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1.2.3 PCR
SSCP

13 14 3  PCR
10 L 98 10 min

10 min

4 5 5 20 
4 

10% N N
29 1 8 V/cm 13~15 h

SSCP 3
5

2 2 3 3
5 2
1 4

PCR
CaCl2

LB
PCR PCR

1.2.2
Invitrogen ABI 3730

1.2.4 Clustalw 1.83

POPGENE 1.32

15 18 Arlequin 3.11 Fst

AMOVA 19 20

Nei s 16 3
PHILIP 3.66 UPGMA

21

pGEM-T Promega

DH5
invitrogen 
1.2
1.2.1 DNA DNA

13 5
500 52 2~3 h

25 24 1 24 1
3 70%

TE
1.2.2 PCR Primer 5.0

GenBank GH cDNA

GH DNA
5 2 2

3 3 5 4 5
5 5 3 3 4

1 PCR ddH2

Mg2+ 25 mmol/L
dNTP Mixture 2.5 mmol/L

DNA Taq  

1
Tab.1 Primer sequences used in the expriment and their amplifying regions 

Primer
5 3 

Primer sequence
/

Annealing temperature Amplifying region

F1 ACCAGACCTGAATCCAAACC
60 5 2

From the 5 -flanking region to exon  R1 ACGCTGGCTGTCTGTGATT

F2 GAGTCAAAAGTGTCCCCTATTC
60 2 3 3 5 

From the 3  part of intron  to the 5  part of intron R2 TCTGGTGAAAACTGATGCAA

F3 GGAGTTTCCCAGTCGTTC
58

4 5 5 
From exon  to the 5  part of exon R3 GGCCAGCAGTTCGTATGT

F4 GGCTCCTTATGGGAACTAT
58

5 3 3 
From the 3  part of exon  to the 3 -R4 CATCACTTCCTGTTCATAGC 
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2 GH 5 2
Tab.2 Polymorphic types in the region from 5 -flanking region to exon of GH gene

Polymorphic type
/bp  Nucleotide locus

67 70 91 95 104 105 107 117 143 161 170 179 197 269 270

A1 A C T G TT T A C A G T C TT

A2 G C T G CC T T A G A A C AC

A3 A T C A TT T T A A G A C AC

A4 A C T G TT A A C A G T A TT

Polymorphic type
 /bp  Nucleotide locus /bp

Total length278 285 286 303 306 322 340 342 396 432 467 503 540

A1 C TAGT G A T C C T 557

A2 C AA TAGT T G G C C
CTCTATCACCTGT
CTTTCACCTGACT
CTTAACTGTCT

C 596

A3 T AA T G G G T
CTCTATCACCTGT
CTTTCACCTGACT
CTTAACTGTCT

C 592

A4 C TAGT G A G C C C 557

1 GenBank EF205280 1 .
Note The 1st nucleotide in this region is counterpart of the 1st one of complete sequence GenBank access No. EF205280 .

2

2.1
2.1.1 5 2
4 3 557 bp A1 A4
596 bp A2 592 bp A3 A1

A4 A2 A3 A2 1
23 2

A1 A4 A2 A3 467~503
1 37 bp

A2 A3 A3 303~306
1 4 bp

1  GH 5  2 PCR-SSCP

1 6 7 12 13 20  . 1 6 A1A1 7 12

A4A4 13 18 20 A2A2 19 A3A3

Fig.1  PCR-SSCP analysis of the region from the 5

region to exon  of GH gene
1 6 Siniperca chuatsi 7 12 S.kneri 13 20 S.scherzeri. Lanes 1 6

A1A1 lanes 7 12 A4A4 lanes 13 18 20 A2A2 lane 19 A3A3.

2.1.2 2 3 3 5
5 3

468 bp B1 B2 B3 493 bp B4 483 bp B5
B1 B3 B1

B1 B2 B3 B2 B4 B5
B4 2

5 12 3
B1 B2 2

2 B4 B5
3 1

25 bp 15 bp 2

357 3
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2 GH 2 3 3 5 PCR-SSCP
1 7 8 16 17 22  . 1 2 4 7 B4B4 3 B5B5 8 9 11 12 14 15 B2B2

10 16 B2B3 13 B1B2 17 18 20 22 B1B1 19 B1B3 .

Fig.2 PCR-SSCP analysis of the region from the 3 part of intron  to the 5 part of intron  of GH gene

1 7 Siniperca scherzeri 8 16 S.kneri 17 22 S.chuatsi Lane 1 2 4 7 B4B4 lane 3 B5B5 lane 8 9 11 12 14 15 B2B2

lane 10 16 B2B3 lane 13 B1B2 lane 17 18 20 22 B1B1 lane 19 B1B3.

3 GH 2 3 3 5
Tab.3 Polymorphic types in the region from 3 part of intron  to 5 part of intron of GH gene

Polymorphic type

/bp  Nucleotide locus /bp
Total 
length74 101 102 138 231 357 376 400 414 416 419 428 443 473

B1 C AG G T C G A G T A C 468
B2 C AG C C C G A G T A C 468
B3 C AG C T C G G G T A C 468

B4 T G G C C
CACAAAATACTACAA
AATACTACAC G A A T T T 493

B5 C AA G T T CACAAAATACTACAC A A G A T C 483
1 EF205280 3 371 .

Note The 1st nucleotide in this region is counterpart of the 3 371st one of complete sequence EF205280 .

2.1.3 4 5 5
4 C1

C2 C3 2 C2
C1 C4 2 C4 3

5 4
83 4

ATC CTC 2
I L 229 5

CTG ATG 2
L M 2

GH 130
150

130
A3 L

I 150

C2 C3 M
C1 C4 L 4

 3  GH 4 5 5 PCR-

SSCP
1 8 9 17 18 23 . 1 4 8 C2C2

2 3 C3C3 9 11 13 15 C4C4 12 C1C4

16 21 C1C1 .

Fig.3  PCR-SSCP analysis of the region from exon  to 5

part of exon of GH gene
1 8 Siniperca scherzeri 9 17 S.kneri 18 23 S.chuatsi. Lane 1

4 8 C2C2 lane 2 3 C3C3 lane 9 11 13 15 C4C4 lane 12

C1C4 lane 16 21 C1C1.
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4 GH 4 5 5
Tab.4 Polymorphic types in the region from exon  to 5 part of exon of GH gene

Polymorphic type
/bp  Nucleotide locus /bp

Total length
83 114 122 219 229

C1 A A A T C 309

C2 A C A T A 309

C3 C C A T A 309

C4 A C T C C 309

1 EF205280 4 921 .
Note The 1st nucleotide in this region is counterpart of the 4 921st one of complete sequence EF205280 .

2.1.4 5 3 3
4 2 486 bp D1

D2 D3 483 bp D4 D1 D2
D1 D2 D4 D2

D2 D3 D3 5
6 5

6

4 GH 4 5 5

.

Fig.4 Comparison of coded amino acid sequences of polymorphic types in the region from exon  to 5 part of exon 

Differentiated amino acids are shaded. 

 5 GH 5 3 3 PCR-SSCP

1 7 8 16 17 22 . 1 17 19 21 D2D2 2 7 D3D3 8 9 13 16 D1D1

10 12 D1D2 18 22 D2D4 .

Fig.5 PCR-SSCP analysis of the region from the 3 part of exon  to the 3 -flanking region of GH gene

1 7 Siniperca scherzeri 8 16 S.chuatsi 17 22 S.kneri. Lane 1 17 19 21 D2D2 lane 2 7 D3D3 lane 8 9 13 16 D1D1 lane 

10 12 D1D2 lane 18 22 D2D4.

 5 GH 5 3 3
Tab.5 Polymorphic types in the region from the 3 part of exon  to the 3 -flanking region of GH gene

Polymorphic type
/bp  Nucleotide locus /bp

Total length109 112 172 178 305 306 320 325
D1 GAGG T G CA C T 486
D2 GAGG G G CA C T 486
D3 GAGG G G CG C C 486
D4 A G A GA T C 483

1 EF205280 5 085 .
Note The 1st nucleotide in this region is counterpart of the 5 085th one of complete sequence EF205280 .
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6 3 GH
Tab.6 Polymorphic type frequency of GH gene in three Siniperca fishes

Polymorphic type S.chuatsi
 

S.scherzeri S.kneri Polymorphic type S.chuatsi
 

S.scherzeri S.kneri
A1 1.0000 C1 1.0000 0.0333
A2 0.9286 C2 0.8571
A3 0.0714 C3 0.1429
A4 1.0000 C4 0.9667
B1 0.8333 0.0333 D1 0.8333
B2 0.8667 D2 0.1667 0.0714 0.9333
B3 0.1667 0.1000 D3 0.9286
B4 0.9286 D4 0.0667
B5 0.0714

7 3 GH
Tab.7 Genotype frequency of GH gene in three Siniperca fishes

Genotype code Genotype S.chuatsi S.scherzeri S.kneri
G1 A1A1B1B1C1C1D1D1 0.6663
G2 A1A1B1B3C1C1D1D2 0.3337
G3 A2A2B4B4C2C2D3D3 0.8570
G4 A3A3B5B5C3C3D2D2 0.0715
G5 A2A2B4B4C3C3D3D3 0.0715
G6 A4A4B2B2C4C4D2D2 0.8000
G7 A4A4B2B3 C4C4D2D2 - 0.0667
G8 A4A4B1B2C1C4D4D4 0.0667
G9 A4A4B3B3C4C4D2D2 0.0667

8 3 GH
Tab.8 Comparison of genetic diversities of GH gene in three Siniperca fishes

Indicators S.chuatsi S.scherzeri S.kneri
  Number of polymorphic loci 2 4 3
  Number of alleles 6 8 8

  Number of genotypes 2 3 4
  Average number of alleles per locus 1.5000 2.0000 2.0000

  Average number of effective alleles per locus 1.1923 1.1958 1.1307
Nei's   Nei's expected heterozygosity 0.1389 0.1607 0.1067

  Shannon diversity index 0.2253 0.2955 0.2147

2.2
2.2.1 GH GH

4 17
A1 B1 C1 D1

0.83
A2 B4 C2 D3 0.85

A4 B2 C4 D2
0.86 6

G1 G9 9 2
G1 3 G3

4 G6 7
4

2 4 3 6 8 8

8
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9 3 AMOVA
Tab.9 Analysis of molecular variance AMOVA  between and within species in three Siniperca fishs

Sources of variation df Sum of squares Variance components
%

Percentage of variation

 Interspecies    2 294.8680 1.6732   85.98
 Intraspecies 261   71.2000 0.2728   14.02
 Total 263 366.0680 1.9460 100.00

2.2.2 GH GH 4
17 4 2 3

13
23.53% 3

AMOVA

0.272 8  1.946 0 14.02%
85.98% 9

Fst 0.859 8 3 Fst

0.8 10 3 GH

10 3 GH Fst

Tab.10 Fst values between GH genes in three 
Siniperca fishes

 
Species

 
S.chuatsi  S.scherzeri

 
S.kneri

S.chuatsi 0.0000+0.000 0.0000+0.000
S.scherzeri 0.8483 0.0000+0.000

S.kneri 0.8682 0.8633
 P Fst .
 Note P value above diagonal and Fst value below diagonal.

2.2.3 GH Nei
15 Nei 16 GH

11 12 2
3 GH

PHYLIP
1 6

 11 3
Tab.11 Genetic distance and genetic similarity between 

three Sineperca 

 
Species S.chuatsi S.scherzeri S.kneri

S.chuatsi 0.0035 0.0665
S.scherzeri 5.6547 0.0192

S.kneri 2.7104 3.9503
.

Note Genetic similarity above diagonal and genetic distance be-
low diagona1

 12 3
Tab.12 Genetic distance and genetic similarity between 

three Siniperca  adjusted

 
Species S.chuatsi S.scherzeri S.kneri

S.chuatsi 0.0035 0.0666
S.scherzeri 5.6537 0.0193

S.kneri 2.7096 3.9494
.

Note Genetic similarity above diagonal and genetic distance be-
low diagona1

6 3 UPGMA

.

Fig.6 UPGMA tree of three Siniperca 
Numbers under each branch indicate length of the branch.

3

3.1 GH
GH 4 1

150
M

L
4 5 22
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2
130

2 1
I 1 L
4 Watahiki

22 Homo sapiens Mus 
musculus 10 GH

23 21 GH
Paralichthys olivaceus

L I
Protparam 2

GH
GH

3 5 Cheng 5 Sus scrofa
GH Taq

Rocha 4 Bos taurus
GH

3 GH
Apa 70

0~70 Foutouhi 24

GH 2 Gallus gal-
lus 6

Paralichthys olivaceus GH
PCR-SSCP

GH

3 GH

3 GH

3.2 GH
25 Carassius auratus  GH

2 10
7 15 6

GH 2
GH 2

3 2
3 000 bp 200 bp

SSCP 2
200 bp 2

3

GH

2 0.033 3

18 26  

3
1 3

GH 4 17
4 3

1 3
3

Fst 0.8 3
GH

3.3 GH
Zhao 27

 GH
3
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Diversity of growth hormone gene in three Siniperca fishes

LIU Feng 1 2 3 LIU Zhen 1 LU Shuang-qing 1 ZHANG Jian-she 1 XIE Xin-min 3 TANG Jian-zhou1 KUANG 
Gang-qiao1

1.Department of Biotechnology and Environment Science Changsha University Changsha 410003 China 2.College of Aqua-
life Science and Technology Shanghai Ocean University Shanghai  20090 China 3.College of Animal Science and Technology
Hunan Agricultural University Changsha 410128 China

Abstract Siniperca chuatsi Siniperca kneri and Siniperca scherzeri are three specific Siniperca fishes in East 
Asia. They are cultured as edible fishes in China and have similar habits and body configuration. They can 
intercross but there are significant differences on grouth traits among them. S. chuatsi grows the fastest while 
S. scherzeri the slowest. GH gene as one of the most important functional genes that determine animal growth 
trait  is generally related to growth trait in live stocks and fowls and mutation of GH gene often leads to variation 
of growth traits. To find out the relationship between growth trait difference and diversity of genes genetic 
diversity detection of GH gene was performed in wild populations of S. chuatsi S. scherzeri and S. kneri by PCR-
SSCP analysis and sequencing method. 45 45 and 42 individuals were sampled respectively from S. chuatsi
S. kneri and S. scherzeri population for DNA extracting. Four fragments of GH gene were amplified by PCR. 
PCR products were then detected by SSCP and sequencing. Sequence comparation was performed by Clustalw 
1.83 software. POPGENE1.32 software was adopted to calculate heterozygosity polymorphic type frequency
genotype frequency Shannon diversity index and genetic distance. Arlequin 3.11 software was adopted to 
analyze genetic differentiation index Fst and AMOVA and PHILIP 3.66 software was adopted to construct 
UPGAM phyletic evolution tree based on genetic distance. Four polymorphic types are identified in the region 
from 5 -flanking region to exon which are all species-specific. Five polymorphic types are identified in the 
region from 3 part of intron to 5 part of intron among which 3 polymorphic types are species-specific. 
Four polymorphic types are identified in both the region from 3 part of intron to 3 -flanking region and  
the region from exon  to 5 part of exon respectively both of which have 3 species-specific polymorphic 
types. Analysis of the coding region indicates diversity of the 150th coded amino acid on which is methionine 
in S. scherzeri but leucine in S. chuatsi and S. kneri. All polymorphic types form 9 GH genotypes without one 
shared between the three fish species. Fst is found to be 0.859 8 which indicates a high level of differentiation. 
Analysis of genetic diversity indicates that diversity in S. scherzeri is higher than those in S. chuatsi and S. kneri. 
Among the three Siniperca fishes genetic similarity between S. chuatsi and S. kneri is the highest while that 
between S. chuatsi and S. scherzeri is the lowest. The result of phyletic evolution analysis according to GH gene 
on chromosome is identical to that according to mitochondrion sequences which confirms the phyletic evolution 
relationship between these fishes at population level. Abundant diversity in GH gene is also found in the three 
fishes. Many polymorphic types are species-specific which can be of use in identifying hybrids when it is difficult 
to distinguish them from their parents by phenotype. Though it is still unclear if these diversities lead to growth 
trait differences these findings have laid foundation for further study of the relationship between gene diversity 
and trait difference as well as further utilization of the diversity of GH gene in molecular breeding of Siniperca 
fishes. Journal of Fishery Sciences of China 2008 15 5 745 754
Key words Siniperca fishes GH gene Genetic diversity PCR-SSCP  
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