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Abstract

Russet Burbank potato plants have been genetically improved to resist insect attack and damage by
Colorado potato beetles (Leptinotarsa decemlineata (Say)) by the insertion of a cryITIA gene encoding
the insect control protein of Bacillus thuringiensis var. tenebrionis. A modified gene that dramatically
improved plant expression of this protein was utilized. Its expression in Russet Burbank potato plants
resulted in protection from damage by all insect stages in the laboratory and in dramatic levels of pro-
tection at multiple field locations. Analysis of these genetically modified potatoes indicated that they
conform to the standards for Russet Burbank potatoes in terms of agronomic and quality characteris-
tics including taste.

Introduction have made control of CPB an increasing agricul-

tural problem [9]. The United States Department
Colorado potato beetles (CPB; Leptinotarsa de- of Agriculture estimates that potato growers
cemlineata) are the most destructive pests of po- spend $75 to $100 million annually to control
tato. The life cycle of this insect, its destructive CPB on ca. 480000 ha of potatoes. Bacillus thu-
feeding habits and its demonstrated ability to de- ¥ingiensis var. tenebrionis (B.t.t.) produces a para-
velop resistance to synthetic chemical insecticides sporal crystal protein, CryllIA, that is insecti-

The nucleotide sequence data reported in this paper will appear in the EMBL, Genbank and DDBJ Nucleotide Sequence Da-
tabases under the accession number X70979.
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cidal to CPB [17]. This protein is characterized
by its high unit activity and specificity for certain
coleopteran insects including CPB. CrylIIA has
been reported to form cation-selective channels in
lipid bi-layers similar to the ion selective channels
formed by CrylA(c) [29]. We and others have
previously cloned, sequenced and characterized
the crylII4 gene that encodes the CryIlIA insec-
ticidal protein [ 12, 14, 21, 27]. The crylIIA genes
described by us and these other groups are iden-
tical in sequence. Expression of this gene in trans-
genic plants could provide a novel and powerful
method for CPB control. However, expression of
other insecticidal protein genes from B. thuring-
iensis (B.t.) has been problematic in plants
[2, 8, 31]. We previously reported that modifica-
tion of the coding sequence dramatically increases
the expression (up to 500-fold compared to the
wild type gene) of the lepidopteran specific B.t.
genes crylA(b) and crylA(c) in plants [24, 25].
These modified forms of the lepidopteran-active
crylA genes have been expressed in cotton, and
these cotton plants show a high level of protection
from insect damage in the laboratory and the field
[32]. Others have now reported improved plant
expression through modification of cryl4 genes,
but detailed sequence information on these genes
has not yet been published [1, 6, 19]. We also
described a general methodology for modifying
B.1. genes to improve plant expression. Using that
methodology, initially developed for crylA genes,
we have now modified the coleopteran-active
cryllIA gene. We report here that this modified
form of the crylIIA gene is expressed at high lev-
els in transgenic potato plants, and that this ex-
pression confers a very high level of protection
from damage by CPB in both the laboratory and
the field. Recently, Sutton et al. [ 30] reported that
a modified cryllIA gene was expressed efficiently
in tobacco plants.

Results and discussion
Preliminary experiments in which the wild-type

form of the cryllIA gene was introduced into to-
mato and potato plants indicated that the wild-

type cryllIA gene was also poorly expressed in
plants [26]. Plants containing this gene expressed
CrylIIA protein at less than 0.001%, of total leaf
protein, although crylII4 mRNA was detectable
by northern analysis. This expression level from
the wild-type cryIIIA is similar to expression lev-
els from truncated forms of the wild-type crylA4
genes. While these plants exhibited toxicity to
Colorado potato beetle larvae, our previous ex-
perience with cryl4 genes in tomato and cotton
[5, 24] indicated that higher levels of expression
might be required for consistent protection from
insect damage in the field. To achieve this, a mod-
ified version of this cryITIA gene was constructed
by extensively modifying the DNA protein-coding
sequence without altering the amino acid se-
quence.

This coding sequence modification strategy was
initially developed for and applied to the lepi-
dopteran-specific crylA(b) and crylA(c) genes,
which share only about 259, DNA sequence ho-
mology to the cryllIA gene. The crylIIA4 shares
several common sequence motifs with the cryl4
genes that were the targets of modification. These
motifs include a high A + T content, ATTTA se-
quences identified as responsible for the de-
stabilization of mRNA in animal cells [28], po-
tential plant polyadenylation sequences [4] and
long stretches composed solely of A + T which
may resemble plant introns [11]. All of these se-
quence motifs were targets for modification in
crylA genes as previously described by us. In that
report [24] we showed that selective modification
of these motifs, in the partially modified cryl4(b)
gene, gave a dramatic increase in plant expres-
sion, even when fewer than 109 of total codons
were changed. Fully modified versions of crylA(b)
and crylA(c) genes provided even higher levels of
expression, so the modified cryIIIA gene of this
paper was modeled on those fully modified genes.
Figure 1 shows the DNA sequence of the crylIT4
gene improved for plant expression and con-
structed by total gene synthesis, which was intro-
duced into transgenic plants. This gene begins at
amino acid 48 of the full-length gene, an internal
methionine codon used as a second translational
initiation site in E. coli and probably in B.t.1. as
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Fig. 1. The DNA sequence of the modified cryIIIA insect control protein gene and the protein encoded. The amino acid sequence
is identical to the amino acid sequence of the protein produced in Bacillus thuringiensis var. tenebrionis.

well [21, 27]. This protein has been shown to be
as effective in insect control of CPB as the full-
length protein. Table 1 summarizes several of the
important differences between the wild-type and
modified form of crylIIA, focusing particularly on
those sequence motifs described by Perlak er al.
[25].

A plant expression vector incorporating this
gene was cloned into the T-DNA segment be-
tween the right- and left-border region and intro-
duced into potato via Agrobacterium tumefaciens-

mediated transfer [22]. The A. tumefaciens ABI
strain used to deliver this plasmid (pMON10547)
contained the disarmed (lacking the T-DNA phy-
tohormone genes) pTiC58 plasmid pMP90RK
[16] in the chloramphenicol-resistant derivative
of A. tumefaciens A208. In this vector the cryllIA
gene was driven by the cauliflower mosaic virus
35S promoter with a duplicated enhancer region
[15]. The selectable marker and other character-
istics of this plasmid have been described [13].
Transformation and regeneration to Russet Bur-

Table 1. Comparison of crylild genes. The cryfIIA gene improved for plant expression was synthesized by British Biotechnol-

ogy Products Ltd., Abingdon, England.

Improved plant
wild-type gene

Expression gene

Bases different from wild type

Codons different from wild type

G + C content (%)

Potential polyadenylation sites

ATTTA sequences

A + T-rich regions (> 6 consecutive A and/or T)

- 399/1791 (22%)
- 347/597 (58%)

37 49
24 3
12 0
37 0
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bank potato plants was accomplished according
to the protocol described [22].

Transformed Russet Burbank potato plants
containing the modified crylII4A gene were se-
lected for kanamycin resistance and analyzed for
resistance to damage by CPB. A single leaf from
a kanamycin-selected plant was incubated for
3 days with 5 newly hatched neonate CPB larvae.
A total of 308 transgenic plants were assayed.
Fifty-five plants (55 of 308; 18%,) that showed
complete protection from damage by CPB neo-
nates in an excised leaf bioassay were further
characterized. Preliminary experiments demon-
strated that plants that showed incomplete pro-
tection in this neonate bioassay always contained
less than 0.0019, CrylIIA protein in their leaf
tissue. Because of the sensitivity of neonate CPB
to the CryllIA protein, the bioassay was unable
to discriminate among those plants which showed
complete protection. Western blot imunoassays
were performed on all of the completely protected
plants, and these immunoassays [10] showed
that completely protected plants expressed the
CrylIIIA protein as 0.0029, to 0.3% of total leaf
protein (data not shown). This range and distri-
bution of expression levels is consistent with the
level of expression of the modified lepidopteran-
specific genes in transgenic tomato, tobacco [25]
and cotton [24]. As with other transgenes in
plants, this distribution of expression levels in
independent transformants has been attributed to
position effects and is not correlated with gene
copy number or alteration of the gene.

A substantial fraction of the Russet Burbank
potato plants (23 of 55) expressed CryllIIA pro-
tein at levels of 0.1%, of total protein or greater.
Compared to potato and tomato plants express-
ing the wild-type crylIlA gene, which expressed
less than 0.001%, of total leaf protein, the highest
levels of expression of the modified cryllIA4 gene
represent at least a 300-fold increase in plant ex-
pression. This dramatic increase in expression via
gene modification demonstrates the applicability
of this approach for improving B.t. gene expres-
sion in plants.

The higher levels of cryllIA gene expression
correlate with increased protection from CPB.

Whole plants were analyzed in growth chamber
assays with CPB of different life stages. All plants
expressing at least 0.002% CrylIIA protein
caused 1009, mortality of neonate larvae, con-
ferring complete protection from foliar damage
(Fig. 2). When larvae of the less sensitive 2nd and
3rd instar stage were placed on plants expressing
higher levels of the CrylIIA protein (0.05% or
greater) they rapidly ceased feeding and became
moribund. Very little feeding damage was detect-
able on these plants.

Later larval stages and adult CPB are sensitive
to the CryIIIA protein but because of their larger
size requiring increased levels of CryIIIA protein
during feeding, they are difficult to control in the
field with microbial preparations [7]. However,
control of adults is important since they give rise
to the destructive larval generations and may
themselves cause extensive crop damage. CPB
overwinter as adults in the soil and begin feeding
immediately upon emergence in the spring. We
developed a bioassay to determine the effect of
the transgenic plants on adults. Excised leaves
were exposed to five adult beetles and the extent
of feeding damage was determined after 7 days.
Leaves from plants that expressed CrylIIA pro-
tein at 0.0059%, or less showed some feeding dam-
age by adult beetles. At levels of expression above
0.005%,, feeding by adults was negligible. Al-
though adult beetles did not succumb as quickly
as the larval stages, they also ceased feeding on
the leaves within 24 h on these plants.

To determine the effects of the transgenic po-
tato plants on oviposition and adult survival, 15
male and 15 female newly emerged adults were
placed in cages containing either plants of a highly
expressing (0.05% to 0.1% CryllIA as a percent
of total protein) transgenic line or non-transgenic
Russet Burbank plants, and the mean numbers of
egg masses oviposited in two weeks per cage was
measured. On non-transgenic Russet Burbank
plants the mean number of egg masses per cage
were 117 and 143 in two separate trials. In com-
parison, beetles fed on the transgenic line ovipos-
ited a mean of 1.7 and 0 egg masses per cage in
two trials. This decrease in oviposition was fur-
ther examined by dissection of adult females. The
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Fig. 2. A photograph of the results of a whole plant growth chamber CPB bioassay. Whole plant assays performed on plants
showing no damage in the excised leaf bioassay, were done by exposing control and cryllIA-expressing plants to 50-100 CPB
neonates. Defoliation of control plants was complete in 7-10 days; neonates on the plants with CryIIIA were dead within 48 h.

fat body and ovaries of females fed on the trans-
genic plants were dramatically reduced in size
with developing ova either partially or totally re-
absorbed (Fig. 3). The beetles apparently reab-
sorbed fat body and reproductive tissue as a con-
sequence of their cessation of feeding on the
transgenic plants.

Despite the low level of leaf feeding by adults,
the CryllIA insect control protein was at least in
part responsible for an accelerated rate of mor-
tality over mere starvation. The lethal time 50
(LTs,) as determined for adults on the transgenic
plants was measured as 9.7 days. Fifteen days
after exposure, 999, of the beetles on the trans-
genic plants were dead, while only 109, of the
beetles which were held without feeding had died.

Field protection of the crylIIA-expressing po-
tato plants from damage by CPB was similar to
that observed in the laboratory trials. Twenty-five

independent transgenic lines were evaluated in
field trials in Wisconsin, Washington, and Ore-
gon. Twenty-three of these lines expressed at least
0.1%, CryllIA protein. Plants were exposed to
high levels of natural CPB infestation as the
transgenic potato plants were surrounded by bor-
der rows of non-transgenic plants in order to at-
tract beetles. The potato plants expressing the
cryllIA gene were protected from CPB defolia-
tion over the course of the growing season (Fig. 4)
at the three field test sites demonstrating highly
effective control of CPB.

The yields of insect protected potatoes were
comparable to the yields obtained from control
plants treated with insecticides. These new lines
were acceptable as Russet Burbank for agronomic
and morphological traits such as plant height,
branching, leaf morphology and overall vigor.
Tuber characteristics such as yield, fry color,
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Fig. 3. A photograph of two dissected CPB female adults; the beetle on the left (A) fed on a control plant, and the beetle on the
right (B) fed on a plant expressing the cryIII4 gene. The females were taken as newly emerged adults and placed in cages with
either all control plants or insect resistant plants. The insects were dissected after 10 days of incubation with the plants. Note the

size differential in the fat body structures (F) and the ovaries (O).

sugar ends, black spot bruise potential, density
and glycoalkaloid content were within established
limits for Russet Burbank (Table 2). These and
other lines are now in advanced field evaluation
and seed certification for eventual commercial-
ization.

Potato plants expressing the modified crylliA
gene were protected from damage by all stages of
CPB both in the laboratory and in the field. These
protected plants have agronomic and tuber char-
acteristics consistent with standard Russet Bur-
bank potatoes. In recent preliminary taste tests
these potatoes compared favorably with control
Russet Burbank potatoes.

Based on these results, the plants described in
this report represent a new tool for control of
Colorado potato beetle without sacrificing any of
the advantages of continued utilization of the

Russet Burbank variety. The results shown are
derived from the first year of field experiments
(1991) which focused on demonstrating insect
control efficacy. These tests represent only the
first step in advanced field evaluation and prod-
uct development. For these insect-protected po-
tato plants to become an integral part of potato
pest management, additional studies of both the
plants and the insect populations will be required.
The goal of these advanced activities is to develop
an integrated pest management (IPM) program
that effectively utilizes these genetically modified
plants, while at the same time protecting their
durability as an insect control system. Field ex-
periments to address these questions have been
designed for 1993 and later years.

While the details of an IPM program that in-
corporates these plants are still in development,
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Fig. 4. Results of 1991 field tests in Wisconsin (A), Washing-
ton (B), and Oregon (C) comparing %, defoliation by CPB of
control plants sprayed with chemical insecticides (~A-), con-
trol Russet Burbank potato plants without insecticide treat-
ments (—O-), and potato plants expressing the cryITIA gene
(—O0-). The tests were done with transplanted plantlets. In-
dividual plots, replicated 4 times in a randomized complete
block design, consisted of 4 rows (90 cm spacing) by 3 m with
each row having 10 plants. Plots were separated by one blank
row and one or more rows of control Russet Burbank pota-
toes. Insecticide treatments varied acording to site. The in-
secticide treated plots in Wisconsin were sprayed 6 times with
Pydrin (113 g active ingredient per ha) in weeks 3, 5, 6, 7, 10
and 11. The treated plots in Oregon were sprayed with Asana
(226 g active ingredient per acre) two weeks before the first
evaluation of defoliation followed one week later with a gran-
ular application of aldicarb at 3375 g active ingredient per ha.
In Washington, application of Monitor 4E (1130 g active in-
gredient per acre) was done on weeks 1, 3, 5, 8 and 15.
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Table 2. The rating of selected Monsanto Russet Burbank
lines, transformed for insect protection, for processing char-
acteristics (fry color and sugar ends) blackspot potential and
glycoalkaloid levels. The controls were untransformed Russet
Burbank lines treated as the transformed lines, grown from
transplants at each of three locations (Wisconsin, Oregon and
Washington). Fry color was rated on a scale of 0-4, a stan-
dard USDA grading system, with the lower number indicat-
ing lighter color. Sugar-ends are defined as a french fry with
one end darker than the remainder of the fry. The dark end
must be at least 6.3 mm long and at least one USDA color
unit darker than the rest of the fry. The glycoalkaloid analy-
sis [3] and the determination of blackspot potential (abrasive
peel method, rated 1-5 with a lower score indicating less
blackspot potential [23]) were assessed according to pub-
lished protocols.

Line Fry Sugar ends  Blackspot Glycoalkaloids

color (%) (mg/kg)
Bt6 3.2 40 3.5 161
Bt10 3.5 i3 3.2 134
Bt12 2.8 47 3.7 140
Bti6 2.9 33 35 129
Bt17 2.7 27 35 156
Control 3.0 27 3.1 149

certain properties of these plants provide a num-
ber of potential advantages. The high dose of
CryllIA protein in the plants provides a 50- to
100-fold excess over the amount required to con-
trol neonate CPB. In addition, we have observed
anti-feedant behavior and reduced fecundity of
the adults feeding on the plants. Unlike chemical
insecticides, these insect protected potato plants
have no detrimental effects on hemipteran and
spiders, predators which affect CPB and other
pest species. These are strong scientific bases to
develop an effective, sustainable, IPM program
for potatoes. These genetically improved plants
will offer an effective alternative for potato pest
management in the future.

Acknowledgements

We thank J. Heinz, M. Reedy and J. Pershing for
technical assistance and R. Stonard, J. Feldman
and G. Keyes for critical reading of the manu-
script.



320

References

10.

11.

. Barton KA, Miller MJ: Production of Bacillus thuringien-

sis insecticidal protein in plants. In: Kung S, Wu R (eds)
Transgenic Plants, vol. 1, Engineering and Utilization.
pp. 297-315. Academic Press Inc. San Diego, CA (1993).

. Barton KA, Whiteley HR, Yang N-S: Bacillus thuringien-

sis delta-endotoxin in transgenic Nicotiana tabacum pro-
vides resistance to lepidopteran insects. Plant Physiol 85:
1103-1109 (1987).

. Bergers WW: A rapid quantitative assay for solanidine

glycoalkaloids in potatoes and industrial potato protein.
Potato Res 23: 105-110 (1980).

. Dean C, Tamaki S, Dunsmuir P, Favreau M, Katayama

C, Dooner H, Bedbrook J: mRNA transcripts of several
plant genes are polyadenylated at multiple sites in vivo.
Nucl Acids Res 14: 2229-2240 (1986).

. Delannay X, LaValle BJ, Proksch RK, Fuchs RL, Sims

SR, Greenplate JT, Marrone PG, Dodson RB, August-
ine JJ, Layton JG, Fischhoff DA: Field performance of
transgenic tomato plants expressing the Bacillus thuring-
iensis var. kurstaki insect control protein. Bio/technology
7: 1265-1269 (1989).

. Koziel MG, Beland GL, Bowman C, Carozzi NB, Cren-

shaw R, Crossland L, Dawson J, Desai N, Hill M, Kad-
well S, Launis K, Lewis K, Maddox D, McPherson K,
Meghji MR, Merlin E, Rhodes R, Warren GW, Wright
M, Evola SV: Field performance of elite transgenic
maize plants expressing an insecticidal protein derived
from Bacillus thuringiensis. Bio/technology: 11: 194-200
(1993).

. Ferro DN, Lyon SM: Colorado Potato Beetle (Co-

leoptera: Chrysomelidae) larval mortality: operative ef-
fects of Bacillus thuringiensis subsp. san diego. J Econ
Entomol 83: 1229 (1990).

. Fischhoff DA, Bowdish KS, Perlak FJ, Marrone PG,

McCormick SM, Niedermeyer JG, Dean DA, Kusano-
Kretzmer K, Meyer EJ, Rochester DE, Rogers SG, Fra-
ley RT: Insect tolerant transgenic tomato plants. Bio/
technology 5: 807-813 (1987).

. Forgash AJ: Insecticide resistance in the Colorado potato

beetle. In: Ferro DN, Voss RH (eds) Proceedings of the
Symposium on the Colorado Potato Beetle, 17th Con-
gress of Entomology, pp. 33-52. Massachusetts Agricul-
tural Experimental Station Research Bulletin 704 (1985).
Fuchs RL, MaclIntosh SC, Dean DA, Greenplate JT,
Perlak FJ, Pershing JC, Marrone PG, Fischhoff DA:
Quantitation of Bacillus thuringiensis insect control pro-
tein as expressed in transgenic plants. In: Hickle LA,
Fitch WL (eds) Analytical Chemistry of Bacillus thuring-
iensis, pp. 105-123. American Chemical Society Sympo-
sium series 432. American Chemical Society, Washing-
ton, DC (1990).

Goodall GJ, Filipowicz W: The AU-rich sequences
present in the introns of plant nuclear pre-mRNAs are
required for splicing. Cell 58: 473-483 (1989).

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Herrnstadt C, Giroy TE, Sobieski DA, Bennett BD,
Gartner FH: Nucleotide sequence and deduced amino
acid sequence of a coleopteran-active delta-endotoxin
gene from Bacillus thuringiensis subsp. san diego. Gene 57:
37-46 (1987).

Hinchee MAW, Connor-Ward DV, Newell CA, McDon-
nell RE, Sato SJ, Gasser CS, Fischhoff DA, Re DB,
Fraley RT, Horsch RB: Production of transgenic soybean
plants using Agrobacterium-mediated DNA transfer. Bio/
technology 6: 915-922 (1988).

Hofte H, Seurinck J, Van Houtven A, Vaeck M: Nucle-
otide sequence of a gene encoding an insecticidal protein
B. thuringiensis var. tenebrionis toxic against coleoptera.
Nucl Acids Res 15: 7183 (1987).

Kay R, Chan A, Daly M, McPherson J: Duplication of
CaMV 35S promoter sequences creates a strong enhancer
for plant genes. Science 236: 1299-1303 (1987).

Koncz C, Shell J: The promoter of T, -DNA gene 5 con-
trols the tissue-specific expression of chimaeric genes car-
ried by a novel type of Agrobacterium binary vector. Mol
Gen Genet 204: 383-396 (1986).

Kreig A, Huger AM, Langenbruch GA, Schnetter W:
Bacillus thuringiensis var. tenebrionis; ein neuer gegentiber
Larven von coleopteren wirksamer Pathotyp. Z Angew
Entomol 96: 500-508 (1983).

Li J, Carroll J, Ellar DJ: Crystal structure of insecticidal
delta-endotoxin from Bacillus thuringiensis at 2.5 A reso-
lution. Nature 353: 815-821 (1991).

McCown BH, McCabe DE, Russell DR, Robison DJ,
Barton KA, Raffa KF: Stable transformation of Populus
and incorporation of pest resistance by electric discharge
particle acceleration. Plant Cell Rep 9: 590-594 (1991).
Maclntosh SC, McPherson SL, Perlak FJ, Marrone PG,
Fuchs RL: Purification and characterization of Bacillus
thuringiensis var tenebrionis insecticidal proteins produced
in E. coli. Biochem Biophys Res Comm 170: 665-672
(1990).

McPherson SA, Perlak FJ, Fuchs, RL, Marrone PG,
Lavrik PB, Fischhoff DA: Characterization of the co-
leopteran specific protein gene of Bacillus thuringiensis
var. tenebrionis. Bio/technology 6: 61-66 (1988).

Newell CA, Rozman R, Hinchee MA, Lawson EC, Haley
L, Sanders P, Kaniewski W, Tumer NE, Horsch RB,
Fraley RT: Agrobacterium-mediated transformation of
Solanum tuberosum L. cv. Russet Burbank. Plant Cell
Rep 10: 30~-34 (1991).

Pavek JD, Corsini D, Nissley F: A rapid method for
determining blackspot susceptibility of potato clones. Am
Potato J 62: 511-517 (1985).

Perlak FJ, Deaton RW, Armstrong TA, Fuchs RL, Sims
SR, Greenplate JT, Fischhoff DA: Insect resistant cotton
plants. Bio/technology 8: 939-943 (1990).

Perlak FJ, Fuchs RL, Dean DA, McPherson SL, Fis-
chhoff DA: Modification of the coding sequence enhances
plant expression of insect control protein genes. Proc
Natl Acad Sci USA 88: 3324-3328 (1991).



26.

217.

28.

29.

Perlak FJ, McPherson SA, Fuchs RL, MacIntosh SC,
Dean DA, Fischhoff DA: Expression of Bacillus thuring-
iensis protein in transgenic plants. In: Roberts DW, Gra-
nados RR, Proceedings of a Conference on Biotechnol-
ogy, Biological Pesticides and Novel Plant-Pest
Resistance for Insect Pest Management, pp. 77-81. Boyce
Thompson Institute for Plant Research, Ithaca (1988).
Sekar V, Thompson DV, Maroey MJ, Bookland RG,
Adang MJ: Molecular cloning and characterization of the
insecticidal protein gene of Bacillus thuringiensis var. tene-
brionis. Proc Natl Acad Sci USA 84: 7036-7040 (1987).
Shaw G, Kamen R: A conserved AU sequence from the
3’ untranslated region of GM-CSF mRNA mediates se-
lective mRNA degradation. Cell 46: 659-667 (1986).
Slaney AC, Robbins HL, English L: Mode of action of
Bacillus thuringiensis toxin CrylIIA: An analysis of toxic-

30.

3L

32.

321

ity in Leptinotarsa decemlineata (Say) and Diabrotica un-
decimpunctata howardi Barber. Insect Biochem Mol Biol
22: 9-18 (1992).

Sutton DW, Havstad PK, Kemp JD: Synthetic cryllIA
gene from Bacillus thuringiensis improved for high expres-
sion in plants. Transgenic Res 1: 228-236 (1992).
Vaeck M, Reynaerts A, Hofte H, Jansens S, DeBeuck-
eleer M, Dean C, Zabeau M, Van Montagu M, Leemans
J: Transgenic plants protected from insect attack. Nature
328: 33-37 (1987).

Wilson FD, Flint HM, Deaton WR, Fischhoff DA, Per-
lak FJ, Armstrong TA, Fuchs RL, Berberich SA, Parks
NJ, Stapp BR: Resistance of cotton lines containing a
Bacillus thuringiensis toxin to Pink Bollworm (Lepi-
doptera: Gelechiidae) and other insects. ] Econ Entomol
85: 1516-1521 (1992).



