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ABSTRACT

In this study, we report the complete mitogenome sequence of the polychaete, Melinna cristata (Sars,
1851). The circular M. cristata mitochondrial genome is 15,696 bp in length and has an AT content of
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66%. As in other polychaetes, the genome has 13 protein-coding genes (PCGs), two ribosomal RNA

(rBNA) genes, 22 transfer RNA (tRNA) genes, and a non-coding region. Gene composition and their
order in the M. cristata mitochondrion are identical to the Terebelliformia mitogenomes. A maximum-
likelihood gene tree based on the M. cristata mitogenome combined with previously published
revealed that M.

Sedentaria and Errantia mitogenomes
Terebelliformia species.

The segmented worms, Annelida comprise one of the most
complex taxa with remarkable ecological diversity, broad life
strategies, and highly derived morphologies (Struck et al.
2011; Andrade et al. 2015). The annelid species are dominant
members in a significant part of the endo- and epibenthos of
the marine environment, although some species can be
found as a holopelagic species. The diversity of Annelida is
classified by phylogenomic analyses into two large monophy-
letic groups, Sedentaria and Errantia (Struck et al. 2011; Kvist
and Siddall 2013; Weigert et al. 2014), although the phylo-
genetic relationship on Annelida remained controversial for a
long time. The marine polychaete, Melinna cristata (Sars,
1851) inhabits soft sediments from intertidal to deep sea
with depths between 40 and 550 m and exhibits a wide geo-
graphical distribution, ranging from the entire Norwegian
coast to the Svalbard and the Barents Sea (Mackie and Pleijel
1995). The subfamilies Melinninae and Ampharetinae have
traditionally been placed in the family Ampharetidae, sub-
order Terebellomorpha, and order Terebellida. However, a
recent study, based on 12,674 orthologous gene information
and morphological data, strongly suggested that the former
subfamily  Melinninae is the sister to  another
Terebellomorpha family Terebellidae and does not group
together with  Ampharetinae  (Stiller et al. 2020).
Subsequently, the subfamily Melinninae is now suggested to
family level Melinnidae and the subfamily Ampharetinae
becomes Ampharetidae (Stiller et al. 2020). Since mitoge-
nome information on Terebelliformia is limited, as only two
whole mitogenomes, Pista cristata (Terebellida; Terebellidae)
and Terebellides stroemii (Terebellida; Trichobranchidae) have
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been registered at NCBI GenBank, the complete mitogenome
sequence of M. cristata will serve as an essential resource for
understanding the phylogenetic relationship and evolutionary
history of Terebelliformia.

A specimen of M. cristata was collected from the Beaufort
Sea (69°52'N, 139°03'W) in 2017 using a remotely operated
underwater vehicle (ROV) belonging to the Monterey Bay
Aquarium Research Institute (MBARI). The sample was depos-
ited in the Korea Polar Research Institute (Species ID:
Annelid-03; Specimen ID: KOPRI-Benthos-24). Genomic DNA
was isolated from the muscle tissue of M. cristata 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 (Park et al.
2020). TruSeq DNA Sample Preparation Kit (lllumina, San
Diego, CA) was used for sequencing using the lllumina HiSeq
sequencer. The sequencing library was prepared by random
fragmentation of the DNA sample, followed by 5 and 3
adapter ligation. Raw reads were obtained from the sample
that passed the quality control check in the Illumina HiSeq
platform (lllumina, San Diego, CA) 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 19,392,958 filtered reads were
obtained from 34,246,812 raw reads. Thereafter, de novo
assembly was conducted with various k-mers using SPAdes
(Bankevich et al. 2012), and a circular contig of the M. cristata
mitogenome was obtained. The resulting contig consensus

CONTACT Jae-Sung Rhee @ jsrhee@inu.ac.kr @ Department of Marine Science, College of Natural Sciences, Incheon National University, Incheon 22012,

South Korea

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2021.1962755&domain=pdf&date_stamp=2021-09-23
http://orcid.org/0000-0003-3313-8850
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com

100 Escarpia spicata (NC_026856)
Lamellibrachia luymesi (NC_026858)
Manayunkia occidentalis (NC_050262)

Pista cristata (NC_011011)
EMeﬁnna cristata (MW542504) —
iy Terebellides stroemii (EU236701)

99 Neanthes glandicincta (KY094478)

Sedentaria 971

100

Errantia

L] 100
100

100
100

100

—7o!

——
0.20

Tylorrhynchus heterochaetus (NC_025561)
Paraleonnates uschakovi (NC_032361)

Laeonereis culveri (KU992689)
Hemipodia simplex (KT989322)
Glycera dibranchiata (KT989318)
Glycera tessellata (KT989326)
Goniada japonica (NC_026995)
Phascolosoma esculenta (MG873458)
Sipunculus nudus (MG873457)

MITOCHONDRIAL DNA PART B (&) 3039

Siboglinidae

| Fabriciidae

| Terebellidae

| Melinnidae

| Trichobranchidae

Namalycastis abiuma (NC_030040)

Platynereis dumerilli (NC_000931)
Hediste japonica (MN876864)
Hediste diadroma (KX499500)
Perinereis aibuhitensis (KF611806)
Perinereis nuntia (JX644015)
Cheilonereis cyclurus (HM473330)
Nereis zonata (MT980928)
Nereis sp. (MF960765)

Nereididae

Glyceridae

| Goniadidae
| Phascolosomatidae
| Sipunculidae

Figure 1. Maximum-likelihood (ML) phylogeny of 6 published mitogenomes from Sedentaria including M. cristata and 17 registered mitogenomes of Errantia spe-
cies, and two Sipuncula species as an outgroup based on the concatenated nucleotide sequences of protein-coding genes (PCGs). Numbers on the branches indicate
ML bootstrap percentages. DDBJ/EMBL/GenBank accession numbers for published sequences are incorporated. The black triangle means the polychaete analyzed in

this study.

sequence was annotated using MITOS2 (Bernt et al. 2013)
and tRNAscan-SE 2.0 (Lowe and Eddy 1997). Further, BLAST
searches confirmed the identity of the genes (http://blast.
ncbi.nlm.nih.gov).

The assembled circular mitogenome of M. cristata was
15,696 bp in length (GenBank accession no. MW542504), con-
taining 13 protein-coding genes (PCGs), 22 transfer RNAs
(tRNAs), two ribosomal RNAs (rRNAs), and one non-coding
region. The nucleotide composition was significantly biased
toward A+T nucleotides (66%), as the percentages of A, T,
C, and G were 36.4%, 29.9%, 12.9%, and 20.8%, respectively.
The overall genomic architecture of the M. cristata mitochon-
drion is identical to other mitogenomes of the
Terebelliformia (e.g. Pista cristata, Terebellides stroemii).

A maximum-likelihood (ML) phylogenetic hypothesis was
established using sequence data from the concatenated set of
the whole 13 PCGs of the M. cristata mitogenome, five pub-
lished mitogenomes belonging to Sedentaria, 17 mitogenomes
involved in Errantia, and two Sipuncula species as an outgroup
(Figure 1). JModelTest ver. 2.1.10 (Darriba et al. 2012) was
used to select the best substitution model and a substitution
model (HKY + G+I1) was applied to perform a ML method in
the PhyML 2.4.5 (Guindon and Gascuel 2003) with 1000 boot-
strap replicates. Overall, the relationship between major fami-
lies in Annelida followed a well-established phylogeny
(Weigert and Bleidorn 2016), and families belonging to
Terebelliformia also exhibit reliable phylogenetic relationships.
The M. cristata clustered together with Terebellides stroemii
(Terebellida, Trichobranchidae) with a bootstrap support of
99% and formed a sister group with Pista cristata (Terebellida,
Terebellidae). Molecular phylogenetic relationship in families

belonging to Sedentaria is still controversial due to limited
information of whole mitogenomes, although Sedentaria is a
species-rich group as a member of Pleistoannelida together
with its sister taxa Errantia. Based on the recent robust phylo-
genomic result constructed with transcriptome and morpho-
logical data, Melinnidae was placed as the sister group to
Terebellidae and further formed with Trichobranchidae (Stiller
et al. 2020), which differs from our result in which Melinnidae
firstly clusters with Trichobranchidae, possibly due to the
absence of incorporation of additional phylogenomic materials
in this study. Nevertheless, this new mitochondrial genome
will be useful for smaller scale phylogenies within annelida.

Acknowledgements

The authors wish to thank Dr. Tae-Yoon S. Park and Mr. Ji-Hoon Kihm
(Korea Polar Research Institute) for their help on field work
and sampling.

Disclosure statement

The authors report no conflicts of interest and are solely responsible for
the content and writing of this manuscript.

Funding

This research was supported by Incheon National University Grant
[2018-0171].

ORCID

Jae-Sung Rhee http://orcid.org/0000-0003-3313-8850


http://blast.ncbi.nlm.nih.gov
http://blast.ncbi.nlm.nih.gov

3040 S-E. NAM ET AL.

Data availability statement

BioProject, SRA, and BioSample accession numbers are https://www.ncbi.
nlm.nih.gov/bioproject/PRINA695143 and https://www.ncbi.nlm.nih.gov/
biosample/SAMN17602389, respectively. The data that support the find-
ings 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 MW542504.

References

Andrade SCS, Novo M, Kawauchi GY, Worsaae K, Pleijel F, Giribet G,
Rouse GW. 2015. Articulating “archiannelids”: phylogenomics and
annelid relationships, with emphasis on meiofaunal Taxa. Mol Biol
Evol. 32(11):2860-2875.

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, et al. 2012. SPAdes: a
new genome assembly algorithm and its applications to single-cell
sequencing. J Comput Biol. 19(5):455-477.

Bernt A, Donath A, Jihling F, Externbrink F, Florentz C, Fritzsch G, Putz J,
Middendorf M, Stadler PF. 2013. MITOS: improved de novo metazoan
mitochondrial genome annotation. Mol Phylogenet Evol. 69(2):313-319.

Darriba D, Taboada GL, Doallo R, Posada D. 2012. jModelTest 2: more
models, new heuristics and parallel computing. Nat Methods. 9(8):772.

Guindon S, Gascuel O. 2003. A simple, fast, and accurate algorithm to esti-
mate large phylogenies by maximum likelihood. Syst Biol. 52(5):696-704.

Kvist S, Siddall ME. 2013. Phylogenomics of Annelida revisited: a cladistic
approach using genome-wide expressed sequence tag data mining
and examining the effects of missing data. Cladistics. 29(4):435-448.

Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detection
of transfer RNA genes in genomic sequence. Nucleic Acids Res. 25(5):
955-964.

Mackie ASY, Pleijel F. 1995. A review of the Melinna cristata-species
group (Polychaeta: Ampharetidae)
Mitteilungen Aus Dem Hamburgischen Zoologischen Museum Und
Institut. 92:103-124.

Park HS, Nam S-E, Rhee J-S. 2020. Complete mitochondrial genome of
the marine polychaete Hediste japonica (Phyllodocida, Nereididae).
Mitochondrial DNA. 5:852-853.

Stiller J, Tilic E, Rousset V, Pleijel F, Rouse GW. 2020. Spaghetti to a tree:
a robust phylogeny for Terebelliformia (Annelida) based on transcrip-
tomes, molecular and morphological data. Biology. 9(4):73.

Struck TH, Paul C, Hill N, Hartmann S, Hosel C, Kube M, Lieb B, Meyer A,
Tiedemann R, Purschke G, et al. 2011. Phylogenomic analyses unravel
annelid evolution. Nature. 471(7336):95-98.

Weigert A, Helm C, Meyer M, Nickel B, Arendt D, Hausdorf B, Santos SR,
Halanych KM, Purschke G, Bleidorn C, et al. 2014. llluminating the
base of the annelid tree using transcriptomics. Mol Biol Evol. 31(6):
1391-1401.

Weigert A, Bleidorn C. 2016. Current status of annelid phylogeny. Org
Divers Evol. 16(2):345-362.

in the northeastern Atlantic.


https://www.ncbi.nlm.nih.gov/bioproject/PRJNA695143
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA695143
https://www.ncbi.nlm.nih.gov/biosample/SAMN17602389
https://www.ncbi.nlm.nih.gov/biosample/SAMN17602389
https://www.ncbi.nlm.nih.gov

	Abstract
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


