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Detection of Genetically Modified Maize
Safety-approved in Korea Using PCR
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Four lines (MONS810, GA21, NK603, and TC1507) of genetically modified maize (GMM) were recently approved
after a safety-assessment by the Korea Food and Drug Administration (KFDA). In this study, five pairs of
specific oligonucleotide primers, based on the gene sequences inserted into maize and zein gene as internal
standards, were designed and a method using PCR was developed for monitoring GMM and GMM derived
foods circulating in the market, MON810 and GA21 were detected in raw materials of feed and food in the

Korean market.
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Fig. 1. Schematic diagrams of inserted DNA and amplified
regions for the four lines of GM maize.

The primer pairs are represented at the upper side of each line. 1)
MONB810: eCMV35S: enhanced cauliflower mosaic virus 35S
promoter; HSP70: maize HSP70 intron; CrylA(b): synthetic
crylA(b) gene derived from Bacillus thuringiensis subsp. kurstaki
strain HD-1. 2) GA21: PR I rice actin I promoter; OTP: intron,
optimized transit peptide sequences were derived from ribulose-
1,5-bisphosphate carboxylase oxygenase genes isolated from
maize and  sunflower; m-EPSPS:  point-mutated  5-
enolpyruvylshikimate-3-phosphate synthase gene (epsps) derived
from maize; nos: terminator, derived from cauliflower mosaic
virus(CMV). 3) NK603: P-ractl: ractl intron containing rice actin
1 promoter; CTP: chloroplast transit peptide leader sequence from
Arabidopsis thaliana EPSPS: Agrobacterium tumefaciens EPSPS
gene. 4) TC1507: ubi: promoter and 5' untranslated region from the
maize ubiquitin gene including the first exon and intron; cryFa2:
cry1F delta-endotoxin from B. thuringiensis var. aizawai; 3'poly: 3'
termination/polyadenylation sequences were derived from A.
tumefaciens open reading frame 25.
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Table 1. PCR Primers for detection of r-DNA
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Primer name Specificity Length Reference
HSO0!L HSP70/sense [14]
193b
cry-CRO1 Cry1 A(b)/anti-sense MONS810 P (15]
GA21 3-8 OTP/sense
KFDA
GA213-3 m-EPSPS/anti-sense GAzl 133bp
ract §' P-ractl/sense .
by This stud.
CTP 3 CTP/anti-sense NK603 275bp is study
crylF §' cryFa2/sense .
233b This stud
crylF 3 cryFa2/anti-sense TC1507 P Y
Zel 1-5' zein/sense [5,16]
i by .
Zein 3'-1 zein/anti-sense Zein (Internal control) 99%bp This study
Table 2. Template DNA and Primer concentrations of duplex-PCR
Events Template DNA (ng) Primer pairs pM Primer pairs pM
HS01 6.0 Zel 1-5' 4.0
MONS810 50 cry-CRO1 6.0 Zein 3'-1 4.0
GA21 3-5' 0.5 Zel 1-5' 0.5
GA21 50 GA2] 3.3 05 Zein 3-1 0.5
ract5' 5.0 Zel 1-5' 9.0
NK603 50 CTP 3 5.0 Zein 3'-1 9.0
crylF 5 10 Zel 1-5' 0.8
A 45Fe KLY S5 MONSIO, GA21, NK603,  £& olgste] Zzte] PCR 2FE&3 42 & %% PCRE
283 TC15079) PCR AMES gel extraction kit(Qiagen, sl o, z- whgel intemnal standard® Y S50l
USAYE ©]&3sld =+ %, DNA sequencing®l] ©]-&3}31t}. EA)&e zein FARE Al AET 7 AT zein primer
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Fig. 2. Agarose gel electrophoresis of duplex-PCR products from DNA of non-GMM and standard GMM.
(A) amplification of maize DNA from non-GMM, (B) amplification of maize DNA from GMM, Lane M: marker (¢X174 RF DNA/Hae 11I),
Lane 1: MON810 (193 bp), Lane 2: GA21 (133 bp), Lane 3: NK603 (275 bp), Lane 4: TC1507 (233 bp)
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Fig. 3. Agarose gel electrophoresis of PCR products from different maizes.

A: amplification of Suwon 19th, B and C: amplification of domestic products, D: amplification of popcorn, maize from USA, E:
amplification of maize for feeding from U.S.A., National Agricultural Products Quality Management Service furnished, F: amplification of
maize for feeding from USA, a feed manufacturer furnished, G: amplification of maize for cooking oil from China, H: amplification of maize
for cooking oil from USA, Lane M: marker (¢X174 RF DNA/Hae III), Lane 1: the primer pairs for detection of MON810, Lane 2: the primer
pairs for detection of GA21, Lane 3: the primer pairs for detection of NK603, Lane 4: the primer pairs for detection of TC1507
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Table 3. The result of GMM detection on each maizes by the PCR method using the primer pairs to amplifying the r-DNA segment

Sample Domestic Products Popcorn, Maize Maize for feeding Maize for cooking oil
Event A B C D E F G H
MONS810 b - - - - 42 i +
GA21 - - ; ; . + ] +
NK603 - - - . - - - -
TC1507 - - . - . _

YDetected as non-GMM (-). PDetected as GMM (+).
A-H correspond to Fig. 3.
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