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Konosirus punctatus inhabits areas of significant commercial importance in Chinese
coastal waters. Twelve populations distributed all along the Chinese coast were analyzed
using two mtDNA genes. The cytochrome oxidase subunit | (COIl) and cytochrome b
(Cytb) genes were amplified from 242 and 259 individuals, respectively, and fragments
of 999 and 415 bp sequence in length were used for analysis. COl and Cytb denoted a
high haplotype diversity and low nucleotide diversity. The COl mtDNA gene revealed
a high molecular variance within populations and low variance among populations,
whereas Cytb showed a high variance among populations and low within populations.
Fst values obtained for COI and Cytb showed low genetic differentiation among the
populations, except for the Zhongshan population where the Cytb gene showed high
Fst values. The constructed phylogenetic tree and haplotype network tree showed a
single lineage, however, Cytb gene data showed that the Zhongshan population has
a greater difference level within a population. The present investigation contributed to
existing knowledge of the genetic structure of K. punctatus and can be useful for its
future conservation.

Keywords: Konosirus punctatus, COIl, Cytb, population genetic, population diversity

INTRODUCTION

Konosirus punctatus (Temminck and Schlegel, 1846) is also known as the dotted gizzard shad
or spotted sardine. It belongs to the Clupeidae family and is widely distributed in areas
throughout the Indo-west Pacific Ocean, such as in Japanese coastal waters, South Korean
waters, and Chinese marine waters (Zhang, 2001). The dotted gizzard shad is a pelagic fish
and can remain alive even in freshwater (Whitehead, 1985; Myoung and Kim, 2014; Song
et al, 2017). It breeds in shallow brackish waters (Estuaries) from April to August, takes
two years to reach adulthood, and can survive for up to five years (Myoung and Kim,
2014). Generally its larval dispersal capacity is strong. The pelagic duration of its larva is
24-28 days (Kong et al, 2004; Yamada et al,, 2007; Song et al., 2017). The annual global
capture and aquaculture production of this species is showing a decline. The global capture
production was 23,707 tonnes during 1995; subsequently, it decreased to 4300 tonnes in
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2016. The global aquaculture production of this species also
showed a decline. It was 2519 tonnes in 2006, which decreased
to 390 tonnes in 2016".

It could potentially be seen as a commercial species and also be
taken as by-catch, therefore, it has several threats to its existence,
especially because of the degradation of estuarine ecosystems.
Nevertheless, its larval and adult dispersal range is strong enough
to enhance gene flow among different populations. In general, the
decline in aquatic resources needs management and conservation
plans, therefore, it is essential to have genetic investigations. So
far, meager experiments have been carried out to understand the
population genetic details of K. punctatus from Chinese coastal
waters. For example, Song et al. (2017) used control region (CR)
and cytochrome b (Cytb) to understand the genetic differences of
K. punctatus distributed all along the coasts of China and Japan;
they included seven populations from Chinese coastal waters
and three species from Japanese coast waters, while the present

http://www.fao.org/fishery/species/2908/en

investigation included 10 populations for extensive investigation.
Li et al. (2012) contributed to the complete mitochondrial
genome of the dotted gizzard shad (K. punctatus). Similar
studies had been conducted in Korean and Japanese coast waters
(Myoung and Kim, 2014; Gwak et al., 2015). To the best of our
literature survey, only the above-mentioned investigations have
been taken, where extended dispersal activities were shown and
no phylogeographic divergence was found among populations
(Song et al., 2017). Nevertheless, the capture production of this
important fish is decreasing, therefore, it is deemed necessary
to carry out an extensive study of the population genetics of
K. punctatus.

The genetic structure is generally influenced by multiple
factors, like genetic divergence and adaptation (De Luca et al,,
2014). Furthermore, the longtime continuation of species
isolation would result in genetic divergences and create a
population unable to intermingle with the original population
in terms of reproduction. This would lead to speciation
(Mayr, 1942).
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FIGURE 1 | Map showing the sampling locations along the coast of China.
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Marine organisms have been impacted by several factors
because of the complex marine environment. The currents
and certain other suitable factors are considered to be gene
flow enhancers over large geographical distances (Hellberg
et al, 2002; Maltagliati et al., 2002; Fernandez et al,
2011). Often, the dispersal capacity of marine organisms
covers an extensive range, because of their high fecundity,
migration, and planktonic larval stages. These factors
are gene flow enhancers (Waples, 1998; Bohonak, 1999;
Fadhlaoui-Zid et al., 2012). K. punctatus is among the
fish species that showed a high dispersal ability both at
larval and adult stages. Active larval dispersal enhances the
dispersal capability, resulting in homogenization between
populations. Heterogenization or homogenization details
can be obtained by investigation throughout the distribution
range with extensive sampling and using conserved mtDNA
molecular markers.

Mitochondrial DNA molecular markers are useful tools for
population genetic analysis and are particularly accurate for
tracking the population history of species with a small effective
population size (Avise et al., 1987; Mortiz, 1994; Vaseeharan
et al., 2013). Certain regions of mtDNA diverge rapidly while
some are conserved (Fizirik et al., 1998). Therefore, it is intuitive
to have appropriate molecular markers for population studies.
The molecular markers Cytb and Cytochrome oxidase subunit I
(COI) represent useful genetic markers for population structure
and phylogenetic analyses.

In this study, we examined data of two mitochondrial
genes (COI and Cytb) acquired from 242 and 259 individuals,
respectively, collected from 12 locations throughout the
K. punctatus dispersal area along the Chinese coast. The
sequences were assessed to understand the genetic diversity of
K. punctatus. The results of this investigation will contribute
details to researchers and fishery managers.

MATERIALS AND METHODS

Ethics Statement
All methods were carried out in line with the relevant principles
and directions in China.

Collection

In total, 242 and 259 specimens of K. punctatus were sequenced
from 12 geographic locations across Chinese coastal waters
(Figure 1 and Table 1) for COI and Cytb genes respectively.
Samples were collected by hiring local fishing boats. Only adult
individuals were chosen for experiments. Muscle tissues were
preserved in 90% ethanol and transported to the laboratory.

DNA Extraction

Total genomic DNA was extracted using the phenol-chloroform
method (Sambrook et al., 1989). For polymerase chain reaction

TABLE 1 | Location, sample size, and summary statistics of the genetic variability of Konosirus punctatus as revealed by two mtDNA molecular markers.

Gene Population Abbreviation Sampling Sample Number of Number of Haplotype Nucleotide Average
of populations date Size segregation haplotypes diversity diversity number of
sites (Hd) (m) differences(K)

CO1 Dangdong DD 2018.04 16 2 3 0.24167 0.00029 0.25000
Dongying DY 2018.11 23 4 4 0.24901 0.00040 0.34783
Lianyungang LG 2018.04 20 12 9 0.70526 0.00188 1.64737
Laizhou Lz 2018.11 23 17 13 0.87747 0.00393 3.44664
Qidong QD1 2018.04 21 1 2 0.18095 0.00021 0.18095
Qingdao Qb2 2018.11 15 15 5 0.67619 0.00316 2.77143
Rizhao Rz 2018.04 28 20 15 0.81746 0.00266 2.33333
Shantou ST 2018.04 22 18 12 0.91342 0.00395 3.46320
Shanwei SW 2018.04 ihl 5 4 0.67273 0.00141 1.23636
Zhanjiang ZJ 2018.04 22 47 7 0.54113 0.00535 4.68831
Zhongshan Z31 2018.04 20 26 6 0.44737 0.00389 3.41053
Zhoushan 782 2018.04 21 3 4 0.27143 0.00033 0.28571

Cytb Dangdong DD 2018.04 17 3 3 0.22794 0.00092 0.35294
Dongying DY 2018.11 24 156 5 0.37681 0.03434 1315217
Lianyungang LG 2018.04 18 2 3 0.21569 0.00058 0.22222
Laizhou Lz 2018.11 24 9 8 0.50725 0.00196 0.75000
Qidong QD1 2018.04 16 5 6 0.54167 0.00163 0.625000
Qingdao Qb2 2018.11 22 4 4 0.33333 0.00116 0.44589
Rizhao Rz 2018.04 27 9 9 0.51282 0.00174 0.66667
Shantou ST 2018.04 24 26 5 0.37681 0.00586 2.24275
Shanwei SW 2018.04 15 53 3 0.44762 0.01900 7.27619
Zhenijiang ZJ 2018.04 24 12 4 0.30797 0.00281 1.07609
Zhongshan Z31 2018.04 24 61 5 0.37681 0.02199 8.42029
Zhoushan z82 2018.04 24 3 4 0.47101 0.00133 0.51087
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(PCR), the concentrated DNA was diluted to reach a working
concentration of (20 ng/p. 1).

Polymerase Chain Reaction

Amplification

A 999and 415 bp fragment of COI and Cytb gene sequences were
amplified, respectively. The pair of primers was designed using
an mtDNA gene sequence. COI was amplified with the primers
C-F (5-TGGTGCCTGAGCAGGAATAGT-3') and C-R (5'-
CAGTGCACGAATGCAGCCATA-3"); the Cytb was amplified
with the primers B-F (5-CAACGACGCAGTAGTCGACCT-3')
and B-R (5-CGGAACGTAAGTCCTCGTTGCT-3'). A total of
20 pl PCR mixture included a master mix (10 pl), water (7 pl),
forward and reverse primer (1 ul each), and 1 pl of DNA
template. PCR conditions were as follows: denaturation at 94°C
for 5 min, 35 cycles at 94°C for 30 s, annealing at 50°C for
30 s, extension at 72°C for 30 s, and the final extension at 72°C
for 7 min. The PCR products were run on a 1.5% agarose gel.
Sequencing was executed on ABI 3730 automated sequencer.

Data Analysis
The DNA sequences were aligned using ClustalW. The genetic
parameters including polymorphic sites, haplotype diversity

TABLE 2 | Analysis of molecular variance among Konosirus punctatus populations
using COI and Cytb mtDNA gene data.

Gene Source of variation Df Sumof Variance Percentage
squares component (%)

COlI'  Among populations 1 361.884 1.32547Va  17.44
Within populations 231 1443.186 6.27472Vb  82.56
Total 242 1805.070 7.60019
Fixation index 0.17440

Cytb  Among populations 11 1089.225 4.53032va  74.93
Within populations 248 374.432 1.51592Vb  25.07
Total 259  1463.656 6.04624
Fixation index 0.74928

The fixation index is the average coefficient of inbreeding in a population.

(Hd), nucleotide diversity (), and average pairwise differences
(K) was estimated using DnaSP (Librado and Rozas, 2009).
Analysis of molecular variance (AMOVA), Tajim’s D, Fu’s Fs,
and their corresponding P-values were obtained with software
Arlequin (Excoffier and Lischer, 2010). The neighbor-joining
tree was constructed using MEGA 6 (Tamura et al,, 2013). The
median-joining network was created using NETWORK software
version 5.0.0.1 (Bandelt et al., 1999).

RESULTS

Genetic Variation

Nine hundred and ninety-nine base pair fragments of the
COI gene were examined using 242 sequences obtained from
12 populations. The analysis of sequences resulted in 108
polymorphic sites and 60 haplotypes. The Hd ranges from
0.18095 to 0.91342, nucleotide diversity (m) from 0.00021 to
0.00535, and the average number of nucleotide differences (k)
from 0.18095 to 4.68831. The Shantou population showed a high
Hd, while the Qidong populations revealed the lowest Hd, as
shown in Table 1. Two hundred and fifty-nine sequences of
Cytb, with each fragment comprised of 415bp, were analyzed to
show 243 polymorphic sites and 39 haplotypes. The Hd ranges
from 0.21569 to 0.54167, nucleotide diversity (i) from 0.00058
to 0.037681, and the average number of nucleotide differences
(k) from 0.22222 to 13.15217. The Dongying denoted a high
Hd and the Lianyungang population showed the lowest Hd
(Table 1). All haplotypes were deposited in GenBank, with the
Accession numbers MT381749 to MT381808 (COI sequences)
and MT381809 to MT381847 (Cytb sequences).

Population Genetic Structure

The AMOVA illustrated the population structure based on both
COI and Cytb. The results showed that 82.56 and 25.07% of the
variation occurred within populations, while 17.44 and 74.93%
of the variation occurred among populations, for COI and Cytb
genes, respectively (Table 2), suggesting that COI gene supports
less differentiation among populations while Cytb supports

TABLE 3 | Pairwise Fgr values of 12 populations of Konosirus punctatus for COI (below) and Cytb (above).

Population DD DY LG Lz QD1 QD2 RZ ST SwW zJ Zs1 282
DD - 0 0 0 0 0.011 0 0.003 0.005 0.539* 0.917* 0.077*
DY 0 - 0.001 0.001 0.001 0 0.001 0 0 0.105* 0.815* 0.004*
LG 0.021* 0.026* - 0 0 0.013 0 0.003 0.008* 0.563* 0.919* 0.090*
74 0.194* 0.191* 0.126* - 0 0.007 0 0 0 0.454* 0.914* 0.044*
QD1 0.022 0.018 0.033" 0.201* - 0.008 0 0.003 0.007 0.496* 0.915* 0.060*
QD2 0.120* 0.121* 0.035 0.125* 0.129* — 0.008 0.006 0.008* 0.525* 0.917* 0.006
RZ 0.100* 0.103* 0.017 0.092* 0.113* 0 - 0 0.002 0.469* 0.915* 0.053*
ST 0.162* 0.159* 0.106* 0 0.167* 0.093* 0.069* - 0 0.291* 0.901* 0.023*
SW 0.339* 0.325* 0.163* 0.188* 0.353* 0.201* 0.200* 0.208* - 0.105 0.859* 0.012*
ZJ 0.007 0.008 0.011 0.096* 0.01 0.052* 0.044* 0.079* 0.103* - 0.911 0.501*
ZS1 0.022 0.023 0.012 0.113* 0.027 0.066 0.055* 0.099* 0.103* 0 - 0.916
z82 0 0 0.027* 0.194* 0.02 0.123* 0.106* 0.161* 0.334* 0.004 0.024 -

The asterisks () refer to statistically significant values (P < 0.05), Populations refer to Table 1.
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a moderate population structure. AMOVA analysis dividing
by groups was also conducted; five populations (Shantou,
Zhanjiang, Zhoushan, Zhongshan, and Shan Wei) were grouped
for southern groups. The rest of the populations were grouped
as northern populations. The results showed that 18.96 and
65.16% of the variation occurred among populations within
groups, while 83.55 and 27.63% of the variation occurred
within populations, for COI and Cytb genes, respectively
(Supplementary Table S1). The pairwise Fst values of two genes
(COI and Cytb) were also suggestive of less differentiation among
populations, as shown in Table 3. The developed neighbor-
joining tree obtained from the data of two genes (COI and Cytb)
described uniclade topology (Figures 2, 3).

Haplotype Network Analysis

The median-joining network based on the two genes illustrated
one main clade, similar to the phylogenetic tree. The median-
joining network of the COI gene denoted that Hap 1
was contributed to by all 12 populations, while Hap 8
was contributed to by five populations, including Shenwei,
Zhongshan, Lianyungang, Qingdao, and Rizhao. Similarly, the
median-joining network of the Cytb gene showed that Hap 1
was contributed to by the 12 populations, while Hap 13 was
shared by six populations (Figures 4, 5). The network results
suggest a boundless gene flow among populations, however,
certain haplotypes of the Cytb gene, like 34, 35, 36, and
37, belonging to the Zhongshan population, cluster separately,
showing differentiation within populations which may lead to a
restricted gene flow of this population with their counterparts.
The results of Tajima’s D showed negative values gained from
both of the genes whereas, Fu’s Fs statistics showed some negative
values in Cytb data, while all showed positive values in the COI
data (Table 4).

DISCUSSION

Konosirus punctatus, which is commonly known as the dotted
gizzard shad, is enlisted in the International Union for
Conservation of Nature (Hata, 2017) red list category. This
species has immense commercial importance and dwells in
brackish and littoral waters of Korea (Choi et al., 2002) and
many other places of the world’s marine waters. Preliminary facts
are very important to knowing the genetic differentiation and
population structure for fishery management and conservation
(Casey et al, 2016; Melis et al, 2018). Compared to other
fish species, meager information is available for the population
genetics of this species (Myoung and Kim, 2014; Gwak et al.,
2015; Song et al., 2017). These studies are limited to the
populations of Korea, Japan, and a single study illustrating the
population genetics of K. punctatus in Chinese and Japanese
waters, using CR and Cytb, respectively. The mitochondrial COI
is more conserved, therefore we take investigations along with the
Cytb gene to understand the complete profiles of its population
genetics inhabiting in a range of Chinese waters.

In this investigation, we described the genetic differentiation
in 12 populations of K. punctatus collected all along the
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FIGURE 2 | Neighbor-joining phylogenetic tree of Konosirus punctatus
developed using COI data. The detailed haplotype representation is similar as
shown in Figure 4. Branch support values (higher than 70%) in bootstrap.
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FIGURE 3 | Molecular neighbor-joining phylogenetic tree of Konosirus
punctatus developed using Cytb data. The detailed haplotype representation
is similar as shown in Figure 5. Branch support values (higher than 70%) in
bootstrap.

Chinese coastal waters (Yellow Sea, East China Sea, and the
South China Sea) (Figure 1), taking two mtDNA molecular
markers. The results showed a high haplotype and low nucleotide
diversity among the species with few exceptions (Table 1),
which is consistent with earlier studies (Myoung and Kim,
2014; Song et al, 2017). Results of a high haplotype and
low nucleotide diversity may indicate that populations have
undergone a genetic bottleneck followed by a sudden expansion
(Grant and Bowen, 1998).

Analysis of molecular variance by the COI gene showed higher
values within populations and lower values among populations,
while the Cytb gene revealed high values among populations
and low values within populations. The results of the COI gene
showed agreement with the results of Song et al. (2017), while
the Cytb results differ with the foresaid results (Table 2). The
lower Fst values are similar to the results of Song et al. (2017),

however, in the case of the Cytb gene, where the Zhongshan
population showed higher values, this is in disagreement with
the earlier results (Table 3). An Fgr value of 0.05 indicates
negligible genetic variation andvalues higher than 0.25 indicate
a high genetic variation within the examined population (Weir
and Cockerham, 1996). Based on these criteria, the results
gained in this investigation revealed less variation among the
K. punctatus populations. Only the Zhongshan population
revealed higher differentiation in the case of the Cytb gene,
whereas, studies by Song et al. (2017) showed comparatively
higher Fgr values. The Fgr values in this study illustrate that the
diversity of the K. punctatus population along the Chinese coast
is boundless, except for the Zhongshan population as revealed
by the Cytb gene.

The neighbor-joining tree of these molecular markers (COI
and Cytb) showed a single lineage for all populations. Although
the Zhongshan population showed a greater differentiation
within the same clade, this has only been shown by Cytb
results. Excluding the Cytb gene data from the Zhongshan
population, the rest of the results of this investigation are
in agreement with previous studies of K. punctatus. The
results of the median-joining network described no genetic
variation between the populations concerning both of the
investigated genes, which is an agreement with the results of
Song et al. (2017) sampled from Chinese waters, however,

TABLE 4 | Neutrality test results for COl and Cytb data obtained from 12
populations of Konosirus punctatus.

Gene Population Tajima’s D Fu’s Fs
D P Fs P

COl Dongdong —1.69654  0.02100 0.95820 0.72800
Dongying —1.88110  0.00700 1.66548 0.81600
Lianyungang  —1.87449  0.01500 3.31486 0.91900
Laizhou —0.95351 0.17500 3.42419 0.91700
Qidong —0.99449  0.19900 9.84103 1.000
Qingdao —1.90185  0.01700 9.15090 0.99700
Rizhao —2.08013  0.00200 1.28281 0.74500
Shantou —1.18013  0.12200 4.20358 0.94800
Shanwei —0.89945  0.19000 9.46331 0.99700
Zhanjiang —2.50449  0.0000 7.25513 0.99100
Zhongshan —1.87072  0.01800 10.31162 0.99500
Zhoushan —1.72678  0.02100 0.79384 0.71600

Cytb Dongdong —1.70573  0.01900 —0.96269 0.06000
Dongying —2.74131 0.000 12.09802 0.99900
Lianyungang ~ —1.50776  0.04600 —1.74351 0.01800
Laizhou —2.25766 ~ 0.00200 —587929 0.0000
Qidong —1.92860 0.01100 —4.25352 0.0000
Qingdao —1.66713  0.02600 —1.73611 0.03800
Rizhao —2.27535  0.000 —7.98992 0.0000
Shantou —2.52910  0.0000 1.32877 0.75000
Shanwei —2.38824  0.00100 8.74590 0.99700
Zhanjiang —2.28189  0.0000 0.35960 0.60600
Zhongshan —1.89482  0.01500 8.10375 0.99200
Zhoushan -0.91578  0.21900 1.34981 0.09300
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FIGURE 4 | Median-joining networks of Konosirus punctatus developed using COI data. Color representation is showing the population frequency. Shown numbers
are representing the haplotype numbers.
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Cytb gene data illustrated a little greater differentiation for the
Zhongshan population.

The ocean current and life history characteristics plays vital
roles in genetic variations. It has been reported that the Kuroshio
Current does not limit the gene flow of this threatened species in
this region (Song et al., 2017).

Marine fish often have a high dispersal capacity of life-
history stages as compared to freshwater species, nevertheless,
K. punctatus populations from Japanese waters showed restricted
gene flow as reported by Song et al. (2017), although our
present investigation supported earlier studies (Song et al., 2017)
concerning Chinese populations. It had been suggested that some
species” dispersal strategy is to minimize the offshore transfer of
larvae (Song et al., 2010). Nevertheless, K. punctatus has chosen
the dispersal strategy to enhance survival and self-recruitment.
The larval history has an immense impact on the survival of
animals, including marine fish (Hamilton et al., 2008). Ecological
strategies of early life history have an impact on phylogeographic
patterns. K. punctatus has a long range of distribution areas along
the Chinese coast, therefore, it has a high range of gene flow
among all populations found along the Chinese coast.

This study enhances the current knowledge of K.punctatus
genetic diversity and has shown the rich genetic diversity
found in these populations of K. punctatus. It will furnish
complementary knowledge for the species’ conservation and
management. However, less genetic variation is present among
populations. Continued observations would be needed to
monitor the Zhongshan population for its diversity and life
history characteristics.
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