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ABSTRACT
The entire mitochondrial genome (mitogenome) of Glyptothorax minimaculatus was sequenced; it
spanned 16,536bp in length and contained 13 protein-coding genes (PCGs), 2 ribosomal RNAs, and 22
transfer RNA genes. A total of 37 genes formed a typical vertebrate mitochondrial gene arrangement. The
phylogenetic tree of Sisoridae based on 13 PCGs was constructed and supported that G. minimaculatus
was closely related to Glyptothorax sinensis, Glyptothorax zanaensis, Glyptothorax longinema, Glyptothorax
granosus and Glyptothorax lanceatus. The mitogenome of G. minimaculatus described in this study
provided molecular evidence for its current taxonomic status and laid a groundwork for further study
concerning phylogenetics within Sisoridae.
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Glyptothorax minimaculatus is a species in the family
Sisoridae (Chen 2013) and is distributed in the Yingjiang
River and Longchuan River in China. The description of this
species has mainly focused on current morphology, and the
genetic information of this species needs to be established.
In this study, we sequenced and characterized the complete
mitochondrial genome of G. minimaculatus and analyzed its
phylogenetic position within Sisoridae. This research was
expected to provide evidence for the current taxonomic sta-
tus and investigate the phylogenetic relationship with other
species in Sisoridae.

The specimen was obtained from the Longchuan River
(Yunnan Province, China) with geographic coordinates of
25.024�N, 98.677�E and deposited at the zoological Museum
of Southwest University under unique voucher number LJ-
SCH-2-4-202001004 (the contact person is the corresponding
author). The TIANamp genomic DNA Kit (Tiangen
Biochemistry Technology Co., Ltd., China) was employed for
total genomic DNA extraction from the muscle tissue. After
amplification and purification, the DNA libraries were con-
structed and then sequenced by an Illumina NovaSeq 6000
sequencing platform. Sequenced fragments were assembled
to procure the complete mitogenome by using GetOrganelle
version 1.7.0þ (Jin et al. 2020) and NOVOPlasty version 4.2
(Dierckxsens et al. 2016). The entire mitogenome was anno-
tated by using MITOS2 software (Bernt et al. 2013). All animal
operations in this study were approved and supervised by
the Committee of Laboratory Animal Experimentation at
Southwest University (Chongqing Province, China) and strictly

conformed to the guidelines (protocol number [2014]25)
enacted by the committee.

The entire mitochondrial genome of G. minimaculatus
spanned 16,536 bp in length and exhibited nucleotide con-
tents of 31.17% A, 25.87% T, 15.41% G, and 27.54% C. The
mitogenome formed a closed loop with a light (L) strand and
a heavy (H) strand and comprised 13 protein-coding genes
(PCGs, 11,414 bp in total), 2 ribosomal RNA genes (12S and
16S rRNA, 2,605 bp in total), and 22 transfer RNA (tRNA,
1,564 bp in total) genes. Except for ND6 and 8 tRNAs (Ala,
Asn, Cys, Tyr, Ser2, Glu, Pro, Gln), which were located on the
L-strand, the residuals were distributed on the H-strand (Miya
and Nishida 2000). Furthermore, the original replication on
the L-strand and the control region (D-loop) on the H-strand
were predicted.

In 13 PCGs, ATG was identified as the canonical start
codon for 12 PCGs, with the particular case that the COI
gene applied the GTG as its start codon. The use of stop
codons was varied as follows: TAA: COI, ATP6, ATP8, ND1,
ND4L and ND5; TGA: ND2, ND3 and ND6; TA-: COIII; T-: COII,
Cytb and ND4. The incomplete stop codons of TA- and T- are
ordinarily present in fish mitochondrial genes (Lee et al.
2019). Twenty-two tRNAs distributed between rRNAs and
PCGs were detected based on their respective anticodon
sequences. The 12S and 16S rRNAs clamped by tRNAPhe and
tRNALeu(TAA) and interposed by tRNAVal were 957 bp and
1,648 bp, respectively.

A phylogenetic tree based on concatenated sequences of
13 PCGs in 20 fish species was constructed by using the
neighbour-joining method with 1000 bootstrap replicates in
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the software MEGA 11 (Figure 1) (Tamura et al. 2021). G.
minimaculatus was clustered into the Glyptothorax branch
and closely related to Glyptothorax sinensis, Glyptothorax
zanaensis, Glyptothorax longinema, Glyptothorax granosus and
Glyptothorax lanceatus, with bootstrap probabilities of 100%.
The position of G. minimaculatus in the NJ tree supported its
current taxonomic status based on morphological features
and clearly indicated that it is a valid species.
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Figure 1. Neighbour-joining phylogenetic tree (bootstrap 1000) based on 13 mitochondrial protein-coding genes from 20 species. Glyptothorax minimaculatus is
highlighted by a ‘black pentacle,’ and bootstrap support values are shown on the nodes.
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