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Abstract

Genetic engineering for resistance to bacterial leaf blight in indica rice cuMvars

By

M. Loganathan

Degree; Master of Science (Agriculture) in Plant Pathology

Chairman: Dr. P. Balasubramanian
Professor of Plant Pathology 
Centre for Plant Molecular Biology 
Tamil Nadu Agricultural University 
Coimbatore 641 003

Fourteen indica rice genotypes were screened for their resistance to Xanthomoms oryme 

pv oryme (Xoo), the bacterial leaf blight (BLB) pathogen. Among them, TKM9 showed a 

high level of resistance. Resistance of the genotypes to the pathogen was tested at different 

growth stages and W1263 was resistant to at least five isolates of Xoo at boot leaf stage. 

Seven Xoo isolates were grouped into six categories based on their virulence on the 

differentials. Two BLB-susceptible indica rice genotypes viz., ASD16 and ADT38 were 

transformed with Xa2I gene cloned from Oiym longistamimia. Putative transgenic lines 

were regenerated and the transgene expression was confirmed by histochemical method 

and polymerase chain reaction. Two putative transgenic lines of ASDI6 proved PCR- 

positive for two sequences from Xa21 gene.
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Chapter 1

Introduction

Rice [Oryza sativa L.) forms one of the major food crops of the world with its global output 

being 599 million tonnes in 1998 out of the total cereal output of 2,056 million tonnes. In 

India, rice is cultivated on an area of 42.30 million ha with an annual production of 122.22 

million tonnes (FAO, 1999). Though India has the largest area under rice in the world, its 

annual production is lesser than that of China (192.97 million tonnes in 1998), which has 

the second largest area (31.85 million ha) under rice (FAO,1999). Rice production is 

limited by various biotic and abiotic constraints. Among them, diseases caused by fungi, 

bacteria and viruses are the major ones. Bacterial leaf blight (BLB) caused by 

Xanthomonas oryzae pv. oryzae (Ishiyama) Swings et al. 1990, (Xoo) is one of the 

serious diseases of rice. BLB is potentially an yield-limiting disease of rice (Mew, 1987) 

with an estimated loss varying from 2% to 74% (Reddy et al., 1980). This disease 

occurred in an endemic form in Bihar during 1963 (Srivastava and Rao, 1963), Uttar 

Pradesh during 1973-1980 (Durgapal, 1985) and in Tamil Nadu during 1965 (Soumini et 

al., 1969). Management of this disease in the past was limited to chemical application, 

mainly in the form of seed treatment (Tagami and Mizukami, 1962; Singh and Rao, 1982) 

and spraying (Mary and Mathew, 1983; Singh et al., 1980) and no effective chemical
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management practice could be recommended for practical use (Ou, 1985; Reddy et a/., 

1985).

Attempts were made to identify BLB resistance sources in the cultivated rice genotypes 

and their wild relatives (Seshu, 1989). Several BLB resistance genes namely, Xal, Xa2, 

Xa3, Xa4, xa5, Xa6, Xa7, xa8, xa9, XalO. Xall, Xa12, xa13, Xal4, xal5, XaW, Xa17, 

Xa18, xa19 and xa20 were reported (Ogawa and Khush, 1988; Ogawa, 1996). 

Unfortunately, none of the above XaJxa genes appeared to possess complete resistance 

to all races of Xoo. However, Xa21 gene identified in Oryza longistaminata by Khush et 

a/., (1989) which was subsequently cloned by Pamela Ronald of the University of 

California, Davis, USA (Ronald etal., 1992; Song etal, 1995; Song etal, 1997; Wang et 

at., 1998) appeared to confer resistance against all Indian and Filipino races of Xoo 

(Ikeda et at., 1990; Khush et a/., 1990). From its deduced amino acid sequence, Xa21 

gene was found to be translated into a receptor kinase-like protein carrying leucine-rich 

repeats (LRR) in an extracellular domain, a single-pass transmembrane domain and a 

serine threonine kinase (STK) intracellular domain (Song etal., 1995). Transformation of 

a susceptible rice cultivar with Xa21 (an R gene) led to development of rice plants that 

were highly resistant to many isolates of Xoo (Wang etal., 1996; Mourguez etal, 1998). 

The molecular structure of Xa21 supports a role for cellular signalling in plant disease 

resistance. R gene products from several plant pathogen interactions share some 

structural similarities namely, leucine-rich repeats which are probably involved in the



perception of Avr signals and kinase domains or nucleotide-binding sites which may 

initiate signal transduction pathways. Hence, it became logical to clone this gene into 

cultivated rices to impart resistance to the deadly pathogen. Wang et al. (1996) 

transformed japonica rices with Xa21 and transgenic indica rices expressing this gene 

have already been developed in at least two laboratories (Tu et al. 1998; Zhang et al., 

1998). In the present study, an attempt was made to incorporate Xa21 into popular rice 

cultivars of Tamil Nadu besides optimizing a protocol for screening germplasm for 

resistance to BIB with a view to extending the protocol to identifying putative 

transformants for their enhanced resistance to the pathogen.

Therefore, the present investigation was taken up with the following objectives:

1. Screening available germplasm for resistance to BLB using appropriate differentials,

2. Transformation of a few indica rice genotypes with Xa21 (Courtesy: Pam Ronald, 

University of California Davis, USA) using immature embryos as explants by Biolistic 

method.

3. Molecular analysis of fransgene expression in the putative transgenic plants.



Review of Literature



Chapter 2

Review of literature

Occurrence

BLB has been reported to be more serious in Asia than in any other part of the world and 

is also one of the oldest recorded rice diseases that have been known for over a century 

(Mew, 1988). It was Japanese farmers who first reported the BLB on rice in 1884 in 

Fukuoka. Subsequently, it was reported in Korea (Takeuchi, 1930), Taiwan (Hashioka, 

1951), Mexico (Dickson, 1956), China (Fang etal., 1956), India (Srinivasan etal., 1959), 

West Malaysia (Singh, 1969), Central America (Lozano, 1977) and in Pakistan (Mew and 

Majiid, 1977). In India, after its first report from Bombay (Srinivasan et al, 1959) the 

disease was subsequently reported from Jammu and Kashmir (Kaul, 1959), Bihar 

(Srivastava and Rao, 1963), Punjab, Uttar Pradesh, Orissa, Madhya Pradesh, Andhra 

Pradesh (Srivastava and Rao, 1964), West Bengal (Mukherjee etal, 1966), Goa and the 

Andamans (Patel, 1972). The disease caused heavy losses in Punjab, Haryana and 

Western Uttar Pradesh during severe outbreaks in 1979 and 1980 (Durgapal, 1985). In 

Tamil Nadu, BLB outbreak was first noticed when Taichung Native-1 cultivar was 

introduced (Soumini etal, 1969).



BLB pathogen

Bokura (1911) first named the pathogen Bacillus oryzae. Ishiyama (1926) observed that 

the bacterium was rod-shaped and named it Pseudomonas oryzae. The pathogen was 

later renamed Xanthomonas oryzae based on the classification of Dowson (1949) and 

subsequently was reclassified and placed under Xanthomonas campestris as a pathovar 

(X. campestris pv oryzae (Ishiyama) Dye et at. (Dye et a/. 1980) The name X. oryzae pv 

oryzae Swings et at. is currently followed after the revised naming of the bacterial 

pathogen (Swings et al„ 1990).

Losses caused by BLB pathogen

BLB has been responsible for severe yield losses in Asian countries. Suwa (1962) 

reported that when the disease intensity was moderate and above 30%, the grain yield 

was reduced by 20 to 30%. Losses in different varieties grown in India varied from 6 to 

7% in IR20, 58% in TN1, and 74% in Bala (Rao and Kauffman, 1977). In crops raised 

during monsoon season, the yield losses were as high as 50% (Rangaswami and 

Rajagopalan, 1973). The number of chaffy grains were 32.2% more in infected tillers than 

in healthy tillers (Ray and Sengupta, 1970).

Losses caused by BLB pathogen varied from place to place; 30% loss in Japan (Suwa, 

1962), 4.9 to 9.0% in China (Teng, 1986), less than 30% in Indonesia and Phillipines (Rao 

and Kauffman, 1977), and 6 to 60% in lndia.(Srivastava, 1967). In India the loss varied 

with state to state, 23% loss in Maharashtra (Sulaiman and Ahamed, 1965), 72.7% in



Andhra Pradesh (Reddy ef a/., 1978) 60 to 70% loss in Punjab (Raina et a/., 1981) and 

less than 50% loss in Tamil Nadu (Rangaswami and Rajagopalan, 1973).

Symptomatology

Leal blight, kresek (wilt) and pale yellowing are the three distinct symptoms of BIB (Goto, 

1964). Ishiyama (1926) described the symptoms of the disease as small water soaked 

lesions on the margins, which gradually enlarged to yellowish or whitish blotches or 

stripes. Occurrence of exudates made of clouded droplets is common. Pale yellowing of 

leaves were found on mature plants in the tropics, due to non availability of nutrients to 

the young leaves (Ou, 1985), Mew (1987) reported that the chloropnyll deficiency was due 

to malfunctioning of the photosynthetic system caused by toxin of the bacterium. The 

blight symptoms developed on leaf blades, sheath and sometimes on grains (Mizukami 

and Wakimoto, 1969; Mew, 1987). Small water-soaked spots appeared on the margins, 

extended rapidly and the entire leaf got blighted. Bacterial ooze was observed in the 

humid and warm conditions (Mew, 1988). 'Kresek* stage, the most serious BLB syndrome 

occurred usually one (or) two weeks after transplanting and showed complete withering of 

plants (Reddy, 1987). Mew (1987) reported that the pathogen entered through natural 

openings and ultimately reached xylem tissues, and then became systemic.



Methods of inoculation of Xoo

M
(

There are essentially three reported methods of the inoculation of Xoo. Ou (1985) 

reported that a pinprick method was found to produce lesions identical to natural infection 

and it was effective for large-scale screening. In 1979, dipping method was introduced by 

Mew and coworkers in which root and basal parts of the seedlings were dipped in a 

bacterial suspension before the transplanting (Mew et at., 1979). This was done mainly for 

inducing kresek symptom. Kauffman etal. (1973) reported that clipping method, clipping 

off the leaf tip the inoculum was directly deposited in the infection court. Morinaka et at. 

(1978) who assessed the relative efficacy of the two methods concluded that there existed 

a correlation of 0.81 to 0.92 between clip and prick inoculation methods.

Assessment of disease development

Ezuka and Horino (1974) developed a scale with 8 classes (coded 0 - 7) to score prick- 

inoculated leaves ranging from symptomless to 100%. A standard evaluation system was 

developed at the International Rice Research Institute (IRRI, 1980) to score clip- 

inoculated leaves on booting or flowering plant ranging from symptomless to 100% 

disease leaf area coded as 0, 1, 3, 5, 7 and 9. The other parame*ers to assess BIB 

resistance are lesion length (Yoshimura et at., 1984) or lesion area (Yamamoto et at., 

1977)



Varietal grouping

Srinivasan et al. (1959) identified the rice cuttivars, BAM9 and MTV15 as the sources of 

BLB resistance. The cultivars, Sathi and N22 were highly resistant (Pavgi et al., 1964), 

while W529 and TKM6 showed moderate resistance to the pathogen (Reddy, 1965; 

Purushothaman, 1973). Mahmood and Singh (1970) reported that TNI, T65 and Padma 

were highly susceptible, IRS, IRS, IR48 and OHIO were moderately susceptible and BR9, 

BR7and N136 were found resistant.

The response of rice plant to Xoo varied with different stages of crop growth in different 

genotypes. Adult plant resistance combined with seedling stage susceptibility was 

observed in Wase Aikoku3 (Qi and Mew, 1985). Mew (1987) observed differential 

resistance and apparent adult plant resistance at different growth stages in varieties such 

as, Zenith, Malagkit Sung Song, and their progeny lines IR1695 and IR944.

Variability of Xoo on rice cultivars

Differential interaction between rice and Xoo was reported (Mew 1987), when then 

resistant cullivar Asakaze became susceptible to BLB. Kozaka (1969) identified three 

bacterial groups based on a differential reaction of a set of rice cultivars. Sato et al. (1976) 

analysed Xoo on Kyushu area and identified two bacterial groups namely, the ones which 

attacked all differential cultivars including Wase AikokuS and other ones which did not.



Rice transformation

The cultivated varieties of rice are normally susceptible to a wide range of pests and 

diseases or lacking in agronomically important traits. The desirable traits are present in 

many wild species of rice. Attempts have been made to transfer such traits from wild type 

to cultivated species through normal breeding methods. However, the conventional 

methods are time-consuming. Hence, attempts were made to transfer the gene of interest 

directly to the cultivated varieties (Christou et al., 1991; Fujimoto ef a/.,1993; Broglie etal, 

1989). Such attempts were made in rice also. To date several genes of interest including 

sheath blight resistance (Lin etal. 1995), BIB resistance (Song etal., 1995; Zhang etal., 

1998) and insect resistance using Btgenes (Wunn etal., 1996) have been developed.

Genetic engineering for rice disease management

A number of mechanisms are involved in plants to protect themselves from diseases. 

Some natural defense mechanisms have been identified which were controlled by variety 

of genes called defense genes, which were expressed constitutively. Such a single 

defense gene can strengthen plant defense against pathogens. So far, a few defense 

genes have been cloned into plants and still less in rice. Transformation of rice with a 

number of putative defense genes is being tried the world over. Different forms of 

chitinase genes from bean (Broglie et. at., 1989), from rice (Huang et. al., 1991) and from 

barley (Leah et. al., 1991), and osmatin-like protein (AP24) from tobacco (Singh et. al.,



1989) have been cloned. Lin et al. (1995) reported genetic engineering of rice for 

resistance against sheath blight caused by Rhizoctonia solani using a rice chitinase gene. 

Several methods have been found to introduce a foreign gene into rice protoplast and 

intact cell. Polyethylene glycol (PEG) helps in fusing protoplasts and also promotes the 

uptake of genes by protoplast (Khush and Toenniessen.1991) through electroporation, the 

foreign DNA is allowed to penetrate the protoplast membrane (Nagata, 1989). The major 

limitations for these two methods were isolation of protoplast and regeneration of plants 

from rice protoplasts (Khush and Toenniessen,1991). , These methods are genotype- 

dependant and do not readily apply to all cereal species (Li et at., 1993).

Agmbacterium mediated transformation has been well developed ‘or dicotyledonous plant 

species, but not for monocotyledonous species except in few cases (Bytebier et al., 

1987). However, transformation methods based on the use of Agrobacterium tumefaciens 

are still preferred in many instances, as this does not require protoplast and in general, 

result in higher transformation efficiency and a more predictable pattern of foreign DNA 

integration rather than any other known transformation technique (Czernilofsky et al., 

1986; Chan etal, 1993; Hiei etal, 1994).

The biolistic method is best alternative method for cereal transformation (Li et al., 1993) 

and is successfully used in maize, rice, sugarcane and wheat transformation (Fromm et 

al., 1991; Bower and Birch, 1992; Vasil etal., 1992). John Sanford of Cornell University 

invented the biolistic method (Klein et al .,1987). The major advantages of transformation



through biolistic are that any kinds of cells or tissue can be used, false positive results 

arising from the growth Agrobacterium in host tissue is eliminated and transient 

expression can be examined within a few days (Hagio, 1998).

Biolistic transformation of rice

Rice transformation through biolistic method has been used for both japonica and indica 

rices. Transformation efficiency was observed to be about 25% in japonica rice (Fauquet 

et at, 1.996). Among the japonica rice, Taipei309 was used as model variety for 

transformation, using embryogenic cell suspension and/or embryogenic call! as the target 

tissue

Indica rice transformation has always been much more difficult to achieve. Previously, 

immature embryo (Ranee et al., 1994) and embryo cell suspensions (Zhang et al., 1996) 

were used as target cells for transformation. Using the latter, variable success was 

achieved (Fauquet et at., 1996). In indica rice, fertile lines were regenerated through 

bombarding immature embryos (Christou et al., 1992) or electroporating embryogenic 

cells (Xu and Li 1994) or using suspension cells (Zhang et al., 1995).

Transmission of transgenes to next progeny

Molecular analysis of transgenic plants by means of Southern blot hybridisation and/or 

polymerase chain reaction (PCR) is used extensively to demonstrate stable integration of 

foreign DNA into the genome of transgenic rice. Segregation pattern of the introduced



genes into the progenies, has been used for genetic analysis of transgenic rice (Rashid et 

a/., 1996). Mendelian pattern of segregation confirms the stable integration of gene into 

the genome of transgenic rice (Hiei etal., 1994; Rashid et a/.,1996).

Genetic engineering for bacterial leaf blight resistance

Xa21 gene was identified from a wild African rice cultivar Oryza longistaminaia (Khush et. 

al, 1989). The Xa21 gene was transferred from 0. longistaminata to a susceptible 

cultivar, 1R24 by conventional breeding and the variety was named IRBB21 (Khush et at, 

1990). This line with Xa21 conferred resistance to all the known races of Xoo in India and 

Philippines (Khush et. at, 1990; Ikeda et. al. 1990). From 1RBB21, the gene was cloned 

using positional cloning (Ronald et. at, 1992; Ronald, 1997). The molecular structure of 

Xa21 represents the gene was found to be translated into a receptor kinase-like protein 

carrying leucine-rich repeats (LRR) in the putative extracellular domain, a single pass 

transmembrane domain and a serine threonine kinase (STK) intra-celluiar domain (Song 

et.al.,1995).

Wang et al. (1996) transformed japonica variety Taipei 309 with cloned Xa21 gene. 

Recently, Tu et al. (1998) studied the resistance spectrum and segregation pattern of 

Xa21 in transgenic lines of an indica rice cultivar IR72.



Materials and Methods



Chapter3

Materials and Methods

Isolation of Xoo

Rice leaves showing typical BIB symptoms were selected and cut into small bits of 3 mm 

in size. The leaf bits were surface-sterilized using 0.1% mercuric chloride for 30 sec and 

changed to sterile distilled water at least three times. The leaf bits were incubated on a 

modified Wakimoto’s peptone sucrose agar (PSA) medium.

Modified Wakimoto’s peptone sucrose agar medium (Durgapal, 1988)

Component g per litre
Peptone 5.0
Sucrose 20.0
Ca(N03)2.4H20 0.50
FeSOi. 7HjO 0.50
NazHPOi. 2HsO 2.0
Agar 20.0
Water to one litre

After a lapse of 48 h, a yellowish bacterial growth was observed. The bacterium was 

purified by dilution plate technique (Waksman, 1952) using single colonies.

Xoo isolates

A total of seven isolates were used in the present study. The Aduthurai isolate was 

obtained from Tamil Nadu Rice Research Institute (TRRI), Aduthurai. The Coimbatore 

isolate was from the Paddy Breeding Station (PBS), Centre foi Plant Breeding and



Genetics, Tamil Nadu Agricultural University, Coimbatore. Four isolates were received 

from the Central Rice Research Institute (CRRI), Cuttack (IAXO501, IAX0100, IAX0469 

& 1AX034) and the Hyderabad isolate was received from the Directorate of Rice 

Research (DRR), Hyderabad.

The Xoo isolates were maintained on glycerol. The bacterium was inoculated into peptone 

sucrose broth and incubated for 48 h. The bacterial growth was mixed with sterile glycerol 

such that the final volume of stock contained 15% of glycerol. The glycerol stock was 

maintained at - 70 °C. For revival, a loopful of bacteria was streaked onto potato-sucrose 

agar plates and incubated at room temp.

Checking the pathogenicity of the isolates

The bacterial inoculum was prepared by suspending the actively growing 48h old pure 

culture in sterile distilled water. The inoculum density was adjusted with a 

spectrophotometer to about 109 colony forming units per ml (cfu. ml'1}. Taichung Native 

1(TN1) plants were raised in pots of 22.5 cm diam containing 3 kg of wetland soil 

supplemented with recommended quantities of NPK. The 21 day-old rice plants were 

inoculated with Xoo inoculum by leaf clipping method (Kauffman et at, 1973). The 

inoculation was performed at late evenings and the plants were kept in a moist chamber 

to maintain a high RH in order to favour rapid development of lesions. The symptom 

development was observed in 7 to 10 d after inoculation and this was compared with



control plants sprayed with sterile water. The bacterium from the lesions was reisolaled in 

order to satisfy Koch’s postulates.

Screening Indlca rice genotypes at seedling stage against Xoo isolates 

Seeds of 14 varieties of diverse genetic background viz. TN1, ADT38, IR50, PTB18, 

Choorapoondi, TNAU831311, IR20, ASD20, PTB33, TKM9, W1263, ASD16, Co43 and 

NH56 were obtained from PBS, TNAU, Coimbatore. These genotypes are noted-for their 

performance over several generations (Pers, Comm. Dr. P. Shanmugasundaram, 

Professor of Agricultural Botany, Centre for Plant Molecular Biology, Tamil Nadu 

Agricultural University, Coimbatore). These varieties were sown individually in pots filled 

with wetland soil. Twenty-one day-old seedlings were clip-inoculated with six isolates 

(lAXO 469, IAXO 34, IAXO 501, IAXO 100, isolates from Aduthurai and Coimbatore). The 

symptom development was observed 14 d after inoculation and scoring was done using 

the Standard Evaluation System followed in IRRI, The Philippines (IRRI, 1980) as follows:

Scale Description
0 No lesion
t 1% diseased leaf area
3 1-5 % diseased leaf area
5 6-25% diseased leaf area
7 26-50% diseased leaf area
9 > 50% diseased leaf area



The per cent disease index (PDI) was also calculated using the formula of McKinney 

(1923).

Sum of all individual ratings 100

Total number of leaves graded Maximum grade

Based on the PD! and intensity (grade), the reaction of the plants to the disease was 

assessed and varieties were grouped (Kauffman etal., 1973; Sahu and Parida, 1997) as 

follows:

Grade Disease reaction

1 Resistant

3 Moderately resistant

5 Moderately susceptible

7 Susceptible

9 Highly susceptible

Screening the select genotypes against Xoo isolates during different growth stages 

Six varieties were forwarded to screen at different growth stages viz., seedling stage (21 d 

after sowing; DAS), maximum tillering stage (50 DAS) and boot leaf stage (70 DAS). The 

susceptible check (TNI) was also included in the experiments and the plants were 

inoculated with the six Xoo isolates. Observation was taken after 14 d after inoculation. 

Grouping different Xoo isolates using differentials

A set of differentials, IR24 40179, IRS 40171, IR 20 40177, Cas209, DV85, IRB821 and 

TNI, were obtained from International Rice Research Institute, Los wanes, Manila, the 

Philippines. The plants were raised and 21 day-old seedlings were clip-inoculated with



seven isolates (1AXO 469, IAXO 34, IAXO 501, IAXO 100, Aduthurai, Coimbatore and 

Hyderabad). The observation was taken 21 d after inoculation.

Transformation of indica rice cultivars 

Plasmid constructs used

pRQ6 is a pUC derived plant transformation vector of size 8.25 kb which harbours 

hygromycin phosphotransferase (hph) and p-glucuronidase [gusA) genes each with 

CaMV promoter and NOS terminator sequences (Courtesy; Internationa! Laboratory for 

Tropica! Agricultural Biotechnology, The Scripps Research Institute, La Jolla, USA; Fig. 

1), pWRQ1515 harbours hph and gusA genes each with 35S CaMV promoter and NOS 

terminator sequences (Gift of the John Innes Centre, Norwich, UK; Fig. 2). pB822 carries 

Xa21, a BLB resistance gene, the size of the plasmid was 12.5 kb (Courtesy: Dr. Pamela 

C. Ronald, Department of Plant Pathology, University of California, Davis, USA; Fig. 3). 

Preparation of competent cells

The Escherichia coli strain DH5a was grown on LB broth to an optical density of 0.5 to 0.6 

at 600 nm.

LB broth (Sambrook et a!., 1989)

Component q per litre
Tryptone 10.0
Yeast extract 5.0
NaCI 10.0
Water to one litre

The cells were collected by centrifugation at 4000 rpm for 10 min at 4 °C. The cells were

resuspended in 1/5 volume lOOmM CaCI2 and incubated on ice for 10 min. The cell
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Fig. 1. Plasmid map of pRQ6
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Fig. 2. Plasmid map of pWRG1515
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suspension was centrifuged at 4000 rpm for 10 min at 4 °C, the cells were again 

resuspended in 1/25 volume 50mM CaCI2 and incubated on ice for 20 min, the ceil 

suspension was centrifuged for 10 min at 5,000 rpm at 4 °C, the cells were resuspended 

in ice cold lOOmM CaCI2, the final content was mixed with 15 % v/v sterile glycerol and 

stored in - 80 °C for long time storage..

Bacterial transformation

To an aliquot of 100 pi competent cells, 25-50 ng purified plasmid DNA was added. The 

mixture was incubated on ice for 30 min and heat shock was given at 42 °C for 90 sec. 

The mixture was kept in ice for 5 - 10 min. Then, the transformed bacterial cells were 

multiplied by transferring the mixture to 3 ml LB broth and incubated at 37 °C for 1 h. After 

incubation, 50-100 pi of the cell suspension was plated on LB agar containing the 

appropriate antibiotic.(100pg ampicillin/ml of medium). The plate was incubated at 37 °C 

for 12 h and stored at 4 °C for further use.

Isolation of plasmid

A single transformed colony was picked from the selection plate and grown in LB broth 

with appropriate antibiotics for 16 h at 37 °C. The grown up bacterial culture was used for 

isolation of plasmid.

Isolation and purification of the plasmid was carried out using Wizard Plus Maxipreps 

DNA purification system (Promega, USA) by following the manufacturer's instructions.



Restriction digestion of Plasmids

One microgram plasmid DNA was restricted with the appropriate restriction enzymes (5 

units per pg plasmid DNA). The reaction mixture contained plasmid DNA, appropriate 

assay buffer, restriction enzyme and water. The reaction mixture was incubated at 37 °C 

for 4 h.

Agarose gel electrophoresis

Required amount of agarose was weighed (0.8% w/v) and melted in lx TAE buffer

Iris-acetate EDTA butter (TAE; Sambrook et al„ 1989)

1X TAE contains 0.04M Tris acetate and 0.001 M EDTA

(242g Tris base; 57.1 ml glacial acetic acid; 100 ml 0.5M EDTA; pH 8.0).

Ethidium bromide was added to the final concentration of 0.5pg/mt of gel. After cooling to 

50-55 °C, the agarose solution was poured onto the preset template with appropriate 

comb. After solidification, the comb was removed and the gel with template was placed in 

an electrophoresis gel unit containing the running buffer (lx TAE).

To the DNA sample, required volume of gel loading buffer was added and the samples 

were loaded into the wells. Electrophoresis was carried out at 50 v (Sambrook et a/., 

1989).

Gel loading buffer (Sambrook et al., 1989)

6X buffer contains 0.25% bromophenol blue, Q.25% xylene cyanol FF, 30% glycerol in water 

(stored at 4 °C)



Biolistic transformation of rice

Gene transformation system used in the study was Biolistic PDS-1000/He Particle 

Delivery System (BioRad, USA). The manufacturer's instructions were strictly followed for 

operating the instrument, coaling the gold particle with plasmid DNA and bombardment. 

Preparation of gold particles {microcarriers}

Six milligrammes gold particles (equal quantities of each of 1.0 pm dia size; BioRad, USA 

and 1.8-2.0 pm dia; Alfa, Germany) was weighed and suspended in 100 pi absolute 

alcohol. It was vortexed for 1-2 min, centrifuged for 10 sec at 10,000 rpm and the 

supernatant was removed. The pellet was suspended in 100 pi sterile double distilled 

water, vortexed for 1 min and recentrifuged at 10,000 rpm for 10 sec. The supernatant 

was removed and this was repeated three times. Finally the pellet was suspended in 100 

pi of sterile double distilled water.

Coating gold particles with plasmid DNA

The construct harbouring Xa21 gene, pB822 was bombarded with either construct 

harbouring marker genes (pRQ6/pWRG1515). The plasmids were mixed in a ratio of 

5;1{pB822 and marker plasmid respectively). The ratio was based on the size of the 

plasmid.

Fifty microlitres gold suspension was taken in an Eppendorf tube and 5 pg plasmid DNA 

was added while vortexing at low speed. To the plasmid-gold mixture, 20 pi of 0.1 M 

spermidine was added. To this, 50 pi of 2.5M CaCb was added drop by drop while



vortexing. The mixture was left for 10 min at room temp (25 °C). Then, the mixture was 

centrifuged at 10,000 rpm for 10 sec, supernatant was removed and the pellet was 

resuspended in 60 pi absolute ethanol.

Isolation of immature embryos

Milky to post-milky stage (15 d after flowering) panicles were collected and the developing 

grains were harvested from them. The seeds were removed from the grains and were 

surface-sterilised immediately after removing their lemma and palea with 70% ethanol for 

5 min and in 0.1% HgCI2 for 3 min. Subsequently, they were washed with sterile double 

distilled water 3 times. The immature embryos were extracted under a stereo binocular 

microscope. The isolated embryos were placed on CC proliferation medium and kept in

dark at 25 ± 2 °C.



CC media (Potrykus et a/., 1979; Vain et at., 1993)

Components per litre
CC proliferation medium CC osmoticum medium

CC macronutrients 100 ml 100 ml

CC micronutrients 10 ml 10 ml

Fe EDTA (4 g/!) 10 ml 10 ml

Sucrose 20 g 20 g

Mannitol 15 g 60 g

Sorbitol IS g -

2,4-0 2 mg 2 mg

Casein hydrolysate 1 g ig
Coconut water 100 ml 100 ml

Phytagel 4g 4g

pH 5.8 5,8

CC vitamins sterilized, pHS.8 10 ml 10 ml

CC stock solutions

CC macronutrients g per litre Volume used per litre of medium

KNOj 12.12

NH4NO3 6.4 100 ml

CaCI2.2 H20 5.88

MgSOiJHaO 2.47

KH2PO4 1.36

CC micronutrients mg per litre Volume used per litre of medium

H3BO3 310

MnSOiJHjO 1115
ZnS0«.7H20 576 10 ml
Kl 83
Na2Mo04 2H20 24
CUS04.5H20 2.5
CoCI2.6H20 2.8

CC vitamins mg per litre Volume used per litre of medium

Nicotinic add 600

Thiamin HCI 850

Pyridoxine HCI 100 10 ml

Glycine 200

myo-inositol 100



About 50-70 immature embryos were arranged at the centre of a 90 cm Petri plate with 

the proliferation medium containing osmoticum and incubated for 4 h.

Callus Induction

Four hours after bombardment the immature embryos were transferred to proliferation 

medium and incubated for one d at 25 ± 2 °C dark. After the lapse of 1 d, the embryos 

were transferred to selection medium containing hygromycin 50 mg/1 and incubated in 

dark at 25 ± 2 °C. Call! obtained on hygromycin selection were subcultured on a fresh 

medium containing hygromycin. Four rounds of subculturing and selection were 

performed at 14 d interval on fresh medium with hygromycin.

GUS assay

GUS assay buffer was prepared by dissolving 5 mg of X-Gluc (5-bromo, 4-chloro, 3- 

indoiyl p glucuronide, Sigma. USA), 359 mg sodium dihydrogen phosphate dihydrate and 

0.01 ml Tween 20 in 20 ml double distilled sterile water, pH of the solution was adjusted to 

7.0 using 1N NaOH and after filter sterilization, It was stored at 4 °C in a sterile container. 

Transient GUS expression assay was carried out for 10 embryos randomly selected from 

48 h after bombarded plates. The embryos were submerged into the GUS assay buffer 

placed in an Eppendorf tube and incubated at 37 °C overnight.

Stable GUS assay was performed on the call! selected on the fourth round of hygromycin

selection.



Regeneration of putative transgenic plants

Calli selected on hygromycin for the fourth time were transferred to CC regeneration 

medium with hygromycin.

CC Regeneration medium (Potrykus ef a/., 1979)

Components per litre

CC macronutrients 100 ml

CC micronutrients 10 ml

Fe EDTA (4 g/l) 10 ml

Sucrose 20 g

Mannitol 15.0 g

Sorbitol 15.0 g

Casein hydrolysate tfl

Coconut water 100 ml

pH 5.8

Phytagel 6g

CC vitamins (sterilized) pH 5.8 10 ml

The calli were incubated in dark at 25±2 °C for 1 wk and subsequently to 16 h lighting 

alternated with 8 h darkness photoperiod cycles at 25±1°C using cool white fluorescent 

lamps (with light intensity of 110-130 mm/M2/S pAR; Philips F40/CW) until shoots 

developed. The plantlets were then transferred to Magenta boxes containing half strength 

MS basal medium with hygromycin for rooting.



MS Medium (Murashige and Skooq, 1962)

Chemical Final Cone, per Litre of the Medium Stock/100 ml Quantity to be
dispensed for 1 litre of MS medium

NH4NO3 1.65 g 16,5 g

KN03 1.90 g 19.0 g 10 ml

MgS04.7H20 0.37 g 3.70 g

kh2po4 0.170 9 1.70 g

CaCI2.2H20 0.440 g 4.4 g 10 ml

MnS04.4H20 22.300 mg 2230 mg

ZnS04.7H20 8.600 mg 860 mg

H3BO3 6.200 mg 620 mg

Kl 0.830 mg 83 mg 1 ml

Ma2M.o04.2H20 0.250 mg 25 mg

CuS04.5H20 0.025 mg 2.5 mg

000(2-6^0 0.025 mg 2.5 mg

Fa EDTA 11.25 uq 2.5 mg 0,450 ml

Nicotinic add 0.5 mg 50

Pyn'doxine 0.5 mg 50 1 ml

Thiamin HCI 0.1 mg 10
Glycine 2.0 mq 200

Myo-lnositol 100 mq added solid 100 mq

2.4-D 2mg 100 mq 2 ml

Sucrose 309 added solid m
To prepare ttie medium, required amount of solution was taken from the respective stock solutions, to which ttie carbon 
source (sucrose or maltose) and other additives (in solid form) were added. The growth hormones, which can be co­
autoclaved were also added as per the requirements of the different experiments. The pH of the medium was adjusted to 
5.8 (using either IN KOH or IN HCI) before adding solidifying agent. After making up the final volume with distilled water, 
the medium was dispensed into flasks and covered the neck of the flasks with two layers of aluminum foil and then sterilized 
in an autoclave at 1.01 kg/cm2 (15 lbs) at 121“ C for 15-20 min.



When plants were 8-10 cm high (after 1-2 wk) they were transferred to Yoshida's culture 

solution (Yoshida et aL, 1976) for better root development.

Yoshida’s Culture solution (Culture solution for hardening of tissue cultured plantlets)

Chemical g/l in final 
solution

80x stock

g/i
Quantity to be dispensed 

per litre of the medium

NH4NO3 0.114 9.14
NaHzP04.2H20 0.050 4.03 12.5mM
KjS04 0.089 7.14
MqS04.7H20 0.405 32.4

CaCtj 0.111 8.860 12.5 ml/l

MnCMHsO 0,0018 0.1500
(NH<)6Mo?0!4,4H?0 0.0000925 0.0074
HaBOa 0.00117 0.0934
2nSO< .7HaO 0.0000437 0.0035 125ml/l
CuSOa .SHaO 0.0000387 0.0031
FeCla ,6HaO 0.009625 0.7700

Stock solutions were stored at room temperature. To make one litre of culture solution, the required amounts 
of slocks were added and the volume was made up to 950 ml, the pH was adjusted to 6.0 using 1M 
KOH/NaOH. Final volume was one litre. The solution was autoclaved at 121° C for 15-20 min before use.

DNA isolation for PCR amplification

A small leaf bit (ca. 100 mg) was ground with 300 pi DNA extraction buffer.

DNA extraction buffer (Dr. K. Tang, John Innes Centre, Norwich, UK; Pers. Comm.)

200 mM Tris HCI (pH 7.5)
200 mM NaCI 
25 mM EDTA 
0.5% SDS

The homogenate was centrifuged at 12,000 rpm for 10 min. The supernatant was 

collected and to this 200 pi isopropanol was added and kept at -20s C for 10 min. This



was centrifuged and the pellet was dissolved in 30 pi of TE buffer (10 ml Tris-CI pH 8.0,

1 mM EDTA, pH 8.0). For each PCR reaction 1 p I DMA was used.

Polymerase chain reaction

Polymerase chain reaction was performed as recommended by Sambrook et at. (1989) 

with a few modifications. Twenty-five microlitres of reaction mixture containing 10x assay 

buffer (lOpM Tris-HCI, pH 9.0, 1.5 mM MgClz, 50 mM KC1, 0.01% gelatin; Bangalore 

Genie, India) , 200 pM each of dNTPs (Bangalore Genie, India), IpM each of the 

following forward and reverse primers in each experiment and 1 unit of Taq polymerase 

(Bangalore Genie, India):

Experiment 1; Primer pairs based on Xa21 intron/kinase region of Xa21 gene 

Forward primer: U1 (S' CGA TCG GTA TAA GAG CAA AAC 3*) and 

Reverse primer: 11 (5* ATA GCA ACT GAT TGC TTG G 3‘)

Experiment 2: Primer pairs based on the kinase specific region of Xa21 gene 

Forward primer: K2F (S' GTG CTGG AAA TAG TAA CC 3’) and 

Reverse primer K2R (S' CCT GAG AGC AAG ACA ACC 3’)

{Wang et. al., 1996; Primers supplied by Genemed Synthesis Inc., South San Francisco, USA) 

The amplification was performed in a PTC-100 mini-cycler (MJ Research, U.S.A.) with the 

following conditions. Pre-incubation at 94 °C for 3 min, leading to 35 cycles of 

denaturation at 94 8C for 1 min, annealing at 52 °C for 1 min and synthesis at 72 °C for 1 

min followed by an extension al 72 °C for 6 min. After amplification, 10 pi reaction 

mixture was used for electrophoretic analysis in a 0.8 % agarose gel.



EcoRV EcoRV

nuna lntron
-► PCR primers for progeny screening

► PCR primers for amplification of kinase probe

Fig. 4. Restriction map and primer combinations used in the analysis transgenic plant expressing the Xa21 gene. The 
primer pairs U1 and 11 amplify a 1.4 kb DNA fragment from the Xa21 gene that was used in genotypic analysis of #ie To 
progeny. The primer pairs, K2F and ICR amplify a 230 bp fragment which was also used a s a primer in PCR analysis of 
the To lines (adapted from Wang el at, 1996).



Experimental Results



Chapter 4

Experimental Results

Screening indica rice genotypes at seedling stage against Xoo isolates 

TKM9 was resistant to IAXO100 (PDi, 2.8) and the Coimbatore isolate (PDI, 3.65) while it 

was moderately resistant to 1AX034 (PDI, 9.62), 1AX0469 and IAXO501 (PDI, 11.11). 

PTB18 registered a moderately resistant reaction to the Coimbatore isolate (PDI, 6.66), 

1AX034 (PDI, 9.27), IAXO100 (PDI, 9.63), IAX0501 (PDI, 10.00) and the Aduthurai 

isolate (PDI, 11.11). W1263 was also moderately resistant to iAX034 (PDI, 8.89) and 

1AX0100 (PDI, 11.48). NH56 registered a moderately resistant reaction only to the 

Aduthurai isolate (PDI, 8.71) and TNAU831311 was moderately resistant to the Aduthurai 

isolate (PDI, 9.27) and the Coimbatore isolate (PDI, 10.00) (Table 1; Fig. 5; Plate la-e, 

Plate 2). All the above six genotypes were forwarded to further screening experiments. 

Screening the select genotypes against Xoo isolates during different growth 

stages

W1263 was resistant to IAXO501 (PDI, 4.10), IAX034 (PDI, 4.12), the Coimbatore isolate 

(PDI, 4.60) and IAXO100 (PDI, 5.00) at boot leaf stage, while it was only moderately 

resistant to IAX034 at maximum tillering stage (PDI, 6.00) and at seedling stage (PDI,
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Plate la. Reaction of TNI, TKM9 and NH56 to 1AXO100

1. TNI (control)

2. TKM9

3. NH56

Plate 1b. Reaction of TNI, PTB18JKM9 and NH56 to the Coimbatore isolate.

1. TNI (control)

2. PTB18

3. TKM9

4. NH56
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Plate 1c.. Reaction of TNI, TKM9, W1263 and NH56 to IAX034

1. TN1 (control)

2. TKM9

3. W1263

4. NH56

Plate Id. Reaction of TNI and TKM9 to IAX0469

1. TNI (control)

2. TKM9
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Plate le. Reaction of TNI. TKM9 and NH56 to IAXO501

1. TNI (control)

2. TKM9

3. NH56

Plate 2. Reaction of TNI, PTB18 and NH56 to the Aduthurai isolate

1. TNI (control)

2. PTB18

3. NH56
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8.89). PTB18 was moderately resistant to the Coimbatore isolate at seedling stage (PDI, 

6.60) (Table 2; Fig. 6; Plate 3a,b; Plate 4).

Varietal grouping based on both PDI and BLB intensity, PTB18 and TNAU831311 were 

moderately resistant to the Coimbatore isolate, TKM9 to IAXO501 and NH56 to the 

Aduthurai isolate at all the three stages of growth. W1263 was moderately resistant to 

IAX034 and 1AXO100 during seedling and maximum tillering stages, while it became 

resistant to both the isolates at boot leaf stage. W1263 registered an increased 

resistance to IAXO501 with increasing age of the plant. However, a moderately resistant 

PTB18 (to IAXO100 and the Aduthurai isolate at the seedling stage) became susceptible 

when the plant aged (Table 3).

Grouping different Xoo isolates using differentials

Among the seven Xoo isolates, IAX0469 registered a resistance reaction with Cas209 

(PDI, 2.25), DV85 (PDI, 3.7) and IR2040171 and IRBB21 (PDI, 4.6). IAX034 registered 

a similar reaction with IR2040171 and DV85 (PDI, 2.7), 1RBB21 (PDI, 3.7) and Cas209 

(PDI, 4.6). The Coimbatore isolate and IAXO100 were also similar in that they exhibited a 

resistance reaction with Cas209, DV85 and IRBB21. IAXO501 registered such a 

resistance reaction only with IRBB21. None of the differentials showed any resistance to 

the Hyderabad isolate.

The Xoo isolates could arbitrarily be grouped into six virulence categories based on their 

disease reaction (Table 4; Fig. 7; Plate 5). IAX0469 and IAX034 were assigned
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Plate 3a. Reaction of W1263 to IAXO501 and IAX034 at boot leaf stage

1. TNI (control)

2. W1263-inoculated with IAXO501

3. W1263-uninoculated

4. TN1 (control)

5. W1263-inoculated with 1AX034

6. W1263-uninoculated
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Plate 3b. Reaction of W1263 to coimbatore isolate and IAXO100 at boot leaf stage

1. TNI (control)

2. W1263-inoculated with coimbatore isolate

3. W1263 uninoculated

4. TNI (control)

5. W1263-inoculated with IAXO100

6. W1263 uninoculated
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Plate 3b,



Plate 4a. Reaction of W1263 to IAX034 at maximum tillering stage

1. TNI (control)

2. W1263 inoculated with IAX034

3. W1263 uninoculated

Plate 4b. Reaction of W1263 to IAX034 at seedling stage

1. TNI (control)

2. W1263 inoculated with IAX034

3. W1263 uninoculated
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Plate 5a. Reaction of differentials to IAXO 469

1. IR2440179

2. TNI

3. 1R840177

4. IR2040171

5. Cas209

6. DV85

7. IRBB21

Plate 5b. Reaction of differentials to IAXO 34

1. IR2440179

2. TNI

3. 1R840177

4. IR2040171

5. Cas209

6. DV85

7. IRBB21
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Category I, while the rest of the isolates were unique in their virulence and hence were 

assigned different category numbers (viz., the Coimbatore isolate, Category II; IAXO100, 

Category 111; IAXO501, Category IV; the Aduthurai isolate, Category V and the Hyderabad 

isolate, Category VI)

Transformation of indica rice cultivars

A restriction analysis of the plasmids employed in the present study was made with a view 

to checking the integrity of the plasmids (Fig. 8)

Among 48 individual bombardment events, transient GUS was randomly performed on 

two lots of immature embryos of either test-genotypes used in the present study (Table 5). 

Out of a sample of 10 immature embryos at the least two proved GUS-posilive. At the end 

of the selection of putative transformed callus lines on hygromycin-containing CC 

medium, samples of proliferating calli (size, 10) drawn from each of those two lots were 

checked for the stable expression of the transgene using the histochemical assay method. 

Four of such calli proved GUS-positive. Regeneration frequency of the transformed calli 

was very low as it was only to an extent of 1-2.7%. The number of putative hygromycin- 

resistant lines arising out of individual bombardment events was between 1 to 4. Up till 

now, only 2 lines expressing the transgenes viz., Xa21 (Fig. 9) have been regenerated. 

Those two lines are in the plantlet-stage and have been transferred to Yoshida's solution 

for further testing and screening for BLB resistance. Rest of the callus lines need to be



Fig. 8. Restriction analysis of plasmids used in the present study. Each plasmid 
was checked with a unique enzyme or a double cutter enzyme (pB822 with Kpnl; 
pRQ6 with BamHI; pWRG1515 with H/ndlll) and the size of the fragments were 
ascertained. pB822 upon restriction with Kpn\ gave rise to two bands of size, 9.6 
kb and 2.9 kb. BamHI linearised the plasmid, pRQ6. H/ndlll liberated 2 
fragments of size 3 kb and 4.2 kb from pWRG1515.
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Fig, 9. PCR analysis for transgene expression using two sets of'Xa27 primers. Lane 1. 1 kb 
reference ladder. Lanes 2-5, PCR products using primers U1 and 11; the sequence flanked by 
the primers (1.4 kb) was amplified in pB822 (harbouring Xa21 gene; Lane 2) and the two To lines 
of ASD16 (Lane 3-4). There was no amplification in the non-transgenic ASD16 line (Lane 5). 
Lanes 6-9, PCR products using primers K2F and K2R spanning 230 bp in Xa21 gene harboured 
by pB822 (Lane 6) and the two To lines of ASD16 (Lane 7-8). No amplification of the band of 
similar size was found with non-transgenic ASD16 (Lane 9).
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regenerated and assayed for the presence of transgenes and the experiments are 

continued (Plates 6-11).



Plate 6a. Transient GUS assay of ASD16 immature embryos bombarded with 
pB822/pWRG1515

Plate 6b. Transient GUS assay of ADT38 immature embryos bombarded with 
pB822/pWRG1515
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Plate 6a.

Plate 6b.



Plate 7a. Selection of ASD16 embryogenic call! bombarded with pB822/pWRG1515 on 
hygromycin

Plate 7b. Selection of ADT38 embryogenic call! bombarded with pB822/pWRG1515 on 
hygromycin



Plate 7b.



Plate 8a. Stable GUS assay of ASD16 embryogenic callus bombarded with 
pB822/pWRG1515

Plate 8b. Stable GUS assay of ADT38 embryogenic callus bombarded with 
pB822/pWRG1515





Plate 9a. Putative transformed ASD16 embryogenic calli bombarded with 
pB822/pWRG1515 regenerating on CC medium with hygromycin

Plate 9b. Putative transformed ASD16 embryogenic calli bombarded with pB822/pRQ6 
regenerating on CC medium with hygromycin



Plate 9a.

Plate 9b



Plate 9c. Putative transformed ADT38 embryogenic call! bombarded with 
pB822/pWRG1515 regenerating on CC medium with hygromycin

Plate 9d. Putative transformed ADT38 embryogenic calli bombarded with pB822/pRQ6 
regenerating on CC medium with hygromycin



Plate 9c.

Plate 9d.



Plate 10a. Putative transgenic ASD16 plantlets on half MS from calli bombarded with 
pB822/pWRG1515

Plate 10b. Putative transgenic ASD16 plantlets on half MS from calli bombarded with 
pB822/pRQ6



Plate 10a

Plate 10b.



Plate 10c. Putative transgenic ADT38 plantlets on half MS from calli bombarded with 
pB822/pWRG1515

Plate 10d. Putative transgenic ADT38 plantlets on half MS from calli bombarded with 
pB822/pRQ6
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Plate 11. Putative transgenic ASD16 plants in Yoshida's culture solution for hardening



Plate 11.
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Chapters

Discussion

A variety of genes involved in plant’s natural defence mechanism has been identified. 

Several single defense genes or resistance genes have now been cloned (Martin et a/„ 

1993; Jones et al, 1994; Whitham et al, 1994; Song et al, 1995). At least 21 loci 

conferring resistance to Xoo have hitherto been identified in rice and among them, Xa21 

located in 0. longistaminata confers resistance to almost all the races/strains of the 

pathogen (Kinoshita, 1995; Lin et al, 1995; Ronald, 1998; Sonti, 1998). An attempt was 

made in the present study to assess relative resistance/susceptibility of a few rice 

cultivars of proven performance using a set of differentials with a view to using them for 

engineering resistance for BLB resistance. Several isolates of Xoo obtained from all over 

India were used to screen the rice cultivars for their reaction. TKM9 was resistant to 

1AX0100 and the Coimbatore isolate while it was moderately resistant to IAX034, 

1AX0469 and 1AXO501. PTB18 and W1263 were moderately resistant to IAX034 and 

IAX0100, while the former reacted similarly to the Coimbatore isolate, 1AXO501 and the 

Aduthurai isolate too. NH56 and TNAU831311 registered a moderately resistant reaction

to the Aduthurai isolate.



Ezuka et al. (1974) observed that resistance to Xoo varies with age of the crop and such 

resistance was not necessarily stable throughout the crop growth. However, Mew (1987) 

opined that such resistance was durable right from the seedling stage and it lasted till the 

plant reached maturity. In the present study, the relative resistance of a select five rice 

genotypes was assessed at different stages of crop growth and it was found that W1263 

was resistant to at least five isolates of Xoo at boot leaf stage, while it was moderately 

resistant to only one isolate (1AX034) at maximum tillering stage and at seedling stage. 

Varietal grouping based on both PDI and BIB intensity revealed that PTB18 and 

TNAU831311 were moderately resistant to the Coimbatore isolate, TKM9 to 1AXO501 and 

NH56 to the Aduthurai isolate at all the three stages of growth. However, a moderately 

resistant PTB18 (to IAXO100 and the Aduthurai isolate at the seedling stage) became 

susceptible when the plant aged.

The two rice genotypes ADT38 and ASD16 which proved susceptible or highly 

susceptible to most Xoo isolates tested were selected for genetic engineering of 

resistance to BIB using Xa21 gene. Tu et al. (1998) used a BLB-susceptible IR72 for 

incorporating Xa21 by the biolistic method and evolved a few transgenic tines expressing 

resistance to 2 races of the pathogen. Zhang et al. (1998) were also successful in 

engineering resistance in four indica rice lines viz, IR64, IR72, Minghui63 and BG90-2 

and evolved six lines expressing resistance to Xoo. In the present study, 17 putative



transgenic lines of ASD16 or ADT38 were evolved and the transgene (Xa21) expression 

was proved using PCR using appropriate primers in at least two lines. However, further 

transgene expression studies on rest of the lines evolved are necessary before they could 

be forwarded to testing their reaction to different Xoo isolates. Experiments in this line are 

continued.



Summary



Chapter 6

Summary

1. Fourteen indica rice genotypes with diverse genetic backgrounds were screened for 

their resistance to Xoo. Among them TKM 9 exhibited a high level of resistance to the 

pathogen,

2. When host resistance was tested at different growth stages viz, seedling stage, 

maximum tillering stage and boot leaf stage, W1263 was resistant to at least five 

isolates of Xoo at boot leaf stage, while it was moderately resistant to only one isolate 

(IAX034) at maximum tillering stage and at seedling stage.

3. The seven Xoo isolates were grouped into six categories based on their degree of 

virulence based on the reaction of differentials to the pathogen.

4. BLB-susceptible ASD16 and ADT38 were biolistically transformed with a BIB 

resistance gene, Xa21. Putative transgenic lines were regenerated and the transgene 

expression was assayed by histochemical method and PCR analysis as well.
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Appendices



Appendix 1

Protocol for Preparing Gold Suspension

Weigh out 6 pg gold particles
X

Add 100 pi of absolute ethanol
X

Vortex lor 1-2 min
X

Centrifuge for 10 seconds at 10,000 rpmi
Pipe! off the supernatant

X
Add 100 pi of sterile double distilled water

X
Vortex for 1-2 min

X
Centrifuge for 10 seconds at 10,000 rpm

X
Pipet off the supernatant

X
Add 100 pi of sterile double distilled water

X
Vortex for 1-2 min

X
Centrifuge for 10 seconds at 10,000 rpm

X
Pipet off the supernatant

X
Resuspend in 100 pi of sterile double distilled water

X
Divide into two (each 50 pi)



Appendix 2

Coating of Gold Particles

Take 50 ptl ol gold particle suspension in an eppendorl tube
i

Add 5 pi ol plasmid DNA (5 pi from the plasmid stock containing Ipg/ pi plasmid DNA) while vorlexing continuously at low .speed.
x

Add 20 pi of 0.1 M spermidine, while vorlexing continuously at low speed.
4.

Add slowly 50 |Jl ol 2.5 M CaC .̂ drop by drop while vorlexing continuously at low speed.

i
Leave at room temperature (25° C) lor 10 min

l
Centriluge lor 10 seconds at 10,000 rpm

i
Pipel oil the supernalanl

i
Add 60 pit of absolute ethanol

4
Mix well by pipetting up and down, avoided vorlexing at this stage

i
Distribute 7-8 pil of coated gold particle suspension onto mactocarriers

l
Allow the macrocarrier to dry


