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Multiplex PCR procedures were developed for simultaneously detecting multiple target sequences
in genetically modified (GM) soybean (Roundup Ready), maize (event 176, Bt11, Mon810, T14/25),
and canola (GT73, HCN92/28, MS8/RF3, Oxy 235). Internal control targets (invertase gene in corn,
lectin and f3-actin genes in soybean, and cruciferin gene in canola) were included as appropriate to
assess the efficiency of all reactions, thereby eliminating any false negatives. Primer combinations
that allowed the identification of specific lines were used. In one system of identification, simultaneous
amplification profiling (SAP), rather than target specific detection, was used for the identification of
four GM maize lines. SAP is simple and has the potential to identify both approved and nonapproved
GM lines. The template concentration was identified as a critical factor affecting efficient multiplex
PCRs. In canola, 75 ng of DNA template was more effective than 50 ng of DNA for the simultaneous
amplification of all targets in a reaction volume of 25 uL. Reliable identification of GM canola was
achieved at a DNA concentration of 3 ng/uL, and at 0.1% for GM soybean, indicating high levels of
sensitivity. Nonspecific amplification was utilized in this study as a tool for specific and reliable
identification of one line of GM maize. The primer crylA 4-3' (antisense primer) recognizes two sites
on the DNA template extracted from GM transgenic maize containing event 176 (European corn
borer resistant), resulting in the amplification of products of 152 bp (expected) and 485 bp
(unexpected). The latter fragment was sequenced and confirmed to be Cry1A specific. The systems
described herein represent simple, accurate, and sensitive GMO detection methods in which only
one reaction is necessary to detect multiple GM target sequences that can be reliably used for the
identification of specific lines of GMOs.

KEYWORDS: GMO; transgene; multiplex PCR; simultaneous amplification profiling; nonspecific
amplification; soybean; maize; canola

INTRODUCTION countries. Implementation of any labeling policy will require

the development of reliable detection methods for genetically
. . . modified organisms (GMOSs). The polymerase chain reaction
developed in an attempt to improve food quality and solve some (PCR) is one of the most commonly used methods for

pf thg problems associated with commercial agrlculture,llncluql- identifying the presence of GMO&,(3). Most PCR protocols
ing disease and weed management. The global area in whlchf r GMO detection involve reactions that ampli inale tarcet
GM crops are grown is increasing. Between 1996 and 2001, 0 etectio olve reactions that amplify a single targe

the global area of GM crops increased more than 30-fold, from (3)- Multiplex PCR is a variation of the conventional technique
1.7 million hectares in 1996 to 52.6 million hectares in 2001 " Which two or more targets are simultaneously amplified in
(1). The main GM crops are soybean (63% of the global area), the same reactiod]. This approach has the potential for greater
maize (19%), cotton (13%), and canola (5%). (Herbicide  reliability, flexibility, and cost reduction.
tolerance is the dominant trait in GM crops, followed by insect ~ Several studies have recently described the use of multiplex
resistance. Herbicide tolerant Roundup Ready (Monsanto) PCR as arapid and convenient screening assay for the detection
soybean is the most common transgenic line of soybean plantedpf GMOs. Permingeat et al5)f developed a multiplex PCR
whereas several lines of GM maize and canola, with differing which simultaneously detects two distinct transge@eg|A(b)
traits, have been approved and are planted in North America. andpat, from any of four different lines of GM maize. A more
Consumer concerns about GM foods have affected food specific approach was employed by Matsuoka et@l. They
regulation policies worldwide and have prompted the develop- developed a multiplex PCR system in which five lines of GM
ment or changes in GM food labeling legislation in many maize were distinguished by utilizing specific primers designed

Genetically modified (GM) or transgenic crops have been
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Table 1. Primer Sequences

primer target orientation sequence length (bp) ref
bacl p-actin gene sense GATCCTCCAATCCAGACACTG 319 Promega
bac2 antisense GAACTATGAATTACCTGATGG
lecMP1 soybean lectin gene sense GGGTGAGGATAGGGTTCTCTG 210 this study
lecMP2 antisense GCGATCGAGTAGTGAGAGTCG
sttmf3a cp4-epsps sense GCAAATCCTCTGGCCTTTCC 145 20
sttmr2a antisense CTTGCCCGTATTGATGACGTC
35SFZMP1 P35S sense CCGACAGTGGTCCCAAAGATG 158 this study
35SFZMP2 antisense AGAGGAAGGGTCTTGCGAAGG
nosFZMP1 NOS ter sense GAATCCTGTTGCCGGTCTTG 125 this study
nosFZMP2 antisense GCGGGACTCTAATCATAAAAACC
Ivr-F maize invertase gene sense CCGCTGTATCACAAGGGCTGGTACC 226 21
Ivr-R antisense GGAGCCCGTGTAGAGCATGACGATC
NPTII-3 NPTII gene sense GAGGCTATTCGGCTATGACT 271 22
NPTII-4R antisense AAGGTGAGATGACAGGAGAT
crylA 4-5' crylA(b) sense GGACAACAACCCMAACATCAAC 152 14
crylA 4-3' antisense GCACGAACTCGCTSAGCAG
patF2 pat sense GAAGGCTAGGAACGCTTACG 262 5
patR2 antisense GCCAAAAACCAACATCATGC
barF2 bar sense GCACAGGGCTTCAAGAGCGTGGTC 177 this study
barR2 antisense GGGCGGTACCGGCAGGCTGAA
PL-1C trnL sense CGAAATCGGTAGACGCTACG 387 (canola) 23
PL-2D antisense GGGGATAGAGGGACTTGAAC
cruMPF1 canola cruciferin gene sense TGGCTAAAGGTACGTGAATCTG 258 this study
CruMPR1 antisense CTCTCCCCATAAGACCTTCTCC
goxF3 gox 247 sense TAAGGCACTCCGTAACCTCATC 509 this study
goxR2 antisense TGTGGTATCCACGTTCGGTATC
bx3 oxy sense ACTTTCAAAGCAGCCGCTCTT 459 7
bx4 antisense CACCCGAACCAACGCTAAGTTT
bnaseMPF1 barnase sense ATCAAAAGGGAACCTTGCAGAC 202 this study
bnaseMPR1 antisense CTGATAATGGTCCGTTGTTTTG
patF1 pat sense GATATGGCCGCGGTTTGTGAT 186 this study
patR1 antisense TTCCAGGGCCCAGCGTAAG

exclusively for individual GM lines. Demeke et aF)(developed 235 from Aventis) as well as seeds and leaf tissue of nontransgenic
a multiplex PCR assay in which three lines of GM canola were maize (G4030 isoline) and canola (Westar), respectively, were used
simultaneously detected. Two of the GM lines were detected for the analyses. All of the transgenic lines that were used have human
using primers that target sequences within the functional fo0d safety approval in Canadg)(and the United StateS)
transgenes, while the other line was detected less specifically DPNA Extraction. Ground maize seeds, powdered soybean, and
using primers for promoter and terminator sequences. freeze-dried canola leaf tissue were used as starting material for isolating
Ideally, a multiplex system capable of detecting common DNA. The DNeasy Plant Mini kit (Qiagen, Mississauga, ON) was used

. according to the manufacturer’s instructions with some modifications.
GMO targets (promoter, terminator, and/or common transgene 9

. . . e Plant material (100 mg), buffer AP1 (50Q.), and 5uL of RNase A
sequences) that is also capable of identifying specific lines would (100 mg/mL) were placechia 2 mLtube containing glass beads and

be user-friendly and simplify the process of GMO detection {hen disrupted using a Hybaid RiboLyser cell disrupter (Hybaid Ltd.,
and identification. In this study, a reliable DNA extraction Ashford, U.K.). Samples were centrifuged, and the supernatant was
protocol is combined with several multiplex PCR procedures transferred to new tubes. After the samples had been washed, DNA
to develop relatively simple methods for the detection of nine was eluted with 20Q:L of preheated (65C) sterile distilled water,

of the most common transgenic crops (four maize lines, four followed by the addition of 2@L of 3 M sodium acetate (pH 5.2) and
canola lines, and one soybean line) approved for consumption220«L of cold 2-propanol. DNA was precipitated at30 °C for 30

in Canada and the United States. We describe three qualitativeMin and then centrifuged. The pellets were washed with cold 70%
multiplex PCR systems (one each for soybean, maize, andethanol, dried, and dissolved in 5 of sterile distilled water.

canola), demonstrate sensitivity and broad spectrum detection, The DNA concentration in samples was determined by measuring
and describe the use of simultaneous amplification profiling € YV absorption at 260 nm, and the quality of DNA was evaluated
(SAP) as a simple and reliable tool for identifying specific GM o™ the 260 nm to 280 nm UV absorption ratios (GeneQuant 11,

ize i Thi h has th tential t ilv disti . hPharmacia Biotech, Cambridge, U.K.). Samples with a ratio of-1.7
maize ines. [his approach has the potential to easlly AiSinguiSny g ere ysed in all assays. Pure DNA hasAas/Aqzso ratio of 1.7—

approved GM lines from nonapproved GM lines. 1.9 (DNeasy Plant Mini Kit Handbook, Qiagen).

Oligonucleotide Primers and Multiplex PCR Conditions. Oligo-

MATERIALS AND METHODS nucleotide primers were synthesized by Invitrogen, Life Technologies
Plant Material. Dried powder from non-GM and GM (Monsanto (Burlington, ON). Primer sequences and references, where appropriate,

Roundup Ready, GTS 40-3-2) soybeans, and certified reference materiaPre listed inTable 1. Various parameters were assessed initially to
containing GM Roundup Ready soybean; 3% (IRMM-410R cer- identify the optimal conditions for multiplex PCR. These parameters
tificate, sample 7386, Fluka Chemie, Retieseweg, Belgium), were usedincluded MgC} concentration (0.25, 0.5, 0.75, 1.0, 1.5, 3.0, and 4.5
for the soybean analyses. Seeds from four lines of GM maize (insect MM), PCR buffer concentration (19 1.5x, 2.0x, 2.5x, and 3.6),
resistant Bt11 and 176 from Novartis, insect resistant Mon810 from Primer concentration (0-11.04M), dNTP concentration (0-20.6 mM),
Monsanto, and herbicide resistant T14/T25 from Aventis) and freeze- extension time (3690 s), annealing temperature (561 °C), and
dried leaves of four lines of GM canola (herbicide resistant GT73 from number of cycles (2540).
Monsanto, herbicide resistant HCN92/28 from Aventis, male sterile  Multiplex PCR was carried out using a Stratagene (La Jolla, CA)
MS8/RF3 and MS1/RF2 from Aventis, and bromoxynil resistant Oxy Robocycler Gradient 40 temperature cycler under the following
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conditions. For soybean, the reaction volume ofiiOcontained 100

ng of genomic DNA, % Taq Extender Buffer (Stratagene), 1.5 mM
MgCl,, 0.45 mM dNTP, primers (0.LM lecMP1, lecMP2; 0.3«M
35SFZMP1, 35SFZMP2; 0.6M sttmf3a, sttmr2a; and 0.8M bac1,
bac2, nosFZMP1, nosFZMP2), 5.0 units of Taq Polymerase (Invitro-
gen), and 5.0 units of Taq Extender (Stratagene) PCR additive. Cycling
conditions were as follows: denaturing of DNA at 96 for 5 min;

35 cycles of 30 s at 98C, 1 min at 59°C, and 30 s at 72C; and a
final extension at 72C for 10 min. For maize, the reaction volume of
25ulL contained 50 ng of genomic DNA XLPCR buffer with (NH).-

SO, (Fermentas, Burlington, ON), 1.5 mM Mgg€l10.2 mM dNTP,
primers (0.2uM Ivr-F, Ivr-R; 0.3 uM barF2, barR2; 0.4M patF2, Figure 1. Multiplex PCR detection and identification of four lines of
patR2; and 0.xM crylA4-5, cry1A4-3), 2.5 units of Taq Polymerase  transgenic maize. Amplified DNA fragments of 262, 226, 177, and 152
(Invitrogen), and 2.5 units of Taq Extender (Stratagene) PCR additive. bp correspond to the pat, invertase, bar, and crylA(b) fragments,
Cycling conditions were as follows: denaturing of DNA at S5 for respectively: lane M, molecular weight markers (50 bp ladder); lane 1,

5 min; 35 cycles of 30 s at 95C, 1 min at 61°C, and 30 s at 72C; non-GM maize; lane 2, event 176; lane 3, T14/T25; lane 4, Mon810;
and a final extension at 72C for 10 min. For canola, the reaction lane 5, BtL; and lane 6, negative control (no DNA).

volume of 25uL contained 75 ng of genomic DNA,XL PCR buffer
with (NH4)2SOs (Fermentas), 1.5 mM Mggl0.2 mM dNTP, primers
(0.1uM PL-1C, PL-2D; 0.12«M goxF3, goxR2; 0.1&M patF1, patR1;

Table 2. Profile of Multiplex PCR Amplifications on Maize Samples

0.2 cruMPF1, cruMPR1; and 04M bx3, bx4, bnaseMPF1, bnase- invertase crylA(b) pat bar
MPR1), 2.5 units of Taq Polymerase (Invitrogen), and 2.5 units of Taq Ivr-F, Ivr-R  crylA 4-5', crylA4-3'  patF2, patR2  barF2, barR2
Extender (Stratagene) PCR additive. Cycling conditions were the same 226 bp? 152 bp? 262 bp? 177 bp?
as for maize. o R ~ ~ ~
Some of the targets and/or genes studied in this project include the gsgm 176 + + _ +
epspgene [encodes the enzyme 5-enolpyruvylshikimate-3-phosphate 114/725 + - + -
synthase isolated fromgrobacterium tumefacienstrain CP4 (CP4 Mon810 + + - -
EPSPS), for herbicide tolerance], that gene (encodes the enzyme  Btll + + + -

phosphinotricinN-acetyltransferase froi&treptomyces hygroscopigus
for herbicide tolerance), théar gene (encodes phosphinotridia- aTarget, primers, and amplicon size.
acetyltransferase frof@treptomycesiridochromogenesa homologue

of thepatgene), théarnasegene (encodes a ribonuclease frBacillus .
amyloliquefaciens theoxygene (encodes a nitrilase enzyme from the 1). All reactions produced the expected products except for a

bacteriumKlebsiella pneumoniaghe enzyme that hydrolyzes oxynil 485 bp fragment associated with the event 176 IFigyre 1,
herbicides), and thgoxgene (encodes the enzyme glyphosate oxidase lane 2). After single-locus PCR with the aforementioned four
from the bacteriumOchrobactrum anthropand confers resistance to ~ primer pairs had been performed on all four lines of maize, the
the herbicide glyphosate). 485 bp fragment was observed only with the crylA'4Ad

In all cases, amplification products were electrophoresed in 3% (w/ Cry1lA 4-3 primer pair and only associated with the event 176
v) TBE agarose gels, containing Quiy/mL ethidium bromide, for 1 h line (data not shown). Sequence analysis of this DNA fragment
at a constant voltage (100 V). Each experiment was repeated at leasiconfirmed it as being specific for ti@ry1A(b)insect toxin gene.
three times. Analysis of the primers against the maize event 176 sequence

Cloning and Sequencing PCR ProductsThe 485 bp fragment  (10) in a sequence analysis program revealed the reasons for
associated with PCR analysis (using primers crylA &% crylA the presence of the expected 152 bp product as well as the
4-3) of the maize event 176 was excised from a 3% agarose gel andunexpected 485 bp product. The first 10 of 19 nucleotides at
purified using Bio-Rad’s DNA purification kit (catalog no. 732-6010). the 3 end of the antisense primer cry1A 4aigned perfectly

The PCR f t t STieg DNA pol ligat : ;
intg thCe p(r:angr)geln xg;ge\?:éifd;nsdmﬂoned %Z?:]r;etr:es e_,rc|)gPaoedT A With the event 176 sequence 467 nucleotides downstream from

cloning kit as directed by the supplier (Invitrogen, Carlsbad, CA). the sense primer crylA 4-6inding site, resulting in a second
Plasmids with DNA inserts were sequenced using a Long Read IR 4200 PCR product of 485 bp. This is consistent with previous studies

automated sequencer (LI-COR Biotech, Lincoln, NE). that have shown that under the right conditions amplification
is possible with primers that are 683% complementary, with
RESULTS AND DISCUSSION 5—10 perfectly matched bases at tHeeBd of the primerX1).

Interestingly, agarose gel analysis of the multiplex PCR

Multiplex PCR Detection of GM Maize. A simple and amplification products consistently showed this 485 bp fragment
efficient multiplex PCR method was developed for the detection migrating at a rate that was faster than expeckéguie 1, lane
and identification of GM maize in which only one reaction is 2). Deng et al.12) described potential size differences between
necessary to detect any of the following four lines of transgenic multiplex and single-locus PCRs. In this study, the difference
maize: event 176, T14/T25, Mon810, and Btl11. Four primer in the migration rate was not due to a difference in size. This
pairs that generate amplification products of different lengths was confirmed by gel purifying, cloning, and sequencing the
were added to the reaction mixture. Primer pairs crylA 4ril fragment which was exactly 485 nucleotides. The purified
crylA 4-3' (152 bp product), patF2 and patR2 (262 bp product), fragment also migrated as expected when analyzed separately
and barF2 and barR2 (177 bp product) were used to detect theby agarose gel electrophoresis. Its migration rate in multiplex
above-mentioned four lines of GM maizeigure 1). The other PCR analysis is obviously affected by the three bands preceding.
primer pair, Ivr-F and Ivr-R (226 bp product), targeting the Also, migration of the invertase gene-associated band (226 bp)
endogenous invertase gene, was used to confirm the presencean lane 2 of Figure 1 is distorted when compared to the
of amplifiable maize DNA; the expected fragment of 226 bp corresponding band in lanes 1 ane% of Figure 1. The
was present in all maize samples that were tested, including Cry1A(b) specific primers used in this study were described
non-GM maize. The expected amplification products were and used by Matsuoka et alL3), but they did not report the
present in each of the lines that were tesfEab{e 2 andFigure presence of a second PCR product when using the same primer
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pair on the event 176 line of maize. However, the PCR cycling
conditions they used differed from the ones used in this report.
The high G/C content (70%) of the 10-nucleotide binding region
of the cry1A 4-3 primer coupled with these conditions appears
to permit binding of the antisense primer in two distinct regions
of the event 176 sequence. Under the PCR conditions used in
this report, this 485 bp fragment may be used as a distinguishing
feature of the event 176 line of GM maize.

The PCR amplification profile of each maize transgenic line
that was tested is outlined ifable 2. By assessing the
combination of targets present or absent in each sample, we
may determine its identity. For instance, the presence of the
CrylA(b) andpat targets combined with the absence of bae
target in a sample indicates that the sample is Bt11 maize. This_ ) , ,
system may also be used effectively to detect the existence offlgure 2. _Multlplex PC.R. _for the (j(_etecnon of transgenic soybean and
unspecified GMOs, including nonapproved lines, since many determination of its sensitivity. Amplified DNA fragments of.319, 210, 158,
GM crops contain at least one of the targets detected by the 1% and 125 bp comespond to the £ -.act|r?, soybean lectin, P35S, gp4-
primers used in the reaction. As new GM lines with new traits epsps, and NOS fragments, respectively: lane M, molecular weight

. — 0,
are approved, this system will need modification to facilitate mar_k_ers (50 bp ladder); Ianes_l 60,01, 05,10, 220.’ and 5.0% GMO
detection of the new events. certified Fluka reference material (IRMM-410R) containing GM Roundup

. . . . Ready soybean, respectively; lane 7, non-GM soybean; and lane 8, 100%
The use of multiplex PCR to detect and identify GM maize g, Roundup Ready soybean.

has been described previously by Matsuoka et@&l18) and
Permingeat et al5j. Matsuoka et al.g) developed a multiplex
PCR system which identifies five different lines of GM maize
by utilizing event specific primers. While this approach is useful,
it precludes the detection of other GM lines. Permingeat et al.
(5) developed a multiplex PCR which simultaneously detects
the crylA(b) and pat genes from any of four different lines of
GM maize and can conceivably detect that gene in other
GM events, but individual lines or events cannot be identified

conclusively. A more beneficial strategy would allow both the multiplex PCR to simultaneously amplify all five targets, and
identification of specific GM lines and the detection of common 4 procedure that was developed was capable of reliably
targets which simply determine the presence of GMOs. Mat- gistinguishing non-GM soybean from Roundup Ready soybean
suoka et al.14) reported one such method whereby primer pairs g e 2). The sensitivity and robustness of the procedure were
for the detection of several frequently used foreign DNA gemonstrated by the detection of certified reference material
segments (including transgenes and promoter and term'”atorcontaining GM Roundup Ready soybean ranging from 0.1% to
r_egions) were de_signed and_ u_sed i_n single-locus PCR_. Differentso, M content Figure 2, lanes 2-6). The bands associated
lines of GM maize were distinguished by constructing PCR it the 0.1% sample were present but weak, whereas the bands
amplification profiles of each sample tested individually with  55cqciated with samples containing-03 GM soybean were
each pair of primers. In this study, multiple targets were cjearly visible. Targetsp4-epspsransgene, 35S promoter, and
simultaneously amplified to create an amplification profile that oS terminator were detected in the Roundup Ready soybean,
allows easy and reliable identification of different lines of GM |t were absent, as expected, in the non-GM soybean sample
maize. The procedures described above were used for reliablerigyre 2). The internal control products were observed for both
analysis of processed foods made Wlth Bt 176 corn (cornbreadipe non-GM and GM samples, ruling out any possibility of false
and wheat-free pasta) or spiked with Bt11 and Bt 176 (pasta negativesFigure 2). These procedures were also used to detect
and corn cereal). processed foods with Roundup Ready soybean, including
Multiplex PCR Detection of GM Soybean.Several reports  nondairy frozen desserts, biscuits, and soy snack food (GEMMA
describing PCR techniques used to detect GM soybean have21 proficiency panel sample).
been published15—-17). These involve conventional, single- A large number of transgenic crop plants contain the CaMV
locus detection by primers directed toward specific promoters, 35S promoter and/or the NOS terminator control elemeifis (
terminators, or transgenes. Hurst et al8)( developed a For example, in Canada, 100% of transgenic soy and maize
multiplex PCR which combines a Roundup Ready specific and at least 67% of transgenic canola approved for consumption
primer pair, amplifying a region spanning the 35S promoter contain either the CaMV 35S promoter or the NOS terminator
[from cauliflower mosaic virus (CaMV)] and thep4-epsps control elements in their transgenic constru@g The set of
transgene, and a pair of internal control primers amplifying a primers described above for the detection of transgenic soybean
portion of the soybean lectin gene. In this study, five primer contain primer pairs directed toward the CaMV 35S promoter
pairs were identified that allow reliable differentiation of and NOS terminator, so this primer set was assessed for the
transgenic or GM soybean lines from non-GM lines. When used transgenic detection in crops other than soybean. In preliminary
in multiplex PCR, these primers were capable of simultaneously multiplex PCR assays of maize and canola, the bacl and bac?2
amplifying DNA products of different lengths, which can be primer pair did not consistently amplify the expected 319 bp
detected by agarose gel electrophoresis. The sttmf3a and sttmr2&agment and so was eliminated from future reactions. GM
primer pair, directed toward thep4-epspsransgene, amplifies  canola (Oxy 235) and GM maize (Bt11) could be distinguished
a 145 bp DNA fragment; the 35SFZMP1 and 35SFZMP2 primer from their non-GM counterparts using the soybean primer set
pair targets the 35S promoter and amplifies a fragment of 158 (excluding the bacl and bac2 primer paiFigure 3). Since

bp, and the nosFZMP1 and nosFZMP2 primer pair targets the
A. tumefaciensiopaline synthase (NOS) terminator and ampli-
fies a fragment of 125 bpr@ble 1). The primer pairs lecMP1
and lecMP2 (targeting the soybean specific lectin gene, 210 bp
fragment) and bacl and bac?2 (targeting fhactin gene, 319

bp fragment) were used as internal controls to confirm the
presence of amplifiable soybean DNA and assess the fitness of
the procedure. These primers were successfully combined in
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Figure 3. Multiplex PCR identification of transgenic soybean, canola, and
maize using primers suitable for broad spectrum detection. Amplified DNA
fragments of 210, 158, 145, and 125 bp correspond to the soybean lectin,
P35S, cp4-epsps, and NOS fragments, respectively: lane M, molecular
weight markers (50 bp ladder); lane 1, non-GM soybean; lane 2, Roundup
Ready soybean; lane 3, non-GM canola; lane 4, Oxy 235 GM canolg;
lane 5, non-GM maize; and lane 6, Bt1l GM maize.

Figure 4. Multiplex PCR identification of four lines of transgenic canola
using six primer pairs. The influence of DNA concentration was evaluated
using 50 ng/25 uL reaction (A) and 75 ng/25 uL reaction (B). Bands of
509, 459, 378, 258, 202, and 186 bp correspond to the gox 247, oxy,
trnL, canola cruciferin, barnase, and pat fragments, respectively: lane M,
molecular weight markers (50 bp ladder); lane 1, non-GM canola; lane 2,
GT73; lane 3, Oxy 235; lane 4, MS8/RF3; lane 5, HCN92/28; and lane
6, negative control (no DNA).

J. Agric. Food Chem., Vol. 51, No. 20, 2003 5833

Figure 5. Multiplex PCR identification and differentiation of two male sterile
lines of canola. (A) Multiplex PCR showing similar profiles of MS8/RF3
and MS1/RF2 and (B) single-locus PCR with primers NPT11-3 and NPT11-
4R specific to the NPT11 gene present in only MS1/RF2: lane M,
molecular weight markers (50 bp ladder); lane 1, MS8/RF3; and lane 2,
MS1/RF2.

canola: GT73, Oxy 235, MS8/RF3, and HCN92/Fglre

4). Expected amplification products were present in each of the
lines that were tested, and no nonspecific products were detected.
The 509 bp fragment in the GT73 line corresponds togbe

247 transgene. The 459 bp fragment in the Oxy 235 line
corresponds to thexy transgene. The 202 bp fragment in the
MSB8/RF3 line corresponds to thmarnasetransgene. The 186

bp fragment in the HCN92/28 line corresponds to e
transgene. Additionally, the primer pairs cruMPF1 and cruMPR1
(258 bp), for the canola specific cruciferin gene, and PL-1C
and PL-2D (387 bp), for the chloroplast tRNA-leu gene,
confirmed the presence of amplifiable canola and plant DNA,
respectively. The expected fragments were present in all samples
that were tested, including non-GM canola. In this multiplex
system, only one reaction is necessary to detect any of the four
lines of transgenic canola mentioned above. The template
concentration significantly affects the efficiency of multiplex
PCR, and this is demonstrated for canola in panels A and B of
Figure 4 which show the effects of using 50 and 75 ng of

the lecMP1 and lecMP2 primers target the soybean specific . =P A
lectin gene, the lectin specific product (210 bp) was absent from template, respectively, for amplification of the various targets.
samples of maize and canola. The ability to use a single set of Aside from our findings, there is only one other published
primers for broad spectrum qualitative detection (GM soybean, report of a multiplex PCR assay for the detection of GM canola
maize, and canola) saves time and reduces testing costs. It may7). Demeke et al.q) developed a multiplex PCR assay in which
be possible in the future to modify this procedure to include three lines of GM canola are identified. In this study, four lines
transgenic maize and canola primers, in addition to the soy of canola [including the three identified by Demeke et @)] (
primers, creating a method capable of detecting most approvedare reliably detected using a relatively simple multiplex
events in Canada. procedure. This robust procedure will facilitate the addition of
Multiplex PCR Detection of GM Canola. Primer pairs that ~ More primer combinations to identify other approved lines of
generate amplification products of different lengths were added transgenic canola.
to the canola multiplex reaction mixtur€igure 4). However, Multiplex PCR procedures that facilitate simple and reliable
unlike the maize multiplex system, in which the profile of identification of some of the most common transgenic lines of
amplification led to identification, the canola multiplex system maize, soybean, and canola were developed. The methods are
utilized primers that detect transgenes specific to the particular reproducible since all experiments were repeated at least twice.
GM lines that were tested. Although this system allowed Host specific internal targets were included in all assays as
differentiation of MS8/RF3 from the other lines, it does not controls for evaluating DNA quality and PCR efficacy, elimi-
allow specific identification of MS (male sterile) lines MS1/ nating any possibility of false negatives, thereby increasing
RF2 and MS8/RF3Kigure 5A, lanes 1 and 2). MS1/RF2 reliability. This is the first study in which simultaneous
contains the NPTII (neomycin phosphotransferase) gene, whereaamplification profiling (SAP) has been described as a reliable
MS8/RF3 lacks this transgene; therefore, primers targeting tool for identifying transgenic lines of maize. SAP has the ability
NPTIl were used to distinguish these two lin€sgure 5). In to identify specific approved GM lines, as well as the added
this case, multiplex PCR followed by a supplemental PCR potential of (1) identifying new GM lines containing similar
specific for NPTII was necessary for specific identification of transgenes by simply determining the associated profile (ad-
the two male sterile canola lines. ditional primers may or may not be required) and (2) detecting
The primer pairs goxF3 and goxR2, bx3 and bx4, bnaseMPF1 nonapproved lines by their deviant profiles. This definitely saves
and bnaseMPR1, and patF1 and patR1 were used in combinatiottime and costs of test implementation. This study also conclu-
to distinguish the following four lines of genetically modified sively demonstrates that in multiplex PCR, the migration rate
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of high-molecular weight bands may be affected by lower-
molecular weight bands.

The results obtained from analysis and detection of the Fluka
reference material indicate that this primer system may be easily
adapted for semiquantitative type analysis of some genetically
modified sample matrices such as seed, grain, and flour. Side-
by-side PCR analyses may be carried out comparing samples (10)
with unknown GM contents with reference standards with
known GM contents. The targets identified also may be useful
in developing real-time quantitative PCR procedures.

Several factors are important in achieving successful multiplex
amplification, and the template concentration, often overlooked,

(8) Status of Regulated Plants with Novel Traits in Canada; Canadian
Food Inspection Agency: Sidney, BC, 2002 (http:/
www.inspection.gc.ca/english/plaveg/pbo/pntvcne.shtml).

(9) List of Completed Consultations on Bioengineered Foods; U.S.

Food and Drug Administration: Washington, DC, 2002 (http://

www.cfsan.fda.govtIrd/Biocon.html).

Koziel, M. G.; Desai, N. M.; Lewis, K. S.; Kramer, V. C;

Warren, G. W.; Evola, S. V.; Crossland, L. D.; Wright, M. S.;

Merlin, E. J.; Launis, K. L.; Rothstein, S. J.; Bowman, C. G.;

Dawson, J. L.; Dunder, E. M.; Pace, G. M.; Suttie, J. L. U.S.

Patent 5625136, April 29, 1997.

James, D.; Upton, C. Single primer pair designs that facilitate

simultaneous detection and differentiation of peach mosaic virus

(11)

was shown to be a critical factor in some reactions. The
combination of sample grinding using the Hybaid Ribolyser cell
disrupter and DNA extraction using a modified DNeasy Plant
Mini kit protocol simplified and enhanced DNA extraction. This

approach also reduced opportunities for cross contamination.

The optimum conditions for multiplex PCR appear to depend

more on the primer combinations and less on the DNA source.
This observation is based on the fact that the primer set and
conditions developed for soybean GM detection were also used

to reliably detect GM maize and canola.

Procedures are described that allow easy identification of
some of the most common GM lines approved for use in Canada (14)

and the United States, including four lines of GM maize, four

lines of GM canola, and Roundup Ready soybean. Nonspecific
reactions are usually seen as undesirable events, but in this study,
a nonspecific fragment was identified as a useful and reliable

feature for the identification of a transgenic event in maize. The
multiplex PCR systems reported in this study are simple,
reliable, efficient, and thus easy to implement in any regulatory
program aimed at controlling the movement, distribution, and/
or use of the GM lines described herein.

ACKNOWLEDGMENT

We thank Patricia Ngai and Rob Sahota for their technical
assistance.

LITERATURE CITED

(1) James, C. Global Status of Commercialized Transgenic Crops:

2001.ISAAA Briefs ISAAA: Ithaca, NY, 2001; No. 24.

(2) Ahmed, F. E. Detection of genetically modified organisms in
foods. Trends Biotechnol2002 20, 215-223.

(3) Gachet, E.; Martin, G. G.; Vigneau, F.; Meyer, G. Detection of
genetically modified organisms (GMOs) by PCR: a brief review
of methodologies availabl&rends Food Sci. Techndl999 9,
380—-388.

(4) Edwards, M. G.; Gibbs, R. A. Multiplex PCR. PCR Primer,

A Laboratory ManualDieffenbach, C. W., Dveksler, G. S., Eds.;
Cold Spring Harbor Laboratory Press: Plainview, NY, 1995;
pp 157-171.

(5) Permingeat, H. R.; Reggiardo, M. I.; Vallejos, R. H. Detection
and quantification of transgenes in grains by multiplex and real-
time PCR.J. Agric. Food Chem2002 50, 4431-4436.

(6) Matsuoka, T.; Kuribara, H.; Akiyama, H.; Miura, H.; Goda, Y.;
Kusakabe, Y.; Isshiki, K.; Toyoda, M.; Hino, A. A multiplex
PCR method of detecting recombinant DNAs from five lines of
genetically modified maizel. Food Hyg. Soc. Jpr2001 42,
24-32.

(7) Demeke, T.; Giroux, R. W.; Reitmeier, S.; Simon, S. L.
Development of a polymerase chain reaction assay for the
detection of three canola transgenesAm. Oil Chem. So2002
79, 1015-1019.

and cherry mottle leaf virusl. Virol. Methods1999 83, 103—

111.

Deng, H.-W.; Zhou, Y.; Recker, R. R.; Johnson, M. L.; Li, J.

Fragment size difference between multiplex and singleplex PCR

products and their practical implicatiorBioTechnique200Q

29, 298-308.

Matsuoka, T.; Kuribara, H.; Takubo, K.; Akiyama, H.; Miura,

H.; Goda, Y.; Kusakabe, Y.; Isshiki, K.; Toyoda, M.; Hino, A.

Detection of recombinant DNA segments introduced to geneti-

cally modified maize Zea mayk J. Agric. Food Chem2002

50, 2100-2109.

Matsuoka, T.; Kawashima, Y.; Akiyama, H.; Miura, H.; Goda,

Y.; Kusakabe, Y.; Isshiki, K.; Toyoda, M.; Hino, A. A method

of detecting recombinant DNAs from four lines of genetically

modified maizeJ. Food Hyg. Soc. Jpr200Q 41, 137-143.

(15) Lin, H.-Y.; Chiueh, L.-C.; Shih, D. Y.-C. Detection of genetically

modified soybeans and maize by the polymerase chain reaction

method.J. Food Drug Anal200Q 8 (3), 200-207.

Shirai, N.; Momma, K.; Ozawa, S.; Hashimoto, W.; Kito, M.;

Utsumi, S.; Murata, K. Safety assessment of genetically engi-

neered food: detection and monitoring of glyphosate-tolerant

soybeansBiosci., Biotechnol., Biocheni998 62 (7), 1461

1464.

(17) Van Hoef, A. M. A.; Kok, E. J.; Bouw, E.; Kuiper, H. A.; Keijer,

J. Development and application of a selective detection method
for genetically modified soy and soy derived produdisod
Addit. Contam1998 15 (7), 76 7+774.

(18) Hurst, C. D.; Knight, A.; Bruce, I. J. PCR detection of genetically
modified soya and maize in foodstuffslol. Breed 1999 5,
579-586.

(19) Spoth, B.; Strauss, E. Screening for genetically modified
organisms in food using Promega’s Wizard Re$tnomega
Quality Monitoring1999 1, 1-3.

(20) Vatilingom, M.; Pijnenburg, H.; Gendre, F.; Brignon, P. Real-
time gquantitative PCR detection of genetically modified Maxi-
mizer maize and Roundup Ready soybean in some representative
foods.J. Agric. Food Chem1999 47, 5261-5266.

(21) Ehlers, B.; Strauch, E.; Goltz, M.; Kubsch, D.; Wagner, H.;
Maidhof, H.; Bendiek, J.; Appel, B.; Buhk, H.-J. Nachweis
gentechnischer Vénalerungen in Mais mittels PCBundesge-
sundheitsbl1997, 40, 118-121.

(22) Beck, E.; Ludwig, G.; Auerswald, E. A.; Reiss, B.; Schaller, H.
Nucleotide sequence and exact localization of the neomycin
phosphotransferase gene from transposon Genel982 19,
327—-336.

(23) Taberlet, P.; Gielly, L.; Pautou, G.; Bouvet, J. Universal primers
for amplification of three non-coding regions of chloroplast
DNA. Plant Mol. Biol 1991, 17, 1105-1109.

(12)

(13)

(16)

Received for review February 4, 2003. Accepted June 12, 2003.
JF0341159



