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M E AIRHENSEASTHIOERAGUS ERMUTHES A AL AHEBERA
crylA(EYA crylA()F AT ERMBEHES N RAEEIETHAAKRE AR EN I
FRE ESITHRIGLE, KB B HEH bk, % PCR.Southern 723 & Western HI 3% 53 7 iF
LT _ERCEGHKEY, ARARZREN, FERKEH 100% K 0E,

XA KB RFENFE B AHEN, FaBAEA, EhiEREE

SHEE Q789 X##RiRE A X MIRS 1000-3061(1999)04-0494-99

ARRERE—EZRZEN. FIHAKBFEAREY PEG B mxD BT
RESEPISE AT KBINERERGHL. BILFRTEEKEYRERLE 0SB
Bl AHIe,

H=ENT W Bacillus thuringiensis (B P E M RREERD, WiF B E R 28
MEHERFRBHAGE B A BALEF . 90 FRLK, FLTTREN Bt BEER
BERSTTERAEBEFRAN RS 8 B EEERYFBATRUERE.
F Be BHAKRE PR, BH RIS d oy e iEe- 12,

AHRE T HARHFEN FREFLTE SELBTLE SRS Bt B2EH oylA
(B cryIA(c) R AKE, I ER T RE,

1 #MES5F %

1.1 kESHE R

ERFEFHT 3 MERER(E) . FAK 1L, #6187, RM2;2 MR H M (E) . XS
AT 733 Hikbt, PSSR H LS, N 2.0 mg/L 2,4~ D, 7 25C B & T
3~4 7, SR 1Y EF3~4 8, BUERER . EXAONEHAH S RTEIER,
1.2 WaHsHRFEERLHILE

AR ¥ BT TE K B pMOG410, PKUB H pKUC( A HE 1). pMOG41013 iy
T-DNARHWFEESFHNEFH GUS EFE MM KRB EEA. pKUB # pKUC ¥ H N
FRERERFEEAR, T8 T-DNA KH43SE ¥ E F XM B3 F Ubiquitin 1K
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B crylA (8)F erylA (c), LA R i J3 30 F CaM V35S K 3 (1 5t # 8B % (Hygromycin) i)
hph ZERIF FIEBEW NPT D HEVUE GUS EBH, I=AWUTRENEATEY Y
pBinl9, {4k T-DNA RHEHEE2LHE 1,

A,
LB NOS-Ter NOS-Pro 358-Ter 358Pm  RB
—H ll NTITI 1 l—l 1 WmmpGus | FD—
P 8 X |
B E H H
LB Nos-Pro _ Nos-ter Ubi-Pro Nos-Ter 355-Pro Nos-Ter 355-Pro TNM-TEI’ RB
—{ ®m T H CrylAbloro)] | [hek H Gus | M-
1 1 i
PI H PSB
s H B E P P B E

1 AFREHEHERFETRITEE T-DNA X
Fig.1 T-DNA regions of binary vectors for Agrobacterium-mediated transformation in rice
{ A)Binary vector pMOG410:{ B) Binary vector(s). pKUB or PKUC, containing B.t. corvIA (b)) or ervlA{c)
gene. LB; Left border; RB: Right border, Nos-pro: nopaline synthase promotor; Nos-ter: Nos terminator; Hph: hy-
gromycin-phosphotransterase, NPT [] ; Neomycin phosphotransterase. 35 S-pro: CaMV 35S promotor; 355-ter:
CaMV35 S terminator; Ubi-Pro: maize ubiquitin promoter, H: Hind [[ ; B: BamHI: E: EcoRI; Sequence outside
of the T-DNA is identical to pBinl9.

256 BT L% 48 88 Bk 2 EHAL05'%), MOG301 1 MOG1011Y), HAeB R AEH
LA RERN SmL YEP BHFEPERAE, NRARBFHENAESE 100mg/L FHE
EWABREHED EBCHEBTEREAEE ODup 0.9 EHF, BE4C T, £
400t/ min B U W AR A, R AAMEY AB IFFHE, FH M 2 mmol/L. MFS(pH5.6),
200pmol/LZBE T HM, BHHARERB E ODgp 0.5 £H, R E ST HEHTRGIEHT
H, RS vir ZEEL.

1.3 HYRESHE

SERSHBESIHRITHARER, £ 4CE2HT, £ 4000t/ min BLOWRE BEET
AAM(pHS5.6) S35 b, THMB N ODep~0.5 1, HTF SR GAMILIER, 2%
B 10~20 min 5, %EF LS+ 4.0 mg/L 2,4 - D+ 100umol/L Z Bt T HFHMIEFE
£33 2~3d. A 200mg/L Ticarcillin W EH K HGHHAA IR BT EHET
&% 200mg/L Ticarcillin B8535 4 L3 HIHEITIEF R E. X F pMOG410 $ by &5
HH BT LS+2.0 mg/L 2,4-D+ 25 mg/L Hygromycin + 200mg/L Ticarcillin{ LSH,)
HEEMEEFE L, 5% 10 d BRET &FH 100 mg/L Hygromycin /] 48 [ 15 7 &
(LSH,) b8 —R ik £ 4 BHG, S#OE-RFEQC~3 BH), BEERIETH
HHEGGAS, Fr]# A LS+ BAP 2.0 mg/L + NAA 0.5 mg/L + 200 mg/L Ticarcillin +
50 mg/1. Hygromycin By 4 L1 3% 2 (LSHR) L fT iR A, AMbKBMWH K E 3~
5 cm B, ¥ A 1/2MS + 500 mg/L Hygromycin + 200mg/L Ticarcillin 33 & L 153 2~
A EHER, EFEALBPEK,
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1.4 GUSEHIEN

SRTHEBROBGASRNB LR B GUS IFHERN, A X-Gluc(5-8-4-
#-3-indoly! glucuronide) ¥t 8, 77 5= 1847,

1.5 eryIA(b)¥ crylA (c )Y PCR 947

Xt GUS B & S AR K BB R E R E W, M Steiner V) 7 22 B F 4 DNA #
fTTPCRY M, cryIA(B)IT M4 0.952 kb B, crylA(c) X 0.588kb, 11452 i¥
%14 4:94C 3 min, 40T 2min, 72T 2min —M§HF, 94T 1min, 40C 2min, 72C 1min, 30
T, )G 72C 7 min. HEY I crylA()BHRKEBE N 54T,
1.6 Southern #5347

M PCR & P i 11 bk o B WL 2 55 AL Bk 3 T Southern Z¢ 32 43#7, % Ishil 18y 77 2k,
#EDNA, H Hindll 464k, 7€ 0.8% 09 BrfE 88 56 0E L WS BEMR 1 DNA DU B RN RY
HI54 DNA 84 &, HIRME Southern BB ECLETRE. LISEM coryA(B)H
eryIA(c) #H B EREH, R AN EAR IR M. Tkl v
Bochringer Mannbeim 2 Bl &£ 4E0 5 £ #E4T, MBS NBT # BCIP f o i
B,
1.7 Western EES#7

HEREGNHEREPRIERE, A B ETERK(6 mol/L B E,0.28 mol/L
HiK 2B, 0.05 mol/L. NaHCO;, pHY.5) #H—# 5%, TEWH IS, L LW, &«
10%SDS-PAGE Bt LK, AR ECOE B EEMA AL, B TSWEBPEEEY
1 h, 3% TSW B, WIAEH 1:2000 1 Bt 5- NERMIFLME Y TSW B, BHEKEF 1 b,
H TSW BTERE 3 K, BB A S 1:2000 BHERBREFICOAR g6 BHK TSW RS
3%, F TSW ¥ 3K, RIGE T &% NBT #1 BCIP My B3 b, SednE sk B 451190
1.8 {HAdidke

PR Ry BRI G AR E TR B P A = SRR
DM SRR, S8 3 KEE. FEEmE RSN —ErN, iR T,

2 RS54

2.1 ERRAERLRENET
EWAXZHABRAKERRAESGALEZERRE, AR RASHBE ALY
PEATRAF B (b, B GUS FEYERY M, JRZE 8 A T-7K RS 55 b 04 o bF B 0 b 0S8 D RG $1k
KT, RLEH, NS ML RS, FK 11008 187 71 RM2 25 3 MRS & Firad
HAMEBRERTHE 2 M8 ARHEREE, 3 N RITE BT, M EHAL05 81, &
TS TR TESEERIEL 47.2%,
2.2 NNRRSGARHMEELERSHELE
X#F pKUB # pPUC By B ¥ EHAL05 Frs b A B GES, A B T H 8 E%
EWBERMN LSH, B#E L, 7 —ENRERE, RS EaHA4A RS
WEMBEN LSH, EH#E b, BT k. be, XES[GALBCENTE, &
W, BEAERGALS RN, FHEERNEMEREE, BXA6, ERERE, &—
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¥l FAABEEIETRRAEEENELAEHER
Table 1 Comparison of genetic transformation frequency when various rice genotypes

and different Agrobacterium strains were used"

EHA105 MOG301 MOG101 Total and w-mean®

Genotype

No.call® GUS'% No. calli GUS"' % No.calli GUS'% Total GUS* %

Kiushuill 103 53.4 83 37.3 92 21.7 278 391
Zhegen187 125 48.8 80 42.5 105 20.0 310 37.4
RM2 87 45.9 72 29.2 98 31.6 257 35.8
Xinguang S 96 47.9 103 30.1 81 16.0 280 34
Zhe733 101 ) 39.6 94 18.1 90 11.1 285 26.0
Total 512 47.2¢ 432 31.0° 466 20.4° 1410 34.3°

a. Binary vector pMOG410 was used for all the three strains; b. number of calli tested;c. weighted mean.

%2 RBRAEEH. EHAL05(NE pKUB X pKUC) HTRFEH L FOMZ AR
Table 2 The resuits of genetic transformation and selection with strain EHA105 coataining pKUB or pKUC

cerylA(b) First selection Second selection Regeneration of Hyg+ calli
Genotype Total calli

or
crylA{c) Hyg" call® %* Hyg" call® %® No.shoots % Hyg' GUS' %°

Xiushuill 217 IAb 170 78.3 139 81.8 37 17.1 33 89.2
Zhengen187 185 1Ac 100 54.1 72 72.0 26 14.1 19 73.1
RM2 150 1Ab 68 45.3 53 77.9 12 8.0 12 100
Xinguang S 155 1Ae 54 34.8 45 83.3 9 5.8 8 88.9
Zhe 733 162 1Ac 54 33.3 47 87.0 3 1.9 3 100
Total 869 - 446 51.3 356 79.8 87 10.0 75 86.2

a. Percentage of the hygromycin resistant calli to the total calli.
b. Percentage of hygromycin resistant calli to the hygromycin resistant calli showing up in the first seletion
c. Percentage of hygromycin resistant and GUS staining positive plantlets to the total regenerated green shoots

MRAERRS_RRE, R MEN/MEHASH AN LSH, R E F#HT A3
AR E=R0mE, UESKBEHABEAENEGAN, FEIMHAERTTEK. I
i, KEHRFH 80% L L S ARA R LUBEARIE(LE 2), DSETE A LIEFHRE
(LSHR) #fTH Bk 1k .

2.3 HERHAED GUS U4 FEH¥ESTURERKBER

Xt 41 BB RUER B EN S ORI i #T GUS IBHEA T, KEHF LMK
R RAHBREGHN GUS BHER N, HHA LEHEEE GUS £k,

AR 2 A RARS], 5 R 87 BREAEKRT, RF 75 kA GUS H#EER M, XX
KR H 21T PCR 4447, HPF/K 11 1 RM2 B4 KRG F 8 0.95kb B &3 (B
2A), Al pKUC $5{L A9 #7187 3706 S MR 733 B A bkt &3R5 # 4 0. 588kb #1 DNA K
B, A 2B BREFHTE 187 H PCR YA R, E TR LA X BB Y T 8 (N
B 2A.B).
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A AT HE—BWIE cryIA(b)
kb M Ay A) Ay A AjAs Ag A Ay Ag M ey A(OEARTCEST
KEEEEAS, REPHETH
7K 11 FIHTEE 187 #ibpkh AR

204
1_6:\,% EH 8 R, k. %75 Southern
] RAA. GRR, HERRK
ny S DNA R B TR I
BT, HEKRDT(50 kb £H)
5 fIEHH DNA REZES(LE
M By By By By Bu By By By By By M 3); % Hind I 4100 7= 4 T
4.1kb #] DNA {§ 5.
MHEEEKRRER cryl-
- A(B)YR crylA(c)IRIE =Y
163 T T Western blotting 43 #r /5,
Lop RITE Western R EH =4 T
s X#168 kD M EHW (A 4), H
‘ #iHE 187 1 TRC - 64 R &
southern 2% 35 HE 3L crylA (¢ ) &
B2 KEZEESADNAM PCRT ™Y HHFE(E3), BB EAE
Fig.2 PCR analysis in rice transgenic plants{Ry) EAK TR, JLERARDH,
(A) Lane Ag, PCR product {0.95 kb) of the plasmid containing. ﬁ?‘??ﬁ 11 ﬁ%ﬁﬁﬂﬂ#\

crylA(b) gene; M, 1kb DNA ladder; Lane A; — Ag, PCR products

of transgenic plants from Xiushui 11;Lane Ag-Ag, transgenic plants ﬁlg&ﬁﬁﬁ%ﬂf’ﬁimﬂ%%
from RM2; Lane A,, Xiushui 11 (control). (B) Lane Bsy, PCR FRAFREE, RERGRE
product {0. 588 kb)of the plasmid containing cryIA(c) gene; M, 1 100%;)&'@‘&%( mi 3o :ﬁ%
kb DNA ladder; Lane B, — By, Transgenic plants from Zhegen 187; B BB M IFMWHE 5L, ¥ B 1E#R
Lane By, Zhegen 187(control) . il .

Without digestion Hind Il digestion

M1 23 456 78 9101112131415161718 M

231
942
6.56
4.36
232
2.03

B3 KE R HERKEEEZ DNA Southern 23X 5T

Fig.3 Southern blotting analysis for genomic DNA of transgenic rice plants
M. DNA/Hindl DNA markar;Lane 1 and 10: Nontransformed plant of Xiushui 11{CK) ; Lane 2 and 11, Lane 3 and
12. Genomic DNA of eryIA{ & )-transgenic plants GS— 5 and GS — 30 from Xiushui 11;Lane 4 and 13, genomic DNA of
crylA (b)-transgenic plant RT-1 from RM2;Lane 5 and 14,6 and 15,7 and 16,8 and 17,9 and 18:Genomic DNA of
eryIA( ¢)-transgenic plants TR —30 - 3; TR — 30 — 4, TRC ~ 64, TRC — 35 and C10 — 1, respectively.
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kD M 1 2 3 4 5 6 7 8 %3 BAEEEHRTEEREHER
116 Table 3 The results of insect feeding
84 test with transgenic rice

50 Mortality rate of larvae

Stem-borer species
Transgenic rice/ % CK/%

36 Yellow rice stemborer 100 6.7
Striped rice stemborer 100 7.0

» Rice case worm 100 11.1
Rice leaf-folder 100 9.7

B4 KEHEHEE Western HE BT
Fig.4 Western blotting analysis

to transgenic rice plants 3 ‘l‘j’ ‘Eﬁ‘
M. Molecular weight marker; Lane 1 - 3. Xiushui 11 - derved trans-

genic plants, GS - 5, GS - 30 and GS - 30 — 6; Lane 4 and 5. RM2 — B AERTF MR RITE L
derived transgenic plants, RT - 1 and RT — 5; Lane 6 and 7. Zhegen BT 3% 1, W R LR P FIE R R
187-derived transgenic plants, TRC - 35 and TRC - 64; Lane 8. non- {A&[5:20:4] M A g5 R AR E o A BE B
transformed Xiushui 11 plant{control) PR Bk, Hiel STEARBES ™
ARBAMTHERSGAS, KB TRANEEREGBER., FHREANEAGH
SRS TREEEARO A, LUK, KEOBAGASB VR RITEEL
MR, RB R E B EHAL0S HA b MOG301 & MOGI101 H iR #y g fE /1, 2
KRR FAL MR E R bR, X ST AN ZEMRERE 45,

EEWRP, BLHNEEFEN DR EBENERESR GUS EE R, LA EFE
P ¥k (Escape) , (B AT RE R (L BR AL N B & PR AR B, (A A 2 — 34 GUS HEM L
b, YRR R REERUKESHER. REEROBRSERS, ERERLPNRE
BB k.

ABFFT 8 B 0 #7BE 187 89 orylA () BEEF Lk TRC - 64, R4 PCR -4 H
Southern Z¢3%, MEELSMEEH E RSP KBEHNAD, HHIEK PR, XTEHTHE 187
ME B AEP, BEHEHFNR . XESAZEHEREER, fEEIFAZENSEN
SEEFTRIE, KB THEEZ M PR SRR TR ZEARET RS
FEFAR. SAREMNEESAR, HEAFRPCARSRED2, Ay B HHFH#
—H AR, KRB KB ory[A(B)F cryIA ()L KSR PR, 13 R, U RE
ERE, HERAL BB IS, TREERARES B ES, EKEERPIMLUMA.
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Agrobacterium-mediated Transformation of Insecticidal Bacillus thuringiensis
cryIA(b) and cryIA (¢) Genes and Their Expression in Rice

! Ye Gongyin®

Xiang Youbin' Liang Zhuging' Gao Mingwei' Shu Qingyao
Cheng Xiongying"® 1. Altosaar®
U Institute of Nuclear Agricultural Sciences, Zhejiang Agricultural University, Hangzhou 310029)
3 Department of plant protection, Zhejiang Agricultural University, Hangzhou 310029)

3( Department of Biochemistry, University of Ottawa, Canada )

Abstract The insecticidal Bacillus thuringiensis(Bt) cryIA (&) and eryIA(¢) genes carried in the
T-DNAs of binary vectors which contain hygromycin resistance gene and GUS gene, were used to
transform the callus of rice young infloresences via Agrobacterium transformation. Both of the insec-
ticidal genes were successfully integrated into the genome of japonica and indiea rice. Through strin-
gent selection of the infected calli on the medium added with hygromycin, the transgenic rice plants
were regenerated from the hygromycinresistant calli. The results of molecular biological assays with
PCR and Southern hybridization confirmed that the cyIA{5) and crylA{c) genes were integrated
into the genome of rice. Western blotting analysis for the transgenic plants showed that crylA(5)
and crvIA (¢) gene expressed and produced Bt protein. 100% mortality rate was observed when

stemborers were fed on the stems or leave from the transgenic rice.

Key words  Rice, agrobacterium-mediated method, Bt insecticidal gene, insecticidal protein expres-
sion, stemborer feeding test
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