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Abstract: In vitro fertilization technique using male and female gametes completely isolated from their paternal
and maternal structures has been developed for ten years. Using electric fusion, zygote, embryo and fertile plants of
maize can now be produced in vitro from individual fusions of pairs of sperm and egg cells. The culture conditions
allow control of the parameters of fertilization and early steps of zygote development. Although this technique was
successfully performed only in maize it helped us to understand a lot of information about fertilization mechanism
of higher plants. Following successful isolating male and female gametes and culturing artificial zygote, in vitro
fertilization as a research platform can be extended to more purposes in the research of sexual reproduction in
higher plants. We knew the phenomenon of sperm dimorphism in many plants and also confirmed the preferential
fertilization of both sperm cells in Plumbago zeylanica since 1985. We, however, know nothing for molecular
mechanism of gamete recognition in higher plants. Now the special genes of male and female gametes, and zygote
can be screened out using isolated gametes, which changes the research method from cell structure to molecular
level. Zygote activation is a very interesting topic in plant developmental biology. But it is difficult to probe the
mechanism of zygote activation because egg cell and zygote are imbedded deeply in ovules. Using microculture of
zygote from both in vivo and in vitro created, the zygote can be observed on schedule and manipulated using
modem biological techniques. The first confirmed zygote activation was free calcium change at the beginning of
development after fusion of both male and female gametes of maize. Fertile plants can be easily developed from
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few zygotes under in vitro condition by means of embryogenesis, which is greatly interested in transgenic study in
higher plants. In vitro fertilization and zygote culture also have great potential in overcoming incompatibilities of
interspecies barriers in creating new hybrid plants. The fusion of isolated gametes from different plants can create a
artificial hybrid zygote which can not be obtained from normally sexual crossing. This review describes the

significant advances in in wvitro fertilization in the research of sexual plant reproduction of angiosperms and

discusses its use in plant improvement in higher plants.
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HIEE 1985 £ R4 B S A TE KT,
1991 SELEEE)—4~ LK = B R 5 B B E K F5 . 51
MRABESHIEERIMFRREERT AL
ETHEFRREZARAY, 193 FXKATLE TR
£RHRAH KA. Kovacs % 1995 45/ %
R RARBRASENTERERHME ATE TR
AT ZHBREY. BRE R THDNE GRS
MIREEKTIRE T ELHIRIIENEFIRE
B HIRRT, ERX AR/ THRAFEEHE
KEARRZFEEBRAFEE. REX—HBAREHUX
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Ll M EAmAMNS FERNERR
kit 42 80 4 Rusell il F RBRLEE=

HEMEARRIMEIES} (Plumbago zeylanica) (]
MRMREER R D B2 SEFEHBRE TR
HRKRELERPEHERE THRESNE M LK
ER BRI TS AE RS F RS,
P MBRRMEAERIEA RS TR REHT
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FIBEED. B RN 2RO R R THE
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B, X s B R PR 40 B R AR ) R BB AT
EEWMRZREISR . i, Saito HFEE T 56 MF},
104 A~ @ #7115 Fh4a %) 170Ky A2 58 40 M 250K 40 i
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M2§ DNA 2R, BERE B O fefHoh, Hfthdd
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AR RT .

B THEHYKER TRESE T MFRASE S
H, BER—NKEEFARN—ANDEEEA M,
AT — L BP AR A B, Southworth
F1 Kwiatkowski F [] H7 1H ¥ FL 3 BF & [ (arabino-
galactan proteins) ] $L £ ¥ M T M 3E (Brassica
campestris) (R 4 R, R IR P A B 50 BE B 44 JTIMB
F1JIML3 [ fEh SR MR R Y. Xu HI Tsao 43
ETEXRFHRER RS R, B EAYRE
BXHIfE )] © £ & A(peroxidase-conjugated Con A)
EHRE LR RAHPFEEOF SR
JRRE LRI, Sun S5 3 FhAT BRSO H i Bk
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MM FUBEREE A, RINFITC-Con A 7EXS4iffa
A B~ E A 30 5P 48 fa 2% 1§55 1 FITC-WGA 1
FITC-PHA-E /XA ER R E B, Xu SRR
FHE S (Lilium longiflorum) i) 4= 58 40 fia #9 g cDNA
CRE, M ik PR Fh gm S AR TH A A AL & B
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BT RA KM E S M6, X8R ERFL
FIBC TR T RERT RE R — A4S R B R T EH]. &,
Xu FFHE T SR cDNA SCFE, M 396 A Tike
FE 5T 2 784 T A0 B RS 4 b R
RIS NeS1 F NeS2 B, KRB NeST HE RIS —A
SRLIUERRRE, IR SRR T Mt
2P 40 o Bt e AR S 12 AR U9, Singh %% L RT-PCR
(reverse transcriptase-polymerase chain reaction)#; A
hER MB T RERSAEA M AES AR
(] cDNA 3P, 7 cDNA L b 838 — AN EH 4w b5
— MR EERRFS, BXHAEEREX MY
DNA B HBRNUAE Z 57 A THA D X P ZEE B Th g
R % 5EA RK)Z £ (ubiquitination) , 1R A] B 7E
PR TR LSBT EMES RN ER, X
50 BE T B EERC T 7R 7] S2 S R .
ERXERARERERERTREN S THEB
AR5 2R H S M RS+ )R B R L E
HTEER—F.
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BT MBS ST 2K cDNA 3CEE K
HBREXE THRETHERERNERTE. 5H4A
FaAREL, SRR RAE TRIME AR D, M HNA KR
14> B E R A % . Dresselhaus 25 5E £ 100 4~
Yy 4k 48 g il if RT/PCR £ R#Jg cDNA 3R 4E
BLThJE > XA 128 A E K 58 40 fa ) 2 5P 40
cDNA JCEEFN ZH#AT TR, BdERMEY
R B TR THED AR D7 RIEOEE,
AR THENNAERNEF IR REFEITF
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BHEMA, FTFEYES TFEEWHRRAES B, X H
BOE VL T ## /b . Dresselhaus %5 7F K B 4652
AR B XA 128 MR ZXEH I M 104 4
EAREZRE IBhPATEFoRIET cDNA L,
MEESZIEHE T cDNA CFEFRFFEH T —Fh 4
M (calreticulin) R, XL H RN ETFHEDE
FHABEHPERER, BERESYE —FEMTHE
MRS EE . ZEMEAERENHRZEE
RIEWE, 5 M5 HEUAHER. BEEMITIXAZ
H Ity cDNA L FEPFFEL T 50 EANARKEE,
ROAERZRHESPARPELE THUBHEES
TR A elF-5A, iX B 5 20 B F 5 5040 fla = i)
F i mRNA i MBIEFEE X, 75 HhHikeR
HEZKEERE TN EA®RESKEARITRES
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HYmis & AR PT ik 55 DNA R HIFBEEH K,
Sauter EX} 5 £ K A58 40 i 5S40 i A S L R g
ITTHER. M1 4r T XS 20 . SR 40 e - S 40 fa .
Bhell i\ ) 2 4 ML B & T B 4 i 7 SR R ] ede2
(cdc2ZmA/B), MMM AP E T EE (cyclin: Zeama;
CycBl; 2,Zeama; CycAl; 1,Zeama; CycB2; 11—
il & B E F (histone H3)fRIL, K cde2 A
BEOENEMBRHAERANBEARES THE
MREIEPWEFERIE. B cyclin ZENZELETEAR
FRIARPFRREFATETIREAERPERER
B2 R, Vielle-Calzada % % 1) 85 3+ (A rabidopsis
thaiana) R R B R HBITHR, KABA4XKRAR
2 W) A7 B TR Y 3 SR HE IR B) 32-46 A 41 i i ) iR
B RAA FF 2R,

MR A SE AR SR EE
O AR RN . BT, Sun 2 3 FhATEE
T 3 Y(FITO W B4 & Con A, WGA F1 PHA-E ki
REXKDBEYEERRER, S RERZHITKHN
21 B AT o g g B R ] 4 FITC-Con A 1 FITC-WGA
Frid, BARE AL AR E , {55255 B (9 59 40 i ok RE 4

- FITC-PHA-E 5ic . 32X8)5, R RIRICTE 50 40 i b

FITC-WGA % 5t 55 , T JR 3K R 88 8 47 id 1
FITC-PHA-E RO B I . AMTIAN R EKEIZHE5]
T 5P A R L KRR A 4 R A,

IR YA R 2 T A E R AR R A
HEPE AT 40 R RE A 2 25 SR IR R B REAT I . R
B EA R IBRNE FeLBeT
Al R T H0, SE R SR LR s R
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M BN RTRE. BT, TE AT 40 ARk Th 4 B ) 2
B L, HXRRE ARG FEDEHROTRAEK
FHYEEENFHAARS L — HAGEREFE
WE.

2 BERFEFHEYE TEUERTLIE

FYIREETHED IR, TRAREANE S5 E,
HRZHEPABENE R BLLRARAN . EHET
B IIA R 5y B A0, X & FROET AN
RXBEITEFEMERE BB RREN,
FRRXPFBBRE. REMNBE THEYEERZHEE
R, AT SFARMBEIENETFRIIKES
BEETEMRTHTER . ENMBEENE, FIH
— BRI S THREER, ENETFHEHYE TBE
IR R AR AT RE .
ETFRMRENE 1R, EMEE—H

A EERSIARMBEES. TN, K. AR
ARBERRE T, BT BRI FHEDNE.
M BEASRERED, B . NARFIEER
AP, EEKBEZEELRT, AR
L= AT E&F: —FEEEK Kranz 25557 1
HRE 7, BIXMEB B BE R SV R &
KA EERPET & FHIENHA: H—MEEE
f] Faure Z£ 7F pH 6-6.5.5 mmol/L CaCl, & # P,
79.7% EANE . SRAIAEARKL 4 min 5 RAERS, B
ERAF 10 823, iXF5E SN . SRR & T
EANBAERD, ERIEEAE TRERRE, G
T & FRBRAVIBAEHIBIF . Digonnet 5 FHiX
HEHARTERALESTHEIEDHESHE
W dE, KRB R HERSHSERD, Sk
THAKRE, FARTHIFESSRBREERER
16, A RP R AR 20 IR a6
&, BR4H AR B4 SR OE e MR R B A
IRRREEY 10s, HIEMRTEBARARST.
¥ B4R AR RS 5 | 58 40 AR AUV RR 45 1 N, iX
b i BE 45 H AR U IR UK EE 2 min, MRJSH57%
BB IR T B, BEA 5 29 min 526 58 A (3 B9 45
1% 5 BRb & BT 1K ER9, Antoine 25 X B4 B IR 3
BRI B TR | 5PN PR A R0 S5 SNIRES VR R 40 AL
R, RIS R ANESSR A = SR AR A - X554
MRS G, SNBSS AREE AL FT 4R ) SRR B P RN
& B A N IRt N REE AL s UL 113 v m s B
A HARREY B8 XEE —FRRETHE

VETFRIENEAHRASER, RPEKZHIIER
FEORAN AR P B S R A T AR k. 5RO, Han 2513 i
B (Torenia fournieri) i ¥4 f) 7P 5 40 M2 = ¥ 51 H R 40
BESRELY), 55 RS R A5 A in, S /5 20 min
FHXBI B &, RIETFIE T M. A1 E K
90 R SRR YL S B B R R P SRR (B
HEA T RFEFESE M. 1P R0 B A LR
£ 5|2y B A A 38 hn , T _EL 38 SR E EG DR A AR
RBYFEF IR I EARRERY P aE S
Hiashh RAKRMABRANSERBSRTHET
B9, X F455E&FRIERIKR, Antonie FR I T —
AMRER: EFEEAREE 3T SRS 5P 4 i
N, IR B T 40 L N3 - AUERER B B03E 1, 51
AR HR B 4E o T SR BRI R SO T SE SR
SR TEE, REAETHES, RBTET
B BOER SR T, T8 B S50 45 SR TR B3 19 Ol
T4 R N0 G PR D45 P R T SR, X 2 ) A
B3R HERATE AN & FHRBEE T —MIP K
W, HRE THE R KTCRITI.

ERAE TRIEIETHRSELNRN, &
KA Cresti NH W ITHERE . 5040 Rt & AR
TR H RS, KA PEG A+, 1. 58
M ARARREEN 5 AR R P BT R R FE B, K
SRS, SRR F R T AR KEE 2
;M. BEFRARE T RM RS /G 30 min
B, H S A A E A0 R 8 B B AR A . AT B
MRAFREARABEHEEVNXR. AAREK
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REE, PR T IRANM RS, EEFERR
AR AR RE, BRELSERNEER THY
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3 A AR EYE T RS HETHR
T AL |

AA RHEY RS RS N TG
TRHATER AT F =W, XA Rk
Sk TEAE IR BRSF AR 40 B AR M, SUT 3 S 7E A A0 A
A EREERE. B R R R AR
REFHEMESZ RN TREER. R, -
AR IR R TIRAERE, TRIREHR
RIAFA AT . A RRSHIXGRERL T =
FHRE ARAESEERBAK, BE)E A F



http://www.cqvip.com

294 P ARG F R

B 11 %E

40 2 P9 5 7E R I 18] P AR A B — A AE B E BTl
K&, RERIMEREZ KRBT EARETHE
HIL— T RAREAEHRONS . Hi, EAH
HaZR A AR RS 8PP A AN 0 3 R @t 4
LA FRKPAIREFEL FE. EEAT
3 R A S P S A A Bk ST A, i Bt
2 70 FAR RER KA R TR EH G R
VT EIBOR, B B TR R, Y ik 9 i
R REA B LRGSR T . AABSFEHAT
ZeFh A T X R R A 4 A 2 R P i LA S R B )
R B R AR AR AR PR, R 40 AT S B 4 AR B AR
L, ZRGIE, AT KR S 4 e BOR IR T SR 4 A
Hit, & THREPAEIEEFEINA R R O#EAE
B B S50, R B R R RS T R 2
32-46 NI A FFIETES), WREESTREER
WRAREREESERA. Em, REETER.
SR 40 MR A =, (B ER O RS 4 AR B _E SRR AE , A
ATHRYIREEARUS AR NAR N E, R
Y B AR R LR, Kranz S5 F oK 00 40 i 5 /)
£ . K& "R . BURENRES, 2ME T 90

BL 23% (9/38) .43% (13/30) .50% (17/34) 1 78%

(21727) BB I T £ M AR AP DAL AE A
FHERBES XL NAREANSRES RANBERS
5, o0 bk i R A T2 BB R A M B B A
TR S0 RN FF R T S 2R A W — R TE AR AT
B BTG RETEMANLRMNETES RN
RRBARES TREMAE T SARIRAE RN
"HAM, FEHAERKE RXCREARETE K,
B T 4 48 7E B AR5 DL T 1R X 2 47 B R 18] 2 3Tk 2
TR ZAMEAKER. BT, A THRME TR
Fr B S0 MR Y5 S K R R A X A Th B 1
FAEXA M S WA SN TRMET
BB Hit, EFFRATLRM G TR LA
EREEBIEFTE LSRG RRANIE, REMD
R G T BUE WIS

4 FHETHRERR SRR 7
&%

B _Eiteg 80 SEAANZRBHE R F = LK,
WERIER -ERZEY D TEWAHFTANA
RIS 124501, MY ERITEARER
FE/ S RER L PEG -3 8 DNA B A3k,
B F 8 DNA B AU REREMBIEN S E

AMNEER M N E. RETEHEARKERTE
FEANOLG S . AR5 B 2 R 7 TR RO SL AN BSGH (S AE A
MHEEF ARG RRE. R, EYENT
ARG —BR T, B A SR B R ) 5244 4 i 15
FLEMEHEHEMBER. 5% RAERBIKA
CUEMASIE R BRI R, SRR
DN GMIR T BB 6 20 PO R A AR BB 50 2R 5 T 0 SR KT 40 i X
R B EHINREER B, T RKERE T # L
BE. KR, TR URE TG . YRR ARG
M HEF REE AR R ARG H B L HB
40 B AR, R ] A R SR i B
LRGSR R RMAE R, B0 T HEUR

RN, S THRAGERNER N, &8T5
532 H AR i R A8 J7 S8 BOIE B0 7 A IE 47 3R 4h T
R Y e B R AT P O S AR A RS SR R,
T g e IR 1) 52 4 40 i 7 e AL R AR AR b
BEREMBARESTHATHEANS . TXM
ANFERRE N Ly B ER SRR, RE 5 B 3
XEMEVPATAET. EXDEKEZEAEGT
B4y B RGBT BEATETHIEAS THES
HEFFHTHIERHT & THRS >R
AE = A 18 RS R A g 2 B AW FEED,
AR AR AR ER I Z A MRS T &4 58
BETHHAR, XA BHMEN QT LS SR
N He A i - Ledue SBE FKAAN &7 508 3R K
Thi Eml B8 KRA EMER T ERSR 24h 5
SrES I 227 N E TS PR IREEE, 4 3.5%HK)
A THKREAEESF 4d i BoR IR &2 AR Ex
kP9, Ponya 554y 5 A/ B 98 A5 4H HuiE 5T T Y
FREARSTHREFOLEA(GP)ER, [ 77
A& TSR 358 BahTi CUS 2, 5p 40 fafn &
TRV BB 1A] 3k 53 7)) R 46% (45/98) 1 52%
(40/77), 1z 326 & T LA | K A4 40 g O 524 B SR 2 Y
W (8] 5 2 . 1P B A AfaB ) 2k & B e 1K S5 R A
a5 BRI A 2K, FRAERT 1 d 69 57 40 o a) Rk
A 73.91%, T AS A B 33 1 B9 S MR 2 (8 B 1)
ZRBHPEER, Holm % q B KES TIE
ST —RRKBUBREB RS TH GUS BN, #HiE
S EBANET P 34%EE RER AL, PCR
B3R 21% 8RR 44 BN ISR DNABS,
Scholten F1 Kranz jia) T K i) 58 4 fifd . Bh 40 ffd . + S 4
HOARS 40 e h S T BA 35S Rah T GFPEH,
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PREERS 40 B A R E GFP 905t, AR 3 Fh4n i
MERL GFP 58",

BT BN A RHITEEREFBAERR
AL 3R, BRI T AT LAAS R 47 o 38 2 R A B 2 77
B RIS EEY. B AT H I SR A
A A E F R EE Y S & A
WEHE. ARXERCEEPZ2AERECIRT
MEFME ST ZXE. ARSTHEYE FIEIE
EHEKZAMROEERGRTRSES G
EAREY AL BEFR&EIN AN E.

5 4B

HYAREFEDOAEEENERRE L
THYKEANE L, BoyshY AR EFE Y0 LA
REARE R, A ET AN ERE. B, £ TH
YIE AR R B, IR BR XS 4 B
REVEHA T ENER ERS PRI, THRER
WrHEYAEHEANERRE. WR L 70 £
RETEMEEREH T HY MG Z TP RE
TRERAEMRERSEHEE RS THEEN
MESSEHEEENRANR—F, BUE, lEH
THYBAEZRERARORE, T EREY ¥
RIFREHAB —MFRER. 2 TFEWFEITER
MAEEYZEIERNFE RETEGIRE. B
A A RS T AR A G A RERR
AMAPRAZ AR TREAEYEY TREER

H Al M T HEYEEZ BN BEARFE &5
5L S A TR R R KBRS R L 50 41 i 4>
B, UHE VMM B R LAY IR S R
o 145 K1k, BMAEZRBARBMRE T KPR
BT REMRINAENEFRE T BRI, X
BORH PR T AR BRARFAI R .. RERKZH
METHEERERBRRATK—MEY . RAR
FHY K EEZ R LR — N RIT R R,
BERBERARR. A TREARZH AR TR
BHRSGRRTERNTHAAEY), TEEHLCEY,
HHR R FH Y 18 BUE S, XA L A
WHEFHEYKNZHHE.
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