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Because of the genetically modified organisms (GMOs) labeling policies issued in many countries
and areas, polymerase chain reaction (PCR) methods were developed for the execution of GMO
labeling policies, such as screening, gene specific, construct specific, and event specific PCR detection
methods, which have become a mainstay of GMOs detection. The event specific PCR detection
method is the primary trend in GMOs detection because of its high specificity based on the flanking
sequence of the exogenous integrant. This genetically modified maize, MON863, contains a Cry3Bb1
coding sequence that produces a protein with enhanced insecticidal activity against the coleopteran
pest, corn rootworm. In this study, the 5'-integration junction sequence between the host plant DNA
and the integrated gene construct of the genetically modified maize MON863 was revealed by means
of thermal asymmetric interlaced-PCR, and the specific PCR primers and TagMan probe were
designed based upon the revealed 5'-integration junction sequence; the conventional qualitative PCR
and quantitative TagMan real-time PCR detection methods employing these primers and probes were
successfully developed. In conventional qualitative PCR assay, the limit of detection (LOD) was 0.1%
for MON863 in 100 ng of maize genomic DNA for one reaction. In the quantitative TagMan real-time
PCR assay, the LOD and the limit of quantification were eight and 80 haploid genome copies,
respectively. In addition, three mixed maize samples with known MON863 contents were detected
using the established real-time PCR systems, and the ideal results indicated that the established
event specific real-time PCR detection systems were reliable, sensitive, and accurate.

KEYWORDS: MONB863 maize; 5 '-transgene integration sequence; event specific; qualitative and quantita-
tive PCR; TAIL-PCR

INTRODUCTION leading cereal crop, following wheat and rice, is grown
commercially in over 25 countries, especially in the United

of genetically modified (GM) crops increased more than 47- States and China}. However, corn yiellds are negatively impacted
fold, from 1.7 million hectares in 1996 to 81.0 million hectares PY @ number of insect pests, especially by the corn rootworm
in 2004, with an increasing proportion grown by developing (2). Thus, the genetic engineering method to improve corn insect
countries, and the principal traits are herbicide tolerance and resistance is widely applied in corn planting, and several insect
insect resistance (1). Corn (Zea mays L.), the world’s third resistant corn varieties, i.e., MON810, MON863, Btl1, and

Bt176, have been produced and approved for commercialization
(3). In China, 17 imported GM crops were approved for

During the 9 year period from 1996 to 2004, the global area
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34201073. E-mail: zhangdb@sjtu.edu.cn. commercialization in 2004, including MON863 maize developed
lﬁgﬁﬁggaﬂjg;sgr;%hg University. by Monsanto Company. MON863 was obtained by direct
8 These two authors contributed equally to this work. transformation of a plasmid PV-ZMIR13 containing two linked
"Dssmzz%ﬁi ﬂzgggfﬁy%?i)_’\gﬁgg{mral Sciences exogenous gene casseti@sy3Bblgene cassette and neomycin
#Chinese Academy of Agricultural Sciences. phosphotransferase type INjtll) gene cassette?( 4). The
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Table 1. Primers and TagMan Probes Used for PCR Systems

PCR system name sequence (5'-3') amplicon ref

TAIL-PCR L1IR CCATCTTTGGGACCACTGTCG this work
L2R CACATCAATCCACTTGCTTTGAAG this work
L3R GATAGTGGGATTGTGCGTCATCC this work
AD20 TCTTICGNACITNGGA 28

conventional PCR Z1F CGGTGGATGCTAAGGCTGATG 88 this work
Z2R AAAGGGCCAGGTTCATTATCCTC
M1F GCACTCAAAGACCTGGCGAATGA 411 this work
M2R CCATCTTTGGGACCACTGTCG

real-time PCR Z1F CGGTGGATGCTAAGGCTGATG 88 this work
Z2R AAAGGGCCAGGTTCATTATCCTC
Zp HEX TAAGGAGCACTCGCCGCCGCATCTG TAMRA
M3F CCTACTTGTTCGGATGGGTGTT 90 this work
M4R CTTCCTTTTCTACTGTCCTTTTGATGA
Mp FAM AGTGTACCAAGCT (TAMRA) TTCCGATCCTACCTGTCA

Cry3Bblcoding sequence was under the control'afi@coding In this study, we have identified the maize genomic sequences

elements consisting of four repeats of activating sequence-1flanking the 5'-site of the MON863 event integration locus by
(AS1), a single portion of th85Spromoter, a 5'-untranslated means of the thermal asymmetric interlaced (TAIL)-PCR
leader sequence from wheat chlorophyll a/b binding protein technique (29) and developed the qualitative and quantitative

(WtCAB), and the first intron of the ricactin 1sequenceréctl). real-time PCR methods to identify and quantify this transforma-
The 3'-nontranslated region of wheat heat shock protein 17.3tion event. Three mixed GM MONB863 samples were also
(tahsp 3) gene was inserted at theénd ofCry3Bb1 TheNptll guantitatively analyzed using the established real-time PCR

cassette containdptll coding sequence under the control of a method.
CaMV35%romoter and the nopaline synthasen8@ntranslated
sequenceNOS 3) of Agrobacterium tumefacier{g, 4). During MATERIALS AND METHODS
transformation, only one copy of the intact construct was
inserted into the inbred@. maysline A634 (2,4). O'Vlaéegws 3“2 ZN)A GEthaCtiSn- G(g/' g‘aig% gf)]es (dM(C;)NBGS' |
. iee . MONS810, an A21), GM soybean (GTS 40-3-2), an M canola

e, 200 (G179, i devlopeand e by amaric Compary. i

9 ! . . €AY aize lines, Eventl76 and Btll, were developed and supplied by
40 (;ountrles and areas have |ssued'GMO. labeling regulgtlons;syngema Seeds, Inc. The GM maize line T25 was developed and
for instance, the labeling threshold is defined as 0.9% in the supplied by Bayer CropScience. GM maize TC1507 was developed
European Union (5), 3% in Korea (6), and 5% in Jap@h (  and supplied by Mycogen. Nontransgenic maize was purchased from
The labeling of GM foods is hot compulsory in the United States a local market in Shanghai, China. Plant genomic DNA was extracted
and Canada (8). In China, 17 foods derived from five different and purified using a Plant DNA Mini-prep Kit (Shanghai Ruifeng Agro-
plants should be labeled, such as maize seeds, maize oil, tomat¢ech Co., Ltd., Shanghai, China) according to the manufacturer's
seeds, ketchup, soybean seeds, soybean oil, rapeseed seeds, dhgjructions. Ground plant material (100 mg) mixed with 5000f
cotton seeds, etc. (9). Much effort has been expended tobufﬁerAwas transferr_ed toa 1.5 mL tube and_lncubated for 10 min at
implement the GMO labeling successfully in China. Four novel 65 °C and then centrifuged at 1340@gr 10 min, and the resultant
endogenous reference gen&PBgene for rice LAT52 gene supernatant was coIIectt_ad, precipitated with 50_(bf buffer B, m_|xed

! for 30 s, and then centrifuged at 134p@r 10 min. The deposit was

for tomato,Sadlgene for cotton, antHMG I/Y for rapeseed)  gissolved in 10QuL of buffer C at 37°C over 5 min, and then, the
were used for GMO detectiorfQ—13); also, the qualitative  gojution was transferred to a silica-based DNA binding column. The
and quantitative real-time polymerase chain reaction (PCR) column was centrifuged at 599@r 1 min, and then, the silica column
detection methods for transgenic Huafan no. 1 tomato, GK19 was washed in turn with wash buffer | and wash buffer Il twice,
cotton, SGK321 cotton, and MON531 cotton, etc. are well- respectively. At the last step, genomic DNA was eluted with water
established (1415). from the centrifugal column. The quantity of DNA in the samples was

To adapt these labeling requirements, four different PCR _calculated using absorbance measurements at _260 nm Wavelength, and
detection strategies, i.e., screening and gene, construct, and evedf 0Py number was calculated from the quantity of DNA and maize

o . genomic DNA average sizes.

specific PCR detection methods, have been developed to

Lo - - Oligonucleotide Primers and ProbesSequences of oligonucleotide
discriminate between GM- and non-GM-derived DNA varieties primers and TagMan fluorescent probes employed in this study are

(4). The screening method is associated with a particular risk jigteq in Table 1 and were designed using Primer Express software
of yielding false positives1(6). Gene specific and construct yersion 2.0 (Applied Biosystems, Foster City, CA). The probe of
specific methods are more specific but may cause false positivesendogenougSSiibgene was labeled with the fluorescent reporter dye
when the modified genes are used in other GMOs with variable 5-hexachloro-fluorescein (HEX) on th&&nd, and the exogenous gene
copy numbers, and these methods cannot distinguish betweenwas labeled with 6-carboxy-fluorescein (FAM) on theefid. The
different GMOs if the same construct has been integrated (17). fluorescent quencher dye 6-carboxytetramethylrhodamine (TAMRA)
To overcome these problems, a line or transformation event was located on the 3’-e_nd of the probes. The s_pecific primers L1R/
specific PCR should be performed. Until now, several event 2R/3R (Table 1) used in TAIL-PCR were designed based on the
specific quantitative PCR methods have been established for>equence of th€aMV35Spromoter, and the arbitrary primer AD20

was also selected and used in TAIL-PCR. The event specific PCR
GTS 40-3-2 soybean (186), MON531 and MON1445 cotton 01 bairs (MLF/2R and M3F/4R) and probe (Mp) used for MONS63

(21), MON810 maize42,23), Bt11 maize17), Starlink maize iz detection were designed based on the junction region between
(24), GA21 maize (25), NK603 maize (26), T25 maize (27), the host DNA and the exogenous sequence originating from the
and Event176 maize28). However, till now, there is no report  caMv35Spromoter, the primers M1F/2R were employed for conven-
on a MON863 maize event specific PCR detection method. tional PCR, and the primers M3F/4R combined with probe Mp were
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employed for TagMan real-time PCR (Table 1). For the total maize
DNA detection, the maizeSSllbgene was selected as an endogenous

Yang et al.

dATP, dGTP, and dCTP, 800M dUTP, 600 nM primers, 150 nM
TagMan probes, 1.5 U ofag DNA polymerase, 0.2 U of Amperase

reference gene (30), and the primers Z1F/2R and its combination of Uracil N-glycosylase (UNG), and 6.5 mM MgCI2. Real-time PCR

TagMan probe Zp were used in conventional and real-time PCR,

reactions were carried out with the following procedures: 2 min at 50

respectively. All of the primers and fluorescent probes were synthesized °C and 10 min at 98C, 50 cycles of 30 s at 94C, 30 s at 60°C, and

and purified by Shanghai BioAsia Co. Ltd. (Shanghai, China).
Determination of Flanking DNA Sequence Using TAIL-PCR
Method. The B-flanking sequence of the MON863 exogenous insertion

30 s at 72°C. Data were analyzed with Rotor gene 2000 software
version 5.0 (Corbett Research). All of the PCR reagents were purchased
from Roche Molecular Biochemicals (Shanghai, China) except for

was determined using the TAIL-PCR method, essentially as described primers and probes.

by Liu et al. (29. PCR reactions were performed according to the
protocol of Liu et al. described with slight modifications. The first
TAIL-PCR amplification was performed in a total volume of 30
containing the following: 1x PCR buffer (50 mM KCI, 10 mM Tris-
HCI, pH 8.3, 1.5 mM MgCJ), 200uM dNTPs, 0.5uM primer L1R, 5
uM primer AD20, 2.5 U ofTaKaRa Ex TacHS DNA polymerase
(TaKaRa Biotechnology Co., Ltd., Dalian, China), and 50 ng of
MONB863 template DNA. The PCR program for the primary TAIL-
PCR consisted of a denaturation step of 10 min at®@3ollowed by
6 min at 68°C and the following amplification cycles: five cycles of
30 s at 94°C and 6 min at 68C, one cycle of 30 s at 94C, 3 min
at 45°C and 6 min at 68C, five cycles of 15 s at 94C, 30 s at 45
°C and 6 min at 68C, and a final step of 12 cycles of 15 s at 94,
7 min at 68°C, 15 s at 94C, 7 min at 68°C, 15 s at 94C, 30 s at
45°C, and 7 min at 68C. Secondary TAIL-PCR amplification was
carried out in a total volume of 50L containing the following: 1x
PCR buffer (50 mM KCI, 10 mM Tris-HCI, pH 8.3, 1.5 mM Mg$§))
200 uM dNTPs, 0.2uM primer L2R, 2uM primer AD20, 5 U of
TaKaRa Ex TacHS DNA polymerase (TaKaRa Biotechnology Co.,
Ltd.), and 1uL of a 50-fold dilution of the primary PCR products.
The secondary TAIL-PCR program was 10 min at°@5followed by
15 cycles of 15 s at 94C, 7 min at 68°C, 15 s at 94C, 7 min at 68
°C, 15 s at 94C, 30 s at 45C, and 7 min at 68C. Tertiary TAIL-
PCR amplification was carried out in a total volume of{80containing
the following: 1 x PCR buffer (50 mM KCI, 10 mM Tris-HCI, pH
8.3, 1.5 mM MgC}), 200uM dNTPs, 0.2uM primer L3R, 2uM primer
AD20, 5 U of TaKaRa Ex TagHS DNA polymerase (TaKaRa
Biotechnology Co., Ltd.), and kL of a 50-fold dilution of the
secondary PCR products. The tertiary TAIL-PCR program was 20
cycles of 30 s at 94C, 45 s at 68C, and 6 min at 72C and the last
step of 5 min at 72C. All PCR reactions were carried out in PTC-
100 thermocycler (MJ Research, Waltham, MA). The second and
tertiary PCR amplification products were analyzed by agarose gel
electrophoresis with ethidium bromide staining, and the amplified
fragments with similar sizes in these two PCR amplifications were
purified with Gel Extraction Mini Kit (Watson Biotechnologies, Inc.,
Shanghai, China) and ligated into pMD18-T vector (TaKaRa Biotech-
nology Co., Ltd.). Sequencing analysis of the cloned DNA was
performed using the ABI PRISM 3730 Genetic Analyzer (Applied
Biosystems Division of Perkin-Elmer Corp.) by Shanghai BioAsia
Biotechnology Co., Ltd. Parallel amplifications with wild-type isogenic
DNA were carried out to identify MON863 specific PCR products.
Conventional PCR Conditions. In conventional PCR assays, all
of the amplifications were carried out in 30 volume reactions, with
100 ng of genomic DNA, 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5
mM MgCl,, 0.2uM each dNTP, 0.§«M each primer, and 2.5 U of
TagDNA polymerase (TaKaRa Biotechnology Co., Ltd.). The multiplex

Construction of the Standard Curves. After optimization of
magnesium and primer/probe concentrations, one series of standard
MON863 genomic DNA dilutions was used for quantification, the
reproducibility test, and determination of the limits of detection and
quantification (LOD and LOQ). Genomic DNA isolated from powdered
100% MONB863 maize was serially diluted to final concentrations
equivalent to 80000, 8000, 800, 80, and eight copies haploid genome/
uL (amounts of DNA per reaction tube ranged from 80000, 8000, 800,
80, and eight copies haploid genome) considering 2504 Mb per haploid
genome in the case of maize according to the report of Arumuganathan
and Earle (31).

RESULTS AND DISCUSSION

Cloning and Sequencing of 5Flanking Region in MON863
Maize. According to the released information from the Agbios
web site 82), we obtained the sequence of MON8&3g(ire
1A) and three appropriatespecific primers (L1R/2R/3R) were
designed based on the obtainedMV35Spromoter sequence
to amplify the 5-flanking sequences by means of the TAIL-
PCR technique. The combination of the arbitrary primer AD20
and the specific primer L3R in tertiary amplification reactions
amplified a discrete product of about 0.9 kb. Using the genomic
DNA from wild-type isogenic maize as the template, no
amplification product was observed in parallel experiments. The
TAIL-PCR product was cloned into the pMD18-T vector, and
10 individual clones were selected and sequenced. The result
of sequence analysis indicated that one 850 bp fragment
encompassing thé-function region was obtained, of which 713
bp originated from endogenous DNA dfa maysstrain NB
mitochondrion and 137 bp originated from the cauliflower
mosaic virus35SDNA (Figure 1B). This 713 bp DNA fragment
showed 97% homology with the sequenceZofmaysNADH
dehydrogenase subunit 4 (nad4) gene (Genbank accession
number AY506529).

Development of the Qualitative Event Specific PCR
Detection for MON863 Maize. Event specific primers (M1F/
2R) were designed based on thel&hking sequence described
above and employed to establish the qualitative event specific
PCR assay for MON863 maiz€&igure 1B). The primer M1F
was located at the maize genome, and the primer M2F was
located at theCaMV35Fromoter. The maizeSSllibgene was
selected as an endogenous reference control, and the primer pair
Z1F/2R was employed in maize identify PCR assay. As

PCR conditions were the same as described above, except for the primeE€XPected, in the established qualitative PCR assay, one single

concentration as 0,.8M M1F/2R and 0.4uM Z1F/2R instead. All of
the conventional PCR amplifications were performed in PTC-100
Thermalcycler (MJ Research, Watertown, MA) with the program as
follows: one step of 7 min at 95C, 35 cycles of 30 s at 95C, 30 s
at 58°C, 30 s at 72 °C; one step of 7 min at 7€. Amplification

411 bp DNA fragment was obtained using the MON863 maize
DNA as template, and no fragment was detected in other GM
maize lines (MON810, GA21, Btll, Eventl76, T25, and

TC1507), GM soybean (GTS 40-3-2), GM canola (GT73), and
no template control (NTC)Rigure 2A). The target fragments

products were electrophoresed in 2% agarose gels for approximatelyof zSSlibgene (88 bp) were detected in all GM maizes and

30 min at 100 V and stained with ethidium bromide for visualization.

Each reaction of one test was repeated three times and each time With

triple replication.

TagMan Real-Time PCR Conditions.Real-time PCR assays were
carried out in a fluorometric thermal cycler (Rotor-Gene 2000; Corbett
Research, Australia) with a final volume of 2&. Fluorescence was

nontransgenic maize except for GM soybean, GM canola, and
TC (Figure 2B). These data confirmed that the obtained DNA
fragment was a MON863 event specific region between the 5'-
flanking sequence of transgene and the maize genomic DNA.
Because the degradation of low quantity DNAs derived from

monitored during every PCR cycle at the annealing step. Reactions GMOs often occurs in practical detection, a more sensitive PCR

contained the following ingredients: 1 PCR buffer, 40Q:M each of

detection system is important and necessary. In qualitative PCR,
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(B)
ATGHFHEGCT OGGTCAATAG CATAGCTCTT TTTTTTTTCT CCTTTCC LG GARMMGGOCTT L&)

CGCATTCTTA ATCTIGGTAGG GOCGGAOGGE TTIGTTIGOC CTAGCTIGGE GALTCHOGOC 120
CCTGACOGTT CTCGCGAAGT CTTTGCARDG GCTGGGAALC CTGTCTAOGA AGCTAAGCAT 180
ATTGCCACGC CAMTCATCAR ATACGAGATT GGGOCCCTIC TCALAGATGS AATGGCCCAG 240
CCCAATAALG GAAGGTTAAC GTACGCGATG CCTTCCATTT GTACGAATCG CGAACATACC 300
ATFCAOFAIT GRADGTAGLG CCALAATTCA CTRGCAGLOC GAGTCSGGOG CARGTGOCT: i
ATCCTCALAG TATOGTAAAG TTAAGTTALG TATOGTAALG TATCGATCAG CCTAGTGTAC 420
CAACCHIGTG GTACGACGGG CACTCAAAGA CCTGGOGLAT L‘gGGGCCC&C CCAAGAGCGC 480

TTATGTCATA TGGGAACTCT TGGCTGGMEE:E&TCCTTET GGTTTTTATA TOOGGTTAGL B0
ATAATAMGAL AGAATCALAG TOCAGGTIGG TTIGGTGAGOC TAGTGATAGG AGACTATCTA 600
GOCTGGTTCG GAGAGCACTT GTTGGGTTTA AGATTAGTTT TITGCTARAT GTTACGGCCT 660
AMTGCTG AL CTATTGACTC TACTTGTTCG GATGGGTGIT CACCCTAAAG TGTaccaaac T20

M3F
tttocgzatoc tacctgtocac ttcatocaasas gracagtaga aaazgaagst zgcacccoaca T80
Mp il
aatgocatca ttgogat aaa ggaaazgota toattraaga tgoctotgog, gacagt ggtn &4n
i ——
M2R _
Ccoamagat gz g80

Figure 1. Organization of transgenic elements in MON863 maize genome. (A) Schematic diagrams of the integrated heterologous DNAs in maize event
MONB863. The abbreviations are described in the Abbreviations Used. (B) TAIL-PCT amplified 5'-junction sequence. Capital letters represent the flanking
genomic sequence, and lowercase letters show the 3'-end sequence of CaMV35S promoter. Primers used for PCR amplifications detailed in Table 1
are underlined.

M1 2 3 4 5 67 89 011

i _‘- e
X —
<4 58 bp

< 4llbp

genome sizes of maizd-igure 2C) (31). These LODs were
similar to those of GM soybean and GM maiZ8), which
indicated that the established qualitative event specific PCR
detection system of MON863 maize was suitable for the
practical detection of GM maize samples.

In addition, the multiplex PCR assay for MON863 maize was
also established, which could improve the detection efficiency
and save time and reagents. In this assay, primer pairs M1F/2R
and Z1F/2R were amplified in one tube. The amplified results
indicated that two target fragments for MON863istegration
flanking sequence are5Slibgene, respectively, were detected
in MON863 maize, whereas only one&&llb fragment was
detected in non-GM maize and no fragments in NTC (data not
shown). We also estimated the LOD of the multiplex PCR assay
using the above-prepared DNA mixtures. The amplified results

411 bp
4 88 bp

Figure 2. Three percent agarose gel electrophoresis of PCR products
amplified with the MON863 event specific primers M1F/2R and maize

z5SlIb gene primes Z1F/2R. (A) MON863 event specific results. (B) Maize
endogenous gene, zSSIib, specific results. Lane 1, NTC (no template
control); lanes 2-11, amplification of MON863 maize, MON810 maize,
GA21 maize, Btl1l maize, Eventl76 maize, T25 maize, TC1507 maize,
Non-GM maize, GM soybean (GTS 40-3-2), and GM canola (GT73); and
lane M, DL2000 DNA marker. (C) Sensitivity test of MON863 event specific
assay. (D) Sensitivity test of the multiplex PCR assay employing primers
Z1F/2R and M1F/2R. PCR products were amplified from mixed GM
MON863 maize DNAs with different GM content levels. Lane 1, NTC;
lanes 2-8, amplification of mixed GM maize DNAs with 10.0, 5.0, 3.0,
1.0, 0.5, 0.1, and 0.05% GM contents, respectively; and lane M, DL2000
DNA marker.

indicated that MON863 event specific fragment was obtained

except for 0.1 and 0.05% levelBigure 2D), which meant that

the LOD of the multiplex assay was 0.5% or about 200 haploid

genome copies, which were calculated from the genome sizes
of maize. Concluded from the results, we believe that the

established multiplex PCR assay is suitable for the practical

GMOs detection with high throughout and little labor.

Development of TagMan Real-Time PCR Assays Based
on the 5-Flanking Sequence.Through analyzing the'snd
insertion sequences corresponding to the unigue insertion event
in MONB863, the specific detection and quantification methods
based on TagMan real-time quantitative PCR were developed.
The primers (M3F/4R) and TagMan probe Mp were designed

the test sensitivity is measured by the LOD. To test the LOD based on the obtained flanking sequence. The primer M3F was
of the established event specific PCR assay, the DNA mixture located on the maize genomic DNA, the primer M4R was
was prepared from MON863 maize line and non-GM maize located on theCaMV35Spromoter ofNptll cassette, and the
line at various levels such as 0.05, 0.1, 0.5, 1.0, 3.0, 5.0, andprobe Mp contained the annealing sequences for both the
10%. The test results showed that the target fragment wasCaMV35Spromoter sequence and the maize genomic DNA.
detected from all of the levels tested except for the 0.05% level, For the total maize quantification, treSSlibreal-time PCR
which meant that the lowest tested level was 0.1%, which assay employing primers (Z1F/2R) and probe Zp was also
approximates to 40 haploid genome copies according to the established.
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Figure 3. Amplification plots and standard curve for MON863 event specific real-time PCR assay. (A) Amplification curves (five serial dilutions, corresponding
to 80000, 8000, 800, 80, and 8 copies of the MON863 haploid genome per reaction) were generated for detection of MON863 maize. The horizontal line
indicates the threshold line determined for drawing up the standard curve. (B) Parameters of the regression line through data points are indicated within

the plot.

Table 2. Reproducibility of the C; Measurements of Replicate
Standards from 80000 to 8 Copies Haploid Genomic DNA of MON863
Maize

Table 3. Amplification Data Used to Determine the Absolute LOD and
LOQ

template signal rate means

target Ci values copies (positive signals) (@] SD
copies 1 2 3 mean G Sb 80000 19 20.94 0.04

event specific assay 8000 919 23.87 0.05
80000 2097 20.89 2091 20.92 0.03 800 919 26.93 0.04
8000 2377 23.88 23.92 23.86 0.06 80 919 30.04 0.09
800 26.99 26.95 26.86 26.93 0.05 8 819 33.25
80 30.08 30.14 29.97 30.06 0.07
8 33.19 33.11 33.36 33.22 0.10

2SSlib assay indicated that these quantitative PCR assays were stable and

80000 22.24 22.38 22.19 22.27 0.08 reliable.
8000 4 25.38 2543 2540 0.02 Determination of the LOD and the LOQhere are at least
800 28.64 28.62 28.57 28.61 0.03 . . . o
80 3159 3172 3167 3166 0.06 t.hrge different ways for expressing detection a}nd guantitation
8 34.65 34.79 35.03 34.82 0.16 limits, although they all refer to the lowest quantity of the target

Construction of the Standard Cags. After optimization of

that reliably can be detected and quantified with a probability
of >95% (34). The absolute limit is the lowest number of initial
template copies that can be detected and quantified. The relative

magnesium and primer/probe concentrations, the standard curve§mit refers to the lowest percentage of GMO relative to the
of the event specific and endogenozSSlibreal-time PCR  Species (e.g., maize) that can be detected and quantified, and
assays were constructed using the standard MON863 genomidhe practical limit is the functional limit of the sample during
DNA dilutions ranging from 80000, 8000, 800, 80, and eight the practical analysis. To determine the LOD and LOQ of the
copies haploid genome. The similar PCR reaction efficiencies €Stablished event specific real-time PCR assay, a series of DNA
between zSSlllassay and event specific assay (1.04 of event dilutions containing an estimated average of 80000, 8000, 800,

specific PCR assay and 1.07 a8Sllb) indicated that GM

contents could be calculated using these two PCR assays b)}'_

r}l

means of the relative quantitative method. The square regressio
coefficients (R) were 0.9994 and 0.9996 for trESSliband
event specific PCR assay, respectively. The good linearity
between DNA quantities and fluorescence valu@} (Figure

3) indicated that these assays were well-suited for quantitative
measurements.

Reproducibility of the TagMan Assay®eproducibility of the
threshold of detectiond;) measurements was determined using
the above standard DNA dilutions repeated in triplicate (Table
2). TagMan assays fazSSlibgene detection gave medd
values varying from 20.89 to 33.36 cycles in each standard
dilution with a standard deviation (SD) value of 0-:6310. The
event specific PCR assay gave me&anvalues varying from
22.19 to 35.03 with an SD value of 0.6D.16. These results

80, and eight copies of the MON863 haploid genome per
eaction were tested in three parallel reactions and repeated three
mes (Table 3). As expected, the ability to detect MON863
decreased with decreasing copy numbers. The MON863 maize
DNA could be detected in all of the nine reactions down to
eight copies. These results indicated that the LOD value was
about eight copies. The data also showed that the SD values of
the nine reactions with the same template concentration
increased with decreasing copy number, especially for the
dilution with eight copies of the haploid genome. To obtain
reliable quantization results under ideal conditions, approxi-
mately 80 initial template copies were required, and we
concluded that the LOQ of the event specific real-time PCR
assay was 80 copies of the haploid genome.

Quantification of the Samples with Known MON863
Maize Content Using Screening and Event Specific Real-
Time PCR Assays.On the basis of the standard curve, three
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Table 4. Quantification of MON863 Maize Content in Three Mixed
Samples

G mean of caled GM
probe mean mean mean all G DNA  content
sample  dye 1 2 3 values SD amounts (%)
zSSIIb PCR assay

S1(5%) HEX 2322 2331 2318 2324 005 9593
S2(3%) HEX 2319 2312 2326 2319 0.06 99.26
S3(1%) HEX 232 2336 2311 2322 010 96.87

event specific PCR assay
S1(5%) FAM 25,69 2593 2572 2578 0.11 5.01 5.22
S2(3%) FAM 2639 2656 2663 2653 0.10 2.86 2.88
S3(1%) FAM 27.99 2791 2817 28.02 0.11 0.93 0.96

samples, i.e., S1, S2, and S3 with 5, 3, and 1% of MON863
content, were prepared by mixing the pure dried MON863 maize
flours with non-GM dried maize flours on a wt/wt basis, and
then, three samples were used for quantification. As shown in
Table 4, the quantitative results of these three samples were
5.22, 2.88, and 0.96%, respectively. We observed that the
guantified results deviated slightly from the actual contents of
the MONB863 in these three samples. It is important to note that
the mixing of the samples was based on a wt/wt ratio, not the
genome/genome ratio. So this small deviation of the quantified
result may partially result from the possible differences in the
genome/weight ratios of the two maize materials (MON863 and
non-GM maize). According to Peccoud and Jacob, the quantita-
tive uncertainty in PCR reactions is mainly due to molecular
fluctuations with low numbers of initial template copies in
simulation studies by varying numbers of template copies and
amplification efficiencies35b). In the quantitative PCR detection

of GM samples with low DNA levels, the quite large deviations
in the quantified results were possible and acceptable on the
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(4) Vaughn, T.; Cavato, T.; Brar, G.; Coombe, T.; DeGooyer, T.;
Ford, S.; Groth, M.; Howe, A.; Johnson, S.; Kolacz, K.; Pilcher,
C.; Purcell, J.; Romano, C.; English, L.; Pershing A. J. Method
of controlling corn rootworm feeding usingBacillus thuring-
iensisprotein expressed in transgenic maiggop Sci.2005,
45, 931—-938.

(5) European Commission Regulation (EC) No. 1829/2003 and 1830/
2003.0ff. J. Eur. Commun2003,L 268, 1-28.

(6) Notification No. 2000-31 Ministry of Agriculture and Forestry
of Korea, Seoul, Korea, 2000.

(7) Notification No. 1775 Food and Marketing Bureau, Ministry of
Agriculture, Forestry and Fisheries of Japan, Tokyo, Japan, 2000.

(8) Matsuoka, T. GMO labeling and detection methods in Japan.
APEC-JIRCAS Joint Symposium and Workshop on Agricultural
Biotechnology, 2001.

(9) Order No. 10 Ministry of Agriculture of the People’s Republic
of China, Beijing, China, 2002.

(10) Ding, J.; Jia, J.; Yang, L.; Wen, H.; Zhang, C.; Liu, W.; Zhang,
D. Validation of a rice specific gene, sucrose phosphate synthase,
used as the endogenous reference gene for qualitative and
realtime quantitative PCR detection of transgedeggric. Food
Chem.2004,52, 3372—3377.

(11) Yang, L.; Pan, A.; Jia, J.; Ding, J.; Chen, J.; Huang, C.; Zhang,
C.; Zhang, D. Validation of a tomato-specific gene, LAT52, used
as an endogenous reference gene in qualitative and real-time
quantitative PCR detection of transgenic tomatdeAgric. Food
Chem.2005,53, 183—190.

(12) Yang, L.; Chen, J.; Huang, C.; Liu, Y.; Jia, S.; Pan, L.; Zhang,
D. Validation of a cotton specific gene, Sadl, used as an
endogenous reference gene in qualitative and real-time quantita-
tive PCR detection of transgenic cottoant Cell Rep2005,

24, 237—-245.

(13) Weng, H.; Yang, L.; Liu, Z.; Ding, J.; Pan, A.; Zhang, D. A
novel reference gene, highmobility-group protein 1/Y, can be
used in qualitative and real-time quantitative PCR detection of

premise that the endogenous PCR and exogenous PCR reactions  transgenic rapeseed cultivads AOAC Int 2005,88, 577—584.

have high PCR amplification efficiencies. These results showed
that the quantitative system described in this paper was easily
and reliably applied to various food products, even for samples
with a low quantity of DNA.

ABBREVIATIONS USED

GM, genetically modified; 4-AS1, a promoter that contains
four copies of AS-1 element and a part from cauliflower mosaic
virus (CaMV); wt CAB, B-terminal untranslated region of wheat
chlorophyll a/b binding the expression of target genes; ractl,
intron of rice actin gene that activates the expression of target
genes;Cry3Bbl, the gene that encodes modified Cry3Bbl
protein of Bacillus thuringiensis; tahsp 17',33-terminal
untranslated region of wheat heat shock protein 17.3; NOS 3
3'-nontranslated polyadenylation signalAgrobacterium tume-
faciensnopaline synthase gendlptll, nopaline synthase gene
from A. tumefaciens 35S, cauliflower mosaic virus 35S
promoter; UNG,Amperase uracil N-glycosylasgene; LOD,
limit of detection; LOQ, limit of quantification; SD, standard
deviation.
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