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1
Tab.1 Microsatallite markers and their primers in C.guichenoti

Microsatallite marker
5 3

primer sequence 5 3 SSR motif Tm Nos. of alleles

YT03
F AGTCACCACCTGCTCTGT 

GT 7 45 4R GTATGCGGCAAACTTCTT

YT05
F AGAAAGAGATGCACTGATAA

GT 10 49 5R GGAATGTGATGCCAACTAAC

YT07
F CGCTGGAGAGTAAGAGGC 

AC 15 49 8R GGAAATTCCCACCGTGAT

YT10
F GGACGAAACATGGACATGA 

CT 15 52 6R ATTTGGCTCTCCGTTACAG

YT17
F ACCCACAAAGACACTGACCAAG 

CT 6 AC  5 56 3R GATCGCCAGGCAGAGCTAACAA

YT18
F CAGGATTCCAACAGGTTTCGG 

AC  7 CCCACA 2 56 4R TGACATTGTTGATCTCGTGGTC

YT19
F CCAATCAATATGTAGAACAAGG 

TG 21 AG  21 53 8R CAACATCGGAAAGTAAGAACTG

YT21
F AGGATTTCGGATATTGCCATT 

AC  10 GA  13 53 7R AGAGTCAAAGCTACCATCATAAG T

YT22 F CGACTAATACATCTGAGCCCTCC AC  7 56 3R ATTGCTGTTTCCCTCGATCCAC
F R .

Note F forward R reverse primer sequence.

WT 23
ST 30 HT  24

CT 25 102  2005 
 5 YB 31

BN 33 FL 34
ZX 34 132

 95%
1.2 DNA

500 L HOM Buffer 80 mmol/L EDTA
100 mmol/L Tris 0.5% SDS pH 8.0 10~15 L

K 20 mg/mL 55 3 h
4.5 mol/L NaCl 500 L 300 L

20 min 13 000 r/min 10 min
595 L 20 min

0.5 mL 75% 13 000 r/min
20 min 50 L

20 
1.3 mtDNA D-loop 

 D-loop 19

tRNApro 5 -CTCCCAAAGCTAGGATTCTAA
ACTAAACTA-3

tRNAphe 5 -GGTTCATCTTAACATCTTCAG

TGTTATGCT-3
PCR 50 L 10

Buffer  Mg2+ 5 L Taq 5 U / L 0.4 L dNTPs 
10 mmol/L  0.6 L 2 L 45~60 ng

 50 L 94 
4 min 94  40 s 50  30 s 72  

90 s 35 72  6 min PCR  0.8%
 PCR 

 1.5%  DNA 
Omega  DNA 

1.4
9

1 4 132
DNA PCR  25 L
 10 Buffer  Mg2+ 2.5 L Taq 0.5 U

dNTPs 10 mmol/L  0.6 L 0.8 L
45~60 ng  25 L
94 4 min 94  40 s 45~56  
30 s 72  90 s 35 72  6 min

0.8%
8%
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 3 4
Tab.3 Genetic distance among 4 populations of C. heterodon

 Population WT ST HT CT
WT * * *
ST 0.001 73 * * *
HT 0.001 59 0.002 03 * * *
CT 0.002 31 0.002 67 0.002 54 * * *

WT ST HT CT .
Note WT Wanzhou  population ST Shashi population HT Hukou population CT Changshu population.

1.5
1.5.1 mtDNA D-loop

 Lasergene v6 
 ClustalX 20

 DNASP 4.0 21

h
 Mega3.1 22

 NJ 
AMOVA  23  

1.5.2

PopGen32 24 Ne

Ho He

PIC

2

2.1  mtDNA D-Loop
2.1.1 mtDNA D-Loop   
760 bp D-Loop A T C G 4

33.0% 30.6% 21.4% 14.9%
A+T 63.6% G+C

36.3% 22 1
11 5 6  
2.1.2   DNASP 4.0

2

2 mtDNA D-loop
Tab.2 Genetic diversity by mtDNA D-loop among 4 populations of C. heterodon

 Index WT ST HT CT  Total
S 7 9 9 8 22

h 0.717 0.838 0.866 0.841 0.849
p 0.0018 0.0032 0.0027 0.0032 0.0026

WT ST HT CT .
Note WT Wanzhou  population ST Shashi population HT Hukou population CT Changshu population .

2.1.3 DNASP 4.0
3  

0.002 67
0.001 59

0.001 59~0.002 67 3
mtDNA D-Loop 

Yan 19 D-Loop 
Neighbor-Joining

28 3 clade1 Hap1~Hap13

clade 2 Hap14~Hap20 clade 3 Hap21~Hap28
bootstrap
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1 mtDNA

Fig.1  Variable sites of mtDNA control region of Coreius 

heterodon and Coreius guichenoti in Yangtze River

2.2 mtDNA D-Loop

2.2.1 mtDNA D-Loop
923 bp D-Loop T C A G 4

 30.8 21.5 34.0
13.7  A T 64.8%  G+C 

35.2%  28 18
1 2 /

2.2.2  4
 

0.004 2 0.090
0.004 5 0.003 8

0.922
0.867 4

 4 mtDNA D-loop
Tab.4 Genetic diversity  by mtDNA D-loop among 

different populations of C. guichenoti

 Index YB BN FL ZX
 

Total

S 13 14 16 16 18

h 0.901 0.867 0.922 0.911 0.902

p 0.0083 0.0041 0.0044 0.0045 0.0042

YB BN FL ZX
.

Note YB Yibin population BN Banan population FL Fuling 
population ZX Zhongxian population.

2.2.3 4
5

0.006 56
0.005 29

Neighbor-Joining  
 2 2 Hap14
 29 21.97% Hap18

 20 15.15%  5 Hap4
Hap14 Hap18 Hap19 Hap21  4

AMOVA Fst  0.008 3
 99.17  

0.83

 5 4 mtDNA D-loop
Tab.5 Genetic distance among 4 populations of C. guichenot by mtDNA D-loop sequence

 Population YB BN FL ZX
YB * * *
BN 0.006 56 * * *
FL 0.005 78 0.006 10 * * *
ZX 0.005 66 0.005 44 0.005 29 * * *

YB BN FL ZX .
Note YB Yibin population BN Banan population FL Fuling population ZX Zhongxian population.
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2.3
2.3.1

6 4
9  48
 YT07 YT19 

 8  YT17  YT22 
3

 5.3
0.631~0.753 0.753

0.631
0.598~0.728 0.728

0.598
0.548~ 0.670

0.670 0.548 .

6 Ho  He  PIC
Tab.6 Average heterozygosity and PIC of 9 microsatellite loci in 4 C. guichenoti populations

Index YB BN FL ZX
Ho

He

PIC

0.753
0.728
0.670

0.649
0.598
0.548

0.631
0.629
0.568

0.651
0.673
0.610

BN FL YB ZX .
Note BN Banan population FL Fuling population YB Yibin population ZX Zhongxian population.

2  4 bootstrap 28 

BN FL YB ZX .

Fig. 2  Molecular phylogenetic tree constructed on 28 haplotypes of C. guichenoti and their distribution in the four natural 

populations numbers at nodes indicate the percent of bootstrap support after 1 000 replicates

BN Banan population FL Fuling population YB Yibin population ZX Zhongxian population.
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2.3.3 mtDNAD-
loop  AMOVA 

8

SSR    0.121 58 D-loop
0.008 31

Fst  0.05~0.15
P <0.05

2.3.2
 4  9 

 PopGen32 
 Nei 7  7

 0.144 9
 0.865 1

 0.290 0
 0.748 3

7 4 Nei 
Tab.7 Genetic similarity and Nei s genetic distance among 4 C.guichenoti populations by 9 microsatellite loci

 Population YB BN FL ZX
YB 0.7483 0.8224 0.8244
BN 0.2900 0.8508 0.7996
FL 0.1956 0.1616 0.8651
ZX 0.1931 0.2236 0.1449

BN FL YB ZX .
Note Nei's genetic identity above diagonal and genetic distance below diagonal BN Banan population FL Fuling population YB Yibin 
population ZX Zhongxian population.

8 SSR  mtDNA D-loop 
Tab.8 Comparison of genetic variance in C. heterodon using SSR and mtDNA D-loop

Marker
Variance components
among populations

Variance components
within populations

/%
Percentage of variation 

among  populations

/%
Percentage of variation 

within  populations
Fst

SSR 5.52536 9.91943 12.16 87.84 0.12158
D-loop 0.01639 1.95529 0.83 99.17 0.00831

3

3.1
mtDNA D-Loop

2~5 25

102
760 bp mtDNA D-Loop 22

28

Myxocyprinus asiaticus  26

Gymnocypris przewalskii  27

28

h
p 2 4

H

28

0.753 0.728
Ctenopharyngodon 

idellus (Oncorhynchus 
keta  30-32

3.2
4 28 3

3 44% 7
2 18

12 0~0.007 98
4 0~0.003

D-loop
Fst  0.012  98.8

 1.2
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33 34

4 28  5 
4  5 

54.5  11  2
 3  12 

D>0.005
4

D-loop Fst

 0.008 3  99.17
 0.83

33 34

SSR  0.121 58 D-loop
SSR D-loop

3.3
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Genetic diversity of bronze gudgeon (Coreius heterodon) and largemouth bronze 
gudgeon (C. guichenoti ) in Yangtze River Basin 

YUAN Xi-ping1 2 YAN Li2 XU Shu-ying2 WANG Deng-qiang2 ZHANG Yan 2 CHEN Da-qing2 3  
1.Fisheries College Huazhong Agricultural  University Wuhan 430070 2 Yangtze River Fisheries Research Institute Chinese 

Academy of Fishery Sciences Jingzhou 434000 China 3.Freshwater Fisheries Research Center Chinese Academy of Fishery 
Sciences Wuxi 214081 China

Abstract The bronze gudgeon Coreius heterodon and largemouth bronze gudgeon C. guichenoti  are 
economically important species in Yangtze River. The stocks declined drastically in recent years due to dam 
construction over- shing and water pollution. Little is known about their population genetic structure which 
has become an obstacle to further research on the protection management rational exploitation and sustainable 
utilization of these fish. In this study mitochondrial DNA D-Loop sequences were used to investigate the 
genetic diversity of 102 bronze gudgeon individuals collected from the upper Wanzhou 23 individuals
middle Shangahai 30 individuals Hukou 24 individuals and lower Changshu 25 individuals  reaches of 
the Yangtze River and the genetic diversity of 132 largemouth bronze gudgeon individuals collected from the 
upper reaches Yibin 31 individuals Banan 33 individuals Fuling 34 individuals Zhongxian 34 individuals  
of Yangtze River. Additionally 9 polymorphic simple sequence repeats SSR loci were used to assess the 
genetic diversity of bronze gudgeon from four sites in the upper reaches of Yangtze River. The results showed that 
among the aligned mtDNA D-Loop sequences of 760 basepair in bronze gudgeon 22 variable sites including 
11 transition substitution sites 5 transversion sites and 6 insertion sites among all individuals recovered 28 
haplotypes and the haplotype diversity p  and nucleotide diversity h  were 0.849 and 0.002 6 respectively. 
Among the aligned mtDNA D-Loop sequences of 923 basepair in largemouth bronze gudgeon 18 variable sites
including 15 transition substitution sites 1 transversion sites and 2 insertion sites among all individuals recovered 
28 haplotypes and the haplotype diversity p  and nucleotide diversity h  were 0.902 and 0.004 2 respectively. 
The haplotype diversity p  and  the nucleotide diversity h  were lower in bronze gudgeon than in largemouth 
bronze gudgeon which indicated that the genetic diversity of bronze gudgeon was lower than that of largemouth 
bronze gudgeon. Analysis of molecular variance AMOVA  suggested that the genetic divergences occurring 
within the populations in bronze gudgeon and within the populations in largemouth bronze gudgeon were 98.8% 
and 99.17% respectively. Nine polymorphic simple sequence repeats SSR loci identi ed a total of 48 alleles 
in largemouth bronze gudgeon with observed heterozygosity Ho value ranging from 0.631 to 0.753 expected 
heterozygosity He value ranging from 0.598 to 0.728 and polymorphism information content PIC value ranging 
from 0.548 to 0.670. The results suggest that while the genetic diversity of the bronze gudgeon in Yangtze River 
is low the genetic diversity of largemouth bronze gudgeon in the upper reaches of Yangtze River is under in 
good condition. Very little genetic differentiation occurred among the populations of bronze gudgeon in Yangtze 
River and among the populations of largemouth bronze gudgeon in the upper reaches of Yangtze River. The Fst of 
SSR 0.121 58  was higher than that of D-loop in Coreius guichenoti demonstrating that SSR was more suitable 
for analysis of genetic polymorphism in Coreius guichenoti. Journal of Fishery Sciences of China 2008 15 3
377 385 
Key words bronze gudgeon largemouth bronze gudgeon mtDNA D-Loop SSR genetic diversity
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