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ABSTRACT 
Tissue culture of indica rice cultivars is difficult compared to japonica cultivars as they are recalcitrant to in vitro culture. In vitro culture 
of rice through an intervening callus stage not only poses the problem of somaclonal variation but also takes a very long time to 
regenerate. Rapid regeneration of indica rice variety ‘Rasi’ was carried out from the shoot basal portion, which produced multiple shoots 
on Murashige and Skoog (MS) medium containing thidiazuron (TDZ) and 6-benzyl amino purine. MS medium with 4 mg/L TDZ 
produced 11 shoots/explant with 93.3% regeneration efficiency. Shoots rooted on MS medium with 0.5 mg/L �-naphthalene acetic acid 
and were transferred to hardening medium containing equal volumes of sterilized sand and vermicompost within 45 days of culture. In 
vitro grown plants were uniform and no somaclonal variation was observed. 
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INTRODUCTION 
 
Rice is staple food for large part of the World’s human 
population, especially in East and South East Asia. It pro-
vides 27% of dietary energy and 20% of dietary protein in 
the developing World (Anonymous 2004). China is the 
highest producer with 187.4 million ones followed by India 
(144.57 million tones) and Indonesia (57.1 million tones) 
(FAOSTAT 2009). Even though world rice production is 
increasing every year, pests and diseases, adverse physio-
logical and environmental factors, affect its productivity 
and quality. Rice is the World’s single largest market for 
agrochemicals (Anonymous 2004). The cost of agrochemi-
cals used for control of various pests and diseases and the 
loss due to their damage adds up to billions of dollars each 
year. 

Tissue culture has played significant role in crop im-
provement in maintenance and development of haploids, 
male sterile lines and self-incompatible lines, deriving 
somaclonal variants, etc. This method is also used to get 
pathogen-free plants and to rescue rare plant species and 
genetic improvement through transformation technology. 
Thus, tissue culture is supplementing the conventional 
breeding programs and crop improvement through biotech-
nology. 

Genetic engineering has now made it is possible to 
develop resistant rice varieties for various biotic and abiotic 
stresses. Bt rice has been field evaluated in China and India 
and has shown resistance against several insect pests – the 
striped stem borer, yellow stem borer, pink stem borer, leaf-
folder, and green semi-looper. Transgenic rice has also been 
developed for other genes like Xa21 for bacterial leaf blight 
resistance, Chitinase (Chi11) for sheath blight resistance, 
PPT for herbicide resistance, PEPC with enhanced photo-
synthetic efficiency (C4 rice), ORF-2 for resistance to rice 
yellow mottle virus (RYMV), DREB for drought tolerance 
and TPSP for salt tolerance (Datta 2004). Biofortification of 
rice is also gaining importance with rice engineered with 
genes for �-carotene biosynthesis (Golden rice) (Ye et al. 

2000) might be able to reduce vitamin A deficiency and 
iron has been enhanced in indica rice by introducing the 
ferritin gene driven by the endosperm-specific promoter 
Vasconcelos et al. 2003). 

Transformation of indica rice is limited to few cultivars 
because the majority of indica varieties are recalcitrant to in 
vitro response. Even though there have been a few reports 
of successful transformation of indica rice by Agrobacte-
rium (Aldemita and Hodges 1996; Rashid et al. 1996; 
Nayak et al. 1997; Zhang et al. 1997; Khanna and Raina 
1999, 2002; Mohanty et al. 2002). These transformation 
conditions either showed low transformation efficiency or 
were applicable to only limited indica varieties because of 
low regeneration efficiency. Establishment of highly effici-
ent and rapid in vitro regeneration system for indica rice 
varieties will accelerate the use of transformation techno-
logy in breeding programs. Within indica subspecies, sig-
nificant variations of in vitro culture response still exist in 
different genotypes (Oinam and Kothari 1993; Seraj et al. 
1997; Khanna and Raina 1998). Though, the callus induc-
tion was good enough in above studies, regeneration of 
shoots was difficult and somaclonal variation was observed 
due to repeated sub cultures. Hence, in this study, an expe-
riment was carried out to regenerate shoots directly from 
shoot basal portion without intervening callus stage. Three 
days germinated shoot basal portion as explant was used for 
direct multiple shoot regeneration at higher concentrations 
of cytokinins. 
 
MATERIALS AND METHODS 
 
The seeds of indica rice variety ‘Rasi’ – a popular high yielding 
variety in south India were procured from the National Seed Corp., 
G.K.V.K., Bangalore. The dehisced seeds were surface sterilized 
by treating with 70% ethanol for one minute and then washed with 
sterile water. Ethanol washed seeds were then treated with 4% 
sodium hypochlorite and a drop of Tween-20 solution for 45 min 
on a slow motion shaker. The treated seeds were washed with ste-
rile water for 3-4 times inside laminar airflow chamber. 
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Sterilized seeds were placed on 9 mm Petri dishes containing 
MS basal medium with 0, 2, 4, 6 and 8 mg/L thidiazuron (TDZ) 
and 4, 6 and 8 mg/L 6-benzyl amino purine (BAP). Twenty seeds 
were placed on each plate with four replications. Seeds were in-
cubated in growth chamber at 25°C under white fluorescent tubes 
with light intensity of 2000 lux and a 16-hr photoperiod until 0.5-
1.0 cm seedlings had grown. At this stage, seedlings were sepa-
rated from the endosperm, shoot tip and roots were completely cut 
off leaving a 5-10 mm thick basal portion. This explant was placed 
on fresh medium with the same treatments mentioned above res-
pectively. Multiple shoots arose from the thick basal portion after 
15-20 days of culture. Shoot clumps were separated and individual 
shoots were placed on basal medium with 0.5 mg/L�-naphthalene 
acetic acid (NAA) for rooting. After 2-3 weeks of rooting, indivi-
dual seedlings were transferred to pots containing equal volumes 
of sterilized sand and vermicompost. The plants were hardened in 
the greenhouse at 28°C and 80% relative humidity. Watering was 
done at regular intervals and pesticides were not sprayed as any 
pests and diseases were not observed. All statistical analysis was 
performed by ANOVA F test at p=0.05 using MS-excel. 
 
RESULTS AND DISCUSSION 
 
The potential of callus induction and regeneration in rice 
tissue culture depends on a number of factors, such as the 
genotype of the donor plant, the type and physiological sta-
tus of the explant, the composition and concentration of the 
basal salt, organic components and plant growth regulators 
in the culture medium. Among these factors, genotypic dif-
ference is the most important. Visarada and Sarma (2002) 
noted that even though indica varieties produce callus early, 
i.e. within 7-10 days of culture, the callus was compact and 
proliferation was slow. On transfer to regeneration medium, 
redifferentiation of callus was observed instead of regenera-
tion, as in japonica cultivars. Over a long sub-culture period, 
a rapid decline in regeneration was observed (Visarada and 
Sarma 2002). In many indica cultivars, recovery of trans-
genic plants is difficult as cells accessible for gene transfer 
may not be suitable for plant regeneration (Komari et al. 
1998). Rapid in vitro regeneration from the shoot basal por-
tion without an intervening callus stage would overcome 
the regeneration problems incurred in culture of indica vari-
eties. 
 
Multiple shoot induction 
 
In this experiment, highest percent of multiple shoot induc-
tion was observed in 4 mg/L TDZ (93.33%) followed by 6 
mg/L BAP (91.67%) and 8 mg/L BAP (88.33%) (Table 1). 
More than 80% of the shoots regenerated into whole plants 
and were readily transferred to soil. The regeneration effici-
ency only ranged from 0-12% in 21 indica cultivars tested 
through callus-mediated in vitro culture (Beena 2006). Maxi-
mum regeneration (14.88%) was observed from callus of 
popular Phillipine varieties on N6 media (Mahmuda and 
Nenita 2005). Even in Basmati varieties, maximum regene-
ration reported is 69% in ‘Basmati 370’, which responds 
well to in vitro culture (Muhammed et al. 2008). 

Multiple shoots (more than two shoots/explant) were 
observed in treatments with 4 and 6 mg/L TDZ and 4, 6 and 
8 mg/L BAP (Table 1, Fig. 1). The average number of 
shoots/explant regenerated on each treatment were 11 and 8 
shoots/explant, respectively in 4 and 6 mg/L TDZ and 6, 8, 
6 shoots/explant, respectively in 4, 6 and 8 mg/L BAP. In a 
similar experiment of multiple shoot induction in indica 
rice using shoot apical meristem as explant on MS media 
with 4 mg/L TDZ, maximum of 6 shoots per explant were 
recorded (Yookongkaew et al. 2007). 

Among the hormones, TDZ responded better than BAP 
in regeneration efficiency as well as maximum number of 
multiple shoots (Table 1). This was in accordance with a 
report in which the action of synthetic cytokinin TDZ in-
duced more shoots than BAP in indica rice cv. ‘Jaumala’ 
(Gairi and Rashid 2004). TDZ is active at lower concentra-
tions than the amino purine cytokinins and found to be less 

susceptible to plant degrading enzymes than endogenous 
cytokinins (Huetteman and Preece 1993). TDZ at 4 mg/L 
induced 5-7 shoots per explant in Thai indica varieties 
using shoot apical meristen as explant. No significant dif-
ferences were observed among the 13 Thai indica varieties 
they tested (Yookongkaew et al. 2007). 
 
Rapid regeneration 
 
Shoot growth was also faster in MS media with 4 mg/L 
TDZ in which 5-6 cm shoot growth was observed within 15 
days of culture in ‘Rasi’. In contrast, the regeneration of 
rice plants through callus intervention took minimum of 14 
weeks for ‘Rasi’ with 2-3 healthy plants/explant (Table 2) 
(Raghavendra 2007). Even in recalcitrant varieties like 
‘Basmati 370’ and ‘Basmati 371’, 21-28 days-old calli of 
took 27-30 days to regenerate into a complete plant (Mu-
hammed et al. 2008) while the shoot basal portion as ex-
plant regenerated into rice plantlets which rooted profusely 
(Fig. 2) and could be transferred to soil within 45-60 days. 
 

Table 1 Multiple shoots regeneration from shoot basal culture of indica 
rice var. ‘Rasi’. 
TDZ + BAP 
(mg/L) 

� of 
explants

� of explants 
producing 
multiple shoots 

% of multiple 
shoot 
production 

� of 
shoots/ 
explant 

T0 (0+0) 20 0.00 0.00 1.00 
T1 (2+0) 20 0.00 0.00 1.00 
T2 (4+0) 20 18.67 93.33 10.67 
T3 (6+0) 20 17.33 86.67 8.00 
T4 (0+4) 20 14.00 70.00 5.67 
T5 (0+6) 20 18.33 91.67 8.00 
T6 (0+8) 20 17.67 88.33 6.67 
CV% 3.55 3.55 11.18 
SEm 0.36 1.78 0.53 
CD 1% 

 

1.01 5.07 1.52 
TDZ: thidiazuron, BAP: 6-benzyl amino purine 

 

Fig. 1 Multiple shoots regeneration from shoot basal culture of indica rice 
variety ‘Rasi’ at different concentrations of TDZ and BAP. T0: MS0 MS 
media with no hormones; T1: MS0 + 2 mg/L TDZ; T2: MS0 + 4 mg/L 
TDZ; T3: MS0 + 6 mg/L TDZ; T4: MS0 + 4 mg/L BAP; T5: MS0 + 6 mg/L 
BAP; T6: MS0 + 8 mg/L BAP. 

A B C 

Fig. 2 In vitro regeneration of indica rice variety ‘Rasi’. (A) Direct 
multiple shoot regeneration from shoot basal portion; (B) Shoot regenera-
tion from callus; (C) Rooting of individual shoots. 
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Somaclonal variation 
 
Multiple shoots were 5-6 cm long within 15-20 days of 
culture and required only two subcultures before transfer to 
hardening medium (Table 2). The plants were uniform and 
no variation was observed among the plants that were 
raised by separating the multiple shoots. In callus-mediated 
regeneration, the risk of somaclonal variation and problems 
in transgene inheritance and stability of transgene expres-
sion is high (Bregitzer and Tonks 2003). It has also been 
observed that the incidence of genetic mutations and soma-
clonal variation was low in plants regenerated from shoots 
due to the absence of tissue dedifferentiation steps that are 
common in the initiation of callus and somatic embryo 
cultures (Hirochika 1993). Culture of shoot apices can be 
combined with either Agrobacterium-mediated transforma-
tion or particle bombardment (Gould and Magallanes-
Cedeno 1998; Zapata et al. 1999; Cho et al. 2003; Gold-
man et al. 2003). This rapid method can be used for testing 
the functions and transient expression of genes (Yookong-
kaew et al. 2007). 
 
CONCLUSION 
 
Rice plants regenerated in vitro from the shoot basal portion 
without an intervening callus stage could be regenerated in 
a short time and transferred to soil within 5-8 weeks of cul-
ture. Direct regeneration of multiple shoots from the shoot 
basal portion can maintain genetic stability once transgenic 
plants are obtained and a large population of plants can be 
obtained in short time. This rapid regeneration system can 
also be used for Agrobacterium-mediated transformation. 
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Table 2 Comparison of direct multiple shoot regeneration and regeneration with callus intervention of indica rice var. ‘Rasi’. 
Characteristics Direct multiple shoot regeneration Regeneration with callus intervention 
Days taken for complete plant regeneration 45-55 days 105-110 days 
Total number of subcultures 3 6-8 
No. of plants regenerated per explant 8-11 2-3 
Somoclonal variation Not observed 20-30% 
Use in Agrobacterium-mediated transformation Possible Possible 
Use in biolistic transformation Not possible Possible 
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