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ABSTRACT. In this study, 12 polymorphic microsatellites were inves-
tigated to determine the genetic diversity and structure of 5 consecu-
tive selected populations of golden mandarin fish (Siniperca scherzeri 
Steindachner). The total numbers of alleles, average heterozyosity, and 
average polymorphism information content showed that the genetic 
diversity of these breeding populations was decreasing. Additionally, 
pairwise fixation index FST values among populations and Da values in-
creased from F1 generation to subsequent generations (FST values from 
0.0221-0.1408; Da values from 0.0608-0.1951). Analysis of molecular 
variance indicated that most genetic variations arise from individuals 
within populations (about 92.05%), while variation among populations 
accounted for only 7.95%. The allele frequency of the loci SC75-220 
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and SC101-222 bp changed regularly in the 5 breeding generations. 
Their frequencies were gradually increased and showed an enrichment 
trend, indicating that there may be genetic correlations between these 2 
loci and breeding traits. Our study indicated that microsatellite markers 
are effective for assessing the genetic variability in the golden mandarin 
fish breeding program.
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INTRODUCTION

Golden mandarin fish (Siniperca scherzeri Steindachner), one of the most common 
freshwater fish in East Asia, is mainly distributed throughout East China, the Korean Penin-
sula, and Honghe River in Vietnam (Zhou et al., 1988). Because of its widespread, fast growth, 
and enjoyable taste, S. scherzeri has become an important economic aquaculture species in 
many East Asia countries. In China, S. scherzeri artificial breeding technology has advanced 
in recent years (Luo et al., 2014). Selective breeding programs are also underway, which has 
promoted the development of golden mandarin fish in the aquaculture industry. However, be-
cause of the absence of scientific management and advanced technology in S. scherzeri hatch-
eries, inbreeding and loss of genetic diversity are frequently detected in cultivated popula-
tions (Huang et al., 1999). Genetic diversity is important in species management, can provide 
information about population connectivity and adaptive potential, and allow insight into past 
events; thus, the relatively low level of genetic diversity may undermine environmental adap-
tive and resistance abilities of germplasm resources (Petersen et al., 2010). Thus, investigating 
the genetic diversity and structure of reared populations is necessary to maintain the fish health 
and sustain the S. scherzeri aquaculture industry. 

In recent years, numerous studies on the propagation, farming, and nutrition of S. 
scherzeri have been reported (Zhao et al., 2009; Zhang et al., 2009; Tu et al., 2011), while few 
studies have focused on genetic variability and the population structure of reared populations. 
In this study, by using microsatellite markers, we estimated the genetic variation in 5 genera-
tions of a selected breeding line of golden mandarin fish, which has been established through 
collaboration between the Key Lab of Freshwater Animal Breeding, Ministry of Agriculture, 
and the Jing-Bo Hatchery in Dandong, Liaoning Province. The objective of this study was 
to demonstrate the effects of historical and ongoing domestication and cultivation on the S. 
scherzeri population genetic structure and diversity and to provide practical information re-
garding germplasm resources to increase the efficiency of S. scherzeri breeding programs.

MATERIAL AND METHODS

Sampling and DNA extraction

In 1998, a selective breeding program using mass selection for growth traits was 
established in Dandong city, Liaoning Province in China. A total of 600 original broodstock 
were gathered from the Yalu River. Next, 5 successive generations were constructed from 
1998-2013, with a breeding program carried out every 3 years. Among each generation, 
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individuals that were fast-growing, higher disease resistance, and standard size were main-
tained for the next breeding program. The fin chips of 36 samples randomly selected from 
each generation were sampled for genetic analysis and stored in ethanol. Total genomic 
DNA was extracted from fin clips using the TIANamp Genomic DNA Kit (Tiangen Biotech, 
Beijing, China) following the manufacturer instructions. The DNA was adjusted to 100 ng/
mL and stored at -20°C.

Microsatellite analysis

Twelve primer pairs for the S. scherzeri microsatellite markers, SC01, SC75, SC80, 
SC90, SC101, SC175, Sin155, SO352, SS206, SS55, SS224, and SS265 (Qu et al., 2012; 
Huang et al., 2013), were polymerase chain reaction (PCR)-amplified in a 12.5-mL reaction 
volume containing 50 ng template DNA, 0.25 mM of each primer, 0.25 mM of each dNTP, 
2.5 mL 10X loading buffer, and 0.125 U rTaq polymerase (TaKaRa, Shiga, Japan). Thermal 
cycling conditions for each locus were: 3 min at 94°C, followed by 30 cycles of 94°C for 
30 s, annealing temperature (Table 1) for 45 s, and 72°C for 30 s, with a final extension 
of 72°C for 10 min. Primers were synthesized by Sangon Biotech (Shanghai, China), and 
forward primers were labeled with a fluorescent dye (FAM, HEX, and ROX) at the 5' end. 
PCR amplification carried out using an Eppendorf Mastercycler pro 384 PCR thermocyclers 
(Eppendorf, Hamburg, Germany). PCR products were separated using an automatic capil-
lary sequencer (ABI 3130 Genetic Analyzer, Applied Biosystems, Foster City, CA, USA) at 
Sangon Biotech (Shanghai, China). Fragment sizes were determined using the GeneMap-
per® software version 4.0 (Applied Biosystems) by comparison against a GenScanTM 500 
ROXTM (Applied Biosystems) internal size standard.

Primer code Accession No. Repeat motif Primer sequence (5'-3') Tm (°C)

SC01 JQ686834 (TCA)12 F: TTTTAAAGACGGGGCAGCGG 60
   R: ACCAACGTTTGGCGTAAAGC 
SC75 JQ804734 (CA)12 F: CCGCAGAACCAGCAATTCAC 57
   R: AGCAAGACCAGGAAACCAGAC 
SC80 JQ804737 (TCA)9 F: ATCAGCTCAACCCCTCTGCAT 60
   R: GCATGGATGCCAGCGTGAG 
SC90 JQ804746 (TG)16 F: GCTTTATTTAGTTACCCTGTG 53
   R: CAGCCAACACTCTTCACAT 
SC101 JQ804757 (AC)15 F: TTCTGTTCAAAAGTACAGTAACCT 55
   R: AGGCCCTGATAAGAAACACAGA 
SC175 JQ804828 (TGA)8 F: TACATGCACACCAGTACGGC 57
   R: CACCCCGTTAAGTCCACGTC 
Sin155 JQ804809 (AC)13 F: GAATGGTGTGTTGCACAGCG 57
   R: CATTCTAGCATGTGCGAGGC 
SO352 JX443458 (CA)10 F: CGAGTGTTTGATTTCTTCCTC 60
   R: GTGTAAATACTGAAGGCTCG 
SS206 JX294974 (TCA)8 F: CGAACCGTCTCACTTCGTCC 57
   R: AAACAAACTGGCGTGTGGGT 
SS55 JQ686886 (TG)19 F: GGTGATGTGAGAAAATCCGAGG 60
   R: GTATCCTCACTGAAAAACAGGAC 
SS224 JX294981 (TCC)8 F: TTGTTCCCGGGTGTCCCTTA 57
   R: TTGTCTCGAGCTGTTGCGG 
SS265 JX294992 (AC)11 F: GCGCCTATGTTGGCCAGTAA 57
   R: GGTGTCATGATCTCCACGGC 

Table 1. Primer sequences and characteristics of 12 microsatellites of golden mandarin fish used in the present 
study.
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Data analysis

MICRO-CHECKER version 2.2.3 (Van Oosterhout et al., 2004) was used to iden-
tify possible genotyping errors within each locus. The mean number of alleles (NA) and the 
observed (HO) and expected (HE) heterozygosities were determined using FSTAT version 
2.9.3 (Goudet, 2001). GENEPOP version 4.0 (Raymond and Rousset, 1995) was used to 
test genotypic distributions for conformance to Hardy-Weinberg equilibrium (HWE) and 
the loci for genotypic linkage disequilibrium. Locus conformance to HWE was assessed 
using exact tests (with default Markov chain parameters); Wright’s fixation index (FIS; an 
inbreeding coefficient) for each locus-site combination was used to determine the nature of 
the departures (where FIS < 0 indicated heterozygote excess and FIS > 0 indicated heterozy-
gote deficits). Significant levels were adjusted for multiple comparisons using sequential 
Bonferroni’s correction (Rice, 1989). Temporal and regional comparisons of genetic hetero-
geneity among regions were conducted using analysis of molecular variance implemented 
in Arlequin 3.5 (Excoffier and Lischer, 2010). An exact test of population differentiation 
of pairwise weighted mean FST (Weir and Cockerham, 1984) was performed using Arle-
quin 3.5. A neighborhood joining dendrogram was constructed based on Nei’s distance (Da) 
matrix by carrying out 1000 bootstrap replications using the Populations 1.2.30 program 
(http://bioinformatics.org/tryphon/population) to determine the genetic relationships among 
populations.

RESULTS

Changes in genetic diversity over generations 

In this study, the 12 microsatellite loci totally detected 57 alleles in the 5 genera-
tions, indicating that the number of alleles in each loci ranged from 3-7. Table 2 shows data 
for every generation, including NA, average number of effective alleles (NE), FIS, average 
HO, average HE, and average polymorphic information content. We found that the F1 and F2 
generations showed the highest and very similar levels of genetic diversity. Beginning in 
the F2 generation, as the selective breeding generation increased, the genetic diversity level 
of generation populations gradually decreased, while the value of FIS gradually increased, 
reaching a maximum value in the F4 generation (0.138). For example, genetic diversity of 
NA ranged from 4.75-3.92, HE from 0.644-0.426, HO from 0.724-0.359, and polymorphic 
information content from 0.585-0.385.

 F1 F2 F3 F4 F5 Mean

Simple size 42 43 40 44 43 212
Total NA 57 57 51 49 47   57
Mean NA 4.75  4.75  4.25  4.08  3.92  4.35
NE 3.20  2.96  2.67  2.37  1.88  2.62
FIS -0.147    0.001    0.112    0.138    0.115    0.044
HE   0.644    0.635    0.597    0.516    0.426    0.564
HO   0.724    0.620    0.525    0.430    0.359    0.532
PIC   0.585    0.583    0.535    0.466    0.385    0.511

Table 2. Average genetic variability of the 12 microsatellite loci in each selective breeding generation.
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Observation of allele frequencies of microsatellite loci for 5 generations showed that the 
allele frequencies of most loci exhibited random variations in the breeding process (i.e., fluctua-
tion in allele frequencies in different generations). There were some exceptions, such as the allele 
of the loci SC75-220 and SC101-222 bp; their gene frequencies were increased with breeding 
(Table 3). Additionally, many low frequency alleles disappeared during the breeding process.

 F1 F2 F3 F4 F5

Y75     
   220 0.55 0.53 0.59 0.76 0.73
   224 0.08 0.08 0.16 0.07 0.08
   226 0.06 0.07 0 0 0
   228 0.17 0.14 0.13 0.08 0.09
   232 0.07 0.13 0.09 0.07 0.07
   236 0.07 0.05 0.04 0.02 0.02
Y101     
   213 0.11 0.12 0.29 0.03 0
   222 0.36 0.52 0.66 0.93 0.95
   226 0.15 0.03 0 0 0
   230 0.11 0.06 0 0 0
   232 0.21 0.22 0.05 0.03 0.05
   236 0.06 0.05 0 0 0

Table 3. Allele frequencies of loci SC75 and SC101.

Pairwise genetic differentiation among populations (FST) and genetic distance (Da) 
have high consistency (Table 4). FST values among populations and Da values increased in 
the F1 generation and subsequent generations (FST values from 0.0221-0.1408; Da values 
from 0.0608-0.1951), and pairwise genetic differentiation and genetic distance between adja-
cent generations were also increased over successive selection generations (FST values from 
0.0221-0.1288; Da values from 0.0608-0.1481). The largest pairwise genetic differentiation 
and genetic distance were detected from the F2-F5 generations (FST values 0.1448; Da values 
0.2013), while the lowest pairwise genetic differentiation and genetic distance were detected 
between the F1 and F2 generations (FST values 0.0221; Da values 0.0608). Genetic differentia-
tion (FST values) among populations was significant. The analysis of molecular variance indi-
cated that most genetic variations arise from individuals within populations (approximately 
92.05%), while variation among populations accounted for only 7.95% (Table 5). As shown 
on the clustering map, which was constructed by Nei’s genetic distance using the unweighted 
pair group method with arithmetic mean (UPGMA) model, the F5 generations was clustered 
in 1 branch, while other populations were gathered in another large branch (Figure 1).

 F1 F2 F3 F4 F5

F1 - 0.0608  0.0614  0.1050  0.1951
F2 0.0221*  - 0.0849  0.1171  0.2013
F3 0.0250*    0.0431*  - 0.0903  0.1285
F4 0.0648*    0.0721*    0.0540*  - 0.1481
F5 0.1408*    0.1448*    0.1053*    0.1288*  -

*P < 0.05.

Table 4. Pairwise genetic differentiation FST among generations (bottom left) and genetic distance Da (upper 
right).
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Source of variation d.f. Sum of squares Variance components Percentage of variation

Among populations     4       112.401 0.29165   7.95
Within populations 419     1414.099 3.37494 92.05
Total 423 1526.5 3.66658 

Table 5. Analysis of molecular variance (AMOVA) of 5 generations.

Figure 1. Nei’s distance tree using the UPGMA model of 5 generations of populations (the numbers in figure 
represent branch length).

DISCUSSION

Genetic diversity and allele frequencies of populations

Various studies have used microsatellite markers to conduct genetic monitoring in 
selective breeding lines, such as Pseudosciaena crocea (Hao et al., 2010) and Ruditapes 
philippinarum (Yu et al., 2011). However, there have been no such reports for S. scherzei. In 
this study, selected microsatellite loci showed moderate levels of genetic diversity in the F1 
generation populations (NA = 4.75; HE = 0.644; HO = 0.724), which was similar to the values 
reported by Cao et al. (2013). Additionally, over 5 breeding generations, the NA, HO, and HE 
of S. scherzeri were reduced over generations. This result is consistent with that obtained in 
Japanese flounder (Sekino et al., 2002) and oysters (English et al., 2001). The findings above 
indicate that artificial directional selection allow the population genotype to become further 
pure, leading to a reduction in the population genetic diversity.

FIS reflects the degree of inbreeding in a population. Its value ranges from -1 to 1, and 
a higher value indicates more prevalent inbreeding within a population (Weir and Cockerham, 
1984). In this study, we found that FIS values gradually increased over successive generations, 
indicating inbreeding in the populations was increasing. Additionally, heterozygous deletion 
in the population also increased. These findings agree with those of various other reports of 
aquaculture species (Addison and Hart, 2004; Valles-Jimenez et al., 2004; Sato et al., 2005). 
Allele frequencies are also very important, and fluctuations in their values indicate changes 
in a population. Changes in allele frequencies reflect variations in the genetic structure of a 
population (Guan et al., 2013). According to our analysis of allele frequencies, the loci SC75-
220 and SC101-222 bp showed regular changes in frequency. Their frequencies gradually in-
creased, showing an enrichment trend, indicating that genetic correlations may exist between 
these 2 loci and breeding traits. However, to confirm this relationship, further association 
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analysis studies between traits are necessary.

Genetic structure of populations

Pairwise FST values among the 5 generations were all significant, and as selection con-
tinued, genetic differentiation and genetic distances between the F1 generation and successive 
generations increased (FST values from 0.0221-0.1408; Da values from 0.0608-0.1951). This 
result indicates that artificial selection had a very significant impact on the genetic structure 
of the breeding populations. We also found that the genetic differentiation index and genetic 
distance between adjacent generations increased over selection generation (FST values from 
0.0221-0.1288; Da values from 0.0608-0.1481), which was also very clear on the UPGMA 
tree. The map of the UPGMA tree was based on Nei’s genetic distance (Yeh, 1997). This 
result, which is displayed in UPGMA tree, disagrees with the results for other aquatic spe-
cies. This may be because the generation populations of breeding had not fully adapted to the 
existing selection pressure and environment, and thus the population genetic structure had not 
yet stabilized. Additionally, the populations may require further breeding activities to reach a 
stable genetic structure in order to ensure the genetic stability of breeding traits.

Artificial selection causes genes in breeding populations to become homozygous; the 
affected genes are typically associated with a target trait. This is conducive to the stability of 
breeding traits and the formation of species characteristics, but also leads to a loss in popula-
tion polymorphisms. Hence, in breeding processes, homozygosity fixes the frequencies of 
genes associated with a target trait, while maintaining polymorphisms in gene loci to the ex-
tent possible. Whether this method can ensure that populations have both higher flexibility and 
further potential improvement requires further investigation.
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