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Table 1 Sample information of four silver carp stocks from 5 E/‘J %1}‘%]1%1%18“” (%% 2). PCR fi@ﬁx /2% 10X
the Yangtze River,Poyang Lake and Ganjiang River PCR buffer(20 mmoL/L Mg2+ 1.3 pL' ANTPs(2.5

(PR RAFIT FEAE mmol/L)0.4 pL; ISR 4314 (% 2.5 pmol/L)
ampling sites Sampling time Sample size
AT PRI B PZ 2012 39 0.4 pl.;Tag DNA BAHF G U/pl)0.1 plL;DNA $E
TLPH 6 5 DC 2012 36 M50 ng/pl) 1 pls #b 55 K M 2% K 2= K ARFL N
VG 0 HK 2012 38
i AR s
B TVLE XG 2012 40 12.5 plo. PCRIRRAFUMT 94 THEE 5 min
94 CARME 35 s, iRk (CHREE W3 2)35 5,72 °C 4L
N

40 s,35 PMEH ;72 CLZEH 10 min,
13 HIENBRHEESIT
PCR 7=k F 6 Yo (9 =1 722 1 2R TR 945 5 i 8¢ e v
WKHEATRI . 3@ 3 5 PBR322 DNA/Msp [ marker
531 T R bR AT L ) W S 6 DRI DR DN e s R A
BUEAE . M PopGene 32 B IT5 Nei”s it 15 11
B B AL R B L U . AR Nei’s (G
BRI MEGA4 BAFY X033 4 A i 1 14 0 47 R 2K
B 45 F 7R KA 5 The circle dots indicated sampling sites. GRAT. AL Arlequin 3.0 FKFFTRSLRR U IR 110 3
B KL TRBRMERGREsseRam <0 RO GEAT 0T 52 0y B (AMO:-
Fig.l Distribution of sampling sites for silver carps in VARG 56 06y 3t - IR A 4% F- i (Hardy- Weinberg e-

Yangtze River,Poyang Lake and Ganjiang River quilibrium, HWE) ,
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Table 2 Information of silver carp microsatellite markers used in this study

X . SB KR E

i B ALK S5 3 BT H BN bp

Locus Accession No. Repeat motif Primer sequence(5'-3") ame Size range
temperature

ey

e . GAATACGCAAGGCAAGAGAT
Hysd190-2 KC191542 (GAAGA) 15 T A A 56 178~343
.CTTTGCTCTCAATCACACG

=

Hysd558-2 JX499391 (GATA) FACCTCCCTTGACAAAGTTATG 54 217~309
VS : . s R:TCCTATGCTGGATTGGATTC :
F:ATACAGCCATGACATGAACAC
sd6- : 5 AGAAT 5 ~
Hysd6-1 KC160525 (AGAATIL R:AACAAAGGAAATCTGCGTG 56 196271
F:GGATGCTAAGGTATTCTGG
s . 1605 AGAT) 1 : 55 51~
Hysd1063-:2  KC160526 ( e R:AAATAGCATTAATTCAAGTACT 7 1o1~223
i F: TCCACCAACAGCAGCAAAG )
Hysd2095-1  JX499392 (AAAT) R CTCCANCACCTOACATOAGACA 58 149~173
) F:GCAATCTGCTCCATCTTAG _
Hysd497-1 JX499462 (AAAAG)s R ATGAGCGAAGGTCTTACGG 56 171~246
i i F: TGGATTGGATTATGGATGAC
Hysd1572-1 JX499906 (TAGA) 1, R ATCTGACCAGACAAGAAACG 56 117~165
F:ATAACTGAATCATTCCATCGCC
Hysd792-1 KC160529 (GAAGA), : NTGAATCATTCCATCGCC 60 74~194
R: AGCCTAACCTGCCCTTTACTTG
F:GTCTGAGGAAACATGGGCTACT
d209- 4 AGAT 1 : 4~25
Hysd209-2 JX499889 ( )10 R AAAAAGGCTATTTCOOGGE 58 204~252
F:GCACTCATCCTCAACCATC

sd12- . AGAT) : 56~
Hysd12-1 KC160528 (AGAT), R ATTTCAGACGCAGCCAAG 56 156~196
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ANREA S BB, o PYL o HK ., DC #3844 43
B 3.5 AR SR, 4 A AR Y OF 38 4
for BBk 11,85, Hirp HK BEAK & 55l 12.7.GR
PR AR 10,7, K IAX 4 D EERFIATE 10 ML D
Bis P HEARESHEZEME. 3 MK YZR,
PYL.GR i ik 5 K F(H. HO VL R 25
FERFR(PIO B ®E B AW ME, H 25 N0
0.850.,0. 837, 0.824; H, 4> %l & 0.818. 0. 818,
0.799;PIC 235} 0.818.,0.801,0.789, F I K IT. .
TR BH 180 K S8R i AR AL 2 AR R A
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Table 3 Polymorphic information of four silver carp stocks at 10 microsatellites loci

RN S8 Hysd Hysd Hysd Hysd Hysd Hysd Hysd Hysd Hysd Hysd
Stocks Parameter 792-1 12-1 490-2 558-2 1063-2 2095-1 209-2 1572-1 6-1 497-1
" 39 40 40 40 39 39 38 40 40 39

N. 19 8 18 13 12 5 12 7 1 11
H. 0.939  0.872  0.927  0.876  0.883  0.730  0.818  0.764  0.865  0.822
YZR H, 0.763  0.895  0.921  0.795  0.947  0.605  0.838  0.711  0.844  0.865
PIC 0.922  0.844  0.908  0.851  0.859  0.671  0.783  0.721  0.834  0.787

PHW ns ns ns ns ns ns ns ns ns ns

n 36 36 35 36 35 34 36 36 36 34

N. 20 9 18 14 14 5 13 9 10 12
H. 0.928  0.826  0.933  0.834  0.905  0.702  0.839  0.744  0.870  0.810

DC H, 0.962  0.846  1.000  0.889  0.846  0.741  0.778  0.704  0.875  0.731
PIC 0.904  0.785  0.907  0.802  0.877  0.624  0.807  0.705  0.834  0.765

PHW ns ns ns ns ns ns ns ns ns ns

n 38 39 10 38 10 37 38 10 36 37

N, 20 9 20 16 14 4 13 8 10 13
H. 0.942 0792 0.917  0.895  0.884  0.723  0.877  0.685  0.815  0.811
HK H, 1.000 0.727 0.750 0.846 1.000 0.545 0.846 0.750 0.917 0.600
PIC 0.904  0.785  0.907  0.802  0.877  0.624  0.807  0.705  0.834  0.765

PHW ns ns ns ns ns ns ns ns ns ns

n 40 40 40 38 40 40 39 40 38 37

N. 17 9 20 13 11 4 10 7 9 7
H. 0.924  0.834  0.923  0.883  0.850  0.650  0.793  0.695  0.861  0.830
GR H, 0.950  0.605  0.750  0.895  0.865  0.675  0.789  0.811  0.789  0.865
PIC 0.905  0.799  0.904  0.858  0.821  0.569  0.752  0.656  0.833  0.796

P”W ns ns ns ns ns ns ns ns ns ns

VE NS BB Number of alleles; H . : Wi 2% & J# Expected heterozygositys H, : WLill 244 ¥ Observed heterozygosity; PIC: £ 2
{5 B & & Polymorphic information content; P yw : M il -iE A F-£ P {6 P value for Hardy-Weinberg equilibrium; ns.0.05 7K

A &L Not significant at 0.05 level.
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Table 4 Pairwise F values among four silver carp stocks

YZR DC HK GR
YZR
DC 0.003 55
HK 0.004 09 —0.012 35
GR 0.005 28 0.000 28 —0.000 7
3 W #

31 KilmEsarnEEsFY

1B AL 22 RE PR AR Sy 25 W 22 R M 1Y) o A G O
2 YR A AR RN HE AR Y 3 Al AR SG R R Y 1R
B BE RV AE 7, IR B X T RO A 1 R 5% 10 ok A% fR
TR A9 0 fb Al 28 0C FE 22, a8t AG AR A 4T
B A AR5 N R stk . BRsE R L R A K
VLT B R BH M 85 VB TV Be s R R ) H . 43
B4 0.850,0.837,0.824; H, 4> %4 0.818,0.818,
0.799, KV IT B BERE AR 20 & BE WS 5 T 8 VL8 T
VLB S JE A, OB B ) AR m b, RS T RE

RO AANEBEFEHE Nei’'s BE—HE(MABELF)
MEREE(MARTH)
Table 5 Nei’s genetic identity(above diagonal) and genetic
distance(below diagonal) among four silver carp stocks
YZR DC HK GR
YZR 0.934 3 0.943 4 0.927 2
DC 0.067 9 0.944 1 0.935 7
HK 0.058 3 0.057 6 0.922 2
GR 0.075 5 0.066 5 0.081 0
DC
4| HK
— YZR
GR

0.035 0.030 0.025 0.020 0.015 0.0100.005 0.000

B2 ETF Nei'sZEHEEHERN UPGMA #
Fig.2

UPGMA population tree for silver carp

stocks based on Nei’s genetic distance
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Table 6  Genetic diversity of silver carp stocks in the Yangtze River basin
AL ZHEEEPEM FEFR Genetic diversity evaluation index Tk B %230k
MM 2R G H, MYBEREE He PHZEFELSHE PIC Stocks Reference
0-79870.837 0.82470.850 0.78970.818 53{11:\‘55 l;‘j:fi‘jﬁ\l‘:’iifang Lake and Ganjiang River 'I‘h::i:fudy
0.784~0.846 0.828~0.847 0.797~0.817 =K JFE Three Gorges Reservoir [25]
0.700~0.879 0.665~0.920 0.708~0.790 £ AL L iF The upper Yangtze River [19]
0.834,0.775 0.713,0.623 0.077~0.865 Ji M AN WA Wanzhou and Jianli (18]
0.617 0.744 0.568 5 WA Jianli (26
0.416 9~0.461 9 0.500 2~0.552 9 0.455 3~0.493 0 WYL WA A BH Xiangjiang, Jianli and Zongyang (27]

0.323 3~0.351 1

0.442 1~0.470 4

0.406 8~0.428 6

KT FiiE The lower Yangtze River [12]
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Population genetic structure of silver carp from Yangtze River,

Ganjiang River and Poyang Lake based on microsatellite markers

YU Yue! PANG Meixia® YU Xiaomu®* TONG Jingou* SHEN Jianzhong'
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2.State Key Laboratory of Freshwater Ecology and Biotechnology/ Institute of Hydrobiology ,
the Chinese Academy of Sciences ,Wuhan 430072 ,China

Abstract Ten microsatellite markers were employed to analyze the genetic structure of four silver
carp (Hypophthalmichthys molitrix) populations from Yangtze River,Ganjiang River and Poyang Lake
and a total of 148 alleles were detected. The number of alleles per locus ranged from 5 to 24 ,the effective
alleles ranged from 6.4 to 7.1, the average observed heterozygosity ranged from 0.802 to 0.821,and the
average expected heterozygosity ranged from 0.817 to 0.839,indicating a high level of genetic diversity in
the four silver carp populations.The genetic similarity coefficient ranged from 0.922 2 to 0.944 1,the ge-
netic distance of these populations ranged from 0.057 6 to 0.081 0, the fixation index I, values ranged
from —0.012 35 to 0.005 28, which revealed that genetic consistency in the four silver carp populations
was high,the genetic distance was small and the genetic differentiation was not significant. AMOVA a-
nalysis showed that genetic variation mainly came from within populations,and gene flow analysis indi-
cated that genetic exchange of silver carp in Yangtze River, Ganjiang River and Poyang Lake was fre-
quent.Our study provided valuable information on the germplasm resources of silver carp in Yangtze
River,Ganjiang River and Poyang Lake, which could help develop appropriate policies on the conserva-
tion and utilization of silver carp.

Keywords silver carp (Hypophthalmichys molitriz); genetic structure; microsatellite; Yangtze

River; Ganjiang River;Poyang Lake
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