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ABSTRACT 
The worm snail Thylacodes adamsii (M€orch, 1859) (Littorinimorpha: Vermetidae) is a sessile gastropod 
that mainly inhabits rocky shores along the warm temperate to tropical ocean. Herein, the complete 
mitochondrial genome (mitogenome) of T. adamsii from South Korea was characterized. The genome is 
14,913 bp in length and contains 13 protein-coding genes (PCGs), 22 tRNA genes, and 2 rRNA genes. 
The genome organization and base composition of T. adamsii are similar to those of other vermetids. 
A phylogenetic tree was reconstructed using maximum likelihood based on the nucleotide sequences 
of the 13 PCGs; this tree supported the monophyly of Vermetidae. The complete mitogenome of T. 
adamsii can assist with molecular species identification and vermetid phylogenetic research in the 
future.

ARTICLE HISTORY 
Received 14 February 2024 
Accepted 10 June 2024 

KEYWORDS 
Thylacodes adamsii; 
Vermetidae; mitochondrial 
genome; phylogeny   

Introduction

The worm snail family Vermetidae (order Littorinimorpha) is a 
clade of sessile gastropod that is characterized by tube-like 
shells without the regular shell coiling. Vermetids mainly 
inhabit rocky shores along the warm temperate to tropical 
oceans worldwide (Rawlings et al. 2010). Vermetidae is a rela
tively poorly studied taxon among mollusks. Within the order 
Littorinimorpha, the phylogenetic position of Vermetidae of 
this family has been controversial (Colgan et al. 2007; 
Rawlings et al. 2010). The mitochondrial genome (mitoge
nome) has often been used as a phylogenetic marker in mol
lusks (Lee et al. 2012; Cha et al. 2018; Jiang et al. 2019; Kim 
et al. 2019; Choi et al. 2020; 2021a; 2021b; Choi and Hwang 
2021; Shin et al. 2021; Hong et al. 2023; Kim & Hwang 2023). 
However, only four mitogenomes of vermetid species have 
been reported to date. In this study, we characterized the 
complete mitogenome of the vermetid species Thylacodes 
adamsii (M€orch, 1859) and attempted to infer the phylogen
etic relationships among the members of Vermetidae and 
other littorinimorph families based on the nucleotide sequen
ces of 13 protein-coding genes (PCGs). Thus, the complete 
mitogenome of T. adamsii may be useful for identifying 
molecular species and understanding vermetid phylogeny.

Materials and methods

A T. adamsii specimen was collected from Hajeong-ri, 
Guryongpo-eup, Nam-gu, Pohang-si, South Korea 
(35�96094.500N, 129�55046.400E) and stored in 95% ethanol 
(Figure 1). It has been deposited under voucher number 
LEGOM030627 at the Animal Molecular Phylogenetics Lab., 
Kyungpook National University (UWH, uwhwang@knu.ac.kr). 
Genomic DNA was extracted from muscle tissue using a 
DNeasy Blood & Tissue kit (Qiagen, Hilden, Germany). The 
quality and quantity of DNA were checked using using 
Nanodrop2000 (Thermo Fisher Scientific, United States). For 
genome sequencing, Illumina QIAseq library was constructed 
with an average insert size of 150 bp using QIAseq FX Single 
cell DNA Library Kit (QIAGEN, Germany). Sequencing was per
formed from an Illumina paired-end library, and 150 bp 
paired-end reads were generated through the Illumina HiSeq 
4000 platform, producing 38,890,026 reads (not published) 
(Figure S1). The mitochondrial genome assembly of T. adam
sii was conducted using Novoplasty 4.3.3 (Dierckxsens et al. 
2020). After manual curation, mitochondrial genes were 
annotated as PCGs, tRNAs, and rRNAs was carried out using 
the MitoFinder v.1.4.1 (Allio et al. 2020). Thereafter, the circu
lar mitochondrial genome of T. adamsii was visualized using 
Proksee (Grant et al. 2023). The complete mitochondrial 
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genome sequence of T. adamsii has been submitted to NCBI 
GenBank.

To investigate the phylogenetic placement of T. adamsii 
based on 13 mitochondrial PCGs, we examined the phylogen
etic relationships among 29 caenogastropod species and one 
vetigastropod species. Each PCG was aligned using ClustalW 
(Thompson et al. 1994), and poorly aligned sites were 
removed by using Gblock 0.91b (Castresana 2000). The veti
gastropod species Haliotis rubra was used as the outgroup. A 
maximum-likelihood (ML) tree was inferred using the IQ-TREE 
online webserver (Trifinopoulos et al. 2016) for phylogenetic 
analysis.

Results

The complete mitochondrial genome of T. adamsii (GenBank 
accession number: OR757106) (Figure 2) was 14,913 bp in 
length and comprised 13 PCGs, 22 tRNA genes, and two 
rRNA genes. The base composition for A, G, C and T was 
27.33%, 19.11%, 15.63%, and 37.93%, respectively. All PCGs 
started with an ATG codon except for ND4, which started 
with a TTG codon. In terms of stop codons, all PCGs stopped 
with a typical TAN codon except for COXI, which stopped 
with an incomplete termination codon T. The 12S and 16S 
rRNA genes were 938 bp and 1,222 bp in length, respectively.

The reconstructed ML tree (Figure 3) supported the mono
phyly of Neogastropoda, Cerithioidea, and Architaenioglossa 
within the subclass Caenogastropoda, although Littorinimorpha 

was polyphyletic. Littorinimorpha and Neogastropoda were 
grouped together (BP ¼ 100), except for the superfamily 
Vermetoidea of Littorinimorpha. Vermetoidea was monophy
letic and was placed at the basal position of Caenogastropoda. 
Within Vermetoidea, T. adamsii was closest to T. squamigerus 
(BP ¼ 100).

Discussion and conclusion

In this study, the complete mitogenome of T. adamsii was char
acterized. The arrangement and strand position of the genes 
coincided with those of Ceraesignum maximum (G. B. Sowerby I, 
1825) (Littorinimorpha: Vermetidae) (Rawlings et al. 2010).

According to the ML tree (Figure 3), the phylogenetic rela
tionships among the caenogastropod orders were almost iden
tical to those reported in a recent phylogenetic study based 
on mitogenomes by Choi et al. (2021a). The monophyly of 
Littorinimorpha was not recovered because Vermetoidea 
formed an independent clade within Littorinimorpha. 
Phylogenetic relationships within Littorinimorpha were similar 
to those reported by Jiang et al. (2019), which was inferred 
from 13 mitochondrial PCGs. T. adamsii appeared in the clade 
of Vermetoidea (Vermetidae). Further research is warranted to 
determine whether Littorinimorpha is monophyletic or not. 
These results may help determine the position of Vermetidae 
within Littorinimorpha and infer the phylogenetic relationships 
of Littorinimorpha.

Figure 1. Reference image of Thylacodes adamsii, photographed by Eun Hwa Choi.
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