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ABSTRACT 
Acanthogobius lactipes is a demersal, euryhaline fish belonging to the suborder Gobiodei. This study 
sequenced and described the complete mitochondrial genome of A. lactipes for the first time. The cir-
cular genome of A. lactipes is 16,592 bp in length and contains 13 protein-coding genes, 22 transfer 
RNA genes, two ribosomal RNA genes, and a control region. The overall A, C, G, and T contents were 
27.78, 27.31, 17.52, and 27.39%, respectively. Based on the 13 protein-coding genes, the phylogenetic 
tree showed that A. lactipes formed a well-supported cluster with the genus Acanthogobius and rooted 
with other family Oxudercidae species.
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1. Introduction

The white-limbed goby, Acanthogobius lactipes (Hilgendorf, 
1879) is a demersal, euryhaline fish widely distributed in the 
Japan, Korean Peninsula, China, and Russia, and lives mainly 
in estuaries (Hosoya 2015; Chae et al. 2019). This species 
belongs to the suborder Gobioidei (Gobiiformes), a group 
containing over 2,000 species worldwide, and belongs to the 
family Oxudercidae within this suborder (Nelson et al. 2016). 
Recently, large-scale phylogenetic studies of the suborder 
Gobioidei using molecular tools provided evidence that it is 
reasonable to divide the suborder Gobioidei into two major 
clades: the Gobiidae and Oxudercidae (Thacker 2003, 2009, 
2013; Agorreta et al. 2013; Nelson et al. 2016). However, the 
Gobiidae and Oxudercidae family members remain controver-
sial because they are diverse with many subgroups, and a 
few lineages remain unresolved (Akihito et al. 2000; 
McCraney et al. 2020). Mitochondrial DNA is a reliable 
molecular marker for studying phylogenetic relationships 
because it has the unique characteristics of maternal inherit-
ance, a fast rate of evolution, and a high copy number (Avise 
et al. 1987; Boore et al. 2005). We described the complete 
mitochondrial genome sequence and structure of A. lactipes 
for the first time by next-generation sequencing (NGS) and 
investigated the phylogenetic position of this species within 
the Gobiidae and Oxudercidae family members. This study 
will contribute to our understanding of the phylogenetic rela-
tionship and evolutionary history of A. lactipes belonging to 
the suborder Gobioidei and provide a genetic source for fur-
ther research.

2. Materials and methods

2.1. Sample collection and preservation

A specimen of A. lactipes (Figure 1) was collected with skim-
ming nets from the downstream basin of the Daecheon 
Stream located in Boryeong-si, Chungcheongnam-do, 
Republic of Korea, on July 4, 2022 (36�2107.0500N, 
126�33035.7100E). The specimen was preserved in 99% ethanol 
and deposited at the specimen storage facility of 
Soonchunhyang University (Prof. I.-C. Bang, incbang@gmail. 
com) under voucher number SUC26331.

2.2. DNA extraction and sequencing

Genomic DNA (gDNA) isolation was performed using the phe-
nol-chloroform extraction procedure (Taggart et al. 1992). A 
genomic library for the NGS was prepared from the isolated 
gDNA using the MGIEasy DNA Library Prep Kit (MGI Tech Co. 
Ltd., Shenzhen, China). NGS raw data were obtained by paired- 
end reads (2� 150 bp) on an MGISEQ-2000 sequencing plat-
form, trimmed with Cutadapt 4.2 (Martin 2011), and a contig 
sequence was assembled using CLC Genomics Workbench 
20.04 (CLC Inc., Aarhus, Denmark). The circular form of the 
mitochondrial genome was confirmed by mapping the clean 
data onto a contig sequence using Geneious R11 (Kearse et al. 
2012) (Figure S1). We annotated the final sequence using the 
MITOS web-based tool (Bernt et al. 2013). Finally, the complete 
genome sequence of the circular form was deposited in the 
GenBank database (acc. no. OR238485). The genome map was 
generated using the OGDRAW program (Greiner et al. 2019).
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2.3. Phylogenetic analysis

We collected 13 protein-coding gene (PCGs) sequences from 
the mitochondrial genome of species belonging to the 
Gobiidae and Oxudercidae families from GenBank (Table S1) 
to determine the phylogenetic position of A. lactipes. Two 
species belonging to the family Butidae were used as the 
outgroup, and the collected sequences were aligned using 
MAFFT 7.475 (Katoh and Standley 2013). GTRþGþ I was 
selected as the optimal substitution model based on the cor-
rected Akaike information criterion (AICc) estimated by 
jModelTest 2.1.10 (Darriba et al. 2012). A Bayesian inference 

(BI) tree was reconstructed using Mrbayes 3.2.7 (Ronquist 
et al. 2012), run for 2,000,000 generations, and sampled every 
1,000 steps with 25% of the initial trees discarded as burn-in.

3. Results

3.1. Mitogenomic characterization

The complete mitochondrial genome of A. lactipes was 
16,592 bp (OR238485). The mitogenome comprised 13 PCGs, 
22 transfer RNA (tRNA) genes, two ribosomal RNA (rRNA) 
genes, and one control region (Figure 2). The overall A, C, G, 
and T contents were 27.78, 27.31, 17.52, and 27.39%, respect-
ively, with a slight Aþ T bias of 55.17%.

The total PCGs of A. lactipes was 11,369 bp, accounting for 
68.81% of the complete mitogenome and encoding 3,796 
amino acids. Of the 13 PCGs, all were encoded on the H-strand 
except for ND6, which was encoded on the L-strand. Except for 
the COX1 gene starting with a GTG start codon, the remaining 
12 PCGs started with an ATG start codon. Seven PCGs termi-
nated with complete stop codons (TAA or TAG), while the COX2, 
COX3, CYTB, ND2, ND3, and ND4 genes terminated with incom-
plete stop codons (T or TA). The lengths of the 12S and 16S 
rRNA genes were 952 and 1,673 bp, respectively. The control 

Figure 1. The specimen of Acanthogobius lactipes from the Daecheon Stream, 
Boryeong-si, Chungcheongnam-do, Republic of Korea (photo by Bong Han Yun). 
the main identifiable morphological characteristics are the dorsal fin VIII-IX, I 9- 
11; anal fin I 9-11; scales in the longitudinal row 34-38; the predorsal scales 0-9; 
and several irregular dark blotches along the mid-body.

Figure 2. Mitochondrial genome map of Acanthogobius lactipes.
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region was located between tRNAPro and tRNAPhe and was 
991 bp. The 22 tRNA genes varied in length from 66 to 75 bp.

3.2. Phylogenetic analysis

The constructed phylogenetic tree showed a marked phylo-
genetic divergence between the Gobiidae and Oxudercidae 

families with high statistical support (Bayesian posterior prob-
abilities (BPP) ¼ 1). It showed A. lactipes as a member of the 
Oxudercidae (Figure 3). Furthermore, A. lactipes clustered 
with other Acanthogobius species, showing that this cluster 
was closely related to Lophiogobius ocellicauda, 
Amblychaeturichthys hexanema, and Chaeturichthys stigmatias 
(BPP ¼ 1).

Figure 3. Phylogenetic tree based on 13 protein-coding genes of Gobioidei species reconstructed by Bayesian inference (BI) analysis. Posterior probabilities for the 
BI are indicated at each node. GenBank accession numbers are provided after each scientific name.
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4. Discussion and conclusion

This study is the first to identify the complete mitochondrial 
genome of A. lactipes using NGS technology. The gene order 
and content of the A. lactipes mitogenome were identified as 
being like other Gobioidei mitogenomes published previously 
(Kim et al. 2004; Wang et al. 2019; Nam and Rhee 2020). As 
described previously (Thacker 2003; Agorreta et al. 2013), the 
phylogenetic tree showed a large group, which until recently, 
was classified as the suborder Gobioidei and was divided 
into two main clades: the Gobiidae and Oxudercidae. In add-
ition, the results showing A. lactipes clustering with other fish 
of the genus Acanthogobius and being closely related to L. 
ocellicauda, A. hexanema, and C. stigmatias were similar to 
the phylogenetic analysis by McCraney et al. (2020) using 
some nuclear and mitochondrial DNA genes. A. lactipes was 
reportedly morphologically similar to Acanthogobius luridus 
inhabiting the Korean Peninsula and China (Lee 1992; Chae 
et al. 2019). Although they are similar in body shape and col-
oration, A. luridus is distinguished by cycloid scales on the 
top of the opercular and occipital regions (Lee 1992). 
However, the complete mitochondrial genome of A. luridus 
has yet to be explored. Therefore, to understand A. lactipes 
and related species fully, the mitogenome of A. luridus must 
be identified, and molecular phylogenetic analysis must be 
performed. In conclusion, the complete mitochondrial gen-
ome provided in this study is a solid basis for further studies 
of the genome-based phylogenetic and evolutionary relation-
ships in A. lactipes and related species.
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