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Abstract: An  investigation  was  made  on the initiation and maintenance of callus from explants

(mature seeds) of four rice cultivars, viz., BRRI-28, BRRI-29, BRRI-30 and BRRI-32. Mature seeds were

used as explants. MS medium supplemented with 2 mgL  of 2, 4-D was found suitable for inducing high-1

amount of embryogenic calli in the studied genotypes. In this hormonal concentration, maximum 86.11%

callus was induced in BRRI-28, followed by 80.55% in BRRI-30. The range of shoot was 1-8 and the

highest  mean  number  of shoot were (5.8±0.67) obtained from calli by using MS medium containing

0.5 mgL  BAP and 0.1 mgL  IBA in BRRI-28. Maximum shoot induction (85.33%) was also observed-1 -1

in the same media component in BRRI-28. BRRI-28 has been found most suitable for in vitro culture

among the four genotypes used. Plants regenerated in vitro were successfully established in soil and

produced fertile seeds. The regenerated plants showed wider range of variability in comparing with

different agronomic traits. The wider variability among the regenerated plants shows the use of in vitro

culture technique for creating genotypic variability and subsequent selection for desirable variants. 
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INTRODUCTION

Rice is a monocotyledonous cereal crop plant

produces an edible grain. The cultivated species of rice

(Oryza sativa) is originated in south and southeast

tropical Asia and there is a great diversity in the

cultivated rice forms here. Rice is the primary food for

half the people in the world. In many regions it is

eaten with every meal and provides more calories than

any single food. Due to increasing world population,

rate of rice eaters is increasing day by day and the

number of rice consumers will probably twofold by the

year 2020 . Therefore, varietal improvements of rice[20]

for resistance against insects, pathogens and other

stresses  including  nutritional quality are necessary.

The study of in vitro tissue culture of rice was

intended to screen different rice varieties for their

ability to produce embryogenic calli and regenerate into

whole plant . Genotype differences in both callus[2 ,16 ,12 ,11]

induction and organ differentiation and subsequent

callus growth and plant regeneration potential have not

been fully understood. Induction of callus is one of the

major step for genetic transformation and somaclonal

variation. Successful callus culture of rice was first

achieved by Fujiwara and Yatazama  who cultured[13]

the nodes of young seedlings on Hellers medium with

vitamins and 2, 4-D (2ppm). Nishi et al. [28]

successfully re-differentiated rice callus tissue from

seeds into intact plantlet. Several laboratories have also

described regeneration of plants from various rice

explants . Although immature embryos and[17 ,21 ,23 ,10 ,1 ,5]

mature seeds are commonly used for callus induction,

the use of mature seeds has the advantage. Because

they can be obtained at anytime throughout the year

regardless of growing season . The aim of this[4]

research was to characterize somaclonal variation in

populations derived from callus, as well as to select

and characterize somaclonal lines in four rice cultivars

in Bangladesh. 

MATERIAL AND METHODS

Plant  Materials:  The  experimental  materials

(BRRI-28, BRRI-29, BRRI-30, BRRI-32) were

collected from the Regional Research Station of

Bangladesh Rice Research Institute (BRRI), Rajshahi,

Bangladesh.  Mature  rice  grain  embryos were used

as the sources of primary explant. Mature seeds were

used as explant. Mature seeds of the studied cultivars

were dahusked carefully so that the embryo remains

intact. In explant selection diseases and unhealthy seeds

were avoided. 
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Surface Sterilization: The dehusked seeds were

surface sterilized with 70% ethanol for 3-5 minutes

followed by treatment with savlon. After sterilization,

the explant were washed 3-4 times with distilled water

and placed on sterilized filter paper to remove excess

water before inoculating them on to callus inducing or

germinating  medium.  In  this procedure dehusked

seed were washed thoroughly with distilled water

adding with few drops of 'Tween-80'. After this the

seeds were transferred to sterilized conical flask

containing 0.1% mercuric chloride and treated for three

minutes with constant shaking inside the laminar air

flow cabinet. After that the sterilized material were

washed 7-8 times with sterile distilled water to remove

the effect to HgCl . 2

Incubation: All the inoculated culture tubes and flasks

were incubated in a growth chamber providing a

special culture environment. The tubes were placed on

the shelves of a culture rack in the growth chamber.

The culture flasks and tubes kept in the dark at 25 -

26 C throughout the incubation period. The cultures0

were checked time to time for monitoring the response.

Callus Induction: Callus is a coherent but unorganized

and amorphous tissue, formed by the vigorous division

of plant cells. For callus induction MS  medium[25]

supplemented  with  different  concentration of 2, -D

(1, 2, 3, 4 mgL ) either along or in combination with-1

other growth regulators (BAP, KIN). The primary

callus induced from explants was sub-cultured for

further proliferation and developing embryogenic

nature. The frequency of explant forming embryogenic

callus, degree of callus growth, color and texture were

recorded after 6 - 9 weeks of culture. After 5-7 days

of callus initiation, the primary tiny calli of explants

were  separated  aseptically from the source of

explants,  so  that no contact of parental tissue

remained and set them  again  on  the  same  medium

for  proliferation of calli without root-shoot

differentiation. Repeated sub-culturing was done after

every two weeks for maintenance and proliferation of

the calli. The quantitative measurement of callus

growth was estimated in terms of percentage of callus

and degree of callus growth.

Plant Regeneration: After desired passage time the

developing embryogenic calli were selected and tested

their regeneration ability using different kinds and

concentrations of cytokinin and auxins. The cultures

were  incubated  at  24 C- 26 C  under white light0 0

(28-34 PPF) for 14/10 hours light/dark condition. After

4-5 weeks differentiation of shoots and roots were

observed. The number of calli producing plantlets and

the total number of plants were counted for each

treatment. Shoots having insufficient root system was

not suitable to transfer into soil. So when the shoots

attained a size of 3-5 cm they were aseptically

separated from each other. After that they were

transferred to half strength of MS salts and vitamins,

supplemented with 2% sucrose without growth

regulators for root proliferation. 

Transplantation: The regenerated plants with well

developed sufficient root system were ready for transfer

to soil. When the plantlets remained in culture they

were brought out of the controlled environment of

growth room and were kept in the room temperature

for 2-3 days to bring then in the contact of normal

temperature. The plantlets were then rescued very

carefully from the culture tubes. Agar attached to the

root was washed gently under running tap water.

Immediately after that they were transplanted to small

pots containing sterilized ground soil, sands and cow-

dung in the ratio of 1:2:1. The pots with plantlets were

kept in shade place and necessary cultured management

was undertaken for good growth and development of

the plant. After 7 days, the pots with plants were

transferred to direct sunlight and after 15-25 days

plantlets were finally transferred in new pots. 

RESULTS AND DISCUSSIONS

Nature of calli, their growth rate, texture and color

were varied on number of factors e.g. types of explant,

treatment and media. The mature seeds derived calli

were creamy white to creamy in MS medium. The

nature of mature seeds derived calli were compact but

fragile and tend to be very dry with increasing

concentration of 2, 4-D. MS medium supplemented

with 2.0 mgL  2, 4-D was found most effective in-1

callus induction in all cultivars (Figure 1). It produced

86.11%, 80.55%, 77.78% and 69.45% callus in BRRI-

28, BRRI-30, BRRI-32 and BRRI-29, respectively.

Similar result was also reported by several workers in

Oryza sativa . It was also reported that highest callus[17]

induction was observed in BRRI varieties . Lowest[30]

range of callus induction (41.67% - 50%) was observed

in higher (4.0 mgL ) concentration of 2, 4-D in this-1

study. The results revealed that the concentration of 2,

4-D, types of genotype, had great variability for early

induction and high production of callus. Callus

induction was found best in 1.0 mgL  2, 4-D in-1

presence of calcium silicate in variety Pajam .[17]

Modified N6 medium was proved to be efficient in

callus induction supplemented with 2.0 mgL  and-1

AgNO3 in rice . Effect of genotype and explant age[27]

was also reported to be important factor in callus

induction in indica rice . Callus induction was[16 ,12]

reduced in case of increasing the concentration of 2, 4-

D in all the cultivars (Figure 1). Similar results in rice
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Fig. 1: Effect of plant growth regulators on callus induction. In each treatment 10 explants were used.

Table 1: Regeneration of BRRI-28 from callus derived from mature seeds in M S m edium using different treatment. In each treatment 12

explants were used. 

Shoot induction (% ) Number of shoots

Plant Growth Regulators (mgL ) --------------------------------------- % of shoots induced root (Approx.)-1

Range of days 0  ±SE

IBA 0.1 33.33 1-3 2.0±0.87 95

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 23.33 1-3 1.8±0.64 90

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.5 31.09 1-3 2.2±0.16 90

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IBA 0.1 + 0.1 41.67 2-4 2.8±0.41 95

----------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 85.33 4-8 5.8±0.67 100

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.5 73.86 2-4 4.1±0.80 100

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IAA 1.0 + 0.5 46.81 2-4 2.9±0.85 90

----------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 41.67 2-4 3.0±0.52 80

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.1 44.36 2-5 3.2±0.73 95

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KIN + IAA    3.0 + 0.5 58.33 2-6 3.6±0.55 100

----------------------------------------------------------------------------------------------------------------------------------------------------------

2.0 + 1.0 47.90 2-6 3.1±0.45 75

----------------------------------------------------------------------------------------------------------------------------------------------------------

2.5 + 1.5 48.61 2-6 3.4±0.77 90

were also reported by others . Callus induction was[6 ,3 ,4]

found moderate in 2, 4-D in combination with KIN or

BAP. Among them, MS medium containing 2.0 mgL -1

2, 4-D and 1.5 mgL  KIN showed good response-1

(69.45-77.76%) in inducing callus in all the cultivars

used. Asaduzzaman et al.  also found good result in[5]

five rice cultivar to induce callus from anther. It was

evident from this report that 0.5 mgL  KIN and 0.5-1

mgL  2.4-D produced highest percentage of calli in-1

BR-38.  In comparing between KIN and BAP with 2,

4-D,  the  effect  of  KIN  was  found better than

BAP  in most of the cases. Some scientists reported

the production of high amount of embryogenic callus

in combination of 2, 4-D and cytokinin . Use of[4 ,19]

LS  medium  supplemented with 2 mgL  BAP and[24] -1

1.5 mgL  2,4-D was also reported to be useful in-1

callus induction using mature embryos in rice cultivar

in Bangladesh . Among the cultivars BRRI Dhan-28[18 ,27]

was found to be best for callus induction in MS

medium followed by BRRI -30 and BRRI -32, while

BRRI -29  was  less efficient in callus induction

(Figure 1, Figure 2). 

The regeneration response from mature seeds

derived calli was tested in MS medium supplemented

with plant growth regulators. The result is shown in

table 1-4. Now a days information is available on the

establishment of callus culture of rice cultivars and

their  regeneration  via  callus . In rice as well as[14,1,]
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Fig. 2: Callus induction and somaclonal variation in Rice. 

A - Initiation of callus from mature seeds. B - Callus showing green spots

C - Shoot formation from embryogenic callus. D - Multiple shoots and root formation. 

E - Vegetative growth of seed derived plant. F - Vegetative growth of callus derived plant 

many other cereals, the genotype has often been

considered to play a very unique role in determining

the in vitro response . It has been shown to be a[7]

major factor in the success of rice under culture

programs and for obtaining high frequency of

regeneration rates from callus cultures derived from

seed embryos . The range of shoot number was 1-8[1]

and the highest mean number of shoot were (5.8±0.67)

obtained from mature seed derived calli using MS

medium containing 0.5 mgL  BAP and 0.1 mgL  IBA-1 -1

in BRRI-28 (Table 1). Maximum shoot induction

(85.33%) was also in the same media component in

BRRI-28. Shoot formation was found good in

combination of BAP and IBA in all the cultivars. In

BRRI-29, best shoot induction (66.67%) was achieved

in MS Medium supplemented with 0.1 mgL  IBA and-1

0.5 mgL BAP (Table 2). This media composition was-1  

proved to best in rooting from regenerated shoots in all
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Table 2: Regeneration of BRRI-29 from callus derived from mature seeds in M S medium using different treatment. In each treatm ent 12

explants were used. 

Number of shoots

Plant Growth Regulators (mgL ) Shoot induction (%) ----------------------------------------- % of shoots induced root (Approx.)-1

Range of days  0  ± SE

IBA 0.1 16.67 0-1 1.0±0.09 80

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 23.84 0-3 1.0±0.18 85

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.5 20.89 0-3 0.9±0.15 85

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IBA 0.1 + 0.1 25 1-2 1.6±0.40 85

----------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 66.67 2-6 3.8±0.55 100

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.5 33.33 1-2 1.5±0.33 90

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IAA 1.0 + 0.5 28.85 1-3 1.2±0.30 85

----------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 33.33 1-3 1.2±0.55 85

----------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.1 41.67 1-3 2.2±0.43 90

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KIN + IAA 3.0 + 0.5 58.33 2-5 3.2±0.46 90

----------------------------------------------------------------------------------------------------------------------------------------------------------

   2.0 + 1.0 44.3 2-5 3.0±0.50 90

----------------------------------------------------------------------------------------------------------------------------------------------------------

2.5 + 1.5 42.8 2-5 3.1±0.09 85

Table 3: Regeneration of BRRI-30 from callus derived from mature seeds in M S medium using different treatment. In each treatm ent 12

explants were used. 

Number of shoots

Plant Growth Regulators (mgL ) Shoot induction (%) ---------------------------------------- % of shoots induced root (Approx.)-1

Range of days 0  ±SE

IBA 0.1 18.1 1-4 1.1±0.40 70

--------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 24.71 1-3 1.2±0.32 80

--------------------------------------------------------------------------------------------------------------------------------------------------------

1.5 23.68 1-2 1.3±0.70 80

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IBA 0.1 + 0.1 41.67 1-3 2.0±0.50 95

--------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 66.67 2-7 4.1±0.74 100

--------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.5 41.57 2-4 3.0±0.50 90

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IAA 1.0 + 0.5 48.85 2-5 3.5±0.60 90

--------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 50.06 2-6 3.8±0.66 100

--------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.1 41.67 2-5 3.2±0.65 90

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KIN + IAA 3.0 + 0.5 58.33 2-5 3.6±0.70 90

--------------------------------------------------------------------------------------------------------------------------------------------------------

   2.0 + 1.0 55.5 2-4 3.5±0.18 90

--------------------------------------------------------------------------------------------------------------------------------------------------------

2.5 + 1.5 46.05 2-4 3.2±0.08 85

the cultivars which showed 100% rooting efficiency.

Modified MS medium supplemented with 0.5 mgL -1

KIN, 2 mgL  BAP and 1.0 mgL  NAA was used for-1 -1

plant regeneration in BRRI-29 . In respect of all[30]

cultivars BRRI-28 showed the best result in plant

regeneration in this investigation. Variability of plant

regeneration efficiency in rice genotypes are also

reported by earlier workers . Some workers used[4 ,30]

casein hydrolysate in addition to MS medium and

cytokinine for enhancing plant regeneration from

callus . The plants regenerated from callus were[1 7 ]

genotypically identical to the parent tissue or they

showed variations. This type of variation is termed as

somaclonal variation. Recently, it is  recognized  that
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Table 4: Regeneration of BRRI-32 from callus derived from mature seeds in M S medium using different treatment. In each treatm ent 12

explants were used. 

Number of shoots

Plant Growth Regulators (mgL ) Shoot induction (%) ------------------------------------------- % of shoots induced root (Approx.)-1

Range of days 0  ±SE

IBA 0.1 25 0-1 1.5±0.30 85

---------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 23.76 1-4 1.4±0.60 85

---------------------------------------------------------------------------------------------------------------------------------------------------------

1.5 21.35 1-3 1.2±0.09 85

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IBA 0.1 + 0.1 33.33 1-3 1.7±0.40 100

---------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 66.67 2-5 3.5±0.52 100

---------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.5 41.67 1-4 2.6±0.57 100

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BAP + IAA 1.0 + 0.5 48.47 2-5 3.2±0.82 95

---------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 + 0.1 50 2-5 3.3±0.54 100

---------------------------------------------------------------------------------------------------------------------------------------------------------

1.0 + 0.1 41.66 2-4 3.2±0.42 90

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

KIN + IAA 3.0 + 0.5 58.33 2-5 3.5±0.86 100

---------------------------------------------------------------------------------------------------------------------------------------------------------

   2.0 + 1.0 54.73 2-4 2.8±0.34 90

---------------------------------------------------------------------------------------------------------------------------------------------------------

2.5 + 1.5 51.35 2-4 2.7±0.18 90

Table 5: Comparative morphological variation between callus derived (somaclonal variants) and seed derived plants.

Cultivars Source of Longest panicle Tiller Num ber of fertile Seed size

plants length (cm) number tiller (%) (mm)

-------------------------- --------------------------- --------------------------- --------------------------------

Range 0  ±SE Range 0  ±SE Range 0  ±SE Range 0  ±SE

BRRI - 28 Callus derived plants 15 - 28 22.4±1.49 20 - 29 24.6±1.15 82 - 96 88.6±0.89 6.5 - 8.8 7.4±0.82

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed derived plants 22 - 26 24.1±0.80 23 - 27 25.2±0.82 88 - 95 91±0.88 7 - 8 7.6±0.67

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BRRI - 29 Callus derived plants 11 - 25 17.6±1.00 15 - 26 21.6±1.60 69 - 92 83.2±1.71 5.5 - 8.0 6.9±0.90

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed derived plants 20 - 25 22.5±1.00 22 - 26 24.4±0.76 84 - 96 87±0.99 7 - 8 6.8±0.59

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BRRI - 30 Callus derived plants 12 - 26 18.5±1.79 16 - 26 21.8±1.60 75 - 92 85.5±1.02 7.5 - 9.5 8.1±0.94

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed derived plants 20 - 25 23.6±0.78 24 - 28 25.6±0.76 79 - 96 92±0.86 8.5 - 9.5 9.0±0.72

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BRRI - 32 Callus derived plants 12 - 24 18.0±1.95 18 - 25 23.19±1.35 78 - 84 82±1.00 6.5 - 8.5 7.2±0.91

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed derived plants 20 - 25 22.7±0.76 22 - 27 24.6±1.03 88 - 94 88±0.96 8 - 9 8.5±0.70

such a variation could be useful for improvement of

plants, because the variation is transmitted to

progeny . There are reports of somaclonal variation in[22]

rice cultivars on different agronomic traits . In the[31 ,8]

present investigation four agronomic traits was screened

for somaclonal variation of the plants regenerated from

mature seed derived calli of BRRI-28, BRRI-29, BRRI-

30 and BRRI-32. The wide variation of the studied

traits between the tissue culture and seed derived plants

proved that somaclonal variation developed among the

callus derived plants (Table 5). The decreased mean

performance for some of the studied traits indicates

negative effects of tissue culture in rice. However, the

average increase in some cases showed positive effects.

Except for few cases, in some tissue culture derived

plants showed higher performance among the

regenerated plants, shows the use of somaclonal

variation for improvement of rice genotypes. Results

are presented in table 6. Toriyama et al.  also[32 ]

reported photoclonal variation for seed fertility (0-90%)

among the protoplast derived plants of rice cv.

Yamahoushi. Ogura et al. reported 80% normal[29] 

protoplast derived plants of four japonica rice varieties

(Nipponbare, Norin 15, Fujisaha 5 and Iwaimochi). The

range of panicle length of BRRI-28 wwas15-28 cm for

plant  regenerated from mature seed derived calli

(Table 5). Similar results were observed from BRRI-29,

BRRI-30  and BRRI-32. The table also indicated that
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the  mean values were lower in regenerants (14.0 -

22.4 cm) than seed derived plants (22.5 - 24.1). The

range of tiller number was 8-29 in the regenerated

plants whereas 22-28 in seed derived plants.

Comparative study of fertility of the regenerated plants

and seed derived plants was also investigated. Here

also regenerants showed wider variation than seed

derived plants. The results showed the higher mean

number in seed derived plants (88% - 93%) than

regenerated plants (73% - 88.6%). Variations in number

of fertile tillers per plant, average panicle length,

number of fertile seeds and plant height were

reported . Panicle length, spikelet number and[28 ,15 ,26]

fertile spikelet number of Indonesian rice genotypes

viz. Ciapus and BP-140 in the regenerated plants were

significantly greater than those of the seed derived

plants . Here, regenerated plants showed little more[8 ,9]

variability  than  seed  derived  plant for seed size.

The range of seed size (mm) from seed derived plant

of  BRRI-28,  BRRI-29, BRRI-30 and BRRI-32 were

7-8, 7-8, 8.5-9.5 and 8-9, respectively. Variation in

spikelet-related traits through seed derives callus culture

was also noticed in different rice cultivars . On the[8 ]

other hand, the range from regenerated plants were 6-8,

5.5-8, 7-9, 6.5-8.5 from BRRI-28, BRRI Dhan-29,

BRRI-30 and BRRI-32, respectively. The variability

among the in vitro regenerated plants shows the

potentialities of callus culture for creating genotypic

variability and subsequent selection for desirable traits.

Beside this, success of callus induction and plant

regeneration shows the possibility of using callus

culture for genetic transformation in rice.
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