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Comparative mitochondrial genome analysis of the Mongolian redfin,
Chanodichthys mongolicus (Xenocyprididae) from China reveals heteroplasmy
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ABSTRACT

This study determined the mitochondrial genome (mitogenome) of Chanodichthys mongolicus from
China’s Qiantang River and analyzed its phylogenetic history in the Subfamily Cultrinae. Next-gener-
ation sequencing was used to obtain the mitogenome of C. mongolicus, GenBank Accession Number
MZ032228. The mitochondrial genome length of C. mongolicus from China’s Qiantang River is
16,622 bp. The genome contains 13 protein-coding genes, 22 transfer RNAs, two ribosomal RNAs, and
two central noncoding regions (the control region and the origin of light strand replication). Based on
BLAST comparisons, the sequence identity of C. mongolicus MZ032228 from China’s Qiantang River was
99.84% to that of Ancherythroculter wangi MG783573 from China’s Nei River, 99.75% to C. mongolicus
AP009060 from Russia’s Black River. The phylogenetic analysis is consistent with BLAST comparisons in
confirming that A. wangi MG783573 and C. mongolicus MZ032228 show a high genetic similarity. This
study also confirms mitochondrial DNA heteroplasmy in C. mongolicus for the first time and documents
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35 heterogeneous loci that were detected.

Introduction

The Mongolian redfin Chanodichthys mongolicus (Basilewsky
1855) is an economically important species of ray-finned fish
classified in the genus Chanodichthys. The species is widely
distributed in many reservoirs and lakes of China (Chen
1998). The Mongolian redfin was once recognized as the
main aquaculture species in China (Xie et al. 2019). However,
due to overfishing, habitat destruction, and water pollution,
C. mongolicus stocks in natural have seriously
declined. In recent years, the artificial propagation and
release of the Mongolian redfin have been carried out in
some regions of China (Xie et al. 2019). At present, genetic
studies on C. mongolicus are relatively few. Although some
researchers have reported the mitochondrial genome (mito-
genome) of C. mongolicus (Saitoh et al. 2006; Tong et al.
2014; Wei et al. 2016), comparative mitogenomic analyses of
C. mongolicus from the different geographical populations
have not been reported. In this study, the mitogenome of C.
mongolicus from China’s Qiantang River was determined for
the first time. A comparative analysis of the mitogenomes
among C. mongolicus was undertaken. Other culter fishes are
also included in the analyses to confirm the phylogenetic
position of C. mongolicus in the Cultrinae. In addition, mito-
chondrial DNA (mtDNA) heteroplasmy in C. mongolicus is
investigated and documented for the first time.

waters

Materials and methods

The Mongolian redfin was harvested from Qiantang River
(120°10713.15”E, 30°07’11.22"N) and deposited at the
National Original Breeding Farm of black Amur bream from
Qiantang River (120°07/21.99"E, 30°08'35.53”N, www.hznky.
com, Kai Liu, liukai0106@email.cn). The total genomic DNA
from the fin tissue (assigned as MGB201906) was extracted
by the phenol-chloroform extraction method (Green and
Sambrook 2012). After the genomic DNA was quantified, the
DNA was sonicated using a Covaris M220. The sheared DNA
fragments were purified and used to construct a sequencing
library with the following steps: end-polished, A-tailed, and
ligated with the full-length adaptor for Illumina sequencing
with further PCR amplification (Quail et al. 2008). Finally, the
purified DNA fragments were subjected to next-generation
sequencing (NGS). The NGS was performed by Personal Gene
Technology CO., Ltd (Shanghai, China). The mitochondrial
genome of the Mongolian redfin was obtained by sequence
assembly on the NGS data using GetOrganelle ver. 1.7.3.5 (Jin
et al. 2020) with average base coverage of 151.8. The acces-
sion was registered GenBank under accession number
MZ032228. The annotation process was completed using the
MITOFISH prediction server (lwasaki et al. 2013). Mitogenome
sequence consistency was compared by CGView Comparison
Tool ver. 1.0 (Grant et al. 2012). Detection of mitochondrial
heteroplasmy in C. mongolicus was performed by NOVOPIasty
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Figure 1. A BLAST-based pie chart of the sequence identity of the mitochondrial genomes of Chanodichthys mongolicus, Ancherythroculter wangi, and
Ancherythroculter kurematsui from the different geographical populations. The circle from outside to inside represents Chanodichthys mongolicus MZ032228 from
China's Qiantang River, Ancherythroculter wangi MG783573 from China’s Nei River, Chanodichthys mongolicus AP009060 from Russia’s Black River, Chanodichthys
mongolicus KF826087, Chanodichthys mongolicus KC701385 from China’s Heilong River, Ancherythroculter kurematsui KU234534 from China’s Jialing River, and

Ancherythroculter wangi MG575902 from China’s Qi River

ver. 43.1 (Dierckxsens et al. 2020) and visualized by Circos
ver. 0.69.8 (Krzywinski et al. 2009). The phylogenetic analysis
was performed by IQ-TREE ver. 2.1.3 with the complete mitoge-
nomes, under the TPM2 + F + | + G4 substitution model (Minh
et al. 2020). Mitogenome sequences were firstly aligned using
the MAFFT component of UGENE ver. 38.1 (Okonechnikov et al.
2012) and then trimmed using trimAl ver. 1.2rev57 (Capella-
Gutierrez et al. 2009). SH-aLRT test values and Ultrafast
Bootstrap values were given in percentages (Hoang et al. 2018).

Results and discussion

The mitogenome of C. mongolicus from China’s Qiantang River
contains 22 tRNAs, two ribosomal RNAs, 13 protein-coding
genes (PCGs), and two central non-coding regions. Most genes
of C. mongolicus are encoded on the heavy strand (H-strand)
except for ND6 and eight tRNA, which are encoded on the
light strand (L-strand). Within the genome, all 13 PCGs include
the standard start codon ATG except for CO1, which is initi-
ated with GTG. However, the stop codons of the 13 PCGs dif-
fer, these terminating with TAG, TAA, TA- or T-—. The origin of
light strand replication (OL), which extends up to 31 nucleoti-
des, is identified in the WANCY region. The second non-coding
region, the control region (D-loop), is 938 bp in length and
located between tRNA-Pro and tRNA-Phe. The complete mito-
genome of C. mongolicus from China’s Qiantang River is
16,622 bp. The length is the same as two other C. mongolicus
mitogenomes (Saitoh et al. 2006; Wei et al. 2016), and one bp
longer than the mitogenome of C. mongolicus from China’s
Heilong River (Tong et al. 2014). Based on the comparison of
BLAST results (Figure 1), the sequence identity of C

mongolicus MZ032228 from China’'s Qiantang River is 99.84%
to that of Ancherythroculter wangi MG783573 from China’s Nei
River (Zou et al. 2018), 99.75% to C. mongolicus AP009060
from Russia’s Black River, 99.70% to C. mongolicus KF826087,
99.49% to C. mongolicus KC701385 from China’s Heilong River,
97.18% to Ancherythroculter kurematsui KU234534 from China’s
Jialing River (Wang et al, 2016), and 97.17% to A. wangi
MG575902 from China’s Qi River (Yan et al. 2017).

The phylogenetic analysis fully resolved C. mongolicus in a
clade with four other published mitogenomes (Figure 2).
These included the three sequences of C. mongolicus cited
above as well as the mitogenome of A. wangi MG783573.
Within the clade, the SH-aLRT and Ultrafast Bootstrap values
on some of the nodes were low. The A. wangi MG783573
sequence did not cluster with the other Ancherythroculter
sequences, including another A. wangi MG575902 (Yan et al.
2017). This finding appears to point to an error or misidentifi-
cation of that MG783573 specimen.

mMtDNA heteroplasmy in humans is common (Stewart and
Chinnery 2015) and has been observed and studied in both
invertebrates and vertebrates (Gajic et al. 2016; Gorkhali et al.
2016; Huang et al. 2019; Sriboonlert and Wonnapinij 2019). In
C. mongolicus, 35 heterogeneous loci were detected with an
average value of allele frequency and raw depth of 0.02 and
176.2, respectively (Figure 3). The heterogeneous loci are
mainly located in PCGs and are also present in the D-loop,
some tRNAs, and rRNAs. Polymorphic sites in the PCGs
resulted in 18 nonsynonymous and three synonymous substi-
tutions. The ND1 gene showed the most heterogeneous loci,
with seven loci. Based on the work by Wetjen et al. (2017), the
D-loop region was the primary region of mtDNA heterogeneity
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Figure 2. Phylogenetic tree of Chanodichthys mongolicus inferred using the maximum likelihood method based on the mitochondrial genome. Values are shown at
each node of the tree, correspond to the SH-aLRT test values and Ultrafast Bootstrap value given in percentages.

Figure 3. The detected heterogeneous loci are indicated by their position on the mitochondrial genome of Chanodichthys mongolicus.
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in fish detected by PCR methods. mtDNA heteroplasmy has
also been identified in many gene locations in Loricarioidei
using NGS data (Moreira et al. 2017). Heteroplasmic positions
were found in almost all Loricarioidei species, except one.
Mutations were scattered across the mitogenomes of
Loricarioidei. The result of mtDNA heteroplasmy detected in
Loricarioidei is similar to this study.
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