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Abstract: Callus induced from mature embryos of 3 rice varieties were transformed by Agrobactorium tumefa-
ciens. Transformation efficiency was affected by factors of pre-culture time, density of bacteria, duration for inocu-
lation and co-cultivation. The transformation conditions were optimized with the combination of pre-culture of 4
days, infection in bacterium with OD,,0. 7—1.0 for 5—10 minutes, followed by co-culture of 2 days. Plantlets
with resistance to hygromycin were regenerated. PCR and PCR-Southern analysis on them confirmed the integration
of the LycB be into the rice genome.
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Table 1 Media used in the experiment

HHE  Media A i, Composition

BHESERE Ng +2.0 mg/L 2,4 ~D +500 mg/L CH +3% Sucrose +0. 8% Agar, pH5.8

Calli inducing medium

A I (MS) MS +2.0mg/L 6 ~ BA +0.5mg/L NAA +500mg/L CH + 500mg/L Pro +0. 1mol Mannite +2% Sucrose +
Differentiation medium 0.8% Agar, pH5.8

B3 & Pre-culture medium Ng +2.0 mg/L 2,4 - D +500 mg/L CH +500 mg/L Pro +0.3mol Mannite +0.8% Agar, pHS. 8
LR Co-cultural medium 1/4Ng +2.0 mg/L 2,4 - D + 100 umol AS +1000 mg/L CH +3% Sucrose + 0.8% Agar, pH5.4
HRERERE AA +2.0 mg/L 2,4 -D +100umol AS + 1000 mg/L CH +0. Imol Mannite +2% Sucrose, pHS5.4

Suspending medium

Rt B 7 3 355 9 B (N D, H,)

Screening medium

JL B 0F it 3 3% 2 (N, D, H,)

Screening medium

T3k S AL 3% 3% 2 (MSH,)
Screening differential medium
HREFER  Rooting medium
YEB ¥3# % YEB medium

Ng +2.0 mg/L 2,4 - D +500 mg/L CH + 500 mg/L Pro +30 mg/L Hyg + 300 mg/L Cef + 3% Sucrose +
0.8% Agar, pH5.8

Ng +2.0 mg/L 2,4 ~ D +600 mg/L CH + 500 mg/L Pro + 50 mg/L Hyg + 100 mg/L Cef + 3% Sucrose +
0.8% Agar, pH5.8

MS +2.0mg/L 6 — BA +0.5mg/L NAA +500mg/L CH +500mg/L Pro + 50mg/L Hyg + 0. 1 mol Mannite +
2% Sucrose +0.8% Agar, pH5.8

MS + 3% Sucrose + 0. 8% Agar, pH5.8
5 g /L beef extract +5 g/L peptone +5 g/L Sucrose + 10 g/L yeast extract +0.5 g/L MgSO,

CH: KRB EH AS: 2B THM ; Pro: IR M Cef . L UB X Hyg: B R

CH ; Hydrolyzed

in; AS: Acetosyring

; Pro; Proline ; Cef ; Cefotaxime ; Hyg : Hygromyein

1.3 AEAKBEEINEHRREFSEMSHLENRRE 1.5
H R 8 ANk RS H N A ) B R T D AT BB
X5, PRk TR B BT A R F & 150 ~ 200 K, 22
70% Z, B AL R 2min J5 F3 0. 1% F+ & B # 20min, F
AEEKFEIR HEXERBRAR TEEMNTES
BAEBESAGTE, BHEASLEFER LS
B, KitSXERNAGHESFEMSLR, BRA
GESEMIERERRR N EEBENBREHLY

L o

1.4 XABROGMIERBBERR

BUR) — ¥ e AR R R/ R A A, B 8
EHER (Hyg)2%1% 0.10.30.50 .70mg/L Hi% %
BREFER SABEERMN3 AFEI, 30d FURE

FE0F 97 2 790 #99 B B o

RAENTSHKBRERUEBAFHRL
U8 AN ERATAGFE RS URERHE
F 32,5 F 10 MBOERZEME, U AR TR
Hr e i B B L SR o ) R BB R
Wk BE LR E 4 TR, TR E R
4 AM4hPE(0.2.4.6d) ;2 Je e [E] it 4 85 HE (5,10,
20.,30min) ;3L eE FREHE] 4 K (2.3.4.5d) ;K HF
BB OD o 43315 0.1,0.5.0.7,1.0.2.0;
U bB— b B M 45 3 KER, HFit—%
MNEE 0 ERFRBEHTHORERGRETZ
g
1.6 RABMNSHELSHIERE
FKFEIE F b 7 A B R R A R B S R B T
B EHEFAREAMSHORTRERRE
5~10min, SEBBESI 1 ~2 K, A HE M,
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BLFHRGHAFARERER X BRER, ARG
AR RBERTHIEF, EEFREF M
100pmol ER ZBT HM™ . EHREAHALR
FI A 20g/L H- 188 W5 69 5 B /K wh BE 3F 75 9 W (5B
500mg/L cef) ¥ #3 30min J5§ , K B IE KK T, %% 3
IR E kR N D, H 383 ,14d |5, B AT &
3R N,D,H, 35 5% 14d, B B 25°C, HiFrbtRAKRE
SALBIA B ST B, BRI AL R
MSH, s, Z XYM 16h, RpHitE /DR K iR )5, B
AMS AR AR, KRR EXER
B 125C K# 45min, MAXHEKERIIHEEBERE
PRTE .
1.7 HFRA

BT 4 4 Bk 0 oK B AL X FRAE bR v 7 4% BR SR A
a1 gy SDS 7 gk R BUE M B 4 DNA,

XM B0 AR o 0 Al X AR B SR ELAR) 2
B 41 DNA fE M AR 74T PCR 338 4W , 51470 . P1
5'-CTCGAGAAAAGAGAGGCTGAAGCTGGATCCAT-
GG-ATACTTTAGTGAAAACTCCA-3' 1 P2 5'-GCG-
GC-CGCTTA-TTCTTTGTCCCGCAATAAGTT-3', PCR
R R JF % :94°C BiAE # 2min, 5 94°C 24 1min,

61°Ci8 K 1min.72°C & A 2min ,30 B, 2CH

FEAY 10min, B )5 4C/EH . B S5 ~10ul PCR 1=
¥ 0.8% B BERE ALK o

BTettRIC . RAIM 3 % B IR K pEbisLy-
cBHyg NIt B EEYH AR ER .4 DNA K
Bt a4k 5 I8l 3K 77) & (1 e B R BORL Y 3

£2 FAREEANABEREAGARFESZEIULERGOES

¥ DNA BRI EER, RERALT
FhicHBE AN & UBEIS WEFICRE H
R

PCR-Southern i, ZEEERE ER KM A M,
HE B %) B L 5k ¥ bR Bk BB #E X PR\ BiE HE Bk PCR
YRS Rk R W S A e B B SR AT R,
AERICHFNE ERBEFRCHRIEARER
8347 PCR-Southern il ,
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RO 5T
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ZREH FRAERMMESE MEERABE
9o Hh#EFE 32806 . FFE 10 K. TI2 HhAr %
#7E 80% P b, 75 F 32 F F 10 MABOEH B RE 8
AEE R L 7E 85% L b, AT AL B 1K T
T2 WHAERBRHEESERMEK. & 01-124
) 18 9 h A R 0 A AL RER R, 5 MR A 60%
UT, B RR 20%, Bob, HA EEBEHF
£ EEANRGHEAMRSERAR, KL EELS
ERRG ARG B BRR, WEEI0RMEE
32 7=k i A 45 00 R B G B BURR B9 B IF IR
g T 01-124 AR A R %, K
R, B30 ~60d EEHTABGSEB/EL,
WEBEER B FEI0S3 M EEBEIR
FEN SRRERILEE,

Table 2 Effects of different genotype on the frequency of callus initiation and differentiation in rice mature embryoes

HEHMY HAE(%) LR (%) ERY HBR(%) HEE(%)
Genolype Callus rate Differentiation rate Genotype Callus rate Differentiation rate
Bk 86.5 46.9 #HH 18 56.1 16.3
F4£ 320 72.5 36.8 HE10 85.5 51.5
T2 87.1 26.5 BH 80.0 36.3
HE 32 87.5 43.3

# 01-124 60.0 6.0

2.2 KEBRGELABAFNBEERENBTE
SACEBR B R R RS REE KRR
B, MRBREHLR,B2AFERE/RSET ;K
Z. 0 B KRB P DA B, SR SRR T
Ve SRR . BT LA, T 8 420 bk 0 55 DR R YR I + 50
EE, B EFI0AEFER AGHAANHER

BRBRNERNF 3, NRPATLE &AL E
R 7E 30 mg/L Hyg RHBUMHIKIBCR AR, BOEX
BERHR, FF10KRZ, FUAHARRREEL
J& , E7E 30mg/L Hyg M) 82 358 £ [k A 0% 6 35 57 &
ND,H, ¥ 3% ¥ A 50mg/L Hyg FIH R 28 £ K #)
I IR ND,H, ik
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Table 3 Hygromycin sensitivity of different rice species

HER Hyg # & (mg/L) Hyg concentration

Genotype 0 10 30 50 70
X A C D D D
HE10 A B C D D
HFE32 A B c c D

AEBEK BHGERE;BAKES AGERK KX LR C.EILE
K, AR ERE ;DT , AR eRik

A:The callus's color is yellow and grow normally ; B: The callus's color is
gray and grow slowly;C:The callus’s color is brown and stop growth;D:

The callus’s color is brown completely and die

2.3 RAENSHKBEERLEFHRL
2.3.1 KHBEARENABHREGGRARMW
USAARENBKBRBEESHORG HZ
&, 7E R % 8min 3t 3 JF 3d. B 5% 2d WK 4
T R R E R EE AT RERR(E
1) o B ODofEA4 0.1 ~1.0 B, iR HiiEF H
B EAEE,ODERN 1.0 MEEAGIEFERAR
G 5 T 2R AT O R VR B R R I L i R R
RBYBETHE, LIEE 10 M8, HEHT4A,

AREHERBEEN KEREAGH LR RS
EXER(F=29.28>F,, =6.63), BEHME(E
4) KB, B OD, fEHX 0.1 F12.0 f 4 ¥ @ 45 AL
BBEMRTBNH3IAKEL.OMO0.7THAKEN
HHRGEERHERTBE, FFUREEWHER
0D, % 0.7 ~1.0,

. 80 ¢ —e—FF10
= —a— FEI3D
A? 70 | ok
SEC
M8 50
E5B !
g5 Y
#Hg o3l
£ 2
10 +
0 P
0.1 05 1 1.5 2
B IE (ODggo )

Agrobacterium concentration

1 BHRERENFAERGEAER
Fig.1 The effect of Agrobacterium concentration

on the frequency of resistant callus

4 BEFHERFEEARE. . @LMEEEFHENEE 10 TERGEROES

Table 4 The effect of preculture time, Agrobacterium concentration, infection and coculture time on the frequency of

resistant callus of Jifeng 10

I il 5%
BRI (ODs) HitEBEHR(% ) . bitkRGER) .. R R(%) ' Btk YR (%)
) . 2 4t 5 8] (min) Bt ) (d) By (d)
Agrobacterium Frequency of . j Frequency of Frequency of Frequency of
i Infection time Co-culture . Pre-culture
concentration resistant callus resistant callus | resistant callus || | resistant callus
time time
1.0 67.9aA 10 67.0aA 3 72.3aA 6 69.7aA
0.7 57.7abA 5 62.4abA 2 66.5aA 4 68.5aA
0.5 54.1bA 20 57.9abA 4 38.5bB 2 57.1aA
0.1 35.9¢B 30 55.8bA 5 14.2cC 0 36.8bA
2.0 30.7¢B - - - - - -

NEFBAKEFEAFIRT0.05 7 0.0l KFERBH

Letters in small and in capital mean significant difference at 0.05 and 0. 01level respectively

2.3.2 ERMEXNKBREDGRAOYE L3

TMRERBKBERAERE RO A A2k, £

IR ODg fH N 1.0 3% 5% 3d  Fid% 3% 2d &4
T, 32 g i (8] HEAT BRI, 4R Yl B ) %o K RS o A
W E 2 Prs , B E R G A A58 A, 3 AR
FEFRBKBREKGEE —EWEL, FFE 10
MK KRG 10min Hitk A RBH, 25K 66.6%
M 55.6% ,% F 32 R4 20min HitE MG REE, R
62.4% , FrESWAIA, AR Yt E T & E 10 3

HRAGERERBE(F=6.53>F,,,=4.76), BF&
TR E (R 4) A5, KR A 638 B R R
5 ~10min, .

2.3.3 #iEFHEANKBREDGENORE F
F10.HFE 2. KN AGHRZTHE I 2d. 0D,
% 1.0 HERRY 0min 5, ELIEHRE E45 5
FLHE SR 2d.3d.4d.5d,14 ~21d FE TR HAHGR
(E3), B3 RM,IEHF 2d3d, HiERGRE L
Fr#a% ML K 4dSdHREBGRHAE T &,
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W EERIIAEAGREER T 44d.5d, Hit
HFEUMId _HEZRMHEAGRTEESEE
$o Mg 3d LU L e, & A JE SR A B I ik
M, B KHEIHEAMERNG KBRGEHERSE
BEEA. B, KBRGHR S RITEMILES
B Estalh 2d,

2.3.4 WEFHEAMAKBRAYGGESREE B
FE 107 F 32,808 3 AR A B KER BT
BRI RGN 2, # AT R T8 55 A ) AL B R,
MJEHE ODgo = 1.0 BB W& F @ Y 10min, 3t 1} 3%
3d,14 ~21d G4 PiERGR(E4) . SSREH,
BEEWIE A Mm,3 T REARABORESR
iR ARM Y, YR8, SRR TR
HAEMERUHFABRAER, A48, FE 104
HAGERRE ROERERGERR, WEFFEI10E

N B 3% e 6] F 2 4o U5 BB A0 SR AT O 224
FEKF=12.9>F,, =9.78, 3 K R &% 5ot
X ABHRERGHF=EERBEEL W, NFK4 T
M,2 32 ~6d MEHRNHHEAGEBETTRE
B 57 7= A B B % B BUE 9% 2d 4d .6d B30
HAGERY TR EER. B TFTHEHNRENEE,
BEFE TG IR e IR O 4d.
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0 s FEn
- Ok
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Frequency of resistant callus
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4 BEHRHNRAERGREOER
Fig.4 The effect of preculture on the frequency

_ of resistant callus
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KRR FERRHEREL 28d FRHRK
ERGHA (B S-A) AR LB ZEMH,
ELREHHENART ERBEEKTRBEEH
RUGAREBMEEREL 284, PHBHAR
REBF G K, TR S BRHR LA H B
FET=(F S-B) o M4t B 45 40 4 5% 2 9 6 o0 4L 3% 3%
EL EIBVGAAKREREG R, LY I
SRR (ES5-C)o BRFKE T ~2em, B H 3
R RIS E EHEARTE 7d NEEKH
R, 430d 2H S ~8 FRER, REHALE, Bk
PRk (E 5-D), SLRWARBEHEE 11 BR(ES), H
REEI0BISH, FEREIIK BARER
E2IE7 4 a
2.5 HitEHE¥E PCR &3

MHitEE sk R B3 A sk F RERE
DNA fE R 4T PCR 9738 , SR ¥E fL AR bR O BA X
B, L pEbisLycBHyg Jp FR#E XY ., MK R K
8,7 3 32 3K49 PCR MRk 1 %, F F 10 K
PCR FH¥:4E ¥k 3 #k. PCR MHYEHIBR A FRIA07E 1.
Skb BEE Y18 4 B ARH, TR M X A BR A R B
W AR AR R AW (E 6) , MM HiIE L, BN E
A LycB E#ABIKE P,
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Fig. 5 Production stages of transgenic rice
Az T 28d J5 7K 7S BUB R 89 A a2 5 B - 015 4 U7 7 ok % 5 2 o O 5k 28d;
C. P gk o e Fr 2 v 28d M OTALE M 70k 5 D B4R 9 19 %5 b K 18
A: Callus induced by mature seed for 28d; B Transformed callus selected on screening
regeneration medium for 28d; C:Green buds gained in differential medium ;D ; Transformed plants
x5 RABENSEHEALKBERBOREEK
Table 5 The schedule of resistant plant obtained by Agrobacterium-mediated transformation in rice
3[4 EAB % o dras Hotk A% (% ) HE (%) HUHEHR (% )
No. of callus No. ofresistant No. o X . .
Genotype X . Resistant callus rate Regeneration rate  Resistant plant rate
incubated callus regeneration plant
#3332 206 155 75.2 2.0 1.5
HEIL 248 202 81.5 4.0 3.2
V& 223 156 59.9 0 0

6 kEHERMEKLN PCREN
Fig. 6 PCR detection of transformed Rice
M :ADNA/EcoRI + HindIIT; 1 ; BA 4k ik %f B8 ;
2 RFEALHIRE ;3 ~ 6. 55 b Ak
M: ADNA/EcoRI + HindI11;1: positive comparison ;

2: untransformed plant;3 — 6 transformed plant

2.6 #E[FE4E#% PCR-Southern blot #& 7

Xt 4 ¥k PCR PO ¥ 47 #k 8 BR 25 9 40 DNA #t 47
PCR-Southern &1l ( & 7) , 45 5§ & 8, PCR FAPE AL ¥k
DNA #"#§ i Bt 5 kL DNA ¥ 3845 B BRI AT 4
G5 BHAL TR — A8, i B X ke Ak ) 3% A 4k 58
175, UL W BRI B PEAR bR B 38 HH 9 PCR 0 # 5
FF R B UEW LycB B B4 KEH
PER R IR Al

7 kFEHEEMY PCR-Southern # 7
Fig.7 PCR-Southern detection of transformed
M: ADNA/EcoRI + HindIIT; 1 ; B} 14 [5 %7 %) F8
2R EGILHE R ;3 ~ 6. 55 (A Bk
M: ADNA/EcoRI + HindIIl; 1;positive comparison;

2: untransformed plant; 3 - 6 transformed plant rice
3 itig
3.1 KBAREFEEEHLGERY KRBT
M T 4 S8 3% 2 DR R A Ak g ¢, o 4 7 L A
MRNRT, Bk AR BHERBESR,
TEPR B UF OOF (L5 B B R 5 L D R 5 LT I R B

AW FER K RS B IR 5 5 th R B R D AR
AL, S LBE 138, 5 Bk . BRI 8 /K REEE A
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