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Abstract

BACKGROUND: This paper describes the successful dis-
crimination of GM crops from the respective wild type
(WT) controls using spectroscopy and chemometric
analysis. Despite the many benefits that GM crops, their de-
velopment has raised concerns, particularly about their po-
tential negative effects on food productionand the environ-
ment. From this point of view, the introduction of GM crops
into the market requires the development of rapid and accu-
rate identification technologies to ensure consumer safety.
METHODS AND RESULTS: The development of a GM
crop discrimination model using spectroscopy involved the
pre-processing ofthe collected spectral information, the se-
lection of a discriminant model, and the verification of
errors. Examples of GM versus WT discrimination using
spectroscopy are available for soybeans, tomatoes, corn,
sugarcane, soybean oil, canola oil, rice, and wheat. Here, we
found that not only discrimination but also cultivar group-
ing was possible.

CONCLUSION: Since for the determination of GM crop
there is no pre-defined pre-processing method or calibra-
tion model, it is extremely important to select the appro-
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priate ones to increase the accuracy in a case-by-case basis.

Key words: Calibration, Chemometrics, GM crop, Model,
Spectroscopy, Pre-processing
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Table 1. Calibration Model development for GMO discrimination using spectroscopy and chemometric analysis

Preprocessing Accuracy

GMO Trait Spectroscopy Method Model %) References
Alcantara
FT-IR - PCA, KNN - et al.
M ppspg ~ Clyphosate (2010) [52]
Soybean tolerant Liu of al
THz SNV LS-SVM 88.33 (2016) [53]
GM Antisense  Delaying of Vis-NIR MSC, 1* and P%féD]DAA’ 100 Xie et al.
Tomato LeETR2 Ripening 2™ derivative (PLSDA) (2007) [54]
Eighty oil PCA, 100
GM samples NIR Mean centering SVM-DA, (PLSDA, Luna et al.
soybean oil (GM/non- /MSC PLSDA training (2013) [56]
GM oil) set, GM)
117 rapeseed 97.3
Cancll:f . - oil from seven NIR PCA, DPLS  (DPLS, (ZZ}(;;IO)Et[Sa;j
ola o brands GM)
GM pr Insectresitant WT, SNV,  PCA, SVM, 9943  Feng et al.
Maize EPSPS . MSC PLS-DA, (PLS-DA) (2017) [3]
resistant
GM Bt . . MW-PCA-L  99.1 Guo et al.
Sugarcane Bar Vis-NIR Savitzky-Golay DA method (GM) (2014) [60]
PCA
Lu et al
. PLSDA 100
Vis-NIR CDA LS-SVM (LS-SVM) (2005) [61]
GM aylAb/  Insect-resistant PCA-BPNN
Rice aylAc SNV
MSC SVN Hao et al.
NIRDRS Savitzky-Golay PLSDA 100 (2019) [80]
1 Derivatives
Shutdown in
GM a-gliadin the;fexg)erlei:ziwn Garcia-Molina
Wheat o _g Jiadin  disease-related NIR SNV/DT DPLS 100 et al.
(RNAi) & (2016) [81]

wheat gliadin
T-cell epitopes

EPSPS, 5-enolpyruvylshikimate-3-phosphate synthase; PCA, Principal component analysis; KNN, k-Nearest Neighbor; PLSDA, partial
least squares-discriminant analysis; MSC, Multiplicative scatter machine; MW-PCA-LDA(Moving-window-Principal component
analysis-Linear discriminant analysis); CDA, canonical discriminant analysis; LS-SVM, least squares-support vector machine;
PCA-BPNN, PCA-backpropagation neural network; NIRDRS, near-infrared diffuse reflectance spectroscopy
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& MEJAA R 8A| §-2F LeETR2= Agrobacterium
tumefaciensz &3l ErtEe] =9 Sith VIS-NIR 34
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AAAZ CZ GMAES] FAA AlS 918 AlF
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olt}t, th¥f A #= non-GM % GMOo.Z el el &
219140 (NIR) 334 9l ol 275 2-8-813iH56]. PCA
(Principal Component Analysis)& 285t ~FEF 1
olefellA ¥ 54L& FEetaL S0l (outlier)E Al
e 43 Mean cetering) 2t MSC(multiplicative scatter
correction)*2] & SVM-DA(Support Vectors Machine-
Discriminant Analysis) %! PLS-DA(Partial Least Squares-
Discriminant Analysis)& AR&-ato] &3] A¥E AQIth
SVM-DA®] 7% 27} GM thfrgh a7 ool dhsl
T IE(training group)?] A 100%2 J&EEE, HS
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Tl 242 100%9F 80% 21 EeE vehhglch A=
NIR #3440l tix=7" th+F ¥ GM 5 THap7] <
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= Yot

GM ¥ thx7 7hsehrs #Es] s FAE 74
(PCA) ¥ DPLS(discriminant partial least squares)E 4
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PR 07
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G3lini57]. tixT 2 GM Fhsthis FAE 24 ¥
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8 AHEL 9556%% 1, GM 7HseH= 97.30% %tk NIR

= AREstl GM FhsebE dhlske s ARt 7hssh
DPLS "H& Agslo] & s vehds Elasich

S5 (Zea mays L)E AIACIA 7 S88 52k
sitfolm 715 Al 4] ARo® ARRRTH58]. #H
d ok 542 HE(GM) & Ajull= “stacked” events
1L sk AR WY SFel Qs 7 7HA ode] 573
e A= S W= UTH59]. GM S5 AJAkell
A #HzY stacked eventt AZA| WA 5A4F Bacillus
thuringiensis(Bt)°ll 2J3ll H-01¥ endotoxin A4S &3
AFAIE EAS E3SIITH59]. 94 stacked event?]
=, aylAb/ cry2Aj-GlOevod}t AZAALA FHARL
EPSPSZ X3k GM S5 ¢ 2 $5579] 2¢
S A 9A(NIR) H91(874.41-1733.91 nm)ollA] a4 o]
u| S AREsle] BREAS FARITH3]. Chemometric
analysis9} A% hypercube datat= H4 %20 % PCA
(Principal Component Analysis)E 2]-€3}al, SVM(Su-
pport Vector Machine) ¥ PLS-DAE &3l GME+F &
&3tz i RS 2E5lal GMI non-GM S
T g¥o] A9 100%2] FFTR F7E & SS RIS
t} o] 97 FE3 SVM ¥ PLS-DA E.%0] CARS(com-
petitive adaptive reweighted sampling method)ell <]3l]

Jm S xg ofN

AER s47)9) shgow st okl & 93, ekl o
ZeAlolie 9Ia £F A2t B A% o)Fold &
&g nolFT) TAsto R GM S4 e A %
23 o|r A 7 940 5L ASFOmA oI5 PellA
AR 02 Bk

AV Saccharum officinarum L.)= A AlA sugar
production®] % 75% 5 A gt} T=0] AR AR Al
oM 391E gt AR A Qo AT Folok
T ollghZe] Aatel = ARRETE AT B 28 5
stoll A7) wiitel AE4 18 A AEHS, A%
TR A3 Aol wobd 4 vk A=l dER
HEATA Tela ARAARE RS Aol ¥el
FA AT A, AR S7H71AL 0]9] T E T
atltt. A e]ss o83k ArdaT ARSIl ol
AL A ow W EA oFE AYshs o] da
3}3L NIR spectroscopy 9+ chemometricsE "8 33k 1] 3}2|
A NIR #3192 A8 e S5 Aqede 99
AN =2 A ThsA S HAFIITHe0]. FU
T el Sl AR e de S8elM FREH ols2
Bacillus thuringiensis(B) 2 AzA| Wd(Ban) A4 =
UE Hreke GM di27 Al TR A E eI A E
# Au 57 F 404 MW-PCA-LDA (Moving-window-
Principal component analysis-Linear discriminant
analysis) WHel 71z3ste], A sgdl= 768 nm WA
822 nm, ##¢] PC %32 PCI-PC3, GM 4 vz 4
ks AT AAES A4 9.1% 9 98.0%5 AT

W(Oryza sativa L) A AlA| A7 Ae] Hxtel|A 7]
VA S JdS Faske Al 7 Fod aE

g e xFee] FHHoE FQF BHE IV
el Ak =4 woh FEE S ol F3la62,63], F
A WAl64] 9 Fd7te] S7He51E flst FAo] wlel &4
Hlok H<L 2% AN Bacillus thuringiensis(Bt) 2]
s gler, kow W2 ofAlof =7k e Aw Fud
0% 2483t d oFolr). v AFEF] oju]y 1AL g}
Aol Fhdksir] W= S Ax 27t desh] gorw
=2l ZEAIA RUEY 9l S el o Adsid
[66,67]. B &% 212 o] Ve wd Bae fl8) o 7
A eaE Bl 54 2 ¢ Slvks Aotk FHell o] Ve
= 29 24 W8], A AH[69], 4 24[65,70-73]
gl 54 F7H74,75]°0 o8 o] strt. B, W AFESY
ojuld2 el wie] W Bl Ai e HEel ALHU
[76-78]. =3t FHZolli= ¥ 9] 54 9 T4 A g
Fe FEsk] A% A Ao wHoR ST
Chemometric analysis?} A3 PCA, PLSDA(partial
least squares discriminant analysis), LS-SVM(Least-
squares Support vector machine) % PCA-BPNN(PCA-
backpropagation neural network)™& 283t ¥ F
A 250 {14 7)o wet BRsiih Ak g
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