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ABSTRACT

Genetically modified maize has been widely accepted for commercialization.
The most popular approved events are lepidopteran insect resistance (Mon810) and
glyphosate herbicide tolerance (NK603). However, importation conditions of GM products in
some countries requires identification of the GM event and biosafety assessment.
At present, the international laboratory analyzes GM event by using simplex real-time PCR
technique which is lengthy, contains many steps and is prone to contamination.
The multiplex real-time PCR had been developed for detecting multiple modified genes
at the same time. We validated this method for GM maize: Mon810 and NK603 events
detection. The results revealed that Mon810, NK603 and HMG primers and probes were
absolutely specific to Mon810 and NK603 maize. The parameters of this multiplex
real-time PCR method were within the acceptable parameter standard including 97 to
112 percentage of PCR efficiency, -3.38 to -3.07 of slope, 0.99 of linearity (Rg), limit of
detection in 0.1 percentage and no false positive or negative results. In summary, multiplex
real-time PCR in this study can be used for the events screening method of GM maize
and maize products

Key words: genetically modified maize, multiplex real-time PCR technique, Mon810, NK603,
validation
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Table 1 GM certified reference materials information in this study

%GM Event specific
Plant Source/code Event (+ uncertainty) Mong10 NK603

Maize ERM-BF413ak Mon810 ak <0.09 + -
ERM-BF413ck Mon810 ck 0.49 + 0.1 + -
ERM-BF413ek Mon810 ek 1.98 + 0.15 + -
ERM-BF413gk Mon810 gk 99 + 05 + -

ERM-BF415a NK603 a <04 - +

ERM-BF415b NK603 b 0.1 + 0.04 - +

ERM-BF415¢ NK603 ¢ 0.49 + 0.05 - +

ERM-BF415d NK603 d 0.98 + 0.07 - +

ERM-BF411f Bt176 5+0.18 - -

ERM-BF412f Bt11 489 + 0.21 - -

Soybean ERM-BF410k GTS 40-3-2 10 + 0.7 - -

Notes: + (positive) = Event specific Mon810 or NK603 should detected, - (negative) = Event specific

Mon810 or NK603 should not detected
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arinfduezeiagdede Matafia

waswAnAuRd i lunismasavlasdaulas
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Figure 1 Construct maps of NK603 and Mon810 GM Maize events referring to the region

amplification of event specific Real-time PCR primer and probes (1: the amplification area

of 1% primer and probe, 2: the amplification area of 2™ primer and probe)
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Table 2 Oligonucleotide sequences of primers and probes of event specifics and

endogenous gene

GM Primer/

Gene event Probe Sequence (5’-3’) Reference
Event NK603 NK603-F GACCTCGAGTAAGCTTGTTAACGC Shrestha et al,
-Specific (1) NK603-R CGAGAAGAGATAACAGGATCCACTC (2010)

NK603-P FAM-TACCACGCGACACACT-BHQ1
NK603 NK603-F ATGAATGACCTCGAGTAAGCTTGTTAA JRC-EURL-
2) NK603-R AAGAGATAACAGGATCCACTCAAACACT GMFF-ENGL

NK603-P

FAM-TGGTACCACGCGACACACTTCCACTC-BHQ1 (2011)
Mon810 Mon810-F CACTTCTCCTTGGACATCGATG

Shrestha et al.,

(1) Mon810-R GCAAGCAAATTCGGAAATGAA (2010)
Mon810-P HEX -AGGACTTTCGGTAGCCTT-BHQ1
Mon810 Mon810-F TCGAAGGACGAAGGACTCTAACGT JRC-EURL-
(2) Mon810-R GCCACCTTCCTTTTCCACTATCTT GMFF-ENGL
Mon810-P HEX-AACATCCTTTGCCATTGCCCAGC-BHQ1 (2011)
Endogenous Zein Zein-F GCTTGCCAGCTTGATGGCGT Shrestha et al,
gene Zein-R GGCATCGTCTGAAGCGGTAAGG (2010)
Zein-P Cy5-ATGCTGCAGCAACTG-BHQ3
Adh Adh-F CCAGCCTCATGGCCAAAG Mazzara et al.,
Adh-R CCTTCTTGGCGGCTTATCTG (2005);
Adh-P Cy5CTTAGGGGCAGACTCCCGTGTTCC JRC-EURL-
CTBHQ3 GMFF- ENGL
(2011)
HMG  HMG-F  TTGGACTAGAAATCTCGTGCTGA Delobel et al,
HMG-R  GCTACATAGGGAGCCTTGTCCT (2008);
HMG-P  Cy5-CAATCCACACAAACGCACGCGTA-BHQ3 JRC-EURL-
GMFF- ENGL
(2011)

Noted: F= Forward primer, R= Reverse primer, P=probe, (1)= the first primer and probe set, (2) = the

second primer and probe set
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specific Mon810 was NK603 (Hugo et al,
2002) Tneluntsneaasilideniu HMG e
MMNUTNATUN1IATINLEU Event specific
Mon810 uaz NK603 lun1imasasdu « daly

2. HANIINANAUAMHNLANICTNUAZAIN
FNNILL1za9D9lnsues (Practicability
and Specificity) 6aUjn381 multiplex
real-time PCR
INNINATDUAMNINNIELIEINDDY
11/\!3LN@’%LLNtIW‘iUGiB(?I”JaEi’]d’ﬁ’ﬂ@é”]dﬁdﬁ’]’ﬂ%m
ARLUAIRURNIIN events A9 9 1eun
Mon810, Bt11, Bt176, NK603 LALFIatL1
A lalésunisdaudasiugnssudiomaia
simplex real-time PCR tU3suiiaufiy
multiplex real-time PCR WaN1INAaRIWUIN
TwswesuaslnsuiidanlHlujisodiay
Fuwziusuneidasnisnsasaufniiy
100% \fiansradavdjAsurdisinaila
multiplex real-time PCR Taslwsinasuay
Twsu29 Mon810 nunsansiadulaludnalne
G'fml,ﬂaxlﬁ’uﬁlnﬁmwﬂ’gﬁj Mon810 NNIzAL
mMstudaudus 05% 3uly ualainudyanu
fanadlunismsraaudlnalidnnlas
Wugnssnuarizndadu 9 Tusuzideaiu
Tnswesuazlnsurad NK603 a13150A5393
Tiludmlwadnudaeiugnisauaneiig NKeo3
Tunm:oﬁ’uﬁ”’mm 0.1% Fuld wazliswin
ATRIURYAUINRERRLUaNTuENTTNTin
AULATWNARTUTAN 9 WuRety S msuiu
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§1909NY (HMG) WUI1 818190092991
Foywuldludegdnlnannisgrouslsl
wodanalusietwizsiadu ¢ (Table 3)
FomnansaagUlian Twswesuazlnsuiian
Hlunsf@nsnfianuamnzianzasiusegng
Fmlnadiaudaoiugnssn Mon810 was NK603

WewSuufisuen Ct filéRnn1nga
FuUNIUMINALLA simplex LA multiplex
real-time PCR (Table 3) wui1 nAila multiplex
real-time PCR 8anavunzaulas il fnsnw
Tunsasiwesuuniuiisuwhiumaila
simplex real-time PCR Fuiilansiasauen
Ct waRe u Event speC|f|c NK603 2aeilng
mmﬂaawuﬁﬂﬁwmni soun1sduil audt
A59NBLFIENATA simplex LHLANAINIY
shAdlafisuiu Ct Wwisrsen1InIanauiy
Event specific NK603 fzinatia multiplex
WAEITUN1IAIIANDVEY Event specific
Mon810 WUI1 N1IATIINBUAIUINALA
multiplex HANNRNNTFNLARSHUTERINEN NG
NIIN1INTINNDUANALA simplex real-time
PCR Tusziumstuilousaus <0.09 9 10%

Toeen Ct lafeua9iu Event specific Mon810
finsraspuiiawmaila multiplex SAAN31N13
AIeNaUMuALiA simplex pERTIBEAYY
NIRDRA LAz IEATIIEBLANMNITINITIANLAN
za9lnaneFnAnugndivsasnainfise
LﬁﬂuﬁuﬁagaaaﬁﬂsznammﬁuTu Table1
LLAWINIMNAN False negative rate LAy False
positive rate 9135984 Broeder et al.,, (2014)
wuin msldmaila multiplex real time PCR
mwaauﬂ”'}ﬂwwﬁﬂLLﬂaoﬁ’uqﬂﬁumﬂﬁ’uﬁ:
Mon810 Llaz NK603 mmmmaaaau\lﬁgﬂﬁao
wazluny False negative LAY False positive

wenandl Fonudn naile multiplex
real-time PCR &dinfvia18132n13@n Usznin
natum e asaasuldnasiuluass
Wenii wazldanseiiteaninvdadisuwindu
anANNLAENIRINA M INARBLNNSLATRNU
ﬂmﬂﬂ%\i (Lab Life-Real-time PCR, 2015)
LASRINIINATINAANTDINDIEUNT DNAUNNT
ATIBUTUNENY Lﬁamsmur@u@mmw\lo‘ﬂu
aTfeaiu @eshiuazane, 2562; Alary
et al., 2003; Debode et al., 2013)

Table 3 Comparison of Event specific Mon810 and NK603 and endogenous gene detection

by using simplex and multiplex real-time PCR

GM Ct Mean of
Conta- Event specific Endogenous gene
Event Mon810 NK603 HMG
minated o Mu-  T-  Sim-  Multi-  T-  Sim-  Muli-  T-
(%) plex plex test plex plex test plex plex test
Mon810 ak <0.09 ND 37.62 * ND ND ns 28.82 27.65 ns
Mon810 ck 05 35.44 3425 * ND ND ns 2852 27.47 ns
Mon810 ek 2 33.76 318 * ND ND ns 2840 2794 ns
Mon810 gk 10 3124 28.04 * ND ND ns 28.48 27.92 ns
NK603 a 0.1 ND ND ns 36.60 37.19 ns 28.27 28.14 ns
NK603 b 05 ND ND ns 33.30 33.92 ns 27.94 28.32 ns
NK603 ¢ 1 ND ND ns 3197 31.98 ns 28.32 27.98 ns
NK603 d 2 ND ND ns 30.31 29.72 ns 28.23 27.97 ns
Bt176 5 ND ND ns ND ND ns 25.43 2477 ns
Bt11 5 ND ND ns ND ND ns 25.31 24.89 ns
Non-GM Maize 0 ND ND ns ND ND ns 24.33 25.07 ns

Notes: ND=Not detected, ns= non-signicant, * = signicant at p value 0.05
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3. wan1sAFauYsEANSnIwMsiaUnseN
multiplex real-time PCR
nMsneaauUIEANSAWNSIAaUNEN
Tunrsnsrasaudlnadaulasiugnss
Mon810 tlay NK603 Sawiuuanedeis HMG
funAllA multiplex real-time PCR WanN13
NARDIWUIN INATlA multiplex real-time PCR
1115007930 LA lusEAuN15L8a919AL8ULe
Aousl 1:2 B 1:16 wanszaunisvuiiiou
FlwadauiasiugnIsunousd 0.125%
f9 2% lawdnsInisidaaeiisnsn 1: 256
Tssnsanaduduanals Taeen Ct Al
LﬁugﬁuﬁaLLﬁJiwnﬁuﬁ’ummLﬁu*’ﬁummﬂ%mm
g1 FLBUBHULUY (copy number) fianad
WeuA Ct Aldragudarssiun19idnatsan
a3NNIANNENTUNNAT3 U (standard curve)
ANI5TDY Del Gaudio et al, (2012) wuin
M slope PDINTNIATIEHBY Event specific

Mon810 war NK603 uwaz HMG iy fe
-3.10 -3.07 llay -3.38 mMuaneiu Avse&nsnn
n13vinUfji3en (PCR efficiency) 2a9uf)n5eN
#ii Event specific Mon810 Liaz NK603 LLas
HMG vy 110.17 111.71 waz 97.63
ANNARNAU (Table 4) uardAauUIzaNSVDY
msvhufiseneeamnBuwiniy 0.99 Ferdils
sonuaagluinausiannsgwiiimuelfoaenis
ATREaURTAALLURSTUGNTTNBIRUA WG
wAtlA multiplex real-time PCR (Broeders
et al, 2014) §9dl @1 Slope -3.1 9 -3.6 M
PCR efficiency infiu 80 @iy 120 LAZA)
auyseniraenisvindisevindy 0.99
ﬁammsmaqﬂlﬁ'jw n3nsIaEaud13lne
ARLUAIIUENTINEEWUE Mond10 LAy NK603
FAVEUSBINY HMG fematia multiplex
real-time PCR fiuUsz&n3nmiunisnsiaasy
FULUNEU Event specific Mon810 Liaz NK603

Table 4 The PCR efficiency and slope of event-specific Mon810 and NK603 and HMG
gene that were detected by using multiplex real-time PCR

Dilution Rate % DNA Targ?et Ct of target gene detection
GM: total GMO Copies
volume level conc. No. Mon810 NK603 HMG
1:0 2% 100 7,339.4 28.040.12 27.180.15 24.230.02
1:2 1% 50 3,669.7 30.900.13 30.180.12 27.460.08
1:4 0.5% 25 1,834.9 34.240.25 33.270.36 31.320.14
1:16 0.125% 6.25 458.7 37.210.32 36.300.27 34.220.61
1:256 0.008% 0.39 28.67 - - 37.540.4
PCR efficiency (%) 11017 111.71 97.63
Slope -3.10 -3.07 -3.38

4. samanasaunadifuinmsuudiouuaz
SUIUFEUUN (copy number) ABuaiitios
ﬁqmaaﬁu Event specific fis1150A529
wulgagnsudiada (limit of detection: LOD)

nsnasounlesifudnisuiiou
ﬁﬁamﬁqwﬁmmmmaﬁﬂ\lﬁaEhau'ﬂL%ﬂﬁa
(LOD) 28935n13m5798aud 1 Inasnulas

Wujn39u Event specific Mon810 uag
NK603 wiaufiugu HMG fzmaila multiplex
real-time PCR W11 813130393 UN U
TuéhazhaﬁLﬁumﬁﬁmiﬂmﬁauﬁ'}ﬂwmﬁmu:JJao
Wuﬁnﬁumtm 369.7 - 7.339 Copies TiaTy
W 12 1 duseteiBuefiinsuuiiou
1 lnadaudasiugnisn 73.39 Copies
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Talmmnsanseduduanawesiiu Event specific
Mong10 uaz NK603 ldasumnsn sniiu
fu HMG Faiflufiu endogenous 813130AT73
wuRaauldsous 7.34-7.339 Copies Hhusily

mmsam;aﬂﬁ'h nstult supeedialna
AALUAIAUENTIN Mon810 uaz NK603 i
széﬁ’uﬁﬁqmﬁﬂﬂminmwﬁ’oﬂ,ﬁam\amL%aﬁa
@D 0.1 % (Table 5)

Table 5 The limited of detection of Event specific Mon810 and NK603 and HMG gene were

detected by using multiplex real-time PCR

Ct();r:\:a- c?c:‘lp?l avec::lge Replications % . Ct SD RSD
minated  No. 1 2 3 4 detection average (%)
2% 7339 Mon810 3114 3152 3178 31.80 100 % 3156 027 084
NK603 3153 3151 3188 31.13 All gene 31.51 026 084
HMG 2554 2583 2559 2599 2574 018  0.71
0.2% 7339 Mon810 3534 3561 3563 3546 100 % 35.51 012 033
NK603  34.81 3466 3460 34.85 All gene 3473 010 030
HMG 2910 2961 2954 2947 2943 019 066
0.1% 369.7 Mon810 36.76 37.34 3740 37.69 100% 3729 033 090
NK603 3617 3732 3719 36.82 All gene 36.87 045 1.21
HMG 30.67 3041 3074 3080 3266 015 046
0.02% 7339 Mon810 nd nd nd nd Only - - -
NK603 nd nd nd nd HMG 100% - - -
HMG 34.61 3472 3475 34.02 3452 034 099
0.002% 7.339 Mon810 nd nd nd nd Only - - -
NK603 nd nd nd nd HMG 100% - - -
HMG 36.16 3593 36.71 36.60 3635 032 087
0.0002% 0.734 Mon810 nd nd nd nd 0% - - -
NK603 nd nd nd nd All - - -
HMG nd nd nd nd gene - - -

Noted: nd = not detected

5. wamsmaaumww"imma (accuracy)
LAZANLNUEA (precision) Tun1smsrasay
ij’ﬂﬂwco\ﬁmmaamﬂﬁ'uﬁ:' Mon810 LAy
NK603 fa8tnaila multiplex real-time PCR

MINANBLANNTENAT LRTANNLEUEN
P09385U UIUanfenNaINITaTesIznIg
mfmaauﬁﬂﬂwmﬁmLLUaamﬁﬁuﬁf Mon810
uaz NK603 TasAAnuifiesnsy LasAay
wiughrasBassanTsaulfnmasidud
MaeiusNAsgUANS (Relative standard
deviation: RSD) uazAiLlaSfudideaniannsgu
(Standard Deviation: SD) #89n13¥U3uN0uEU
Event specific Mon810 Liax NK603 wasdu
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§19d9fiy HMG 31nn1smsIaaaudilng
ﬁ’mmmﬁ’uqﬂﬁuﬁu’o 4 99U WANITNAADY
WU % RSD uay SD 799n15v18uU Event
specific Mon810 HALYINTU 1.84 1AL 0.67%
Was % RSD ez SD 289n1998i Event
specific NK603 #@1 1.63 wasr 0.61%
(Table 6) TABANANNTIEIATILAT AN LUEN
yoavvansBufidnaglunuiinnsgiuiiimun
Trasnisnsraneuisdaulasiugnix
\enunwaimaila multiplex real-time
PCR (Broeders et al, 2014) fin Adasidua
RSD #adliifiu 25% Fenanndaaiusnesu
289 Del Gaudio et al, (2012) Ml#T1E1UT
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N3N UNTAALLRITUENTTNBIAINW
Foefianuiiaslunisnsaseulainiaiu 25%
WaAYIN 1NATA multiplex real-time PCR 71l
Tumimwaau%ﬂwmﬁmLtﬂaaﬁuqmiumﬂﬁuﬁ:
Mon810 uar NK603 fusz@ndniwasi
uananil 1ananliin gunsal indeeladily
FdeSnsfiiendies Wy nTedeNsiet
wazmMIaiaRLEwe Sanuasaas NI
HANIATRIMUNEUTTANNTEATILRT L EN

Table 6 The repeatability and reproducibility
of event-specific Mon810 and NK603 and
HMG gene detection by using multiplex
real-time PCR

Ct average
Sample Replicate
Mon810 NK603 HMG
Mon810 : NK603 1 3633 3680 27.93
0.1% GM 2 36.93 3750 27.77
contaminated 3 37.16 3758 27.73
4 3572 3621 27.69

Mean 3651 3710 27.76
Min 3571 3621 2751
Max 3736 3780 27.93
SD 0.67 061 014

RSD (%) 1.84 163 049

6. nammAsaLLR NS ueENifivanseas
fiaU)i3e1 multiplex real-time PCR
MNMIeREULSIUA NS
Sudiuludfsen real-time PCR fluAnsing 50
100 150 WAL 200 WILUNSH WANISNARBY
wuin anndindufiiuierastinlnadaulas
WugnIsu MON 810 uaz NK603 Tuszdud
fine o M danalrnInTIeTuaNMuLAnNsmaiu
(#n Ct fiuansnoriuy) Tuyn « Bu Tasaaadiiu
PavBueLEuEuf 50 ulunsu Tidn ct il
INMIATINNDUEU Event specific Mon810
Winfiu 33.39+0.06 wazdu Event specific
NK603 iy 35.12+1.19 ﬁaﬁmmnﬁqmaz
uaneesaReteiitsdiuA Ct Al

NANNENTUABUENEUA 100 150 was
200 Wnlunsu fifien Ct wasannsnsaasuiu
Event specific Mon810 ¥ 31.27+1.06 LAy
U Event specific NK603 WU 32.33+1.27
wenang Sewuin ‘[unm:é’umwmﬁu%’umm
Adulasesulidl Ct aaviu HMG e
endogenous gene lHWANANAUNIEDA
%ommsnaqﬂlﬁdw AN NTupRIRLDULD
%ﬁﬁuﬁﬁaﬂﬁqﬂﬁmmmmaawﬁlﬁl@zmm::ml
81MTUN19IAT9RBUAIBINATA multiplex
real-time PCR #® 100 11lun$u Cankar et al,
(2006) WAy Turkec et al, (2015) F1ENIUN
Haiunilsfiddusenasiatssininmningia
gau fn AanudntusesiiBuedildluniei
Real-time PCR lagA1auiduduweg
Afule azuUsnniuiual Ct Adulefiianny
\iandugeasiidn Ct g uaslunenduiudn
anadindudiBuiadosiulugjizesiaslsen
Ct g9 pouzil Ellison et al, (2006) léinanain
anudintuzasiiBuelilaiadendniidewass
nm9Uiiselu Real-time PCR u#d1uiu
f1u TuiiBwessudutiadonaniiasynl
nMahufiseniadu foudanudaduastion
uathflauauaiun (copy number) 2a9ALAULD
Funuufigoan1sasasausz AL 10 §un
SulufesvinfnUiisen real-time PCR 14
ANNNG B

7. HAMIATIIAANTDIRIDENINBURSHARAUN
NNBAY multiplex real-time PCR
HANINANBUUAAZEIN1INTRIAIER
Tu@ieenawuy blind sample Wasuifisuna
AUKNANTIATIIFBLNNYBIUTRAN15AS9
AnneiisuasnanfuTNERALLaITUENTIN
iTeg! nnﬁaaﬂwaﬁﬁwmammaanﬁmﬁ% multiplex
real-time PCR I¥iNaN1INA&aUATINUNANT
Ansziveeiesdfiiinis 100% Tewlainy
M13LNA False positive LAy False negative
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#3UNan1INAaDY

N13A5299wundud 1 Inadaulay
W’uqnssumﬂﬁuﬁj Mon810 uas NK603
#1835 multiplex real-time PCR lagn13m579
FUUNBU Event specific Mon810 tLas NK603
wazdudedsiiy HMG Tudfise e
fusz@ndanarnnsaldlunslrednwuniu
fanand laslwsuuaslnsiwasianuswiey
LRSLRNIZENFADNNTILUNEU Event specific
Mon810 uas NK603 WasAImwIsimasaily
INN1INAFDUIS multiplex real-time PCR
afhunousanesguiitvualy uazdionaaauld
Tumsduuniiy wun watladenanaiunse
%LLlAﬂﬁ‘lﬂﬁgﬂﬁﬁﬂﬂﬂlﬂﬁ False positive/negative

N899
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