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ABSTRACT
We determined the complete mitochondrial genome sequence of a holothurian Euapta godeffroyi
belonging to the order Apodida. The complete mitogenome of E. godeffroyi was 16,410bp in length
and consisted of 13 protein-coding genes (PCGs), two ribosomal RNA genes, and 22 transfer RNA
genes. The orders of PCGs and rRNAs did not match those of any recorded holothurian mitogenomes.
The maximum likelihood (ML) phylogenetic tree placed E. godeffroyi as the sister group to chiridotid
species and supported the monophyly of the order Apodida.
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Euapta godeffroyi (Semper, 1868) (Figure 1) is a common sea
cucumber in coral reefs in the tropical Indo-Pacific region
and shows geographically large distribution in the tropical
shallow waters from the west Indian Ocean to the east
Pacific Ocean (e.g., Massin 1999). Apodid holothurians includ-
ing E. godeffroyi are a stem group within the class
Holothuroidea (Kerr and Kim 2001; Miller et al. 2017). Miller
et al. (2017) confirmed the monophyly of the order Apodida,
and that apodid holothurians are divided into two clades in
the order Apodida: (1) family Myriotrochidae and (2) other
apodid holothurians. In the later clade, however, the family
Synaptidae including E. godeffroyi did not form a monophy-
letic clade. A part of synaptid species, Leptosynapta clarki
Heding, 1928, was placed in Chiridotidae. Their molecular
phylogenetic study of Miller et al. (2017) used six mitochon-
drial/nuclear gene markers, covering all common gene
markers for Echinodermata, but their study included limited
OTUs from apodid holothurians, and the relationships
between L. clarki and chiridotid species lacked strong nodal
support. Therefore, the order Apodida requires the phylogen-
etic and systematic revision using further genetic markers
and OTUs, and 13 protein-coding genes of mitogenome are
expected to be effective in revising the phylogenetic relation-
ship of apodid holothurians. There has been no mitogenome
record for the family Synaptidae in Apodida, and we choose
E. godeffroyi as representative of the family. We determined
the whole mitogenome sequence by a shotgun sequenc-
ing method.

The specimen was collected in 2019 from North Point,
Nyaung Oo Phee Island, Myanmar, facing the Andaman Sea
(10.087N 97.963 E), at the depth of approximately 22m.
Total DNA was extracted using DNeasy Blood & Tissue Kit
(QIAGEN) and processed using the CollibriTM PS DNA Library
Prep Kits for Illumina Systems (Invitrogen). Paired-end
sequencing (300 cycles) was conducted using HiSeqX
(Illumina) of Macrogen Japan Corp., with 150 bp read length
and additional inserts of ca. 100 bp for a total of approximate
16 million reads. Assembly was performed using CLC
Genomics Workbench ver. 12 (QIAGEN) with the default set-
ting. Gene identification was made using the MITOS web ser-
ver (Bernt et al. 2013). The voucher specimen is deposited in
the National Museum of Nature and Science, Tsukuba, Japan
(NSMT E-13912).

The mitogenome of E. godeffroyi (GenBank/DDBJ/EMBL
accession number LC704718) is 16,410 bp long and encodes
13 proteins, two rRNAs, and 22 tRNAs for a total of 37 gene
products. The overall Aþ T content is 64.0%, which is slightly
lower than that of other apodid species (Sun et al. 2021).
Unlike other sea cucumber mitogenomes, COX1, ND4L, and
ND1 start with GTG codon. All other protein-coding genes
(PCGs) start with the ATG start codon. Eight of PCGs stop
with the termination codon TAG, other five of PCGs (CYTB,
ND2, ND3, ND4, and ATP6) end with TAA codon. Although
previously three variations of the gene orders of 13 PCGs
and rRNAs were known in the class Holothuroidea (Sun et al.
2021), the gene order of E. godeffroyi did not match those of
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any recorded holothurian mitogenomes. The gene order of E.
godeffroyi shows unique arrangement with COX3 following
after COX1, and ND3 located next to ND6 (Figure 1).

The maximum-likelihood phylogenetic analysis (ML) based
on 13 PCGs of E. godeffroyi and 16 other holothurians
(Scouras et al. 2004; Sun et al. 2010, 2021; Fan et al. 2011;
Mu et al. 2018; Takano et al. 2019; Yang et al. 2019, 2020;
Liao et al. 2020; Zeng et al. 2020; Figueroa et al. 2021; Li
et al. 2021; three other direct submitted sequences in
GenBank), and of two echinoids (Jacobs et al. 1988; another
direct submitted sequence in GenBank) as outgroup, was
conducted using RAxML-NG ver.1.0.2 (Kozlov et al. 2019) with
bootstrap analyses of 1000 replicates (Figure 1).
PartitionFinder 2.1.1 (Lanfear et al. 2017) was used to deter-
mine the best partitioning scheme and the substitution
model with branch lengths linked and a greedy search algo-
rithm (Lanfear et al. 2012). The optimal partitioning strategy
and evolutionary models consisted of thirteen genes data set

for ML analyses were as follows; partition 1 (COX1), partition
2 (COX2), partition 3 (COX3), partition 4 (CYTB), partition 5
(ND1), partition 6 (ND2 and ND4), partition 7 (ND3, ND4L, and
ATP6), partition 8 (ND5), and partition 9 (ATP8) with
GTRþ IþG; partition 9 (ND6) with K81UFþ IþG. Three apo-
dids, E. godeffroyi, Chiridota heheva and Chiridota sp., form a
monophyletic clade, and E. godeffroyi is a sister taxon to the
other Apodida (C. heheva and Chiridota sp.) with high nodal
support (Figure 1). This relationship between the three apo-
did species in our tree was consistent with the result of
Miller et al. (2017). Although additional OTUs are needed,
this mitogenome will be useful for reconstructing higher sys-
tematics of Holothuroidea phylogeny.
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Figure 1. Molecular phylogenetic tree based on holothurian mitogenomes including Euapta godeffroyi, and gene order of 13 protein-coding genes (PCG) and two
ribosomal DNA (rDNA) in the mitogenome of E. godeffroyi. Maximum-likelihood tree was analyzed by the concatenated nucleotide sequence of 13 PCG of E. godef-
froyi (noted in bold type, LC704718) and 16 holothuroid and two echinoid species. Values on branches are ML bootstrap support values (BS) and asterisks (�) indi-
cate 100%. The scale bar indicates branch length in substitutions per site. The accession numbers and references for all species are as follows: Actinopyga lecanora,
MW218894#; Apostichopus japonicus, FJ906623, Sun et al. 2010; Benthodytes marianesis, MH208310, Mu et al. 2018; Cercodemas anceps, MW044622, Li et al. 2021;
Chiridota heheva, MW357261, Sun et al. 2021; Chiridota sp. SS-2021, MW357262, Sun et al. 2021; Colochirus quadrangularis, MT108721, Zeng et al. 2020; Cucumaria
minuta, AY182376, Scouras et al. 2004; Holothuria leucospilata, MK940237, Yang et al. 2019; Parastichopus parvimensis, KU168761#; Peniagone sp. YYH-2013,
KF915304#; Phyllophorella liuwutiensis, MN198190, Yang et al. 2020; Scotoplanes sp., LC416624, Takano et al. 2019; Stichopus horrens, HQ000092, Fan et al. 2011;
Synallactes sp. Y30071, MT559281, Liao et al. 2020; Thyonella gemmata, MZ463652, Figueroa et al. 2021; Strongylocentrutus purpuratus, X12631, Jacobs et al. 1988;
and Eucidaris tribuloides, MH614961#. Octothorpes (#) mean direct submitted sequences in GenBank.
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