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Optimization of Callus Induction and Regeneration in Swarna Masoori Rice Cultivar
Short Title: in Vitro Somatic Embryogenesis of Swarna Masoori Rice Cultivar
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Abstract: Callus induction was optimized in Swarna masoori rice cultivar, a local variety of
Andrapradesh, India, during somatic embryogenesis, using various concentration of 2, 4-D. The seeds were
inoculated in Murashige and Skoog medium with various concentrations of 2, 4-D (2mg/L, 4mg/L, 8mg/L
and 16mg/L) and the growth of the callus was observed from 2nd to 7th week.  The focus of the study was
to optimize the concentration of 2, 4-D to induce efficient callus for subsequent transformation
experiments. From the results it was seen clearly that 2 to 4 mg/L of 2, 4-D induced substantial callus
growth than 8 to 16 mg/L which caused callus browning after 3rd week. Although 2 to 4 mg/L of 2, 4-D
induced efficient callus, callus induction by 2 mg/L was found to be efficient to regenerate into shoots
and roots were as most of the callus induced by 4mg/L of 2, 4-D regenerated into roots. Therefore, we
conclude that 2 mg/L of 2, 4-D was found to be efficient to induce callus in swarna masoori rice cultivar.
The callus obtained from 2, 4-D (2mg/L) induction can be transformed with genes of agronomically
important traits, which have the potential to regenerate into an entire plant. 
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INTRODUCTION

Rice is one of the most important cereal crops,
providing food for more than half of the world’s
population next to wheat and maize[1]. Molecular
breeding of rice has made significant progress to
achieve higher yield, improved quality, greater disease
resistance and agriculturally important traits[2]. In rice
breeding, tissue culture techniques are exploited for
somaclonal variations and gene transformation to create
novel rice varieties[3]. Callus induction by indirect
organogenesis is the primary step for gene
transformation. Callus induced from immature and
mature embryos or scutellum-derived callus of rice can
be regenerated although several problems were
observed during shoot regeneration[4]. Dehusked rice is
the most popular and easily accessible explant for rice
tissue culture[5]. Rapid proliferating undifferentiated
mass of callus can be induced by using specific growth
hormones[6]. Callus induction by somatic embryogenesis
requires high concentration of auxin in the medium. 2,
4-D (2, 4-dichlorophenoxyacetic acid) is a synthetic
auxin, most commonly used growth regulator in cereal

tissue culture[7].
Different genotypes are reported to respond

differently to callus induction in vitro under different
concentrations of 2, 4-D[8]. The rate of success of
callus induction can be enhanced by improving the
composition of tissue culture medium, especially by
manipulating the plant growth regulators[9], osmotic
pressure[10] and partial desiccation[11]. As different
genotypes respond differently during callus induction,
an attempt was made to induce efficient callus by
manipulating the concentration of plant growth
regulator (2, 4-D), in vitro in Swarna masoori rice
cultivar. For the first time we are reporting efficient
callus induction and subsequent regeneration potential
of the callus in Swarna masoori rice cultivar. The
callus induced by 2, 4-D can be used to transfer genes
of several agronomically important traits like disease
resistance, drought tolerance and enhanced nutritional
values by particle bombardment or Agrobacterium-
mediated transformation, which will be an advantage
for the agricultural workers and the receiving
population.
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MATERIALS AND METHODS

Seed Sterilization: Manually dehusked seeds of swarna
masoori were washed in sterile millipore water and
then with 70% (v/v) ethanol and rinsed with sterile
millipore water. The seeds were further surface
sterilized with 0.1% (w/v) HgCl2 (mercuric chloride)
with gentle agitation and rinsed with sterile millipore
water to remove HgCl2. 

Callus Induction: Ten sterilized seeds were placed
individually in each Petri dish containing 20 ml of
modified MS 2, 4-D medium (MS salts, MS vitamins,
300mg/L casamino acid, and 8 g/L agar[12]) with
various concentrations of 2, 4-D (sigma) in each
group). The concentration of 2, 4-D in each group are
group A (2mg/L), group B (4mg/L), group C (8mg/L)
and group D (16 mg/L). The seeds were incubated in
the dark at 25 ± 1ºC. Only embryogenic calli were
transferred to fresh callus induction medium for
multiplication. Sub-culturing of the callus was carried
out once in every two weeks. The callus was observed
from 2nd to 7th week. The percentage (%) of callus
(total/embryogenic) induction frequency (CIF) for each
group was calculated as follows

   Total number of seeds that 
produced callus 

CIF (%) = )))))))))))))))))))))))))) x 100
         Total number of seeds plated

Regeneration: The healthy surviving embryogenic calli
were transferred to MSKN medium (MS salts, MS
vitamins, 2mg/L kinetin (sigma) and 1mg/L NAA
(sigma), 300mg/L casamino acid, 50mg/L cefotaxime,
30g/L sucrose, 10 g/L sorbitol, 2.5 g/L gelrite) for
shoot regeneration and MSO medium (Ms salts, MS
vitamins, 30g/L sucrose, 2.5g/L gelrite) for root
regeneration. The pH of the medium was adjusted to
5.8 and autoclaved. All the chemicals utilized in this
study were obtained form Merck and Sigma. The callus
was incubated in the dark for 20 days and then
transferred again to fresh regeneration medium and
incubate at 27°C with 16 H photoperiod (110
µmol/m2/s) for 10 to 20 days and observed for
regeneration. The percentage (%) of callus regeneration
frequency (CRF) into plant was calculated as    
         Total number of callus that 

  produced plants
CRF (%) = )))))))))))))))))))))))))) x 100
        Total number of callus plated

Statistical Analysis: Statistical analysis was done to
compare the size of the callus on each week for each
2, 4-D concentration and also comparative analysis was

done between various concentrations of 2, 4-D by
ANOVA using NCSS 2007 software. Turkey Kramer
multiple comparison tests were done and if the data
was not similar, Kruskar Wallis multiple comparison -
Z value test (Dunn’s test) was performed. P value less
than 0.05 was considered significant.  

Results:
Callus Induction Frequency: Two hundred seeds were
inoculated for each concentration of 2, 4-D with ten
seeds in each Petri dish. Callus induction started on the
scutellum region of the seed embryo within one week
and grew in size over the next three to seven weeks.
Induction of both embryogenic and non-embryogenic
calli was observed. The frequency of callus induction
is shown in Table 1. The frequency of callus induction
ranged from 66.5% to 74%. In group C and D,  the
callus turned brown from 5th week and 3rd week
respectively indicating callus browning due to the effect
of higher concentration of 2, 4-D. The phenotypic
characteristic of the embryogenic callus was usually
light yellow to white, dry, compact and nodular, while
non-embryogenic callus appeared watery, light yellow
to tan and non-nodular (Table 2).

Effect of Various Concentrations of 2, 4-D on callus
induction: The effect of various concentrations of 2, 4-
D on somatic embryogenesis of Swarna masoori rice is
shown in Fig1. The embrogenic callus diameter was
measured in terms of millimeter and statistical analysis
was carried out in each group during the experimental
period and between the groups from 2nd to 7th week. 
In group A and group B (Fig2 and Fig3) there was a
significant difference between the weeks, indicating the
callus growth from 2nd to 7th week. In group C (Fig 4)
statistical analyses revealed a significant difference
from 2nd to 5th week and there were no statistical
difference in the size of callus from 5th week to 7th

week indicating the cytotoxic effect of 2, 4-D which
resulted in callus browning. A similar result of callus
browning was seen in group D (Fig 5) from 3rd to 7th

week. 

Comparative Analysis Between Callus Induced by 2,
4-D: The comparative analysis performed between the
groups (Fig 6) showed that there were no significant
differences between the groups during 2nd and 3rd week,
indicating similar growth of callus in all the groups.
From 4th to 7th week there was a significant difference
between the groups, indicative of variation in callus
size. Group D was significantly different from Group
A, B and C from 3rd to 7th  week indicating callus
browning due to high concentration of 2, 4 D in the
medium.  From  the  statistical analysis and phenotypic
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Table 1: Callus induction frequency and regeneration (%) of the inoculated seeds.
Concentration of 2,4-D No of seeds plated No of seeds produced Callus Induction Callus regeneration(%) 

callus (E+NE) frequency (%)
Group A (2mg/L) 200 146 73 41.3 (S+R)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group B (4mg/L) 200 133 66.5 23.6 ®
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group C (8mg/L)* 200 148 74 N
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group D (6mg/L)+ 200 137 68.5 N
E- Embryogenic callus, NE- Non embryogenic callus, S- Shoot, R- Root, N- Regeneration of callus was not initiated.
Callus growth *until 5th week, +until 3rd week ® mostly Regenerated into Roots

Table 2: Phenotype of callus on each week, induced by various concentration of 2, 4-D
Concentration of 2,4D Weeks  (Embryogenic callus)

---------------------------------------------------------------------------------------------------------------------------------------------
2 3 4 5 6 7

Group A (2mg/L) Yw Yw Yw Yw Yw+Dcn Yw+Dcn
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group B (4mg/L) Yw Yw Yw Yw Yw+Dcn Yw+Dcn
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group C (8mg/L) Yw Yw Yw B B B
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group D (16mg/L) Yw B B B B B
Yw- Light yellow to white callus, Dcn- Dry, compact, nodular, B-callus browning

A: Group A: 2mg/L, B: Group B: 4mg/L, C: Group C: 8mg/L (showing callus browning), D: Group D: 16mg/L
(showing callus browning)

Fig. 1: Callus induction of Swarna masoori rice cultivar with various concentrations of 2, 4-D at 7th week.

observation it is clear that 2 to 4 mg/L induced callus
well than 8 to 16 mg/L and found to be efficient to
induce callus in swarna masoori rice cultivar. 

Callus Regeneration Frequency: CRF was calculated
and tabulated in Table 1. Regeneration potential was
seen in the callus obtained from group A and B. The
callus from group C and D were not inoculated into
MSKN medium as they turned brown in callus
induction medium. Some of the calli formed only roots
and others formed both shoots and roots. Any types of

morphogenesis either shoot or root indicates the ability
of the callus for potential differentiation for
organogenesis. It was observed that in group B most of
the callus initiated by 4mg/L of 2, 4-D formed roots
than shoots were as callus initiated by 2mg/L of 2,4 D
formed both shoots and roots. In summary, Swarna
masoori rice genotype showed significant divergence
for different concentration of 2, 4 D in vitro and 2 to
4 mg/L (2, 4-D) induced efficient callus. Though 2 to
4  mg/L  (2, 4-D) was efficient to induce efficient 
callus  in  group  A  and  B, the callus from group A 
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Fig. 2: Group A :(2mg/L 2. 4-D) Fig. 3: Group B :(4mg/L 2. 4-D)

Fig. 4: Group C :(8mg/L 2. 4-D) Fig. 5: Group D :(16mg/L 2. 4-D)

Fig. 6: Effect of different concentration of 2, 4 D on growth of the callus.

differentiated into both shoot and root were as most of
the callus from group B  differentiated into only roots.
This indicates that 2 mg/L of 2,4 D is efficient to
induce callus and can be subsequently regenerated.
From the results, we conclude that the callus induced
in swarna masoori rice cultivar by 2mg/L of 2, 4-D,
can be efficiently transformed with genes of

agronomically important traits and can be successfully
regenerated.

Discussion: Synthetic auxin 2, 4-D, is not efficiently
metabolized by plant tissues[13]. However, it is diluted
to increase the callus mass, but 2, 4-D, once taken up
by callus may still have effect on morphogenesis.
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Similar to this study, the role of 2, 4-D was also
studied  in  other  rice  varieties  and 2mg/L showed 
induction of efficient callus formation[14]. Pandey et al.,
1994 worked with matured dehusked rice seeds using
different level of 2, 4-D in nutrient medium and they
concluded that callus induction from seed was best at
2 mg/L. Other workers have also obtained good
number of calli on MS based medium when 2, 4-D (1
mg/L) was applied[15]. Further they reported that best
embryogenic calli were recovered from 2, 4-D supplied
media than the media supplemented with phenyl acetic
acid and other organic supplements. The present study
on swarna masoori also showed efficient callus
induction at 2mg/L and 4 mg/L of 2, 4-D. The
induction of embryogenic and non-embryogenic callus
is in agreement with the previous reports in which
callus induction was determined genetically as
described for other cereal rice crops[16]. Present study
showed that, 2, 4-D supplied at 2 to 4 mg/L was best
for callus induction in contrary to Chen et al., 1991,
who reported that calli obtained from 2, 4-D supplied
medium was quite low as compared to that formed on
medium supplemented with NAA (α- naphthalene
acetic acid)[17]. 

The formation of callus browning at the stage of
callus induction is one of the main reasons for the
failure of regeneration in Indica rice variety, which is
characterized by browning coloration of the callus
followed by death, thus preventing further callus
proliferation. Similar observations were seen in group
C and D on 5th and 3rd week respectively. Callus
browning is caused by unsuitable culture conditions,
such as inappropriate ammonium concentrations, light
levels, temperature, thiamine and auxin. Many feasible
methods were found to resolve this problem[18], but
these methods are laborious and do not give any
indication of the molecular mechanisms that causes
callus browning. The quality and the frequency of
callus induction and subsequent plant regeneration,
however, ultimately depend on the initial callus
induction medium especially the composition of MS
medium and the concentration of 2, 4 D besides the
genotype of the Swarna masoori rice cultivar.
Optimization of in vitro culture conditions of Swarna
masoori rice cultivar may play an important role in
crop improvement of the variety or to introduce novel
genes of agronomically important traits and to create
new varieties for conventional plant breeding method.
From the present study, we have optimized in vitro
callus induction and regeneration of Swarna masoori
rice cultivar and we conclude that 2mg/L of 2, 4-D is
efficient to induce callus in swarna masoori rice
cultivar which can be potentially regenerate into an
entire plant.
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