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Abstract: Objective To establish geographical discrimination model by comparing spectral characters of Paris polyphylla var.
yunnanensis (PPY) with different cultivated locations and different growth period. Methods A total of 841 samples of PPY
growing 3—8 years were collected from 13 geographical origins. The sample powder was scanned by attenuated total
reflection-Fourier transform infrared spectrometer (ATR-FTIR) for obtaining spectral information. Subsequently, the optimum
methods of spectral pretreatment were selected by using multiplicative scattering correction (MSC) combined with first derivative
(FD), second derivative (SD) and third derivative (TD). The partial least squares discrimination analysis (PLS-DA) was established
using these spectra after selecting different spectral pretreatment methods for geographical discrimination under the same growth
period. Results The results indicated that TD coupled with MSC was the best pretreatment approach for origin identification of
3-year old and 5—8-year old samples, while SD coupled with MSC was the best preprocessing approach to identify 4-year-old
samples from different habitats. Variable importance for the projection (VIP) analysis showed that the ATR-FTIR spectral band
distributions in the whole range of 3700—1800 cm™ were important variables for building discrimination models. Moreover,
PLS-DA was an effective way for the discrimination analysis of samples from different geographical origins with different
cultivation years, showing 100% accuracy rates of training set and prediction set. Furthermore, the permutation test indicated that
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these models were robust. Conclusion

In general, the discrimination method built in the study could effectively discriminate

cultivated PPY samples from different geographical origins, which can provide a theoretical foundation and methodology for

geographical traceability of different growth periods of PPY.

Key words: Paris polyphylla var. yunnanensis (Franch.) Hand.-Mzt.; infrared spectra; partial least squares discrimination analysis; growth
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Table 2 Discrimination results and parameters of PLS-DA models with different derivatives
B wiskEE R? Q? RMSECV ~ RMSEP VI ZR5E IE R 21% IO EE IE 1 26/%
3-1 FD+MSC 0.8436  0.4573 0.2115 0.129 2 100.00 100.00
3-2 SD+MSC 0.8573 0.6027 0.1915 0.126 8 99.19 100.00
3-3 TD+MSC 0.8905 0.5983 0.188 8 0.1225 100.00 100.00
4-1 FD+MSC 0.8348 0.5555 0.2115 0.1418 99.16 100.00
4-2 SD+MSC 0.8736 0.6497 0.188 1 0.1386 100.00 100.00
4-3 TD+MSC 0.8699  0.6652 0.1790 0.1530 100.00 98.33
5-1 FD+MSC 0.7390 05423 0.2011 0.1445 99.14 100.00
5-2 SD+MSC 0.8980 0.6931 0.1750 0.1185 100.00 98.28
5-3 TD+MSC 09257 0.7483 0.162 5 0.107 8 100.00 100.00
6-1 FD+MSC 0.8596 0.5811 0.2333 0.153 2 100.00 100.00
6-2 SD+MSC 09580 0.7413 0.194 4 0.1397 100.00 100.00
6-3 TD+MSC 09591 0.7855 0.180 6 0.122 2 100.00 100.00
7-1 FD+MSC 09276  0.5023 0.2590 0.1358 100.00 100.00
7-2 SD+MSC 09646 0.7205 0.194 8 0.1404 100.00 100.00
7-3 TD+MSC 09322 0.7399 0.1877 0.1291 100.00 100.00
8-1 FD+MSC 0.6530 0.6340 0.2254 0.136 3 100.00 100.00
8-2 SD+MSC 09282 0.6570 0.214 4 0.1480 100.00 100.00
8-3 TD+MSC 0.9339 0.6925 0.204 1 0.137 8 100.00 100.00
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Fig. 1 Score plots of PLS-DA of samples from different cultivated regions with different growing years
% 3 PLS-DA ¥|F#EREEHMHSH
Table 3 Validation parameters of PLS-DA model robust
B R Qx Q-intercept oA R Q& Qintercept
33 0.88 0.55 -124 4-2 0.88 0.66 -1.05
0.93 0.68 -1.25 0.87 0.03 -1.18
0.90 0.63 -122 0.84 0.57 -1.07
0.92 0.82 -1.33 0.86 0.55 -1.13
0.87 0.51 -1.34 0.89 0.72 -1.04
0.87 0.40 -1.08 0.88 0.76 -1.09
0.90 0.61 -1.22 0.91 0.71 -1.08
0.80 0.14 -1.23 0.91 0.77 -1.16
091 0.77 -1.19 0.86 0.66 -1.29
0.93 0.76 -1.32 0.92 0.79 -1.16
091 0.48 -1.23 0.80 0.27 -1.24
0.88 0.70 -1.36 - - -
5-3 0.89 0.69 -174 6-3 0.98 0.87 -158
0.95 0.80 -152 0.94 0.80 -1.34
0.92 0.77 -143 0.96 0.67 -1.39
091 0.46 -1.39 0.96 0.80 -1.38
0.90 0.71 -1.49 0.95 0.69 -1.35
0.94 0.81 -0.40 0.98 0.86 -1.56
0.93 0.84 -1.56 0.96 0.80 -1.46
091 0.93 -1.60 - - -
0.93 0.98 -1.60 - - -
0.93 0.78 -1.55 - -
0.89 0.69 -1.39 - - -
7-3 0.93 0.68 -1.00 8-3 0.93 0.73 -1.02
0.92 0.96 -1.10 0.95 0.83 -0.95
0.95 0.57 -1.02 0.95 0.82 -1.14
0.93 0.77 -1.06 0.91 0.43 -0.92
0.95 0.82 -1.17 0.93 0.73 -0.13
0.91 0.69 -1.17 0.90 0.36 -0.99
0.94 0.81 -1.01 0.96 0.86 -1.06
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Fig. 2 VIP plot of discrimination models of different cultivated regions growing different years
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Table 4 Common important variables and VIP values of different cultivated years

WHem™ VIP-3 £ VIP-4 £ VIP-5 4E VIP-6 4E VIP-7 4E VIP-8 £F
3664 1.1239 12776 14707 1.0035 1.466 9 1.1194
3649 1.003 4 14925 1.2640 1.3981 1.1129 1.196 3
3639 1.1200 1.190 8 14251 1.3550 1.2818 1.128 0
3612 1.0451 11716 1.608 6 1.2870 14476 1.1955
3610 11417 1.0449 1.7557 1.346 3 14118 1.2038
3585 1.065 2 1.178 2 1.528 0 1.086 7 1.3379 1.009 2
3577 1.0327 1.065 8 1.5959 1.2796 1.1900 1.087 6
3537 1.0857 11721 1.0031 1.178 2 1.026 1 11728
3492 1.1205 1.204 3 1.358 4 1.160 4 1.069 5 1.406 0
3473 1.0796 1.005 2 1.3430 1.2333 1.2456 1.305 4
3421 1.1508 1.146 2 12214 11591 1.090 4 1.0510
3392 1.163 4 13101 12446 1.2045 1.1634 1.3000
3388 1.064 0 1.2358 1.082 4 1.152 3 1.1188 1.090 1
3363 1.1847 1.3310 1.337 8 1.1035 1.3818 1.746 5
3348 1.228 0 1.2522 1.2078 1.2029 1.146 3 11190
3323 1.102 2 1.262 4 1.3793 1.196 7 1.058 1 1.2339
3309 1.1857 1.1195 1.089 0 1.1758 1.099 7 1.4629
3300 1.263 8 1.1029 1.0399 1.1693 1.188 4 1.024 2
3298 1.1385 1.1889 1.106 8 10431 1.1245 1.0440
3236 1.1709 1.036 5 12950 1.1532 1.1573 1.1518
3201 1.0414 11651 1.0555 1.0596 11146 1.1510
3195 1.1836 1.0300 1.1419 1.0870 1.402 6 1.3854
3188 11720 1.1609 1.1538 1.196 4 1.3433 1.3115
3168 1.2093 1.448 9 12119 1.2889 1.3047 1.0115
3167 1.1204 1.596 1 12833 1.1008 1.2822 1.069 0
3159 1.2372 1.3245 17379 13893 13706 12775
3157 1.1795 12704 15732 1.3456 1.1346 11291
3141 11717 11711 1.052 6 14746 1.1185 1.466 2
3140 1.1494 1.0612 12263 14084 14229 1.1940
3118 1.1103 1.1709 11127 1.106 0 1.0431 11841
3060 1.0841 1.1808 11217 1.098 9 1.0498 1.2450
3045 1.0100 1.2423 11414 1.2659 11367 1.1697
1641 1.1498 1.0325 1.144 4 1.0253 1.0330 1.1816
1585 1.1375 12353 11341 1.096 1 1.126 3 12146
1365 1.055 2 1.0358 1.0479 1.206 8 1.1759 1.163 4
1292 1.088 7 1.009 6 12267 12954 1.308 3 1.2836
1022 1.1487 1.0131 1.3402 1.2397 1.298 0 1.2725
1011 1.2547 1.026 9 1.1436 1.065 4 11272 1.0813
1009 1.004 5 1.0295 1.0246 1.0501 11796 1.206 9
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