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Model optimization for fast discrimination of transgenic soybeans
using near-infrared spectroscopy
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Abstract ; Objective Near-infrared (NIR) spectroscopy and partial least squares-discriminant analysis ( PLS-DA) were
applied to discriminate soybean samples as being transgenic or non-transgenic. The rapid discrimination models for
transgenic soybean were established, and the optimal model was selected. Methods Principal component analysis (PCA)
was used to extract relevant features from the spectral data and remove anomalous samples. In experimental studies, 94
samples were used to build models and 41 samples were used as the validation to evaluate the performance of the developed
models. The effects of sample morphology (intact or ground) , wavelength range and spectral pretreatment method on the
correctness of the model were discussed. Results Models for intact soybean samples obtain better judgment performance
than models for ground samples. The best discriminant model for intact soybean samples possessed both 100.00%
discriminant correct rate in calibration and validation sets at 9 403-5 438 ¢m™' using second derivative (2nd). The best
discriminant model for ground soybean samples also achieved both 100. 00% discriminant correct rate in calibration and
validation sets at 7 505-4 597 c¢m™' using standard normal variate plus first derivative (SNV + 1st). Conclusion By
selecting sample morphology, wavelength range and spectral pretreatment method, the discrimination model can be
optimized and the discriminant correct rate can be significantly improved.
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Figure 1  Part of NIR spectra of non-transgenic and transgenic

intact and ground soybeans
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Figure 2 Scores on PC2 versus scores on PC1 for intact and ground soybean samples



AR PRz N SUE Sl e SSPNEE S /K4

oy

—247—

W45 B AL B9 25 5 PCT 5 HE M8 S 1 54, 05% ,
PC2 i 44. 63% ,4 (AE ¥ S o RS B I
UL 1, 5 RE S T L AE AT RN B | A S X S )
AR

F 1 HORI R AR SR TE 4 R SEAE A 43 5 00

Table 1~ Sample grouping in calibration and validation sets
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Table 2  Statistics for intact soybean samples using PLS-DA models

ML B/ (em™) RMSEC KE%SH'_ - EHE/ % RMSEV Eﬁlﬂi%(r:ﬁ“) ERR/ %
12 800~3 960 0. 180 0.930 6 98. 40 0.233 0. 866 0 95.12
¥ 9 000~4 000 0.216 0.899 1 96. 81 0.233 0.870 6 93.90
9 403~5 438 0.217 0.897 8 96. 28 0.216 0.889 9 100. 00
12 800~3 960 0.178 0.9321 97.34 0.216 0.890 0 96. 34
SNV 9 000~4 000 0.213 0.901 8 95.21 0.243 0.858 3 95.12
9403~5 438 0.232 0.8827 95.74 0.200 0.906 8 100. 00
12 800~3 960 0. 200 0.913 5 97.87 0.207 0.900 1 97.56
MSC 9 000~4 000 0. 208 0.906 5 95.74 0.243 0.8590 96. 34
9403~5 438 0.232 0.882 6 95.74 0. 198 0.908 7 100. 00
12 800~3 960 0. 138 0.960 1 99. 47 0. 156 0.944 1 100. 00
Ist 9 000~4 000 0. 182 0.929 3 97.34 0. 147 0.950 5 100. 00
9 403~5 438 0. 161 0.944 8 98. 40 0. 150 0.948 5 100. 00
12 800~3 960 0. 166 0.9417 98. 94 0. 126 0.963 9 100. 00
2nd 9 000~4 000 0.174 0.9355 98. 94 0.143 0.953 8 100. 00
9403~5 438 0. 120 0.969 6 100. 00 0. 147 0.950 9 100. 00
12 800~3 960 0.175 0.934 4 98. 94 0. 136 0.958 2 100. 00
SNV +1st 9 000~4 000 0.214 0.900 6 98. 94 0. 144 0.9529 100. 00
9403~5 438 0. 167 0.941 0 98. 94 0. 121 0.967 0 100. 00
12 800~3 960 0. 154 0.949 6 98. 94 0. 136 0.958 0 100. 00
MSC+1st 9 000~4 000 0. 184 0.927 6 98. 94 0.129 0.962 3 100. 00
9 403~5 438 0. 158 0.947 2 98. 40 0.124 0.965 4 100. 00
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Table 3 Statistics for ground soybean samples using PLS-DA models
FUALIR 7k B (em™) RMSEC &E%r(,n = EHZE/ % RMSEV g@ﬂ%i’l - ERH/ %
12 800~3 960 0. 141 0.958 2 99. 47 0. 180 0.928 0 96. 34
I 9 000~4 000 0. 123 0. 968 7 99. 47 0.129 0.963 2 97.73
7 505~4 597 0.109 0.975 3 99. 47 0.111 0.973 1 97.73
12 800~3 960 0.123 0.968 6 100. 00 0.129 0.963 4 98. 86
SNV 9 000~4 000 0.113 0.973 6 100. 00 0. 127 0.964 4 100. 00
7 505~4 597 0. 085 0.985 1 100. 00 0.091 0.982 0 100. 00
12 800~3 960 0.117 0.971 4 100. 00 0. 137 0.958 8 97.73
MSC 9 000~4 000 0. 109 0.975 5 100. 00 0. 126 0.965 5 100. 00
7 505~4 597 0. 089 2 0.983 6 100. 00 0.089 9 0. 982 4 100. 00
12 800~3 960 0.098 2 0.980 1 100. 00 0. 102 0.977 2 100. 00
Ist 9 000~4 000 0. 108 0.976 0 100. 00 0.096 1 0.979 9 100. 00
7 505~4 597 0.083 8 0.9855 100. 00 0.093 8 0.980 9 100. 00
12 800~3 960 0.094 3 0.9816 100. 00 0.099 4 0.978 5 100. 00
2nd 9 000~4 000 0. 103 0.978 0 100. 00 0.110 0.973 8 100. 00
7 505~4 597 0.095 7 0.981 1 100. 00 0. 101 0.977 6 100. 00
12 800~3 960 0.095 3 0.9813 100. 00 0. 103 0.977 0 100. 00
SNV+1st 9 000~4 000 0.093 7 0.981 9 100. 00 0.088 1 0.983 1 100. 00
7 505~4 597 0.075 3 0.988 3 100. 00 0.072 6 0.988 6 100. 00
12 800~3 960 0.099 3 0.979 6 100. 00 0.094 7 0.980 5 100. 00
MSC+1st 9 000~4 000 0.093 0 0.982 1 100. 00 0.104 0.976 5 100. 00
7 505~4 597 0.076 9 0.987 8 100. 00 0.089 8 0.982 5 100. 00
g ll st
1.0} 3
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Figure 3 Predicted vs reference value plot of the best PLS-DA model for intact and ground soybean samples
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