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ABSTRACT
In this study, genetic diversity and population genetic structure of Sagitta enflata in the northern
South China Sea were investigated by 623bp fragment of mtDNA COI gene sequence. A total of 146
individuals were collected from nine stations and 92 different haplotypes were obtained. 485 variable
sites (210 were parsimony informative and 275 were singleton variable sites), and no insertion or dele-
tion was found. An analysis of molecular variance (AMOVA) and conventional population statistics (FST)
revealed a low level of genetic differentiation among nine populations (FST¼ 0.14794, p< .05), indicat-
ing no geographical patterning among nine populations. The present results were able to provide a
reference for the phylogenetic relationships and assessment of the genetic structure of S. enflata in the
northern South China Sea.
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Introduction

Chaetognaths (arrow worms) are small-sized and important
predators in the marine ecosystem (Feigenbaum 1979), and
copepods are the dominant prey of chaetognaths (Jennings
et al. 2010). They can be found in coastal areas and in
oceanic waters, from polar to tropical areas, and from the
surface to several thousand meters depth (Alvarino 1965).
The origins of the arrow worms remain obscure, but molecu-
lar studies will finally bring the true evolutionary relationship
(Telford 2004). Taken as a whole, the genetic diversity of mar-
ine species is believed to present high levels within popula-
tion and low levels between populations (Meriam et al.
2015). Many physical factors, such as climate, ocean currents,
and lack of barriers in the open sea may explain this diversity
(Maltagliati et al. 2002, 2010; Fern�andez et al. 2011).

Sagitta is a genus of holoplanktonic chaetognaths with
about 70 species identified from the oceans around the world.
These species numerically dominate mesozooplankton and are
important secondary consumers in the pelagic ecosystem
(Pierrot-Bults 1982). Sagitta enflata is a cosmopolitan epiplank-
tonic species in temperate coastal waters, tropical-subtropical
epipelagic waters, and tropical-subtropical mesopelagic waters
and occurs mainly in the upper 300 m (Øresland 2000; Tse
et al. 2007). While several investigators have studied their wide
geographic distribution and migration behavior, the evaluation
of its genetic diversity and population genetic structure is also
very important and has not been reported so far.

Mitochondrial DNA (mtDNA) is widely being used for elu-
cidating molecular systematics studies. Moreover, cytochrome

oxidase subunit I (COI) is considered as more rapid evolution-
ary rate and polymorphic than other mitochondrial genes,
and therefore frequently used to study population genetic
structure analysis and phylogeographic relationships of mar-
ine species (Rabaoui et al. 2011). In this study, we used
sequences of the COI gene to investigate the genetic diver-
sity and population variation of 146 S. enflata individual
among nine populations from the different geographical dis-
tribution of northern South China Sea. The primary speci-
mens have been deposited in the South China Sea Institute
of Oceanology, Chinese Academy of Sciences, Guangzhou,
China, and the accession number is SCSMBC040498. The
results would be helpful for phylogenetic reconstructions and
population genetic structure of this species.

Materials and methods

Sample collection and DNA extraction

We collected 146 S. enflata individuals at nine stations in the
northern South China Sea (Figure 1) during August 2015.
Each individual was preserved in 95% ethanol before gen-
omic DNA (gDNA) extraction. Total gDNA was extracted using
marine animals gDNA kit (Biomiga, GD3311-02) and was
visualized on 1.0% agarose gel to verify the quality of high
molecular weight DNA extractions. Fragments of mitochon-
drial COI from all individuals of S. enflata were amplified
using the primer pairs LCO1490 (50-
GGTCAACAAATCATAAAGATATTGG-30) and HCO2198(50-
TAAACTTCAGGGTGACCAAAAAATCA-30) (Folmer et al. 1994).
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Amplifications were performed in a total volume of 50 lL
containing 10� PCR buffer, 2.5mM dNTP Mix, 10 lM each
primer, 100 ng templates, and 2U Taq DNA polymerase
(Takara, Dalian, China). The PCR program was carried out
under the following conditions: an initial denaturing at 94 �C
for 4min, followed by 30 cycles of denaturing at 94�C for
30 s, annealing at 50 �C for 50 s, and extension at 72 �C for
1min, with a final extension at 72 �C for 10min. The PCR
products were visualized on 1% agarose gels, and purified
with a Takara Agarose Gel DNA Purification Kit (Takara,
China). Gene sequencing was performed on ABI 3730XL DNA
Analyzer (Applied Biosystems, Foster City, CA).

Data analyses

Both sequences (forward and reverse) of the COI gene frag-
ment obtained for each specimen were aligned and edited by
visual inspection using SeqScape version 2.5 (Applied
Biosystems). Final alignments were optimized using BioEdit ver-
sion 7.0.4.1 using S. enflata COI sequences as reference
(GenBank accession no. KF977332). Nucleotide composition and
variable sites were analyzed using MEGA3.1 (Kumar et al. 2004).
Population structure of S. enflata was investigated using ana-
lysis of molecular variance (AMOVA), and the FST was examined
using the Mantel test with 1000 permutations, performed by
Arlequin version 3.01 (Excoffier et al. 2007).

Results and discussion

Molecular genetic studies have shown the existence of gen-
etic differentiation corresponding to different water masses
or biogeographic boundaries in several zooplankton species

(Bucklin et al. 2000; Goetze 2005). The investigations on chae-
tognaths were performed on some widespread species like
Parasagitta elegans, Parasagitta setosa, Caecosagitta macroce-
phala, Eukrohnia hamata (Peijnenburg et al. 2005, 2006;
Miyamoto et al. 2010; Kulagin et al. 2014). In this study, amp-
lification of a 623bp fragment of the COI gene from 146
S. enflata individuals yielded 92 distinct haplotypes (GenBank
accession nos. KX009784–KX009875). Among all 92 haplo-
types, there were 485 variable sites (210 were parsimony
informative and 275 were singleton variable sites), and no
insertion or deletion was found. The mean total nucleotide
composition was 22.4% A, 19.3% G, 23.0% C, and 35.3% T.

Compared to the previous reported studies on zooplankton,
our estimates of genetic diversity within the S. enflata species
are close to estimates of genetic diversity within species from
other taxa. The analysis of molecular variance (AMOVA) is one
of the most widely used methods of genetic data analysis
(Excoffier et al. 1992). AMOVA indicated that 15.69% of vari-
ation was attributed to distribution among populations within
groups and 85.21% to the distribution within populations
(Table 1). Our results showed that the genetic diversity of
S. enflata for the present study region included continental
shelf, continental slope, and deep-sea basins, it may be
explained by the Kuroshio current intrusion through the Luzon
Strait into the nSCS. In order to further study the genetic
structure of this worldwide species, more molecular markers
and populations will be needed in a comprehensive analysis.
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