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ABSTRACT
We sequenced the complete mitochondrial genome of sand dollar Astriclypeus mannii (Verrill 1867)
(Echinoidea: Astriclypeidae) occurring in the subtidal sand flat in Jeju Island off the south coast of
Korea. The mitochondrial genome was 15,744bp in length and contained 13 protein-coding genes
(PCGs), 22 transfer RNAs, two ribosomal RNAs, and 140 nucleotides representing the putative control
region. We reconstructed the concatenated phylogenetic tree based on 13 PCGs of 18 echinoderms,
including A. mannii. From the maximum likelihood clustering, A. mannii was grouped in the order
Echinolampadacea. The complete mitochondrial sequence of A. mannii for the first time in this study
provide valuable insight in understanding the evolution and phylogenetic analysis of echinoids
(sea urchins).
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Common in subtidal sand flats, the sand dollar Astriclypeus
mannii (¼A. manni, Verrill 1867) has a wide distribution in
the West Pacific Ocean ranging from Jeju Island off the south
coast of Korea, Taiwan, and the Hainan Island in the South
China Sea (Yulin 1998; Kang et al. 1999; Chao 2000).
According to Kang and Choi (Kang and Choi 2002), A. mannii
is a deposit feeder feeding on foraminifera, harpacticoid
copepods, and diatoms in the sediment. Currently, five gen-
era and eight species are in the family Astriclypeidae includ-
ing A. mannii. However, mitochondrial genomes of the sand
dollars in the family Astriclypeidae are yet to be available.
Accordingly, we first analyzed the complete mitochondrial
genome of A. mannii.

We collected A. mannii from subtidal sand flat in northern
Jeju Island, Korea (33�29007.4000N, 126�54043.4000E). This area
was not designated as a protected area by the government
and no permit was required for the study. The type speci-
mens with the voucher were deposited at the Library of
Marine Samples of Korea Institute of Ocean Science and
Technology (http://lims.kiost.ac.kr, Seung Won Jung, dia-
toms@kiost.ac.kr) under the voucher number
(B_S_MA_00031798). The total genomic DNA was extracted
from the gonad tissue using a DNA isolation kit (Qiagen,
Hilden, Germany) following the manufacturer’s protocol. DNA
libraries (insert size: 550 bp) were constructed by TruSeq DNA

Nano TM kit (Illumina, Sandiego, CA). Genome sequencing
was carried out using the Novaseq 6000 platform at DNAlink
Inc., Korea, acquiring 121 million 151 bp paired-end raw reads
(36.8 Gbp). Raw sequence data were trimmed with Trim
Galore (ver. 0.6.6) (https://www.bioinformatics.babraham.ac.
uk/projects/trim_galore) to remove low-quality reads and
adapter sequences. Mitogenome assembly was performed
using mitoAssemble with k-mer size 31 implemented in
MitoZ (ver. 2.3) (Meng et al. 2019). Genes were initially anno-
tated with MITOS (Bernt et al. 2013) and MITOS2 (Donath
et al. 2019) and manually modified with related species
(Perseke et al. 2010).

The complete mitogenome length of A. mannii is
15,744bp (NCBI accession number: OL502703), similar to other
published echinoids (Perseke et al. 2010). The mitogenome
contains 37 genes, a conserved set of 13 protein-coding genes
(PCGs), two ribosomal RNA genes (12S and 16S), 22 transfer
RNA genes, and 140 nucleotides represent the putative control
region. The overall base composition of the mitogenome is
estimated to be A 31.38%, T 29.60%, C 23.54%, and G 15.49%
with [Aþ T] content of 60.98%, which is most similar to
Stomopneustes variolaris (59.77%) (Zhong et al. 2021). We
reconstructed the concatenated phylogenetic tree using the
maximum likelihood method with the GTRþ Fþ IþG4 substi-
tution model with 1000 bootstrap replicates based on the 13
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PCGs obtained from A. mannii and 16 echinoid species (all
available sequences in order Diadematoida, Arbacioida,
Spatangoida, Stomopneustoida, Echinolampadacea, and 6 rep-
resentative species in Camarodonta) (Figure 1). In the phylo-
genetic tree, A. mannii was grouped in order
Echinolampadaceae and showed the same results as the cur-
rent echinoid phylogenetic study (Mongiardino Koch et al.
2018; Lin et al. 2020). The complete mitochondrial sequence
of A. mannii analyzed for the first time in this study could pro-
vide valuable database for the establishment of a phylogenetic
analysis of echinoids (sea urchins).
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Figure 1. Maximum likelihood (ML) phylogeny of 17 echinoid species (six
Camarodonta, two Stomopneustoida, two Spatagoida, two Echinolampadacea
including A. mannii, two Arbacioda, and three Diadematoida) based on the con-
catenated nucleotide sequences of 13 PCGs. Asteroidea (A. typicus) was used as
the outgroup. Numbers on the branches indicate ML bootstrap percentages
(1000 replicates). The Genbank accession numbers for the published sequences
are incorporated. The gray box indicates the A. mannii analyzed in this study.
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