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MEHO0.8733, AP SAMUAERBATELTHACANIRS UBRFEEEXS A
MR EEFEFHRAS~TA LR EFAN H8~10 4, d ™ 100% X 22 M& & Bk, &
AMENE E R LB ELE99.92% . FRAKA MELTHANEEWHEREEMNK
AHEA,RRFRIAR BRRRERNAERFEREFRREELSCENRR T HLF K
BZER NASAMBIESATHRETURNE ARMX DB K FHE(IE UG T E

IRFR) 55 ARG

Kegin: Ba; RRBRATE; REEM; HLERIL; £H 7 &

FRESZES: Q785; S917.4

¥ 1 ( Ctenopharyngodon idella) J& T ##JE H
( Cypriniformes ) . #8 Bl ( Cyprinidae ) ., ¥ fi g
( Ctenopharyngodon) , X 4 fi £, 2 3 ¥ 5 2L ()%
KEG IR Z —, FEEERE )z, 4577
B2 PR R OK R 20% T AT AE R, B
o BT T IR A ™ R, A A B, 4 AR R A
KERIHRE T AT K (— 4~
SAETE R ) AL 58 0 VR EAT RE H R b BT Rk R AN
Mt E TAE# RS, N LiESFHZRKEHEAR
(artificial induction of gynogenesis) Jg& it 3 & 37 4l
FEE R R A BT B MR T ORI
FHAAIE 5T R o P 350 T s WL L O €8 44 i o7 | e £ 5t
1L TE A 55 R —Fh o AT Z R . (HJ2
WEAZ A B F A AE TR A5 R0 AR B L[] 5 5 T A DL IX
53 TEFRFH AN OR B o A2 A bR S YRV, A 7 T B 2K
1 4 A K B R i, RO B R S

W T ARIC (microsatellite ) H A7 X i 2 3 Al
TR TR T - R AL B

%5 B #5:2014-06-24 &8 B 85 :2014-08-18

XEtFRERD A

P FAVERN R IR M L R GRS e 2
REVEMT 450, BT, A% H R AT
BiEC RAPD T TR G W B A % M A% K
B A AL 2 RETE BEAT TR, O Sk B A 4
15— v B LI M R R E R R A B AT G
71.4% "5 % i 4 RAPD £ 75 i &5 L il K
27.82% T i MEA% % & B A BER O 16.00% Fi
19.59% " 7 N L 5 M 4%k B R
RAPD {7 5 Pt 6 BL 4, Wik N L iF 5 M 4% &
BBt Eg 17 A A R R E R
5 30 R 0 e 0y T, X 8% SR il RAPD
IO T HR VL R A% B 5 3 B R A
S FARICIE I 54 SCAR FRic 14, % Jil %
K76.7% . SKHL KB 1 A SCAR FRic 76 M %
e RE MR S 2 R 0, T 7E 3 5E B bR
92% . A K MERY A B EE 0 B TR 4 F B e 1
TAERA G, A 5206 R i TR R 47 T 5
R R TR A2 4 75 5 B 5 30 A S AL 4%

BENTE ] AR A SR AR 657 Ml A% FR BRI (2012 4020800001 ) 5 [ 52 A\ 7S = 5 £ AR BF 58 % &8 11 %l (2011AA100403 ) 5 [
FRH S (2012BAD26B02) 5 [ 58 R 5= K f7ll 4 AR {4 R (CARS-46-03)

BIEEE {2, E-mail :jjbai@ 163. net

http : // www. scxuebao. cn



1802 Koo

38 &

¥R

AT 3 M, Sl S 1 — Tl A 5 AT ) M ) £ M
BRE NI,

1 MRSk

1.1 LI+

o ] H 2010 4 5 —7 H Nidb4A
EAUR LN &NV R B PSRN N &)
T 7 R R 48 DU R R Ji o 3 ok B — it 7 £ ol
VA iR TR N DS D R (P ES A
( Cyprinus carpio var. xingguonensis ) ¥ 7 1% 7 5
1G0T, VUK o 30 5 AR A HE 0 ik ST
R R MERZ K B REIA . DIMERZ R B R AR
F, BEAA R A (B G) |, DSBS il 3 14 g i Al
WEAZ & B AR R A A X B2 (BRI W),
2 RERBE BL A5 12 X 48 R FEA IR B R AF T
95% 1) L WEH £ .

M2 45 F AL DL 7 XF ) SSR
(MFW1 ,MFW2 MFW4 MFW5 MFWI15 MFW17
I MFW24) 0 2 %) %5t i Bk 5 46 12 3K 15 19 SSR
(HLJC118""' F1 HLIC148'"") |5 X & {1 ff) EST-
SSR (4703 30977 23426 17329 F125085) """ Sy ks
Frid, A T4 T#% (i) (Sangon Biotech) it
By A R F A

X A 2 41 PCR ¥ i 1) o KA AR AL R
Fo(dbmt) AR A B PCR i 5] & (KP201)
HoAts A= AL A FE A B ) MR RO IR A

), Ak R B B AN Oy [ R A b
1.2 LWH*

£ B 41 DNA 42 X F: K 2 DNA fili 42 %
FHRAA AR (b 50) A BR 2 w8y i i/ 20 i/
AL 4 DNA 2B &7, 2 Bk 2% 1
Rl & Ui 5. FH 0. 8% 1 T JIR W B I e Tk A6 )
DNA [ 52 $& 1 F1 400 32 5 FH 45 A0 o3 o ok B2 A 3
FOH B, I T B X 2% /K s B W 2l 50 ng/ul,
-20 CHRAFRH,

#MIEZ PCR ¥ ¥ &Mk  SSR-PCR ik
AW F:20 pL J W& R %A 10 x buffer
10 pL, F FWEI#4 0.5 pL, 3 F 4] DNA 40 ng,
K WFE KA R ARFLZE 20 pL, PCR ¥ 34 /7 Oy
94 THIASPE 5 min;94 C 30 5,50 ~60 T 30 s,
72 C 30 5,30 AME#F;72 CHFAEff 7 min, PCR =
PR 12% 3F 75 1 2 V9 M Tk e 56 g 10 V/em H ik
2h,0.1% AgNO, Jefa (i FIRFFEL ] ,1 g AgNO,E
21 L),1% NaOH {5 (il B A, 1 L 549
% 10 ¢ NaOH,1 g J&7/K Na,CO,,5 mL 37% 1]
f) . 22[E Bio-rad iy GelDoc XR %t ik 5 3 4t i
B3935 PCR 774 J5f7 1) 43 -1 K/

DABEIR W OB R, NG Y 14 X SSR 5| )
b 11 XS ARE R N R S Y 5
Yy, H:vh MFW4 MFW17 MFW24 Jy 4,8 4%
A SSR FITHHA G HFEKR W 1 % 51 43 #r , H 51
PfE B Ry WA W 1,

®1 SAHMIESFIRIEHSIMER

Tab.1 Information of eight microsatellite primers
(A= P (5'—-3") L7 51 Bk /T Ji BER N/ bp
locus primer sequence(5' to 3") core motif annealing temperature size

F:GAGATGCCTGGGGAAGTCAC

MFW5 - 60 184 ~190
R:AAAGAGAGCGGGGTAAAGGAG
F.CTCCTGTTTTGTTTTGTGAAA

MFW15 - 55 140 ~ 148
R:GTTCACAAGGTCATTTCCAGC
F:CAGACGGATGGATGGATG

HLJC148 (GATA) 10 60 176 ~240
R:CTTTCAAAATGTGGAGTCTTGC
F.:AAGTGAGACTATGCTGATAAAACCG

4703 (AC)10 60 222 ~276
R:ATTGAAACAGATGCCTGCTTG
F:AAAATCCCAGTGAGACAATC

30977 (AC)14 55 214 ~234
R:ATCCCATAATGCCTTGC
F:AAGGAACAGCATAAACCGAAAT

23426 (AC)10 60 253 ~284
R:GGAACCAAGCATCTGAAACTG
F:ATTTCAGTAGTAACCCATCAC

17329 (AGAT)6 60 149 ~ 168
R:ACAGGACCAATAAGGAACA
F.: TGTATCAGTAGTAGGCGGTTTA

25085 (AT)10 60 154 ~ 189

=

:GTGTCGCTACCTCGCTAT

- FOAER SR 518

Notes: F. forward primer;R. reverse primer
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K ¥Rt 5 50 (1) f Ji§ PopGene
(Version 3.2) B {F G 1 T2 R g i) 5 o7 JE 1A
¥ (number of alleles, N, ), W | 4 & B (observed
homozygosity , Obs _Ho ), M. M 2% & & ( observed
heterozygosity , Obs _He ) , #f] 28 Z« & J& ( expected
heterozygosity , Exp _He ), Nei (&' 8 & #H {0l Ji&
(Nei’ s genetic identity ) & 3% & JE % ( genetic
distance) , £ 18 Botstein 2 k' M B 2 EHE A

& 1 (polymorphism information content,PIC) ,

n-1 n

PIC =1 -(Y P)-(Y Y 2rP)
K, PP BE R T B TS A S AL B
B n oy e — B PN AR b A A R PR

(2) AWFFE SR AR IR SSR v s 4l 45 22 5ok
WAZAEASE 8 THEHA G I 2R W AR 4 %2
BRAE IR 3G SCHR AN A Y B % M R
P=Ho_gx (1 -Ho_w) x100% , Hp Ho_g Ni%
B RUER G WL 26 5 B2, Ho _w iz i B 14
W LI 45 B

n A7 SIS R B B M S e an R A X
T
P =[1-(1=P)(1=P)(1=-P)] x100%

oA, PO 1AL Y e SR P, O 5 2
A B SRR, P, A 0 AL BEE
SR

2 4k

2.1 WIESFHREHNESSESH
TE W A PCR 4734, 14 X SSR 5] 4
JEGi e 11 X HIRRE AR I W IR S S 1
v MFW4 MFW17 MFW24 JyBZs . F O vk
98 225 SSR I THEA G HiffA W 3L 96 & &
HREA S 50 3 BT, FL AR AT 33 S S (HL
HEUR W 2y 33 DNEENLHE A HEAR G O 26 A2 JE
DALY, 0] 5 0 00 3 ) 45 07 B P BOCH 2 ~ 8 A,
Y909 413 A~ P70 R BRI 140 ~284 bp S #r
SR, B G mali FEWR LERER W P2
WL 2G5 e 0.203 1§23 0.716 1, P My B¢
AT 0.598 0 FEAKE] 0.386 0, -4 2 45 (5 B & i
i1 0.558 2 R%AIKE] 0.357 2(3R 2) .

[ i, Bz PopGen32 B 47 2 ST 14 38
A% AR 5T A% BE B Y 3T Al BLIX MEAZ & F RE
AR5 0% 360 T AR 1) 382 5 RHADLEE 2 0. 873 3, 38t % i
4 0.135 4,

®2 HESIMRMIEBMNAMBERESHEESH

Tab.2 Genetic diversity parameters of eight microsatellite loci in grass carp

S5 0Lk PR £ PURIE RS WL A 5 W AR ZEFETR
o7 45, numbers of observed observed Nei’ s(1973) expected polymorphism
locus allele homozygosity heterozygosity heterozygosity information content( PIC)

W G W G w G W G W G
MFW5 4 3 0.270 8 0.208 3 L7292 0.791 7 0.630 9 0.565 1 0.614 6 0.476 3
MFW15 3 3 0.270 8 0.5833 L7292 0.416 7 0.517 6 0.377 6 0.507 4 0.3520
HLJIC148 8 4 0.187 5 0.8333 8125 0.166 7 0.797 1 0.658 9 0.789 9 0.636 7
4703 5 5 0.1250 0.8333 .8750 0.166 7 0.695 7 0.626 7 0.662 1 0.5717
30977 4 4 0.1250 0.666 7 .875 0 0.3333 0.678 4 0.495 4 0.648 8 0.474 8
23426 2 2 0.020 8 0.916 7 .979 2 0.083 3 0.499 8 0.079 9 0.374 9 0.076 7
17329 3 3 0.458 3 0.729 2 L5417 0.270 8 0.3950 0.243 3 0.316 9 0.229 5
25085 3 2 0.166 7 0.958 3 .8333 0.041 7 0.569 4 0.040 8 0.508 0 0.039 9
{E mean 4.13 3.25  0.2031 0.716 1 .796 9 0.283 9 0.598 0 0.386 0 0.5528 0.357 2

2.2 REEBRRERENEINDHT

M it L a3 LAY 22 5%, Pk i 5 4> SSR
(2342625085 ,4703 , HIC148 #1 30977 ) , # 17 2
R iR NI DRl T < B e N2 B 7/ L
b5 A SSRAJ7E HE A A (AR rp g ) A 07 [
BHMNS ~10 DASE, SR ai R R, f— R

ME TS > SSR 41 Y 5 bR 45 A KL 8 H
8 ~10 4B — R MER K B HMAAE 5 4> SSR
EY RSB SN R E S ~T AN (s
20 MARTERX 5 AL A A ) (B 1), 1]
DL BRA WEFHIX S > SSR ARiE A LA 100% [X 433X
48 FEMER K B HLf0 5 48 Bk R,
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Fig.1 Numbers of alleles amplified in two grass carp populations using five microsatellite loci
2.3 SARMIBNREANMZREEESEE RPN RN ST MR K F & 0% E R,

BEEpERHE
R B A i 77 e A A A TR R ) S A6 T
IR 2 B8 Jamieson %57 4T 453140 B & BN,

RIS 5 AR 58.33% ~89.76% o 4 5 i
JIHR) 2.3 4.5 AN SIS TN, S5 1 ) 4 R
KA i599.92% (£ 3) .
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Tab.3 Theoretical probability of identification of gynogenesis grass carp using five microsatellite loci

WL 45

I ST AR/ %

{57 J5. observed homozygosity theory of probability calculation
locus Az S AR } > B B AR
S R LA 2 Afi g 3 Afi 4 A 5 A
Ho_w Ho_g
23426 0.020 8 0.916 7 A.89.76 AB:97.94 ABC.99.44 ABCD.99.82 ABCDE.99.92
(A) AC:97.23 ABD:99.33 ABCE.99.77
AD:96.69 ABE:99. 14 ACDE:99.63
AE:85.73 ACD:99.10
ACE.98.84
25085 0.166 7 0.958 3 B.79.86 BC.94.54 BCD:98.24 BCDE.99.27
(B) BD:.93.49 BCE:97.73
BE:91.61 BDE:97.29
4703 0.1250 0.8333 C.72.91 CD:91.25 CDE.96. 36
(©) CE:88.71
HIC148 0.187 5 0.8333 D:67.71 DE.86.54
(D)
30977 0.1250 0.666 7 E:.58.33
(E)
[23] N
3 Wik IO R T A E Y T £
e

3.1 %’I.TiE’fﬁEE"JiiT%
2L Z R I S HGE P IR 22
it }%EEE [] T/ .mtDNA RAPD 2 Fric #1751
FL B A3 AT, 2 B T2 A2 A A ) 1) 35k A% A S 4
BT HAARS ™ 7 R, d TR AR
M6 o 78R A% LA 2 0k kAL 7E TR RE R AR

FEPE AT I 8 AT T A PRI PIC & & ¥ N
0.552 8(0.316 9 ~0.789 9) , Kl /> H 15 ¥ £ 4
JAE AL (PIC >0.5) , 3 15 B JIr 376 19 fal T 52 )R 3 4 3k
AR MBI ZREMETF T . BAN, R 2 E IR

W ARG T T ANk B 2 SR
BhRC, HE A 2 At (5B B & )

M9 38 BORA L 3 AR B S, MFWS Al
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MFEW LS JUJ 0] 75 5 f Ao 4 385 1h 3 ~ 4 A4 (o 5%
DRI, 5 A E AT 388 1 22 BF 200 7 6 AR [l 490 o 1) 5%
TR BRIC AT LA — 5 e
3.2 MRRBEGNIEESHEESN

ARSI 6 SR P A A TR A T R AR R AR,
255 A RS A 38 Y (1 RS U0 O TR IR
R B 1k B T B 4 U 2 IR A A
B HE DT B G e AR s o PR R R 5 — U oy
S, ) P 0 R % A A8 XCH e, T B R A B -
BRI AL, BT AARRE T A Sl R i K B3R
JEAL AT S o LI EE R R I, BRMER R
FEVR (9358 1% 2045 B R R e, P-4 W0 46 65 B2 Ry
0.716 1( S5AELZA " 15 5 925 1 0. 714, JEA A
7)) AH I WA R E A MR Rk E TR,
PRI S 0 3 o B AN O BT 2 RhOME A% R R f
2K i 5 PR FELIA Sy, 0 A R A A R R
IEARGARFN AR, 1WA 225 RMER & B M
MF 8 ~ 10 AN A [l M 0 Bk 52 B, 1 KA 44 4%
L YR R R A% AT AR ARl R YL 3k
R ai G TS B 5 PR s L re e —
SE MR OEVE 285 LR WA N T S MR K AT
DL sl 21

P MR R T I SR A M R
JE AR £ B O A T kO R e
8 A 22 25 10 o T B A T A R T 2 A R
354 HH A 25 A 5 R A7 A BB 33 A T EMERS R
R g Y Y R R H A 26 A LA
T AT EKR . XM R G Ak
B4 8 2 A 20 B G 7 A B b A R 2
{781 AR
3.3 MRRBEGSEEEANLS

ASLE RIS A TR A F AR e A
AT A Ak X 4 M A% K a7 Rt
96 J fi1 H A I s 1 £ S B HE R R 100 %, 38 3 4
AT B S IR R 99. 92% |, iE W] TR
TRV 38 P 2 A JEE 0 25 5, B R 2 25 P B DR 4
TRRICTT LU B A 5% X A M T AR S
e, 25k n] DIHET 25 Z AR AL i v B 3l A8
FEAR I S5 o0 AT o AW A R A TG 1)
AR, LA (A B A DI G 0 0 R A
JRAE B Tz A

X" kg ¥R il RAPD-SCAR i
IO T HRME % S T ARG 0 R AR 2 TR

ic, {5 RAPD #ric#% fb o SCAR [ )8 2h F A,
T R T 3t BERRE A (B [ ol ) ) 7 75 388 4% 9 57
14 25 57, 0 A [R) B S il 70 A, R4 20 A 1) 3 114
SCAR fric&cxfE. LR T4Ric 5 RAPD 4571
TARICAH LG, B A o o 20 o A4 O g ) G
HELAE A [7] i P A (7] 368 P B
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Genetic structure analyses and microsatellite identification of
gynogenetic grass carp( Ctenopharyngodon idella)

QUAN Yingchun', HAN Lingiang®, BAI Junjie' " , JIANG Peng',
YU Lingyun', FAN JiajiaI , HU Chongjiang2
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Pearl River Fisheries Research Institute ,
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Abstract; It is difficult to distinguish the gynogenetic fish from common one by morphology and physiology
of grass carp( Ctenopharyngodon idella) . To establish a molecular method of distinguishing the two groups,
an artificially induced gynogenetic grass carp group was produced by activating grass carp eggs by the
ultraviolet light( UV ) irradiated common carp ( Cyprinus carpio) sperm and subsequently blocking the release
of the second polar body (PB2). Eight microsallite markers were detected, among which five markers were
selected to establish a microsatellite identification method. 33 alleles were amplified on 8 loci. The average
value of observed homozygosity and polymorphism information content( PIC ) were 0.203 1 and 0.552 8 in
the common group,and those were 0. 716 1 and 0.357 2 in the gynogenetic group,respectively. The genetic
similarity between the two groups was 0. 873 3. And then five microsatellite markers were used for genetic
identification of gynogenetic grass carp. The total numbers of alleles at these five loci were between 5 and 7
for 48 gynogenetic grass carp, while those were between 8 and 10 for 48 common grass carp. So we can
completely distinguish the two groups of grass carp according to the number of alleles amplified at the five
loci. The probability of identification of the gynogenetic grass carp reached 99.92% ,premised on the theory
of probability calculation. In conclusion,the genetic homozygosity in the gynogenetic group was much higher
than that in the common group,and therefore the gynogenesis technique was an effective method to quickly
establish pure line and fix merits. Using polymorphic microsatellite markers can distinguish gynogenetic
group (or highly inbred population) from common group according to the variation of genetic homozygosity.
Key words: Ctenopharyngodon idella; allogynogenesis; microsatellite marker; genetic structure;
identification method
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