28 , 5 Vol. 28 ,No. 5 pp1062-1066
2008 5 Foectroscopy and Sectral Analyss May , 2008
s 310029
/ (VisNIR spectrum)
68 , 30 ) TQ6 21
(Discriminant analyss) (PLS
(
,  InGaAs MSC ) 89. 7 %(
86. 8%, 93 3 %) VISNIR
: /
: S123 : 1000-0503 (2008) 05-1062-05
} (37]
C
, , , (polymerase
, chain reaction, PCR) ] (enzyme linked
, ) immunosorbent assays, EL ISAs) 2 (biosen-
or) 81 Western [
, . ETR1 (ethylene
receptor 1) , ETR2, EIN4 (ethylene insenstive 4) , ERSL 31 | owa
(ethylene response sensor 1) ERS2 [” Roundup Ready
, 910 1 000 nm , NIR Roundup
2l Ready , ,
20 Roundup Ready 95 %,
, 19 Roundup Ready 85 946!
, 100 %*" ,
[18,19] /
. ' [20-22] ’
; / ,
1 2006-11-29, : 2007-03-06
: (60778024) (2006BAD11A12)
, , 1978 , * email : ybying @zu edu cn



1063

5
[23] ,
1 ( ) ,
11
38 ( LeETR2 , [24]
) 30 (MsQ) ,
) , 46 )
(26 , 20 ) , 22 (12 )
, 10 )
12
2
, (50 w
, Nicolet , ). 21
, 2 38 30
, 1
Nexus FTIR , ,
(9:670 1110 nm; InGaAs: 800 2 630 nm) ,
(32 ), (80cm ), ,
(09494cm- st), (32 1380 nm ,
22 mm 19 mm C—H ,
OMINIC 6. 1a(Thermo Hec- , C—H
tron Corp. , Madison, WI, ) ,
0 1) LeETR2
1 ;
2 :
[25] , ,
1.0 & 1933 nm
g 0.8 ’ ‘
%0 1.0
= 0.6
0.4 —— g 0.8
700 800 900 1000 1100 %
Wavelength/nm S 0.6
12l 04 _
g 00 800 900 1000 1100
= Wavelength/nm
§° 0.8
04
1 000 1500 2000 2 500

Wavelength/nm
Fig 1 Original diffuse reflectance spectra of transgenic and

non-transgenic tomato leaves
(a) : 9 detector; (b) : InGaAs detector

13
TQ Analyst v6 2 1(Thermo Nicolet Cor-

poration, Madison, WI, USA)

10* , ,

2 500

2000
Wavelength/nm
Fig 2 The average raw spectra of transgenic
and non-transgenic tomato leaves
(a) : 9 detector; (b) : InGaAs detector
1: Transgenic tomato leaves; 2: Non-transgenic tomato leaves

1500



1064

28

Fig. 3

Distance 2

Fig. 4

*2
(4]
p 2
£ * .
R P “\ .
al A
*
A
0+ v v v
0 1 2 3
Distance 1

Classification of transgenic and non-transgenic
samples using DA method(Si detector)

: Transgenic samples; 2: Non-transgenic samples

0 05 1 15 2
Distance 1 )

Classification of transgenic and non-transgenic

samples using DA method(InGaAs detector)

: Transgenic samples; 2: Non-transgenic samples

22
; TQ
Anayst v6. 2 1 10
99. 965 %, INnGaAs , 10
99. 944 % 1
8
( 3 ), 88 29%(
92 1%, 83 3%) 2 3
1
2
Table 1 Number of misclassification( S detector)
3 1 1 4
9 8 4 7
10 9 4 5
MsC 2 3 1 2
MSC + 10 6 2 6
MSC + 8 10 8 5
2 InGaAs
7 ( 5
2 ), 89. 7 %( 86. 8%, 93 3%)
3 1
; 2
Table2 Number of misclassification ( In GaAs detector)
4 2 3 2
3 4 2 4
4 5 3 0
MSC 3 1 2 1
MSC + 4 3 2 2
MSC + 4 3 1 0
3 MSC
3 , InGaAs
3 ) )
1 a ,

23

(24/ 30)

86 8%(33/38) 97 4%(37/38)
, 46 7%(14/30) 80%
4 , InGaAs
81 6 %(31/38)

92 1 %(35/38)
46. 7 %(14/ 30)

93 3 %(28/ 30)

InGaAs

Table 3 Number of misclassification( S detector)
2 8 2 8
0 4 1 3
0 6 1 7
MSC 3 6 2 3
MSC + 0 3 2 3
MSC + 0 4 2 8




5 1065

Table 4 Number of misclassification (InGaAs detector)

8 ( 3, 5 ),
2 10 1 6 88 2 %( 92 1%, 83 3%)
2 4 4 1 2 3 )
4 1 3 1 1 2
MSC 3 5 2 4
MSC + 3 4 3 1 InGaAs !
MSC + 3 1 3 1 7
5 2 ), 89 7 % (
86 8%, 93 3%) 3
3 , 2
1
(9:670 1110 nm; InGaAs: NIR
800 2 630 nm) / ,
68 , 46
, 22

[1] Jack Q Wilkinson, Michael B Lanahan, Hsao-Ching Yen, et a. Science of the United States of America, 1995, 270: 1807.
[2] Wang W, Hall A E, O' Maley R, et a. Proceedingsof the National Academy of Sciences, 2003, 100: 352.

[3] ZHU Zhen, LIU Xiang( , ). Journal of Agricultura Biotechnology ( ), 2000, 8(1) : 1.
[4] Andow D A, Zwahlen C. Ecology Letters, 2006, 9(6) : 196.

[ 5] Anil KDeisingh, Neela Badrie. Food Research International , 2005, 38: 639.

[6] Sand P H. Review of European Community and International Environmental Law , 2006, 15(2) : 185.

[ 7] Anil K, NedaB. Food Research International , 2005, 38: 639.

[ 8] Taverniers|, Van Bockstagle E, De Loose M. Analytical and Bioanalytical Chemistry , 2004, 378(5) : 1198.

[9] Hubner P, Studer E, Luthy J. Food Control , 1999, 10(6) : 353.

[10] Zimmermann A, Lithy J, Pauli U. Lebensmittel-Wissenschaft und Technologie, 2000, 33(3) : 210.

[11] Brunnert H-J, Sener F, Borchers T. European Food Research and Technology , 2001, 213(4-5) : 366.

[12] Liu G, SuW, XuQ, et a. Food Control , 2004, 15(4) : 303.

[13] Manndli I, Minunni M, Tombelli S, et al. IEEE SensorsJournal , 2003, 3(4) : 369.

[14] Rogan GJ, Dudin YA ,Lee T C, et a. Food Control , 1999, 10: 407.

[15] LIU Yanrde, YING Yi-hin( , ). Spectroscopy and Pectral Analyss ( ) , 2006, 26(8) : 1454.
[16] Sylvie A Roussd , Connie L Hardy, Charles R Hurburgh, et al. Applied Spectroscopy , 2001, 55(10) : 1425.
[17] RUI Yuwkui, LUO Yurrbo, HUANG Kurrlun, et a ( , , , ). Spectroscopy and Spectral Analyss(
) , 2005, 25(10) : 1581.
[18] RUI Yukui, HUANG Kurrlun, WAN G Wei-min, et al ( , , , ). Spectroscopy and Spectral Analysis(
) , 2006, 26(12) : 2190.
[19] RUI Yukui, HUANG Kurrlun, TIAN Hui-gin, et al ( , , , ). Spectroscopy and Jectral Analysis(

), 2007, 27(1) : 35.
[20] XieL, Ying Y, Ying T, et al. Anaytica Chimica Acta, 2007, 584 : 379.
[21] XieL, Ying Y, Ying T. J. Food Engineering, 2007, 80: 395.
[22] Xiel, Ying Y, Ying T. Journa of Agricultural and Food Chemistry , 2007 , 55: 4645.

[23] YAN Yarrlu, ZHAO Longlian, HAN Dong-hai , et a ( , , , ). Fundamenta and Application of Near Infrared

Pectroscopy Anaysis( ). Beijing: ChinaLight Industry Press( : ), 2005. 147.
[24] Marie E Lafargue, Max Feinber , JeanrJacques Daudin, et a. J. Near Infrared Spectrosc. , 2003, 11: 109.
[25] Lister SJ, Dhanoa M S, Stewart JL , et al. Anima Feed Science and Technology , 2000, 86: 221.



1066 28

Application of Vid NIR Diffuse Reflectance Spectroscopy to the Detection
and ldentification of Transgenic Tomato L eaf

XIE Li-juan, YING Yi-bin", YING Tiejin, TIAN Ha-ging, NIU Xiao-ying, FU Xiaping
College of Biosystems Engineering and Food Science, Zhegiiang University , Hangzhou 310029, China

Absgract The feaghility of Vis/ NIR spectroscopy technique for rapid and norrinvasive detection of transgenic tomato leaves
from conventional ones was investigated by means of spectral diff use reflectance mode. A total of 68 samples (38 transgenic ones
and 30 non-transgenic ones) were used for classfication. The calibration and validation results were analyzed via discriminant
analyss (DA) and partial least squares (PL S discriminant method using TQ 6. 2 1 quantitative software. Models based on the
different spectral pre-processing methods (multiplicative signal correction (MSC) , first and second derivative) were compared.
It wasfound that the classfication accuracy usng DA was higher than that usng PL S and the best results were gained by using
spectra after MSC with InGaAs detector and the classification accuracy was 89. 7 % (accuracy of 86 8 % for transgenic samples
and 93 3 % for non-transgenic ones) . The results show that Vis NIR diff use reflectance spectroscopy techniqueis afeashble and
fast method for non-invasive detection of transgenic and non-transgenic tomato |leaves.

Keywords Transgenic tomato leaf ; Vig NIR spectroscopy; Classfication; Non-invasive detection
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