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Abstract  With the increasing development and commercial
use of genetically modified maize, it is essential to develop
an appropriate method for detection of individual LMO
(Living modified organism) events for monitoring the samples.
In South Korea, commercial planting and accidental or
unintentional releases of LMOs into the environment were
not approved. In this study, to increase the efficiency of
LMO detection, we developed simultaneous detection
methods for 11 LM maize events. This multiplex PCR
detection method is economical, as it saves time, cost and
labor. We developed 11 individual LM maize events, and
applied 4 multiplex PCR sets to the LM maize samples.
These results are confirmed by applying the multiplex
analysis of LMO environmental monitoring from 2012 to 2014,
which represents the unintentionally released LM maize
samples. The data were correlated with event specific PCR
results. Our results indicate that the multiplex PCR method
developed is suitable for detection of LM maize in LMO
monitoring.
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AEEst7|eo] ) ARkt AbR S AN SHiE flsl <
7re] Aol &% ofef ot TR ey} HEFOl
et =1 ek AR 38R 1 41| A International Service
for the Acquisition of Agribiotech Application; ISAAA)2] 2015
W bR wEH FAAPAFLM) AES A AA A2
& 179 wigk Sef2(ha)2 HA| AufH2 365 Wyt e
thH] 49% 5 AL Itk LM 2p4=0] A9 AA Afuf
2] 185 #ut Slet2 o] 53.6 ¥Rt Slet= = 29% 5 ApA|RE
o S FEAEEY AKAY dae oY =YY F
7 oA e o 250k tREE LMAHEo] 21X
kil QITHKBCH 2015).

=4 LMO&| o] 82 &= IAFA L HiE7t s
AR ] A SAH oHIETRE =9 9 {53kl Qlth
FHS HES Ul e A5 ARt AE-AE A
S Alefsta LMOS] Auj7t FA3] 1A &L glof ¢
&= LMOY] f-83 oA Ash= AAE Al v o=
TS AEHFAEY fdadler AR ik ER
OF AR L2 200978 =l ARES9] LMO 9] AF¢1AY
BA fr=oll tiet RUBEES 3 Solth LM §549] 2
AEA 52 Y TR TR &% Y Fol T
Ste 9t =2 SRR "ol Yo Wolgh AAYA,
AMESE D SAE7H FHoA WAsE Y B A
T A Fejrh o ohesi

=9 Aol oste] LMOEAIHE 7167 A3
Fopoll A Y= HEol H7bE LMO9] E3hle= 4
AL Aol A7H LMO 9] = 952 HaYE o] gtk
(Kim et al. 2010; Oguchi et al. 2010; Shrestha et al. 2010).
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T e FAEE 7S FeHA Yl LMO B S
O 2 20099 FE 859 LMO AF9EH4 2y E{%‘QJ LMO
A7 BEA o= ALE1 QI Jo et al. (2015, 2016)0] uwh
29 LM7flEEiet LMHSLe] SAHE71H 7S 58 LMO
ol 8% WG ke AT o Skl HarE Rl

22 chokst BA7)40] Highal 4740 A0 2 LMO
HEe 93 71 A= g2 o] o]FAic AAIE Real
time PCR7|<(Dérries et al. 2010)2} fluorescence capillary gel
electrophoresis 7] <x(Heide et al. 2008)2 o]-&3}0] A& S0
H7HE LMO9] $7E H&3she 71eE0] /e 9o,
o 2| PCR o] ARGo2 X 477 EPA7HA] B4 D 4
= 7|eEr /iEE o] RarEar ¢JtiCottenet et al. 2013).
B AoAl olefat MRS 714E ol 5te] LA}

= e 3 474 Bl 93 A 9Et 0ol
7B BE A7AGA LMO #4] 4

29| PCRHS vig o g 3fo] 7329 :51

Multiplex PCR 7|®HS 7)@tstaA} 3 ‘j{il‘/} ESE AlA Y
ElgollA AR e oot FEe &

Muliplex PCR el 21550 oh} &8 40] A 514]
stk

Table 1 List of oligonucleotide primer for Multiplex PCR
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LM SJAAIZ &2 2 DNA HH|

DNA FEJQ T25 o|HlES} Hute]o] oMlE F22EZ(MONSIO,
MIR162, DP098140, Bt176, Bt11, 3272, GA21, NK603, MON89034,
TC1507)2 u|=3-A|3}813 3l(American Oil Chemists’ Society,
AOCS, USA)ZEE] B uatolch E3F LM 2422 oA A&
L 012WEE 201497H1] FYsATEr s Az A TR
bho] ookl B SHealelel Aol p oA 4
3 LMO AAed BUE T AtAd oA ghEgt LM S5
9 9 A ARE AgSank BEEAT LM
HUEH YA A FE 9] genomic DNA+= DNeasy Plant mini Kit
(Qiagen, German)& ©]-8-5F0] A| =AM W ir-Hof| wha} Fej
2 Aot 429] o|HIEZEE AA|EE genomic DNA
9} DNAFH|E L3 T25 oWl E 9] genomic DNAE 1.0%
agarose gelo]| 7|95 sto] Slstglon, SulsF £33
L=A|(NanoDrop 2000; Thermo Fisher Scientific, USA)E ©]-&
slo] Mo & WE 33} 2RSS 0|85} 30 nglul7} )

omrT =
L5 3|Asto] ARG A7EA| -20°Col| Hastgir.

Event . . Primer concentration in Amplified
Name Primer Name Sequence (33') multiplex PCR (pmol/ul) fragment (bp) Reference
MONS810 F  GTATGTCCTTCATAACCTTCGCCCG 0.5
MONSI10 390 This work
MONS810 R CTCTCCAAATGAAATGAACTTCC 0.5
DP098-f6  GTGTGTATGTCTCTTTGCTTGGTCTT 0.25
DP098140 80 Meyer et al. 2012
DP098-r2 GATTGTCGTTTCCCGCCTTC 0.25
MIRI62 MIR162-f1 GCGCGGTGTCATCTATGTTACTAG 0.25 0 Randhawa et al.
MIR162-r1 TGCCTTATCTGTTGCCTTCAGA 0.25 2014
Bt176 F AACTGGCATGACGTGGGTTTCTGG 0.4
Bt176 209 Xu et al. 2007
Bt176 R TCCGTGGGCGTGGTATCGACTTT 0.4
Btll F ACATTTAATACGCGATAGAAAAC 1
Btl1 286 Xu et al. 2007
Btl1 R ACACCTACAGATTTTAGACCAAG 1.3
T25ES2F ACAAGCGTGTCGTGCTCCAC 0.4 .
T25 102 Heide et al. 2008
T25ES2R GACATGATACTCCTTCCACCG 0.4
3272 F CTGCAGTGAGTGGGCATGATGA 0.7
3272 319 This work
3272 R TGCGGTTCTGTCAGTTCCAAAC 0.7
NK603 F CAGACTCCTCCTCTCTCGGCAT 0.7
NK603 200 This work
NK603 R GGACTATCCCGACTCTCTTCTC 0.7
GA2L GA21 F  CTTATCGTTATGCTATTTGCAACTTTA 1 o This work
GA21-2R TGGCTCGCGATCCTCCT 1.3 Yang et al. 2007
MONS89034 F CGTACGTCAGGGTGCTGCTG 1 This work
MON89034 210
J-RT73-F CGACGGATCGTAATTTGTCG 1.3 Jo et al. 2015
TC1507 F GTGCGACAAAAGCCTCCAAGCG 0.4
TC1507 130 This work
TC1507 R GCAGCTTTGTGCTGATGGGG 0.4
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Fig. 1 Schematic diagrams of LM maize events targeted by multiplex-PCR method. The locations of the primers used for the
amplification are indicated. The bold lines represent flanking sequence of maize genome: (A) Multiplex PCR Set 1 of MONSI10,
MIR162, and DP098140; (B) Multiplex PCR Set 2 of Bt176, Btl1, and T25; (C) Multiplex PCR Set 3 of 3272, GA21, and NK603;
(D) Multiplex PCR Set 4 of MON89034 and TC1507. F, forward primer; R, reverse primer; P, promoter; T, terminator; 35S,
cauliflower mosaic virus(CaMV); nos, nopaline synthase; PINII, potato proteinase inhibitor II; ubi, ubiquitin, pat, phosphinothricin
acetyl transferase (from Streptomyces viridochromogenes); Cry, Sequence encoding Bt endotoxin of Bacillus; FMV, Figwort Mosaic
Virus; bar, phosphinothricin acetyl-transferase (from Streptomyces hygroscopicus); cp4 epsps, S-enolpiruvilshikimate-3-phosphate
synthase from Agrobacterium sp. strain CP4; Amy797E, A-amylase with ER retention sequence; hsp, heat shock protein; gat4621,

glyphosate acetyltransferase; Gzein, maize zein gene
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SiS1ck BAAE/ 1 S ST A4l oE BUE
PCRY] 27HA-& genomic DNA 2 ul (60 ng)& 2
stRow, Z17Fo] oHlE Eol& primerE 2 ul (10 pmol),
dNTP 1 ul (2.5 mM dNTP each), @#H SHSE Yo 7t
PCR HEY 23 Hu7} 30 ul7} HE& 2X EF-Taq PCR
Pre-Mix (Solgent, Korea)@} &3515}10] PCRS =345}t Proplex
PCR system, Applied Blosystems, USA). PCR HES AL
95°Cof|A] 5EZF HA &, 95°C 15%, 60°C 2027 40 cycle
= 2% 9 A% vk /\]i’l T 4°Cof|A] PCR ¥Fg= SAIA|
Zth SZ5 PCR AHE-2 100bp DNA ladder (Solgent, Korea)
2} 3HA 2.5% agarose gel A4 135 V2 27]%9%F 5 Chemi-
Doc™ XRS+ (Bio-Rad, USA)E o] g3l H7|d% Aus
spolshoict BAAEL 913 PR 2712 okl olE 2%
o4 ZZ5 PCR Product AJ0]27} 2719 AollA] T2
+2A] 8¢l §F & Multiplex PCR Set E =2 2~343-9] primer &
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Table 2 Identification of LMO monitoring samples

Sample No.  Sample type Event Identification
1 Grain Btl1
5 Grain MONS810/NK603
3 Grain MONS10/NK603
4 Tissue (leaf) NK603
5 Tissue (leaf) NK603
6 Tissue (leaf) MONS810/NK603
7 Grain MONS810/NK603
8 Grain MONS810/NK603
9 Grain MONS810/NK603
10 Tissue (leaf) Btl1
11 Tissue (leaf) Bt11/GA21

ol 11749] Y= 9 APAE o2 sF3icHTable 2). <=
o 2] ZAISE Y= 2 AYAN(2) 2] genomic DNAE F3 O
2 o]g3to] 7] gelE Multiplex PCRO] &84S A53HT

_g

LMO E=QREAL 245 2 Multiplex PCR 75

71& HZ primer} & AFo| A AEFA A E primerE
3ksto] 117 LM A]&9] o3t Multiplex PCR 7]HH-2 7ldts]
312} 474¢] Multiplex PCR Set (Setl: MON810, MIR162,
DP098140; Set2: Bt176, Btl1, T25; Set3: 3272, GA21, NK603;
Setd: MON89034, TC1507)< 445191 cKFig. 2). Z+2He] o]
HIE ® Primer FX+ ZFZke] Multiplex PCR Setof| A 2|4
o) 5% g% 0 + Yt 5EE 2| A A
t}. 74744 olE ¥ RFEHE FFPLE sho] HAT
primer7} ARt 55 /\Pol~% Hol=A] 2lst3ithFig.
2A lane 1, 2, 3; 2B lane 1, 2, 3; 2C lane 1, 2, 3; 2D lane
1,2). +55 GoHE HE41E a2 23 DNA
Al & ol 4] Multiplex PCR £-8-2 =743}7] $J5t¢] 30 nglul=
3| A% 7}7-o] genomic DNAES Set H& U &3 3t F

F 02 ARESEo] Multiplex PCRS 435+ tl(Fig. 2A lane
4, 2B lane 4, 2C lane 4, 2D lane 3). A7] %% 35}o] &9l
3t A7} AR $E 38 Kol Multiplex PCR HIEE
sete g A FEF o Stk

KIGVHERA L LMO SlMAZ =AM
2 %ﬁ]x}i(KBCH 2015)011 gEd 20154 7|2

= ET :9;} }01 1360l o]28 o]F Sa= 697
oMl Ec] o2t} &40 AP 1

<« MONB810 (390bp)

MIR162 (92bp)
DP098140 (BObp)

Bt11 (286bp)
Bt176 (209bp)

T25 (102bp)
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3272 (319bp)
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Fig. 2 Establishment of 4 set multiplex-PCR amplification for
11 LM maize events. (A) PCR results of multiplex PCR Set 1.
Lanel, MONR810; lane2, MIR162; lane 3, DP-098140-6; lane 4,
multiplex PCR product of 3 mixed DNA. (B) PCR results of
multiplex PCR Set 2. Lanel, Btl1; lane2, Bt176; lane 3, T25;
lane 4, multiplex PCR product of 3 mixed DNA. (C) PCR
results of multiplex PCR Set 3. Lanel, 3272; lane2, NK603;
lane 3, GA21; lane 4, multiplex PCR product of 3 mixed DNA.
(D) PCR results of multiplex PCR Set 4. Lanel, MON89034;
lane 2, TC1507; lane 3, multiplex PCR product of 2 mixed
DNA. Each PCR analysis was performed in duplicate and were
electrophoresed on 2.5% agarose gel. Lane M, DNA size marker;
Arrow, amplified products of each PCR
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Fig. 3 Detection of 11 LMO monitoring maize samples using multiplex PCR sets. (A-D) PCR results of Set 1, MON810, DP098140,
MIR162; Multiplex Set 1, 3 mixed DNA; PCR results of Set 2, Btll, Bt176, T25; Multiplex Set 2, 3 mixed DNA; PCR results
of Set 3, 3272, NK603, GA21; Multiplex Set 3, 3 mixed DNA; PCR results of Set 4, MON89034, TC1507; Multiplex Set 4, 2 mixed
DNA; Lanes 1-11, 11 LM Maize samples; Lane M, marker (100bp DNA ladder); Each PCR analysis was performed in duplicate
and were electrophoresed on 2.5% agarose gel. Arrow in Fig. 3C represented non-specific amplification band of Multiplex PCR Set 3

EH/;} 2 &3t genomic DNAE 3 S =2 Multiplex PCR
& SepetedrkFig. 3). Z12te) SN RS o AT
Multiplex PCR A3} 853t 117]2] LM QJAX 2L BE 5
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W=7} TEE QIchFig. 2C and Fig. 3C). Multiplex Set 4=
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o] 33 27140 LM AR $4E o) 584 A%
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