chen 2019; DeWalt et al. 2019; Liu et al. 2019). Only five
mitochondrial genomes in the Acroneuriinae were
sequenced and published to date (Huang et al. 2015; Cao,
Li et al. 2019; Cao, Wang, Li et al. 2019; Cao, Wang, Zhang
et al. 2019; Li et al. 2019). Here, we sequenced and anno-
tated the mitochondrial genome of Flavoperla sp. under the
next-generation sequence technology, the first representa-
tive of Genus Flavoperla and reconstructed the phylogenetic
position of Flavoperla. The specimen of Flavoperla sp. was
collected in Huangshan Mountain, Anhui Province, China in
2016 (30.077�N, 118.164�E) by Cao Yuyan. The samples and
voucher specimens (No. Voh-0120) were stored in 100%
ethanol in the field and then stored at �20 �C in Henan
institute of Science and Technology (HIST), China. Genomic
DNA was extracted from the adult muscle tissues by the
Qiagen DNAeasy Blood & Tissue Kit (QIAGEN, Hilden,
Germany) stored at �20 �C until it was sent to sequencing.
The base composition was analyzed by MEGA version 7.0.14
(Kumar et al. 2016). We calculated the base composition by

using the formulas AT and GC skew (AT skew¼(A� T)/
(Aþ T), GC skew¼(G�C)/(GþC)) (Perna and Kocher 1995).

The complete mitochondrial genome of Flavoperla sp. is a
double-stranded closed-circular molecule of 15,796 bp in
length with the GenBank accession number MN419916.
Similar to other published stoneflies, the gene order, and
organization of the mitochondrial genome （ contains 37
genes and a control region）is consistent with those of puta-
tive ancestor of insects (Boore 1999). The mitochondrial gen-
ome of Flavoperla sp. with an Aþ T content of 68.3% showed
a positive AT-skew (0.037) and a negative GC-skew (–0.262).
The control region possessed the highest Aþ T content
(72.7), and the Aþ T content of the 13 PCGs, 22 tRNAs, 2
rRNAs was 67.1, 70.6, and 70.9%, respectively. Eleven PCGs
started with the typical codon (ATN), the remaining two
PCGs started with TTG (ND1and ND5). All PCGs terminated
with TAA or TAG, except COII and ND5 used the incomplete
T as stop codon.

To better understand the phylogenetic relationship of
the Flavoperla sp. with other closely related species, we
conducted the sequences of PCG and two rRNAs among
from eleven Perlidae and two Nemouridae species (as out-
groups) by maximum likelihood (ML) and Bayesian (BI)
methods to obtain the phylogenetic tree. The phylogenetic
tree (Figure 1) in this study was consistent with the pro-
posed and widely accepted view of the internal relation-
ships of the Flavoperla sp. was sister clade to
Niponiella limbatella.
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Figure 1. Phylogenetic analyses of Flavoperla sp. based on the sequences of PCG and two rRNAs by the maximum likelihood (ML) and Bayesian (BI) methods. The
accession number in NCBI of each species is indicated after the scientific name.
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