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1  39AFLP 3

1.3.1 5 
5 50 mmol/L Tris-HCL pH 5

50 mmol/L MgAc2 250 mmol/L KAc DNA
250 ng EcoRI/MseI 2 L 25 L
37 3 h 70 15 min 24 

EcoRI/MseI 0.4 mmol/L ATP
10 mmol/L MgAc2 50 mmol/L KAc 10 mmol/Ltris-
HCL pH 7.5 1 L T4 1 U L 20 

2 h 10 L
TE 10 mmol Tris-HCl pH 8.0 0.1 mmol/L EDTA

10 20 
1.3.2 51 

5 40 10
PCR 200 mmol/L Tris-HCl pH 8.4 15 mmol/
L MaCl2 500 mmol/L KCl 5 L TaqDNA

5 U/ L  1 L PCR 94 30 s 56 
60 s 72 60 s 20
1.3.3 20 L

5 L EcoRI 27.8 ng/ L 0.18 L
MseI 6.7 ng/ L 1 mmol/L dNTPs 4.5 L 10

PCR 2 L TaqDNA 5 U/ L  
0.12 L 20 L  PCR
94 3 min 94 30 s 65 45 s 72 80 s

0.7 12
94 30 s 52 30 s 72 60 s 30

72 3 min 4 

1.3.4 55 W
6% 6%

0.30% 0.5 TBE

1.2 DNA
12

100 mg
Genomic DNA Promega 

DNA 0.8%
DNA 4

1.3 AFLP
AFLP Vos 17

36 6

EcoRI- ACC/MseI-CAG
EcoRI-ACC/MseI-CTC EcoRI-ACC/MseI-CAC
EcoRI-ACT/MseI-CTC EcoRI-AAC/MseI-CAT
EcoRI-AAC/MseI-CAC AFLP AFLP

6 1
Invitrogen 

AFLP I  PCR T3
Biometra

1 AFLP
Tab.1 Adapter and primer sequences used for AFLP analysis

 Item  Sequence

Adapter
EcoRI 5'-CTCGTAGACTGCGTACC-3'

3'-CATCTGACGCATGGTTAA-5
MseI 5'-GACGATGAGTCCTGAG-3'

3'-TACTCAGGACTCAT-5'
Pre-amplication primer

EcoRI+1 5'-GACTGCGTACCAATTCA-3'
MseI+1 5'-GATGAGTCCTGAGTAAC-3'

Selective ampli cation primer
EcoRI-ACC 5'-GACTGCGTACCAATTCACC-3'
EcoRI-ACT 5'-GACTGCGTACCAATTCACT-3'
EcoRI-AAC 5'-GACTGCGTACCAATTCAAC-3'
MseI-CAG 5'-GATGAGTCCTGAGTAACAG-3'
MseI-CTC 5'-GATGAGTCCTGAGTAACTC-3'
MseI-CAC 5'-GATGAGTCCTGAGTAACAC-3'
MseI-CAT 5'-GATGAGTCCTGAGTAACAT-3'
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7 mmol/L 2.5 h 3/5
3  

2 h  1%
20 min 2 1 min/

1.2 g AgNO3 1.6 mL HCHO
3 mg Na2S2O3 5H2O/L 40 min

2 1 20 s 1 30 s
30 g N2H8CO3/L

1% 2 min

1.4

0/1
AFLP Data Analyzer version 1.3 18

Descriptive statistics
Nt Np

P1 P2

Sx/Sy Sxy Dxy

Ng

Lynch 19 Nei 20 21  
Sxy=2Nxy/(Nx+Ny)
Dxy= lnSxy

Nxy x y
Nx Ny x y

He H
Fst

TFPGA 1.3 22

He Fst Lynch-Milligan 23 Taylor
Weir-Cockerham 24 F-
Nm Frankham 25

{1 Var /8 2 }

Nm = 1/Fst 1 /4
Lynch-Milligan 1994

Fst 
Fst Weir-Cockerham F

AFLP
Haplotype

AMOVA 26

3
Variance components

Nei 28 29 MEGA 3 27

UPGMA NJ 3

MANTEL 22

2

2.1 AFLP
6 3

36 DNA
100~900 bp 370

183 49.5%
51~71 61.3

39.4%~56.5% AFLP

2 6

DNA 1 EcoRI-ACC/
MseI-CTC 3

2 6 3
Tab. 2 Genetic parameters generated from AFLP analysis of three Plectorhinchus cinctus stocks via 6 prime combinations

Primer combination Sample nos. Total band Polymorphic band
/%

Percent polymorphic locus Genetype nos.
E-ACC/M-CAG 36 56 31 55.3 36
E-ACC/M-CTC 36 69 39 56.5 36
E-ACC/M-CAC 36 55 28 50.9 36
E-ACT/M-CTC 36 51 25 49 36
E-AAC/M-CAT 36 71 28 39.4 36
E-AAC/M-CAC 36 68 32 47.1 36

 Average 36 61.3 30.5 49.5 36

Note Percent polymorphic loci here denotes the percentage of polymorphic bands over total bands generated by each prime combination.
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1 EcoRI-ACC/MseI-CTC AFLP

M 1~12 13~24 25~36

A B

Fig.1  The electrophoresis map after AFLP reaction with EcoRI-ACC/MseI-CTC

M DNA marker 1 12 white stock of P.cinctus 13 14 normal stock of P.cinctus 25 36 grey stock of P.cinctus

A indicates polymorphic bands B indicates monomorphic bands

2.2
  3 6

353 317
327

146 115 112 41.4% 36.3% 34.3%
41.4%

0.931 3
0.900 4

4
0.114 5

0.088 7 0.083 7
3

39.4%
31.1% 30.2%
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5 3 AFLP
Tab.5 Similarity coef cients and genetic distances between ampli ed loci by AFLP for three P. cinctus stocks

 Stock  Normal  White morph  Grey morph

 Normal **** 0.965 2 0.983 7
 White morph 0.035 4 **** 0.975 1
 Grey morph 0.016 4 0.025 2 ****

.
Note Figures above/underneath diagonal are similarity coef cients and genetic distances respectively. 

6 3 AMOVA 
  Tab. 6 AMOVA analyses of three stocks of P. cinctus

Source of variation Degrees of freedom Sum of squares Variance components
/%

Percentage of variation

 Among stocks 2   84.647 0.203 61 10.68
 Within stocks 33 289.417 1.702 87 89.32

Total 35 374.118 1.906 48

3 6 3
 Tab. 3 Numbers of bands percent polymorphic loci and similarity coef cients generated by 6 prime combinations for 

three P. cinctus stocks

Stock Detected bands Polymorphic bands
/%

Percent polymorphic loci Similarity coef cient SD
Normal 353 146 41.4 0.9004 0.0283
White morph 317 115 36.3 0.9253 0.0277
Grey morph 327 112 34.3 0.9313 0.0251

 Mean   37.3 0.919 0.027

Note Percent polymorphic loci here denotes the percentage of polymorphic bands over total bands generated by 6 prime combinations for each stock.

4 3
Tab.4 Heterozygosity percent polymorphic loci Fst  and Nm of three P. cinctus stocks

Stock Average heterozygosity Unbiased average heterozygosity Percent polymorphic loci
Fst Nm

Normal 0.114 5 0.118 7 39.4
White orph 0.088 7 0.092 2 31.1
Grey morph 0.083 7 0.088 9 30.2

0.136 2 1.59
6 3 .

Note Percent polymorphic loci here denotes the percentage of polymorphic bands of each stock over total bands of three stocks generated by 6 
prime combinations.

P>0.05
2.3

5

0.983 7
0.016 4

0.035 4
0.016 4 2

0.965 2
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4 6
Fst 0.136 2 86.38%

3 13.62%
AMOVA

10.68% 89.32%

2.4 Mantel 
3~4 UPGMA NJ

/
/

Mantel test 3
r=0.011 2 P=0.34

3  Nei 1972 1978 NJ 3

Fig.3  Population-wise dendrogram revealed by NJ cluster 

analysis using the Nei 1972 1978  genetic distance

4  Nei 1972 1978 UPGMA

3

Fig.4  P. cinctus population-wise dendrogram revealed by 

UPGMA cluster analysis using the Nei 1972 1978  

genetic distance

3

28

3 Monopterus albus

100% 0.435 1 0.464 6

Yue 29 AFLP

3
Scleropages formosus

Kai 30

AFLP  Sebastes inermis 3
5 AFLP

AFLP

3
41.4% 36.3% 34.3%

0.114 5 0.088 7 0.083 7
9 PAGE

P 8.33% He

0.005 37

P He
31 AFLP

29 32 36 6
3

Aliah 37

2 3

4 3
0.035 4

Fst 0.136 2
AMOVA
10.68%

3
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Slaktin 39 Nm>1

3
Nm 1.59 3

Fst

86.38% 3
AMOVA 89.32%

Benzie 40

Nei 0.8
Taxa 3

0.035 4
0.8
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Tab. 7 Comparison of genetic parameters among some cultured marine and freshwater sh

Species
/%

Percent polymorphic loci
He

Average heterozygosity Detecting method Reference
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Genetic variation in three farmed Plectorhinchus cinctus stocks with various 
body color using AFLP analysis

LIU Wei-bin1 ZENG Zhi-nan1 WANG De-xiang2 LIU Bo1 KE Cai-huan2

 1.Fujian Fisheries Research Institute Xiamen 361012 China 2. Department of Oceanography Xiamen University Xiamen  
361005 China

Abstract Yellow-spotted grunt Plectorhinchus cinctus is a commercially important marine sh cultured in both 
southeast coast and Taiwan Province of China. At present the technology on mass seed production and grow-
out in a large scale are well established for this species in these areas. During the period of arti cial breeding
the stock of morphs with white body and black eyes appeared in normal stock rst and then grey-morph stock 
differentiated from white stock. 

In order to assess genetic variation in these different Plectorhinchus cinctus stocks with different body 
color to investigate their genetic structure to evaluate the impact of arti cial breeding on their genetic diversity 
and provide a baseline for further study of genetic breeding and population evolution as well a total of 90 
yellow-spotted grunt were collected from three different localities in both Fujian and Guangdong Provinces 
in 2004. Among them 12 randomly sampled fish from each stock were used for genomic DNA isolation and 
then the amplified fragment length polymorphic AFLP  technique was employed to analyze genomic DNA 
polymorphism. 

The results showed that a total of 370 DNA ampli cation bands ranging from 100 to 900 bp were produced 
using 6 pairs of primer combinations selected for the three stocks including EcoRI-ACC/MseI-CAG EcoRI-
ACC/MseI-CTC EcoRI-ACC/MseI-CAC EcoRI-ACT/MseI-CTC EcoRI-AAC/MseI-CAT and EcoRI-AAC/
MseI-CAC of which 183 were polymorphic and the proportion of polymorphic loci was 49.5%. The ampli ed 
bands ranged from 51 to 57 with an average of 61.3 for each primer combination and the detecting rate of each 
primer varied from 39.4% to 56.5%. These 6 primer combinations yielded 353 bands 317 bands and 327 bands
respectively with 146 115 and 112 polymorphic loci for normal white morph and grey morph stocks. Percent 
polymorphic loci of 41.4% 36.3% and 34.3% and average heterozygosity of 0.114 5 0.088 7 and 0.083 7 were 
determined in normal stock white morph stock and grey morph stock respectively which clearly showed the 
trend in the reduction of genetic diversity in morph stocks in comparisons with normal stock. The maximum 
genetic distance 0.035 4 was also detected between normal and white morph stocks with minimum genetic 
coef cient 0.965 2 . At the same time genetic division coef cient Fst 0.136 2 and percent variance component 
of AMOVA 10.68% also indicated that some genetic differentiation occurred in these three stocks. There existed 
a certain genetic structure differenciation among them but there was still more genetic divergence within the 
stocks than that between the stocks. Either NJ cluster analysis or UPGMA cluster analysis classi ed normal stock 
and grey stock into the same category and white stock was another cluster. It is concluded that genetic divergence 
is higher in normal stock than that in white or grey stock the former has rich genetic diversity and grey stock 
possesses low genetic divergence and diversity compared with the two others. Selective breeding in terms of 
body color as a speci cally phenotypic trait has some impacts on genetic variation of farmed stocks of P. cinctus. 
However due to a comparatively short time of isolation in each stock there has been no significant genetic 
difference between them so far P>0.05 . Journal of Fishery Sciences of China 2008 15 1 38 46
Key words Plectorhinchus cinctus farmed stocks color morph AFLP genetic variation
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