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WHEE 0 TRIE A HEYEA T . 1990 48, MARTANT 55 A TE S R A 3 o A5 1 50 B 4 o D T 88 A
ANEH, B, B TREARMEEARE AL 2 Ay A5 2. AR 2010 4F A Bk 7R, I B PR TR
PEAE REE T AR . 4515 T K258 5 Fh 2 2 T AT A R TS . A5 A6 24 SR 2 A R B S A
JfL 5 2 U BE A Barnase BlG . TEAEZG 9002 & B B BORe 5 & 18 WA 4308 2 41 i U\Wﬁ%ﬁd‘?@%ﬂﬁﬁ» ~
RE =25 E 5 B AR A 2 B E i B o 3 1 O . R AU R A AR AR Rl SR L RN
220 R AT M N B A R
H i (Brassica oleracea L.) /23 FEE MR, B S AR, HEEART & AR — 0
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BAE Z B R 1 Ao dR 2B AR IR A2 M Y Ogu CMS 40 i v AS B kA7, B —
ANF B2 2 ) 935t 4% e 55 1 KU, a0 oK 8 & AR Rl b FP R s AT — CMS- T A F IR 5 5 3
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PR AT ERACEAFEN, BT RRAETTE P W U E P A B4, e 56 D H i A R R B 2
AEEARTE! T I BZ R RN Z — TR 5 H 3 T A &, RN B MRS E . W0 A4 Tk A
TREMEVEA TR . ASHF SR R SR AE 25 GRS 2 45 57 R IB 1 BeA9 JR 81 T 9K 8 Barnase 22 35A, I8
IR A B A A AT B B D SRR . MoK SR L AR S K A 8] T 8 25 k19 B0 45 D T A A i R DA
PREGE PEVER . 85 R WK BeA9 8 3 79K 8 Barnase 3 3R5 5 RE R BWR R MEMEA T . (HIR I Bl /£
e E AL/ AERRE AL, WESE A, PSR RE  FEIRIEART 22 ORI B M BLR.

1 #MRERE
1.1 # #

% pCABarABn HEVEAS T 3 3k 8K (9 AT 1 EHAL05 FUH ¥ M8 “ TE” ) i 48 52 56 % R A7 #2448,
TR 37 . HY DNA SIS B s ) v 19 & Bl Ak 27 25 0t o B P2 23 i 4l s Taq DNA R 4G Fl DNA
Marker W) H 2449 TRA RN G BREF] Basta B H H P2 4b % Tl gk &4t 4% % K (Streptomycin) |
2N B K (Carbenicilin) . R K (Kanamycine) . 2848 (NAA) | 6 % FEJRIES (6-BA) LU K 40 B 15 37
FE W [ A6 5 A Y R 4 .

1.2 HENBEEEAUMEERERNEKS

F AR KFE TR A T 0 IR AL T AL T . DI 6 d 0 0 T T Rl 7 % 3% 5 (MS+3 mg/L
6-BA+0.05 mg/L NAA) EWisi 9% 2 d Ji . 768 pCABarABn 2 35 48 19 4 F 3 8 ¥ h 32 30 15 min, T
FW S TIN5 2 d 5 20k 35 3 (MS+3. 0 mg/L 6-BA+0.05 mg/L NAA+4 mg/L PPT
4400 mg/L Carb) I #4714t PPT i k. AR MLREF, FrHKE 3 om A4 W, 2 AREHREMS+
0.3 mg/L NAA-+4 mg/L PPT+400 mg/L Carb) AR,

1.3 #ERHEEKNSFERE
1.3.1 DNA #94R I

SR CTAB 348 B 3L R H i n 7 (9 56 [ 41 DNA.
1.3.2 #ARH KM PCR AN

518 A9-F: 5-CTAGTCCAATAATGTGAGTCATGT-3 #l BN-2: 5-GGATCCGATATCCTACCT-
GATCTTAGTG-3 #47 PCR &, 25 pL WK R, &AM DNA 1 pL(30 ng/L), ETF#SIWA 1 pL
(10 ng/L), ANTP Mixture 0. 2 pL. (2. 5 mmol/L), MgCl, 2. 0 uL. (25 mmol/L), Taq DNA R & 0. 3 L
(5 U/L), 10 X Buffer 2.5 pL, ddH,O 17 pL. PCR ¥ 3§ )t Wi F2 )7 . 94 °C B2 % Smin, 94 C A8 40 s,
56 CHIASE 40 s, 72 CHEMH 2 min, 30 NI, 72 CHLEAH 10 min. PCR Y #5255, 4 1. 0 Y0 S BE M BE I
HL Tk B LA F Ge e
1.4 HERHEEKNERZENE

e 205t 5 DR A R DL S BT 2 R T R A AR AR 2 A R E I I A R A 2% R L O U 3R DR R PR LA B
P A RUAE MR XY R IF A AL . FCHESE . MBS RUAE IR 1 T A 45 4.

1.5 FHEFEEHEEKRLEDS. EHHHARERER

B 5 DR H s MR R AR R AR IO AE T . A FAA BE WP E E 24 h 5. F 50 % RS vE T
FE4E KNGIETE 43 6 DY, SR E MG RIRH 70% ., 80% ., 85% ., 90% ., 95% LB KK 4 1 h,
K BB KPR s 4% 30 min, BRI ZHIRM K CBERA BRI L4 —HREWN 4 2 h, B 12 h
PLb, WOk, H YD-202C e XU ALul i, VIR R 8 pm, BHECRS 7RG i, 37 ‘CHE A 24 h,
0.1% MRIFANRE Y, 75 LEICACTR5000 T isss T 4546 It B,

1.6 HERHEEKBEEITFBERAE
e L DR WE AR R 1 28 LA K B A 28 H W R AR AR AR R AT N A IS, TR A R R 14 45 3 S BRI L
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2 H#RE54HMHh

2.1 HERHEEKRNEKS

pCABarABn K5 #0428 RAT 18/ A 5 19 T I 5h e A5 = 4 1 5 T IR B, 28 B 5250) Basta CF RUR 70
PPT) Z % Tk . A 5 PRBEA BRF R BT I B8 0 A A A0 % 2L P H iR pk (& D). 20 DNA, #5149
A9-F 1 BN-2 ¥4 BcA9 i sh F R H RN UEMY Barnase 3£, 455 7E 5 MRFE SR AR 23R 15 T 10 K/
1.2 kb Z24 1) DNA F Bt (FE 2). B BcA9-Barnase ZEFE B &2 H G EH P,

3 - 14
W/ A
e { 3
4
3
¥ %

(@) s (DY N FEF A BYIAL s (o Sy 3 PR ERBRAR 09 A AT BL 5 () 2 T A K 0 5 5 R A A
B1 HEXEEEHRNRE
M 1 2 3 4 5 CK+ CK-

5000 bp

750 bp
500 bp

M 4 Marker DL5000; CK~+2 pCABarA-Bn Bk ; CK g Bk W s 1—5 S 56 9 H i At vk,
B2 HEERHEEKN PCRENER

2.2 REAHEEKRNEREESILER

Il B TR R o 5 BB 2 R ARR A 7 R AR A I B (2l 4 L R L 4 BRI A MR R B TE I W 2% SR R
155 BRI ST WA MR AE AL IS R BUA MEMEA T . BIARERREN 100 %0, 5 85 A RUMTARAR 1L, 5% 35 DX A A
TEAE R B WA T, B 8 /N | A (B 3Ca)). 78 HAF R BT 22 C b, 55356 R R 6 7 H BB
BFEHE L & 30, M H PR & T 25 CHf, JERE LRI 2 (8 3(h)). FETT AL, % ik KA ik 1) A
SRE IE WS B A AR L O 0 25 S (AR SR DA R 1Y A L BERR . BEENRIAEZS I kK B AR B . B A
WRACHGERE 22, AESRTT TR /NN 5 AL Sk T 25 il 5 AE 2498 /8 o ANUTRG . AN 7 AR A by TS A R0 Ak 1) A 0 A
AEARTFRCEE R, TR AL Ak AT s AN, & EAE R (8 3(dD-(D).
2.3 HEFRHEEAKRSHFENHEEKER, EHNEETENILER

N3 7 40 300 B A6 by BE AR R B SR DE R N AR S A TR AR B R S R A U 2 R
AE 24 R U T 52 R, AE 25 Y 4 DA B AL JE BUIE R RO R KL 2 s N BE L R 2 SRS 2 R AL A0 (AT 4 ()
(D). ek BE 20 40 30 22 U S (AN 300 O e DRI M PR S 75 R RR 9 280 V2 200 L B2 i e A AE 2 BE WA L P E A0
PRERAS KLU B, 55 Fe /N1 o SO0 /I8 FI K 11 308G J2 A B RG E 7E — S . 7E 25 %8 NI i G B8 1 1]
BofRP Bt (B 4(b) | (o). AEBTRLRLAIY 25 25 N BE AR R 5%, 25 = AT, JOW AL Ry RO J (] 4(dD
Ce)). T B Az BUAR R TE 1O 43 (A eS0T o JFC SR R )23 400 A Rk 38 05 Ko DK 43 4T 1l 11 /)N 6 200 S AR S R
20 Y BE R s AR B RS L SRR AT O . N AR I, 24 P RE T RLHIOICAE RS (] 4 (@) L (h) L (D).
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(). FEHRRI bR CFD 5 B AR BB CTO B AEZR LR (b). 8T 22 “CHb, BFAE AU BR A48 B R A (o). KT 22 CI . Fe RN AL bR 1 72
WEHRM; (D, BRSNS (. FBENMRNES: (D, BRI (. FBEFERNES LS (. B
PR B (Z2) 15 B85 A UM A CFD) I BRI AS LU (DL (). ek PR /R ) 15 17 2 R A (Z8) MMERSTE S L (o Fe R IM AR () S5 1P
A AR (ZE) ISR S LU (D BPAEBIRERRAEZS 5 (m). BRI MIBRAEZY.

B3 #HEFRE®REBERSEN

(a)-Ce). BEHH WEAEARAEZ5 U1 v (8 mm BADIID 5 (D-9g). WA BRI H AL Y A (8 mm MIDITD 5 C(a) (D). 3 7140 M B 5 (20 X 5
(b) . (g). M EEANHI ] (20 X)) 5 (o) (D). PUAMARI(20X) 5 (D) (o). (D). EBRREIEI (20X); T. ZiHi)2; SP. ¥ ; PG. 1
BiRL; ML. o2 4.
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(@) )
AL, B REDIH WAL R B SC T AR AN E s A2, BB BE DA WA A R 5 T A T 2 S T AR A s B BF A B W AR B SC TR AN E s B2, B AR R
TE 53 X g i DR AR R AT 1003 9T 4 32

Bs5 HERNHEERNEFERL
2.4 HRERNHEEKRBEBESHFBELNEE
B FE D H ISR T AE S5 B SR SESE ARG R, S REIE W 45 55 (T8 5 Cad v A M) TS A 201 5 A9 AE A 4%
G RhERE R . RVE BB MUE # RS WA 1 (8 5Ca) i A2). H 5B A BURE AR AR LL . Fh e Bce, 45 Fh i
TEECE 5(b)). FIREHFIG 3T BcA9 BN Barnase SEFTEH ML HBE R RILG, BT FH
PERI W Sh WIS T A Sk B 32 R RE T

3 it it

BRI, 0 PR TR A R 7 e B T Ak 0 B TR R B R TA29 mh B R A S 9
Tl 0 SR, TA29 1F KR 3PS 30 T UESN Barnase 1715 047 76 458 3% 3 10 15 2 S0k P i 0, 4o
%45 N TA29-Barnase # A“Hi PR 1575 %I K LB BKAE 30~25 CF R 2 B Hbk, 2545 ¥ {5
T 25 CHEHERME NEE. NN TA29 J 3 FIRN I Barnase K4 755 W F 0] R T 160 SR I
PER B R i TA29-Barnase 3R . 27 °C /23 “C 4Pk BIVAT S50 3 D4R bR & 14K 52000, %45
SAE R T A KA G, TA29-Barnase 3 R H 5 15 TF 46 J5 101 AR 3 TH 85 . 5 249 35 %% 1M bk
S IE P G0

136 BcA9 3 T B 24 50 30 T AR A1 R 7 Cstage6) 21 il 85 22 40 O e A . — B AE B
W) (stagel 1) ik, FBHE 0 SHHIF A9 =3 TR M. fEABII R, %5 3 T3 F 19 Barnase %
R 0B 2 60+ T BB 0 A D 4 A S0 R A U L 9 O/ R B B R 0 7 3R R R i
B ERWAEK R . BE /AL TICE . BIER AR A8 3. 0T 2014 48 3—4 J] B R RBK.
I 3 DAL RE B T 46 300 16 K 38 30 °C DL _E 3 BE . BeA 9-Barnase % 3 T 15 R bR 2 75 LA 70 1 6L F 9 5 MG 2
BGAT FE E— B BRI, (AR AL 8 % BeA9 i 80 70 81 Barnase 318 76 J0 B0 90 R J2 P R 3k 72 2R 5%
LW MEE AR L R T AR BIR . IF E90 6] FE 6] SR JEE S AL A 19 ~ 44 °C, IR % B A B DA M R A 0 L
A W] A AL

AT ST 3 A% I s 3 T 1 S A M B T 2 M RS IO A o B FBUAE T S /N, B TF RO /N L B IR RE
Bl o R RE /N 5 RS U S 5 B ISR, SR R MRS IR AR T 22 C BB B % (18 2).
L IR R K B R R R A R T BeA9 TEH WP 0 A AE 7E— E IS . 5 3K Barnase
TR R Z AN E A 5. Chr B, KONAGAYA 2 AP s ot &3, HSER BeA9 J5 30
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T RIAEHE R BoA9 R 3 T B T ESN RN RIBZ 00, IR EHE . fE2 FAEM b XA DA RIE,
EOR & BUMERS . IRERA RIE. J30h ., PR BT SER W], 78 TA29-Baranse ¥ 2 ISRA bR . K BUA 5%
PR RAE Sk 72455 1 SE ik . Ak Rl BL e . ffi1iA o TA29-Barnase ZENAERE Sk LA TR L. N
T3 A Sk T 25 b i 5, (H 2 I S8R T i A Sk OB AT T 45 55, DRI MEME AT F L TA29-Barnase
SN AT SR K B, SRR NI RRBR T R BUMESE WM oh, Wi BL T 4B/, MESE AR A, b 3 2 J vy B
S MAERRAE H L & B TA29-Barnase 1 RARAEBR AL 2 T . AEM JCI6 140, R B AESZ /N 12
2o R AR I, B A R AR A W BF 5 R A R AR L RROE R SR B TR R MR
FE ] 52 N BRI B R0
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Transgenic Male Sterile Cabbage Plants

Induced by BcA9-Barnase Transformation

LI Chun-yu, HE Shao-min, LAN Cai-yun. REN Xue-song,
SI Jun, LI Cheng-gqiong, SONG Hong-yuan

School of Horticulture and Landscape Architecture . Southwest University , /
Key Laboratory of Horticulture Science for Southern Mountainous Regions, /

Ministry of Education, Chongqing Key Laboratory of Olericulture s Chongging 400715, China

Abstract: Ribonuclease Barnase gene driven by an anther tapetum-specific promoter BcA9 from Brassica
rapa was transformed into B. oleracea variety ‘TF’ by Agrobacterium-mediated transformation of the
hypocotyls, and transgenic cabbage plants with herbicide Basta resistance were generated. Based on PCR i-
dentification, the BcA9-Barnase fusion gene was proved to have been integrated into the genome of B. ol-
eracea. Cytological microscopy showed that no normal pollen was developed in mature anthers of the tre-
ansgenic B. oleracea plants as a result of premature tapetum cell degradation and pollen mother cell de-
generation. Compared with wild-type plants, the treansgenic plants had smaller flower organs, more se-
verely wrinkled petals, bent pistil and thinner stamens. In addition, a large number of buds died when the
temperature was below 22 ‘C, but phenomenon of bud death was relieved when the temperature was high-
er than 25 °C. Field survey results showed that transgenic B. oleracea plants produced no seed by self-pol-
lination, and they formed some seed when pollinated with the pollen of wild-type plants, though the pods
were short.

Key words: cabbage; male sterility; BcA9 promoter; Barnase gene
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