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Abstract Neomycin phosphotransferase II (NptII) and
Cry3A were evaluated as potential targets in ELISA for the
detection of transgenic potato tubers. The highest concen-
trations of NptII (0.23 – 2.95 μg /g) were measured in
cultivar NL 10-ATL tubers, while very low (<0.007 μg /g) or
undetectable levels of NptII were found in tuber tissue of the
other cultivars. Polymerase chain reaction (PCR) analysis
revealed that the nptII transgene could not be detected in
cultivars NL 10-SUP or in NL-30-RBK-082. It was
concluded that a serological method targeting NptII would
not provide an effective approach for detecting transgenic
potato tubers. Cry3A could be detected in all the cultivars,
ranging between 0.02 μg /g in NL 20-SHE and NL 10-ATL
to 1.98 μg /g in NL 10-SUP. Environmental conditions
appeared to influence Cry3A protein accumulation in tubers
of cultivar NL 30-RBK-350 but no such effect on cultivars NL
10-ATL or NL 20-SHE could be detected. It was concluded
that ELISA methods for Cry3A detection could be used for
confirming the presence of cry3A in individual tubers. With
improved sensitivity for Cry3A, serological methods may be
useful in screening larger lots for the presence of transgenic
potato tubers.

Resumen Se evaluaron neomicina fosfotransferasa II
(NptII) y Cry 3A como objetivos potenciales en ELISA
para la detección de tubérculos de papa transgénica. Las
concentraciones más altas de NptII (0.23–2.95 µg/g) se
midieron en tubérculos del cultivar NL-10-ATL, mientras

que se encontró niveles muy bajos (<0.007 µg/g) o
indetectables de NptII en la pulpa del tejido de tubérculo de
otros cultivares. El análisis de la reacción en cadena de la
polimerasa (PCR), reveló que el transgen nptII no pudo ser
detectado en los cultivares NL10-SUP o en NL-30-RBK-082.
Se concluyó que el método serológico dirigido a NptII no
proporciona un enfoque efectivo para detectar tubérculos de
papa transgénica. El Cry3A puede ser detectado en todos los
cultivares en el rango entre 0.02 µg/g en NL 20-SHE y NL
10-ATL a 1.98 µg/g en NL 10-SUP. Las condiciones
ambientales parecen influenciar la acumulación de la proteína
Cry3A en tubérculos del cultivar NL 30 RBK 350 pero no se
pudo detectar tal efecto sobre los cultivares NL10-ATL o NL
20-SHE. Se concluyó que el método ELISA para la detección
de Cry3A podría usarse para confirmar la presencia de cry3A
en tubérculos individuales. Con sensibilidad mejorada para
Cry3A, los métodos serológicos pueden ser útiles en el
tamizado de lotes grandes para presencia de tubérculos de
papa transgénica.
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Introduction

The cultivation of genetically engineered (GE) crops
around the world has generated a demand for testing for
the presence of genetic modifications in seed, grain and a
wide variety of foods. Serological methods have many
advantages over alternative DNA-based methods such as
PCR because they are generally robust, simple to perform,
and can usually be completed within 2 days. Most
serological methods do not require complicated extraction
procedures, and because they can be conducted in high-
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throughput microplate formats, they are also generally cost-
effective. The various applications of serological methods
for the detection of GE crops have been previously
reviewed (Stave 2002; Lipton et al. 2000).

The successful application of a serological method such
as ELISA or lateral flow strips in testing for genetically
modified crops depends upon the presence of an appropriate
target, usually the protein product of a transgene. Because
the processing of crops can result in protein degradation,
immunoassays are better suited to the detection of novel
proteins in raw plant material than in highly processed food
products.

In the late 1990s, the Monsanto Corporation released a
number of transgenic potato cultivars for commercial
production. These cultivars possessed different combinations
of novel recombinant traits conferring agronomic benefits
such as insect resistance (cry3A), and resistance to viruses,
namely potato virus Y (PVY) and potato leafroll virus
(PLRV) (Table 1). Most of these cultivars were also reported
to contain the neomycin phosphotransferase II (nptII) gene
(CFIA 1996; APHIS/USDA 1996; ANZFA 2001a, b, c),
which is a selectable marker for kanamycin resistance, and
one cultivar, NL 30-RBK-82, contained the gene encoding 5-
enolpyruvylshikimate-3-phosphate synthase (EPSPS), an
enzyme that confers tolerance to the herbicide glyphosate.
While these cultivars are not presently produced commer-
cially, they may be reintroduced to the market at any time.
Registration of several transgenic cultivars (NL 10-RBK, NL
10-SUP, NL 20-SHE, and NL 30-RBK-82) has been retained
in Canada (http://www.inspection.gc.ca/english/plaveg/
variet/potpome.shtml).

To be effective as a screening tool for the detection of
genetically modified potatoes, a serological method should
ideally detect a single target common to as many of the
transgenic cultivars as possible. In these transgenic potato
cultivars, only the cry3A and possibly the nptII gene
products could be useful as a general indicator (Table 1).
NptII and Cry3A refer to the protein products of the
transgenes nptII and cry3A respectively. In this study, both
NptII and Cry3A proteins were assessed as targets for
ELISA tests designed to detect transgenic potatoes.

Materials and Methods

Potato Material

Non-transgenic potatoes, cultivars Russet Burbank, Shepody,
Atlantic, and Superior, were obtained as certified seed tubers
from six different growers over two seasons. The transgenic
cultivars NL 10-ATL (NewLeaf Atlantic), NL 20-SHE
(NewLeaf Y Shepody), and NL-30-RBK-350 (NewLeaf
Plus Russet Burbank) were obtained as field tubers grown
in different fields over two seasons. Greenhouse-raised
plants were produced from some of these tubers. Tubers
from cultivars NL 10-SUP (NewLeaf Superior), NL 20-
RBK (NewLeaf Y Russet Burbank), NL 30-RBK-82
(NewLeaf Plus Russet Burbank), and NL 10-ATL were
produced from tissue culture plantlets in the laboratory
greenhouse. These were all grown between May and
October under identical conditions using natural light.
Daytime and nighttime temperatures were 22o and 20oC,

Table 1 Potential analytes for serological detection of transgenic potatoes

Transgenic Cultivar Line Estimated Number of Intact Transgenes Parental Cultivar

nptII cry3A PVY coat
protein

PLRV
replicase

EPSPSa

NL 10-RBKb BT6, BT10, BT12, BT16, BT17, BT18, and BT23 1–2c 1–2 c 0 0 0 Russet Burbank
NL 10-SUP SPBT02–5 1–3 d; 0 e 1 e 0 0 0 Superior
NL 10-ATL ATBT04–6, ATBT04–30, ATBT04–36f 1–3 e 1–3 e 0 0 0 Atlantic
NL 20-RBK RBMT15–101 3–4 g 3–4 g 3–4 g 0 0 Russet Burbank
NL 20-SHE SEMT15–02, SEMT15–15c ≥3 g ≥4 g ≥1 g 0 0 Shepody
NL 30-RBK-350 RBMT21–350 2 h 2 h 0 1 h 0 Russet Burbank
NL 30-RBK-82 RBMT22–82 0 h 3 h 0 3 h 2 h Russet Burbank

a 5-enolpyruvylshikimate-3-phosphate synthase
b NL 10-RBK was not used in this study
c CFIA 1996
d APHIS 1996
e ANZFA 2001a
f Possible lines: Based on the paper trail identification, the NL 10-ATL, and NL 20-SHE samples used in this study were identified to cultivar, but
not to line
g ANZFA 2001c
h ANZFA 2001b
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respectively, while humidity was maintained at 65%.
Tubers were harvested after 5 months, and subsequently
stored in the dark at 4oC. Samples of NL 10-RBK tubers
were not available for this study.

NptII and Cry3A Quantification

Levels of NptII in leaves and tubers, and Cry3A in tubers were
determined using quantitative ELISA kits (Agdia, Elkhart, ID
USA) that were specific for NptII and Cry3A respectively.
Each ELISA kit employed a double antibody sandwich
design, and included all the pre-coated microtitre plates,
buffer concentrates, antibody enzyme conjugates and sub-
strates required for the assay. The NptII kit contained anti-
NptII antibody-peroxidase conjugate, and trimethylbenzidine
substrate. The Cry3A kit contained anti-Cry3A antibody-
alkaline phosphatase conjugate, and nitro-phosphophenol
substrate. Both kits also contained a quantified standard.

Tissues were homogenized in ratios of 5:1 (NptII) or 2:1
(Cry3A) volume extraction buffer/fresh tuber weight in
disposable plastic envelopes (Bioreba, Reinach, Switzerland)
using a Homex grinder (Bioreba). Tubers were sliced thinly
to facilitate grinding. For the purpose of generating a
standard curve, NptII standard was used at concentrations
of 0.1, 0.2, 0.38, 0.75, 1.5, and 3.0 ng/mL while Cry3A
standard was used at concentrations of 1.0, 2.0, 5.0, 10.0,
and 20.0 ng/mL. Both standard and homogenate preparations
were loaded onto the microtitre plate in duplicate or triplicate
wells (100 μL in each well) and incubated overnight at 4oC.
The following day, the ELISA was completed according to
the kit instructions.

For the NptII analyses, the colorimetric reaction was
stopped after 15 min at room temperature with 50 μL of 3M
sulfuric acid. Absorbance of the reaction product was
measured at 450 nm using a μQuant microplate spectropho-
tometer (Bio-Tek Instruments, Winooski, VT USA). For
Cry3A, final absorbance was measured at 405 nm 60 min
after the addition of the substrate.

The limit of detection for both assays was estimated by
determining the amount of analyte, as calculated using the
standard curve, at an absorbance 2 standard deviations above
the mean absorbance generated by the negative control tuber
samples (n=48) in each assay (Lipton et al. 2000).

PCR and Agarose Gel Electrophoresis

DNA was extracted from tuber tissue using the Wizard®
method (Spoth and Strauss 1998). Full details are presented
elsewhere (Smith et al. 2004).

Forward and reverse primer sequences (5’ to 3’) used for
nptII detection were CACGACGGGCGTTCCTTGC, and
GGTGGTCGAATGGGCAGGTAGC (Applied Biosystems
1996). Detection of sucrose synthase (sus) was used as a

positive control in order to ensure the quality of the template
DNA extracted from the tuber tissue. Primer sequences (5’ to
3’) for sus were TGACCTGGACACCACAGTTAT and
GTGGATTTCAGGAGTTCTTCGA (Akiyama et al. 2002).

Amplification reactions were performed in a 50 μL
volume using a Perkin-Elmer GeneAmp 9700 thermocycler
(Applied Biosystems, Foster City, CA USA). Final concen-
trations of the master mix components were as follows:
0.04 U/ μL FastStart Taq DNA polymerase (Roche Applied
Sciences, Montreal, QC Canada) 1X PCR buffer, 1.5 mmol/
L MgCl2, 0.2 mmol/L dNTPs, 1 μmol/L primers, and
0.25% BLOTTO (De Boer et al. 1995). For all the PCR
analyses, 1 ng of template DNA extracted from tuber tissue
was added in a 1 μL volume to the reaction mixture. After
an initial denaturation step at 95oC for 4 min, the reaction
for the detection of nptII and sus proceeded for 35 cycles
of: 30 sec at 94oC, 30 sec at 60oC, and 30 sec at 72oC,
followed by a final extension step of 3 min at 72oC.

PCR products were analyzed on 2% agarose gels prepared
and run in 0.5XTBE (0.045mol/LTris, 0.045mol/L boric acid,
0.001 mol/L EDTA) at 140 V (constant voltage) and stained
with 0.5μg /mL ethidium bromide (Invitrogen, Burlington, ON
Canada). Digital images of the gels were viewed and captured
using the GeneGenius BioImaging system (Syngene,
Cambridge, UK). Expected amplicon sizes for the nptII and
sus targets were 193 and 216 bp, respectively.

Quantitative Reverse Transcription-PCR (RT-PCR)

Leaves were harvested from the greenhouse-grown plants,
cultivars NL 10-ATL, Atlantic, NL 30-RBK-350, and Russet
Burbank at the same time and immediately frozen at −80oC.
Total RNA was extracted from the frozen leaf tissue using an
RNeasy Plant Mini Kit (Qiagen, Mississauga, ON Canada).
The extracts were treated with 0.7 units/μL DNase (Qiagen) at
37oC for 20 min and heated for 10 min at 95oC. RT-PCR
reactions were normalized against total RNA concentration.
Total RNA concentrations in each extract were measured
using the Ribogreen RNA quantification kit (Molecular
Probes, Eugene, OR USA). RNA assays were performed in
black opaque microplates (Greiner, Longwood, FLA USA)
and fluorescence was measured using a Flx800 microplate
fluorometer (Biotek Instruments).

Transgenic RNA was diluted into non-transgenic RNA to
varying extents and reverse transcribed using the Superscript
III reverse transcription kit (Invitrogen). The concentration of
template RNA in each reaction was standardized to 2.0 ng /
μL in a 20 μL volume. The other reaction components were
used according to the kit instructions. The reactions were
incubated at 25oC for 10 min followed by a 50 min
incubation at 42oC. The reactions were stopped with a
5 minute incubation at 95oC and were subsequently treated
with 2 units of RNase H (Invitrogen) for 20 min at 37oC.
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Real-time PCR was performed in a 25 μL volume using
2 μL of the reverse transcript as template. The reaction mix
contained Advantage 2 polymerase mix (Clonetech),
0.2 mM each deoxynucleotide triphosphates, and 1%
dimethylsulfoxide (final concentrations). SYBR Green
(Molecular Probes) was used at a final dilution of 1/
20,000. Primers for the reaction were designed using Clone
Manager Suite v. 6.00 (Sci-Ed Software, Cary, NC USA)
using a reference nptII template sequence (Beck et al.
1982). The forward and reverse primer sequences were,
respectively, AGCTGTGCTCGACGTTGTCA (npt7) and
TGCTCGCTCGATGCGATGTT (npt8). Each primer was
used at a final concentration of 0.25 μM. The reaction was
carried out using a RotorGene 3000 fluorescence thermo-
cycler (Corbett Research, Sydney, Australia). The reaction
conditions were: 1 cycle at 95oC for 1 min; 40 cycles of
30 sec at 95oC, and 60 sec at 68oC. The fluorescence signal
was acquired using the FAM/SYBR channel after each
cycle for 15 sec at 88oC. The final extension was carried
out at 72oC for 1 min. A post-reaction melt curve was
performed using the default settings on the instrument. The
expected product size was 199 bp.

The amounts of nptII mRNA in two sample extracts of NL
30-RBK-350 were compared to that in a single control extract
of NL 10-ATL. Threshold cycles (Ct) were plotted against log
RNA dilution and the mean efficiency (E) was calculated
from the slopes of the curves generated: E=10−1/slope (Pfaffl
2001). An efficiency of 2 represented a doubling of the
amplicon with every cycle in the exponential phase of the
reaction (100% efficiency).

Relative expression (R) was calculated using the
following formula:

R ¼ ECt sampleð Þ�Ct controlð Þ

(Pfaffl 2001).

Statistical Analyses

NptII and Cry3A concentration data was analysed using
Tukey’s multiple comparison test. For Cry3A, data were
analysed in groups or log transformed to minimize differences
in variance. All regression and statistical analyses were
performed using Prism v. 4.03 (GraphPad Software, San
Diego, CA USA).

Results

Standard curves generated for the quantification of NptII
were linear between 0.4 and 3 ng/mL (Fig. 1a). The ELISA
for Cry3A had a linear dynamic range between 1 and 20 ng/
mL (Fig. 1b). Correlation coefficients (r2) were typically

greater than 0.99 (Fig. 1). The limits of detection of the
NptII and Cry3A ELISAs were approximately 0.003 μg/g
and 0.002 μg/g, respectively.

Quantification of NptII protein

NptII, as determined by quantitative ELISA, was present in
NL 10-ATL tubers between 0.23 – 2.95μg/g, the highest level
of NptII observed in any of the cultivars examined (Table 2).
This was similar to the range of 0.27 to 3.82 μg /g reported
previously by ANZFA (2001a). The mean concentration,
0.842 μg/g, was significantly higher than that measured in
any other cultivar (p<0.001). While trace amounts could be
detected in some of the NL 20-SHE and NL 30-RBK-350
tubers, NptII could not be detected in any of the remaining
cultivars (Table 2).

In leaf tissue, NL 10-ATL also contained the highest
levels of NptII. These levels exceeded 1.0 μg/g in duplicate
samples (Table 2), and were significantly higher than those
measured in any other cultivar (p<0.001). NptII concen-
trations in NL 10-ATL leaf tissue have been previously
reported to be between 3.2 and 47.6 μg/g (ANZFA 2001a).
NptII was undetectable in leaf tissue from cultivars NL 10-
SUP and NL 30-RBK-82, while low mean levels (0.006–
0.009 μg/g) were detected in the remaining cultivars
(Table 2).

Fig. 1 Typical standard curves generated in quantitative ELISA for
NptII (a) and Cry3A (b). Data points and error bars represent the
mean and standard deviation of duplicate (a) or triplicate (b)
measurements
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Only cultivars NL 10-ATL, NL 20-SHE, NL 20-RBK,
and NL 30-RBK-350 contained the nptII transgene
(Fig. 2a). The negative PCR results obtained for nptII in
cultivars NL 10-SUP and NL 30-RBK-82 (Fig. 2a) were
not due to inhibition, as an endogenous gene, sucrose
synthase (sus), could be amplified using the same DNA
extracts (Fig. 2b).

Relative Expression of the nptII Transgene

Quantitative RT-PCR was performed to determine if the
difference in nptII concentrations between NL 10-ATL and
the other cultivars may be at least partially attributed to
differences in the level of gene expression. Leaf tissue was
chosen for this experiment because NptII concentrations
were generally higher in the leaf tissues of cultivars NL 20-
SHE, NL 20-RBK, and NL 30-RBK-350 than in the tuber
tissues (Table 2), thereby allowing expression to be more
easily quantified.

Melt curves of the reactions demonstrated that non-
specific products were generated with non-transgenic
cDNA, but that this was distinguished from the specific
transgenic amplification product which had a higher melt
temperature (Fig. 3a). Signal acquisition at 88oC ensured
that only cDNA from transgenic extracts generated mea-
surable fluorescence (Fig. 3b). The non-specific products
appeared to be primer-dimers (Fig. 3c). The product
generated from the transgenic cDNA samples was con-
firmed to be the 199 bp targeted amplicon (Fig. 3c). RNA
extracted from the transgenic samples did not generate
amplification products or fluorescence. (Fig. 3).

Ct values generated in quantitative RT-PCR of nptII
with NL 10-ATL at varying RNA concentrations were

considerably less than those generated with NL 30-RBK-350
(Fig. 4). Analysis of covariance revealed that there was no
significant difference between the slopes of the curves shown
in Fig. 4 (F(2, 32) = 0.0956, p=0.909), which indicated that
the RT-PCR reaction efficiencies were approximately the
same with all three RNA extracts. The pooled slope of all the
data was −3.66, indicating that the overall amplification
efficiency achieved with the RT-PCR method used was 1.88.
The average difference between Cts generated with NL 10-
ATL RNA and those generated with the two NL 30-RBK-350
RNA extracts were 6.36 (replicate 1) and 6.66 (replicate 2)
(Fig. 4), therefore nptII expression in NL 10-ATL was about
54.5 and 65.9, (60±8) times higher than in NL 30-RBK-350

Fig. 2 PCR for nptII (a) and the positive control gene sus (b) in tuber
extracts of parental and transgenic potato cultivars. Lanes 1–12 (a and b),
respectively, 50 base pair ladder, Superior, Atlantic, Shepody, Russet
Burbank, NL 10-SUP, NL 10-ATL, NL 20-SHE, NL 20-RBK, NL 30-
RBK-350, NL 30-RBK-82, reagent control

Table 2 Range and mean levels of NptII present in transgenic and non-transgenic potato tissues as determined by quantitative ELISA

Cultivar NptII (μg/g fresh weight)

Tuber tissuea Leaf tissueb

Range Mean Range Mean

Superior <LoDc <LoD <LoD <LoD
Atlantic <LoD <LoD <LoD <LoD
Shepody <LoD <LoD <LoD <LoD
Russet Burbank <LoD <LoD <LoD <LoD
NL 10-SUP <LoD <LoD <LoD <LoD
NL 10-ATL 0.23 – 2.95 0.842 ± 0.887 >1.0 >1.0
NL 20-SHE <LoD – 0.007 0.003 ± 0.002 <LoD – 0.009 0.006 ± 0.003
NL 20-RBK <LoD <LoD 0.005 – 0.014 0.009 ± 0.003
NL 30-RBK-350 <LoD – 0.003 <LoD <LoD – 0.007 0.006 ± 0.002
NL 30-RBK-82 <LoD <LoD <LoD <LoD

a n=8 tubers for NL 10-ATL, and n=16 tubers for all the other cultivars.
b n=2 leaves for NL 10-ATL, and n=8 leaves for all the other cultivars.
c Less than the limit of detection (0.003 μg/g). Error represented is standard deviation.
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in replicates 1 and 2 respectively. Attempts to determine the
relative nptII expression between NL 10-ATL and NL 20-
RBK were unsuccessful, as a reproducible linear relationship
between log RNA dilution and Ct could not be established
(data not shown) with this method.

Quantification of Cry3A Protein

Cry3A could be detected and quantified in all the tuber
samples (ntotal=141) taken from the six transgenic cultivars
(Fig. 5). The presence of the cry3A transgene in all these
cultivars was previously confirmed (Smith et al. 2004). The
highest levels of Cry3A (1.00 – 1.62 μg /g) were observed
in greenhouse-grown tubers of cultivars NL 10-SUP
(Fig. 5). The mean Cry3A concentration in NL 10-SUP

tubers was significantly higher than the mean Cry3A level
in any other cultivar (p<0.01). Cry3A concentrations in NL 10-
SUP tubers also ranged higher than those reported previously
(1.00–1.29; ANZFA 2001a). The second highest mean Cry3A
concentration was measured in NL 30-RBK-82, which was
also significantly higher than that in all the remaining cultivars
(p<0.001) except for the greenhouse-raised NL 30-RBK-350
(p>0.05) (Fig. 5). For NL 30-RBK-82, the observed Cry3A
concentration range (0.38 – 1.09 μg /g, Fig. 5) was broader
than the previously reported range of 0.49 –0.79 μg /g
(ANZFA 2001b).

The lowest Cry3A levels were observed in cultivars NL
10-ATL, NL 20-SHE and NL 20-RBK, ranging from 0.02
to approximately 0.2 μg /g (Fig. 5). Cry3A concentrations
in tubers of cultivars NL 10-ATL, NL 20-RBK, and NL 20-
SHE fell within or slightly lower than previously reported
ranges (ANZFA 2001a, b; APHIS 1999). Mean Cry3A
concentrations among these three cultivars were not
significantly different (p>0.05).

Analysis of the field and greenhouse data for NL 10-ATL,
NL 20-SHE, and NL 30-RBK-350 indicated that for both
cultivars NL 10-ATL, NL 20-SHE, the mean Cry3A concen-
trations in greenhouse-grown tubers were not significantly
different (p>0.05) from those observed in field tubers (Fig. 5).
For NL 30-RBK-350, however, significant differences in
mean Cry3A concentrations were detected between field
tubers and greenhouse tubers (p<0.001). The range in
Cry3A concentration observed for NL 30-RBK-350 tubers
raised in the greenhouse (0.13 to 0.63 μg /g) was higher than
that observed for field tubers (0.09 to 0.30 μg/g), but was
very similar to the range of Cry3A concentrations for field
tubers (0.12 to 0.61 μg /g) reported by ANZFA (2001c).
Furthermore, the difference in mean Cry3A in NL 30 RBK-Fig. 3 Quantitative RT-PCR for nptII: a melt curve; b background-

corrected fluorescence data; c gel showing profile of reaction
products. Reactions were generated using the following templates: a,
no template control; b, NL 10-ATL RNA; c, Atlantic cDNA; d, NL
10-ATL cDNA; e, NL 30-RBK-350 cDNA

Fig. 4 Differences in threshold cycle (Ct) at varying RNA dilutions in
RT-PCR used to determine relative nptII expression in NL 10 ATL (•)
and NL 30-RBK-350 (replicate 1, □; replicate 2, ▴). Error bars
represent the standard deviation around the mean of duplicate
measurements
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350 tubers between season 1 and season 2 was also
significant (p<0.001). This suggested that environmental
conditions may have had an effect on the levels of Cry3A
expressed in the NL 30-RBK-350 tubers.

Discussion

Relative concentrations of Cry3A or NptII in tuber tissue
were not correlated to gene copy number in the transgenic
potato cultivars tested. With a single copy of the cry3A
transgene (ANZFA 2001a), NL 10-SUP produced the
highest levels of Cry3A protein in tuber tissue compared
to all the other cultivars. Conversely, NL 20-SHE probably
had the most copies of the cry3A transgene (Table 1), but
demonstrated one of the lowest concentrations of Cry3A
observed in tuber tissue. While the NL 10-ATL cultivar
produced the highest levels of NptII (Table 2), it could not
have had more than three copies of the nptII gene (ANZFA
2001a). Cultivars NL 20-RBK and NL 20-SHE also had at
least three nptII copies (ANZFA 2001c), however levels of
NptII in NL 20-SHE was about 100 times lower than those
observed in NL 10-ATL, and could not be detected in NL
20-RBK (Table 2).

There is some discrepancy from information sources
regarding the presence of nptII and its protein product,
NptII, in cultivar NL10-SUP (Table 1). One source (APHIS
1996) indicated that all the transgenic Superior (NL 10-

SUP) and Atlantic (NL 10-ATL) lines contained nptII as a
selectable marker, but another indicated that this gene was
not present in event SPBT02–05 (ANZFA 2001a), cv. NL
10-SUP. Results confirmed that the NL 10-SUP line used in
this study and NL 30-RBK-82 did not contain nptII. It was
not surprising, therefore, that NptII could not be detected in
these cultivars.

The large differences in the respective levels of NptII
measured between NL 10-ATL and the other transgenic
cultivars in leaves and tubers can likely be, at least partially,
attributed to the type of promoter driving the transgenic
nptII expression. The strong, constitutive 35S promoter
from the Cauliflower Mosaic Virus (p35S CaMV) drove
nptII expression in NL 10-ATL (CFIA 1996; APHIS 1996;
ANZFA 2001a). In contrast, the nopaline synthase promot-
er (pnos) regulated nptII in NL 30-RBK-350 and all the
remaining cultivars (ANZFA 2001a, b, c; APHIS 1996,
1999). Quantitative RT-PCR demonstrated that transcription
of the nptII gene was approximately 60 times higher in NL
10-ATL leaves containing the p35S-nptII construct than in
NL 30-RBK-350 leaves which contained the pnos-nptII
construct. Previous studies have shown that transcription of
nptII under the control of the 35S CaMV promoter in
transgenic petunia leaves was approximately 30 times
higher than nptII transcription under the control of the nos
promoter in the same tissue (Sanders et al. 1987). The 35S
CaMV promoter has also been shown to provide higher
levels of reporter gene expression than the nos promoter in
transgenic tobacco, sugar beet, and oilseed rape calli
(Harpster et. al 1988).

While the cultivar NL 10-ATL contained very high
levels of the NptII protein in tuber tissue, NptII levels in NL
20-RBK, NL 20-SHE, and NL 30-RBK-350 tubers were
either undetectable or very low, and only slightly higher in
leaf tissue. Furthermore, the two remaining cultivars, NL
10-SUP and NL 30-RBK-82, did not contain the nptII
transgene. Since NptII in most of these cultivars is either
absent, or present in concentrations too low to be reliably
measured, a general serological method targeting NptII
would be neither appropriate nor effective for the detection
of these transgenic potato tubers.

While NL 10-SUP was the only cultivar used in this
study with a single recombinant trait, cry3A, the relatively
high levels of Cry3A protein observed in NL 10-SUP was
more likely attributable to the strong, constitutive nature of
the 35S CaMV promoter driving its expression (ANZFA
2001a). The other transgenic cultivars, however, contained
cry3A under the control of the light-activated Arabidopsis
thaliana ats1A (rbsC1A) promoter (pats1A) (ANZFA
2001a, b, c). Expression of cry3A and Cry3A protein
accumulation would, therefore, likely be influenced by
exposure to light. The Arabidopsis ats1A promoter has been
shown to confer light-regulated and tissue-specific expres-

Fig. 5 Scatter plot of Cry3A concentrations in tubers of various
transgenic potato cultivars as determined in quantitative ELISA.
Abbreviations: f1, field season 1. f2, field season 2, gh, greenhouse-
grown. For all f1 cultivars, n=16; for all f2 cultivars, n=19; for all
greenhouse cultivars, n=6. The bars represent the 95% confidence
interval (shorter horizontal bar) of the mean (longer horizontal bar) for
each data set
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sion of transgenes (Timko et al. 1988). Moreover, the
accumulation of transgene products regulated by Arabi-
dopsis and similar rbsC1A promoters in roots was much
lower than the accumulation of those products in leaves or
in tissues exposed to light (Timko et al. 1988; Gittins et al.
2000). This may also explain why Cry3A levels in leaves
containing the pats1A-cry3A construct are generally 30 to
200 times greater than those in tubers compared to a 10-
fold difference in NL 10-SUP (ANZFA 2001a, b, c).

There was considerable variability in Cry3A levels
observed among some of the cultivars containing the ats1A
promoter-cry3A construct. For example, mean Cry3A
concentrations in greenhouse tubers of NL 30 RBK-082
were almost twice that of the NL 30-RBK-350 greenhouse
tubers, and more than 9 times that of the NL 20-RBK
greenhouse tubers. Quantitative differences in reporter gene
expression and accumulation of transgenic protein product
between different transgenic lines transformed with the
same construct are commonly observed in plants and have
been documented in potato (Blundy et al. 1991; Down et al.
2001). In addition, environmental conditions affecting
transgenic protein accumulation in potato plants have been
observed in a previous study (Down et al. 2001). Changes
in environmental conditions associated with field vs.
greenhouse cultivation and different growing seasons in
different fields appeared to affect the concentration of
Cry3A in the tubers of cultivar NL 30-RBK-350. In
contrast, Cry3A levels in NL 10-ATL and NL 20-SHE
tubers were relatively unaffected by the same environmen-
tal variations.

Detectable levels of Cry3A were found in all of the
transgenic tubers tested, however, levels of Cry3A in some
of the tuber tissue extracts of NL 10-ATL, NL 20-SHE, and
NL 20-RBK were only about 10 times above the limit of
detection in ELISA. In a diagnostic application, therefore,
no more than 5 tuber pieces could be combined in a single
analytical sample. An ELISA similar to the one used in this
study may be useful for confirming the presence of Cry3A
in individual tubers or small samples. It may not be
practical or cost-effective, however, in meeting the needs
of a larger sampling plan where the detection of a small
proportion of transgenic tubers in large lots is required. A
more sensitive immunoassay, with a detection limit at least
one order of magnitude lower, would be required to
facilitate the analysis of larger composite samples of 50 or
more tuber pieces. Alternatively, since Cry3A protein
accumulation in these transgenic potatoes was at least 30
times higher in leaves than in these tubers (ANZFA 2001a,
b, c), leaf samples would be better suited to serological
screening than tuber samples. In circumstances where leaf
collection is impossible or impractical, a PCR method
(Smith et al. 2004; Rho et al. 2004) would be a better
choice for screening tuber lots for the cry3A transgene.
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