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MITOGENOME ANNOUNCEMENT

Complete mitochondrial genome of Carijoa riisei (Duchassaing & Michelotti,
1860) (Octocorallia: Alcyonacea: Stolonifera: Clavulariidae)

Erin E. Easton and David Hicks

School of Earth, Environmental and Marine Sciences, University of Texas Rio Grande Valley, Brownsville, TX, USA

ABSTRACT
We report the first complete Stolonifera mitochondrial genome. Carijoa riisei (Duchassaing & Michelotti,
1860) isolate CLP2_A03 was collected by scuba at 32m on the USTS Texas Clipper (27� 53.78270N, 93�
36.27020W). The complete mitogenome has the ancestral octocoral gene order for its 14 protein-coding
genes, two rRNA genes, and one tRNA gene. It is 18,714bp (30.7% A, 15.8% C, 18.8% G, and 34.7% T).
Of the Alcyonacea mitogenomes published to date, it is most genetically similar (94% uncorrected) to
Sinularia ceramensis Verseveldt, 1977 (NC_044122).
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Carijoa M€uller, 1867 consists of three accepted species of
which two, C. riisei and C. operculata, are reported in the Gulf
of Mexico. These species are distinguishable by anthocodial
spiculation, which forms an operculum in the latter species
(Bayer 1961). Although C. riisei was described from the
Atlantic-Caribbean, it is widely distributed in the Atlantic,
Pacific, and Indian Oceans and has a likely origin in the Indo-
Pacific, whereas, the Atlantic and Caribbean populations are
inferred to be the youngest (Concepcion et al. 2010).
Colonies can reach sexual maturity in a few months, can
maintain growth rates �0.5 cm week�1 for several months,
undergo vegetative propagation, and are gonochoristic
(rarely hermaphroditic) with continuous and asynchronous
gamete release (Kahng et al. 2008; Barbosa et al. 2014).
These characteristics enable C. riisei to proliferate rapidly and
to form dense aggregations and may contribute to its colon-
ization of artificial structures (Kahng et al. 2008).

The specimen was collected by scuba at 32m on the
USTS Texas Clipper (27� 53.78270N, 93� 36.27020W) on 22
August 2017. This vessel was sunk as part of the Texas Parks
and Wildlife Department’s Artificial Reef Program on 17
November 2007 (Curley 2011). DNA was extracted with
GeneJET Genomic DNA Purification Kit (ThermoFisher
Scientific, Waltham, MA) per manufacture’s protocol and sub-
mitted to Biopolymers Facility at Harvard Medical School for
library preparation (Illumina Nextera XT2) and next-gener-
ation sequencing (NextSeq 500). Trimmed reads
(Trimmomatic-0.32, Bolger et al. 2014) were assembled de
novo with SPAdes (Bankevich et al. 2012) on the University
of New Hampshire ron server. Trimmed reads (BBDuk v.
37.25) were mapped to the SPAdes contig to generate a con-
sensus sequence in Geneious Prime 2020.0.5 (https://www.

geneious.com). Genes were annotated by manually adjusting
Muricea crassa Verrill, 1869 (NC029697) annotations mapped
to the consensus sequence in Geneious. The C. riisei mitoge-
nome was deposited in GenBank (MT161608) and the speci-
men and sclerite SEM plate (see Supplemental Material) were
deposited in the Smithsonian National Museum of National
History (USNM1616994). The complete mitogenome was
aligned with default MUSCLE (Edgar 2004) parameters in
Geneious to 26 representative species for which the com-
plete mitochondrial genomes with the ancestral gene order
were available in GenBank. A maximum-likelihood, phylogen-
etic tree, rooted with the Pennatulacea clade, was con-
structed with RaxML 8.2.11 (Stamatakis 2014) (Figure 1): 100
bootstrap replicates (rapid bootstrapping with search for
best-scoring ML tree), no outgroup, and nucleotide
model¼GTR CAT I. Extended methods and alignments are
available in Supplemental Material.

The complete mitogenome is 18,714 bp (30.7% A, 15.8%
C, 18.8% G, and 34.7% T), has the ancestral octocoral gene
order, and has 14 protein-coding genes, two rRNA genes,
and one tRNA gene. This mitogenome report is the first for
suborder Stolonifera. C. riisei is sister to the two species in
Alcyoniidae and �94% similar (uncorrected) to Sinularia
ceramensis Verseveldt, 1977 (Alcyoniina: Alcyoniidae) (Figure
1). As found in previous studies (Figueroa and Baco 2015;
Poliseno et al. 2017), phylogenetic reconstructions result in
polyphyly of octocoral taxa, including orders, such as
Alcyonacaea (Figure 1).
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region. Stud Fauna Curaçao Other Caribbean Islands. 12(1):1–373.

Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
illumina sequence data. Bioinformatics. 30(15):2114–2120.

Concepcion G, Kahng S, Crepeau M, Franklin E, Coles S, Toonen R. 2010.
Resolving natural ranges and marine invasions in a globally distrib-
uted octocoral (genus Carijoa). Mar Ecol Prog Ser. 401:113–127.

Curley SJ. 2011. The ship that would not die: USS Queens, SS Excambion,
and USTS Texas Clipper. Centennial Series of the Association of
Former Students, Texas A&M University (Book 117). College Station:
Texas A&M University Press. p. 256.

Edgar RC. 2004. MUSCLE: multiple sequence alignment with high accur-
acy and high throughput. Nucleic Acids Res. 32(5):1792–1797.

Figueroa DF, Baco AR. 2015. Octocoral mitochondrial genomes provide
insights into the phylogenetic history of gene order rearrangements,
order reversals, and cnidarian phylogenetics. Genome Biol E. 7(1):
391–409.

Kahng SE, Benayahu Y, Wagner D, Rothe N. 2008. Sexual reproduction
in the invasive octocoral Carijoa riisei in Hawaii. Bull Mar Sci. 82(1):
1–17.

Poliseno A, Feregrino C, Sartoretto S, Aurelle D, W€orheide G, McFadden
CS, Vargas S. 2017. Comparative mitogenomics, phylogeny and evolu-
tionary history of Leptogorgia (Gorgoniidae). Mol Phylogenet Evol.
115:181–189.

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics. 30(9):
1312–1313.

 NC035669,  Leptogorgia alba 
 NC035665,  Eugorgia mutabilis 
 NC035668,  Pacifigorgia cairnsi 
 NC008157,  Antillogorgia bipinnata 
 NC035667,  Eunicella cavolini 
 NC020458,  Euplexaura crassa 
 NC023344,  Scleronephthya gracillimum 
 NC022809,  Dendronephthya suensoni 
 NC020457,  Echinogorgia complexa 
 NC034749,  Paramuricea clavata 
 NC029697,  Muricea crassa 
 NC044122,  Sinularia ceramensis 
 MK994517,  Sarcophyton trocheliophorum 
 *MT161608, Carijoa riisei CLP2_A03
 NC008073,  Briareum asbestinum 
 NC020375,  Heliopora coerulea 
 NC026192,  Narella hawaiiensis 
 NC026193,  Sibogagorgia cauliflora 
 NC024181,  Junceella fragilis 
 NC044087,  Pennatula aculeata 
 NC018378,  Renilla muelleri 
 NC044077,  Distichoptilum gracile 
 NC044089,  Protoptilum carpenteri 
 NC018380,  Stylatula elongata 
 NC044090,  Umbellula huxleyi 
 NC044091,  Virgularia mirabilis 
 NC044078,  Funiculina quadrangularis 

 100 

 98 

 100 

 100 

 100 

 62 

 55 
 99 

 100 
 100 

 100 

 93 
 100 

 100 

 99 
 100 

 95 

 100 

 100 
 75 

 100 
 100 

 99 
 100 

0.04

Alcyonacaea

Alcyonacaea

Helioporacaea

Pennatulacaea

Figure 1. Maximum-likelihood, phylogenetic tree of the complete mitochondrial genomes of Carijoa riisei (�this study, GenBank accession number, species name,
field sample ID) and 26 representative octocorals (GenBank accession number, species name). In Geneious Prime 20.0.5, complete mitochondrial genomes were
aligned with default MUSCLE parameters; the resulting alignment was used to construct the phylogenetic tree with RaxML 8.2.11 plugin with the following changes
to the default settings: bootstrap replicates ¼ 100, algorithm¼ rapid bootstrapping and search for best-scoring ML tree, nucleotide model¼GTR CAT I. Bootstrap
values >50 are report at the nodes. See Supplemental Material for methods details.
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