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SECTION I - GENERAL INTRODUCTION 

1. Advances in genetic engineering in recent years have led to the development of plants that are 
resistant to some insects through incorporation and expression of genes encoding delta-endotoxins (δ
endotoxins) from the bacterium Bacillus thuringiensis  (B. thuringiensis). Throughout this paper, the 
microbial pesticide will be referred to as Bacillus thuringiensis whereas the toxins incorporated into the 
plants will be referred to as δ-endotoxins. Various subspecies of the bacterium, B. thuringiensis, are 
registered as pesticides and are highly regarded as being environmentally-friendly due to their species-
specificity (primarily affecting only the pest insects) and their lack of environmental persistence. In 
addition, δ-endotoxin genes have been inserted into bacteria such as Pseudomonas fluorescens (Stone et 
al., 1989) and Bacillus pumilus (Selinger et al., 1998) for soil insect control, Clavibacter xyli for European 
Corn Borer (ECB) control (Dimock et al., 1988), and Bacillus sphaericus for mosquito control (Poncet et 
al., 1997), although these have only been used for experimental purposes in their living form. A Mycogen 
Corporation product expressing a B. thuringiensis δ-endotoxin in Pseudomonas was rendered non-viable to 
address environmental concerns. Four of these products, expressing different δ-endotoxins were registered 
in 1995 in the United States. A number of plant species, particularly crops such as cotton, corn, potatoes, 
tobacco, tomato, and sugarcane have been modified to produce δ-endotoxin proteins from B. thuringiensis 
(Prieto-Samsonov et al., 1997; Mendelsohn et al., 2003; Romeis et al., 2006b). 

2. There are advantages and disadvantages to using transgenic plants containing the δ-endotoxins as 
compared to the conventional use of microbial B. thuringiensis preparations. The control of insects through 
the expression of δ-endotoxins in the transgenic plant can provide for protection throughout the growing 
season of the plant. The insecticidal activity need not be short-term, as with conventional Bt preparations 
which are more rapidly degraded in the environment. Transgenic plants overcome the problem of 
traditional microbial preparations that may not reach insects that burrow through the soil or those that bore 
into and remain inside the plant stem or tissue, e.g., the European Corn Borer (ECB) larvae damages the 
corn stalk from within. Also, microbial preparations have not been as effective as the transgenic cotton/δ
endotoxins product against the Cotton Bollworm (CBW) because the CBW spends most of its time feeding 
inside the squares (flowers) and bolls (fruit) (Beegle and Yamamoto, 1992). The extended exposure, and 
relative higher amounts of δ-endotoxins as compared to microbial foliar sprays (Szekacs et al., 2005), may 
lead to the selection of insects that are resistant to one or more of the B. thuringiensis δ-endotoxins, thus 
potentially reducing the usefulness of these B. thuringiensis pesticides (Tabashnik et al., 1990; Bauer, 
1995; Van Rie, 1990b). Tolerant insects have been produced in laboratory studies with purified forms of δ
endotoxins. Various strategies may be employed if deemed necessary to prevent the development of insect 
resistance in the field (Williams et al., 1992; Rajamohan et al., 1998; Matten, 1998; Pittendrigh et al., 
2004; Bates et al., 2005). 

3. A major environmental advantage of genetically engineered insect-resistant plants expressing 
genes encoding δ-endotoxins and of microbial Bt preparations, compared with use of many synthetic 
chemical insecticides, is the greater specificity of δ-endotoxins to target species. Adverse impacts on non
target insects and other organisms are reduced significantly. In spite of the more targeted specificity, there 
may still be insects and other non-target organisms potentially affected by the δ-endotoxins, and extended 
exposure might affect their populations. Another possible disadvantage of genetically engineered insect-
resistant plants is a potential for increase in weediness due to δ-endotoxin transgene transfer to populations 
of wild sexually compatible species. However it should be noted that multiple factors determine the 
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potential for an increase in weediness in wild plant populations, the most important of which is whether the 
transgene can introgress into related plants. For example, an assessment found that introgression into 
Australia�s 17 native cotton species from the tetraploid cotton crop would not be significant because their 
native cotton is diploid (AOGTR, 2002). The potential for δ-endotoxin transgene transfer to increase 
weediness in wild crop relatives has also been studied for sunflower (Snow et al., 2003) and for oilseed 
rape (Halfhill et al., 2002, Vacher et al., 2004) and is further discussed in paragraph 115 of this document. 

A. Bacillus thuringiensis and Its Uses 

4. Bacillus thuringiensis is a common bacterium capable of survival in the environment for long 
periods of time because it produces endospores that are extremely resistant to adverse environmental 
conditions. Once the spores are in the soil, they do not germinate into vegetative cells unless they are in the 
presence of a rich nutrient source (Petras and Casida, 1985), e.g. nutrients in the soil or available within 
organisms that ingest the spores. For example, one tested strain, B. thuringiensis subsp. kurstaki DMU67R 
has been shown to persist in the field with no significant reduction in numbers for seven years (Hendriksen 
and Hansen, 2002), see paragraph 8, below for more details. All members of the genus Bacillus are rod-
shaped, Gram positive cells that produce not more than one endospore per cell. Cells have peritrichous 
flagella surrounding them and are aerobic or facultatively anaerobic. Sporulation is not repressed by 
exposure to air (Claus and Berkeley, 1986). The species B. thuringiensis is characterised by the production 
of one or more protein parasporal crystals in parallel with spore formation. The parasporal crystals consist 
mainly of insecticidal δ-endotoxins with some scaffolding proteins and Cyt toxins. The δ-endotoxins in the 
crystals are usually inactive protoxins, which are converted by enzymatic action within the environment of 
the larval gut to active toxins (Claus and Berkeley, 1986). These toxins, in addition to other toxins 
produced by some isolates of B. thuringiensis, account for the insecticidal activity of the commercialised 
products to lepidopteran, dipteran, and coleopteran insects. The microbial products often show some 
additional activity, compared to δ-endotoxins alone, by expressing other factors while reproducing within 
the insects. 

5. Naturally-occurring isolates of B. thuringiensis have been used for insect control for decades. 
The first description of a Bacillus thuringiensis bacterium was in 1901 by the Japanese microbiologist S. 
Ishiwata who isolated it from diseased silkworm larvae (Ishiwata, 1901). Ishiwata named the bacillus 
Sottokin. A decade later, a German microbiologist, E. Berliner, isolated a similar organism from a diseased 
granary population of Ephestia kuehniella larvae from Thuringia, Germany (Berliner, 1911, 1915; also 
cited in Beegle and Yamamoto, 1992). Berliner named the bacterium Bacillus thuringiensis, and because 
Ishiwata did not formally describe the organism he found, Berliner is credited with naming it. The first 
commercial B. thuringiensis product was produced in France in 1938 (Kumar et al., 1996). An isolate was 
first registered as an insecticide in the United States in 1961. Microbial preparations of various isolates of 
B. thuringiensis are used on a wide variety of grain, forage, fruit, vegetable, tuber, and fibre crops, and 
tobacco. In addition, they are used for control of forest pests, particularly gypsy and tussock moth species, 
and also for control of mosquitoes and blackflies.  

6. When applied as a microbial insecticide, B. thuringiensis toxins have a relatively short 
persistence of 1 - 4 days on plants due to degradation from UV light exposure, however, a study of a Bt 
forest spray showed continued toxicity toward lepidopterans for at least 30 days following the spray 
(Johnson et al., 1995). The B. thuringiensis spores persist in the environment for extended periods, and 
have been isolated world-wide from soil (Martin and Travers, 1989; Bernhard et al., 1997; Ejiofor and 
Johnson, 2002), and from plant surfaces (Smith and Couche, 1991). Typically, B. thuringiensis is not 
naturally found in high numbers, except in previously treated soils, but it is not rare. Significant numbers 
of various strains of B. thuringiensis have been found in many different kinds of soils in Denmark 
including areas where commercial products have not been used (Hendriksen and Hansen, 2004). Delucca 
et al. (1981) found it in 17% of the soils they tested from 12 US states and reported it was found in a wide 
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