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A real-time PCR detection method was developed for event-specific quantitation of Roundup 
Ready⑮ maize， GA21. The developed PCR method was designed to amplify an artificial junction 
site between the native maize genome DNA and the recombinant DNA of GA21 maize， which 
provides only one target sequence per haploid of GA21 genome. Thus， the amplification efficiency 
of the event-specific target for GA21 became closely similar to the ampl泊cationof SSIIb， and the 
conversion factor (Cf) for the quantitation method was similar to the theoretical value. The 
developed method demonstrated better performance than the existing construct-specific method 
that has been used as a Japanese official method. The developed method can easily be combined 
with the real-time PCR targeting of the CaMV35S promoter， and the multiplexed method should 
be an effective screening method for GM maize. 

Key words: genetical1y modified (GM); GA21 maize; Roundup Readyilil; event-specific; real-
time PCR 

Introduction 

Biotechnology has been used in modern farming 
since the initial commercialization of a genetically 
modified (GM) tomato in the USA in 1994. In fact， the 

global area of GM crops exceeded 100 million hectares 
in 20061)， and is expected to continue to rise. GM crops 
have been authorized for food andjor feed by many 

countries based on their own criteria for safety assess-
ment. However， consumers have been demanding ap-
propriate information and labeling for foods derived 

from GM crops. Thus， labeling systems have been 
introduced for GM foods in the European Union (EU)， 

Korea， Japan， Australia and other countries， and these 

systems are different from each other. For example， the 
threshold levels for the unintentional presence of GM 
materials in non-GM crops have been defined as 0.9% in 
the EU*I， 3% in Korモa*2，and 5% in Japan2) 

*1 Regulation (EC) No. 1829/2003. Off.]. Eur. Union， L268， 1-
23 (2003) 

判 NotificationNo. 2000-31; Ministry of Agriculture and For-
estry of Korea. Seoul， Korea (2000). 

For the monitoring of labeling systems， it has been 
necessary to develop methods for detecting GMOs in 

foods. Two approaches are available: detecting the 
protein produced by the introduced trait gene with a 
specific antibody， such as the enzyme-linked im-
munosorbent assay (ELISA) (reviewed in refs. 3 and 4); 

and detecting a specific DNA sequence used for gene 
modification by means of polymerase chain reaction 
(PCR) (reviewed in refs. 5-7). For the detection of GM 

maize in foods and food materials， PCR-based detection 
methods， which are able to detect even smal1 amounts 
of transgenes in raw materials and processed foods， 

have been routinely used8ト17)

On the other hand， the cost and the duration of GM 

analyses could constitute one of the major bottlenecks 
for providing consumers with cost-effective labeling. 
The conventional or non-GM food supply chains， how-

ever， required to be secured by affordable detection 
methods. Thus， the development of time-and cost-
effective detection methods is important to ensure free-

dom of choice of consumers. 
Maize is a major agricultural crop which GM-
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Fig. 1. Schematic models of the recombinant DNA of 
GA21 

(A) The mEPSPS expression cassette consists of 
the rice actinl promoter fragment including a 
part of non-coding region of rice actinl gene 
(indicated by a grey box)， the artificial chloroplast 
transit peptide (CTP) sequence (filled box)， the 
modified maize EPSPS gene (shaded box) and the 
nopaline synthase (NOS) terminator fragment 
(open Box). White arrows above the diagram 
indicate sites for the construct specific detection 
primer pair used in the currently available 
screening method. (B) The scheme of the overall 
recombinant DNA (r-DNA) fragment of GA21 
event. The r-DNA consists of a truncated 
mEPEPS cassette including a truncated promoter， 

three complete mEPSPS cassettes， an mEPSPS 
gene-truncated cassette， and a truncated promoter 
fragment. The small open boxes above the model 
of r-DNA sequence indicate the detection target 
regions for the construct-specific method. The 
small filled box below it indicates the detection 
target region for the event-specific method 
developed in this study. (C) The scheme of the 5' 
junction of maize genome (bar) and 5' f1anking 
region of r-DNA inserted in GA21 maize. Black 
arrows below it indicate sites for the event-
specific detection primer developed in this study. 
These schemes are based on the developer's 
report句

technology has been applied， and in fact， eight events of 

authorized GM maize， i.e.， Btll， Eventl76， GA21， MON 

810， MON863， NK603， T25 and TC1506， are currently 

used for commercial purposes in ]apan. Analysis of the 

recombinant DNA (r-DNA) constructions of these eight 

GM maize events elucidated that all the events except 

GA21 maize contain the same promoter fragment， 

which originated from the cau!iflower mosaic virus 

(CaMV) and is designated as P35S. The Ministry of 

Health， Labour and Welfare of ]apan (MHLW) an-

nounced a combinational method for the quantitation 

of P35S and a construct-specific quantitation for GA21 

maize. This method has been officially used as a screen-
ing method for GM maize*3. 121， though it requires two 

independent quantitations. Thus， to improve the effi-

*3 Notification No. 110 (Mar. 27， 2001)， Department of Food 
Safety， MHLW， ]apan (2001) 

ciency of the GM analysis method， we have been trying 

to develop a mu1tiplex screening method for GM maize. 

For the multiplexing of PCR methods， it is preferable 

that the amplification efficiencies should be as similar 

as possible. From this viewpoint， the PCR system used 

in the already estab!ished construct-specific quantita-
tion method for GA21 maizel2) was unsuitable for mu1ti-
plexing with the PCR system for P35S. The reason for 

this is that the PCR system for P35S has one or two 

amplification target(s) in a set of the relevant GM maize 
genome， while the PCR system has four or five amplific-

ation targets in a set of GA21 maize genome料 (Fig.1) 

Thus， in this study， we developed a new quantitation 

method for GA21 maize， which was event-specific and 

had one amplification target in a set of GA21 maize 

genome. In addition， we evaluated the developed 

method by means of a single-laboratory validation pro-

cedure. 

Materials and Methods 

Maize (Zea mays) and other cereal materials 

Dry seeds of GM maize， i.e.， one progeny each of Btll 

and Eventl76 developed by Syngenta Seeds AG (Basel， 

Switzerland)， a progeny of TC1507 developed by Dow 

Agrosciences LLC (Indianapo!is， IN， USA)， one progeny 

each of MON810， MON863， GA21， and NK603 de-

veloped by Monsanto Company (St. Louis， MO， USA)， 

and a progeny of T25 developed by Bayer CropScience 
AG (Monheim am Rhein， Germany)， were directly im-

ported from the USA. Dry seeds of QC9651 maize (Qual-

ity Traders， Inc.， Huntley， IL， USA) were also provided 

by the developer and used as. a non-GM control. We 

used several other cereal materials as non-target con-

trols， such as soy， rice， wheat and barley. Dry seeds of 
Roundup Ready⑮ (RR) soy (Monsanto Company) were 

directly imported from the USA. Dry soybeans 

harvested in Ohio in 1998 were also directly imported 

and used as non-GM soy. Seeds of the rice (0ηIza sativa) 
variety Kinuhikari， the wheat (Triticum aestivum) varie-

ty Haruyutaka and the barley (Hordeum vulgare) variety 
Harrington were obtained in ]apan 

Preparation 01 test samples and DNA四 traction
Dry seeds were ground with a P-14 speed rotor mill 

(Fritsch GmbH， Ibar-Oberstein， Germany). The ground 

materials were freeze-dried for 24 hr in an FDU・540
freeze drier (Tokyo Rikakikai Co.， Ltd.， Tokyo， ]apan) 

and stored at -200 C until use. The four levels of 

simulated GM-mixture samples containing 0.5， 1，5， and 

10% (wjw) of each of MON810 and GA21 maize in 
non-GM maize were made from the ground materials. 

DNA extraction was performed with an DNeasy Plant 
Maxi kit (Qiagen GmbH， Hilden， Germany) as described 

ln our previous reportl21. The DNA concentration of 

料 Summarynotification information format (SNIF) for prod-
ucts containing genetically modified higher plant (GMHP) 
-GA21 Roundup Ready maize-; based on Notifications 
for placing transgenic plants on the EU Market under 
Directive 2001/18/EC. Monsanto Europe S. A. (1998) 
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solutions was determined by measuring UV absorbance 
at 260 nm， and the quality was evaluated from the 

absorbance ratios at 260/280 nm and 260/230 nm. ln 
the majority of maize varieties studied， the absorption 

ratio at 260/280 nm was between 1.7 and 2.0， and that 
at 260/230 nm was > 1.7. These DNA samples were 
used for the subsequent experiment. 

Oligonucleotide primers and probes 
To design primers， we used Oligo ™ primer analysis 

software (National Biosciences lnc.， Plymouth， NM， 

USA) and Primer Express software (Applied Biosy-

stems， Foster City， CA， USA). Primer Express software 
was also used for the design of GA21 esp-Taq probe. 

The sequences of oligonucleotides were checked using a 
public database (DDBJ)， and it was confirmed that they 
did not match unintended DNA sequences. The primer 
pairs used in this study are listed in Table 1. These 

primers were synthesized by Fasmac Co.， Ltd. 
(Kanagawa， Japan) and purified by HPLC. The TaqMan 

Probes were synthesized by Applied Biosystems， and 
labeled with 5-carboxyftuorescein (F AM) at the 5' -end 
and with 6-carboxytetramethylrhodamine (T AMRA) at 

the 3' -end. Each oligonucleotide was diluted to the ape 
appropriate volume of sterilized water. 

DNA sequencing 
The fragment was amplified with GA21 genome 1 

primer and GA21 3' -m primer， and subcloned into the 
pGEMflI_T vector (Promega Co.， Madison， Wl， USA). The 

subcloned fragment was sequenced with a CEQ™2000 
DNA analysis system (Beckman Coulter， Fullerton， CA， 

USA) by the dideoxy sequencing method using a DTSC 

quick start kit (Beckman Coulter) 

Qualitative PCR conditions 
The reaction volume of 25μL contained 25 ng 

genomic DNA， 0.2 mmol/L dNTP， 1.5 mmol/L MgClz， 

0.5μmol/L of the 5' and 3' primers， and 0.625 units of 
AmpliTaq Gold DNA polymerase (Applied Biosystems). 

The reactions were buffered with the PCR buffer II 
(Applied Biosystems) and amplified in a thermal cycler， 

the Silver 96-Well GeneAmp PCR System 9700 (Applied 
Biosystems) in Max mode， according to the following 
step-cycle program: pre-incubation at 950C for 10 min; 

40 cycles consisting of denaturation at 950C for 0.5 min， 

annealing at 60
0

C for 1 min and extension at 72
0

C for 1 
min; followed by a final extension at 720C for 7 min. 

J. Food Hyg. Soc. Japan Vol. 49， No. 1 

Quantitative PCR conditions and calculation 01 GM con-
tents 
ln general， the experimental procedures of quantita-

tive PCRs fol1owed the established methods w巴

reported previouslyl2)， that were also employed in Japa-

nese official methods for the detection of GM food勺 For
quantitative PCR， the reaction volume of 25μL con-
tained 12.5μL of Universal Master Mix (Applied 
Biosystems)， 50 ng genomic DNA as template， 0.5μmol/ 
L of the 5' and 3' primers， and 0.2μmol/L of TaqMan⑮ 

probe. Sample DNA was diluted to 20 ng/，μL in TE 
buffer (pH 8.0)， and 2.5μL of the dilution was added to 

the reaction mixture. The real-time PCR reactions were 
performed with an ABI PR1SM 7700 (Applied 
Biosystems) according to the following step-cycle pro-

gram; pre-incubation at 50
0

C for 2 min and 900C for 10 
min， 40 cycles consisting of denaturation at 950C for 0.5 
min， annealing and extension at 590 C for 1 min. For the 

event-specific quantitation method， we constructed a 
plasmid molecule that is a pUC19 plasmid vector with 

two inserted fragments， i.e.， the fragment amplified 
from pMu15 plasmidl2) with SSIIbOl・5'primer and P35 

S 1・5'and the fragment amplified from GA21 maize 
genome with GA21esp5' -2 and GA21esp3' -1， and used 

it for experimental calibration. The plasmid was ex-
tracted from bacterial bulk culture using the QIAGEN⑮ 

plasmid Mega kit (QIAGEN) and linearized by restric-

tion digestion at sites located outside the inserted frag-
ments. The linearized plasmid DNA was purified by 
CsCl density gradient centrifugation and the purified 

DNA solution was diluted with TE buffer including 5 
ng/，μL of ColEl plasmid to five different concentrations， 

i.e.， 20， 125， 1，500， 20，000， and 250，000 copies per 2.5μL， 

based on the quantitative copy numbers of SSIIb frag-
ments. 

Results and Discussion 

Confirmαtion 01 genomic DNA sequence 01 GA21 maize 
To design event-specific primers for GA21 maize， we 

first confirmed the DNA sequence of the artificial junc-
tion region between the native maize genome DNA and 
r-DNA of GA21 maize. A ll2 bp part of the junction 
region was amplified by a primer pair， GA21 5' -m and 
GA21 3'-m句 (Table1) and sequenced. Using this se-

quence， the genomic clone sequence (Accession# CG 
765412) was found by BLAST search of the DDBJ 
database. Then， we designed a primer， GA21 genomel， 

Tab1e 1. List of primers 

Name 

GA21 5' -m (GA21 primer1) 
GA213'ーm(GA21 primer2) 
GA21 genome1 
GA21esp 5' -1 
GA21esp 5'ー2
GA21esp 3'ーl

Sequence 

5' -CTTCTCGTT ATGCT A TTTGCAACTTT AGA-3' 
5' -TGGCTCGCG A TCCTCCT -3' 
5' -TCCCAGTCTCGACGA TTCACG-3' 
5'ーTGTAA TGGGACCTT A TCGTT A TGC-3' 
5' -TGGGACCTTATCGTTATGCTATTTG・3'
5' -CGA TCCTCCTCGCGTTTCC-3' 

Specificity 

Maize genome 
Rice ACTl 5' -UTRo 
Maize genome 
Maize genome 
Maize genome 
Rice ACTl 5' -UTR" 

a Rice ACTl 5'ーuntranslatedregion (UTR) sequence contains the promoter and 1st exon of rice ACTINl gene. 
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A. GA21叫 5'-1一一-----GA21esp5・ー2一一一一一一』匝』ー

GA2l 5'-m ・』
『司司『一一一一GA2lesp3'-1

『司・町ーーーGA213'-m

GA21 r-DNA 
4SO 

C. GA2lesp5'-2 & GA21esp3' 

Fig_ 2_ (A) Schematic model of the positions for examined primers 

The maize genome and GA21 r-DNA are indicated by a thick line and an open box， respectively_ The arrows above 
the model indicate primers' position_ The specificities of primer pairs were examined with GA21 maize_ 
(B-G) Specificities of examined primer pairs 
Each photo shows the electrophoresis image for the amplification with the primer pair described at the top of each 
photo. Lanes 1-8， amplification of DNAs extracted from the seeds of NK603， Eventl76， T25， GA21， MON863， MON 
810， TC1507 and Btll， respectively; lane 9， non-GM maize; lane 10， non-GM soy; lane 11， Roundup Ready刊 soy;lane 
12， rice; lane 13， wheat; and lane 14， barley. Lane 15 is the negative control (no template) and lane M shows 100 bp 
ladder size standards. Each electrophoresis was performed on 3% agarose gel. 

on the flanking genome sequence， and used it for ampli-

fication with GA21 3' -m primer. Finally， we cloned a 

325 bp fragment of the junction sequence that con-

tained 268 bp of native maize genomic DNA and 57 bp 

of r-DNA of GA21 maize. 

Design 01 the event-spec併cρrimerslor GA21 maize 

The design of the novel event-specific detection 

primer pair was based on the sequencing result of the 

clone described above. We designed two forward 

primers on the maize genomic fragment and a reverse 

primer on the r-DNA fragment. Then， we evaluated the 

amplification performance of six pairs of primers， in-

cluding the primers released from Monsanto Co.判 (Fig.

2A). To harmonize with the methods developed previ-

ously， the experimental conditions followed those of the 

]apanese official PCR method for GM maize detection， 

including the concentrations of the reaction solution 

and the thermal cycle program. To evaluate the 

specificities of these primer pairs at the same time， 

DNAs extracted from the seeds of each of eight major 

events of GM maize authorized in ]apan and from other 

cereal crops were used as the templates for PCR. The 

results indicated that all of tested primer pairs were 

specific for GA21 maize (Figs. 2B-G). However， some 

non-specific bands that were different in length were 

*5 Community reference laboratory (CRL) for GM food and 
feed， E.C. Event-specific method for the quantitation of 
maize line GA21 using real-time PCR (2005). 

observed in reactions with GA21 3' -m primer. In addi-

tion， the length of this amplification product of this pair 

is nearly equal into that to the amplification product of 

the SSIIb03 primer pair (114 bp)， which is the taxonom-

ic control reaction of the real-time PCR quantitations of 

GM maize. As a result， we finally chose an event-

specific primer pair， namely GA21 esp5' -2 and GA21 

esp3' -1 that amplified a 111 bp of fragment across the 

artificial junction site (Fig. 1). This primer pair clearly 

amplified a PCR product using the DNA extracted from 

GA21 maize as a template (Fig. 2C). In contrast， no 

product was amplified from other events of GM maize， 

non-GM maize and other crops， i.e.， soy， rice， wheat and 

barley (Fig. 2C). Therefore， we concluded that the new 

primer pair was specific to GA21 maize， and demon-

strated an equivalent performance with the established 

]apanese official method under the same experimental 

conditions. 

Quantitation with GA21 maize event-spec併cprimer pair 
To apply the GA21 event-specific primer pair to the 

quantitation method based on real-time PCR system， we 

designed a TaqMan probe that contained 30 nucleotides 

of DNA fragment included in the amplification product. 
To develop the quantitation method following our pre-

vious methods12)， we also constructed a new plasmid 

molecule for analytical calibration. The calibrant 

plasmid contained the amplicon of GA21 maize event-

specific primer pair and the amplicon of SSIIb03 primer 

pair in a plasmid vector originated from pUC19 



20 ]. Food Hyg. Soc. ]apan Vol. 49， No. 1 

1()"' 1ー一一…一也叩一一一一町一一一円一一千 一一一一一一一一時一一一一町一… 10・2

10-0 ，lム '-l_ I ， _J~~i--l.._l.".j，_j.._l-l..~_l ._J._J_J，....J....~....~_.l _..l_. J_.~. ι ふ哩=ヰ五込~I 10"0 

g叩・-1j出』ι土日iJiJJJ!liJ.4ιi土ι担当士笠記JJ ~ 11)"'-1 

叩--2，j+dddd斗..LLL!.LL:.1Lぷ平士舟剖島念':''<JI全去会"'''去亜保全制廿士法叶'" 10・4

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 ~O ~ ~ ~ 38 40 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 ~O ~2 ~‘~ ~8 40 

Cycl・ Cy・1.
10" 1ー 一 一町 一…川・川・……・一・…・…・一時吋吋吋…・一一 10-1

'0" 0 ~ 'III" ! ! 11"" 111 i 1， Iハ， ， ιA婦認4膚膚事品ゐ占潟両~ ，0'0 

42m協同抽 出会担当強調諜 欄 gm 

10"・2~... ， J J :bJ _~ ! : t 1_.U__1Mb L耕三~ 唱 よ三二~ 'J.，LLLI'.."A生盛喧喧喧盛 10"-2

IO"-o ~ .. 事事崎将偽'・島払0lil;..ー暴0&買掛申込~恥ゐ申吟 tI t l ' l'  '"' 1 II  i I'  I 10・4

o 2 4 6 8 10 12 14 16 '8 20 22 24 26 28 30 32 34 ~ ~ 40 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 ~O ~ 34 ~ ~8 40 

C~" Cycl. 

Fig. 3. Amplification plots of event-specific real-time PCRs (A and B) and construct-specific real-time PCRs (C and D) 

The amplification plots for the plasmid standards are shown in A and C， and those for genomic DNA extracted from 
GA21 maize are shown in B and D. Horizontal axis indicates the cycl巴 numbersof the thermal cycle reaction and 
vertical axis indicates the fluorescence intensity level (logarithmic scale). 

plasmid， and was diluted to a concentration ranging 

from 20 to 250，000 copies per reaction， and used for the 
following experiments. Figure 3 shows typical ampli-

fication plots for a series of plasmid calibrants and the 

genomic DNA extracted from GA21 maize. Comparing 

amplification plots between the event-specific method 

and the established method that is construct-specific， no 
significant difference was found in plots for calibrant 

plasmids， because a single amplification target on each 

molecule was used (Figs. 3A and C). On the other hand， 

in comparison with amplification plots for the genomic 

DNA extracted from GA21 maize， logarithmic amplific-

ation phases of the event-specific method were sharper 

than that of the established method (Figs. 3B and D). 

Figure 4 shows the calculated copy numbers of the 

target in 50 ng of GA21 maize genomic DNA. The 

result revealed that the single copy of the event-specific 

target in a set of GA21 maize genome not only reduced 

the measurement values for the DNA extracted from 

genuine GM seeds， but also increased the precision of 

the measurements (Fig. 4). The stability of the measure-

ments also contributed to the higher precision of the 

conversion factor (Cf). The Cf values were defined 

based on the measurement values for the DNA extra-

cted from genuine GM seeds and were calculated by 
dividing the copy numbers of targets by those of the 
taxon-specific fragment (SSIIb) 1 

2). 18). In theory， the Cf 

value should be 0.5 for the event-specific method be-
cause of the heterogeneity of the single copy for the 

target and the homogeneity of the single copy for SSIIb， 

but is 2.5 for the construct-specific method because of 

the heterogeneous five copies for the target and the 

homogenous single copy for SSIIb. In this study， we 

experimentally defined Cf for the event-specific method 
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Fig.4. Comparison of calculated copy numbers 
between the event-specific method and the 
construct-specific method 

The calculated copy numbers of GA21 specific 
target sequence and the taxonomic control 
sequence， SSllb， are indicated with solid bars and 
open bars， respectively. Ten lots of samples were 
measured in triplicate for each method. The 
difference of the copy numbers of SSllb is not 
significant (t=0.15). The error bars indicate the 
standard deviation of the measurements. 
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Table 2_ Homogeneity of simulated mixtures 

95% Confidence limitb 

Methoda Mixing level， % Measured mean， %b 
Lower， % Upper， % F-value t-value 

Event-specific 0.5 0.49 0.43 0.56 0.42 0.89 

1.0 0.94 0.88 1.01 1.97 0.15 
5.0 4.29 4.04 4.55 1.91 0.16 
10.0 10.47 9.92 1l.03 0.11 l.00 

Construct-specific 0.5 0.52 0.50 0.55 l.90 0.17 
l.0 l.01 0.95 l.07 0.43 0.89 
5.0 4.63 4.36 4.93 0.19 0.99 
10.0 9.34 8.91 9.78 l.54 0.25 

a Measurements of ten lots with two replications were transformed using the logit transformation and were analyzed by 
one-way ANOV A 

b Mean and 95% confidence limits were calculated based on logistic valuses and transformed using the inverse logit 
transformation. 

Table 3_ Trueness and precision statistics for quantitation method 

Trueness Precision 
Methoda Mixing level， % 

Measured mean， % Bias， relative% SDb RSDC 

Event-speci白c 0.5 0.50 -0.57 0.053 11 
l.0 0.95 -5.3 0.091 9.7 
5.0 4.30 -14 0.34 8.0 
10.0 10.50 5.0 0.28 2.6 

Construct-specific 。目5 0.52 4.8 0.034 6.5 
1.0 l.01 l.4 0.057 5.6 
5.0 4.65 6.9 0.17 3.6 
10.0 9.36 -6.4 0.55 5.9 

αStatistical analyses w巴reconducted for ten lots with two replications. 
b SD; Sandard deviation 
C RSD; Relative standard deviation 

as 0.45， and that for the construct-specific method as 

2.09. The similarity of experimental and theoretical Cf 

values may imply that the amplification efficiency of 

the event-specific target for GA21 maize is closely simi-

lar to that of SSIIb. 

Single-labor，αtory evaluation 
A single-laboratory evaluation for the event-specific 

quantitation method of GA21 maize was planned， 

referring to the harmonized guidelines of IUP AC， ISO， 

and AOACI9
1. For this purpose， we prepared four sorts 

of simulated maize mixtures with different commingled 

levels of GA21 maize as analytical samples. Each level 

of mixtures was divided into aliquots of about 1 g 

(about one or two hundred independent packets)， and 

ten packets were chosen at random from each com-

mingled level of samples for this experiment. All of the 

samples were subjected to quantitation with the event-

specific method and the established construct-specific 

method. The measurement was done twice for each 

sample. To conduct these measurements， we first 

evaluated the homogeneity of each simulated mixture 

by the one-way ANOV A test. Table 2 shows the results 

of one-way ANOV A tests of the logit-transformed 

means for each duplicate quantitation_ These results 

showed that the between-lot variations were not differ-

ent from the within-lot variations in each sort of 

simulated mixture (Table 2)_ Thus， we concluded that 

the simulated mixtures used in the experiment were 

sufficiently homogenous within each sort. Then， using 

these measurements， we performed the preliminary 

method validation for the event-specific method， and 

compared the resuls with those for the existing con-

struct-specific method. Table 3 shows the statistical 

analysis of the results for the event-specific method and 

the construct-specific method， respectively. The rela-

tive standard deviation (RSD) scores for the event-

specific method and the construct-specific method 
ranged from 2.6% (10% mixture) to 11 % (0.5% mixture) 

and from 3.6% (5% mixture) to 6.5% (0.5% mixture)， 

respectively. The RSD scores of these two methods 
were found below 20% (Table 3). The results of single-

laboratory evaluation tests suggested that the precision 

of the event-specific method was sufficient for the quan-

titation of GA21 maize， although interlaboratory col-

laborative studies should be conducted to confirm this 
In conclusion， the event-specific quantitation method 

for GA21 maize developed in this study demonstrated 

better performance than the established construct-

specific method that is a ]apanese official method. This 

newly developed method has the advantage that the 

detection target is present as a single copy per set of G恥4

genome_ Based on this study， we are trying to develop 

a simple and rapid detection method for GM crop 
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