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Polymerase Chain Reaction (PCR) techniques are increasingly used for the detection of genetically
modified (GM) crops in foods. In this paper, recombinant DNAs introduced into the seven lines of
GM maize, such as Event 176, Btl1l, T25, MON810, GA21, DLL25, and MON802, are sequenced.
On the basis of the obtained sequence, 14 primer pairs for the detection of the segments, such as
promoter, terminator regions, and construct genes, were designed. To confirm the specificities of the
designed primer pairs, PCR was performed on genomic DNAs extracted from GM and non-GM maize,
GM and non-GM soy, and other cereal crops. Because the presence of the corresponding DNA
segments was specifically detected in GM crops by the designed primer pairs, it was concluded that
this method is useful for fast and easy screening of GM crops including unauthorized ones.
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INTRODUCTION individual segments derived from exogenous organisms and

Recently. numerous advances have been made in the devel_evaluated the specificity of their detection to each of the
Y, o . . . introduced DNA segments. The segments concerned in this
opment of new varieties of crop plants including soy, maize,

rapeseed, cotton, and potatoes, and many of the Worlol,Spaper are as follows: the coding regions of the genes for
governments have authorized the marketing of genetically phosphonothricin acetyl transferagzior bar), CP-4 enolpyru-

modified organisms (GMOs) as food or feed. The general public, vylshikimate-3-phosphate synthasp4-epspjs maize enolpyru-

: . vylshikimate-3-phosphate synthase-€psp}y glyphosate oxido-
however, has shown anxiety over t_hls new technology. Pressurereductase (gox), insecticidal CrylA(b) protetylA(b)] derived
from consumer groups and public demand has led several

e . . . from Bacillus thuringiensis, and neomycin phosphotransferase
countries, including Japan, to require labeling for the presence 9 ycin phosp

. . . . . Iy Il (nptll); the promoter region of rice actin (Pr-act); the 35S
of GMOs in foods. In conjunction with these labeling policies, . . . -
the Polymerase Chain Reaction (PCR) method is one of the promoter and 35S terminator regions derived from the cauli

. SO flower mosaic virus (P-35S and T-35S, respectively); and the
most widely used systems for identifying the presence of GMOs. terminator regions of nopaline synthase (NOS-ter) derived from

We haV(_e previously reported PCR met_hod's for the det(_action Agrobacterium tumefaciens.
of r-DNAs in Roundup Ready soybeans, five lines of genetically
modified (GM) maize, and the Sunup papaya-8). These
methods were specific to the individual GM lines and were not MATERIALS AND METHODS

applicable to the detection of r-DNAs in other GM crops. In \aize and Other Cereal SamplesSeeds of five lines of GM maize,
the present study, we examined a DNA segment specific namely, the progenies of insect-resistant Bt11 and Event 176 developed
screening system for GM maize and other GM crops including by Novartis Seeds Inc. (Greensboro, NC), insect-resistant MON810
unauthorized ones. Many foreign DNA segments including and glyphosate-tolerant GA21 developed by Monsanto Co. (St. Louis,
construct genes, promoter and terminator regions, and intronMO), and glufosinate-tolerant T25 developed by Aventis CropScience
sequences are introduced to confer new traits to crops. Therefore(Lyon, France), were directly imported from the United States. A ground

we here designed 14 primer pairs for the detection of the Sample of insect-resistant and glyphosate-tolerant MON802 and ge-
nomic DNA extracted from glufosinate-tolerant DLL25 were kindly

- - - provided by Monsanto Co. As a conventional nongenetically modi-
* Corresponding author (fax 81 29 83 87 996; e-mail akhino@ fied (non-GM) maize, Hybrid 1412 dried seeds (Dairyland Seed Co.,

nfri.affrc.go.jp). C i ; ;
T National Food Research Institute. West Bend, WI; directly imported from the United States) were used.

1Al Center for Food Quality, Labeling and Consumer Services. Seeds of glyphosate-tolerant Roundup Ready (RR) soy developed
§ National Institute of Health Sciences. by Monsanto Co. were directly imported from the United States. As a

10.1021/jf011157t CCC: $22.00 © 2002 American Chemical Society
Published on Web 02/26/2002



Detection of Recombinant DNA Segments in Maize

conventional non-GM soy, dried grain produced in the U.S. state of
Ohio in 1998 was directly imported from the United States. The rice
(Oryza satia) variety Kinuhikari, the wheafT{riticum aestium) variety
Haruyutaka, and the barlel¢rdeumuulgare) variety Harrington were
used to study the specificity of the designed primer pairs.

Extraction of Genomic DNA. Seeds were ground in an electric
mill (Yu Chi Machinery Co., Ltd.,Chang Hua, Taiwan, model DM-6).
Ground samples (500 mg) were taken for DNA extraction. Genomic
DNA was extracted using the DNeasy Plant Maxi kit (Qiagen)
according to the manufacturer’s instructions with slight modifications.
The incubation time was extended from 10 min to 1 h after the addition
of buffer AP1 and RNase A solution to ground samples in the first
extraction step, and genomic DNA was eluted with water from a silica
spin column. The DNA concentration of solutions was determined by
measuring the UV absorption at 260 nm. The purity of the extracted
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and CTP2 1-5were designed by referring to sequencing results of
amplification products, which we amplified by using the primer pairs
N or P, as shown ifrigure 1vii. Other primers, PEO1, CD01, CMO01,
P35S 1-5', T25 1'5rAct pro 1-3, HS01, CR02, PAO1, T35S 13
and NOSter 1-3 were synthesized by referring to our previous papers
(1, 2).

Polymerase Chain Reaction and DNA Sequencingdmplifiction
reactions were carried out in a 25 total volume on a PTC-200 thermal
cycler (MJ Research, Watertown, MA). End concentrations of PCR
components were as follows: PCR buffer Il (Applied Biosysterrg),
MgCl,, 1.50 mmol/L; genomic DNA, 25 ng; primers, 0/mol/L;
dNTPs, 20Qumol/L; AmpliTaq Gold Polymerase (Applied Biosystems,
Foster City, CA), 0.625 unit/reaction. Amplification for sequencing was
performed in the thermal cycler according to the following PCR step-
cycle program: preincubation at 96 for 10 min; 45 cycles consisting

DNA was evaluated by agarose gel electrophoresis using UV absorptionof denaturation at 95C for 1 min, annealing at 55C for 2 min, and

ratios of 260/280 nm and 260/230 nm; in the majority of maize lines
studied, the absorption ratio at 260/230 nm wds7, and that at 260/

extension at 72C for 2 min; followed by a final extension at 72
for 7 min. The direct DNA sequencings of PCR products were

280 nm was between 1.7 and 2.0. These DNA samples were used forperformed by Nippon Flour Mills Co., Ltd. (Tokyo, Japan). Cycling

the subsequent PCR analysis.

Oligonucleotide Primers.Oligonucleotide primers were synthesized
by Greiner Japan Co., Ltd. (Tokyo, Japan), purified on a reversed-
phase column, then diluted with an appropriate volume of water to a
final concentration of 5@mol/L, and stored at-20 °C until use.

To confirm the feasibility of PCR amplification of the extracted
DNA, the following five primer pairs were synthesized for maize, soy,
rice, wheat, and barley, respectively: ZE01/ZE02 (ZEO1, TGC TTG
CAT TGT TCG CTC TCC TAG; ZE02, GTC GCA GTG ACATTG
TGG CAT), Lel 01-5Lel 01-3'(Lel 01-5', GGC TGA TAA CAC
ACT CTATTATTGT, Lel 01-3, TGA TGG ATC TGA TAG AAT
TGA CGT T), rAct pro 2-5rAct pro 1-3'(Table 2n), Gli1-5'/Gli1-3'
(Gli1-5', GCC ACA AGA GCA AGT TCC ATT GGT A; Gli1-3, AAC
TTG TGA GCT TGC ATG CGC TAT, 403 bp), and HvLD1/5
HvLD1-3'(HvLD1-5', GTG TGC TTC TTT GAT GGT CCA G;
HvLD1-3', TGC GCC TTA GTT GGA TGA TAC A, 149 bp). The
primer pairs ZEO1/ZE02 and Lel 01A%e1 01-3'were previously
reported (14). The primer pair rAct pro 2-FAct pro 1-3 was designed
as McElroy reporteds) (GenBank Accession No. S44221) with minor
modifications. The primer pairs Glil/&li1-3' and HvLD1-5/HvLD1-

3" were designed by referring to GenBank Accession No. U51303 and
AF022725, respectively.

condition for detection of rDNA segments was performed according
to the following PCR conditions in all cases: preincubation at@5
for 10 min; 40 cycles consisting of denaturation at @ for 30 s,
annealing at 60C for 30 s, and extension at 7€ for 30 s; followed
by a final extension at 72C for 7 min; each experiment was repeated
at least three times.

Agarose Gel Electrophoresis.Agarose gel electrophoresis was
carried out according to our previous reports Z). After completion
of PCR, 5uL of PCR mixture was electrophoresed at constant voltage
(100 V) on a 3% agarose gel that had been supplemented with 0.5
ug/mL ethidium bromide in TAE [40 mmol/L Tris-HCI, 40 mmol/L
acetic acid, and 1 mmol/L EDTA (pH 8.0)] buffer solution. A 100 bp
ladder (New England Biolabs Inc., Beverly, MA) was used for size
control of amplified fragments. The gel was photographed with a
Molecular Imager FX system (Bio-Rad Laboratories, Inc., Hercules,
CA).

RESULTS AND DISCUSSION

In recent years many countries have adopted new labeling
systems focused on information for the general public. An
essential element of this process is the availability of reliable

The expression cassettes used to insert the trait gene into Event 176¢etection methods for monitoring the labeling system. PCR has

Btl1l, T25, MON810, GA21, DLL25, and MON802 are shown in
Figure 1. To examine the DNA sequences inserted into Btll, Event
176, MON810, T25, DLL25, GA21, and MON802, 13f&imers (adhl
1-5, CM01, HS01, PEO1, CDO01, crylA 3-5CTP2 1-5, gox 1-5, rAct

pro 1-5', crylA 2-5', P35S 1-5', T25 1-5', and Tr7 ter 1-5') and 14
3-primers (CR02, PA01, NOS-ter 2;NOS-ter-3) NOS-3, T35S 1-3
T35S 3-3', T35S 4-3', bar 1-3', crylA 2-3', epsps 2-3', gox 1-3', P35S
2-3', and Tr7 ter 1-3") were synthesized (Table 1). Primers of crylA
2-5"and adhl 1-5were designed by referring to our previous DNA
sequence results for Event 176, Bt11, and MON&L®J. Primers of
Tr7 ter 1-83 and Tr7 ter 1-3were designed by referring to a previous
publication (6) and the DNA sequence information described in the
safety assessment document of DLL25, GenBank Accession No.
V00090. The primers of gox 1-&nd gox 1-3primers were designed
by referring to the DNA sequence informationgix described in the

been shown to be a promising technique, and various PCR
systems to detect GM soy and GM maize have been reported.
The methods, however, are limited to PCR conditions for
screening of GMOs by using of P-35S and NOS-ter regions or
for specific detection of GM soy and some GM maize. A large
number of genes and DNA sequences are used for functional
segments in GMO, and some of the DNAs are frequently
introduced. We consider that PCR systems able to detect the
segments will be useful and informative in the monitoring of
the labeling system. Therefore, we analyzed the sequences of
expression cassettes introduced in GMOs and developed many
PCR systems to detect the DNA segments.

To design the oligonucleotide primers for PCR detection of

feed and environmental assessment documents of MON809 andindividual DNA segments introduced into the GM crops, we

Sequence 8 from U.S. Patent 5776780 (GenBank Accession No.
AR016595). The primers of T35S 3-3', T35S 4-3', and P35S\2eBe
designed by referring to GenBank Accession No. V00141 and to
previous studies on P-358)(and T-35S §—10). The primer of bar
1-3' was designed by referring to GenBank Accession No. X05822.
The primer of NOS-ter 23vas designed by referring to previous papers
(11,12) and GenBank Accession No. V00087. The crylA'28mer
was synthesized by referring to sequence 10 from U.S. Patent 562513
(13) (GenBank Accession No. 141424) and previous repdrtg)( The
epsps 2-3primer was designed by referring to the DNA sequence
results for Roundup Ready soy, as obtained in our previous pdper (
and U.S. Patent 580442%4). The primer of NOS-3 was synthesized
by referring to a previous publicatiod ). The primers of crylA 3-5

obtained information on the genetic construction and the amino
acid sequences and/or the sequences of DNA segments from
food safety assessment documents of the Japan Food Hygienic
Association and from environmental safety documents of the
MAFF. However, these documents do not fully describe the
inserted whole DNA sequences including the spacer regions

6between DNA segments. In addition, we could not obtain any

official documents on MONB802 because the GM maize line
was not approved in Japan. We therefore amplified the previ-
ously reported r-DNA regionsl( 2) (broken lines irFigure 1)
and the r-DNA regions determined in the present report (bold
lines inFigure 1) by PCR with appropriate primer pairs/5



Matsuoka et al.

2102 J. Agric. Food Chem., Vol. 50, No. 7, 2002

(rr) ] asuas-nue/ 131 SON YL D90 DOD LiLl DYIL IJDL V.l £-SON
- dr COSNOW asus; X08 ¥ OI9 00L ¥LL DJY D09 ¥ID HI¥ G| Xo8 s
- ] asuas-njue; xo8 YO0 Ol OVY DOY DOV OHVD LLD .£-1 xo03
(r doi 60 COSNOW uoIo] \M\.%s ID 2LD I09 LIS LLL LLD J&IL 1OV ‘ 10SH 4
an PR 08NN asURS-TJUE; 13) SON Y1 D90 9509 LLL OVL O0L YLl €-SON > .
- aSUSs; PUDIDY] Y WOLJ Zd 1D IDL IOL IV DI OVY ILID LDD 19D LID S$-12dLD
- ] asuas-nue; sdsda-pdo OLY ¥HD HID DHOL HLL I¥D .£-7 sdsde
(N det 90 COSNOW G-10 0Ldsy ID DIO 109 II19 1Ll IID DILL ISV 10SH d
(73 ] asuas-nue/ 191 SON YL 29D DI LLL DVL IJDL YLL ¢-SON
- dpr g COSNOW asuas / (q)vikso 19Y 901 ¥OD OOV HOL YOV 151  ,S-€ VIAD ©
- . asuas-nue; (q)yrLio D ¥OY DLL ¥YOL 29Y DVY DID D¥D £C VIAD
0 davoe CO08NOW 6-10 0Ldsy 1D D10 109 LLO ILL 1D OLL IOV 10SH N
- . osuas-njue// 1], ¥ LVD OVYY IDD YLD OLY DO ¥ddd (-1 191 LIL,
(2) do 11 sTrid asuas/ AJND I 9O¥ IO ¥OD IDI VIV 5I9 I¥D LIV  .S-1 SSed W
= 41 80 - JsSuas-NUe/SGed L O2L IJOVY ¥DL ¥YV¥Y HILY VYYD JID IDD R ANY S 1
- asuas// 1], Juouro[dwod DY YVD IV¥D VIO D09 LIV JVI 9L .6-119 LI]P
(2 dqy £ 120 Jsuas-nue; I3} SON YYIL YOI ¥YL JLD V9D D09 LIV .¢-1 191 SON 9
- AsUIs/OR-1d SLL ISV IL9D ILD 099 LLL JIV¥ ,S-101d1oyil
- dex 0 7L asuas-nue/SCEl OV LIV ¥DD YLL LLO DLL LIV DDL OVL DVL ILLL £ SSEL [
(2 asuasy ipd YO0 J¥L LDV DDD DVL LDV DID ST STL
- dqy 8°0 ezl asuas-niue; AND YO YYD LOD LV¥L YLL JOLL IDD DYV IOV .£-1 SSel I
€4 asuas; S§ced L DOY DILD ¥ID ILIOL VIV DILD ILVD LLY S-1 §6¢ed
(§7)) gy 11 i asuas-nue/ 191 SON YL 209D DOD Ll OWL DL Yl £-SON H
) suUas; AIND I 9ODY OID ¥OD LOL YV HIH I¥D LIV S-1 §6¢d
D Gz dgivo oL puel g asuos-nue; wd D 19D IDL IDL D¥D JILV VOL VYOI VYDV 10vd 5
(n anaodgi Lo AsUAs/ AIND ¥ L¥D DDL IL¥D LYD DJDL ¥V¥VY IJV¥L JV¥D 1OIND
- dgy 1z e asuss-nue/ 13 SON 090 IV¥L JLL LID LLL IYL YLD ,¢-T 19 SON Jd
- osuas; S| -7ypy D DO¥ ¥HL HDLL LV¥Y HLD ¥ID ST T4pe
(D (O18NOW) day +'1 OTSNOI PUE 16 oSues-Nue; (q)yI4L0 ¥ OVL D91 LIV HYL DOD HOL JLd 70480 a
n ano dayzi asuds/ AIND ¥ LVD DL I¥D LVD DOL VWV JVL DW¥D TOWD
[¥3) dgy 90 0/ 11U9Ag suds-nuR; 4Dq JO¥D ¥OD DDD LDD DOV L¥D £-1 Ieq a
(n ASUIS/ AIND ¥ I¥D 29I I¥D I¥D OODL YVY DVL D¥D OO
- ] ASUIS-NUL/AND ¥¥ YOV LIV ¥O9D ¥YLL LLO DLL ILLV DDL .£-€ SSEL
- doire oL asuas / (q)vikio ¥ VYOI ¥OY VYD DDV YOV YOV DOL 67 VIAD 0
[§2) day 60 0L 110N osuas-nue; (q)yJ44o ¥ DVL 991 LIV DVL DD DIL DLD 0480 q
n asuas-niue; 01d-3ddAD D IHL LLL YYD DIV LLD JIO DIY 9DDD 10dD
(@) A1 60 0L 11USAT asuas-nue/ (q)yikio ¥ OV¥L 995 LLY DYL DOD DOL DLD 20D v
(n asuos/ o1d DdAd ¥ 1LDD HVD DLV HOD IDV DLL ILL ¥OY 109d
20U212J0Y ySua] A151100dS ¢ «.C) 2ouonbog weN Ired JoWLd JO QWeN

sburouanbas yYNQ 10} pasn Siawlld d4Od ‘T algeL



J. Agric. Food Chem., Vol. 50, No. 7, 2002 2103

Detection of Recombinant DNA Segments in Maize

JsuLs-nuR 5 190 1I¥D HIV¥ 10D IID 99D .¢-101d1ovi

dq 171 108-14 ()
asuas IVI 99D I¥D DDV ODL IDHD .§-7 0id 1oyl
Isuds-nue 0D DVD DILIL ¥DD IV¥D VVD YYD .£-1du

dq ¢61 [pdu (un)
asuoas OV V¥V VOV OLL OID DOL DOV O¥D .§-11du
asuds-nue HIY DIV DDD VYYD DVVY DIV ¥HD .£-T x03

dq €01 xo8 )
asuas 50D YIOD ¥HI IOV VYYD HYD DOL §-C x08
JsuUds-nuUE L ¥ DYD DOL YLD DIL .€-¢ sdsda

da gl sdsdo-pd> n DLL DIY DDI IOY HYD DD o) €€ o
asus ID DDV V¥V DDD IHI D0I D0D - sdsde
asuas-iue I 909 DIV IDI LLL HII LIV I¥YL DD .£-€491 SON

dq 161 191 SON ®
Jsuas 9L DLL IVY IV¥L YOIl YIL VDI ¥HDO DHIL DIH ,$-¢ 19 SON
suas-nue YL 290 909 ILIL HYIL IIDL YILL £-SON

dq 081 131 SON U
ASUIS DL LOL DDO IDL IHDL DDL VV¥D [-SON

q SceL Isuds-nue 9Y LIV VDD VIL IID DIL LIV 9DDL DV HYL IIL £ SSEL )
a8 9sU9s DL IOV IVV ¥V¥L OLL IVI DLL IV¥L DIV IOV IID DOV VYvD S-T SSEL

. sced asuss-nue I ODI 1DV ¥DL YYY DIV YYD 2ID 10D £T8sed gy
10 asuas L DOV 91D ¥OD IOL VIV SID I¥D LIV &1 SSed

dq 062 sdsda-ui 3ATIRU JSUdS-NIUR YO LV¥D JOID VIO DLIL OLIL YOI D2DD .6-1 sde-w G
dq €61 sdsda-w parelnu 1utod 35u9s D 10D ¥YVYY OV¥D DOD ¥¥D DI  .§-1 sde-w
asuas-nue D ¥OD ¥SIL 090 IOV ¥DD V0D £ VIO

dq zgt (q)y1440 . ¢ ©)
asuas D YYD I¥D VYW DDD W¥D VYD VDD  Gp VIA®
asuas-nue I 99D DYV IDL D9DD DOL ¥OD €€ VIAD

di {40 ’

a.Lot (@i asuos 5 W¥D I¥D VWH 00D WY ¥¥O ¥oo  Spyihp P
asuas-nue O¥D ¥YOD D00 IDOD IJDY L¥VD £-11eq

dq $01 4ipq (9)
BRI ¥ VDD IV¥D VYID YOO VYD IDD I¥D S-g Ieq
Jsuas-nue OLI HYD DDIL ¥DL OOV DID ¥VY £-TIeq

dq 981 iDq (@
Isuas YD ¥ID IDD DV¥D DID DOD IV S~z ieq

P od asUas-1UB IOV IOV DYV ¥IH D¥D ¥HL DIV IDD DIV .£-Tred ®
4191 asuas 199 ¥HY DVL OLY HIV HIL ¥9HD IOV DVY .S-Tred
P3ua] Wwaw3as YNNI SUASTIUR/ISUIS 9ouanbag Jowd SWeN

suawbas YNQ-1 Jo uonaalaq 1o} siawlid ¥Od 'z 8lqel



2104 J. Agric. Food Chem., Vol. 50, No. 7, 2002 Matsuoka et al.
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Figure 1. Schematic diagrams of sequenced regions and amplified regions in relation to the r-DNA segments introduced into the five lines of GM maize
(i-vii). The sequenced regions in this paper and the regions reported previously (1, 2) are shown as solid lines and broken lines, respectively. The primer
pairs used for sequencing are listed alphabetically by a capital letter at the left side of each line, and the nucleotide sequences are shown in Table 1.
The expected lengths of PCR products are indicated in parentheses at the right side of the lines. (i) Event 176: Event 176 has three expression
cassettes. Two cassettes including an insect-resistant trait consist of [maize phosphoenol pyruvate carboxylase promoter (PEPC pro)]-[synthetic crylA(b)
gene derived from Bacillus thuringiensis subsp. kurstaki strain HD-1]—-[DNA fragment containing the no. 9 intron sequence (PEPC int. 9) from maize
phosphoenol pyruvate carboxylase]—[35S terminator (T-35S) derived from cauliflower mosaic virus (CMV)] and of [maize calcium-dependent protein
kinase (CDPK pro)]—[synthetic crylA(b)]-[PEPC int. 9]—[T-35S]. The cassette including a herbicide-tolerant trait as a selectable marker consists of [35S
promoter derived from CMV (P-35S)]—[bar gene derived from Streptomyces hygroscopicus]—[T-35S]. In the safety assessment documents, which are
available to the public from the Japan Food Hygienic Association, the two constructs for the crylA(b) gene controlled by [PEPC pro] and [CDPK pro] are
identical. (i) Bt11: Bt11 has two expression cassettes. The cassette including an insect-resistant trait consists of [P-35S]—-[DNA fragment containing the
no. 6 intron sequence (IVS6) from maize alcohol dehydrogenase 1 gene (adhl-S)]—{synthetic crylA(b) gene]—[nopaline synthase terminator (NOS ter)
derived from Agrobacterium tumefaciens]. Another cassette including a herbicide-tolerant trait as a selectable marker consists of [P-35S]—-[DNA fragment
containing the no. 2 intron sequence (IVS2) from adh1-S]—[synthetic pat gene derived from Streptomyces viridochromogenes]-[NOS-ter]. (iii) T25: The
expression cassette including a herbicide-tolerant trait consists of [P-35S]—[pat gene]—[T-35S]. (iv) MON810: The cassette including an insect-resistant
trait consists of [P-35S with the duplicated enhancer regions (enhanced P-35S pro)]—[fragment of DNA (hsp70 int.) containing the no. 1 intron sequence
from maize the hsp70 gene (heat-shock protein)]—[synthetic crylA(b) gene]. (v) GA21: The cassette including a herbicide-tolerant trait consists of [rice
actin promoter containing the no. 1 intron (r-act pro.)]—[optimized transit peptide sequence (OTP); DNA sequence for chloroplast transit peptide (CTP)
synthesized from data on the peptide sequences of the N-terminal upstream region of ribulose-1,5-bisphosphate carboxylase (RuBisCO) derived from
maize and sunflower]—[point-mutated 5-enolpyruvylshikimate-3-phosphate synthase gene (epsps) derived from maize (m-epsps)]—-[NOS-ter]. (vi) DLL25:
The cassette including a herbicide-tolerant trait consists of [P-35S]—[bar gene]—{T-DNA transcript no. 7 (Tr7) terminator derived from A. tumefaciens]. In
addition, a DNA sequnece complementary to Tr7 is partially inserted upstream of P-35S. (vii) MON802: MONB802 has three expression cassettes. The
cassette including an insect-resistant trait consists of [enhanced P-35S]—[hsp70 int.]-[synthetic crylA(b) gene]-[NOS-ter]. The two expression cassettes
for herbicide-tolerant traits consist of [enhanced P-35S]-[hsp70 int.]-[DNA sequence for CTP derived from Arabidopsis thaliana (CTP2)]—[synthetic
epsps derived from Agrobacterium sp. strain CP4 (cp4-epsps)]—[NOS-ter] and [enhanced P-35S]-[hsp70 int.]-[DNA sequence for CTP isolated from the
small subunit gene of the RuBisCO gene derived from A. thaliana (CTP1)]—[glyphosate oxidoreductase gene (gox) derived from Ochrobactrum anthropi
strain LBAA, which encodes the glyphosate metabolizing enzyme]-[NOS-ter].
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Figure 2. Agarose gel electrophoresis of PCR products amplified from maize or other cereal genomic DNAs. Arrowheads indicate the expected PCR
amplification products. The primer pairs for detection of pat (a), bar (b and c), crylA(b) (d and €), m-epsps (f), P-35S (g), T-35S (h), NOS-ter (i and j),
cpd-epsps (k), gox (1), nptll (m), and Pr-actin (n), respectively, were used. Lanes 1-7: amplification of maize DNAs from non-GM maize, Event 176,
Btl11, T25, MON810, GA21, and MON802, respectively. Lanes 8—12: amplification of non-GM soy, GM soy, rice, wheat, and barley, respectively. Lane
13: negative control (no template DNA); M, 100 bp ladder size standard.

designed from known sequence informatidralfle 1). In the 70% homologous to the sequence of the origipat gene
case of MON802, sequencing between the intron and terminatorderived fromStreptomycesiridochromogenegGenBank Ac-
was divided into two regions for each trait, suchcaglA(b), cession No. M22827). Thear gene also encodes the same
cp4-epsps, angox genes. enzyme ofpat and is introduced into Event 176 and DLL25
The 14 regions in the introduced genes of the approved GM lines. The DNA sequence of thrar gene introduced into Event
maize lines (Event176, Btl1l, T25, Mon810, GA21, and DLL25) 176 and DLL25 was identical to that of the origif@r gene
were amplified by using the specific primers-M shown in derived fromStreptomyces hygroscopic{fdenBank Accession
Table 1 and Figure 1 and were sequenced. In the case of No. X05822) except for the substitution at the first codon
MON802, we first amplified and sequenced the region between (guanine instead of adenine). The DNA sequences of synthetic
the hsp70intron and thecrylA(b), cp4-epsps, ogox gene by patandbar genes are-65% homologous. As shown Figure
using the primer pairs N, P, and R, respectiveialfle 1). 2a—c, PCR amplifications using a primer pair a for et gene
Following the design of the crylA 3-:5CTP2 1-5 and gox and two primer pairs b and c for thear gene that we designed
1-5' primers by referring to the results of the above DNA (Table 2) were specific each other.
sequences, we amplified and sequenced the regions between crylA(b) Gene. An insect-resistant generylA(b) derived
these three genes and NOS-ter, as showriguoire 1vii. from B. thuringiensissubsp.kurstakiis introduced into Event
On the basis of the obtained sequence, we newly designed176, Bt11l, MON810, and MON802; however, some differences
about 100 primer pairs for the detection of each functional in the DNA sequences among the above GM lines were found
r-DNA segment derived from one exogenous organism, that is, by our sequencing. The DNA sequences of ¢thdA(b) gene
pat, bar, cp4-epspsgox, m-epspscrylA(b), P-35S, NOS-ter,  introduced into Btll, Event 176, and MON810/MON802
and T-35S. PCR was carried out with each primer pair on the differed with respect to codon usage and length at the nucleotide
genomic DNAs extracted from non-GM and GM maize (Event level, but our sequenced regions of tbg/IA(b) gene were
176, Bt11, T25, MON810, GA21, and MON802), non-GM and identical between MON810 and MON802. The DNA sequences
GM soy, and major cereal crops such as rice, barley, and wheatof the crylA(b) gene introduced into Btll were identical to
to evaluate its sensitivity and specificity. Because of an sequence 22 from U.S. Patent 5880275 (15), and that introduced
insufficient amount of the provided DNA of DLL25, it was into Event 176 was identical to sequence 3 from U.S. Patent
impossible to examine whether all of the designed primers 5625136 {3) (GenBank Accession No. 141419). We designed
amplify any unexpected products for DLL25 genomic DNA or two primer pairs, d and e, having identical nucleotide sequences
not. However, the primer pairs of b, c, and g specifically inthe B-terminal region otrylA(b)genes introduced into those
amplified the products for the genomic DNA of DLL25 with  four lines, as shown ifrigure 3. We obtained the expected
expected length (data not shown). 107 and 152 bpHigure 2d,e) fragments from the four lines of
Finally, we selected the most appropriate primer pairs for GM maize tested with primer pairs d and e, respectively. All
detection of each functional DNA segment; these primer pairs maize lines into which therylA(b) gene had been introduced
are listed alphabetically ifiable 2 as pairs a—n. The sequence could be specifically detected using these primer pairs. The
information and PCR results for each of the DNA segments resulting amino acid sequences of tiglA(b) genes introduced
introduced into more than one GM line are as follows. into three insect-resistant maize lines (Btll, Event 176, and
patand bar Genes.A herbicide-tolerant genpat, encoding MON802) were identical to N-terminal 648, 615, and whole
the phosphinothricin acetyltransferase, is introduced into T25 1156 residues, respectively, of the natural CrylA(b) protein
and Btl11 lines. The nucleotide sequence of the syntipetic derived fromB. thuringiensissubspkurstakistrain HD-1 (PIR
gene introduced into Btl1 was identical to that of T25 and was Accession No. A29125) he 13th nucleotide in the primer crylA
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crylA 4-5'¢ 18 27 36 45 54
Event176 ATG GAC AAC BAAC CC® BRAC ATC BAC|GAG TGC ATC CC@ TAC AAC TGC CTG AGC AAC
Btll ATG GAC AAC AAC CCA AAC ATC AAC|GAN TGC ATH CZY TAC AAC TGC B'G AGH AAC
MONS10/MON802 ATG GAC AAC AAC CCA AAC ATC AAC|GAG TGC ATC CCg TAC AAC TGC CT@ AGC AAC

1 M D N N P N I N E Cc I P Y N c L S N 18

81 90 99 108
Eventl176 GAG G%‘& c GGC G GAG CGC ATC GAG ACC GGEJ] TAC ACC CCC ATC
Btl11 GA% GAN cGc AT GNN ACC_GG TAC ACh] CCC ATC
MON810/MON802 GT GAG GTG C GGC G GAG CGC ATC GAG [BCC GG (e
e e e e e e e e e _c.ryIA_?z-3_' _____
19 VvV E V E R I E T G Y T P I 36
117 126 135 144¢rylA 4-3' 162
Event176 GAc ATC 28F c1G IXEE CT6 AQ® cAG TTC [CTG CT™ AGC GAG TIC GIG GGC GC™
Btl1l GAC ATC TCC EG TCC @G AGN CAG TTH[CTG CTC AGC GAG TTC GTG CfA Gdi§ GCT
R e e R
37 b I s s L T Q ¥® L L S E F V P G A 54
171 180 189 198 207 216
Eventl176 GGC TTC GTE CTG GGC CTE GTG GAC ATC ATC TGG GGC ATC T GGC ccc p&
Btll GG TTC Tl CT GEN CTN G| GAC ATC ATC TGG GG ATC TTT GG CAN TCH C
MON810/MON802 GGC TTC GT@® CTG GGC CTW®l G GAC ATC ATC TGG GGC ATC TTT GGC ccc TCC CAG

55 G F A L G L A D I I W G I F G P S Q 72

Figure 3. N-Terminal 216 bp sequences and the resulting amino acid sequence of the crylA(b) gene introduced into Event 176, Bt11, and MON810/
MONB8O02, respectively. Differences in DNA sequences from others are shown by outline type. The DNA sequences of the primer region for detection of
the crylA(b) gene are boxed. The region of 3—24 bp was used as a 5'-primer (crylA 4-5'), and the regions of 91-109 and 136—154 bp were used as
3'-primers (crylA 3-3' and crylA 4-3').

4-5" and the 14th nucleotide in the primer crylA 4-3vhere sequences used in GM maize (Btll, GA21 and MON802) and
are found differences in the sequences, were designated M andhat of the gene encoding NOS (GenBank Accession No.
S in synthesis, respectively. V00087) of A. tumefaciensre highly conserved without the
m-epspsGene. A hebicide-tolerant genm-epsps, which is  5'-end region. The specificities of PCR using two primer pairs
originally derived fromZ. mays, is modified at the eight bases i and j are shown irFigure 2i,j. The PCR amplifications of
from the sequence of the native one, as described in a previoudNOS-ter were found in Bt11, GA21, and MON802 GM maize.
paper (2). Therefore, we thought that the recombimas@psps The NOS-ter was detected in RR soy, because it was also used
gene would show PCR results identical to those of the native as the terminator region for thep4-epspggene (Figure 2i,j)
one. As shown irFigure 2f, however, use of the primer pair f  described in the previous papé)(The results suggested that
for detection ofm-epspgesulted in not only the expected 193 the amplification region of NOS-ter designed in this study was
bp band but also an unexpected 300 bp band. We then sequencedot introduced into MON810.
both of the amplification products. The results suggested the Others. Other DNA segments, such ap4-epspsgox, and
latter (290 bp) band derived from the natineepspgene of nptll, were used in MON802 maize and in other crops. Our
maize included an intron of 97 nucleotides. Hence, we were DNA sequence data fap4-epspsindgoxwere consistent with
able to distinguish between the point-mutateepspgene and the safety assessment documents for MONB809 and the sequence
the nativem-epspsgyene by using primer pair f. information described in U.S. patent documents14). Two
P-35S and T-35S.The P-35S sequence is widely used in primer pairs for the detection of these segments were designed
many transgenic crops for the promoter region to strongly as shown inTable 2k,l, and the results of electrophoresis of
express the trait genefigure 4 shows the oligonucleotide  PCR products are shown Figure 2k,l, respectively. Thep4-
comparisons of the P-35S region from the cauliflower mosaic epspswas detected in MON802 and RR soy, because the gene
virus (CMV) genome (GenBank Accession No. V00141 and was introduced in both GM crops as shownFigure 1 and
J02046) with the P-35S regions sequenced from Event 176,the previous papedj. The DNA sequence data faptll and
Btl11, T25, MON810, and DLL25. Some differences among the Pr-act were also consist with the safety assessment documents.
oligonucleotides are observed. The T-35S sequences introduced Two primer pairs for the detection aiptll and Pr-act were
into Event 176 and T25 were also somewhat different from that also designed, and the PCR amplification gave specific bands
of the CMV 35S genome. Therefore, we designed the primers with the expected length-{gure 2m,n). To verify the specifici-
for P-35S and T-35S in the oligonucleotides common to each ties of primer pair m, PCR amplifications were carried out by
region fFigures 4and5). The PCR results for the detection of using pCR2.1 (Invitrogen Co., Carlsbad, CA) as template DNA.
P-35S are shown iRigure 2g. We can find strong PCR bands The PCR products from the amplification gave the same length
in the expected lanes. The P-35S sequence was also detecteith electrophoresis (data not shown). Pr-act is derived from the
in the RR soy, because it was used as the promoter region forpromoter sequence of rice actin gene, and the PCR product from
the cp4-epspgene (Figure 2g) described as in the previous rice genomic DNA is shownHRigure 2n).
paper 4). On the other hand, the PCR bands obtained by primer  To roughly investigate the sensitivities of each PCR ampli-
pair h for T-35S were weak (data not shown), although they fication using the primer pair designed in this study, the DNAs
appeared in the expected lane. Therefore, the PCR conditionswvere extracted from two kinds of GM maize mixture samples
for primer pair h were optimized by changing to 3.0 mmol/L including 0.1 and 0.5% of Event176, Btl1, T25, GA21, and
MgCl, and an annealing temperature of 85. The results of MON810 in non-GM maize and GM soy samples including
the PCR amplification under the new conditions are shown in 0.1% RR soy in non-GM soy. The sequencepatf bar, crylA-
Figure 2h. (b), P-35S, and NOS-ter were detected from the genomic DNA
NOS-ter. The NOS-ter sequence is widely used in transgenic extracted from a 0.1% mixture of GM maize by using the
crops for the termination of transcript of trait genes. The designed PCR primer pairs (data not shown). Furthermore, the
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355 V00141 7293 GGAAAAAGAA GACGTTCCAA CCACGTCTTC AARAGCAAGTG GATTGATGTG 7342
~E176/ bar ~299 GGAAAAAGAA GACGTTCCAA CCACGTCTTC AAAGCAAGTG -250
Btll/ cryIA(b) -788 GGAAAAAGAA GACGTTCCAA CCACGTCTTC ABAAGCAAGTG -739
P Btll/ pat -464 GGAAAAAGAA GACGTTCCAA CCACGTCTTC AAAGCAAGTG -415
T25 / pat ~173 GGAAAAAGAA GACGTTCCAA CCACGTCTTC AAAGCAAGTG -124
MON810/ crylA(b) -978 GGAAAAAGAA GACGTTCCAA CCACGTCTTC AAAGCAAGTG -929
. DLL25/ bar -178 GGAAAAAGAA GACGTTCCAA CCACGTCTTC AAAGCAAGTG -129
P35S 1-§'
355_v00141 7343 ATATCTCCAC TGACGTAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA 7392
[E176/ bar ~-249 ATATCTCCAC TGACGUAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA ~200
Btll/ cryIA(b) ~-738 ATATCTCCAC TGACGHAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA -689
Btll/ pat -414 ATATCTCCAC TGACGNAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA -365
T25 / pat ~123 ATATCTCCAC TGACGHAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA ~74
MON810/ cryIlA(b) -928 ATATCTCCAC TGACGNAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA -879
. DLL25/ bar -128 ATATCTCCAC TGACGHAAGG GATGACGCAC AATCCCACTA TCCTTCGCAA 79
P3SS 2-3'
3558_Vv00141 7393 GACCCTTCCT CTATATAAGG AAGTTCATTT CATTTGGAGA/GGACACGCTG 7442
[E176/ bar ~199 GACCCTTCCT CTATATHAGG AAGTTCATTT CATTTGGAGA GGACACGCIG -150
Btll/ cryIA(b) -688 GACCCTTCCT CTATATHAAGG AAGTTCATTT CATTTGGAGA G CACGd!E -639
P Btll/ pat -364 GACCCTTCCT CTATATAHAGG AAGTTCATTT CATTTGGAGA CACGCTG -315
T25 / pat ~73 GACCCTTCCT CTATATAAGG AAGTTCATTT CATTTGGAGA ggpcagggta -24
MON810/ cryIA({b) -878 GACCCTTCCT CTATATHAGG AAGTTCATTT CATTTGGAGA GGACACGCTG ~-829
L.DLL25/ bar -78 GACCCTTCCT CTATATHAAGG AAGTTCATTT CATTTGGAGA CACGggg -29
T 725/ pat 527 ccagttaggc cagttaccca gatctgﬁgtc gacctgcagg catgcCGCTG 576
35s8_Vv00141 7443 AAATCACCAG TCTCTCTCTA CABATCTATC TCTCTCTAT- --—--—--=-- A 7482
E176/ bar ~-149 AAATCACCAG TCTCTCTCTA CAAATCTATC TCTCTICTAT- —===-- A -110
[-Btll/ cryIA(b) -638 AAATCACCAG TCTCTCTCTA CAAATCTATC TCTCTCTATHEEEIE ! ~589
P Btll/ pat -314 AAATCACCAG TCTCTCTCTA CAAATCTATC TCTCTCTAT- —--—-=————- A -275
T25 / pat -23 ccceggggatc ctctagagtc gacatgtcte cggagaggag //
MON810/ cryIA(b) -828 acaagctgac tctagcagat ctaccgtctt cggtacgcgce //
DLL25/ bar ~28 gactctagag gatccceggg gatctaccat gagcccagaa //
f—T25/ pat 5717 AAATCACCAG TCTCTCTCTA CAAATCTATC TCTCTCTAT- —-=--—-———--- A 616
w-E176/ cryIA(b) 1945 9gagctct agatctgttc tgcacaaagt ggagtagtca gtcatcgatce 1994
crylA(b) EPC intron
355_Vv00141 7483 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTTC TTATAGGGTT 7532
FE176/ bar -109 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTTC TTATAGGGTT -60
P Bti1/ cryIA(b) -688 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTTC TTATAGGGTT -539
L Btll/ pat -274 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTﬂE TTATAGGGEF -215
f‘TZS/ pat 617 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTTC TTATAGGGTT 666
. E176 1995 aggaaccaga caccagactt ttattcatac agtgaagtga agtgaagtgc 2044
T35S 1-5§'
355_Vv00141 7533 TCGCTCATGT GTTGAGCATA {TAAGAAACCC TTAGTATGTA TTTGTATTTG 7582
FE176/ bar -59 TCGCTCAEST GTTGAGCATA [TAAGAAACCC TTAGTcgata gatctgttgg -10
P Btll/ cryIA(b) -688 TCGCTCATGT GTTGAGCATA |TAAGABACCC Tcgagctcgg tacccgggga -639
L Btll/ pat -224 TCGCTCATGT GTTGAGCATA |TAAGAARCCC ttactctagc gaagatcctc -175
f‘TZS/ pat 667 TCGCTCATGT GTTGAGCATA T TTAGTATGTA TTTGTATTTG 716
. _E176 2045 agtgcagtga gttgctggtt tttgtacagC TTAGIATGTA TITGIATIIG 2094
EPC intron
355 V00141 7583 TAAARATACTT CTATC%ATAA ﬁATTTCTAAT TCCTAAAACC AAAATCCAGT 7632
iT’TZS/ pat 717 TAAARATACTT CTATC%ATAA ﬁATTTETAAT TCCTAAAACC AAAATCCAGT 766
_E176 2095 TAAAATACTT CTATC%\_.E@QI}_;}ATTTCTAAT TCCTAARAACC AAARATCCA// 2142
358_Vv00141 7633 ACTAAAATCC AGATCTCCTA AAGTCCCTAT AGATCTTTGT GGTGARATATA 7682
T 125/ pat 767 ACTARARY/ 773
T35S 4-38'

Figure 4. DNA sequences of the P-35S and T-35S regions introduced into Event 176, Bt1l, T25, MON810, and DLL25 and of the CMV genome
(Accession No. V00141), respectively. DNAs are numbered from the adenine of the initiation codon (ATG) of the trait gene as +1. Differences in DNA
sequences from the CMV genome are shown by outline type. The ends of sequencing of introduced DNA are shown by double slash. The DNA
sequences of the primers for P-35S and T-35S detection are boxed. Box with broken line indicates polyadenylation signal sequence. The sequences not
having significant homology with CMV genome are indicated by small letters. P, promoter region; T, terminator region on left side.

sequences of P-35S, NOS-ter, aps$psvere also detected from  to secure the verification of non-GMO materials and to monitor
a 0.1% mixture of GM soy (data not shown). In the case of the reliability of the labeling system in each country.
m-epsps, T-35S, and Pr-actin, however, the sensitivities were The profiles of PCR amplifications using the primer pairs
0.5% (data not shown). These sensitivities would be acceptabledescribed aboveppt, bar, cp4-epspsgox, m-epspscrylA(b),
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355_Vv00141 7433 GGACACGCTG AAATCACCAG TCTCTCTCTA CAAATCTATC TCTCTCTATA 7482
T25/ pat 567 ATGCCCGCTG AAATCACCAG TCTCTCTCTA CAAATCTATC TCTCTCTATA 616
E176/ T35S 1945 TAGGAGCTCT AGATCTGTTC TGCACAAAGT GGAGTAGTCA GTCATCGATC 1994
355_Vv00141 7483 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTTC TTATAGGGTT 7532
T25/ pat 617 ATAATGTGTG AGTAGTTCCC AGATAAGGGA ATTAGGGTTC TTATAGGGTT 666
E176/ T35S 1995 AGGAACCAGA CACCAGACTT TTATTCATAC AGTGAAGTGA AGTGAAGTGC 2044
T35S 1-5'
355 v00141 7533 TCGCTCATGT GTTGAGCATA TAALAAACCC TTAGTATGTA TTTGTATTTG 7582
T25/ pat 667 TCGCTCATGT GTTGAGCATA TAAGAAACCC TTAGTATGTA TTTGTATTTG 716
E176/ T35S 2045 AGTGCAGTGA GTTGCTGGTT TTTGTACAAC TTAGTATGTA TTTGTATTTG 2094
3558 v00141 7583 TAAAATACTT CJTATCAATAA AATTTLCTAAT TCCTAAAACC AAAATCCAGT 7632
T25/ pat 717 TAAAATACTT CTATCAATAA AATTTCTAAT TCCTAAAACC AAAATCCAGT 766
E176/ T35S 2095 TAAAATACTT CTATCAATAA AATTTCTAAT TCCTAAAACC AAAATCCA.. 2142
355 _Vv00141 7633 ACTAARAACC AGATCTCCTA AAGTCCCTAT AGATCTTITGT GGTGAATATA 7682
T25/ pat TOT7 BCTARBRAL © v v ii v eente sesensenss soeoanoene sanuesansns 773
E176/ T35  L...... e e et e eeee teetesaeee eeeeeeaces aeeeaaeaes
T35S 4-3S

Figure 5. Schematic diagram of T-35S region inserted into Event 176 and T25 and of the CMV genome (Accession No. V00141), respectively. The DNA
sequences of the primers for T35S detection are boxed. Italic indicates difference in DNA sequence from the CMV genome.

Table 3. Profile of PCR Amplifications on Each GM Maize by Using the Primer Pairs for Detection of the r-DNA Segment

target: pat bar crylA(b) m-epsps P-35S T-35S NOS-ter cp4-epsps gox nptll Pr-actin

primer pair: @) © () (f) () (h) 0 ® 0 (m) (n)

amplicon: 161 bp 104 bp 152 bp 193 bp 101bp 84 bp 151 bp 118 bp 103 bp 155 bp 121 bp
non-GM maize - - - - - - - - - - -
Event176 - + + - + + - - - - -
Bt11 + - + - + - + - - - -
T25 + - - - + + - - - - -
MON810 - - + - + - - - - - -
GA21 - - - + - - + - - - +
MONB802 - - + - + - + + + + -
non-GM soy - - - - - - - - - - -
GM soy - - - - + - + + -
rice - - - - - - - - - - +
wheat - - - - - - - - - - -
barley - - - - - - - - - - -

Pr-actin, P-35S, NOS-ter, T-35S, anptll] are shown iriTable

3. The profiles suggested that the combination of detection on
each DNA segment was effective to distinguish these lines of
nonprocessed GMOs. Furthermore, it might be possible to
distinguish the GMO line contained in processed foods on the
basis of the profile of PCR amplifications. However, it was
difficult to distinguish precisely what type of GMO line was
contained in the samples, because the profile results could be
interpreted in any of the following five ways: (1) the sample
contains a specific GM line; (2) the sample contains more than
one kind of GMO from different crops; (3) the sample contains
a small amount of the original sequence as a foreign gene
introduced through contamination of the original organism;
(4) the sample contains a small amount of other crops having
a DNA segment identical to that introduced in the suspected
GM-crop; and (5) in the case of processed foods, PCR could
not be performed using certain primers pairs because the
degradation of DNAs derived from different materials could
be different.

Despite the above-mentioned problems, this method provides
useful information for the existence of GMOs including
nonapproved ones because most GM crops utilize one or more
segments to construct r-DNA. Therefore, we conclude that this
method can be effectively used for fast and easy screening of
GM crops.
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