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80 ) 1~2 h,
2 b (
[10] RAPD =25:24:1) 2, 12000 r/min, 4°C, 5 min,
, I mL , 12 000
, r/min, 4°C, 20 min , 70%
, 2, , 100 uL 0.1x
TE , —20C
(i 1.2
[12-14] [15-16]
[17] 30
[18-19] 2
1.3 PCR
, 26 PCR 20 L,
4 10xPCR buffer 2 uL.  dNTPs 2 pL (0.2 mmol/L)
, Taq DNA (1 U) DNA 2 pL(10 50
ng/uL), ddH,0O 20 uL. PCR
1 94°C 5 min, 30 ,
94°C 305,51 55C 30 s(
! 2), 712°C 30 s, 72°C
11 DNA 10 min 4°C PCR
4 119 1.5%
(JL) : :
(HJ) , 10% 120 V
(HLJ) ; (ZJ) ;
1 b 2
95% 5 mg ,
0.5 mL (0.5% ; 200 pg/mL DL2000 , Gel-pro Analyzer 4.5
K; 0.01 mol/L EDTA), 50C
Rl AMHERFEEXRENARELER
Tab.1 Sampling sites and information of the grass carp samples
. /kg
population . . . .
sampling site no. specification symbol
30 0.46-0.85 HLJ
Heilongjiang population Fuyuan river reach of Heilongjiang
, 29 0.50-0.88 JL
Jianli population in Yangze River Chinese carps original
breeding farm in JianLi city
, 30 0.52-0.90 HJ
Hanjiang population in Yangze River Chinese carps original
breeding farm in HanJiang city
30 0.50-0.89 VA

Zhujiang population

Zhaoqing river reach of Guangdong
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Tab.2 Primer sequences, annealing temperature and fragment size of the microsatellite makers
(5'-3") /C /bp
locus primer sequence(5'—3") annealing temperature fragment size
HLJC-2F CAGATGAGAGAGGGGGAGGT 59 219-240
HLJC-2R AACAAGGCTGTTGTCACTGC
HLJC-3F ATGTCTGGGCATTTGCTTCT 59 160—177
HLJC-3R GGTAACGCACAGGTCTCACA
HLJC-4F GGCCTCTCAGTGCTCAAAAC 60 152-197
HLJC-4R ACCCACTTCTGCATGGTTTC
HLJC-8F GAGCTTCAGTGCATGTCCAG 60 229-240
HLJC-8R GGGATTAATGGAGCCAGGTT
HLJC-9F TTGAAGAGGGCCAATGGTTA 55 202-226
HLJC-9R TGCACGACACAACATGAAAA
HLJC-10F GAACGCACCCTCTCCATCTA 60 186—197
HLJC-10R ACACGTCCTTGGGCAAATAG
HLJC-14F GGCTTCTCCATCACCATCTC 60 223-236
HLJC-14R TCAGTTGTTCTGGCTGTCCA
HLJC-20F TCACTTGCAGTCCCTCACAC 60 167-192
HLJC-20R AGAGACATGCCCTCTTTTGG
HLJC-26F GCTGAACGCAAAACATGAGA 56 205-223
HLJC-26R GTTAAAGCCCATGCTGCAAT
HLJC-27F CCTTGTCCTTGTGGGAACAT 60 199-213
HLJC-27R ATCTCACCTCCCCAGGTCTT
HLJC-29F AAAAGTGGTGGAATGCTG 55 230-251
HLJC-29R TTTCTGGAGGGTCTGATG
HLJC-32F CTACCAGAGCGATGAGGACA 60 166—180
HLJC-32R TGCTAGTGGGAAATGCTGGT
HLJC-33F GCGAGGGAGATAGAGGTGTG 61 127-141
HLJC-33R GCGAGTGTAAGGGCATCATT
HLJC-36F GGGACTGATGTGTTTCTCTTCC 60 198-220
HLJC-36R GAGAGGAATCTGTGGGGTGA
HLJC-38F GTGACCAAGATGCCGAACTT 57 154-165
HLJC-38R TGGCAAGATTTGGAAATTGA
HLJC-40F GTTAAAGCCCATGCTGCAAT 56 127-144
HLJC-40R GCTGAACGCAAAACATGAGA
HLJC-48F TTCACGTGTCGCTTAACAGC 58 150-171
HLJC-48R GCGCATGAACGACTTTCTCT
HLJC-52F GTTAAAGCCCATGCTGCAAT 56 210-231
HLJC-52R GCTGAACGCAAAACATGAGA
HLJC57- F GACCTGGCCTGTGTTCATCT 59 140-210
HLJC57-R TCGACGATCTCTGCATCATC
HLJC66- F GATTGAAAGCCCCACATGAT 59 261-283
HLJC66- R CACGTTCATTCGGTCCTGTA
HLJC67- F TGTTAGCGGAAGCTGAGACA 59 248-265
HLJC67- R GTCCTCACCCACTGCATTTT
HLJC72- F AGAGAGCAGCCGTTGACACT 60 167-191
HLJC72-R TACTCCCCAGCTGTTTCCTG
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Tab. 2 continued

(5-3) /c /op
locus primer sequence(5'—3") annealing temperature Fragment size
HLJC81- F CCAGCTTCTGCCTTACCATC 59 153-161
HLJC81-R TGCATTTTCGTTGGACACAT
HLJC88- F TCCAGATGCAGCTCACTTGT 58 224-245
HLJC88- R ACCCCGTTGGAGTTTTTCTC
HLJC91- F TGGAGAAAAGGGCTGTAGGA 59 201-221
HLJC91- R ACTCCCCTCCCTTCCTCATA
HLJC104- F GACCCACCACTTACATCCAAA 59 198-213
HLJC104- R GGCTACAGAAGGGAATGTGG
HLJC107- F GCAAGCTGCATTCACTCTGA 58 221-245
HLJC107- R TGGAGAAAAGGGCTGTAGGA
HLJC111- F GCAAAGCAAAACACAGCAAA 59 287-301
HLJC111-R CGACGATCTGTCCATCAGTG
HLJC115- F AAATGCCGTCCAGTGAGTCT 58 166—188
HLJC115-R TCAGCCTGCACATAACAAAGA
HLJC116- F TGGTTGGACAGCAAACAAAG 58 154-177
HLJC116- R TGAAGGTCTGGCTGATGATG
HLJC118- F ACAGCACATTCAGGGAGGAC 60 128-144
HLJC118- R AGCAAAGCAGCAAACCTCTC
HLJC119- F AGACAAATGGACGGACGAAC 60 211-231
HLJC119-R TGACACTGAAGACTGGACTGG
: F- ; R-
Note: F-forward primer, R-reverse primer.
1.4
, PopGenem] Nei’s ,
1 , UPGMA (Unweighted Pair Group Method with
PopGene32 (Version 1.31) , Arith-mefic means, ) ,
26 (observed TreeView (Win32)
number of alleles, A) (effective
number of alleles, Ng ) (observed )
heterozygosity, H,) (expected
heterozygosity, H.) (genetic 21 PCR
similarity index, D) (genetic 26 4
deviation index, D) (polymorphism PCR ,
information content, PIC) , 1 HLJS7 4
D
D =(H, —H¢)/He 2.2 -
Arlequin3.52% PCR
(FsT), 3 3 ,
(Analysis of Molecular 26 4
Variance, AMOVA) MEGA 4.02" 26 4
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(D 0.095 6); 4 26
5 ,
(Fsr 0.010 3),
(Fsr  0.040 0,
F£3 26 NI EMRICE 4 NEHARIBRMEEFY

Tab. 3 Genetic characteristics of 26 microsatellite loci in
four grass carp populations

locus A N. H, H. PIC
HLJCO2 6 2962  0.3348  0.6516  0.5987
HLJCO03 5 3.0249 03277  0.6422  0.6091
HLJCO4 7 1.8368  0.5425  0.4455  0.4322
1 HLJ57 2 PCR HLJCO8 4 27829 03566  0.6361  0.5715
HLJ: » JL: : HLICO9 4 32836 03015 0673  0.6371
Fig.1 Amplification results by loci HLJ57 in two Cteno- HLIC10 34943 02831 0.69 0.6701
pharyngodon idellus populations 7 ’ ’ 6975 67
HLJ: Heilongjiang population; JL: Jianli population in HLJC14 7 3.936 0.2508 0.734 0.7026
Yangtze River. HLJC20 6 42645 02312 07194  0.7292
HLJC26 10 6.0355  0.1621  0.8169  0.8127
141 , 132,
HLJC27 6 3.8564 0256  0.7207  0.6977
149 141 142
HLJC29 6 1.2895  0.7746  0.2189  0.2177
’ , 102 4 HLJC32 5 14227  0.7016  0.2875  0.2819
26 ) HLJC33 7 3.6545 02705  0.7087  0.6887
HLJC36 7 4.1825  0.2358  0.7269  0.7303
4 0.711 4 HLJC38 3 22075  0.4507  0.4635  0.4491
0.8045 0.776 8  0.784 0, HLJC40 5 4.6877 02097  0.7357  0.7524
06245 06739 0.662 3 0.6349 HLJC48 8 1.5635 0.638 0.3477 0.3451
HLJC57 11 5455  0.1798  0.7954  0.7924
26 HLJICT72 11 7.8607  0.1235  0.8446  0.8594
’ HLJC81 10 51673  0.1901  0.7935  0.7822
0.581 3(HLJ)~0.638 6(HJ),
HLJCO1 8 44984 0219  0.7683  0.7429
> 1 HJ (0.638 6) HLJC104 7 42146 02341  0.7102  0.7308
JL (0.636 0) ZJ(0.5944) HLJ (0.581 3), 4 HLJC107 9 5.1948  0.1891  0.7796  0.7824
HLJC115 7 47452 02072 0.7631  0.7575
P , 4 HLJC116 7 3.4388  0.2878  0.698  0.6618
_ HLJC119 7 2.1333 04665 04926  0.5013
( 4 HLJ 507  3.1973 07114  0.6245  0.5813
B
HJ 542 35051 0.6386  0.7768  0.6386
14 16 11 15 -
J 573 37558  0.636  0.8045  0.6739
(P>0.05)
Z] 546 33643 0784  0.6349  0.5944
2.3
T A- 5 Ne_ 5 Ho_ 5 He_
, PIC- )
Nei’s 5 Note: A—observed number of alleles, N.—effective number of alleles,

B

H,—observed heterozygosity, H.—expected heterozygosity, PIC—
(D 0.043 0), polymorphism information content.
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4 He A RERIRIB-RARTENETRE , 3.17%,
Tab. 4 Chi-square test for Hardy-Weinberg equilibrium of P<0.01
genotypes in the four grass carp populations ( 01)
population 5 > 4
locus . .
HLJ HJ L 7] UPGMA (Unweighted Pair Group Method us-
HLJC02 0.0065 0.0003  0.0501 0.0022 ing arithmetic Average) , 2
HLJCO03 0.5661 0.0337 0.0073 0.0233 , ,
HLJCO04 0.1557 0.0033 0.0001 0.0000 ,
HLJCO08 0.3176 0.0026 0.0010 0.0000
HLJCO09 0.0158 0.0063 0.0005 0.0002
HLJC10 0.0000 0.9207  0.0000 0.0000 £5 4ANEGBEKENBEETIER(Fs, MALT)M
HLIC14  0.0142 02102  0.0002 0.1636 BFHEEOD, MA%L)
Tab5 F im F low diagonal) an netic dis-
HLJC20 03818 04638  0.7834 0.3270 ab.5 Fer estimates (Fr, below diagonal) and genetic dis
tance(D, above diagonal) among four grass carp populations
HLJC26 0.0474 0.0000 0.1041 0.5264
) HLJ JL zJ HJ
HLJC27 0.0206 0.0028 0.0641 0.0154 population
HLJC29 0.9994 0.0431  0.1967 0.0198 HLJ 0.0871 0.0948 0.0814
HLJC32 0.7730 0.0000  0.3878 0.9963 JL 0.0370 0.0956 0.0430
HLJC33 0.0089 0.1409  0.0625 0.0042 Al 0.0400  0.0355 0.0728
HLJC36 0.0000 0.0122  0.4482 0.5136 HJ 0.0282 0.0103 0.0199
HLJC38 0.2112 0.3138 0.4178 0.9654
HLIC40  0.8416 04413 0.1916 0.0834 MEGA
HLJC48 0.0000 0.1900  0.2448 0.7670 ( 3), ,
HLJC57 0.1050 0.0623 0.5169 0.4277 ,
HLJC72 0.0062 0.0001 0.0000 0.0000
2
HLJC81 0.0000 0.0147 0.0087 0.5410
HLJC91 0.1420 0.0500 0.1195 0.1718
HLJC104 0.9343 0.0003 0.0000 0.0000 3
HLJC107 0.3034 0.0257 0.0006 0.4454 31 4
HLJC115 0.0288 0.0039 0.2885 0.5316 '
mtDNA RAPD ,
HLJC116 0.4313 0.0915 0.2255 0.2640
HLJC119 0.3636 0.6453 0.9941 1.0000
[23-24],
b b
4 (P<0.01) )
4 AMOVA 6 [24] 26
F=6 ANEEFEMBRMNMBEANS FERAESN
Tab.6 Analysis of molecular variance (AMOVA) within and among four grass carp populations
/% p
source of variation df sum square variance component percentage of variation Fsr
among populations 3 60.185 0.23884 3.17 0.03173 0.003
within populations 115 672.975 1.43537 19.07
within individuals 119 1038 8.72269 115.9
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Fig.2 UPGMA clustering tree based on genetic distance ; 0.25<PIC<0.5 ,
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Fig.3 Circle phylogenetic tree in the grass carp populations

1-30 belong to HLJ population, 31-60 belong to JL population, 61—89 belong to HJ population, 90—119 belong to ZJ population.
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Genetic analysis of grass carp populations from three major water-
sheds based on 26 microsatellite markers

ZHOU Pan'?, ZHANG Yan', XU Peng', LU Cuiyun’, SUN Xiaowen'”

1. The Centre for Applied Aquatic Genomics, Chinese Academy of Fishery Sciences, Beijing 100141, China;
2. College of Aqua-Life Science and Technology, Dalian Fisheries University, Dalian, Liaoning 116023, China;
3. Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China

Abstract: Grass carp (Ctenopharyngodon idellus) are economically important in China, though wild populations
have been in serious decline throughout the region. We used microsatellite markers to evaluate the genetic diver-
sity amongst grass carp from four populations in three watersheds (Yangtze River, Pearl River, and Heilongjiang
River). We selected 26 microsatellite markers and calculated heterozygosity, polymorphism information content
(PIC), valid allele number, allele frequency, genetic distance, genetic similarity coefficient, and Hardy-Weinberg
balance deflection index. There was a high degree of polymorphism within the markers in all three watersheds.
The mean polymorphism information content (PIC) ranged from 0.581 3 to 0.638 6. Each microsatellite locus had
2—11 alleles (mean: 5.46). We identified a total of 154 alleles from all four populations, with a mean number of
valid alleles of 3.455 6. The heterozygosity was between 0.711 4 and 0.804 5. Fsr and AMOV A analysis across all
populations and loci suggested that there was low level of divergence amongst the four populations (Fst=0.031 73).
The Jianli population and the Hanjiang population were grouped in one cluster, which was clustered with the Pearl
River population. The Heilongjiang population was grouped in a separated cluster. Our results suggest that there is
a high level of genetic diversity among grass carp from the three watersheds, and no obvious differentiation. Our
results may be used to better manage the fishery for conservation of locally adapted populations.
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