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Table 5. Yield and Quality of DNA in Sample Solution Extracted from Papaya Samples with Silica-membrane Type Kit

Ratio*®
Laboratory DNA conc. (ng/uL)
260/280 260/230

A 3.1x1.3 1.65+0.66 0.54%0.11
B 6.8+1.3 1.45+0.15 11.63+11.39
C 13.5+4.0 1.17+0.08 —
D 13.2%+7.1 1.52£041 —
E 9.0+3.1 1.90£0.08 —
i 04+3.5 1.28+0.05 0.70+0.17
G 16.9%2.8 1.72+0.08 1.40+1.45
H 248+89 1.32%+0.03 —3.71%+4.64
[ 7.0+1.9 1.33+0.13 —1.66+3.55
J 16.2+£3.0 1.30+0.02 0.80%0.08
K — — —
L 11.6+54 1.32+0.07 2.00+9.09
M 10.0+24 1.57£0.08 0.3810.06
N 11.0£3.0 1.67+0.14 0.52+0.22
0 33.41+6.5 1.16+0.03 13.29+22.07
P 33.21+16.2 1.1410.04 221%1.10
Q 15.1+3.0 1.73£0.18 —
R 22.2+194 1.48+0.28 0.25%1.27

Average 15.1%£11.0 1.45%0.30 2.26£8.53

—: no data

*. Ratio of UV absorption at 260 nm to that at 280 nm or 230 nm

Table 6. Yield and Quality of DNA in Sample Solution Extracted from Papaya Samples with the CTAB Method

Ratio*
Laboratory DNA conc. (ng/uL)
260/280 260/230
S 189+2.5 1.82£0.10 1.09%0.35
T 19.1x25 1.73£0.03 —
U 20.4%245 1.566%0.33 —
Average 104+13.7 1.70£0.22 1.09%0.35
~—: no data

*. See the footnote to Table b.
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Table 7. Results of Laboratory-performance Study with GUS Assay
Sample Laboratory Numb(teersc;efde*r]nblyos Ntl;1lztb?5r?1ieznz)tl):sz GUS-expression (94) Decision
Non-GM papaya K 12 0 0 —
L 12 0 0 -
M 12 0 0 -
N 12 -0 0 -
0 12 0 0 -
P 12 0 0 -
Q 12 0 0 —
R 12 0 0 -
S 12 0 0 -
T 12 0 0 -
U 12 0 0 -
v 12 0 0 -
w 12 0 0 -
Average 12 0 0
GM-papaya K 12 75 62.5 +
L 12 8.0 66.7 +
M 12 6.0 50.0 +
N 12 9.5 79.2 +
0 12 8.0 66.7 +
P 12 9.5 79.2 +
Q 12 8.5 70.8 +
R 12 10.0 83.3 +
S 12 10.0 83.3 +
T 12 10.0 83.3 +
u 12 9.0 75.0 +
Y 12 9.5 79.2 +
w 12 9.5 79.2 +
Average 12 8.8 73.7
+: positive, —: negative
* Average of two samples
Table 8. Results of Laboratory-performance Study with Qualitative PCR Method
Non-GM papaya GM-papaya
Primers
Positive Negative Positive Negative
Control papain-5’, papain-3’ 21/21% 0/21 21/21 0/21
Detection NosC-5", CaMVN-3’ 1%*%/21 20/21 21/21 0/21
Identification CaM 3-5’, GUS n-3’ 0/1 1/1 21/21 0/21
* Number positive/Number of sample
**: false-positive
First PCR was performed with the control and detection primer pairs.
When the result was positive, a second PCR was performed with the identification primer pairs.
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Development of a Multiplex Polymerase Chain Reaction Method
for Simultaneous Detection of Eight Events of Genetically
Modified Maize
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Kanagawa 243-0041, Center for Food Quality, Labeling and Consumer Services, 2-1 Shintoshin,
Chuo-ku, Saitama, Saitama 330-9731, National Food Research Institute, 2-1-12 Kannondai, Tsukuba,
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Sciences, 1091-1 Maezato-Kawarabaru, Ishigaki, Okinawa 907-0002, and National Institute of Health
Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

In this study, we developed a novel multiplex polymerase chain reaction (PCR) method for
simultaneous detection of up to eight events of genetically modified (GIM) maize within a single reaction.
The eight detection primer pairs designed to be construct specific for eight respective GM events
(i.e., Bt11, Event176, GA21, MONB810, MON863, NK603, T25, and TC1507) and a primer pair for an
endogenous reference gene, ssilb, were included in the nonaplex(9plex) PCR system, and its amplified
products could be distinguished by agarose gel and capillary electrophoreses based on their different
lengths. The optimal condition enabied us to reliably amplify two fragments corresponding to a
construct specific sequence and a taxon specific ssilb in each of the eight events of GM maize and
all of nine fragments in a simulated GM mixture containing as little as 0.25% (w/w) each of eight
events of GM maize. These results indicate that this multiplex PCR method could be an effective
qualitative detection method for screening GM maize.

KEYWORDS: Mulkiplex PCR; genetically modified (GM); maize; Bt11; Event176; GA21; MONS810; MONS63;

NIK603; T25; TC1507; sslib

INTRODUCTION

Biotechnology has been used in modern farming and is
advantageous to the related industries, since the initial com-
mercialization of the genetically modified (GM) tomato in the
United States in 1994. In fact, the global area of GM crops
increased nearly 50-fold between 1996 and 2004 (from 1.7
million to 81.0 million hectares) (/) and is expected to continue
to rise. GM crops have been authorized for food and/or feed by
many countries based on their own criteria for safety assessment.
However, consumers have been demanding appropriate infor-
mation and labeling for foods derived from GM crops. Thus,
fabeling systems have been introduced for GM foods in the
European Union, Korea, Japan, Australia, and other countries,
and each of these systems is distinct. For example, the threshold
levels for the unintentional presence of GM materials in non-
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Fax: +81-29-838-7996. E-muail: tloguchi@niti.affrc.go.jp.
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GM crops have been defined as 0.9% in the European Union
(2), 3% in Korea (3), and 5% in Japan (4).

For the monitoring of labeling systems, it has been necessary
to develop methods for detecting genetically modified organisms
(GMO:s) in foods. Two approaches are available as follows:
detecting the protein produced by the introduced trait gene
through the detection of its specific antibody, such as by
enzyme-linked immunosorbent assay (reviewed in 5, 6), and
detecting a specific DNA sequence used for gene modification
by the polymerase chain reaction (PCR) (reviewed in 6—9), For
detection of GM maize in foods and food materials, PCR-based
detection methods that are able to detect even small amounts
of transgenes in raw materials and processed foods have been
routinely used (/0—19).

On the other hand, the cost and duration of analyses could
constitute one of the major bottlenecks for providing consumers
with cost effective labeling and detection of the conventional
ot non-GM food supply chains. Thus, there is a needito develop
time and cost effective detection methods to preserve the
freedom of choice of consumers. We have been tackling the
research and development of multiplex PCR methods as a
solution. Multiplex PCR is a useful method that employs several

© 2005 American Chemical Society
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primer pairs in the same amplification reaction for a sample
DNA and can detect multiple target DNA sequences by
simultaneous amplifications in one tube. Because the number
of GM crops is continuously increasing, multiplex PCR would
be one useful method for screening GMO content in raw
materials and/or processed foods. Several methods using
multiplex PCR for the detection of GM maize and/or soy have
already been described (20—22). We also reported a multiplex
PCR system for the simultaneous detection of five events of
GM maize, i.e., Btll, Event176, GA21, MON8§10, and T25,
that were authorized for food and feed in Japan and the United
States before the year 2000 (70, 23). After publication of the
report, another three events of GM maize (MON863, NK603,
and TC1507) were authorized in Japan. In this study, we
designed construct specific primers for these three GM maize
events using recombinant DNA (1-DNA) information in the
public domain. Additionally, we redesigned the primer pair for
T25 involved in the previous report (23), because the target
sequence amplified by the primer pair is contained not only in
T25 maize but also in TC1507 maize. Then, we developed a
method for simultaneously detecting all eight authorized GM
maize events in the same tube by multiplex PCR.

MATERIALS AND METHODS

Maize (Zea mays) and Other Cereal Materials. Dry seeds of eight
events 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 (Indianapolis, TN}, one
progeny each of MONB810, MONR863, GA21, and NK603 developed
by Monsanto Co. (St. Louis, MO), and a progeny of T25 developed
by Bayer CropScience AG (Monheim am Rhein, Germany), were kindly
provided by their developers. Dry seeds of QC9651 maize (Quality
Traders, Inc., Huntley, IL) were also provided by the developer and
used as a non-GM control. We used several other cereal materials as
nontarget controls, such as soy, rice, wheat, and barley. Dry seeds of
Roundup Ready (RR) soy (Monsaato Co.) were directly imported from
the United States. Dry soybeans harvested in Ohio in 1998 were also
directly imported and used as non-GM soy. Seeds of the rice (Oryzu
sativa) variety Kinuhikari, the wheat (Triticum acstivum) variety
Haruyutaka, and the barley (Hordeum vulgare) variety Harrington were
obtained in Japan.

Preparation of Test Samples and DNA Extraction. Dry seeds were
ground with a P-14 speed rotor mill (Fritsch GmbH, Tbar-Oberstein,
Germany). The ground materials were freeze-dried for 24 h in a FDU-
540 freeze drier (Tokyo Rikakikai Co., L1d., Tokyo, Japan) and stored
at —20 °C uatil use. The seven levels of simulated GM mixture samples
containing 0, 0.05, 0.1, 0.25, 0.5, 1, and 5% (w/w) of each of eight
events of GM maize in non-GM maize used for experiments were made
from the ground materials. DNA extractions were performed using the
DNeasy Plant Maxi kit (Qiagen GmbH, Hilden, Germany) as described
in our previous reports (/8). The DNA concentration of solutions was
determined by measuring UV absorbance at 260 nm, and the quality
was evaluated by the absorbance ratios at 260/280 and 260/230 nm; in
the majority of maize varieties studied, the absorption ratio at 260/23)
am was >1.7 and that at 260/280 was between 1.7 and 2.0. These
DNA samples were used for the subsequent experiment.

Oligonucleotide Primers. To design primers, we chose the construct
specific regions from the artificial junction contained in r-DNAs and
found the most suitable olizonucleotide sequences in these regions using
Primer Express software (Applied Biosystems, Foster City, CA). The
oligonucleotides were checked using a public database (i.e.. DDBJ),
and it was confirmed that they did not match unintended DNA. The
primer pairs developed herein for use in the sequence analyses of
transgenes and multiplex PCR are listed in Tables 1 and 2, respectively.
These primers were synthesized by Fasmac Co., Lid. (Kanagawa, Japan)
and purified by high-performance liquid chromatography. Each oligo-
nucleotide was dituted to the appropriate concentration to conduct
multiplex PCR with the appropriate volume of sterilized water,

Onishi et al.

DNA Sequencing, The structural information of r-DNA integrated
in GM maize was available in safery assessment documents published
by the Ministry of Health, Labor and Welfare (MHLW) and the Ministry
of Agriculture, Forestry and Fisheries (MAFF) of Japan. In this study,
we analyzed DNA sequence involved in artificial junctions between
DNA segments (e.g., the promoter and structural genes) and verified
the r-DNA structures (data not shown). The regions sequenced in this
study are indicated in Figure 1. These regions were amplified under
the following conditions: The reaction volume of 25 uL contained 25
ng of genomic DNA, 0.2 gmol/L of each of the primers listed in Tahle -
1, 0.2 mmol/L dNTP, 1.5 mmol/L MgCl;, and 0.625 units of AmpliTaq
Gold DNA polymerase (Applied Biosystems). Reactions were buffered
by the addition of the PCR buffer 11. Amplification was performed in
a thermal cycler according to the following PCR step-cycle program:
preincubation at 94 °C for 10 min, 40 cycles consisting of denaturation
at 94 °C for 1 min, annealing at 60 °C for 1 min, and extension at 72
°C for 1 min, followed by a final extension at 72 °C for 7 min. The
amplified products were directly sequenced by Fasmac Co., Lid.

Simplex PCR Conditions, The reaction volume of 25 yL contained
25 ng of genomic DNA, 0.2 mmol/L dNTP, 1.5 mmol/L MgCl,, 0.2
yimol/L of the 5~ and 3-primers, and 1.25 units of AmpliTaq Gold
DNA polymerase (Applied Biosystems). The reactions were buffered
with the PCR buffer I (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: preincubation at 95 °C for 10 min; 10 cycles consisting of
denaturation at 95 °C for 0.5 min, annealing at 63 °C for 1 min, and
extension at 72 °C for | min; 27 cycles consisting of denaturation at
95 °C for 0.5 min, annealing at 60 °C for | min, and extension at 72
°C for | min; followed by a final extension at 72 °C for 7 min.

Maultipiex PCR Conditions. Two different multiplex PCR reaction
mixes were used in this study. For the tetraplex (4-plex) PCR that could
detect four events -of GM maize, i.e,, MON836, NK603, T25, and
TC1507, the reaction volume of 25 ul. contained 25 ng of genomic
DNA, 0.2 mmol/L dNTP, 1.5 mmol/L MgCla, 1.25 units of AmpliTaq
Gold DNA polymerase (Applied Biosystems), and 0.2 #mol/L. each of
the M810 1—5’, NK603 1~3’,T25 2—5’, T25 2—3’, M863 1—5", M863
1-3, TC1507 1—5’, and TC1507 1-3’ primers. For the nonaplex (9-
plex) PCR that could detect eight events of GM maize and a maize
endogenous reference gene (ssI7h) in one tube, the reacton volume of
25 uL contained 25 ng of genomic DNA, 0.2 mmol/L dNTP, 1.5
mmol/L MgCl,, 1.25 units of AmpliTaq Gold DNA polymerase, and
15 primers at the following concentrations: 0.2 ymol/L for M810 15,
NK603 1-3, M863 1—5’, M863 1—3, Btll [—5’, and crylA 1-3"
0.1 pmol/L for T25 2—5°, T25 2~3', GA21 1-5", GA21 1-3', TC1507
1~5’, and TC1507 1—3’; 0.05 pmol/L for Event176 1—5"; and 0.045
pmol/L for SSI1Ib 1—5" and SSIIb 1—3’. On both of the multiplex PCRs,
the reactions were amplified in a Silver 96 well GeneAmp 9700
{Applied Biosystems) in max mode, according to the following step-
cvcle program: preincubation at 95 °C for 10 min; 10 cycles consisting
of denaturation at 95 °C for 0.5 min, annealing at 65 °C for | min, and
extension at 72 °C for 1 min; 27 cycles consisting of denaturation at
95 °C for 0.5 min, annealing at 60 °C for | min, and extension at 72
°C for 1 min; followed by a final extension at 72 °C for 7 min.

Analysis of PCR Products. The PCR products were analyzed by
aparose gel electrophoresis and/or capillary electrophoresis. The agarose
gel electrophoresis was performed in a 3% (w/v) LO3 agarose (Takara
Bio Inc., Shiga. Japan) gel with 0.5 yrg/mL ethidium bromide (Sigma-
Aldrich, St. Louis, MO). A 5 uL aliquot of each PCR product was
electrophoresed at a constant voltage (100 V) for 30 min in 1 x TAE
buffer 40 mmol/L Tris-HCl, 40 mmol/L acetic acid, and [ mmol/L
EDTA (pH 8.0) (Wako Pure Chemical Industries, Ltd., Osaka, Japan).
After the electrophoresis was finished, the gel was scanned by a
Molecular Imager FX system (Bio-Rad Laboratories Inc., Hercules,
CA). The capillary electrophoresis apalysis was performed using an
SV1210 microchip electrophoresis analytical instrament with an IC-
4100 short DNA fragment analysis reagents kit (Hitachi High-
Technologies, Tokyo, Japan). One microliter aliquots of 10-fold
dilutions of PCR products were electrophoresed with the internal control
fragments (10 and 500 bp) in a water soluble cellulose derivative at a
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Figure 1. Schematic diagrams of the designed primers in relation to the r-DNAs. The structures of the r-DNAs {ransformed into NK603, MONB863,
TC1507, and T26 are shown as boxes in A~D, respectively. The structural trait genes are shown in filled boxes, and the other elements, including the
promoters and terminators, are shown in open boxes. The gray boxes outlined with a dashed line indicate the 610 bp region of the pUC18 vector
segment contained in T25 -DNA. The broad lines attached to the boxes indicate the sequenced border sequences of DNA fragments introduced to each
GM event. The amplified regions for sequencing are indicated as double lines with the primers used for the amplificaion shown at the end. The detection
regions of the multiplex PCR method are indicated s broad lines with the primers used for the amplification shown at the end. The restriction enzymes
that were used in the restriction analyses are indicated on their digestion sites.

constant voltage (350 V) for 4.5 min and analyzed by the sofrware
included in the system.

RESULTS AND DISCUSSION

DNA Sequencing and Primer Design. To design primer
pairs suitable for the multiplex PCR, we first examined
structures of the r-DNA integrated in three target events of GM
maize (i.e., the three newly authorized events: NK603, MONS63,
and TC1507). Structural information about the -DNAs of GM
maize events authorized in Japan was taken from public domain
sources as described in the Materials and Methods section. We
were also able to obtain sequence information on each of the
DNA segments introduced to GM maize events from the DNA
Data Bank of Japan (DDBJ). Then, we analyzed the DNA
sequence involved in the artificial junctions between DNA
segments (e.g., the promoter and structural gene) and verified
the r-DNA structures. The 10 amplified DNA segments used

for the sequence analysis in this report are shown in Figure
1A—C. and the primers are shown in Table 1. The sequencing
results showed that the r-DNA structures agreed with the
information from the public domain, and the sequences of DNA
segments involved in the sequenced regions matched the
information from DDBJ. The sequencing results are not provided
due to a nondisclosure agreement with developers.

On the basis of the sequencing results, we chose the construct
specific regions from the artificial junction(s) contained in
r-DNAs and found the most suitable oligonucleotide sequences
in these regions using a software package (Table 2). The
oligonucleotides were checked using the public database (i.e.,
DDBJ), and it was confirmed that they did not match unintended
DNA. To ensure the detection specificities, one primer from
each pair was designed to anneal to a trait gene of its target
GM maize, and the other was designed 1o anneal to another
element that places an artificial junction(s) and adjoins the trait
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Table 4. List of Sequencing Primers
targeted amplicon
GM name sequence specificity {bp) ref

NK603 sNK603 5'u-1 5.GGAGTCAAGAAGGGGAGGAGG-Y NK603 plant genome/sense 742 a
rAct pro 1-3 5-GGGCTTGCTATGGATCGTG-3 r-act pro./antisense 11
rAct 1-5” 5-ATCTTTGGCCTTGGTAGTTTG-3 r-act pro./sense 2163 23
NOS-3 5-TTATCCTAGTTTGCGCGCTA-3’ NOS ter./antisense 30
CMo1 5-CTCTAGAAATGCCATCATTGCGATA-3 358 pro./sense 1485 10
EPSPS 1-3' 5-ATCCTGGCGCCCATGGCCTGCATG-3 cp-4 epspsiantisense 31
HS01 5-AGTTTCCTTTTTGTTGCTCTCCT-3 hsp 70int.Jsense 1943 10
NOS-3 5-TTATCCTAGTTTGCGCGCTA-3' NOS ter./antisense 30
NOS-1 5-GAATCCTGTTGCCGGTCTTG-3 NOS ter./sense 466 1
sNK603 3'd-1 5-AGAGTGGAAGTGTGTCGCGTG-3 NKG03 plant genome/antisense a

725 T251-5 5-GCCAGTTAGGCCAGTTACCAA-3 patisense 933 23
T25¢5-1-% 5-CTGGCGCCGTCGACTC-3 T25 plant genomefantisense b

MONB863 NOS ter 3-5’ 5.GTCTTGCGATGATTATCATATAATTTCTG-3 NOS ter./sense 3062 11
atahsp01-3’ 5 .TGCACTCAAAATCAGAACAATTTATT-3 tahsp17/antisense X13431
sMON863c5”-1-5 5'-CCAAGAGCGCTTATGTCATATGG-3 MON863 plant genomelsense 504 a
P3581-%' 5-CCTCTCCAAATGAAATGAACTTCCT-¥ 35S pro./antisense 23

TC1507 P-ubi011-5" 5-CTGCCTTCATACGCTATTTATITGC-3 ubi pro./sense 3193 594464, U29158,
P35S 2-3’ 5-CCTCTCCAAATGAAATGAACTTCCT-3' 358 pro./antisense US6054574, 32, 33

11

CMo1 5-CACTACAAATGCCATCATTGCGATA-3’ 358 pro.sense 961 10
T3554-3" 5.-TTTTAGTACTGGATTTTGGTTTTAGGAATTAG-3 355 fer./antisense 11
T251-5 5-GCCAGTTAGGCCAGTTACCCA-3' pallsense 458 23
Cry1Fr 5'-CGAATAGAAAATACTGCACTGCAA-3’ ¥-polyA/antisense c

2 Dasign of these primers was based on the information provided from Monsanto with a nondisciosure agreement. b Design of this primer was based on the information
provided from Bayer GropScience with a nondisclosure agreement. ©Design of this primer was based on the information provided from Dow AgroScience with a nondisclosure

agreement.

Table 2. List of Primers for the Multiplex PCRs

targeted amplicon restriction enzyme
GM name sequence specificity {bp) (digestion products)? ref
NK603 M810 1-5 5.GAGTTTCCTTTTTGTTGCTCTC 3" hsp70int./sense 444 Xbal 23
NK603 1-3’ 5-GCTGCTTGCACCGTGAAG-3 cp-4 epspslantisense (174 bp/270 bp)
Eventi76 E176 1-5 5-GTAGCAGACACCCGTCTCCACA-3 PEPC pro./sense 343 BstEll 23
orylA 1-3 5. TCGTTGATGTTKGGGTTGTTGTTC-3 crylA(b)lantisense (91 bp/252 bp) 23
T25 T26 2-5 5-GGCATGATGTTGGTTTTTGGCAAAG-3 pallsense 311 Sfil
T252-3 5-AATTCGAGCTCGGTACCCCT-3' pUC18/antisense (59 bp/252 bp)
GA21 GA21 1-5’ -ACGGTGGAAGAGTTCAATGTATG-3' OTP/sense 270 Sfif 23
GA211-% 5-TCTCCTTGATGGGCTGCA-¥ m-epspslantisense (114 bp/156 bp) 23
MON863 M863 1-5’ 5-GATGACCTGACCTACCAGA-3 cry3Bb1isense 234 EcoRl
MB863 1-3 5-GCACACACATCAACCAAATT-¥ tahsp17/antisense {171 bp/63 bp)
MON810 M810 1-5" §-GAGTTTCCTTTTTGTTGCTCTC-3 hsp70int./sense 199 BsaAl 23
_ crylA 1-3 5-TCGTTGATGTTKGGGTTGTTGTTC-3' crylA(b)antisense (83 bp/116 bp) 23
sshib SSlib 1-5 5-CTCCCAATCCTTTGACATCTGC-3' ssliblsense 151 12
SSlib 1-3 -TCGATTTCTCTCTTGGTGACAGG-3 ssliantisense 12
TC1507 TC1507 1-5 -“TTGACAGGTTTGAGTTGATTCCAG-3 crylFaZisense 131 Hindili
TC1507 4-3' 5'-CCAAGAACTCATGTTAGTCGCAA-Y "-polyA/antisense (65 bp/66 bp)
Bt11 Bt11 1-5" 5-CCATTTTTCAGCTAGGAAGTTC-3 adh1-1S 1VS6/sense 110 Xbal 23
crylA -3 " TCGTTGATGTTKGGGTTGTTGTIC-3 crylA(b)lantisense (72 bp/38 bp) 23

2 The lengths of PCR products after restriction digestions shown in Figure 4B.

gene. Each primer pair was also designed to distinguish the
length of the amplified product from the length of other
amplified products and from the four events of GM maize
utilized in the previous report (23). i.e.. MONS810, Eventl 76,
Btl1, and GA21. The differences in PCR product lengths are
shown in Table 2. For detection of NK603, we designed a new
3"-primer, NK603 1—3’, on the cp4-cpsps gene. The MON8I10
1 -5 primer, which had been previously designed on the intron
sequence of the .drabidopsis thaliana hsp70 gene for the
detection of MONB810 (23), was used as a 5’-primer, as shown
in Figure 1A and Table 2. For detection of MON863, 5™- and
3-primers were designed on the ¢7y:3Bb/ gene and the termina-
tor of the Triticum aestivum hspl7 gene, respectively (Figure
1B and Table 2). For the detection of TC1507, 5~ and

3'-primers were designed on the crp3Fa2? gene and a polyade-
nylation signal sequence from Agrobacterium tumefaciens
ORF2S5, respectively (Figure 1C and Table 2).

Tn addition, we needed to design a new T25 construct specific
primer pair that does not cross-react with TC1507, because our
previously reported target sequence for T25 construct specific
detection (23) was also found in the construct of TC1507, as
shown in Figure 1C,D. Tt was also reported that the r-DNA
introduced to T25 included two DNA fragments matching with
the pUC18 vector in T25 r-DNA (J9). We therefore focused
on the analysis of DNA sequences in the 3'-flanking regions of
the cauliflower mosaic virus (CaMV) 358 terminator, as shown
in Figure 1D, to detect the construct specific sequence of T25.
As a result of the analyses of the downstream regions of pat
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Figure 2. 1-DNA sequence comparison of T25, TC1507, and Bt11. All of these shared the same pat gene (indicated by dashed boxes). In the region
downstream of the pat gene, TC1507 and T25 have a CaMV35S terminator (open boxes), and Bt11 has a NOS terminator (gray boxes). The italicized
lower case leiters indicate the pUC18 vector segments contained in T25 and Bt11, and the 16 bp specific to T25 is shown in bold italics. The new
detection primers designed in this study are indicated by boxed arrows. The dashed arrows on the DNA sequences indicate the detection primers
previously reported (15). The numbers at the end of each line show the positions from the initiation codon of the pat gene.

genes in T25, TC1507, and Btl 1, we found a unique sequence
of 16 bp at the junction region between the CaMV 358
terminator and the pUCI8 vector in T25 (Figure 2). A new
3’-primer including the 16 bp sequence (T25 2—3") and a new
5'-primer (T25 2~5’) on the pat gene were designed for the
detection of T25 (Figure 2 and Table 2).

Because the amplification products for NK603, T25, MON863,
and TC1507 have only one digestion site cach, Xbal, Sfil, EcoRT,
and Hindlll, respectively (Figure 1), it was possible to confirm
that each amplification product definitely corresponded to its
specific target by means of restricted enzyme digestion (Table
2). The restriction enzymes used to confirm the amplification
products of the previous multiplex PCR method have already
been described (23); however, we thought that performing the
restriction analyses as an additional confirmation could improve
the reliability of this method.

The specificities of the designed primer pairs were individu-
ally assessed by simplex PCR tests. The DNAs extracted from
the seeds of each of eight events of GM maize and from the
other cereal crops were used as the template genomic DNAs.
As shown in Figure 3, all simplex PCR systems specifically
amplified products of the expected lengths from the DNA
extracted from each target GM maize sample. In particular, the
new T25 primer pair could specificallv detect T25 DNA and
no amplification products from TC1507 (Figure 3B). Tn contrast,

each of these primer pairs amplified no product from DNAs
extracted not only from other events of GM maize and non-
GM maize but also from other crops, i.e., soy, rice, wheat, and
barley. On the other hand, we also performed simplex PCR tests
using the four primer pairs to detect Btll, Event1 76, GA21,
and MON810, which were used in the previous multiplex PCR
method (23) to reconfirm the specificities of previous PCR
systems. The results showed that these primer pairs amplified
no products from DNAs extracted from NK603, T25, MON863,
and TC1507 (data not shown). Therefore, we concluded that
all eight of these primer pairs were specific to their respective
target events in maize samples. The specificity for other GM
crop events, such as cotton, sugar beet, and rapeseed, should
be tested in the future, although the major raw materials for
foods are soy and corn.

Tetraplex PCR Method for Detection of Newly Authorized
GM Mazize. We examined the specificity of these primer pairs
under the multiplex PCR conditions. Tetraplex PCR for detec-
tion of four events of GM maize, ie., NK603., MONS863,
TC1507, and T25, was performed using a reaction mixture
including four primer pairs at a concentration of 0.2 umol/L
each. The other experimental conditions were the same as
described in the previous report (23). The DNAs extracted from
eight events of pure GM maize, non-GM maize, soy, rice, wheat,
and barley were used as template DNASs. In addition, the DNAs
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Figure 3. Specificities of detection primer pairs designed for the multiplex
PCR. Simplex PCR products amplified with the NK603 primer pair (A),
T25 primer pair (B), MON863 primer pair (C), and TC1507 primer pair
(D) were electrophoresed on 3% agarose gel. Lanes 1--9, amplification
of maize DNAs exiracted from the seeds of each representative variety
of maize of NK603, T25, MON863, TC1507, non-GM variety, Event176,
GA21, MON810, and Bt11 maize, respectively; lanes 10-14, amplification
of DNAs from non-GM soy, RR soy, rice, wheat, and barley, respectively;
fane 15, negative control {no DNA); and M, 100 bp ladder size standard.

extracted from the simulated GM mixture that included equal
weights of each of eight events of GM maize [equivalent 1%
(w/w) of each of eight events of GM maize] in non-GM maize
were used as template DNAs in these specificity tests. As shown
in Figure 4A, tetraplex PCR amplified only a fragment that
corresponded to the expected DNA length in cach of the four
target events and clearly amplified all four of the PCR products
in the simulated GM mixture, Furthermore, the restriction
analyses of these amplified products clearly showed that the
products corresponded to the target sequences of NK603, T25,
MONB863, and TC1507 (Figure 4B). In contrast, no amplifica-
tion was observed with the DNA extracted from the nontarget
GM maize, non-GM maize, soy, rice, wheat, and barley. These
results indicated that these four primer pairs were compatible
in the multiplex PCR systemn.

To evaluate the sensitivity of this tetraplex PCR method, we
prepared seven levels of simulated GM mixture samples

Onishi et al.

containing 0, 0.05, 0.1, 0.25, 0.5, 1. and 5% (w/w) of each of
eight events of grained GM maize in grained non-GM maize.
We made 2—4 independent mixtures for each concentration,
and the DNA was extracted from all samples in duplicate and
was used to analyze in duplicate (n = 8—16). All of the four
target specific amplified products were reliably detected with
DNAs extracted from the simulated GM mixture containing over
0.1% of each GM event (data not shown). These results show
that this tetraplex PCR system could distinguish each of four
events of GM maize newly designed from other events of GM
maize, soy, rice, wheat, and barley. We have already reported
a hexaplex (6-plex) PCR system that could detect and distinguish
five events of GM maize (i.e, Btll, Event 176, GA21,
MONS10, and T25) and an endogenous reference gene (zein)
(23). Tn this study, we confirmed that the removal of a primer
pair for the detection of T2S5 from the hexaplex PCR system
had no effect on the detection specificities of the other four
events and an endogenous reference gene (data not shown). We
therefore conclude that it is possible to detect and distinguish
these eight events of GM maize by using either of these two
multiplex PCR reactions.

Evaluation of the Nonaplex PCR Method for Detecting
Eight Events of GM Maize. As described above, the four
primer pairs designed in this study showed high detection
specificities under the multiplex PCR conditions. Because the
amplification products from these two multiplex systems were
designed to have mutually different lengths, we could apply
these primer pairs to multiplex PCR. In addition, we also
changed the control DNA sequence for a taxon specific gene
to a starch synthase IIb (sslIb) gene from zein. which we
previously used, because the zein gene belongs to a multigene
family and shows polymorphism in the maize variety (24). The
ss1Tb is a single copy gene in the maize genome (25). The taxon
specific sequence of the ss/Jb gene has already been applied in
owr quantitative PCR method (/2, 13), which was adopted as a
standard (the official method) in Japan and Korea (26—29). As
the endogenous contro! primers for the new nonaplex PCR, we
used the primers SSIIb 1—5" and SSIIb 1—3’, which amplify
the 150 bp fragment (72). Moreover, the copy numbers of taxon
specific sequences (ss//b) per genome have also been assessed
for 20 representative varieties of maize by the comparison of
Ct values in our quantitative PCR system (data not shown),
Thus, we attempted to develop a nonaplex PCR system to
simultaneously detect all eight events of GM maize and the ssllb
gene by multiplex PCR in the same tube.

In attempting to develop the nonaplex PCR, we first
performed reactions under the same conditions as for the
tetraplex PCR, including the concentration of primers (0.2 ym/L
each), but we were not able to simultaneously observe all nine
of the amplified bands from the simulated GM mixture
containing 1% each of eight GM maize events. We therefore
attempted to determine the optimal conditions for the nonaplex
PCR, e.g., the concentrations of each primer, thermal cycle
program, and concentration of MgCl,. The optimal concentra-
tions of eight GM events and the taxon specific primer pairs
containing the primer mixture were examined using DNA
extracted from the simulated GM mixture containing 1% of each
GM event and were modulated to obtain PCR products having
electrophoretic bands with intensities as nearly equivalent as
possible. The thermal cycling program was optimized for the
Silver 96 well GeneAmp 9700. We examined several cycling
programs with different annealing temperatures (i.e., ranging
from 60 to 65 °C) and different numbers of cycles. A two-step
annealing—extension process was used, in which the first 10
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Figure 4. (A) Specificities of the multiplex PCR for detection of four events of GM maize: NK603, T25, MON863, and TC1507. The specificiies were
investigated by multiplex PCR conditions including the four primer pairs of NK603, T25, MON863, and TC1507 for the template DNAs extracted from
the seeds of each of the GM events and non-GM maize and other cereal materials. Lanes 1-10, amplification of maize DNAs from NK603, 725,
MONBE3, TC1507, non-GM maize, Event176, GA21, MONB10, and Bt11, respectively; lanes 11~15, non-GM soy, RR soy, rice, wheat, and barley,
respectively; lane 16, negative control (no DNA); and M, 100 bp ladder size standard. PCR products were electrophoresed on 3% agarose gel. (B)
Restriction analyses of the amplified products of the multiplex PCR. The products amplified from the simulated GM mixture containing 1% of each of
eight events by the multiplex PCR for the detection of four events of GM maize were digested with Xbal (a), Sf (b), EcoRl {c}, and Hindlll (d). The
electrophoregrams of nondigested products and digested products are shown in lanes 1 and 2, respectively, and digested bands are indicated by
arrowheads. The lengths of digestions were roughly correspondent to the expected lengths described in Table 2.
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Figure 5. Specificities of the one tube multiplex PCR for eight events of GM maize. Lanes 1-8, amplification of DNAs extracted from the seeds of each
event of GM maize, NK603, T25, MON863, TC1507, Event176, GA21, MON810, and Bt11, respectively; lane 9, the simulated GM mixture containing
1% of each event of eighl GM maize; lane 10, non-GM maize; lanes 11-15, non-GM soy, RR soy, rice, wheat, and barley, respectively; lane 16, negative
control (no DNA); and M, 100 bp fadder size standard. PCR products were eleclrophoresed on 3% agarose gel.

cycles contained an annealing step with a higher temperature amplified two fragments corresponding to a construct specific

than the subsequent cycles in order to reduce nonspecific primer
annealing, and the following 27 cycles were performed to
amplify specific products effectively. The other experimental
conditions, including the concentration of MgCl,, were the same
as described above. Although we examined the use of a higher
concentration of MgCl; in the reaction solution, we found that
higher MgCl, enhanced the amplification of some targets but
increased the number of nonspecific amplifications from other
crops.

Figure 5 shows a typical result of the multiplex PCR
performed under the optimized conditions. The multiplex PCR

sequence and a taxon specific ssI76 in each of the eight events
of GM maize and amplified only an ss7Tb fragment in the non-
GM maize (Figure 5). Because it was expected that amplifica-
tions of ssIIb with low concentrations of primers (0.045 mmol/L
each) were as sensitive as the GM specific amplifications
inctuded in the multiplex PCR to the absence of PCR inhibitors
in sample solutions, the amplification of ssZ/b bands could be
used as an internal control to distinguish true negative results
from PCR inhibition or failure when the samples included maize
genomic DNA. This multiplex PCR causes no amplified
products from soy, rice, wheat, and barley. These results
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Figure 6. Capillary electrophoresis analysis of the one tube multiplex
PCR products. A product amplified from the simulated GM mixture
containing 1% of each of eight events was analyzed. The peaks of the
amplifications specific to GM maize and the taxon marker are indicated
by dark arrows. The lengths of the peaks were estimated by the
comparisons of mobility with the internal controls contained in the reagents
kit (indicated by the white arrows), and the sizes of the specific peaks
corresponded with the expected length. The profile shown under the
chromatogram is the simulated gel image generated from the results of
the capillary electrophoresis analysis by the software included in the
SV1210 microchip system.

e

indicated that this method is sufficient to distinguish the eight
events of GM maize. Furthermore, from the simulated GM
mixtre containing 1% of each GM event, this multiplex PCR
could simultaneously amplify nine different lengths of fragments
corresponding to the taxon specific ss/7b marker and the eight
events of GM maize, respectively, as shown in lane 9 of Figure
§, although the intensities of the bands derived from the nine
amplified products were not equivalent.

We analyzed the amplified products by electrophoresis on
3% agarose gels and could distinguish all nine products from
the one-tube multiplex PCR. Agarose gel electrophoresis is
suitable for routine analyses, because it can be performed simply
and cheaply. However, we also examined the capillary elec-
trophoresis analysis using an SV1210 microchip electrophoresis
analytical system, which electrophoreses PCR products in a
capillary filled with a water soluble cellulose derivative. Figure
6 shows a typical result of the capillary electrophoresis analysis
of the amplified products from DNA extracted from the
simulated GM mixture containing 1% of each of eight events
of GM maize. The capillary electrophoresis could separate
fragments more clearly and more rapidly than the agarose gel
electrophoresis. The high separation ability of the capillary
electrophoresis will enable separation of more amplified prod-
ucts as the number of GM events that the multiplex PCR method
can detect continues to grow.

Sensitivity of the Nonaplex PCR Method. The sensitivity
of the multiplex PCR sysiem was evaluated by applying
simulated GM mixtures described above to agarose gel elec-
trophoresis. We performed a one-tube multiplex PCR with
DNAs extracted from the simulated GM mixtures and were able
to reliably observe all of the nine amplified bands simultaneously
from that the stimulated GM mixtures containing more than
0.25% of each of cight events of GM maize (Figure 7). These
amplifications, however, could detect the DNAs extracted from
the simulated GM mixtures that contained either 0.1 oi 0.05%
of each of the GM events, but there were few instances in which
all of the bands were simultaneously detected, e.g., four out of
ten trials for the stimulated GM mixtures containing 0.1% of
cach of the GM events and one out of eight trials for the
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Figure 7. Sensitivity analyses of the one tube multiplex PCR. Amplified
products from the simulated GM mixtures containing either 0.05, 0.1, 0.25,
0.5, 1, or 5% (w/w) of each of the eight events of GM maize are shown
in lanes 2—7, respectively. Lane 1, non-GM maize; lane 8, negative confrol
{no DNA); and M, 100 bp ladder size standard. PCR products were
electrophoresed on 3% agarose gel.

stimulated GM mixtures containing 0.5% of each of the GM
events. Therefore, we concluded that this multiplex PCR method
has sufficient sensitivity to detect all eight events of GM maize
simultaneously from the samples made up of the stimulated GM
mixtures containing 0.25% of each of the GM events The
sensitivity of multiplex PCR, however, might be affected when
the one GM event is more concentrated than the others, because
the amplifications from a more concentrated GM event might
inhibit the amplification of another less abundant target. These
results indicated that the multiplex PCR system has sufficient
performance as a method for screening GM maize. As a next
step, we plan to conduct interlaboratory collaborative trials to
determine the practical limits of detection (LOD) of this method,
as well as the applicability of this method to processed food
samples.

In this study, we proposed a novel qualitative multiplex PCR
method to simultaneously detect eight GM events in maize that
were currently being grown for commercial purposes. This
method was able to specifically detect all eight events with high
sensitivity. These results indicated that this multiplex PCR
method is an effective qualitative method to screen for the
presence of GM maize in non-GM maize materials. Furthermore,
this method could be useful as a monitoring method for hybrid

" stack progenies between two different events of GM maize,

because the acreages of these varieties are quickly increasing
in the United States. Plans are underway to confirm the
reliability of the one-tube multiptex PCR method through
interlaboratory collaborative studies.

ABBREVIATIONS USED

bp, base pair(s); CaMV, cauliflower mosaic virus; GM,
genetically modified; GMO, genetically modified organism;
LOD, himit of detection; PCR, polymerase chain reaction;
r-DNA, recombinant deoxyribonucleic acid; RR, Roundup
Ready.
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Polymerase Chain Reaction Technology for Detection of Unapproved
Genetically Modified Maize Line (Bt10 Line)
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1. FC®HIC

2005 4E 3 H 22 HicAM&ant, £+ v 54 vk Nature
DO News! 2IULWHETEEEA T4 TENLT, X&
HEEICE SN TV VBEFEBZ (GM) by Enay
(Bt10 T4 45, 2001 FEh S 2004 FEF T 4 FMicd
FOKEICBWTE > THIESh, ISRERELTVL
HEAFBE I N HEIC LNhiE, 150 km? O HHEIC B
WTHEE AN, TORBEIAERZBLTCHE YT
raEHEIN TS,

Btl0 Zkid, BOEZR LD ETIEEIIBVWT, T
TRREBEELKRT L TVS Btll RiFIcBAS I b
OER—OREE b >—EDODNAEY FEEH1 L M)
ARAWTHBAI SNIZGM v T2 Y RETH D,
& -, Bt10 72 &M Btll @Rk, E—ofHBz 4
vy BaRFEET S, Btl10 Rt L LT oReEs RS
NTVWRWT &ITMA, &5IBtll R 3R L HLE
LT, DNABRZEOER~—-h L LTHEHaINET
veV Y VitEBRETFAIBEEL TV  LORELH D, B
BHAO U BZFOKREARFEIET 2 BEUKBVTE, %
DEIS VT SBERMHE LTV 3 (Advisory Committee
on Release to the Environment: http:// www. defra.
gov.uk/environment/acre/). HAFEITBWTH, ¥R
BRLREMEFICE SO TR WY, IhETITA
$—1Yvs (GM b v EO3 ¥ CBH351 %%k 5 & D
GM i L TE Shic b LB Dl EbARME
LT RERFESZ LT RS L ONE bDEELLN
3 (FubLrsvr), $1, FEOEEESEL 20D,
Bt10 ik & 45 B b > B I R AN a] B 75 Rl SRR EE
PNELEENRS,

CM EMIORIIEE LT, ChETicd, ZOBERE
B L UREOE S 5 polymerase chain reaction (PCR)
BAIGRA LS S sRaBHsER s h, AFkEL
TEHDONTE. Fh, —FITPCRELLTESAT
LEWHBTHAEY, faxDPCRERENHENETS
DNA BEF|oZRICL v HBEMENSESETH D, HRb
B3, KRBV T3, BtIORFELAWE E LI PCRE

* By EEREREEWRARE: F158-8501 HETARHH
HXEAE 1-18-1

DORFRICY - h ZRT <& HicHe, CMIEEWHRET
3 PCREIZDWT, Z0EEMEEhiic UTHlERT 3.

2. Btl10 & 5 TS Btll RiEDHEE L PCR EDRRE

H1iik, CGMEMOBRBICM A BEASNEEES
2y b BLOEEEEOMEETRL, & 5ICREDNAK
A8 & § % PCR kO REEIC>WTE &bk,

DNA fH A HEf 2 B CBHNBETERATE L0
wid, BEFORBICMETHD, — By T LAY
b &fAFR& 0 B DNA E5 % BB T O LB L TR
WicEEL, —EHORREA Ly b ELTEAT S LMY
BLigd HYVI759—F¥AL 204V AHEKDIBS T
0% — 4% — (35Sp0) ®, Nos ¥ — 3 % — % — (NOSee:) 1
Yo Z DNA EifficB W TERNIcbECHVLH
TERRBHERLVRAIUVA VY MTHD, LD GCGMIEY
DRI OFERHSNTETV S,

Bt10 5 5 I Btll REic» 0w Tid, BFRFEC2-D
HEHwy PBSBAINRTVEY, WTFRIELICE—D
Wi (av2 3527 b)) 2FL, FEL £y PADDNA
Bk - T220%RMERKFNTHI LB TENLD, £
tz, BEl—ORBEA Ly bBBAINTVWAI &5 AL
Miskdi, BES VNI BRODVWTHE—ThH B0,
§ Ry BOBBVCE - THAEMERANT A LIETE
1,

KiwwRrlikcEBb, GMIEMORAEZBERE L TH
Fxh3PCRECEREMEICSDVWTRSE, YRILAY
NEERET 60 (7 ) —=v s PCREL), EH#

=

IEEé 1 1 ] ]
A==t |1 : Ei Bl
1 1 1
) 1 : I N : :
wETRREY || Voo e |
1 1 ]
= oo =1 , HRME
AURFSHMEEL | | = | fe
1, 1 1 | Il
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EZFEENLETE60 (BETFHRENPCRAE), Y2z
Lt vk ERERRRFOBREEEEN T2 60 (3 v R
b7 2 MEFEIJPCRE), BB € b EBFEEY O
/ 1y 7 DNAEH| & OBRBEHAENET 560 (GM
TEVIRRAF R PCR ) O 4 FICKBIT 5 EMTJRET
»H 5,

3. XYY~z PCRE

Ay ) —=v 7 PCRI, £dBOEB, GMIEY®
BAFICES ERHESNE VAT LA v b AEWES & LT
D, £/, BEYRT LAY PR LUCEDBBRRIC
BELAHLTVE T s, BEMESEOKVAELE
ZABENTES, L Lo, LEL GMIEYE—
BICRAIFTRETH 50, INAMBRTED, 22 Y —
=VIRARELTCRERBEOAHETH 3. HEDRDEST
EPNCBVTH, BEUEEERTLIZGM by Eoa
v 5% (Mon810, Btll, T25, Event176, GA21 &%
) ZHRELELEBSTEICE VT, 35S, % EHE
Pl LIEEPCREVSZ Y —=v ks LTHES A
TW3 (BT}, 35Spe 2R\ GA2l BEEICH W
Ti3BIAR GA21 RHIFEMPCRECE - THRL, &&
EAERD S EMEESNLTVS), :
ZOHEREERD GM Y OREEEE, 7)) 757 —
TFA 2 TANRIEED VAT VA v MMEEEYORAS
ERETEBEL 2B RESRELI O WEEZ S
35, PCRIECEREIIDWTHAEEL - ke, &
ONAEREMOIFINEEEZ L, £/, 7V —=v
FREEE LTEA LSS, % OWSBEEORE D
Ak T, YRz LAY &ERE LT PCRERAD
FENZ 7Y —= v TRRBICHVWONBESNS 2 (&
). '

4. BETFRREL PCR &

B TFREEN PCR &, GMEMIcBA S Wz Bi#
ETEENETIHETHSE. INETICHRESNE GM
P>\ TR, S ahAFEEoBEmsEwin, v
RIVA Y FARENETIHREE TRV, KEFED
HBEEITVE VI

o ED O yEFICETNE, BREFIEEETELT
& EPSPS & L < {3 PAT BmT4, EREFREEEZET &
L Tid CrylAb, CrylF & 5\ 3 Cry3Bb B FHE W4
ETtEAshTk), 20ERELT, FE—oHMERET
AETAREVEREET S, GMEbETD sy v 08
ORFBAFE X BT EEHNE LT DNA BFlic
B 6N T3 %, TNFNOBETOHEEY N A
FEFOBGETF & IZXBIT 5 T EMARERIEENE L. Ly
L, BIRD & B D [E—0 BNBETOHEAS W IRHRHE
EXAlT A ERTELY, BU Ny o g vEFIcEg
nig, TENHEDORENTVWAESZREDOGM by o
2D S B, Mon810, Event176, Btll &% ic i3

CrylAb B FHHE L TEAINTE Y, BERFER
FIPCREIRK > TIho2XRTE2L3E LW EER
Lh b,

7, BICEABZFOXBERHOFICEHRL, =7
)—=v/PCREXMFKTIILLTAETHS. GM
Y v 4 ® & LT3 NewLeaf, NewLeaf Plus, NewLeaf
Y EIEFRE N B 3T, 28 ZEMABIFONBE, vz
LAY MCBEL TREBESEV—AT, TRTORKI

Cry3A BizT (BRIEFMEERT) HNEASN TV,

D8, Cry3A BT 528N E LB RN PCR
itk b, GM ¥ v 71 4 8 R A BENITRIEIT E
RAV ) —= v IBEENEREIN TN,

5. IYX M3 U MERK PCR %

- HH#Z DNA BEfffo—flcBvwTa v 2 b 52 b &3,
HEHy POBRELHVWORAEYRI LA VLTI
B BEETFOEESB LU, EEOIEE, > 03z O
%187, Btl0 4 ST Btll REEEFlICBIF NI, Th
S2RMICEBASNAREE S ¥y b3 858, CrylAb-
NOSter*35Spr0  PAT*NOSer EWV5 2 VX b 57 b+ 24
2.

EE, BUI2F3ME L THLLE GMIEMIRFE SN S
5a, CBASHh L BNBETHSE—-TH->Th, 20
REFE 2RI E2 L 2HNI, 2237 bici
AANONBVYRT LA Y MEERBENINZONE, C
DI, VAT LAy EHNBZEFOBEBLY, 20
EAEOIEF IR L B2 L, A ENES & T
54T, B—0HNEETFHEASNIRETH-ThH
XEAJRE L 1 BIBAHE V. E5iT, TTicEFsa vz
b5 2 +id, & DNARFOHEAMAESL HRRICERE
THEWDEEEYE SIBEREER LT WEEIONRBE L
Bo, TORKBVTOHFVEEREELTVWAEEELS
na,

L LEas, o sy, Btlo & Btll o &
I, F—0RBEH £y FEROTHEABRI ShiEER
HAEAXBTEZERTERY, £ 72, TC1507 R,
Rk 15 FICH2UEE LK T L BN LV GM b v
ToavRRTH B0, TORKICIIEICRLEEE LK
TLTVA T25 Rifi & —RBET BRHES € v b HYA
ENTWD (PATBIEFAESUCHEE 2y PO VX b
57 FASRE). FRiCBEF S 1/ T26 REERRE Lt
ik, AtoH@ETEREI Ly POV P52 T
BRI SERBINIbDTH -, T25%
& TC1507 REA KGN 2 2 ENTET, WIHEAHLE
5ot (). ’

oI, BRSNS GM EMRAEDOEHHZE B
PALE->TE, Bl—D2vRA 37 V2ESEE I
FOBASNARL ZRHEOSHRE SN OE AT E T
T, BEUOHADAIE-TEAWEL, T2 M50 MER
FIPCRED T/, REORAEL IS VML,
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6. GM {E¥IRIRIEEN PCR &

INETI, GMIEmAIE e Lz PCRIEE 4 ICK
AL, ZOS5 b 3oL, A7) —=V
7, BIETFEEWLOGI, 3 VYR 57 HERFPCR
HEOWEN MRS £ F NEO DNA BF| % EHIECS
LLTED, FhALoMicBL T bRENELEI LI
SWTRERDEBDTH B, Fh, WIFNOPCREI
S0nTH, BREDSE» TN, JHFRALTERETEL
ZEREMEASEE S AL >\ W T bIEHE L 1.

o OREEIK L, CMEYREH RN PCRE

i, REH Ly b EETEYOL /Ly 7 DNA & DIER
i (RN DNA f88) ZIEMES & T8 5EETH
2. biko T25 ke TC16507 Rk ORIREICBIL Th,
T25 Hgcis R PCR BEORF A #y, Wi % XAlATHES
BREKSOBELERLTVWEEIATHS. $£, Bt
10 & Btll ZfEic> 0T b, MHEEXBIFREE 95 PCR
Hid, GM ERFEEN PCREDATH D, % PCR
RS AN BT R, BHEniEIATHB?
(% 1555 B 17 B, ALHE 0517001 5). Rk
R DNA fREME VB EWEAH T 2 REIEIN 2 FaR S
2 FeEETHAEHICOVT, X DNA EiROEHE
BatvohEsfieT, KT, #MEikd 5.

7. GM FRigeiRA DNA HHik

fE O A DNA Bfific B 2 RBH € v FOBEAR
& LT, Agrobacterium tumefaciens %3 5 AR
FE (7rans 7Y o aE), BEVEERIEY M &
£ DNA 2B s g F 2RV 2B E (K
N bR VM) B—BRATH B WINOLEERY
RESCBWTh, REHEy P BEAINBEFEYO
¥ ArTOMBIES v AKBRESH, oI, BEE
WD ) b A REEZ G, ¥/ s LORI—ALIEICH
Hhty b BEASHAHRIEFEDEELIONS.
20k, JRIcFE—0FREH £y PBBAINIEEST
HoTd, RHEFRENDNA FHIIZE GM EMHRFEICE
HOMEHE L5,

BETER, BenEEicikohsBic LiIDRRGRN
DNA #E OB > W TRHBESN TV S LIATH
305, BEEIOFE L € v fE O DNA EFIEHRN S, &
BREIC & 243 DNA S OEMAER 5 Z EWAIETH 5.
2% & K312 7% L 7z Thermal asymmetric inter-
laced (TAIL)PCR &2 08 L U Inverse PCR!! 12 243,
BFEN DNA fefilic i3 4 k%0 DNA BEA O E#H 1§ 5 o
BV SN BRENEAETH S, TAIL PCRER S
Wi, $RE)T 5 4 < — (specific primer; SP) &{EES
5 4 < — (arbitrary primer; AP) 2\, BEBIUHA
o VAL S ¥ PCR 2 &I bIASDETIT
ST Eicky, REICKRADNARS = SCREN
PCREM4+EB2 L &afEic LTWA, 7, Inverse
PCR #£13, BE4] DNA E5 & K %1 DNA B% % &84 DNA

RLONFIE NN 3 RADNAEF
& &2 ¢sv AP arbitrary primer
BADNARS » AP2_AP3 APL  SP: specific primer
1st PCR | j- 2ud PCR]

Primers Primers
l TAIL-Cycling sP1 {xw
= e \ (Super cycles) NE S

PCR2 ALL PCRS PCR6

// P! l
TAIL-Cycling
(i) -

PCR PCR 4, drd PCR :
Primers
\ ‘l TAIL~Cycling 5Py (xw
AP g . (Super cycles) =2 apy

“s“—&— PCR S PCR 6

Py

SP3 l
SPt APt

K 2. TAIL PCR iEDOHE

HRBREAY A
FHRERAY A+ (D)

l (R4
FADNARR

HIREERAY (b
l(*iﬂ)

REDNAGH

=
REAIDNAES]

l HEBREAICL SR

— e
l HITLF A

(& =y |
SRADNARS)

3. Inverse PCR iEDE

RHDNARSY

Wi A IR £ 0 BRI L 2k, B, BIA
DNA EF|0EHicES 754 = =2 VT, HFER
{LDNA 2§51 & L /- PCRIEBAITS T & T, RA
DNA BEF|DEREB/Z LV FETH S,

GM fEMic BT, BRIy b ERARES 5V

CTFHKIRCAE T AR vy AT LA v BEES NS

OPBETHY, hoOEHIcEhE T LRRERTFEER
WB LT, REERY DNA EBROEREE S L5
BThs BEDEIA WIFNOHELEE®RDOSR TS
210, BEEMICREEMOSETA I ERELVWEER
SN B, BREBHORREICYE > TEERERER A2
BDICHBERIEAHETSHS. )

8. Bt10 REEHREE

AL 17465 A 17 B, B%HS 0517001 SRR L
€ Bt10 BB EESEEIS i, AREEE Bt10 R
H7 94 <—xt, BtIOMZERS 514 < —WB8LY, tV
roavEEEBET 4w —dEENETEVS 3E
DOFEW PCREM OSBRI TV,

Bt1OMHE 75 4 = —%id, AETHRL/IEBD,
BEASWEREAE T 5 GM RFA I DNA il (Bt
10 Zigsis B DNA 88i8) %, BtIOREEEH 7 5 4 = —
4, GM RESGEN DNA SEIRICR W TEVRRELE T
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FIEQILERAIS00 gD — IR
Y rasm

|j-xt--&>7’u,—| L—?zw-:d)b ] 2g DK

l DNA HHl (SAJ05 LSS AT % i)

F AP —Log FArHR—ay
(DNA B8 ) (DNA BL5H3E)
1 l DNA BEHE(10 ng/uL)ES pLifm
Bt10# i A5 7 —34t
e A { FYEOTL BHERRATS 4T3
[ i 1EEHS&C2EEOPCREBROR
: . N
BRMPCRIGEENN MBS A ST
PCR2EE PCR2[H & =
(Bt10 B85 (Bt10 FES8) BtIOREERAT S5 7t

El4. Btl0#REEOEE

53R M52 NEREFDNAEFAFNFHENE LT
W5, Fi, BHEENRETS M < -5 W2 EH PCR
i3, BEBRICHtX N B DNA Bk 0244 REE (PCR
DEFEE L THENICTH41 DNA SEERIcta T 3,
DM TR EEEMNIC, by ED I VICEENICAE
T 2 BT Zein BfzF) 2EHELTWS,

BREEOFRNE LT, 1 BE24700 2 6F17T DNA
HZITY», ThZh o DNA RRHEI LT, F9° Btl0
WA S 4 = -2 s, BiHBAY 54 < —xt%
A0SR EITY, ZOEENEHTH - IESIE, [F
DNA BB & FIc BtIOHRER 751 = —WE2H Wi
REREITH CEMtERENTVE (M4). Edossh,
Btl10 REFEICHAAN SN T WS BE10 75 5 U,

FRH7I7A -5 H\W 25D PCR X, #hFh
BEULEEHEFLTVS, HEEICBEEL, £ Btl0

RAT 54 v —xf2HOAPCRERBELTI, av=x
M2 FISEN DNA B AERN LT 5 2%, Bk Bt
11 BESBALTO BBV TS, Btl0 REDREA
CEMEOREAEZ 2 L ICHBELRTNIER S, &
XX, RIER, MEBEHE7S4 < —%t& bic Bt10 Rk
FENF DNA SIS 28/ & § 5 PCREE L, Th o4
AEbLETHERATNETH S, 4%, 20L& 5 ICREE,
BETE TV S EMiFash 3. £/, tkoLB D
BEFRREL TR &, S, BARIOEHIhTHS
w, REORNEESFL, FROBTEIE, BtIOBEB L
VHERAT 51 = —oZhFhiBAVWCBoh bR
L TITORINER S H V., 5, FMREREE,
FY OO VERAXNRELTED, FOBBEHIC-o W
THPEBITRETH 5. RBAFEOHMB LU, BROYE
K OWTIEHE TEW &0,

B, ChoREBEEICHET ZREERNC>wWTiR, Bz
EXEABREERTRICBIT I VNI RN) F—a v
RO, 6BBNSMLALA Y9 -5 KSPY—-2%
FARE-TRIESh TV, RIEAROHER, BtIoO#K
HEZ54 v—ixHkERBRicB VT, EERNY
PCRISIBEY (227 X b 58V ) DEEINZIESH

H56DD, EHIL T % DNA EFIHRE D PCR HEIGEY
i3, Btl0 REIEENICESH, DI X SNV E
LA XBIERE T H » 12 T &0 D, B WVARRMEATER
ANt Ft, BRETRICOWTI:, DNAEEHELT
0.05%, tvEoavRHERIE LTOI%EETHS
TEBRBEEINTVS,

9. BbYic
Bt10 73 5 TN Btl1l REORIE A i 1C, PCR &% M

ORI\ T, % DR At S L,

'K EORMEE VS T ETIREWVA, GM by Eoa Y
WBAL T, BEOGM ry o a v REOREI LD
fEtHa B 2 5 v 7 BRI 2B A28, EREEIC S
REBBALELN->TWVS, T, F4XH5E, TTK
GM RV HEST 280078, S 5i1cld, ThFTIKIEGM
RRDBELE LIS h - 1 - 5 EREIC B 1T 2BIROBHR
BohTsb, GMEME, ZEBLUCEYEONEICE
WTSHRBLEVWERMERE 3 LBTHEANTVWE, &
7o, AR THLY LiF 7 Bt10 REORIENEB & hicD &
IR, FHEEED Bt 5 4 2 OFE»FAE U7, M43 Bt
T4 RCBAL TRESUEBRBOA TRV EIEL &
&0, ERSERSEECELWVREICHD, ~Z LV
DOHERIEE L REBINOBRICEBDI TV, 0k
i, GMEI%® < BRBIGEAE(L LoD, &5
{LOMMEEZEL TV 205, BIRERD & DFE, - R
BROBHICINA, #EHIC & 0 BN REEHR OMR 4
#Y, REEFIOLAEZR S L4, BOES  BLEHE
REBIDICRFETHZ EEbN 3, 118, KB Tl
L7 PCR B0 EM A2 ST GM /eI B L U, =
hoZAWABREHEOLBICS>VTE, HEMcEEDHE
NIHRBD pRFINTED, BLOH Z2HRT—5
Wil E iz,

&E Xl
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Development of Allergen Database for Food Safety (ADFS):
an integrated database to search allergens and predict allergenicity

Ryosuke Nakamura, Reiko Teshima®, Kayoko Takagi and Jun-ichi Sawada

Allergy has been one of the most common chronic health problems in recent years, and the introduction of
recombinant proteins into foods and other products has raised public concern about the induction of allergy.
Prediction of food allergenicity is very important but still unsatisfactory. By using an enormous amount of data
produced by genomic, functional, and structural studies, bioinformatics can provide useful insights into
allergenicity.

We have developed a web server database system which is comprised of allergenic proteins for food safety
and homology search tools, "Allergen Database for Food Safety (ADFS)" U Since ADFS includes the
sequences of known allergens and B-cell epitopes, a potential allergenicity of a novel protein in food should be
detected by homology search.

The database contains allergens classified into 8 categories (pollen, mite, animal, fungus, insect, food, latex,
and others), together with the public database accession numbers of their genes, and their epitope and 3D-
struciure information. Users can easily search allergens with keywords and amino acid sequences through the

graphical interfaces.
1) URL : hitp://allergen.nihs.go.jp/ADFS/

Key Words: allergen, database, food safety, allergenicity prediction, epitope
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