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INTRODUCTION

Rice (Oryza sativa L.) a monocot plant comprised two 
subspecies, Indica and Japonica [1]. It is being cultivated for more 
than 10,000 years [2]. Out of the all crops that are using as feed 
in all over the world rice provide 23 % of the calories consumed 
by the whole population [3]. Indica rice encompasses 80% of the 
world rice cultivation [4] and this types of rice is mainly grown 
in South and South-East Asian countries of the world [5].

Rice is the staple food of larger than half of the population 
of the world [6] serves more than 90% Asian population and 
is occupy the second position among the cultivated cereal 
in the world, after wheat [7]. For coping with the ever-
increasing population of the world the total rice production 
has to be amplified 50% within 2025 [8]. This goal cannot 
be accomplished by increasing the cultivation area under rice 
cultivation because of the unavailability of proper lands. On 
the other hands the farm areas are being limited by residential 
areas in the developing countries. The most possible solution 
of this problem is to increase the productivity of rice which can 
be done by developing new genotypes tolerant to biotic and 
abiotic stresses with high yielding capacity. Previous experiments 

showed that the production rate of rice is unpleasantly affected 
by abiotic stress and that is highly defenseless with the change of 
weather [9,10,11,12]. Genetic transformation is the technique 
that enables the introduction of novel genes [13].

Various tools of Modern biotechnology including genetic 
transformation enable rice breeders to fight against this types 
of problems. In fact, different considerable efforts were made 
for the genetic improvement of various rice varieties throughout 
the last two decades in the world [14]. Therefore, before 
applying transformation methods optimization of an efficient 
regeneration protocol for specific cultivar(s) is an essential 
for this the composition of the nutrient media (basal salts, 
organic components, and growth regulators) is a major factor 
that influencing the rate of frequency of rice regeneration [15].

Agrobacterium-mediated transformation of rice (Oryza sativa) 
is a technique that is depends on tissue culture and the primary 
and main step of tissue culture is callus initiation [16]. Indica 
rice varieties are often considered as recalcitrant regarding the 
induction of callus [17,18,19].

In this experiment we tried to optimize the rate of growth 
regulators (2,4-D) for callus induction and efficient genetic 
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transformation protocol of indica rice using Agrobacterium 
tumefaciens as a vector.

MATERIALS AND METHODS

Experimental Materials

The experiments were carried out during the period from April, 
2018 to November, 2018 at the Tissue culture Laboratory, 
Biotechnology Division Bangladesh Institute of Nuclear 
Agriculture (BINA), Mymensingh. Mature seeds of five indica 
rice (Oryza sativa L.) such as Binadhan-5, Binadhan-6, BRRI 
dhan 48, BRRI dhan 58, and IR 64 were used as experimental 
material to study different parameters associated with callus 
induction of plant. In this experiment we used a super-virulent 
Agrobacterium GV3101 strain harbouring plant expression 
vector pB2WG7 containing OsCAL (Calmodulin like protein) 
genes. This binary vector contains following genes within the 
right border (RB) and left border (LB) region of the construct.

Surface Sterilization of Seeds

Seeds were surface sterilized by dipping near 1 minute in 70% 
ethyl alcohol with vigorous shaking, then it was washed 5 to 
6 times with distilled water. After washing Surface disinfection 
was done by using of 50% NaOCl with 1 drop Tween-20 
for 15 minutes at 300 rpm in a shaker. Then the seeds were 
subsequently washed 7 to 10 times with sterile distilled water 
to remove traces of sterilant that would be toxic to the seed 
materials if kept for longer duration. The surface sterilized seeds 
were then dried for 5-6 min on a sterilized filter paper.

Callus Induction

Sterilized seeds were cultured directly in MS medium 
supplemented with different concentration of growth regulators 
required as per treatment. In this experiment we used four 
different concentration of growth regulators (1 mg/L, 1.5 mg/L, 
2 mg/L and 2.5 mg/L 2,4-D). The culture media and all the 
glass wares were autoclaved at 1.16 kgcm-2 pressure and 1210C 
temperature for 30 minutes. The following Equation was used 
for determining the callus induction frequency as given below.

percent�% callus induction=

Number of callus
induction

Number of
( )

sseeds
incubated

×100

Percent of embryogenic callus were calculated on the basis 
of the number of induced callus and the total number of 
embryogenic callus.

Percent�% of embryogenic callus=

Number of
embryogeniccallus

Nu
( )

mmber of
callus induction

×100

Subculture

Callus was formed within 6-7  days. After 14  days the non-
embryogenic calli were discarded and only the calli that are 
embryogenic were selected for subculture. The root and shoot 
are discarded and only the embryogenic calli are transferred 
to new medium containing the same composition of callus 
induction medium.

Infection and Co Cultivation

Prior to co cultivation the cultured Agrobacterium in LB 
medium was separated by centrifugation for 10  minutes at 
3200 g and 200C temperature, the pellet was dissolved in same 
amount of  AA-AS media completely by vortexing. Then all 
the embryogenic calli were infected by immersing them in 
the mixed culture for 15-20 minutes with intermittent gentle 
shaking at 50 rpm. The infected calli were then dried on sterile 
whatman filter paper for 5 minutes. Then the infected calli 
were transferred to the co cultivation medium containing 10 g/L 
glucose and 150 µM acetosyringone at PH 5.8 and incubated at 
27±10C in the dark for 48 hours.

Selection

After co cultivation the infected calli with slight growth of 
Agrobacterium were rinsed 5-6 times with 250 mg/L cefotaxime 
and 200 mg/L timentin in sterile distilled water respectively. 
The calli were then dried on sterile whatman filter paper for 
5 minutes and transferred onto selection medium containing 
250 mg/L cefotaxime and 50 mg/L streptomycin and incubated 
for 12 days at 27±10C in dark. This step is repeated for 3 times 
(10 & 15 days).

Regeneration of Transformed Calli

After third selection, black or brown microcalli were discarded 
and only granular ‘macrocalli’ were transferred onto regeneration 
media containing either two or three growth regulators 
comprised of MS salts, 30 g/l maltose, 2 mg/l kinetin, 0.2 mg/l 
naphthalene acetic acid (NAA), PH 5.8; 250 mg/l cefotaxime 
and 30 mg/l streptomycin added after autoclaving. The media 
was supplemented with 10 g/l agar during regeneration. These 
microcalli were incubated at 27±10C in dark for 7  days for 
the first phase of regeneration. Then these microcalli were 
transferred to fresh regeneration medium and incubated in 
light at 27±10C temperature.

RESULTS AND DISCUSSION

Plant regeneration is a system that is essential for establishing 
an efficient application of biotechnology that can be utilized 
for crop improvement in future. By using mature seeds somatic 
embryogenesis has been proved to be more reliable method of 
obtaining true type plant. Therefore, in vitro regeneration from 
induced callus from mature embryos of five indica rice (Oryza 
sativa L.) varieties was investigated in this study. Results of different 
steps of the experiments are described under the following heads.
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Callus Induction

The first step of this experiment was callus induction from 
mature seeds. To meet this purpose, callus induction potentiality 
of mature embryo on different MS media supplemented with 
different concentrations of growth regulators was investigated.

Embryo of mature seeds of five varieties of rice used as explants 
were cultured on MS media supplemented with four different 
concentrations of 2,4-D (1.0, 1.5, 2.0 and 2.5) for callus 
induction. Callus induction performances of all the varieties 
in each treatment were evaluated and presented in Table-2 & 
Figure-1.

Callus initiation started from six days of incubation and took 
about fourteen to sixteen days for the completion followed by 
Binadhan-5, Binadhan-6, BRRI dhan-48, BRRI dhan-58 and 
IR-64 respectively (Figure-1 and Figure-2). The percentage 
of callus induction was highest in BRRI dhan-48  (48.92%), 
followed by Binadhan-6 (43.08%), and lowest in BRRI dhan-
58 (24.92%). (Table 2).

Effects of Growth Regulator Treatments On Callus 
Induction

Different concentration of growth regulators showed variation 
on the percentages of callus induction and embryogenic callus. 
Mean square value of those treatments are statistically significant. 
For the percentages of callus induction and embryogenic callus. 
Among those treatments of growth regulators 2 mg/L 2,4-D was 
found to be the best of all variety (Table 1).

2 mg/L 2,4-D showed the highest percentage (71.46%) of callus 
induction followed by 1  mg/L 25.13%, 1.5  mg 24.26% and 
lowest (24.20%) percentage of callus induction was observed 
in 2.5 mg/L 2,4- D concentration. 2 mg/L 2,4-D showed the 
highest percentage 57.33 of embryogenic callus production 
and lowest 7.00% of embryogenic callus was produced when 
2.5 mg/L 2,4- D was used.

The findings of our study were in agreement with the previous 
works [20, 21, 22, 23, 24]. In our study 2 mg/L 2,4-D showed 
highest rate of callus induction. Similar observations were also 
reported in rice by Verma [23] where they showed that different 
varieties of rice produced high amount of callus cultured on MS 
medium supplemented with 2.0 mg/l 2, 4-D.

Figure 1: Callus induction from mature embryos of five indica rice 
varieties

Figure 2: Callus of five indica rice varieties from mature embryos 
after subculture

Table  1: Effects of different 2,4‑D concentration on callus 
induction
Treatments combination Percent of callus induction

1.0 mg/L 2,4‑D (T1) 25.13333 b
1.5 mg/L 2,4‑D (T2) 24.26667 b
2.0 mg/L 2,4‑D (T3) 71.46667 a
2.5 mg/L 2,4‑D (T4) 24.20000 b
CV (%)
LSD (0.05)

23.38879
6.259898

In the column figures followed by same same letter (s) in a do not 
statistically significant
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Effects of Different Varieties on Callus Characters for 
Growth Regulators Treatment

The genotypic mean square values of rice were found statistically 
significant for all the characters of callus induction such as 
percent of callus induction and percent of embryogenic callus 
under those treatment (Table 2).

Highest (48.92%) percentage of callus induction was observed 
in BRRI dhan-48 closely followed by Binadhan-6  (43.08%), 
IR-64  (32.33), Binadhan-5  (32.08) and lowest (24.92%) in 
BRRI dhan-58. Which were statistically significant. Percentage 
of embryogenic callus was higher (34.67%) in BRRI dhan-
48 followed by Binadhan-6  (23.83%), IR-64  (17.83%), 
Binadhan-5  (15.17%) and lowest (12.42%) in BRRI dhan-58 
which were statistically significant.

Regeneration of Transformed Embryogenic Calli

Among 5 indica rice varieties we got plantlets from IR-64 
and it required almost 25 days for plantlet regeneration from 
transformed calli (Figure 3).

Agrobacterium-mediated Genetic Transformation

The callus which survived in selection medium containing 
antibiotic (cefotaxime and timentin) may be transformed callus. 
We got plantlets from those calli after third selection (Figure 3) 
so initially we can select them as transgenic plants but were not 
confirmed either by molecular tests or others.

CONCLUSION

In this experiment a thorough investigation was carried out for 
knowing the calli induction ability and Agrobacterium mediated 
genetic transformation technique of five indica rice varieties 
named Binadhan-5, Binadhan-6, BRRI dhan48, BRRI dhan58, 
IR-64. Though we identified medium composition for successful 
calli induction of indica rice and obtained plantlets following 
Agrobacterium- mediated transformation of calmodulin  like 
protein coding genes (OsCAL) into the indica rice, we need to 
repeat the transformation protocol and test the transformants 
with different molecular techniques.

Although plants were found, used to be tested continued 
by molecular methods and tested the desired characters for 
selecting those plantlets as transgenic plant.
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