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Expression of a Bacillus thuringiensis cryIA(c) gene in
transgenic peanut plants and its efficacy against lesser
cornstalk borer
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The invasion of peanut (Arachis hypogaea L.) pods and seeds by aflatoxin-forming species of Aspergillus is linked
to injury by the lesser cornstalk borer and frequently causes a severe reduction in crop quality. The lesser cornstalk
borer is susceptible to the lepidopteran-active Bacillus thuringiensis insecticidal crystal protein. We have introduced
a codon-modified Bacillus thuringiensis cryIA(c) gene into peanut using microprojectile bombardment. The toxincoding region of a Bt cryIA(c) gene was reconstructed for expression in plants and the resulting 3.4 kb gene
cassette (promoter: 1.8 kb coding: 39) was directly cloned into the Bgl II site of plant transformation vectors. The
vectors contained the hph gene, conferring resistance to the antibiotic hygromycin. Somatic embryos initiated from
immature peanut cotyledons of two cultivars were used as the target for bombardment. DNA from hygromycinresistant embryogenic cell lines, regenerated plants, and a progeny plant showed the presence and integration of
hph and Bt genes by PCR and/or Southern blot analyses. ELISA immunoassay of the CryIA(c) protein from the
hygromycin-selected plants showed the expression of CryIA(c) protein up to 0.18% of total soluble protein. Insect
feeding bioassay of transformed plants indicated various levels of resistance to the lesser cornstalk borer, from
complete larval mortality to a 66% reduction in larval weight. A negative correlation between percent survival or
larval weight and the amount of Bt CryIA(c) protein was recorded indicating in general that the higher the protein
level the lower the survival or larval weight of the insect. Based on leaf bioassay, transformation of peanut with
vectors containing the Bt cryIA(c) gene may be effective in protecting the peanut plants from damage by
lepidopteran insect larvae of lesser cornstalk borer.
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Introduction
Arachis hypogaea L. (peanut) is an important commercial
crop that suffers from many insect pests, often resulting in
severe reduction in production and quality of the crop.
Among these insects, the lesser cornstalk borer (LCB),
Elasmopalpus lignosellus (Zeller), is a major insect pest of
peanut in the southern United States. The small size of
LCB and their occurrence below the soil surface make
detection and application of appropriate control measures
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difficult. In addition, growers are reluctant to disturb
actively growing plants to search for LCB larval infestation or evidence of feeding (Morgan et al., 1982). The
application of insecticides in the furrow at planting is a
common preventive measure, but this means of control is
costly and presents a potential environmental hazard.
The relationship between LCB infestation and increased infection of peanut seeds and pods by strains
of Aspergillus flavus was first suggested by Ashworth
and Langley (1964). Subsequently, LCB-type damage to
peanut pods resulting in increased seed contamination
with A. flavus and increased aflatoxin content was

170

Singsit et al.

reported (Dickens et al., 1973; Widstrom, 1979; Bowen
and Mack, 1993). Lynch and Wilson (1991) showed that
external scarification of the peanut pod by LCB enhanced
infection of peanut seeds with A. flavus fungi under
laboratory and field conditions. Over 50% of the LCB
larvae collected from peanut in the field were contaminated with strains of the A. flavus group fungi
(Lynch and Wilson, 1991). Losses incurred on peanuts
directly as a result of LCB damage, or indirectly due to
A. flavus contamination, are significant.
A recent report on the susceptibility of LCB to Bt
endotoxin CryIA(c) protein (Moar et al., 1995), coupled
with the development of a successful transformation
system (Ozias-Akins et al., 1993), made peanut an ideal
candidate for testing the efficacy of a synthetic B.
thuringiensis cryIA(c) toxin gene for LCB control via
genetic engineering. We used peanut embryogenic
cultures initiated from immature seed as the explant
source, and the hygromycin phosphotransferase (hph)
gene driven by the CaMV 35S promoter as the selectable
marker. The use of embryogenic cultures satisfies two
important criteria: long term maintenance and high
regeneration capacity. These two characteristics allow
constant availability of totipotent embryogenic tissues for
bombardment experiments. The transformation system
also is applicable to a wide range of peanut genotypes
(Ozias-Akins et al., 1992a) and should result in fewer
chimeras than a direct shoot regeneration system.
The present study was designed to insert the Bt
cryIA(c) gene into peanut, to examine the expression of
Bt endotoxin protein in whole plants, and to test the
effectiveness of this transgene against lesser cornstalk
borer, a major peanut pest, in leaf-feeding bioassay.

Plasmid constructs and particle bombardment
The toxin-coding region of a Bt cryIA(c) ICP gene was
reconstructed for expression in plants following the
principles described by Adang and co-workers (1985,
1993). The modified 1.8 kb cryIA(c) toxin coding region
was originally cloned into plant expression vector
pIC35/A (Murray et al., 1991). The 3.4 kb gene cassette
(Fig. 1) including the rebuilt 1.8 kb cryIA(c) gene under
the control of the CaMV 35S promoter was directly subcloned into the Bgl II site of the transformation vectors,
pH602 and pSG3525. These plasmids carry the hph gene
behind the CaMV 35S promoter used as selectable marker.
Plasmid pH602 (Firoozabady et al., 1987) was originally
developed as a ‘micro Ti’ binary vector for use in
Agrobacterium tumefaciens-mediated gene transfer. The
synthetic cryIA(c)-containing vectors were renamed as
pH602/Bt and pSG/Bt.
Microprojectile bombardment was carried out using a
PDS 1000 helium-driven apparatus (Bio-Rad). The
vacuum chamber was adjusted to 700 mm of mercury
and the gun was fired with a helium pressure of 1800 psi.
The sample platform was positioned 5 cm below the
launch assembly, which contained microprojectiles and a
stopping screen. Gold particles (1.0 m in diameter) were
prepared as a suspension in sterile deionized water
(60 mg mlÿ1 ); 50 l of this aqueous suspension was
mixed with 5 l (1 g lÿ1 ) plasmid DNA. Added to this
were 50 l CaCl2 (2.5 M) and 20 l spermidine (0.1 M).
The suspension was vortexed for 2 min and spun down at
10 000 rpm for 10 s. The DNA-coated gold particles were
then rinsed with 100% ethanol and resuspended in 60 l
100% ethanol. The particle suspension was sonicated
briefly before pipetting 8–10 l on top of the macrocarrier film.

Materials and methods

Selection and regeneration of plants
Some modifications of the previously published selection
and regeneration protocols (Ozias-Akins et al., 1993) were

Plant material and culture
Three cultivars (Toalson, Florunner and MARC-1) were
used for the establishment of embryogenic cultures and for
bombardment experiments. Embryogenic cultures were
initiated from greenhouse-grown immature seeds as previously described (Ozias-Akins, 1989; Ozias-Akins et al.,
1992b). The somatic embryos were subcultured at 2-week
intervals onto maintenance medium containing Murashige
and Skoog (1962) salts and vitamins (MS), 3% sucrose,
3 mg lÿ1 picloram, 1 g lÿ1 glutamine and 0.8% agar. The
pH was adjusted to 5.8 prior to autoclaving. Glutamine was
filter-sterilized and added after autoclaving. All embryogenic cultures were grown in the dark at 28 8C. Two-weekold subcultures were routinely used in all bombardment
experiments. A total of eight bombardment experiments
(6–12 plates per experiment) was conducted using plasmid
constructs that contained both hph and cryIA(c) genes
driven by CaMV 35S promoters.
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Fig. 1. A map of the 3.4 kb gene cassette containing the CaMV
35S promoter, the cryIA(c) coding region, and the orf25
polyadenylation region.
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adopted. Bombarded embryogenic cultures were subjected
to selection in liquid medium on a shaker (120 rpm in the
dark) 7 days post-bombardment in order to reduce the
time needed to obtain stably transformed lines. The
bombarded cultures initially were subjected to a selection
pressure of 10 mg lÿ1 hygromycin for 2 weeks followed by
20 mg lÿ1 for subsequent subcultures at 2-week intervals.
Actively proliferating embryogenic lines were monitored
and periodically removed from liquid medium to fresh,
solid maintenance medium containing 20 mg lÿ1 hygromycin. The entire selection process took 6–10 weeks.
Regeneration of plants from stably transformed cultures
was initiated 4 weeks after removal of the selected lines
from liquid culture. Plants could be regenerated within 8
weeks following a three-step procedure, as described by
Ozias-Akins and co-workers (1993), with sequential
transfers at 2 week intervals. The recalcitrant embryos
which had not formed shoots at the end of the third step
were routinely transferred at 2-week intervals to MS
medium containing 1 mg lÿ1 benzylaminopurine (BAP).
Developing shoots were rooted on MS medium containing 3% sucrose and 0.2 mg lÿ1 Æ-naphthaleneacetic acid
(NAA). Rooted plants were transferred to sand on a mist
bench in a greenhouse. Intermittent misting was set for
30 s at 30 min intervals to acclimatize the plants and to
protect them from wilting. Plants remained in sand on
the mist bench for 2–3 weeks. Acclimatized plants were
transferred to Promix or Metromix in 8 cm Jiffy pots and
placed under shade for 2 weeks, then transferred to direct
sunlight for 1 week. Plants were later transferred to a
potting mixture containing 4 parts Promix, 2 parts Perlite,
1 part Turface, 1 part pine bark, and 0.04 parts dolomite
in 16 cm plastic pots.
Analysis of transgenic plants
Hygromycin-selected embryogenic lines and leaves of
regenerated plants were screened for the presence of the
introduced genes by PCR and Southern blot hybridization.
DNA was isolated following the method of Doyle and
Doyle (1987) with some modifications. Larger quantities
of tissue (0.5–2 g) were ground in liquid nitrogen with a
mortar and pestle; smaller quantities of tissue (,300 mg)
were homogenized in a microcentrifuge tube with a plastic
pellet pestle. The isopropanol-precipitated DNA was
fished out with a glass hook and washed twice in 70%
ethanol. For PCR, DNA was extracted from 5–10 mg of
fresh embryogenic or leaf tissue. A 384 bp region of the
hph cassette was amplified according to Ozias-Akins and
co-workers (1993). Similarly, a 934 bp region of the
cryIA(c) cassette was amplified using one 27-nucleotide
primer specific for the CaMV 35S promoter (59ATATCTCCACTGACGTAAGGGATGACG-39) and the
second 17-nucleotide primer specific to the cryIA(c)
coding region (59-CGAGGACTGGGTTTGTG-39). The
amplification reactions were carried out with a Perkin-
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Elmer Cetus thermal cycler for 30 cycles under the
following conditions: 94 8C for 1 min, 45 8C for 30 s,
72 8C for 2 min.
Southern blot hybridization was used to confirm
plasmid DNA integration into the plant genome following
the procedure of Singsit and co-workers (1995). Genomic
DNA was digested with Bgl II or Bam HI. The probes
were prepared by digesting plasmid (pSG/Bt) DNA with
Bgl II, separating the 3.4 kb fragment containing the
cryIA(c) gene cassette on an agarose gel, and using
Geneclean (Bio 101, Vista, CA) to purify the excised
fragment, or by digesting the same plasmid with Xho I
and gel purifying the 1 kb fragment.
Immunological analysis
Quantitative analyses of delta endotoxin produced in
embryogenic lines and plants were done using a doubleantibody sandwich ELISA as per Adang and co-workers
(1993) except that microtiter plates (96 wells, Falcon)
were coated with primary polyclonal antibody (Bt-R118)
IgG against 65 kDa CryIA(c) protein, and biotin-conjugated antibody against CryIA(c) protein was used for
detection with a streptavidin-alkaline phosphatase (Pierce)
reporter enzyme and p-nitrophenyl phosphatase substrate
(Sigma). Absorbance at 450 nm was measured by a
microplate reader, and the amount of expressed Bt protein
was calculated using a CryIA(c) toxin standard curve.
Total protein was assayed following Bio-Rad protein assay
protocols. To compare Bt protein with total protein, both
were calculated as a function of leaf fresh weight.
Insect bioassay
Bioassays were conducted on regenerating cultures and
individual leaves. As a preliminary test, green tissue
pieces 6 mm in diameter were used to feed the lesser
cornstalk borer larvae. Subsequently, leaflets from in vitroand greenhouse-grown transgenic and control plants were
evaluated for expression of CryIA(c) protein by directly
infesting the leaves with the third instar 7-day-old larvae
of LCB. The insects were collected from a colony
maintained at the USDA Insect Biology and Population
Management Research Laboratory, Coastal Plain Experiment Station, Tifton, Georgia. Larvae were reared on
meridic diet for 7 days before initiation of the bioassay
(Lynch and Reed, 1985). The tissues were placed in plastic
petri plates (60 2 15 mm and 100 2 25 mm) on moist
filter paper. Each plate contained either 2–3 pieces of
regenerating tissue or two leaflets, plus two or five 7-dayold larvae, and was wrapped with Parafilm to prevent
desiccation. Each treatment was replicated four times and
placed under a photoperiod of 16 h light/8 h dark at 27 8C,
70% RH conditions. Feeding was allowed for 1 week
before data on larval weight and larval survival were
collected. The data were analysed using analysis of
variance.
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Results
Analysis of transformants
A synthetic version of the cryIA(c) gene was introduced
into three commercially important peanut cultivars using
microprojectile bombardment. Of the eight bombardment
experiments conducted (6–12 bombardments per experiment), we recovered an average of 4.8 hygromycinresistant cell lines per experiment and 48% of bombardments yielded transgenic cell lines. The overall response
to selection varied between experiments. The best
experiment resulted in recovery of ten hygromycinresistant cell lines from 12 bombardments; the worst
result was recovery of only three hygromycin-resistant cell
lines from 11 bombardments.
Hygromycin-resistant cell lines were screened for the
presence of hph and Bt cryIA(c) genes using genespecific primers, one primer targeting the promoter
region and the other targeting the coding region of either
hph or cryIA(c). A total of 90% of the hygromycinresistant cell lines showed positive amplification of the
expected 384 bp fragment from the hph gene (Fig. 2). Of
these, 83% also showed positive amplification for the
expected 934 bp fragment for the cryIA(c) gene. Based
on PCR results only, the frequency to co-transformation
for the two linked genes ranged from 40% in one
experiment to 100% of the cell lines selected in five
other experiments. Of the 119 transgenic plants examined
by PCR, 87% were positive for hph and 77% for

Fig. 2. PCR analysis of DNA from greenhouse-grown transgenic
peanut plants. The amplification product shown in the upper row
of lanes is the 380 bp fragment from the CaMV 35S promoter and
the hph coding region. The amplification product in the lower row
of lanes is the 930 bp fragment from the CaMV 35S promoter and
the cryIA(c) coding region. Lane 1 is Pst I-digested lambda DNA,
lanes 2–18 are transgenic plants, lane 19 is non-transgenic
Florunner, and lane 20 is pSG/Bt plasmid control.
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cryIA(c). A single progeny plant screened by the same
method also showed amplification of the two transgenes
(data not shown).
DNA from several hygromycin-resistant cell lines was
subjected to Southern blot hybridization analysis to
confirm the PCR results. Genomic DNA (Bgl II-digested)
from a total of 24 out of 26 cell lines tested readily
hybridized to the Bgl II fragment of the plasmid which
contained the cryIA(c) gene (Fig. 3). The apparent
quantitative differences among cell lines with regard to
band intensity, and the presence of several additional
higher molecular weight bands in most cell lines,
suggested integration of multiple copies of the gene.
Hybridization patterns containing multiple bands also
were observed with DNA from primary transgenic plants
and one progeny plant (Fig. 4). The banding patterns in
Bam HI-digested DNA from parent and progeny (31-7)
appeared identical.
Gene expression in peanut transformants
To examine gene expression, the CryIA(c) protein in
plants regenerated from different cell lines was assayed by
ELISA. In all, 12 out of 17 plants representing 13
transformation events assayed for the Bt protein by ELISA
immunoassay indicated the expression of CryIA(c) protein
(Table 1). The amount of Bt protein varied from 0.18–
1.8 g mgÿ1 of total soluble protein. The control plants of
Florunner and five transgenic plants were negative for the
CryIA(c) protein. No PCR amplification of the cryIA(c)
gene was observed in two of the five transgenic plants. It
was apparent that selection for expression of the hph gene
did not necessarily ensure expression of the second linked
cryIA(c) gene.
A preliminary bioassay with regenerating tissues (data
not shown) was found to correlate with bioassay data
from greenhouse and in vitro-grown plants. Data

Fig. 3. A southern blot of Bgl II-digested genomic DNA from 16
transgenic cell lines, non-transgenic Florunner control, and plasmid
pSG/Bt. The blot was hybridized with the 32 P-labelled 3.4 kb Bgl II
fragment from plasmid pSG/Bt.

Bt expression in transgenic peanut and its effect on lesser cornstalk borer

Fig. 4. A southern blot of Bam HI-digested genomic DNA from
four primary transgenic (T0 ) plants (lanes 1–4), Florunner nontransformed control (lane 5), and one transgenic T1 progeny plant
(lane 6). Plasmids pH602/Bt and pSG/Bt also were digested with
Bam HI which produced two fragments of the former (15 –
hybridizing fragment – and 2.5 kb) and linearized the latter. The
blot was probed with a 1 kb Xho I fragment containing the 39 end
of the cryIA(c) coding region. Two hybridizing fragments in pSG/
Bt were the result of partial digestion; smallest, linearized fragment
is 9 kb. All plants shown were of the Florunner genotype and were
transformed with the following plasmids: 30-7, 30-9, 33-10 with
pSG/Bt; 31-7 with pH602/Bt.
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indicated a variable response within transgenic cell lines,
from complete larval mortality to a reduction by 58–60%
in larval weight when one-week-old larvae were fed with
transgenic tissues for 1 week. More developmentally
homogeneous tissues, i.e., young leaves from greenhousegrown plants that were PCR-positive for the presence of
hph and cryIA(c), were used in bioassays against LCB
larvae. About 70% of the transgenic plants tested showed
significantly lower survival rates and 47% lower larval
weights compared with the Florunner control. Five
transgenic plants, T30-7-111, T31-7-42, T31-7-131,
T33-9-117 and T33-11-95, did not produce any detectable
level of Bt protein and were not significantly different
from Florunner either in larval weight or larval survival
(Table 1). A significant negative correlation (r  ÿ0.69,
p  0.001) between insect bioassay data from greenhouse-grown plants with the amount of the CryIA(c)
protein produced was observed. The higher the protein
the lower the survival or the larval weight. This
information may be useful to predict the minimum level
of protein that might result in insecticidal activity.
Another bioassay experiment conducted on leaves of
13 in vitro-grown plants derived from 12 independent
transformation events along with the Florunner control
showed similar variation among lines as was observed
with greenhouse-grown plants (Table 2). The following
plants, T26-3-7, T26-8-20, T26-11-36, T31-5-30, T33-720, T33-10-14, showed complete larval mortality at the
end of one week. In addition, all transgenic plants tested
except T26-6-23 showed significant reduction in larval
weight compared with the control plant.

Table 1. Results showing percent survival, larval weight and the amount of CryIA(c) protein in leaf extract from transgenic peanut plants;
leaf samples were obtained from greenhouse-grown plants
Plant

Genotypea

Plasmid

Per cent
survival

Mean larval
weight (mg)

Bt protein
( g mgÿ1 )

Florunnerb
T26-1-12
T26-8-103
T26-11-53
T26-11-57
T26-11-101
T26-12-3
T26-12-6
T26-12-105
T30-7-111
T30-9-140
T31-5-40
T31-7-42c
T31-7-131
T33-7-46
T33-9-117c
T33-10-84
T33-11-95

Toalson
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR

pH602/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pH602/Bt
pH602/Bt
pH602/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt

80 6 9
464
36 6 15
464
868
64 6 4
464
865
44 6 10
56 6 10
464
12 6 5
60 6 14
60 6 17
12 6 8
40 6 18
24 6 7
56 6 15

7.82 6 1.5
0.74 6 1.2
4.42 6 0.8
1.02 6 1.0
1.12 6 0.8
7.83 6 2.1
0.94 6 0.9
2.38 6 1.2
6.45 6 1.8
11.51 6 2.5
0.44 6 0.4
1.80 6 0.5
10.26 6 2.4
10.36 6 2.7
1.48 6 0.7
11.07 6 3.1
3.80 6 1.1
7.77 6 2.7

0
1.55
1.05
0.51
1.80
0.50
1.00
0.35
0.26
0
1.02
0.41
0
0
0.18
0
0.26
0

a

FR  transgenic Florunner; b Florunner indicates a nontransgenic control; c PCR negative for cryIA(c).
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Table 2. Bioassay of transgenic peanut plants against lesser cornstalk borer,
Elasmopalpus lignosellus (Zeller); leaf samples were obtained from in vitro-grown
plants
Plant

Genotype

Plasmid

Per cent
survival

Larval weight
(mg)

Florunnera
T24-11-2
T26-3-7
T26-6-23b
T26-8-20
T26-11-36
T26-12-70
T31-5-30
T31-7-22
T33-7-20
T33-9-25
T33-10-14
T33-11

Marcl
Toalson
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR

pSG/Bt
pH602/Bt
pH602/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pH602/Bt
pH602/Bt
pSG/Bt
pSG/Bt
pSG/Bt
pSG/Bt

80.0 6 20
40.0 6 24
0.0 6 0
100.0 6 45
0.0 6 0
0.0 6 0
40.0 6 24
0.0 6 0
80.0 6 20
0.0 6 0
80.0 6 20
0.0 6 0
60.0 6 24

7.6 6 2.2
0.2 6 0.1
0.0 6 0.0
5.4 6 1.9
0.0 6 0.0
0.0 6 0.0
2.3 6 2.2
0.0 6 0.0
3.0 6 1.0
0.0 6 0.0
1.1 6 0.4
0.0 6 0.0
1.6 6 0.7

a

Florunner indicates a nontransgenic control; b PCR negative for cryIA(c).

Discussion
The development of an efficient genetic transformation
system has been the target of research in peanut. Recent
success in the incorporation of the hph gene conferring
resistance to the antibiotic hygromycin via particle
bombardment (Ozias-Akins et al., 1993) has provided a
gene transfer system for peanut. The recovery of a higher
frequency of transgenic cell lines per bombardment over
our previously published work (48% vs 12% of bombardments yielding transgenic cell lines), and that reported by
Brar and co-workers (1994) (8.8%), reassures us of the
effectiveness of our selection and the efficacy of our
system for gene transfer. Early initiation of selection (1
week after bombardment vs 1 month) shortens the time
required from gene delivery to transgenic plant and leads
to higher recovery of transgenic cell lines. In all, about
90% of hygromycin-resistant cell lines were positive for
the hph gene by PCR amplification and only 83% of these
cell lines carried both the hph and cryIA(c) genes. In
accordance with Christou and Swain (1990), co-transformation frequencies of linked genes can vary between
experiments and among plasmids.
Although successful transformation was achieved with
pH602/Bt and pSG/Bt constructs, the expression of
CryIA(c) protein among different transgenic plants was
variable as determined by ELISA. Peanut plants expressing between 0.02–0.18% of their total protein as the
B.t.k. insecticidal crystal protein (ICP) were identified.
This closely resembled Bt protein levels observed for the
modified versions of cryIA(b) sequence in cotton and rice
(0.05–0.1%) (Perlak et al., 1990; Fujimoto et al., 1993),
and for tobacco (0.01%) (Carozzi et al., 1992). Up to
100-fold insect control compared to the wild-type gene
was achieved in tobacco, tomato, maize and cotton crops

with partially or fully modified cryIA(b) genes (Perlak et
al., 1991; Koziel et al., 1993; Llewellyn, 1994). In all,
71% of the transgenic peanut plants analysed for the
expression of CryIA(c) protein using ELISA immunoassay double antibody sandwich technique were positive
for the protein. The ELISA results correlated significantly with those of insect bioassay. For example,
transgenic plants negative for CryIA(c) protein were not
significantly different from the control plants in insect
feeding bioassay. About 47% of individual greenhousegrown plants, representing 13 independently transformed
cell lines, indicated a significant reduction in larval
weight from the Florunner control after larvae were fed
for 1 week. About 50% of the in vitro-grown transgenic
leaves produced complete insect mortality and another
42% showed a significant reduction in larval weight from
Florunner control.
We observed a negative relationship between the
amount of Bt CryIA(c) protein produced and percent
survival or larval weight: the higher the Bt protein the
lower the survival or the larval weight. In tobacco, higher
ICP levels in transgenic lines were always correlated with
a greater insecticidal activity in the field (Carozzi et al.,
1992). Once we determine the range of variation in
CryIA(c) levels during peanut plant development, it
might be possible to predict the insecticidal activity of
individual plants, based on ELISA quantitation of
CryIA(c) from carefully controlled samples, without
resorting to bioassay. Based on leaf bioassay, up to
20% of the transgenic peanut plants carrying the
modified cryI(A(c) gene afforded complete control of
the insect by killing all 7-day-old LCB larvae. This is
lower than that observed in transgenic cotton carrying a
truncated cryIA(c) gene where 70–87% protection was

Bt expression in transgenic peanut and its effect on lesser cornstalk borer
conferred under the conditions where up to 100% of the
control bolls and squares were destroyed by cotton
bollworm (Perlak et al., 1990). A slightly lower
protection (based on insect mortality counts) recorded
from our experiments may be due to the heterogeneity of
the T0 plants and the use of developmentally younger and
in vitro leaves. Carozzi and co-workers (1992) observed
enhanced ICP production throughout the course of plant
development, especially at flowering and in older leaves.
We observed a delayed flowering habit and reduced
fertility of the primary transgenic plants in an earlier
study (Ozias-Akins et al., 1993). Upon examination of a
limited number of these original primary transformants,
chromosomal abnormalities were detected, which could
partially explain the prevalence of sterility, although a
limited number of seed from the primary transgenic
plants were obtained (Arthur Weissinger, personal communication). Transgenic T1 plants, however, flowered and
set seed normally. A similar occurrence of infertility in
transgenic T0 soyabean plants has been observed (Parrott
et al., 1994). Our limited number of progeny containing
the Bt gene, however, does demonstrate inheritance of the
gene. Because of the shortage of pods, we have not been
able to assay expression of the Bt protein in this organ.
Brar and co-workers (1994) showed that GUS under the
control of CaMV 35S was expressed to relatively high
levels in peanut pod walls. We predict that the Bt gene
under the control of the CaMV 35S promoter would be
adequately expressed in pod walls and would result in
significant reduction in damage by lesser cornstalk borer
and possibly also in production of aflatoxin.
In conclusion, we have described the recovery, at
relatively high frequency, of transgenic peanut lines that
express the Bt CryIA(c) protein up to 0.18% of the total
soluble protein. We also have shown the efficacy of the
Bt cryIA(c) gene for controlling our target insect, lesser
cornstalk borer. Furthermore, our results extend the utility
of a genotype-independent transformation system we
previously developed to achieve our goal of Bt cryIA(c)
gene transfer within a relatively short period of time.
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