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In 2005 it was reported that the genetically modified (GM) maize strain or ‘event’ called Bt10 had
been distributed inadvertently in the United States over the previous 4 years. In order to ensure that
grain for food and feed production did not contain trace amounts of Bt10 maize and complied with
the applicable regulation, highly sensitive and specific detection of Btl0 maize was required.
Accordingly, we developed a novel qualitative PCR system for specific detection of Bt10 maize.
Moreover, we amply evaluated the performance characteristics of two PCR systems, our own and
the one provided by the developer of Bt10, Syngenta Co. Ltd. It was confirmed that both of the
qualitative PCR systems can specifically detect Bt10 maize, and the results of a single-laboratory
examination suggested that the limit of detection was approximately less than 0.05% for both methods.
To evaluate the reproducibility of the methods, we organized an interlaboratory study with the
participation of 6 laboratories and analysis of 240 blind test samples. In this paper, we report, for the
first time, the statistical analysis of the qualitative PCR data obtained from the interlaboratory study.
The results of this analysis also revealed that there was no significant difference in the sensitivity
between the two aforementioned methods and that the limit of detection of both the methods was
less than 0.05%. Thus, we conclude that both of the methods are equally suitable for correct
identification and sensitive detection of the unapproved GM maize Bt10 event in test samples.

INTRODUCTION throughout the supply chain2( 3). Sensitive and specific
Recent progress in recombinant DNA and plant transforma- analytical methods to test commercialized GM crops strains or

tion techniques has accelerated the development of various‘ev,ents’ are available at commercial and governmental labora-
genetically modified (GM) organisms (GMOs) and of products °"1€S (4).

derived from them. GM crops, in particular, herbicide-tolerant ~ On the other hand, no specific analytical methods are, in
or insect-resistant soy, maize, rapeseed, and cotton, have alreadgeneral, required for testing the presence of particular GM events
been approved by many countries for agricultural use for about that have not undergone safety assessment for approval, since
a decade (1). However, the safety, in terms of use in foods/ these events are not intended to be commercialized for
feeds, and the environmental effects of GM crops has been aagricultural use and do not enter the food chain. However, in
matter of public concern because of anxiety regarding new the event of accidental contamination of an unapproved GM
technologies and lack of understanding of technical information. event due to unforeseen circumstances, regulatory organizations
Therefore, an increasing number of countries have implementedshould be well prepared with a testing system to monitor the
regulatory frameworks to assess the safety of these GMOs priordistribution of the unapproved GM event. It will be challenging

to declaring them safe for the environment, for human con- or perhaps impossible for commercial and governmental labo-
sumption, and for use in animal feed. In addition, some countries ratories to develop such testing system without the assistance
have adopted the policy of informing their consumers of the of the developer. Development and evaluation of a new
GM origin of a food product’s ingredients by labeling, supported analytical method is likely to be required, based upon experi-
by testing, and traceability of GM and conventional crops ments with authentic material containing the GM event in
qguestion. An incident where specific testing system for an
* Corresponding author. Tek-81-3-3700-1141. Fax:81-3-3707-6950. unapproved GM event became necessary was the accidental
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distributed several hundred tons of Bt10 maize between 2001 (Btll and Eventl176), were kindly provided by Syngenta Seeds AG
and 2004. According to the information provided by the (Basel, Switzerland). Seeds of seven events of GM maize including
company, this GM maize event Bt10 is a transformation product MON810, MON863, GA21, NK603 (Monsanto Co.; St. Louis, MO),

of the same recombinant DNA sequence that was used to 125 (Bayer CropScience AG; Monheim am Rhein, Germany), TC1507

transform its ‘sister’ event Bt11 maize. Safety assessment for (POW Adrosciences LLC; Indianapolis, IN), and an event of GM soy
Bt11l maize has already been completed, and many countries(Roundulo Ready Soy; Monsanto Co.) were kindly provided by the

A . . respective developers. Non-GM maize was imported directly from the
have approved of the distribution of this GM maize event for United States. Other non-GM cereal materials including €aydine

use in foods and feeds. Since the closely related sister eventnay, rice (Oryza satia), barley Hordeum vulgare), and wheat
Bt10 was never intended to be commercialized, the developer (Triticum aestivum) were purchased from a local market in Japan. All
had not initiated the customary procedures for approval of this of these materials were ground in the Ultra-Centrifugal Mill ZM100
new GM event. In response to this regulatory inconsistency, (Retsch GmbH, Haan Germany) using a 0.5 mm sieve ring and freeze-
the European Community Commission took emergency mea- dried for 24 h in a FD-81 fre_eze dryer (Tokyo Rikakikai CO.,_Ltd.
sures against the inadvertent distribution of Bt10 maize products T0kyo, Japan). The freeze-dried samples were storee2@t°C until
in Europe 6). Likewise, the Japanese Ministry of Health, Labour further use. _
and Welfare (MHLW) took action according to the mandatory _ Préeparation of the Test Sample.In this study, two types of test
safety assessment of GMOs in Japan and prohibited import of S2PIes were prepared to evaluate the sensitivity of the methods,
. . namely, simulated DNA-mixture samples and simulated powder-mixture
Fhe unaUthor_'Zed Bt10 ma'ze_'mo Japa [ ensure foolproof samples. The maize genomic DNA-mixture samples with each genomic
implementation of these decisions, the development and evalu-pA extracted from the ground materials of Bt10 maize and non-GM
ation of methods for specific detection of Bt10 maize event was maize were prepared at four mixing levels containing 0, 0.01, 0.05,
urgently required. 0.1, and 0.5% (w/w) of Bt10 maize genomic DNA, using the serial
Polymerase chain reaction (PCR) is currently established asdilution method. For the preparation of the simulated powder-mixture
a reliable methodology to detect and identify trace amounts of samples at three mixing levels containing 0, 0.05 and 0.1% (w/w) of
biotic materials. Together with immunoassay applications, PCR Bt10 maize, the ground Bt10 maize was added to the ground non-GM
is the most widely used analytical technique for quantitative ”\‘A"i‘l'zse, in a_yfpropna:e ’at'tF’S ﬁ”d mixed W]f” in th‘z Ultrg-tCentnfugalll
H : : Ill. SInce It was not practical to prepare a fine powaer-mixture sampie
o iaiaive detceion of G copB 1), We have | L i mamg o e OV v om0
. . mixture sample was diluted five times with the DNA extracted from
maize, papaya, and potatoe?{-18). Since the very closely

: the ground non-GM maize and used as 0.01% powder-diluted solution.
related sister events Bt10 and Bt11 were not expected to lend  £y;.o tion and Purification of Genomic DNA. Genomic DNAS

themselves to distinction by immunoassay methods, such asyere extracted from the ground materials and Bt10 powder-mixture
ELISA or lateral flow strip analysis, it was determined that PCR  samples using a silica-gel membrane-type kit (DNeasy Plant Mini;
would be the most suitable technique for the task at hand. The QIAGEN, Hilden, Germany) according to the procedure described in
event-specific PCR system using the primer pair JSF5/JSR5 forour previous study with some modificatiohdj. The DNA concentra-
the detection of trace amounts of Bt10 maize was provided by tion was determined by measuring the UV absorption at 260 nm using
Syngenta in 2005. This method was evaluated in-house by thean ND-1000 spectrophotometer (NanoDrop Technologies Inc., Rock-
developer Eurofins GeneScan using the reference material oflahd, DE). The purity of the extracted DNA was evaluated based on
Bt10 maize provided by Syngenta (data not shown) and by thethedr;‘t(')ofOf abscirb??hce tat t260/ 28|0 ”mﬂ?nd t?e rf‘t:j"[‘;",\?; bethﬁnt 1('17
- and 2.0 for most of the test samples. The extracte was dilute
Eg;%pea(lrr]l ttcolel(j)tl(l:tr}Il 'Ifffs/rsﬂr?qiq:?;zzatogggg/%ﬂvZﬁg:tizﬂd with an appropriate volume of distilled water to a final concentration
0 op' 9 crire. . 0 of 10 ngkL and stored at-20 °C until further use. These DNA samples
/020r(_eport_/020vgr3|on2.pdf). This PC_R system haq not been yere used for the subsequent PCR analysis.
examined in multilaboratory collaborative studies as is custom-  gjigonucleotide Primers.According to the information provide by
ary for official GMOs detection methods published by compe- syngenta, the JSF5/JSR5 primer pair could amplify a DNA sequence
tent Japanese authorities, mainly owing to time constraints. containing a junction between the maize genomic DNA sequence and
Moreover, in accordance with the requirements in Japan, athe recombinant DNA introduced into the Btl0 maize. It was also
second, independent PCR system for specific detection of thereported that the annealing site of JSF5 was located in a maize genomic
unapproved GMOs event was required_ Therefore’ we des|gnedDNA Seq.uence and that of JSR5 was located in the DNA Sequgnce
a new primer pair (Bt10LS3and Bt10LSH based on a |nc_luded in the recombinant DN_A, and alsg that the JSF5/JSR5 primer
junctional sequence between the recombinant DNA and maizeP2 9enerated a 117-bp amplicon. In this study, we noted that the
genomic DNA and optimized the PCR conditions to develop Bt10LS5'/ Bt10LS3'primer pair designed based on the sequence

o . " information provided by Syngenta, could also amplify the DNA
another PCR system for event-specific detection of Bt10 MAIZe. 500 ence containing a junction between the maize genomic DNA

The aim of this paper is to report the development of sequence and the recombinant DNA introduced into Bt 10 maize, and
qualitative PCR systems for the specific detection of Bt10 maize that the Bt10LSSBt10LS3' primer pair generated a 151-bp amplified
and also the precise results of evaluation of the performancefragment. The Zein n‘&ein n-3 primer pair 24) to amplify the DNA
characteristics of the systems. Therefore, the specificity and sequence in a maize endogenous gene was used as the analytical control
sensitivity of these two PCR systems were examined in a single to confirm the validity of the PCR technique for maize genomic DNA
laboratory. Then, we conducted a multilaboratory collaborative (21,22).
study, and the data from this study were statistically analyzed The primers were synthesized and purified on a reversed-phase
to evaluate the reproducibility and sensitivity of the PCR systems column by FASMAC Co., Ltd., (Atsugi, Japan), diluted with an
for the first time. The results of this statistical analysis showed 2PPropriate volume of distilled water to a final concentration of 60
that there was no significant difference in the sensitivity of the umol/L, and then stored at20 °C until further use. The sequences of

L . the oligonucleotides used in this study are listedable 1.
two methods and that the limit of detection of both the methods PCR Conditions. The reaction mixture for PCR was prepared in a

was less than 0.05%. PCR reaction tube. The reaction volume of@5contained 50 ng of
genomic DNA, 0.16 mM dNTP, 1.5 mM Mggl0.6 uM of forward
MATERIALS AND METHODS and reverse primers, and 0.8 units of AmpliTaq Gold (Applied
Maize (Zea mays) and Other Cereal MaterialsRoughly milled Biosystems, Foster City, CA). The reactions were buffered with PCR
samples of Bt10 maize seed, and seeds of two events of GM maizebuffer Il (Applied Biosystems) and amplified in a thermal cycler
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Figure 1. Specificity of the PCR systems employed to detect Bt10 maize.
The Bt10 event-specific primers JSF5/JSR5 (A) and Bt10LS5'/3' (B). Lanes
1 and 19, 100-bp ladder size standard; lane 2, Bt10; lane 3, Bt11; lane
4, GA21; lane 5, Event176; lane 6, MON810; lane 7, T25; lane 8, NK603;
lane 9, MON863; lane 10, TC1507; lane 11, non-GM maize; lane 12,
RRS; lane 13, non-GM soy; lane 14, barley; lane 15, wheat; lane 16,
rice; lane 17, non-template DNA; lane 18, non-primers and Bt10.

(GeneAmp PCR System 9700; Applied Biosystems) according to the
following PCR step-cycle program: preincubation at’@4for 10 min,
denaturation at 94C for 25 s, annealing at 6Z for 30 s, and extension
at 72°C for 45 s. The cycle was repeated 40 times followed by a final
extension at 72C for 7 min. The same conditions were employed for
the PCR using the Bt10LSBt10LS3' primer pair, except that the
annealing temperature was changed t6@®%rom 62°C. The amplified
products were analyzed by electrophoresis with 3.5% agarose gel.
Cloning and Sequencing of the Amplified Fragments.The
amplified fragments generated using the JSF5/JSR5 or BtI0OLS5
Bt10LS3' primer pair were subcloned into the TOPO-TA vector with
TA-cloning kit (Invitrogen, Carlsbad, CA), and the recombinant
plasmids were transformed inEa coli strain DH5c.. The sequences of
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Figure 2. Examination of the sensitivity of the PCR systems to detect
Bt10 maize using serial dilutions of the DNA-mixture samples. The Bt10
event-specific JSF5/ JSR5 (A) and Bt10LS5'/3" (B) primer pairs. Lanes
1 and 10, 100-bp ladder size standard; lane 2, nontemplate DNA; lane 3,
non-GM maize; lane 4, 0.01% Bt10; lane 5, 0.05% Bt10; lane 6, 0. 1%
Bt10; lane 7, 0.5% Bt10; lane 8, 100% Bt10; lane 9, nonprimers and
100% Bt10.

participating laboratories from the NIHS. Thus, a total 240 blind
samples were analyzed by three PCR systems in the interlaboratory
study. We referred to the guidelines for collaborative study to determine
the general procedure of the interlaboratory study (23).

the clones were determined using the Dye Terminator Cycle Sequencing  Statistical Analysis. To evaluate the performance of the methods,

Kit (Beckman Coulter, Inc., San Diego, CA) and the CEQ 8000 Genetic
Analysis System (Beckman Coulter, Inc.).

Interlaboratory Study. The interlaboratory study, conducted with
the participation of six laboratories, was organized by the National

Institute of Health and Sciences (NIHS) to evaluate the performance

of the methods. The simulated powder-mixture sample containing 0,
0.05, and 0.1% (w/w) of Bt10 maize and the 0.01% powder-diluted

the data obtained from the interlaboratory study were analyzed
statistically (24). The standard errors of the ratio of positive results
among the laboratories were calculated as

se (p)= ((L/nfL)(V )™

solution as described above were used as the test samples. We preparegherem is the number of test samples analyzed in a laboratoiy,

10 separate tubes contaigi2 g of thepowder-mixture samples for
each mixing level and 10 separate tubes containingL36f the 0.01%

the number of positive results obtained in a laboratprig,the ratio of
positive results to the total number of test samples analyzed in a

powder-diluted solutions as 10-replicate samples and sent them to eacHaboratory (a/m), and/, is variance of the number of positive result

participating laboratory as blind samples. A total of 40 tubes containing obtained among laboratories in accordance with the following for-
blind samples, solutions of the three primer pairgifeach), reagents mula: V, = (Za? — (Za)/L)/(L — 1). The lower limit of p was

for the PCR, and the experimental protocol were provided to the six calculated at the 95 and 99% confidence levels based on thg).se (

Table 1. PCR Primers Used in This Study

PCR system name orientation sequence amplicon
JSFR5 JSF5 forward 5-CAC ACA GGA GAT TAT TAT AGG GTT ACT CA-3 117 bp
JSR5 reverse 5-ACA CGG AAATGT TGAATACTC ATACTCT-3
Bt10LS Bt10LSY' forward 5-GCC ACA ACA CCC TCAACC TCA-3 151 bp
Bt10LS3' reverse 5-GAA GTC GTT GCT CTG AAG AAC AT-3
maize endogenous gene Zein n-5' forward 5-CCT ATAGCT TCC CTT CTT CC-3 157 bp

Zeinn-3' reverse 5-TGC TGT AAT AGG GCT GAT GA-3
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Figure 3. Examination of the sensitivity of the PCR systems to detect Bt10 maize using 10-replicate DNA-mixture samples for each of the three mixing
levels. The Bt10 event-specific JSF5/JSR5 (A) and Bt10LS5'/3" (B) primer pairs. Lanes 1 and 15, 100-bp ladder size standard; lanes 2 to 11, the
DNA-mixture samples; lane 12, nontemplate DNA; lane 13, non-GM maize; lane 14, nonprimers and Bt10. The mixing levels of Bt10 DNA are shown
above each of the gel photos.

The difference in the sensitivity of the two PCR systems, JSFR5 and  To increase the reliability of the result obtained, it is

Bt10LS, was tested by thietest with the pooled variance. mandatory for regulatory purposes in Japan to use two PCR
systems targeting different DNA sequences for the testing of
RESULTS AND DISCUSSION unapproved GMOs (20). Therefore, we examined another PCR

Specificity of Two Qualitative PCR Systems for Event- system for s_pecific _detec_tion of Bt10 maize using the Bt_lOLSS
Specific Detection of Bt10 Maize Design of suitable primers ~ Bt10LS3 primer pair designed based on the sequence informa-
and optimization of the PCR condition are critical for the ton provided by Syngenta. It was confirmed, based on the
development a PCR-based method for the specific detection ofS€arch of a DNA sequence database (NCBI/GenBank), that the
GMOs. While the PCR system using the JSF5/JSR5 primer pair @hnealing site of Bt10LS&nd Bt10LS3were located within
(the JSFR5 PCR system) was provided by Syngenta, the_the gene encoding phpsphmothncm acety_ltransferMTI
company released little information pertaining to design of the included in the expression cassette (Accession No. DQ156557)
primers and its specificity. Therefore, we determined the @nd maize genomic DNA sequence (Accession No. AC152494),
annealing site of these primers by searching a DNA Sequenceres.pectlvely. Iq regard to optimization of the PCR condltlon,
database (NCBI/ GenBank). The results revealed that a completéVhile the heating and elongation temperatures and reaction
homologous DNA sequence of JSR5 was contained in type of Period were the same as those used for the PCR system using
plasmid vectors (for example; Accession No. EF090407) and the JSF/JSRS5 primer pair, the annealing temperature was
that the sequence was homologous with the partial DNA changed to 65°C from 62 °C, because PCR fragments of
sequence of a gene encodjfigactamase (ampicillin resistance u_nexpected Iengt_h_s were observed occasmnally_. As shown in
gene). On the other hand, the homologous DNA sequence offigure 1B, a specific fragment (151 bp) was obtained for Bt10
JSF5 could not be found in the database. Moreover, we could Maize, whereas no fragment was amplified by th_e PCRs for
not find the homologous DNA sequence of JSF5 in the public the DNAs extracted from the other GMOs or major cereals.
DNA sequence database even by searching for the DNA These resul_ts sugg_ested that the PCR system using the Btl(_)l__SS
sequence identified by the isolation of the PCR product Bt1OLS3 primer pair (the Bt10LS PCR system) allows specific
amplified using JSF5/JSR5 primer pair. However, it was found detection of Bt10 maize as reliably as the JSFR5 PCR system.
that the JSF5 primer could not anneal to the recombinant DNA  Sensitivity of the PCR SystemsWe examined the sensitivity
sequence introduced into other GMOs. To examine the specific-of the two PCR systems using the two types of sample (i.e.,
ity of the PCR using the JSF5/JSR5 primer pair, we performed the DNA-mixture samples and powder-mixture samples). For
PCR with DNAs extracted from 15 kinds of cereal materials the case of the DNA-mixture samples, specific PCR fragments
including nine events of GM maize, one event of GM soy and were obtained with both the PCR systems for 100 to 0.01%
five kinds of non-GM cereal materials. As shown kigure samples and the intensity of the specific PCR fragments changed
1A, an amplification fragment (117 bp) was specifically detected depending on the contents of genomic DNA derived from the
from Bt10 maize, whereas no amplification fragment was Bt10 maize Figure 2). On the basis of the 1C value of maize
yielded by the PCR performed with the DNAs extracted from (25), 50 ng of maize genomic DNA, used as the template for
other GM maize materials including Bt11l maize, which was the PCR, corresponds to approximately 18320 haploid maize
transformed with the same expression vector used for the genome copies (26). Therefore, it is estimated that 50 ng of the
production of the Bt10 maize, the GM soy, and the other five 0.01% DNA-mixture sample contains less than two haploid
major cereal materials. These results suggested that the PCRjenome copies derived from Bt10 maize. In theory, only one
conditions were optimal and that the JSFR5 PCR system allowedcopy of the target sequence should be required for PCR
specific detection of Bt10 maize. amplification, and it can be expected that the one or two copies
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0.01% 0.05% powder-diluted solution, were prepared in 10 replicates. All the
1234567 891001112131415 123 456 7 8 9101112131415 participating laboratories received the protocol, primer solutions,

reagents for PCR, and 40 blind-sample tubes. Six laboratories
(A) participated in the study, and a total of 240 test samples were
(B) . -

analyzed. As shown iifable 2, specific amplified fragments
Figure 4. Examination of the sensitivity of the PCR systems to detect

were detected with all the test samples with the PCR system in
which the Zein n-5'/Zein n-3rimer pair was used to detect a
maize endogenous gene. These result indicated that the DNA
solutions did not contain any substances that might strongly
inhibit the PCR amplification. Furthermore, specific fragments
were amplified in all of the 0.10 and 0.05% powder-mixture
samples and no nonspecific amplification was observed in any
of the 0% powder-mixture samples with either PCR system used
for the specific detection of Bt10 maize. On the other hand, the
positivity rate of the two PCR systems for the 0.01% powder-
diluted solution showed dispersion among laboratories as
expected from the results of the single laboratory examination
(Table 2). Therefore, we statistically analyzed the data using
the method reported by McClure24). We calculated the
standard error of the positivity rate among the laboratories and
estimated the lower limit of the positivity rate for all tested
Bt10 maize using 10-replicates of the 0.05% powder mixture-sample and samples at 95 and 99% confidence levels. As showrainle
0.01% powder diluted sample. Lanes 1 and 15, 100-bp ladder size 3, at the 95% confldgnce Ievel,.the pQS|t|V|ty rate obtained with
standard; lanes 2 to 11, the samples; lane 12, nontemplate DNA; lane the 0.01% powder-diluted solution using the JSFRS and Bt10LS
13, non-GM maize; lane 14, 100% Bt10. The mixing levels of Bt10 are PCR systems were estimated as 0.5995 and 0.6812, respectively.
These results imply that the positive results were not obtained
from approximately 3 to 4 of the tested samples in the
are distributed in the replicates of the PCR amplification with 10-réplicates testing of the 0.01%. From the viewpoint of
the 0.01% DNA-mixture samples with any level of uncertainty. the accuracy of the test results, the limit of detection of these
In fact, 10 positive results were obtained with all the replicates W0 PCR systems may be thought of as over 0.01%. Further-
of the PCR amplification with the 0.10 and 0.05% DNA-mixture more, we compared the positive rate of two PCR systems
samples, but 8 or 9 positive results were obtained with the 10 Statistically usingt-test with pooled valiance to evaluate the
replicates of the 0.01% DNA-mixture samples using either PCR Sensitivities of these PCR systems. The calculatetue (1.75)
systems (Figure 3). In the examination using the powder- indicated that there was no significant difference in the
mixture samples, specific PCR fragments were obtained with Sensitivities between the two PCR systems at either the 95 or
all of 10 genomic DNAs, extracted from the 10 replicates of 99% confidence level. These results suggested that both the PCR
the 0.05% powder-mixture samples. Furthermore, the positivity Systems could yield the positive results with approximately the
rate obtained with the 0.01% powder-diluted solution was Same sensitivity and that no discrepancy of the test results was
approximately the same as that obtained with the 0.01% DNA- likely to be caused by a difference in the sensitivity between
mixture sample Kigure 4). These results suggested that the the two PCR systems.

shown above each of the gel photos.

DNA extraction step slightly affected the limit of detection of In this study, we examined two event-specific qualitative PCR
the two PCR systems and that the limit of detection was in the methods to detect an unapproved GM maize event (Bt10 maize)
range of less than 0.05% to over 0.01%. and evaluated the performance of the methods. This is the

Interlaboratory Study. To examine the reproducibility of ~ first study to report the results of a statistical analysis of
the PCR systems, we conducted an interlaboratory study byqualitative results obtained with PCR-based assays conducted
sending the powder-mixture sample at the three mixing levels to evaluate the performance of the methods. The highly specific
and 0.01% powder-diluted solution described in Materials and PCR systems examined in this study are simple, sensitive, and
Methods as blind samples. All of the blind samples, including useful for identifying trace amounts of Bt10 maize in grain
the 0, 0.10, 0.05% powder-mixture samples and the 0.01% samples.

Table 2. Results for All Test Samples in the Interlaboratory Study?

ratio of positive results for the test samples in PCR systems

lab.

code 0% 0.01 % 0.05 % 0.10 %

no. JSFR5 Bt10LS Zein JSFR5 Bt10LS Zein JSFR5 Bt10LS Zein JSFR5 Bt10LS Zein

| 0/10 0/10 10/ 10 6/10 7110 10/ 10 10/10 10/10 10/ 10 10/10 10/10 10/ 10
Il 0/10 0/10 10/ 10 6/10 8/10 10/ 10 10/10 10/10 10/ 10 10/10 10/10 10/ 10
1] 0/10 0/10 10/ 10 7110 9/10 10/ 10 10/10 10/10 10/ 10 10/10 10/10 10/ 10
\% 0/10 0/10 10/ 10 6/10 7110 10/ 10 10/10 10/10 10/ 10 10/10 10/10 10/ 10
\Y 0/10 0/10 10/ 10 8/10 710 10/ 10 10/10 10/10 10/ 10 10/10 10/10 10/ 10
Vi 0/10 0/10 10/ 10 7110 7110 10/ 10 10/10 10/10 10/ 10 10/10 10/10 10/ 10
total 0/60 0/60 60/ 60 40/60 4560 60/ 60 60/60 60/60 60/ 60 60/60 60/60 60/ 60

2 JSFR5 and Bt10LS; Bt10 Maize specific PCR systems in which the JSF5/JSR5 and Bt10LS5'/Bt10LS3" primer pairs were used, respectively, Zein; Maize endogenous
gene specific PCR system in which the Zein n-5'/Zein n-3' primer pair was used .
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Table 3. Statistical Analysis of Positivity Rate for the Test Sample Detection of recombinant DNA segments introduced to geneti-
Containing 0.01% Bt10 Maize cally modified Maize Zea mays)J. Agric. Food Chem2002,
50, 2100—2109.

PCRsystem m L Vo  se(am) p p0.95)7 p(0.99)7 (14) Kuribara, H.; Shindo, Y.; Takubo, K.; Matsuoka, T.; Takubo,
JSFR5 10 6 0.6667 0.0333 0.6667  0.5995 0.5545 K.; Futo, S.; Aoki, N.; Hirano, T.; Akiyama, H.; Goda, Y.;
Bt10LS 10 6 07000 0.0342 0.7500 0.6812  0.6351 Toyoda, M.; Hino, A. Novel reference molecules for quantitation

of genetically modified maize and soybednAOAC Int.2002,
a@Lower limit: m, number of the test sample analyzed in one laboratory; L, 85, 1077—10809.
number of laboratories participating in the interlaboratory study; Va, variance of (15) Shindo, Y.: Kuribara, H.; Matsuoka, T.: Futo, S.; Sawada, C.;
positive results among the laboratories; se, standard errors of the ratio of the Shono, J.; Akiyama, H.; Goda, Y.: Toyoda, M.; Hino, A.

positive results among the laboratories; p, the ratio of the positive results for all
test samples; p(0.95) and p(0.99) are the estimated ratio of the positive results at
95 or 99% confidence levels.

Validation of real-time PCR analyses for line-specific quanti-
tation of genetically modified maize and using new reference
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