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Abstract: Genotype dependency still plays an important role for any plant tissue culture work. The callus
induction and regeneration potentials of twenty five rice cultivars (Oryza sativa L.) through in vitro
micropropagation and anther culture were done in this study. The main objectives of this study were to
develop an efficient plant regeneration system for rice improvement programme. For in vitro
micropropagation embryogenic calli were transferred to regeneration medium and higher percentage of total
calli (embryogenic along with non-embryogenic) found in Nayanmoni (90.50%) and 42.95% regenerated
green plants recorded in BR-11. For rice anther culture highest embryoids (53.20%) and green plantlets
(36.20%) were recorded in IR-43. In this case almost all cultivars showed more or less albino plant
production. It is very clear to us that same variety do not show similar type of response for both cases
of micropropagation and anther culture. So why for both study, variety selection is very important for any
experimental work. Results on anther transferring time showed remarkable improvement on plant
regeneration. In T3 nearly five - six fold higher green plants obtained in Jaya (38.67%) than Control
(5.33%). Anther transferring time with or without embryo like structure (ELS) showed interesting results
for reducing albino plants. We found that T2 and T3 showed very less number of albino plant production
(3.00 ~ 6.33%) compared to T4 (14.39 ~ 16.67%). This result indicate that if anthers along with ELS kept
longer period in liquid induction medium then regeneration efficiency especially on green plants
dramatically reduced and increased albino plant production rate.
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INTRODUCTION

The population of rice eaters are increasing day by
day and the number of rice consumers will probably
two fold by the year of 2020[1]. Agricultural genetics is
one of the easier parts of the solution. Bangladesh is a
densely populated country of the world and here the
probability of increasing cultivable land in nearly zero.
The only alternative, therefore, is to increase
productivity using suitable biotechnological approaches.
The application of biotechnology in combination with
conventional breeding methods may help to increase
food production properly. Efficient plant regeneration
through in vitro micropropagation is very essential for
the successful utilization of biotechnology in rice crop
improvement[2]. Plant regeneration by embryo-derived
calli of rice through in vitro culture has been reported
by Raina[3] and Crougham and Chu[4]. However,
genotype is the major source of variation in in vitro
culture. Hartke and Lörz[5] tested 15 indica rice lines
and found that seven of them could produce
embryogenic calli but only four could regenerate into
plants. A comprehensive study for both callus induction

and plant regeneration has been done for 500 rice
varieties by Kamia et al.[6] are found that highly
genotype dependency for callus induction and
regeneration. The identification and screening of useful
cultivars for embryogenic callus formation and
subsequent plant regeneration through in vitro system
is a key step in rice genetic improvement programme
[7-8]. In rice, in vitro plant regeneration from scutellum
has been obtained by Wijesekera et al.[9]. The use of
mature seed embryos has distinct advantage over other
explants as staring material for in vitro regeneration. 

Till now anther culture has proved to be an
efficient and useful technique for plant breeding and
biotechnological programme, providing a rapid
production of doubled haploid (DHs) plants[10]. Rice
anther culture holds great potential in variety
improvement. Production of haploid plants of rice
through anther culture was first reported by Niizeki and
Oono[11]. The genotype of donor plant plays an
important role in callus induction in anther culture of
rice and other cereals crops[12-14]. Raina and Zapata[15]

reported that Indica cultivars of rice exhibit poorer
androgenic response than the Japonica cultivars.
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Genotype and media in a critical factor affecting the
variability of response in anther culture of rice[16-17].
Therefore, the purpose of the present study was to
develop an efficient and reproducible plant regeneration
system through in vitro micropropagation from mature
seeds by callus induction and anther culture of twenty
five rice cultivars for future research to rice
improvement programme. 

MATERIALS AND METHODS

Plant Material: Mature seeds of twenty five rice
(Oryza sativa L.) cultivars namely BR-2, 3, 4, 6, 8, 9,
10, 11, 14, 15, 16, 19, 26, 29, 33, 35, 36, 45, Chini
Shankar, IR-43, IR-54, Jira Shail, Jaya, Nayanmoni and
Ratna were collected from BRRI, Regional Rice
Research Center, Rajshahi and head office in
Joydebpur, Gazipur, Bangladesh. Plants were grown in
the field of the Institute of Biological Sciences,
Rajshahi University during the growing seasons of June
- November 2008.

In vitro Micropropagation: Mature seeds were
dehusked and surface sterilized primarily with 70%
ethanol for one minute and rinsed them three - four
times with sterile distilled water. Then seeds were
sterilized in 45% Clorex supplemented with 1-2 drops
of Tween-20 for 30 min by gentle shaking. Rinsed
them five - six times with sterile distilled water and
plated directly in semi-solid N6

[18] medium for callus
induction, which supplemented with 2 mg/l 2, 4-D, 500
mg/l Casein hydrolysate, 3% sucrose and 0.7% agar. In
the present study we have modified the medium to add
200 mg/l BAP, 550 mg/l L-proline and 500 mg/l L-
Glutamine with other components. After four weeks of
incubation, data were taken on the basis of total callus
induction frequency, embryogenic and non-embryogenic
calli production. For this study only embryogenic calli
were transferred to callus induction medium for
multiplication. The pH adjusted to 5.6 - 5.8 before
autoclaving. The Petri dishes were sealed with parafilm
and incubated at 27±2°C in the dark for three - four
weeks. Subculture was carried out once every two
weeks.

Anther Culture: For anther culture panicles were
harvested when the microspores were at the early to
mid uni-nucleated stage as observed by 1:3 aceto-
carmine staining test. Harvested spikes were subjected
to cold pretreatment at 4°C. Selected panicles were
sterilized with 70% ethanol for few seconds and
transfer them to 0.1% mercuric chloride solution for
three - five minutes. Finally rinsed five - six times by
sterile distilled water and anther were carefully
removed from the middle part of the panicles. An

average of 30 - 40 anthers plated per Petri dishes (90
× 15 mm) containing liquid SK-3[19] medium for callus
induction. Previously our group tested some induction
media for anther culture of rice e.g. R2[20], N6

[21] and
SK-3 and found that SK-3 showed better embryoids
induction than others. So why for this study SK-3
medium was considered. Around 1000 anthers were
plated for each cultivar. The SK-3 medium was
modified in which sucrose was substituted with maltose
(60 g/l), in addition it contained NAA (2 mg/l), L-
proline (200 mg/l) and L-glutamine (250 mg/l).
Cultures were incubated at 28±2°C in dark for three -
six weeks for embryo induction. Anther derived
embryos were transferred to the regeneration medium
(RRM, modified by MS), supplemented with 0.5 mg/l
Kn, 1 mg/l NAA, 30g/l sucrose. Cultures were kept at
16/8h light/dark regime for better regeneration.

Experiment for rice anther culture was carried out
on transferring time: Cont. (0), T1 (10 days), T2 (20
days), T3 (30 days) and T4 (40 days). For each time
point inoculated anthers with or without embryo like
structures (ELS) were transferred from liquid induction
medium to semi-solid regeneration medium. For this
experiment IR-43 and Jaya cultivars were taken for
their better performance on anther culture response with
this study.

Data Recording and Analysis: For in vitro
regeneration data were recorded on total callus
induction frequency for embryogenic status. Callus
induction data were recorded after three weeks of
inoculation and continued up to five weeks.
Embryogenic calli were transferred to regeneration
medium after four weeks and data on green plants
were recorded up to next three-four weeks. Frequency
of callus and green plants regeneration data were
calculated according to the number of seeds produced
calli per 100 and number of green plants per 100
embryogenic calli. For anther culture data were
recorded on the basis of embryoids and regeneration by
the following traits: ELS- expressed as the number of
embryos per 100 anthers, green and albino plant
regeneration per 100 ELS. For both cases well
developed rooted plantlets were transferred to soil until
maturity. 

RESULTS AND DISCUSSION

In vitro Micropropagation: For in vitro
micropropagation the initiation of callus started on the
scutellum region within one week and grew in size
over the next two to three weeks on the callus
induction medium (Figure 1. A, B). It was observed
that embryogenic calli was usually light yellow to
white, dry, compact and nodular. Among twenty five
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rice cultivars, total callus induction frequency ranged
were from 1.05 (BR-9) - 90.50% (Nayanmoni), while
embryogenic callus induction frequency ranged from
0.67 (BR-9) - 50.32% in BR-11 (Table 1). The highest
percentage of embryogenic calli (50.32) were recorded
in BR-11, followed by BR-2, 6, 10, 19, Jira Shail,
Nayanmoni and Ratna. Transferred of embryogenic
calli to the rengeneration medium green areas began to
develop on callus surface within two - three weeks;
there after the green plants developed from these green
areas (Figure 1. C, D, E). Three - four weeks old
plantlets were placed into rooting medium for vigorous
root development before transferring them to soil
(Figure 1. F). Regeneration response of scutellum
derived calli was studied and the results are presented
in Table 1. Plant regeneration percentage ranged was
0 - 42.95%. The highest rate of plant regeneration was
found in BR-11 (42.95) compared to other cultivars.
The present study showed variation in callus induction
frequency and regeneration of shoots among the studied
rice cultivars. For in vitro micropropagation
embryogenic calli were transferred to regeneration
medium and higher percentage of total calli
(embryogenic along with non-embryogenic) found in
Nayanmoni (90.50%) and 42.95% regenerated green
plants recorded in BR-11. Genotypic variation in calli
induction and subsequent plant regeneration potential in
rice were reported by many workers[22-24]. Those
findings showed quit similarity with our results on
genotypic response for callus induction and
regeneration in rice.

Anther Culture: Twenty five rice cultivars were tested
for their androgenic response in the present study.
Highest percentage of embryos (53.20) and green
plantlets (36.20%) were recorded in IR-43 followed by
IR-54, Jaya, BR-33, BR-3 and other cultivars (Figure
2, A-D). In Table 2, the frequency of embryos
production ranged was 3.76 - 53.20%. Experimental
results on rice anther transferring time showed
remarkable improvement on regeneration for both
cultivars of IR-43 and Jaya (Table 3). Cont. (0 day)
showed 7.56 and 5.33% green plants for IR-43 and
Jaya. Highest percentage of green plants recorded in
Jaya (38.67) which is five-fold higher than Control. We
also found that very interesting results on albino plant
production. In this case T2 and T3 showed very less
number of albino plants (3.00 ~ 6.33%) compared to
T4 (14.39 ~ 16.67%). Similar types of results reported
in wheat anther culture [25]. They transferred the anther
after 28 days from liquid induction to semi-solid
regeneration medium showed significantly improvement
in the ability of green plant regeneration as well as
chromosome doubling efficiency. In anther culture of
rice appearance of albino plants is very common
phenomenon[26]. Albino plant were morphological
similar to the green plant except in chlorophyll
deficiency. Some workers reported that 5-100% albinos
found in their study for rice anther culture[27-28].
However, our results showed quiet similarity with those
reports on albino plants production in rice.

Fig. 1: A. Scutellum derived callus after one week, B. Two-three weeks old embryogenic calli, C and D Green
areas started in rice callus, which become plantlets, E. Regenerated green plantlets, F. Well develop rooted
plantlets ready to transfer to soli.
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Fig. 2: A. Embryogenic structures in liquid induction medium for rice anther culture B. Regenerated green
plantlets from anther-derived embryoids C.Regenerated green and albino plantlets. D. Shoot and root
formation from anther-derived callus.

Table 1: Frequency of callus induction and regeneration of twenty five rice cultivars in Bangladesh.
Cultivars Frequency of callus induction (%) Embryogenic callus induction (%) Plant regeneration (%)
BR-2 45.00 37.50 29.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-3 53.45 26.69 15.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-4 17.78 6.67 3.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-6 80.48 47.62 32.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-8 3.40 1.28 0.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-9 1.05 0.67 0.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-10 81.23 48.42 36.23
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-11 83.55 50.32 42.95
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-14 58.33 29.67 17.08
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-15 3.13 1.56 1.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-16 21.95 9.76 5.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-19 76.19 40.32 33.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-26 13.95 6.98 2.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-29 53.18 31.82 25.71
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-33 17.39 9.39 5.88
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-35 46.81 34.89 28.05
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-36 14.58 3.75 2.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-45 23.08 13.46 8.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chini Shankar 13.73 5.10 2.69
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1: Continued
IR-43 8.00 4.40 3.18
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IR-54 10.20 5.31 2.69
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Jira Shail 80.91 38.79 11.80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya 11.32 6.42 4.88
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nayanmoni 90.50 45.50 24.29
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ratna 82.73 46.55 21.28
Embryogenic = Embryogenic callus is light yellow to white, dry, compact and nodular.
Non-embryogenic = Non-embryogenic callus is watery, light yellow to tan and non-nodular. Data about non-embryogenic calli are not shown
in Table. 
BR (BRRI): Bangladesh Rice Research Institute.

Table 2: Induction of twenty five rice cultivars and its productivity on anther culture response.
Cultivars Embryo induction (%) Embryo regeneration (%) Green Plants (%) Albino plants (%)
BR-2   13.80 6.13   3.73 1.27
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-3   25.14 20.29 14.86 4.99
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-4   15.68 9.57   6.62 3.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-6   12.95 11.65   4.86 0.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-8   11.90 6.92   3.28 2.14
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-9   20.20 13.49 10.08 2.21
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-10   17.06 12.94   9.83 1.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-11   41.70 34.22 22.37 7.41
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-14   12.73 10.13   6.40 2.13
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-15   11.71 8.90   4.41 3.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-16   16.16 11.41   9.52 2.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-19   24.81 18.10 13.22 4.75
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-26   13.30 11.50   8.67 2.37
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-29   28.58 23.55 16.85 5.85
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-33   30.45 21.13 13.04 3.68
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-35   15.74 9.70   7.01 2.54
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-36   11.45 8.85   3.60 1.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BR-45   18.69 13.92   7.17 2.50
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chini Shankar   3.76 2.67   0.00 0.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IR-43   53.20 42.47   36.20 6.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IR-54   32.31 22.11   14.12 7.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Jira Shail   19.11 12.23     3.00 1.69
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya   48.97 40.21   28.01 5.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nayanmoni   6.98 3.89     0.00 0.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ratna   11.00  9.14     7.09 2.10
Data were recorded on the basis of number of inoculated anthers. 
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Table 3: Improvement of plant regeneration efficiency through anther transferring time to regeneration medium with or without ELS.
Treatments (Days) Cultivars  Embryo induction (%) Regenerated plantlets (%) Green Plants (%) Albino plants (%)
Cont. (0) IR-43   16.66   9.67   7.56 1.82

---------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya 13.39   8.12   5.33 1.67

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T1 (10) IR-43   25.57 19.33  14.00 4.33

---------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya   21.63 15.67  12.67 3.64

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T2 (20) IR-43   80.98 42.33 29.33 3.00

---------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya   72.67 38.33 27.67 3.67

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T3 (30) IR-43   77.00 48.33 36.00 6.33

---------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya   68.33 43.33 38.67 5.67

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T4 (40) IR-43   76.53 25.67 11.00 16.67

---------------------------------------------------------------------------------------------------------------------------------------------------------
Jaya   65.23 23.33   9.00 14.39

Control: Anthers are directly cultured to semi-solid regeneration medium at the first day of inoculation. Treatments (T): T1 = 10 days, T2 =
20 days T3 = 30 days and T4 = 40 days, anthers with or without ELS kept in liquid induction medium.

Success of callus induction in anther culture was
reported by Guha-Mukherjee[29]; Niroula and Bimb[30].
Guha-Mukherjee found in rice that only 5 out of 18
indica cultivars showed pollen callusing and in only
four cases did the calli differentiate plants. Niroula and
Bimb examined that influence of genotype and media
on callus induction on some Nepalese rice cultivars.
However, in our study it showed a little discrepancy
with the results of Guha-Mukherjee on pollen callusing.
They found that out of six cultivars two showed
embryoids and green plant regeneration. We found
almost cultivars showed more or less embryo induction
and regeneration. However, it may be the cause of the
effect of media, genotypes and other cultural
conditions. Lentini et al.[31] reported that only one out
of 35 indica cultivars exhibited pollen callusing.
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