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Abstract 

The development of a highly efficient tissue culture system for indica rice is crucial to 

speed up the implementation of gene editing in breeding programmes as well as to explore 

the roles of indica genes. However, because indica rice types are recalcitrant to in vitro 

response, there are only a few reports on the successful transformation process on indica 

rice due to recalcitrant response to in vitro response. The present study attempted to 

identify the effects of plant growth regulator (PGR), carbon sources and different 

concentrations of gelling agent on embryogenic callus induction and rice regeneration of 

Oryza sativa var MR219. The PGR used were 1 or 2 mg/L 6-benzylaminopurine (BAP) 

and 1-Naphthaleneacetic acid (NAA) and the carbon sources were 30 g/L sucrose and 

maltose. Three different gelling agent concentrations (3 mg/L, 6 mg/L or 9 mg/L) were 

evaluated. The highest frequency of friable callus induction (87%) was observed in callus 

induction media (CI) containing Murashige and Skoong media (MS) supplemented with 3 

mg/L 2,4-dichlorophenoxy acetic acid (2,4-D) and 0.3 mg/L kinetin. Histological studies 

of the calli showed the presence of embryogenic calli with small intercellular spaces 

compared to non-embryogenic areas which developed on the hormone MS media. The 

highest regeneration frequency (50%) was achieved when friable calli were cultured on 

MS medium containing 3% sucrose, 1 mg/L BAP, and 1 mg/L NAA with 9% phytagel. 

The callus grown on sucrose media showed the highest number (66.13%) of albino 

plantlets, while the number of albino plantlets on maltose media was smaller (20%). In 

conclusion, this optimised mature embryo-derived callus of MR219 rice is responsive to 

regeneration and could be amenable to genetic transformation studies.  

1. Introduction 

Rice is a vital commodity crop that provides daily 

calories for about 30 million people in Malaysia, with 

rising demand annually. Thus, food safety assurance 

must be considered, especially in developing countries 

such as Malaysia, to ensure adequate food supply to meet 

the population's needs. Abiotic stress and biotic stress 

affect plant development and growth (Liu et al., 2018), 

so various studies have been conducted to improve rice 

yield via conventional breeding and genetic manipulation 

or CRISPR-based genome editing. Conventional 

breeding such as hybrid methods can improve yields and 

rice genetics but require at least two years to produce 

new varieties with the desired characteristics. In 

addition, efforts have been made to increase rice 

productivity and quality by combining tissue culture 

techniques with genetic transformation by methods of 

direct or indirect DNA transfer (Adlak et al., 2019). 

Agrobacterium-mediated is commonly used in rice to 

effectively produce transgenic rice (Jain et al., 2022; 

Yaqoob et al., 2017). Several varieties of rice have been 

successfully genetically transformed so far; these include 

transgenic rice plants expressing the Cry1Ac:: asal 

fusion proteins have been developed to provide 
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resistance to lepidopteran and hemipteran insects 

(Boddupally et al., 2018). These transgenic rice plants 

displayed dramatically increased insect resistance, 

especially against the chewing (lepidopteran) and 

sucking (hemipteran) types. The constitutive 

overexpression of the rice chitinase in transgenic rice 

enhances resistance to a wide range of fungal pathogens 

(Karmakar et al., 2016). Embryogenic callus and shoot 

regeneration are the most critical steps in the genetic 

manipulation of rice plants (Jain-Raina and Babbar, 

2011), however, genetic transformation is still 

challenging for both Indica and Japonica rice due to their 

low regeneration rate after transformation (Liang et al., 

2021). Indica rice is more recalcitrant than Japonica rice 

in genetic transformation as it showed low callus 

induction, proliferation, and regeneration (Zuraida et al., 

2010; Sundararajan et al., 2020). Nevertheless, several 

protocols have been reported to induce callus and 

regeneration but only achieve low-yield regeneration, 

thus nature remains recalcitrant to both routine in vitro 

regeneration and genetic transformation. The optimal 

formulation of micro and macro compositions may 

effectively reduce this recalcitrant problem. Moreover, 

the type of explant sources such as hypocotyls, young 

leaves, immature embryos (Leelavathi et al., 2004), 

mature embryos and anthers (Ali et al., 2021; Maharani 

et al., 2020) may influence the success rate of obtaining 

embryogenic callus and regeneration.  

Explant growth and development in vitro are 

impacted by various parameters that affect the efficacy 

of callus induction and regeneration of rice, including the 

type of explant employed, culture medium components, 

gel-forming agents, and Agrobacterium strains used 

(Singh et al., 2020). Each explant typically requires a 

different culture media consisting of carbon sources, 

elemental compounds, inorganic and organic salts, and 

plant hormones (auxins and cytokines). The addition of 

phytohormones such as auxin stimulates cell division, as 

well as proliferation from the explants (Mengs et al., 

2018). Auxin stimulates the expression of the CDC2 

gene which encodes a regulatory protein (protein kinase) 

for the cell cycle. The auxin treatment of explants is a 

vital plant growth regulator of somatic embryogenesis in 

plants (Wójcik et al., 2020). The auxin synthetic 2,4-D 

can generate DNA hypermethylation to maintain cells in 

a state of highly active mitosis (Joshi and Kumar, 2013). 

Furthermore, the carbon source provides the energy for 

development including shoot proliferation and root 

induction (Martinez et al., 2021). Media supplemented 

with sucrose is optimum for growth and biomass 

accumulation in shoot cultures, followed by maltose, 

glucose and fructose (Praveena and Veeresham, 2014).  

This research aimed to develop media formulation 

and optimization of PGR and carbon sources and 

phytagel concentrations for maximum embryogenic 

callus and proliferation from MR219 seed explants. 

Thus, leading to a more effective in vitro method for 

indica rice that may be employed in gene transformation 

for crop improvement. 

 

2. Materials and methods 

2.1 Rice materials and explant preparation 

The explant source was 4-month-old seeds of the 

rice variety Malaysia MR219 supplied by MARDI 

Seberang Perai, Penang. First, the husks were carefully 

removed to avoid damage to the embryo and the seed 

was surface sterilised with the fungicide solution, 

Benomyl (Benofun 50 WP, Zagro Chemicals) for 30 

mins with agitation. After being washed in distilled 

water to remove any debris and chemical residue, the 

explants were sterile-treated in 70% ethanol for 30 

seconds while being gently shaken. Finally, the explants 

were sterilised with 50% bleach supplemented with 

0.015% Tween-20 (Bio-Rad, USA) with agitation for 1 

hr. The sterile explants were rinsed 5 times with sterile 

water and then leave them dried for 15 mins in laminar 

airflow. 

2.2 Embryogenic callus induction 

MS media with vitamins (Duchefa Biochemie, 

Netherlands) was the primary medium used in the callus 

induction media. Sterile seeds were cultured on callus 

induction media code (C1-C12) supplemented with 2,4-

D (1.0, 2.0, 3.0 mg/L), kinetin (0.3, 1.0 and 1.5 mg/L), 

3% sucrose (Duchefa Biochemie, Netherlands) and 3 g/L 

phytagel (Duchefa Biochemie, Netherlands) at 25°C in a 

dark room for 6-8 weeks. All media were acidified to a 

pH of 5.8 before being autoclaved at 121°C for 15 mins. 

Calli were produced after 3–4 weeks and recorded as the 

percentage of callus induction, then subcultured every 2 

weeks onto fresh media.  

2.3 Histological analysis 

The rice calli cultured for six weeks on C10 media 

were selected and fixed in fixation solution solution for 

24 hrs according to the protocol by Vega et al. (2009). 

Fixed calli were then horizontally embedded in paraffin 

wax using the tissue embedding system EG1150 (Leica 

Biosystem, Germany) after being dehydrated using a 

different dilution of ethanol from 70% to 100%). The 

paraffin-embedded calli were cut into 6-8 µm sections 

using a rotary microtome (Leica Biosystem, Germany) 

for Hematoxylin and Eosin staining (Surgipath, Leica). 

The sections were viewed under a light microscope, 

virtual slide system (Olympus, Japan) and Olympus VS-

ASW software.  
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2.4 Rice regeneration and acclimatization in different 

types of carbon sources, concentrations of phytagel and 

plant growth regulators 

Six-week-old calli were transferred straight to 

regeneration media containing PGR, BAP (1.0 and 2.0 

mg/L), and NAA (1.0 and 2.0 mg/L) together with 3% 

sucrose or 3% maltose and phytagel (3%, 6%, or 9%). 

Calli were incubated at 25±2°C under 16 hrs photoperiod 

and 8 hrs dark conditions for 3-6 weeks. After 6 weeks in 

regeneration media, the regeneration frequency was 

calculated as a percentage. Plantlets with healthy roots 

were transferred into pots with nutrient soil for 

acclimatization ex vitro (25±2°C). Briefly, the rice 

plantlets were removed from the regeneration medium 

and the roots were washed in tap water to remove excess 

phytagel, then transferred to plastic bags with peat soil 

and maintained in a greenhouse. The grains were 

harvested after 120 days. 

2.5 Collecting and analysing data 

After 4 weeks, the percentages of callus formation 

were found. After 6 weeks in the regeneration medium, 

the number and percentage of new shoots were counted. 

The percentages of callus and regeneration were 

calculated as follows: 

Data from the media code C1-C12 and R1-R18 were 

analysed with MINITAB 20 software and presented as 

means of standard errors. A one-way analysis of variance 

(ANOVA) was employed to identify statistically 

significant deviations. 

 

3. Results and discussion 

3.1 Callus induction 

Embryogenic callus formation was observed after 14 

days of incubation in all callus induction media, as 

shown in Figure 1A. The combination of 3 mg/L 2,4-D 

and 0.3 mg/L kinetin in MS media C10 and an 

incubation period of 4 weeks resulted in an enhanced 

callus induction rate of 87% (Table 1) compared to the 

previously reported 85% (Zuraida et al., 2011) and 84% 

(Sivakumar et al., 2010). Two-week-old embryogenic 

calli were subcultured on a fresh CI media C10 for callus 

proliferation (Figures 1A and 1B) and were densely 

arranged globular, nodular, and bright yellow tissues 

(Figures 1C and 1D). Ali et al. (2007) and Ebrahimi and 

Payan (2013) reported that the best somatic 

embryogenesis can be obtained from a combination of 

2,4-D and cytokinins. However, another study showed 

differences in the callus production capacity of Indica 

rice, even when cultured on the same media (Ge et al., 

2006). Ozawa and Kawahigashi (2006) and Wang et al. 

(2018) reported that different rice cultivars differed in 

their capacity for callus formation and regeneration, with 

cultivars with a high capacity for callus formation 

exhibiting high levels of Os22A gene expression. 

3.2 Histological observation of callus formation in rice 

The cross-section of rice friable yellowish calli at 

week six is shown in Figure 2A-D, revealing the 

presence of proembryogenic (pc) cells in the peripheral 

zone (Figure 2A) and two types of cells (Figure 2B). 

Figure 2C shows non-embryogenic calli have loosely 

arranged cells and large spaces, indicating that the non-

embryogenic calli have greater water retention capacity 

compared to embryogenic calli (Akaneme and 

Eneobong, 2008). Figure 2D shows compact 

embryogenic calli with small intercellular spaces. This 

observation is akin to changes in calli development 

observed in vanilla plants (Palama et al., 2010), where 

embryogenic calli are composed of huge clusters of 

Figure 1. Somatic embryogenesis in rice MR219. A) Rice 

embryos were obtained after 2 weeks in callus induction media 

containing hormone 3 mg/L 2,4-D and 0.3 mg/L kinetin, B) 

Microphoto of callus (100× magnification), C) Somatic 

embryogenic callus obtained after 8 weeks in callus induction 

media and ready for use in Agrobacterium-mediated 

transformation (40× magnification), D) Somatic embryogenic 

callus under a magnification of 100×. 

Figure 2. Light micrographs of calli produced by mature seed 

explants of MR219 on C10 media (A-D). (A) Friable callus 

derived from rice with proembryogenic cells (pc), (B) 

Embryogenic (em) and non-embryogenic (nem) masses within 

the callus tissue, C) Cells in non-embryogenic calli are more 

spread out than in embryogenic calli, D) The arrow indicates 

proembryo cells. 
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cohesive cells. The results of tissue sections of 

embryogenic callus in Oryza sativa showed 

characteristics large nucleus, cells are isodiametric and 

small with a dense cytoplasm. In addition, close 

arrangement occurred in the interior and also the 

embryogenic cell clusters composed of small cells with 

vigorous division. The embryogenic cells adhere to 

meristematic cells in that they divide vigorously, have a 

dense cytoplasm with several starch grains, a large 

nucleus with a prominent nucleolus, few vacuoles, thin 

cell walls, and a high metabolic rate (Quiroz-Figueroa et 

al., 2006; Mesbah et al., 2021). Additionally, 

proembryogenic cells comprised of vertically dividing 

tiny cells were found inside the actively dividing callus. 

These cells have the potential to function as totipotent 

stem cells to induce somatic embryogenesis or organ 

development. These proembryogenic cells readily 

respond to the auxin or cytokinin ratio, resulting in organ 

differentiation or somatic embryogenesis. This 

distinction is typically dictated by the direction and 

location of division of pre-procambial cells (Zhu et al., 

2020). In Oryza sativa, the embryogenic calli inner 

epidermal cells were loosely dispersed, irregularly 

organised, and had a lot of intercellular space. They were 

elongated or large, highly vacuolated large parenchymal 

cell clusters with less nucleus, which was similar to the 

result reported by Vega et al. (2009) and Ming et al. 

(2019). Hence, the histology analysis would allow us to 

identify the embryogenic callus for efficient plantlet 

regeneration and development. 

3.3 Shoot regeneration and acclimatization of rice 

plantlets 

After 3-4 weeks of culturing somatic embryos on a 

regeneration medium, the number of healthy plantlets 

(Figure 3) and albino plantlets produced were recorded 

(Table 2), showing that the media combination of R1, 

R2, and R3 did not show any regeneration of rice plants. 

Most embryogenic calli cultured on regeneration media 

supplemented with 3 g/L phytagel produced dormant 

calli, embryogenic calli that only turned green but did 

not produce plant regeneration. The same observations 

were reported by Ali et al. (2007), where the authors 

stated that part of the callus of Indica and Japonica rice 

turned into green dormant callus without plantlet 

regeneration when cultured on a low phytagel 

concentration medium (0.3%). However, when calli were 

transplanted to a higher phytagel concentration medium, 

most green calli produced shoots, indicating that higher 

phytagel concentrations allow callus differentiation to 

occur compared to lower phytagel concentrations. 

Poraha et al. (2016) found that the regeneration 

frequency at a phytagel concentration of 5.2 g/L was 

higher than 2.6 g/L, similar to the present study which 

showed that the regeneration frequency of Indica rice var 

MR219 in 9 g/L phytagel (50%) was significantly higher 

than in 3 g/L phytagel (Table 2). The 9 g/L phytagel 

medium showed more regeneration compared to the 

medium with 3 g/L and 6 g/L phytagel. The only 

medium with 6 g/L phytagel that produced shoots was 

Media 

code 

Concentration of 2,4-D 

(mg/L) 

Concentration of Kinetin 

(mg/L) 

Average number of 

explants inducing callus 

Callus formation rate (%) 

Mean±SEM 

C1 1 0 12.00 40±1.15c 

C2 1 0.3 1.33 4±0.33d 

C3 1 1 1.33 4±0.33d 

C4 1 1.5 1.67 5±0.33d 

C5 2 0 19.33 64±1.33b 

C6 2 0.3 21.67 72±1.20ab 

C7 2 1 5.67 19±1.20d 

C8 2 1.5 2.33 8±0.33d 

C9 3 0 17.00 57± 0.57b 

C10 3 0.3 25.67 87±1.20a 

C11 3 1 3.67 12±1.20d 

C12 3 1.5 3.33 11±0.88d 

Table 1. Callus formation performance of MR219 in response to varying PGR concentrations and combinations. Analysis using 

the Tukey method and 95% confidence. 

Values with different superscripts are statistically significantly different (p<0.05). In future, this media formulation (C10) can be 

used for genetic transformation process. 

Figure 3. A) Green shoot on the surface of callus after transfer 

to regeneration media for 2 weeks. (B) Green shoot production 

after 6-8 weeks of culture, (C-E) Multiple shoots and roots 

developed on MS media enhanced with 30 g/L maltose, 1 mg/

L BAP, 2 mg/L NAA and 3 g/L phytagel.  
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R6 where a combination of 1 mg/L BAP and 2 mg/L 

NAA was used as PGR. Different phytagel 

concentrations influence the water and moisture content 

in the media (Repalli et al., 2019). 

The MR219 variety showed the highest regeneration 

(50%) in the R7 medium compared to R8 and R9 media 

which showed only 33% and 22% regeneration, 

respectively. The number of green plantlets produced 

from the R9 medium (48.9% green plantlets) was also 

higher compared to R7 and R8 media. However, most 

albino plantlets (66.13% albino plantlets) were observed 

in the R8 medium. The R7 and R8 treatment mediums 

produced 48.4% and 33.7% green plantlets respectively 

and albino plantlets of 51.6% and 51% plantlets each. 

This study showed that shoot regeneration increased 

when cultured on a medium with a high concentration of 

phytagel (6 or 9 g/L phytagel). Callus cultured on a 

medium with higher gel concentration enhances shoot 

regeneration (Jain and Babbar, 2002). There was no 

difference in MR219 regeneration on R7, R8 and R9 

media. The shoot regeneration in R7 media is shown in 

Figure. 2. Overall, fewer albino plantlets than green 

plantlets were observed in the medium containing 

maltose as the carbon source, with 100% plantlets 

observed in R11 and R12 medium, no albino plantlets in 

R12 and 100% albino plantlets on R15 and R16. The 

R11 and R12 media were more suitable for plantlet 

regeneration as evidenced by the higher regeneration 

percentage of green plantlets and no albino plant 

regeneration. Even though albino plantlets lost the ability 

to produce roots (Figure 4), they grew well and formed 

numerous new shoots, which shows that they can obtain 

sugar and nutrients from the regeneration media. The 

albino state occurs due to cytogenetic variations caused 

by hormonal processing in the media. Albino plants are 

difficult to root and cannot survive when propagated ex 

vitro (Dewir et al., 2018). They experience complete 

chlorophyll loss, possibly due to differences in genotype 

and environmental stresses, resulting in genome 

modifications that reduce chlorophyll biosynthesis and 

ultimately damage the photosynthetic system (Dewir et 

al., 2018; Kumari et al., 2009). A gene that encodes 

rice's lone Octotricopeptide Repeat Protein (RAP) 

regulates the albino leaf phenotype. RAP is crucial for 

the initial stages of chloroplast formation in addition to 

rRNA maturation (Kleinknecht et al., 2014). Carbon 

sources are important in tissue culture media for growth, 

cell development and biosynthetic processes (Chutipaijit 

and Sutjaritvorakul, 2018). Maltose-containing media 

showed no, or fewer albino plants produced compared to 

sucrose-containing media. Although both are water-

soluble disaccharides, sucrose consists of a combination 

of glucose and fructose, while maltose consists of two 

glucose molecules. Park et al. (2013) reported that 

maltose improved the osmotic pressure stability in 

culture media compared to sucrose during callus culture 

in regeneration media. The morphogenetic response of 

Type of 
sugar 

Concentration of 
phytagel (g/L) 

PGR (mg/L) 
Regeneration 

percentage (%)±SE 

Observation 
Media 
code BAP NAA 

 Healthy shoots 
percentage (%) 

Albino shoots 
percentage (%) 

Sucrose 
(30 mg/L) 

3 1 1 - - - R1 

 2 1 - - - R2 

 1 2 - - - R3 

6 1 1 - - - R4 

 2 1 - - - R5 

 1 2 11±0.07b 93 6.9 R6 

9 1 1 50±0.23a  48.4 51.6 R7 

 2 1 33±0.17a  33.7 66.13 R8 

 1 2 22±0.11a  48.9 51 R9 

Maltose 
(30 mg/L) 

3 1 1 6±0.06b  33.3 66.7 R10 

 2 1 3±0.03b  100 0 R11 

 1 2 11±0.07b 100 0 R12 

6 1 1 0±0.00b 0 0 R13 

 2 1 3±0.03b  71.4 28.5 R14 

 1 2 11±0.07b  0 100 R15 

9 1 1 3±0.03b  0 100 R16 

 2 1 11±0.09b  80 20 R17 

 1 2 11± 0.05b  80 20 R18 

Table 2. Percentage of regeneration, number of healthy plantlets and number of albino plantlets produced for MR219 variety 

rice. 

Values with different superscripts are statistically significantly different (p<0.05).  
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differentiation by plants to different carbohydrates may 

be due to their differential role in vascular 

differentiation, and different enzymes in metabolism 

(Yaseen et al., 2013). 

PGR factors as well as the carbon source affect the 

production of albino plants. According to Park et al. 

2013, a high maltose concentration will increase the 

production of albino plants, while a low maltose 

concentration leads to more green plant production in 

Oryza sativa. For MR219, the development of albino 

plantlets was enhanced when sucrose was used as the 

carbon source in the regeneration medium rather than 

maltose at the same concentration. Rooted shoots 

established wells during the acclimatization after transfer 

to large pots for growth in the greenhouse (Figure 5). 

Acclimatized plants showed a survival rate of plantlets of 

90% after 4 weeks in the greenhouse, with no variation 

with respect to morphological growth characteristics. 

The in vitro plants produced grains comparable to the 

control plants and the seeds could be used for the genetic 

transformation of rice. 

 

4. Conclusion 

MS medium containing 3.0 mg/L 2,4-

dichlorophenoxy acetic acid (2,4-D) and 0.3 mg/L 

kinetin induced more calli production, but the maximum 

regeneration frequency (50%) was observed when friable 

calli were cultured on MS medium containing 3% 

sucrose, 9% phytagel, 1 mg/L BAP and 1 mg/L NAA. 

However, regeneration albino plantlets were also 

produced, thus sucrose promoted the growth of more 

albino plantlets compared to maltose. These findings 

expand our understanding of embryogenic callus 

morphology and development in the rice cultivar 

MR219, which will aid in identifying the embryogenic 

callus for effective plantlet regeneration and 

development with a p-value <0.05. 
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