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ABSTRACT. In this report, 10 polymorphic microsatellites were 
applied to assess the genetic diversity and genetic differentiation of 5 
consecutive breeding generations of mandarin fish, Siniperca chuatsi 
(Basilewsky). The results from total number of alleles, average 
polymorphism information content, and average homozygosity and 
heterozygosity showed that the genetic diversity of the breeding 
population was decreasing. The genetic identity between F1 and its 
descendant generations (F2, F3, F4, F5) decreased (from 0.9248 to 0.8803), 
while the genetic distance (from 0.0782 to 0.1275) and fixation index 
(from 0.03796 to 0.07393) increased. The allele frequency of SS181-
235 and SS211-246 changed regularly in the 5 breeding generations, 
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and they may be negatively associated with the selected trait, which 
needs to be confirmed by further research. Our study indicated that 
selective breeding was an efficient strategy for mandarin fish. In the 
process of breeding, some deleterious genes were phased out, and the 
genetic structure of the breeding populations became stable.
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INTRODUCTION

Mandarin fish, Siniperca chuatsi (Basilewsky), which belongs to Perciformes, a diverse 
group of fish (Nelson, 1994), is one of the chief economic freshwater fishes for aquaculture in 
China (Liu et al., 1998). Because of its delicious flesh, fast growth, and broad temperature toler-
ance range (Liang, 1996; Tao et al., 2007), mandarin fish has been cultured in many provinces of 
China, including Guangdong Province, where it is the pillar industry in this district.

Most cultivated mandarin fish stocks in current use in China are genetically similar 
or inferior to wild individuals, and no elite strains have been established so far. Moreover, the 
breeders of some fish farms lack of the knowledge of fish breeding, and they blindly increase 
the quantity of mandarin fish regardless of its quality in the process of breeding. After several 
generations of breeding, the genetic diversity in stocks may dramatically decline, leading to the 
recession of elite characteristics, such as growth, disease resistance, and suitability. To improve 
this situation, 5 consecutive breeding generations of mandarin fish, implemented by Hubei Col-
laborative Innovation Center of Freshwater Aquaculture in Guangdong Province from 2008 to 
2013, were constructed to improve growth traits. When compared to unselected populations, the 
growth rate of the fifth generation of this mandarin fish strain was increased by 20.79% (Sun et 
al., 2014), and indicated the benefit of selective breeding in mandarin fish.

In terms of genetics and species evolution, a species with high genetic diversity could 
be a great contribution to its viability, suitability, and evolutionary potential (Ma et al., 2004). 
However, the genetic diversity was most likely decreased in the process of selective breeding, 
and it could harm the breeding program. Therefore, in addition to the genetic improvement 
in the trait of interest, the maintenance of relatively higher genetic diversity in the breeding 
population is also of importance to the selection program. In this study, variation in the genetic 
structure among 5 generations was investigated by 10 polymorphic microsatellite markers in 
order to supply theoretical references to determine the subsequent breeding strategies and also 
accumulate experience for fish-breeding research.

MATERIAL AND METHODS

Sample collections

To perform the selective breeding of mandarin fish, in 2008, 1800 original stocks with 
a relatively high level of genetic variation that were used as the base population were collected 
from 5 locations including 2 cultured populations and 3 wild populations. During 2008-2013, 
5 consecutive breeding generations of mandarin fish were established. In the process of breed-
ing, 2000 elites from each generation were maintained as the stocks for the next generation. 
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Fin chips of 36 samples that were randomly selected from each generation were sampled and 
stored in ethanol until use. Total genomic DNA was extracted from ethanol-preserved fin tis-
sues using a phenol-chloroform method (Taggart et al., 1992). DNA quality was checked by 
1.2% agarose gel electrophoresis, and the concentrations were estimated using a NanoDrop 
2000 spectrophotometer (Thermo Scientific, USA).

Microsatellite analysis

All of the samples were genotyped for 10 variable microsatellite loci published in previ-
ous papers (Qu et al., 2012; Huang et al., 2012; 2013; Table 1). Polymerase chain reaction (PCR) 
was carried out in a total volume of 12.5 μL, containing 50 ng template DNA, 1.25 μL 10X 
reaction buffer, 1 U Taq polymerase (TaKaRa, Japan), 0.25 μL 10 mM dNTP, 0.5 μL 2.5 µM 
forward and reverse primer mixture, and water to the final volume. The cycling profiles were as 
follows: pre-denaturation at 94°C for 4 min; 30 cycles of 94°C for 30 s, annealing at the proper 
temperature (Table 1) for 35 s, and 72°C for 40 s; and a final 72°C extension for 10 min. PCR 
products were separated using an automatic capillary sequencer (ABI 3130 Genetic Analyzer, 
Applied Biosystems, USA) at Sangon Biotech (China). The size of alleles was scored using the 
GeneMapper® software version 4.0 (Applied Biosystems) by comparison with a GenScanTM 
500 ROXTM (Applied Biosystems) internal size standard.

Table 1. Primer sequences and characteristics of 10 microsatellites of Siniperca chuatsi (Basilewsky).

Locus	 Primer sequence (5'-3')	 Repeat motif	 Size range (bp)	 Ta (°C)	 Accession No.

SC05	 TCATCTGAGGACGACTCGCT	 ATAG)13	 174-265	 60	 JQ686838
	 AACTTAACTTCCTGCTGTCCCT
SC09	 ATCAGCTCAACCCCTCTGCAT	 (GCCTGA)7	 199-247	 60	 JQ686842
	 GCATGGATGCCAGCGTGAG
SC49	 CGAGTGTTTGATTTCTTCCTC	 (CTC)10	    99-106	 60	 JQ686880
	 GTGTAAATACTGAAGGCTCG
SC53	 GAAATTGAAGAAGACAAGGTGATG	 (CA)19	 224-276	 58	 JQ686884
	 CTGCTTTTGGCAGGAGCTAA
SC72	 CAGGGAACGGGGAAAAAGCA	 (CA)17	 217-261	 55	 JQ804731
	 AGAATTCCTCCGTACCTGTCTG
SC67	 ATCTGACACGATAAACCCTC	 (TG)18	 147-198	 58	 JQ686896
	 GCTGATGCTGAGGAGGAAAT
SC83	 TTTTAAAGACGGGGCAGCGG	 (TG)16	 143-168	 60	 JQ804739
	 ACCAACGTTTGGCGTAAAGC
SS181	 CACGAACTACTCGCCCTCAC	 (GAG)5(GAT)8	 124-144	 55	 JX294968
	 TCTGTGGGAACCGTGGTGAT
SS190	 GTAATACTGTTGCACTTCGT	 (AC)12	 169-209	 55	 JX294971
	 GTAGGCATCAAGTGAAGC
SS211	 CAGCAGGAATTGGGATGAAA	 (TAC)8	 72-76	 55	 JX294975
	 CAGATGCGGCCAATACAAG

Ta, annealing temperature.

Data analysis

Allele numbers, effective allele numbers, polymorphism information content (PIC), 
and observed and expected heterozygosities were calculated by Popgene32 (Yeh et al., 2000). 
Genetic identity, genetic distance, and genetic differentiation between generations were as-
sessed using Arlequin3.01 (Schneider et al., 2000). The unweighted pair-group method with 
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arithmetic mean (UPGMA) phylogenetic tree was constructed with MEGA4 (Tamura et al., 
2007) based on the genetic distance between generations.

RESULTS

Genetic diversity of microsatellites among generations

In this study, 10 microsatellites were used to assess the genetic diversity of the 5 con-
secutive breeding populations, each of which had 79, 72, 55, 66, and 64 alleles, respectively. 
The observed alleles were not completely consistent among generations, and a total of 110 
alleles were detected in the 5 populations. Allele numbers, effective allele numbers, and ob-
served and expected heterozygosities for each generation are summarized in Table 2. Overall, 
the values of these parameters declined from generation to generation except for a few param-
eters detected in some generations.

Table 2. Genetic diversity in selected generations of Siniperca chuatsi (Basilewsky).

Generation	 NE	 NA	 HO	 HE	 PIC

F1	 3.4445	 7.9000	 0.7100	 0.6565	   0.6041
F2	 2.8175	 7.2000	 0.6368	 0.6001	   0.5507
F3	 2.5592	 5.5000	 0.5564	 0.5508	   0.4907
F4	 2.7458	 6.6000	 0.5342	 0.5873	   0.5410
F5	 2.9080	 6.4000	 0.4972	 0.5959	   0.5525

NE, effective number of alleles; NA, number of alleles; HO, observed heterozygosity; HE, expected heterozygosity;
PIC, polymorphism information content.

Variations in allele frequency among generations

In order to understand the genetic variation in the 5 consecutive breeding generations, 
the allele frequency was an important parameter that was used to estimate the level of genetic 
variation among generations. In this study, variation in the allele frequency could be divided 
into 2 classes. First, the frequency of some alleles gradually declined in the process of selec-
tive breeding, such as SS181-235 and SS211-246 (suffix number corresponding to the allele 
size of a locus; Figure 1). In the first generation, the 2 alleles were present at a relatively high 
frequency; however, with selective breeding, these alleles generally decreased and became 
weak alleles in the descendant generations. Second, some loci randomly changed in frequency, 
which fluctuated or remained nearly unchanged among various generations (data not shown).

Genetic variation and differentiation among generations

The pairwise Nei’s genetic distance and genetic identity are presented in Table 3, 
which shows that the genetic identity between F1 and its descendant generations (F2, F3, F4, 
and F5) decreased (from 0.9248 to 0.8803), while the genetic distance increased (from 0.0782 
to 0.1275). The UPGMA phylogenetic tree (Figure 2) was built based on the genetic distance, 
which directly revealed the genetic similarities among the 5 generations of selective breeding.

Results from molecular analysis of variance (Table 4) revealed significantly larger 
variance within generations than among generations (96.36 and 3.64%, respectively). The 
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genetic differentiation within generations is shown in Table 5, and the total fixation index (FST) 
value was 0.03637. The FST values gradually decreased between adjacent generations (from 
0.03796 to 0.00968).

Figure 1. Allele frequency changes of SS181-235 and SS211-246 in the 5 generations. a. Allele frequency changes 
of SS181-235 in the 5 generations. b. Allele frequency changes of SS211-246 in the 5 generations.

Table 3. Nei’s genetic distance (below diagonal) and genetic identity (above diagonal) of selected generations 
of Siniperca chuatsi (Basilewsky).

Generation	 F1	 F2	 F3	 F4	 F5

F1	 -	 0.9248	 0.9070	 0.9008	 0.8803
F2	 0.0782	 -	 0.9462	 0.9232	 0.9083
F3	 0.0976	 0.0553	 -	 0.9570	 0.9605
F4	 0.1045	 0.0799	 0.0440	 -	 0.9632
F5	 0.1275	 0.0961	 0.0403	 0.0345	 -
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Figure 2. Unweighted pair-group method with arithmetic mean dendrogram based on Nei’s genetic distance.

Table 4. Analysis of molecular variance of the 5 selective generations.

Source of variation	     d.f.	 Sum of squares	 Variance components	 Percentage of variation

Among generations	 4	     46.467	 0.11295	     3.64
Within generations	     377	 1128.168	 2.99249	   96.36
Total	     381	 1174.644	 3.10543	 100.00

Table 5. Fixation index values of pairwise comparisons among all generations.

Generation	 F1	 F2	 F3	 F4	 F5

F1	 -	 -	 -	 -	 -
F2	 0.03796	 -	 -	 -	 -
F3	 0.04494	 0.2091	 -	 -	 -
F4	 0.05315	   0.03766	 0.01452	 -	 -
F5	 0.07393	   0.05400	 0.01879	 0.00968	 -

DISCUSSION

Efforts have been made to build selective generations of mandarin fish from the tra-
ditional selective breeding method. Compared to unselected populations, the selected genera-
tions had obviously improved growth traits. Several studies have been performed to analyze 
the genetic information of consecutively selected populations of aquatic species using micro-
satellites aimed to improve breeding strategies (Xie et al., 2007; Zheng et al., 2007; Zhao et 
al., 2010); however, such a study has not yet been performed in S. chuatsi. Therefore, the aim 
of this study was to estimate the genetic variation and genetic structure of the strain in order to 
provide good advice for future breeding research.

In the first generation, the PIC ranged from 0.3941 at SC09 to 0.8705 at SS211, 
with an average of 0.6041, and the number of alleles per locus varied from 3 to 19, with a 
mean number of 7.9 (data not shown). According to Barker’s suggestion (1994), a certain 
microsatellite locus that contained at least 4 alleles could be a good marker to estimate 
the genetic variation; this indicated that all microsatellite markers used in this study are 
adequate for our research.

To some extent, selective breeding may lead to decreased population genetic di-
versity, resulting in a homozygous population. Such an observation was also detected in 
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our study and was reflected by the gradual decrease in parameter values including num-
bers of alleles and observed and expected average heterozygosity from F1 to F5. Several 
parameters among generations did not completely obey this regular change; this may 
be because of the small number of samples in this study. Through selective breeding, 
the dominant alleles of the genes relevant to a selected trait could become homozygous, 
which would contribute to maintaining the stability of this trait. Meanwhile, the genetic 
diversity of other genes, such as those related to suitability and resistance, might decrease. 
Therefore, it is vital for breeders to balance the homozygosity of target genes with the 
genetic diversity in the breeding population. In this study, the allele frequency of 10 
microsatellites in the 5 generations presented 2 patterns. Type 1 (SS181-235 and SS211-
246) had an allele frequency that regularly changed from F1 to F5; the change tended to 
be negatively correlated with the growth rate. This result indicated that these alleles were 
more likely to be linked to deleterious genes of the growth trait. In other words, under 
selective stress, the deleterious alleles were gradually phased out from generation to gen-
eration, thus exhibiting a regular change in the frequency of these alleles. Further studies 
including association analysis should be implemented to confirm whether these 2 loci are 
significantly associated with the breeding trait. If the 2 loci significantly affect the breed-
ing trait, they can be used as indicators to aid the subsequent breeding work.

The fact that heterozygotes are more fit than homozygotes has been well documented, 
and homozygosity could cause deleterious recessive or partially recessive lethal alleles to 
show their effects on the phenotype (Holtsford, 1996; He et al., 2001). Fortunately, after 5 
generations, the mean observed and expected heterozygosity detected in F5 was 0.4972 and 
0.5959, respectively, indicating that the fifth generation still has high genetic diversity and 
could be used as stocks for selective breeding.

Artificial breeding might change the genetic structure of a population (Zhao et al., 
2010). In this study, the total genetic differentiation of generations was 0.03637, which pointed 
to weak differentiation according to the classification by Wright (1949). The values of genetic 
differentiation between adjacent generations gradually decreased, and the differentiation was 
weak between F4 and F5 (0 < FST = 0.00968 < 0.05). At the same time, the genetic distance 
gradually decreased, while the genetic identity gradually increased. These results indicated 
that under selective stress, the genetic variation of breeding populations generally stabilized, 
and the tendency of this was mainly consistent with that of the growth trait. To summarize, 
selective breeding of mandarin fish through 5 generations, to some extent, changed the genetic 
structure of the breeding population and stabilized the genetic variation and the heredity of 
the target trait. This demonstrated that the selective breeding that we applied in mandarin fish 
was efficient.

The basic population in this study was composed of 3 natural populations and 2 cul-
tured populations, which have been described as populations with high genetic diversity (Tian 
et al., 2013; Yan M, Tian CX, Zheng HZ, Yuan YC, et al., unpublished results). Therefore, 
these populations were appropriate materials to carry out the selective breeding study. Af-
ter 5 generations, the genetic diversity of F5 fell about 30% relative to that of F1, indicating 
that F5 may also have the potential for further selective breeding. However, if blind breeding 
study continues, populations with low genetic diversity could lead to inbreeding depression. 
Therefore, the genetic diversity within each generation should be traced and monitored in 
subsequent breeding research.
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