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Abstract

This paper focuses on the determination of the GMO content of maize and soybean samples using real-time PCR, comparing

simplex and duplex PCR. The total DNA content of samples was determined by amplifying part of a maize gene encoding a lipid

transfer protein, or part of a soybean lectin gene. The transgenic DNA was quantified by amplifying part of the CaMV 35S pro-

moter. The importance of preparation and conservation of standards as well as the relevance of DNA extraction protocol on the

variability of results are discussed. For the determination of low GMO content, limitation in the number of copies of the target gene

to be amplified is considered. For samples with a theoretical GMO content of 1%, corresponding to the legal threshold for labelling,

the value determined by duplex real-time PCR ranged from 0.85% to 1.20%. Both real-time simplex and duplex PCRs allowed

identification of GMO free samples without ambiguity. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Consumer concerns relating to the development and
marketing of genetically modified organisms (GMO)-
derived foods have resulted in increased awareness
regarding food labelling, especially in Europe. The Eu-
ropean Commission (EC) ‘‘Novel Foods’’ directive (258/
97 EC) and Council Regulation (1139/98) stipulate that
products based on – or derived from – GMO, as well as
food additives, should be labelled unless there is ‘‘sub-
stantial equivalence’’ with their non-GMO counterparts.
These regulations have been recently completed (49/00
EC and 50/00 EC) and a threshold of 1% has been fixed.
If a product contains less than 1% of GMO as a whole
or as an ingredient and when the presence of GMO
is accidental, labelling is not mandatory. Regulation of
GMO-derived foods has been reviewed extensively
(Mitten, MacDonald, & Klonus, 1999; Robinson, 1999).

An essential prerequisite for the application of food-
labelling directives is the availability of reliable quanti-
tative analytical methods. Methods proposed for GMO
labelling are based on detection of either transgene(s) or
their protein product(s). Protein detection by immuno-
assays such as ELISA necessitate the use of monoclonal
antibodies raised against the protein encoded by the
transgene (Lipp, Anklam, & Stave, 2000; Stave, 1999). A
variety of DNA-based methods are available for GMO
identification, and Polymerase Chain Reaction (PCR)-
related techniques appear to be the methods of choice
because of their high sensitivity, specificity and need for
only a small amount of DNA. Semi-quantitative PCR
or competitive PCR methods have been proposed
(Studer, Rhyner, L€uuthy, & H€uubner, 1998; Zimmermann,
Hemmer, Liniger, L€uuthy, & Pauli, 1998). However, ap-
plication of real-time PCR (Heid, Stevens, Livak, &
Williams, 1996; Higuchi, Fockler, Dollinger, & Watson,
1993; Holland, Abramson, Watson, & Gelfand, 1991)
has raised the possibility of more accurate quantification
of GMOs (Va€ııtilingom, Pijnenburg, Gendre, & Brignon,
1999; Wurz, Bluth, Zeltz, Pfeifer, & Willmund, 1999).

The objectives of this work were both to compare
real-time simplex and duplex PCRs in the quantifica-
tion of GMO in maize and soybean samples of known
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concentration focalising on factors affecting quanti-
fication, and to validate the conditions we defined by
focusing on samples with a GMO content around the
1% legal threshold.

2. Materials and methods

2.1. Material

Two series of maize (Bt-176) and soybean (Roundup-
Ready�) samples were analysed (Table 1). Samples
labelled RTM (ring test maize) and RTS (ring test soy-
bean), representing different percentages of GMO con-
tent (0–5%), were from a 1999 ring trial (Validation of a
double competitive polymerase chain reaction method
for the quantification of GMOs in raw materials) co-
ordinated by the Joint Research Center in Ispra (Italy)
and were prepared by the Institute of Reference Mate-
rials and Measurements (IRMM) at the Joint Research
Center in Geel (Belgium). RTM and RTS samples (0%,
0.1%, 0.5% and 2%) are commercially available as cer-
tified reference materials from JRC (Geel, Belgium) and
Fluka (Buchs, Switzerland). Preparation and validation
studies concerning these samples are described in Lipp,
Brodmann, Pietsch, Pauwels, and Anklam (1999, 2000).
GMO and non-GMO grains were first ground and
freeze dried. After determination of the residual water
content of both powders, the samples were weighed in
appropriate amounts and homogenised (Turrax mixer)
by extensively mixing of a wet suspension for sev-
eral hours. The suspension was then freeze-dried, ground
again, and bottled under argon to ensure long-term
stability. The extensive mixing and grinding reduced the

average particle size to about 50 lm. RTM and RTS
samples (1% and 5%) were specifically produced for this
ring-test, using the same protocol with only a slight
modification of the mixing procedure (a Propeller mixer
was used in place of the Turrax mixer). Samples labelled
LM (Bt-176 maize) and LS (Roundup-Ready� soy-
bean), also representing different percentages of GMO
content (0–10%), were prepared in our laboratory
by mixing non-transgenic and 100% transgenic whole
flours, at the same moisture content, directly into the
tube before the extraction of DNA. Grains were ground
in a ball-grinder (Dangoumau S.A., Clermont-Ferrand,
France) to obtain particle sizes of 100–150 lm. The
pulverising bowl was washed after each use with bleach
containing 1.7% active chlorine to eliminate all DNA
traces.

2.2. DNA extraction

Genomic DNA of RTM and RTS samples was ex-
tracted using the cethyl trimethyl ammonium bromide
(CTAB) method (Rogers & Bendich, 1985) for real-time
simplex PCR, or with the Qiagen Blood and Cell Cul-
ture kit (Qiagen) for real-time duplex PCR. DNA ex-
traction was carried out on 100 mg (CTAB method) or
200 mg (Qiagen kit) of material. Genomic DNA of LM
and LS samples was extracted with the Qiagen kit.

DNA extraction with the CTAB method was carried
out as follows: 500 ll of CTAB extraction buffer (20 g/l
CTAB, 1.4 M NaCl, 100 mM Tris HCl, 20 mM EDTA,
pH 8.0) containing 50 lg of RNase A were added to 100
mg of sample, mixed by vortexing and incubated for 30
min in a water bath at 65 �C. During incubation the
tubes were mixed by inversion every 5 min. Thereafter,

Table 1

Maize and soybean samples

Theoretical % GMO Maize Soybean

Ring test Lab Ring test Lab

0 RTM0 LM0 RTS0 LS0

RTM00a RTS00

0.1 RTM0.1 LM0.1 RTS0.1 LS0.1

RTM00.1 RTS00.1

0.5 RTM0.5 RTS0.5

RTM00.5 RTS00.5

0.8 LM0.8 LS0.8

0.9 LM0.9 LS0.9

1.0 RTM1 LM1 RTS1 LS1

RTM01 RTS01

1.1 LM1.1 LS1.1

1.2 LM1.2 LS1.2

2.0 RTM2 LM2 RTS2 LS2

RTM02 RTS02

5.0 RTM5 LM5 RTS5 LS5

RTM05 RTS05

10.0 LM10 LS10

a Labelling with 0 is used to differentiate RT samples of identical GMO content.
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200 lg of proteinase K were added and the solution
mixed and incubated at 65 �C for 30 min as described
above. The solution was centrifuged at 15 000g for 15
min at 20 �C, the supernatant transferred to a new tube
and 0.7 vol of chloroform was added. The mixture was
mixed by vortexing for 30 s and then centrifuged at
12 000g for 15 min at 20 �C. The upper phase was
transferred to a new tube and 2 vol of CTAB precipi-
tation buffer (5 g/l CTAB, 40 mM NaCl, pH 8.0) were
added. The mixture was incubated at room temperature
for 1 h and then centrifuged at 12 000g for 15 min at 20
�C. The pellet was dissolved in 350 ll of 1.2 M NaCl
and 350 ll of chloroform were added. The mixture
was mixed by vortexing for 30 s and then centrifuged
at 12 000g for 10 min at 20 �C. The upper phase was
transferred to a new tube, 0.6 vol of isopropanol was
added and the mixture was mixed by inverting and
centrifuged at 17 000g for 15 min at 20 �C. The DNA
pellet was washed with 500 ll of 70% ethanol and cen-
trifuged again. The upper phase was eliminated and the
DNA pellet was dried under vacuum (Speed Vac Con-
centrator, Savant) at room temperature and dissolved in
50 ll of HPLC grade water (Prolabo).

Genomic DNA was extracted and purified with the
Qiagen Blood and Cell Culture DNA midi kit (Qiagen).
10 ml of G2 lysis buffer containing 200 lg of RNase A
were added to 200 mg of sample, mixed by vortexing
and incubated at 60 �C in a water bath for 1 h. During
incubation the tubes were mixed by inverting every 10
min. Thereafter, 1 mg of proteinase K was added and
the solution mixed and incubated as described above.
The solution was centrifuged at 3600g for 20 min at 20
�C using a swinging-bucket rotor and the supernatant
transferred to a new tube. Depending on the solution
viscosity, 1 (for maize) to 4 (for soybean) volumes of
QBT equilibration buffer were added before loading on
Qiagen columns previously equilibrated with the QBT
buffer. A flow rate of about 10–20 drops per min was
used, with a syringe piston used as necessary to achieve
this rate. The column was washed twice with 7.5 ml of
QC washing buffer, then the DNA eluted by 5 � 1 ml of
QF elution buffer prewarmed at 50 �C. 0.7 vol of iso-
propanol was added and the mixture was mixed by in-
verting and centrifuged at 12 000g for 15 min at 4 �C.
The DNA pellet was washed twice with 750 ll of 70%
ethanol and centrifuged again. The DNA pellet was then
dried under vacuum (Speed Vac Concentrator, Savant)
at room temperature and dissolved in 100 ll of HPLC
grade water (Prolabo).

2.3. DNA quantification

DNA quantification was performed with the Pico-
Green� dsDNA quantitation kit using kDNA as a
standard and according to the manufacturer’s instruc-
tions (Molecular Probes) (Singer, Jones, Yue, & Hau-

gland, 1997). DNA samples (5 ll) were diluted 250 and
500-fold in 1X TE buffer. After 5 min incubation at 30
�C in a water bath, fluorescence emission was measured
at 526 nm with a spectrofluorimeter LS50B (Applied
Biosystems) following excitation at 480 nm.

2.4. Agarose gel electrophoresis

DNA was analysed on 0.8% agarose gel using 1X
TBE buffer (Sambrook, Fritsch, & Maniatis, 1989),
stained with ethidium bromide, visualised under UV
with the Image Master� VDS (Pharmacia Biotech). A
1 kb ladder (Life Technologies) was used for size control.

2.5. PCR parameters

Analyses were performed using the ABI Prism� 7700
and the Sequence Detector software (V1.6.3, Applied
Biosystems). Amplification plots were generated by
plotting the average DRn which was calculated for each
cycle versus cycle number. The DRn which represented
the amount of annealed fluorescent probe cleaved dur-
ing amplification was calculated using the equation
DRn ¼ ðRnþÞ � ðRn�Þ. ðRnþÞ is defined as the emission
intensity of the reporter divided by the emission inten-
sity of the passive reference during a specific amplifica-
tion cycle, and ðRn�Þ as the emission intensity of the
reporter divided by the emission intensity of the passive
reference prior to amplification. The threshold cycle or
Ct value corresponds to the cycle number at which the
DRn rises above baseline and is reported as the fractional
cycle number reflecting a positive result.

2.6. Sequences of primers and probes

Sequences of primers and TaqMan probes listed in
Table 2 were designed using the Primer Express software
(Applied Biosystems) and synthesised by Applied Bio-
systems. Maize Total DNA (non-transgenic and trans-
genic) was amplified using the primer pair ltpF/ltpR,
which amplifies a 80 bp portion of a lipid transfer pro-
tein gene (ltp) of Zea mays (Tchang et al., 1988). In the
case of soybean, the primer pair lecF/lecR, which am-
plifies a 80 bp fragment of a lectin gene (lec) of Glycine
max (Vodkin, Rhodes, & Goldberg, 1983), was used to
amplify total DNA (non-transgenic and transgenic).
One pair of primers 35SF/35SR, which amplifies a 79 bp
fragment of the CaMV 35S promoter (Franck, Guilley,
Jonard, Richards, & Hirth, 1980) which is present in
nearly all GMOs, including maize (event Bt-176) and
RRS soybean, was used to amplify specifically DNA
from either transgenic maize or transgenic soybean.
Endogenous probes (maize ltp and soybean lectin) were
labelled at their 50-end with the fluorescent reporter dye
VICTM (Applied Biosystems) and the transgenic probe
(CaMV 35S promoter) with the fluorescent reporter dye
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FAM (6-carboxy-fluorescein). The fluorescent quencher
dye TAMRA (6-carboxy-tetramethyl-rhodamine) was
located at the 30-end of the probes.

2.7. Real-time simplex PCR conditions

Simplex PCRs were carried out with the TaqMan�
Universal PCR Master mix (Applied Biosystems). Re-
actions were performed in 25 ll containing 1X TaqMan
buffer A, 5 mM MgCl2, 8% glycerol, 200 lM of dNTPs
(dATP, dCTP, dGTP), 400 lM dUTP, 0.125 units of
Amperase� uracil-N-glycosylase (UNG), 0.3 units of
AmpliTaq Gold� DNA polymerase, 200 nM of each
primer, 200 nM of probe and the passive reference
ROX. A negative control of PCR was included in each
series of samples. As a first step, Amperase� UNG
was activated at 50 �C for 2 min then AmpliTaq
GoldTM DNA polymerase was activated at 95 �C for 10
min. This was followed by 45 cycles of 15 s denaturation
at 95 �C and 60 s at 60 �C for annealing and chain
elongation.

2.8. Real-time duplex PCR conditions

Duplex PCRs were carried out in the same condi-
tions as simplex PCRs except for primer concentrations.
Indeed, duplex PCR first requires optimisation of the
concentration of both pairs of primers used simulta-
neously. Optimised primer concentrations were 250 nM
35S primers/150 nM ltp primers for maize samples and
200 nM 35S primers/150 nM lectin primers for soybean
samples. A negative control of PCR was included in
each series of samples.

2.9. Construction of standard curves

To construct the standard curves of Ct values quan-
tification of DNA was carried out using the Picogreen
reagent as described above. For simplex PCRs, maize
and soybean DNAs extracted from the 2% GMO sam-
ple provided by IRMM were used to make serial
dilutions. Total DNA (transgenic and non-transgenic)

content ranged from 200 to 2.5 ng, corresponding to
4–0.05 ng of transgenic DNA. For duplex PCRs, maize
and soybean DNAs extracted from LM1 and LS1 sam-
ples were used to make serial dilutions. Total DNA
(transgenic and non-transgenic) content ranged from
200 to 2.5 ng, corresponding to 2–0.025 ng of transgenic
DNA. PCR efficiency was calculated, from each linear
regression, using the equation ½101=slope � 1	 � 100.

2.10. Determination of GMO content

Using standard curves, Ct values were used to de-
termine the amount of total DNA using the endogenous
PCR system (ltp or lectin) and the amount of transgenic
DNA using the 35S PCR system. For simplex PCR, the
determination of total and transgenic DNA content was
carried out independently in two separate tubes, whereas
for duplex PCR endogenous and transgenic PCRs were
carried out simultaneously in the same tube. Sample
GMO content was determined as being the ratio of
transgenic DNA to total DNA.

3. Results and discussion

3.1. Quality of DNA

Before quantification of the GMO content of maize
and soybean samples, the quality of extracted DNAs
was assessed. The quality of DNA was variable between
samples: DNAs extracted from all RT samples were
much more degraded than those extracted from L sam-
ples, as illustrated in Fig. 1 for maize. To verify that
the DNA degradation observed for RT samples was not
an artefact, the DNA extraction was repeated a second
time and identical electrophoretic patterns were ob-
served (Fig. 1(A)). In addition, the quality of DNAs
extracted from RT samples with Qiagen columns was
identical (data not shown) to those extracted with the
CTAB method, indicating that the DNA degradation
was not caused by the extraction conditions. In fact,

Table 2

Primers and probes

Gene Name Orientation Sequence (50 ! 30) EMBL accession

Soybean lectin lecF Forward primer AACCGGTAGCGTTGCCAG

lecR Reverse primer AGCCCATCTGCAAGCCTTT K00821

lec Forward probe TTCGCCGCTTCCTTCAACTTCACCT

Maize lipid transfer protein ltpF Forward primer CATATCTATCCCGCCGTCGT

ltpR Reverse primer ATTCAAGTAGTGATCATGCGT J04176

ltp Forward probe CCCGCGGATCGGACCGTCAT

CAMV 35S promoter 35SF Forward primer CGTCTTCAAAGCAAGTGGATTG

35SR Reverse primer TCTTGCGAAGGATAGTGGGATT NC-001497

35S Forward probe TCTCCACTGACGTAAGGGATGACGCA
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DNAs extracted from LM samples were of higher
quality (Fig. 1(B)), and these results may well be ex-
plained by differences in sample preparation as RT
samples were freeze-dried, ground twice (Lipp et al.,
1999) and conserved for several months at 4 �C, whereas
L samples were ground once and prepared freshly before
extraction.

3.2. Determination of GMO content by real-time simplex
PCR

Before analysis of RTM and RTS samples, simplex
PCR conditions were checked, particularly with regard
to primer design and concentrations. PCR efficiency
was determined for each pair of primers. In order to
construct the standard curves, a precise quantification
of maize and soybean DNAs was carried out using the
Picogreen reagent. All PCRs showed an efficiency of
above 90% except for 35S for soybean (Table 3). The
GMO percentages for RTM and RTS samples were
determined using these conditions. Theoretical and ex-
perimentally determined GMO contents were in good
agreement except for RTS1, RTS01, RTM5 and RTM05
samples, which were overestimated (Table 4). For du-
plicate maize samples i.e. RTM5 and RTM05, as well

as for duplicate soybean samples (RTS1 and RTS10),
results are coherent indicating that the discrepancy
observed between the theoretical and experimentally
determined GMO contents could be related to the sam-
ple preparation. GMO free samples were correctly iden-
tified, indicating that no contamination had occurred
during DNA extraction and PCR preparation. Because
of the advantages of duplex over simplex PCR we de-
termined the GMO content of part of these samples
(RTM and RTS) using duplex PCR.

3.3. Optimisation of real-time duplex PCR

To avoid competition between the two PCRs, duplex
PCR first requires optimisation of the concentration of
both pairs of primers used simultaneously. The primer
concentration for the endogenous PCR, in which the
number of target sequences is much more higher than
for the transgenic PCR, must be lower than the primer
concentration of the transgenic PCR. Primer concen-
trations were optimised by the determination of the
minimum primer concentration for the endogenous
PCR which would give an experimental DCt value clos-
est to the theoretical DCt between the transgenic PCR
Ct and endogenous PCR Ct. For this study DNA was

(A) (B)

Fig. 1. Quality of genomic DNA. DNAs were electrophoresed on 0.8% agarose gels in 1X TBE buffer: (A) RT maize DNAs extracted by the CTAB

method; (B) L maize DNAs extracted with Qiagen columns. � indicates duplicate of independent DNA extractions. 1 kb ladder DNA (Life Bio-

technologies) was used as the size standard.

Table 3

Simplex and duplex real-time PCR efficiency

Primers Simplex PCR Duplex PCR

[C] (nM) PCR efficiency (%) [C] (nM) PCR efficiency (%)

Maize 35SF/35SR 200 100 250 85.7

LtpF/ltpR 200 95.0 150 95.5

Soybean 35SF/35SR 200 75.8 200 93.1

LecF/lecR 200 91.4 150 95.6

PCR efficiency was calculated using the equation ½101=slope � 1	 � 100.
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extracted from LM1 and LS1 samples because of the 1%
legal labelling threshold for accidental contamination by
GMOs. Starting with 100 ng of total DNA from 1%
GMO, corresponding to 1 ng of transgenic DNA, the
theoretical DCt between the transgenic PCR Ct and the

endogenous PCR Ct is 6.64, because the Ct value in-
creases by one unit for each division of the number of
target DNAs by two. For each pair of primer concen-
trations tested, a Ct was evaluated and results expressed
as DCt versus primer concentrations, as reported in Fig.
2. For maize samples, the best DCt value obtained was
5.88 for a 250 nM concentration of 35S primers and 150
nM of ltp primers (Fig. 2(A)). For soybean samples, the
200 nM 35S/150 nM lec pair was selected out of three
pairs of primer concentrations which gave a DCt value
of around 6.3 (Fig 2(B)). The 200 nM 35S/75 nM lec pair
was not retained because the DRn for lectin sequence
amplification was lower. The 300 nM 35S/150 nM lec
pair was not selected because it required more primers
than the 200 nM 35S/150 nM lec pair, without im-
proving either DRn or DCt values. These primer con-
centrations were validated by determining the efficiency
of both endogenous and transgenic PCRs. To construct
the standard curves of Ct values, DNA was extracted
from LM1 and LS1 samples. Total DNA content ranged
from 200 to 2.5 ng, corresponding to 2 to 0.025 ng of
transgenic DNA. Fig. 3 gives examples for maize (LM1
sample) of linear regressions obtained between the Ct
values and DNA amount (expressed on a logarithmic

Fig. 2. Optimisation of primer concentrations for duplex PCR: (A)

PCR conducted on maize sample LM1 with 35SF/35SR and ltpF/ltpR

primers; (B) PCR conducted on soybean sample LS1 with 35SF/35SR

and lecF/lecR primers. Vertical bars represent the standard deviation

of triplicate measurement of DCt.

Table 4

GMO content determination by simplex real-time PCR

Theoretical

% GMO

Maize Soybean

Samplea PCR Samplea PCR

0 RTM0 0 RTS0 0

0 RTM00 0 RTS00 0

0.1 RTM0.1 0.11 RTS0.1 0.10

0.1 RTM00.1 0.08 RTS00.1 0.13

0.5 RTM0.5 0.60 RTS0.5 0.56

0.5 RTM00.5 0.61 RTS00.50 0.45

1.0 RTM1 1.37 RTS1 1.63

1.0 RTM01 1.45 RTS01 1.64

2.0 RTM2 2.30 RTS2 1.87

2.0 RTM02 2.53 RTS02 1.70

5.0 RTM5 7.78 RTS5 5.73

5.0 RTM05 7.27 RTS05 5.00

Each data corresponds to the mean value of triplicate measurement.
a Labelling with 0 is used to differentiate RT samples of identical

GMO content.

(A)

(B)

Fig. 3. Duplex PCR maize standard curves on LM1 sample. Total

DNA content ranged from 2.5 to 200 ng and transgenic DNA content

from 0.025 to 2 ng: (A) endogenous PCR (150 nM ltp primers, 200 nM

ltp probe); (B) transgenic PCR (250 nM 35S primers, 200 nM 35S

probe). Each determination was carried out in triplicate.
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scale) with calculated R2 values of 0.984 for ltp PCR and
0.956 for 35S PCR. For soybean, R2 values were 0.997
for lec PCR and 0.993 for 35S PCR (data not shown).
Using real-time PCR, to get accurate determination it
is recommended to work with at least 30 copies of
the target gene. Below this value, the probability that
repetitions contain relevant DNA copies is not good
enough. Consequently, this may lead to a lower re-
peatability as can be seen in Fig. 3(B), for the lowest
transgenic DNA amount (0.025 pg) of which the num-
ber of copies of the target gene is very low (< 10) one of
the three replicate is out of the slope leading to a lower
R2 value for the 35S PCR.

PCR efficiency ranged from 85.7% to 95.6% (Table
3), indicating that these primer concentrations can be
utilised for the determination of GMO content of maize
and soybean samples. Amplification plots obtained for
LM0.1 and LM1 samples are shown in Fig. 4. For a
given sample the Ct values and overlap of the three
curves indicated good reproducibility of the real-time
duplex PCR.

3.4. Determination of GMO content by real-time duplex
PCR

Table 5 represents the results that were obtained
when the real-time duplex PCR was applied to RT and
L samples. Quantification of GMO content was accurate

for all but RTS0.5 and RTS2 samples, which were un-
derestimated, and the RTM5 sample, which was over-
estimated. Determination of the GMO content of all
samples with theoretical values of around 1% (0.85–
1.2%) was accurate. For samples of lower GMO content
a higher variation was observed, especially for the 0.1%
samples in which the number of copies of the transgene
is limiting. The percentage of GMO in LM10 and LS10
samples was estimated at 11.02% and 12.10%, respec-
tively, values that are in the range 10 � 25%.

3.5. Comparison of GMO quantification by simplex and
duplex real-time PCR

The comparison of the GMO quantification of RT
samples by either simplex or duplex PCR was carried
out on different DNA extracts. For real-time simplex
PCR, DNAs were extracted with the CTAB method
whereas for real-time duplex PCR the Qiagen purifica-
tion protocol was utilised. For RTM samples the results
obtained by duplex PCR are comparable to those ob-
tained by simplex PCR (Table 6) whereas quantification
of three RTS samples (RTS0.5, RTS1 and RTS2) was
different with duplex PCR and less accurate for RTS0.5
and RTS2.

It is worth noting that the RTM5 sample was over-
estimated by simplex and duplex PCR. Both the DNA
extraction method and PCR conditions were different

A
0,1%

1%

B

0,1%

1%

Fig. 4. Amplification plots of real-time duplex PCR obtained on 0.1% and 1.0% maize (L samples): (A) transgenic PCR (250 mM 35SF/35SR primers

and 200 mM 35S probe); (B) endogenous PCR (150 mM ltpF/ltpR primers and 200 mM ltp probe). Each curve corresponds to three replicates.
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between simplex and duplex PCR confirming that the
discrepancy between the experimentally determined and
theoretical values was more likely due to sample prep-
aration. In contrast, for the three RTS samples (RTS0.5,
RTS1 and RTS2) of which GMO quantification was
different with simplex or duplex PCR the sample prep-
aration cannot be incriminated. Furthermore, similar
results were obtained when a second determination was
carried out suggesting that the problem may arise from
the quality of DNA extracts. For, the RTS1 sample that
was overestimated with simplex PCR and was correctly
quantified with duplex PCR, the presence of Taq DNA
polymerase inhibitors in the DNA extract (CTAB
method) used for simplex PCR may explain the ob-

served difference. Indeed, DNAs purified with Qiagen
columns have been generally of better quality for real-
time PCR than DNAs purified with the CTAB method.
However, this does not seem to be the case for the
quantification by duplex PCR of RTS0.5 and RTS2
samples. The extraction of DNA with Qiagen columns
was more difficult to perform from soybean than from
maize, the critical step was sample loading on the col-
umn. Soybean negatively charged polysaccharides may
have interfered with the DNA binding on the anion-
exchange resin. Consequently, it was necessary to apply
a higher pressure to get the sample pass through the
column and this step was difficult to normalise con-
tributing to more variation, in terms of PCR inhibitors,
from one DNA extract to another.

Mean value and S.D. of GMO quantification deter-
mined by real-time duplex PCR in conditions as de-
scribed above were ascertained for the four samples with
a GMO content of 1%. These samples were analysed in
triplicate (Table 7) and on this basis the mean deter-
mined value for GMO content ranged from 0.85% to
1.20%.

4. Conclusion

Real-time PCR does not require post PCR sample
handling, thus preventing contamination and resulting
in much faster and higher throughput assays. Except in
the construction of standard curves, real-time PCR does
not require precise quantification of DNA. Both simplex
and real-time duplex PCRs allowed quantification of
GMO in maize and soybean. However, because endog-

Table 5

GMO content determination by duplex real-time PCR

Sample Theoretical % transgenic

0 0.1 0.5 0.8 1.0 1.2 2.0 5.0 10.0

RTM 0 0.05 0.45 1.19 2.48 7.79

RTS 0 0.04 0.19 0.96 1.10 5.22

LM 0 0.096 0.67 1.00 1.10 1.69 4.82 11.02

LS 0 0.17 0.36 0.61 0.85 1.14 1.88 12.10

Each data corresponds to the mean value of triplicate measurement; RTM and RTS samples are the same as in Table 4.

Table 6

Comparison of GMO quantification by simplex and duplex real-time PCR

Theoretical % GMO Experimentally determined % GMO

Maize samples PCR simplex PCR duplex Soybean samples PCR simplex PCR duplex

0 RTM0 0 0 RTS0 0 0

0.1 RTM0.1 0.11 0.05 RTS0.1 0.1 0.04

0.5 RTM0.5 0.60 0.45 RTS0.5 0.56 0.19

1.0 RTM1 1.37 1.19 RTS1 1.63 0.96

2.0 RTM2 2.30 2.48 RTS2 1.87 1.10

5.0 RTM5 7.78 7.79 RTS5 5.73 5.22

RTM and RTS samples are the same as in Tables 4 and 5; each data corresponds to the mean value of triplicate measurement.

Table 7

Mean value and S.D. of GMO quantification by real-time duplex PCR

on 1% GMO samples

Samplea % GMO Mean value S.D.

0.9411

RTS1 0.9375 0.9595 0.035

1.000

1.1162

RTM1 1.2142 1.1930 0.068

1.2490

0.9285

LS1 0.7741 0.8453 0.077

0.8333

1.0506

LM1 1.1500 1.0043 0.173

0.8125

a Each sample was analysed in triplicate.
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enous and transgenic DNAs are quantified simulta-
neously, real-time duplex PCR is independent of pi-
peting errors, less labour intensive and expensive than
real-time simplex PCR. A prerequisite for real-time
duplex PCR is the optimisation of primer concentra-
tions to ensure good efficiency of both endogenous and
transgenic PCRs. Once all PCR parameters have been
optimised, the efficiency of real-time PCR is highly
sensitive to the incidence of PCR inhibitors which are
sometimes present in DNA extracts. Depending on the
type of product to be analysed, appropriate protocol of
DNA extraction should be chosen. Besides, the prepa-
ration and conservation of samples that will be utilised
as standards is a very important point to take into
consideration.

Because of the 1% legal labelling threshold, this study
focused on samples with a GMO content around this
value and defined real-time duplex PCR conditions
which gave an accurate quantification for such samples.
Under these conditions the mean quantified value for
the GMO content ranged from 0.85% to 1.20%. Addi-
tional determination on a large number of samples and
repetitions should be carried out to study the repro-
ducibility of the quantification of GMO by duplex
real-time PCR. To get accurate results, real-time PCR
requires to work with at least 30 copies of the target
sequence to be amplified. Below this value, the proba-
bility that repetitions contain relevant DNA copies is
insufficiently high. Under the conditions defined by this
study, the number of copies of the 35S sequence, de-
pending on the total amount of DNA, ranged from
approximately 205–1000 for 1% GMO soybean and
from 160 to 650 for 1% GMO maize. This indicates that
for 0.1% samples the number of copies would tend to-
wards limiting but would still be acceptable. Therefore,
for the determination of lower GMO contents, it will be
necessary to increase the amount of total DNA, with a
consequent increase in the amount of PCR inhibitors
that may be present in DNA extracts. Thus, to quantify
very low level of adulteration by real-time PCR, an
equilibrium should be found between these two nega-
tively correlated parameters.

Using either simplex or duplex real-time PCR, GMO
free samples were identified without ambiguity, which is
clearly important for the GMO free market.

Real-time PCR generates small amplicons and there-
fore amplification of degraded DNA templates such as
those obtained from foodstuffs is much more likely to
occur. However, it should be kept in mind that, de-
pending on the way the food has been processed, GMO
quantification may be more difficult, or indeed impos-
sible. Work is currently being carried out using real-time
PCR in the determination of GMO content in canned
food, and the main problem has been the quality of the
extracted DNAs, both in terms of degradation and the
presence of Taq DNA polymerase inhibitors.
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