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MITOGENOME ANNOUNCEMENT

The complete mitochondrial genome of the sea urchin, Echinometra sp. EZ

Remi N. Ketchuma, Melissa B. DeBiasseb, Joseph F. Ryanb, John A. Burtc and Adam M. Reitzela

aDepartment of Biological Sciences, University of North Carolina at Charlotte, Charlotte, NC, USA; bWhitney Laboratory for Marine Bioscience,
University of Florida, St. Augustine, FL, USA; cCenter for Genomics and Systems Biology, New York University Abu Dhabi, Abu Dhabi, UAE

ABSTRACT
The complete mitogenome of Echinometra sp. EZ has been described and fully annotated in this study.
Phylogenetic analysis of cytochrome c oxidase subunit I (COI) from six Echinometra species confirms
that our sample is E. sp. EZ. The mitogenome is 15,698bp in length and contains 13 protein-coding
genes, 22 tRNAs, 2 rRNAs, and a non-coding region with an identical organization to other Echinoidea.
The E. sp. EZ mitogenome shared �99.1% identity to the published Echinometra mathaei mitogenome,
differing by 147 SNPs. The E. sp. EZ mitogenome will serve as a resource that can be applied to disen-
tangling the Echinometra species complex and to future population genetic studies of this ecologically
important sea urchin species.
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Introduction

Sea urchins belonging to the genus Echinometra have been
widely studied and recognized for their unique patterns of
genetic structure and speciation (Mcartney et al. 2000;
Lessios 2006; Bronstein and Loya 2013). Echinometra is a pan-
tropical genus with a distribution across the Indo-Pacific,
Caribbean, and Atlantic, and plays an important role in coral
reef ecosystems as a major bioeroder (Moulin et al. 2015).
Echinometra species present in the Indo-Pacific region are
best understood as a complex consisting of four distinct spe-
cies. Echinometra mathaei and E. oblonga correspond to types
‘B’ and ‘D,’ respectively (Arakaki and Uehara 1999; Mita et al.
2004). The other two species are referred to as E. sp. A and
E. sp. C (Palumbi et al. 1997). A recent study suggests a
potential new species or subspecies that occurs in the Gulf
of Aqaba/Eilat and reefs surrounding Zanzibar, referred to as
E. sp. EZ (Bronstein and Loya 2013). Genetic and comparative
genomic studies on this species complex will be valuable for
answering fundamental biological questions about sympatric
speciation, range expansion, and adaptive potential. A com-
plete mitogenome is an informative reference for future stud-
ies on understanding the history of this species complex and
future genetic studies of hybridization.

Total genomic DNA was extracted from a single gonadal
tissue sample of E. sp. EZ collected from the Dhabiya reef
site in the Persian/Arabian Gulf (24�21055.800N 54�06002.900E)
with the DNeasy Blood and Tissue Kit (QIAGEN ). High-quality
DNA was submitted for PCR-free library preparation and
whole genome sequencing on an Illumina HiSeq3000 (100 bp
paired-end reads) and a NextSeq500 (100 bp paired-end
reads) at the University of Florida Interdisciplinary Center for
Biotechnology Research. Trimmomatic v0.38 (Bolger et al.

2014) was used for adapter removal and quality filtering.
Platanus v1.2.1 (Kajitani et al. 2014) was used to assemble
reads into contigs and scaffolds with default parameters and
K-mer ranging from 49 to 99. From the first pass genome
assembly, we successfully identified a complete mitochon-
drial chromosome using the published E. mathaei mitoge-
nome sequence (accession number: NC_034767.1).
Annotations of the mitogenome were computed using
Geneious v11.1.4 (Kearse et al. 2012) with the published
E. mathaei mitogenome sequence as a reference. Given the
complex phylogenetics of this species complex, we used
BLASTn searches at the National Center for Biotechnology
Information (NCBI) with cytochrome c oxidase subunit I gene
(COI) to confirm that our sample matched E. sp. EZ.
Phylogenetic analysis of eight Echinometra COI sequences
(derived from six Echinometra species), suggests that the
‘E. mathaei’ mitogenome previously deposited at NCBI would
more accurately be defined taxonomically as E. sp. EZ
(Sequence data and maximum likelihood tree available from
the Dryad Digital Repository: https://doi.org/10.5061/
dryad.20k3fj0).

The mitogenome of E. sp. EZ is 15,698 bp in length and
contains 13 protein-coding genes, 22 tRNAs, 2 rRNAs, and a
non-coding region with an identical organization to other
Echinoidea (accession number: MH685644). The mitogenome
generated here was aligned to the published E. mathaei gen-
ome using the MAFFT alignment with the E-INS-i algorithm
implemented in Geneious v11.1.4. We found 147 SNPs differ-
entiating the two individuals (�99.1% identity) (SNP table
available on the Dryad Digital Repository: https://doi.org/10.
5061/dryad.20k3fj0). Using this same alignment protocol, we
generated a 16,520 column nucleotide alignment of the
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mitogenomes from Echinometra sp. EZ, Echinometra mathaei,
Arbacia lixula, Lytechinus variegatus, Strongylocentrotus purpur-
atus, Hemicentrotus pulcherrimus, Heterocentrotus mammilla-
tus, and the outgroup Holothuria forskali (Holothuroidea)
(Alignment data are available on the Dryad Digital
Repository: https://doi.org/10.5061/dryad.20k3fj0). With this
alignment, we used MEGA v7.0.21 (Kumar et al. 2016) to
determine that the best fit model of nucleotide substitution
was GTRþG. We then generated a maximum likelihood (ML)
tree using this model in the PhyML v3.0 plugin (Guindon
et al. 2010) in Geneious v11.1.4 (with 1000 bootstrap repli-
cates). The ML tree is in agreement with other published
phylogenies based on morphological characteristics and
mitochondrial regions (Figure 1) (Smith et al. 2006; Kroh and
Smith 2010).
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