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PCR 94 2 min 94  
30 s 51.6 /56.0 b

/57.1 16S rRNA /50.4 CO  
 30 s 72  1 min 35 72 

10 min 2.0%

ABI
377  

1.3
BLAST 17 GenBank

Cyprinus carpio X61010
DNA b 16S rRNA
CO  

BioEdit 18

CLUSTL W 19

PAUP* 
4.0b10 20 b 16S 
rRNA CO  

Partition homogeneity test 21 Arlequin 
3.01 22 DNASP4.0

MEGA 3 23 Kimura 
Two-Parameter

 

2

2.1 PCR
4

/ 937 bp
b 1 140 bp 16S rRNA 564 bp CO

 642 bp 1~4
P 0.05

b 16S rRNA CO  
3 283 bp

/

4n 3n 2n
4n Megalobrama terminalis

2n 1 5
4n-F1

3n 3n 3n 2n

<5 µL Coulter-
Counter Coulter Counter Beckman-

Coulter Company USA
11 3n 9 12

5 57 95%  
1.2 PCR  

DNA - 12

13 16

b 16S rRNA
CO 1

1 4 DNA 13 16

Tab.1 Sequences and annealing temperatures of four cyprinids mitochondrial DNA universal primers

Amplified fragment
5 - 3

Primer sequence 5 - 3  
/

Annealing temperature

DNA
Mitochondrial DNA control region

DL1 ACC CCT GGC TCC CAA AGC
51.6

DH2 ATC TTA GCA TCT TCA GTG

DNA b
Mitochondrial DNA cytochrome b gene 

L14724 GAC TTG AAA AAC CAC CGT TG
56.0

H15915 CTC CGA TCT CCG GAT TAC AAG AC

DNA 16S rRNA
Mitochondrial DNA 16S rRNA gene 

L2510 CGC CTG TTT ATC AAA AAC AT
57.1

H3080 CCG GTC TGA ACT CAG ATC ACG T

DNA COII 
Mitochondrial DNA COII gene 

AGC TTC CTA GCG AGG CGT CTT
50.4

TAA TGG CAC ACC CAA CGC AAC
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1 DNA PCR

1 4n-F1 2 3n 3 3n 4 3n 5 2n

M Marker 200 400 700 1 000 1 500 2 000 bp.

Fig.1  PCR amplification of the mitochondrial DNA control 

region

1 Auto-4n-F1 2 Positive 3n hybrid 3 Negative 3n hybrid 4 Allo-3n

5 2n M Marker 200 400 700 1 000 1 500 2 000 bp.

3 DNA 16SrRNA PCR
1 4n-F1 2 3n 3 3n 4 3n 5 2n

M Marker 100 250 500 750 1 000 2 000 bp.

Fig.3  PCR amplification of the mitochondrial DNA 16SrRNA 

gene fragment

1 Auto-4n-F1 2 Positive 3n hybrid 3 Negative 3n hybrid 4 Allo-3n

5 2n M Marker 100 250 500 750 1 000 2 000 bp.

2 DNA b PCR
1 4n-F1 2 3n 3 3n 4 3n 5 2n

M Marker 200 400 700 1 000 1 500 2 000bp.

Fig.2  PCR amplif icat ion of  the mitochondrial  DNA 

cytochrome b gene

1 Auto-4n-F1 2 Positive 3n hybrid 3 Negative 3n hybrid 4 Allo-3n

5 2n M Marker 200 400 700 1 000 1 500 2 000 bp.

4 DNA CO  PCR
1 4n-F1 2 3n 3 3n 4 3n 5 2n

M Marker 100 250 500 750 1 000 2 000 bp.

Fig.4  PCR amplification of the mitochondrial DNA CO  

gene fragment

1 Auto-4n-F1 2 Positive 3n hybrid 3 Negative 3n hybrid 4 Allo-3n

5 2n M Marker 100 250 500 750 1 000 2 000 bp.
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3 5 DNA  K
Tab. 3 Nucleotide diversity  and average number of nucleotide differences K  of mitochondrial DNA in five populations 

of Megalobrama amblycephala with different ploidy levels

Item
2n 3n

Positive 3n hybrid

3n
Negative 3n 

hybrid

3n
Allo-3n

4n-F1

Auto-4n-F1

X SE %

Nucleotide diversity 
0.248 3

0.139 6
0.687 3
0.367 0*

0.786 6
0.418 4*

0.715 5
0.394 9*

0.495 6
0.267 7*

K
Average number of nucleotide differences K 8.000 20.909* 24.273* 22.833* 16.061*

Tajima s D
1.655 74

0.05<P<0.10
0.512 54
P>0.10

1.311 91
P>0.10

1.103 50
P>0.10

0.754 82
P>0.10

* 2n  P<0.05 .
Note * Significant difference compared with 2n P<0.05 .

2.2 DNA
A T C G 4

30.71% 27.18% 25.45% 16.66% A T C
A 30.71% G

16.66% A+T
57.89% G+C 42.11%

DNA A+T
24 DNA

25

2.3 5
2.3.1 5 DNA

5
2 5 55

Haplotype
2n 4n-F1 12 11

3n 3n 3n 1
1 5 DNA

0.984 8~1.000 0 5

2 5 DNA
Tab. 2 Haplotype diversity (H) of mtDNA in five populations of Megalobrama amblycephala with different ploidy levels

Item
2n

3n
Positive 3n hybrid

3n
Negative 3n hybrid

3n
Allo-3n

4n-F1

Auto-4n-F1

Sample size 12 12 12 9 12
Number of haplotypes 11 12 12 9 11

H X SE
Haplotype diversity 

0.984 8
0.040 3

1.000 0
0.034 0

1.000 0
0.034 0

1.000 0
0.052 4

0.984 8
0.040 3

2.3.2 5 DNA
5

DNA 3 5
248 3%~0.786 6%

K 8.000~24.273

5 K 2
3n 3n

3n 4n-F1 2n Tajima s D 
P>0.10 0.05<P<0.10

3n 3n 3n 4n-F1

K
P<0.05 2n 3n

3n 3n 4n-F1

2n
2.3.3 5 DNA
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 5 5 DNA
Tab. 5 Average genetic distances from mitochondrial DNA nucleotide sequences among five populations 

                                                      of Megalobrama amblycephala with different ploidy levels                                                   X SE

Population
2n 3n

Positive 3n hybrid
3n

Negative 3n hybrid
3n

Allo-3n
4n-F1

Auto-4n-F1

2n
0.009 7 0.001 3 0.005 5 0.000 7 0.004 8 0.000 6 0.003 9 0.000 5

3n
Positive 3n hybrid

0.009 7 0.001 2 0.010 6 0.001 2 0.009 6 0.001 2

3n
Negative 3n hybrid

0.006 9 0.000 7 0.006 5 0.000 8

3n  Allo-3n 0.006 0 0.000 7

4n-F1  Auto-4n-F1

5
DNA

0.002 4~0.007 5 4
3n 3n 3n 4n-F1 2n 3n

3n 3n 4n-F1

0.007 5 0.007 0 0.006 4

0.004 9 2n 0.002 4 P<0.05
3n 3n 3n 4n-F1

2n
K

4 5 DNA 
Tab. 4 Average genetic distances of nucleotide sequences of mitochondrial DNA within five populations 

                                               of Megalobrama amblycephala with different ploidy levels                                                          X SE

Population Average genetic distance of nucleotide sequences

2n 0.002 4 0.000 4

3n  Positive 3n hybrid  0.006 4 0.000 9*

3n  Negative 3n hybrid  0.007 5 0.000 8*

3n  Allo-3n  0.007 0 0.000 7*

4n-F1   Auto-4n-F1  0.004 9 0.000 6*

* 2n  P<0.05 .
Note * Significant difference compared with 2n P<0.05 .

2.3.4 5 DNA
5

0.003 9~0.010 6 5

3n 3n
0.010 6 4n-F1 2n

0.003 9
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3  

1 DNA
DNA

DNA

DNA

Wiley
26 12S rRNA 16S rRNA

Lampridiformes
DNA

 
b

16S rRNA CO
3 283 bp 5

0.002 4~0.007 5
0.248 3%~0.786 6%

H 0.984 8~1.000 0 K
8.000~24.273 H

3n 3n 3n 4n-F1

2n 3n 3n 3n 4n-F1

K 2n P<0.05
3n 3n 3n 4n-F1

2n 27

RAPD
DNA

1
2n 10

mtDNA

28 3n 3n 3n 4n-F1

3n
3n 1
2n 3n

4n-F1
27 2000

35
22

3n
3n 3n

4n-F1 3n
3n 4n

27 3n
4n 60

3n 4n 10

3n
3n 3n

3n 3n
4n-F1

3n
 

5
3n 3n 3n

4n-F1
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Analysis of mitochondrial DNA in blunt snout bream(Megalobrama 
amblycephala) populations with different ploidy levels 

TANG Shou-jie LI Si-fa CAI Wan-qi 
Key Laboratory of Aquatic Genetic Resources and Aquacultural Ecosystem Ministry of Agriculture Shanghai Fisheries 

University Shanghai 200090 China

Abstract Combined nucleotide sequence of four gene fragments of mitochondrial DNA mtDNA which were 
control region cytochrome b gene 16S rRNA gene and CO  gene was analyzed for five populations of blunt 
snout bream Megalobrama amblycephala  with different ploidy levels which were Auto-4n-F1 positive 3n 
hybrid negative 3n hybrid allo-3n and 2n to detect their genetic variations.The lengths of mitochondrial DNA 
control region cytochrome b gene 16S rRNA gene and CO  gene were 937 bp 1 140 bp 564 bp and 642 bp
respectively. These four gene fragments were combined to form a 3 283 bp long gene fragment. The average 
contents of nucleotides T C A G were 27.18% 25.45% 30.71% and 16.66%  respectively in the 3 283 bp 
long sequence. 55 haplotypes were defined in the 57 individual without haplotype shared among populations. 
The diversity of haplotypes were 0.984 8~1.000 0 indicating the abundance of haplotypes within different 
populations. The nucleotide differences and the nucleotide diversity within each population were 8.000~24.273
and 0.248 3 %~0.786 6% respectively. Genetic distance between populations were 0.003 9~0.010 6. The above 
results indicated that genetic diversity in five populations of blunt snout bream with different ploidy levels was 
very high. There was the same trend in the change of nucleotide diversity average number of nucleotide 
differences K  and average genetic distances of nucleotide sequences among five populations that is to say
frow high to low is negative 3n hybrid allo-3n positive 3n hybrid auto-4n-F1 2n. What s more nucleotide 
diversity average number of nucleotide differences K  and average genetic distances of nucleotide 
sequences of negative 3n hybrid allo-3n positive 3n hybrid and auto-4n-F1 were significantly higher than those 
of 2n P<0.05 . It could be concluded that the genetic diversity within negative 3n hybrid allo-3n positive 
3n hybrid and auto-4n-F1 populations were significantly higher than that of 2n population. Journal of Fishery 
Sciences of China 2008 15 2 222 229
Key words blunt snout bream Megalobrama amblycephala ploidy mitochondrial DNA genetic variation
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