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CHAPTER-I

1. Summary

Rice is the most important cereal crop in Bangladesh and it was the first
attempt in Bangladesh to transform rice plant with target genes. As a new
intervention deserves enormous efforts to develop the optimum conditions in order
to accomplish effective transformation. Scutellum, leaf base, mesocotyl and root
explants of six rice genotypes viz. BR-22, BR-23, BRRI dhan-29, BRRI dhan-30,
BRRI dhan-28 and BRRI dhan-31 were cultured in N6, LS and MS basal media
containing different concentrations and combinations of 2,4-D to induce callus.
2,4-D plays an important role in callus induction of plant tissue and 2.0 mg/1 2,4-D
was the most suitable for callus induction in rice. A wide range of variation in
callus induction was marked in this experiment with respect to their explants and
treated media. Three varieties BRRI dhan-30, BRRI dhan-28 and BRRI dhan-31
proved more competent ones to induce callus with all of their four explants. On
the contrary, the varieties BR-22, BR-23 and BRRI dhan-29 failed to induce callus
in all their explants tissue. In respect of explants, the scutellum proved more
efficient and gave highest callus formation (77%) followed by root (61%). In
respect of nutritional strength, N6 media gave highest percentage of callus
formation followed by LS medium. In respect of genotypic performance, BRRI
dhan-30 was found as the most efficient variety producing 68% callus induction

followed by BRRI dhan-28 (62%).

Calli derived from individual explant were subjected to regeneration media
and their comparative performances were evaluated. In the comparative study
BRRI dhan-30 proved to be the best variety giving 88% regeneration frequency

from somatic embryogenesis. Three explants; scutellum, leaf base and mesocotyl
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were used as the target tissue explants and scutellum derived calli gave highest
regeneration (88%) followed by mesocotyl (32%). The embryogenic calli were
treated to three regeneration media supplemented with different phytohormones
and MS medium containing sorbital (3%) was found to be the best medium for
regeneration in tested rice varieties. In meristem culture the highest regeneration
frequency was observed in excised meristem isolated from four days old seedlings.
Variable range of regeneration response was observed in different rice varieties.
The varieties BRRI dhan-28 and BRRI dhan-30 gave the highest percentage of
regeneration 65% and 56% respectively from meristem culture. Considering the
overall performance covering both the purviews of callus induction and
regeneration BRRI dhan-30 was selected as the target variety for transformation
studies because of its best in vifro tissue culture response and economic

importance in the country.

Research endeavor has also been intensified to investigate the ability of
anthers of seven rice genotypes viz. BR-5, BR-10, BRRI dhan-29, BRRI dhan-31,
BRRI dhan-34, BRRI dhan-37 and BRRI dhan-38 for induction of callus and their
regeneration. To optimize media composition for rice anther culture, three
induction media (Z2, R2 and N6) were used for fhis research work. After 3-4
weeks of incubation, pollens of the responsive varieties started to produce callus.
This study proved Z2 to be more effective over either N6 or R2 for the indica type
cultivars in callus induction. It was also observed that only BRRI dhan-38 induced
calli from anther culture in all three basal media used for this experiment. The
medium Z2 was also found to be the best one produced higher percentage of
regenerated green plants and no albino plantlets were formed in this medium. In

72 medijum, use of higher concentration of three vitamins (Thiamine HCI 2.5
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mg/1, Pyridoxine HCI 2.5 mg/l and Nicotinic acid 2.5 mg/l) with other components

showed better performances in embryo formation.

Efforts were made to improve the anther culture of Bangladeshi rich
genotypes by cold pretreatment. The culture condition and duration of cold
pretreatment was optimized for five rice genotypes and it was subjected to the rice
panicles before culture. For cold pretreatment six durations (1 day, 2 days, 3 days,
4 days, 5 days and 6 days) were used to enhance the embryo formation. 3-4 days
for pretreatment was recorded as optimum duration for better embryo yield and

their subsequent regeneration

Embryogenic calli derived from anther culture were transferred to two
regeneration media (RM) of RMI and RM2.In both the media percentage of
regeneration varied from 7% to 34% and highest regeneration was found in BRRI
dhan-37 with the addition of Kinetin (0.5 mg/l), BAP (2.0 mg/l) and NAA (1.0
mg/l). RMI medium gave excellent regeneration of plantlets in anther calli. Upon
transfer to RMI medium among five genotypes the highest percentage of green
plants (33.2%) were produced in BRRI dhan-37 followed by 28.1% green plants
recorded in BRRI dhan-38.

Callus induction and regeneration studies revealed that the rice variety
BRRI dhan-30 holds the highest potentiality in regeneration property which favors
the variety to be selected as the most suitable one for accomplishing genetic
transformation. Two plasmid constructs pCL3 and pCL4 harvouring in
Agrobacterium stain LBA4404 were cloned with the reporter genes GUS and GFP
respectively. Condftions for Agrobacterium-mediated genetic transformation in
rice were optimized for GUS and GFP reporter genes. For standardization of OD

in Agrobacterium culture, seven OD levels (2.0, 1.8, 1.5, 1.3, 1.0, 0.7, 0.5 and 0)
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(control) were tested and the optimum OD was determined by histochemical
analysis. The highest numbers of GUS expression calli were observed when the

bacterial culture was used at OD 0.5-0.7.

Addition of acteosyringone to the co-cultivation medium is considered to
enhance the rate of gene transfer in host plant, particularly for monocot plant like
rice. For optimizing the effective concentration of acteosyringone, five different
concentrations were tested; 100 ppm, 200 ppm, 400 i)pm, 600 ppm and 1000 ppm.
Acteosyringone at 1000 ppm was found best efficient in Agrobacterium-mediated
gene transfer method in rice producing highest number of GUS blue spots on rice
calli. Effort was also made to transfer an another reporter gene GFP following the
same Agrobacterium co-cultivation method in rice calli. Under fluorescence
microscope the transformed tissue with GFP was clearly demonstrated by distinct
green colored images. Under the present investigation of genetic transformation in
rice, the blue colored spot and green fluorescence in treated rice calli clearly
denominated the genetic integration of GUS gene in calli treated with pCL3 and
GFP gene in calli treated with pCL4 which expresséd the GUS and GFP activity

respectively.
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2. General Introduction

Rice is one of the most important cereal and the staple food for more than
two billion peoples, predominantly in developing countries (FAO, 1995). World
population presently stands at 5.3 billions is likely to exceed 6 billions by the turn
of the 21* century and 8 millions by 2020. Due to the faster rate of population, the
rice eaters are increasing day by day and the number of rice consumers will
probably double by the year of 2020 (Khush and Toenniessen, 1991). It is
estimated that about 95 % of the rice is consumed by humans as an unprocessed
food and remaining 5 % is used as the processed foods like industrial products and
alcoholic beverages. Rice is a widely grown both in upland and in water in tropical

and subtropical region.

Rice is a grass belonging to the genus Oryza Linn and it is difficult for the
Botanists to cite the time when the cultivation was first started in the world. The
genus Oryza includes twenty five species distributed all over the world including
tropical and subtropical regions of Asia, Africa, America and Australia. Among
them, two species cultivated widely of which one is Oryza sativa and another is
Oryza glaberrima. Oryza glaberrima is cultivated only in small areas in West
Africa but Oryza sativa is grown worldwide. Rice has well-developed classic
genetics having a simple diploid 2n=24 and has a relatively small genome (4.2—108
bp) in each haploid (Ayres and Park, 1994); Two independent RFLP maps have
been established in rice (McCouch e al., 1993 and Saito et al., 1991) that provides

important model system for cereal research.
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On the basis of geographical distribution and morpho-physiological
variations (Kato et .al., 1928 and Glaszamann, 1987) the cultivated rice (Oryza
sativa) is classified by two major sub spices, indica and japonica. The indica type
accounts for 80 % of the cultivated rice areas in the world covering mostly the
tropical areas (Swaminathan, 1982 and Wu et a/., 1990) and japonica rice 1s rather
preferred food in temperate regions. Rice grains of indica and japonica differ in
starch contents and its starch consists of amylose (Linear polymer of glucose) and
amylopectin (branched polymer of glucose), which have the major effect on the
physical properties of the grain starch. The amylose content in indica and japonica

rice was reported to be 20-30% and 17-22%, respectively (Shimada ef al., 1993).

In our country, rice is the most important food grain crop. After Thailand,
USA and Pakistan, Bangladesh is the biggest rice producing country in the world.
Indica sub species including Basmati varieties are predominantly cultivated in
Bangladesh and used as for the preparation for special scented rice dishes.
Bangladesh holds a good advantage in producing the high valued aromatic rice
from our genetic resources of Kaligira, Badshabhog, Kathari Bhog etc. The aroma
of these rice becomes evident when the uncooked grain is grinned, but in the more
scented varieties are recognized when the grain is boiled, while the flowers
especially the dehiscing anthers and even the vegetative parts, may emit the
perfume (Grist, 1986). By traditional breeding a lot of high yielding varieties has
been developed in our country (BRRI, 1999). Crossing between BR-6 x Purbachi
and BR-5 x Basmati respectively has developed the hybrid BRRI dhan-28 and
BRRI dhan-37.
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2.1 Tissue Culture of Rice

An efficient and reproducible regeneration of normal and fertile plant has
key importance in the application of molecular biology for the improvement of
crops (Potrykus, 1990). Tissue culture proved to be difficult for gramineous
species because they are recalcitrant to in vitro manipulation. The strategies to
regenerate rice plants at high efficiency from tissue culture have been evolving
steadily during the last decade (Ozawa and Komamine., 1989; Datta et al., 1990a
and Kyozuka et al., 1987; Jain ef al., 1995 and Jain et al.,1996). Fujiwara and
Ojima (1955) and Amemiya et a./ (1956) first initiated rice tissue culture by
culturing of excised rice immature embryos on nutrients media. Tissue culture
limitations in rice were over come by the culturing of immature and
undifferentiated tissue and organ explants at different stages of development in
nutrient media containing high concentrations of strong synthetic auxins such as
2,4-Dichlorophenoxy acetic acid (2,4-D). Plant regeneratibn in rice was achieved
from organogenesis (Kwata and Ishihara, 1968), somatic embryogenesis (Abe and
Futsuhara, 1985) and embryogenesis calli (Wu and Zapata, 1992). Organogenesis
generally depends on size of explant and embryogenesis on nutrients media used
for the initiation, proliferation of the tissue as well as proper hormonal balance.

(Maeda et al. 1988).

Rice tissue culture could be used to select resistance regenerates to various
abiotic or biotic stresses by adding stressing agent in the culture medium to non-
resistant cell level (Dykes and Nabors, 1986). By the addition of sodium salt and
polyethylene glycol (PEG) to the culture medium was performed to check the salt
and drought tolerant of the cells, respectively (Dykes and Nabors, 1986). The

selected regenerates of indica varieties IR8 and IR54 on toxin produced by
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Helminthosporum oryza were resistant to brown spot disease (Ling et al., 1988).
Resistance was maintained in subsequent generations, which helped in the study of
somaclonal variations. The effects of different combinations of growth factors on
callus induction were difficult to estimate because due to their dependence on

concentration, mutual ratio and genotype of plant (Liang, 1980).

2.2. Somatic Embryogenesis and Regeneration of Rice

Rice was the first major cereal crop to be regenerated into whole plant from
tissue culture (Vasil, 1983). Somatic embryogenesié directly from explants could
circumvent the tissué culture problems. The culturing conditions, media and
selection of explants for somatic embryogenesis were established before
regeneration into whole plant (Chaleff and Stolarz., 1981). Re-differentiation of
rice explants and organs were studied by Nishi e af. (1968). Niiuzeki and Oono
(1968) regenerated first rice haploid plant from anther culture and Tamura (1968)
from rice embryo originated calli. Effects of different promotive factors were
studied on embryogenesis of rice (Heyser ef al, 1983; Siriwardana and Nabors,
1983; Gupta et al, 1989; Koetje et al. 1989 and Chowdhury et al. 1993). The
higher genotype differences in the embryo formation from pollen of different rice
varieties were reported by Mukherjee (1973) and also found that addition of

tryptophan increased the amount of callus formation and embryogenesis.

The embryogenic calli characterized by Vasil and Vasil (1982) as compact
but fragile, nodular and white to pale yellow in color. Abe and Futsuhara, (1989)
reported that selection and differentiation of embryogenic calli is necessary to get
efficient regeneration. Peng and Hodges (1989) genetically analyzed the
phenomenon of regeneration in rice and regeneration was achieved by cytoplasmic

hybrids of rice by Yang el al (1989). The plant regeneration of rice was achieved



General lntroAuct\'on% 0

from embryogenic calli initiated from different tissue explants; leaves (Wernicke
et al., 1981), roots (Abe and Futsuhara, 1985, Kishore and Reddy, 1986; Zimny
and Lorz, 1986), young inflorescences (Chen et al., 1985), rice pollen grains
(Chen et al., 1981; 1982; Cho and Zapata, 1988; Kim and Raghavan, 1988;
Torrizo and Zapata, 1992), microspore (Datta e al., 1990b), immature embryo
(Lai and Liu, 1982), scutellum (Ghosh Biswas et al., 1994 and Rueb et al., 1994)
and mature seeds (Siriwadana and Nabors, 1983; Raina et al., 1987; Wang et al.,

1987).

Abe and Futsuhara (1986b) tested 66 rice varieties and reported large
differences between indica and japonica in vitro manipulation. The japonica
showed higher response in culture as compared to indica varieties (Abe and
Sasahara, 1982; Abe and Futsuhara, 1984). The factors like explant, medium and
genotype were characterized and optimized for reproducible and efficient in vitro
tissue culture system for various rice genotypes (Nishi et al., 1968; Ohira ef
al1973; Kamia ef al., 1988 and Oinam and Kotharii 1995). The poor response of
indica as compare to japonica slowed down the application of cell culture
procedures. A comprehensive study of 500 rice varieties showed that both callus
formation and plant regeneration were highly genotype dependent (Kamia et al.,
1988 and Peng and Hodges 1989). Studies carried on the nutritional requirement
of rice cells in culture medium (Schmitz and Lorz 1990} also indicated the
involvement of genotypic factors in ricé tissue culture. The long term maintenance
of embryogenic potentiality of culture is important and the rice plants were
successfully regenerated from long term callus’ cultures by Heyser et al. (1983),

Nabors ef al. (1983), Raghava Ram and Nabors (1984) and Kishore and Reddy
(1986).
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Plant regeneration of indica rice was achieved from embryogenic calli
derived from immature embryos by Heyser ef al. (1983) from mature seeds by
Hartke and Lorz (1989) from scutellum by Gupta et al. (1989) and from coleoptile
by Oinam ef al. (1995). The meristems of different indica rice were also cultured
for obtaining direct regeneration without undergoing the long process of callus
formation (Khanum, 1996). Efficient regeneration of indica rice Pusa 169 was
achieved by Chowdhury et al. (1993). They reported promotion effect of proline
and tryptophan on the frequency of callusing and regeneration of rice. It 1s
important to regenerate the indica rice varieties cultivated in most of the tropical
regions of the world including Bangladesh. The success for reproducible in vitro
regeneration of indica rice varieties had been limited (Kyozuka et al., 1988,
Terada and Shimamoto 1990 and Jain et al., 1996). The work on callus induction
of Pakistani Basamati varieties was done by Abbas and Qureshi (1985) and
regeneration was achieved in Basmati 370 by Zafar et al. (1992). There is a need
to establish tissue culture of wide range of local rice varieties in order to establish
an efficient regeneration system for local varieties of rice either from meristem

culture or from somatic embryogenesis using different tissue explants.

2.3. Anther Culture

On the basis of geographical distribution and morphophysiological
variations rice (Oryza sativa L.) is distinguished into indica and japonica species
(Kato et al., 1928 and Glaszamann, 1987). The indica accounts for 80% of the area
under cultivation in the world tropical and sub-tropical areas (Swaminathan,
1982). About 200 million tons of world’s rice production are spoiled or lost every
year due to abiotic factors (Wunn et al, 1996). Rice has been an important food

crop in Bangladesh. The population of rice eaters continues to increase at an
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alarming rate and the demand for rice is likely to exceed production by the end of
this century. To meet this demand rice varieties are needed with a higher yield
potential, multiple resistance to diseases, insects and tolerance to abiotic stresses.
Recent breakthrough in androgenesis and genetic transformation has provided
tools that can increase the efficiency of breeding method and allow
unconventional approaches to rice improvement. Applications of this technique
will provide us to develop and improve rice varjeties for meeting the challenges of

increase rice production.

Anther culture has proved to be a very useful tool in plant breeding,
providing a rapid method for regeneration of desirable genotypes. This technique
opens new vistas of breeding for resistance and quality of crop plants, not only
shortening the breeding cycle by immediate fixation of homozygosity, but
increasing the selection efficiency, widen genetic variation and allowing the
expression of recessive genes. Rice anther culture holds great potential in variety
improvement. Anther culture provides a method for the production of homozygous
lines over the course of a few months, rather than the several generations required
using conventional whole plant techniques. The double haploid plants resulting

from anther culture are homozygous and breed true.

Conventional breeding programs typically require several years to develop
a new variety. The process begins with a cross-pollination to combine desirable
parental traits. The first generations of offspring the F), are heterozygous but
genetically uniform. Segregation occurs during reproduction by the F,.
Segregation is the separation of homologous chromosomes and genes from
different parents at meiosis and produces genetic variability within the F,

population. With successive generations self-pollinating crops such as rice become
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progressively more homozygous, because the heterozygosity decreases by half
with each generation. By the F; generations, plants are nearly 97% homozygous,
which is sufficiently homozygous for advanced testing. However, a considerable
portion of the time required to develop a new variety entails this production of
several generations to achieve a relatively homozygous condition following the

initial cross-pollination.

Anther contains pollen and culture involves the culture of these structures
in vitro. The immature pollen or microspores contained within the anther either
gives rise directly to embryos, called androgenesis, or to callus tissue, which n
turn is induced to regenerate plants under the influence of growth regulators added
to the culture medium. Pollen is haploid, and the cells produced from pollen or
microspores during culture are haploid as well. Other methods for the production
of haploids include the culture of unfertilized ovules or ovaries, resulting in
gynogenesis or by the chromosome climination method as used in the Hordium
bulbosum method (Bajaj, 1983). When plants are regenerated from hapliod cells, a

haploid plant is produced.

Hapliod planfs also have the gametophytic number of chromosomes that is
a single set of chromosomes in the sporophyte. Their significance for plant
improvement, and as a tool in various disciplines of plant science has been
stressed (Kasha, 1974). Since haploids are of great importance, especially in
studies on the induction of mutations, genetic transformation and also for the
production of homozygous plants, they needed in large numbers. However, the
conventional methods (Kimber and Riley, 1963; Magoon and Khanna, 1963),
employed by plant breeders for their productions afe cumbersome, laborious and

not very efficient. The introduction of techniques for the induction of androgenesis
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by the culture of excised anthers (Guha and Maheshwari, 1964), isolated pollen
(Nitsch, 1974). It has become increasingly evident that tissue culture methods

could considerably speedup the production of haploids for breeding programs.

2.3.1 In vitro Androgenesis

The development of haploid plants derived from immature pollen or
microspore (anther or microspore culture) is termed as androgenesis. Since the
discovery by Guha and Maheshwari (1964, 1966) the immature pollen could be
induced to bypass normal development within the anther and the production of
haploid plants, first realized in Datura innoxia Mill. Considerable efforts have
been made to extend the technique to other species. In some species it is possible
to produce haploids through the culture of isolated microspores (Keller ef al.
1987). Today androgenetic hapliods have been produced in more than 50 genera,
but the greatest effort has been given to economically important crops such as the
vegetable crops and cereals (Cao et al. 1995; Veilleux 1994). Via androgenesis
new varieties have been developed in a number of agricultural crops such as
Brassica sp., tobacco, potato, asparagus, wheat, rice, maize, barley etc. (Bajaj
1990). The frequency of the induction of androgenesis in cultured anther in
general is rather low. In order to utilize anther culture in crop breeding programs,

it is essential that the haploids be produced in large numbers.

Production of haploid plants of rice (Oryza sativa L.) through anther culture
was first reported by Niizueki and Oono in 1968. Since then, extensive research
has been carried out in many laboratories around the world. Now the techniques
for anther culture of rice have advanced to the level that large numbers of haploids
and spontaneously doubled haploids can be obtained from many cultivars and

hybrids. The theoretical basis for the utilization of anther derived plants for
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breeding has also been established (Lee and C.C Chen 1982, C.M. Chen et al
1982, C.C. Chen et al., 1983). Thus rice has become .one of the few crops in which

anther culture can be readily applied to breeding programs.

The first event in androgenesis is a shift of the microspores from
gametophytic to sporophytic development. After this induction phase, the
microspores of Datura innoxia (Guha and Maheshwari, 1966) and tobacco (J.P.
Nitsch and C. Nitsch, 1969) develop into plants directly via embryogenesis.
Unilike in Datura and tobacco, androgenesis in rice usually has an intermediate
step of callus formation (Niizueki and Oono, 1968); organogenesis and / or
embryogenesis of the callus give rice to plants. The process of plant formation
from rice microspores, in vitro androgenesis is the most convenient and common

technique used to produce DH plants in rice.

Some factofs are closely related to the anther culture of rice and
predominantly determine the success of culture. i) genotype dependency
(Schaeffer et al., 1979; Lazar et al., 1984; Barnabas et al., 1989); ii) donor plants
growth conditions (Bajaj 1983; Schmid and Keller, 1986); iii) stage of microspore
and anther development (Wenzel and Foroughi-Wher, 1982; Dunwell, 1986; He
and Ouyang, 1984); iv) pretreatment of anthers (Schmid, 1990; Picard and De
Buyesr, 1975; Pan et al., 1975; Hu, 1986) and v) culture media (Chuang et al.,
1978; Chu, 1978; Wang and Hu, 1984; Fadel and Wenzel, 1990). However, under
present investigation effort has been intensified on the development of methods

for production of haploids by anther culture in rice.
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2.3.2 Cold Treatment

There are differences of opinion in the literature regarding the effects of
cold treatment in anther culture. Most researchers obtained enhanced callus
induction by the application of cold shock, but there are differences of opinion in
the literature regarding the optimum duration and temperature to use. Chen et al.,
(1976) observed as slightly higher frequency of callus induction in rice anthers
treated at 5°C for 24 hours and at 10°C for 48 hours than untreated anthers. Wang
et al., (1974) reported the pre-treatment of rice panicles at 10°C for 48 hours
greatly increase the‘frequency of callus induction. Chaleff ef al., (1980) reported
that rice anthers when treated at 6°C for 5 days produced twice as many calli than
untreated anthers. Cold shock before or after plating rice anthers significantly
increased the frequency of callus induction. Low temperature treatment after
inoculation altered the normal path of microspore development in rice by inducing
equational division with positively influenced the callus induction. Chen (1985)
showed that pretreated anther produced not only higher number of calli but also

produced more haploid plants.

In some cases, especially after low temperature pretreatment symmetrically
dividing microspores were found to be main sources of androgenic haploids
(Zheng and Ouyang 1980). Lazar et al. (1985) showed that variation in intensity
and duration in cold pretreatment lead to significant difference in callus formation
frequency. Ouyang et al (1987) concluded that the most suitable culture
temperature for anther culturé of field-grown material was about 2°C higher than
that of the greenhouse-grown material irrespective of genotype. They also noticed
that the anthers of the green house grown material did not develop as well as those

of the field grown material. Cold treatment (3°C) of the tillers soaked in water
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significantly improves the androgenic success mainly during the less favorable
winter period (Picard and De Bbyser, 1975; Pan ef al., 1975). Marsotais and Kasha
(1983) also reported that cold pretreatment is not always necessary to obtain the

higher rates of androgenetic plant.

2.3.3 Factors Affecting Androgenesis

The responses of anthers in cultures greatly depend on genotype of the
plant species. Striking variations in haploid plant production have been obtained
from anthers of different genotypes. Several factors affect the success of anther
culture, especially the genotype of the plant from which anthers are obtained
(Bajaj, 1983; Croughan, et al., 1989) and the composition of nutrient media.
Guha-Mukherijee (1973) selected 20 different rice varieties from a wide genotypic
background. Only four of the 20 varieties produced embryoids while 12 varieties
failed even to produce callus. The main advantage of anther culture technique for
haploid production is the rapid and complete homozygosity on the offspring,
because phenotype selection for quantitative and particularly for quantitative

inherited characters in much easier and therefore, breeding is more efficient.

Niiuzeki and co-workers (1968) in the National Institute of Agriculture
Science, Japan were the first research works to produce haploid successfully by
anther culture from rice. Their results were reported at a semi-annual meeting of
the Japanese Society of Breeding (April 1968). Since haploid plant formation
through anther and microspore culture have been successfully applied in different
cereal crops; rice (Genovesi and Maggill, 1979) wheat (Picard and De Buyser,
1973; Ouyang, 1986). In cereals, production of haploid through anther culture has

major obstacles with low generation rate and albino plant production. However,
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applications of different method and treatments may improve induction and

regeneration efficiency.

Anther culture technique has long been recognized as a valuable tool in
plant breeding and has been profitable employed in various crop improvements
like wheat, rice, ray etc. But is application is still limited by many factors which
influence the culture efficiency such as the genotypes, the growing conditions by
the donor plants, the development stage of microspors, pre-treatments of the
panicles, the culture method, the media and the in vitro conditions. One of the
major constraints in the application of anther culture in rice improvement program
is the identification of responsive anthers for callus formation. Limited work has
been reported on the response of morphological markers such as panicle length,
spikelet position in the panicle, anther position in the spikelet and anther color.
Low plant regeneration frequency is one of the .most serious limitations in anther

culture techniques.

2.4. Transformation of Rice

Plant biotechnology provides biologically safer crops carrying
agronomically useful genes for different biotic and abiotic  stresses.
Transformation is a technique by which functional foreign genes are inserted into
genome of the crop plants from diverse biological system. Plant transformation
could be defined as delivery, integration and expression of foreign genes into plant
cells, which ultimately regenerated into whole plant. Transgenic technology can
significantly strengthen rice-breeding programs, enabling breeders to achieve
results more quickly and efficiently than conventional techniques. Genetic

engineering is more advanced for rice than any other crop plants (Swaminathan,
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1982; Khush, 1984). Molecular improvement of cereals has been thoroughly
reviewed by Vasil (1994).

The techniques such as pollen tube method (Luo and Wu, 198R8),
microinjection (Potrykus et al., 1985), dry seeds imbibed iﬁ DNA solutions
(Aryon et al., 1991) and DNA delivery into intact tissue by electroporation
(Dekeyser et al., 1990) had resulted in transient gene expression. Fertile transgenic
indica rice variety IR36 plants were obtained after electroporation of the seed
embryo cells (Xu and Li 1994). These approaches with the exception of the pollen
tube pathway require a reproducible cell culture and plant regeneration system in

order to produce fertile transgenic plants.

In dicots, a strong wound response to a tumour formation and which
facilitates subsequent Agrobacterium mediated transformation. However cereals
lack wound response and leads towards the cell death but some researchers had
reported Agrobacterium mediated transformation in rice (Raineri 1990; Li et al.,
1992 and Chan ef al., 1992; Hiei et al., 1994). Among them only Chan ef al.
(1993) was able to regenerate transgenic indica rice plants. Chan ef al. (1992)
reported that Agrobacterium mediated transformation was highly genotype
dependent. The Agrobacterium mediated transformation of different japonica
cultivars were also acﬁieved by Hiei et al. (1994) and Vijaya Chandra et al. (1995)

by co-cultivation of scutellum derived callus of rice with Agrobacterium.

Genome mapping and biotechnology research in recent years offer
powerful tools in crop improvement including genetic transformation and
molecular marker-assisted selection. These techniques have opened enormous

opportunities to meet the challenges of food production. More than 20 genes for
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resistance to various plant diseases have been isolated from a wild range of plant
species including monocotyledonous and dicotyledonous species including
tomato, rice, tobacco and maize. Genes for resistance to various insects have been
identified in many crop species and their wild relatives, including gall midge and
brown planthopper resistance in rice and pink borér resistance in cotton. Many
insect resistance transgenic cotton, corn and rice plants have been developed
through gene transformation procedure. Metabolic engineering of carotenoid
biosynthesis has been achieved recently on rice and engineering high levels of f3-
carotene in the endosperm of golden rice is a major breakthrough. Golden rice is
an excellent example of how genetic engineering of plants can be of direct benefit
to the consumer, especially the poor and the disadvantaged in developing
countries. All these beneficial genes including insect resistance, drought resistance
and gene for metabolic pathway have routinely been transferred to different crop
plants along with some reporter and marker genes. Agronomically importance
genes (gene of intereét) are fused with reporter genes in order to screen out the
putative transformants towards obtaining the stable transformed target plants. The
protocol of transfer of reporter gene is one of important tool for success in DNA
transgenic technology to establish. Selection of transformed calli or plants is an
important factor in plant transgenic technology. A simple but efficient protocol is
essential in selecting transformants from which transgenic plants can be
regenerated. A number of reporter genes Beta-glucuronidase (GUS), Iuciferase
(LUC), chloromphenical acetyl transferase (CAT) and anthocynins are being used
in cereal transformation to analyze gene expression. In rice, the most commonly
used reporter gene is GUS (Peng et al., 1992). In this technique, the GUS gene
usually isolated from E. Coli (Jefferson et al., 1987) and then the intrinsic GUS

like activity is observed in rice tissue as alkaline pH 8.0 or by including 20 %
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methanol in the assay (Kosugi et al., 1990). Selectable markers such as antibiotic
resistance are increasely used for the transformation screening. The neomycin
phosphotransferase (NPTII) confers resistance to kanamycin (Uchimiya ef al.,

1986) and hygromycin phospho transferase (hpt also called hph) to hygromycin
antibiotic (Blochlinger et al., 1984).

Early selection and screening of putative transformants for stable
transformation is essential and GUS expression could be used as a rapid early
screening method (Hu ef al., 1990). The success of producing transgenic plants
depends upon transmission of functional foreign genes from primary
transformants to their progenies (Hayashimoto ef al., 1990). Mendelian
segregation of foreign genes is being possible to observe in first progeny of
primary transformants (T1) by Christou et al. (1991). The inheritance and
Mendalian ratio 3:1 was reported in progeny of GUS (Li et al.-, 1992; Peng et al.,
1992). The size of the introduced DNA also affected the stable transformation and
integration of DNA into rice genome (Uchimiya et al., 1986). The transformation
with large fragments of DNA is introduced for identifying clones that contained

genes of interest because many agronomic traits controlled by cluster of genes.
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2.5.0bjectives

Application of plant biotechnology is gaining momentum in developed as
well as in developing countries to improve the agricultural crops. In our country
there have tremendous scopes for developing its agricultural crops by the
application of plant DNA transgenic technology, in particular, to develop the high

yielding, disease resistant and aromatic rice production would possible.

Most of the rice transformation work reported was based on japonica
varieties and indica rice despite of its importance was still under studied.
However very little work had been done on improving Bangladeshi local rice
varieties using modern biotechnological methods. There is an urgent need to under
take such studies to produce local transgenic rice varieties in order to exploit the
prospective quality of aroma and ability to combating biotic and abiotic stresses.
Bangladesh, as poor nation, holds the promise to develop metabolically engineered
rice for important micronutrients like golden rice for supporting vitamin A. But for
genetic transformation to be accomplished in our local cultivars of rice it is
urgently needed to develop the regeneration protocol and the efficient methods of

gene transfer technology in our local varieties of rice.

Application of transgenic technology in agriculture demands an efficient in
vitro regeneration system of plant and standardization of transformation tools for
the specific crop plant like rice. The main objectives of the present study were (1)
to screen the local Bangladeshi rice varieties for their in vitro culture potentialities
either from somatic tissue and from anther culture and (2) to establish an efficient
regeneration system for target rice variety to be transformed and (3) to standarize

the conditions for stable transformation of rice by Agrobacterium co-cultivation.
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CHAPTER-III

3. In vitro Tissue Culture of Rice

3.1 Introduction

In vitro tissue culture is an experimental approach for basic and applied
research. It is an essential component of plant breeding, biotechnology and genetic
improvement of plants. Every plant cell is considered to be totipotent. The potential
to readily regenerate plants from cultured tissue has been considered as a powerful
tool for crop improvement and the simplest from of genetic engineering (Larkin and
Scowcroft, 1981). Tissue culture techniques are well established for most
monocotyledonouS plants but difficult to culture gramineous species because of
their extremely recalcitrant behavior in vitro manipulation. The prerequisite of in
vitro culture is the identification of tissues of cells, which are competent for

regenerating the whole plant.

Regeneration of plant 1is possible via somatic embryogenesis or
organogenesis. Plant somatic embryos develop fr01l’n embryogenic calli derived
from somatic cells. Embryogenic term applied to those cells that do not require
auxin to produce the somatic embryos. The cells in transition between somatic cells
and embryogenic cells are called competent cells. The competent cells still require
exogenous auxin can be forced to become somatic embryos not only by exposure to
phytohormones but also by pH, heat shocks, desiccation and treatments with
various chemicals. An efficient and reproducible regeneration of normal and fertile
plant has key importance in the application of molecular biology for the

improvement of crops (Potrykus, 1990).
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Rice is one of the world’s major cereal, its importance in agriculture and
plant science make it a favourite target for establishing tissue culture methods. /n
vitro tissue culture of rice was started by Fujiwara and Ojima, (1955) with the
culture of excised roots and immature rice embryos (Amemiya ef al., 1956). Tissue
culture constraints were reduced by culturing of immature and undifferentiated
mass of cells (Callus) and meristem at defined stages of development in nutrient
media supplemented with varying concentrations of phytohormones (Vasil and
Vasil, 1982 and Vasil, 1988). Rice was the first cereal to regenerate into whole
plant (Vasil, 1983). Morphogenic and regeneration studies of 66 rice varieties was
done by Abe and Futsuhara (1986) and they observed large differences for the
tissue culture ability of japonica and indica. They reported that Japonica varieties
showed high callus yield and regeneration ability while indica gave very poor
response in vifro tissue culture. Their study of in vitro tissue culture of rice was
intended to screen different indica rice varieties for their ability to produce
embryogenic calli and regenerate into whole plant (Abe and Sasahara., 1982 and

Brar et al., 1985, Datta et al., 1990b).

Indica rice is widely cultivated in Bangladesh and despite of their importance
only little work has been done on artificial culture of Bangladeshi indica varieties.
In present study broad range of indica varieties were screened for their ability to
regenerate into whole plant either from embryogenesis or meristem culture.
Different explants were used for the induction of regenerable rice culture including
meristem, mesocotyl, leaf base, root and mature seed scutellum. The present study

addressed genotypic variation in callus formation and regeneration by organ culture

or somatic embryogenesis.
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3.2 Materials and Methods

3.2.1 Materials
Six rice (Oryza sativa L.) varieties BR-22, BR-23, BRRI dhan-28, BRRI
dhan-29, BRRI dhan-30 and BRRI dhan-31 were used in the present work. Seeds of

these varieties were collected from Regional Rice Research Institute, Rajshahi,

Bangladesh.
3.2.2 Methods

3.2.2.1 Dehusking and Sterilization of Mature Seeds

Dehusked mature seeds of Oryzd sativa varieties were surface sterilised with
70% (v/v) ethanol for one minute and commercial bleach containing sodium
hypochloride (NaOCI) for five minutes, seeds were again sterilised with 0.1% (v/v)
mercuric chloride (HgCl,) for 5 minutes. After mercuric chloride the seeds were
thoroughly washed with autoclaved distilled water for several times. Following
surface sterilisation the seeds were sown on different growth media for germination

and callus induction.

3.2.2.2 Preparation and Sterilization of Tissue Culture Media

Culture media for the growth of different explants consist of various
inorganic and organic nutrients. Inorganic nutrients consisted of a number of major
elements such as N, P, K. Ca, 'Mg, S, and minor elements such as Fe, Mn Zn, B, and
I etc. These inorganic nutrients were supplied as water-soluble compounds. Organic
nutrients included carbon source, which were usually supplied with sucrose as
‘glucose and organic growth substances mainly of B group vitamins. The medium
mixed with fundamental inorganic and organic nutrients is called the basic medium.

In order to regulate the growth and differentiation of the cultured cells, it is always



In vitro Tissue Culture of Rice% 25

necessary to supplement the basic medium with various physiologically active
substances, phytohormones such as auxins and cytokinins. The basic medium not

only supplies nutrients but also provides suitable pH and osmotic pressure

conditions for the growth of culture.

The media used in tissue culture studies were prepared according to the
composition described in Table 3.1. The various combinations of growth regulators
in addition to the basic media were used. Tissue culture and regeneration media
were primarily based on the formulations developed by Murashige and Skoog (MS;
1962), Linsmair and Skoog (LS; 1965), Chu ef al., (N6; 1975), These media were
solidified with 0.8% purified agar (Sigma). The pH was adjusted to 5.8 with IN
HCI or IN KOH prior to sterilisation and the pH was always adjusted before the

addition of agar.

Various media sterilisation procedures were employed. N6, LS, MS, and RM
media were sterilised at 121°C at 15 Ibs for 20 minutes in an autoclave. Glassware
and other general equipment’s were steam sterilised (121°,l 15 1bs of steam
pressure, 25 minutes). All tissue culture work was carried out in sterilised

environment on a laminar airflow cabinet.

3.2.2.3 Callus Induction from Different Explants

Surface sterilised seeds weré germinated on MS medium in dark at 25 +2°C
for harvesting explants.. For callus induction, LS medium supplemented with 2.5-
mg/l 2,4-D, N6 medium supplemented with 2.0-mg/l 2,4-D and MS medium
Supplémented with 2.0-mg/] 2,4-D was used. The media were solidified with 0.8%

agar and pH of the medium was adjusted to 5.8 before addition of agar.
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Table 3.1. Composition of plant tissue culture media

Constituents Concentration in medium (mg/L)
MS LS N6
Macronutrients
(NaH4),S0q4 . - "
KNO; 1900 1900 2830
NH4NO;3 1650 - 1650 -
MgS0,.7H,0 370 370 185
KH,PO, 170 170 400
CaCl,.2H,0 440 440 166
(NH4)2.S04 - - 463
KClI = . -
NaHzPO;;.HzO . - - -
Micronutrients
H3BOs 6.2 6.2 1.6
MnSO4 4H,0 22.3 22.3 4.4
ZnS04.7H,0 8.6 8.6 1.5
NaMoO. 2H,0 0.25 0.25 -
CuS04.5H,0 0.025 0.025 -
CoCl,.6H,O 0.025 0.025 -
KI 0.83 0.83 0.8
FeS04.7H,0 27.8 27.8 27.8
Na;EDTA 37.3 37.3 373
Vitamins and Sugars
Thiamine HCI 0.1 1.0 05
Pyridoxine HCI 0.5 - 0.5
Nicotinic acid 0.5 ' - 1.0
Myo-inositol 100 100 100
Sucrose : 30000 30000 30000
Amino acids
Glycin 2.0 - 2.0
L-glutamine = B 2
L-aspartic acid . < 8
L-arginine - . E
Hormones
2-4.D . 25 2.0
Kinetin ' - - -
GA3 - g }
NAA = = )
Zeatin - - -
Agar 10000 10000 10000

pH 5.8 5.7 )
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Explants (scutellum, root, leaf base and mesocotyl) from seven days old seedlings
and mature embryos were cultured on LS, N6 and MS media and incubated at
25+2°C in dark for callus induction. Calli were sub cultured on the same medium
after fifteen days interval. The embryogenic callus inducing frequency was
determined after three weeks of incubation of different explants on different callus
inducing media in the dark. The compact but fragile, nodular, creamy yellowish and

light yellow in colour calli were considered as embryogenic.

3.2.2.4 Callus Regeneration from Different Tissue Explants

The embryogenic éalli were induced from different tissue explants for three
weeks in N6, LS, and MS media and dissected swollen scutellum from growing
seeds were used for regeneration studies. The calli induced from different tissue
explants were sub cultured on the same medium for three days under 1000 lux light
at 251£2°C for better proliferation. The proliferated calli were finally transferred to
regeneration media MS and N6 supplemented will different concentrations of
phytohormones. The calli Wefe kept in light 14h day /10h night cycle at 25+£2°C. -
Regenerated plants were transferred to MS medium for production of elaborated

roots.

3.3 Meristem Regeneration

In order to assess meristem regeneration, about 2-3 mm leaf base pieces from
4,5 and 7-day-old etiolated séedlings were isolated and kept on MS medium. The
plates were wrapped with parafilm and incubated in light 14h day/10h night cycle at
2542% C. The effect of different phytohormones was also studied on meristem
regeneration. Thé Jeaf bases isolated from 4-day-old etiolated seedling were
cultured on MS medium supplemented with different concentrations of NAA and

BAP ranges between 0.5 —2.5 mg/l. Regenerated plants originated from these leaf
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bases were transferred to MS medium supplemented with NAA 0.5mg/l and BAP

2.5mg/l in magenta vessels for multiple shoot formation.

3.4 Establishment of Regenerated Plants in Hydroponic

The regenerated plants were transferred to hydroponic medium (Appendix)
before transferring into soil. The pH of hydroponic medium is important and which
was checked after every two days. Before transfer info hydroponic medium, plants
were washed in tap water in order to remove the agar from the roots. The plants
were kept in water for two days and shifted into hydroponic medium covered with
polythene sheets under light 1000lux and humidity 68%. The hydroponic medium
was changed weekly. After two weeks the plants were taken out of polythene sheets

and transferred into soil.

3.4.1 Establishment of Regenerated Plants in Soil

The regenerated plants derived from callus or meristem after maintaining in
hydroponic medium were transferred to soil containing peat moss in plastic baskets
and incubated at a temperature of 30°C under 14h day/ IOH nigh cycle. After four

weeks plants were transferred into pots of regenerated plants.
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3.5 Result and Discussion

3.5.1 Embryogenesis

Embryogenesis was studied in six rice varieties from different tissue explants
of scutellum, mesocotyl, leaf base and root on different callus inducing media. All
explants produced callus at different frequencies on different callus inducing media

(Fig. 3.1.).

Fig. 3.1. Seven days old seedlings of rice showing different explant portions

a. Root b. Mesocotyl c. Leaf base
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3.5.2 Callus Induction Response in Different Media from Different Tissue

Explants

The plant growth regulator 2,4-D plays an important role in callus induction
of plant tissue and 2.0 mg/l 2,4-D was reported as the most suitable for callus
induction in rice (Farzana Khanam, 1996). Six rice varieties were tested on three
callus induction media of LS, MS and N6 supplemented with 2.0 mg/1 of 2, 4-D.
Response in callus induction of six varieties each with four explants were studied
and their results are presented in Table 3.2. A wide range of variations in callus
induction was marked in this experiment with respect to their explants and treated
media. Three varieties, BRRI dhan-28, BRRI dhan-30 and BRRI dhan-31 proved to
be more competent ones to induce callus with all of their four explants. The
varieties BR-22, BR-23 and BRRI dhan-29 failed to induce callus in all their
explant tissues. The mean values of callus induction for six varieties were
individually calculated over the media and explants and the results are shown in

Fig.3.2.

BR-22 T
BRRI dhan-31 18.8 17
61.6
BRRI dhan-28
BRRI dhan-30 : 62.0
677 | BRRI dhan-2 ]
30.6 ]

Fig.3.2. Mean values of callus induction of six varieties over
meadia and explants.
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BRRI dhan-30 was found as the most efficient variety. Producing 67.70%
callus induction followed by BRRI dhan-28 (62.00%) and BRRI dhan-31 (61.60%).
Lowest value was noted for BR-22 (1 8.80%) and BR-23 (17.90%). It is important to

note that the explants scutellum and root produced callus irrespective of varieties

and media.

Table 3.2. Callus induction performance of different explants of six rice varieties

growing on three callus induction media.

Variety Explants % + S.E. of callus formation Mean + S.E.
N6 | LS |  MS
Scutellum 30.8+1.7 27.1+2.] 89408  25.6+3.5
BR-22 Leaf base & 4 s -
Mesocotyl : . o .
Root 166+1.6 129+ 1.0 6.7+0.9 12.1+28
Mean +S.E. 23.7+7.1 20.0+7.1 12.8 +6.1 18.8+3.2
Scutellum 42.1+£2.0 326+1.9 209+ 1.0 31.846.1
BR-23 Leaf base = = : & "
Mesocotyl 6.1+0.7 3.5+0.5 - 48+1.3
Root 17.4+12 132+1.8 9.7+ 1.1 13.4£2.2
Mean + S.E. 21.9 +10.6 16.4 + 8.5 15.3+5.6 17.9 +£2.0
Scutellum 94.1+1.6 88.3+23 723+2.0 84.9+65
BRRI dhan-28  Leaf base 59.5+4.1 63.0+6.4 30.6+3.6  51.0+10.2
Mesocotyl 56.0+3.0 602+43 20.7+1.2 456+ 12.5
Root 74.8+2.7 84.4+3.1 40.8+39  66.5+13.1
Mean *S.E. 71.1 + 8.6 73.9+7.2 41.1+11.1  62.0+10.4
Scutellum 457122 40.6 £2.7 379+ 1.9 414122
BRRI dhan-29  Leaf base - - - -
Mesocoty! - - : s 2
Root 213+1.5 232+12 151+ 1.4 19.9+24
Mean +S.E. : 33.5+12.2 31.9+8.7 26.5 +11.3 30.6 + 2.1
Scutellum 97.3+£0.5 923+2.0 799+ 3.0 89.8+5.1
BRRI dhan-30 Leafbase 61.0£535 71.9+£3.9 350+2.8 55.9+10.9
Mesocotyl 60.5+42 65.8+4.6 259+ 1.7 50.7+12.5
Root 85.8+24 86.2+3.4 51.0+3.0 743+ 11.6
Mean + S.E. : 76.2 £ 9.1 79.1 + 6.1 47.9 +11.8 67.7£9.9
Scutellum 904+ 1.5 84.7+3.4 72.7+3.9 82.6+52
BRRI dhan-31 Leaf base 595+44 69.9+7.6 306+ 1.8 533+11.7
Mesocotyl 527+32 51.9+2.5 218+ 14 42.1 = 10.1
Root 81.0+2.0 78.5+3.1 45.6+2.4 68.4+114

Mean + S.E. ' 70.9 + 8.8 71.3+7.1 42.7 £11.1 61.6 9.4
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The experimental results revealed that somatic tissue in different explants of
rice hold tremendous‘ physiological variations in responsing callus induction under
different media compositions. Three poor responded varieties were discarded and

only the three varieties with better response were screened for further study.

An intensive study has been made to find the relative performance of callus
induction of different explants of three varieties using different concentrations of 2,
4-D in three media. Results of callus induction performance of scutellum taken
from three varieties tested in three media supplemented with different
concentrations of 2, 4-D was presented in Table 3.3. The table indicated that
variations of hormonal concentrations played a major role in callus induction. N6
supplemented with 2.0 mg/l 2, 4-D was found most effective in callus induction in
all varieties and it gave 94.1%, 97.3% and 90.4 % induction in BRRI dhan-28,
BRRI dhan-30 and BRRI dhan-31 respectively. Lowest range (34-40%) was
- observed in lower concentrations (0.5 mg/l) of the hormone. In case of LS medium
the hormonal concentration of 2.5 mg/l was found to be optimum in callus induction
and lowest values observed in 0.5 mg/l of 2,4-D. While in MS medium 2 mg/l of
2,4-D gave the highest result of callus induction but lowest concentration (0.5 mg/I)
fail to induce any callus. Irrespective of hormonal concentrations, the N6 medium
supplemented with 2, 4-D was found more effective in callus induction followed by
LS. On the other hand, MS supplemented with 2, 4-D showed lowest response in
callus induction. The callus induction variation among three genotypes of rice was
not varied severely. However, BRRI dhan-30 showed the highest response. When

scutellum was used as explants callus formation started within 12-15 days of

induction (Fig. 3.3).
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Fig. 3.3. Different types of scutellum derived calli.

A. Embryogenic calli.

B. Transfer of embryogenic calli.
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The texture and colour of callus did not show any remarkable variation in

three varieties under different media preparations.

In respect of scutellum the respective performance of three varieties were
studied and their results are shown in Fig.3.4. BRRI dhan-30 exhibited highest
performance (67.60%) of callus induction, which was 59.87% higher than BRRI
dhan-31 followed by BRRI dhan-28 (59.17%). Similarly, the results also indicated
the relative performance of three media in callus induction for scutellum and N6
was found highest performance, which was 11.78% increased over the LS and

30.65% increased over MS.

BRRI dhan-31
59.87

BRRI dhan-28
59.17

BRRI dhan-30
67.6

Fig.3.4: The relative performance of three rice verieties in callus induction for
scutellum explant.

Callus induction response obtained from leaf base explant of three rice
varieties culturing on different callus induction media are presented in Table 3.4.
Like scutellum leaf base explant failed to show high level of induction efficiency.
N6 supplemented with 2.0mg/l 2, 4-D showed the better result in callus induction in
all three varieties. But LS supplemented with 2.5 mg/l 2, 4-D produced highest

percentage of callus induction in all varieties and it gave 63.0%, 71.9% and 69.9 %
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induction in BRRI dhan-28, BRRI dhan-30 and BRRI dhan-31 respectively.
Lowest range (18.5-20.0%) was observed in lower concentrations (0.5 mg/l) of the
hormone. All the hormonal concentrations used in MS medium was found to give
low level of callus induction in three varieties. While in MS medium 2 mg/l of 2,4-
D gave the highest result of callus induction but lowest concentration (0.5 mg/l) fail
to induce any callus. When leaf base was used as explants callus formation started
within 22-27 days of induction (Fig. 3.6). The texture and color of callus did not

show any remarkable variation in three varieties under different media preparations.

In respect of leaf base the respective performance of three varieties were
studied and their results are shown in Fig. 3.5. BRRI dhan-30 exhibited highest
performance (38.5%) of callus induction, which was 34.6% higher than BRRI dhan-
28 followed by BRRI dhan-31 (34.5%). Similarly, the results also indicated the
relative performance of three media in callus induction for scutellum and LS was
found highest performance, which was 5.10% increased over the N6 and 44.8%

increased over MS.

S

Fig. 3.5. The relative performance of three rice varieties in callus induction for
leaf base explant.
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Fig. 3.6. Different types of leaf base derived calli.

A. Embryogenic calli.

B. Transfer of embryogenic calli.
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Callus induction performance of mesocotyl explant taken from three rice
varieties growing on different callus inducing media are summarized in Table 3.5.
and the table indicated that mesocotyl explant also exhibit the similar low level of
callus induction under hormonal treatments as observed in leaf base. Here, N6
supplemented with 2.0 mg/l 2, 4-D was found to induce better percentage of callus
and 2.5 mg/l 2, 4-D used in LS also gave better result in callus induction in all
varieties and it gave 60.2%, 65.8% and 50.9 % induction in BRRI dhan-28, BRRI
dhan-30 and BRRI dhan-31 respectively. Lowest range (20-23%) was observed in
lower concentrations (0.5 mg/l) of the hormone. All the hormonal concentrations
used in MS medium was found to give low level of callus induction in three
varieties. While in MS medium 2.0 mg/I of 2,4-D gave the highest result of callus
induction but lowest concentration (0.5 mg/l) fail to induce any callus. When
mesocotyl was used as explants callus formation started within 21-28 days of
induction (Fig. 3.7). The texture and colour of callus did not show any remarkable

variation in three varieties under different media preparations.
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Fig. 3.7. A-B: Mesocotyl derived calli.
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In respect of mesocotyl the respective performance of three varieties were
studied and their results are shown in Fig. 3.8. BRRI dhan-30 exhibited highest
performance (36.37%) callus induction, which was 33.23% higher than BRRI dhan-
28 followed by BRRI dhan-31 (28.33%). Similarly, the results also indicated the
relative performance of three media in callus induction for mesocotyl and LS was

found to exhibit highest performance, which was 4.0% increased over the N6 and

66.0% increased over MS.
BRRIdhan-31 || BRRIdhan-28 "%
28.33 ; 3323

Fig. 3.8: The relative performance of three rice
varieties in callus induction for mesocotyl explant.

Efficiency of callus induction expressed by root explant under different
hormonal treatments on three media was examined and the results are given in
Table 3.6. The performance of root explant in callus induction is rather higher than
that of leaf base and mesocotyl. Addition of 2, 4-D in 2.0 mg/l and 2.5 mg/] gave
better result of callus induction in N6 and LS respectively (Fig. 3.9). In case of root
explant, remarkable variation in callus induction was observed in rice varieties.
BRRI dhan-30 (86.2%) show better result followed by BRRI dhan-31 (81.0%). Low
percentage of callus formation was observed in MS medium. Callus derived form
different explants in rice were well developed and their colour varies from yellow,
yellowish to light yellow. A remarkable difference was observed in their structure.
The structure of callus was found hard when it was derived from scutellum but the

calli gave friable structure when they were derived from other explant.
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Fig. 3.9. A-B: Root explant derived calli.
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In respect of root the respective performance of three varieties were studied

and their results are shown in Fig. 3.10. BRRI dhan-30 exhibited highest
performance (52.0%) callus induction, which was 47.9% higher than BRRI dhan-31

followed by BRRI dhan-28 (46.16%). Similarly, the results also indicated the

_relative performance of three media in callus induction for root and LS was found

highest performance, which was 3.2% increased over the N6 and 48.5% increased
over MS.

BRRI dhan-31 BRRI dhan-28
47.9 46.16

S

Fig.3.10: The relative performance of three rice varieties in callus
induction for root explant.

Mean values of three rice varieties from different explants on different callus
inducing media were calculated and the results are presented in Table 3.7. The
explant scutellum gave highest callus formation (76.40%), followed by root
(60.70%) while leaf-base found highest value (43.70%) on N6 medium, followed
by mesocotyl (36.10%). Callus induction of three rice varieties from four different
explants on N6 medium shows that BRRI dhan-28, BRRI dhan-30 and BRRI dhan-
31 gave higher callus inducing response on N6 medium producing more than 53.0%
callus. The highest average values of callus inducing were observed in BRRI dhan-

30 (56.60%) followed by BRRI dhan-28 (51.50%) and BRRI dhan-31 (50.80%).
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In LS medium, mean values indicated that the explant scutellum gave

highest callus formation (67.75%), followed by root (61.40%) and lowest value
was recorded in mesocotyl (36.70%), followed by leaf base (48.20%). The highest
average values of callus induction was observed in BRRI dhan-30 (55.9%)
followed by BRRI dhan-28 (52.10%) and BRRI dhan-31 (49.20%) and their mean
value was calculated by 52.4%. It is important to note that overall performance of

callus induction obtained from leaf base, mesocotyl and root explants on N6 found

lesser than that of LS medium.

The callus inducing response of scutellum on MS medium was found poor
and it varies from 44.3 to 58.7%. The explants of leaf base, mesocotyl and root
produced less than 21% callus in all varieties in this medium. In the mean values
of explant in all varieties scutellum gave highest percentage of callus (50.8%),
followed by root (30.33%). Better response was found in leaf base (20.66%) than
that of mesocotyle (14.40%). The mean values of callus formation of three
varieties irrespective of any explant on MS medium shows that only BRRI dhan-
30 variety gave 33.9% of callus and the remaining two varieties (BRRI dhan-28,

BRRI dhan-31) produced less than 26.0% of callus.

From foregoing discussion it may be concluded that the media N6 and LS
exhibited more or less similar level of callus induction in all rice varieties. But in
case of scutellum eﬁplant N6 induced better callus induction over LS although N6
and LS media exhibited similar level of callus induction. While the scutellum
derived calli grown on N6 medium more suitably than LS. On the other hand, LS
medium proved to be more favorable for Jeaf base, mesocotyl and root explants

derived calli than that of N6 medium. Results obtained from different experiments
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confirmed that MS medium supplemented with 2, 4-D was less efficient in callus

induction In rice varieties in comparison to the performances of N6 and LS.

3.5.3 Varietal Response in Callus Formation

The mean values of callus induction of three varieties over the values of
explants and media were computed and the results are presented in Fig. 3.11. The
figure shows that BRRI dhan-30 variety proved to be more efficient in callus
induction and the result was found to be 48.60% on artificial media. In respect of
callus induction efficiency the variety BRRI dhan-28 stood 2nd position (43.20%)

and BRRI dhan-31 variety was found less efficient in callus induction.
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Fig. 3.11: Callus induction performance of three rice
varieties.

3.5.4 Explant Response in Callus Formation
The callus inducing capability of different explants was also studied over
all varieties in different media and the results are presented in Table 3.8. The table

shows that scutellum induced highest percentage of embryogenic calli.
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Table 3.8. Mean values of explants (over varicties) on different callus inducing

media.
' Explants
Media Scutellum Leaf base Mesocotyl Root Mean
% + S.E. % + S.E. % + S.E. %+ S.E pres
I[\jg 7%.1 2.2 423 £0.7 406+2.7 56.9+23 53.0+73
o 63.6+20 446+ 1.7 426+29 58.8% 1.5 524 %5.1
50.8+42 206+ 1.4 144+ 14 303+26 29.047.9
Meanzt S.E. 62.1 £ 6.1 35.8+7.6 32.5 £9.0 48.6 £ 9.1

The scutellum produced 72.1% callus in N6 medium 63.60% in LS and
50.80% in MS medium. Scutellum produced 29.58% and 20.13% increased callus
in N6 and LS media over the value of MS medium respectively. The callus
obtained on N6 and LS media from scutellum explant in all tested varieties
showed compact tefcture, globular structure, yellowish in colour and embryogenic
in nature. The varieties of BRRI dhan-28, BRRI dhan-30 and BRRI dhan-31
produced more compact, yellowish calli derived from scutellum explant but all

varieties on MS medium produced creamy coloured callus in case of scutellum.

The root explant produced more than 57.85% callus on N6 and LS media
but 30.30% on MS medium. The calli obtained from root explants on N6 and LS
media from all varieties had almost same texture. The calli were light yellow in
colour friable in nature and globular in behaviour. The root-derived calli on MS
medium were brownish in colour and less friable which ultimately died after 3-4
weeks. The leaf base and mesocotyl explants produced calli at a very low
frequency producing less than 42.50% callus on N6 and LS media and less than
17.50% on MS medium. The calli obtained from leaf base explants on N6 and LS
media were globular, friable but not compact. In BRRI dhan-28, BRRI dhan-30

and BRRI dhan-31 varieties the leaf base derived calli were yellowish and friable.



In vitro Tissue Culture of Rice 50

The leaf base derived calli obtained on MS medium were yellowish and friable in

all varieties.

Mean values of callus producing potentiality of different explants are
shown in Fig. 3.12. The figure shows that scutellum explant produced highest
(62.10%) callus, followed by root explant (48.60%). Leaf base explant also shows
better response (35.80%) over mesocotyl explant (32.5%). The results indicated
that the scutellum explant appeared as the most suitable callus inducing explant in

rice producing two-fold callus formation over the values of mesocotyl.
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Fig. 3.12: Mean values of explants (over varieties) on three callus inducing media.
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3.3.5 Response of Different Varieties and Explants to Different Media

The mean values of callus induction of three different media are presented
in Fig. 3.13. The figure shows that among the three tested callus inducing media,
the N6 and LS media showed higher callus inducing response and produced 53.0%
and 52.40% callus respectively over the values of varieties and explants. There
was two fold increased in callus induction on N6 (53.0%) and LS (52.4%) media
over the values of MS medium (29.0%). Experimental results proved that N6 and

LS media were more suitable callus inducing media for the explants of rice

varieties.

g8 & 2

Callus
Induction (%)

Medium
Fig. 3.13: Mean values of callus induction (over varieties and
explants) on three different callus inducing media.

3.6 Regeneration of Rice
For regeneration study three rice varieties of BRRI dhan-28, BRRI dhan-30

and BRRI dhan-31 was selected on the basis of their greater percentage of callus
induction. Investigation on the comparative regeneration efficiency of a variety
needs enormous collection of induced calli. Under the present investigation,

regeneration study has been undertaken on the selected rice varieties through

somatic embryogenesis.
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3.6.1 Callus Regeneration Response

The embryogenic calli obtained from different explants of BRRI dhan-28
BRRI dhan-30 and BRRI dhan-

The calli obt

31 was subjected to different regeneration media.

ained from different explants had three morphological phenotypes.

Calli with a dry, compact and nodular appearance formed numerous globular

structures and were embryogenic nature. Second type of calli was friable,

translucent and somewhat slimy and never formed embryos called non-

embryogenic. The third type had a pronounced rhizogenic capacity and some of

them were entirely composed of root primordia.

3.6.2 Regeneration from Scutellum Calli

Plant regeneration from scutellum derived calli depends on a number of
factors e.g., age of scutellum, type of derived calli and varieties etc. The effect of
age of scutellum derived calli for three rice varieties were tested and the results are

given in Table 3.9.

Table 3.9. Age effect of calli derived from scutellum on regeneration

performance.
Age of scutellum Regeneration percentage in different rice varieties
callus (mean % + S.E.)
BRRI dhan -28 | BRRI dhan-30 | BRRI dhan-31
5-Days old 4.4 +0.7 52+1.0 3.1£0.5
8- Days old 20.7 1.6 21.1+2.8 16.9+14
21-Days old 85.3£3.0 882+2.38 86.6 +3.8

The 21 days old calli of BRRI dhan-30 gave the highest percentage of
regeneration (88.2%) while BRRI dhan-31 gave 86.6% and BRRI dhan-28 gave

85.3% regeneration. Regeneration efficiency of 5 days old calli was very low, only
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0 1 o .
3.1%. While 8-days old calli showed 16 to 21% of regeneration in all varieties of

rice. In 21-days old calli regeneration percent

(Fig. 3.14.).

age was found highest (86.40%)

The regeneration response of scutellum derived calli were studied and the

results are presented in Table 3.10. The table shows that the variety BRRI dhan-

30 gave highest regeneration response on medium RM (88.2%) while regeneration

response on medium RM3 was the lowest (33.0%). The regeneration response on

medium RM 1 was 72.3% and 42.2% regeneration was recorded on RM 2 for
BRRI dhan-30. The variety of BRRI dhan-31 gave highest regeneration response
(86.3%) on medium RM while 69.4% on medium RMI. The regeneration
response on media RM3 and RM2 varied from 29.1 to 39.1%. The variety of
BRRI dhan-28 gave the highest regeneration response on medium RM (85.8%)
and it was 65.2% on RMI. The lowest regeneration response recorded on media

RM 3 and RM 2 varied from 30.5 - 35.4%.

Individual regeneration percentage of three varieties for each medium was
computed and presented in Fig. 3.15. The figure shows that BRRI dhan-30 gave
88.2% regeneration in medium RM, which is two times more regeneration
response than the average value of media RMI, RM2 and RM3 (49.2%). In case
of BRRI dhan-28 the regeneration percentage was highest on medium RM
(85.8%), which was two times more than the average values of media RM1, RM?2
and RM3 (43.7%). In case of BRRI dhan-31 the regeneration percentage was
highest on medium RM (86.3%) and the average value of media RM1, RM2 and
RM3 was 45.9%. The figure shows that in the comparative study of regeneration
ium RM gave best regeneration response (86.8%), two times more

nedia RMI, RM2 and RM3 (46.2%).

media, the med

than the average value of 1
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= )
Fig. 3.14: Scutelluh’i derlved plants via regenerable callus.

A. Plantlets developed from the embryoids.
B. Scutellum derived plants.
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Fig. 3.15: Comparative regeneration response of scutellum derived calli on four
different regeneration media (RM)

A. Comparative regeneration response of BRRI dhan -28

B. Comparative regeneration response of BRRI dhan - 30

C. Comparative regeneration response of BRRI dhan- 31
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From the experimental results it can be concluded that the medium RM is

the best for scutellum derived calli in BRR] dhan-30, BRRI dhan-28 and BRRI

dhan-31. This medium i e : .
contained 3.0 % sorbitol with higher concentrations of

phytohormones NAA 1 mg/l and BAP 2 mg/l. Rueb et al. (1994) also observed

63% regeneration in Taipei 309 in the medium containing 2.0 % sucrose and 3.0
% sorbitol without phytohormones and average of 2 plants per callus were
produced. In the present study the percentage of regeneration was 88.2% in BRRI
dhan-30. An average number of four plants were produced per callus. Besides
normal plants, some albino plants were also found at a percentage of 0.3%. When
these albino plants were transferred to hormone free MS medium they remained

albinos in contrasts to the findings of Rueb et al. (1994). They found that the

albino plants of Taipei 309 gradually became green after shifting into hormone

free LS medium.
3.6.3 Regeneration from Leaf Base Calli

Leaf base derived callus obtained from three rice varieties culturing on
different media was transferred to regeneration media. Regeneration performance
of three rice varieties under different media was studied and the results are
presented in Table 3.11. Among the three varieties, BRRI dhan-28 and BRRI
dhan-30 failed to regenerate in all regeneration media. Only BRRI dhan-31
exhibited different levels of regeneration efficiency in different media
preparations. On transference to MS and N6 basal media without any growth
regulator, yellowish nodular calli became dark green or blackish and no further
morphogenic changes were noticed. In some cases, external portion of calli started

to become blackish and consequently the calli become necrotic.
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Table 3.11. Regeneration response of BRR] dhan-31 rice variety from leaf base

derived calli on BAP with NAA in MS and N6 basal media.

Regeneration Vistien
Media(RM) | Media formulation BRR] thn—3l
(mg/1)
%* S.E. of shoot  No. of Shoot length
formation ~ shoot/callus (cm)
RM MS+2.0mg/| BAP+  128+1.6 3.10 3.59
0.5 mg/. NAN _
RM1 MS+0.5 mg/l BAP 243+22 325 4.00
+ 0.05 mg/l NAA
RM2 MS+0.5 mg/l BAP 87+1.2 3.00 4.00
RM3 N6+0.5 mg/l BAP 82+0.6 3.25 4.00
+0.05 mg/l NAA
Mean+ S.E 13.5+3.7 3.15 3.89

RM = MS+2.0 mg/l BAP+ 0.5 mg/l NAA
RM1 = MS+0.5mg/l BAP+ 0.05 mg/l NAA
RM?2 = MS+0.5 mg/l. BAP
3 =N6+0.5 mg/l BAP+ 0.05 mg/l NAA
When the calli of BRRI dhan-31 were transferred to medium RM1 (BAP
0.5 mg/l and NAA 0.05 mg/l) shoot proliferation was started within two weeks of
subculture. Highest percentage (24.3%) of callus produced plantlets/ shoots and
maximum number (3.25) of shoots per culture were obtained in medium RMI
(Fig. 3.16). The percentage of shoot formation was 12.8% on RM medium. The
regeneration was found less in media RM2 and RM3 (8.5%). The result shows that
the leaf base explant gave poor response in callus formation as well as poor

response in regeneration. It may be concluded that the explant, which gave poor

callus response, would give poor regeneration response.
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Fig. 3.16: Leaf base derived plants via regenerable callus.

A. Plantlets developed from the embryoids.

B. Leaf base derived plants.
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The regeneration efficiency was highly affected by different media
composition and the mean value of the efficient performance of four media used in
the experiment was also shown in Fig. 3.17. RM1 media composition was proved
as the most efficient for regeneration of calli derived from leaf base, which was

47.3 % increased performance over RM and 64.19 % and 66.25 % increased

values over RM2 and RM3 respectively.

o

= — Variety - BRRI dhan - 31

15-

Percentage

10-

Fig. 3.17: Regeneration response of leaf base derived calli on
four different regeneration media (RM) in BRRI dhan-31 .
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The explant root produced calli, which looked like embryogenic in nature
but failed to regenerate into whole plant in tested regeneration media

3.6.4 Regeneration from Mesocoty] Callj

Mesocotyl derived callus obtained from three rice varieties culturing on
different media was transferred to four regeneration media. Regeneration
performances of three rice varieties under different media were studied and the
results are presented in Table 3.12. Among the three varieties studied BRRI dhan-
28 and BRRI dhan-31 failed to regenerate in regeneration media. Only BRRI
dhan-30 exhibited different levels of regeneration efficiency in different media
concentrations. On transference to MS and N6 basal media without any growth
regulator, creamy, nodular calli become dark green or blackish and no further

morphogenic changes were noticed. In some cases, external portion of calli started

to become blackish and consequently the calli become necrotic.

When the calli of BRRI dhan-30 were transferred to medium containing
RMI1 (BAP 0.5 mg/l and NAA 0.05 mg/l) shoot proliferation was started within
two weeks of subculture. Highest percentage (32.4%) of callus produced
plantlets/shoots and maximum number (4.55) of shoots per culture were obtained
in medium RM1 (Fig. 3.18). The percentage of shoot formation was 22.3% on RM

medium. The percentage was found less in media RM2 and RM3.

In the present investigation it was observed that different concentrations of
2,4-D alone produced callus in good frequency from mesocotyl explants of rice. It
is also noted that, in the present study, there were no albino plants obtained from
mesocotyl derived callus. Albino plants are unwanted and their production greatly

limits the objects of tissue culture technique (Torrizo and Zapata, 1986).
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Fig. 3.18: Mesocotyl derived plants via regenerable callus.

A. Plantlets developed from the embryoids.
B. Mesocotyl derived plants.
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Among tl leti i i
g the three varieties of rice studied in this investigation BRRI dhan-

8 and BRRI dhan- i :

2 | n-31 failed to perform a complete process of artificial
regeneration under ‘mesocotyl culture. However BRRI dhan-30 experienced an
efficient performance under both the previews of callus induction and regeneration

in mesocotyl culture. The present study revealed that the variety BRRI dhan-30

proved to be a suitable rice variety holding potentiality of genetic manipulation to

be applied in mesocotyl explant culture.

Table 3.12. Regeneration response of BRRI dhan-30 rice variety from mesocotyl

derived calli on BAP with NAA in MS and N6 basal media.

Regeneration Media © Varieties
Media(RM) formulation BRRI dhan-30
(mg/l) %z S.E of No. of Shoot
shoot formation shoot/callus length (cm)
RM MS+2mg/] 243 %17 2.00
BAP+0.5 mg/l.
NAN

RM1 MS+0.5 mg/l
BAP + 0.05 mg/l

NAA 324+£3.0 4.55 4.00
RM2 MS+0.5 mg/. 8.3+0.6 3.25 4.00
BAP
RM3 N6+0.5 mg/l BAP 124+1.1 3.69 3.50
+0.05 mg/l NAA
Meanzt S.E 18.8 +5.3 3.37 4.03

RM = MS+2 mg/l BAP+ 0.5 mg/l NAA
RM] = MS+0.5mg/l BAP+ 0.05 mg/l NAA
RM2 = MS+0.5 mg/l. BAP
RM3=N6+0.5mg/IBAP+0.05mg/INAA
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3.7 Meristem Regeneration Response

The meristem (leaf base) of six rice varieties was isolated from different

aged seedlings and cultured on MS medium for meristem regeneration. The results

of regeneration of six varieties are presented in Table 3.13. The result shows that

all tested varieties gave regeneration from meristem in the range of 31.3 - 64.7%

when meristem was isolated from 4 days old seedlings. The variety BRRI dhan-28
gave higher regeneration (64.7%), followed by BRRI dhan-30 (56.1%). The
variety BR-22 gave the lowest value of meristem regeneration (31.3%), followed
by BR-23 (38.6%). The varieties of BRRI dhan-29, BRRI dhan-30 and BRRI
dhan-31 gave moderate response in meristem regeneration about 49.4%. The mean
values of meristem regeneration from different aged seedlings shows that BRRI
dhan-28 gave highest meristem regeneration response (49.0%), followed by BRRI
dhan-30 (43.9%), BRRI dhan-31 (39.7%) and BRRI dhan-29 (31.3%). This
difference of meristem regeneration response might be due to difference of
genotype. The variety BR-22 gave lowest response among tested varieties
(25.0%), followed by BR-23 (31.1%).

Table 3.13. Effect of different age of seedlings on meristem regeneration.

Varieties
Age of seedlings| BR-22 | BR-23 | BRRI BRRI BRRI BRRI
%+ S.E. | %+S.E. | dhan-28 | dhan-29 | dhan-30 dhan-31
%+SE. | 9+SE | %tSE | %tSE.
4 — day 313423 38.640.6 64.7+2.9 40.1+1.6 56.1£2.4  51.2+2.4
5 —day 20.64+3.8 343424 55.0+2.1 32.6£2.1 503434 452429
7 - day 14.342.6 20.5£2.9 273+24 212£1.7 253432  22.7+2.8
Mean + S.E. |25.045.4 31.1+5.4 49.0£11.2 31.3%54 439194  39.7+8.6
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The effect of different concentrations of phytohormones of NA A and BAP

erved ist : ‘
Vs 208 Of Meristem regeneration, Meristems of six varieties were isolated

from 4 day old seedlings and subjected to MS medium supplemented with

different concentrations of phytohormones and the results of the experiment are

shown in Table 3.14. The table is presenting the meristem regeneration response

of six varicties on MS medium with 10 different concentrations of BAP and NAA.

The table shows that the response of meristem reégeneration ranging from 31.3 —
64.7 % on MS medium without any hormone. With the addition of NAA and BAP
the meristem regeneration was decreased. The meristem regeneration ranging
from 10.3 — 30.2% in all tested varieties at 0.5 mg/ 1 NAA and 0.5 mg/1 BAP.
With increasing concentration of BAP while NAA kept constant the meristem
regeneration was slowly decreased. But with the increasing concentrations of
NAA while BAP kept constant the meristem regeneration was decreased
considerably. The percentage of meristem regeneration became very low at
hormone level of 0.5 mg/1 NAA and 2.5 mg/1 BAP (8.7%) than that of hormone
concentration of 2.5 mg/l NAA and 0.5 mg/l BAP. The meristem of varieties
BRRI dhan-28 and BRRI dhan-30 gave half the value of regeneration when
cultured on MS medium supplemented with 0.5 mg/l NAA and BAP. The
varieties BR-22 and BR-23 gave 3 times less meristem regeneration on MS
medium with 0.5 mg/ 1 NAA and BAP. The variety BRRI dhan-29 and BRRI
dhan-31gave two times less regeneration in this medium when compared with MS

without hormones. The varieties BR-22, BR-23, BRRI dhan-28, BRRI dhan-29,

BRRI dhan-30 and BRRI dhan-31 gave meristem regeneration within the range of

1.0 —31.0% on all cultured media.
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Table 3.14. Regeneration efficiency of meristem op MS medium supplemented

with different concentrations of NAA and BAP (mg/1)

Varieties (mean % + S.E. )

BRRI BRRI BRRI | BRRI

| | | dhan-28 dhan- -3
MS without hormones 31.342.3 38.6+0.6 64.742.9 '40%;11?96 sgfﬁ_;a gi];r‘l‘:;z

Media formulation BR-22 | BR-23

MS+0.5mg/1
NAAT0.Smg/A BAP . 103£1.8 14.141.8 285431 155420 30943.0 25.042.0
MS+0.5mg/l

NAALOm/ALBAP 118416 17.121.6 25.043.0 163226 27.1+32 274433
MS+0.5mg/l
NAATLIMGIBAP  g5416 132415 22333 122413 23.643.1 22.5409
MS+0.5mg/l
NAAR2Om/LBAP 75105 92408 183£12 105408 17.340.7 14.540.6
MS+0.5mg/]
NAARZSm@IBAP 93103 7.6408 . 10.0+07 ° 82406 112406 7.1+0.9
MS-+1.0mg/l |
NAAFOSmg/LBAP ;0110 72409 11419 92407 149420 5308
MS+1.5mg/l |
NAATOSMABAP o he 70407 101510 63206  9.1£0.5 62+0.8
MS+2.0mg/1 _
NAAFOSmEABAP o 03 8104 101302 32802 53306 4.8:0.4
MS+2.5mg/]

NAA+0.5mg/l BAP 2.54¢0.3 4.2+0.7 22402 (SR04 il SR

The effect of different hormones on meristem regeneration was studied and
the mean values of meristem regeneration with different concentrations of
hormones and without hormones are shown in Fig. 3.19. The figure revealed that

the hormones NAA and BAP when used at different concentrations decreased the

meristem regeneration. In case of BRRI dhan-28 and BRRI dhan-30 four times
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decrease in meristem Tegeneration was observed In varieties BR.
BRRI dhan-29 and BRRI dhan-

folds. Different stages of meristem regeneration are shown in Fig. 3.20. The figure

22, BR-23,

3 ; )
1 meristem regeneration were decreased in four

shows that when meristem was cultured on MS medium, the root formation started

at basal portion and shoot formation at upper portion (Fig. 3.20). The meristem

directly regenerated into whole plant without forming any callus

~
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Fig. 3.19. Comparison of meristem regenerated plants with and without hormones.

Bobak et al. (1995) also observed such type of response in Dorser
rotundifolia L. (a carnivorous plant) during shoot regeneration from isolated
leaves. They observed best direct shoot regeneration on MS growth regulators free
medium or at very low concentration of NAA. The similar findings were also
found by Simola, (1987) and Anthony, (1992), they reported that hormone free

medium induced regeneration in leaf culture of Droser rotundifolia L.
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Fig. 3.20: Different stages of meristem regeneration of BRRI dhan-30

A. Four days old cultured leaf bases on MS medium producing root and

shoot.

B. Seven days meristem regenerated plants.
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3.8 Establishment of Plants ip Hydroponic ang Soil

In the beginning of this research work the regenerated plants when
transferred directly to the soil most of ther died. It indicates that the fibrous root

system of young rice seedling developing in a synthetic medium could not be able

to absorb their nutrients easily from the soil. This problem of plant establishment

in soil necessitates formulating an intermediary liquid system, so that the delicate

root could easily absorb their nutrients from liquid medium (Yoshida et al., 1976).
Hydroponic medium was formulated by considering the basic concept of nutrients
requirement present in MS medium. The hydroponic medium contained of macro
and micro salts and lower pH (5.5). The plants regenerated from different tissue
explants were transferred to hydroponics medium for their better establis.hment.
Within two weeks regenerated plants produced elaborated roots in hydroponic
medium (Fig. 3.21.). After proper hardening when the plants developed root

system they were transferred from hydroponic into soil (Fig. 3.22).
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k5 - G- ST

21: Establishment of BRRI dhan-30 plant in hydroponic medium.
Fig. 3.21: Es
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Fig. 3.22: Establishment of regenerated plants in soil.
A. Regenerated plant of BRRI dhan-28.

B. Regenerated plant of BRRI dhan-30

C. Regenerated plant of BRRI dhan-31






CHAPTER-IV
4. Anther Culture of Rice

4.1 Introduction

Haploids obtained from anther culture are very potential breeding material
in crop improvement (Collings and Genovesi, 1981). The haploid plant formation
through anther and microspore culture has been reported in differen.t cereal crops
wheat (Picard and De Buyser, 1973; Ouyang, 1986), rice (Wang et al., 1979;
Genovesi and Maggill, 1979), maize (Petolino and Jones, 1986), barley (Foroughi-
Wher et al., 1982) and rye (Wenzel et al., 1977). After a decade of intensive
tissue culture research on rice and other plants, the uses and limits of tissue culture
and related research have been clearly defined. Résearchers working with rice
have successfully produced callus and plants from plated ovaries, anthers and from
isolated pollen (Niiuzeki and Oono, 1968; Chu et al, 1975; Qono, 1977; Hu,
1978; Wang et al., 1979; Chaleff, 1980; Chen et al., 1980; Kurcherenko, 1980).
Production of haploid plants of rice (Oryza sativa L.) through anther culture was
first reported by Niiuzeki and Oono in 1968. Since then, extensive research has
been carried out in many laboratories around the world. Now the techniques for
anther culture of rice have advanced to the level that large numbers of haploids
and spontaneously doubled haploids can be obtained from many cultivators and
hybrids. The theoretical basis for the utilization of anther derived plants for
breeding has also beeri established (Lee and Chen 1982; Chen et al., 1982; Chen et

al., 1983). Thus rice has become one of the few crops in which anther culture can

be readily applied to breeding programs.
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Certain cold : ...
pretreatment has a positive effect on androgenesis. The low
temperature pretreatment effect on callus formation and several investigators have

studied regeneration in rice anther culture (Genovesi and Maggill, 1979 and

Cornejo-Martin and Primo-Millo, 1981). The 4oC or lower temperatures have

been considered too severe for obtaining an optimum response in rice (Genovesi
and Maggill, 1979).

By using anther and pollen culture techniques it is possible to produce

haploid and homozygous plants from single gametes. An important advantage of

anther culture is that the phenotype of the haploid plants is the expression of single
copy genetic information and there is no masking of trait through gene dominance.
Hence these plants are useful in plant breeding programs for the selection of
desirable characteristics. In view of the stated above the present research was

performed in anther culture of seven rice varieties for knowing their ability for

induction of calli, regeneration of pollen and effect of cold treatment as well.

4.2 Materials and Methods

The genotype 6f donor plant has a great influence on the response of anther
culture. Anther donor plants of seven rice varieties commonly cultivated in the
country viz. BR-5, BR- 10, BRRI dhan-29, BRRI dhan-31, BRRI dhan-34, BRRI
dhan-37 and BRRI dhan-38 were taken from the field of Regional Rice Research

Institute, Rajshahi, Bangladesh during the main crop season (June and November,

1999).
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4.2.1 Panicle Collection and Sterilization of Boot

Panicles were collected from the donor plants when the microspore

condition was at the uninucleate stage. In all cereals investigated the early or mid-

uninucleate stage of microspore development was found to give the best results in
androgenesis (Bajaj, 1983; Wenzel and Foroughi-Wher, 1982: Dunwell. 1986 and

He and Ouyang, 1984). Prior to culture, precise stage of microspore of mid to late-
uninucleate stage was determined by squashing anther from a floret close to the

middle of the panicles. Microspore development was observed at the different

days of culture initiation by acetocarmin staining. Certain pretreatment of the
inflorescence can have a positive effect on the development of microspores. For
cereals, cold pretreatment was found most effective. Therefore, the selected tillers
containing panicle with microspore at mid to late-uninucleate stage were wrapped
in foil and kept at 6° C chamber for 3-7 days. The upper and lower anthers of the
panicles were discarded and only those at the appropriate in the middle were used
in culture. Leaf sheath enclosed the panicles were sterilized by dipping intact in
70% ethylalcohol for one minute just before inoculation of anther. They were then
carefully removed, anthers were separated with a forceps and then put in 6 cm
petridishes containing callus induction medium. Petridishes were sealed with
parafilm and were incubated at 26+1°C in dark for callus induction. Anther
derived calli were sub-cultured in regeneration medium and were exposed to 12
hours photoperiod maintained by fluorescent tube light. The pH of the media was

adjusted to 5.8 and all the media were solidified with agar. The development of

anthers in each experiment was counted and the frequency of callus induction was

calculated by the following formula:

Number of anther produced callus <100

9 of callus induction frequency = Number of anther cultured
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4.2.2 Optimize the Time for Cold Pretreatment

Commonly

cultivated seven varieties of BR-5, BR-10, BRRI dhan-29
BRRI dhan- ,

31, BRRI dhan-34, BRR] dhan-37 and BRR] dhan-38 rice was taken

as donor from the field of Regional Rice Research Institute, Rajshahi during the

main crop season (June and November, 1999). Cold pretreatment was performed

according to the modified method of Chen et al, 1982. Briefly, panicles were

harvested shortly after the flag leaf just emerged and when the MICrospores were

at the early to mid uninucleate stage as observed by 1:3 aceto-carmine staining.

For this experiment six treatment (T) were performed along with control. For the
treatments, harvested panicles were stored for I-day (T1), 2-day (T2), 3- day (T3)
4- day (T4), 5- day (T5) and 6- day (T6) at 6°C in dark chamber. For control,

panicles were harvested on the day of culture initiation.

Sterilization of panicles was carried out by dipping intact boots in 70%
ethanol for 2 min just before the inoculation of anthers. The outer covering of the
panicle was removed with a sharp scalpel and panicles were cut at the base to
excise the anthers.- On an average 50 anthers were inoculated in each 6 cm
petridishes containing 15 ml of semi solid callus induction medium and sealed
with parafilm. Three callus induction media of N6 (Chu et al., 1975), Z2 which,
modified from H5 (Huang ef al., 1978) and R2 (Chaleff, 1980) supplemented with
NAA, Kin and 2,4-D. The cultures were incubated at 26:£1°C for 4-5 weeks in the
dark for callus induction. Anther derived calli subcultured on regeneration semi
solid medium and subsequently transferred to the culture room at 16h/3h, light/
dark regimes for good shoot and root formation. Data of anther response and green

plantlet regeneration were recorded in each experiment by counting the number of

calli/anther, number of green plants/callus and albino plants respectively.
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4.2.3 Preparation and Sterilization of Media for Rice Anther Cultu
re

Culture media for the growth of different explants consist of various

inorganic salts. Inorganic nutrients consisted of number of major elements such
N, P, K, Ca, Mg,

as

S and minor elements such as Fe, Mn, Zn, B and | etc. These

inorganic nutrients were supplied as water soluble compounds and organic

nutrients included as carbon sources, which were usually supplied as sucrose and

organic growth substances mainly vitamins of B group.

The basic media used in tissue culture studies were prepared as described in
the Table 4.1. The basic medium supplies nutrients and provides suitable pH and
osmotic pressure for the growth of culture. In order to regulate the growth and
differentiation of the cells always necessary to supplement the basic medium with
various physiologically active substances, phytohormones such as auxins and
cytokinins. ~ The Z2, N6 (Chu et al, 1975) and R2 (Chaleff, 1980) and
regeneration medium RM derived from MS media were prepared and the pH of all

these media was adjusted to 5.8 with IN NaOH prior to sterilization. Then it was

solidified with agar and sterilized at 121°C at 15 1bs for 20 minutes.
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Table 4.1. Ingredients of different Improved callus induction media used in the
study.

Constituents

Concentration in medium (mg/L)

Z2

Macronutrients i N6
KNOs 3181.

NH,NO; 1 o 2830
MgS0.7H,0 - 185 370 )
KH,PO, 540 b ;35
CaCl;.2H,0 166.0 440 122
(NH4)2.80,4 231.0

KCl ) : 463
Nal-IZPO4.I-120 N -

Micronutrients )
H;BO; _ 6.0 6.2 16
MnSO; 4H,0 2233 16.8 44
ZnS0,.7H,0 10.6 6.62 1.5
NaMoO. 2H,0 0.25 0.25 -
CuS0,4.5H,0 0.025 0.25 -
CoCl;.6H,0 0.025 0.025 -
KI 0.80 0.83 0.8
FeSQ,.7H,0 55.7 27.8 27.8
Na,EDTA 74.5 372 37.3

Vitamins and Sugars
Thiamine HCl . 2.5 1.0 05
Pyridoxine HCI 2.5 0.5 0.5
Nicotinic acid 2.5 0.5 1.0
Myo-inositol 100 100 100
Cascin hydrolysate 500
Sucrose 30000 30000 30000

Amino acids
Glycin 2.0 G 2.0
L-glutamine = - -
L-aspartic acid . : )
L-arginine - ) )

Hormones
2“4, D 0.5 - 2.0
Kinetin 0.5 2.0 i
GA3 - )

NAA 2.5 0.3 :
iegjr'" 10000 10000 oo
pH 5.8 5.7 .
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4.2.4 Callus Induction in Different Medig

e cult um i : ;
Th ure medium is one of the most Important factors for the induction

of androgenesis and the subsequent development of new structure and plants. In

the present experiment three types of media viz. Z2, N6 and R2 were used for

induction of rice anther culture, For induction of callus from anthers and its

subsequent regeneration different concentrations of auxins and cytokinin were
used. These hormonal concentrations were tested in three media viz. Z2 from HS
(Huang et al, 1978), N6 (Chu et al., 1975) and R2 (Chaleffs, 1980). These three
media was supplemented with 2.5 mg/l NAA, 0.5 mg/1 kinetin and 0.5 mg/l 2,4-D.
Again the media were solidified with agar and pH was adjusted to 5.8 prior to add
the agar. All the experiments for induction of callus from anthers of rice cultures
were incubated in dark condition. After 3-4 weeks of incubation, pollens of the
responsive varieties started to produce callus. Data of both the anther inoculation

and callus formation were recorded.

4.3 Regeneration of Rice

For regeneration, anther derived calli were transferred to two regeneration
media. RM1 and RM2 and these regeneration media are the simply modified MS
medium having difference in hormone concentrations. RMland RM2 media
supplemented with MS+ kinetin 0.5 mg/l+ BAP 2.0 mg/l+ NAA 1.0 mg/l and
MS+kinetin 1.0 mg/l +1.0mg/l NAA and was exposed to 12 hours photoperiod

maintained by fluorescent light. The percentage of regeneration of plantlets was

calculated and recorded.
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4.4 Results and Discussion

4.4.1 Callus Induction

Seven varieties of BR-5, BR-10 BRRI dhan

29, BRRI dhan-31, BRRI
dhan-34, BRRI dhan-37 and BRRI dhay,-

38 rice were tested for callus induction in

three basal media as shown in Tabe 4.2 and Fig. 4.1. Callus induction was

arieties among seven in 72 medium; however, the induction
frequency was varied. BR-5 and BRR] dh

recorded in five v

an-38 were induced in N6 medium

while in R2 medium induced only BRRI dhan-38. On the ofher hand BRRI dhan.
38 produced lower percentage of callus in all of three media. The highest
percentage of callus (53.4%) and highest embryogenic structures (93.2%) was
observed in BRRI dhan-38 in Z2 medium. Out of the three media tested 72 was
found to be most effective than N6 and R2 and it showed that callus induction
efficiency in Z2 was higher than that of either HS or 72 respectively. This result
supported by Shahjahan et al,, 1985 and they suggested that Z2 media appeared
better for efficient callus induction of indica varieties of rice. Z2 medium prepared
by changing the amounts of pyridoxine HCI, nicotinic acid, yeast extract and
sucrose in the original HS medium was found more efficient than H5 in callus
induction of cultivars belonging to the indica genotype. This study proved Z2 to
be more effective than either N6 or R2 for the indica type cultivars. It was also
observed that only BRRI dhan-38 induced calli in all three basal media used for
this experiment. The result indicated that different varieties hold different degrees
of potentiality of anther induction in different media. The genotype of the pollen

plant has the greatest influence on the frequency of pollen callus formation (Chu,

1982).
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Fig. 4.1: Different types of anther derived calli.

A. Initiation of anther derived calli.

B. Anther derived calli.
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2. Fre ' i
Table 4.2. Frequency of callus inductiop from anthers of different rice varieties i
arieties n

three induction medjg Supplemented by 2.5 1y,

g/l NAA+Q. :
+0.5 mg/l 2.4-D, 0.5 mg/l Kin

Viedia Genotype Callus formation (Y% £S.E) Embryogenic response (% +
BR-5 15.5+1.2 2:;;3) )
BR-10 o
BRRI dhan-29 - B
N6  BRRIdhan-31 ) )
BRRI dhan-34 - }
BRRI dhan-37 B i}
BRRI dhan-38 22, 1:;2.3 35.8;2.7
BR-5 35.63.4 83.622.9
BR-10
BRRI dhan-29 : )
72 BRRI dhan-31 2904127 77.5;2.7
BRRI dhan-34 36.242.8 79.8+1.8
BRRI dhan-37 50.3+1.8 91.1+1.8
BRRI dhan-38 53.4+1.6 03.2+1.0
BR-5 _ _
BR-10

BRRI dhan-29 _

R2 BRRI dhan-31 _ _
BRRI dhan-34 _ _
BRRI dhan-37 _ _
BRRI dhan-38 16.4+1.8 28.8+2.2

*Calculated on the basis of number of anthers (minimum 1000) inoculated.

The production of haploid plants from anthers offers plenty of scope for
rapid development of homozygous lines for early release of new crop varieties.
Besides, it allows the use of haploid cells or protoplasts for induction and selection

_ _ sy e duced
of recessive mutations. Scientists working with rice have successfully pro
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callus and plants from planted ovaries, anthers and from isolated pollen (Nijuzeki
Hu, 1978; Chen ef al., 1980 and
Kurcherenko, 1980). By application of anther and pollen cultyre techn

and Oono, 1968; Chu, 1975; Oono, 1977,

iques it is
possible to improve our rice varieties though production of double haploid plants,

Isolated anther of Datura innoxia was able to form haploid embryos in vitro was

reported by Guha and Maheshwari (1964, 1966). Subsequently, Bourgin and
Nitsch (1967) obtained the first haploid plants from isolated anther of Nicotiana.

@72 EN6 OR2
50.3

60 -

50

40-

30-

204

Callus induction (%)

10

0-

Varieties

Fig. 4.2: Callus induction efficiency of Z2, N6, and R2 media in seven rice

varieties.

i f
During the last decade much progress have been made in anther culture o

H , Malz ras

ination of a shot term
microspore culture is an important tool for the determination

tly depends on
breeding values of a species. But the success of anther culture mostly dep

i tors.
the genotype of the anther donor material and other fac
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As shown in Fig. 4.2, tje induction medjum Z2 supplemented with 2.4-D

0.5 mg/l, NAA 2.5 mg/l and kinetip 0.5 mg/l was found suitable for inducing

callus compared to other hormonal concentrations of 72

. and N6 and R2,
Moreover, 1t was observed that BRR] dhan-38 responded the highest mean callus

induction frequency (53.4%). This result well agrees with the result of H

(1991) and Sandhu ef al., (1993),

akim

There was a great variation in morphological nature of callus and

percentage of callus formation. Rapid callus initiation was observed when the

culture was supplemented with 2.4-D in combination with NAA or kinetin than

2.4-D alone. Cold treatment of panicles at 6°C for 1-6 days enhanced the culture

response supported by Lee e al. (1989). They were also reported the beneficial
effect of cold pretreatment in enhancing cultural response. Initiation of callus
occurred within 25-28 days and the frequency of callus induction ranged from
27.7% to 53.4% depending on the genotype. Taking this view in consideration, a
lower concentration of sucrose (3% w/w) was used for callus induction and
comparatively better result was found. Because, sucrose has been used as the
major carbohydrate source in the induction media in cereals androgenics. Bajaj
(1983) also reported that pretreatment of cold appears to inhibit spindle formation

and increase the frequency of androgenics.
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4.4.2 Plantlet Regeneration

For plantlet regeneration call; Were transferred to two regeneration media

(RM) of RM1 and RM2 and the results are Summarized in Table 4.3 ang Fig. 4.4,

ation of callj varied from 7 to 34
highest regeneration was found in BRR] dh

[n both media the percentage of regener % and the
an-37 with the addition of Kinetin (0.5

mg/l), BAP (2.0 mg/l) and NAA (1.0 mg/l).  When compared between two,

medium with the addition of the former supplement stated above (RMTI) gave

Upon transfer to RM1 medium
among five genotypes the highest percentage of green plants (33.2%

excellent regeneration of plantlet in anther callj.

) and albino
plants (11.1%) were produced in BRRI dhan-37 followed by 28.1% green and
10.5% albino plants in BRRI dhan-38 (Fig. 4.3). While in RM?2 medium, the
highest percentage of green (30.5%) and albino plants (10.1%) was recorded in
BRRI dhan-38 followed by 25.7% green and 11.5 % albino plants in BRRI dhan-
34. Oono (1975) reported the differentiation of primarily green plants from

microspore derived callus of the japonica variety Minehikari.



Fig. 4.3: Production of plants via regenerable callus.

A. Plantlets developed from the embryoids.
B. Anther derived plants.
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. Freque f
Table 4.3. Frequency of plantlet fegeneration from anther derived
rice varieties. calli of different

Regeneration

T - 1 -
media (RM) reatment (lﬂg/l) Varleties %+ S.E. of % + S.E. of
green plants  albing plants
BR-5 256114
| .61, 8.5+0.7
MS+BAP 2.0mg/ |+ BRRIdhan-31 10, 1£1.2 4.540.6
RM1 Kn0.5mg/ BRRI dhan-34 11.3+0.5 5.240.6

I+NAA1.0mg/l BRRI dhan-37
BRRI dhan-38

33.2+1.9 11.140.9
28.142.0 10.5%1.1

BR-5 7.140.8 3.5+0.4
| MSHKRLOmg/l+ BRRIdhan-31  8.6+0.7 6.420.6
< NAAI.Omg/l BRRIdhan-34  257+] 5 11.5+0.8

BRRIdhan-37 23.3+] 4 9.2+1.1
BRRI dhan-38 30 549 1 10.140.6

RM= Regeneration media
RMI= MS+BAP 2.0mg/lI+Kn0.5mg/I+NAA1.0mg/]
RM2=MS+Knl.0mg/I+NAA1.0mg/!

In regeneration medium some calli lost their ability to produce plants and
died while the others differentiated into green and albino plants. In anther culture
of rice appearance of albino plants is very common phenomenon. Albino plants
are morphological similar to the green plant except for chlorophyl deficiency. The
frequency of albinos is variable, ranging from 5 to 80% (Chen et al., 1980).
Several workers have suggested the possible causes of albino plant formation in

callus culture. Chen (1986) reported that the production of albino plants was

. . . mno
influenced by many factors, €.g. genotype, medium composition, incubating

conditions and physiological status of donor plants. Wang et al. (1977) stated that

. _ _ . B -
different genotypes showed variation induction of albino plant ranging from 10%
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70%. High sucrose concentration (above 6%) in the induction medium i

the proportion of albino plants (Wang et qf, 1987). Calli deriveqd frommbm:reased
wheat pollen cultured in a medium containing 12% sucrose produ:rdey -
albinos. Among physical factors, high temperature at the initia] stage of iniub:::z
also resulted in increased albino production (Wang ez al,, 1987). The low content
of chlorophylls may be one causes of albino formation. The production of a large

number of albinos appears to be a serious problem in anther culture in rice

354
RM1 ERM2

30+

254

T

20+

16+

L SRS T bt ST

10+

Regeneration response (%)

BR-5 BRRI dhan-31 BRRI dhan-34 BRRI dhan-37 BRRI dhan-38
Varieties

Fig. 4.4: Comparative regeneration response of different varieties on to

different media (RM)
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Results from several laboratories have indicated th

at the proportion of regenerated

albino plants was genetically contro]leq (Oono, 1975 ang Ch
> en and Lin,

present study indicates that the ability of callys fq o

rmation from ant

] o her of varieties
are largely dependent on culture medjum in addition chojce f
of v

© N ariety would be
the critical factor to ensure the fecovery of a high frequency of I
| | green plants,
Factors that influence the differentiation of anther callus are i) age of tl tl
the anther

and plant

regeneration by two step culture method and plant regeneration as described by

Inone and Macda, 1981. So it is possible to suggest that to obtain the homozygous

diploid plants need to culture the pollen, besides genotypes must seek ways to

improve the cultural conditions and the media to resolve the albino problem.

4.4.3 Optimization of Cold Pretreatment Duration

Anthers of cold pretreated panicles were cultured in Z2 and regeneration
medium (RM) and mean values of callus induction and their regeneration were
recorded and presented in Table 4.4. The highest embryo production were
recorded in treatment-3 (T;) and they were 83.6%, 77.5%, 79.8%, 91.1% and
93.2% in the genotypes of BR-5, BRRI dhan-31, BRRI dhan-34, BRRI dhan-37
and BRRI dhan-38, respectively while the efficiencies of green plant regeneration
were 27.3%, 15.6%, 17.7%, 30.61% and 33.0% respectively. In all treatments
comparatively higher values both of embryo production and green plant
regeneration were found than that of control (Table 4.4). However, T provided

. . -ati its
the most effective condition for embryo induction and regeneration and

performances were remarkably differed from other treatments and control.
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In regard to explant, anther culture is more delicate, sensitive and simple and

jation in physical condition alsg offers positive causes to improve induction
variatl

d regeneration efficiency. In the Present investigation, ¢old treatment was
and reg

lied for improving quality of anther culture of rice. For cold treatment,
app 1€

ion is another aspect of variation in culture response. Bajaj (1983) reported
duratior

- ol 4- . 1
Id treatment increase the frequency of androgenesis and also mentioned tha
that co

i mal first
's to inhibit Spindle formation and some cases may cause an abnorma
it appear

I ed out the optimum duration
' ‘ment was conducted to sort
itosis. The present experir
mitosis. T

1 c I i LUr \% if tilT\Uln
1d atment Sllb-ected to the panl(:les before CU“,UIC. Under erlﬁed Op
0l CO tred

[ and 1 4 1 ! tion
; - fold and -10 fold Increased forma
i 3 d 4 the embryo 7-10 fo
conditions In 3
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. V L . A .
Table 4.4. Varietial performance ip anther induction ang rege i
Neration under

different durati ‘
10ns of cold treatment of panicle 6° C.

Cold N Anther Frequency of Frequenc
pretreatment(%) Genotype response (%) . mbryo or‘g“bfy()), Frequency of  Frequency of
e Induction (%) regeneration (%) &reen plants (%)-  albino(%)
-5 2.03

BRRI dhan-31 .89 ;ég 3.10 2.50 125

Control  BRRI dhan-34 2.52 5.40 e 1.20 115

BRRI dhan-37 3.9+0 7'sg 3-;3 1.00 1.00

BRRI dhan-38 4.01 8.90 431 2165 1.48

— BR-5 10.05 3020 1330 2.20 2.50

BRRI dhan-3 1 9.35 2736 g 1020 6.40

i, BRRI dhan-34 11.20 32,00 17.01 o 12

BRRI dhan-37 14.26 33.92 1940 1610 10.00

BRRI dhan-38 15.12 35.25 2020 1201 50

BR-3 IT.04 3124 14.00 10.50 )

BRRI dhan-31 9.78 28.01 1175 8.10 s

T BRRI dhan-34 1421 35.00 21.02 12.20 162'0210

BRRI dhan-37 16.53 39.50 25.60 17.82 1150

BRRI dhan-38 17.69 41.20 29.10 18.01 13.60

BR-5 35.45 83.6 40.02 2730 19.50

BRRI dhan-31 27.79 77.5 37.23 15.60 17.90

T, BRRI dhan-34 36.35 79.8 3750 17.65 18.00

BRRI dhan-37 50.20 91.1 4120 3061 2230

BRRI dhan-38 53.23 93.2 43.50 33.00 24.60

BR-3 30.10 7454 35.60 2301 16.89

BRRI dhan-31 24.36 65.90 30.40 13.90 15.00

o BRRI dhan-34 32.23 76.98 36.80 15.00 18.75

BRRI dhan-37 45.62 82.65 38.01 2635 19.02

BRRI dhan-38 48.45 86.50 39.05 29.03 21.05

BR-5 1330 32.02 13.05 9.97 6.38

BRRI dhan-31 12.60 29.09 1150 7.56 4.52

Te BRRI dhan-34 18.25 42.50 1530 11.06 10.21

BRRI dhan-37 20.64 47,95 1632 12.75 1145

BRRI dhan-38 21.13 51.03 18.06 14.78 12.30

BR-3 6.10 11.00 4.00 3.04 3.75

BRRI dhan-31 5.25 9.50 3.02 225 1.75

pA BRRI dhan-34 8.90 18.20 7.10 3.45 4.75

BRRI dhan-37 10.39 23.01 9.50 5.00 6.05

BRRI dhan-38 11.00 25.30 10.90 8.10 7.10

Control: Anthers are directly cultured without any cold pretreatment ofpanicie

For the treatment T, T, Ts T4 Tsand T panicles were pretreated by cold at

6°C chambers for 1.2.3 4.5 and 6 days, respectively. For all treatments cultures

were transfer to 28°C chamber in dark for embryo formation.
| e . - siX
In the present experiment the duration varied from 1 to 6 under

| _ A ost suitable for
treatments days and the duration range 3-4 days was proved to be m
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induction and regeneration in rice anther culture in both T5 and T,. The results

atment before culture is a
Jecessary Step for inducing androgenesis. On the other hand, the efficiency

presemed in the Table 4.4 also indicateq that cold tre

of
induction and regeneration of anthers gradually decreased while the durati

on
extending from 5 to 6 days. If the duration further increased the vi

ability of the
anther has been totally lost and the similar regult 1

as been reported in wheat where

low temperature for a long time decreased the callus induction.

Cold pretreatment is very much effective in enchanting the callus formation

and regeneration in rice (Croughan and Chu, 1991, Genovesi and Maggill, 1979
and Wang et al., 1974), wheat (Amssa et al., 1980), maize Genovesi, 1990 and
Datura (Nitsch and Norreel, 1973). Lazar et al (1985) reported that variation of
intensity and duration of cold pretreatment increased the embryo yield. In the
present findings, all varieties showed lower percentages of embryos and
regeneration when spikes were pretreated for a long time (5-10 days) at 6°C. T.his
observation further strengthened the statement that the increased duration

drastically affects the callus induction.






CHAPTER.v

5. Plant Transformation

5.1. Introduction

O . = l e . - V 1
l Nnia., cCl \/al()ls Ild & SeleCtlvely bred f 1 Q

induce or enhance a desired trait. Early farmers who settled the ba ks of th
NKS ©OfI the

_Euphrates learned to better their crops by selecting specific seeds from thei
eir

harvest for use in the next seasons planting. Although this was an effectiv
€
practice, the process usually took hundreds of years and was strictly limited to the

alleles present in the same species, or closely related species populations. This

need to control and predict the amount of plant food has been a fundamental
motivator in developing new plant technologies. Since the advent of recombinant
DNA technology in the 1970’s, the recent years have shown remarkable advances
in plant genetics and the rise of plant transformation. These new advances, both
biological and mechanical have given researchers the ability to express foreign
genes, in desired plant hosts, essentially breaking the plant species barrier. This
powerful technology is of great importance to many aspects of human society. It
has opened the door to molecular farming, a novel system for genetic research and
new crops adapted to our civilization. The ability to feed our vastly increasing
population may very well rest in the hands of plant geneticists. Currently, the

practical success of plant genetic manipulation can be seen in agricultural products

s . : ; 1 es a
such as Bt cotton, resistant to insect, the Newleaf ™ potato, which express

natural insecticide and the FlavrSavr ™ tomato, who’s ripening is inhibited until

it i - plant
exposure to ethylene. With many more products on the way, 1t 1S clear that pl

: tics and
transformation will continue to have a profound impact on plant gene

global agriculture.



Plant transformation has been go
efined as the i
stable inc

. g 3 s 0 i
expression of foreign genes into plants. In 1983 Robert Fra] e and
, raley

| and co
cported the successful incorporation of ' o
o a kanamycip resistance

gene into the

obacco genome.  Within  a  yegy
rescarchers  reporteq

other

. simil
accomplishments (De Block et al., 1984; Horsch ef g7 1984 o

. o Paszkowski ef al.,
1984), marking the beginning of plang transform

! ation. Since then, successfy]
transformations have been described for over 120 species in 35 different famil;
ent families

(Birch, 1997) and the number is increasing cvery year. The process of plant
. nt

transformation is currently a long complex multi stage procedure involving three

general phases. Phase 1 involves the selection and application of a delivery

system, which incorporates the target DNA of interest into a viable host cells

Phase 2 involves integration, expression and selection of inserted DNA indicating

proper integration and expression of gene product. Finally, phase three involves

the recovery of viable trangenic plant.

In true sense, plant transformation celebrates the culmination of several
plant biochemical, physiological and genetic technologies. Currently, plant
transformation technologies come in many different forms and are a long and
expensive process. However, continued research is devoted to improving these
techniques and in time will become more available and affordable. These
technologies are now sufficiently developed, allowing the commencement of

g 5 - 2 0
novel genetic research and the development of novel transgenic plants expressing

. . . _ [ > 5 e IS
a variety of phenotypes. Plant transformation in the tradition of science,

changing the face of plant genetics by challenging and improving upon previous

. . ill become a
work. It is clear that the implications of these advancements are and wi

. . . : ology comes a
direct and indirect integral part of our society. With this new technology
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ease . .
transgenic plants in safe and responsib|
manner. Finally, as the production of transgenic pl ’

new responsibility to produce and re]

ants is now a reality. gejon
. ty, scientistg
must extend their knowledge beyong the laborat

Ory and learn to deal with the

nomic, social and legal implicationg of plant transformatjon

eco

5.1.1. Genetic Transformation

The ability to move DNA into an organism and thereby alter its genotype or

genetic makeup is central to both basic and applied molecy]

ar biology. Genes
derived from unrelated species and even other k

ingdoms, such ag bacteria, fungj,
plants, animals, that would otherwise be inaccessible o an organism, can be
b

combined in the lab using genetic transformation techniques. Common plant

wansformation methods are: PEG-mediated gene transfer, Electroporation-

mediated gene transfer, Microprojectile bombardment-mediated gene transfer,

Agrobacterium-mediated gene transfer etc.

PEG-mediated gene transfer

In 1986, Uchimiya et al. first obtained transgenic calli after polyethylene
glycol (PEG)-induced DNA uptake of the npti] gene into root-derived protoplasts,
followed by selection on kanamycin. The first transgenic rice plants were
recovered by Zhang et al. (1988). Datta et al. (1990) published the first report of
the recovery of transgenic indica rice plants from cultivar Chinsurah Boro II by

PEG method.

Electroporation-mediated gene transfer

_ ) NA into
Electroporation has also been widely used to introduce naked D

' hod for the pr
protoplasts. Toriyama et al. (1988) first used this method for the p |
her culture-derived protoplasts with the

oduction of

Yamahoushi cultivar transgenic rice via ant
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aminoglycoslde phosphotransferase j (aph(3')11) gene, conf.
> confe

i Iring resistg
arltibiotics kanamycin and G418, 1nce to the

Micropmjectile bOmbardment-mediated gene transfer
Microprojectile bombardment algq called the biolistic

method or the

particle gun method has been used in many laboratories. The concept has b
. een

described in detail by Sanford (1988). The ability

to deliver foreign DNA into

ans appears to provide the best method for
achieving genotype-independent transform

regenerable cells, tissues or org

ation bypassing Agrobacterium host

specificity. In 1991, Christou ef al. bombarded the scutellar region of rice embryo

and bombarded tissues were plated on regenerated media supplemented with

appropriate selective agents.

Agrobacterium-mediated gene transfer

The transformation of dicotyledons by Agrobacterium is well established.
But in the case of monocots it is not the general process. In the past monocots,
particularly graminacious crop plants including important cereals like rice and
wheat were considered to be recalcitrant to this technology and they were outside
the Agrobacterium host range. However, transformation methods based on the use
of Agrobacterium are still preferred in many instances because of the following
properties: (i) easy to handle, (ii) higher efficiency, (iii) more predictable pattern
of foreign DNA -integration, and (iv) low copy number of integration.
Remembering the advantages of Agrobacterium-mediated transformatior% ma-ny
researchers continued their efforts to develop its suitable protocol i rice

_ ' transformed
transformation. Raineri et al. (1990) first described the production of tra

| » _ th Aerobacterium.
japonica cultivar by co-cultivation of mature embryos with Ag
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12 Agrobacterium —Mediated Transformfltion '

The search f

umefaciens and Agrobacterium rhlzogenes both had the
u

nique ability to transf,
poruons of their DNA into the genomes of plants (Zambryski ¢; 1989) er
al. The

mechanism by which they transfer DNA is the same, however the diff
ITerences in

the resulting phenotypes are attributed to the presence of a Tj lasmid
1 plasmid in

Agrobacterium tumefaciens and the Rj plasmid in Agrobacterium rhizoge Th
Hes. €

Ti plasmid DNA induces host plants to grow tumourous masses whereas the Ri

plasmid DNA leads to the abundant proliferation of roots. Agrobacterium

tumefaciens is capable of infecting almost any plant tissue whereas Agrobacterium
rhizogenes can only infect roots. In its uniqueness, Agrobacterium tumefaciens has

become the primary choice for many plant transformation experiments.

The transfer of foreign DNA to plants was first repbrted in 1983 in tobacco
and petunia calli mediated by Agobacterium. Transgenic rice plants were
successfully produced in 1988 by PEG and electroporation mediated DNA
delivery (Toriyama et al, 1988, Zhang et al., 1988) into protoplasts.
Agrobacterium mediated transformation is a favorable tool in dicot transformation
while considered difficult in monocot especially in cereals (Christou and

Timmins., 1992). Some groups have reported Agrobacterium mediated rice
1990 and Li et al., 1992) but failed to produce
93) and Hiei et al. (1994) were

transformation (Raineri et al.,
transgenic rice plants. However, Chan et al. (19

i - g1 mediated
able to regenerate transgenic rice plants by Agr obacterium

transformation.



Over the last decade the direct DNA delivery ;
Y Into

oun has become much popular and routinely yseq method f

g Or rice trans .

The biolistic approach has overcome the limitation of genot formation_
SCNotype Sp

: ) : _ ecificit -
was faced in Agr obacterium mediated transformation, |q ) Y, which
: as su

i -ops 1 i ccessfull
used in many crops including soybean, cotton and whegqt (McC ’ been
C

| | abe efal., 198
vasil el al., 1992). In rice, Paul Christoy group (Christoy ¢f o
€

| al.,1991; Christou
1992 and Li et al, 1993) has Successfully developed transformation syst b’
system by

biolistic gun. This method is currently the only successfu] method for ch] l
oroplast

ransformation in green algae Chlamydomonas (Blowers er g 1989) and
i B an

mitochondrial transformation in yeast (Butow and Fox, 1990)

Presently the most commonly used methods for foreign gene transfer to

plants are either mechanical or biological. The biological methods are evolved
from Agrobacterium-mediated gene transfer. For this research the purpose was to
develop and improve the practical application of 4. fumefuciens for monocot
transformation since this was once theorized as not being possible for monocot
transformation (Dong et al., 1996; Rashid et al., 1996). This recently, however,
has become the method of choice because it had previously proven to be simple,
offered more precise results in gene transfer, results in permanent genetic change,
and is less likely to have a high occurrence of somaclonal variation. To alleviate
these problems wifh Agrobacterium transformation in monocots, researchers
sought ways to make substantial improvements. One such improvement was the

. : : - - er rice
use of the rice shoot apical meristem instead of immature embryos or oth

to be a more successful avenue since the rice

on (Hiei et al., 1997; Park

explants. This decision soon proved

shoot apex succumbs to 4 grobaclerium-mediated infectl

) = - ce t
etal., 1996 and Rashid ef al., 1996). Additionally, the apical meristem gave rise to
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: that have both the ident; : :
plants ntical genotypic and _
Phenotypic make
-up of the

orieinal plant intact.

5.1.3 Selectable Markers & Reporter Genes

Transformation vectors are constructed with a repoyt
rter

gene or a selectable

marker, which indicates successfuy] Incorporati
on and expressi r
) on of the vector

enes. The reporter gene or select :
ge p g lectable marker gene is fused to the s

| ame plant
promoter that is fused to the foreign gene of interest. Commonly

antibiotics and

herbicides are used as selectable markers (Hinchee es ¢l 1994) During the

regeneration process of the plant transformation procedure, transformed host cel]

or tissues are propagated in the presence of a substance, which normally inhibits

the growth of the plant cells. The expression of the selectable marker gene
provides resistance to the inhibitory growth substance, allowing for preferential
regeneration of only transformed cells. Reporter genes do not induce survival on a
toxic medium but code for a gene product that has an easily detectable phenotype.
The most widely used antibiotic marker is kanamycin and was used in the first

transformation experiments (Fraley et al., 1983). Streptomycin, rifampicin and

hygromycin are also using in plant transformation as selectable markers.

5.1.3.1. Reporter Genes

Unlike selectable markers, reporter genes do not confer resistance to a drug

but produce a gene product that has a distinct and easily detectable phenotype. In

some transformation experiments, the gene of interest can also act as a reporter if

the gene product has a detectable phenotype. The phenotype of the reporter gene

should be quick and easy to detect. With most reporters successful transgene

a visual assay. Once a positive visual assay

uthern blot hybridization

expression can be determined through

is observed, vector integration can be confirmed by So
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ed number of Possible successfy]
integrations. The three most common Ieporter g

| lant transformation
are the B -glucuronidase gene (GUS), green fluorescent prot

ein (GFP) and the

luciferase gene (LUC). These three nop are fused to vira] o plant
" plant

-plant genes
promoters and incorporated into the delivery vector.

5.1.3.1.1. GUS (B-glucuronidase) Gene

The GUS reporter gene was isolated from E. coli and was shown an

effective reporter for plant transformation (Tefferson ef ai., 1986). The enzyme B-

glucuronidase, popularly described as GUS, breaks down glucuronides giving a
colored reaction, so that its presence can be detected in situ, i.e. inside the plant
tissue, used either as thin sections or in any other form. Several glucuronides,
which can be used as substrates, include p-nitro phenyl glucuronide (PNPG), 5-
bromo, 4-chloro, 3-indolyl glucuronide (BCIG), naphthol AS-BI glucuronide
(NAG) and resorufin glucuronide (REG). Cleavage of the substrate by P -
glucuronidase produces blue colored product. Therefore, any transformed tissue
appears blue. One drawback is that some tissues express a basil level of GUS,

which can lead to background. The major-advantage of using this reporter gene

lies in its assay, which requires no DNA extraction, electrophoresis or
autoradiography.

_ . S ing as a
The GUS (B —glucuronidase) reporter gene system has been using

‘ e By . Jefferson
powerful tool for the assessment of gene activity in transgenic plants {

, f transgenic
1989). Since the development of the GUS system, many thousands BEGREE

o atial distribution
plants have been generated expressing GUS. In such plants, the spatial distr

| d signal. GUS
of gene activity can be visualized in the absence of any background sig
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offers @ promising route for transformagigp

monitorj
nitoring and molecular genetic

analySiS of the numerous important epi- and endOphytic . .
rganisms that are not
not

readily cultured, such as O0mycetes and m i
ycorrhiza] funej | e
gl. In addition Gug

fusions can be used in many laboratory

model systems lacking endogenous

activity, including Saccharomyces, SChizosaccharomyces Dictyoste]
/ s yostelium, some

strains of Caenorhabididltis elegans and Drosopila

5.1.3.1.2. GFP (Green Fluorescent Protein)

The green fluorescent protein is normally produced within photocytes of

the jellyfish Aequorea victori

a, and must undergo a series of post-translational

maturation steps to produce the fluorescent form of the protein. There are two

major uses for green fluorescence protein (GFP) in plant: monitoring gene

expression and protein localization at high resolution, and providing an easily
scored genetic marker in living plants. GFP can be used as a replacement for B-
glucuronidase, which is commonly used as a reporter for genetic fusions in plants,
it allows direct imaging of the fluorescent gene product in living cells without the
need for prolonged and lethal histochemical staining procedures (Chalfie, ef al,
1994). In addition, GFP expression can be scored easily using a long-wave UV
lamp if high levels of fluorescence intensity can be maintained in transformed
plants. An assay for gene expression using fluorescence in vivo would be a very
useful tool for plant transformation and breeding experiments.

To employ GFP successfully in plants, three major steps need to be taken:

(1) The GFP apoprotein must be produced in suitable amounts in the plant cells.

(2) The apoprotein must undergo efficient post-translational - cyclization and
) . cent
oxidation to produce the mature GFP (Heim, ef al, 1994). (3) The fluores

L , i ost-
protein may need to be suitably targeted within the cell, to allow efficient p
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[ranslallonal processing, safe accumulation to high levels or to facj]
. 0 lacilitate detecti
on

of expressing cells.

5.2. Gene Transformation in Rice

vz V . c anSt idi

ate novel resistance traits

into rice. The method for plant transformation, either through directs DNA

delivery by particle bombardment or Agrobacterium-mediated transformation is

well established for dicotyledonous species. In recent years, the successful

ransformation of rice by Agrobacterium had been reported, although
monocotyledonous plants were considered to be outside the host range of A.
tumefaciens (Gould et al., 1991; Raineri et al., 1990). Transformed rice callus was
first reported by Chan ez al. (1992) but no transgenic plants were obtained. Chan er
al. (1993) reported the generation of first transgenic japonica rice plants by
inoculating immature embryos with Agrobacterium. Park et al. (1996) described
the transfer of gene coding for glufosinate-ammonium (PPT) resistance into
japonica rice by using Agrobacterium. They confirmed the inheritance of the
transferred genes to the progeny by Southern blot analysis. Insertion of the
reporter gene glucuronidase (GUS) gene and the selectable marker, hygromycin
phosphotransferase (hpt/l) gene, into several cultivars of indica rice using
Agrobacterium-mediated transformation was also subsequently demonstrated
(Rashid ef al., 1996). Cheng et al. (1998) used Agrobacterium, which harbored the

‘ . into a japonica
crylA(b) and crylA(c) genes to intro-duce stem borer resistance into a jap

rice. Recently, Datta et al. (2000) introduced the chimeric chitinase gene 1
genic plants exhibited resistance to

rice

cultivars by using Agrobacterium. The trans
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chitinase gene were demonstrated by Souther

qransformants.

ransformation is essential and GUS expression could be yg d
ed as a r

: apid ea
screening method (Hu ef al., pid early

1990). The success of producing tr

o ansgenic plants
depends upon transmission of functional

| foreign genes from primary
iransformants to their progenies (Hayashimoto ef gf. 1990)

The present research work was set up to verify a transformation system

using Agrobacterium-mediated transformation into indica rice. The rice cultivar
used for the transformation was BRRI dhan -30, which is a glutinous rice widely
grown in Bangladesh. The successful production of transgenic plants of this
cultivars will open the way for introducing agronomically useful traits into any
commercially grown cultivars, providing the best opportunity for maximizing
yields. Most of the rice transformation work reported was based on japonica
varieties. However very little work had been done on improving Bangladeshi
local rice varieties using modern biotechnological methods. There is an urgent
need to undertake such studies to produce local transgenic rice varieties with
beneficial agronomically important genes. Under the present investigation efforts
are intensified in this purview of transformation was to establish an efficient
protocol for gene transformation in rice by 4 grobacterium-mediated method. Here

two reporter genes GUS and GFP were considered as the easily detectable target
col for Agrobacterium-

hahi

genes towards establishing at least an efficient proto

mediated gene transfer method in rice and this was the first attempt in Rajs

: i . iological
University in the field of gene transfer technology in cereal crop by biolog

methods,
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5.3 Agrobacterium-Mediated Transformation of Rice
5.3.1 Plant Materials and Methods
BRRI d
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han-30 indj

han-3U, a popular indica type long grain rice (Oryza sativa L.) was

used in the present work. Seeds of this variety were collected from Regi 1 R ‘
egional Rice

Research Institute, Rajshahi, Bangladesh. Three week old scutellum derived call;
rived call

of rice cv. BRRI dhan-30 was used as the explant for transformation in this

experiment.

5.3.2 Agrobacterium Strains and Culture

The Agrobacterium stain LBA4404 (pCL3) and LBA4404 (pCL4)
harboring with GUS and GFP respectively were constructed and provided by
Prof.P. Nick, Frieburg University, Germany. Agrobacterium strains LBA4404
(pCL3) and LBA4404 (pCL4) were grown in 50 pg mL™" kanamycin and 50 pg
mL "' spectinomycin containing LB medium ( Tryptone 10 g/L, yeast extract 5 g/L
and NaCl 10 g/L) solidified with 12 g of agar at pH = 7 for 3 days at 28° C. Two
days prior to inoculation, sterile wooden sticks were used to select single colonies
of pCL3 and pCL4 and allowed to grow overnight in 50 ml of LB media with 50
ug mL ~' kanamycin and 50 pg mL " spectinomycin on a 200 rpm shaker at 28° C
(Fig. 5.1). After 24 hours, 0.5 ml of the overnight culture was resuspended in 50
ml of LB without antibiotics and placed on a 200 rpm shaker at 28°C to be
incubated overnight. The optical density (OD) of the bacterial solution was
measured with a spectrophotometer at 600 nm. An OD value of 0.5-0.7 was taken
as the optimal concentration. The restriction maps of the T-DNA region of pCL3
and pCL4 are given in Fig. 5.2 and 5.3 respectively. 4. tumefaciens LBA4404 has

its: T-DNA deleted but contains a functional vir region that is capable of

transferring T-DNA into plant cells. The effect of the concentration of the

. : i ne set of
Agrobacterium and the optimal OD reading were evaluated in 0

€Xperiments.
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Fig. 5.1: Agrobacterium stains LBA4404 of single colonies.

A. Agrobacterium stain LBA4404 (pCL3).
B. Agrobacterium stain LBA4404 (pCLy).
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(4.2kb)
Pstl

Xhol PS/\ | h
i KpnI 2 HindII1
Bg Xhol

Fig. 5.2. Restriction map of T-DNA region of the vector LBA4404 (pCL3)
p . The

(1.02bp) (878bp) (2.78kb)

arrow indicates the direction of transcription and sizes of individual
fragments are  placed in  parentheses. NptII-neoni Za
phosphotransferase gene, UBQ-maize ubiquitin promoter, GUS- in)t/réz
containing GUS gene and restriction enzymes- Xhol, BgII,II, Pstl, Kpnl

BamHI, HindIII.

(7.28bp) (878bp) (2.0kb) (2.9kb)

Pstl BamHI HindIII

Xhol
pnl

Bellll Psi] Xhol

Fig. 5.3. Restriction map of T-DNA region of the vector . BA4404 (pCL4). The

arrow indicates the direction of transcription and sizes of individual

placed in  parentheses. Nptll-neomycin

phosphotransferase gene, UBQ-maize ubiquitin promoter, RUBQ- rice

fragments are

GFP gene and restriction

enzymes- Xhol, Bgllll, Pstl, Kpnl, BamHI, HindIII.

ubiquitin promoter, GFP- intron containing
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5.3.2.1 Inoculation and Co-cultivation

Actively generative embryogenic callj of BRRI dhan-3( rice were selected
selecte

for CO—CUH]V&UO'I]. Immedlau'ely the calli were inoculated by placing them in 5ml of
the Agrobacterium SUSP‘GHSIOHS of GUS and GFp strains in LB medium. The
Agrobacterium suspensions were rocked for 5 minutes at 5 rpm at room
temperature with a desktop rocker. The inoculated calli were vacuums infiltrated
for 5 minutes at 20 Hg. After co-cultivation in these suspensions, the calli were
blotted dry on sterile filter paper, to remove excess moisture and then plated on
culture plates containing 4.3 g/L. Murashige and Skoog (MS) salts, 0.1 g/L myo-
inositol, 0.002 g/L glycine, 25g/L sucrose, 0.50 mg/L kinetin, 0.050 g/LL arginine,
| mL B5 vitamins, 100 ppm acetosyringone and 1.75 g/L phtyagel. Plated calli
were then co-cultivated for 2-3 days in the dark at 25° C. After 3 days the explants
were removed from the co-cultivation media, and rinsed 2-3 times sterile water,
before being assayed for GUS activity. The effect of acetosyringone to the co-
cultivation media was evaluated in this research, to have an effect on calli-

mediated DNA transformation.

5.4. Assay of GUS Activity

The co-cultivated rice calli after necessary washing were used for the test of
GUS assay. For GUS assay test the calli were taken in a falcon tube with 1 ml
GUS substrate buffer (5mM potassium ferrocyanide, 0.1M sodium phosphate
buffer pH 7.0, 20ul of 0.3% v/v Triton X-100) and incubated at 37°C for 25
minutes. After incubation the treated calli were placed in a petri plate and
subjected to vacuum infiltration for 5 minutes at 20 Hg. The chemical X-gluc was

. - ; - vacuuim
then added to the substrate buffer and again the materials were put under

' e vacuum
infiltration for 7 minutes at 20 Hg. The explants were removed from th

- . 5 d
and placed in 37°C for 24-38 hours. Within 24 hours explants were examine

; ; Jue spots.
under microscope for (GUS) gene expression, observed as blue sp
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5.5 Results and Discussion

5.5.1 Culturing of the Agrobacterium Strains

Timing and temperature greatly affected virulence of the strains LBA4404

(pCL3) and LBA4404 (pCL4). These strains had to be promptly removed f;
Ve rom

culture within 48 hours. When these strains where [eft for a more extended per
ended period

of time, the ability of the bacteria to cause transformation within the shoot calli
alli

decreased. Temperatures higher than 28°C also proved to be detrimental. Maki
. Making
fresh Agrobacterium suspensions for each experiment was routinely done since it

aided in maintaining competency of the Agrobacterium suspension and increased

chances of successful transformation.

The highly r_egenerative embryogenic rice calli were co-cultivated with
Agrobactrium harboring with GUS gene. During co-cultivation the Agrobacterium
was supposed to transfer its T; plasmid along with GUS gene to the rice callus.
After co-cultivation the callus tissue were subjected to GUS assay in order to
confirm the GUS gene integration into the rice genome. Histochemical assay was
performed on the co-cultivated rice calli according to the method described by
Jefferson (1987) with some modifications. Following histochemical assay a
number of blue spots were appeared in the body of the rice calli, which can be
seen by necked eye (Fig. 5.4 A). For microscopic observation treated rice calli

were pressed on a slide covering by cover slide and observed under microscope

(Fig. 5.4B).
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taining for GUS activity in the calli of
following Agrobacterium-mediated

Fig. 5.4: Visual detection of histochemical s
rice cv. BRRI dhan-30

transformation.
th LBA4404 (pCL3).

mpetent tissue

A. Rice calli with blue spot after co-cultivation wi

B. Calli was transformed with GUS. Calli showed the specific co
transformed with GUS, seen under microscope.
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5511 Optimal Optical Density (OD)
In finding the most suitable leve] of OD for the Agrobacteri
| leriy in thi
experime”t’ seven different levels were tested; 2.0, 1.8, 1.5. 1 3 P
» 2V, 1.8, 1.5, 1. ,1.0,0.7,0.5,and

0 (control). The optimal OD was determined by using histochemj
ica

] L analysis. This
was done by observing the number of blue Spots in the calli transformed by tl
y the

Agrobacterium of choice as shown in Figure 5.5, and also by the number of cal]
’ er of calli

that exhibited this blue color for that particular OD measurement. The OD
: was not

the same for the Agrobacterium strains used: this is also given Fig. 5.5. The
highest number of GUS expressing calli were observed at OD 0.5-0.7. The Fig.3.8
clearly demonstrated that the bacterial strain LBA4404 (pCL3) showed highest
peak of performance in lower range of OD and it gradually decreases with the
increase of OD taken. It has been observed that pCL3 had a bacterial lawn (large
amounts of tiny colonies) within 36 hours. Using Agrobacterium at OD of 0.5-0.7
was coincidental with the fact that most Agrobacterium strains would be
experiencing the early log (exponential) phase during which active cell division
oceurs at 0.4-0.8 OD (Janssen and Gardner, 1989). These results were further
evaluated to find the most suitable Agrobacterium strain for calli-mediated
transformation. It was decided to use pCL3 because it produced colonies in as

little as 36 hours. All OD readings were measured at an absorbance of 600 nm.
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Fig. 5.5: Optimal optical density of pCL3 Agrobacterium engineered strains as
measured by the number of GUS expressing calli. Bars represent
standard error of the means. Optical density (OD) was measured at

600nm.

5.5.2. Effect of Acetosyringone during Co-cultivation
Various studies (Khanna and Raina, 1999; Gould, 1997) examined the
importance of acetosyringone to Agrobacterium co-cultivation procedures. These

studies stated that without it, there would be a complete absence of GUS

. ' e
expression, the quickest and most visual proof of transformation. However, th

. 3 i to use
problem was with the level of acetosyringone to use since concentrations

ranged from 30 ppm — 1000 ppm from different studies. Therefore, five different

d 1000 ppm
concentrations were tested; 100 ppm, 200 ppm, 400 ppm, 600 ppm an PP

n n
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acetosyrlngone was observed by e presence of blue color fr
pe[formed on the calli. The results are presented in Fig. 5.6. The om GUS assays
as the concentration of acetosyringone increased, the number of r:lsults show that
calli also increased. However, between 400 ppm and 1000 ppm the 1:6 GlUS.Spots/
pumber of blue spots) were not significantly different. The::ots v fhe
Jcetosyringone at 1000 ppm was decided upon for the use of co—crzl,ti;ailiZi

medium.

w
o

N
(&)}

N
(@)

Number of GUS Blue
Spots/calli
o

10

Concentration of Acetosyringone (ppm)

ne effect on GUS activity as measured by the number of
rror of the means.

Fig. 5.6: Acetosyringo

blue spots in the calli. Bars represent the standard
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5.6 GF\P;iEuXaE;;zisi:)ln of GFP does not require to kill cells or subjected to any

ining assay the fluorescence can be used to study the gene expression in vivo.
Sti;e calli was transformed with LBA4404 (pCly) and transformed tissue were
}\:ashed and the calli were presented by cover slide and visualized under

nce microscope. Images were taken under GFPp filter and Fig, 5.7 showed
fluoresce

several examplly photos.

1 ] . I aIt C
i i fbrme 1

scence.
sector showing the GFP fluore
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onstrated that in Bangladesh condition we have developed the method for
dem -

ga

ransformation in rice by Agrobacte}*ium—mediated
ene : '

method. Efficient
formation of two reporter genes, GUS and GFP by Agr'obacterium—l‘nediated
(ransiorilia

ds opens the new door for the successful accomplishment of stable
melhO S

formation of other agronomically important genes in rice.
transio
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CHAPTER YV
6. General Discussion and Conclusion

The aim of the present study was t i
0 establish an effic 1
cient tissue culture

neration technology and th A o
regener ation tec ¢ protocol of DNA transfer
of reporter GUS
gene

2 8 em 1in the local ieti e
Hans[ormatlon syst al varieties of rice 1
. n Bangladesh a i :
S mentioned in

general introduction. At the advent of modern plant biotechnology a number of
novel tO'OIS h.a‘ve been dej/elloped to improve the target crop plant by directly
introducing different beneficial genes against devastating diseases, pests biotic and
abiotic stresses. The fundamental requirement of genetic transformation towards
developing a crop plant is to establish an efficient regeneration protocol for the
target plant. Under the present investigation a screening has been made to find out
he most responsive rice varieties in Bangladesh for tissue culture and
regeneration. The most widely cultivated six nice varieties were tested for tissue
culture response and three varieties were found most respoﬁsive in tissue culture.
Efforts have been intensified towards developing the most efficient regeneration
protocols for these three highly responsive rice varieties. For our ultimate target to
establish gene transfer technology the variety BRRI dhan-30 was selected for
transformation of two reporter genes GUS and GFP. The results obtained have
been presented and discussed in the appropriate sections, in this chapter only the
most important aspects are discussed in detail and the areas which require more

work are pointed out on the perspectives of practical applications.

6.1 Tissue Culture Response of Indica Rice Varieties

_ _— ivated in
With the aim of improvement of rice varieties, commonly cultivated

- hC '29=
Bangladesh, six indica varieties, BR _22. BR-23, BRRI dhan-28, BRRI dhan

BRRI dhan-30. BRRI dhan-31 were collected and their in Vvitro tissue culture



General Discussion and Conclusion%l 15

was studied. Befo i )
response I€ going to genetic transformation of i
rice it is an

impommt step to Invesligate comparative tissue culture respon fd
se of different

PR ecause the tissue cult :
varieti€s b Hlure regeneration i ;
protocol is an e ]
ssentl

. : ) al tool
rowards the genetic manipulation (Larkin and Scoweroft 1981) 0

6.1.1 Somatic Embryogenesis

Somatic embryogenesis is the initiation and development of embryos from
somatic cells. All the somatic cells of a plant are considered as totipotent but all of
them do not readily produce somatic embryos in culture medium. The somatic cell
in different organs of a plant body bears different levels of totipotency and
depends upon the genotype. For this reason, a large number of rice varieties were
selected to study their comparative embryogenic capability. The results clearly
indicated that rice varieties used in this study hold different levels of embryogenic
varieties response in different media from different tissue explants. Among six
tested BRRI dhan-30, BRRI dhan-28 and BRRI dhan-31 showed greater
embryogenic response in all tested media. The callus forming response of different
rice varieties showed that indica varieties behaved differentially in callus
formation from different tissue explants. Abe and Futsuhara (1984) also observed
the varietal difference of rice in vitro tissue culture. The genotype variability for
callus formation and plant regeneration in fice was also observed by Abe and
Futsuhara (1986a and b). The variety BRRI dhan-30 gave the highest embryogenic
callus formation (97.3 %) on N6 medium. The overall performance of six rice
varieties showed that BRRI dhan-30, BRRI dhan-28, BRRI dhan-31 gave higher
response and BRRI dhan-30, BRRI dhan-28, gave moderate response in

embryogenesis. The varieties BR 22, BR-23, BRRI dhan-29 gave poor [esponse

i - varieties
in embryogenesis. It can be concluded from embryogenic study that vart
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B L o Ntrations of
growth regulators for addressing their right potentialities in tissye cy]
e culture.

For tissue culture study different tisgye explants of rice ( 1l
scute

I d - : um, 1eaf
pase, mesocotyl and root) were used for callys induction and regeneration. Tl
- 10n. Ihe

fissue explants namely scutellum, leaf base, mesocotyl and root w 1
ere also

considered as suitable explants in rice tissue culture studies (Abdullah et al. 1986;
Gupta et al.1989 and Jain et al., 1996). This leads to conduct experiments to study
the comparative embryogenic potentiality of various explants of rice varieties
subjecting to different callus inducing media. Among the tested explants scutellum
produced greater callus irrespective of varietal difference. The explant mesocotyl
showed the lowest performance in callus formation in all tested media. In the
forgoing study scutellum proved to be the best eXplant for callus formation.
Scutellum explant also had some added advantages, (a) it does not require the
germination of seedlings in order to get explants (b) easy and simple method of

callus formation in short time.

The success in plant tissue culture technology is greatly dependent on the
egulators in cultured media. In the

2-4 D), N6

choice of nutritional components and growth r
present study three different media LS (supplemented with 2.5 mg/l

(supplemented with 2.0 mg/1 2-4 DV) and M$ (supplemented with 2 me/l 2-4 D)

. . i ing from
were used in order to select suitable culture medium for callus inducing

‘ ia in rice tissue
different indica rice varieties. These are commonly used media

i dia LS
culture (Gupta et al., 1989; Rueb et al., 1994 and Jain et al., 1996). The media
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and N6 were found equally suitable for ¢
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allus induction potentially

| ‘ | The
nedium was also proved to be the best medium for somatic emb >
Mmbryogenes;i

by Jain e al. (1996). It was observed in embryogenic study of ri -
rice th

supplemented with 2.0-2.5 mg/l of 24.p produced higher pe
rcentage of

embryogenic calli. The lower concentration of 2,4-D did not produce bett 1
etter callus

as observed in MS and addition with 2 4-D also reduced embryogenesis in rice. |
in rice. In

present study medium MS was not proved to be good for rice embryog i
enesis.

Earlier studies showed stimulatory effect of tryptophan on somatic embryogenesi
is

in rice (Siriwardana and Nabors, 1983) and plant regeneration (Chowdhury er al

1993; Gupta et al., 1989). In the present study MS medium combination with 2-4-
D, the poor callus response on MS medium was may be due to their combined
effect or varietal difference. The varieties BRRI dhan-30 and BRRI dhan-28,
BRRI dhan-31 were selected of regeneration studies from somatic embryogenesis
because of their better response in callus induction as well as economic

importance.

6.2. Regeneration of Rice

Regeneration study was particularly needed for plant transformation, as it is
an essential component and practical tool for transgenic technology. The
regeneration ability of selected varieties (BRRI dhan-30 and BRRI dhan-28, BRRI
dhan-31) was investigated in respect of their different tissue explants (scutelium,
leaf base, and mesocotyl) on different regeneration media. A number of factors

including genotype, developmental stage of the cell, nature of the explant,

te source and osmotic stress had

ice (Abe and

hormonal composition of the medium, carbohydra

beeri studied o improve the frequency of plant regeneration in r

d
Futsuhara, 1984: Laj and Liu, 1988, Datta et al., 1990; Chowdhury ef al., 1993 an
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Jain ef @l 1996). In the present study the varieties BRR]
an-30, B

BRRI dhan-31 having different genotype and origin were oy
culture

cocneration media supplemented with

RRI dhan-28,

i d on different

i £Fe :

Crent concentrations of phytohormones

scutellum of mature seed was proved to be the best explant for reg i -
€neration. The

highest regeneration (88.2%) was

I

found in rice variety BRRI dhan-30 in MS

jum containing sucrose 3% y |
medium € g o, sorbitol 3% along with phytohormones NAA 0.05

me/l. and BAP 2.0 mg/l and solidified with 0.8% agar. Sorbitol was considered
- as considered as

an osmoticum, when used in conjunction with sucrose, had beneficial effect
y ffect on

morphogenesis in rice (Kishore and Reddy, 1986). Sorbitol along with sucrose as
a carbon source in regeneration medium may cause osmotic stress to rice tissue
and there are now sgvel‘a] reports suggesting the stimulatory effect of mild osmotic
stress on plant regeneration (Jain er al, 1996). A culture medium with higher
mannito] and agar concentration improved plant regeneration frequencies in
japonica and indica varieties (Lai and Liu, 1988 and Jain er al., 1996) and
inclusion of sorbitol increased plant regeneration in Taipei 309 (Rueb ef al., 1994).
It was observed in the present study that the absence of sorbitol in other media did
not give better regeneration response. In present study some albino plants were
also obtained in regeneration from somatic embryogenesis. Albino plant is
unwanted and their production greatly limits the objectives of tissue culture
technique (Torrizo and Zapata, 1986). Albinism was known (0 be genotype
dependent (Liang ef al, 1980) and influenced by culture conditions (Lee and

Chen, 1982). Albinism may results from changes in chloroplanst or nuclear DIA

or both. A greater understanding still required to study the physiological, genetic

and molecular basis of this phenomenon (Chu, e
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Efficient regeneration from scutellum explant offerg 4 NeW venture for
In rice because scute]]
pacterium infection (Hiei er gf, 1994; Vijaya cp
Agrove

pacterium mediated  transformatiop um  induces
]-0 [ .

A8 andra e al.,1995). Results
ed that BRR] dhan-30 was the most

used in this investig

ined from tissue culture study reveal
obtain

le rice variety for regeneration study ation. The variety
itable . - _ _

su dhan-30 exhibiting higher regeneration capability proved itself as suitable

an-

BRRI dh -

type in Bangladesh for under taking research of genetic manipul

ation.
tion medium containing sorbitol proved to be the best medium for

ati

Regenﬁlc

oeneration of local varieties.
1eg -

6.3 Meristem Culture of Rice

- . at t c ion of growing shoot but in
In dicot plants meristem present at the apex portio g |
- ist ture
i . : eloping leaf. Meristem cu
- like rice meristem lies at the base of developing
monocot 11K . echnology in tissue culture for
d as distinct and independent technolog et
has appeared ¢ : The meristem (leaf
tion and disease elimination from many crops. .
o 10 9. B
micropropagati . R-23, BRRI dhan-29,
cultured in selected rice varieties (BR-22, B ——
a3 : : refu
e v 30, BRRI dhan-31). Meristem portion was carefully
han-30, . to find out
dhan-28, BRRI d o dia. In order
dlings of rice and cultured in different me ot it
from young see (periment was lai
y ding age for meristem culture an experi d from 4 days
the suitable seeding ag | _ was Tsplated 6
(4.5 and 7 days old) seedlings. Meristem d varieties. It was
different age (4, 5 -ation in all tested varieties.
. ioher percemage . - e rapidly
Id seedling gave hig 5 - short dura
0 o istem of rice in leaf base existed for he leaf base quickly
erved that meris . wion of the leaf bt
> f seedling. The meristem regio
: i o: :
changing with the age

: ifferentiation.
undergoes to tissue differentiati

3 t orm

g C C y | ) l .
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Gimilar efficient result of meristem fegeneration on hopy
ir

one free medium was
ed by other researchers
also !

(Simola, 1987; Anthony,

1992 and Bobak ey al.,
1995). AS clearly mentioned in the resytg that the plants

obtained from meristem

thy fast growing plant could be obtained
om the leafl” bases in about § weeks.
;

vave less somaclonal variation. A heg]
1a

The Iegeneration of whole plant from

neristem of rice gave less somaclonal variatiopn and by passed the long term in
I

Jitro somatic embryogenesis.

6.4 Anther Culture of Rice

Androgenesis refers to the development of haploid plants derived from
anther culture and haploidization can be achieved by anther culture. Guha and
Maheshwari (1964, 1966) first reported the haploid plant production in Datura
through anther culture. Afterwards, haploid plant production has been reported in
more than 200 species (Dunwell, 1986). /n vitro androgenesis is the most
convenient and useful technique for production of doubled haploid (DH) plants.
The main advantage of using doubled haploids is the rapid homozygosity (-)f .the
descendants, results in a time saving method for the development of new varieties.
Anther and microspore culture provided a new venture in producing homozygous

. inbreeding cycles (8-10 years) of
plants within a year as compared to the long in g

conventional breeding methods.

. n successfully
Since, haploid plant formation through anther culture has bee
ince,

wheat, rice,
, obacco, potato,
applied in agricultural crops, such as Brassica sp., t

let sfully obtained
. d barley (Bajaj, 1983). First haploid plantlets were succes
maize and barley , ,

_ her culture
improve anther
Oono (1968). However, some factors are closely related to 1mp
ono : >
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of rice €& genotype, donor plant growth condjt;
10ns,

. micr o
Prctreatment and culture media. vspore condition,

In genetic and plant breeding pro
grams, haploid and d
oubled ha loj
ploid

prodUCﬁO” through androgenesis is Very much important. d
. Under the

present stud
research endeavor has been made on three import "

luating their _ ant factors influencing anther
culture. Evaluating their androgenic response screened a number fri
Of rice varieties

were screened. Different measures of pretreatment were int
ere introduced to i
umprove the

induction and regeneration efficiency. Investigation was made to find out suitab]
ut suitable

media composition to accomplish successful regeneration of anther cult
Liture.

Intensified research is necessary under these three purviews (genotypic response,
pretreatment and media compositions) to achieve successful resulis in anther
culture. Screening of genotypes with a high androgenic potential is the basis for
androgenic research. There remains an enormous scope of pretreatment for
improving the conditions of efficient embryo induction. Media formulation for the

appropriate culture is one of the most important factors to improve anther culture.

Another important factor in the success of anther culture is the donor
genotype. Optimization of media and culture conditions for obtaining high
androgenic response of low responding genotypes is still a challenge. One of the
main problems in the success of androgenesis is the genotype response because

androgenesis is strongly genotype dependent and is under genetic control (Bullock

et al., 1982; Lazar et al., 1984). The growing conditions of the donor materials

| ' . Hu
might have influence on the induction of androgenic microspore development (I

et al, 1983; Marburger, 1987). Under the present investigation some rice

; - icr anther
genotypes from Bangladesh were tested for their androgenic response. For
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f seven genotype
s show '
ed better performance op inductj
10n and

androgenesis. [he available literature doses not allow reco 1
mmendation of
any

ati
! | . ation. Zhou e ¢/, (1991) mentioned that
obinism is a main problem in cereal crops for

anther culture medium for general applic

androgenic studijes and it could be

possibly solved by using a suitable medium. Additiop of different amj id
. amino acids

and sugars in the medium along with other components may influence inducti
uction

(Ho ef al., 1978; Schmid et al, 1994). Sterilization method of media is also

important because during sterilization some toxic components originated from

certain components of media particularly sucrose, which may breakdown when
subjected to high temperature (Orshinsky et al., 1990). A comparative study was
made on carbon source; sucrose was used and it was observed that sucrose
containing media showed better performance on the induction. Similar type of
results were obtained in wheat, maize, rye and potato anther culture (Deimling e?
al., 1990; Batty and Dunwell, 1989). Trottier et al., (1993) reported that in anther
culture addition of higher concentrations of vitamins showed significant higher

percentage of induction and regeneration of green plantlets.

In the present investigation, Z2 medium with higher concentrations of three
vitamins (Nicotinic acid: 2.5 mg/l, Pyrodoxine HCI: 2.5 mg/l and Thiamin HCI:

2.5 mg/l) and sucrose were used in the induction medium resulting in higher

embryo induction and regeneration.

: 1aj 3
A preliminary study on androgenic response was made by Bajaj (1983)

_r : : : e, supply of
using several physical factors e.g. radiation, photoperiod, temperature, SUPPY
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ater and nULrients, growth regulators ang pesticides, apg
W ,

obtained significant
sults on induction. Physical Pretreatment with cold coul
re

d also influence the
 iction in rice. For androgenic response Symmetrical divis
in

ion of microspores is
ry important and which is the main source of androgenic
ve

haploids, Zheng and
Ouyang (1980) found that panicle pretreated witp, low temperature might influence
symmetrically dividing microspores. Lazar ef 47 (1985) found that variation in
tensity and duration of cold pretreatment leads to significant difference in callus

formation frequency. In the present investigation, cold pretreatment (6°C) of
nicle at different days (1-6 days) was applied prior to culture. [he cold
pa | .
rreatment of 1 to 4 days showed significant improvement of the induction
pre f .
ficiency. Three to four days of stress was found to be most effective range of
etll .
Id treatment. The benefits of cold pretreatment to donor panicle could be
o a .
ttributed to slow degradation of the tapetum and locular matix (Powell, 1988).
attrl .
ichan and Chu (1991) mentioned that cold pretreatment 1s very effective in
Croug
| immature i es
ice, low temperature (SOC) at several days on immature inflorescence decreas
rice fl |
| W 1 [ ime. In the
the induction potential when panicles were pretreated for a long tim
I I time found to
t investigation, cold pretreatment of panicle for a longer
e | | - findings agreed well with the above
reduce the embryo induction. he present findings ag
1ne y u b h Iture, cold pretreatment (40C) for 4 weeks
' arley anther cu g
e Sunderland, 1982). However, long
was very effective on induction (Huang and Sur :

. : the

. ittle discrepancy from
treatment may not be effective on rice, 1t 18 a little !

pretreaty

L w d to the genotypic
findings of Huang and Sunderland, 1982. Tt might be attribute
Indings of Huang anc ’

differences.
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6.5 Transformation of BRRI dhan-3¢ Varicty n 124

It was the first attempt in Banglad
orm rice p

: : lant Wi .
N ervent ith
genes. As a ney intervention deserves €normous CffOYtS to d 1Elrget
5 eve

- lop the optimum
it g’
! anslormation. In the beginning a number
of experiments were conducted in this study 1o optimize the effecti

Heclive use of the

conditions in order to accomplish stab]

experimental tools involved in gene transformation venture in plants. The y]
ants. lhe ultimate

objective of this study was to incorporate reporter gene (GUS) in rice pl BRRI
plant.

dhan-30 was selected as a target variety for transformation of reporter [
genes. [t

was revealed from the results of tissue culture experiments that BRRI dhan-30

an-30,
showing best callus induction and regeneration performance, proved to be the
most suitable variety for gene transformation. BRRI dhan-30 is also a cash crop of

Bangladesh playing an important role in the crop economy of the country

The GUS gene was used as convenient tool for necessary optimization of
transformation conditions. The GUS coding sequence and reporter gene constructs
were being used extensively in gene transfer technology of rice (Peng et al,, 1992)
and considered as good marker for monitoring transformation efficiency (Jefferson
et al., 1987). The advantages of GUS ovér the reporter sequences include the high
in vitro stability of the GUS enzyme and the simplicity of the assay for its
expression in the transformed material. In the present study transient GUS
expression was evaluated in Agrobactrium mediated transformation in rice.

Regeneration study demonstrated that BRRI dhan-30 had the highest

: W, . of
regeneration potential and most suitable for transformation work. The method

rice BRRI dhan-30 was performed by using
li of rice

transformation in indica

. ~ fir that cal
Agrobacterium transformation system. The result confirmed th

) . - jated
BRRI dhan-30 can be used as the target tlssue'for Agrobacterium mediz
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ormation. The highly regenerat;
cansfor [ 2 ative embryog IC i
CNIC rice ¢ql

- - l
were co-cultivated with Agrobacteriym i e G of BRR] dhan-3(

a

: : nd G
calli were inoculated by Agrobacteriym Suspensions of GUY FP genes. The
a

i e nd GFP staine ;
nedium. After co-cultivation the callus tissye were subject s in LB
jec

ed to GUS assay i
order 10 confirm the GUS integration into the rice genome. Histoc] y in
- Histochemical

assay

ed by

was performed on the co-cultivated rice callj according to the method d
| hod describ
Jefferson (1987) with some modifications. Following histochemica]
assay when

the infected calli were incubated with the substrate X-glue which was ¢l di
cleaved in

GUS expressing cells resulting in deposition of a blue indigo dye a number of b]
uc

spots Were appeared in the body of the rice calli. GUS expression indicated that

the GUS gene havoured in bacterial cells has been transformed and integrated into

the genome of rice calli, which confirmed the protocol of gene transformation by

Agrobacterium co-cultivation.

In finding the most suitable level of OD for the Agrobacterium used in this
experiment, seven different levels of OD were tested; 2.0, 1.8, 1.5, 1.3, 1.0, 0.7,
0.5 and 0 (control). The highest numbers of GUS expressing calli were observed at
OD 0.5-0.7. The bacterial stain LBA4404 (pCL3) showed highest peak of
performance in Jower range of OD and it gradually decrease with the increase of
OD taken. Using Agrobacterium at OD of 0.5-0.7 was coincidental with the fact
that most Agrobacterium stains would be experiencing the early log (exponential)
phase during which active cell division occurs at 0.4-0.8 OD (Janssen and

£E niont t fqon i t
Gardner, 1989). Acetosyringone enhances the efficient transformation in monoco

: et ion of
by Agrobacterium-mediated transformation. The effective concentratio

. . . : ' tant venture to be
acetosyringone in co-cultivation medium 18 another important v

. ' o ringone in five
optimized for stable transformation of target gene in rice. Acetosyrifis
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different concentrations were tested; 100 ppm, 200 ppm, 400
- - ? ’ pplna 600
1000 ppm used for the treatment of calli. The effectiveness of th e
€ concentration of

acelosyringone was observed by the presence of b|
ue color from GUS
assays
The result ;
sults show that gg the concentration of

acetosyringone increased, the number of blue GUS spots/calli

performed on the calli.

also increased.
and 1000 ppm the results (i.e. the number of bl

spols) were not significantly different. Therefore, using acetosyringone
=)

However, between 400 ppm
ue

at 1000

ppm was decided upon for use of the co-cultivation medium. Various studies

(Khanna and Raina, 1999; Gould, 1997) examined the importance of

acetosyringone for the effective use in Agrobacterium co-cultivation procedures

The GUS (B-Glucuronidase) gene fusion system is now being used
extensively as a reporter gene in plant and agricultural molecular biology. The
advantage of GUS over other reporter systems include the robustness of the
enzyme, the simplicity of the assays and variety of substrates available. Since the
development of the GUS system, many thousands of transgenic plants have been
generated expressing GUS. GUS fusions are now widely used to study plant-
pathogen and plant-symbiond interactions. GUS offers a promising route for
transformation, monitoring and molecular genetic analysis of the numerous
important epi- and endophytic organisms that are not readily cultured, such as
Oomycetes and mycorrhizal fungi, In addition GUS fusions can be used in many

laboratory model systems lacking endogenous activity, including Saccharomyces,

_ _ el ans
Schizosaccharomyces, Dictyostelium, some strains of Caenorhabididtis eleg

and Drosopila.

An improved protocol of Agrobacterium-mﬁdiated transformation with

: is improved
GUS reporter gene in japonica rice was reported by Toki (1997). His 1mprov
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protocol for Agrobacterium-mediated

ansformation in rice Wwas basically same a5
mat of Rashid ef al., (1996), but with the following modifica

ons: Casemino acids
and proline were included in the mediym for callus induction and in the medium
and all cultures were incubated under light at 30°C

except during co-culture period. These modific

for selecting transgenic calli

ations enabled him to regenerate
yransgenic plants in only two months, starting with callus induction from mature

seeds. Agrobacterium-mediated transformation in indica rice was first reported by

Rashid e al. (1996). They confirmed the insertion of the reporter gene

glucuronidase (GUS) gene and the selectable marker, hygromycin
phosphotransferase (hptll) gene into several cultivars of indica rice. Chan e al.,
(1992), transformed rice callus with Agrobacterium but they could not able to
regenerate the transgenic plant. But Chan e al., in 1993 obtained first generation
of transgenic japonica rice plants by inoculating immature embryos with
Agrobacterium. In 1998, Cheng et al. used Agrobacterium, which harbored with
the crylA (b) and crylA(c) genes to introduce stem borer resistance into japonica
rice. Recently, Datta et a/. (2000) introduced the chimeric chitinase gene in rice
cultivars by using Agrobacterium. The transgenic plants exhibited resistance to
sheath blight pathogen. Stable integration, inheritance and expression of the

: : alysis of
chitinase gene were demonstrated by Southern blot and Western blot analy

transformants.

ing i i adly threat to
Sheath blight disease is now the burning issué and posing a deadly
o

- el i iety Kollani, most
the rice cultivation in Barind Tact with high yielding rice variety

| it ' formulated for Barind
favorit iety in the Barind Tact. A research unit specially formule
avorite variety in Bar i

. trol this sheath
Tact working under BARI has been making their best effort to con
- workin

to find an effective
blights disease of the rice Kollani but they could not able
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sure to combat this disease. Qyr research finding establishing the protocol of

mea

ated
ladeshi indica rice variety has opened the new door for se

Bangle

e transfer technology by Agrobact‘erium-medi transformation i
gen - .
arching the possible

dy of this devastating sheath blight disease of rice like the work of Datta ef
reme :

4l (2000).

Under the present study, these are the first successfu] experiments of their

in the country both in the field of tissye culture and transformation of indica
kind in th

Tissue culture:protocols were developed working on large numbers of rice
rice. 11SSuU o3 Pl &8 : fer
ies using different tissue explants. Conditions for the indirect gene trans
varieties U Feue oo lished

logy by the Agrobacterium-mediated gene transfer method was estab
technology ) _ . : was
ice improvement. Establishment of efficient transformation system
for rice impr ' _ frr fhe fure ncement of
in this study has laid a foundation work for the future adva
Jevelgped new horizons for incorporation of
transfer technology in the country. It opens
gene (ra

h

commercial agricultural crops.
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