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ABSTRACT
The complete Eclipophleps carinata mitogenome was sequenced through Illumina HiSeq 2500 platform
and the resulting data were analyzed in this paper. The mitochondrial genome of E. carinata is a typical
circular DNA molecule of 15,781bp with 37 genes and 74.5% Aþ T content, which encoded 13 pro-
tein-coding genes (PCGs), 22 tRNA genes, two rRNA genes, and the control region. The E. carinata
mitochondrial genome and 27 mitochondrial genomes (downloaded from NCBI) were employed to
construct phylogenetic tree, in which Ruspolia dubia and Teleogryllus occipitails were the outgroups.
Phylogenetic reconstruction validated the taxonomic status of E. carinata, which was placed in the
monophyletic Gomphocerinae in Acrididae.
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Eclipophleps carinata L. Mitshenko, 1968 belongs to
Eclipophleps using morphometrics. It is only found in the
high alpine meadows area of western Mongolia. The genetics
of E. carinata have not been investigated despite the interest
in studying grasshopper biodiversity of western Mongolia.
Here, we present the complete mitochondrial genome of the
adult E. carinata collected from Mongolia in July 2019, and
the typical specimen was kept in the Inner Mongolia Normal
University nature museum.

Materials and methods

The specimens in this experiment were taxonomically identi-
fied by Professor Nonnaizab from Inner Mongolia Normal
University, and the E. carinata specimen was collected from
Mongolia, Lake Tonkhil, Tonkhil soum, province Govi Altai
(46.15131N, 93.53942 E, 2107) in July 2019.

The total genomic DNA was extracted and sequenced
using Illumina HiSeq 2500 platform, de novo assembly was
conducted by SPAdes v3.10.1 (http://cab.spbu.ru/software/
spades/) with K-mer auto (Boardman et al. 2019).

Different from the published mitochondrial genomic of
the Gomphoceridae in NCBI, the location and fragment size
of protein-coding genes, tRNA genes, rRNA genes and D-loop
region were determined. tRNAscan-search server (http://lowe-
lab.ucsc.edu/tRNAscan-SE/) and MITOS web server (http://
mitos.bioinf.uni-leipzig.de/index.py) were applied to predict
the tRNA genes secondary structure, which cannot be pre-
dicted accurately on the online website, thus it is necessary

to manually predict the secondary structure of tRNA gene
according to the published secondary structure of tRNA
gene. The base content, sequence length and codon prefer-
ence of mitochondrial genome, J-chain coding genes, N-chain
coding genes were analyzed and counted in MEGA X respect-
ively (Sudhir et al. 2018).

We retrieved and downloaded nucleotide sequences of
the 13 protein-coding genes for 27 species of insects from
the NCBI. Protein-coding genes of the E. carinata determined
in the current study were added, thus generating a dataset
of 28 taxa (27 Acrididae species and two outgroup species
(Ruspolia dubia and Teleogryllus occipitails as outgroups)).
Each protein-coding gene was aligned individually based on
codon-based multiple alignments using the MAFFT (Kazutaka
et al. 2005) algorithm within the Phylosuite (Zhang et al.
2020). Poorly aligned sites were removed from the protein
alignment before back-translate to nucleotides. The best-fit
evolutionary model was searched by ModelFinder
(Kalyaanamoorthy et al. 2017) algorithm within the
Phylosuite. The ML phylogenetic analyses were performed by
IQ-TREE v1.6.8 (Nguyen et al. 2015), select Ultrafast for
‘Bootstrap,’ select 5000 for ‘Num of Bootstrap,’ ensure SH-
alRT test, and the default value of repeated sampling is 1000.

Results

The mitochondrial genome of E. carinata is a typical circular
DNA molecule of 15,781 bp with 37 genes and biased toward
A and T, with 74.4%, it included 42.9% A, 31.5% T, 15.0% C,
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and 10.6% G, submitted to NCBI (https://www.ncbi.nlm.nih.
gov/genbank/), which was assigned the accession MN968347.

The location of the 13 PCGs is identical to that for
Gomphocerippus rufus mitogenome with nine PCGs on the J
chain, and four on the N chain (Sun et al. 2010). The Aþ T
content of protein-coding genes, tRNA genes, rRNA genes,
and control region are all higher than that of GþC, which
are 73.8%, 72.2%, 76.0%, and 79.6% respectively.

Among the PCGs, ATG is the start codon among seven
PCGs (ND2, COII, ATP6, COIII, ND4, ND4L, and CYTB), ATT for
three (ND5, ND6, and COI), ATA for two (ND3 and ND1), and
ATC for ATP8, TAA is the stop codon for 12 PCGs and TAG
for ND1. The overlapping areas of ATP6/ATP8 and ND4/ND4L
are both 7 bp, which is ‘ATGATAA,’ this phenomenon was
also found in many invertebrates, including Brachyrhynchus
hsiaoi (Li et al. 2016), Aradus compar, Libiocoris heissi, and
Aneurus sublobatus (Song et al. 2016).

The mitogenome consisted of 22 tRNAs and two rRNAs.
All of 22 tRNAs range from 62bp (tRNAPro) to 71 bp(tRNAVal).
The DHU arm of tRNASer(AGN) has only one base pair and can
not form a typical secondary structure, there are only two
bases on the DHU loop. Both rRNAs are AT rich with >70%.
The 16S rRNA is 1302 bp and the 12S rRNA is 792 bp. The
length of the control region is 948 bp.

We constructed the maximum-likelihood (ML) phylogen-
etic tree based on the 13 PCGs of 28 species (including two
outgroups from Gryllidae and Tettigoniidae). The phylogen-
etic tree topology structure is (Pyrgomorphidaeþ

(pamphagidaeþ (Acrididae))) (Figure 1). Eclipophleps carinata
is assigned to be within the family of Gomphocerinae in
Acridoidea. The phylogenetic relationship resulted from this
study bearing bothsimilarities and differences in comparison
to those based on morphology. Except for Gomphocerinae,
all taxa in this study are monophyletic, which is supported
by very high-confidence value in both trees. It is obvious that
dense taxonomic sampling of Gomphocerinae is in demand
to analyze the phylogenetic position of this group of grass-
hoppers (Zhang et al. 2016).
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Figure 1. Phylogenetic tree obtained from maximum-likelihood (ML) analysis based on PCGs of 28 species. The best-fit evolutionary model is GTRþ FþG4.
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