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FEE: T 43 #7 B (Ctenopharyngodon idella)it & 7R AS W HEAL I 3 A4 A8 RFNS AL 548, AR A AH T 1
—ERRER TR ICA R AR ILER F AR Fo. Fy. Fy 47 T BUEAE S 094G, JF 5 IR VL% & BEACRI R VL IE 5 RE
WRHEAT T AR T 0 LB AT . SCE0 45 IR R B VL3 B HER M & 1A B & 8 i3 4% 281 (P1C>0.05), HKIT
TE T RFIAR 1 351 22 FE P AE N DA R VLN BR VL% 35 AR 1) 18 4% 22 B KO BT 5 (P<0.05) o 38L& 40 AR B (Fo) 0 BT 4

R, RILIEFREK Fo. Fy. Fy Z I8 1% 500 KPR (0<F<0.05); KITIEFREA, 5RIBITHBRITE TR AZ
8] #B ELA T 25 R Y3848 40 A 7K T (0.05<F<0.15) , 43 F 77 Z 0 HTH(AMOVA) BR T KTk & BHR & 1822 18] 4.05%
FIAS oK H T REARI], 95.95%KIA8 ok B TR 1t T2 5 A HER, AMOVA SR T 8.46%A9728 5ok A T HE A
6], 91.54%1W748 5k H FHREAIN o Structure 4387 SR B A0 S ASBEA T LI 4ok 3 NRAFE, 5T Fo B
MR EERY 5 AT FEAN UPGMA REL BN, 48R E/RKITHERE T Fo. Fs BN — R 5RKITEE FHA F, R
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W B EFRC, WHFR A 2 5 (simple
sequence repeats, SSRs)m & 5 ik 5 & J¥ 51 (short
tandem repeats, STRs), # H 1~6 MBI A 5 2 H.
TR, HEZEMERM M ELE o H W2
o MTRASMGTZ . 285 2T,
At AL A 5 KR s Y A A
ZREHEIPAL | R RS . A iC i B E
Sgrmt B G TZ G IR L E PCR B
)3z VR A0 A R RS T R R AR 0 S
U9 i H AR K 7 S 1) 8 AL A8 S 9 T T L
AR LAY B IREH D Sl T &
BAA bR E G DR BRI T s AL i P AHE
LA AR ME DA bR, X Ak B BEAAR A AR
ZMa], DA RS R BE & REAAR 2Z 8] 1 ast 4% A8 S i 47 1F
Ali, DABAXT H A %) 535 7 3R %) b o Bk
o r T, IR E e o ST T A RO
ZERALIRYE

1 MREFE

1.1 SLIGF&FN DNA 2

ZAFFE I 5 AR B KT IR R
FERM Fo Fs. Fa+—10, BRICAEFBHAR F,
F—RE@HFBIRILEE R F, T—10HLY)
(F 1)o WEA AT Z WL BRITAEIRIT
A T 9 R A S A A T DA VTRV A
IR A, FIARRETE, &0t 4 REF
WA Py BB RHA, FEar s iy 2 57, il
MRV AIR VTR REFARER, 20t 2 AHEARE
HIGARE] ZT FHLY &5 RHA .,

A5 TR 11 52 560 P £ 359 5 BB 2% 9O A7 T JE K
B, LI T AN 4] DNA AY3EEL, DNA AR
BRI 96 LAk DNA $2Hia 57 £ (Pall Corporation,
), DNA BMAERGEK T, 25 1%B e
JE R VKA I, B T A A% L 4] DNA FIH
NanoDrop2000 (Thermo Scientific, 32 [#)#E17 ¥k
JEM 5, F DNA WREZEFBEA 20 ng/uL T 96 fLAk
H, 20 CLAEFA .

12 WHIEHE

WS RTHR 15 X519k AR =0 8

ST — R bR fER TR ARC PR 2) M T 2 AR

*1 BE&SNMEENERER
Tab.1 Sampleinformation of five populations of
Ctenopharyngodon idella

N ¥ [ Sp1 I N N =N L
population code number date

KA H REA Fo Fo 58 2021.07
Yangtze population Fy
KATIEFREAK F; F3 58 2021.07
Yangtze population F;
KL H R4 Fy F4 58 2021.11
Yangtze population F,
RITIE & REE z) 58 2021.08
Pearl River population
RO E RHA HLJ 56 2021.07

Heilongjiang population

WS Y H E A YR A R A A, 5
Yy s e EIES 1YY 5 e A Fam B¢
Hex ZEOGEMi. FIHA R ZOEE P FMEEEUR 5
DR FFARR) DNA, #17 PCR $73% . PCR 9§ 4
JR SRR 20 pL, f24G 10 uL Tag PCR Master
Mix (2x), 3 uL Bt DNA, EF#E544 1 ul
(10 umol/L), 5 uL ddH,0, PCR 4" 3 5 W F2/5 H -
94 C A8 ¥ 2 min; 94 ‘CAEME 305, 55 ‘CiE K 30s,
72 CHEMf 30 s, 35 DA, 5 72 CHEA
10 min, PCR P=##IfH ABI3730XL /& #ril
(Applied Biosystems, 3 [E)H17 6 448 H Ik AL,
o 0 B R ] e B R I R N R R
LIZ500.
1.3 HIBFEITOH

GeneMapper 4.0 #{4(Applied Biosystems, CA,
& EDH T BORE AL T A 43 R A9 5 dE - Popgene
1.32 % EP2H GenAlex 6.5 344 15 A T
FEAE R R UL A5 57 JEE RS (NL) A8 005 7 2k PR 4
(Ne) . NRIZ A BE(Ho) . WA (He) . LR
H(Fy), IR I —IRAAA% V- # (Hardy—Weinberg
equilibrium, HWE)K % . FSTAT 2.9.3 {424 % 21
S ANHER B S0 L R =F B (A)#EA T3 . Cervus
3.0 APt 5 AMHAHEZEERES R
(polymorphism information content, PIC)i17 51
Hr o FIH SPSS 26 HFP0 i) K-W K 3 (Kruskal-
Wallis test)X # L £HER 152 S B TIES
BK . Arlequin 3.5 BRPFPIHEAT YT 07 2500 Hr
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Tab.2 Characterization of 15 microsatellite loci of Ctenopharyngodon idella

B8 FIWFHN(5-3) HEHIT Bk C h2dRes
locus primer sequences (5'—3") repeat motif Ta accession number

CID0474 F: FAM-GGGCGCTGTCTTGAAACAA (GT)1, 55 F1883334
R: TTGGGAATGAGCTGCTAACAAG

CID0173 F: FAM-CGTGCCGACTTTCCAGACTA (TG), 55 F1883248
R: CCAATTCCTTCACCTTGCTAATAC

CID1533 F: FAM-GCCCGCTTGCCATTCTCAGT (GA)44 55 FJ883458
R: GTCGACGATCTGTCCATCAGTGTG

CID0042 F: FAM-CACGGATAAATCCAGATACACTCA (GT)s 55 FJ883183
R: GTCCGGCGACCAGACTCAC

CID0347 F: HEX-GTAACCCAACCGCTGAACCA (CA)» 55 FI883304
R: TTCCCGTCTGAACATCGTGAT

CID0615 F: HEX-AGAGCCGTGAGGAGGAGGTTGG (GA)s... 55 FJ1883360
R: ACTGGGGGCCCTTGTTTCTGC (CA)6

CID0047 F: HEX-GTCCAGCACGGCCTTCTTCA (AC)s 55 F1883185
R: GCATGTGTTCACTGCAGTTGTGTT

CID0382 F: FAM-CCAGCTTAGGCTAACTGTTTGTT (AC)y7 55 F1883312
R: CATGCTGCCAGTCACTCTTATTA

CID1532 F: FAM-CAATGCCCTTAAAACTATACTCTTG (CT)s0 55 F1883457
R: GAGACCTGGTTGAAAATAACTTGT

CID0283 F: HEX-CATATAATTACTCAGGTGTGTG (GT)1s 55 FI883284
R: ACGAAAATTGTATCCGTCTTTGA

CID1535 F: FAM-CGCTTGGGGACATAAATCATTG (CT)2y 55 FI883460
R: GAAACGGATACCCCCTTTATGC

CID1512 F: FAM-GCGCGTTGTTTGGTGTGC (CT)22 55 F1883438
R: GCAGGACTAGGATCGTGGTCATT

CID240 F: FAM-AGCCTTTGTTTGGCATTA (TG)1o 55 JX847631
R: CAGCAGGGAGTCCACTTT

CID120 F: FAM-TTGGAGCACAAATGGAGA (CA)1o 55 JX847629
R: TTGACGCTAGAGCAGACG

CID0598 F: HEX-CACCCACTGTTGATTTGAAGAGG (CA) 55 FJ883358
R: AGCCGCAGGGTAAAAGTGATT

(AMOVA) FIPFE Al 2% B 14 14 352 4% 4 1b 38 50 (Fs) o
MEGA 5.2 P FHI 8 UPGMA RERHW
Structure 2.3.4 FAEPVH TARAL B0 5 S FEA 5
FR55R, BRBEHE K(Eh 2~5, BERUKEL 3 I X
FTHA K {H, 8F7Z5%00% % Burnin Period XN
10000, MCMC Reps %4 100000, FJH Structure
Harvester 762k T BV Delta K {H#f & S 4E K (A,
FIH Cluster F 5PV A SRR 0 AT SR 205, I A1
Distruct F2/71%, FIEAL BoR B L 4 45 8

2 #ERE5HH

21 HIERENSSN

K15 X B AR D X 288 AN A IES T
TR, 83 270 MEAEEN, B
SR 10~27 NEEAEEH (3R 3)o N, /v F 10~27, N,
T 4.335~16.178, Ho /1T 0.771~0.940, H. 4T
0.769~0.938, PIC & T 0.751~0.935, *F

*3 Ef 5XUIEHRCHNEETRSH
Tab. 3 Genetic parameters of 15 microsatellite

loci for Ctenopharyngodon idella

TR VNG AR IR W ZEEER

locus RN,  FEREBEN AFH, 8FH. &&PIC
CIDO0173 21 7.123  0.861 0.860  0.846
CID0474 16 7.179  0.862 0.861  0.848
CID1533 27 16.178 0940 0.938  0.935
CID0042 16 8.738  0.887 0.886  0.875
CID0347 14 4335 0.771  0.769  0.751
CID0047 15 8.258  0.880 0.879  0.867
CID0382 15 8.696  0.887 0.885 0.874
CID1532 19 7318 0.865 0.863  0.850
CID0283 24 10.395 0905 0.904  0.897
CID1535 17 8973  0.890 0.889  0.878
CID0598 16 8339  0.882 0.880  0.869
CID1512 18 13.499 0928 0.926  0.921
Cil20 10 4564  0.782  0.781  0.751
Ci240 21 9.574  0.897 0.896  0.887
CID0615 21 12.498 0922 0.920 0914
F-¥144 mean 18 9.044 0.877 0.876  0.864
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YEAN A Ny o~ 18, Ne 24 9.044, Hy oM 0.826, H,
}7 0.877, PIC 4 0.864.,
22 BEpEETR
FEREAOKOT L, 4% B B 0 - Y 8 AR 57
SRR ARALIE (35 4), N, N 8.333(HLI)~14.400(F,),
N. J9 4.041(Z1)~7.775(F,), Ho 4 0.797 (HLI)~0.872
(F3), He 17 0.736 (ZJ)~0.864 (F, F3), A, >4 8.229(HLI)~
13.996 (Fo), PIC 24 0.690 (Z1)~0.842 (Fo).
KITIEERE Fo~Fy Z IR 546720 5 24
R N, (7.775~6.478) . H. (0.864~0.832)\ PIC

mﬁﬁﬁ 5 MR AR B S S5, BRI

HRHA Fo~Fy Z 555G R 2404 T i 3 2
#(P>0.05)~ ML B HEAA Fo~Fy 1Y% 35t 15742 5
BRI B KT ZI FIHLY 948 5515 2 50(P<0.05);
ZJ Fl HLJ &gt (5248 5 S50 a3 UG i 35 25 5 (P>
0.05), Fi 7E ZJ. HLJ, Fsth#/NT 0, 7E Fy. F4
HFEIRT 0, B nAE ZJ, HLI Ml Fs il Bl &
FHAFN . HWE /R Fo. F3. Fyq. ZJ. HL] 4
B 746406 A 15 A8 AN a5 B3 Hardy—
Weinberg “F-ffif(P<0.01), 45 50 FEARTELN (1) 15 4%

(0.842~0.8006)F & J ik Yk (1) a3, {H &

ik K-W

AR 57/‘%73’;&/{':‘ /L»D—[ i’% 5

®4 LRYIEBRCEEE SNMEHETHNEDBREERSH

Tab. 4 Mean genetic parameters of 15 microsatellite loci in the five populations of Ctenopharyngodon idella

i H item N, N, H, H. A PIC Fis d(HWE)
Fo 14.400° 7.775° 0.816° 0.864° 13.996* 0.842° 0.044 7
F3 13.333° 7.765 0.872° 0.864* 13.069* 0.841° —0.017 6
F, 12.467° 6.478" 0.815 0.832° 12.208° 0.806° 0.009 6
VAl 9.133° 4.041° 0.830° 0.736" 8.878" 0.690° —0.143 15
HLJ 8.333° 4.861° 0.797° 0.781° 8.229° 0.746" -0.034 8

TE: d(HWE)Z 7R fhi 2 M il — I (A AP 5] — 31 _EARAS R 7 B A (A 2 35 22 57+ (P<0.05).
Note: d(HWE) means number of loci deviating from Hardy-Weinberg equilibrium; Means in the same column superscripted by different
letters were significantly different (P<0.05).

®5 LXMIERIZERS 5 NEEPNBEESHEEST

Tab.5 Genetic diversity analysis of 15 microsatellite loci in the five populations of Ctenopharyngodon idella

WA cD CDb CDb CDb Cb CDb Cb CDb CID CIb CD CID Ci Ci CID
item 0173 0474 1533 0042 0347 0047 0382 1532 0283 1535 0598 1512 120 240 0615
Fo

N, 14 14 22 14 8 13 14 17 18 14 13 16 10 13 16
N, 5451 4.436 13.429 8.783 4.189 7.773 7.509 9.489 8.795 8817 6.781 10.367 4.528 6.353 9.923
H, 0.807 0.731 0.672 0.931 0.759 0.947 0.759 0.517 0810 0.895 0.857 0.879 0.897 0.810 0.966
He. 0.824 0.782 0934 0.894 0.768 0.879 0.874 0.902 0.894 0.894 0.860 0911 0.786 0.850 0.907
A 13.493 13.846 20.890 13.704 7.724 12.753 13.961 16.410 17.304 13.630 12.870 15412 9.568 12.567 15.806
PIC 0.799 0.757 0921 0.876 0.731 0.86 0.856 0.886 0.877 0.876 0.838 0.895 0.747 0.825 0.891
Fis 0.012 0.057 0.274 -0.051 0.004 —0.087 0.125 0.422 0.086 —0.009 —0.005 0.027 —0.151 0.038 —0.074
HWE  0.021 0.170 0.000" 0.000" 0.053 0.780 0.227 0.000" 0.000" 0.303 0.025 0.009" 0.000" 0.006" 0.026
F;

N, 14 13 22 11 11 10 14 10 17 11 13 13 7 17 17
N, 5951 6.353 14344 6.789 4395 6.288 9.423 4899 9771 6.473 6446 9.831 4.817 11.032 9.655
H, 0911 0.621 0965 0.897 0.707 0.776 0.931 0.836 0.965 0.893 0912 0930 0.860 0.930 0.947
He. 0.839 0.850 0.939 0.860 0.779 0.848 0.902 0.803 0.906 0.853 0.852 0.906 0.799 0.917 0.904
A 13.347 12.806 21.477 10.975 10.704 9.998 13.824 9.720 16.614 10.775 12.509 12.983 6.986 16.602 16.721
PIC 0.814 0.827 0.926 0.836 0.751 0.825 0.885 0.767 0.89 0.828 0.83  0.889 0.763 0.902 0.889
Fs  —0.095 0263 —0.037 -0.051 0.085 0.077 —0.042 —-0.051 -0.075 -0.056 —0.080 —0.035 —0.085 —0.023 —0.057
HWE 0244 0.000° 0.002° 0.299 0.000° 0.062 0.558 0.199 0.866 0.000" 0.004" 0.330 0.160 0.569 0.000"

(f¥2% to be continued)
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(8:3¢ 5 Tab. 5 continued)

mH CID CID CID CID CID CID CID CID CID CID CID CID Ci Ci CID
item 0173 0474 1533 0042 0347 0047 0382 1532 0283 1535 0598 1512 120 240 0615
Fs
N, 13 14 16 10 9 13 13 11 20 12 11 12 6 11 16
N 4.583 7.052 8.175 5.866 2552 7203 6.803 6.150 11.445 7.627 4.830 8.453 4321 4.258 7.850
Ho 0.862 0.776 0.776 0.862 0.614 0.897 0.793 0.655 0.946 0.702 0.897 0.911 0.759 0.862 0.911
H. 0.789 0.866 0.885 0.837 0.614 0.869 0.860 0.845 0.921 0.877 0.800 0.890 0.775 0.772 0.881
A 12.428 13.701 15.783 9.722 8.861 12.857 12.702 10.808 19.442 11.997 10.582 11.998 6.000 10.683 15.549

PIC 0.756 0.845 0.867 0.809 0.582 0.849 0.838 0.817 0.906 0.856 0.767 0.871 0.734 0.730 0.860
Fi  —0.103 0.096 0.116 —0.039 —-0.010 —0.041 0.070 0.218 —0.037 0.192 —0.131 —-0.033 0.013 —0.127 —0.044
HWE  0.000° 0.007° 0.000° 0.964 0.008" 0.170 0.176 0.022 0.993 0.000° 0.000" 0.093 0.426 0.168 0.069

N, 13 11 14 9 6 6 7 6 10 10 8 10 7 8 12

N, 6.297 3.808 4.305 3.440 2986 2.677 2973 2.672 5661 4255 4403 5875 2299 3.801 5.171
H, 0.983 0.776 0.828 0.684 0.719 0.607 0.679 0.692 0.982 0.727 0.966 1.000 1.000 0.810 1.000
He 0.849 0.744 0.774 0.716 0.671 0.632 0.670 0.632 0.831 0.772 0.780 0.837 0.570 0.743 0.814
A 12.709 10.532 13.270 8.725 5.740 5.979 6.989 5962 9.871 9901 7.824 9.739 6.448 7.862 11.620
PIC 0.823 0.708 0.737 0.665 0.602 0.583 0.613 0.579 0.801 0.738 0.736 0.807 0.47  0.705 0.778
Fs  —0.168 —0.052 —0.078 0.035 —0.081 0.031 —0.024 —0.106 —0.193 0.049 —0.249 —0.205 —0.770 —0.100 —0.240
HWE  0.000° 0.000" 0.000° 0.000" 0.000° 0.000° 0.000" 0.000° 0.000" 0.000" 0.000° 0.000" 0.000" 0.000" 0.000"

HLJ

N, 8 8 12 9 6 7 6 8 9 9 10 10 5 7 11

Ne 4.026 4.044 4939 5681 2991 4347 2628 3.652 6.534 6.235 4207 7.786 3.469 5238 7.133
Ho 0.893 0.804 0.821 0.821 0.714 0929 0.625 0.827 0.618 0.875 0.764 0.926 0.764 0.836 0.740
H. 0.758 0.760 0.805 0.831 0.672 0.777 0.625 0.733 0.855 0.847 0.769 0.880 0.718 0.817 0.869
A 7.882 7.786 11.657 8.893 5989 6.786 5.893 7.846 8.902 8.989 9.887 9.926 5.000 6.999 11.000

PIC 0.721 0.726 0.774 0.802 0.621 0.734 0.583 0.684 0.828 0.820 0.737 0.858 0.667 0.784 0.845
Fis -0.188 -0.068 -0.030 0.003 -0.073 —0.206 —0.009 -0.139 0.270 -0.042 -0.002 -0.062 -0.073 -0.034 0.139
HWE  0.000° 0.869 0.000" 0.415 0.469 0.096 0.242 0.000° 0.000" 0.005° 0.000" 0.560 0.161 0.000" 0.000"
HEs No- RS RO B, NS (R, Ho— SR Z 2 T, I (B, A5 (LMD JE, PIC- 2 4% B it FumJE SR B
o R 0 25 IR S A 2t —R A A% A (P<0.01).
Note: N,—number of observed alleles, N.—number of expected alleles, H,—observed heterozygosity, H.—expected heterozygosity, A—allelic

richness, PIC—polymorphism information content, Fi—inbreeding coefficient; “*” represents significantly deviated from Hardy-Weinberg
equilibrium (P<0.01).

23 BikEBEES U EE

Structure F BEZFH M AT I VEIOIE K (% =
2~5, WP KE AK (E#IE T ik K 50 3(E 200y
1o MRPEEAE K {H, RHE M 5 ADRHATT R 150
W3 AR 2), LB | R I S|
IR, 305 97.8%11 Fo, 94.1%I1 Fs, 98.4%1
Fu BHHE 2 A 94%M 73, BKHE 3 Py 00r
96.1%I1 HLJ, of
Bl 5 ANFERE Y 53 7 2253 B (AMOVA) 45 20 25 3.0 35 40
R 91.54%M9748 5k A THEAKN, 8.46%M97% K
Sk A THREARN], ik R 80l 0.085 (P<0.01), B 1 AK (EBE K (E2S b 2

ﬂﬁ%‘l‘}(ﬂ’ﬂ:ﬁ{lﬁﬁﬁﬁiZlﬁ] ) AMOVA %55 B~ Fig. 1 The graph of the variation of Delta K with the value of K



1114

[ R
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Fo F; F, Z) HLJ
Bl 2 MR KA(E(K=3) #0955 % 45 14 &
Fig. 2 The genetic structuring of populations of

Ctenopharyngodon idella according to t he
optimum value of K (K=3)

95.95% 948 ok A T REA N, 4.05%0 74 %k A
TRER], K Foy BUE M 0.040 (P<0.01)(3% 6).

B S ASBER Z (8] 1 3545 o A8 5 Fo R 11
ARG 0.033~0.166, T L6 & BEA K AL
Z I 33 A5 AL P8 8L Fo MIXT T 23 F HLY S /N(ER
7o HF Fo BEBHEFEMER 5 DR AREIKRY
UPGMA A&k BM (K 3), &R B R EKITEFRH
K Fo. F3s BN — RS R BRI —K, H5EE
VLR B REAR HLY R —32, S5 SERILEFRAAR
VAR - s

®6 HEHBSANHARMKIZEHEANBEECERNSFAEZELN

Tab. 6 Analysisof molecular variance (AMOVA) for five populations and Yangtze population of Ctenopharyngodon idella

AR SR R B FJ5 A ki BSAE LS LT R T
source of variation df sum of squares variance components percentage of variation global Fy

HiAn 5 HER among 5 populations of C. idella

BE{R[E] among populations 4 275.624 0.547 V, 8.46

FEPR P within populations 571 3378.347 5917 Vy 91.54

S total 575 3653.970 6.463 100 0.085*
RKIT % E#EA among Yangtze population

FEFRIA] among populations 2 73.566 0.263 V, 4.05

REA P within populations 345 2153.405 6.242 V, 95.95

K total 347 2226.971 6.505 100 0.040%*

TE: VO BRI 222058 Vy W BER N T 2220 43 <+ 3R P<0.01.

Note: V, is variance component among populations; V, is variance component within populations; “*” represents significant at P<0.01.

k7 B&ESANHEEEEENN FLE
Tab. 7 Pairwise F« values among 5 populations
of Ctenopharyngodon idella

Fo F; F, 7] HLJ
Fo -
F; 0.033" -
F, 0.043" 0.046" -
zJ 0.107" 0.095" 0.124" -
HLJ 0.071° 0.069" 0.096" 0.166" -
IR P<0.01.
Notes: “*” represents significant at P<0.01.
_4————“
—F3
F,
] HLJ
A
0.06 0.05 004 003 002 001 0

K3 BT Ry BEBAERE A 5 A

FHARHAR UPGMA RSk B R
Fig. 3 The phylogenetic tree of the five Ctenopharyngodon
idella populations based on F distance matrix
using UPGMA Method
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Genetic variations among different generations of a breeding po-
pulation of grass carp (Ctenopharyngodon idella) using microsatellite
markers
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1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China;

2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;

3. Key Laboratory of Conventional Freshwater Fish Breeding and Health Culture Technology Germplasm Resources,
Suzhou Shenhang Eco-technology Development Limited Company, Suzhou 215221, China

Abstract: To evaluate the genetic variation and genetic structure of different generations of a breeding population
of grass carp, the established set of standard microsatellite markers was used to assess the genetic variation of the
Yangtze breeding population of grass carp (F, F3, and F,;) and compared with that of the Heilongjiang and Pearl
River breeding populations. The results showed that all generations of the Yangtze breeding population had a high
level of genetic diversity (PIC>0.05), and the Yangtze breeding population had a higher level of genetic diversity
than the Heilongjiang and Pearl River breeding populations (P<0.05). The results of genetic differentiation index
(Fs) analysis showed that the Yangtze breeding population had a low level of genetic differentiation among F, F;,
and F, (0<F4<0.05); and the Yangtze breeding population had a moderate level of genetic differentiation from the
Heilongjiang and Pearl River breeding populations (0.05<F <0.15). Molecular analysis of variance (ANOVA)
showed that 4.05% of the variation among generations of the Yangtze breeding population was among populations
and 95.95% within the populations, while for the five populations of grass carp, ANOVA showed that 8.46% of the
variation was among populations and 91.54% within the populations. Structure analysis showed that the five grass
carp groups could be divided into three clusters. The UPGMA phylogenetic tree of the five grass carp populations
was constructed based on the Fy distance matrix, and the results showed that the breeding populations F, and F;
clustered into one, then clustered with the selective population F,, then clustered with the Heilongjiang breeding
population, and finally clustered with the Pearl River breeding population. This study will provide a reference for
further development of selective breeding programs of grass carp.

Key words: Ctenopharyngodon idella; genetic diversity; genetic structure; breeding population; SSR
Corresponding author: SHEN Yubang. E-mail: ybshen@shou.edu.cn



