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Abstract. Carsono N, Juwendah E, Liberty, Sari S, Damayanti F, Rachmadi M. 2021. Optimize 2,4-D concentration and callus
induction time enhance callus proliferation and plant regeneration of three rice genotypes. Biodiversitas 22: 2555-2560. The
development of callus in the course of transgenic rice avoids the somaclonal variants. To obtain a high number of normal phenotypes
and a low number of somaclonal variants requires an appropriate 2,4-D concentration. In this study, we obtained the best callus
induction time and a high number of green plant regeneration for three responsive rice genotypes on different 2,4-D concentrations in
NB5 medium. The mature seeds of rice embryos were used as explants. A completely randomized factorial design was applied with four
levels of 2,4-D concentrations (0, 1, 3, and 5 ppm), two levels of induction time (one and two weeks), and three rice genotypes (cv.
Fatmawati, Nipponbare, and Kitaake). The study revealed that there was no interaction effect among genotype, 2,4-D concentration, and
callus induction time. Three rice genotypes performed best in callus proliferation and regeneration. One-week callus induction time
showed higher callus growth capacity (CGC) as compared to two-week callus induction time. Shoot regeneration capacity (SRC) was
independently affected by genotype as well as by callus induction time. The interaction effect between 2,4-D concentration and callus
induction time was observed on plant regeneration capacity (PRC). Without the addition of 2,4-D and 1 ppm of 2,4-D, the green plant
regeneration capacity (GRC) was comparatively higher. Addition of 2,4-D showed a significant effect, especially at the plant
regeneration stage. We found that one-week callus induction was the best treatment for callus proliferation and plant regeneration. We
recommend the use of one-week callus induction and 1 ppm of 2,4-D for rice callus proliferation (sub-culture) and subsequent plant
regeneration.

Keywords: Green plant regeneration, in vitro culture, somaclonal variants, subculture, rice

Abbreviations: CGC: callus growth capacity; CPC: callus proliferation capacity; GRC: green plant regeneration capacity; PRC: plant
regeneration capacity; SRC: shoot regeneration capacity

INTRODUCTION

Genetic transformation facilitates the transfer of gene
(s) controlling desirable trait (s) from unrelated plants or
even other organisms that are difficult or impossible to
attain in conventional breeding. The gene transformation
method  has  demonstrated  numerous  important
opportunities in the genetic improvement of rice (Jiang et
al. 2016). This method has been proven in introducing
some important genes controlling the important traits of
rice such as resistance to insect pests (Yang et al. 2011),
fungi (Maeda et al. 2019), bacteria (Mukhtar and Hasnain
2018), and virus (Ma et al. 2011) as well as to abiotic
stresses, such as drought (Gao et al. 2011; Tang et al.
2019), salinity (Guo et al. 2016; Tang et al. 2019), and cold
(Sato et al. 2011; Ma et al. 2015).

Rice genetic transformations require an efficient and
reproducible of the in vitro culture system (Krishnan et al.
2013; Din et al. 2016). Optimization of in vitro culture
system will support production of regenerable embryonic

callus as a target tissue for rice genetic transformation.
Callus or mass of undifferentiated cells, are excellent
sources for in vitro regeneration and production of
transgenic rice (Carsono and Yoshida 2008; Wada et al.
2009). Several studies on the development of efficient in
vitro culture system in rice i.e., from callus induction,
multiplication, and plant regeneration, have been
previously reported (Carsono and Yoshida 2006; Din et al.
2016; Mostafiz and Wagiran 2018). However, limited
reports have been done to shorten the time of callus
induction, which is considered one of the main factors that
contribute to the occurrence of somaclonal variations
(Sahoo et al. 2011). This is because transgenic rice with
somaclonal variations will hinder the evaluation and
disturb the risk assessment of transgenic rice plants. The
variant also makes more efforts to select desired transgenic
rice lines from huge number of transformants derived from
embryogenic callus cells.

Regenerable embryonic calluses for rice transformation
are mostly produced from mature seeds (Carsono and
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Yoshida 2006; Miroshnichenko et al. 2016) which are
convenient and available throughout the year. In rice,
genotypic differences in in vitro regeneration capacity
depend on their genetic background and their interaction
with the culture media (Upadhyaya et al. 2015).
Meanwhile, various media have been applied for rice callus
induction and plant regeneration, such as MS, CI, D1, NB5,
and L3 (Carsono and Yoshida 2006; Joya et al. 2019).
However, NB5 is the most suitable medium for callus
induction concerning its high nitrogen elements which
could accelerate morphogenesis of the callus. The NB5
medium has been proven to be efficient and highly suitable
for callus induction, proliferation and plant regeneration as
reported by some researchers (Poeaim et al. 2016; Poraha
et al. 2016). Besides media, the type of growth hormones
(Din et al. 2016; Mostafiz and Wagiran 2018) significantly
affects the successfulness of callus induction, proliferation,
and plant regeneration.

In general, plant growth regulator such as 2,4-D
(Dichlorophenoxyacetic acid) is well-known as one of
plant growth regulators which help stimulate the optimum
embryogenic callus proliferation and growth, although it
varies according to the type of explants and combinations
of media and concentration of the growth hormones,
especially auxin. On the other hand, the genotype also
plays important role in callus induction and plant
regeneration (Mostafiz and Wagiran 2018). However, some
of the abovementioned studies are only focused on the
effect of genotype, and various concentrations of 2,4-D for
callus induction (Ahmad et al. 2013; Mostafiz and Wagiran
2018) and plant regeneration (Upadhyaya et al. 2015;
Azizah et al. 2017). Here, we studied the optimization of
the growth hormones and time of callus induction on plant
regeneration capacity of three responsive genotypes. The
effect of callus induction time for previously reported three
responsive rice genotypes i.e., Fatmawati (indica; Carsono
and Yoshida 2006; Yunita et al. 2012), Nipponbare
(japonica; Carsono and Yoshida, 2008), and Kitaake
(japonica; Puhan and Siddiq 2013) on callus proliferation
and plant regeneration on various concentration of 2,4-D in
NB5 medium was examined.

MATERIALS AND METHODS

Mature healthy dehusked seeds of cv. Fatmawati
(indica subspecies), Kitaake, and Nipponbare (both
japonica subspecies) were soaked in 70% ethanol for 3
min. followed by 2.5% sodium hypochlorite for 40 min.
with gently shaking and rinsed thoroughly with sterile
distilled water five times. Thirty dehusked seeds per rice
variety were cultured and replicated two times. The seeds
were cultured in the bottle contained 10 ml of callus
induction media (NB5). The cultures were incubated in
Growth Chamber with dark condition at 27 °C for two
different callus induction times, i.e., one week (7 days) and
two weeks (14 days). NB5 medium was added with 3 mg
L 2,4-D (Carsono and Yoshida 2006), 8 g of agar, 0.1 g of
Myo-inositol, 30 g of sucrose, and 100 ml L of fresh
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coconut water. Five calluses per culture bottle were grown
and incubated in the dark condition at 27 °C for 7 days and
14 days (depended on its treatment).

The NB5 medium was used for callus proliferation
(subculture) with addition of with 2 mg L of BA, 8 g of
agar, 100 ml.L! of coconut water, 0.1 g of Myo-inositol,
0.5 g of L-Proline, 0.5 g of L-Glutamine, 30 g of Maltose,
and various concentrations of 2,4-D i.e., 0 ppm, 1 ppm, 3
ppm, and 5 ppm. Calluses were incubated in the dark
condition for 14 days at 27°C. In plant regeneration stage,
NB5 medium was added with 12 g of agar, 100 ml L of
coconut water, 0.1 g of Myo-inositol, 0.5 mg L of NAA,
0.5 mg L** of IAA (Carsono and Yoshida 2006), 0.5 g of L-
Proline, 0.5 g of L-Glutamine, 3 mg L of Kinetin, 0.8g of
Casein Hydrolysate, 3 mg L* of BA and 30 g of Maltose.
The pH of all media was adjusted to 5.8 before sterilization
by autoclaving at temperature of 121°C for 30 min. at 15
psi of pressure. Sub-cultured calluses with 5-10 mm in
diameter were then transferred into bottle containing 10 ml
regeneration medium. Calluses were regenerated for 3-5
weeks in 8 hours dark condition and 16 hours light
condition in the growth chamber (JSR: model JSPC-200C).
For root induction, MS medium was used with addition of
30 g L of Sucrose, 8 g L of agar, and 0.1 g L of Myo-
inositol. Regenerated shoots, over 2 cm in height, were
transferred into plant growth regulator-free MS medium.
After the seedling height reached about 10 cm, the green
plants were transferred into soil medium and grown in the
greenhouse for acclimatization and further assessment.

The experiment was arranged in randomized factorial
design. Genotypes (Fatmawati, Kitaake, and Nipponbare),
2,4-D concentrations in sub-culture (0 ppm, 1 ppm, 3 ppm,
and 5 ppm), and callus induction time (one and two weeks)
were considered as factors. At the sub-culture stage, two
variables i.e., (i) callus proliferation capacity (CPC in %)
and (i) callus growth capacity (CGC in mm?) were
observed. Three variables were observed at plant
regeneration stage, i.e., (i) shoot-regeneration capacity
(SRC in %); (ii) plant regeneration capacity (PRC in %);
and (iii) green plant regeneration capacity (GRC). All
variables were calculated based on Carsono and Yoshida
(2006) formulas. Data were analyzed by using analysis of
variance (ANOVA). Post-hoc analysis was done using
Duncan’s multiple range test (DMRT) for all variables. All
calculations were performed by using SPSS ver. 22.

RESULTS AND DISCUSSION

Overall analysis revealed that there was no significant
interaction among three factors (genotype, concentration of
2,4-D, and callus induction time) for all five traits (CPC,
CGC, SRC, PRC, GRC) in proliferation and plant
regeneration stages (Table 1). There was no significant
difference in callus proliferation capacity (CPC) for all
factors in the proliferation phase while CGC was
independently affected only by different times of callus
induction. Three rice genotypes showed equality in CPC
performance.
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Table 1. Analysis of variance for callus proliferation (CPC, CGC) and plant regeneration (SRC, PRC, GRC)

Source of variation df CPC cee SRC PRC GRC

(%) (mm?) (%) (%) (%)

Genotype (G) 2 7.49m 472.21M 47.20%* 9.20m™ 17.07m
Concentration of 2,4-D (C) 3 8.46M 183.86™ 22.46" 30.66** 31.59**
Callus induction time (T) 1 0.02"s 1000.10* 43.87** 46.29** 0.72"m
GxC 6 1.54nm 206.61" 8.62M 9.62m 1259
GxT 2 7.710 526.85" 2.35M 6.70m 3.49ms
CxT 3 1.11m 302.62m 5.03" 33.54%* 33.76™
GXxCxT 6 2.25m 275.56M 5.86M 4.73" 7.09m
Residual 24 4.99 179.69m 7.99 4.25 14.28
Total 47 4.29 248.16™ 10.73 9.76 14.86

Note: Data show means square value. CPC: Callus Proliferation Capacity; CGC: Callus-Growth Capacity; SRC: Shoot-Regeneration
Capacity; PRC: Plant Regeneration Capacity; GRC: Green Plant Regeneration Capacity. The formulas to calculate all the variables were
based on Carsono and Yoshida (2006). ns: non-significant, *: significant at p = 0.05, **: significant at p = 0.01.

Table 2. Comparison for 2,4-D concentration and callus induction
time on plant regeneration capacity

Plant regeneration capacity (%)

Concentration

of 2.4-D One week of callus Two-week of
induction callus induction
0 ppm 83.33 A 77.78 A
a a
1 ppm 61.11 AB 66.67 A
a a
3 ppm 38.89 B 55.55 A
a a
5 ppm 5.55 C 72.22 A
b a

Note: Data are mean of two replications, each with 5 clusters of
callus. Numbers followed by the same capital alphabet vertically
(within callus induction time among 2,4-D concentration) and
small alphabet horizontally (within 2,4-D concentration between
callus induction time), are not significantly different by DMRT at
0.05 probability level.

CGC(mm2)

w

'V/////AU

Two weeks

One week

Figure 1. Comparison for callus induction time on the CGC in the
proliferation phase (subculture). Note: values with the same
alphabet show no difference by DMRT at 0.05 probability; CGC:
callus growth capacity.

In the proliferation phase, the interaction effect among
genotype, 2,4-D concentration and callus induction time
was insignificant (Table 1). The effect was found only on
callus induction time for CGC, which means that the callus
induction time affected CGC, nor CFC. One week callus
induction time showed higher CGC compared to two-week
callus induction time (Figure 1). In the plant regeneration
phase, SRC (shoot regeneration capacity) was
independently affected by genotype and time of callus
induction (Table 1). Genotype Kitaake and Fatmawati
performed the best in SRC, meanwhile, Nipponbare
showed the lowest SRC (Figure 2). In addition, one-week
callus induction time resulted in higher SRC than two-week
callus induction time (Figure 2).

In contrast, genotype did not significantly affect PRC
and GRC (Table 1). Callus induction time contributed to
generate a high variation in PRC (Table 1); meanwhile,
concentration of 2,4-D independently accounted for the
high variation in GRC and PRC. Application of 2,4-D at 0
ppm and 1 ppm resulted in higher GRC than other 2,4-D
concentrations (Figure 3). The interaction between
concentration of 2,4-D and callus induction time was
significant for PRC (Table 1).

The significant difference between one-week and two-
week callus induction on PRC only occurred on 5 ppm of
2,4-D concentration, whereas two-week callus induction
resulted in higher PRC (72.22 %) than one-week callus
induction (5.55 %) (Table 2). No significant differences
were found on concentration of 2,4-D within two-week
callus induction. Conversely, 5 ppm of 2,4-D significantly
resulted in the lowest PRC within one-week callus
induction (Table 2). The treatment without addition of 2,4-
D during plant regeneration stage relatively showed higher
PRC than the others, except with 1 ppm (Table 2).
Generally, the application of lower 2,4-D concentrations in
plant regeneration media resulted in high plant regeneration
capacity in both one-week and two-week callus induction
time.
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Figure 2. Comparison for genotype (A) and callus induction time (B) on the SRC (shoot regeneration capacity) in the plant regeneration
stage. Notes: values with the same alphabet show no difference by DMRT at 0.05 probability

b

Oppm Sppm

Figure 3. Comparison for the concentrations of 2,4-D on the green
plant regeneration capacity (GRC). Notes: values with the same
alphabet show no difference by DMRT at 0.05 probability

Green plant regeneration capacity (GRC) was affected
independently by concentrations of 2,4-D (Table 1). The
appearance of plantlets varied within the concentrations of
2,4-D. Without addition of 2,4-D and 1 ppm of 2,4-D in
plant regeneration media, the production of GRC was
relatively higher (Figure 3).

Discussion

In vitro rice culture system is one of the major factors
which hampers the success of application of genetic
transformation and other biotechnological works, such as
microspore or anther culture, micropropagation, embryo
rescue, double haploid, plant cell culture for production of
important secondary metabolite, and other in vitro culture
efforts. Our study demonstrated the importance of callus
induction time on callus proliferation, especially callus
growth capacity, and 2,4-D concentration affects green
plant regeneration.

Establishment of in vitro rice culture in terms of callus
proliferation and plant regeneration will broadly open the
success of application of genetic transformation for
desirable genes for improving economical and
agronomically important traits of rice plants. The previous

studies showed that callus from tissue culture may induce
variations (Bairu et al. 2011), known as somaclonal
variations that hamper the application of in vitro culture to
develop transgenic rice plants. In in vitro culture, callus
produced through an in vitro culture system, is a good
starting material for genetic transformation (Carsono and
Yoshida 2008; Sahoo et al. 2011; Tran and Sanan-Mishra
2015; Mukhtar and Hasnain, 2018; Mohammed et al.
2019). Our study shows that optimization of the growth
hormones application, in this case, 2,4-D, and callus
induction time can reduce the somaclonal variations in
terms of high number of green plant (plantlet) regeneration.

Three ways interaction among genotype, 2,4-D
concentration and callus induction time was unrevealed in
this present study. Three genotypes exhibited the same
callus proliferation capacity, these due to Kitaake and
Nipponbare (Puhan and Siddiq 2013) and Fatmawati
(Carsono and Yoshida 2006) are considered to be highly
responsive in in vitro culture. Furthermore, Kitaake was
also reported to have a high callus regeneration rate, fast
callus growth, and fast embryonic callus development
ability with crumb, globular, and compact callus type (Sah
et al. 2014). In addition to genetic factors, as described
previously, non-genetic factors also affect the formation of
callus and shoot regeneration i.e., age of explants (Hoque
and Mansfield 2004) and culture condition (Husaini et al.
2011; Lardon and Geelen 2020). Although Ahmad et al.
(2013) reported that 2,4-D is an essential element for callus
proliferation, the different concentrations of 2,4-D showed
the same effect on CPC and CGC. Probably, the
endogenous auxins contained in the callus were enough to
support callus proliferation and growth.

It was found that shorter callus induction time had a
better effect on cell division and produced high
proliferation cells (Carsono and Yoshida 2006), increasing
CGC and SRC. Meanwhile, callus proliferation and plant
regeneration depend on many factors, i.e., gene activity,
meristematic cells, hormone level in the cell, and hormone
sensitivity (Ezhova 2003). Among them, gene activity may
influence or provide different expressions (Ezhova 2003;
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Abiri et al. 2016). Besides, the age of the mature seed also
affects the formation of callus (Hoque and Mansfield,
2004).

The best CGC (Figure 1) and SRC (Figure 2) were
found at one-week callus induction. According to
Manimaran et al. (2013), this is noted that young calluses
had higher capacity of callus development into whole tissue
compared to aged calluses. This is because young callus
contains high amount of actively dividing cells, then they
are more responsive to a callus initiation program, in this
case, callus growth and shoot development.

Ikeuchi et al. (2016) also reported that among the
different factors influencing callus induction and
regeneration, genotype and nutrient media composition are
two major factors that decide the fate of in vitro raised
culture. Favorable hormone balances may exist not only in
growth media but also in calluses. Endogenous hormone
production may be induced by various exogenous hormone
and stimulating treatments (Ikeuchi et al. 2016; Lardon and
Geelen 2020). It is presumed that exogenic and endogenic
growth hormones at relatively earlier subculture time
would support the shoot development of callus.

Higher 2,4-D concentration (above 4.02 mg L™ for 48
h) was reported to decrease mitotic index, which inhibits
cell division (Ozkul et al. 2016). Therefore, for initiating
the cell division, lower concentration of 2,4-D was applied,
while high concentration was applied for callus induction
and subculture stages because it was important due to the
residual effect within culture media. Residual effect of 2,4-
D occurred when exogenic auxin was remained or not
added in the culture media (Hazubska-Przybyt et al. 2020;
Wojcik et al. 2020). This result suggests that excessive
addition of 2,4-D will reduce the callus development rate
due to in vitro totipotency is affected by the genes
controlling the level of hormones in the cells and threshold
of sensitivity to hormones (Ezhova 2003).

Overall experiments, two genotypes i.e., Kitaake
(japonica subspecies) and Fatmawati (indica) used in this
experiment showed similar responses in almost all the
variables observed in both stages, callus proliferation and
plant regeneration. It is proven that Fatmawati, Kitaake,
and Nipponbare were responsive genotypes in callus
proliferation and plant regeneration. Addition of 2,4-D
showed significant effect, especially at plant regeneration
stage. The most interesting result was one-week callus
induction time showed the best result in both stages.
Finally, to reduce the somaclonal variation, we recommend
a short time (one week) and 1 ppm of 2,4-D for rice callus
proliferation (sub-culture) and plant regeneration for the
case of these three rice genotypes. The in vitro rice culture
protocol developed from this study for callus proliferation
and plant regeneration, will be wuseful for genetic
transformation and other biotechnological works. This
protocol will also be useful in order to minimize the
occurrence of somaclonal variants which is a major
concern in the development of transgenic rice plants with
many valuable traits.
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