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ABSTRACT
The pink sea fan, Eunicella verrucosa (Pallas, 1766), inhabits rocky substrates across the northeast
Atlantic and the western Mediterranean. Across much of its range it has been detrimentally affected by
fishing. DNA from 17 E. verrucosa specimens was amplified by phi29-induced rolling circle amplification.
Following purification by sodium acetate-ethanol precipitation, the circular genomic DNA was
sequenced on an Illumina MiSeq v2. Specimens originated from sites along the west coast of Ireland,
southwest Wales, southwest/southern England, northwest France, southern Portugal, and the
Mediterranean coast of northeast Spain. All samples had identical mitochondrial genome sequences of
19,267bp and included 14 protein-coding genes (including the mutS gene), two ribosomal RNA subu-
nits (12S and 16S) and one methionine tRNA gene. Two genes (nad2 and nad5) overlapped by 13bp;
all other genes were separated by non-coding intergenic regions. All protein-coding genes had the
same start codon (ATG) and a TAA or TAG stop codon, except for cox1 that terminated with the incom-
plete stop codon T–. The mitochondrial genome of E. verrucosa (MW588805) showed 99.72% similarity
with that of a related sea fan species, Eunicella cavolini, with six SNPs and a 49bp deletion between
nad5 and nad4 in E. verrucosa distinguishing the two.
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The octocoral Eunicella verrucosa (Pallas, 1766) (common
name: pink sea fan) inhabits rocky substrates across the
northeast Atlantic and western Mediterranean at depths of
10–200m; its geographical range stretches from Donegal in
northwest Ireland to, reportedly, the coast of Mauritania in
West Africa (IUCN, 1996; Hayward & Ryland 2017). It has been
detrimentally affected by fishing activities across much of its
range and is classed as ‘vulnerable’ on the IUCN red list.

The mitochondrial genome was amplified from an individ-
ual sea fan collected in September 2008 from East Tennents
Reef, Lyme Bay, Dorset, England (N 50� 39.090, W 02�

52.440); the specimen is deposited at the Department of
Biosciences, University of Exeter (email: j.r.stevens@exeter.ac.
uk) under voucher code Eten04. The genome is one of 17
complete E. verrucosa mitochondrial genomes sequenced in
this study; additional specimens originated from sites in the
Atlantic, including the west coast of Ireland, southwest
Wales, the Isles of Scilly and Dorset (southern England),
northwest France, southern Portugal, and the Mediterranean
(northeast Spain); see Supplemental Materials Table S1 for
details. See Holland et al. (2013, 2017) for details of collection
protocol and sample preparation.

DNA was extracted using a salting-out protocol modified
from that of Li et al. (2011) and Jenkins et al. (2019). phi29-
induced rolling circle amplification (RCA) was used to amplify

the complete mitochondrial genome; the amplification proto-
col was modified from that of Dean et al. (2001) and Simison
et al. (2006). A sodium acetate-ethanol precipitation was per-
formed to purify the amplified DNA. The circular mtDNA tem-
plate was then sequenced. Library preparations were carried
out using a Mosquito LV (SPT Labtech) using a Nextera XT
DNA library preparation kit (Illumina). Individual DNA tem-
plates were barcoded and pooled onto a single lane of
paired-end 300 bp Illumina MiSeq v2. Mitochondrial genome
assembly was conducted as follows: low-quality reads and
adaptors were removed using the program Fastq-mcf
v.1.04.636; a de novo SPAdes (Nurk et al. 2013) assembly was
then carried out. De novo contigs produced by SPAdes were
blast searched against the complete Eunicella cavolini mito-
chondrial genome (KY559408). Contigs with significant hits
were then extracted and used as a reference against which
additional raw reads were assembled. These often comprised
one large contig of 19,267 bp, representing the complete
mitochondrial genome of E. verrucosa. Additionally, raw reads
of E. verrucosa were mapped directly against the mitochon-
drial genome of E. cavolini (KY559408) using the SAMtools
suite of bioinformatic programs. The two genome assembly
approaches (de novo-based and aligned-against-a-reference)
produced the same mitochondrial genome sequence for
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E. verrucosa for all specimens analyzed; see Supplemental
Material, section S2, for full details.

The 17 complete E. verrucosa mitochondrial genomes
sequenced in this study were identical, being 19,267 bp in
length, with the same gene arrangement as reported for
other species of Eunicella (Brockman and McFadden 2012;
Poliseno et al. 2017), including 14 protein-coding genes
(including the mutS gene), two ribosomal RNA subunits (12S
and 16S) and one methionine tRNA gene (tRNAmet). Among
the protein-coding genes, ten were encoded on the heavy
strand (cox1, nad1, coxb, nad6, nad3, nad4L, mutS, nad2, nad5
and nad4) and four were encoded on the light strand (cox2,
atp8, atp6 and cox3). Two genes, nad2 and nad5, overlapped
by 13 bp; all other genes were separated by intergenic
regions (IGRs). All protein-coding genes had the same start
codon (ATG) and a TAA or TAG stop codon, except for cox1
which terminated with the incomplete stop codon T–.

The mitogenome of E. verrucosa showed 99.72% similarity
with that of a related sea fan species, Eunicella cavolini, with
six SNPs and a 49 bp deletion between nad5 and nad4 in E.
verrucosa (compared to E. cavolini) distinguishing the two. Of
the six polymorphisms detected between E. verrucosa and E.
cavolini, five were in genes (nad6, nad3, nad2, nad4, cox2)
and were synonymous; the sixth SNP was in the nad4–cox3
IGR. Even compared to the known low levels of variation
observed between the mitogenomes of octocorals

(see Poliseno et al. 2017 for detailed discussion), the level of
variation observed between the mitogenomes of E. verrucosa
and E. cavolini is markedly low (<0.3%), though other –mor-
phological and genetic (Holland et al. 2013)– data support
their designation as separate species. Phylogenetic analysis of
E. verrucosa and complete protein-coding sequences from
the mitochondrial genomes of other soft coral (subclass
Octocorallia) taxa (Figure 1; Supplemental Material, section
S3) placed E. verrucosa with E. cavolini in this phylogeny,
though, with complete mitogenome data available for only
three out of more than 40 reported Eunicella species (WoRMS
2021), exact relationships between them remain to
be determined.
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