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ABSTRACT
To increase the mitogenome data available for robust phylogeny, we sequenced the complete mito-
chondrial DNA of the scale worm Eunoe nodosa (Sars, 1861) in the family Polynoidae of the order
Phyllodocida. The complete mitogenome has 15,366bp and has 28.9% A, 13.2% C, 19.0% G, and 38.8%
T. Using MITOS and tRNAscan-SE, we identified the 13 typical protein-coding genes (PCGs), 2 ribosomal
RNA (rRNA) genes, 22 transfer RNA (tRNA) genes, and a non-coding region. Phylogenomic analysis
based on 27 in-group taxa belonging to five families of the subclass Errantia show congruence with
the published phylogenetic relationship within the Polynoidae, in which E. nodosa lies in the clade of
shallow water species.
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The Suborder Aphroditiformia includes ‘scale worms,’ which
show unique morphology in annelids, characterized by hav-
ing dorsal elytra (Struck et al. 2011; Gonzalez et al. 2018).
They are mostly macrofaunal benthic predators inhabiting all
marine environments from shallow intertidal to deep sea
including harsh environments (e.g. hydrothermal vents, vol-
canic seamounts, methane seeps), with a wide geographical
distribution, ranging from tropics to polar regions (Rouse and
Fauchald 1995; Zhang et al. 2017). Phylogenetic relationships
within the Aphroditiformia have remained elusive for a long
time due to the lack of proper genomic data, the excessive
number of deep sea species, and the presence of scaleless
group, Pisionidae (Rouse and Pleijel 2001; Struck et al. 2005; ;
Norlinder et al. 2012). Recently, however, genomic data has
begun to elucidate the relationships within the
Aphroditiformia (Gonzalez et al. 2018; Zhang et al. 2018;
Hatch et al. 2020).

The scale worm Eunoe nodosa (M. Sars, 1861) is widely dis-
tributed in the Arctic, Northern Atlantic, Mediterranean, and
Northern Pacific with depth range up to 1260m (Drumm
et al. 2016). There is no information on complete mitoge-
nome in the genus Eunoe, and several incomplete PCGs (e.g.
COI, 16S rRNA, 18S rRNA) of the Eunoe species have been reg-
istered at NCBI GenBank. In this study, a live specimen of E.
nodosa was collected from the Beaufort Sea (69�52’N,
139�03’W) in 2017 using a remotely operated underwater
vehicle (ROV) of the Monterey Bay Aquarium Research

Institute (MBARI). Its distribution in the Beaufort Sea was pre-
viously described (Miller 2012). The sample is deposited in
the Korea Polar Research Institute (Species ID: Annelid-04;
Specimen ID: KOPRI-Benthos-4; https://antagen.kopri.re.kr; Dr.
Bo-Mi Kim; bomikim@kopri.re.kr). Genomic DNA was isolated
from the muscle tissue of a single individual using a DNeasy
Blood and Tissue kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions. Next-generation sequencing
was conducted to obtain a circular mitogenome using the
protocols based on a previous study (Nam et al. 2021).
TruSeq DNA Sample Preparation Kit (Illumina, San Diego, CA,
USA) was used for sequencing using the Illumina HiSeq
sequencer. The sequencing library was prepared by random
fragmentation of the DNA sample, followed by 50 and 30

adapter ligation. Raw reads were obtained from the sample
that passed the quality control check in the Illumina HiSeq
platform (Illumina) at Macrogen, Inc. (Seoul, South Korea).
Adapter sequences, low quality reads, reads with >10% of
unknown bases, and ambiguous bases were removed to
obtain high quality assembly. After the quality check process,
a total of 14,484,343 filtered reads were obtained from
16,493,324 raw reads. Thereafter, de novo assembly was con-
ducted with various k-mers using SPAdes (Bankevich et al.
2012), and a circular contig of the E. nodosa mitogenome
was obtained. The resulting contig consensus sequence was
annotated using MITOS2 (Bernt et al. 2013) and tRNAscan-SE
2.0 (Lowe and Eddy, 1997). Further, BLAST searches
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confirmed the identity of the genes (http://blast.ncbi.nlm.
nih.gov).

The complete mitogenome of E. nodosa was 15,366 bp in
length (GenBank accession no. MW557378) carrying the typ-
ical composition including 13 PCGs, 22 tRNAs, two rRNAs,
and an intergenic region. The nucleotide composition was
highly biased toward Aþ T nucleotides (67.7%), with the per-
centage of A, T, C, and G being 28.9, 38.8, 13.2, and 19.0%,
respectively. The COI sequence showed the highest similarity
(99.7%) to the COI sequence of E. nodosa that was previously
registered at GenBank (656 bp; GenBank accession no.
HQ024300; Carr et al. 2011). The overall genomic architecture
of the E. nodosa mitochondrion was similar to the previously
published mitogenomes of shallow-water polynoids
(Halosydna sp., Melaenis sp., and Lepidonotus sp.), showing
difference in gene order and orientation from those of deep
sea polynoids, abranchiates (Levensteiniella iris,
Lepidonotopodium okinawae) and branchiates (Branchipolynoe
sp. and Branchinotogluma japonicus). This discrepancy would
be attributable to the unique mitochondrial genome evolu-
tion of the deep sea species (Zhang et al. 2018).

We constructed the phylogenetic topology of 33 annelid
species using the concatenated set of the whole 13 PCG
sequences, with two sipunculan species as an outgroup
(Figure 1). Overall, the sister-group relationship of Errantia
and Sedentaria complies well with the previously established

phylogeny (Weigert and Bleidorn 2016). In the phylogenetic
tree made from the 26 published mitogenomes of Errantia, E.
nodosa lies within the family Polynoidae, forming a cluster
with Melaenis sp. As shown in the recent phylogenetic ana-
lysis (Zhang et al. 2018), deep sea polynoids (abranchiate and
branchiate species) form a well-supported monophyletic
clade, with the shallow-water species including E. nodosa
forming the sister clade. As this study was not accompanied
by morphological observations, incorporation of the morpho-
logical information would be needed for future taxonomic
studies of the genus Eunoe.
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Figure 1. Maximum-likelihood (ML) phylogeny of 26 published mitogenomes from Errantia including E. nodosa and 4 registered mitogenomes of Sedentaria spe-
cies, and two Sipuncula species as an outgroup based on the concatenated nucleotide sequences of protein-coding genes (PCGs). The phylogenetic analysis was
performed using the maximum likelihood method, GTRþGþ I model with a bootstrap of 1,000 replicates. Numbers on the branches indicate ML bootstrap percen-
tages. DDBJ/EMBL/Genbank accession numbers for published sequences are incorporated. The black triangle means the scale worm analyzed in this study.
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Data availability statement

BioProject, BioSample, and SRA accession numbers are https://www.ncbi.
nlm.ni h.gov/bioproject/PRJNA699106, https://www.ncbi.nlm.nih.gov/bio-
sample/SAMN17766237, and https://www.ncbi.nlm.nih.gov/sra/?term=
SRR14996616, respectively. The data that support the findings of this
study are openly available in the National Center for Biotechnology
Information (NCBI) at https://www.ncbi.nlm.nih.gov, with an accession
number MW557378.
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