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Analysis of genetic diversity among silver carp populations in the
middle and lower yangtse river using thirty microsatellite markers
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Abstract: Thirty microsatellite markers were used to analyze the genetic diversity of five Silver carp populations in the
middle and lower reaches of the Yangtze River. A total of 144 different alleles were found and the number of alleles in each
locus ranged from 1 to 10. Twenty-five loci(83.33%) were polymorphic. In the five populations, the average number of
alleles was 4.0 to 4.1, the number of mean valid alleles was 2.4445 to 2.6332, the value of average observed and expected
heterozygosity ranged from 0.3233 to 0.3511 and 0.4421 to 0.4704, and the mean PIC was 0.4068 to 0.4286. Fst value in-
dicated that the populations were moderately differentiated. Chi-square test was used to analyze the genotypes based on
Hardy-Weinberg equilibrium, the P value denoted that the five populations deviated equilibrium partially. The genetic simi-
larity coefficient of the five populations was 0.8466 to 0.9146, and the genetic distance of the populations was 0.0893 to
0.1665. A UPGMA dendrogram was constructed based on Nei’s standard genetic distance for the five Silver carp populations.
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Tablel  SSR primers and PCR amplification in sliver carp

Microsatellite . . (bp) . ()
markers Primer sequences Size range(bp) Annealing temperature( )
o
g
s
s
:
hijl-22 . -I(—S%:TGGC%%; TGTGGGGA CGTTCGA%ATK 120 59
5
5
“
o FATCASESTCAAGoReAGE e
g
o
o
2
g
nljl-73 E:: é%%gﬁgigg%i?:ﬁ?mm 250 325 52
s FATCCCASOAToRSeAan g
o
2
g
hmo-3 F: GTTACCGAAAGCGAAACCACAC 166 174 62
R: GAGCATGAAGTATTTCCCACTACA
2
o
o
.
g
s
hmo-33 F: GTGCAGCAGTATGTGAATCAGGACAC 86 126 59
R: GTGCTTCGGGATACCACACTCTTG
s
hmo-39 E: ACAGTTATGAGCTAGCAGCAGTTTCT 119 143 59

: TACGTCGTAATACCAGTGTAATACCC
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Fig. 2 PCR profile of hmo-15 in Xiangjiang population of silver carp

E3  5¥hmo-15%& R X B A RIPCRY 1B LR
Fig. 3  PCR profile of hmo-15 in Anqing population of silver carp

E4  31%hmo-157E M| BE A HIPCRY G 45 3R
Fig.4 PCR profile of hmo-15 in Jianli population of silver carp

E5 314hmo-157 A & B ARIPCRI 15 45
Fig.5 PCR profile of hmo-15 in Shishou population of silver carp
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PCR
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Fig. 6 PCR profile of hmo-15 in Jiujiang population of silver carp
% 2 SEEAMELAEZHENE
Table2  Genetic diversity of silver carp
A Ne Ho He PIC
Locus or group
hljl-1 7 4.6589 0.4400 0.7880 0.6910
hljl-3 3 1.2690 0.1733 0.2127 0.1881
hijl-11 4 1.6379 0.0800 0.3907 0.2581
hljl-16 8 5.0201 0.6733 0.8035 0.7154
hljl-19 7 4.2025 0.5200 0.7646 0.6668
hljl-22 1 1.0000 0.0000 0.0000 0.0000
hljl-24 10 5.5201 0.6467 0.8216 0.7295
hljl-29 6 4.5932 0.6800 0.7849 0.6674
hljl-35 2 1.0067 0.0067 0.0067 0.0065
hljl-40 1 1.0000 0.0000 0.0000 0.0000
hljl-41 2 1.0618 0.0600 0.0584 0.0539
hljl-44 1 1.0000 0.0000 0.0000 0.0000
hljl-49 6 3.0970 0.2400 0.6749 0.5511
hljl-54 1 1.0000 0.0000 0.0000 0.0000
hljl-58 2 1.0618 0.0600 0.0584 0.0559
hljl-73 2 1.8546 0.4267 0.4623 0.2824
hljl-75 1 1.0000 0.0000 0.0000 0.0000
hljl-76 5 3.3817 0.5200 0.7066 0.6373
hmo-1 4 2.2215 0.3467 0.5517 0.3575
hmo-2 7 4.2088 0.3867 0.7649 0.6821
hmo-3 5 2.8911 0.4000 0.6563 0.5270
hmo-11 7 4.8956 0.5867 0.7984 0.7067
hmo-13 8 5.8442 0.6467 0.8317 0.7612
hmo-15 7 2.5632 0.4000 0.6119 0.5192
hmo-25 4 1.3090 0.1200 0.2368 0.2074
hmo-26 8 4.6440 0.6000 0.7873 0.6816
hmo-31 8 4.1628 0.6667 0.7623 0.6492
hmo-33 7 5.3318 0.7067 0.8152 0.7323
hmo-34 7 5.5439 0.6267 0.8224 0.6480
hmo-39 6 3.9498 0.3067 0.7493 0.5791
Xiangjiang 4.1 2.5757 0.3500 0.4421 0.4109
Anging 4.1 2.4445 0.3478 0.4433 0.4068
Jianli 4.0 2.5551 0.3233 0.4704 0.4286
Jiujiang 4.1 2.6332 0.3478 0.4569 0.4234
Shishou 4.0 2.5194 0.3511 0.4590 0.4227
Average 4.06 2.5456 0.3440 0.4543 0.4185
22 30
5 30 144
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120 , 97 5 Hardy-Weinberg
110 : 2.3 Fst
hljl-22, hljl-40, hljl-44, hljl-54, hljl-75 :
hijl-35  hljl-41 , 23 Fst (4 5
5 )
, popgene 5 Nei
5 80.00, 80.00, , 5 5
80.00, 76.67, 80.00 P ,
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% 3 i 5 NEERE E B Hardy-weinberg F &89+ A58
Table 3 Chi-square test for Hardy-weinberg equilibrium of genotypes in the five populations of silver carp
) ) Q) Q) Q)
Locus Xiangjiang Anging Jianli Jiujiang Shishou
hljl-1 0.003389 0.000617 0.000000 0.000000 0.000000
HIjl-3 0.996670 0.990235 0.815391 0.342997 0.000061
hljl-11 0.000013 0.000003 0.000000 0.000273 0.999385
hljl-16 0.000122 0.053367 0.007795 0.287140 0.436654
hljl-19 0.128449 0.000000 0.000000 0.000606 0.022825
hljl-22 - - - - -
hljl-24 0.080741 0.000046 0.000246 0.000139 0.023514
hljl-29 0.000345 0.000487 0.001298 0.000000 0.000000
hljl-35 1.000000 - - - -
hljl-40 - - - - -
hljl-41 - 0.736769 0.815391 - 0.894626
hljl-44 - - - - -
hljl-49 0.000007 0.000001 0.000000 0.000000 0.000109
hljl-54 - - - - -
hljl-58 1.000000 0.815391 1.000000 0.894626 0.894626
hljl-73 0.079468 0.433898 0.315979 0.433898 0.236710
hljl-75 - - - - -
HIjl-76 0.049433 0.000326 0.035922 0.010093 0.000501
hmo-1 0.000006 0.715811 0.000000 0.013195 0.000000
hmo-2 0.000010 0.000000 0.000000 0.000000 0.000000
hmo-3 0.000000 0.000000 0.000291 0.000002 0.000004
hmo-11 0.000474 0.004571 0.002563 0.000000 0.000610
hmo-13 0.000058 0.001267 0.000000 0.064503 0.071998
hmo-15 0.000216 0.000000 0.000002 0.000035 0.000883
hmo-25 0.658553 0.000000 0.000060 0.999385 0.000000
hmo-26 0.896925 0.000913 0.000000 0.465983 0.000000
hmo-31 0.041109 0.009737 0.012414 0.002654 0.027755
hmo-33 0.251867 0.494930 0.093908 0.058390 0.727201
hmo-34 0.000462 0.002572 0.000000 0.000081 0.000045
hmo-39 0.000051 0.001344 0.000000 0.002526 0.002311

: There is only one allele at the locus.
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Table 4 Fst values between different populations of silver carp

Populations Xiangjiang Anging Jianli Jiujiang Shishou
Xiangjiang - 0.0905 0.0600 0.0769 0.0560
Anging - 0.0631 0.0585 0.0539
Jianli - 0.0719 0.0589
Jiujiang - 0.0496
Shishou -
5 HESMBEREINeBIEREE B 5BEMEMEMEAL
Table 5 Nei’ s genetic distance and genetic identity in the five populations of silver carp
Populations Xiangjiang Anging Jianli Jiujiang Shishou
Xiangjiang - 0.8466 0.8964 0.8680 0.9057
Anging 0.1665 - 0.8905 0.9014 0.9092
Jianli 0.1094 0.1160 - 0.8703 0.8948
Jiujiang 0.1416 0.1038 0.1389 - 0.9146
Shishou 0.0990 0.0952 0.1112 0.0893 -
AU EAEERURE, MAKUTHIEEFES.
Notes: Numbers above the diagonal are genetic identity and numbers below are genetic distance.
2.4 hljl-41
3
5 , 5
UPGMA , 7 ) . .
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Fig. 7 The dendrogram of the five silver carp populations 5
based on standard genetic distance using UPGMA method !
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