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Abstract

Chaeturichthys stigmatias and Amblychaeturichthys hexanema belong to the family Gobiidae, which are offshore
warm fish species and widely distribute in the western Pacific Ocean. In this study, the mitochondrial cytochrome
c oxidase subunit I (COI) sequences and 12S ribosomal RNA (12S rRNA) sequences were used to analyze the
interspecific differences between the two species. The phylogenetic analysis showed that the interspecific
distance was significantly higher than the intraspecific genetic distance. The Neighbor-Joining tree showed two
separate clusters, without sharing haplotype. The mitochondrial genome sequence of C. stigmatias was also
reported. This genome was 17 134 bp in size, with a high A+T content of 55.9%. The phylogenetic analysis based
on the tandem 13 coding protein genes nucleotide sequences indicated that C. stigmatias showed a close
relationship with A. hexanema. This study can provide the basic genetic data for two species and will help for
constructing the phylogeny of the Gobiiade.
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1 Introduction

Chaeturichthys stigmatias and Amblychaeturichthys hex-
anema, belong to the Gobiiade, Perciforms (Wu and Zhong,
2008). They are offshore warm fish species which are widely dis-
tributed in Korea, Japan and China. Chaeturichthys stigmatias
mainly inhabits the sandy-mud bottom and lives on benthonic
fauna (Chen et al., 2016). It was reported to be the dominant spe-
cies in the Huanghe River Estuary and its adjacent waters (Meng
et al.,, 2017). Amblychaeturichthys hexanema mainly inhabits the
shallow and estuarine waters (Li et al., 2000) and lives on more
than 40 kinds of food organisms (Han et al., 2013).

The morphological characters like body shape and color of C.
stigmatias are similar to A. hexanema (Nelson et al., 2006), and
then they are often wrongly classified. Both species roughly have
the same number of fin ray and fin spines on their first dorsal fin.
Besides, they have 3-4 pairs of short tentacles on the chin of both
species, which are different from most other gobies. The dorsal
fins of these two species have scattered black stripes, while C.
stigmatias has a black spot on the posterior of the first dorsal fin
(Wu and Zhong, 2008). However, this characteristic is often not
obvious enough to distinguish them. Previous ichthyologic re-
searches had placed them into the Chaeturichthys genus (East
China Sea Fishery Research Institute of Chinese Academy of
Fishery Sciences, 1990). Qu (2018) thought that C. stigmatias and
A. hexanema were very similar in morphology and showed
closely genetic relationship in morphological tree among 28 goby

fish. The otolith morphology of the two species was also relat-
ively similar, and it was difficult to distinguish them (Yu, 2014).

There have been abundant reports on morphology, otolith,
ingestion of C. stigmatias and A. hexanema until now (Mei et al.,
2010; Han et al., 2013; Meng et al., 2017). However, few genetic
studies of C. stigmatias and A. hexanema were conducted. The
complete mitochondrial sequences of C. stigmatias (KC495071.1)
and A. hexanema (KT781104) were determined (Sun et al., 2015;
Jin et al., 2012), however, two complete mitochondrial genomes
showed high homology. The structures of mtDNA D-loop region
and mitochondrial cytochrome c oxidase subunit I (COI) se-
quence between the two sequences are also basically the same.
Therefore, these two species may have been misidentified.

The molecular tools like DNA barcoding are often required to
identify marine fish because the morphological characters of
many species are too similar to identify (Smith et al., 2008). The
mitochondrial COI gene, usually used as DNA barcoding, has
been widely used in species identification (Wang et al., 2018;
Puckridge et al., 2013), description of new record species or new
species (Guo et al., 2010; Gao et al., 2011) and discovery of cryptic
species (Zemlak et al., 2009; Suh et al., 2019). Besides, 12S rRNA
gene has been recently developed as DNA mini-barcoding. It can
be used in environmental samples needing universal primers,
processed biological material such as food products and archival
specimens of DNA degradation because it has shorter length and
can be more efficient amplification (Meusnier et al., 2008;
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Shokralla et al., 2015). Masaki et al. (2015) aligned whole 12S
rRNA sequences from 180 species and designed a set of universal
PCR primers (MiFish-U/E) of fish, and they have been widely
used for identification of marine fish.

This study re-determined the complete mitochondrial gen-
ome of C. stigmatias and analyzed the interspecific difference
between C. stigmatias and A. hexanema by COI gene and 12S
rRNA gene. This study is conducive to reconstruct the phylogeny
of the Gobiiade and can provide effective basic data for two goby
species.

2 Materials and methods

2.1 Sample collection

A total of 30 ind. of C. stigmatias and 24 ind. of A. hexanema
from the seacoast of Qingdao, Shandong Province, China, were
collected in this study. The information of samples was shown in
Table 1. The two goby species were initially identified by the mor-
phological characters like black spot on the first dorsal fin, and
then COI and 12S rRNA sequences were amplified and analyzed.
A piece of skeletal muscle of these samples was excised for DNA
extraction and preserved in 95% ethanol until use. The COI se-
quences and 12S rRNA sequences of 30 ind. of C. stigmatias and
24 ind. of A. hexanema were amplified for studying the interspe-
cific difference. One ind. of C. stigmatias was used for determin-
ing its complete mitochondrial genome sequence.

2.2 DNA extraction, PCR amplification and sequencing

Total genomic DNA was isolated from the muscle tissue by
proteinase K digestion followed by the standard phenol/chloro-
form method (Sambrook et al., 1989).

Primers used for the amplification of the COI gene were F1-5'-
TCAACCAACCACAAAGACATTGGCAC-3' and R1-5'-TAGACTT
CTGGGTGGCCAAAGAATCA-3’ (Ward et al., 2008), and the 12S
rRNA sequences were amplified by primers, MiFish-U-F: 5'-
GTCGGTAAAACTCGTGCCAGC-3' and MiFish-U-R: 5-CATAGT-
GGGGTATCTAATCCCAGTTTG-3' (Masaki et al., 2015).

All PCRs were performed in an Eppendorf thermal cycler
(A300 Fast Thermal Cycler). TaKaRa Ex Taq were used for poly-
merase chain reaction (PCR). PCR was carried out in 25 pL
volumes containing 0.15 pL. Tag DNA polymerase, 1 pL template
DNA, 2.5 pL 10x DNA loading buffer, 2 pL dNTP, 1 pL forward
and reverse primer. The PCR amplification was carried out un-
der the following conditions: 3 min initial denaturation at 95°C,
and 40 cycles of 45 s at 94°C for denaturation, 45 s at 52°C for an-
nealing, and 45 s at 72°C for extension, and a final extension at
72°C for 5 min (Liu et al., 2007).

Subsequent complete sequence of C. stigmatias was accom-
plished by primer walking method. Thirty-five normal PCR
primer sets were designed to accomplish the entire mitogenome

(Table A1). It was essential that every two contiguous segments
overlapped by at least 50 bp to ascertain the accuracy of sequen-
cing. The PCR amplification process was the same as above ex-
cept for the annealing temperature. The annealing temperature
of primers were shown in Table Al.

All PCR products were detected by 2% agarose gel electro-
phoresis, the products with good amplification effect were sent to
Tsingke Biotech Co., Ltd. (China) for sequencing. To ensure the
accuracy of the sequences, each sample was sequenced in both
directions.

2.3 Sequence analysis

The obtained sequences were analyzed by DNASTAR soft-
ware (Madison, USA). ARLEQUIN 3.5 was used to calculate hap-
lotype diversity (h), and nucleotide diversity (1) (Excoffier et al.,
2005). Nucleotide composition and genetic distance were ana-
lyzed using MEGA 5 based on the Kimura 2-parameter model
(Tamura et al., 2011).

The mitochondrial genome sequence alignment was per-
formed initially using DNASTAR software (Madison, USA) with
default parameters, and further adjusted manually (Burland,
2000). Locations for protein-coding genes and rRNAs were de-
termined by DOGMA (Wyman et al., 2004) with default settings.

Phylogenetic analysis was constructed by Neighbor-joining
(NJ) analysis with MEGA 5.0 (Saitou and Nei, 1987; Tamura et al.,
2011). The bootstrap values in NJ analysis was 1 000 (Felsenstein,
1985).

3 Results

3.1 The interspecific difference between C. stigmatias and A. hex-
anema

In this study, the length of COI homologous fragments of C.
stigmatias and A. hexanema was 622 bp (GenBank accession:
MT568667-MT568696 and MT568697-MT568720). The average
base composition content of C. stigmatias was 23.6% for A, 26.9%
for C, 18.2% for G, 31.3% for T, and A. hexanema was 23.8% for A,
28.0% for C, 19.0% for G, 29.2% for T. The content of C+G was
slightly higher than that of C. stigmatias.

A total of 9 polymorphic sites, 7 transition and 2 transversion
were detected in 30 ind. of C. stigmatias. These sequences could
be defined as 11 haplotypes. Besides, a total of 13 polymorphic
sites, 11 transition and 2 transversion were detected in 24 ind. of
A. hexanema, and 7 haplotypes were defined by these sites. No
base insertions or deletions were detected within the two species.

The number of haplotype and haplotype diversity of two
gobies obtained based on the COI gene were shown in Table 2.
The genetic diversity parameters of C. stigmatias were higher
than those of A. hexanema. The intraspecific genetic distance of
A. hexanema and C. stigmatias was 0.002 and 0.003, respectively,

Table 1. The sampling information of C. stigmatias and A. hexanema

Species Sampling site Sampling time Sample number/ind. Body length/mm Weight/g
C. stigmatias Qingdao Dec. 2018 30 94.75-196.17 4.4-39.4
A. hexanema Qingdao Dec. 2018 24 67.63-133.06 2.7-20.3

Table 2. Genetic diversity parameters of C. stigmatias and A. hexanema based on COI gene

Parameter

A. hexanema

C. stigmatias

Sample number/ind.
Haplotypes number/ind.
Haplotype diversity
Nucleotide diversity

0.445 7+0.126 0
0.002 0+0.001 4

24 30

7 11
0.564 4+0.037 6
0.002 9+0.001 9
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and the intraspecific genetic distance between two species was
0.187. Clustering analysis of COI haplotypes was conducted us-
ing NJ method (Fig. 1). The result showed that the two species
clustered separately, without sharing haplotype.

A total of 194 bp 12S rRNA gene homologous fragments of C.
stigmatias and A. hexanema were amplified (GenBank accession:
MT614220-MT614249 and MT614190-MT614213). The contents
of A, T, C and G of C. stigmatias and A. hexanema were 20.6%,
34.9%, 20.3%, 24.2% and 20.8%, 32.5%, 22.2%, 24.5%, respectively.
The content of A+T was slightly higher than that of G+C, which
was similar to the characteristics of higher A+T content in other
fishes (Sun et al., 2012; Liu et al., 2012).

A total of 1 polymorphic site was found within the 12S rRNA
sequences. Two haplotypes were defined by these sites in the 30
ind. of C. stigmatias (Table 3). There was 1 polymorphic site in the
12S rRNA sequences of 24 ind. A. hexanema. This site could be
defined as 2 haplotypes (Table 3). The NJ phylogenetic tree con-
structed by haplotypes of this two species showed that the two
species could be clearly divided into two branches, which was
consistent with the analysis results of the COI sequences (Fig. 2).

3.2 Complete sequence analysis

The mitochondrial genome of C. stigmatias was acquired
(MNO038166), and it was 17 134 bp in length, covering 13 protein-
coding genes, 22 tRNA, 2 rRNA genes, 1 OL and 1 D-loop region
(Fig. 3). The overall nucleotide composition was 28.2% for A,
27.7% for T, 28.0% for C, and 16.1% for G, with a slight AT bias of
55.9%, which was similar to other goby fishes (Jin et al., 2012). In
13 protein-coding genes, the longest one was ND5 (1 842 bp in
length), whereas the shortest one was ATP8 (165 bp in length).
The lengths of tRNA genes were ranged from 64 bp (tRNA-Cys) to
74 bp (tRNA-Val, tRNA-Asn). As other vertebrates, with the ex-
ception of ND6 and 8 tRNAs (tRNA-Ala, tRNA-Asn, tRNA-Cys,
tRNA-GIn, tRNA-Tyr, tRNA-Pro, tRNA-Glu, tRNA-Ser), all of the
observed mitochondrial genes were found to be encoded on H
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79 L Hap 12
Hap 16
Hap 14
Hap 18

C. stigmatias

100

|- Hap 6
Hap 5
9

Hap 3
Hap 8
Hap 7

Acanthogobius ommaturus

78 A. hexanema

82

Fig. 1. Neighbor-joining tree for COI haplotypes of A. hexanema
and C. stigmatias. Bootstrap values of >70% (out of 1 000 replic-
ates) are shown on the nodes.

Table 3. Genetic diversity parameters of C. stigmatias and A.
hexanema based on 12S rRNA gene

Parameter A. hexanema C. stigmatias
Sample number/ind. 24 30
Haplotypes number/ind. 2 2
Haplotype diversity 0.507 2+0.044 5 0.516 9+0.031 4

Nucleotide diversity 0.002 6+0.002 6 0.002 7+0.002 6

Hap 1
100
A. hexanema
Hap 2
Hap 4
C. stigmatias
100
Hap 3

Acanthogobius ommaturus

Fig. 2. Neighbor-joining tree for 12S rRNA haplotypes of A. hex-
anema and C. stigmatias.

strand.

All the protein-coding genes started with the ATG codon ex-
cept for COI and ND6, that started with GTG and CTA, respect-
ively. Two types of stop codons were used by the coding genes:
TAA (NDI, ND2, COI, ATP8, ATP6, ND4L, and ND5) and incom-
plete stop codon T (COII, COIII, ND3, ND4, and ND6). The con-
trol region (D-loop) was 992 bp sequence located between the
tRNA-Pro and tRNA-Phe genes. The 12S rRNA and 16S rRNA
were located between the tRNA-Phe and tRNA-Leu genes and
separated by the tRNA-Val gene. Sequence analysis showed that
many overlaps between genes (Table 4).

Phylogenetic tree based on the tandem 13 coding protein
genes nucleotide sequences was constructed by NJ method (Fig. 4).
From the tree topologies, this study could conclude that C. stig-
matias was genetically closest to A. hexanema, and then to Oxy-
urichthys formosanus among 12 species within Gobioidei.

4 Discussion

DNA barcoding developed in recent years is an effective and
efficient molecular tool used in species identification, especially
for closely related fish species (Stoeckle, 2003; Hebert et al.,
2003a, b). For example, Ward et al. (2005) analyzed the COI gene
of 270 species of marine fish and resulted in all fish species could
be discriminated by the COI gene. Compared with the conven-
tional DNA barcoding, mini-barcoding like 12S rRNA barcoding
was developed recently. It has shorter length and can be effi-
ciently amplified, which can overcome some problems existing in
traditional DNA barcoding, such as DNA degradation in biologic-
al food products and old archival specimens, high sequence vari-
ability in environmental samples (Meusnier et al., 2008; Shokralla
etal., 2015).

In this study, the result of conventional COI barcoding and
12S rRNA mini-barcoding analysis all indicated that there were
significant genetic differences between C. stigmatias and A. hex-
anema, and the NJ tree based on COI and 12S rRNA haplotypes
showed that the two species were clustered separately, which
verified the validity of these two barcoding in interspecific identi-
fication. Therefore, combination of morphology and DNA bar-
coding to solve the problems of classification and identification
will be more effective and accurate (Cywinska et al., 2006; Pfen-
ninger et al., 2007).

The mitochondrial genome has been widely used in evolu-
tionary biology, population genetics and molecular ecology
(Inoue et al., 2001; Miya et al., 2005; Lavoué et al., 2007). It has
been proved that mitogenomic data can be used to resolve the
controversial problems of phylogenetic relationships (Miya et al.,
2003; Boore, 2006). In this study, the mitochondrial genome se-
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Fig. 3. The gene map of the complete mitochondrial genome of C. stigmatias. Genes encoded on the H-strand and L-strand are
shown outside and inside the circular map of the mitogenome, respectively.

Table 4. Complete mitochondrial genome characteristics of C. stigmatias

Gene Start position/bp Stop position/bp Size/bp Intergenic nucleotide Start codon Stop codon Strand
tRNA-Phe 1 68 68 0 - - H
12S rRNA 69 1017 949 0 - - H
tRNA-Val 1018 1091 74 0 - - H
16S rRNA 1092 2774 1683 0 - - H
tRNA-Leu 2775 2847 73 0 - - H
ND1 2848 3822 975 3 ATG TAA H
tRNA-Ile 3 826 3895 70 -1 - - H
tRNA-GIn 3895 3964 70 1 - - L
tRNA-Met 3966 4033 68 1 - - H
ND2 4035 5079 1044 -2 ATG T-- H
tRNA-Trp 5078 5149 72 0 - - H
tRNA-Ala 5150 5221 72 0 - - L
tRNA-Asn 5222 5295 74 1 - - L
tRNA-Cys 5327 5390 64 0 - - L
tRNA-Tyr 5391 5461 71 3 - - L
COXI 5465 7018 1554 0 GTG TAA H
tRNA-Ser 7019 7089 71 3 - - L
tRNA-Asp 7093 7163 71 2 - - H
COXII 7166 7 856 691 1 ATG T-- H
tRNA-Lys 7858 7931 74 0 - - H
ATP8 7932 8096 165 -5 ATG TAA H
ATP6 8 090 8773 684 0 ATG TAA H
COXIII 8774 9557 784 0 ATG T-- H
tRNA-Gly 9558 9629 72 0 - - H
ND3 9630 9978 349 0 ATG T-- H

to be continued
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Continued form Table 4

Gene Start position/bp Stop position/bp Size/bp Intergenic nucleotide Start codon Stop codon Strand
tRNA-Arg 9979 10 046 68 0 - - H
ND4L 10 047 10 343 297 0 ATG TAA H
ND4 10 344 11724 1381 0 ATG T-- H
tRNA-His 11725 11794 70 -1 - - H
tRNA-Ser 11 794 11 861 68 5 - - H
tRNA-Leu 11 867 11939 73 0 - - H
ND5 11940 13781 1842 -1 ATG TAA H
ND6 13781 14 792 1012 0 CTA T-- L
tRNA-Glu 14793 14 863 71 0 - - L
Cytb 14 864 16 000 1137 5 ATG TAA H
tRNA-Thr 16 001 16 072 72 -1 - - H
tRNA-Pro 16 072 16 142 71 0 - - L
D-loop 16 143 17134 992 - - - H
Note: H represents genes encoded on the H-strand; L, genes encoded on L-strand. —, no data.
99 Tridentiger bifasciatus NC015992
73 —|: Tridentiger barbatus JX536694
Gillichthys mirabilis FJ211845
99 —99|: Lnciogobius platycephalus JX971538
Scartelaos histophorns NC017888.1
86 494: Sicyopterus japonicus NC018826.1
99 Glossogobius circumspectus NC018824 Gobioidei
{ Oxyurichthys formosanus KC237282
99 |C. stigmatias
99 Chaeturichathys stigmatias KC495071
—99|: A. hexanema NC029228
Acanthogobius hasta AY486321
Cyprinus carpio KP993139 | outgroup

Fig. 4. The phylogenetic analyses investigated using Neighbor-Joining based on nucleotide sequences of 13 concatenated protein-
coding genes. Cyprinus carpio (GenBank: KP993139) was used as an outgroup. The black box represented sequences of C. stigmatias

sequenced in this study.

quence of C. stigmatias was 17 134 bp, which was shorter than
the sequence previously reported (Sun et al., 2015). This is due to
the fact that there was repeat region in D-loop region of C. stig-
matias previously reported. Some researchers have reported the
COI sequence of C. stigmatias (Xing et al., 2018; Lu et al., 2016).
These sequences were high homology with the COI sequences
determined in this study, which showed significant difference
with that in previous study. Therefore, C. stigmatias in previous
study may have been misidentified as A. hexanema. The phylo-
genetic tree showed that the sequence of C. stigmatias clustered
with most of Gobioidei. Phylogenetic analysis suggested that C.
stigmatias had a close relationship with A. hexanema, which was
consistent with the study result of morphological classification
(Qu, 2018). The mitochondrial genome of C. stigmatias charac-
terized in the present study would facilitate further studies on the
genetic constitution of C. stigmatias population. It would also en-
rich essential information for investigating the biodiversity and
conservation biology of C. stigmatias.
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Appendix:

Table Al. Primers for complete mitochondrial genome of C. stigmatias

Zheng Jian et al. Acta Oceanol. Sin., 2021, Vol. 40, No. 9, P. 74-81

Primer name Primer sequence (5'-3) Temperature/°C Reference
MiFish-U F: GTCGGTAAAACTCGTGCCAGC 52 Miya et al. (2015)
R: CATAGTGGGGTATCTAATCCCAGTTTG
C1 F: AACCCTATTCACAGCAACAT 48 this study
R: TGAGCAGTCCTAAGATAGTAAC
C2 F: GCCCTAACAACCCTATTCA 52 this study
R: AAGGCGACGATGAAGATG
C3 F: GGTAAGGTTCTGCTGCTAA 50 this study
R: ATCGGCGGTGTAGTGTAT
16S F: GGTTTGAACTCAGATCATGT 52 Miya et al. (2015)
R: GGTTTGAACTCAGATCATGT
Cc4 F: TGCGAGCATGATACCATAA 52 this study
R: GATTATCATCCGCCTATGCTA
C5 F: CCAACATCTGAAGGTCCAC 48 this study
R: GGTACGAAGATTAGCAGTCT
Cé6 F: TCCTTAATTGCCTACTCATCC 48 this study
R: GGTACGAAGATTAGCAGTCT
Cc7 F: TAACAGGCATTGGCACTC 52 this study
R: GTCAGCGAACTCAAGAATAG
C8 F: AGACTGCTAATCTTCGTACC 54 this study
R: GTTTGCTGTGACAAGAATGA
C9 F: CACTTATAACCGCATGATGG 50 this study
R: GGTACGAAGATTAGCAGTCT
C10 F: GCCACATAAGCCTCGTAG 48 this study
R: CCATCAGCCAATGAGTAAGA
COI F: TCAACCAACCACAAAGACATTGGCAC 52 Ward et al. (2008)
R: TAGACTTCTGGGTGGCCAAAGAATCA
Cl1 F: GCCACCAACCTTAACTCTT 50 this study
R: ACTCCATCTCAAGCAATCAG
Cl12 F: GGCGACATCGGACTAATC 48 this study
R: GGTATTGCTTGCTGTTGTT
C13 F: CACTGATTGCTTGAGATGG 54 this study
R: TGCGAGGAATGTAGTTAGG
Cl14 F: CATAGGATAGCCATCAACCA 52 this study
R: TGTCAGCGGTGTAGTGTA
C15 F: TAACAACAGCAAGCAATACC 52 this study
R: AGAAAATGTGTCCACGAGTT
C16 F: GCAGTTTTACCAGCGAGC 52 this study
R: GGCGATGTGTTGGGATGT
C17 F: ACTTCGGTTCAAAGGTCAT 48 this study
R: GCCGATGTGTTGGGATGTT
C18 F: TTATGTTGAATAAGTTA 48 this study
R: TATTACATAAAATTAACA
C19 F: TATTACATAAATTTAACTAT 46 this study
R: TCGGTCTGTAAGAAGCATAG
C20 F: CTTCGGTTCAAAGGTCAT 54 this study
R: GTAGTGGAGGTGAAGCGA
C21 F: CAGGTAAAGCACAGTAGAGT 52 this study
R: CCTTTCATTTGGCATTTCAG
C22 F: TTACCAGCGAGCATCACCT 52 this study
R: GTAGTGGAGGTGAAGCGAA
C23 F: TTTTACCAGCGAGCATCACC 56 this study

R: GTAGTGGAGGTGAAGCGAAA

to be continued
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Primer name Primer sequence (5'-3) Temperature/°C Reference

C24 F: AATCCAGGTCGGTTTCTATC 50 this study
R: CTTGCTTGTGCGTGACTT

C25 F: CAGGTCGGTTTCTATCTATG 48 this study
R: TCTTCGCCCTTATTATCG

C26 F: AGGTCGGTTTCTATCTATG 52 this study
R: GTCCAGCCAAAGATAGATA

C27 F: TTATGTTGAATAAGTTAATAT 48 this study
R: AGAAAATGTGTCCACGAGTT

C28 F: TATTACATAAAATTAACAATAA 52 this study
R: GGCTACAATCCACCACTTA

C29 F: CAGCGGTTCTTCTACTCTT 54 this study
R: TCCTGCGAATATAACTCCAA

C30 F: TCTCAACCACATTAACCGTA 48 this study
R: CGTATAACAGCCTTGAAGATG

C31 F: CTGTAGAGTGAACGCTTGGCATG 50 this study
R: CCCATCTCTAGCTCCCAAAGC

C32 F: GTGCGGATACTTGCATGTGT 52 this study

R: TTAGCGCTGCACTCTGAAAT
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