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SF R S AT N TSR E AT
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BN a5 [ 5E L 07 DL AT M 45 ] 3k B F R
TR B Y. BRI Z A58 mT DUR) FH MEAZ & & SR A A4
S bE R AL 3515 7 B E
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1.1 HZEBTNENRE

N 5 5 A1 3k 0 MEAZ 7 Bl 3 7 A2 v Rl K
SR AR B L 0 B R AT L R FH MR B 5% Ah 4 st %
R S USRS 1 i) A1 Sk 55 0 1 S A AR e i 5 A Sk
fifj Y ME A% R E . MEAX R PIT TR SR AR B SR ON K
Bt PR VE R & F R A 00 A Sk 5 e 0 R0 R T B A
Mt ARASEORS F )5 A 1 2 3 9 Hank s ¥, 28
JE IR RT3 30 W 8 5% kT e I3 6 £r 8 1, 42 4h
SRS A RS T A HE SR L2 10~12 cm, K 57 L
AR VK b I B AR IR L AN 3. JF iR AR 10
min WL 1 YOG F 096 J1 . 2B /NS 45 6% 5 min W
£ 1 IR, L BIULEE 3 B 00K 1% 7 WY b U855 L 457 1k R
5. R IE 2R, So s Sk 5 M £ 09 OF 5% A 28
N 2 3k TR BRE W, TN GE B 0. 6 20 Y A B AR
K FEY 1 min 2247, B BRI b E AT RS, 32 kG
J& 3 min 23 B 0~2 “C K 20.25.30,35 min, )5
ATEACAT 27 CoK IR . [l B i3 B A 3k i ¢ <
P Sk 7 AL Sk 5 5 < BATH BRI O ORE 7 AN it 3D
ARAC . B2 AR RRA WAL SR F S MR R B AR
12 HFEERITE

TE 51 3 A I G2 1 & A~ 120 20 R X R 2H (1A
Skt & X H Sk 5 8 ) [ RE B LG IR O S A de
AR B B A X AT R
1.3 HZEENEEENEN

Wik DNA B3 B B E 5 S 59 7Sk 70 4%
REAMNREEE., 15 BB k65 12 20k
D) B RN AT s v, I GE & PBS HE AT B
A4S0 IR B A0 TR VR BB JE A 2 mL B B0
H A ESO AL 1 000 r/min B0 5 min, 7K L
T PN AGGE B ) PBS. R W48 R 5 W FT . il 4
Mook . B 75 pL BEEL L 75 L X i 20 A L
A 150 pL # DAPT 443 4445 5 min Ji HI 3 =040 g
PGEFTHRIN . B 6 H IR BER A & MK 10 B U=
I ot ) 2 200 A v . P O K S AT R, R
B[R] 300 25 ) A R A BB AL, A It A R NS
O .40 e DNA 485%F & & 2. 3 pg) .
14 HMIERFRIEHH

BICGE A R EEGE 4% K 44 )2 3 AR M KRB A
TR 6 A2 ToK ST 2 mL R A
MISL5G 2, A — 20 °C 1 vk # R 7 7% . DNA
f e B 2 B SR (8] A0 Vil 5 4 1Y ol 12 2 5 1 W ik 3 T

Z: HEOSCHRL9 ], Ik 3B IR B N0 8 8 . ATk 6977 £l
TEGIYHEERELREE N R LRI,

PCR JZ b & & B RFUA 10 pL, & 100 ng/pl
AR DNA 0.5 pl, 100 ng/pl 51#14% 0. 25 pl,
dNTPs 0. 2 pL.,PCR I Buffer 1 pL.50 U/pL
Taq DNA B4 0.1 pL. ddH,0 7.7 pL. ., PCR
J2 R 26295 “C TS PE 5 mins5 ‘CASPE 30 ;%519
TEFH R IR FIB ok 30 ;72 ‘CHEA 45 5533 DMEFF;
72 CHEAH 5 min, PCR PHI7E 8 %o AR AE MR N I
Tk Jie 258 J v L M TR AR G €5
15 HENLES SN

A3 ATT AR T PR UK L B R F K A T Y R AR
DNA F BEVE A Z AL 1 A2 a7 JE K Sk kb 3, A4
PR L R oAl A L B 2 Ko R A T
THRMER & B G AR L R4 22 05 2 (8] ) 4 R
(recombination rate,R) ", R=Z4& &/ B4
REX100%0 . SR ¢ K26 (e-test) K I M 4% & & AN
IEH AR Z ) DNA & &0 22 5 W F M, 4
P<<0. 05 R /RAAIE R M2 5

2 ZERG55MH

MiZEBTBESHER
MR 1 AL, 320 3R O U TS R
A 3 [) A A A 2 N B . A AR B 25 min B SEAL
KA TAL B 20 min BYWEAL R, WHIE R 2 BE
A AL E] Y ZE T TE . 30 min &b B Y 0 1k
REGEIEALT 25 min BYALFRL , i 0L AT LLHE 75 175
FMEAZ A A AR R A B I A
], 4550, A0 FE 20 min 20 ORCR Rt 1k 8
F <P BE D R g Ak B A A 52 0 AR TE R AL S Ok
1 AN KRBT, B 1E F 4 B8 41 A M i i L 2458 Y
AT A FBFET . 3 U B 1A Sk 37 R B A ) 44 28
JEARIEARREAE NG . L, 8 AN R TR IE R
P 3k f77 A% % B WAL H R 11 7 0 % MEAZ R
A
22 HREZEANEEERKN

ARG I A S 9 2, O X A0 B AR DU ME A% R B
ARE) DNA & &, Lk 22 B & & 4k, 5
15 Hig A 12 .6 Ak 10 B. H DNA & &1
SEEIME R 2. 93, 5IEE AR Sk @ 9 DNA & &
WA BEMZER(P>0.05) (F 2), X —45 BIEs
TN T MR R B W Sk 5 EL A 5 3 58 P Sk 6 4 W) A A
PE b AT AR A Sk 5

2.1
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Table 1 The fertilization rate, hatching rate,survival rate and deformity rate of gynogenetic individuals
ﬁt%éﬂ =l o N . 4 i . 7, 2z /0 o3 2z /0 YT 3% /0 % 2%z /0
Exverimental i /°C BRI ] /min  FFZEAFE] /min ZHEH/ % AR/ % RN % i JE %/ %%
! Temperature Start time Duration time Hatching rate Incubation rate Survival rate Deformity rate
group
TTF$ XSP3 (G 0~2 3 20 36.19 19.02 15.13 9.01
TTF$ XSP 23 (&) 0~2 3 25 33.90 20. 24 14.77 13.13
TTF$% XSP3 (&) 0~2 3 30 27.01 5.08 3.71 11. 28
TTF$ XSP3 (&) 0~2 3 35 18.91 2.45 1. 84 20.00
TTF$ XSP?% 50. 50 40. 80 0. 00

DTTF: A3k j Megalobrama amblycephala; SP: MR Cyprinus carpio Songpu carp; G:igtf% K ifi Genetic inactivation.

R2 EEZRFEMZAETMHARDNASE

Table 2 The DNA contents of normal diploid and gynogenetic individuals (mean+SD)
B FE SO X6 1L 7 ' 3 L DNA & i /pg
Sample Sample average channel number Chicken average channel number FAC/CACY DNA contents
“fEMREEAE Diploid group 252.7+10. 2 199.843.1 1.2640.03 2.90+0.08
W% K& B BEA Gynogenesis group 255.244.3 200.0+2.2 1.27+0.02 2.934+0.05

DFAC /CAC: i 1fi 41 fd 11 SGAE /%% 1l 40 M 6 . Fish
ber.

23 BEEZEFROMIELTE

AR S 45 8 A AT Sk 5 40 o i T 51 4 b 6
8 X HE ACBEAS B S I L T A A T A i D [
LR EEHG. 25 EN I Y. K,
MFW1, MFEW5, HLJ393 k¥ ¥ 8 8 % 5] 9.
EST4.EST6,EST47,EST98,EST179 Jy i 3k 5 5]
W (B F 50 e B 4R I3 3) . Rk 1Y) 8 XF
ACREAR LA R S 0 B TR 5 v A% % B AR
HEAFLF 4 DNA #47 PCR 784, P21 7F 8% 1
A AR P SR VA M ok e 5 G 3 S PR AR e 1, S5 2R
FW ik B0 8 X 51 ¥ n] LUAH R 7E A Sk fil7 A T

blood cell average channel number/Chicken blood cell average channel num-

AR AT & BLACA I FE R Y, r DA AT DB A L i 2
AEFFBA XA BAL Y B A AT LU 2 R e Kk
B, (B 1 s 519 TTE-EST4 (A)
SP-MFW5 (B) 7E & 53 M #% & & e AR 43 B3 O
24 HBRZERR4EMENTN

AT K B 30 X T8 5 14 o i 6 10 X B4R
2 A B L X 10 X6 5 | 45t % K R AR AT
i B PN (BT F) KR SRR 4, 4
R MR R AR 10 M7, EST46,
EST61.EST851 4t 3 v s R B a5, EST12
Pr R R RI A I A BN 86.4%, H

BB DL R OMER A T R AR B YT R R T RALA IR A 10 AL AT P A
PRAE 8 AAL i A JE [ R Aok F B AS MR AT 68,6400 5),
*3 ATEEMBEATSMHYMIESIYEI HRRNUEE.EEFF"
Table 3 Primer sequence,repeat motif,size range and specific annealing temperature
of microsatellite primers for identification of the gynogenetic individuals
fo 5191731 BIBESC e
Locus Primer sequence Annealing Repeat motif
temperature
SP-MFW1 F:GTCCAGACTGTCATCAGGAG R:GAGGTGTACACTGAGTCACGC 60.0 (TG) 13
SP-MFW35 F:GAGATGCCTGGGGAAGTCAC R:AAAGAGAGCGGGGTAAAGGAG 60.0 (TG 13
SP-HLJ393 F: TGCGGTCATTACTCATTCG R:CCCAGCACCTGTTTCCAC 57.0 (CA) o
TTF-EST4 F:GCAGTGTTGGAGGTCGTG R:CATACTGGAATGTTTGTTAGGA 57.5 (TG 12
TTF-EST6 F: TGTGTCAAAATGCGTTCA R: TCTCCCCCCAAGCCTACC 52.0 (GD 2
TTF-EST47  F:ACGGTGTCAGTTCAGCA R:CTCCCACGACAGAAAGA 50.0 (AC) 19
TTF-EST98 F. TCATGCTTGAAGCGTGTTGC R:CGCCTGCCATCCTAAGTGTT 57.5 (AO) 15
TTF-EST179 F:ATTCATTATGGCGTGCTG R: TTCTTGGCTGAGGGTATT 54.0 (CA) 1o

1)SP R H Il BB 1L 2 0 505 TTF 35 W Sk 7 3 10 7 4

T A, SP represents the microsatellite locus of C. carpio Songpu

carp; TTF represents the microsatellite locus of M. amblycephala. The same as below.
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M. Marker; 2 — kI8 0 SCA 58 Z 9k 8 N BEA, oAk A% & F A~ The first lane was for the male parent, the second lane being

the female parent,and the remaining being for gynogenetic individuals,

Bl 1 5|4 TTF-EST4 (A)# SP-MFW5 (B) lZABREREREFAET S BEAMIESIHrh iy 8 E L
Fig.1 PCR amplifications of TTF-EST4 (A) and SP-MFW5 (B) microsatellite locus in

M . amblycephala gynogenetic individuals and parents

x4 ENMBERLZEATENMIESIYHES FI.EEFT

Table 4 Primer sequence, repeat motif,size range and specific annealing temperature

of microsatellite primers for assessment of homozygosity in gynogenetic individuals

B KR/ C

(A= 519751 ) H 751
Locus Primer sequence Annealing Repeat motif
temperature
TTF-EST6 F: TGTGTCAAAATGCGTTCA R:TCTCCCCCCAAGCCTACC 52.0 (G2
TTF-EST7 F.:GTTGAAAAGGGAGGGACT R:TGGGGGACAAATAAAAGC 56.0 (GD o
TTF-EST12 F: TCGTGCGAAGTAAACAAG R:CAGGCAATAATAACAAAACC 54.0 (TCTT 13
TTF-EST46 F:AGTATAAGTTGAGTGGGTG R:TAAAGGGAAATTCTGGT 50.5 (ATCT) 25
TTF-EST61 F:CAACGGAAACCAGACAGGA R:CATCACAATGAGTTTGAGGCT 52.0 (CA) 13
TTF-EST80 F: TCAGCAACCGTTCACATA R:GCAGACCCTTTCAGACAA 54.5 (TG
TTF-EST84 F:ATGTATTGGGTTGAGGTT R:GAGCTATGGACTCCGTTAT 53.0 (TG 1y
TTF-EST851 F:ATTGGTCCAGTCTGTTGT R:TGTATCTTGCACGCTCTA 54.5 (AAGA) 14
TTF-EST90 F:CTTACAGACTCCGACAGG R:ATCCACGACTTCCAGAAC 57.0 (AO) 12
TTF-EST110 F:GCCTGACAGTCTTCTGC R:GCTATCCGATTATCATTTAC 59.0 (AO) 13

WA S T AR B S B S W O 440 i s K
pas Su L M G RO AR R Nl 1 SO O e R S
VBROMEAZ A T AR 2% 1 L BT LA SR B i
JEA 5 A5 2 R T R RBE RIS R T
VA Sk 875 7 I AR 5 9 10 A Fal T A2 A8 67 1) i 2 RO AR

RS HALXHRBRETNMERSEE 10 MW ERBERE L F)

R BEXT TR S g A MR R A AR
BEAR DL R AR IR R R EE 21 R e 5 s . B
AN Bl T B A7 ) A I i IR B R R
PR E LA ALB. Wi 51 EST12,
EST7 e 5870 WERZ 4 7 Ja A H B4 3 3 WL IAT 2.

Table 5 The genotypes and proportion of heterozygosity

of the female parent and 44 gynogenetic individuals and in 10 microsatellite locus

7 85 Bl A B R 7Y W A2 A e B TR R e A 1 B LA/ %
Locus Genotype of female parent Genotype of gynogenetic individuals Combination rate
TTF-EST6 A/B A/B(44) 100
TTF-EST7 A/B A/B(44) 100
TTF-EST12 A/B A/B(38),A/A(3),B/B(3) 86. 4
TTF-EST46 A/B A/AMUD 0
TTF-EST61 A/B B/B(44) 0
TTF-ESTS80 A/B A/B(44) 100
TTF-EST84 A/B A/B4D) 100
TTF-EST851 A/B A/A44) 0
TTF-EST90 A/B A/B(44) 100
TTF-EST110 A/B A/B(44) 100




55 6 1 TRHTHE GF . Wk EAZ R B R AR B2 AR S A 741
J
M
B::?ﬁ:‘c\ ~ et 4 0 S B & B - S &
5 —GE N REA AR MR & B AR . M F RN marker. The first lane was for the female parent.and the remaining were for gy-

nogenetic individuals. M represents marker.

B 2

514 EST7(A)F1 ESTI2(B) X B RR R EBAETN S BRI ESI Wrh My HEEE

Fig.2 PCR amplifications of EST7 (A) and EST12 (B) microsatellite locus in

M. amblycephala gynogenetic individuals and female parent

3 W it

2B R 2 SRS ) 44 20 S A O X A
FfL £ 5 D DNA Y & 520K %08 MERZ K B A
AP MER & B AR DNA & &t 5 1E % A%
K1) DNA &M IER 1. 01, JF A B EEER
(P>0.05) ., Z=fi lAF T8 X5 14 Fp iR oK f i) DNA
O B O ST, O B AR GX S 8 ) DNA 5 S AR B
Qo A% H Z 18 A7 16 % VDAY A OGP, B DNA &%
HEAE, AR - RKE, SRR A
R EEEH B, MEBEXATES
AR A 240 I FIORS 9 DNA &4 R 5
2R A WL AR — B, T A Y B O T 1 ] B
(Cyprinus carpio L. mirror) BIFEERE £ F H kK
i, FEY €5 R 55 78 [ B A [R] 0 2n=100"" ,iE KT
WSk 5 19 20 =48, 745 AT B8 B 1) RS 1 E A HE A K
A DNA B4 B KT 2. 90, iR & &
AR DNA & i 5% A A Bk 2 7, X
— 57 T8 2% BT AT Sk 60 M A 2 7 I A O 0 s ol A e b
PR BB A

G 5 I Y RO B4 O 2R 46 ME A R 7 O
A I 23 BRURS F 19 35E 4% ) B KOG A IR . S BRI
AL W) R S BIMEAZ & T R T BRI 0 EAZ K
A E AL Y B Rk IR AT A R AR R, X
SR T 5 S Wk B AL R B R AU B SR g — 2D
TP A L. AR EAR SR I RAPD $iAR
XN T ME# & B 8 (Hypophthalmichthys moli-
triz ) BEAT T G0 AT R A B 3 A A A S A AR AR [
MRS DNA 371 25700, GiE I AC A 1 352 45 W) ot % &
B THEE R B PP REET R 3 X
PEFIYXTFTFLE W (Chlamys farreri) Wi & &
HEAT B AL W) A I, I A i 35 A% ) B Aok A REAS

WA A 5t AL Wy s A B AR R, L
SEUSIRE S X TR S ARG UESE T K v A W
(Crassostrea gigas) N T EH & — 148 &, {
B HErESE R 2 53, iz R 2> ARl
BRI AT BT 175 5 09 MEAZ & 7 5 AR T A6 58, wf
DIFE IR )2 Ak 52 Jm AREE D i e 51 0« RE A 36 Js
FRIEAIA TEACATE A W T4 . AR H T 8 X4
BEAS U IR S R A 5 T 51 W ) e R B S AT
AR, 25 5 W s T P Sk 7 A B A Y 38t 4% W) B
SERK A BEA A KA BAE Y RB A, A
TR FY) 45 SR I B 3 2 Y 5 S 2 Ak B T B 0 A R
TR T Y8 AE W) BT R A8 1 58 A IR L N 2 0 A
Wk 7 1) 56 DR 2 36 s AL S g . ARG i 5 R
R T A TR Sy AR dF MER & & 1 3548 1) 5
AT R S — Fh AT R J5 35

N T MR R B el 1 PR R4S 4l & no 7
A T A0 51 5 — K O 2L A M A R B RS R AT D
RAFAG A 100 6 1A A [H 2 410 ) 555 — Y o 2L
AR XE R AT R Y M A% B R AR B DAAE S92 B b 2Rk
FHAI T 55 A A 8 TBCAR A5 1 0K 53 B % Rk B A
Ao Hh T OB A0 M AR R AT 5 — s B o LAY e A v T
T % €8 44 2 [) ¢ A B 25 R A8 48 B 20, 3K 5 B0 T Ok
B AR LB B G R B4, i LR U8
By 2MERZ B S AR 2B P AT ARG I el AR R
B WM TR AR IC B 3L B R Hr R AN
CINDR ol R N R RN R L R e RS 7P S/ S
AT DL RE PR 0 A B 3 BT LU R 43 1 bR e 1k
WEHHEMNTIFM MR L F RN &%, Gal-
busera 21" FI 2 X ik A 516 AE B (Clarias
gariepinus) MiRZ K B W5 ACSEAT RN, & AR X 2
AN JEAL b (Y HE 2R 53000 86 %0 F 71 % 5 Francescon
L0 IR 5 ( Dicentrarchus labrax) TE 6 D
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B JREAVE Y 4 RN 4096 B 94 96 R A 5 R g B A
JIi A5 8 09 ZF 8 ( Paralichthys olivaceus) f) 8 /1 JFEAL
(35 AL RN 82. 24 %05 PN ST 8 AN
XHER R B A6 A B 2 MR R IEAT T, X 2 A4
REWEBIEAFE N 80% 1 75.6%,C.D 2 MK FR
FE 9 AL F R EA RN 77,800 90. 6%, A
% b B T TTF-EST46, TTF-EST61, TTF-
EST851 Z A H A for i 8 & A T H A, HA TTF-
EST12 BT 4% /N T 100% .k 86.4% , H A6 4
1 F AR Ry 100% . M % & & F Sk 5 4 1R 7E X
10 ANV 5 S  BE41 RN 68. 64 %6, i I Al %0, A%
KB Wk 5 AR AE BEAS 24 A SR Sl B IR
WA AR B — o8 Al A AL R 8 AL B ,
R B DA B AR a5 B R PRE
Ffrsd i vl T AS TR) 4 7 R R 25 R [ 138 15 R A
St AN TE ) MER R B RE T BOTRES A AN Al G
R X R AT AN [ b £ B ] — A 4t R
Ivi) (4 Ak 38T B A5 2 A A% & B R AR Sl A A R K
MR, BRSNS FARA A A & 1 R
PR — 75 18 1] i FR T Bk EROAE 3 IR Al A 7 R Rk
S A e AT ACIE T R R IR S 10 A Sk 7 E
BRBEMIEN a5 dJ5. A RENmaEIET),
Palti 251 F FH 20 4™ f3f T8 b ic X 58 51 S0 % 9 4
(Oreochromis aureus) St JEMi % & 5847 70
SE 06 3 AR A B K BLRE 3 & T DAY AE K
WA TR T B R A T A s TR LA,
25k S B A AT RI S P A 56 A B A R A T RE S B
FEIE AR . 53 4b—Jr 10 T BE T fa S i g (o Ak
BN IR R 5 8 22 05 2 ) A s o e A A
DA 5 B A% % B R AR AL A

AR B 14 45 S 0T LU 3 a4 o A1 Sk i 5
T AR A A IR AN T A B
HA R HIF RS A T E S d g R L H R MR
KH WA Y Yk A THRA R R L BT 5,
BEMR 5 A% 1 22 25 P B 0 B AIG L X SR I 28 N 75 S it
¥ % F A Sk 7 %) B A gt A% 2l 8 B RS T R
. AT HAGR SN EARMEHSRARLA &E
F 338t A2 [R) S o DT AT A AR i B4 75 Rl b

& % x M
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Abstract Artificial gynogenesis has been proved to be a valuable genetic tool for the rapid produc-
tion of inbred lines,development of all female populations and construction of linkage map. In the pres-
ent study, meiogynogenesis of blunt snout bream (Megalobrama amblycephala) was induced by cold-
shock with the eggs being activated by UV genetic inactivated sperms of Cyprinus carpio Songpu carp.
DNA contents of gynogenetic individuals were measured by flow cytometry and there were no significant
differences between gynogenetic individuals and M. amblycephala normal diploids (P>>0. 05) ,indicating
that the gynogenetic individuals were diploids. Eight pairs of microsatellite primers could amplify clear
parental bands were selected to test the gynogenetic progenies. The results of primers MFW1, MFW5
and HLJ393 revealed that no male parent gene exist in gynogenetic individuals. Then ten microsatellites
locus where female parent was heterozygous were used to analyze the homozygous ratio of the induced
gynogenetic diploids. The results of genetic analysis showed that a high percentage of heterozygosity was
found in gynogenetic diploids except for loci TTF-EST46, TTF-EST61 and TTF-EST851. The rate of
heterozygosity in meiogynogenetic progenies at the locus TTF-EST12 was 0. 864 and the other six loci
were 1. 000. The average recombination rate of these 10 loci was 0. 686 4. This study confirmed that it
was difficult to get high rate homozygotic M. amblycephala gynogenesis through suppression of the mei-
osis-11, because there was high heterozygosity in the first meiogynogenetic generation owing to crossover
between the homologous chromosome during the meiosis-1 stage. These gynogenetic diploids could be
used as breeding material for its high genetic homogeneity with the female parent.
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