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CHAPTER 1. INTRODUCTION 

1.1. Rice production and the rice brown planthopper 

Rice (Oryza sativa L.) is a cultivated genus of the family Oryzeae, Order 

Gramineae, the majority of which are grown in standing water. It is a diploid plant 

with a haploid nuclear DNA content of about 5.5 x 108 bp (Bennett et. al, 1982; 

Walbot and Gallie 1991). Three ecogeographic races of Oryza sativa have evolved; 

Indica is the tropical race, Japonica the temperate race, and Javanica, believed to have 

evolved in Indonesia, is intermediate between the other two (Chang 1976). 

Rice is the primary food crop for more than a third of the world's population (David 

1991), second only to wheat in its importance with respect to world total production. 

It is now grown on over 148 million hectares, representing more than 10 percent of the 

earth's arable land (IRRI 1994). Current global production is about 520 million tons of 

unmilled, rough rice 

22%SEAIIa 

Figure 1.1. Regional distribution of world rough rice 
production in 1988. (Source: IRRI 1994; David 1991) 

(Bonman et al. 1992; 

IRRI 1994), or 

approximately 57 kg of 

milled rice per capita, 

sufficient to provide 20% 

of the total global human 

caloric requirement. Over 

90% of all rice is 

produced and consumed in Asia (Fig.l.l ), home to 59 percent of the world's 

population and rice is also becoming increasingly popular in other geographic regions. 

As human population growth in the rice growing regions is the fastest, the need 

for an increase in rice production is therefore inevitable. Recent projections indicate a 

world rice food need of about 758 million tons in 2025, representing 70 percent more 

rice than is consumed today (IRRI 1994). Before the 1970's the required increase in 

rice production could be achieved largely by expansion of the area used to grow the 



crop. However, with fast population growth and diminished opportunities for 

expanding rice-growing areas, the growth in rice production has now become mainly 

dependent on increased rice yields (David 1991). This increased future demand can 

only be met by improvement of rice productivity. 

Some of this increased production might be obtained by appropriate insect pest 

management, as insect damage is one of the major constraints to rice production. 

There are two major reasons for this. Firstly, crop damage due to insect attack is 

severe. Early estimates put the loss in rice yield due to insect pests at about 32% in 

Asia and 21% in North and Central America (Cramer 1967), and these figures have 

been reflected by more recent data, for example, 35-44% general losses from insects 

(Pathak and Dhaliwal 1981) and 24% from insects in East and Southeast Asia (Ahrens 

et al. 1982). Secondly, changes in production practices, and more intensive rice 

cultivation, which are both necessary to achieve increase in production, can worsen 

insect pest problems (Norton and Way 1990; Bonman et al. 1992). 

More than 100 species of insects infest and feed on rice in different rice

growing environments, causing varying degrees of crop damage (Saxena and Khan 

1989; Pathak and Saxena 1980). Of these, 30 are considered to be economically 

important (Norton and Way 1990). Among the most economically important rice 

insect pests are the planthoppers (Bonman et al. 1992; Saxena and Khan 1989). These 

insects belong to the suborder Homoptera, a group of insects which feed on their host 

by sucking sap. Planthoppers attack rice plants at various growth stages, but 

preferentially at the reproductive stage of the plants (Norton and Way 1990). Light 

infestations by planthoppers reduce tillering, plant height, number of productive tillers 

per plant, and general vigour of the crop, and increase the number of unfilled grains. 

Heavy infestations can destroy the crop completely by producing the symptom known 

as "hopperbum" (Bae and Pathak 1970). Apart from the direct feeding damage, 

planthoppers are virus vectors (Fig.l.2), and, together with rice leafhoppers, are 

responsible for the transmission of the majority of the presently known virus diseases in 

rice (Khush 1977; Saxena and Khan 1989). 
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(Mochida and Okada 1979) and the fact that most rice is grown in small fanns 

(Bonman eta/. 1992), make cultural control difficult in practice. 

The most successful control measure to date for the BPH has been the use of 

resistant rice varieties produced by conventional breeding. Transfer of resistance into 

high-yielding rice varieties through crossing with resistant lines and wild rices has been 

a: major research objective in rice growing countries (Saxena and Khan 1989), and the 

resultant resistant varieties are now grown widely. Major BPH outbreaks which 

occurred throughout Southeast Asia have now been partly alleviated by this control 

measure (Norton and Way 1990; Claridge 1990) and in some countries, such as the 

Philippines, BPH is currently no longer a major rice pest. However, several potential 

problems exist in the conventional breeding. First, BPH is capable of developing 

resistance-breaking biotypes that can survive on previously resistant varieties (Claridge 

and Den Hollander 1980; Roderick 1994 ), sometimes within a few years of their 

release (Pathak and Heinrichs 1982; Gallagher et al. 1994; Hare 1994) or within even 

shorter periods (Whalon eta/. 1990). Secondly, currently used BPH-resistant varieties 

have a rather narrow genetic base (Saxena and Khan 1989), and despite massive 

screening programmes, there are only a limited number of genes for BPH resistance 

identified (Claridge 1990; Hare 1994). Thirdly, there is a shortage of resistant 

breeding lines in some countries or in some rice varieties. In India and Sri Lanka fewer 

resistant varieties are available, making this control measure less successful (Claridge 

1990). In Japan, a major rice producer, and where most of the rice grown is Japonica 

varieties, no commercially viable BPH-resistant rice cultivar has appeared until now 

due to the lack of resistant breeding lines (Mochida 1992). It has been forecast that 

BPH will be among the top five of rice insect pests in Japan in 2000 (Mochida 1992). 

In conclusion, the brown planthopper is one of the most important pests in 

Asia. To date control of BPH has been mainly through the use of pesticides and 

resistant rice varieties. However, BPH is capable of adapting to both insecticides and 

host plant resistance and control of BPH based solely on the use of pesticides or 

resistant varieties will not be effective in the long term. There is thus a need to fmd a 
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population of their natural enemies (Hilder et al. 1992), could all be used to delay the 

onset of pest resistance. 

Despite several potential problems with genetic engineering for resistance, such 

as the technical difficulty in attaining sufficient level of resistance and the possibility of 

resistance development by insects (Boulter 1993 ), the advantages of using this 

technique in conjunction with conventional breeding in developing "built-in" pest 

resistance are well-known (Boulter 1993). Genetic engineering can augment 

conventional breeding by decreasing the time to produce resistant varieties, and by 

widening the potential gene pool available as genes from any source can be used. The 

latter can be a crucial factor in breeding resistance to BPH, as only a limited number of 

BPH resistance genes are available for conventional breeding, and some of these genes 

have already become ineffective due to the development of resistance-breaking 

biotypes by BPH (Hare 1994). Whereas classical breeding programmes have usually 

set goals for a single new resistance factor, one of the advantages of genetic 

engineering is that it may be possible to engineer crops with several combined new 

potent resistance factors, since this technology allows the efficient transfer of several 

new genes to the same host crop variety. The relative precision of recombinant DNA 

techniques means that it is possible to create delicately regulated expression of insect 

resistance genes in plants. 

There are three major steps of genetic engineering for insect pest resistance, i.e. 

identification of insect resistance genes, transformation and regeneration of plants, and 

expression of the intended trait by the new gene. In addition to these, at some stage, 

field evaluation of the new plant must be carried out, and, if the plant variety used to 

obtain tissue for laboratory manipulations was not from a line that will be desirable 

ultimately for the farmers, the genetically engineered seed derived from the research 

must be crossed with appropriate breeding stock in order to attain a marketable 

product. 

One way to identify desired resistance genes is to screen currently available 

single gene products using an artificial diet system into which proteins encoded by the 

8 



resistance genes are incorporated. An alternative way is to over-express the genes in 

systems like tobacco and challenge the plants with the insects to be tested which feed 

on them. Both have proven successful, although problems exist in that these systems 

sometimes do not reflect the real situation of commercially used plant lines in the field. 

The gene that has received the most attention in the genetically engineered 

insect resistance area is the gene encoding the crystal toxin (&-endotoxin) produced by 

the bacterium Bacillus thuringiensis (Bt) on its sporulation. Bt has been used as a 

biopesticide in field spray form for nearly 30 years. In addition, transgenic plants 

(tobacco and tomato) expressing the Bt toxin gene, first reported in 1987, showed 

substantial resistance to lepidopteran insects (Fischhoff et al. 1987; Vaeck ei al. 1987; 

Barton et al. 1987). Many more Bt-expressing transgenic crop plants have been 

generated since. Some of them, including cotton, maize, tobacco, tomato, potato and 

walnut plants expressing engineered Bt genes have been tested in field trials (Kareiva 

1993; Boulter 1993), and several of these transgenic plants are expected to be released 

commercially in the next few years (Horsch 1993). 

Although the Bt gene has shown great potential in genetic engineering of insect 

resistance, it has some limitations. Bt toxin genes with specificity against a wide 

variety of insects have been identified, but to date these have been restricted to 

lepidopteran, coleopteran and dipteran insects. Bt genes with toxicity towards sap

sucking insects (i.e. homopteran insects) have not been identified. The homopteran 

insects, which include the rice brown planthopper, are responsible for a large 

proportion of insecticide use worldwide (Fig.1.4). Although a Bt gene against rice 

yellow stemborers has been identified and expressed in transgenic rice (Fujimoto et al. 

1993), no other Bt genes had been discovered that show adequate toxicity to the 

remaining major rice insect pests (Norton and Way 1990). Furthermore, it has been 

reported that some strains of insects could develop resistance to Bt (McGoughey 1985; 

Stone eta/. 1989; McGoughey and Whalon 1992). Therefore, dependence on this 

single source of insect resistance genes will not be adequate in engineering resistance 

to the wide range of insect pests and in acquiring durable resistance. There are also 
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range of mechanisms of resistance, as exemplified by the discovery of a range of gene 

products toxic to BPH (Powell et al. 1993). In contrast to the Bt gene, plant-derived 

genes have minimal problems associated with codon usage, mRNA stability, and 

protein processing, and they can be readily expressed in transgenic plants (Hilder et al. 

1987; Edwards et al. 1991). These genes have evolved in the plant concomitantly with 

insects (Boulter et al. 1990), and their resistance is based on various different 

mechanisms (Hilder et al. 1992), so they may be less susceptible to adaptation by 

insects and therefore the introduction of different plant-derived resistance genes into 

one crop could possibly result in durable resistance (Hilder et al. 1992). Finally, the 

low toxicity can be advantageous in some respects. They will pose less damage to 

animals and beneficial predator insects, and low lethal effect may be important in 

balancing the resistance level and selection pressure. Nevertheless, the level of gene 

expression could be enhanced to improve resistance by engineering gene regulation. 

A major step in genetic engineering has been plant transformation. To date, 

most crop plants can be transformed although wheat transformation is still not routine. 

Presently available plant transformation systems include Agrobacterium tumefaciens 

Ti-plasmid mediated transformation, electroporation, PEG-mediated transformation, 

microinjection, and particle bombardment. The first is the oldest and best established 

system and has proven versatile and reliable in transforming dicotyledonous plants such 

as tobacco, tomato, potato, petunia and sunflower, and tobacco transformation using 

this system has been widely used in the study of new genes and promoters. However, 

this system has proven generally inapplicable to transform monocotyledonous plants. 

Electroporation and PEG-mediated transformation, both involving the introduction of 

DNA into protoplasts and regeneration of transformed cells into whole plants, are the 

second most successful transformation techniques used so far. They have been used in 

transforming both dicot and monocot plants, and the majority of transgenic 

monocotyledonous plants such as rice have been produced using these techniques. 

However, there are two principal limitations to the use of these techniques. Firstly, it 

is difficult to produce the viable protoplasts that are critical for later recovery and 
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represents all the non-translational regulatory DNA sequence which is essential for 

controlling a gene's expression. The promoter responsible for the production of the 

35S RNA from cauliflower mosaic virus (CaMV) is the most widely used in plant 

genetic engineering. The CaMV 35S promoter has been extensively studied and its 

enhancer sequence is found to contain different functional domains which exhibit 

combinatorial and synergistic properties (Kay et al. 1987; Benfey et al. 1989; Fang et 

al. 1989; Benfey et al. 1990a, 1990b). It is functional in both dicot and monocot 

plants, and is a relatively strong promoter in many species. However; the efficiency of 

this promoter is generally higher in dicot than in monocot plants (Peterhans et al. 

1990; Bhattacharyya-Pakrasi et al. 1993). Histochemical analyses show that the 35S 

promoter is relatively constitutive, with certain levels of tissue preference (Jefferson et 

al. 1987; Battraw and Hall 1990; Terada and Shimamoto 1990). The expression 

directed by 35S promoter is relatively high in leaf tissues, so it is favoured for 

expression of proteins with insecticidal activity towards chewing insects. Some other 

relatively constitutive promqters have also been studied, including the Agrobacteriwn 

nopaline synthase (nos) and octopine synthase (ocs) promoter (Dekeyser et al. 1989), 

the rice light harvesting chlorophyll alb-binding protein (LHCP) promoter (Tada et a/. 

1991), and a rice actin promoter (Zhang et al. 1991). All these have the potential for 

use in engineering resistance to chewing insects. 

For engineering of insect resistance, however, a fmely-tuned expression of a 

resistance gene might be more desirable. It would be ideal if an insecticidal gene could 

be modulated in such a way that it is expressed in response to particular signals, such 

as wounding or light, in a particular tissue where the insects attack, or at a particular 

developmental stage when the plant is most vulnerable to insect attack. These types of 

highly regulated expression has been suggested as one of the potential strategies for 

developing durable resistance (Bonman et al. 1992). Such promoters would also be 

more desirable than constitutive ones if the latter were shown to result in a yield 

penalty. 
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One way of obtaining such highly regulatory promoters is to modify already

available promoters, as demonstrated by Benfey et al. (1990a, 1990b) who constructed 

promoters with different tissue specificity by various combinations of the CaMV 35S 

promoter subdomains. However, to date the main source for such promoters is the 

plant itself. Some have already been isolated, such as the wound-inducible (Thornburg 

et al. 1987; Keil et al. 1989; Johnson et al. 1990) and the root-specific promoters (Hall 

et al. 1993). A major problem with the use of plant-derived promoters is that so far 

very little has been known about their regulatory mechanisms. Unlike the 35S 

promoter, which appears to function quite consistently in different species, plant

derived promoters appear to be rather variable between monocot and dicot species or 

between homologous and heterologous systems in terms of the level and pattern of 

gene expression. On the one hand, many plant promoters can be efficiently expressed 

in heterologous species as well as in homologous species, and on the other, the 

situation can be entirely different. A dicot promoter can lose its whole activity in a 

monocot plant (Zheng et al. 1991) oryice versa (Keith and Chua 1986; Ellis et al. 

1987); the expression pattern of a monocot promoter can be changed when introduced 

into a heterologous monocot plant (Kyozuka et al. 1991); the activity of a dicot 

promoter can be much lower than that of a monocot promoter in its homologous 

monocot species (Kyozuka et al. 1993). Another factor associated with the efficiency 

of a plant-derived promoter is the effect of introns on gene expression. Results from 

transient expression have shown that insertion of monocot introns into a transcription 

unit can greatly enhance the expression of reporter genes with a variety of promoters 

in the protoplasts of various monocot species (Callis eta/. 1987; Vasil eta/. 1989; 

Maas et al. 1991; Hens gens et al. 1993), but insertion of the maize Shl first intron 

inhibits the expression of a reporter gene in the protoplasts of tobacco, a dicot plant 

(Maas et al. 1991). A recent report shows that incorporation of the first intron from 

the rice actin 1 gene significantly enhanced the activity of a potato inhibitor II gene 

promoter in transgenic rice plants without affecting the wound-inducible property of 

the promoter (Xu et al. 1993). The mechanism of such enhancement by introns is still 
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