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ABSTRACT 

 

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

has been confirmed for japonica varieties and extended to include more recalcitrant 

indica varieties. Scutellum-derived calli from mature seeds of Kasalath and BR-5 were 

used. The Agrobacterium tumefaciens strain, EHA101, harboring the binary vector 

pIG121Hm/Km/GUS was used for transformation. The vector contains -glucuronidase 

(GUS) gene as a reporter gene and hygromycin resistance (HPT) as well as kanamycin 

resistance gene (NPTII) as selection genes in the T-DNA region. After co-cultivation with 

the bacteria, calli were inoculated on selection medium in which hygromycin 

concentration was 50 mg/l for Kasalath and 20 mg/l for BR-5. Carbenicillin (500 mg/l) 

was used for removal of Agrobacterium after co-cultivation. Inclusion of acetosyringone 

50–100 M in the Agrobacterium suspension in co-culture medium increased the 

frequency of transformation. Frequency of transformed calli (hygromycin resistant cells) 

was 82% in Kasalath and 6% in BR-5. Regeneration efficiency from transformed calli in 

Kasalath was about 63% and in BR-5 was about 34%. Most of the transgenic plants were 

morphologically normal but seed fertility was lower than the control. In transformed calli, 

roots and immature inflorescence showed positive response in GUS assay. Presence of 

GUS, HPT and NPTII genes was confirmed by PCR analysis and PCR Southern blot 

analysis. Expression of GUS gene was 100% in T1 progeny of Kasalath, whereas that of 

HPT gene was 51%. BR-5 could not be tested because of low seed fertility of T0 plants. 

In T1 plants, seed fertility of transformed Kasalath was 79% which is lower than that of 

the respective non-transformants. 
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INTRODUCTION 

     Transformation mediated by Agrobacterium tumefaciens has been used as a standard 

technique in plant molecular biology and genetic engineering for the transfer of foreign 

genes into higher plants. This technique has been primarily for dicotyledons. Monocots such 

as rice, wheat, corn, barley etc. are not natural hosts to Agrobacterium tumefaciens. 

Therefore, alternative approaches have been developed for application of recombinant DNA 

                                                   
1 The Research Institute of Evolutionary Biology. 2-4-28, Kamiyoga, Setagaya-ku,Tokyo, 158-

0098, Japan. 

 



 2 

techniques in cereal crop improvement. In rice protoplast mediated transformation has been 

reported for certain japonica and some indica rice cultivars (Shimamoto et al.1989; Datta et 

al. 1992). Similarly gene transfer by particle bombardment into organized tissues such as 

immature embryos has been used to generate transgenics of several japonica and some indica 

cultivars (Christou 1996). 

     Meanwhile, intensive investigations pertaining to the interaction between Agrobacterium 

and susceptible plant cells have yielded greater details of the basic processes underlying 

transfer of T-DNA regions. The most convincing demonstration of A. tumefaciens-mediated 

transformation of rice was made by Hiei et al. in 1994. Similar transformation efficiency, 

routinely possible for dicotyledonous plants, was achieved in rice by using A. tumefaciens  

strain (LBA4404) that carried a ‘superbinary’ vector (pTOK233) having virB, virC,and virG 

genes from the supervirulent Ti plasmid, pTiBo542 (Hood et al. 1986; Jin et al. 1987; 

Komari 1990). The Agrobacterium approach is emerging as an efficient transformation 

system for japonica and javanica rice cultivars (Hiei et al. 1994; Dong et al. 1996; Cheng et 

al. 1998), largely due to their improved ability of in vitro culture. However, successes with 

the relatively recalcitrant indica cultivars are only a few (Rashid et al. 1996; Aldmetia and 

Hodges 1996 and Khanna and Raina 1999). 

     The present study was undertaken with the objective of extending the host range of A. 

tumefaciens to certain recalcitrant indica varieties (Kasalath and BR-5) evaluating the 

possibility of achieving high transformation efficiencies for routine use. Expression of 

reporter genes in T0 and T1 plants are also described.   

 

MATERIALS AND METHODS 

Transformation 
     Mature seeds of two indica rice varieties Kasalath (an indigenous cultivar in eastern part 

of India, Assam) and BR-5 (one the leading varieties in Bangladesh) were used as explants. 

The infection of the rice calli were carried out using Agrobacterium tumefaciens strain 

EHA101 harboring the plasmid pIG121 Hm/GUS (Hiei et al. 1994). pIG121Hm/GUS is a 

binary vector containing hygromycin resistance gene (HPT), β-glucoronidase gene (GUS), 

as well as kanamycin resistance gene (NPTII) within the T-DNA region,. The gene for GUS 

has an intron in the 5` end of the coding sequence and is connected to the 35S promoter of 

cauliflower mosaic virus, there by producing expression in  A. tumefaciens (Fig.1). 

 

        Xba I         Sac I 

  
RB   NOS     NPTII     TNOS      35S      GUS    TNOS      35S       HPT     TNOS  LB 

 

 

Fig.1 Schematic diagram of a part of the T-DNA region of transformation vector 

pIG121Hm/GUS, NOS, nopaline synthatase; NPTII, gene for neomycin  phosphotransferase; 

TNOS, terminator of nopaline synthatase; 35S, 35S promoter of cauliflower mosaic virus; 

GUS, gene for β-glucoronidase; HPT, gene for hygromycin phosphstransferase. 

 

Mature seeds were dehusked, washed by tap water and surface sterilized following 

the methodology described by Prodhan et al. (2001) and cultured on CI mediumm, (Table 1). 

Nine cm diameter Petri plates were used for the experiment which was sealed with parafilm 
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(American National Can TM, USA). The cultures were incubated in the biotron at 27C in 

12 hours light and dark condition for 3 weeks. The proliferated calli derived from the 

scutella were separated with scalpel and subcultured to the fresh CI medium. Granular 

compact calli after 4-5 weeks (1-2 mm in diameter) were taken for transformation and 

regeneration purpose. 

Preculture of Agrobacterium in YM medium and pretreatment of calli were for 3 

days in a fresh CI medium. Later on co-culture were carried out in CI-AS medium for 3 days 

at 27ºC. After co-cultivation, calli were washed several times with sterile milliQ water and 

finally washed with N6-D liquid medium (Chu et al. 1975) containing 500 mg/l carbenicillin 

to kill the Agrobacterium and then transferred to CI-HmCb medium (Table 1) for selection 

purpose. Proliferated cells on CI-HmCb medium were considered as transformed calli which 

were later transferred to regeneration medium RE-HmCb. The regenerated shoots were 

further transferred REHF-HmCb medium for full plant formation with extensive root system. 

After rooting, the transgenic plants were acclimatized in pots (15 cm diameter) soil and 

submerged with water in a growth incubator at 30ºC (light phase) and 25ºC (dark phase) 

with 12 hours light at 71mole.m
-2

.s
-1 

photon flux density and 62% relative humidity. After 

2-3 weeks, transgenic plants were transferred to new pots and grown up to maturity. From 

these T0 plants 5 to10 panicle were taken randomly and seed fertility were measured.  

 

GUS assay 
    Histochemical and flourimetric enzyme assays to detect and quantify GUS activity were 

performed as described by Jefferson (1987) on calli 3 days just after co-culture with A. 

tumefaciens and again after 4 weeks of inoculation. Regenerated plant tissues were also 

treated with X-gluc solution and number of blue spots were counted. 

  

 Genomic DNA isolation and PCR analysis 
       Genomic DNA was extracted from young leaf tissues of both transgenic and 

untransformed control rice plants by CTAB method (Murry and Thompson 1980). To 

confirm the presence of GUS, HPT and NPTII genes in the transgenic plants, PCR analysis 

was carried out in a 50 l reaction mixture containing DNA (1g), 200 M of dNTP mixture, 

1 M each of forward and reverse primers, 1 unit of Taq DNA polymerase, and 10 X Ex Taq 

buffer. The standard reaction conditions used were:  94C for 5 minutes followed by 30 

cycles of 94C for 1 minute, 60C for 1 minute and 72C for 1 minute. This was followed by 

one cycle of 15 minutes at 72C. The reactions were carried out in a Perkin Elmer Gene 

Amp PCR system 9700. Amplification for GUS gene was performed with primer GUS-4 

(AGGCTGTAGCCGACGATG) and GUS-F (ATCACCGAATACGGCGTGGA). Primers 

used for NPTII gene were NPT-5 (GCTTGGGTGGAGAGGCTATT) and NPT-7 

(CTCTTCAGCAATATCACGGG). Primers used for the detection of HPT sequences were 

HPH-1 GCTGGGGCGTCGGTTTCCACTATCCG and HPH-2 

CGCATAACAGCGCTCATTGA CTGGAGC. 

 

PCR Southern Hybridization 
      PCR with GUS primers were done for variety Kasalath and BR-5. Then the amplified 

product was separated on a 1% agarose gel by electrophoresis and blotted on to a positively 

charged nylon membrane (Amersham) according to manufacturer’s instruction. The DNA 

was fixed to the membrane by baking at 80C for 30 minutes and hybridized to GUS probe. 
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The probe for the GUS gene was 1.8 kb fragment of the GUS gene coding region.  

 

 Progeny test 

     T1 progenies were obtained from T0 transgenic plants of by selfing. T1 seeds were sown 

on soil in a tray and after 3 weeks seedlings were transferred to 15 cm diameter pots in soil, 

submerged with water and placed in a growth incubator under the same conditions 

mentioned earlier. Seeds were harvested and by counting the filled and unfilled seeds 

fertility were measured. After harvesting the T1 seeds, growing on hygromycin included 

medium segregation of transgenes  were checked. Roots and leaves of T1 plants were again 

subjected to histochemical GUS assay to confirm the presence of the reporter gene. 

 

RESULTS AND DISCUSSIONS 

  The composition of the culture medium is an important factor for the efficiency of 

transformation. When co-cultivation was carried out for several days in liquid medium with 

rice calli, the transient expression of GUS was very low (Hiei et al. 1994). In the present 

study, similar medium solidified with gelling agent was found better for co-cultivation than 

liquid medium. 

 

Table 1. Media used for transformation by Agrobacterium mediated method 

 

Medium Composition 

CI 

  

  

    N6 salts and vitamins (Chu et al. 1975),  

    30 g/l sucrose, 28.78 g/l proline, 0.3 g/l casamino  

    acid, 2 mg/l 2,4-D, 4 g/l gelrite and pH 5.8 

CI liquid 

  

    N6 salts and vitamins, 30 g/l sucrose, 28.78 g/l   

    proline, 0.3 g/l casamino acid and 2 mg/l 2,4-D 

YM      Liquid YM medium, 50 mg/l Hm and 50 mg/l Km 

CI-AS 

  

    CI medium, 20 g/l sucrose, 1 mg/l 2,4-D, 

    0, 5, 10mg/l (0, 50, 100 μM) acetosyringone 

CI-HmCb 

  

    CI with hygromycin (50 mg/l for Kasalth and 

    20 mg/l for BR-5  ) and 500 mg/l carbenicillin 

RE-HmCb  

  

  

  

  

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

     sorbitol, 30 g/l sucrose, 2 g/l casamino acids, 50, 30 and 

     20 mg/l hygromycin, 500 mg/l carbenicillin, 2 g/l casamino acids, 

     0.2 mg/l NAA, 2 mg/l kinetin for Kasalath and  0.2 mg/l NAA,   

     1.5 mg/l BAP for BR-5, 4 g/l gelrite and pH 5.8 

REHF- 

HmCb 

  

    MS salts and vitamins, 30 g/l sorbitol, 30 g/l sucrose  

    2 g/l casamino acids, 50,30 and 20 mg/l hygromycin, 

    500 mg/l carbenicillin, 4 g/l gelrite  and pH 5.8.  

 

Frequencies of hygromycin resistant calli were observed for the variety Kasalath and 

BR-5 at 2 concentrations of acetsyringone along with control in CI-AS medium (Table 2).  

In both Kasalath and BR-5 hygromycin resistant cell frequency was highest in100 M (10 

mg/l) concentration. Kasalath showed higher transformation frequency than BR-5. Addition 

of acetosyringone clearly increased transformation efficiency (Table 2).  
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Table 2. Transformation efficiency expressed by the frequency of hygromycin resistant 

calli on selection medium 

 

   

Number of scutellum derived 

calli  

Cultivar  Hygromycin Calli Inoculated in Hygromycion Frequency 

 conc. (μM) 

selection 

medium resistant cells (%) 

  (mg/l)  (A) (B) (B/A) 

  0 50 6 12 

Kasalath 50 50 70 30 43 

  100 128 105 82 

  0 50 2 4 

BR-5 20 50 75 2 3 

  100 172 10 6 

 

This study also suggests that acetosyringone is needed for transformation of indica 

rice where higher concentration was better than lower concentration. This result is similar to 

that reported by Hiei et al. (1994) in japonica rice and Rashid et al. (1996) with indica rice 

Basmati-370. Chan et al. (1993) indicated that co-cultivation of potato suspension cells 

(PSC) which is rich in acetosyringone and sinapic acid improved transformation efficiency 

of rice. Previously very low transformation efficiency was observed when acetosyringone 

was omitted from the co-cultivation medium (Hiei et al. 1997). Hiei et al. (1994) described 

that prior to infection, preculture of calli in new medium for 4 days was in important step for 

japonica rice transformation. They observed that, direct use of cells in suspension cultures 

for co-cultivation without preculture gave low frequencies of transient GUS expression and 

low stable transformation. 

      Hiei et al. (1997) also pointed out that, efficient gene transfer to monocot plants is 

possible if the explant tissue contains ‘competent’ cells that are susceptible to the infection 

by A. tumefaciens. Here we infected the granular compact calli with a binary vector 

pIG121Hm (Fig.1) which is derived from a most common binary vector, pBI121 (Ohta et al. 

1990). Rashid et al. (1996) used the same vector to obtain transgenic Basmati rice. It has 

been reported that, a super binary vector, in which  a DNA fragment from the virulence 

region was introduced in to a binary vector, was more  effective for transformation of rice 

and they also described that recalcitrant cultivars can more easily be transformed by using 

this super binary vector (Hiei et al. 1994). In this study a conventional binary vector was 

used to obtain high transformation frequency from recalcitrant indica rice cultivars. 

Hashizume et al. (1999), also obtained high transformation frequencies using a conventional 

binary vector.  

In this study very strong GUS expression was observed in the variety Kasalath (97-

100%). Strong GUS expression (60-64%) was also observed in BR-5, which is similar to 

that observed by Rashid et al. (1996) in Basmati 370. High expression was also observed in 

the T1 progeny. This may be due to the presence of intron in the 5’ end of GUS gene of 

pIG121Hm. In both the varieties higher GUS expression was observed when calli were 

cultured in medium supplemented with higher concentration of acetosyringone which is 

similar to that observed with hygromycin resistant calli. 



 6 

Table 3. Regeneration frequency of transgenic Kasalath and BR-5 calli cultured in 

media supplemented with different acetosyringon concentration 

Genotype 

 

 

 

  

Acetosyringone 

Conc. (μM) 

 

 

 

No. of calli 

inoculated in 

regeneration  

medium* 

(A) 

No. of 

green 

spots 

after two 

weeks 

Shoot 

number 

after four 

weeks (B) 

 

Regeneration 

Frequency 

(%) (B/A) 

 

 

Kasalath 50 35 25 18 51 

 100 35 30 22 63 

BR-5 50 35 21 9 26 

 100 35 21 12 34 

* Calli inoculated in 2 petriplates, each plate having 10 to 25 calli. 

 

         High regeneration efficiency (Table 3) was observed in Kasalath (51-63%) which was 

as high as in some japonica cultivars (Hiei et al. 1994) and the indica cultivar Basmati 370 

(Rashid et al. 1996). This high regeneration may be due to one key factor, which is the use 

of a selectable agent (hygromycin) that did not impair the regeneration potential of the cells 

(Ayers and Park 1994). Lower regeneration frequency (26-34%) in the cultivar BR-5 might 

have been caused due to the adverse effect of Agrobacterium infection or due to varietal 

difference.  

 

 

            
         (a) Kasalath    (b) BR-5                (c) Kasalath           (d) BR-5 

 

 

 
 

 

                       
                    (e)  Kasalath                                        (f) BR-5 
     

 

Fig 2. Histochemical GUS assay of transformed calli, roots and inflorescence of rice plants. 

 

 

All the regenerated plants exhibited normal phenotypic growth with usual life cycle. 

They flowered and set seeds. Seed fertility was 95.9±3.0% for Kasalath and 35.4±21.8% in 

BR-5. Roots of mature T0 plants and inflorescence also showed GUS positive response. 

(Fig.2c,d,e,f). This may be due to genotypic effect and also presence of intron GUS gene. 
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                                                        (c ) 
Fig.3. PCR amplification from the genomic DNA of transgenic Kasalath and BR-5 plants showing 

expected (a)GUS (between 310 and 610 bp), (b) NPTII fragments (between 603 –700 bp) and (c ) 

PCR Southern Hybridization of Kasalath and BR-5. Expected GUS fragment is between 310 and 610 

bp. M, marker Hae III; lane 1-6 transgenic Kasalath; lane 7-11 transgenic BR-5; C control; P positive 

control; N negative control. 

 

     PCR analysis was carried out for the T0 plants of Kasalath and BR-5. The plants 

examined showed the presence of GUS and NPTII (Fig. 3 a, b) fragments. Presence of GUS 

fragment was further confirmed by PCR southern blot analysis (Fig.3, c). Most of the plants 

roots of T1 Kasalath and BR-5 were fully GUS positive and showed blue spots on their 

leaves. 

     Percentage of hygromycin resistant T1 plants was 51% in Kasalath and 6% in BR-5. In 

histochemical GUS assay of Kasalath, all hygromycin resistant plant roots showed blue 

staining whereas the control plants showed no blue staining at all. Segregation of 

hygromycin resistant plants were confirmed which did not exhibit a Mendelian segregation 

ratio. It is not clear why the segregation of transgene in T1 plants was deviated from 

Mendelian law. The lack of hygromycin resistance gene may indicate that foreign DNA was 

either absent or present but non-functional 

    Reproducible and efficient transformation methodologies have been successfully 

established in rice (Hiei et al., 1994), corn (Ishida et al., 1996) etc. Inheritance of foreign 

gene to the progeny has been reported in Japonica rice (Shimamoto et al. 1989; Chan et al. 

1993; Hiei et al. 1994). For indica rice Rashid et al. (1996) also demonstrated the stable 

transmission of inheritance in T1 progeny. This is the first report for transformation with 

reporter genes for the variety BR-5. This technique is faster and will be easier to adapt in 

developing countries where transformation is needed to improve local rice varieties with 

desired genes. 
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