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September 21, 2021 amino acids, and solidifying agents on callus induction were observed using mature
seeds as starting material. Two different concentrations of NAA (1-naphthaleneacetic
acid) + kinetin and IBA (Indole-3-butyric acid) were used for shoot regeneration and
root induction, respectively. The highest frequency (100%) of callus was recorded on
the medium containing 2mg/l 2,4-D which was followed by 3 mg/l 2,4-D + 10 mg/I
kinetin (95.51%) at the dark condition in cultivar Sadamota. Moreover, MS
(Murashige and Skoog) medium supplemented with 2 mg/l 2,4-D, L-proline and
sucrose (as carbon source) increased the callus induction frequency. The highest
percentages of callus induction were found when both the gelrite and agar were used
as solidifying agents. The maximum shoot regeneration (66.44%) and shoot number
(4.49) were obtained at 0.50 mg/l NAA + 10 mg/l kinetin in the cultivar, Sadamota.
Moreover, the highest root induction and root number were recorded at 0.50 mg/I
IBA in Sadamota. Overall, the highest optimum callus induction, shoot regeneration
and root formation were obtained at 2 mg/l 2,4-D, 0.50 NAA + 10 mg/l kinetin and
0.50 mg/l IBA, respectively. Sadamota exhibited the best plantlet regeneration
followed by Kachamota whereas the lowest was displayed by Dudkalam. This
regenerated protocol could be utilized for gene transfer in rice for the development of
stress-tolerant and high yielding lines in future.
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Introduction

Rice (Oryza sativa L.), an essential food crop belongs
to the Gramineae family. It is usually grown and
cultivated in the region of south and south-east Asia.
It’s providing foods for about half of the global
population (Sandhu and Kumar, 2017). It contains two
major subspecies, Japonica and Indica (Vaughan et
al., 2003). As rice is cultivated in nearly 75% of
agricultural fields, it is the most dominant food grain
in Bangladesh. Our agriculture sector contributed to
about 17% of the total country‘s Gross DomestiC
Product (GDP) (BBS, 2016). Farmers cultivate rice in
mainly three seasons (Aman Aus and Boro) in our
country around the year. Now, it’s a great demand to
increase rice production immediately to ensure the
food demands of a continuously growing population.
Moreover, the production of rice is severely affected
because of various abiotic stresses including
submergence. In the Southern Delta region of
Bangladesh, the inundation of agricultural lands due
to tidal flooding is a major threat to crop productivity
(Ullah et al., 2016). In Barisal and Patuakhali districts,
nearly 80% of the arable land is flooded (up to a range
of 6-90 cm) during monsoonal flooding. It creates an
obstacle in cultivating the modern varieties of aman
rice which were developed by genetic transformation.
During the rainy season, the dwarf and high yielding
rice cultivars are not suitable for cultivation in the
tidal floodplain region. Therefore, the farmers of this
region prefer to cultivate indigenous varieties which
are mostly low yielding, long-duration, photo-sensitive,
and tall instead of high yielding varieties (HYVs).
Some indigenous cultivars namely Moulata, Sadamota,
Kachamota and Dudhkalam are usually grown and
cultivated in the region of tidal floodplain in the
districts of Jhalakati and Pirojpur (Shamsuzzaman and
Haque, 2010). The vyield of the local cultivars is
extremely low and research intervention seeking yield
improvement has not been substantial. Therefore, it is
an urgent need to develop potential stress-tolerant and
high-yielding varieties utilizing the local resource that
will minimize the reduction of grain yield and
overcome cultivable field limitation.

Plant tissue culture, a biotechnological technique, is
successfully used worldwide for developing and
maintaining genetic variability by developing a stress-
tolerant variety of crop plants. For developing
transgenic rice, scientists rely on tissue culture-based
gene transfer technology (Gosal and Kang, 2012).
Moreover, establishing an efficient protocol of in
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vitro regeneration is a compulsory steps for the
successful transformation of the desired gene.
In indica rice, a few successful regeneration protocols
were found (Sahoo et al., 2011). Different plant
organs were used as explants especially immature
embryos and mature seeds (Cai et al., 2013; Azizi et
al., 2015; Kumar et al.,, 2017; Binte Mostafiz and
Wagiran, 2018), leaf base segments (Ramesh et al.,
2009), anthers (Maharani et al., 2020), microspores
(Shariatpanahi et al., 2006), and immature
inflorescences (Kavas et al.,, 2008) for callus
formation and plant regeneration. Immature embryo
explants have been recorded as the most competent
explants for higher callus proliferation and
regeneration (Yu et al., 2008; Kumar et al., 2017). The
maintenance of growth conditions for immature
embryos is very difficult, and this procedure is costly
and very time-consuming whereas mature embryos
are more compatible as they are available throughout
the year. Research works on successful rice
regeneration from the mature embryo have been
described by many scientists (Ahmad et al., 2016;
Artadana et al., 2017; Binte Mostafiz and Wagiran,
2018; Ho et al., 2018; Ming et al., 2019). Some major
factors such as culture medium components, explants
type, Plant Growth Regulator (PGRs) treatments,
solidifying agents, and culture condition etc
significantly affected the callus growth, proliferation
and essential steps of regeneration. (Ge et al., 2006;
Feng et al., 2011; Parmar et al., 2012; Ahmad et al.,
2016; Kumar et al., 2017; Binte Mostafiz and Wagiran,
2018; Repalli et al., 2019).Therefore, our experiment
was undertaken to establish a mature embryo based
complete regeneration protocol in local indica rice.

Material and Methods

Plant materials

Our total experiments on assessing the callogenesis
and regeneration potentials of selected rice cultivars
were undertaken in the laboratory of Plant Tissue
Culture of, Biotechnology Division at Bangladesh
Institute  of  Nuclear  Agriculture  (BINA),
Mymensingh. In our study, a total of four local
cultivars of rice namely Kachamota, Sadamota,
Dudhkalam and Moulota were used. The mature seeds
were used as explant sources which were collected
from the Barisal division of Bangladesh.

Explants sterilization
Mature de-husked seeds from each rice cultivar were
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sterilized aseptically by treating with 70% ethanol (1
min) which was followed by 3.5 % NaOCI + 1-2
drops Tween-20 for 15 min. After that the sterilized
mature seeds were carefully washed thrice with sterile
distilled water followed by drying on autoclaved filter
paper. Then the completely sterilized rice seeds were
transferred to callus culture medium (25 ml in 90 mm
petridish) where the seeds scutellum side was up
position and plumule slightly embedded into medium
under aseptic condition.

Callus induction and subculture

To prepare the callus induction medium, we have used
MS culture medium which was supplemented with
different carbon sources, solidifying agents and
different concentrations of PGRs. The culture medium
was autoclaved (121°C, 20 min), after adjusting the
pH between 5.6-5.8. Six different combination of
nutrient composition and concentrations of phyto-
hormones supplemented in culture medium for callus
induction (Table 1).

Table-1. Different media composition of callus induction
medium

Treatments Media Composition
T, MS + 2,4-D (2 mg/l) + sucrose (30
o/l) + gelrite (6.4 g/l)
T, MS + 2,4-D (2 mg/l) + maltose (30
o/l) + gelrite (6.4 g/l)
T, MS + 2,4-D (2 mg/l) + L-proline

(0.5 g/l) + L-glutamine (0.5 g/l) +
sucrose (30 g/l) gelrite (6.4 g/l)

T, MS + 2,4-D (2 mg/l) + L-proline
(0.5 g/l) + L-glutamine (0.5 g/l) +
maltose (30 g/l) + gelrite (6.4 g/l)

Ts MS + 2,4-D (3 mg/l) + kinetin (10
mg/l) + maltose (30 g/l) + gelrite (4
g/l) + agar (2 g/l)

Te MS + 2,4-D (3 mg/l) + kinetin (10
mg/l) + sucrose (30 g/l) gelrite (4 g/l
) + agar (2 g/l)

Afterward ten finely sterilized seeds were placed in
one petridish on culture medium. Parafilm was used
for proper sealing and then the pertidishes were
incubated in both dark and light conditions at 25 *
1°C. After 3 or 4 days, the inoculated seeds swelled at
mesocotyl and radicle regions of seeds. For achieving
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better callus, subcultures were carried out in 2 weeks
where the primary calli were incubated on the same
medium and condition for another 3 weeks.

Plant regeneration

Five weeks aged calli were transferred to the
regeneration medium having different combinations of
phytohormones. The hormonal combination was used
for shoot regeneration were as follows: (a) MS + NAA
(0.25 mg/l) + Kinetin (10 mg/l); (b) MS + NAA (0.5
mg/l) + Kinetin (10 mg/l). For regeneration, the
culture conditions were maintained by adjusting the
relative humidity (45-60%), temperature (25 + 1°C)
and cool-fluorescent light (110 mmol/m2/s, 16 h) for 4
weeks. Then, the subculture was performed one time
after 2 weeks.

Root induction and acclimatization

Regenerated shoots were carefully transferred into basal
MS medium (half strength) supplemented with 0.25 and
0.5 mg/l IBA for facilitating root induction. The cultures
were incubated at 25 + 1°C and photoperiod (110
mmol/m2/s, 16 h) for 2 weeks. After that, the finely
rooted rice plantlets were carefully transferred into
plastic pots (peat (1): vermiculite (1), keeping similar
incubation conditions. When the rice plants grew 10-15
leaves, they were transferred to the greenhouse.

Data collection and statistical analysis

After 4 weeks, the callus induction percentages were
determined. After 4 weeks in the regeneration
medium, the percentages of shoot regeneration and
shoots number per callus were determined.
Furthermore, incubating for 4 weeks, the root
induction percentages and the root number per plantlet
were determined.

Frequencies of callus formation (%) = (Number of explants
producing calli/ Number of explants plated) x 100

Frequencies of shoot regeneration (%) = (Number of calli
regenerated plantlets/ Number of calli plated for regeneration) x
100

Frequencies of root induction (%) = (Number of root
generating plantletsy Number of plantlets for root
formation) x 100

The Recorded data were analyzed statistically by
following a Completely Randomized Design (CRD).
The analysis of variance (ANOVA) was estimated
according to Duncan’s Multiple Range Test (DMRT).
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Results

Our current study exhibited calluses initiated from the
scutellum region and it was clearly shown after a week
of incubation. It was observed that callus appeared to
be compact, light yellowish in color and globular in
shape after 3 weeks incubation (Fig. 1c; 2b).

Effects of 2,4-D on callus Induction

Callus percentage in various cultivars ranged from
70.55% to 87.89%. Among all the treatments, 2,4-D
at 2 mg/l exhibited the highest (100%) callus
frequency followed by 2,4-D (3 mg/l) + kinetin (10
mg/l (95.51%) in Sadamota in the dark condition
(Table 2).

Table-2. Effect of 2,4-D and different culture medium
composition on frequencies of callus formation among
the Local rice cultivars.

Callus Callus
Cultivars Treatments induction induction
(dark) (light)
T, 67.59 Im 66.10 ki
T, 71.80 j-I 67.37 ki
Moulata Ts 76.57 h-j 70.92 jk
T4 81.28 e-h 78.92 e-h
Ts 85.50 d-f 82.70 d-f
Te 90.52 b-d 88.05 b-d
T 78.48 g-i 75.16 h-j
T 79.79 f-i 76.07g-j
Sadamota T3 100.00 a 92.93 ab
T,y 89.15 cd 87.01cd
Ts 84.40 d-g 80.16 e-h
Te 95.51 ab 93.90a
T, 63.44 m 63.13 Im
T, 87.09 de 81.15e-g
Dudhkalam T, 69.35 kI 59.28 m
T4 74.24 i-k 66.28KkI
Ts 76.93 h-j 75.42 g-j
Te 79.78 f-i 78.03 f-i
T, 76.74 h-j 73.10ij
T, 77.02 h-j 75.41 g-
Kachamota T3 94.60 a-c 90.80 a-c
T, 86.29 de 84.26 de
Ts 82.68 e-h 76.65 g-j
Te 89.87 b-d 86.95 cd
LSDg 05 5.39 5.02
Level of sig. ** **
CV (%) 4.02 3.93

Here ** represents the level of significant at 1% level
of probability.

T1=MS + 2,4-D (2 mg/l) +sucrose (30 g/l)+ gelrite
(6.4 g/l); T, = MS + 2,4-D (2 mg/l) +maltose (30 g/l)
+ gelrite (6.4 g/l); T3 = MS + 2,4-D (2 mg/l) + L-
proline(0.5 g/l) + L-glutamine (0.5 g/l) +sucrose (30
g/l) + gelrite(6.4 g/l); T4 = MS + 2,4-D (2 mg/l) + L-
proline (0.5 g/l) + L-glutamine (0.5 g/l) + maltose (30
g/l) + gelrite (6.4 g/l); Ts = MS + 2,4-D (3 mg/l) +
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kinetin (10 mg/l) +maltose (30 g/l) + gelrite (4 g/l) +
agar (2 g/l); Te = MS + 2,4-D (3 mg/l) + kinetin (10
mg/l) + sucrose (30 g/l) +gelrite(4 g/l ) + agar (2 g/l).

Moreover, MS media containing 2,4-D (2 mg/l)
exhibited the lowest (63.44%) callus rate in
Dudhkalam in the dark condition (Table 2). However,
in light condition, 2, 4-D (3 mg/l) + kinetin (10 mg/l)
showed the maximum (93.90%) callus frequency
followed 2,4-D (2 mg/l) (92.93%) in Sadamota at dark
condition (Table 2). MS media containing 2,4-D
(2mg/l) exhibited the minimum (59.28%) callus
frequency in Dudhkalam at dark conditions (Table 2).

Figure-1. representation of a

Photographic
complete regeneration in the cultivar, Sadamota

Effect of medium composition on callus formation
at dark condition

Carbon sources significantly affected the callus
induction of rice. With 2,4-D (2mg/l), sucrose (T; and
Ts) and maltose (T, and T,) were used with culture
medium in the dark condition. Medium with sucrose
as carbon source showed the highest (100%) callus
induction in Sadamota followed by Kachamota
(94.60%) (Table 2). Moreover, the lowest callogenesis
rate was found in medium with maltose as the carbon
source in Dudhkalam (63.44%). However, with 2, 4-D
(3 mg/l) + 10 mg/L Kinetin, sucrose (T¢) and maltose
(T5) were used with MS medium in the dark condition
L-proline. Medium with sucrose as carbon source
showed the highest (95.51%) callus induction in
Sadamota followed by Moulota (90.52%) (Table 2).
Moreover, the lowest callogenesis rate was observed
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in medium with maltose as the carbon source in
Dudhkalam (76.93%).The effect of solidifying agents
was tested (T, T,, Ts and Tg) at 2,4-D (2 mg/l) and
2,4-D (3 mg/l ) + 10 kinetin (mg/l ) under dark
condition. The combined treatment of gelrite and agar
exhibited the highest callus induction rate in Sadamota
followed by Moulota at 2,4-D (2 mg/l) whereas the
lowest was found in Dudhkalam. A combination of L-
glutamine was applied with either sucrose (T3z) or
maltose (T,) in a culture medium in the dark
condition. In this condition, the genotypes Sadamota
showed the maximum callus induction frequency
which was followed by Kachamota whereas the
lowest was found in Dudhkalam.

Effects of NAA on shoot regeneration

For optimizing regeneration potential, the calli were
carefully cultured on the regeneration medium
supplemented with two different concentrations of
NAA (0.5 and 1 mg/l) along with kinetin (10 mg/l).
The NAA treatments significantly affected the
regeneration potential (Fig. 3). After 2 weeks, green
like spots were initiated into the transferred
embryogenic calli. Shoot regeneration in various
cultivars ranged from 27.1% to 58.22%. Between the
two different concentrations of NAA along with 10
mg/l kinetin tested, MS media containing NAA (0.50
mg/l) exhibited the highest (66.44%) shoot
regeneration followed by Kachamota (50.61%)
whereas the lowest was observed in Dudhkalm at
NAA (0.25 mg/l) (18.33%) (Fig. 3a). Moreover,
between the two different concentrations of NAA
along with 10 mg/l kinetin tested, MS media
containing NAA (0.50 mg/l) exhibited the maximum
(4.48) number of shoot callus followed by Kachamota
(3.11) whereas the lowest was observed in Dudhkalm
(1.7) at NAA (0.25 mg/l) (Fig. 3b).
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Figure-2.
complete regeneration in the cultivar, Kachamota

Effects of IBA on root induction

Root induction in various cultivars significantly
ranging from 38.58 to 63.93%.Between the two
different concentrations of IBA tested, MS media
containing 0.50 mg/l exhibited the highest (71.33%)
root induction followed by Kachamota (66%) whereas
the lowest was observed in Dudhkalm at 0.25 mg/l
IBA (33.44%) (Fig. 4a). Moreover, between the two
different concentrations of NAA along with 10 mg/I
kinetin tested, MS media containing 0.25 mg/I
exhibited the highest (9.33) number of root callus
followed by Kachamota (8.39) whereas the lowest
was observed in Dudhkalm at 0.25 mg/l NAA (3.72)
(Fig. 4b). The rooted plantlets were successfully
transferred in soil.

SHOOT REGENERATION SHOOT PER CALLUS

=0.25 mg/I NAA + 10 mg/] Kinetin W0.25gm/INAA + 10 mg/| Kinetin

50 mg/INAA + 10 mg/l Kinetin 5,50 mg/INAA + 10 mg/l Kinetin

no [T 1K
MOULOTA SADAMOTA DUDHKALAMKACHAMOT OULATA SADAMOTA DUDHKALAMEACHAMOTA

Figure-3. Graphic representation of the effect of NAA
and kinetin on the percentage (a) shoot induction and
(b) shoot number per callus in localindica rice
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a b

ROOT INDUCTION ROOT PER PLANTLET

=0.25mg/l IB. 0.50 mg/l18B. W0.25mg/lIBA 0.50 mg/118

1ouLoT ADAMOTA HEALAM 1AM 1OULAT ADA A DUDHKALAM af

Figure-4. Graphic representation of the effect of IBA on
the percentage (a)root induction and (b)root number
per regenerated plant in local indica rice.

Discussion

It was revealed by many experiments that an organic
compound, Auxin, 2,4-D was an essential factor for
effectual callogenosis in rice ( Joyia and Khan, 2013;
Islam et al., 2020) but many scientists used 2,4-D in
combination with cytokinin or kinetin (Sahoo et al.,
2011). Moreover, 2,4-D was determined as
indispensable plant hormones for callus based in
vitro micro-propagation. Many studies evidenced that
the callus formation rate in indica rice was significantly
affected in both dark and light conditions (CMZ et al.,
2017; Trunjaruen et al., 2020). Our result revealed that
a single treatment of 2,4-D (2 mg/l) exhibited the
greater frequencies (100%) of callus induction among
the four cultivars. We also found that 2, 4-D (3 mg/l)
along with kinetin (10 mg/l) showed significant callus
frequency (88.92%). However, our test demonstrated
that in dark conditions, the maximum callus induction
was displayed in only 2,4-D treatment (2 mg/l) (Table
2).

The cultivars Sadamota showed the best performance
for callus formation which was followed by
Kachamota. our present results were also in agreement
with many previously described reports on indica rice
(Ali et al., 2004; Shahsavari, 2010; Rattana et al.,
2012; Azizi et al., 2015; Ahmad et al., 2016; Artadana
et al., 2017; Ho et al., 2018; Trunjatuen et al., 2020)
and bread wheat (Hasanuzzaman et al. 2021).
However, callus induction inindicarice is
significantly influenced by the medium components
such as carbon source, amino acids and solidifying
agents described in several past experiments (Binte
Mostafiz and Wagiran, 2018; Repalli et al., 2019).
Our present studies further revealed that sucrose
produced the highest callus in all cultivars than
maltose when it is as carbon source (table 2).
Moreover, the L-proline and L-glutamine improved
the callus induction rate as compared to the non-
treated medium. Moreover, gel rite and agar combined
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treatment as a solidifying agent showed better callus
proliferation than when they treated alone in callus
induction medium. In this condition, the cultivar
Sadamota showed the best performance for callus
induction followed by Kachamota. Our current
experiments were in concord with findings of (Bala et
al., 2015), (Binte Mostafiz and Wagiran, 2018), and
(Repalli et al., 2019).

The plant growth regulators e.g auxins and cytokinins
are responsible for promoting the frequency of
regeneration in some recalcitrant grain crops including
rice (Rueb et al., 1994; Lee et al., 2002). In the current
research, the cultivar Sadamota displayed the highest
(66.44%) regeneration frequency followed by
Kachamota at 0.50 mg/l NAA + 10 mg/l kinetin (Fig
3a). With the increasing concentrations of NAA were
increased from 0.25 mg/l to 0.50 mg/l, the shoot
regeneration rates were increased. The increased
amount of NAA may help the callus growth,
morphology, cell differentiation and green spot
formation thereby increased plant regeneration.
Moreover, the shoot number per callus was also
increased with the increase of NAA concentration
0.25 to 0.50 mg/l. Increased NAA also improves the
total callus morphology and regeneration there
produce increased shoot in callus. The cultivar
Sadamota showed the highest (4.49) number of shoot
per callus followed by Kachamota at 0.50 mg/l NAA
with the combination of K 10 mg/I kinetin (Fig. 3b).
(Ahmad et al., 2016) observed a regeneration with the
treatment of NAA, Kinetin and other cytokinins in
Malaysian upland rice. It is found some similar results
in various studies using rice seed (Libin et al., 2012;
Saha et al., 2017; Ho et al., 2018; Binte Mostafiz and
Wagiran, 2018; Islam et al., 2020).

IBA, an important plant growth regulator, promotes in
vitro rooting in rice and several crop plants (Elaleem et
al., 2009; Yusnita et al., 2017). In our experiments, the
cultivar Sadamota showed the highest (71.33%) root
induction followed by Kachamota at 0.50 mg/l IBA
(4a). When the IBA concentration was raised from
0.25-0.50 mg/l, the rooting rate was increased. The
increased amount of IBA may help the root growth,
development, cell differentiation thereby increased rice
root induction. Moreover, the roots number per
regenerated plantlet was also increased with the
increase of IBA concentration 0.25 to 0.50 mg/l (Fig.
4b). The cultivar Sadamota showed the highest (9.33)
number of root per plant followed by Kachamota at
0.50 mg/I of IBA. Similar results were also observed in
various studies suing rice and other plants (Elaleem et
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al., 2009; Alam et al., 2012; Mukherjee et al., 2015;
Abiri et al., 2017; Kumar et al., 2017; Yusnita et al.,
2017; Wang et al., 2020).

Conclusion

The current investigation describes an efficient and
complete regeneration protocol that was generated
from mature seeds of indica rice. The optimum callus
frequencies concentration were exhibited by culture
medium added with 2,4-D (2 mg/l), L-glutamine, L-
proline, sucrose (30 mg/l) and gel rite alone (as
solidifying agent). Moreover, highly efficient
regeneration was optimized using a regeneration
medium supplemented with NAA (0.5 mg/l) + Kinetin
(10 mg/l). Besides, the addition of IBA (0.50 mg/l) in
the rooting medium exhibited the most effective
response for root induction and root number. This
regenerated protocol could further be used in
successful genetic transformation by incorporating
improved agronomic traits.
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