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ABSTRACT 

 
Genetic transformation of rice (Oryza sativa L.) mediated by Agrobacterium 

tumefaciens has been performed on 5 indica cultivars grown in Vietnam. Embryogenic 

calli derived from mature seeds were inoculated with A. tumefaciens LBA4044 in which 

the T-DNA contained plasmid pSBbarB-UbiCre or plasmid pSB35L-Hyg-L-Gus. 

Transformation efficiency recorded as the number of independent transgenic plants 

showing Southern blot
+ 
per the number of embryogenic-derived calli ranged from 1.78-

13.33%. Southern analyses of T0 independent transformants revealed that the  

transgene in most of transformants integrated into the genome as a single locus. 
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INTRODUCTION 

The advantage of genetic transformation 

of the rice plants using Agrobacterium 

tumefaciens has been widely cited in 

recent years (Hei et al. 1997; Komari et 

al. 1998) since the success of Hiei et al. 

(1994) in demonstrating that the rice 

plants could be transformed using 

Agrobacterium tumefaciens with an 

efficiency as high as in dicotyledonous 

plants. These authors transformed 

japonica varieties using A. tumafeciens 

strain LBA4404 containing the plasmid 

pTOK233 which had the virB, virC and 

virG genes of supervirulent pTiBo542 

(Hood et al. 1986; Jin et al. 1987; 

Komari 1990) added to the binary 

vector. The efficiency of transformation 

was 20.5% of calli treated. 

Subsequently, Aldemita and Hodges 

(1996), Rashid et al. (1996), and Yokoi 

et al. (1997) followed the technique 

demonstrated by Hiei et al. (1994) with 

some minor modifications to transform 

japonica and indica varieties. 

Agrobacterium-mediated transformation 

of javanica rice has also been shown 

(Dong et al. 1996).  

In the present study, we demonstrated 

that Agrobacterium - mediated 

transformation methods could be applied 

to the indica varieties grown in Vietnam. 

This would help in improving the rice 

varieties of the country by gene transfer 

technology. 

MATERIALS AND METHODS 

Rice cultivars and culture media 

Five indica rice cultivars: DS20, 

OMCS96, OMCS97, IR72 and IR64 

were used for tissue culture and 

transformation experiments. Mature 

seeds were de-husked and then sterilized 

by treating with 70% ethanol for 2 min 
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and then 70% (v/v) chlorox bleach 

(5.25% sodium hypochloride) for 30 

min. The chlorox solution was removed 

and the seeds were treated with fresh 

70% chlorox for a further 30 min and 

then rinsed thoroughly 3 times with 

sterile water. After sterilization, the 

seeds were cultured on callus induction 

medium MS (Table 1) and observed for 

callus growth weekly for 3 weeks. Calli 

were transferred to medium MS and 

embryogenic calli were selected, 

separated into small pieces (1-2mm) and 

precultured on medium MS for 4 days 

before transfer to co-cultivation medium 

MS. 

Agrobacterium tumefaciens strain and 

plasmid 

The A. tumefaciens  strain LBA4404  

was obtained from Japan Tobacco Inc. 

(Hiei et al. 1994). Two plasmids were 

used separately:  

(1) pSBbarB-UbiCre: the barB 

gene for phosphinothricin (ppt) 

resistance was driven by the 35S 

promoter of cauliflower mosaic virus 

plus Cre gene driven by the maize 

ubiquitin promoter plus (Fig. 1A); 

 (2) pSB35SL-Hyg-L-Gus: hyg 

gene was flanked by Lox sequences 

driven by 35S promoter cauliflower 

mosaic virus plus the gusA gene without 

the promoter (Fig. 1B). 

Transformation procedures 

The transformation procedure used by 

Aldemita and Hodges (1996) for explant 

as immature embryo was basically 

followed with minor modifications for 

mature seeds used as explant in this 

study.  Cultures of A. tumefaciens  were 

prepared  from glycerol stock and grown 

on AB medium (Chilton et al. 1974), a 

single colony of the Agrobacterium was 

transferred to 6 ml of YEP medium (An 

et al. 1988) containing 50 mgl
-1
 

Spectinomycin and grown for 28-30 hrs 

at 29
o
C.  The culture was centrifuged at 

2,800 rpm for 15 min and the pellet was 

resuspended in 10 ml of PIM2 medium 

plus 100 mM acetosyringone (AS), and 

incubated for 14-16 hrs at 29
o
C to a final 

A600 of 1.6-1.9.  AS was added to the 

bacterial suspension to give a final 

concentration 200 mM and immediately 

10 µl of the bacterial suspension added 

to the embryogenic callus. Three days 

after co-cultivation (MSCo medium) 

with A. tumefaciens, the calli were 

transferred  to medium MS containing 

carbenicillin 250 mgl
-1
and cefotaxime 

100 mgl
-1
 to inhibit the growth of  

Agrobacterium. 
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Fig. 1A 
 

 

 

 
 

Fig. 1B 

 
 

 

 

 

 

Fig 1. A schematic diagram of the plasmid (A) pSBbarB-UbiCre and (B) pSB35SL-

Hyg-L-Gus  
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Table 1.  Rice tissue culture and transformation media 

 

Medium Composition 

AB Chilton et al. (1974), 3g l
-1
 K2HPO4, 1g l

-1
 Na2H2PO4, 1g l

-1
 

NH4Cl,   0.3g l
-1
 MgSO4 .7H20, 0.15 gl

-1
 KCl, 0.01 gl

-1
 CaCl2, 

0.0025 g l
-1
 FeSO4 .7H2O, 5 g l

-1
 glucose, 15 g l

-1
 agar, pH 7.2 

PIM2 1g l
-1
 NH4Cl, 0.3g l

-1
 MgSO4 , 0.15 g l

-1
 KCl, 0.01 g l

-1
 CaCl2, 

0.0025 g l
-1
 FeSO4 , 10 g l

-1
glucose, 14.64 gl

-1
 MES, 0.28 g l

-1
 

Na2HPO4, 0.27 g l
-1
 NaH2PO4.H2O, 20 mg l

-1 
acetosyringone, 

 
pH 

5.6 

MS 

 

MS salts and vitamins (Murashige and Skoog. 1962), 30 g l 
-1
 
 

sucrose,  2mg l 
-1
 2,4-D, 1 g l 

-1
 casein hydrolysate, 6 g l

-1
 agarose, 

pH  5.8 

MSCo 

(co-

cultivation) 

MS salts and vitamins (Murashige and Skoog. 1962), 30 g l
-1
sucrose,  

2mg l 
-1
 2,4-D,    1 g l

-1
 casamino acids, 10 g l

-1
glucose, 3g l

-1
 

gelrite, 20 mgl
 -1
 acetosyringone, pH  5.8 

MSSe 

(selection) 

 

MS salts and vitamins (Murashige and Skoog. 1962), 30 g l
-1
 

sucrose,  2mg l 
-1
 2,4-D, 1g l

-1
 casamino acids , kinetin 0.001g l

-1
 , 

3g l
-1
gelrite, pH  5.8 

MSRe 

(Regeneration) 

MS salts and vitamins (Murashige and Skoog, 1962), 30 g l
-1
 

sucrose,     50 mg l
-1
 tryptophan, 0.25 mg l

-1
 kinetin , 0.5 mg l

-1
 

naptheneacetic acid, 6 g l
-1
 agarose, pH  5.8 

MSR 

(Rooting) 

MS salts and vitamins (Murashige and Skoog, 1962), 30 g l
-1
 

sucrose, 50 mg l
-1
 tryptophan, pH  5.8 

 

Selection and regeneration of 

transformants 

After three weeks, each callus was 

divided into small pieces (1-2 mm) and 

cultured on the medium MSSe with 

carbenicillin and cefotaxime  

supplemented with 50 mg l
-1
 of 

hygromycin or 10 ppm of 

phosphinothricin (ppt) for a three-week 

period of selection.  The resistant calli 

were separated into small pieces and 

subjected to second selection on the 

same medium supplemented with 100 

mgl
-1
 of hygromycin or 10 ppm of ppt 

for a second 3-week selection period, 

putative transformed calli were 

transferred to the medium MS. 

Proliferated calli were then transferred to 

the medium MSRe and incubated at 

25
o
C in the dark for one week before 

transferring to the growth chamber with 

70% humidity, 25
o
C and 12-hr day 

length.  Regenerated plantlets were 
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transferred to the rooting medium MSR, 

and after root development they were 

transferred to soil and grown in the 

greenhouse.  

DNA isolation and Southern 

hybridization 

Genomic DNA was isolated from leaf 

tissue of T0 plants following the method 

of McCouch et al. (1988). Southern blot 

analyses were performed according to 

Sambrook et al. (1989). Ten µg of 

genomic DNA digested with Xba I and 

EcoRI (double cut), or XhoI alone 

(single cut) were fractionated through  

0.8% agarose gel by electrophoresis at 

50 voltage for 12 hr, prior to capillary 

transfer to and immobilization on nylon 

membranes (Hybond-N
+
, Amersham). 

RESULTS AND DISCUSSION 

Two to three weeks after callus 

induction, approximately 50-90% of 

seeds cultured formed embryogenic 

callus on the medium MS. Six to 8 small 

pieces (1-2 mm) separated from the 

embryogenic callus of one mature seed 

were selected and placed on one petri 

plate and referred as one initiated mature 

embryo. They were co-cultivated with A. 

tumefaciens LBA 4404 containing 

plasmid pSBbarB-UbiCre or plasmid  

pSB35SL-Hyg-L-Gus. Table 2 shows 

the effectiveness of A. tumefaciens  LBA 

4404 in transforming rice cultivars 

indica group. The transformation 

efficiency based on the number of 

independent transgenic plants showing 

Southern blot
+ 

per the number of 

embryogenic-derived calli ranged from 

1.78 to 13.33%. Rashid et al (1996) 

reported the frequency of transformation 

of Basmati 370 an indica variety was 

22%. Aldemita and Hodges (1996) 

obtained a lower efficiency rate of 1-4% 

in transformation of two indica varieties. 

The results of our study confirmed the 

conditions for the success in rice 

transformation using A. tumefaciens (1) 

choice of the explant (in this case, 

embryogenic callus from mature seeds 

was found to be suitable for indica 

cultivars) (2) A. tumefaciens strain 

LBA4404 (3) maintenance of high 

concentrations of AS during co-

cultivation of the calli with 

Agrobacterium and (4) appropriate 

selection procedures using hygromycin 

or ppt. 
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Table 2.  Transformation efficiency of embryogenic calli derived from mature 

seeds of indica rice varieties (DS 20, OMCS 96, OMCS 97, IR 72 and IR64) infected 

with Agrobacterium tumefaciens LBA 4404 containing plasmid pSBbarB-UbiCre (BarB-

UbiCre) or plasmid pSB35SL-Hyg-L-Gus (Hyg-Lox) 
 

Variety Expe- 

riment 

Plasmid Number of embryogenic-derived calli  

from mature seeds 

Trans- 

formation 

efficiency 

(B/A, %) 

   Inoculated 

(A) 

Produced 

Hyg
R
 or 

ppt
R
 cells 

Individual 

transform-ants 

recovered 

South-ern 

blot
+
 

(B) 

 

 

 

DS20 1 Hyg-Lox 40 12 7 5 12.50 

 2 Hyg-Lox 20 6 3 2 10.00 

 3 Hyg-Lox 30 8 4 2 6.66 

 4 Hyg-Lox 45 15 8 4 8.88 

DS20 1 BarB-UbiCre 30 10 5 4 13.33 

 2 BarB-UbiCre 9 3 2 1 11.11 

 3 BarB-UbiCre 10 4 2 1 10.00 

 4 BarB-UbiCre 40 10 4 3 7.5 

OMCS 96 1 Hyg-Lox 27 5 3 2 7.4 

 2 Hyg-Lox 34 7 3 2 5.88 

 3 Hyg-Lox 50 21 7 4 8.00 

OMCS 96 1 BarB-UbiCre 35 8 5 3 8.57 

 2 BarB-UbiCre 14 3 2 1 7.14 

 3 BarB-UbiCre 22 7 4 2 9.09 

IR72 1 Hyg-Lox 15 2 1 1 6.66 

 2 Hyg-Lox 10 4 2 1 10.00 

 3 Hyg-Lox 40 11 4 3 7.50 

 4 Hyg-Lox 25 10 3 2 8.00 

IR72 1 BarB-UbiCre 16 3 2 1 6.25 

 2 BarB-UbiCre 40 9 4 2 5.00 

 3 BarB-UbiCre 41 10 5 3 7.31 

 4 BarB-UbiCre 21 8 4 2 9.52 

IR64 1 Hyg-Lox 18 8 2 1 5.55 

 2 Hyg-Lox 42 6 3 2 4.76 

 3 Hyg-Lox 48 15 5 4 8.33 

IR64 1 BarB-UbiCre 34 7 1 1 2.94 

 2 BarB-UbiCre 20 8 2 1 5.00 

 3 BarB-UbiCre 25 10 4 2 8.00 

OMCS97 1 Hyg-Lox 30 5 2 1 3.33 

 2 Hyg-Lox 40 10 3 1 2.5 

 3 Hyg-Lox 56 15 2 1 1.78 

OMCS97 1 BarB-UbiCre 41 10 1 1 2.43 

 2 BarB-UbiCre 50 15 2 1 2.00 
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In comparison with the efficiency in 

transformation of japonica varieties that 

we obtained from 14.28 to 32.43% 

(Taipei 309) and from 8.33-25.00% 

(Radon) (Tran and  Hodges, 1999), the 

efficiency for indica varieties in this 

study was quite acceptable.     

Southern blot analysis T0 plants using 

gusA probe and Cre probe revealed, in 

the case of double cut, the expected band 

of 2.11 kb and 1.05 kb respectively and 

the bands in single cut showed simple 

integration of the transgene (Fig. 2 A-B). 

This indicated that in comparison of 

other methods of gene transfer in rice 

(Christou et al. 1991, Peng et al. 1992), 

Agrobacterium - mediated rice 

transformation gave rise to a so much 

fewer number of copies of genes 

integrated as well as the frequencies of 

gene rearrangement.  

 

 
 
 
Fig. 2A 
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Fig. 2B 
 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Southern analysis of T0 plants. DNA of these plants was digested with XhoI 

(single cut:S) and with EcoRI plus XbaI (double cut:D).  

(A): OMCS96 using gusA probe, showing expected band at 2.11 kb  in double cut  

(B): DS20 using Cre probe, showing expected band at 1.05 kb  in double cut 

The bands in single cut showed simple integration of the transgene. 
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TOÏM TÀÕT 
Chuyãøn naûp gen bàòng Agrobacterium  
cho mäüt säú giäúng luïa träöng åí Viãût Nam 

Phæång phaïp chuyãøn naûp gen bàòng vi khuáøn Agrobacterium tumefaciens âaî âæåüc aïp 
duûng cho 5 giäúng luïa thuäüc nhoïm indica âang träöng åí Viãût Nam: ÂS20, OMCS96, 

OMCS97, IR64 vaì IR72. Caïc mä seûo taûo tæì haût giaì âæåüc chuíng våïi doìng A. 

tumefaciens  LBA4044 mang plasmid pSBbarB-UbiCre hoàûc plasmid pSB35L-Hyg-
L-Gus. Hiãûu quaí chuyãøn gen âæåüc tênh bàòng tyí lãû säú cáy chuyãøn gen âäüc láûp thu âæåüc 

thãø hiãûn quan phán têch Southern trãn säú mä seûo âæåüc chuíng vi khuáøn. Hiãûu quaí naìy åí 

caïc giäúng luïa trãn trong khoaíng tæì 1,78-13,33%. Kãút quaí phán têch Southern cho tháúy 
åí háöu hãút cáy chuyãøn gen, gen âæåüc kãút naûp vaìo nhiãùm sàõc thãø åí mäüt vë trê (locus).    

 


