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Development of Detection Method of Unapproved Genetically Modified
Potato (EH92-527-1) in Korea using Duplex Polymerase Chain Reaction

Myung-Ryul Yoo, Jae-Hwan Kim, Mi-Chi Yea', and Hae-Yeong Kim*
Institute of Life Sciences and Resources and Department of Food Science and Biotechnology, Kyung Hee University
'Department of plant Quarantine, Animal, Plant and Fisheries Quarantine and Inspection Agency

Abstract A duplex polymerase chain reaction (PCR) method was developed to detect unapproved genetically modified
(GM) potato (EH92-527-1) in Korea. The UDP-glucose pyrophosphorylase (UGP) gene was selected as an endogenous
reference gene for potato and used to validate the specificity for 14 different crops. The primer pair EH92-F/R was
designed to amplify the junction sequence between the genome and transgenic region introduced in GM potato. Its
specificity was also validated using several different GM events. The detection limit of the duplex PCR method is
approximately 0.05%. This duplex PCR method could be useful for monitoring cultivation of unauthorized GM potato in

Korea.
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event®] 73-F- real-time PCRS ©]&3F A2 AAWHo] By
o] k(16,17).
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BASFAFIA] 7det G228 ZRHEHI2-527-1)9] EFAIS
£ Sigma-Aldrich (St. Louis, MO, USAVIA 43ttt thz
T2 ARE3E AP Z(RRS, MONSITSS, A2704-12), 44k
W3 2445TC1507, MONS10, MON89034, Event 3272, Btll,
MONR863, Bt176), XS 71=eH(GI73, T45), XS |
3HMON1445, MONI15985)= American Oil Chemists’ Society
(AOCS, Urbana, IL, USA)?} Sigma-AldrichAt25-E] -3ttt
aF, Bulg, 7R, F, S5, ks, 1) obel, A, 93, HE,
=5, WF, FE AIEsi] Sulst 23 1, vsA 2R 1,
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DNA =&

FAAEY 2AE 23S BE AlEe 9 1g¥ IRpApES
ol g3t AAAALE P BUPEZ THE0] cetyltrimethylam-
monium bromide (CTAB)HS ©]8-3}] genomic DNAS FZ3}
ATH10). 1g2] ELAF| CTABEY 10mL (1.5% CTAB, 5M
NaCl, 100mM EDTA, 75mM Tris-HCl (pH 8.0))& 713k &
65°ColAl 1A17F &<t WHEAIZL &, Wk 700 uLE phenol :
chloroform : isoamyl alcohol (25:24:1) 800 uL$} ILHF7](vortex
mixer)Z 2 492 F 12,000xgZ A2A 1587 HEE S,
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o] HaFE =AY e A8 genomic DNAE UV-visible
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Table 1. Oligonucleotides used in this study

PrimerX|| =t

7S] WA AR UDP-glucose pyrophosphorylase (UGP,
GenBank Accession no. U20345) §-3121e] H7IMEE 7122 &
o 113bpe PCR &S €& F UEE UGPase-KF3/KR3
primer 232 A|ZSIA AL, BASF Plant ScienceAH(18)0lA B AE
AAPHE ZFA}F EH92-527-1 event®] 5'-flanking region®] 7A€
< 7]%= 3} eventspecific primer (EH92-F/R) &S A28}
TH(Table 1). & primer= Primer Designer Program, Version
3.0 (Scientific and Educational Software, Cary, NC, USA)E ©|

g3jof AT

PCR=A

PCR HhE g 3 Al 25 uLE 3lod 0.5 unite] Gold Taq
polymerase (Applied Biosystems, Foster City, CA, USA), 2.5 uL
9] 10x PCR buffer (Applied Biosystems), 2 uL2] dNTPs (2.5 mM,
Applied Biosystems), 1.5uL2] 1.5mM MgCl, (Applied Biosys-
tems), 50ng®| template DNA, 52nM<$] UGPase-KF3/KR3 prim-
ers, 800 nMe] EH92-F/R primers’} ¥3t=| =2 &3t} PCR ¥t
%2 thermocycler G02 (ASTEC, Fukuoka, Japan)g ©]&3&to] <=
319k PCR WM 2L o4°ColA szt 780 F, oy wHl
ol 94°C 30%, 62°C 30%, 72°C 3037} 35 cyclesE <33 &
npR el GAOl A 72°C 587 WAL F 4°CollA PCR AHE&
BT PCR AHES 2% Agarose gel AollAl 100 VE A7)
FEste] s

PCR &29| &7|MYE 24

Zzke] WAkt At EolA4Ql primer A& o] &
3le] A& PCR 4HE-S Qiaquick PCR purification kit (Qiagen
GmbH, Hilden, Germany)E ©]-8-3}4] A#Igt #, pGEM T easy
vector system (Promega, Madison, WI, USA)S ©]-8-3}%] cloning
gt o] Automated DNA Sequencer ABI 3700 (Applied Bio-
systems)yS ©]&3to] WU F W wHEsSte] @r|MEE EIs
Atk 98X 97| ES Basic Local Alignment Search Tool
(BLAST) Z213-8 o|g3lo] 7] WA, o Fxdxket 971
AMEE 4R A gRlstaict

Aot o
Primer 42| XM & S0|d =l

ZAke] WA FHAAHUGP)l tEk primer (UGPase-KF3/KR3)
Aol BoldE gl S8t Ak, 7K, aF 59 7R &
3 &, HE B A 1459 g2 HEAERE FE5
genomic DNAE templateZ 5} PCRS A8 T Figure 19
A Bz vkl o] zhAtel] thsfiAut BolFQl FFARE] &<l
HATh FAAHEY 2} EH92-527-12 7E37] S8 Azte
EH92-F/R primer 49| SoldE& &<1al7] flsto] Fx2pAd F,

Primer name Sequence (5'-3") Target Amplicon size (bp)
UGPase-KF3 AGGAGGTGCGAGGTAATGGT UGP 13
UGPase-KR3 CCTCGGTGATGTGAAGCATA
EH92-F GGAGITCATAAGCTCAAACATCCAC GM votato EHOI-527-1 234
EH92-R CGITGCGGTTCTGTCAGTTCCA potafo BHFEa2

*UGP, UDP-glucose pyrophosphorylase.
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Fig. 1. Specificity analysis of the primer pair UGPase-KF3/KR3 for potato endogenous gene, UDP-Glucose Pyrophosphorylase (UGP).
Lane M: 100 bp DNA Ladder (Bioneer, Korea), lanes 1-15: potato, pepper, tomato, eggplant, soybean, maize, canola, cotton, flax, rice, wheat,
barley, mung beans, Chinese cabbage, and radish, Lane 16: no template
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Fig. 2. Specificity analysis of the primer pair EH92-F/R (A) and the duplex PCR (B) for GM potato EH92-527-1. Lane M: 100 bp DNA
Ladder, lane 1: EH92-527-1 positive control, lanes 2-4: GM soybean RRS, MON89788, and A2704-12, lanes 5-11: GM maize TC1507,
MONS810, MON89034, Event 3272, Bt11, MON863, and Bt176, lanes 12-13: GM canola GT73 and T45, lanes 14-15: GM cotton MON 1445
and MON15985, lane 16: no template

(A) 2216 AGGAGGTGCGAGGTAATGGTGGTAGGGGGTACGCAGGAGGGGTAGAGGTAGGCCCAAGAA 2275  UDP-glucose pyrophosphorylase (UGP)

A A A

AGGAGGTGCGAGGTAATGGTGGTAGGGGGTACGCAGGAGGGGTAGAGGTAGGCCCAAGAA PCR product

2276 GGATTGGGAAGAGGTGATTAGACAAGACTTGGCTATGCTTCACATCACCGAGG 2328

GGATTGGGAAGAGGTGATTAGACAAGACTTGGCTATGCTTCACATCACCGAGG Solarum tberosum

UDP-glucose pyrophosphorylase
(UGP) Genbank no. U20345

(B) 2055 GGAGTCATAAGCTCAAACATCCACAAAACAGTGTCAAAACACAATTTACAGCACAAAAACCCAAT  gDNA of EH92-527-1

N A

GGAGTCATAAGCTCAAACATCCACAAAACAGTGTCAAAACACAATTTACAGCACAAAAACCCAAT  PCR product

ATATAAACAAAAATGATAATCACAAGAGGTAGGTATGCACTGATAGTTTARACTGAAGGCGGGAAA
A R A

ATATAAACAAAAATGATAATCACAAGAGGTAGGTATGCACTGATAGTTTAAACTGAAGGCGGGAAA

GAGAATTAAGGGAGTCACGTTATGACCCCCGCCGATGACGCGGGA

CGGAGAATTAAGGGAGTCACGTTATGACCCCCGCCGATGACGCGGGA

DNA sequence of insert and flanking
CAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACG 2288 ot cromosomd DNA ofpotate

s line EH92-527-1(13)
CAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACG
Fig. 3. Alignment of nucleotide sequence of endogenous gene (UGP, U20345) and PCR product generated with UGPase-KF3/KR3
primer pair (A), genomic DNA of EH92-527-1 and PCR product generated with EH92-F/R primer pair (B).

S5, Fhse), WslRRE 14719 events: 4SO E PCRS A Al FHAel 9§72 PCR 4He BF target?) 100% L XIS
A A3 GAZPAE 722 EH92-527-191 thaf 1 PCRAHE 0] S Felsion, AZE primerde] So)A4dS el 4= vk
gelEthFig. 2). €2 PCR AHEe] 97|HLS %‘4‘5 A3 Y (Fig. 3).
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Fig. 4. Sensitivity analysis of the duplex PCR for GM potato. Lane M: 100 bp DNA Ladder, lanes 1-6: 5, 3, 1, 0.5, 0.1, and 0.05% mixture of
GM potato EH92-527-1, lane 7: no template
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Fig. 5. Detection of GM potato in food samples using duplex PCR. Lane M: 100 bp DNA Ladder, lane 1: positive control, lane 2: fresh potato
(Korea), lane 3: fresh potato (USA), lane 4: potato soup, lane 5: potato chip, lanes 6-7: cooked potato from retort curry, lane 8: no template
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p-nos | nptl | t-nos t-nos

nptll | p-hos | gDNA

TAAGAGGTGGCAAAAATTTTCAGAAGGGTCAAAAACCATTTACAATTGAA
ACAA GGAGTCATAAGCTCAAACATCCAC AAAACAGTGTCAAAACACAATT
EH92-F
TACAGCACAAAAACCCAATATATAAACAAAAATGATAATCACAAGAGGTA
GGTATG CACTGATAGTTTAAACTGAAGGCGGGAAACGACAATCTGATCAT
GAGCGGAGAATTAAGGGAGTCACGTTATGACCCCCGCCGATGACGCGGEA
CAAGCCGTTTTACGTT JGGAACTGACAGAACCGCAACG TTGAAGGAGCCA
EH92-R
CTCAGCCGCGGGTTICTGGAGTTTAATGAGCTAAGCACATACGTCAGAAA
CCATTATTGCCGCGTTCAAAAGTCGCCTAAGGTCACTATCAGCTAGCAAAT

Fig. 6. Schematic diagram of PCR primers designed for GM potato EH92-527-1 event and the junction sequences between genome and
transgenic region (T-DNA). Potato genome shown in bold and T-DNA region in italic.
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