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Abstract

Tachysurus adiposalis (Oshima, 1919) belongs to the bagrid catfish genus Tachysurus in Taiwan. To understand the 
phylogenetic status of this species, this study was planned to use the ND2 gene and D-loop sequences. A total of 14 
samples were used in phylogenetic reconstruction under both method of Neighbor-Joining and Maximum-Likelihood. 
In the molecular phylogenetic tree shows good results in distinguishing each single haplotype for its own represented 
species. By this study, which indicates that the Tachysurus adiposalis from Nothern Taiwan are the sister clade of the 
Tachysurus sp.1 from the Central Taiwan with specific mitogenetic distance for further explorations. 
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Introduction

Catfish group of Order Siluriformes (catfish) is an important member of freshwater fish except for the mainly marine 
Ariidae and Plotosidae families, but which also include representatives in brackish and freshwater (Malabarba & 
Malabarba 2020). This order is one of the largest orders of teleosts containing over 4200 species in the world (Fricke 
et al. 2023). The freshwater catfish family Bagridae, commonly known as bagrid catfish, is one of the rich-species 
family and complicated groups within Siluriformes, with about 228 species in 19 genera and widely distributed in 
the tropics of South America, Africa and Asia, (Nelson et al. 2016; Zhang et al. 2022; Fricke et al. 2023). Among 
the members of this family, the genus Tachysurus is known as a relatively small group of catfish, which inhabits 
reservoirs, lakes, and large rivers. The genus currently consists of 53 recognized species, distributed throughout 
China, Japan, Korea, Vietnam, and Taiwan (Ng 2009; Cheng et al. 2021; Shao & Zhang 2022; Froese & Pauly 
2023). In Southeast Asia countries, Tachysurus is primarily distributed in China but has also been found in other 
places such as Japan, Korea, Taiwan, and Vietnam. In Taiwan, the bagrid catfish genus Tachysurus is represented 
by Tachysurus adiposalis (Oshima, 1919) belongs to the bagrid catfish genus Tachysurus in Taiwan, which was 
described as Pseudobagrus adiposalis. The Tachysurus adiposalis, the species that are geographically distributed in 
the North and Central of the island (Watanabe 2007). 

Several phylogenetic using molecular approaches have been conducted on freshwater fish of Taiwan. These 
genetic markers have demonstrated success in population genetic structure in a variety of fish species and suggested 
that Taiwan provides an excellent opportunity for examining phylogeographic patterns. The current study aims to 
analyze the phylogenetic of Tachysurus adiposalis with that of other Bagrid catfishes and provide insights into their 
relationships. 
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Materials and Methods 

Sample collection and DNA extraction

Fish specimens of Tachysurus adiposalis complex used in this study were collected from Tamsui River, Daxi district, 
Taoyuan city (location: 24°53'02.1"N 121°17'01.0"E) (Northen Taiwan), and Wu River, Nantou County, Guoxing 
township (location: 24°01'36.5"N 120°49'27.5"E) (Central Taiwan), using long fishing trap, and were recognized 
by traditional morphology. Fin clip samples were preserved in 95% ethanol and stored at -20⁰C in the refrigerator 
at the laboratory until DNA extraction, while the rest of the specimen was fixed in 10% formaldehyde for at least 
48 hours, washed in water, and then transferred to 70% ethanol for long term storage at National Taiwan Ocean 
University — Taiwan (NTOU). Genomic DNA was extracted from ethanol-preserved fin tissue using the Tissue and 
Cell Genomic DNA Purification Kit (GeneMark, Taichung, Taiwan). 

TAble 1. List of PCR and sequencing primers used to analyze ND2 and D-loop of Tachysurus adiposalis from Taiwan.
Name Sequence (5’ to 3’)
TACHY-DL-23F 5’-AGCGC.CGGTC.TTGTA.ATCCG-3’
TACHY-DL-1203R 5’-ACTTG.CATGT.ATAAA.TTG-3’
TACHY-ND2-101F 5’-GCTTT.TGGGC.CCATA.CCCCA.AAAA-3’
TACHY-ND2-1235R 5’-AAGCT.TTGAA.GGCTT.TTGGT.CT-3’

PCR amplification and sequencing

To sequence the D-loop and ND2 of Tachysurus adiposalis, polymerase chain reaction (PCR) primers were designed 
based on the mitogenome sequence of 5 available Tachysurus mitogenomes downloaded from GeneBank (Table 2): 
Tachysurus fulvidraco (Liang et al. 2012), Tachysurus intermedius, Tachysurus ussuriensis (Wan et al. 2013), and 
Tachysurus vachellii. Additionally, Hemibagrus spilopterus (Htun et al. 2019) was used as an outgroup. Table 1 shows 
the primer, TACHY-23F-5'AGCGCCGGTCTTGTAATCCG3' and TACHY-1203R-5'ACTTGCATGTATAAATTG3' 
was used for the amplification of the D-loop gene. The PCR was performed using Applied Biosystem 2720 Thermal 
Cycler followed as thermocycling condition: initial denaturation at 94⁰C in 5 minutes, followed by 45 cycles of 
denaturation at 94⁰C in 1 minute, annealing at 50⁰C in 1 minutes, extension at 72⁰C in 2 minutes, final extension 
at 72⁰C for 7 minutes and hold at 4⁰C. The primer, TACHY-101F- 5'GCTTTTGGGCCCATACCCCAAAAA3' 
and TACHY-1235R- 5'AAGCTTTGAAGGCTTTTGGTCT3' was used for the amplification of the ND2 gene. 
The thermal regime consisted of an initial step of denaturation at 94⁰C in 5 minutes, followed by 45 cycles of 
denaturation at 94⁰C in 50 seconds, annealing at 55⁰C in 80 seconds, extension at 72⁰C in 2 minutes, final extension 
at 72⁰C for 7 minutes and hold at 4⁰C.

TAble 2. The catfish species employed for molecular phylogenetic analysis and GeneBank number.
Species Family Genbank Acc. No. Citation
Tachysurus fulvidraco Bagridae NC015888 Liang et al., 2012
Tachysurus intermedius Bagridae MK335935 unpublished
Tachysurus ussuriensis Bagridae NC020344 Wan et al., 2013
Tachysurus vachellii Bagridae MW841469 unpublished
Hemibagrus spilopterus Bagridae NC023222 Htun et al., 2019

To confirm PCR efficiency and the integrity of the genomic DNA, all PCR products, and DNA Ladder 
(PROTECH) were evaluated via 1.5% of agarose gel in 0.5xTBE buffer with 5% ClearView DNA Stain (PROTECH, 
Taiwan). The sequence process was performed in ABI 3730XL DNA ANALYZER (Thermo Fisher Scientific Inc; 
Waltham, MA, USA) using Big-Dye Terminator (Bigdye kit) at the DNA Sequencing Core Facility of the Institute of 
Biomedical Sciences, Academia Sinica, Nangang District, Taipei City, Taiwan. Chromatographs from forward and 
reverse reads were aligned through CLUSTAL W (Thompson et al. 1994), then compiled into consensus sequences 
after checked manually using the BIOEDIT v.7.2.5 (Hall 2001). 
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FIGuRe 1. D-loop phylogenetic tree of Tachysurus adiposalis. The numbers at the nodes separated by “/” indicate the bootstrap 
value.

FIGuRe 2. The molecular phylogenetic tree of Tachysurus adiposalis inferred from ND2 gene and D-loop sequences. The 
numbers at the nodes separated by “/” indicate the bootstrap value.
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Phylogenetic analysis

The sequence fragments were checked, edited manually, and assembled using the BIOEDIT v7.2.5 (Hall 2001). 
The newly generated sequences for molecular marker mitochondrial DNA genes (D-loop and ND2) were aligned 
through CLUSTALW (Thompson et al. 1994) after verified using BIOEDIT version 7.2.5 (Hall 2001). A total of 
6 species were used in phylogenetic reconstructions under maximum likelihood (ML) and Neighbor-Joining (NJ) 
criteria which performed in Molecular Evolutionary Genetics Analysis (MEGA X) (Kumar et al. 2018). Branch 
support was established via bootstrap analysis (1,000 replications). Among them, 1 species were our own data, the 
remaining 5 species data were retrieved from the GenBank. 

Results and Discussion

Bagrid catfishes constitute a very important group among siluriform having immense commercial importance from 
inland fisheries and aquaculture farming in south-east countries. The control region (D-loop) is a common feature 
in fish mitochondrial genome which includes the origin sites of transcription and replication (Noack et al. 1996; 
Taanman 1999). Many studies have been focused on this region because of its supposedly rapid rate of evolution 
(Saccone 1987; Lee et al. 1995; Guo et al. 2004). This control region has been amplified, sequenced, and assembled 
for Tachysurus adiposalis was 892 bp, located between tRNA-Pro and tRNA-Phe. The complete protein-coding 
gene (ND2) was 1045 bp, located between tRNA-Met and tRNA-Trp. The phylogenetic position of Tachysurus 
adiposalis was inferred by a phylogenetic tree using MEGA X based on the combined of ND2 and D-loop for 5 
published Bagridae species, with Hemibagrus spilopterus (Htun et al. 2019) weas used as outgroup. Both ND2, D-
loop, and ND2 and D-loop were constructed with different OTUs from Genebank and an outgroup from Hemibargus 
spilopterus. 

The D-loop phylogenetic tree analysis reveals bagrid catfishes could be separated into two clades excluding 
Hemibagrus spilopterus (Htun et al. 2019) with strong support (Figure 1). Clade I included only Tachysurus species, 
and was composed of Tachysurus adiposalis from Tamsui river are in the same subclade, on the other hand, the 
second subclade shows Tachysurus sp.1 from Wu River, which indicates that the Tachysurus adiposalis from 
Tamsui River are the sister of the Tachysurus sp.1 from Wu River. Clade I also show that the subclade of Tachysurus 
fulvidraco, Tachysurus vachellii, and Tachysurus intermedius species are more distantly related to the Tachysurus 
adiposalis and Tachysurus sp.1, while Tachysurus brevianalis from Wu River and Tachysurus brevianalis taiwanensis 
from Touchian River are even more distantly related. Nevertheless, clade II shows only the species Hemibagrus 
spilopterus, and this species was paraphyletic. In addition, D-loop phylogenetic trees showed that Tachysurus 
breviananlis and Tachysurus brevianalis taiwanensis clustered together forming a group. The ND2 phylogenetic 
tree also shows 2 clades, the tree looks quite the same as the D-loop phylogenetic tree, also included in the first 
clade with Tachysurus species. The phylogenetic tree of the combine between ND2 and D-loop sequence (Figure 2) 
looks like ND2 and D-loop phylogenetic tree, with 2 separated clades, and clade 1 was only Tachysurus species, but 
the combined between ND2 and D-loop phylogenetic tree gives a better figure. In addition, the phylogenetic trees 
showed that Tachysurus adiposalis are more distance related to other 6 species of Tachysurus species. This result 
supports molecular evidence that in the genetic relationship, Tachysurus adiposalis species from the Tamsui River 
and Tachysurus sp.1 from Wu River are sister species. 

The phylogenetic tree, including the ND2, D-loop, and combined ND2 and D-loop region, yields good results 
in distinguishing each haplotype for their own species for Tachysurus adiposalis complex. Moreover, the combined 
ND2 and D-loop analysis offers superior results, indicating that it provides more comprehensive information 
compared to the other analysis. The findings of current molecular analysis contribute to a better understanding of 
Tachysurus adiposalis and provide insights into the relationships within other Bagrid catfishes.
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