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The applicability of quantifying genetically modified (GM) maize and soy to processed foods was
investigated using heat treatment processing models. The detection methods were based on real-
time quantitative polymerase chain reaction (PCR) analysis. Ground seeds of insect resistant GM
maize (MONB810) and glyphosate tolerant Roundup Ready (RR) soy were dissolved in water and
were heat treated by autoclaving for various time intervals. The calculated copy numbers of the
recombinant and taxon specific deoxyribonucleic acid (DNA) sequences in the extracted DNA solution
were found to decrease with time. This decrease was influenced by the PCR-amplified size. The
conversion factor (C;), which is the ratio of the recombinant DNA sequence to the taxon specific
DNA sequence and is used as a constant number for calculating GM% at each event, tended to be
stable when the sizes of PCR products of two DNA sequences were nearly equal. The results
suggested that the size of the PCR product plays a key role in the quantification of GM organisms in
processed foods. It is believed that the C; of the endosperm (3n) is influenced by whether the GM
originated from a paternal or maternal source. The embryos and endosperms were separated from
the F1 generation seeds of five GM maize events, and their C; values were measured. Both paternal
and maternal GM events were identified. In these, the endosperm C; was lower than that of the
embryo, and the embryo C; was lower than that of the endosperm. These results demonstrate the
difficulties encountered in the determination of GM% in maize grains (F2 generation) and in processed
foods from maize and soy.
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INTRODUCTION introduced for GM foods in the European Union (EU), Korea,
Japan, Australia, and other countries; however, the labeling of
GM foods is not compulsory in the United States and Canada.
Under current legislation, the presence of GM material in
conventional food products does not have to be labeled, provided
at such use can be shown to be adventitious and technically
unavoidable. The governments of the following countries have
announced the following threshold levels for the unintentional
mixing of GMOs with food products: 0.9% in the EB)( 3%
in Korea (4), and 5% in Japal)
Polymerase chain reaction (PCR) is a widely used technique
to confirm the existence of GMOs and to ensure the reliability

A rapid increase in the growth of genetically modified
organisms (GMO) as well as dependence on foodstuffs including
these materials have occurred in recent yedrs Some
consumers are concerned about the use of advanced technolog
and potential health and environmental risks associated with
GMOs (2). One particular matter of concern to consumers has
been the proper labeling of food products that have been
produced using GM technology. Labeling systems have been
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or quantitative competitive PCR is a useful technique for GM soy, the grain produced in Ohio in 1998 was directly imported.
obtaining more precise and numerical information determining The rice Oryza satia) variety Kinuhikari, the wheat Triticum

the amount of GMOs in a sampld3—18). We previously aestl_/um) variety Haruyutaka, and the barlgyo_{rdeumyulgare_) variety
reported a novel method for the detection and quantification of Harrington were used to study the specificity of the designed primer
relative amounts of five GM maize products and a GM soy P2's: _ .

product (19,20). This analytical method was adopted as a Heat Treatment Processing ModeMON810 maize seeds were

- . ground with a Rotor-Speed Mill P14 (Fritsch GmbH, Idar-Oberstein,
standard (the official method) in Japan and Kor@a-{24). Germany) with a 0.2 mm sieve ring. RR soy seeds were ground with

However, application of this method is limited to use on grains 4 Rotor-Speed Mill P14 with a 0.5 mm sieve ring. One gram of powder
and ground materials obtained from maize and soy. In Japan,was suspended in 7.5 mL of distilled water and autoclaved with a high-
30 processed food products derived from maize, soy, and potatopressure Steam Sterilizer BS-245 (TOMY Seiko Co., Ltd., Tokyo,
have been identified as products that should be labeled accordinglapan) at 110C for 0, 5, 15, 30, and 60 mim(= 2) (not including

to the labeling system. However, quantitative methods for the time required for raising and decreasing temperature). DNAs were
determining the comingling levels of GMOs in processed foods €xtracted from the heat-treated samples.

still need to be developed in order to determine whether the DNA Extraction from Samples. A silica membrane method was

current identity-preserved system of handling non-GM raw used for DNA extraction. Using the DNeasy Plant Maxi kit (Qiagen
materials is appropriately implemented GmbH, Hilden, Germany), 1 g of treample was incubated for 1 h at

L . . 65 °C with the addition of 5 mL of buffer AP1 and 14L of RNase
DNA degradation is the primary obstacle to GM quantifica- for maize and, for the soy samples, with the addition of 10 mL of

tion in processed foods, because the GM% is calculated frompffer AP1 and 2uL of RNase. The following steps were carried out
the ratio of the copy numbers of the recombinant DNA sequence according to previously described methods (18). The eluted fraction
to the taxon specific DNA sequence. Therefore, we are at presentwas treated with 2-propanol precipitation, and the precipitant was rinsed
unable to eliminate the possibility that the degree of degradation with 70% ethanol, dried, and resuspended with 40Q0of TE buffer

of these two DNA sequences differs and thus to reliably [10 mM Tris-HCI (pH 8.0) and 1 mM ethylenediaminetetraacetic acid

determine whether the GM% in processed foods is inconsistent(EDTA)]. The concentration of DNA in solution was calculated from
with the true values in the raw materials. the absorbance at 260 nm, as measured by a UV spectrometer (DU7000;

Several actions have been taken to detect the presence oP eckman Coulter Inc., Fullerton, CA).
P Oligonucleotide Primers and Probes.To investigate the stability

GMOs in processed f°°‘?'3- In one qualitative analysis using & of the GM% by heat treatment, PCR systems SSllb 2-4 and Le1n03,
heat treatment processing model, the target sequence Wagyhich amplify the inside region of the PCR systems SSlib 1 and
successfully amplified by electrophoresis using a shorter region | e1n02, were designed to detect taxon specific DNA sequences in maize
than that used for raw material25). One report mentioned  and soy, respectivelyTable 1). Schematic diagrams of PCR systems
the possibility of using real-time PCR for the GM quantification  SSllb 1-4 and Le1n02-03 are shownFigure 1. Seven sets of primer

of processed food, where the relevant values were determinedpairs and Tag-Man probes used for construct specific and universal

from the GM% measured before, as well as after, model GM quantitation were identical with those described in our previous
processing (26). paper (19). Among these primer pairs and Tag-Man probes, M810 2

, M810 2-5'and M810 2-3'with M810-Tag), BtL1 3 (Bt11 3-5and
In the present report, MONB10 maize and Roundup Ready i3 250 Bt11-2-Taq), GA21 3 (GAqu) i GAZL 3 S

(RR) soy, used as representative GM crops, were processed withy A21-2-Taq), T25 1 (T25 1-8nd T25 1-3with T25-2-Tag), E176 2
heat treatment in order to investigate the applicability of the (176 2.5:and E176 2-3with E176-Tag), and RRS 01 (RRS 01-5'
quantification methods considered here. Furthermore, the reli- and RRS 01-3with RRS—Tagq) were used for the quantitation of
ability of these improvements was evaluated by the change in construct specific sequences, while P35S 1 (P35Sang P35S 1-3'
the conversion factor(), which represents the ratio of the with P35S-Taq) was used for the quantitation of universal GM sequence.

recombinant DNA sequence to the taxon specific DNA se- All primers and Tag-Man probes labeled with 6-carboxy-fluorescein
guence. (FAM) and 6-carboxytetramethyl-rhodamine (TAMRA) at the &d

3'-ends, respectively, were synthesized using Fasmac Co., Ltd. (Kana-

In addition, we took into account the biological backgrounds
gawa, Japan).

of the seeds and t.he progeny grains. For this analysis, it was Qualitative PCR. A 25 uL volume of the reaction solution contained
necessary to consider the tissue type that was used to producgg ot template DNA, 2.5L of PCR buffer I [Applied Biosystems
the processed food from albuminous plants such as maize. Thisag)y Foster City, CA], 2004M dNTP, 1.5 mM MgCh, 0.625 U
is because the nuclear phase of the embryo (germ) is diploid AmpliTag Gold DNA Polymerase (ABI), and 0&M of the primer
and that of the endosperm (albumen) is triploid; timeoRt of pair. The reaction was carried out using a PTC-200 DNA engine (MJ
3n in the endosperm originates from the maternal source. Research Inc., Waltham, MA), with the following PCR steycle
Moreover, it was also necessary to investigate whether the program: preincubation at 98 for 10 min, 40 cycles consisting of
current GM quantifying method for seeds could be applied to denaturation at 95C for 0.5 min, annealing at 60C for 0.5 min, and
processed foods, because almost all of the DNA in processedeXte”Si_O” at 72C for 0.5 min, followed by a final extension at 7€
foods is thought to be derived from an endospermic fraction. o 7 min. _ _
Additionally, it was important to take into account the genotype __Quantitative PCR. A 25 uL volume of the reaction mixture

. : . . contained 12.&L of Universal Master Mix (ABI), 0.5«M primer pair
differences of samples in the zygotic phase with respect to F1 (Fasmac Co.), 0.2M probe (except for the p35S, 0uM) (Fasmac

hyb_ri_d seeds anq the progeny used as food materials. _WeCo.), and 50 ng of template DNA. Sample DNA was diluted to 20
clarified several findings in this study that are demonstrative ng/,1 in TE buffer (pH 8.0), and 2.5L of diluted DNA was added to

of such differences in biological backgrounds. the reaction mixture. The probe was labeled with fluorescent dye, and
the kinetic analysis during amplification of the target sequence was
MATERIALS AND METHODS monitored using an ABI PRISM 7700 (ABI) system. The reaction

conditions for real-time PCR for all PCR systems was set with the
Maize, Soy, and Other Cereal SamplesGenuine seeds of the  following PCR step—cycle program: preincubation at’80for 2 min
appropriate varieties derived from five events of GM maizesa mays and 95°C for 10 min, 40 cycles consisting of denaturation at°@5
and RR soy Glycine max) were identical with those used in our for 0.5 min, annealing, and extension at 89 for 1 min. Standard
previous paperl9). As a conventional non-GM maize, Dairyland 1412  curves were calibrated using five concentrations of reference molecules,
was directly imported from the United States. As a conventional non- i.e., 20, 125, 1500, 20000, and 250000 copies per reaction. A
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Table 1. List of Primers and TagMan Probes for Real-Time PCR Systems

PCR length
target system name sequence specificity (bp)
2SSlIb (maize SSlib 1 SSlib 1-5' CTCCCAATCCTTTGACATCTGC 2SSlIblsense primer 151
taxon specific) SSlib 1-3' TCGATT TCT CTC TTG GTG ACA GG zSSllIblantisense primer
SSlib-Taq 5'-FAM-AGC AAA GTC AGA GCG CTG CAA zSSllIblsense probe
TGC A-TAMRA-3'
SSlib 2 SSlib 2-5' TCCCAATCCTTT GACATCTGCT zSSlIblsense primer 133
SSlib 2-3' GAC AGG AGC TGATGG ATG ATC AG zSSllIblantisense primer
SSlIb-Taq 5'-FAM-AGC AAA GTC AGA GCG CTG CAA zSSlIblsense probe
TGC A-TAMRA-3'
SSlib 3 SSlib 3-5' CCAATCCTTTGACATCTGCTCC 2SSlIblsense primer 114
SSlib 3-3' GAT CAG CTT TGG GTC CGG A zSSlIblantisense primer
SSlib-Taq 5'-FAM-AGC AAA GTC AGA GCG CTG CAA zSSllIblsense probe
TGC A-TAMRA-3'
SSlib 4 SSlib 3-5' CCAATCCTTTGACATCTGCTCC zSSlIblsense primer 83
SSlib 4-3' GGT GCT CGC GCT GCT G zSSllIblantisense primer
SSlib-Taq 5'-FAM-AGC AAA GTC AGA GCG CTG CAA zSSllIbisense probe
TGC A-TAMRA-3'
Lel (soy Le1n02 Le1n02-5 GCC CTC TACTCCACCCCCA Lel/sense primer 118
taxon specific) Leln02-3' GCC CATCTG CAAGCCTTTTT Lellantisense primer
Lel-Taq 5'-FAM-AGC TTC GCC GCT TCC TTC AAC Lel/sense probe
TTC AC-TAMRA-3'
Le1n03 Le1n03-5 GGA CAA AGA AAC CGG TAG CGT Lellsense primer 89
Le1n03-3' GCC CATCTGCAAGCCTTTT Lel/antisense primer
Lel-Taq 5'-FAM-AGC TTC GCC GCT TCC TTC AAC Lel/sense probe
TTC AC-TAMRA-3'
SSlib 3-5—— calculated in a fixed manner according to that described in our previous
SSilb 2-5' —»
85iib 15— ssip-Tag report (19).
Measurement ofC;. According to our previous report9), the copy
—,ss”b 1.3 numbers of recombinant and taxon specific DNA sequences in DNA
” mg_%’/b 23 solution extracted from samples, seeds, embryos, and endosperms were
<«—SSiib 4-3 quantitated. The ratio of the copy number of the recombinant DNA
ZSS,,b|p353|tNOS|GA21I T25| MONmIEvemﬂel Bti1 sequence to that of the taxon specific sequence was defined as the
conversion factor@) (in our previous report, we defined this value as
the coefficient valueC,).
pMuls Agarose Gel ElectrophoresisExtracted DNA was electrophoresed
at a constant voltage (100 V) with 3% agarose gel supplemented with
] 0.5ug/mL ethidium bromide (Sigma Chemical Co., St. Louis, MO) in
Le1bEINOSS—=—>  LetTaq TAE buffer [40 mM Tris-HCI (pH 8.0), 40 mM acetic acid, and 1 mM
EDTA (pH 8.0)]. The gel was scanned using a Molecular Imager FX
YL L system (Bio-Rad Laboratories Inc., Hercules, CA).
Separation of Embryo and Endosperm from Single Seed®8efore
RR soy [Let [0S [psss separation, the seeds were washed with 1% sodium dodecy! sulfate
(SDS) and were rinsed 10 times with distilled water. After they were
pMuISL2 dried on a paper, the seed coat was peeled from the seed with sharp-
edged tweezers. The peeled seed was cut into two parts with a dissecting
blade along the line extending from the dent to the black layer. Some
Figure 1. Schematic diagrams of the PCR systems designed to detect of the yellow portion was collected as endosperm, and a few yellowish-
the taxon specific sequences of maize and soy in the construction of white parts near the black layer were collected as the embryo using

pMul5 and pMulSL2, respectively. SSIib 2-5'€3", SSIlb 3-5'&3, and SSIib ~~ Weezers and a blade. o
3-5'84-3" were designed within the sequence amplified by SSlib 1-5'&3' fG_””Id'”g OLS'”glbe Seed, dEmlaryo, and EndOSp?rmThde gr!ndmgM "
possessing the same TagMan probe, i.e., SSlIb-Tag. These primer pairs gezgsg gﬁgfkéreg(arsytfi’ ;irllaiegoosgzgﬂawﬁsa;’:;)o\;m aui??n?_ tuubel_
were used to amplify the zSSIIb sequence in the pMul5 plasmid as the holder (type SH-123) at 1800 rpm for 30 s (L s for embryos). Before

standard material. Le1n03-5'&3" was designed within the sequence grinding, the seeds were washed with 1% SDS, rinsed 10 times with
amplified by Le1n02-5'&3" possessing the same TagMan probe, i.e., Lel- distilled water, and dried to remove powder and broken pieces of other
Tag. This primer pair was used to amplify the Lel sequence in the seeds.

pMuISL2 plasmid as the standard material. DNA Extraction from Single Seed, Embryo, and Endosperm.

DNA was extracted from ground single seed, embryo, and endosperm
no-template control (NTC) was also prepared as a negative control for using a DNeasy Plant Mini Kit (QIAGEN GmbH), according to the
the analysis. In this study, “GM Maize or Soy Detection Plasmid Set- manufacturer’s instruction, except that elution was carried out using
ColEL/TE-" (Nippon Gene Co., Tokyo, Japan), which contained six distilled water.
concentrations (including NTC) of the plasmid pMul5 or pMulSIL®,(

20) diluted with the TE buffer (pH 8.0), including 5 nd/ of ColE1 RESULTS AND DISCUSSION

plasmid, was used as the reference molecule. In the reaction plate, real-

time PCR was performed in triplicate using three wells for each template ~ Specificities of the Newly Designed PCR System3he
DNA (NTC, five concentrations of reference molecules, and extracted specificities of the newly designed SSlIIb 2-4 and Le1n03 were
DNA from the samples). The copy numbers of each sequence wereconfirmed by qualitative and quantitative PCR. No unexpected
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Figure 2. Agarose gel electrophoresis of PCR products amplified from maize, soy, and other cereal genomic DNAs. The arrows indicate the expected
PCR amplification products. Primer pairs were used for the detection of SSllb 2-5'&3" (a), SSIIb 3-5'&3' (b), SSlIb 3-5'&4-3' (c), and Le1n03-5'&3' (d).
Lanes 1-6, amplification of maize DNAs from non-GM maize, Bt11, GA21, T25, Event176, and MON810, respectively; lanes 7 and 8, amplification of
non-GM soy and RR soy, respectively; lanes 9-11, amplification of rice, wheat, and barley, respectively; lane 12, negative control (no template DNA);
and M, 100 bp ladder size marker.

a b was less than approximately 500 bp. Copy numbers that were

MO0 5153060M M 0 5153060 M guantitated in each 50 ng sample of the extracted DNA
decreased with time (Table 2).

In the case of maize, the copy numbers quantitated for the
taxon specific DNA sequence with four primer pairs designated
as SSllb 1, SSlIb 2, SSllb 3, and SSlIb 4 decreased in the order
of the amplified length. Th€&: values consequently increased
with time when SSlIb 1 was used for taxon specific sequence
detection in MON810- and p35S-targeted GM quantification
(Figure 4ab). These results suggest that the current GM
guantification method using SSllb 1 could not be applied to

500bp >

(LU0 i

100bp >

Figure 3. Agarose gel electrophoresis of DNAs extracted from heat-treated processed foods without modification. In contrast, @healues
seed of maize (a) and soy (b). Lane M, 100 bp ladder size marker; lanes obtained using SSlIb 2 or SSIIb 3 were more stable in behavior
0, 5, 15, 30, and 60, DNA from samples subjected to heat treatment for than those obtained using SSlib 1; that is, Ghevalues slowly
each of these time periods. decreased within 515 min, followed by a gradual increase.

The C; values of the MONB810 construct specific quantification

PCR products were observed by qualitative PCR using genomicmeasured using SSllb 3 were markedly improved; the changes
DNA extracted from non-GM soy, RR soy, rice, wheat, and in C; values of heat-treated samples were within 23% of the
barley in the case of PCR systems SSllb 2-4 and using genomicvalues observed at O min. Moreover, t@evalues measured
DNA extracted from non-GM maize, GM maize, rice, wheat, using SSllb 4 showed conflicting changes; that is,Ghealues
and barley in the case of PCR system LelnBigire 2). The decreased with time, using SSllb 4.
specificity of the PCR primer pairs and probes was also In the case of soy, the copy numbers of the taxon specific
confirmed by real-time PCR using the above genomic DNA DNA sequences decreased in a manner similar to that observed
samples. Amplification was observed only for the corresponding in the maize experiments. Tl values measured using Le1n02
template genomic DNA (data not shown). Therefore, these tended to be higher than those obtained using Le1n03 in RR
results suggested that the PCR systems that were newly designedoy- and p35S-targeted GM quantificatiofigure 4c,d).
to detect the taxon specific DNA sequences of maize and soy However, with regard to the observed decrease for the target
exhibited sufficient specificity for use in the present qualitative recombinant DNA sequence, tii values decreased abruptly
and quantitative PCR analyses. at 5 min and subsequently increased with time, except in the

Heat Treatment Processing ModelResults of the electro-  case of the Le1n02/P35S 1-targeted quantification. The changes
phoresis showed that DNA from maize and soy was degradedin C; values of heat-treated samples were within 25, 23, 58,
to smaller sizes with increasing processing tifag(re 3). As and 14, as compared to the values observed at 0 min for Le1n02/
compared to the molecular marker, the size of the DNA RRS 01-, Leln0O3/RRS 01-, Le1n02/P35S 1-, and Le1n03/P35S
fragments in the sample DNA that was heat treated for 60 min 1-targeted quantification, respectively.
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Table 2. Changes in Copy Number of Each Target Sequence and C; after Heat Treatment with an Autoclave?

PCR system
copy number copy number copy number copy number
min SSlib 1 M810 2 (0] SSlib 2 M810 2 G SSlib 3 M810 2 G SSlib 4 M810 2 (0]
0 30691 13322 0.43 30195 13630 0.45 31802 12845 0.40 32063 13451 0.42
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
5 24069 10260 0.43 24963 10484 0.42 28961 9708 0.34 34698 10761 0.31
78.4 77.0 82.7 76.9 91.1 75.6 108.2 80.0
15 10510 5446 0.52 13312 5712 0.43 16350 5071 0.31 21203 5715 0.27
34.2 40.9 44.1 41.9 51.4 39.5 66.1 42.5
30 1889 1387 0.73 2832 1543 0.54 3586 1256 0.35 6112 1547 0.25
6.2 104 94 11.3 11.3 9.8 19.1 11.5
60 85 163 1.92 214 201 0.94 359 151 0.42 1081 204 0.19
0.3 1.2 0.7 15 1.1 1.2 34 15
PCR system
copy number copy number copy number copy number
min SSiib 1 P35S 1 Ci SSlb 2 P35S1 G SSlb 3 P35S 1 G SSlib 4 P35S1 Gi
0 29533 12523 0.42 31630 12149 0.38 31663 11995 0.38 32068 12392 0.39
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
5 22427 9537 0.43 25014 9166 0.37 28867 9026 0.31 34998 9727 0.28
75.9 76.2 79.1 75.5 91.2 75.2 109.1 78.5
15 10600 5470 0.52 14123 5301 0.38 15747 4989 0.32 21061 5503 0.26
35.9 43.7 44.7 43.6 49.7 41.6 65.7 44.4
30 1779 1419 0.80 2961 1337 0.45 3363 1230 0.37 5973 1444 0.24
6.0 11.3 94 11.0 10.6 10.3 18.6 11.6
60 104 211 2.02 227 203 0.90 332 174 0.53 911 201 0.22
04 1.7 0.7 1.7 1.0 1.5 2.8 1.6
PCR system
copy number copy number copy number copy number
min Leln02 RRS 01 G Leln03 RRS 01 G Leln02 P35S 1 G Leln03 P35S 1 G
0 76410 79893 1.05 81493 79429 0.97 78662 74987 0.95 84444 72516 0.86
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
5 44987 39878 0.89 53009 40055 0.76 46765 49250 1.05 56399 47490 0.84
58.9 49.9 65.0 50.4 59.4 65.7 66.8 65.5
15 37692 41003 1.09 49202 39949 0.81 39141 48037 1.23 50520 46272 0.92
49.3 51.3 60.4 50.3 49.8 64.1 59.8 63.8
30 26107 34136 1.31 37581 33790 0.90 26468 39785 1.50 39237 38281 0.98
34.2 42.7 46.1 42.5 33.6 531 46.5 52.8
60 11778 15049 1.28 19208 14793 0.77 12022 18948 1.58 19869 18705 0.94
154 18.8 23.6 18.6 15.3 25.3 235 25.8

aNumbers on upper row: averaged copy number of DNA sequence heat treated for specified time. Numbers on lower row in italics: percentage in terms of copy
numbers of DNA sequence subjected to heat treatment for specified time as compared to that at 0 min.

Itis likely that the observed differences in the rate of decrease the GC contents of the products of SSllb 1-4, which were 58,
in copy numbers resulted from the degradability of the PCR 60, 61, and 58%, respectively. Therefore, it is believed that the
target region, which depends mainly on length, GC content, andregions of MON810 and p35S were more strongly degraded
localization on a chromosome. A longer target DNA is more than those of SSllb in the early stages of heat treatment, and
easily degraded than a shorter DNA in the context of heat DNA degradation by random scission would be expected to
processing. In this study, as regards MON810 maize constructsubsequently occur, depending on the length of the target
specific quantification, it was concluded that the lengths of the regions.

PCR products of the primer pairs for the taxon specific and the  As shown in our previous reporl9), the sizes of the PCR
recombinant DNA sequences should be similar in order to products of construct specific quantitation are between 100 and
determine the GM% in processed foods. However, in the early 149 bp. It was reasonable to replace primer pair SSlib 1 with
stage of heat treatment, tk& values using SSllb 2 and SSIIb  primer pair SSllIb 3 in order to quantify processed foods derived
3 decreased. This finding indicates that target recombinant DNA from MONB8L10. It is possible that a PCR system for maize taxon
sequences of M810 2 (113 bp) and P35S 1 (101 bp) were specific genes would not be unconditionally applicable to the
degraded to a greater extent than the target taxon specific DNAquantification of other GM maize events. However, because
sequences that had longer PCR products than those of the targe¥ON810 is currently the major GM maize everf) (it would
recombinant DNA sequence. DNA regions containing high be appropriate to investigate MON810 as a representative of
GC% are generally considered to be stable when exposed tomaize GM events. To obtain a higher precision of GM% using
high temperatures. In fact, the GC contents of the PCR productsSSlib 3 for taxon specific DNA sequence detection, the PCR
for MONB810 construct specific detection and p35S universal systems for the construct specific quantitation should be
detection were 46 and 44%, respectively, and were lower thanmodified to one in which the amplification region is similar to
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Figure 4. Changes in C values resulting from heat treatment in an
autoclave. (a) Quantification using MON810 construct specific detection
system; (b) quantification using p35S universal detection system. The
target taxon specific DNA sequence was SSlib 1 (@), SSlIb 2 (O), SSlib
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Figure 5. C; values of the seed, embryo, and endosperm of five events
of GM maize. The C; values were calculated by the ratio of the recombinant
sequence (construct specific) to the taxon specific sequence (SSlib 3).
The data are means + SD of eight preparations. The means of the C; of
the seed, embryo, and endosperm were calculated as follows. BT11: 0.53,
0.48, and 0.54; GA21: 2.06, 2.06, and 2.28; T25: 0.41, 0.36, and 0.33;
Eventl76: 2.43, 2.51, and 1.96; and MON810: 0.41, 0.48, and 0.33,
respectively.

a b

3 (a), and SSlib 4 (m). (c) Quantification using RR soy specific detection

system; (d) quantification using p35S universal detection system. The ﬂ& ‘
targeted taxon specific DNA sequence was Le1n02 (O) and Le1n03 (+).
The data are the means of duplicate measurements.

7
\';ﬂ'_\]:l? : endosperm (3n) ‘ ,ﬁ

matemnal paternal
ﬂs : embryo (2n)

C=0.33n ﬁ;’ SE’ ‘l’ gray-colored area ‘? ‘?CFO-B?V
% : transgenic DNA-

matemal paternal

that of SSllb 3; this is particularly the case with PCR systems g1 (sgeds) [ e rdion
that are to be used for T25 construct specific quantitation, in cosn |} b | ceosn
which the PCR product is 149 bp (the longest size).

In the investigation of soy, the situation becomes even more [ [ | I [ |
complicated. The GC contents of the PCR products of RRS ) (ITERY . €=0.5n X R
01, Le1n02, and Le1n03 were 61, 55, and 54%, respectively. Efc(cir::;?;gds} o ﬂ“;' w ' ' ‘? w W
Despite the GC content being higher than that of the taxon b 0 b & ceomm b 0 b D
specific DNA sequence, the construct specific target region of igyre 6. llustration of the C; determined from the endosperm and embryo
RRS 01 (121 bp) was more degraded than that of Lel in the of the heterosis F1 hybrid and the F2 generation in albuminous plants
eal’|y StageS Of heat treatment. It |S d|ff|CU|t to account for thIS according to Mende"sm' (a) F1 that was bred using paterna' GM’ (b) F1
phenomenon by considering only the GC content. Therefore, that was bred using maternal GM; n, inserted copy number of the
we had to consider that factors other than the length of the PCRyransgenic sequence. Haploids that transgenic DNA was inserted into are
product and the GC content might be involved in such cases. shown in gray.
Finally, after 30 min, a change i@; values depending on the
length of the PCR products due to random DNA degradation and T25. The events showing [0WE€¥endo) than Cremn) were
was observed; this was also observed in the case of maize. MONB810, T25, and Event176; furthermoK&iendo)was higher

Cr Values of Seed, Embryo, and EndospernC; values of than Cyemn) in Btll and GA21. These results suggest that the
each fraction of the embryo and endosperm separated from eighformer group (MON810, T25, and Eventl76) is a paternal GM
individual seeds of five GM maize events were measured. DNA event, while the latter (Bt11 and GA21) is a maternal GM event.
was extracted from each of these samples and eight additional Using the current quantification method, the GM% of an
individual whole seeds. The taxon specific (SSllb 3) and unknown sample is calculated using tBeof DNA extracted
construct specific DNA sequences were quantitated, and thefrom ground materials prepared from multiple F1 seeds. The
calculatedC; values are shown ifrigure 5. The average corn grains harvested at a farm bear different seed genotypes
values from whole seedsCfseed], embryos Ciemn], and because they are progenies of F1 hybrid seeds. Moreover, the
endosperms [fendo] Were as follows. Btll: 0.53, 0.48, and endosperm fraction of F2 grains is milled and is primarily used
0.54; GA21: 2.06, 2.06, and 2.28; T25: 0.41, 0.36, and 0.33; as the raw materials for processed foods, such as corn snacks,
Eventl76: 2.43, 2.51, and 1.96; and MON810: 0.41, 0.48, and after the removal of the embryos. In addition, to produce
0.33, respectively. TheCrseeq) Values for Btll, T25, and  cornstarch, the seed coat, embryo, and protein-rich cornmeal
MON810 measured using SSllb 3 showed values similar to fraction are removed from the corn grains. The expe@gd
those reported using SSlib 1 in our previous pag®),(while values from embryos and endosperms in both the F1 and the
CiseedyValues for GA21 and Event176 were almost higher by F2 generation are illustrated figure 6 and are in accord with
0.5 than those reported in our previous pafdé)(EachCyseeq) Mendelism. If a single copy of a construct of recombinant DNA
was approximately betweelyemb) andCiendoy €xcept for GA21 was introduced to the plant genome, @gmp) of the F1 hybrid
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Table 3. Applicability for the Quantification of GMOs in Foods Processed from Maize and Soy

seed (F1) grain (F2) processed foods
maize possible —but strictly only difficult —C; values of F2 very difficult —the DNA is highly
for GM event for which differ from those of F1 degraded; moreover, maize is an
Cs was defined (albuminous plant) albuminous plant
soy possible —hut strictly only possible —C; values of F2 difficult —the DNA is highly
for GM event for which are the same as those of F1 degraded
Cs was defined (exalbuminous plant)

seed would theoretically be expected to be 0.5 (+/—). On the of mixed GM and non-GM DNAs extracted from leaves or from
other hand, theCrendo) depends on differences between GM the embryo could be applied in the analysis of F2 grain samples.
events used for F1 hybrid production; therefore, @gndo) As a result, the current GM quantifying methods ustigalues
should be 0.33 {/—/=) or 0.67 (/+/—) in paternally or determined from F1 seeds will continue to be the most suitable
maternally derived GM events, respectively. T&emeasured method of quantification using seeds of the albuminous plant
using DNA extracted from whole seeds should indicate a mean maize.
value between th€semp) and theCyendoy provided the DNA In conclusion, on the basis of the results of the present heat
amounts derived from embryo and endosperm are equivalentprocessing studies, we determined that the amplification regions
in each seed. On the other hand, @gmy) and theCrendo) Will used to quantitate recombinant and taxon specific DNA
theoretically be distributed around a value of approximately 0.5 sequences should be closely similar in terms of size in order to
in the F2 generation, including-/+, +/—, —/+, and —/— quantify GMOs from processed foods. To this end, primer pair
genotypes, in accord with Mendelism. Consequently, it may be SSlib 1 was found to be less useful for the detection of maize
difficult to apply the C; of the F1 generation to F2 seeds, taxon specific DNA sequence than the primer pair SSlib 3,
embryo, and endosperm. which was similar in size to the amplified products using a
The Cyemn) Of T25, into which one copy of the construct of MONB810 construct specific detection system. However, it is
recombinant DNA was inserted, was lower than that theoreti- rather difficult to conclude that GM quantification for all GM
cally considered at 0.5. Moreover, tlgemn) Of Event176 was events or in highly processed foods is possible.
higher than the theoretically considered values of 2.0; four copies  Furthermore, in the albuminous plant maize, @evalues
of the construct of recombinant DNA had been inserted in determined from the F1 generation were not considered to
Event176 strain. It is likely that these results were obtained, at correspond to those of F2 grains and processed foods. Theoreti-
least partially, due to the differences in PCR inhibition due to cally, it is possible that the actual GM% might range from 0.67
the DNA solution matrix or due to differences in the efficiency  [Cyendo)0.33/Giemb) 0.5] t0 1.33 Liendo) 0-67/Gemb) 0.5] times
of DNA extraction between targeted taxon specific and recom- of that determined from F2 grains or processed foods, provided
binant DNA sequences. The present results suggest th&kthe the ratio of DNA amounts derived from endosperm and embryo
values that were theoretically determined andGhealues that is unknown. In guantifying GM% from processed foods, we
were measured using DNA extracted from other organs would should take into account the deviation in the calculated GM%
not be applicable to GM quantification, which uses the to this extent.
calculated ratio of taxon specific and recombinant DNA  Considering the present results, we have summarized the
sequences. Meanwhile, tiemp) values of Bt11 and MON810  expected applicability of GMO quantification to processed foods
were close to the theoretically calculated value of 0.5. in Table 3. In addition, the findings of other applicability studies
In our previous collaborative study using blind samples are available for comparison with the results of the present study
containing appropriate amounts of GM F1 seeds Withalues (29).
from F1 seeds, we obtained good results and thus validated the
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