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The fleshy shrimp, Fenneropenaeus chinensis, is the family of Penaeidae and one of the most econom-
ically important marine culture species in Korea. However, its genetic characteristics have never been
studied. In this study, a total of 240 wild F. chinensis individuals were collected from four locations
as follows: Narodo (NRD, n = 60), Beopseongpo (BSP, n = 60), Chaesukpo (CSP, n = 60), and Cheon-
suman (CSM, n = 60). Genetic variability and the relationships among four wild F. chinensis pop-
ulations were analyzed using 13 newly developed microsatellite loci. Relatively high levels of genetic
variability (mean allelic richness = 16.87; mean heterozygosity = 0.845) were found among localities.
Among the 52 population loci, 13 showed significant deviation from the Hardy - Weinberg
equilibrium. Neighbor-joining, principal coordinate, and molecular variance analyses revealed the
presence of three subpopulations (NRD, CSM, BSP and CSP), which was consistent with clustering
based on genetic distance. The mean observed heterozygosity values of the NRD, CSM, BSP, and CSP
populations were 0.724, 0.821, 0.814, and 0.785 over all loci, respectively. These genetic variability and
differentiation results of the four wild populations can be applied for future genetic improvement us-
ing selective breeding and to design suitable management guidelines for Korean F. chinensis culture.

Key words : Fleshy shrimp, Fenneropenaeus chinensis, genetic variability, microsatellite loci, population

structure

Introduction

The fleshy shrimp, Fenneropenaeus chinensis, is an econom-
ically important species in the family Penaeidae. F. chinensis
is distributed from the west coast of the Korean Peninsula
to the east coast of northern China [3] and is characterized
by long-distance migrations of up to 2,000 km between
spawning and feeding sites [18]. The F. chinensis South
Korean aquaculture industry started in 1960, and production
increased very quickly to reach 1,533 metric tons in 1997.
However, a white spot syndrome virus (WSSV) disease out-
break decreased production dramatically to about 998 metric
tons in 1998 [13]. Disease outbreaks cause mass mortality
among cultured F. chinensis worldwide, particularly in Asian
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countries. To solve this problem, F. chinensis was replaced
with Litopenaeus vannamei as the major cultured species in
South Korea in 2003 [11], but damage to shrimp farming
associated with WSSV has been increasing in recent years.
The West Sea Mariculture Research Center (Taean, Korea)
conducts a breeding program to produce shrimp strains that
are more resistant to WSSV. If a large number of cultured
shrimp are released from aquaculture facilities, they could
alter the genetic composition of wild populations by either
displacing them or interbreeding. This could reduce the pop-
ulation’s ability to adapt to new environments. Accordingly,
basic knowledge about the geographic distribution, genetic
diversity, and population differences of F. chinensis is
important. It is now widely recognized that this information
can be obtained through recently developed molecular ge-
netics techniques. However, few reports have been pub-
lished about F. chinensis population genetics in South Korea.

Because microsatellite markers and simple sequence re-
peats have high levels of polymorphism, co-dominant in-
heritance, genome-wide distributions, and high reproduci-

bility, they have been applied widely in population genetics,



1348 BB UPIX| 2015, Vol. 25. No. 12

—4oN®

China )
csM®

Korea
Q D 36N
Yellow Sea  ¢sej»
BS.P_ L
"B ’NRD
—34N°
South Sea
1 1 1 1 1 1
120E° 122E° 124E° 126E° 128E° 130E°

Fig. 1. Sampling sites (#) for the four wild Fenneropenaeus chi-
nensis populations: Narodo (NRD); Beopseongpo (BSP);
Chaesukpo (CSP); and Cheonsuman (CSM).

genetic linkage map, genetic diversity, and phylogenetic
studies [10, 16]. However, only a few microsatellite markers
can be used for each shrimp species because of poor con-
servation of the microsatellite flanking sequences among dif-
ferent crustacean species, particularly in F. chinensis [15, 27].
Several microsatellite markers have been isolated from F. chi-
nensis [5, 9, 24]. Unfortunately, despite the commercial im-
portance of this shrimp species in Korea, studies describing
its genetic background are scarce. In the present study, we
assessed genetic diversity within and among wild Korean
E. chinensis populations and examined the genetic structure
among these populations using new microsatellite DNA
markers.

Materials and Methods

Sample collection and DNA preparation

A total of 240 wild F. chinensis individuals were collected
from four locations as follows: Narodo (NRD, n=60), Beop-
seongpo (BSP, n=60), Chaesukpo (CSP, n=60), and Cheonsu-
man (CSM, n=60) (Fig. 1 and Table 1). All muscle tissue sam-
ples were stored in 100% ethanol prior to DNA extraction.
The tissue was homogenized in lysis buffer (MFX-2000;

Toyobo, Osaka, Japan) containing 20 mg/ml proteinase K.

Total DNA was isolated using the MagExtractor MFX-6100
automated DNA extraction system (Toyobo Co., Tokyo,
Japan). The extracted genomic DNA was quantified using
a Nanodrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Barrington, IL, USA) and stored at -20°C until use.

Polymerase chain reaction (PCR) and microsatellite
genotyping

Thirteen microsatellite loci that were amplified in F. chi-
nensis were used in this study. Detailed information about
the primers is presented in Table 2. Each PCR contained
three primer sets that were labeled at the 5 end of the for-
ward primer with 6-FAM, HEX, or NED dyes (Applied
Biosystems, Foster City, CA, USA). PCR amplification was
carried out in a 10-uL reaction mixture containing 0.25 U
Ex-Tag DNA polymerase (TaKaRa Biomedical Inc., Shiga,
Japan), 1x PCR buffer, 0.2 mM dNTP mix, 10 pM of each
primer, and 100 ng template DNA, using the PTC 200 DNA
Engine (MJ Research, Waltham, MA, USA). The PCR con-
ditions were: 5 min at 95°C, followed by 35 cycles of 30 sec
at 95°C, 45 sec at 58°C, and 45 sec at 72°C, with a final ex-
tension of 10 min at 72°C. Microsatellite polymorphisms
were screened using an ABI PRISM 3130 XL automated
DNA sequencer (Applied Biosystems), and alleles were des-
ignated according to PCR product size relative to molecular
size markers (GENESCAN 400 HD [ROX]; Applied

Biosystems).

Statistical analysis

The number of samples (1), expected heterozygosity (He),
and observed heterozygosity (Ho) were calculated using the
Arlequin software package (ver. 3.0; [8]). Tests for allelic
richness (Ag), number of alleles per locus (Na), and devia-
tions from Hardy - Weinberg equilibrium (HWE) were esti-
mated using GENEPOP ver. 4.0 (http://kimura.univ-
montp?2. fr/~rousset/Genepop.htm), and the adjusted P-val-
ues for both analyses were obtained using a sequential
Bonferroni test for multiple comparisons. MICRO-CHECKER
22.3 was used to test for the presence of null alleles. Fsr

Table 1. Geographic area, location, abbreviation, locality, collection date, and sample size collected

Sampling area (abbreviation) Date of collection

NRD May 2006
BSP July 2006
CSP May 2006
CSM) Sep 2006

Latitude Longitude Sample size
34°27'58 4"N 127°27'12.6"E 60
35°21'52.0"N 126°26'21.1"E 60
35°37'35.4"N 126°27'58.5"E 60
36°36'17.4"N 126°25'14.9"E 60

NRD, Narodo; BSP, Beopseongpo; CSP, Chaesukpo; CSM, Cheonsuman
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Table 2. The 13 Fenneropenaeus chinensis microsatellite loci used in this study, with primer sequences, repeat motifs, and annealing
temperatures (Ta) for polymerase chain reaction amplification

Locus Repeat motifs Primer sequence (5 -3 ") T, (°C) aci}?sli?;nlr(lo.
KK (AO R TOTTCCTCCAAATATACATOTGT B Koo
KFed1 (GT)(GTCT)1y s ey Py g 58 KT695607
Kz (T R TTAGGGGGAGAAAATOTGGC B Ko
K2 (AO R AMATATCTGITGTTTGCCAGTGIG B Ko
Ko (A R TOCACGTCCTOTCCAAGOGAGAG ® Kl
KFe438 (AC)» N Ae 58 KT695611
KFSES (AG)s R CTTCAAGATCCACTGTCICATTTC w0 Koo
K (GAG R ACCCTAACTCACCAAATICACCT B Koo
Kicoie (AQy R ACGOTTAGATAACGOGTGCAG ® o Kl
K67 (G R GITCTTGGGAATACGGTAGGTCA B Koo
KRGS (G R COTCCTGAACCAATTAGTTGAGGC ® Koo
K7 (T R CIGTTCTGOTCCCGTTGTGTTC w0 KTese
K (G R GAGACACGACCGAACTGTGATAG B Kl

values (1,000 permutations; [25]) were calculated using
Arlequin 3.0. The population structure patterns were further
investigated using a model-based Bayesian clustering proce-
dure in STRUCTURE (ver. 2.3; [21]), which assigns in-
dividuals to K populations based on their multilocus
genotype. STRUCTURE was run for K = 2 using a burn-in
length of 50,000 and a run of 50,000 steps. The overall in-
breeding coefficient (Fis; [25]) was also estimated using
GENEPOP ver. 4.0. Analysis of molecular variance (AMOVA;
[7]) was used to test for population structure with Arlequin
3.0. A principal coordinate analysis (PCoA) was performed
using GENALEX (ver. 6.0; [19]). A neighbor-joining (N]) tree
was constructed based on the chord distances (Dcg; [2]) to
evaluate the genetic population relationships using the
POPULATION program (ver. 1.2.30). Bootstrap values were

calculated using 1,000 replicates.

Results and Discussion

Genetic variability

Microsatellite markers have been used in various shrimp
species, and the pedigree of mixed populations can be de-
termined using a few microsatellite markers [14]. However,
little information is available on the use of microsatellite
markers in F. chinensis [27] for understanding population
structure or genetic diversity [15]. In this study, F. chinensis,
a commercially and recreationally valuable species, were col-
lected from the west coast of the Korean Peninsula (four sep-
arate collections in 2006) to illuminate its population struc-
ture and genetic diversity.

The genetic variability indices for the four populations
are summarized in Table 3. Allelic richness per locus (Ag)
ranged from 3 to 31 across all populations. Mean Ar values
were in the following order: NRD (16.2), CSM (17.5), BSP
(16.8), and CSP (16.9). The total number of alleles per locus
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Table 3. Allelic variability at 13 microsatellite loci surveyed in the four Fenneropenaeus chinensis populations

Locus
Population
patt KFc37 KFcd4l KFcd2 KFe253 KFe346 KFcd38 KFc568 KFc593 KFc614 KFc657 KFc658 KFc673 KFc959 Mean
NRD Ar 8 14 5 19 19 16 19 18 10 8 22 22 31 16.2
N, 8 14 5 19 19 16 19 18 10 8 22 22 31 16.2

H. 0778 0861 0536 0893 0867 0873 0918 0907 0.746 0679 0923 0917 095 0.835
H, 0300 0650 0400 0783 0733 0833 0900 0.800 0.610 0.650 0833 0950 0.967 0.724
P 0.000* 0.005** 0.028* 0.004** 0.000** 0435 0.537 0.035* 0.000* 0.692 0.000** 0.065 0.571
Fis 0617 0246 0256 0124 0156 0046 0.020 0119 0175 0043 0.098 -0.036 -0.012
(P) 0.000 0.006 0.030 0.005 0000 0446 0565 0.047 0.000 0.687 0.000 0.068 0.565

CSM Ar 10 14 5 16 21 14 21 21 11 8 32 25 30 17.5
N, 10 14 5 16 21 14 21 21 11 8 32 25 30 17.5
H, 0794 0858 0659 0897 0882 0871 0929 0915 0812 0759 0947 0906 0.956 0.861
H, 0750 0700 1.000 0.767 0867 0900 0883 0.817 0400 0783 0933 0900 0.967 0821
P 0235 0.009%* 0.000* 0.033* 0.184 0154 0.016* 0.233 0.000* 0559 0.620 0.864 0.078
Fis 005 0186 —0523 0.146 0.017 —0.033 0.050 0108 0510 -0.033 0.015 0.007 -0.011
(P) 0252 0.011 0000 0.032 0144 0163 0021 0204 0.000 0578 0.655 0.835 0.063

BSP Ar 8 11 3 17 23 17 20 19 13 7 28 22 30 16.8
N, 8 11 3 17 23 17 20 19 13 7 28 22 30 16.8
H, 0785 0845 0561 0904 0905 088 0936 0910 0.809 0644 0936 0900 0943 0.843
H, 0850 0.717 0567 0.831 0817 0931 0950 0867 0.683 0617 1.000 0817 0933 0814
P 0653 0116 0.774 0130 0.009** 0.893 0909 0211 0.002** 0.755 0389 0.029* 0.192
Fis —0.083 0.153 -0.011 0.078 0.098 —0.059 -0.015 0.048 0.157 0.042 -0.069 0.093 0.011
(P) 0660 0121 0775 009 0010 0820 0920 0192 0003 0755 038 0.029 0176

CSP Ar 8 11 3 16 25 15 20 22 11 9 32 22 26 16.9
N, 8 11 3 16 25 15 20 22 11 9 32 22 26 16.9
H. 0774 0808 0560 088 0.891 0887 0922 0922 079 0.676 0950 0.892 0947 0.839
H, 0815 0729 0550 0.650 0.867 0881 0867 0900 0569 0667 098 0797 0932 0.785
P 0563 0152 0909 0.000* 0.081 0427 0124 0.752 0.000** 0.248 0.853 0.165 0.367
Fs -0035 0.093 0017 0268 0.027 0004 0.060 0024 0261 0014 -0.039 0104 0.014
(P) 0442 0149 0908 0.000 0051 0326 0137 0761 0.001 0236 0764 0.109 0.157

Allelic richness (Ar), number of alleles per locus (N,), expected heterozygosity (H.), observed heterozygosity (H,), inbreeding co-
efficient (Fjs), and probability of significant deviation from Hardy - Weinberg equilibrium (P) are given for each population and
locus. *P < 0.05; *P < 0.01. Calculations assume that individuals with one microsatellite band are homozygous for the allele. NRD,
Narodo; BSP, Beopseongpo; CSP, Chaesukpo; CSM, Cheonsuman

(N,) ranged from 3 to 31. KFcg959 had the highest Az and
N, values in the NRD population. Mean N, ranged from 16.2
to 17.5. The mean expected and observed heterozygosities
ranged from 0835 to 0.861 and from 0.724 to 0.821,
respectively. Mean heterozygosity was highest in CSM (H,
= 0861, H, = 0.821), followed by BSP (H, = 0.843, H, = 0.814),
CSP (H, = 0.839, H, = 0.785), and NRD (H, = 0.835, H, =
0.724). The mean H, value was higher than the mean H, val-
ue in all populations. Among the 52 population-locus cases
(4 populations x 13 loci), 13 cases showed significant devia-
tions (p<0.01). All populations departed from HWE at the
KFcg614 locus. The NRD population departed from HWE
at 6 of the 13 microsatellite loci, and the CSM, BSP, and
CSP populations departed from HWE at three, two, and two

microsatellite loci, respectively. The Fis value estimated for
all populations at the KFcg614 locus was significantly differ-
ent from zero (p<0.05); all populations were in an excess het-
erozygosity condition for the KFc673 and KFc959 loci in
NRD, the KFc42, KFc438, KFc657, and KFc959 loci in CSM;
the KFc37, KFc42, KFc438, KFc568, and KFc658 loci in BSP;
and the KFc37 and KFc658 loci in CSP.

Our results reveal that the newly developed microsatellite
markers were a powerful approach to monitoring genetic
diversity between the four geographically different wild
Korean F. chinensis populations investigated. Heterozygosity
is an important measure of population diversity at the genet-
ic level. The mean observed heterozygosity values of the
NRD, CSM, BSP, and CSP populations were 0.724, 0.821,



0.814, and 0.785 over all loci, respectively. These values were
lower than the mean expected heterozygosity for the four
populations. The overall heterozygosity in this study was
high and differed from the reported mean heterozygosity,
which is known to be low (7.3%), within crustacean pop-
ulations as a whole [12].

In the present study, 18 of the 52 population-locus cases
deviated significantly from HWE after applying the Bonfer-
roni correction. However, the KFc37, KFc41, and KFc42 loci
in the NRD; the KFc614 locus in the CSM; and the KFc614
locus in the CSP population also deviated from HWE with-
out excess heterozygosity. These deviations may have been
caused by selection, population mixing, nonrandom mating,
presence of null alleles, or the limited sample size used in
our analysis [20, 22]. The presence of null alleles, for exam-
ple, is a classical source affecting the accuracy of micro-
satellite loci during parentage assignment [1] and null allele

frequencies > 5% can compromise pedigree estimates [17].

Genetic differentiation between the four populations

Esr is the proportion of total genetic diversity that sepa-
rates groups, and values range from 0 to 1. If there is no
population substructure (i.e., no stable groups), Fsr will ap-
proach 0. An Fsr range of 0.00-0.05 indicates little genetic
differentiation [26]. Significant pairwise Fsr values (p<0.05)
were observed between the NRD and CSM, NRD and BSP,
NRD and CSP, CSM and BSP, and CSM and CSP pop-
ulations (Table 4). In our study, pairwise Fsr tests detected
low levels of genetic differentiation among the populations,

particularly between the CSP and BSP populations, indicat-

Table 4. Pairwise Fst estimates (below the diagonal) and
Cavalli-Sforza and Edwards’s chord distance (Dc,
above the diagonal) between the four Fenneropenaeus
chinensis populations

NRD CSM BSP CSp
NRD - 0.1864 0.3030 0.3582
CSM 0.0213* - 0.0991 0.1216
BSP 0.0227* 0.0132* - 0.0380
csp 0.0270* 0.0169* -0.0007 -

Significance was tested at the 5% level with the Bonferroni cor-
rection applied for multiple tests. *p<0.05. Pairwise Fsr (Weir
and Cockerham, 1984) and Dce distance (Cavalli-Sforza and
Edwards, 1967) are measures of genetic differentiation and ge-
netic distance between populations, respectively. NRD, Narodo;
BSP, Beopseongpo; CSP, Chaesukpo; CSM, Cheonsuman
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ing that a geographical barrier was not effectively maintain-
ing genetic integrity among the populations in the four
areas.

Genetic distances (Dcg) were also calculated for all possi-
ble population pairs. The Dcg measure ranged from 0.0380
to 0.3582. The smallest estimate for Dcg was between BSP
and CSP (0.0380), whereas the highest estimate was between
NRD and CSP (0.3582); the genetic distances between NRD
and CSM, NRD and BSP, CSM and BSP, and CSM and CSP
were (.1864, 0.3030, 0.0991, and 0.1216, respectively (Table
4). The result of the genetic distances among the F. chinensis
populations was further confirmed by the findings of PCoA
(Fig. 2). The NJ tree constructed based on Dcg, indicated that
the four populations were allocated into three major groups
(Fig. 3); that is, one group included the CSM population,
one group included the BSP and CSP populations, and one
group included the NRD population. The PCoA produced
a result similar to that of the cluster analysis (Fig. 3) and
showed clear separation of the four populations into three
clusters.

The results of hierarchical AMOVA tests to form putative
groups estimated from each NJ tree topology provided addi-
tional evidence to support previous findings in F. chinensis
populations. The NJ tree topology included a group for the

Principal Coordinates
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g. 2. Principal coordinates analysis to determine the relation-
ships among the wild Fenneropenaeus chinensis pop-
ulation based on chord distance (Cavalli-Sforza and
Edwards, 1967).
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| BSP
' csp

NRD
}7
0.002
Fig. 3. Neighbor-joining tree illustrating the relationships be-
tween the four Fenneropenaeus chinensis populations
based on the Cavalli-Sforza and Edwards chord distance.
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Table 5. Hierarchical analysis of molecular variance results for groups with several combinations of populations

No. of - Among groups Among populations - .

groups Group definitions () within group (Fsc) Within populations (Fsr)
2 NRD vs. (CSM-BSP-CSP) 0.0147 (0.2494) 0.0099 (0.0000) 0.0244" (0.0000)
2 (NRD-BSP-CSP) vs. CSM 0.0010 (0.4943) 0.0167" (0.0000) 0.0177" (0.0000)
3 NRD vs. CSM vs. (BSP-CSP) 0.0220 (0.1643) -0.0012 (0.8603) 0.0208" (0.0000)

Probability values associated with F statistics are shown in parentheses. F statistic significantly greater than zero. = p<0.05. NRD,

Narodo; BSP, Beopseongpo; CSP, Chaesukpo; CSM, Cheonsuman

NRD population and another group for the CSM, BSP, and
CSP populations. In this case, the fixation index among
groups (Fcr) was not significant (Fcr=0.0147, P=0.2494),
whereas it was significant among populations within groups
(Fsc=0.0099, P=0.0000). The NJ tree topology defined a group
that included the NRD, BSP, and CSP populations and an-
other group that included the CSM population. In this case,
the fixation index among groups (Fcr) was not significant
(Fcr=0.0010, P=0.4943), whereas it was significant among
populations within groups (Fsc=0.0167, P=0.0000). These re-
sults suggest that the populations remained structured with-
in at least one group in each test case, as the Fsc values
estimated in both test cases were significant. Therefore, we
separated them into three groups. The first group included
the NRD population, the second included the CSM pop-
ulation, and the third included the BSP and CSP populations.
These results show that the fixation index among groups
(Fcr=0.0220, P=0.1643), and among populations within
groups (Fsc=-0.0012, P=0.8603), were not significant (Table
5). The NJ tree topology and AMOVA results suggest that
the four populations could be assigned to a group that in-
cluded the NRD population, a group that included the CSM
population, and a group that included the BSP and CSP pop-
ulations (Table 5). An evaluation of the evolutionary rela-
tionships among the four wild populations showed that BSP
and CSP had the highest degree of genetic identity, followed
by CSM and BSP, CSM and CSP, NRD and CSM, and NRD
and BSP, whereas NRD and CSP were most distantly related.
A previous study demonstrated the most likely explanation
for this result is that wild populations of Chinese F. chinensis,
which are extensively distributed in the Yellow and Bohai
Seas, are two independent populations [15]. These two pop-
ulations share the same wintering ground that lies in the
mid-depth waters of the Yellow Sea [4]. An independent
population of F. chinensis has been found off the west and
south coasts of the Korean Peninsula [18]; thus, further at-
tempts are necessary to evaluate the genetic population rela-

tionships in this species. The goal of this study was to exam-

ine the importance of conservation and further genetic im-
provements in wild Korean F. chinensis. Information on ge-
netic variation and differentiation in these four wild pop-
ulations can be applied for future genetic improvement thor-
ough selective breeding and to design suitable management
guidelines for Korean F. chinensis.

Acknowledgments

The authors would like to acknowledge the help provided
by Dr. Litticia Bryant at Queensland University of Technol-
ogy in regard to constructive comments on the manuscript.
This work was supported by a grant from the National
Fisheries Research and Development Institute (R2015038).

References

1. Castro, J., Bouza, C., Presa, P., Pino-Querido, A., Riaza, A.,
Ferreiro, 1., Sanchez, L. and Martines, P. 2004. Potential sour-
ces of error in parentage assessment of turbot (Scophthalmus
maximus) using microsatellite loci. Aquaculture 242, 119-135.

2. Cavalli-Sforza, L. L. and Edwards, A. W. 1967. Phylogenetic
analysis. Models and estimation procedures. Am. ]. Hum.
Genet. 19, 233-257.

3. Deng, J. Y, Kang, Y. D. and Jiang, Y. W. 1983. A summary
of surveys of the Penaeid shrimp spawning ground in the
Bohai Bay. Mar. Fish. Res. 5, 17-23.

4. Deng, J. Y., Ye, C. C. and Liu, Y. C. 1990. Penaeus chinensis
in the Bohai and Yellow seas. pp. 48-91. In: Deng, J. Y. (eds.),
its biology and management. Ocean Press, Beijing, China.

5. Dong, S., Kong, J., Zhang, T., Meng, X. and Wang, R. 2006.
Parentage determination of Chinese shrimp (Fenneropenaeus
chinensis) based on microsatellite DNA markers. Aquaculture
258, 283-288.

6. Dong, S., Kong, J., Meng, X, Zhang, Q., Zhang, T. and
Wang, R. 2008. Microsatellite DNA markers associated with
resistance to WSSV in Penaeus (Fenneropenaeus) chinensis.
Aquaculture 282, 138-141.

7. Excoffier, L., Smouse, P. E. and Quattro, J. M. 1992. Analysis
of molecular variance inferred from metric distances among
DNA haplotypes: application to human mitochondrial DNA
restriction data. Genetics 131, 479-491.



10.

11.

12.

13.

14.

15.

16.

17.

. Excoffier, L., Laval, G. and Schneider, S. 2005. Arlequin

(version 3.0): an integrated software package for population
genetics data analysis. Evol. Bioinform 1, 47-50.

. Gao, H,, Kong, ], Yan, B, Yu, F,, Luan, S. and Cai, S. 2008.

Twelve new microsatellite markers for the Chinese shrimp
Fenneropenaeus chinensis. Mol. Ecol. Resour. 8, 325-327.
Goldstein, D. G. and Pollock, D. D. 1997. Launching micro-
satellites: a review of mutation processes and methods of
phylogenetic inference. ]. Hered. 88, 335-342.

Jang, I. K, Jun, J. C, Jo, G. ], Cho, Y. R, Seo, H. C,, Kim,
B. L. and Kim, J. S. 2007. Polyculture of fleshy shrimp
Fenneropenaeus chinensis and white shrimp Litopenaeus vanna-
mei with river puffer Takifugu obscurus in shrimp ponds. J.
Aquacul. 20, 278-288.

Hedgecock, D., Tracey, M. L. and Nelson, K. 1982. Genetics.
pp. 284-403. In: Abele, L. G. (eds.), the Biology of Crustacea.
Academic Press, New York.

Heo, M. S. 2005. Characterization of the white spot syn-
drome baculovirus (WSBV) infection in fresh shrimp,
Penaeus chinensis, cultured in Korea. J. Life Sci. 15, 248-252.
Herbinger, C. M., Doyle, R. W,, Pitman, E. R,, Paquet, D.,
Mesa, K. T., Morris, D. B, Wright, ]. M. and Cook, D. 199.
DNA fingerprint based analysis of parental and maternal
effects on offspring growth and survival in communally
reared rainbow trout. Aquaculture 137, 245-256.

Liu, P., Meng, X. H, Kong, J., He, Y. Y. and Wang, Q. Y.
2006. Polymorphic analysis of microsatellite DNA in wild
populations of Chinese shrimp (Fenneropenaeus chinensis).
Aquac. Res. 37, 556-562.

Liu, Z. J. and Cordes, J. F. 2004. DNA marker technologies
and their applications in aquaculture genetics. Aquaculture
238, 1-37.

Marshall, T. C., Slate, J., Kruuk, L. E. B. and Pemberton,
J. M. 1998. Statistical confidence for likelihood-based pater-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Journal of Life Science 2015, Vol. 25. No. 12 1353

nity inference in natural populations. Mol. Ecol. 7, 639-655.
Meng, X. H, Wang, Q. Y., Jang, I. K,, Liu, P. and Kong,
J. 2009. Genetic differentiation in seven geographic pop-
ulations of the fleshy shrimp Penaeus (Fenneropenaeus) chi-
nensis based on microsatellite DNA. Aquaculture 287, 46-51.
Peakall, R. and Smouse, P. E. 2006. GENALEX 6; genetic
analysis in excel. Population genetic software for research
and teaching. Mol. Ecol. Notes 6, 288-295.

Pemberton, J. M., Slate, J., Bancroft, D. R. and Barrett, J.
A. 1995. Non amplifying alleles at microsatellite loci: a cau-
tion for parentage and population studies. Mol. Ecol. 4,
249-252.

Pritchard, J. K., Wen, X. and Falush, D. 2007. Documentation
for structure software: version 2.2. University of Chicago,
Chicago, 1-36.

Rousset, F. and Raymond, M. 1995. Testing heterozygote
excess and deficiency. Genetics 140, 1413-1419.

Wang, H, Li, F,, Xiang, J., Zhang, C. and Yu, K. 2008.
Microsatellite-centromere distances and microsatellite diver-
sity in different ploidy classes of Chinese shrimp (Fenner-
openaeus Chinensis). Genetica 132, 43-50.

Wang, X., Guo, X, Zhang, Y., Meng, X, Qiu, X, Liu, S.
and Zhang, T. 2009. Development of polymorphic EST-de-
rived SSR markers for the shrimp, Fenneropenaeus chinensis.
Conserv. Genet. 10, 1455-1457.

Weir, B. S. and Cockerham, C. C. 1984. Estimating F-sta-
tistics for the analysis of population structure. Evolution 38,
1358-1370.

Wright, S. 1998. Evolution and the genetics of population,
variability within and among natural populations. The
University of Chicago Press, Chicago.

Xu, P., Zhou, L. H. and Xiang, J. H. 2001. Isolating micro-
satellite DNA of Chinese shrimp Penaeus chinensis. Oceanol.
Limnol. Sin. 32, 255-259.

b
J
=->.-=
Hu
rolI

botol RECIEN U FEFE
s7' - ormal - yyy Ao
FA Q7 AL

O 3} (Fenneropenaeus chinensis)= S Uetell A ZAAHOE 714 43 FAAE F stvtoltt. 218U Uity
T4 &40 g A4+ ATt —“‘% ATAME Mz HEE 18374 PA8A FAARE o] &8t f-2u
gholl MAsles 4] A9 st f4 oAy 2 A #FE4S E4SHT. B NEFAA richness =16.87,
W ol FHFE =08455 Bl Fd IS Hlud & 52 At 520 FAFFAA 1374 FHAH7t
Hezt &40l A Hardy - Weinberg % @ ol A 918 ¢l Ato] & Blo 5t} Neighbor-joining, principal coordinate
2 molecular variance 4 22 vt dist Joe 3 AU s, A4t HAE 2 AP T T LA 5
ol glom, o] A= FAA Ao A iLd A7} Y= ATAM 2AE FH GdH 2 23

A3 GOz Yot

A& 7hsd Addy g A

0] &
M2

Aot

T FAA AF A8d




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


