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ABSTRACT 
Schizothorax gulinensis sp. nov. is a new species of the genus Schizothorax from Sichuan, China 
(Cypriniformes: Cyprinidae). In this study, we have first reported the complete mitochondrial genome of 
S. gulinensis with Illumina sequencing. There were 16,587 nucleotide pairs in the mitochondrial genome 
(mitogenome) of S. gulinensis, including 13 protein-coding genes (PCGs), two ribosomal RNAs (rRNAs), and 
22 transfer RNAs (tRNAs), as well as one non-coding control region (CR). The proportion of nucleotides in 
mitochondrial genome was 29.67% (A), 25.45% (T), 17.84% (G), 27.05% (C), and Aþ T content was 55.12%. 
All PCGs have the same start codon of the standard ATG, excepting for that of NADH dehydrogenase subunit 
1 (nad1) which was the ATC, NADH dehydrogenase subunit 5 (nad5) which was the ATT and cytochrome c 
oxidase 1 (cox1) which was the ATC. Phylogenetic analysis results supported that S. gulinensis was closely 
related to Schizothorax grahami. The complete mitochondrial sequence of S. gulinensis will contribute to mito-
chondrial genome database and provide useful resources for population genetics and evolution analyses.
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1. Introduction

Schizothoracinae is an important subfamily of endemic fish on 
the Qinghai-Tibetan Plateau (QTP), which includes 12 genera 
and more than 70 species/subspecies (Qi et al. 2012; Xu et al. 
2016). However, in 1964, a new Schizothoracine fish was discov-
ered in Sichuan province (Cao and Wu 1964). It has been iden-
tified as a new species of the Schizothorax genus in the 
Cyprinidae family, and has been named Schizothorax gulinensis 
sp. nov. Ding et al. 2022 (Cypriniformes: Cyprinidae) (Ding et al. 
2022) (Figure 1). However, the comprehensive understanding 
of S. gulinensis ecology has been long hampered by the homo-
plasy of morphological characteristics due to the massive sub-
species. Besides, the inadequate genetic information restrains 
the further exploration of evolutionary phylogenetic relation-
ship of this species within Schizothoracinae family. In this sense, 
the complete mitochondrial genome of S. gulinensis was 
described in the present study through Illumina sequencing. 
Our results are expected to contribute to future research of the 
evolution and phylogenetic status of S. gulinensis.

2. Materials and methods

2.1. Sample collection and preservation

In this study, specimens of S. gulinensis were collected in live 
from a tributary (Baisha River) of the Chishui River, Gulin County, 

Sichuan Province, China (27�48051.0300 N, 105�45033.0500 E) in 
august 2022. The specimens were morphologically identified 
(Figure 1) and confirmed refer to previous studies (Ding et al. 
2022). The samples obtained were stored in the aquatic museum 
of Xichang University (accession number: DKXY-0101279, 
Dayong Xu, 512573607@qq.com).

2.2. DNA sequencing and genome assembly

Total genomic DNA was extracted from the muscle tissue 
using a DNeasy tissue kit (Qiagen, Beijing, China) following 
the manufacturer’s protocols. After DNA isolation, 1 lg of 
purified DNA was fragmented into approximately 500 bp by 
Covaris E220 system (Covaris, Woburn, MA). Afterwards, the 
fragmented DNA was used to construct short-insert libraries 
according to the manufacturer’s instructions (TruSeqTM Nano 
DNA Sample Prep Kit, Illumina), and then sequenced on an 
Illumina NovaSeq 6000 platform (BIOZERON Co., Ltd, 
Shanghai, China) with 150 bp paired-end reads length.

Prior to the assembly, the filtering step was performed 
through Trimmomatic 0.39 (Bolger et al. 2014), by which cer-
tain types of the raw reads were removed such as reads with 
adaptors, lower quality score than 20 (Q< 20), higher uncalled 
bases (‘N’ characters) percentage than 10% and any duplicated 
sequences. The read coverage depth map was shown in Figure 
S1. In order to reconstruct the mitochondrial genome, a de 
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novo combination and reference-guided assemblies were 
applied. There were three following steps to assemble the 
mitogenome. First, by using MitoZ version 2.3 (https://github. 
com/linzhi2013/MitoZ; Meng et al. 2019) the filtered reads 
were assembled into contigs, from which the potential mito-
chondrial contigs were extracted by the alignment with the 
mitogenome database from NCBI. Second, after the alignment 
of potential mitochondrial contigs were aligned with the refer-
ence mitogenomes using BLAST version 2.8.1þ (https://ftp. 
ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/; Camacho 
et al. 2009), the aligned contigs (�80% similarity and query 
coverage) were manually ordered and connected according to 
the reference mitogenomes. Third, whether these selected 
contigs were circular was confirmed by MUMmer version 3.23 

(https://github.com/chienchi/MUMmer; Kurtz et al. 2004). 
Eventually, the circle of the S. gulinensis mitogenome was 
obtained from the assembly steps above.

2.3. Annotation and analysis

The mitochondrion genes were annotated using the online 
MITOS tool (Bernt et al. 2013), using default parameters to 
predict protein coding genes, transfer RNA (tRNA) genes, and 
ribosome RNA (rRNA) genes. The position of each coding 
gene was determined using BLAST searches against ref mt 
genes. Manual corrections of genes for start/stop codons 
were performed in SnapGene Viewer by referencing the ref 
mt genome. The circular mt genome map of S. gulinensis was 
drawn using the CPGview tool (Figure S2) (Grant and 
Stothard 2008). Phylogenetic tree constructed using the IQ- 
TREE (Minh et al. 2020) and MrBayes (Ronquist et al. 2012) 
method based on the amino acid sequences of 13 proteins 
translated by the mitochondrial genome. And based on the 
BIC value, we selected mtVerþ F þ R3 as the best-fit model.

3. Results

The complete mitochondrial genome of S. gulinensis was 
16,587 bp in length (GenBank accession number OQ730545) 

Figure 1. The morphological characteristics of S. gulinensis (photographed by 
Yuanxing Dai).

Figure 2. Circular map of the mitochondrial genome of S. gulinensis.
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and the proportion of nucleotides in mitochondrial genome 
was A (29.67%), in which the proportion of each nucleotide 
was 29.67% (A), 25.45% (T), 17.84% (G), 27.05% (C) with the 
content of Aþ T as 55.12%. It consisted of 13 protein-coding 
genes (PCGs), 22 tRNA genes, and two rRNA genes (Figure 2, 
Figure S2). Twelve out of all 13 PCGs encoded on the heavy 
strand, while nad6 was the only PCG located in the light- 
strand. Similar to the PCGs, 14 of the 22 tRNA genes were pref-
erentially located in the heavy strand as well. The PCGs used 
three different start codons: ATT, ATC, or ATG and two stop 
codons: TAA or TAG, except that cox2, nad4, and cob ended 
with T. The conserved 13 PCGs varied in length from 165 bp 
(atp8) to 1815 bp (nad5). The length of 22 tRNAs ranges from 
67 bp (tRNA-Cys) to 74 bp (tRNA-Leu). The length of 12S rRNA 
and 16S rRNA was 954 and 1677 bp, respectively (Table S1). 
The gene arrangement of S. gulinensis mitochondrial genome 
was identical to that of other Schizothorax genus.

Given the mitogenome of zebrafish as the outgroup data 
(Broughton et al. 2001), the maximum-likelihood phylogenetic 
tree was constructed to infer the phylogeny relationship using 
the protein sequences of the 13 PCGS of 28 species. In Figure 
3, S. gulinensis was preferentially clustered into a clade with 
S. grahami (Zheng et al. 2016) then with the clade of other 
species in the schizothorax genus, indicating that S. gulinensis 

is most closely related to S. grahami. In this sense, the analysis 
of molecular phylogenetics in the present study supported the 
attribution of S. gulinensis to the schizothorax genus (Ding 
et al. 2022). Considering that the nuclear genomes of the 
schizothorax genus where S. gulinensis belongs have not been 
sequenced, our results of the complete mitochondrial genome 
sequence for gulinensis are expected to be contributive for the 
future phylogeographical studies of the schizothorax genus.

4. Discussion and conclusion

The uplift of the QTP plays an important role in the formation 
of the intricate water ecological environment, which also has 
a profound impact on the production of rich and diverse 
schizothorax fish. The distribution of schizothorax fish has a 
complex water system pattern, which may cause the migration 
of the same fish species between different water and hybrid-
ization between species within the same water (Li et al. 2015). 
This phenomenon leads to a significant similarity in the 
morphology of schizothorax fish, which increased the difficulty 
in studying the morphology of this species. In addition, with 
the increasing demand for protection and development of fish 
resources, the requirements for accurate identification of 
schizothorax species and optimal selection of species resources 

Figure 3. The phylogenetic tree was constructed using the amino acid sequences of 13 proteins translated by the mitochondrial genome of 28 species based on 
the maximum likelihood with 1000 bootstrap replicates using IQ-TREE. The bootstrap support values were shown by the numbers on the branches, and the red font 
represented the target species in this study. GenBank accession numbers were provided near branch tips for all sequences used. References used for comparative 
analysis were provided in Table S2.
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are also increasing. Conventional morphological data and 
detection methods are difficult to satisfy the identification and 
evaluation demand, therefore, we need to use molecular biol-
ogy methods to provide more scientific basis for identification 
of this species. In recent years, mitochondrial DNA has grad-
ually been applied to research on species evolution, popula-
tion genetic diversity, phylogenetic relationships, and species 
classification (Mabuchi et al. 2006) due to its genetic character-
istics, such as semi autonomy, maternal inheritance, poly-
morphism, large copy count, extremely high mutation rate, 
and unorganized specificity (Meland et al. 1991).

In this study, we reported the whole mitochondrial genome 
information of S. gulinensis and analyzed the genetic structure 
and identified its position in phylogenetic evolution with other 
subfamilies. The mitochondrial genome of S. gulinensis was 
16,587 bp in length and expresses high AT bias. Phylogenetic 
analysis revealed the phylogenetic position of S. gulinensis and 
indicated that S. gulinensis belongs to the schizothorax genus 
(Ding et al. 2022). The complete S. gulinensis mitochondrial 
genome reported here adds to the number of schizothoracine 
fish mitochondrial genomes available for future work. 
Additionally, our contributed genome was helpful in the 
accurate identification of S. gulinensis through combined with 
a previously published analysis of S. gulinensis morphological. 
And this study will contribute to the future research on popu-
lation genetics and evolution of Schizothorax genus.
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