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Abstract 

 

The establishment of an efficient protocol for callus induction is extremely important as a first step towards genetically modified rice 

(Oryza sativa L.). Since this step is highly dependent on genotype response, research on various cultivars used in southern Brazil, the 

major rice-producing region of the country, is fundamental. In this paper, protocols for somatic embryogenesis and regeneration were 

tested in five rice genotypes, four indica (BRS Atalanta, BRS Querência, BRS Sinuelo and IRGA424) and one japonica 

(Nipponbare), to evaluate the efficiency of two concentrations of 2,4-D (2.0 and 4.0 mg L-1) in the induction media. The following 

parameters were assessed: number of large calli (NLC), mean size of large calli (SLC), number of granular calli (NGC), percentage 

of callus formation (CF), and number of regenerated plants (NRP). It is shown that callus formation was significantly lower at a 2,4-

D concentration of 2.0 mg L-1 than at 4.0 mg L-1. However, plant regeneration at 2.0 mg L-1 2,4-D was better. Significant differences 

were found between large calli among Sinuelo and Nipponbare genotypes, (p ≤ 0.05). Despite the frequently better responses of 

japonica genotypes to tissue culture procedures, in this study the regeneration of Nipponbare plants was worse than that of indica 

cultivars, particularly of Sinuelo. These results, presented here, contribute to determine the best conditions for callus induction and in 

vitro culture for the relevant indica cultivars of Brazil, the largest rice producer outside Asia. 

 

Keywords: Oryza sativa L., indica subgroup, in vitro culture, callus induction, 2,4-D concentration. 

Abreviations: 2,4-D_2,4 dichlorophenoxyacetic acid; ANOVA_analysis of variance; BAP_benzil amino purine; CF_callus 

formation; GMOs_genetically modified organisms; GS_genomic selection; GT_genetic transformation; HSD_honest significant 

difference; low eeo_low electroendoosmosis; MS_Murashige and Skoog medium; MAS_marker assisted selection; NAA_1-

Naphthaleneacetic acid; NGC_number of granular calli; NLC_number of large calli; NRP_number of regenerated plants; SLC_mean 

size of large calli; T-DNA_transfer-DNA. 

 

Introduction 
 

Rice (Oryza sativa L.) is an important cereal, for being a 

major staple food for two-thirds of the world population. 

Around 750 million tons are harvested annually, making rice 

the second most-produced cereal worldwide. Asia is accounts 

for approximately 670 million tons per year, while Brazil, the 

largest rice producer outside Asia, mostly with indica 

(O. sativa ssp. indica), produces approximately 12 million 

tons per year (FAO, 2013). The population of the planet is 

said to rise continuously from 7 billion today to 11 billion in 

2100 (Gerland et al., 2014). This situation leads to an 

increased demand on the grain market and represents a great 

challenge for plant breeders, who are interested in using 

novel technologies to develop higher-yielding genotypes in 

shorter periods of time. Some of the most important 

biotechnological tools among these technologies are marker-

assisted selection (MAS), genomic selection (GS), genetic 

transformation (GT), and many others (Phillips, 2008; Abe, et 

al., 2012; Desta and Ortiz, 2014; Mallick et al., 2015; Moore, 

2015; Takagi et al., 2015). Genetically modified organisms 

(GMOs) have been contributing to plant breeding, not only 

for allowing the inclusion of new traits in elite cultivars, but 

also enabling fundamental research for a better understanding 

of the roles and mechanisms of different genes and their 

importance in plant metabolism and physiology (Homrich, et 

al, 2012). Here we highlight the use of 

Agrobacterium tumefaciens-mediated transformation as the 

best-suited method for genetic modification of plants. This 

preference is mainly due to its stable and low copy number 

integration of transfer-DNA (T-DNA) into the host genome, 

along with its ability to carry larger DNA segments with 

defined ends (Hiei and Komari, 2008). However, to make this 

method efficient, different protocol steps, such as efficient 

callus induction and plant regeneration, have to be validated 

(Nishimura et al., 2007; Sahoo et al., 2011). Calli are 

unorganized cell masses that can be induced in vitro by the 

combination of two growth-promoting hormones, auxin and 

cytokinin (Ikeuchi et al., 2013). The formation of these 

masses is an important step in different protocols of 

Agrobacterium-mediated GT, whereby these undifferentiated 

cells regenerate new plants containing T-DNA, along with 

the gene of interest, inserted in their genome (Hiei and 

Komari, 2008; Sahoo et al., 2011). However, the molecular 

basis of callus formation was not understood for a long time, 

and only recently research finally made headway towards the 

comprehension of this mechanism (Sugimoto et al., 2010; 

Ikeuchi et al., 2013). 
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Table 1. Analysis of variance for the parameters assessed in this study. 

Variation Source DF 
Mean Square 

NLC SLC NGC CF NRP 

Rate 1 23.22* 0.16** 4.75 ns 1043.44** 92.897* 

Genotype 4 19.70** 0.08 ns 25.46. ns 1908.16* 13.45 ns 

Rate*Genotype 4 8.25 ns 0.07 ns 27.73 ns 725.12** 4.85 ns 

Error 39 5.72 0.03 20.67 233.37 8.40 

Mean 
 

4.39 0.60 6.16 65.47 1.73 

CV% 
 

54.54 32.04 73.77 23.33 167.07 

*Significant at p ≤ 0.01 by the F test; ** Significant at p ≤ 0.05 by the F test; ns Non-significant by the F test at p ≤ 0.05; CV= Coefficient of variation. NLC: Number of 

large calli; SLC: Mean size of large calli; NGC: Number of granular calli; CF: Callus formation; NRP: Plant Regeneration. 
 

 
Fig 1. A: Seeds after 7 d in induction medium. Calli generated from the scutellum, emerging directly from the seed. Arrows indicate 

emerging calli. B: Seeds after 21 d in induction medium. Larger calli in final formation stage, but still not separated from the seed. 

Arrows indicate callus formation. C: Calli separated from seeds after 30 d in induction medium. Calli sub-cultured for 7 d in pre-

regeneration medium. D: Calli after 16 d in regeneration medium. Arrows indicate calli turning green and differentiation into shoots. 

E: Plant regenerated from calli, in root medium. F: Calli type IV and V which are not useful. Arrows indicate root formation in calli.  

 

The effects of in vitro application of growth regulators vary 

tremendously between species (Goren et al., 1979; Hu et al., 

2000) and it is also important to note that methods for tissue-

culture and GT of rice are highly genotype-dependent, 

making studies that test different Oryza species and cultivars 

indispensable (Tie et al., 2012; Ghobeishavi et al., 2015). 

Most studies involving genetic transformation of rice are 

focused on japonica subspecies, especially on cv. 

Nipponbare, which has a significantly complete map-based 

sequence (IRGSP, 2005). Part of the preference for japonica 

cultivars in many studies is due to the fact that they show 

better responses to different transformation and regeneration 

protocols, when compared to indica genotypes (Kumar et al., 

2005; Lin et al., 2005; Sahoo et al., 2011). Although in vitro 

cultivation and genetic transformation of indica genotypes 

with the currently available protocols are not easy (Rashid et 

al., 1996; Mohanty et al., 2002; Wang et al., 2002; Tie et al., 

2012; Hiei et al., 2014; Siddique, 2015), its cooking features, 

i.e., high amylose content, still ensure its wide market 

popularity. Since the insertion of a gene of interest into a 

japonica cultivar followed by its transfer to other indica 

genotypes requires long cycles of backcrosses, making the 

process time-, cost- and labor-consuming, more efficient 

protocols for somatic embryogenesis and plant regeneration 

of indica genotypes are required. In this study, we tested 

different conditions and media in five rice genotypes: four 

indica (BRS Atalanta, BRS Querência, BRS Sinuelo, and 

IRGA424) and one japonica (Nipponbare). The purpose of 

this study was to facilitate future introgression of useful traits 

into rice of different Brazilian indica genotypes by GT.  

Results 

 

Callus formation 

 

Seeds of every analyzed genotype started the formation of 

embryogenic calli of pale yellow-white color after 20 days in 

induction media. Most seeds formed one or two large 

compacted white and creamy calli (large calli - type I) and 

many loose friable calli (granular calli - type II) (Figure 1C). 

Calli of type III (yellow or brown), IV (white, yellow or 

brown) and V (with small roots) were also detected (Figure 

1F). As these calli are usually recalcitrant, they were 

excluded before data collection, i.e., after 30 days in 

induction media. The statistical analysis shows that auxin rate 

had an impact on every evaluated parameter except on the 

NGC (number of granular calli), suggesting a narrow genetic 

basis for this trait. The analysis of variance (ANOVA) (Table 

1), detected significant differences for NLC (number of large 

calli) and CF (callus formation) between genotypes and the 

relation between rate and genotype was significant only for 

the evaluation of CF.  The analysis of different auxin (2,4 

dichlorophenoxyacetic acid - 2,4-D) concentrations (Table 2)  

in this study, indicates that 4.0 mg L-1 of 2,4-D induces the 

production of higher NLC, CF and SLC (mean size of large 

callus), when compared to 2.0 mg L-1. Even though higher 

concentrations of 2,4-D produced similar effects in other rice 

studies, these effects are closely related to genotype and not 

always consistent (Tariq et al., 2008; Revathi and 

Arumugam, 2011). 
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Table 2. Tukey's HSD (honest significant difference) test (p ≤ 0.05) for the parameters assessed in this study. 

Rate NLC CF SLC NRP 

2.0 mg L-1 2,4-D 3.68b 60.00a 0.54b 3.08a 

4.0 mg L-1 2.4-D 5.06a 70.00b 0.66a 0.32b 
NLC: Number of large calli; SLC: Mean size of large calli; CF: Callus formation; NRP: Number of Regenerated Plants. 

 

Table 3. Number of regenerated plants (NRP) from embryogenic callus of indica rice cultivars at both tested 2,4D concentrations. 

Genotype 
NRP 

2.0 mg L-1 2,4-D 4.0 mg L-1 2,4-D 

Nipponbare 5 0 

BRS Atalanta 16 0 

BRS Querência 15 2 

BRS Sinuelo 30 6 

IRGA 424 11 0 

Total 77 8 

 

Table 4. Mean comparison of number of large calli (NLC) and percentage of callus formation (CF) from embryogenic calli of indica 

rice cultivars indicated for planting in southern Brazil. 

Genotype NLC CF 

BRS Sinuelo 6.0a 74.0a 

BRS Querência 4.5ab 74.7a 

BRS Atalanta 5.3ab 71.0a 

IRGA 424 3.6ab 65.9a 

Nipponbare 2.4b 41.5b 
Means followed by the same letter do not differ in the column by the Tukey test at 5% probability. NLC: Number of large calli (number of calli between <4 mm and > 15 

mm); CF: percentage of callus formation. 

 

Table 5. Growth culture of pre-regeneration and regeneration used for embryogenic calli regeneration. 

Pre-regeneration Regeneration 

Base for NB medium Base for NB medium 

Sucrose 30.0 g L-1 Sucrose 30.0 g L-1 

ABA 5.0 mg L-1 BAP 3.0 mg L-1 

BAP 2.0 mg L-1 NAA 0.5 mg L-1 

ANA 1.0 mg L-1 Agarose 7.0 g L-1 

Agarose 7.0 g L-1 
  

 
pH=5.8 

 
pH=5.8 

 

Plant regeneration 

 

After regeneration, the calli produced at the two rates were 

compared and showed higher rates of plant regeneration in 

calli subjected to 2.0 mg L-1 of 2,4-D during induction, 

compared to the 4.0 mg L-1 rate. These results agree with 

previous reports on other japonica genotypes (Tariq et al., 

2008; Revathi and Amurugam, 2011). In both studies, the 

NRP (number of regenerated plants) was significantly higher 

at low 2,4-D (2.5 and 2.0 mg L-1 respectively) than at higher 

auxin concentrations (Table 2 and Table 3). This result could 

be attributed to the fact that since the process of regeneration 

is very genotype-dependent, each cultivar has a specific 2,4-

D rate requirement to allow the most effective regeneration.  

 

Discussion 

 

It is long known that recalcitrance in monocots is lower when 

auxins and cytokinins are used in the culture media (Ho et al., 

1983). However, due to the fact that each cultivar has specific 

features determined by its genotype, specific concentrations 

of growth regulators are required. It is shown here that this 

can also impact plant regeneration derived from embryogenic 

calli. This regeneration problem can worsen after a genetic 

transformation process, due to the genetic incompatibility 

between indica genotypes and A. tumefaciens, as genes 

involved in defense responses can lead to necrosis after 

infection (Veena et al., 2003). The results presented here are 

consistent with others, which show that high 2,4-D 

concentrations can increase callus formation and prolifer- 

 

 

ation, but decrease plant regeneration (Joyia et al., 2013). 

Although a large callus number is required to improve the 

probability of plant regeneration, a protocol that produces a 

high number of calli, with a low rate of regenerated plants is 

not ideal, since the ultimate aim is plant regeneration. 

Therefore, the modified protocol of callus formation induced 

with 2.0 mg L-1 of 2-4 D (Hiei et al. 1994), as used in this 

study, has a higher regeneration efficiency in indica rice 

plants adapted to the southern region of Brazil. 

 

Materials and Methods 

 

Plant material 

 

The cultivars used in this study were selected according to 

their agronomic and genetic potential in the southern region 

of Brazil. Four indica cultivars were used: BRS Atalanta, 

BRS Querência, BRS Sinuelo, and IRGA 424. The japonica 

cultivar Nipponbare was also included due to its extensive 

use in basic and applied research around the world. 

 

Callus induction and plant regeneration 

 

For callus induction and plant regeneration, a modified 

protocol of Hiei et al., (1994) was used. For callus formation, 

the growth medium NB was supplemented with sucrose (30 g 

L-1), agarose gel (Type I: low EEO, 7.0 g L-1), and two 

different concentrations of 2,4-D (2.0 and 4.0 mg L-1). Seeds 
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were manually shelled and washed with sterile water, 

transferred to the laminar airflow chamber and then soaked in 

70 % ethanol for one minute. Thereafter,  the seeds were 

washed three times with sterile distilled water, immersed in 

0.1 % mercuric chloride for 1 minute and washed again 

thoroughly four times with sterilized distilled water to 

remove any traces of mercuric chloride. After disinfection, 

the seeds were carefully placed in semi-solid induction 

culture and incubated in the dark at 28°C for 20 days (Figure 

1B). After this period, calli that formed from the scutellum 

were separated from the seeds and placed on new Petri dishes 

containing fresh induction medium for another 10 days in the 

dark to allow further proliferation. 

 

Trait measurement  

 

After formation, the calli were separated from the seeds and 

the following traits were evaluated: number of large calli 

(NLC) (< 4.0 mm and > 15.0 mm), mean size of large calli 

(SLC), number of granular calli (NGC) and percentage of 

callus formation (CF). Calli were then moved to pre-

regeneration medium for seven days in the dark (Figure 1C) 

and then transferred to the regeneration medium (Table 5) in 

a growth chamber at 27°C, with 12/12 hours of light/dark. 

After 16 days, aerial parts began to emerge from the calli 

(Figure 1D), and the cultures were moved to larger containers 

for 21 days. Calli differentiated into shoots were then 

transferred to regeneration media. When the plants reached a 

height of 4 cm, the number of regenerated plants (NRP) was 

evaluated, and these were transferred to rooting culture media 

(MS+80.0 g L-1 sucrose) (Figure 1E) and acclimated for three 

weeks in a glass house.  

 

Statistical analysis 

 

Five replications consisting of 10 seeds of each cultivar were 

used for each trait measurement in this study. The data were 

subjected to ANOVA and means compared using Tukey's 

HSD (honest significant difference) test at p ≤ 0.05. 

Statistical analysis was performed with SAS statistical 

software version 9.3 (SAS Institute Inc.; Cary, NC). 
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