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ABSTRACT
In the present study, the complete mitochondrial genome of Lepidozona coreanica was sequenced and
described. The complete mitogenome sequence of L. coreanica is 16,572bp long and contains 13 pro-
tein-coding genes (PCGs), 22 transfer RNA (tRNA) genes, and two ribosomal RNA (rRNA) genes. The
base composition was AT biased (70.1%). The 13 PCGs of L. coreanica and the other 15 species of
Polyplacophora were used for phylogenetic analysis using maximum-likelihood methods. The results
showed that L. coreanica, Ischnochiton hakodadensis, and Chaetopleura apiculata are sister groups of
the three lineages.

ARTICLE HISTORY
Received 1 August 2022
Accepted 17 February 2023

KEYWORDS
Chiton; Lepidozona
coreanica; mitochondrial
genome; phylogenetic
analysis

Introduction

Lepidozona coreanica (Reeve, 1847) (Polyplacophora,
Chitonida, Ischnochitonidae) (Figure 1) is an oblong and oval-
shaped marine mollusk averaging 22mm in length and
15mm in width, which is morphologically composed of a
large muscular foot that allows it to adapt conform to irregu-
lar surfaces (Garcia-Ibanez et al. 2013; Owada 2018). In China,
it is commonly found in the intertidal zone along the coast,
particularly on the north coast; however, it is uncommon on
the south coast. It has also been spotted in the Korean
Peninsula and Japan (from Hokkaido to south of Kyushu) and
plays an important role in maintaining community structure
and dynamics on rocky shores (Xu et al. 2020). Most chitons
are edible and have medicinal properties. In particular, L. cor-
eanica, has been used as a research material for biominerali-
zation and natural nanomaterials containing large amounts
of magnetite in the form of nanoparticles (Kirschvink and
Lowenstam 1979). The taxonomy of L. coreanica has not yet
been clarified at the molecular biological level; thus, it has
only provisionally been assigned to the Ischnochitonidae
family (Higo 1999). Therefore, it is important to elucidate the
taxonomy of L. coreanica based on the complete mitochon-
drial genome while considering the threat to population gen-
etic diversity from coastal land reclamation and commercial
exploitation.

Materials and methods

Samples used for sequencing were collected from Jingouzhai,
Yantai, Shandong Province, China (37�3105200N, 121�2601600E).
The samples were stored in 70% ethanol immediately after
collection (Pu et al. 2017). A specimen has been deposited in
the marine specimen room of Yantai University (https://lsc.
ytu.edu.cn/index.htm, Jiangyong Qu, qjy@ytu.edu.cn) under
the specimen number YTU-LSC-201900370015. The mitochon-
drial genome sequence of L. coreanica has been stored in
GenBank under accession number NC_046935. Genomic DNA
was extracted from animals using a mitochondrial DNA col-
umn extraction kit (Sequencing Grade, BioRab, Beijing,
China), and quality control was performed on the purified
DNA samples. The mitochondrial genome was sequenced
using the Illumina NovaSeq 6000 sequencing platform
(Shanghai BIOZERON Co., Ltd., Shanghai, China). Readings
were filtered using Trimmomatic 0.39 (http://www.usadellab.
org). The Q30 of the clean data was 94.3%, which could be
used for subsequent compilation and analysis. The clean data
were compiled using SPAdes v3.10.1 (http://bioinf.spbau.ru/
spades). The MITOS software (http://mitos.bioinf.uni-leipzig.
de/index.py) was used to identify protein-coding genes
(PCGs), transfer RNA (tRNA), and ribosomal RNA (rRNA) genes
in the mitochondrial genome. The mitochondrial genome
was obtained using OrganellarGenomeDRAW (Greiner et al.
2019). The phylogenetic tree was constructed by maximum-
likelihood (ML) in MEGA v11 (Tamura et al. 2021), using 13
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PCGs from 17 mitogenomes (L. coreanica, other 15 species
from Polyplacophora and one outgroup Haliotis discus han-
nai). Bootstrap values are evaluated using the bootstrap
method with 1000 repetitions.

Results

The complete mitochondrial genome of L. coreanica was
16,572 bp in length (GenBank accession number: NC_046935)
and comprised 13 PCGs, 22 tRNA genes, and two rRNA genes
(Figure 2). The overall base composition was A 36.1%, T
34.1%, G 14.5%, and C 15.4%, with a GC content of 29.9%.
Similar to the mitogenomes of other Polyplacophora species,
the GC content was almost 30% (Cui et al. 2019; Guo et al.
2019). Eight of the 13 PCGs started with ATG (cox1, cox2,
cox3, atp6, atp8, nad1, nad3, and nad5), two genes started
with ATT (nad2 and cytb), two genes started with ATA
(nad4L, and nad6), and one gene started with GTG (nad4).

Figure 1. L. coreanica reference image.

Figure 2. Gene maps of the mitochondrial genome of L. coreanica.
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Seven of the 13 PCGs had stop codons TAA (nad1, nad2,
nad3, atp6, cox1, cox3, and cytb), five had TAG (cox2, nad4L,
nad5, nad6, and atp8), and nad4 ended with an incomplete
stop codon T. Two rRNA genes, 12SrRNA and 16SrRNA, were
isolated by tRNA-Val (GTA). The 22 tRNA genes were between
64bp and 71 bp in length.

Discussion and conclusions

These mitochondrial genomes share the same gene order in
terms of the relative position of PCGs; however, some tRNAs
are rearranged (Figure 3). The main strand encoded seven
PCGs (cox1, cox2, atp6, atp8, cox3, nad3, and nad2) and 10

Figure 3. Mitochondrial gene orders of Polyplacophora main lineages: genes encoded in the major and minor strands are shown in the top and bottom lines,
respectively. The rearrangement of genes is colored.

Figure 4. Phylogenetic position of L. coreanica based on 13 mitochondrial protein-coding genes. Sixteen ingroups (Polyplacophora) and one outgroup. Numbers
next to each node indicate bootstrap support values. The content in parenthesis after the species name is the GenBank accession number. The following sequences
were used: NC_047421 (Irisarri et al. 2020), NC_047422 (Irisarri et al. 2020), NC_047423 (Irisarri et al. 2020), KY824658 (Guerra et al. 2018), KY827038 (Cui et al.
2019), NC_047425 (Irisarri et al. 2020), NC_024173 (Veale et al. 2016), NC_024174 (Veale et al. 2016), KY827039 (Guo et al. 2019), NC_047426 (Irisarri et al. 2020),
NC_001636 (Boore and Brown 1994), NC_026850 (Irisarri et al. 2020), NC_047424 (Irisarri et al. 2020), NC_026849 (Irisarri et al. 2020), NC_026848 (Irisarri et al.
2020), and KU310896 (Pu et al. 2020).
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tRNAs (trnD, trnK, trnT, trnP, trnK, trnA, trnR, trnN, trnI, and
trnS1). The remaining PCGs (nad5, nad4, nad4L, cytb, and
nad1) and 12 tRNAs (trnF, trnH, trnS1, trnP, trnL1, trnL2, trnV,
trnM, trnY, trnC, trnW, and trnQ) were located in the minus
strand. The trnF, trnS2, trnV, trnW, and trnT tRNAs are
arranged in either the minus strand or main strand. Both
rRNA genes are transcribed from the minus strand, with the
16S rRNA being flanked by trnL and trnV; the 12S rRNA is
located between trnV and trnM. The genome structure and
gene composition were comparable to those of species of
the Polyplacophora class, with the exception of Figure 3, indi-
cating that the control region was relatively stable. We inter-
rupted the non-coding control region between trnE and cox3
in the circle mitochondrial genome and placed it in the mid-
dle of a determined linear sequence for BWA alignment, and
calculated the coverage depth at each position (Additional
Figure 1).

The results of the constructed phylogenetic tree showed
with strong support that L. coreanica and Chaetopleura apicu-
lata are sister groups (SH-aLRT support ¼ 99%, Figure 4). It
also showed with strong support that I. hakodadensis
(Ischnochitonidae) was sister to L. coreanica
(Ischnochitonidae) and Chaetopleura apiculata
(Chaetopleuridae) (SH-aLRT support ¼ 99%, Figure 4).
Furthermore, the phylogenetic tree showed that
Ischnochitonidae (Chitonida) was relatively distant from
Nierstraszellidae (Lepidopleurida) and that the
Ischnochitonidae (Chitonida), Chitonidae (Chitonida), and
Chaetopleuridae (Chitonida) families were closer, which is
consistent with other studies (Irisarri et al. 2020). These
results provide new insights into the diversity of the
Polyplacophora mitogenome and the evolution of chitons.
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