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ES=ERBRERIWZFIILE AT
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(Y NBRAEKREEDA, WNHRE, 610064)

h=l

R R OAXEEMEHEMZERRERZHENNER . EREERKURKLZEBLHET
T, HRFW, HERWMEN ARG BRZFEDRAAEMN, MFREMmESEH
BRE Zzet, EREEREY, 8HE 3~4 RLELBRIL 2 . 180 0 IF S8 3 O H KR 1] ¢
FESIFRAMK A TR ELRB LERFE, RARMERETNEEERE. O M FRERETHIRT
%, BE7E 2 SMURIERS, SROMSTFEME, RBEABRTHEL, BEXTIRTZIRRE. @
ST TR B BE R, PSR L A RIER FRER , 7E 32~ 64 40 I IRV B & 40 M BRI BE B B
Btk bR E, BRI R R, B AR 4 KRB 3188 25 KI5, BREEETFH
A, REILAE M FF SRR AL . X AT BT A VLB B Y Ze R IR B B S R H BT AL

X@E WHE; ZEE, BERAX; ZHEME REEE

¥ H ¥ (Crambe abyssinica) J& )\ b FAEY) F I 28 1R & BT BRI HLY , H R FIIFER
ERA55%~62.5%, FHMEBER MM T LsHEY s Bt ASXENSEEM. H
BT, M REERAEMER, Z2EUEIUARNER S FHRERME, RECSI#HB.
BHESZEEFRZEIK (Brassiceae) , HATH HEAR, FEE, i/ MEEERKA
R, BYFFREE. AL, HRWDGEHE NI, S EEZERE 3 RBBHER, FA3A,
A MFEFHFT T IZ I 4=3E, Bt ABF (aniline blue fluorescence) 83 T #8iE 4% 2= 38 2 X6 7T
A SE R B A ) B A AT R BB AL, MR ITIERR R B ST B AR, R R R AR ARG
WE R AEMAMEE, T2 RERRARE AW T/ ERTEENARNEREX.

1 FRFEE

L1 B8 RXEEHEC. ayssinica) FhF il RE R IR, 2 -F5 R, BY
A, BREFHARR. SRERZERM 3 KR, HPH KR (B. napus) =i 31 FH
A RLAFEBRRA, SO 6 Sl I ERLBFBRRM. AR (B. campestris) RALH
R ERLBER, RBRAKESEZHERLBERRME . ITFRB(B. juncea) BTN
PRI SEATR A e B R AR BB R AT R AL, WM A TR

1.2 FHiE  WIFERT 2~5 RERITRIME L, Lk, BRIERSRETESEH
HXEMMAE . 2RIBEEHIE 3. 8. 24 /MIF, 58 2 1% 3 RV . BRELEEAW 2 ME
o 491080, FI FAA BEE, B 24 /DMiYIE, REFT 702+ . MEAH 6N NaOH b2 12

* ERERBFESEBIRE.
oA H 3. 1996-05-17, MBI MR FI . 1996-12-27



5 3 EHTFH, BHESZERRERZK ZHMEHEE 539

/NEE, KPR & 0.1 MKPO, B 0. 1% KW ERHRIE 1 BR, REETOLEME
TR TR, AL P40 M BRI (callose) KRR B AE R IR L.

BYEHE 4. THI0R, W S5~10 NFH, 14~25 RO BB S MFHFHIESK. HL
HEHEHZ MR, HFAA BT, REHA 100 EWPRF . RAWERG ST 7ED,
VIR B R 8~10 pm, KA PASH+RKRHFAMTERE, WEREEREERAEIRYS
BYWRE 2 SRR, MEILAIERL R B 2 iR i IR 72 5 U

2 GRESHh

2.1 EERM<BHERMEHIHER HEREER HBRMEALRERY 3 /Mot
MAEXKBAEREEEELREHTHRTE R, S/MERMERAZIER, EBHARE, X
ZIMANBENRE L, KRB ALTAMNE BRI, 8% 2 KGR E S 2k L2 8 (R
. HEAWME X H BR B 232, 88 3 /NTEH B8 H 1K 758 B3 78 H A At
bk, 8/ MBEHARMBMABIETMNER, | REFLVEBNOERTH R, R RAKE RN
BERE R SR, BEIRRAERE BHME TR EBREFE. HPEHENER RSB 6 5K
L EIER, 2 RIGHEBERAKRAL, EREBELKLL.

BXEWMEATEESER I /MTEHELSBNERMEEREL L, PBERTFHELR, 1
RKEELBEREHNEAERER, FRASMBFRREY, #9558 2. 3 REEFHFRKERE
MEBESHLZEGEE D, FAWEBRNAOBKRERLY. AR EHEESEH 1 X
Gy AL BEMMEEELMNRT, HPAVBERRH LK, ZREREBETORZHETHEE
R BET A RAMKRE, BWEE 3 RELHFLRAMA KB BIKRER .

FFRAMKEA TSR 8 /PTARKEHEBRHE, HITFHHE, 1 REENEIEEEE
B, RAMKXEHERN 1 XKEELBRERFER, ANERERAA S, LEERER
RSN, EEREBR IR, BRMEXEHRESY 2 XKEFLVEEREH L, I
FRHEBHIERRN. WHERXEHERKR | RKEEXBIERTHRERGE D, BAEBKR
M, EREERKIEY, BEETEXRERE, HEIKRLTUZHEEM.

2.1 FRBHRHXMFRICHRE X SHEREAMHEBRET FRUWMKALER
B2 RXEEERTHNZEIEN, BNEE 4+ XRIEMNARLIH, PRECEMR 2 R IFE
B, BEABESH, EREPEHEORILBIER, BEFRY AT RO ER -1,
BR 7RG, KA NTHRTB, B 2~4 530 RE, AR T4RERSH, BHAKE
NHE2~4 4R, KEREWEAZNTHREN LS P REMR1-2), 8 10 K5, &
R A~8 S RMRAE, K/N% 14~16.8 um, MW E R 2~4 41, BMEB LR (EMK 1 -
3, KILWME SRBE KB RWEIE, BHRD A, 8% 14 X5, kKR 16~64 41
HIBRIBEE, BEBEFEMK, HBL 33.6~48 pm, BIHER 4~7 HR(ER 1 -4, 8K 18 X
f&, Bk RMIB IS RO IE, KRN 147X 115 pm, FRAH THERET# AT, RN 4H 50
Frah5r 34, HLBtAY Rk S S X PR 2 # R W IR BR, BN 4~7 MR SZH R, BT
RN HEE R AIEEIR -5, 8% 25 X5, BMNEERERBR, BRESATEE—
FERE, EREN0.15X0. 33 mm(BRK ! -6), BRALAKE TR,

WRTEAE, TFRBME X B H BN E LI RAMRE RRENMR, IZHER.
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Table 1 Growing status of C. abyssinica pollen in stigmas of the Brassica spp.

W % 9 H BAERARE LRI L ARE AR s
tems obsorved A 0 HUHRBER & B H O LHED 55
Pollen binded @ Pollen Pollen Res
esponse
to stigma Germinated tubes tubes
of callose
surface pollen grains entered entered
on stigma stigma style
surface

B B B X %
Days after pollination 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

HHRWIR B. napus
M3l AR + + + + + + + 4+ 4+ 4+ 4+ + 0 0 o0
Self-pollination of Yun-you 31

ZM 31X H
Yunyou 31 X Sea kale

3O 6B HR

Self-pollination of Wenyou 6

6 B XM H

Wenyou 6X Sea kale

HERIMIE B, campestris + + + + + + + + + £+ £+ + £+ £+ +
RALMEE | %

Self-pollination of Fongyi

A b3 X gt B
Fongyi X Sea kale
ERAAEBR

Self-pollination of + + + + + 4+ + + + 4+ 4+ 4+ + + +
Yuxi Zhouyongda

ERAAE X gHE
Yuxi Zhouyongda X Sea kale

RN B. juncea
babiliE - d=kd
Self-pollination of
Luzhousileng

M I b X Mgt O

Luzhousileng X Sea kale

BAMEHE X

Self-pollination of Lenjiao

M f 3 X g
Lenjiao X Sea kale

CERCEIZE

Self-pollination of Lanchong

ERGE 3¢ 3:0'"
Lanchong X Sea kale

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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gER1

E: QA EHARANERLENMBEEWY, TR 0, TERNEHE, £, MF5PEMBEKE + XTF5
MBI .
Note; @ Pollen adhesion on the stigma surface detected after pollination and fixation, score;0, no pollen adhesion; +, <<

five grain adhesion; +, >>five grain adhesion.

@ BXLBHEMERSER, 0, Xy £, MFSAMERELR: +, KT 5 MERBA,

@ Score of pollen germination in stigma:0,no germination; + , < five grain germination; + , >>five grain germination.

@ FEARLERNEBRER. 00 Xy +, MF5AHERE: +, KT 5P ERE.
@ Score of number of pollen tube penetrated stigma: 0, no pollen tube; +, <five pollen tubes; +, >five pollen tubes.

@ HALREERFRSE. 0, L =, MFSPERE: +, KT 5 ERE.
@ Score of number of pollen tubes entered style; 0, no pollen tube; + ,<Cfive pollen tubes; -+, >>five pollen tubes.

® BFREE R R R IR 6549 ABF Jufa, %54k, 0, RRMRMN, £, BHRKARN; +, BERALEN.
® Callose response detected by staining in decolorized aniline blue, score: 0, no fluorescence; +, weak fluorescence; +, strong

fluorescence.

B8 4 X, EHVEERN 20 KM A FRARA 045N E el 2 (R 2), BHRIIKRZ
¥ BRI BUT SRR (B 1 -8), ARBAREIGE, A 2 MREFHRE (ER
1-9), PHEHRBBARAZLER -1, 88 7 K5, WARTTFHTH, BR 2 HKK
MR, ZRRERSH, BRARARFHERERI-D., ERRE%E 10 X, By
2~4 SR IRAE  BRARCY 2~3 4000, UR R RE PR > fH AR B P O (B AR 1 -2) . A # R
TrogiRAE. BRI B, ROAFCHEK, REABERTHBHLERI-3, 40, T
Boat B ZRERLHARKE, 45~7 ZHKE, ARTAEENRELR, XUHABERXFTEY
(ERR1-5), TERMIEHEH 14 X, EXRERNFLEN 32~64 KM RE, KK 21~42
pm, EHRR 3~6 40, MEAMMMABRILRITHER, & ORI rERS(ERL-6). 8
¥ 18 RJg, REAE B AMERIERE, K/MN 63 pm, FRPLAHM B REBEAY 104 1A TR AL (BRI -
7 ENRRRS, SMEIETENFRATEZHOAR(BRI-8). 8% 25 X5, I
MG, BREEEFF B (ER -9, 2 MM RS HERT
BEE R EROUGETHE, AP RARMEHATIREHER: X TRERETOTHRES, T
T 2 HRRRET, BROASUTIRRE, REBBBEFHERL, BEXRETLEFERIVRRS;
MTRRB TR, RAERNEELE KRR EER, 1 32~64 A RERBRE I
Brie, BiAEILRE, P4 ME N B3R 4 RIFHER, 2188 25 X5, BBEREFH
MRk, BEFLAIMTT SRIRAL: S AIRERED, B8 18 RIS BRI TEIN A TRZH.

3 Wig

3.1 BEEEDNER - WEREFRANKE £ EREEY FRAEE MR
R RE LR EC, ERFBERUMBHRIRAEFRED . AXHBHE
YESCA I RA MR, HPFERMHE X EHENRABE X H BT RLRZALFHH
FEANYE, T M PUBHR X H WA M E A RIER, BBTHZEIER. BIEHET
G % 2% 32 B B 20 P A IR B R RUAE B, BLAh, 7R ABF 3556 R O 4% J 32 R M A R L 2R
BREH1RME 2R, HEH 3 ROER, FAETRNIN ] H LRI R (lag-
gard fertilization) , WRERIERM/G 3~4 RA T RBSC RSN, B TR B Xt Fi 6] SR 7] 2%
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Table 2 Comparison of the state of embryo development in the cross of B. juncea X C.
abyssinica and self cross of B. juncea
BB R FERMFEH X TFR R 3 OB T T
Days after Self-cross of B. juncea B. junceaXC. abyssinica
pollination
RREMIFE N, WEEILBIEN, & LOYSH BN S2HE , BRAH 2 S B K,
MER TS, BB, Bk, HRA 281 ERA R
. Fertilized eggs divide, free nuc- 10% of eggs are fertilized , with
lear endosperms are formed and egg swelling , nucleus terminalized
distribute in the embryo sac as a and 2 or 1 fused polar nuclei in
colored belt. the centre of embryo sac.
SRAm AR, B0 2 4R SRR AL, B
2~4 Sk R, BN R 2 HH AT B
7 2 to 4-celled proembryo, Eggs swell,few 2-celled proembryos
2-celled suspensor. are formed and free nuclear endo-
sperms begin to degenerate
2~4 SHRMRIE, BRR 2~3 4, FH
4~8 SHEJFIE, FREK 14 pm, FEHE 2 4
i i3 :BizE 1
M.
10 2~~4 celled proembryo, 2~ 3 celled susp-
4 to 8-celled proembryo,its size .
. ensor, some embryo propers begin to
is 14 pm, 2-celled suspensor.
degenerate.
BYRHILRE, 4910%~2008 ML TR
32~64 HAMIFEE, MAMBF BER .
16~32 KRR, MW 4~7 .
Most of the embryos cease to deve-
14 16 to 32-celled proembryo,
lop,and about 10% ~20% embryos dev-
4~7 celled suspensor.
elop to 32~ 64 celled proembryo. Cell-
ular endosperms begin to form.
BRIBEE~ DTEHR . K/ 115X 147 pm, J& BAMIBRIEIE , B 7 40 M b IR 3 4% [
L4 B BRI AR R .
18 Globular-heart stage,its size is Multi-cellular globular embryo,
115% 147 pm. Cellular endosperms cellular endosperms are formed from
begin to form. fringe to centre in embryo sac.
SIS, K/ 0. 15~0. 33 mm, S B AR AL , HE T A6
25 Horse-shoe embryo, “its size is Globular embryo degenerates,

0.15~0. 33 mm.

cellular endosperm disintegrates.

3.2 BHRMBRERASTHEIENER S E2—

&4 Rk, Eat BB (bud polli-

nation) RFLAR B XA EAMENRINBFRE, MEER. ¥ ME, WEBMBRETHER
16 o FEAT SN TT T 1 A 7 TR R AN SR A K IR e . AR L I 2B BT 2~5

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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ROEBER, AW EOERE=RRUMENEL LHEARRENTER, XFRE
BRSRERE . B A E AR R E R U BRI FFEZ RT3, Bl mREH
SR A LB R SR Y, BT R R 0 SR e B, R MR A R R O SR

3.3 AMNEHEWEERAXERAHANR IFRMMEARHE 7R, BNy 2~4 4
WHIRIE, BEARE 2~4 4000, ARBMEABHEA: MIFHEMEXBHERZRBE 7 X
ZHINA T e B, WAL BZBRE 10 X, BN 4~8 SRFAE, MIFR
B3 O H AT RM S 10 RERfE R 2~4 Sk IRIE, B TRARA FHoH, fla X8R
WIS 7T RAEY, IRVAKRMENREEMHBELRE, HEER 3 RER, 5ARER
THRRANBEHMEET HAHE LNZR, R TR R 8 50k 8 738 518 E T

3.4 ARENEILBEZAHTHRALSBAMENTOREREZ—  wafsmd, ¥
SR 3R B AP M Y R T CTE RE R 3, T H K5 9 SR 280 SRR [ e R A BE L 40 M
RAE 32~ 64 SHERIEE £ 41 BRI AR BUE A, B b B Q4R AT 4 KA MEILAAERT S, T E
FESE TS PO RE AR, IX T BB R A P AR AN AR FL AR AR 2 B AU R AT LAY . AT AR ER
FEMHRZF, RAREAENRAMERENEERE, RAXEFHNAEYS RARAE.
' P T 2L S 00 40 AR A R L 4 M A RBTES R s T A SR 2 1) ¢ B i S 2PL. 40 PG B 4 T
B, EBLEE RRATEAL, XMBTABTRBENHERA TR,

£ % X ™
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Fertilization and Embryo Development in Generic Crosses
between Brassica Species and C. abyssinica

Wang Youping Luo Peng Jia Yongjiong Lan Lefu
(Department of Biology, Sichuan Union University, Chengdu, 610064)

Abstract Pollen grain germination, pollen tube growth and micropylar penetration
were first investigated in generic crosses between Brassica species and C. abyssinica. The results
are as follows. In crosses of B. napus XC. abyssinica and B. campestris X C. abyssinica, preferil-
ization incompatibility was observed. In crosses of B. juncea and C. abyssinica, pollen grains of
C. abyssinica were compatible to the stigmas of all the B. juncea pistils, the pollen tube growth

was normal and the pollen tube reached the micropyle in 3~4 days after pollination(DAP).



544 B 9 2 % 23 %

Through comparative studies on embryo development in generic crosses of B. juncea X C.
abyssinica and self-cross of B. juncea, the causes of the hybrid embryo abortion were found. For
the earlier aborted embryo sac, the hybrid embryos were in starvation state from 2-cell stage,
with disintegration of nucellus parenchyma and degeneration of endothelium. For late aborted
embryo sac, the development of hybrid embryo was lagged in contrast with that of self-cross.
During 32~ 64 cell or multi-cellular globular embryo stage, the development of embryo proper
was slowed down and cellular endosperm was formed 4 days earlier than that of self cross. As a
result, globular embryo proper disintegrated, cellular endosperm degenerated. What we found is
different from the previously reported result that hybrid embryo abortion was caused by abnor-
malities or abortion of the endosperm, i. e, , the free endosperm nucleus degenerated or cellular

endosperm failed to form.

Key words Crambe abyssinica; Brassica spp. ; Generic cross; Fertilization compatibility ;

Embryo development

Explanation of plates

Plate I
1~6. Embryo development of self cross in B. juncea.i 1. 4 days after pollination, fertilized eggs begin to divide and free en-
dosperm nuclei are formed. X400 2. 7 days after pollination, basal cell has divided and apical cell hasn't. X 400 3. 10
days after pollination, embryo proper is 4-celled proembryo and suspensor is 3-célled. 400 4. 14 days after pollination, embry-
o proper is 16-celled proembryo and suspensor is 7-celled. X 200 5. 18 days after pollination, embryo proper is cordate erhbryo
and cellular endosperms begin to form. X 200 6. 25 days after pollination, embryo proper is horse-shoe embryo. X100
Figs. 7~9. Fertilized state of B. junceaXC. abyssiniaca at 4 days after pollination. 7. Eggs are fertilized. X400 8.2

synergids can be seen and egg begins to swell. X 1000 9. 2 polar nuclei are fused to form secondary nucleus. X 1000

Plate 1

1. 7 days after pollination,embryo proper is 2-celled. X200 2. 10 days after pollination,embryo proper is 4-celled and sus-
pensor is 3-celled. X400 3. 10 days after pollination, 2-celled proembryo begins to degenerate. X 1000 4., 10 days after polli-
nation, nucellus parenchyma begins to disintegrate and endothelium to degenerate. X 400 5. 10 days after self-cross in B.
juncea, nucellus parenchyma develops well with 5~ 7 layer's cell and a lot of starch grains, endothlium develops normal. X400
6. 14 days after pollination, embryo proper is multi-cellular globular embryo and cellular endosperms are formed at the micropylar
area. X400 7.18 days after pollination, embryo proper is muiti-cellular globular embryo and cellular endosperms are filled with
the whole embryo sac. X400 8. 18 days after pollination, a unfertilized. egg at the micropylar area. X400 9. 25 days after

pollination , globular embryo begins to degenerate, X 400
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Wang Youping et al. : Fertilization and Embryo Development in Generic Crosses

between Brassica spp. and Crambe abyssinica Plate I

- ] .
| b

“ 4

EIAR

BIER [iEH. 1~6. JFEBIMSE A RMIEIG R . 1. B8 4 K5, WAKRIFHSZ, HEERAZDBM. X400 2. 847
RIE, TIAMAAE, HAMDLNE, X400 3. 8¥ 10 KI5, 4 SRR, AR 3 41, X400 4. EH 14 KJF, 16
SYERJENE, FERGE 7 41, X200 5. BB 18 RJF. UIBHE, WA MM HEE . X200 6. ¥¥ 25 KI5, HEIPE. X
100 7~09. FFEANE XM H EEY 4 FIE2RL. 7. AKEZH. X400 8. 2 BN, AT AERER. X
1000 9. 2/MRAZFFURRLATE IR AR . X1000

) .
) © 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



EYPE: BHESZERE A NGRS Bl 1
Wang Youping et al. : Fertilization and Cmbryo Development in Generic Crosses

between Brassica spp. and Crambe abyssinica Plate I

- ‘: & N

LB 5

&:’ «;‘;n\
Ry

1oe%

BIAR UHBA: 1. 887 KRG, 2 40MIRIE. X200 2. #8810 K5, 4 4K, AR 340/, X400 3. 10K
JG 2 MMUREETF SR L. X 1000 4. 810 RIE, BROASEMIA, BRBEAEEDBM. X400 5. HAZ#H 10 K
JG» BROHARE, 4 5~7 BAM, SRRIEEE, KRBABBEREIER. X400 6. 8% 14 KI5, ZHMREIE, &
LU ARG MAE R . X400 7. 88 18 KI5, SHMMBEIE, TV L 40 0 e W M R B . X 400 8. #Hr 18 XJg,
BRALMARZHEA I, X400 9. 2% 25 KI5, BRIBMFFUEELL. X400,
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