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To reduce the cost and time required to routinely perform the genetically modified organism 
(GMO) test, we developed a duplex quantitative real-time PCR method for a screening analysis 
simultaneously targeting an event-specific segment for GA21 and Cauliflower Mosaic Virus 35S 
promoter (P35S) segment [Oguchi et at., J Food Hyg. Soc, Japan, 50, 117-125 (2009)], To confirm 
the validity of the method, an interlaboratory collaborative study was conducted, In the 
collaborative study, conversion factors (Cfs), which are required to calculate the GMO amount (%), 
were first determined for two real-time PCR instruments, the ABI PRISM 7900HT and the ABI 
PRISM 7500, A blind test was then conducted. The limit of quantitation for both GA21 and P35 
S was estimated to be 0,5% or less, The trueness and precision were evaluated as the bias and 
reproducibility of the relative standard deviation (RSDR), The determined bias and RSDR were 
each less than 25%, We believe the developed method would be useful for the practical screening 
analysis of GM maize. 

Key words: screening; quantification; genetically modified (GM); duplex real-time PCR; 
maize (Zea mays) 
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Introduction 

The PCR technique is widely used to detect and quan
tify GM crops in foods and feeds. The key factor 
determining the specificity of a PCR-based method is 
the choice of a target sequence motif in the GM plant 
genome. The methods can be classified into at least 3 
categories depending on the target; event-specific, con
struct-specific and screening methods. In event-specific 
methods, a unique sequence located at the junction 
between the plant genome and recombinant DNA is 
used as the target. Construct-specific methods target 
the junction between adjacent elements in an intro
duced gene cassette, such as a region between a promot
er and a structural gene, Screening methods target 
commonly conserved elements among many GM events 

such as Cauliflower Mosaic Virus 35S promoter (P35S), 
nopaline synthase terminator, 5-enolpyruvy]shikimate-
3-phosphate synthase, phosphinothricin N-acetyltrans
ferase, and so on1)-4). Event-specific methods are the 
most specific, followed by construct-specific and screen
ing methods, Screening methods often overestimate 
GM amounts, and it is generally agreed that the best 
estimates can be obtained by event- or construct
specific quantifications. In fact, construct-specific quan
titative methods of five GM maizes (Btll, Btl76, GA21, 
MON810, T25) and Roundup Ready Soy (RRS) have 
been adopted as Japanese standard analytical meth
ods*l. *2, However, the cost of genetically modified 
organism (GMO) testing using specific quantifications 

* E-mail: kaz@affrc.go.jp 

*1 Notification No. 110 (Mar. 27, 2001); Department of Food 
Safety, Ministry of Health, Labour and Welfare of Japan 
(2001). 
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will increase in parallel with the number of GM events 
to be examined. In this regard, screening methods are 
highly cost- and time-effective for routine monitoring. 
The Ministry of Health, Labour and Welfare (MHL W) of 
Japan announced a screening method combining the 
quantification of a P35S region and the construct
specific quantification of GA21 maize, which has been 
officially used as a quantitative screening method for 
GM maize*3. To further pursue more convenient and 
efficient methodology, we developed a duplex real-time 
PCR method which simultaneously quantifies the P35S 
region and an event-specific segment of GA21 5). The 
developed duplex screening method will reduce both 
the cost and time requirement of routine GMO analysis 
by half compared to the current screening method. 
These quantitative methods are based on a real-time 
PCR technique for relative quantification between 
target and taxon-specific sequences. In many cases, 
extracted DNAs from processed foods are severely de
graded and the degree of the degradation is not always 
the same among PCR-targeted sequences, so that GM 
quantification in processed foods by means of the PCR 
technique is difficult6).7). In fact, the quantification 
methods adopted as Japanese standard analytical 
methods, including the current screening method, are 
applicable to raw materials but not to processed foods. 

In this report, we validated the duplex real-time PCR 
method for the screening analysis of GM maize by 
means of an interlaboratory study. 

Materials and Methods 

Plant materials 
The GM maize seeds, MON810 and GA21 were kindly 

provided by Monsanto (St. Louis, MO, USA), and 
Syngenta Seeds (Basel, Switzerland), respectively. MRX 
3 maize was purchased from Pioneer Hi-Bred Interna
tional (Johnston, lA, USA) and used as a non-GM maize 
sample. 

Oligonucleotide primers and probes 
All primers and probes used in this study were iden

tical to those in the previous single laboratory evalua
tionS). The primers and probe for the event-specific 
detection of GA21 were as follows: GA21esp 5'-1,5'
TGGGACCTTATCGTTATGCTATTTG-3'; GA21esp3'-
1,5' -CGATCCTCCTCGCGTTTCC- 3 '; and GA 21 es
TaqHB; 5' -CCGGACCCACCTGCTGTTGAGAAAG- 3'. 
The primers and probe for the detection of the P35S 
region were as follows: P35S 1-5',5'-ATTGATGTG
ATATCTCCACTGACGT-3'; P35S 1-3',5'-CCTCTCC-

*2 Japanese Agricultural Standard (JAS) analytical test hand· 
book: genetically modified food quality, labeling analysis 
manual for individual products (2002). The Food and Ag
ricultural Materials Inspection Center, Japan. 
http://www.famic.go.jp/technical_information/jashand
book/index.html 

*3 Notification No. 618001; Department of Food Safety, Min
istry of Health, Labour and Welfare of Japan: Tokyo, 
Japan, 2003. 

Food Hyg. Saf. Sci. Vol. 52, No.4 

AAATGAAATGAACTTCCT-3'; and P35S-TaqFB, 5'
CCCACTATCCTTCGCAAGACCCTTCCT-3'. We used 
the maize starch synthase lIb (SSIIb )8) gene as a maize
specific endogenous DNA for quantitative analysis, and 
the primers and probe for SSIIb were as follows: SSIIb3-
5' ,5' -CCAA TCCTTTG ACA TCTGCTCC-3'; SSIIb3-3' ,5'
GATCAGCTTTGGGTCCGGA-3'; and SSIIb-TaqFB, 5'
AGCAAAGTCAGAGCGCTGCAATGCA-3'. The oligo
nucleotide primers and TaqMan'Jr probes were syn
thesized by F ASMAC (Kanagawa, Japan) and Biosearch 
Technologies (Novato, CA, USA), respectively. All syn
thesized probes were labeled with Blackhole Quencher 
(BHQ) at the 3' ends, and P35S-TaqFB and SSIIb-TaqFB 
were labeled with 6-carboxyfluorescein (F AM), while 
GA21es-TaqHB was labeled with hexachloro-6-
carboxy-fluorescein (HEX), at the 5' ends. 

Preparation oj calibrant plasmid 
The standard plasmid pSCM which contains the spe

cific sequence fragments from GA21, P35S and SSIIb, 
was prepared according to the previous report5) and 
used as the calibrator for the quantification. 

Preparation oj test samples 
Non-GM and GM maize mixing samples containing 

0.50, 1.0, 5.0, and 10.0% of both GA21 and MON810 
were prepared by mixing dried powders in the manner 
described previously9). 10) and used as a primary certified 
reference material. Briefly, washed maize seeds of 
non-GM, GA21 and MON810 were separately frozen, 
ground with a high-speed rotor mill (Fritsch, Idar
Oberstein, Germany), freeze-dried in a freeze dryer 
(FDU-II00; Tokyo Rikakikai, Tokyo, Japan), and then 
mixed on a weight-to-weight basis. 

Quantitative peR 
All conditions and PCR instruments were identical to 

those in the previous reportS). 

Homogeneity oj test samples 
Test samples of each GM mixing level were aliquoted 

(1 g each) into 200 sample tubes. Ten sample tubes 
were randomly selected twice from the 200 tubes pre
pared. DNA was extracted from each sample using the 
DNeasy Plant Maxi kit (Qiagen, Hilden, Germany) ac
cording to the manufacturer's manual, and quantitative 
PCR was performed using GA21 and MON810 con
struct-specific methodsS)-IO). The calculated copy num
bers were then converted into GMO amounts (%) on a 
weight basis. The homogeneities of GA21 and MON810 
were independently evaluated by one-way analysis of 
variance (ANOV A) as described previouslyS)-IO). 

Interlaboratory study 
The interlaboratory study consisted of 2 separate 

stages, a measurement of the Cf values and a blind test. 
Experimental protocols were provided by the Food and 
Agricultural Materials Inspection Center (F AMIC). The 
Universal Master Mix, primers, probes, blind samples 
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MON8i0 

GA2i 

CryiA(b) Event-specific 

Construct-specific 

.. P35S 

Fig. 1. Schematic diagrams showing the target positions in MON810 and GA21 

The event-specific, construct-specific, and universal P35S target sequences are indicated with white, gray, and 
black double-headed arrows, respectively. 

Table 1. Summary of the Cf values for ABI PRISM 7900 and 7500 

7900 7500 

Mean SD RSD Mean SD RSD 

GA21 0.375 0.046 12.3 0.332 0.025 7.60 
(0.38)al (0.33) 

Mean SD RSD Mean SD RSD 

P35S 0.364 0.024 6.50 0.363 0.013 3.60 
(0.36) (0.36) 

SD: Standard deviation 
RSD: Relative standard deviation 
a) The mean values rounded to the nearest hundredth of a unit are shown in parentheses. 

and DNeasy Plant Maxi kit were also supplied by 
FAMIC. 

The first stage was measurement of the Cf values 
using the ABI 7900HT (AB 7900) and the ABI 7500 (AB 
7500) (Life Technologies, Carlsbad, CA, USA). The Cf 
value is experimentally determined as the ratio of the 
copy number of r-DNA to the taxon-specific sequence in 
the GM plant genome. The Cf values for GA21 and P35 
S were determined independently from the results of 12 
laboratories for the AB 7900, and 5 laboratories for the 
AB 7500. The measurements were repeated 3 times in 
each laboratory, and the average values from all the 
submitted data were defined as the Cf values. After 
determination of the Cf values, one laboratory with
drew from this study. 

The blind test was conducted as the second stage. All 
measurements were performed by 11 laboratories for 
the AB 7900. The maize samples were designed as blind 
duplicates, including 0, 0.5, 1.0, 5.0 and 10.0% of both 
GA21 and MON810. The blind samples sent to the 
participants were divided into two sets containing each 
concentration, and then the measurements were sepa
rately performed for each set of blind samples. DNAs 

were extracted from these blind samples by each partic
ipant and then quantitative analyses were carried out. 
All participants were requested to submit the data from 
the real-time PCR analyses. All submitted data were 
analyzed by means of Cochran's testll) and Grubbs' 
test I2). 13)as described in the guidelinesI4). 

Results and Discussion 

Determination oj Cj values jar GA21 and P35S 
The Cf value for GA21 was determined by measuring 

the copy numbers of endogenous gene SSIIb and GA21 
in the extracted DNA from the GA21 seed. To deter
mine the Cf value for P35S, we used MON810 as a 
representative of GM maize both because it has been 
widely used, and because it has only one P35S segment 
per GM haploid, as the previous single laboratory 
evaluation described5). The Cf values for GA21 and P 
35S were measured independently with two real-time 
PCR instruments, the AB 7900 and AB 7500. The Cf 
values determined are listed in Table 1. The values for 
P35S with AB 7900 and AB 7500 were very close, and 
when rounded to the nearest hundredth of a unit both 
values became 0.36. GA21 contains a single insert 
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Table 2. Homogeneity of the simulated mixtures 

% (w/w) Measured mean, % F-valueol p-value 

GA21 0.50 0.44 1.01 0.49 
MON810 0.50 0.48 1.82 0.18 

GA21 1.0 0.74 0.48 1.00 
MON810 1.0 0.95 0.11 0.86 

GA21 5.0 3.71 0.47 0.87 
MON810 5.0 5.26 0.83 0.60 

GA21 10.0 7.67 1.36 0.32 
MON810 10.0 9.77 1.03 0.48 

01 Critical value of F is 3.02 (a=0.05) 

Table 3. Summary of accuracy and precision statistics for the duplex real-time PCR method 

Trueness Precision Detection Trueness Precision Detection 

Means Bias limit Means Bias limit 

% Retained 
GMO True RSD]lal, Below 

% Retained 
GMO True RSD]lal, Below 

(w/w) labs 
amount, value, 

% 
20 

(w/w) labs 
amount, value, 

% 20 copiesbl 
% % copiesbl % % 

GA21 P35S 

0.50 11 0.57 13.2 18 0/22 0.50 II 0.60 19.9 19 0/22 
1.0 10 1.13 12.7 10 0/20 1.0 11 1.19 18.8 21 0/22 
5.0 11 5.60 11.8 13 0/22 5.0 11 5.82 16.4 13 0/22 

10.0 11 11.15 11.5 9.0 0/22 10.0 10 11.91 19.1 9.5 0/22 

01 RSDR: Reproducibility relative standard deviation 
bl Below 20 copies refers to the ratio of the number of retained data below 20 cpies/the total number of retained data 

consisting of three copies of its perfect gene cassette 
and three incomplete copies*4. In the whole recom
binant insertion, five copies of the construct-specific 
segment of GA21 are supposed to be present (Fig. 1). 
We obtained the Cf values for the GA21 construct
specific method as between lAO and 2.01 in our previ
ous studiesSI-I01. The theoretically expected Cf value 
for the event-specific method would be one-fifth of these 
values, and thus would be between 0.28 and 0040. Both 
of the Cf values determined for GA21 in this study were 
within this range. 

Interlaboratory validation of the duplex real-time peR 
method 

After determination of the Cf values, the homo
geneities of the blind samples were confirmed by one
way ANOV A. Ten tubes of each mixing sample were 
randomly selected twice. The DNA was then extracted 
from these samples, and quantitative PCR analyses of 
GA21 and MON810 were performed using each con
struct-specific methodsHol. The measured copy num
bers were converted into the GMO amount (%), and 
one-way ANOV A was then conducted on the data. The 
F- and p-values were calculated (Table 2). Even at the 
smallest value, 0.18, obtained by the MON810 specific 

*4 Agbios database. http://www.cera-gmc.org/?action=gm. 
crop.database& 

quantification of the 0.50% sample, the p-values were 
larger than 0.05, indicating that the contents of both 
GA21 and MON810 of all the test samples were suffi
ciently homogeneous and met the requirements for the 
following interlaboratory study. 

The developed duplex real-time PCR quantitative 
method was evaluated in a blind test performed by 11 
laboratories using the AB 7900. The measurements of 
GA21 and P35S were carried out independently. A 
blank sample, with 0% GM content, was used to esti
mate invalid laboratories, and no laboratory was 
eliminated. All the submitted data except 0% were 
then handled according to the harmonized guidelines of 
AOAC 141 to remove outlier laboratories with extreme 
variation using Cochran's test and with an extreme 
average level using Grubbs' test as previously de
scribed91.101. One Cochran outlier was detected in the 
1.0% GA21 sample and one Grubbs outlier was detected 
in the 10.0% P35S sample. After removing these outli
ers, further statistical analyses were conducted. The 
trueness and precision were determined as the bias 
(mean-value, %) and reproducibility of relative stand
ard deviation (RSDR) for GA21 and P35S in individual 
samples (Table 3). The bias and RSDR of GA21 were less 
than 15% and 20% in all samples, respectively. Both 
the bias and RSDR of P35S were slightly higher than 
those of GA21, but were less than 20% and 25%, respec
tively. These obtained bias and RSDR levels were simi-
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lar to or even less than those of previously reported 
GMO events9). 10). In terms of the limit of quantitation 
(LOQ), all the measured copy numbers of the 0.5% 
samples were over 20 copies and there was no cali brant 
below 20 copies in this method. Therefore, we es
timated that the LOQ for the GA2I event-specific and P 
35S in the duplex PCR method was 0.50% or less. 

The previously developed duplex real-time PCR 
method was validated in this interlaboratory study 
using AB 7900 instruments. The levels of obtained 
LOQ, trueness and precision were almost the same as 
those of other established methods9).10) and the single 
laboratory evaluation5). We thus consider that the 
duplex real-time PCR a good candidate for routine 
screening for GM maize commingled in agricultural 
crops. 
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