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With the development of genetically modified organism (GMO) detection techniques, the Polymerase
Chain Reaction (PCR) technique has been the mainstay for GMO detection, and real-time PCR is
the most effective and important method for GMO quantification. An event-specific detection strategy
based on the unique and specific integration junction sequences between the host plant genome
DNA and the integrated gene is being developed for its high specificity. This study establishes the
event-specific detection methods for TC1507 and CBH351 maizes. In addition, the event-specific
TagMan real-time PCR detection methods for another seven GM maize events (Btll, Bt176, GA21,
MON810, MON863, NK603, and T25) were systematically optimized and developed. In these PCR
assays, the fluorescent quencher, TAMRA, was dyed on the T-base of the probe at the internal position
to improve the intensity of the fluorescent signal. To overcome the difficulties in obtaining the certified
reference materials of these GM maizes, one novel standard reference molecule containing all nine
specific integration junction sequences of these GM maizes and the maize endogenous reference
gene, zSSllIb, was constructed and used for quantitative analysis. The limits of detection of these
methods were 20 copies for these different GM maizes, the limits of quantitation were about 20 copies,
and the dynamic ranges for quantification were from 0.05 to 100% in 100 ng of DNA template.
Furthermore, nine groups of the mixed maize samples of these nine GM maize events were
quantitatively analyzed to evaluate the accuracy and precision. The accuracy expressed as bias varied
from 0.67 to 28.00% for the nine tested groups of GM maize samples, and the precision expressed
as relative standard deviations was from 0.83 to 26.20%. All of these indicated that the established
event-specific real-time PCR detection systems and the reference molecule in this study are suitable
for the identification and quantification of these GM maizes.

KEYWORDS: Genetically modified maize; event-specific; real-time PCR; standard reference molecule;
integration junction sequence

INTRODUCTION genetically modified (GM) plants have been approved for

modern agriculture and related industries, and hundreds ofarea dedicated to GM crops increasesB-fold, from 1.7 million
hectares in 1996 to 90.0 million hectares in 2005, with an
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MON802, and MONB8L10, etc.), and the combined traits of seeds of GM maiz_e lines Bt11 and Btl_76 were developed by Syngenta
herbicide tolerance and insect resistance (Bt176, Bt11, CBH351,Seeds, Inc. Genuine seeds of GM maize lines CBH351 and T25 were
and TC1507, etc.)1). In 2004 and 2005, 18 GM events from developed by Aventis CropScience Co. Genuine seeds of TC1507 maize
the United States and Canada were approved for commercializa—‘é"?lr;3 dgggpil(:(%gﬂy;:ge'\;‘bwseé“\fvgg';irsggzlee; Pr/lo?nNgﬁJOIéaBtch&
?30'\5: Irr:] c.:hma’ é?f]t- ISét(ir;(; GGMAZ»J?Y[?;; (Sgesogo-&ghge]{ght and éhe oth(,er GM rr;aize samples (T25, CBH351 and TC1507) Wer’e
MON82:I32easnd( TCl;507) se,ven Gl\/i cano]as (Msll’?fl Misf,Z supplied by the developers. Nontransgenic maize was purchased from

' a local market in Shanghai, China.
Ms8Rf3, GT73, T45, Oxy235, and Topas 19/2), and two GM  pna solation and Purification. Maize and other crop genomic

cottons (MON531 and MON1445) (2). DNAs were extracted and purified using the Plant DNA Mini-Prep kit
However, as more GM foods, food ingredients, and additives (Ruifeng Agro-tech Co., Ltd., Shanghai, China) according to the

are introduced from the field to the market and table, several manufacturer’s instructions. Briefly, 100 mg of ground plant material

controversial issues are being discussed, such as food safetymixed with 500uL of buffer A was transferred to a 1.5-mL tube,

environment risk, and ethical concerns, resulting in more than incubated for 10 min at 65C, and then centrifuged at 1349r 10

40 countries and areas have issued GMO labeling regulationsm'n' and the resu_ltant supernatant was collec}ed, precipitated with 500

for protecting the consumers’ authority. For instance, the “- Of buffer B, mixed for 30 s, and then centrifuged at 13g00r 10

. ] . - in. The d it dissolved in 100 of buffer C at 37°C 5
labeling threshold was defined as 0.9% in the European Union T * 1€ BEPOSIWas dISsolved in A0 of buffer C a ot

o on . min, and then the solution was transferred to a silica-based DNA binding
(3), 3% in Korea 4), and 5% in Japarb(6). In China, 17 GM column. The column was centrifuged at 5§@6r 1 min, and then the

products must be labeled, such as maize seeds, maize oil, tomatgjjica column was washed in turn with wash buffer | and wash buffer
seeds, ketchup, soybean seeds, soybean oil, rapeseed seeds, anflvice, respectively. At the last step, genomic DNA was eluted with
cotton seeds (7). To date, much effort has been expended towater from the centrifugal column. Plasmid DNAs were isolated and
implement the GMO labeling requirement in China: for purified using the Plasmid Mini Kit (Watson Biotechnologies, Inc.,
example, the validation of four novel endogenous reference Shanghai, China). The quality and quantity of DNA samples were
genes, theucrose phosphate syntha&PS) gene for rice, the evaluated and calculated using absorbance measurements at 260 and
LAT52 gene for tomato, thestearoyl-acyl carrier protein 280 nm wavelengt_hs and 1% agarose gel electrophoresis. The copy
desaturas€Sad1) gene for cotton, and thiggh-mobility-group nﬂg}ﬁﬁr 2; dg%n:i?elc eDnl\c‘)’rA‘nigag]NpAezv\g;S emseigzured as to the DNA
protein I/Y (HMG I/Y) for rapeseed (8—11) and the construct- g i y leotid Pg. d Prob Thg i ’ leotide pri

specific and even-specific detection methods for transgenic Oligonucleotide Primers and ProbesThe oligonucleotide primers

- and TagMan fluorescent probes used in this study were designed using
Huafan No. 1 tomato, MON863 maize, GK19 cotton, SGK321  pyimer Express software version 2.0 (Applied Biosystems, Foster City,

cotton, MON1445 cotton, and MON531 cotton, ett2{16). CA). The fluorescent reporter [5-hexachlorofluorescein (HEX) or
To execute the labeling requirements, the Polymerase Chainé-carboxyfluorescein (FAM)] was dyed on theehd of the probe. To
Reaction (PCR) technique has become the main technique forincrease the fluorescent intensity, the fluorescent quencher [6-carbox-
genetically modified organism (GMO) detection, and the PCR Ytetramethylrhodamine (TAMRA)] was dyed on the T-base of the
detection strategies which discriminate the GM- and non-GM- probes.wnhln internal positions according to the description of
derived DNA varieties are divided into four levels, that is, Pr((’)“dn'ko",et al.d(?t,Z): dicated that itative detect '
: ) ) ) . _ Our previous data indicated that the quantitative detection results
zgrneeﬂl]ggsi?ge%?:ge r,n(e:?F?s(;ﬂiJSCtalsgggiae'[\é?jncvistﬁe;lggrﬁglllqa??itself of GMOs with less bias could be obtained with similar and shorter

fvielding fal o G ii d ifi lengths of endogenous and exogenous amplicons, especially for the
of yielding false positives. Gene-specific and Construct-specific yeiection of the processed food samples (data not shown). To accurately

methods are more specific, but may cause false positives whengyantity these GM maizes, we designed the amplicons of the endog-
the same gene or construct is integrated into other GMOs with enous and exogenous target sequences ts 189 bp in size except
variable copy number. To overcome this, a line or transformation those for the GA21 and NK603 maizes. The amplicons of NK603 and
event-specific PCR method should be performég, (8). Up GA21 maizes were about 110 bp in size due to the difficulty in
to now, some event-specific quantitative PCR methods for a designing primers and probes with the integration junction sequence.
few GM crop events, compared with the total commercialized The primers and probe for TC1507 were designed for amplification of
GM events, have been developed, such as GTS 40-3-2 Soybeaﬁﬂe_SB-Ept&r’agm(iﬂt on “t‘_‘;b‘?s's of thqém‘:“?“ fragment ‘zjf_TC|150d7_

_ maize pbetween the partuaat gene and mailze genome disciosed In
852)) ZI\:JI-)O’ILIVI 8015 srﬁ;if : (;SMS 4’\)1,12?1510?52352{’5?; g)s CGEXIZO la one U.S. patent33). The primers and probe for CBH351 were designed

/ g ! on the basis of the reported event-specific sequence (Genbank No.
maize (22,27), MON863 maize 15, 16), Bt176 maize 32), AJ506040). Primers and probe for GA21 maize with amplification of

T25 maize (28), NK603 (29), and CBH351 (30). the 112-bp specific Gunction fragment of GA21 maize between the
Moreover, the standard reference molecule has been provednaize genome and rigetinl promoter were used based on the previous
to be a good alternate for reference materials in GMO detection paper (34). The TagMan primers and probes of another six GM maize

(14,31). However, few standard reference molecules containing lines, thatis, Bt11, Bt176, MON810, MON863, NK603, and T25, were
the integration junction sequences of GM maizes have beendesigned on the basis of their specific integration junction sequences
reported. In this study, the event-specific real-time PCR methods?nd the detailed |nfqrmat|on about the integration of nine C_EM maize
of nine GM maize events were systematically developed. Also, lines and are shown iRigures 1and2 andTable 1. All of the primers

a novel standard reference molecule with maize endogenousg?:AziL;c’rce;CEth ?g%gisgrﬁ?r%s%r:; esized and purified by Shanghai

reference gene and the specific integration junction sequences Construction of the Standard Reference MoleculeTo overcome

of these nine GM maizes was constructed and proved to be aye gitficulty in obtaining the certified positive and negative reference
valid substitute for the certified positive reference materials in maize materials, one novel plasmid named pMD-ZM was constructed

GM maize quantification. and used in GMO quantitation. The fragments with nineoB 5'
integration junction sequences from the GM maize lines and the specific
MATERIALS AND METHODS fragment of thezSSllbgene were cloned using overlapping PCR and

the standard subcloning metho@®s). The primer pairs for theSSlib
Materials. Genuine seeds of GM maize lines MON863, MON810, gene and the transgene integration fragments of the GM maizes are
GA21, and NK603, GM canola (GT73), GM cotton (MON531), and listed in Table 2 andFigure 1. After amplification of these 10 DNA
GM soybean (GTS 40-3-2) were developed by Monsanto Co. Genuine fragments independently, we first combined 3 DNA fragments, that is,
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Figure 1. Schematic diagrams of the integrated heterologous DNAs in GM
TC1507, CBH351, and T25 maize..

fragment A with the flanking sequences of Bt11, MON810, MON863,
and T25, fragment B with the flanking sequences of NK603 and
CBH351, and fragment C with the flanking sequences of TC1507,
Bt176, and GA21, using overlapping PCR stratety) (Then, the three
new fragments and fragment R2SSlIb) were cloned into the cloning
vector pMD18-T through a molecular manipulation method, and the
resulting plasmid, pMD-ZM, was confirmed by sequencing analysis
using the ABI PRISM 3730 Genetic Analyzer (Applied Biosystems)
by Shanghai BioAsia Biotechnology Co., Ltd. (Shanghai, China).
Quallitative PCR Conditions. In qualitative PCR assays, all of the
amplifications were carried out in 3@= volume reactions, with 100
ng of genomic DNA, 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCly, 0.2uM of each dNTP, 0.4M of each primer, and 2.5 units of
Tag DNA polymerase (TaKaRa Biotechnology Co., Ltd., Dalian,
China). All of the qualitative PCR amplifications were performed in a
PTC-100 Peltier thermal cycler (MJ Research, Waltham, MA) with
the program as follows: one step of 7 min at @5, 35 cycles of 30
s at 95°C, 30 s at 58C, 30 s at 72°C; one step of 7 min at 72C.

maize events, such as Bt11, Bt176, GA21, MON810, MON863, NK603,

reactions ran with the following procedures: 2 min at’8and 10

min at 95°C, 45 cycles of 30 s at 9%C, 60 s at 58 °C. Data were
analyzed with Rotor gene 2000 software version 6.0.25 (Corbett
Research). All of the PCR reactants were purchased from Roche
Molecular Biochemicals (Shanghai, China) except for primers and
probes.

A serially diluted plasmid pMD-ZM DNA, that is, & 10°, 2 x
10% 2 x 107, 2 x 105, 2 x 107, 2 x 10%, and 2x 10° copies, was used
as standard reference molecule per reaction to the construct standard
curve. Salmon testis DNA (10 ngl) was used as no-template control
(NTC). All of the real-time PCR was repeated three times, and each
time was triple-replicated for each template DNA (i.e., NTC, standard
plasmid DNA, and sample DNA).

In the tests of the repeatability and reproducibility of these real-
time PCR assays, six diluted concentrations of standard plasmid DNA,
that is, 2x 10% 2 x 107 2 x 103, 2 x 104, 2 x 10°, and 2x 1C°
copies, were used per reaction, respectively. Each reaction of one
concentration was repeated three times and each time with triple

Amplification products were electrophoresed on 3.0% agarose gels in replication.

0.5x TBE buffer for approximately 30 min at 100 V and stained with
EtBr for visualization. The reproducibility of PCR patterns was verified
by triple replicate experiments.

Quantitative PCR Conditions. TagMan real-time PCR assays were
carried out in a fluorometric thermocycler (Rotor-Gene 3000A, Corbett
Research, Australia) with a final volume of 2&. Fluorescence was

Quantitative Analysis of Mixed GM Maize Samples. Standard
curves for real-time PCR assays were obtained according to the methods
described by Kuribara et al.3(). GMO amounts (percent) were
calculated by the ratios of the copy numbers of transgene DNA and an
endogenous gene in GM maize samples with application of coefficient
values (CVs), according to the method described previodsly31).

monitored during every PCR cycle at the annealing step. Reactions
contained either 300—600 nM endogenous gene or exogenous geneRESULTS

primers and 156450 nM endogenous or exogenous probes for real-
time assays, £ PCR buffer, 400uM each of dATP, dGTP, dCTP,
800uM dUTP, 1.5 units of Tag DNA polymerase, 0.2 unit of Amperase
uracil N-glycosylase (UNG), and 6.5 mM MggLlReal-time PCR

Specificity Test of the Event-Specific Quantitative PCR
Systems.To set up the event-specific real-time PCR systems
of nine GM maize lines, the specificity of the designed TagMan
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Fragmemt A
AATGTAGAGG GCATGG GTGTAATTTCATATGG GCTGCGTCTCG TGCCTATAAATAGATGAAC AGTGTTTCCGTACTGTTCGCGCTGACTTGE

CATTTGCTTTTOCGCCACGCTTATACTT TTACCTTCTT TCAAGCCOAAGOTACATCTOTAATT TGATATCATT TCTAT TCTTCCAT GATAATAAAA
TAGAAATAAGTT GAT TATAATATATAAT TCT TTATGT TATCTCTTATACTTCATATGATTCCTTCT TCATTATTATATCTT GTGCT GAT GAAG GTATGT

CCTTCATAACCTTCGCCCOAAAATC AT TATATC COAAG G GAAATAATGCTICGAAGGACG ARG GACTCTAACGT TTAACATICCT TTGCCATTG)
O-MONE10.1F

bCWﬂCWWWﬁGTGA&M&M@%&&MTCCWM GCCATCATTOCOATAAAG GAARGGCCATCOTTO

0-MONE10-P
AAGATGCCTCTOCOARGARTCCOTTTCOGGAGTCTTGAGT TCATG TCCCTCGACGOCAGCTACGACAT GATACTCCTICCACCOCCGTEED
0.125.9F

i-.cAoceac.woacmmomme%gmm@wmwmocmnemmmemm
Q-125.P

TTCGTCAACATGGTGGAGCACGACACGCTTGTCTACTCC AAAACAAA GGG TAATATCCGGAAMACCTCCTCGGATTCCATTGC CCAGCTATCT

GTCACTTTATTG TGAAGATAG TGGAAAAGGAAG GTG GCTCCTACAMATGCCATCATTGCGATAAAG GAAAGGC CATCG TTGAAGATGCCTCT
GCCGTAGTCTCCAGGTTGGTTGGTGAGCCTAGTGATAGGAGACTATCTAGCT TGO TTCGGAGAGCACTTGTTGGGTTTAAGATTAGTTTTTT

GCTAAATGTTACGGCCTAAATGCTGAACTATT GACCCTACTT GTTCG GAT GGG TGTTCACCCCAARGTGTACC AAGCTT TCCGATCCTACCT]
O.MONSG3.1F O-MOMBEI-P
[ETCACT ICATCAAAAGGACAGTAGARAAG GAAGG TOGCACCTACAAATGCCATC AT GAAGAAC ATGACG TTATTTATGAGATG GGTTTTTATG
O-MONB63-2R
ATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAAC AAAATATAGCGCGCAAACTAGGATARATTATCGCGCGCGGTGTCATCTATGTT

ACTAGATCTGGGCCTCGTGATACGCCTATTTT TATAG GTTAATG TCATGATAATAATGGTTTCT TAGACGTCAGGTGGCACTTT TCOGGGARAT

GTOCOCOBANCCCCTATTTOTTTATTT ITCTAAATACATTC AAATATGTATCC OCTCATOOAGOOATICT TQOATITITOGTG GAGMCCATTTC

[[TOGTCTAAAATCT GTAG GTG TTAGC CTICTAGTATTAT TOAAAATGGTCGCTCATGBC TATT TTC ATCAAAAAT GBO BOTTGTGTGBCCATTTA
oBTIP O-BT11-2R

TCATCOACCAGAGGCTCGTACACCTCACCCCACATATGTTTCCTTOCCATAGAT TACATTCTT
Fragment B

GOCATCAGCCOATCTTTTCTCTGGCATTTCCAACCCT !MO&CGTOCGTCCCTOOTOOOCTGCTMQ&.&Q_&DJ]M&OCGOCCC

ACGCOTGOTACCAAGCTT GATATCCCTAGG L GGLCOCGT TAACAAGC TTACTCGAGGTCATTCATATGCTT GAGAAGAGAGTCGGGATA
OHNFGOS P O-NK603-2R

OTCCAAAATAAAACAAAG GTAAGTATTAAGCGCOG TG'CATCTAWW@TC GAC CTOCAOOCATOCMQI
O-CBHIS1F O-CBH351-P

[AATTCCATTG TATTGTATTTT TATT GATC AATTAGAATT GCCTTCTAGAACG TTAAT TGTCTCARAAG GOCCAATACACATACACTATTGGA
O.CBH351-2R
CCTTTTGAGTAAGACTGAAGAAGATCTTATGC AGATTAATAGTTTC COTATGOAAGATOOAAAACTOA

Fragment C

CTTGTGOTOTTTOTGGCTCTGTCCTAAAGTTCACTG TAGACGTCTCAAT GTAATGO TTAACGATATC ACAAACCGC G GAACAC AAGAACGRA
O-TC1507.1F O.1C1507 P

GOTTTTTACTT GOAAAAGAC AATOTTCCATACTARAGOATAGCTOCADAAGCCOCCACCOTCTT

Q-TC1507-2R
GAGGACCTTCCOGGGAGCCAGACCGOTCOAACCGTOGCCTCCACTTGCTAAGGAGAMAGGGAAMATCAGG GCCAGGACATACGAAGGAGD

AGCCAATAATAGGCATGACGTGGOGTTTCTGOCAGCTGGACTTCAGCCTGCCOGOGTACTGCCCCOTCCOOTCCTOCCCOTCAC COAGATCTG
OAT6-1F

ATGTICTCTCCTCCATT GATGCACGCCATCAATG GCCTTOAAGCCTT GOCCOACCOTTTCTCCCTTCCCCCTOOGCTCCCTCTCTCTCCET
QTP 0-176.2R
crcccrrccmmrcmmcmacmomﬁnnmmmmmnnmrmrmnmcm

O-GAZ1-1F O-GAZ1P
[FCTCAACAGCAGG TGO OTIC COGOTCATO GGG GCCOOAAACGE

Fragment D
AGTGCOOTHAAGCCAGAGCCCGCAGOTGATGATGCTAGACCOOTGOAAAGC ATAGGCATCGCTGAACCOGTOGATGC TAAGGCTGATGC
O-2SSEL-1F

AGCTCCOGCTACAGATOCO GCOGCOAGTOCTCCTTATOACAGH SAGGATAAT GAACCTGGCCCTTTGGCTGOGCCTAATOTGATGAACGT
0-755mP 0-zSSiIb-2R
COTCGTGOTOGGCTTCTGAATGTGCTCCTTITCTGCAAGACAGGTGGCCTTGOAGATGTCOGTGGOTGCTTTGCCTAAG

0.-GAZ21-2R

Figure 2. Sequences of the integrated DNAs in the standard plasmid pMD-ZM. The underline and boxes indicate the sequences of TagMan primers and
probes, respectively, designed for nine GM maize events and the maize zSSIlb gene. Fragment A includes the specific flanking sequences of MON810,
T25, MON863, and Bt11 maize; fragment B includes the specific flanking sequences of NK603 and CBH351 maize; fragment C includes the specific
flanking sequences of TC1507, Bt176, and GA21 maize; fragment D is the specific sequence of maize endogenous reference gene, zSSlib.

primers and probes was tested by means of qualitative PCRIn qualitative PCR system A employing primer pair Q-GA21
analysis. Nine qualitative PCR systems, namedl Aspecific 1F/2R, the target fragment 112 bp in size was obtained from
to the flanking sequences of GA21, NK603, Btl176, Btll, only GA21 maize, and no amplified fragments were obtained
MON863, TC1507, T25, CBH351, and MON810 maizes, were from the other eight GM maize lines, non-GM maize, and other
checked using the genomic DNAs from the nine GM maize GM crops (GTS40-3-2 soybean, MON531 cotton, and GT73
lines and non-GM maize, as well as a set of other transgenic canola) Figure 3). Similarly, the qualitative PCR primer pairs,
plants (GTS40-3-2 soybean, MON53L1 cotton, and GT73 canola). that is, Q-NK603-1F/2R, Q-Bt1+1F/2R, Q-MON863-1F/
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Table 1. Primers and Probes for Real-Time PCR Analysis

amplicon
target primer name sequence (5'-3') specificity (bp) ref
Btll Q-Btl1-1F CTCATGGAGGGATTCTTGGATTTT tNOS/maize 96 Genbank AY123624
Q-Bt11-2R CATGAGCGACCATTTTCAATAATACTA genome
Q-Bt11-P FAM CCATTTCTTGGTCT(TAMRA)AAAATCTGTAGGTGTTAGCCT
Bt176 Q-Bt176-1F GCCCGTCACCGAGATCTG bar/maize 64 Genbank AJ878607
Q-Bt176-2R AGGCTTCAAGGCCATTGATG genome
Q-Bt176-P FAM TGTTCTCTCCT(TAMRA)CCATTGATGCA
GA21 Q-GA21-1F CTTATCGTTATGCTATTTGCAACTTTAGA maize genome/ 112 30
Q-GA21-2R TGGCTCGCGATCCTCCT r-actinl
Q-GA21-P FAM CATATACTAACTCAT(TAMRA)ATCTCTTTCTCAACAGCAGGTGGGT
MON810  Q-MONB810-1F CGAAGGACGAAGGACTCTAACG maize genome/ 91 Genbank AF434709
Q-MON810-2R ~ GCCACCTTCCTTTTCCACTATCT p35S
Q-MONB810-P FAM CCTTTGCCATTGCCCAGCT(TAMRA)ATCTGTCACTTT
MONB863 Q-MONB863-1F CCTACTTGTTCGGATGGGTGTT maize genome/ 90 15
Q-MONB863-2R CTTCCTTTTCTACTGTCCTTTTGATGA p35S
Q-MON863-P FAM AGTGTACCAAGCT(TAMRA)TTCCGATCCTACCTGTCA
NK603 Q-NK603-1F CGGCCAGCAAGCCTTGTA maize genome/ 110 Genbank AF434709
Q-NK603-2R CGACTCTCTTCTCAAGCATATGAATG r-actinl
Q-NK603-P FAM CGGCCGCGTT(TAMRA)AACAAGCTTACTCGA
CBH351 Q-CBH351-1F TGTTACTAGATCGCAGATCCTCT tNOS/maize 96 Genbank AJ506040
Q-CBH351-2R CTAGAAGGCAATTCTAATTGATC genome
Q-CBH351-P FAM GTCGACCT(TAMRA)GCAGGCATGCAAGGAATTCCATT
TC1507 Q-TC1507-1F GACGTCTCAATGTAATGGTTAACGA pat/maize 83 31
Q-TC1507-2R CCTAGTATATGAAAGAATGAAAAGGTGCTT genome
Q-TC1507-P FAM TCACAAACCGCGGAACACAAGAACG TAMRA
T25 Q-T25-1F GCTACGACATGATACTCCTTCCA maize genome/ 90 27
Q-T25-2R TCTGAGACTGTATCTTTGATATTTCTTGT p35S
Q-T25-P FAM CGACAGCGACAAT(TAMRA)GGCGGAACGACTC
zSSlb Q-zSSllb-1F CGGTGGATGCTAAGGCTGATG 88 15
Q-zSSlib-2R AAAGGGCCAGGTTCATTATCCTC
Q-zSSlIb-P HEX TAAGGAGCACT(TAMARA)CGCCGCCGCATCTG
Table 2. Primers for the Construction of the Standard Reference Molecule
amplicon
target primer name sequence (5'-3') specificity (bp)
Btll R-Bt11-1F CCTACAAATGCCATCATGAAGAACATGACGTTATTTATGAGATGGGTT tNOS/maize genome 471
R-Bt11-2R AAACCATGGTTTCGGCGGAAGAATGTAATCTATGGCAAGG
Bt176 R-Bt176-1F GAAGGAGGAGCCAATAATAGGCATGACGTGGGTTTCTG bar/maize genome 208
R-Bt176-2R AATAGCATAACGATAAGAATAATAACTCCGTGGGCGTGGTAT
GA21 R-GA21-1F CGCCCACGGAGTTATTATTCTTATCGTTATGCTATTTGCAACTTTAGA maize genome/r-actinl 112
R-GA21-2R AAACCATGGTGGCTCGCGATCCT
MON810 R-MON810-1F TACGTAAATGTAGAGGGCATGGGTG maize genome/p35S 485
R-MON810-2R CAAGACTCCCGAAACGGATTCTTCGCAGAGGCATCTTCAACG
MON863 R-MON863-1F GTTGAAGATGCCTCTGCCGTAGTCTCCAGGTTGGTTGGTGAG maize genome/p35S 231
R-MON863-2R TCTCATAAATAACGTCATGTTCTTCATGATGGCATTTGTAGGTG
NK603 R-NK603-1F AAACCGCCGGGCATGAGCCGATCTTTT maize genome/r-actinl 202
R-NK603-2R TAGTAACATAGATGACACCGCGCTTAATACTTACCTTTGTTTTATTTTGGAC
CBH351 R-CBH351-1F GTCCAAAATAAAACAAAGGTAAGTATTAAGCGCGGTGTCATCTATGTTACTA tNOS/maize genome 224
R-CBH351-2R AACCATGGTCAGTTTTCCATCTTCCATA
TC1507 R-TC1507-1F AAACCATGGCTTGTGGTGTTTGTGGCTCT pat/maize genome 279
R-TC1507-2R CCCACGTCATGCCTATTATTGGCTCCTCCTTCGTATGT
T25 R-T25-1F CGTTGAAGATGCCTCTGCGAAGAATCCGTTTCGGGAGTCTTG maize genome/p35S 351
R-T25-2R CTCACCAACCAACCTGGAGACTACGGCAGAGGCATCTTCAAC
zSSlb R-zSSlIb-1F GGATCCAGTGCGGTGAAGCCAGAGC zSSlIb gene 255
R-zSSlIb-2R TCTAGACTTAGGCAAAGCACCCACGA

2R, Q-TC1507—1F/2R, Q-T25—1F/2R, Q-CBH351—1F/2R, (Figure 3). All of these indicated that all 10 designed primer
and Q-MONB810—1F/2R, used in the qualitative PCR gave rise pairs have high specificity and are suitable for further quantita-
to expected specific DNA fragments as showrigure 3. In tive analysis of GM maize samples.

PCR system J, the 88-bp endogenous fragme®§lih was Construction of the Standard Reference Molecule, pMD-
obtained in all maize DNA samples using Q-zSSIl-/2R, ZM. The reference molecule could be easily produced in
and no fragment was obtained in NTC and other GM crops bacteria with high quality and quantity; the standard dilution
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Figure 3. Specificity tests of the designed TagMan primers for the specific
flanking sequence of nine GM maize events and maize endogenous
reference gene. 2.5% agarose gel electrophoresis of the amplification
products of PCR systems correspond to the 112 bp GA21 (A), 110 bp
NK603 (B), 64 bp Bt176 (C), 96 bp CBH351 (D), 90 bp MON863 (E), 83
bp TC1507 (F), 90 bp T25 (G), 96 bp Bt11 (H), 91 bp MONB810 (), and
88 bp zSSlib gene (J). Arrowheads indicate the expected PCR amplified
products. Lane 1, NTC (no template control); lanes 2—14, amplification
of GM maize GA21, NK603, Bt176, CBH351, MON863, TC1507, T25,
Bt11, MON810, non-GM maize, GM soybean GTS40-3-2, GM canola
GT73, and GM cotton mon531, respectively; lane M, DL2000 DNA marker.
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Figure 4. Schematic diagram of the integrated fragments in the constructed
pMD-ZM. MONB810, five specific flanking fragments of MON810 maize;
T25, five specific flanking fragments of T25 maize; MON863, five specific
flanking fragments of MON863 maize; Btll, three specific flanking
fragments of Bt11 maize; Bt11, three specific flanking fragments of Bt11
maize; NK603, five specific flanking fragments of NK603 maize; CBH351,
three specific flanking fragments of CBH351 maize; GA21, five specific
flanking fragments of GA21 maize; Bt176, three specific flanking fragments
of Bt176 maize; TC1507, three specific flanking fragments of TC1507
maize; zSSlIb, specific sequence of maize zSSlb gene. Fragment A
contained MON810, T25, MON863, and Bt11; fragment B contained NK603
and CBH351; fragment C contained GA21, Bt176, and TC1507; fragment
D was zSSlib.

reference molecule, which was sufficient to quantify GMOs
from 0.05 to 100% in 100 ng of template for one reaction. Also,
this range was supposed to be sufficient to meet the needs of
guantifying GMOs in several countries and areas.

On the basis of the calibration curves constructed by the
reference molecule for nine GM maizes and the endogenous
zSSllbgene, the limits of detection (LODs) and limits of
guantitation (LOQs) of the established event-specific real-time
PCR assays were analyzed. The LOD and LOQ refer to the
lowest quantity of the target that reliably can be detected and

procedure was simplified with few error rates occurring, and quantified with a probability o&95% (37). In the constructed
many target genes from different GM lines might be integrated calibration curves, the square regression coefficieriswre

into one reference molecule, which decreased the requirement.9990, 0.9981, 0.9999, 0.9997, 0.9998, 0.9993, 0.9981, 0.9998,
of the standard GM plantsl4). On the basis of the method 0.9991, and 0.9992 for Bt11, Bt176, GA21, MON810, MONS863,
described above, the reference molecule, pMD-ZM, which NK603, TC1507, CBH351, T25, areESlibamplicons, respec-
contained the 10 specific fragments (9 GM maize event-specific tively. Good linearity between copy number and fluorescence
fragments andSSillb), was constructed. Totally, this combined values (Ct) visualized in the calibration curves indicated that
DNA fragment was 2969 bp in length and insertedBamH] these 10 real-time PCR assays combined with reference
and Xbal restriction enzyme sites into pMD18-T vector; this molecule established in this study were well suited for quantita-
fused fragment was also subjected to sequencing confirmationtive measurements. In the testing of LOD and LOQ for all 10
(Figure 4). For further use of this plasmid, we produced the PCR assays, the ability to detect event-specific sequence
pMD-ZM in E. coliaccording to the routine molecular method, decreased with decreasing copy numbers. The target event-
and the purified plasmid DNA was linearized with an enzyme, specific sequences could be detected in all nine amplification
Scal, located outside the integrated fragments; the resultingreactions down to 20 copies. From these results, we estimated

plasmid DNA was diluted to Z 10°, 2 x 101, 2 x 1%, 2 x
103, 2 x 104 2 x 10°, and 2x 10° copies per microliter on the
basis of the plasmid pMD-ZM size24).

Quantitative PCR Analysis of Nine GM Maizes Using the
Standard Reference MoleculeTo test the applicability of the

the LODs of Bt11, Bt176, GA21, MON810, MON863, NK603,
TC1507, CBH351, T25, andSSIIbPCR assays were low to
20 copies. These data also showed that the SD values of the
nine reactions with the same template concentration increased
with decreasing copy number, especially for the target molecule

reference plasmid pMD-ZM for GM maize detection instead of 20 copies. To obtain reliable quantified results under ideal
of positive GM reference materials, we optimized the magne- conditions, approximately 20 initial template copies were
sium and primer/probe concentrations, and highly sensitive andrequired, and we concluded that the LOQs of the event-specific
guantitative event-specific real-time PCR assays for the accuratereal-time PCR assay were 20 copies of the haploid genome.
measurement of the nine GM maize lines using plasmid pMD- All of the results indicated that these real-time PCR systems
ZM as reference molecule were established separately. were suitable for the detection of transgenic maize samples.
In the case of the quantitative range, seven gradual levels of To validate the reproducibility and repeatability of these real-
this reference molecule were set for calibration of the nine GM time PCR assays, six reference molecule dilutions (correspond-
maizes detection, that is, 2 1°, 2 x 10% 2 x 1(% 2 x 103, ingto 2x 10% 2 x 10, 2 x 103, 2 x 104 2 x 10°, and 2x
2 x 10% 2 x 1(P, and 2x 1(P copies for per reaction. On the  1(f copies for each reaction) were employed in the established
basis of the genome sizes of the constructed reference moleculd0 PCR assays and performed three times with triplicate
pMD-ZM (7380 bp) and the maize4, 36), we deduced that reactions each time. The repeatability standard deviatiof) (SD
the copy number range was from>2 10° to 2 x 1P of the and reproducibility standard deviation (8)Dof the reference
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molecule pMD-ZM were calculated from the data of triplicate Taple 3. Repeatability and Reproducibility of pMD-ZM?
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reactions and three replications. The'SBlues of these 10 PCR

assays ranged from 0.04 to 0.5ple 3), and the SBvalues Ctvalues
ranged from 0.02 to 0.29T@ble 3). All of the above results true copyno. 1 2 3 mean meancopyno. SD' SDR
indicated that the pMD-ZM could be successfully used as Bil1
standard material for quantitation of all nine GM maizes. 2000000  16.14 1628 16.19 1620  2104764.00 0.07 0.05
- : - 200000  19.81 19.93 19.96 19.90 165158.10  0.08 0.03
Mgasurement of Coefflc[ent Values Uslng Genuine Seeds 20000 2273 2268 2289 2277 92949 15 011 011
of Nine GM Maizes. According to the previous paper, the ratios 2000 26.36 2629 2618 26.28 2047.75 0.09 0.06
of introduced DNA and endogenous sequence in each genuine 200 29.38 2957 29.47 2947 226.71 0.10 0.06
seed were calculated and defined as coefficient value (G8)) ( 20 3317 3327 3319 3321 1731 0.06 0.04
and used for GMO amount (percent) calculation of unknown Bt176
sample. In the quantitative analysis of GM maize samples using 2000000 1967 1981 1976 1975 226784500 007 0.06
. . 200000  22.68 2249 2289 22.69 23640320 020 0.10
cloned standard reference plasmid, the CV was applied t0 59000 2597 2601 2586 2595 1926697 008 003
normalize the ratio of GM and reference target copies in 2000 28.96 2912 2901 29.03 1798.79 0.08 0.06
genomic DNA samples. Also, the conversion factor (Cf) term 200 3223 3216 3238 32.26 150.41 011 0.04
was sometimes used in GMO analysis to normalize the ratio of 20 3481 3459 3461 3467 2351 012 0.16
GM and reference target copies in genomic DNA samples in GAZL
th ith th 9 P 1 9 f oM (41 P 2000000 1627 1619 1629 1625  1914256.00 0.05 0.03
other papers wi € same meaning o (41). 200000 1949 1953 1956 19.53 21145270  0.04 0.02
We determined the CVs of all nine GM maizes three times, 20000 23.08 2301 2313 23.073 19479.90 0.06 0.03
each time with triple-replicated reactions, and then the mean 2000 2657 26.68 2641 2655 1876.84 014 0.08
lue was deduced as the CVable 4 shows the CVs of the 200 2991 3008 2996 2997 189.12 0.06 006
value wa i 20 3319 3324 3336 33.26 2061 0.09 0.03
tested nine GM maizes, and the values were 1.23, 0.88, 0.78, MONSL0
1.12, 1.08, 0.98, 0.87, 1.10, and 0.82 for Btl1, Btl76, GAZl, 2000000 16.28 16.15 16.32 16.25 2258136.00 0.09 0.03
MON810, MON863, NK603, TC1507, CBH351, and T25 200000  19.87 19.81 19.96 19.88 188642.70  0.08 0.02
maize, respectively. These results reflect that the CVs were 22%0(?00 gg% ggg; ggg gg% 118752267-7554 8-12 882
proportional to the copy number. pf target transgene in the 200 2099 3002 2985 2995 19295 009 003
genome. Because the event-specific fragments of the nine GM 20 33.01 3306 3342 3316 21.40 0.22 0.10
maizes were unique in the haploid maize genome, the ideal CVs MONB63
of all nine GM maizes should be 1.0. The discrepancy between 2000000 17.79 1781 17.89 17.83 217120100 0.05 0.04
experimental and theoretical values might be generated by 200000 2124 2116 2127 21.22 192649.00  0.06 0.03
different PCR efficiencies that resulted from the amounts of ~ 20000 2448 2449 2424 2440 1990521 014 005
) . : 2000 2761 2769 2755 27.62 2008.32 0.07 0.09
the nontargeted sequences in the plasmid and genomic DNA.  5qq 3034 30.67 3091 3064 232,06 029 010
Quantitative Analysis of the Nine Groups of GM Maize 20 3427 3443 3409 34.26 17.47 017 018
Samples Using the Reference Molecule pMD-ZMNine NK603
groups of GM maize mixtures were prepared by mixing the 22%%%)5)00 %g% %Zg %g; %gg 1281050597“;5391(? 8-(1)‘7" géﬁ
pure dried GM maize flours with non-GM dried maize flours 20000 2391 2393 2383 23.89 1925072 005 002
on a weight/weight basis and used to evaluate the accuracy and 2000 2728 2719 2735 27.27 1655.39 0.08 0.04
precision of the established real-time PCR methods in this study. 200 3021 3034 30.03 30.19 199.11 016 0.16
Each group of GM maize mixtures contained only one GM 20 3363 3308 3302 3324 2L.79 034 014
maize line (Btl11, Bt176, GA21, MON810, MON863, NK603, CBH351
TC1507, CBH351, or T25 maize) with five different GM 200000 7100 2128 108 i oy oo oo
contents (0, 0.5, 1.0, 3.0, and 5.0%). One hundred nanograms 0000 2638 2641 2632 2637 1668438 005 004
of DNAs extracted from each maize mixture was used as 2000 30.62 30.38 3056 3052 1732.85 0.12 0.05
template in one reaction, and each template was analyzed in 22%0 3‘7‘52 g‘;gg gggi g;‘gg 13919-2%4 853 853
three parallels; the quantitative estimates were calculated by the ' : : ' : : '
: ; ; i TC1507
defined formula, that is, (copy number of a foreign DNA in 2000000 2045 2053 2061 2053 195884500 008 0.04
GM samplex 100)/(copy number of an endogenous DNA in 200000 2383 2361 2368 2371 218273.00 011 004
GM samplex CV) (14). 20000 2712 27127 2731 27126 18749.95  0.06 0.07
Accuracy of the quantitative method was measured as bias 2000~ 30.36 3049 3061 3049 201837 013 0.6
. 200 3349 3374 3397 3373 214.29 024 012
(percent), which was calculated as the equaltion calculated 20 3692 3798 3735 37.42 16.83 053 013
GM contents/known GM conterjtsAs shown inTable 5, as to 125
the samples containing different GM contents of nine GM 2000000 1749 1753 1757 17.53 1746305.00 0.04 0.03
maizes, the bias ranged from 0.67 to 28.00%. The bias existing 200000  20.39 2049 2059 20.49 23225230 010 0.6
in our experiment was also similar to those of the previous 22%%’5 ggzg gggé g;‘gé 5333 22322454283&':1 8-%3 8%
studies on maize and soybean sam_pl]avs, 81). In a_ddmon, 200 3109 3113 3101 3108 170.73 006 004
the experimental mean value was directly proportional to the 20 3379 3392 3468 34.13 21.31 0.48 027
true value, as shown iRigure 5; all of the R? values of nine 2SSIIb
group GM maize samples were above 0.990, and the slope 2000000 1957 19.49 19.61 1956  1800667.00 0.6 0.03
values were about 1.0. The above results indicated that the 220(%%%0 gégg gégz §§§§ gégi 22122353629-2090 8-83 ggg
accurfacy 'of this meas'u.rement was ideal and crgdlble. 2000 2871 2894 2891 2885 2363.02 013 004
Estimation of precision was shown as relative standard 200 32.67 3258 3235 3253 170.87 0.17 0.09
deviation (RSD) and standard deviation (SD). The RSD and 20 35.38 3578 3583 3566 18.30 025 011

SD values were calculated from the quantified results of nine

group GM maize samples; the RSD values of all the mixed aSD', repeatability standard deviation; SDR, reproducibility standard deviation.
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Table 4. CVs of Nine GM Maize Event-Specific PCR Systems Using Table 5. Accuracy and Precision Statistics for Quantitative Methods
Genuine GM Maize Seeds
event copies/
mean event mean zSSllb mean coef- zSSllIb copies accuracy precision
event copies copies CVs SD RSD tue  ficient mean mean mean  mean  bias RSD?
Btll 58140.73 4714113 123 0.10 8.28 value (%) value 1 2 3 GMO(%) (%) SD (%)
Bt176 44236.69 50268.97 0.88 0.08 9.30 BilL
GA21 4211091 53988.34 0.78 0.07 8.41 50 654 674 601 547 940 015 274
MON810 43672.56 38877.65 112 009 8.08 30 405 360 351 302 067 023 775
MON863 4654382 42963.53 108 020 1800 10 123 102 112 097 084 1600 006 7.25
NK603 50518.02 51724.94 0.98 015 1537 05 047 036 050 036 2800 006 1735
CBH351 49730.09 57161.02 0.87 013 1507 0 0 0 0 0
TC1507 41140.98 37514.57 1.10 015 1344
25 33376.81 40869.56 082 011 1286 Bil76
5.0 43 422 432 486 280 006 132
3.0 246 219 236 265 1167 015 572
1.0 088 092 084 08 0.97 300 007 743
GM maize samples were from 0.83 to 26.20%alfle 5). The 05 033 036 043 042 1600 006 14.43
SD values were from 0.03 to 0.30 in the nine GM maize mixed 0 0 0 0 0
samples (Table 5). By comparison with the RSD values GA21
previously reported from maize, soybean, cotton, and potato 5.0 366 37 379 4.76 480 009 183
samples (1431, 38, 39), the resulting RSD values of tested fg 0 ggg 8-34 g-g? 218 1888 8-82 égg
samples were accepted except for two tested samples with the ;' ' 033 036 028 041 1800 005 1218
slightly higher RSD values of 24.49 and 26.20%, respectively. ¢ P 0 ' ' '
These two higher RSD values might be generated from the low MONS10
DNA level of_ GM maizes derive_d from tested samples with 50 573 576 5091 518 360 009 168
low reproducibility; another possible reason was the low level 3.0 328 323 318 2.88 400 005 156
of GM contents in the samp|es_ 1.0 1.12 1.03 091 093 0.85 15.00 0.06 6.87
In fact, GMO quantification accuracy depends on the nature 8'5 8'39 855 8'65 8'47 600 012 2449
of the reference material and the nature of the transgenic material
present in the analyzed samplé2}. Although the genome MONB63
L . 5.0 532 527 524 489 220 004 083
compositions of maize teguments, embryo, and endospermvary 3 334 347 342 316 533 006 194
in maize materials, these differences could be corrected and the 1.0 108 093 09 104 0.88 1200 007 7.71
mixed GM maize samples might be accurately quantified using 05 073 062 066 0.62 2400 006 8.98
a standard reference molecu2]. From these quantitatively 0 0 0 0 0
analyzed results, we believe that the established event-specific NK603
quantitative PCR systems for nine GM maizes in this paper gg gg; 2%3 ggg ggg 238 8-(1)2 132
could be used for the detection of these nine GM maizes. 10 098 122 107 102 112 1200 010 927
05 055 062 06 0.6 2000 004 6.01
DISCUSSION 0 0 0 0 0
The event-specific PCR method with high specificity has been CBH351
. ; . . 5.0 453 449 443 5.15 300 006 117
widely used for GM event detection because of its high 3 276 269 257 307 233 011 3.63
specificity. In this study, the TagMan real-time PCR systems 10 087 083 12  1.08 119 1900 022 1843
for CBH351 and TC1507 maize events were first reported and 0.5 030 034 042 040 2000 007 1759
established on the basis of the sequences of integration junctions. © o o 0 0
In addition, the quantitative event-specific PCR detection TC1507
systems for another seven GM maize events (Btll, Bt176, 290 412 531 475 448 1040 030 677
> 3.0 408 388 367 353 1767 019 525
GA21, MON810, MON863, NK603, and T25) were optimized 10 110 124 13 14 119 1900 007 595
and developed systematically. In these systems, we improved (5 043 045 05 042 1600 003 7.33
the design of TagMan probes, and the quencher molecule, 0 0 0 0 0
TAMRA, was dyed on the T-base of the probes with the internal T25
position. This improvement can increase the quenching ef- 50 082 458 438 475 557 1140 023 4.05
ficiency of TAMRA, the intensity of the fluorescent signal, and f-g g-gg S-;g 31731 (3)-;151% E-gg 8-82 é-gg
the PCR detection limit, which has been demonstrated by - 029 048 034 045 1000 012 26.20
Proudnikov et al.32). In the established real-time PCR systems 0 0 0 0

for nine GM maizes, the low LODs and LOQs of 20 copies
relied on the novel design of the TagMan probe to a degree. aRsp (relative standard deviation) values were calculated by dividing the

The specific amplicons with improved TagMan primers and standard deviation by mean value.
probes of GM maize events and endogenous gene were shorter
and <100 bp except for GA21 and NK603 maize events, which of the GM samples with low contents. Compared with our
was due to the relatively accurate quantitative analysis of GM unpublished results and the previous pagéy,(the quantitative
maizes and their processed products according to our resultsresults with slight bias obtained in our study are ideal and
(unpublished data) and the report of Yoshimura et4i).(In relatively accurate.
the practical detection of GM maize samples using these A novel standard reference plasmid containing the integration
established systems, the bias of quantitative results128s00% junction sequences of nine GM maize events and an endogenous
except for only two samples, which indicated that the systems gene sequence was constructed and used as standard reference
established in this study are suitable for quantitative analysis molecule in GM maize event-specific quantitative analysis
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6 (8) Ding, J. Y.; Jia, J. W.; Yang, L. T.; Wen, H. B.; Zhang, C. M.;
5 — (Bt176) Liu, W. X.; Zhang, D. B. Validation of a rice specific gene,
sucrose phosphate synthase, used as the endogenous reference
e % — (1C1507) gene for qualitative and real-time quantitative PCR detection of
& — (MoNga3) transgenes). Agric. Food Chem2004,52, 3372—3377.
2 3 (GAZ1) (9) Yang, L. T.; Pan, A. H.; Jia, J. W.; Ding, J. Y.; Chen, J. X;;
":g? — (CBH351) Huang, C.; Zhang, C. M.; Zhang, D. B. Validation of a tomato-
5 ; — (NKB03) specific gene, LAT52, used as an endogenous reference gene in
E i / — (MoNs10) qualitative and real-time quantitative PCR detection of transgenic
— (Bt1D) tomatoesJ. Agric. Food Chem2005,_53, 183_—190.
0 . . L (1e5) (10) Yang, L.; Chen, J. X.; Huang, C.; Liu, Y.; Jia, S.; Pan, L. W.;

=
Mean Value (%)
Figure 5. Correlation between the tested and true values of nine GM
maize samples employing the standard reference molecule pMD-ZM and
the established GM maize quantitative PCR systems.

instead of standard reference materials. In this novel reference (12) vang, L. T.; Shen, H. F.; Pan, A. H.; Chen, J. X.; Huang, C.;

plasmid, 10 specific DNA fragments including 9 event-specific
fragments and 1 specific fragment of maize endogenous
reference gengSSlihwere cloned into one plasmid. Compared

11

Zhang, D. B. Validation of a cotton-specific gene, Sadl, used
as an endogenous reference gene in qualitative and real-time
guantitative PCR detection of transgenic cotté*ant Cell Rep.
2005,24, 237—245.

Weng, H. B.; Yang, L. T.; Liu, Z. L.; Ding, J. Y.; Pan, A. H.;
Zhang, D. B. Novel reference gene, high-mobility-group protein
1Y, used in qualitative and real-time quantitative polymerase
chain reaction detection of transgenic rapeseed cultilafOAC

Int. 2005,88, 577—584.

Zhang, D. B. Screening and construct specific detection methods
of transgenic Huafan No. 1 tomato by conventional and real-
time PCR.J. Sci. Food Agric2005,85, 2159—2166.

with the previous reports, only the reference molecules contain- (13) Yang, L. T Pan, A. H.; Zhang, K. W.; Guo, J. C.; Yin, C. S.;

ing the gene- or construct-specific sequences of several GM

maize events have been constructed, and these are not suitable

for event-specific GMO detection. Furthermore, nine event-

Chen, J. X.; Huang, C.; Zhang, D. B. Identification and
guantification of three genetically modified insect resistant cotton
lines using conventional and TagMan real-time polymerase chain
reaction methodsl. Agric. Food Chem2005,53, 6222—6229.

specific sequences of GM maizes in one plasmid can be easily (14) Yang, L. T.; Pan, A. H.; Zhang, K. W.; Yin, C. S.; Qian, B. J.;

used for a stacked GM maize event and mixed GM maize

sample quantification. In stacked GM maize and mixed samples,
more than two transformed events coexisted in one combined-

Chen, J. X.; Huang, C.; Zhang, D. B. Qualitative and quantitative
PCR methods for event-specific detection of genetically modified
cotton Mon1445 and Mon53Transgenic Re005,14, 817—
831.

trait GbM ma|ze_f§ndd mixed S?mpl‘?S; each O‘; :jhfise GM ev.?.n:js (15) Yang, L. T.; Xu, S. C.; Pan, A. H.; Yin, C. S.: Zhang, K. W.;
must be quantl e Separate Yy using several di erent certifie Wang, Z.Y.; Zhou, Z. G.; Zhang, D.B. Event-specific qualitative

reference materials to construct the standard curves, and the and quantitative PCR detection of genetically modified MON863

results and PCR efficiency can be easily influenced by the
different reaction backgrounds with different certified reference
material genomic DNAs. However, this factor could be solved

in these quantitative systems using one standard reference

molecule, pMD-ZM. In addition, the reference plasmid pMD-
ZM could be easily produced and quantified.

maize based on thé-fransgene integration sequendeAgric.
Food Chem2005,53, 9312—-9318.

(16) Pan, A. H,; Yang, L. T.; Xu, S. C,; Yin, C. S.; Zhang, K. W.;

Wang, Z. Y.; Zhang, D. B. Event-specific qualitative and
guantitative PCR detection of MON863 maize based upon the
3'-transgene integration sequendeCereal Sci2006,43, 250—
257.

In conclusion, the novel constructed standard plasmid and (17) Anklam, E.; Gadani, F.; Heinze, P.; Pijnenburg, H.; Van den

the established nine GM maize event detection systems are

suitable for the identification and quantification of nine GM

maize events, and also the novel constructed standard plasmid

might be used for further study of multiplex quantitative

detection of nine GM maize events and their processed food

and feed samples.
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