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BE: AR -RIGFENE - RN THERRE D REEKT B LIRBERRT
SR AT THMAIRE AL E R A A, AR 10 X8 2 5] 4 3t
TR _GEMAARRZAT —HRATRE N, EREN FAEARES ML m H 4,
2R A E, TR_BFRA O AR EMEFANRAXFANMENLE &, XA FE;
BAL TR FRA M 83 7 AR B A A 0.452 8 0. 560 3, 2 I FE AL 2 L A% A Yy
BEMUE. REPRELR T —FERA3AERA, RE L M IR THANE S
EARMN L AR EAA S HRAE L —BGEHALS TR TRMEZE RZEHUR KL
A4 0.976 6 7 0.9595, AKX AMBEMNE, FLLRUBRKET _FHRA2HER
B HEAH NG FARE TR FRMEZ RGN R L5 % 0.806 2 F20.742 5,74
UARBMBRE _FReB AL M, BE P RERRET —FREA 5 Z R a Mok,
ETEHRBAER AL RBBRR T _FhEcEG  ETHEAF ST RN ER THEAA
PR B o 2 A M, 2 MR R AR AT B B H AR AT R

KRB : T AP RBEKE; ALARBERA; MLE

HESES: So17

TSt R MRS 5 B A PR =X, BV sy
ZIMERZ R B 2 2R R o BRI R
KE, HEBAARTARR ., W R R &
AN A TR, D P 2L oy i
R AR AL, B T3 22 R e
SRR — R IR, e G fA 2] p— 4%
DI — 4% R RS S T A, e AL R AE B S b s
£ IRFRALAE 1A (doubled diploid )", 5 i %
REFES AR, BT, B e S &
Fleb VR LA AN

FUFIY @ AR T MR R BT,
TEFE AT A 20 AFHAF R, Herh 2800k
e e R S BORR Y SR R T
75 PR R 42 £ ( Mugil soiuy Basilewsky ) (Jaffif

5 H H#:2010-02- 04 &[5 A #5:2010-03-29

XERARIRAD : A

(Tetraodon fluviatils Hamilton ) | & 35 ¢ ( Limanda
yokohamae ) F1 < BT S8 ( Verasper moseri) 2527
W A 22 5 L0 P2 F BF ( Paralichthys
olivaceus) . B. W8 ( Pagrosomus major ) F1 KK fi
( Dicentrarchus labrax) 2'°7%" 75 6 Fl BL 89 46
225y PAMERZ R AR, TR S0 o LA
RE LT MR EE R EIRBIT 2 iE
WER R B S 7 v, ISR AR BRI 5] i, AR T
TS FAF LI ()R IEAL 3R B s, AR A% i B
SERYIER 7 55

T A BPMERS K & ST, MR A 5 20 A
FARAR A ER K AL B, 7 T 55 6T 5o
SRR 2257 240 J5 ik, JF IR LEHE] T 464+
() BT s Yamamoto ' 78 iy o AT 2253 B4 ) HE Al

FENI R - B ZPH TR (2006BADO1 A12017 ) 5 [l G BT M B AR A R BT H (nyeytx —50 — G02) 5 24 3 KA AT [ BHIF
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B RS O MM R L T B
K, I DNA $5 2018 35 B UE B L e B 1 )T 5
R o B o M A S T A B A 3[R JRE
P54 22 R0 2 (B Y B A R AT 1 AR, 4 s gk
Oy PEMERZ R OF BT AEAE A5 BE D B, AN RE T T 8
B VIR RS D R ARIC IR T
Bk B AR A A s A R T
TR AL T T T R RN B % R
BT ARSI K A T 2 01 225 24MER%
R WA s XIHE A O s A e
ARG K B TSR, R MEAL K
BIEFRMHAT T A, (HE, T SR sy
SRR T SR 2207 2R K B sk 22 0t
GE, 35 R WARIE

A SRR TR BRIC /3 A 1 2 65 — A% A
(normal diploid,ND) |y ¥ 73 2EMER% K B —AHA
( meiotic gynogenetic diploid, MGD ) FlI 5 22 /3 %
MR & B — % & ( mitotic gynogenetic doubled
haploid, MGDH) {8t {154 , e T MERZ K —
R A5 30 A A Y gt A% 22 5, A SRR A%
B R s 22 5, DA I 2 6 EA% &
BT R PR AR B s A LS

1Rk

1.1 ##

S DA K B I B A SRR e 5L 5
ki OF 05 B0 B SE RIS MR, AR —
W 3 £ B [ —HHE B T+, 38 3k A T B2KE i %5 ND )
FHYL o (AR R R R 55 MGD il MGDH,

ND 494 &  MEPEF 6T SR, 5 1, (K E
4250 g MEMEF B 0,5 05,2 240 g, 43 BIRH
N LE ISR 5 K BORS MR O+ K75 Bk
WEWFRASIBE, EREE 2 min 5, iITA
16 Cg/KBTE , BEFE351,5 min J5 A IFE H
b JHE SR E TR

MGD #j % % W % £0 R i 45 ND Y [7]
— BT 5 ALK 1 o SRS 1, AN K
i MGD [ S5 AR 425 o % 3
M E IR

MGDH # # % W5 kRS
MGD AR, 2 B iliA s — B Jr v, 6 K0 1Y
ELERARS R S IR R 4R A, B E 3 min J5IA 17
C g K WE, 60 min J5 B = H K IE 1L

(5406R , KAt , H A ) o, Jifi Hs 650 MPa, 4% 6
min, Z 5K IRFS & 17 TRk,
1.2 EFZH DNA 12E

DNA 2R KA ND MGD \MGDH {1}
60 Hil a5 30 Y IE i sg, 57U HikE T
—80 CUKFEPIR-AF. $LHL DNA B} B 24 (50
mmol/L NaCl,30 mmol/L Tris-HCI(pH 8.0) ,200
mmol/L EDTA (pH 8.0),1% SDS, 200 pg/mL
Proteinase K) fill A By 4 (1) i & 1, 50 “C ji fk 22 3%
I, R AN A R (250 241 1) filie
—ii 2. 5 R FR T 1Y S N BEDTEE 0.1 mL 70%
CEEEURTIVE , TE ¥, —20 CHRERH .
1.3 HIESY

10 5% f T8 8L 51 9 R U8 T 2F 352 A% 1% 3 1A
P MR LR A ) o SRR TLL B R A,
A TAY) TR MRS A BRA A A 8, A
A S 2.50D, 5| ¥ 4 B 1 KB R EE DL
#£1,
1.4 PCR K Eik

PCR WA Z (25 pL) f34F 10 x Buffer 2. 5
pL Mg®* (25 mmol/L)1 pL .dNTPs( £ 2 mmol/
L)1 pL, E RS9 (10 mmol/L) 45 0. 6 pL &
Ji 1 wL(30 ~50 ng) .Tag DNA %471 U, fini&
& ddH, 0,

PCR [ N7 :94 CHiAZ 4 3 min; 28 ~/f
W, HAEFR 045 94 CTAEME: 30 s,k 30 5,72 THE
130 s; fixJ5 72 C #Ef# 10 min, PCR §" 3% 7
PE9700 %! PCR {X I #47

PCR 7=y i FH] 8% A5 2 TN M ok Bl 58 e
VKR . FUKEEH S, A 1% AgNO,, YL 5 10
min J5 , B SRR R, K vy 15 s, AR
W (1% I, 2% S8 AL 8N, 0. 04% JooK Bk BR HH)
2410 min, EEFTE Hp G4010 FH5 X% , Gel-
Pro Analyzer 4.5 #4440 Hr UK IGH . LUK S50
R g BT R D AR TE AL S R 25 o 2
4, TR AN T o A
1.5 Zitists

GEit R A AR A [F] AL A 00 BE R, S AR
AR F AR Z 8] 1 35 7% A AL R 25 ( genetic
similarity index,GSI) .

WAEHHL R EL: GSI=2N,/ (N, +N,)
K NN SRR AR x oy I ) R R
BN PR x oy A BIARAEL
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Tab.1 Sequence,linkage group and specific annealing temperature of microsatellite primers

(¥ 1975 (5'-3") RAIREE( C) P GenBank

locus primer sequence(5'-3") annealing temperature link group accession no.
n o
U RONCTIS e cAAcTEn o s A
T o “ s e
e EATCICCOMCTGTCANTCATCA . a s
e BRI 5 2 v
RO AT OO TN “ 0
TR LTI TGO 5 T
o RSCGTONSGACTTIATIICTOGACT so L e
s BSACAGACAGMGGTEGTOAcoaT o 5 s

2 R0

2.1 EFEBSH

KA 10 X R 51 R SEA AT 2 A
R A5 R BN SR RN 228 I i 1
10 &P (KR 1) o AR & 10 X A5
Y% ND,MGD,MGDH ()% K 4 i/£47 PCR 434,
FIAG I 3] g BE X 28 L 36 2, 7E polill6 Fil poli28
{785 ND [AC  BEAC KL R 38 Sy 2, FLMER% &
B AT G, SEEARSE 2 AH A, IR

2] 5 A A R, SRAS T AGHIN H F) i DR B 2
A IRAS (BRACAS polilOl fi7 si5h) o ND Hifz 2
HBE 6 Rk PIRY, 2k A A0 BEAS, R ACAS FBE
ARLENLIE N BELAH &, AR FH . MGD
L 3 RN AL, BRAE poli30 Al polil30 A xi#k 5>
AR BRI R a5 B SRR R SN, R
8 ALK ITAT A A B e TR B 5 BEAS S 4 A ], 2R
BUfR] 5, MGDH Ut B 2 Ff B [N Y, £ A 7E 10
AL B AL HE N S8 A2 2l ToAs G BE IR L 5 R I
T MGD B fij #.

£2 0N RFIEGCEHEFERR
Tab.2 Genotype at 10 microsatellite loci

37 /5 locus poli9-8tuf poli9 polil3 poli30 polill6 polil01 polil30 poli2 poli28 polil31
ALK paternal 141/156 * 143/194* 127/191* 125/140 " 183/183 144/144 127/141 " 128/137* 150/150  103/139 *
7R maternal  136/147* 164/176 % 158/175* 119/125* 199/199  139/152* 141/163* 117/121* 133/133  112/131*
ND 141/147* 1437164 158/191 " 119/140" 183/199* 139/152* 127/141* 137/137* 133/150 103/112 "

136/156 *  143/176 * 127/191* 125/140* 183/183 144/152* 141/163 * 121/137* 150/150  131/139 *
147/147 164/194* 127/158* 119/125* 139/139 127/163 * 121/128* 133/133  112/139 ¢
156/156  176/194* 127/175* 119/119 144/144  141/141 121/121 103/131 "
136/136 1587158  125/125 152/152
141/141 127/127
H}A maternal  136/147*  164/176* 158/175* 119/125* 199/199 139/152* 1417163 * 117/121* 133/133  112/131°
MGD 136/147* 164/176 % 158/175* 119/119  199/199  139/152* 141/163* 117/121* 133/133  112/131*
141/141
163/163
7R maternal  136/147* 164/176 % 158/175* 119/125* 199/199  139/152* 141/163* 117/121* 133/133  112/131°*
MGDH 136/136  164/164  158/158  119/119  199/199  139/139  141/141 1177117 1337133 112/112
147/147  176/176  175/175 152/152  163/163  121/121

TE: * NG IEN AL, RARICHR Iy alia S I
Notes: * heterozygous,unlabeled genotype was homozygous.
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2.2 #4EESEEHIRY

ND,MGD,MGDH H4li 5 AMA i 5 He 45 B
AR 3) o ND A AL S 4l A AR, A
TEAE 10 M D RN S el A AR AR S 7
TR Z B AL AL R 55y 51k 0. 452 8
F10.560 3, MGD 7£ poli30 . polil16 . poli28 {1/ f4i.
Nalif , b 7E polil16 poli28 fi s ACREA Ry i
AR RO IR R 2l s BEAR 5 TR
FHRA R Z 8] 19 3515 AH DL R Eh 0..976 6 Al

0.959 5. MGDH 45 ATE 10 45 T2 A 45 1)
ERER B LG  BAR 5T AR Z Y
WAGHHL R BN 0.806 2 F10.742 5(F4) . 45
FW] ND [ 35t 1 A AL R 5035 3 Bl AL 52 e A A
MGD gt AR R By, 320 3 28 ROKF  Hai &
JEREAIR ; MGDH 4238 A 41 A AR 5 35 1% AR AL 4
MGD i, PIRhER: & & A5 AR L8 — A5 A
()AL AR R B Al B

R310 MU DEM R G MEEUR P & BB

Tab.3 Number and proportion of homozygous individual at 10 microsatellite loci

Ep N AL A A 22y A K
HEIA AR ND MGD MGDH

gene locus MNCS LBl % ) MK LBl % ) MRER LBl % )

no. of individuals proportion no. of individuals proportion no. of individuals proportion
poli9-8 14/30 46.67 2/30 6.67 30/30 100. 00
poli9 0/30 0.00 0/30 0.00 30/30 100. 00
polil3 05/30 16.67 2/30 6.67 30/30 100. 00
poli30 20/30 66.67 30/30 100. 00 30/30 100. 00
polill6 14/30 46.67 30/30 100. 00 30/30 100. 00
polil01 16/30 53.33 3/30 10. 00 30/30 100. 00
polil30 5/30 16.67 8/30 26.67 30/30 100. 00
poli2 14/30 46.67 1/30 3.33 30/30 100. 00
poli28 15/30 50.00 30/30 100. 00 30/30 100. 00
Polil31 0/30 0.00 1/30 3.33 30/30 100. 00

x4 BAEFR FRMEZEBEEHENRS
Tab.4 Genetic similarity index between dam and
offspring and among offspring

BRI EC R AR BRI A 2R AT
GSI ND MGD MGDH
NG lﬁ%ﬁ 0.452 8 0.976 6 0.806 2
dam and offspring
TR 0.560 3 0.959 5 0.742 5

among offspring

3 Phe

AT REGAN R EAS TS A & T T AR st
L5 SRR , A BIF T8 (7] — 5 #4011 /] — 41t B
Ay 3 FBAY , [ 45 T A% R A —
IEHSZRE I FAC, DUE F 7 M AL 52~ i
A, £, ND LR Bk [ AR, TG 10
AN TR S AR TR Al A A AR A R B
0.5, 15 B HL A AL i M AR L A — 3 . MGD il
MGDH )48 £ i F 38 AL M1 0L R 8 8. % = T ND,
TH A BEARW AL RE

MGD 2 [H 7 5 £} 7 £ A A [/, 76 polill6 |

poli28 i 5, BEAC K Al &, WA & Rk 4l
A HA A B 2, MR 2 B R A
EBMAG BARE TL FRARZ [H] i 15 L AH L
BEET A K, R R RGN B DS
20 R 2 [a] B Stk A e 55 & A, S R N A A
PRFR AT 36 3 21 U5 158 20 Qs LS AR — Xt
FEFEALSE . e b A R R B AL R BN
0.986, PHRUIRAN/ NS 14 XIS WA 3 4
FAMMMLRECH 0.908 0 ~0.979 0, G £
RW-H 2 15 fRAMATE 20 ANl TR A7 5 -4 33
FEARL R BN 0. 951 8% S FL I AIK A 5256
A L %, MGD 3 - ] (1) 38 15 1 0L 2 % h
0.976 6, 3R] R 285 — QB oy RMERZ & & RO AT
HAR S I AE I RLRE o ) 0 A% 2 7 13X
— I SRR TR IR A R RS e A R T
FE AR G REAS PR, AT LA IIBRHT BT A 2R
B AR, A A R

AN, NE FhF A B i 2 22 A0 S o 24
MER R T A s AR R B, BAR R G T,
IED 3w N BT o R (1M A L DA = K o AV N =
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PEARF I — 2, MR Z 8] 22 80, T LRy R Al
WH IR RO, HR N, 80 RME
KB ATRAE T B 35 22 R e, S R 22 ]
oy KA A, Z RN A 5 IR A 2R 4K
LR, SRR Z A 5y e AR B Z R
g, P, EE 2B RN AT G IR
2RO, SRR a5, TR RS A 22 kLt
AIRLA BN EE R G A, T MATEA R 2 0E
I S DR A TR R 5 TR i 2 T o™
AR IE, U85 ( Oncorhynchus mykiss ) 42 2 L
R KT G, TREA 5 A = A R i 4
BRIRTUY S B ELE 3 (U R B S, TR
I B R EOR A TR, SRR AR A 2l (H
SEAR DL HA B

£ ND (A A HI s g f, ot e ai A4k
tH B 1 MGDH 7 10 A3 i S8 145 67 B P 1Y
FERAG, LAE MR B, RYNZF MR L F T
AR gt — QR AT S fa B PR S i 4l
TEFR B 18 5 DR 3l v, SR T B A 3 0 R P S5 o
FE LA G R RA SRR, TR E M b
AT B W SL Bl Al &, — M 7R B 22 LR
ATl S P ASBIF ST 45 SR 2 B 7F 10 2K 7 Fp
W5 A 2203 RMER R R s g BRI R
T, B —AXAT S BUA [R5 a5 45 o7 R 1 4 0
aify,

I 25— B 241 MGDH S BH 1E 1 14 4 i
Gy AT e e AR LA, B & AR T2, A Y
SN WA i G . I, A 225 MM L F
MEEREA — M Y AR, MR Z ] 22 7
BOK™ . MGDH {58 £ 160 5 B e MGD G
SEIXA R . BT RMERZ K B 1) AR AT
X A% T X T O L 7% 18 A7 30 o) 55 — A A vy HE
) LT 2253 BAMERZ R B & X AZ B IS & 1 1Y
ERE B SARARIASIE OB AA , S T 2l A (H I
AR TERE TN TEBEAS i 98 it 7 rp R AR e
e SEA, SRS A BRA AR 2 A
EERLEEN o A I MR E — R R B A
BT B ST Yy i B ik R S sl AN R R
i A A F A, DR AR R i S BR DR sc 48, il LA 75 &
FLUES 53 240 6] B A 1) ) 25 VA SR o 3 Ao L
IiEE 2 % T B8 D 4 ( Brachydanio rerio ) ™ |
T ( Oryzias latipes) ™ W8 ( Cyprinus carpio )™ |
W 4 41 ( Oreochromis niloticus ) ™ 25 % i fa 25 1

Tk,

MGDH B R A LU — RSBl G, il 5 i
BEE RAFHEAY (B2 HAA T 5 E RS R
TG RAH SR, B o T e, Ak,
PR, FELE 25 TR 2400 7 s S it A%
AL , AT DASE B BEAR I RAEAR a8 2 )R b
EHEHK™ . %F MGD Hil MGDH #-44 fif ]
HIst AL, HBEE S ), # R DAAE [ B AP
ARFNGN 25 Fo ke b A ¥ E LA, & 2] LA R
A FPEEE LR A e R R .
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Genetic difference between meiotic gynogenesis and
mitotic gynogenesis in the Japanese flounder

LIU Hai-jin'*, LIU Yong-xin', WANG Yu-fen®, HOU Ji-lun®,
WANG Gui-xing”, SUN Zhao-hui*, ZHANG Xiao-yan®
(1. Chinese Academy of Fishery Sciences, Beijing 100141, China;
2. Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China;
3. Animal Science and Technology College, Northeast Agricultural University, Harbin 150030, China)

Abstract; In this study reproduction by meiotic gynogenetic diploids and mitotic gynogenetic doubled
haploids were carried out in Japanese flounder, Paralichthys olivaceus ,by the same fertilized eggs from one
female. The process of meiotic diploids and mitotic diploids produced involves two steps. First,the DNA of
the sperm is fragmented by UV irradiation. Next, the meiotic diploids are made by prevention of the extrusion
of the secondary polocyte and the haploid embryo is made diploid by inhibition of the first cell division. This
is typically done by a cold and pressure shock administered around the time of the prophase of the second
meiotic and first mitotic division, respectively. All the while normal diploids with Japanese flounder sperm
were also produced as controls. Normal diploids and two gynogenetic diploids were analyzed by unilocus 10
microsatellites loci. The result showed the parental genotypes were found to be heterozygous at 7 loci and
heterozygous at 3 loci. 6 genotypes were found in normal diploid, alleles were random combination from the
parents and the types enriched. Genetic similarity indexes were 0. 976 6 and 0. 959 5 between female and
progenies and among progeny individuals, respectively, which approached that of the inbred line. Two
genotypes were found to be completely homozygous in mitotic gynogenetic double haploid. Genetic similarity
indexes were 0. 806 2 and 0.742 5 between female and progenies and among progeny individuals.
Furthermore , mitotic gynogenetic doubled haploids were fully homozygous. Meiotic gynogenetic diploids
with a high degree of genetic similarity were suitable for fixing traits of female. Mitotic gynogenetic doubled
haploids with high homogeneity were suitable as clonal founders. Differently from meiotic gynogenesis
diploidization is based on a prekaryogamic oocyte manipulation, in mitotic gynogenesis it is actually a
postkaryogamic zygotic manipulation. The resulting mitotic gynogenetic double haploids are all homozygous
but not clonal because they do not necessarily share the same alleles owing to variable chromosome
segregation and genetic recombination during maternal gametogenesis. Each of them, however, can be a
clonal founder capable of giving rise to an isoallelic clone, if reproduced gynogenetically. Although mitotic
gynogenesis can achieve homozygote according one generation,but the survival rate of process in induction,
incubation and maturation is relatively low, the establishment of clone is extremely difficult. Thus, scholars
have proposed to improve the genetic similarity and fix the good traits of female with successive meiosis-
induced methods. In view of distinct genetic characteristics in both diploids, as long as the successful
induction, it can play an important role in fixing characters of female and clone production. Both kinds of
gynogenesis can become high quality breeding materials or improved strains.
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