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Abstract: Most of the cultivated indica rice genotypes are less amenable to genetic modifications due to their poor callus 

induction and regeneration potential. The prerequisite for genetic enhancement of indica rice genotypes by biotechnological 

approach is to develop an efficient protocol for callus induction and plant regeneration. In the present study, we established an 

optimized regeneration protocol for rice genotype AC39020, which is moderately drought tolerant with high root growth and 

biomass. To use this genotype in the crop improvement program the prerequisite is callus induction and regeneration protocol in 

this indica rice genotype. The mature seeds of AC39020 used as explants for callus induction on LS, MS and N6 media with 

different hormones and amino acid concentrations. LS basal media with 2.5 mgL
-1

, 2, 4-D and 500 mgL
-1

glutamine showed 91.3% 

callus induction frequency. Subsequently the embryogenic callus was cultured on MS media supplemented with BAP, Kinetin, 

NAA, and TDZ. The MS medium supplementedwith 4mg L
-1

 BAP and 0.5 mgL
-1

 NAA showed 75% regeneration efficiency. 

Since regeneration in indica rice varieties is tedious, far-reaching, highly genotype-specific, we exposed the embryogenic calli 

for mild desiccation stress for 24 h and 48 h. The desiccation treatment for 48h increased shoot regeneration frequency from 16.7 % 

to 40.2 % compared to non-desiccated calli. The protocol developed was highly reproducible and this protocol can also be used 

for further improvement of this rice genotype through genetic modification. 
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1. Introduction 

Rice (OryzasativaL.) has been cultivated for more than 

10,000 years. It is one of the most important cereal crops 

belongs to Poaceae family [1]. More than 50% of the world 

population consume rice and is increasing 1.8% every year 

[2]. However, rice production has slowed down and it is 

estimated that rice production has to be increased 50% by 

2025 [3]. In recent years a considerable improvement has 

been made by exploiting the natural variation through con-

ventional breeding. But traditional breeding efforts alone 

cannot meet the increasing demand of rice production. From 

this context tissue culture techniques are being used globally 

for genetic improvement of rice plants [4]. The biotechno-

logical advances including transformation, in situand in 

vitrohybridization to introgressnew genes from different 

sources to the cultivated species has been reported. The 

success of all these methods depends on efficient reproduc-

ible regeneration system in any crop [5]. Therefore, the 

prerequisite and important is the identification of compatible 

genotypes for callus growth and in vitroplant regeneration 

[6]. It has been reported that callus induction and regenera-

tion potential is not only genotype dependent and also the 

type of explants and culture medium composition including 

growth regulators and growth conditions [7]. 

The agronomically important rice indica genotypes are 

recalcitrant to in vitro manipulation mainly due to their poor 

callus induction and regeneration efficiency. Production of 

good quantity and quality of callus is prerequisite for po-

tential regeneration of the plant.The callus induction media 

containing hormones like auxin, 2-4, D and amino acids 

showed improved callus frequency rates in rice [8]. In rice, 
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the rate of shoot regeneration from callus influenced by the 

many factors like explants source, genotype, culture condi-

tions, combinations of plant growth regulators [9-11] os-

motic pressure [12] and partial desiccation [13]. 

In rice tissue culture, selection of totipotent explant and 

combinations of growth hormones and other culture condi-

tions and physical factors like cold, dark, desiccation treat-

ments play a vital role in shoot regeneration [14]. Different 

explants like mature seed derived callus [15] and immature 

embryogenic calli [16] basal segments of the stem from the 

in vitro grown rice plants [17]and shoot apical meristem [18], 

and mesocotyl [19] leaf blade [20], anthers[21] and leaf 

bases [22] have been reported as potential option for shoot 

regeneration systems in Indica rice genotypes. Plant growth 

hormones play a crucial role in rice tissue culture and indi-

cagenotypes exhibit variability for regeneration in terms of 

media hormonal combination and concentrations. Different 

combination of BAP and NAA has been reported to induce 

higher regeneration of shoots from calli of rice cultures [23]. 

TDZ is a phenyl urea-based compound, exhibits a broader 

effect than conventional cytokinins over a wide range of 

species, and it activates the shoot proliferation and adventi-

tious shoot organogenesis [24]. Usage of TDZ in rice shoot 

regeneration media enhanced multiple shoots [18, 25]. 

Hormones like kinetin and gibberellin used with combina-

tion of other hormones showed improved shoot regeneration 

in rice [26, 27]. Several reports have shown that partial 

desiccation treatmentof calli was beneficial for embryogen-

esis and plant regeneration from embryogenic calli in indica 

rice [28- 30]. The emphasis of the present study is to estab-

lish a reproducible plant regeneration system for rice indica 

genotype (AC39020) through mature seed derived embryo-

genic calli.The AC39020 genotype showed tolerance to 

drought and superior water mining characters with high root 

and high biomass. Hence the hypothesis is to improve this 

genotype by genetic engineering and transform other supe-

rior alleles by transgenic approach and subsequently use it 

for breeding programs. Inthis regard initial effort is to es-

tablish the callus induction and regeneration protocol. The 

LS media showed highest percentage callus induction and 

subsequently MS media with 4 mgL
-1

 BAP and 48 h of mild 

desiccation treatment showed efficient regeneration of mul-

tiple shoots. The study provided an option to develop 

transformation protocols in the rice genotype AC39020. 

2. Materials and Methods 

2.1. Plant Material 

The indica genotype rice Oryzasativa L. genotype 

AC39020 seeds were used in this study. The seeds were 

obtained from the Department of crop physiology, Univer-

sity of Agricultural Sciences, Bangalore. 

2.2. Seed Sterilization 

Seeds were stored at 4°C prior to use, manually dehusked 

seeds were treated with 70% ethanol for two minutes and 

washed thrice with sterile distilled water. Further seed steri-

lization carried out on shaker using 4% sodium hypo chloride 

contained 2 drops of Tween – 20 for thirty minutes, followed 

by five rinses in sterile distilled water under laminar air flow 

cabinet [31]. 

2.3. Callus Induction 

Sterilized seeds were transferred into petri dishes con-

taining callus induction media. The callus induction medium 

developed for this study denoted as MS media [32], LS me-

dia[33] N6 media [34]. Different culture media including MS, 

LS and N6 medium supplemented with hormones like 2,4-D 

and kinetin and additionalsupplementation ofamino acids 

like glutamine, tryptophan and casamino acids were pro-

vided ( Table 1). 

Table 1. List of media used for Callus induction. 

Media 
Growth Regulators (mg L-1) Amino acids ( mg L-1 ) 

2,4-D Kinetin Glutamine Tryptophan Casamino acids 

LS media LS basal 2.5 - 500 - - 

MS media MS basal 2 - - 50 1000 

N6 media N6 basal 3 1 - - - 

 

Table 2. List of media used for Shoot regeneration. 

Media 

Growth regulators (mg L-1 ) 

Cytokinin Auxin 

Kinetin BAP TDZ NAA 

MSKN MS basal 2.5 - - 0.5 

MSBN1 MS basal - 3 - 1 

MSBN2 MS basal - 4 - 0.5 

MST1 MS basal - - 2 - 

MST2 MS basal - - 1 - 

After 15 days of incubation under dark 25±1°C, calli ini-

tiated from scutella were sub cultured on fresh callus induc-

tion medium. The callusinduction frequency on different 

callus induction media was calculatedby using the following 

formula [35]. 

Callus induction frequency = Number of calliproduced from 

seeds/number of seeds plated × 100 

2.4. Shoot Regeneration 

To standardize the shoot regeneration media for rice gen-

otype AC39020, we used five different media combinations 

with different hormones. Twenty five day-old actively 

growing calli transferred to the five different shoot regener-
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ation medium containing different hormonal combination 

(MSKN1, MSBN1, MSBN2, MSTN1, MSTN2). The com-

bination of hormones used in the media was listed in Table 2. 

The plant regeneration frequency was calculatedby the fol-

lowing formula [35]. 

Shoot generation frequency = Number of shoots produced 

from calli/ Number of calli plated ×100 

2.5. Partial Desiccation Treatments 

Partial desiccation was carried out by transferring thirty 

days old creamy white, nodular embryogenic calli to sterile 

empty petri dishes containing sterile whatman filter paper for 

desiccation treatment. The Petri dishes were sealed with 

parafilm and kept at 25�2� in the dark for 24 h and 72 h 

[29]. After desiccation treatment, both desiccated and 

non-desiccated calli were transferred to shoot regeneration 

media contains MS basal with different hormonal combina-

tion as mentioned in Table 2.  

2.6. Root Induction and Plant Hardening 

The regenerated plantlets were transferred to culture bot-

tles containing half strength MS basal media supplemented 

with 0.5 mg L
-1

 IBA for root induction. Rooted plantlets were 

transferred to pots containing soil rite, the pots were covered 

with polythene bags for plant hardening. The hardened plants 

were finally transferred to the soil in the mud pots and were 

kept in green house and maintained at 30°C with relative 

humidity 80%. 

3. Statistical Analysis 

Statistical significance of differences was determined by 

one-way analysis of variance (ANOVA) followed by Dun-

can’s post-hoc analysis. The data were presented as the mean 

± standard deviation means (SDM). Difference was consid-

ered significant at p < 0.05. 

4. Results 

4.1. Identification of Rice Genotype 

The rice genotype AC39020 was identified as drought 

tolerant based on physiological screening of more than 200 

genotypes. This genotype has 51.83 cm of root length and 

42.25 gm of biomass with δ
13

C value of 19.136 indicating a 

better water use efficient rice genotype(Unpublished). 

4.2. Callus Induction 

Mature seeds used as explants for embryogenic calli 

production. Significant differences were observed in callus 

induction frequency as well as quality of the callus grown on 

different medium (Fig. 1). In general, two types of calli were 

observed namely, embryogenic that is compact yellowish, 

and large in size, and non-embryogenic fragile, translucent 

and slimy (Fig. 2). The highest embryogenic callus induction 

frequency(91.3%) was observed in LS basal medium sup-

plementation with 2.5 mg L
-1

, 2,4-D and 500 mg L
-1 

gluta-

mine. The time period for callus induction was taken 3 weeks 

in LS medium. Whereas MS and N6 media, the time period 

for callus induction was 3-4 weeks. The MS medium sup-

plemented with 2 mg L
-1

 2, 4-D, and 50 mg L
-1

 tryptophan 

and 1 g L
-1

 casamino acids showed significant enhanced 

callus induction (78.2%) compared to N6 media. Less callus 

induction (42.5%) was observed on N6 media supplemented 

with 3 mg L
-1

 2, 4-D, 1 mg L 
-1

 Kinetin (Fig. 3). The calli 

produced from MS and N6 medium were showed less friable 

and non-embryogenic. In the present study, callus production 

and quality was improved significantly on LS media. 

 

Figure 1. Effect of different combinations of media on callus inductionof rice 

genotype AC39020.a) LS media b) MSC media c) N6 media. a1,b1,c1-15 days 

old calli. a2,b2,c2- 30 days old calli. 

 

Figure 2. Effect of callus induction media on quality and embryogenic cal-

lusproduction in rice genotype AC39020 a) Non embryogenic calli on N6 

media b) Embryogenic calli on MSC media c) Embryogenic calli on LS media. 



251 Amaranatha Reddy Vennapusa et al.:  An Efficient Callus Induction and Regeneration Protocol for a   

Drought Tolerant Rice Indica Genotype AC39020 

 

Figure 3. Callus induction frequency on three different media combinations. 

4.3. Shoot Regeneration 

Among the various combinations of hormones, the highest 

shoot regeneration frequency (75%) was observed on the MS 

medium supplemented with 4 mg L
-1

 BAP, 0.5 mg L
-1

 NAA 

(Fig. 4). Both embryogenesis andorganogenesis induced quite 

earlier compared to other media combinations. Shoot differ-

entiation was detected within 15 - 25 days on the regeneration 

medium (MSBN2), but 30 - 40 days was taken in other media 

used in the present study. Another combinationof BAP and 

NAA (MSBN1) showed less regeneration capacity 56.3% 

compared MSBN2 media. The calli, which were grown on 

TDZ containing medium MST1 showed 45.8% and MST2 

showed 39.6% regeneration frequency. Usage of TDZ alone 

using with MS media also showed significant increased re-

generation capacity compare to kinetin and NAA combination 

(MSKN). The less regeneration frequency 27.1% was ob-

served in the medium MSKN.(Fig. 5). 

 

Figure 4. Effect of different hormones containing media on Shoot regenera-

tion frequency. 

 

Figure 5. Effect of different hormonal supplements on shoot regeneration of 

indica genotype AC39020,a) MSKN b)MSBN1 c)MSBN2 d)MST1e) MST2. 

4.4. Partial Desiccation Treatment 

The calli derived from mature seed was subjected to 24 h 

and 48 h desiccation periods. The partial desiccation of callus 

enhanced the regeneration frequencies in all the media com-

binations compared to non-desiccation of calli. The 48 h des-

iccation treatment for calli showed significantly increased 

regeneration frequency compared to 24 h and non-desiccation 

treatments. Upon 48 h of desiccation treatment the regenera-

tion frequency significantly increased up to 70.1% on MSKN 

media compared to 24 h (36.8%) and 0 h desiccation treat-

ments (29.9%). The similar kind of increased regeneration 

frequencies was observed with other media combination like 

MSBN1, 61.8% at 24 h and 79.2% at 48 h but in case of 

non-desiccated calli comparatively less (59.0%). MSBN2 

showed better regeneration frequency 77.1% even under non 

desiccation treatment, also gradual increase was observed 

with respect to desiccation treatments at 24 h 79.2% and 48 h 

93.8 %.In case of MST1 and MST2 media also showed en-

hanced regeneration frequency upon desiccation treatment 

(Fig. 6). 

 

Figure 6. Effect of partial desiccation treatments on shoot regeneration 

frequency on different media combinations inindica rice genotype AC39020. 

The callus browning was comparatively high in 

non-desiccation (0 h desiccation) treatment and regenerated 

callus was comparatively not so green and healthy as com-

pared to callus regenerated from partially desiccated calli 

(Figure 7). 

 

Figure 7. Partial desiccation effect on browning of callus during shoot 

regeneration: a) 0 h desiccation b) 24 h desiccation c) 48 h desiccation. 

The time period for regeneration was less in partially des-

iccation treatment compared to non-desiccation treatment. 

Even after partial desiccation treatment, the maximum re-

generation frequency (93%), greener multiple shoots and less 

time period for shoot regeneration was observed in media 

MSBN2 compared to all other media.The regenerated shoots 

were successfully produced roots on rooting media; the 

plantlets were hardened and transferred to pots. 
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5. Discussion 

Embryogenic callus induction considered as most critical 

step in rice tissue culture. Potentiality of callus induction and 

regeneration frequency of cell depends on in vitro culture 

conditions like media composition, genotype and source of 

explants etc. Mature seed derived embryogenic callus culture 

has been extensively used in rice in vitro culture studies [14]. 

Hence embryogenic calli source material of mature seeds 

will be available year around, amenable for transformation 

and also excellent source for in vitro regeneration and for the 

development of transgenics. Therefore mature seeds used as 

explants in the present study. 

Callus induction was a critical phase where the regenera-

tion of plants is highly dependent on the quality of callus. In 

rice invitro culture, the success rate of callus induction and 

quality of callus depends on nutritional media, growth 

hormones, and genotype and on the interactions of genotype 

vs medium [35, 36]. The present investigation showed that 

both that genotype and media composition and their inter-

action largely effected on callus induction. The rate of callus 

induction frequencyin AC39020 genotype varied from 42.1 % 

to 91.3 %. Maximum calli production (91.3 %) and embry-

ogenic calli were observed in the combination of LS media, 

which is significantly higher than the combinations of MS 

media and N6 media. Several studies for rice tissue culture 

have been reported that plant growth regulator 2, 4-D is the 

most suitable auxin for callus induction [37, 38]. Also op-

timal concentration of 2, 4-D, source of explant and geno-

type influences the callus induction in rice tissue culture [39]. 

In the present study AC39020 genotype showed highest 

callus frequency on LS media containing 2.5 mg L 
-1 

2,4-D 

but using less or more concentration of 2,4-D showed less 

callus induction. 

Rate of regeneration in rice plants was influenced by me-

dia composition, explants source and age and culture condi-

tions [40, 6]. A number of reports suggest that genotype and 

nutrient composition of the medium are the essential factors 

for efficient rice plant regeneration [12, 41- 43]. To stand-

ardize the regeneration medium for rice genotype AC39020, 

we optimized different hormonal concentration in combina-

tions. We used BAP, Kinetin and TDZ in higher concentra-

tions and lower concentration of auxin (NAA) based on 

earlier reports in rice. Amongst the media we used in the 

present study MSBN2 is showed significantly high regener-

ation frequency and also less time period for regeneration, 

MSBN2 media contains BAP and NAA also suggesting the 

stimulatory effect of BAP in combination with NAA reported 

that facilitate regeneration in rice [23]. Using TDZ alone also 

showed increased regeneration frequency in MST1 and 

MST2 compared to Kinetin and NAA combination (MSKN). 

Recently TDZ have been used in many rice regeneration 

culture media [18, 25] with different explant sources showed 

improved regeneration frequencies suggesting TDZ also 

helps for regeneration in seed derived embryogenic calli as 

also evidenced from the present study. 

Enhanced shoot regeneration is vital for the establishment 

of a rice tissue culture system. Partial desiccation has been 

proved as a tool for stimulating embryogenesis and plant 

regeneration in rice indica genotypes [44, 45, 29, 46, 30]. 

Partial desiccation of the callus and its advantage for re-

generation were reported in other species [47]. Under des-

iccation treatment reduced water availability enhances the 

uptake of nutrients and also activates genes of late embryo-

genesis abundant (LEA) protein. Plant LEA proteins have 

defensive mechanism in embryo tissue during seed matura-

tion in response to osmotic stress. Desiccation may changes 

in translatable mRNAs and stimulated modification in pro-

tein synthesis as reported [13]. Dehydration of calli triggers 

differences in soluble protein pattern and leads to the matu-

ration of embryo. Altered metabolisms under desiccation 

treatment stimulate the normal development and maturation 

of somatic embryos [48]. At cellular level changes upon 

desiccation leads to high frequency of regeneration and 

viable plantlets. The improved regeneration of shoots might 

be because of increased level of abscisic acid in desiccated 

callus [49] and enhancement of oxygen supply [45]. 

The partial desiccation treatment for 48 h significantly 

increased the regeneration frequency in all the combination 

of media. The increased regeneration frequencies range from 

the 16.7% to 40.2% was observed on different media com-

binations. The maximum regeneration frequency in MSBN2 

(93.3%) was observed at 48 h of desiccation treatment. The 

media MSKN, which showed lowest regeneration frequency 

(28.6%) under non-desiccation also showed improved re-

generation frequency (71.5%) at 48 h of desiccation treat-

ment. Compared to 24 h of desiccation treatment 48 h of 

treatment showed significantly enhanced regeneration in all 

the combinations of media also been reported by Saharan [29] 

and Makerly [30] in rice. The present study suggests that 

exposure of embryogenic calli for 48 h partial desiccation in 

Indica rice genotype AC39020 showed significant enhanced 

shoot regeneration frequency, reduced the duration for re-

generation and also increased multiplication of green shoots. 

The established media compositions, hormonal concentra-

tions and partial desiccation treatments provide an option to 

overcome the difficulties in regeneration system of indica 

rice genotype. 

6. Conclusions 

To conclude, the success of any plant transformation de-

pends on efficient and reproducible plant regeneration sys-

tem. In this context, we have optimized media composition 

for efficient callus induction and plant regeneration for in-

dica rice genotype AC39020 by using mature seeds as ex-

plants. Among different media tested LS media significantly 

enhanced the callus induction frequency while, plant regen-

eration frequency was considerably increased in MSBN2 

media. Further, a moderate desiccation stress of calli showed 

substantial improvement in plant regeneration with less 

browning of calli and multiple green shoots formation. Since, 

the protocol developed was highly reproducible, this proto-

col will be very useful in genetic enhancement of the indica 
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