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Abstract

Fragments of mitochondrial cytochrome ¢ oxidase subunit I (COI) gene of 21 nereids species
were collected and compared to investigate the systematic and evolution of Nereididae. Total
of 599 base pair (bp) nucleotide sequences revealed 285 polymorphic sites. Forty-nine
variable sites were found in the corresponding 199 amino acid fragments. Phylogeny was
constructed based on neighbor-joining (NJ) and maximum likelihood (ML) methods. Two
shallow evolutionary clades were found, which were associated with the main distributions or
sampling locations of these species that were used in this study. It likely indicated two
different evolutionary origins, a Pacific tropic zone and a North Atlantic high latitude zone.
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1. Introduction

Nereididae Blainville, 1818, is a family of Polychaeta (Annelida). Most members of this
group are widely distributed in global marine systems ranging from the intertidal to abyssal
depths (Dean, 2001), while a few also settle down in brackish or swim upstream to rivers
even to land. They are commercially and ecologically important, because they can contribute
as abundant food sources in the marine communities and improve the quality of benthic
sediment as well as monitor pollution (Jiang & Liu, 2008). Presently, Nereididae are
commonly thought to contain 42 genera about 500 species (Pleijel, 2001), but the
relationships between them are yet unclear. Traditionally, they were divided into three
subfamilies, Gymnonereidinae Banse, 1977a, Namanereidinae Hartman, 1959, and
Nereidinae Johnston, 1865. Two controversial subfamilies, Dendronereinae Pillai, 1961 and
Notophycinae Knox and Cameron, 1970, are still under incertae sedis (Read & Fauchald,
2012).

Of all the 42 genera, nineteen with about 81 species are reported to have a distribution or be
found along coastal China. Sun and Yang (2004) summarize them into three subfamilies,
Nereidinae (16 genera including Dendronereis 77species), Namanereidinae (2 genera 3
species) and Notophycinae (only one species). The Gymnonereidinae was lack in their
records. However, Fitzhugh (1987) suggest expanding the classification limits for
Namanereidinae because the Nereidinae were not a monophyletic group based on
morphological phylogeny. As his suggestion, five genera divided into Nereidinae by Sun and
Yang (2004) can be merged into Gymnonereidinae. Current taxonomy in Nereididae
principally depends on morphologic characters such as prostomium, palps, parapodum, jaws
and so on. The types and numbers of morphologic characters used and hypotheses on
origination, vertical or horizontal evolutions both may generate different taxonomic results.
In addition, colour polymorphisms in polychaete species also make confusion in traditional
taxonomy (Nygren et al., 2011).

With the rapid development of molecular tools, they have been recognized as necessary for
delineating species boundaries, quantifying diversity, and -clarifying distributions in
understudied groups (Westheide & Schmidt, 2003; Carr et al., 2011). Mitochondrial DNA
(mtDNA) has been applied widely in the studies of phylogenetics and evolution as well as an
effective marker to assist taxonomy because of its uniparental inheritance (in a majority of
animal phyla), high evolutionary rate, lack of introns, large copy numbers in every cell, and
limited recombination (Adriana et al., 2010). Especially, the mitochondrial cytochrome c
oxidase subunit I (COI) gene has been proposed as a DNA barcode and frequently used to
recognize provisional species in groups with incomplete taxonomy, and morphological,
ecological, and behavioural differences are regularly detected upon further examination of
divergent taxa (Carr et al., 2011). Although several recent studies have focused on the
discrimination of closely related polychaete species (Dahlgren et al., 2000; Santos et al., 2005;
Bakken et al., 2005), the systematics and taxon in nereids species by employing molecular
data still received few attentions.

In present study, all the available mtDNA COI gene sequences with long fragment in
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Nereididae were collected from Genebank. Our aim is to describe the phylogeny of
Nereididae based on COI gene and discuss the possibillity using this marker as a criterion for
taxon of Nereididae. A most common nereids species in China, Perinereris aibuhitensis,
sampled from coastal Shandong Peninsula of China were brought in to clarify its taxonomic
status in Nereididae and investigate the difference of genetic variations between species and
within species. Such results can provide theoretical basis for evolution and taxonomy of
Nereididae members.

2. Materials and Methods
2.1 Sequences Collection

COI gene sequences with more than 600 bp length of twenty nereids species were collected
from present Genebank. Eighteen of them were from Nereididae and the other two were from
Hesionidae and Syllidae respectively to be used as outgroup. Four Perinereris aibuhitensis
individuals were brought in from previous population study (Liu et al., 2012). All the samples
information was listed in Table 1 and the probable sampling locations were shown in Fig. 1.

Table 1. Samples informations

Family Subfamily Genus Species ID  Genebank  Reference
Nereididae Namanereidinae Namalycastis ~ Namalycastis elobeyensis 01 JQ040828 Magesh, 2012*
Namalycastis abiuma® 02 JQO081269 Magesh, 2010*
Nereidinae Cheilonereis Cheilonereis cyclurus® 03 HM473330 Carr et al., 2011
Hediste Hediste atoka 04 AB603886 Tosuji and Sato, 2010
Hediste japonica 05 AB603758 Tosuji and Sato, 2010
Micronereis Micronereis nanaimoensis 06 HM473464 Carr et al., 2011
Neanthes Neanthes virens 07 AF221572 Dahlgren et al., 2000
Nereis Nereis heterocirrata® 08 GU362684 Zhou et al., 2010
Nereis pelagica® 09 GU670828 Hardy et al., 2011
Nereis vexillosa® 10 HM473512 Carr et al., 2011
Nereis zonata® 11 HQ024403 Carr et al., 2011
Perinereis Perinereis aibuhitensis® 12 JX661449 Liuetal., 2012
Perinereis aibuhitensis® 12 JX661450 Liuetal., 2012
Perinereis aibuhitensis® 12 JX661443 Liuetal., 2012
Perinereis aibuhitensis® 12 JX661463 Liu et al., 2012
Perinereis falklandica 13 HQ705185 Sampertegui et al., 2011*
Perinereis gualpensis 14 HQ705189 Sampertegui et al., 2011*
Perinereis longidonta 15 HQ705191 Sampertegui et al., 2011*
Perinereis singaporiensis 16 EU835665 Neave et al., 2008*
Perinereis vallata® 17 HQ705195 Sampertegui et al., 2011*
Platynereis Platynereis bicanaliculata® 18 HM473598 Carretal., 2011
Platynereis dumerilii® 19 AF178678 Boore and Brown, 2000
Hesionidae Hesioninae Nereimyra Nereimyra aphroditoides 20 HQ024398 Carr et al., 2011
Syllidae Autolytinae Epigamia Epigamia alexandri 21 HQ024298 Carr et al., 2011

Note: @, distributed in China; *, unpublished data.

2.2 Data Analyses

All the sequences were edited and aligned using DNASTAR (DNASTAR Inc.;
www.dnastar.com). The variable sites, transitions and transversions, base compositions and
the genetic distance based on Kimura-2-Parameter between pair sequences were performed in
MEGA 5.0 (Tamura et al., 2011). The relations between genetic distance and transition and
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transversion for pairwise sequence comparisons were analyzed by DAMBE (Xia, 2000). The
NJ tree (Saitou & Nei, 1987) and ML tree (Felsenstein, 1981) were both constructed in
MEGA with 10,000 bootstrap replicates (Felsenstein, 1985).

i i i 1 i
20 40 G 50 100 120 40 180 180 200 2N 240 260 23 200 320 Ho 350

Figure 1. Sampling locations of species used in this study
Note: The numbers correspond to the specific name given in Table 1. Red color represents the species belong to

clade A, and blue color represents the ones belong to clade B.

3. Results
3.1 Sequence Variations

After all sequences were aligned and disposed, total of 599 bp fragment were left for further
analyses. Nucleotide comparison of the segment revealed 285 polymorphic sites, of which
246 were parsimony. All pair sequence comparisons produced avg. 65 transitions (si) and 64
transversions (sv). The ratio of si/sv is 1.07. The average base content for A+T is 57.5%
versus 42.5% for C+G. As a protein-coding gene, nucleotide comparisons for three coden
positions were also shown in Table 2 respectively. The AT content for the third coding
position is much richer than the other two positions (Table 2). The avg. si/sv ratio is quite
high for the first coding position (3.37), but they were below 1.0 for both the second and the
third position (0.70 and 0.82 respective).

The pairwise distances between 21 species ranged from 0.029 (Namalycastis abiuma vs.
Namalycastis elobeyensis) to 0.349 (Nereis heterocirrata vs. Nereimyra aphroditoides).
Comparing with interspecific difference, intraspecific variations for P. aibuhitensis were
small, ranging only from 0.005 to 0.014 (Fig. 2). When the pairwise distances were low, the
transitions were higher than transversions. However, as the genetic distances increase,
transitions start to saturate but transversions keep on growing (Fig. 3).
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All the 599 bp nucleotides coded total 199 amino acids, which defined 49 variable sites
including 21 parsimony informative sites. The information of variable sites for each species
was listed in Table 3.

\\ M acrot h i n k Aquatic Science and Technology

Table 2. Basic statistics of COI gene sequence variations

n T C A G si sv Si/sv
Total 599 30.7 243 26.8 18.2 65 64 1.07
1st 200 20.1 233 259 30.7 17 5 3.37
2nd 200 42.0 27.1 13.6 17.3 1 2 0.70
3rd 199 30.0 22.4 41.0 6.6 47 57 0.82

Note: n, number of sites; si , transitions; sv , transversions

Table 3. Variable sites of amino acid sequences
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3.2 Phylogenetic Relationships

Both constructed NJ tree and ML tree showed two obvious clusters for the 21species (Fig. 4),
although the bootstrap value was low and the net genetic distance between the two clades was
0.027 (mean genetic distance was 0.272). Clade A included 10 species from three genera
(Hediste, Perinereis and Namalycastis), and clade B contained the left 11 species
corresponding to 7 genera including the two outgroup species. The only two species from
Namanereidinae subfamily showed monophyletic with a 100% support. But it was under
different status in the two phylogenetic trees and didn’t display a relative far distance with
other species from Nereidinae. The Perinereis vallata was close to Perinereris aibuhitensis,
and they are monophyletic in both two trees. The two Japanese species living in brackish
have the closest relationships with high bootstrap value and lay on the end of branch. The two
outgroup species from Hesionidae and Syllidae didn’t observably diverge from the species of
Nereididae, both of them were divided into clade B. Conversely, the Neanthes virens has a
closer relation with Nereimyra aphroditoides (Hesionidae, Hesioninae). The four species
belong to Nereis clustered together in both NJ and ML trees. But the Cheilonereis cyclurus
was also mixed among them. According Table 1 and Fig. 4, the species in clade A were
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mostly distributed coasts of tropic and temperate zone in Pacific, whereas those from clade B

were sampled in high latitude areas especially in the coasts of Europe and Northwestern
Atlantic.
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Figure 4. The phylogenetic tree of 21 species based on COI sequences. >90% bootstrap
support was also shown. (a) NJ tree, (b) ML tree

4. Discussion

Unlike being conservative in vertebrates, mtDNA COI gene in the nereids species showed
high polymorphism. It therefore generated large genetic differentiations between species and
supported well several monophyletic groups of currently accepted taxa. Although most
clusters in the phylogenetic tree were lack of high bootstrap support and were different with
previous results of morphological parsimony analysis (see Santos et al., 2005; Bakken et al.,
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20005), it can reflect some clear trends and provide new insights in phylogenetic
relationships of Nereididae.

Specially, two shallow clades were revealed among all 21 species analyzed by both NJ and
ML tree. For clade A, it consist of the Namalycastis genus in Namanereidinae subfamily and
two genera (Hediste and Perinereis) in Nereidinae subfamily. Namanereidinae subfamily was
suggest be closest to ancestors by Fitzhugh (1987) based on morphological variations. In
present study, the two species Namalycastis abiuma and Namalycastis elobeyensis are
obviously monophyletic and display relative longer evolutionary branch length than other
species in clade A, indicating the Hediste and Perinereis genera were likely derived from
Namanereidinae. Considering that most Namanereidinae species have a tropic distribution
whereas Hediste and Perinereis species live in both tropic and temperate areas of northern
and southern hemisphere, we postulated that the two genus species might diverge from tropic
ancestor northward and southward respectively by transequatorial dispersal events during
recent glaciations which have been widely proposed as a mechanism for the formation of
antitropical distributions in marine organisms (Lindberg, 1991).

Perinereis vallata clustered with Perinereis aibuhitensis both of which are the common
species along coasts of China, but Perinereis vallata has more wide range that can reach as
far as coasts of Chile in southern hemisphere. It indicated the divergence between the two
species may occur late. Far distance isolation between sampling sites did not have enough
time to produce large genetic variations in COI gene.

Hediste atoka was accepted as a sympatric sibling species with Hediste japonica in recent
years (Sato & Masuda, 1997; Sato et al., 2003). They were distinguished by different egg size
(large-egg form or small-egg form) and are reproductively isolated (Sato & Tsuchiya, 1991).
Both the two species live in the brackish-water and have the shortest evolutionary branches
indicating they may evolve from marine Perinereis species distributed in Northwestern
Pacific.

Clade B mainly contains the Nereis, Platynereis, Cheilonereis, Neanthes, Micronereis and the
two outgroup species. All these referred species were mostly distributed in the coasts of
Eastern Pacific and Atlantic with middle and high latitude in Northern Hemisphere. Four
Nereis species clustered together but a Cheilonereis species get mixed into them. It may
indicate the taxon status of this species should be reconsidered and suggest it be divided into
Nereis genera. Alternatively, the Nereis genus may be paraphyletic and can be further
subdivided. Two Platynereis species (Platynereis bicanaliculata and Platynereis dumerilii)
did not form a monophyly suggesting they might belong to different groups.

Micronereis genus was treated as a member of Nereidinae subfamily traditionally. Santos et
al. (2005) separated a species Micronereis variegate into Notophycinae based on
morphological supports. In our result, another species Micronereis nanaimoensis also showed
relative large genetic distances with other species. It supports splitting Micronereis genus into
a higher taxonomy status.

The two outgroup species from different families didn’t show the farthest distance with all

177 www.macrothink.org/ast



ISSN 2168-9148

\ M acrothink Aquatic Science and Technology
A Institute™ 2013, Vol. 1, No. 1

the species of Nereididae family. They were also included in clade B. It may be attributed to
the high polymorphism of the COI sequences. Especially, the ratio for si/sv is under 1.0 in the
second and third coden positions indicating the transitions have reached equilibration (Wu et
al., 2007). Such case was often observed in studies of COI sequences for other species and
prompted a parallel evolution (Simon et al., 1994). However, there is also report pointing out
that substitution saturated won’t influence the phylogenetic relationships (Goldstein & Specht,
1998). High transversions in the third coden positions may be caused by an AT rich (Hugall
etal., 1997).

It is interesting that the species in clade B were also be reported to be distributed around
coasts of China except Micronereis nanaimoensis, Neanthes virens and the two outgroup
species. However almost all of them were sampled around coasts of North America except
Nereis heterocirrata, which had the same sampling site with Perinereis aibuhitensis but they
belong to different clades. If the hypothesis of two evolutionary origins, the species
distributed around coasts of China but from clade B may have a colonization route from north
to south which were opposite to Perinereis species. During these processes, the ocean
currents likely have a transporting function to accelerate their dispersal, because the eggs and
larvae have a planktonic period lasting at least 20 days before they settle into benthos (Sun &
Yang, 2004).

The present study demonstrates the effectiveness of DNA barcoding as a tool for species
identification in Nereididae. In consideration of the high polymorphism in this gene, more
conservative markers should be used and samples should be collected from more wide
geographic areas to verify our hypothesis in future works.
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