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Fig. 11.2	 A. Adult potato tuber moth (Phthorimaea opercu/ella Zelier). B. Potato tuber moth 
larva. C. Tubers from a field trial in Egypt showing susceptible tubers with 
potato tuber moth infestation (left) and transgenic Bt-cry1/a 1 resistant tubers 
(right). D. Agronomic field trials of Bt-cry1/a1 transgenic potato lines. E. Coop
erators of a potato tuber moth trial of Bt-cry1/a 1 transgenic potato lines under 
natural infestion at Kafyr-el-Zyat, Egypt. 
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in subtropical and tropical latitudes, including southern and southwest
ern US. The larvae mine the foliage, stems, and tubers in the field and 
also in storage. Tuber infection causes dramatic losses as damaged tubers 
are attacked by various secondary pests and diseases. Damage is caused 
only by the larval stage (Raman 1980; Trivedi and Rajagopal 1992; Goldson 
and Emberson 1985). Average oviposition rate at peak production is about 
60 eggs female-1 day-l and' depends on the physiological state of the 
female. Larvae penetrate the leaves and feed by tunneling within the leaf 
veins and stems of the plant. This damage causes loss of leaf tissue, death 
of growing points and weakening or breakage of stems (Raman 1980; 
Bald and Helson 1944). The tubers are infested by eggs deposited on the 
surface of the soil near the stem or those laid near the tuber eyes when in 
storage. The larvae mine into the tuber causing irregular tunnels both 
near the surface and deep inside the tuber, rendering it unfit for human 
consumption. Duration of pupation varies with temperature, but gener
ally takes 5 days (Goldson and Emberson 1985). The life cycle of the 
potato tuber moth may be completed within 20-30 days at 28°C, with as 
few as two generations and as many as twelve generations per year 
(Raman 1980). The potato tuber moth is not strictly confined to potatoes. 
When necessary, its feeding habits may extend to numerous Solanaceous 
species including tobacco (Nicotiana tabacum L.), ton1ato (Lycospersicon 
esculentum Mill.) and eggplant (solanum melongena L.) (Goldson and 
ErrLberson 1985). 

Annual losses in storage alone due to the potato tuber moth range 
from 30 to 70% in India, and similar losses are encountered in the Middle 
East, Northern Africa, and South An1erica (Raman and Palacios 1982). 
Effective control of the potato tuber moth is a challenge. Traditionally, 
pesticides have been used to control potato tuber moth in both field and 
storage with 12-20 applications during the growing season and 3-4 treat
ments during storage (Madkour et al. 1999). The utility of insecticides is, 
however, limited by their high costs/ persistence of residues in tubers and 
by development of insecticide resistance (Collantes et al. 1986). 

PRODUCTION OF TRANSGENIC PLANTS 

Since the late 1980s potato has been targeted for insertion of genes to 
produce insect-resistant plants. Agrobacterium tumefaciens-mediated 
transformation has been the method of choice for transforming potato. 
Transformation protocols based on a binary Ti vector system have been 
used (An et al. 1986). Simple chimeric gene constructs have also been used 
to achieve gene expression. A typical T-DNA region of a vector construct 
consists of the gene with promoter and a selectable marker (Fig. 11.3). To 
identify transformed plant cells, neomycin phosphotransferase II (NPT 
II) has been the selectable marker of choice. One variable in these constructs 
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Fig. 11.3	 Example of different Bt-cry1/a 1 vector constructs used in potato transformation for engineered host plant resistance against 

the potato tuber moth. 
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has been the promoter for gene expression. The CaMV 355 promoter has 
frequently been used for constitutive gene expression; however, some 
alternative promoters include the Rubisco small subunit promoter from 
Arabidopsis thaliana for leaf expression (De Almeida et al. 1989), a tuber
specific promoter (class-I patatin element) (Li et al. 1999), the enhanced 
355 promoter (Kay et al. 1987), the (ocs)3mas super promoter (Ni et al. 
1995; Li et al. 1999; Coombs et al. 2002,2003), and the ubiquitin 3 promoter 
(Garbarino and Belknap 1994) for high constitutive expression. 

Cocultivation of Agrobacterium tumefaciens cultures with leaf segments 
fron'l tissue culture-derived plants has led to successful transformation of 
potato (An et al. 1986; De Block 1988; Douches et al. 1998; 5heerman and 
Bevan 1988; Tavassa et al. 1988; Visser et al. 1989; Wenzler et al. 1989). 
Despite these numerous transformation/regeneration protocols proving 
successful in generating transgenic potato lines, several protocols lack 
genotype independence. Yadav and Sticklen (1995) developed a highly 
efficient two-step regeneration protocol for leaf explants. Douches et al. 
(1998) combined this adventitious shoot regeneration protocol with 
Agrobacterium tumefaciens-mediated transforn'lation procedures to obtain 
transgenic plants. This regeneration protocol has broad genotypic adapt
ability (Li et al. 1999; Coombs et al. 2002, 2003; Felche.r et al. 2003) and a 
frequency of transgenic plant recovery up to 500/0. Contrarily, 5heerman 
and Bevan (1988) experienced highly genotype-dependent responses to 
their regeneration protocol and recovered no transgenic lines for some 
potato genotypes. The De Block (1988) transformation/shoot regenera
tion protocal gave mixed results in our laboratory in previous studies 
(data not shown), producing many regenerants and transgenic plants of 
some cultivars, and few to none for others. 5tiekema et al. (1988) used 
tuber discs as the explant source for Agrobacterium-mediated transforma
tion and recovered only 1010 transgenic shoots. Newell et al. (1991) pro
posed a transformation technique using potato stem sections; transgenic 
plant recovery was 2-5°/0. 

Growth and performance of transgenic plants can be affected by three 
distinct factors: somaclonal variation, insertional mutagenesis, and pleiot
ropy (Dale and McPartlan 1992). 50maclonal variation can be observed 
among the regenerated plants and can lead to distinct phenotypic differ
ences or yield performance. 50maclonal variation from the regeneration 
process may also affect the naturally bred resistance factors, leptines and 
glandular trichomes. Dale and McPartlan (1992) and Belknap et al. (1994) 
reported that the gus gene had a negative effect upon the physiology of 
agronomic traits in transgenic potato. Li et al. (1999) and Coombs et al. 
(2002, 2003) used vector constructs that did not contain the gus gene. The 
deletion of gus eliminated the possibility of its negative action on 
Bt-cryllal gene expression. Douches et al. (2002) reported that preselected 
Bt-crylIal transgen~c lines of Atlantic and 5punta were comparable to the 
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