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Abstract: Objective To screen high-quality germplasm resources of Dianchonglou (Paris polyphylla var. yunnanensis), reveal
the associations between phenotypic traits and saponin content, and lay a foundation for the exploration of genetic resources
and the breeding of improved varieties. Methods Through genetic diversity analysis, correlation analysis, cluster analysis
(CA), principal component analysis (PCA), partial least squares-discriminant analysis (PLS-DA), and partial least squares-
regression analysis (PLS-R), a comprehensive evaluation was conducted on 25 agronomic traits and 10 quality traits of 41
selected P. polyphylla var. yunnanensis germplasm resources. Results The RSD and genetic diversity index (/') for agronomic

traits ranged from 3.56% to 66.63% and from 1.80 to 2.25, respectively. For quality traits, RSD and H' ranged from 34.26% to
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130.18% and from 1.47 to 2.00, respectively. The variation in agronomic traits was mainly attributed to the length of the purple
stem portion, pedicel length, and pedicel ratio, while the variation in quality traits was mainly attributed to the contents of
polyphyllin V, polyphyllin H, and gracillin. Correlation analysis showed that the sum of polyphyllin I, II, and VII contents was

positively correlated with plant height, stem diameter, leaf shape index, rhizome diameter, and powder color values L* and E” .
Cluster analysis classified the P. polyphylla var. yunnanensis germplasm into three major groups: Group I represented high-
yield germplasm, Group II represented high-quality germplasm, and Group III exhibited overall poor growth, low active
component contents, and low yield, indicating a generally poor comprehensive performance. PCA simplified the 35 traits into
eight principal components, with a cumulative contribution rate of 85.602%. PLS-DA and PLS-R revealed that stem height, leaf
length, rhizome diameter, powder color values L and E*a, and the total content of polyphyllin I, II, and VII contributed
substantially to the D value, and could serve as important indicators for selecting superior provenances. Conclusion The top
three germplasm resources based on comprehensive ranking were SZ-16, SZ-11, and SZ-9, which exhibited high quality and
high yield, making them potential candidates for cultivation as elite varieties. The stem height, leaf length, rhizome diameter,
and powder color values L* and E*a among agronomic traits, together with the total content of polyphyllin I, II, and VII among
quality traits, are important characteristics for distinguishing superior from inferior P. polyphylla var. yunnanensis germplasm.

Key words: Paris polyphylla Smith var. yunnanensis (Franch.) Hand. -Mazz; phenotypic genetic diversity; correlation analysis; partial

least squares-discriminant analysis; polyphyllins; comprehensive evaluation; elite germplasm screening
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Table 1 Phenotypic traits and statistical criteria of P.

polyphylla var. yunnanensis
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Table 2 Variation of main agronomic traits in P. polyphylia

var. yunnanensis

fetr  wKME HME TPHME FR#EZE RSD% H

PH/em  152.33 59.5 106.84 2241 2098 2.13
SH/em  118.00 40.67 8030 17.50 21.79 2.07
PC/em  118.00 0 3999 2664 66.63 2.01
SD/mm 2.56 1.14 1.75 029 1632 2.12
LN/ 10.00 5 754 091 12.03 1.97

LC/cm 2297 1087 1687 278 16.46 2.25
LK/cm 10.90 5.27 8.26 1.40 16.88 1.90

LI 3.17 1.44 2.09 042 2031 2.02
FN/A> 10.00 5 756 090 1197 1.95
FC/em 6.90 3.27 499 080 16.11 2.14
SC/em 10.60 5.07 7.14 1.28 1797 2.06
SK/cm 3.10 1.7 2.43 0.39 1595 1.88
SA/cm? 32.86 942  19.21 537 2794 217
SN/A™ 10.00 5 756 090 1197 1.83

FLS/cm  38.93 9.77 2279 7.06 3098 1.93
FLS/PH 0.40 0.09 022 0.08 3636 2.16
SS/M 20.00 10 15.12 1.81 1197 1.80
RD/mm  89.17 2215 56.12 16.81 2995 2.03
FW/g 353.41 119.67 22561 61.18 27.12 2.09

DW/g 123.40  36.17 7379 2013 2727 2.15
DWR 0.35 0.29 0.33 0.01 426 2.04
L 8326 69.08 7727 281 3.64 2.02
a' 4.85 2.55 3.23 049 15.17 1.83
b 10.72 6.86 829  0.80 9.71 197
E*ab 83.69 69.54 7779 277 3.56 2.18

PH-#k7#5; SH-ZEwy; PC-8(IFr KR SD-ZEH; LN-IF Hh;
LC-M s LK-M 58 LI-M B4R % FN-TEJE%0E; FCALI K fE: SC-
K SK-HT R SA-ME T SN T #E; FLS-TEREK
FLS/PH-TERE & b SS-MESEHE; RD-MZEH; FW-B£5i&E,; DW-F
Fif; DWR-TER; L'-5wH; o -A05E; b -mEOE; Ew
RO THIEER.

PH-plant height; SH-stem height; PC-length of purple stem portion; SD-stem
diameter; LN-leaf number; LC-leaf length; LK-leaf width; LI-leaf shape
index; FN-petal number; FC-petal length; SC-sepal length; SK-sepal width;
SA-sepal area; SN-sepal number; FLS-pedicel length; FLS/PH-pedicel ratio
(FLS/PH); SS-stamen number; RD-rhizome diameter; FW-fresh weight; DW-
dry weight; DWR-dry weight rate; L*-lightness; a"-redness/greenness value;
b"-yellowness/blueness value; E*y-total color difference; The above
abbreviations and their corresponding full terms apply to the following
figures and tables.

P& 1) 35 AMEARIEAT T Pearson AHICE 20 #r, 45
FILE 1. REMRIRZ AL —E M, thms
s 2L K RZEEL BORGEE LA E™
AR AR (P<0.001), 5HTEFREAIFERIK
ERFIEMR (P<0.05), S¥ROEME CEWRE
FH TSR (P<<0.001); 255250 K RS

-
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Table 3 Variation of active components in P. polyphylla

var. yunnanensis

e JR A HU% - . )

fekr Bl RME M FR#EZE RSD/% H
PPVII 045  0.03 0.19 0.10 5521 2.00
PPH 036 0.00 0.11 0.09  80.01 1.84
PPVI 020  0.03 0.09 005 5202 1.88
PPII 0.60 0.08 026 0.12  48.82 2.00
PPIII 0.09 0.02 0.05 002 3631 1.67
PPG 046  0.00 0.11 0.10 89.69 1.73
PPI 128 027 0.57 024 4270 1.83
PPV 0.04 0.00 0.01 001 130.18 1.47
PRTS 292 082 138 048 3489 1.54
I+I+VIL 206  0.64 1.01 035 3426 1.74

PPVI-F 21 VII; PPH-EAL 2 H; PPVI-EMEH VI; PPII-
AT I1; PPUI-TEAEE Y LI; PPG-LF4NS 751 2 4F; PPI-EMEE
H I PPV-ERERY V; PRTS-EMMBH,; +HI+VI-EERY
LI VILERZH; FHIERMA.

PPVII-polyphyllin VII; PPH-polyphyllin H; PPVI-polyphyllin VI;
PPII-polyphyllin II; PPIII-polyphyllin III; PPG-gracillin; PPI-
polyphyllin I; PPV-polyphyllin V; PRTS-total saponins of Paris
polyphylla var. yunnanensis; [+ 11+ VII-total content of polyphyllin I,
IT and VII; The above abbreviations and their corresponding full terms

apply to the following figures and tables.

MR B LA E™ SR 3 IEAE (P<<0.001),
it e 2 p SRR MG (P<0.0D), S5HK
B o EEE AR (P<0.001); ZM M
Koo MRZEH. MR G L E Y 2S5 IEAHE
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R R 5 SR RS R R 3 E AR
(P<0.001), 5K EFEREFEEMRL (P
0.01), 5% jy %8 2 B A KSR 2.
AR EEAA LA E™ AR IEAOE (P<<0.001),
EAR O o BIRRE FUAHDE (P<0.001); M5k
HaE g, K SE R KEREREEIEHEL (P<
0.01).
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BH N S5HEERE H 2555 E MK P<0.0D.
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IEAER (P<<0.05), HHARMARTGAHIGHE; K6
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Fig. 1 Correlation analysis of traits
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AR, 72AE SZ-4. SZ-13. SZ-19. SZ-20. SZ-
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Fig.2 Cluster analysis of different germplasm resources of

P. polyphylla var. yunnanensis

T4 JBEFMPRFHEN CV Git S5EEAR
Table 4 Statistics and comparison of mean values and CV

of traits among different groups

o Cluster I Cluster 11 Cluster 111

ik ¥ RSD/% “1¥3{6 RSD/% “F#4J{E RSD/%
PH 110.70 11.49 138.75  6.69 78.05 13.58
SH 82.20 11.35 107.74 574 59.09 16.53
PC 3840 56.14 53.51 5249 2453 5997
SD 1.80 505 218 10.22 1.38 1331
LN 731 1221 739 340 820 11.21
LC 1698 7.79 21.73 448 13.65 9.72
LK 8.10 16.67 821 1746 871 17.60
LI 2.16 19.61 2.70 1395 1.61 19.30
FN 7.59 13.07 778 11.07 737  9.88
FC 490 1491 532 1526 5.00 19.82
SC 695 1653 7.66 2194 730 19.01
SK 246 1472 235 16.09 238 19.98
SA 1727 2462 1831 3047 17.56 31.63
SN 735 1225 739 340 820 11.21
FSL 22.50 34.65 22.83 2036 2348 29.08
FSL/PH 0.20 3026 0.17 2437 030 28.13
SS 1469 1225 1478 340 1640 11.21
RD 59.38 1397 80.34 8.15 3342 2227
FW 237.45 2425 21070 21.86 194.95 26.20
DW 77.80 2458 6891 21.07 6351 2687
DWR 033 417 033 477 033 507
L 77.61 1.53 8157 188 7385 287
a 3.18 1468 278 583 3.62 1121
b 841 1049 778 444 830 8.68
E"a 78.14 146 8199 190 7441 284
PPVIL 0.16 4596 035 1791 0.16 59.33
PPH 0.10 70.51 023 4593 0.07 9632
PPVI 0.09 4892 0.13 48.14 0.07 53.78
PPII 0.27 4798 034 37.02 0.18 4221
PPIII 0.05 33.63 0.07 2120 0.03 19.10
PPG 0.11 60.44 0.17 117.78 0.06 61.19
PPI 0.54 2596 1.00 22.04 0.36 18.49
PPV 0.01 112.99 0.02 68.13 0.00 141.10
PRTS 1.32 1736 231 1544 094 13.26

I+1I+VII 097 15.57 1.70 1589 0.70  5.38

34 A EIEE#MER PCA

o AN [V E AR 1 35 AMIRIEAT PCA (F
3), S RER (K5, FrETERIEER T 8 M E
gy, BRTTEREON 85.602%. £ 1 15 7 F sy
IR AEE A DTk ZE, 208 12.879. 37.880% FH
1.307.3.843%, FE AR (0.969). Z£51(0.973),
2 (0.947). MK (0.976). HRZEFH (0.948).
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Fig.3 PCA of different germplasm resources of P. polyphylla var. yunnanensis
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Table 5 PCA results of various traits in P. polyphylla var. yunnanensis
a; AN
1 2 3 4 5 6 7 8

PH 0.969 -0.053 —0.004 0.021 -0.035 0.090 -0.047 0.129
SH 0.973 -0.056 0.043 0.039 -0.029 0.086 -0.078 0.077
PC 0.311 -0.176 0.475 —-0.497 0.231 0.092 0.099 0.067
SD 0.947 -0.092 0.063 -0.095 -0.022 0.114 -0.061 0.115
LN -0.115 0.935 0.069 0.143 0.009 -0.161 -0.020 0.044
LC 0.976 -0.073 0.096 0.017 -0.027 0.064 -0.082 0.024
LK 0.019 0.177 0.013 -0.012 0.905 0.052 -0.074 -0.151
LI 0.593 -0.222 0.087 0.038 -0.690 -0.018 -0.025 0.136
FN 0.275 -0.092 —0.348 0.174 -0.095 0.501 -0.293 -0.281
FC 0.050 0.206 0.130 0.459 0.218 0.122 -0.337 0.485
sc 0.105 0.075 0.033 0.789 0.290 -0.098 -0.183 0.077
SK -0.017 -0.410 -0.198 0.212 0.792 -0.064 0.126 0.065
SA 0.060 -0.205 -0.090 0.640 0.650 -0.093 -0.068 0.090
SN -0.083 0.941 0.010 0.157 0.008 -0.121 -0.047 0.009
FSL 0.140 0.399 0.098 0.718 -0.113 0.163 0.093 0.048
FSL/PH -0.460 0.416 0.101 0.625 -0.063 0.040 0.121 -0.092
SS -0.083 0.941 0.010 0.157 0.008 -0.121 -0.047 0.009
RD 0.948 -0.091 0.016 0.045 -0.065 0.101 -0.055 0.107
FW 0.123 -0.120 0.047 -0.037 0.006 0.963 0.080 0.033
DW 0.114 -0.190 0.108 -0.005 0.014 0.941 0.147 0.023
DWR -0.040 -0.429 0.332 0.228 0.013 —0.044 0.428 —0.064
L 0.966 -0.069 0.052 —0.006 0.007 0.063 -0.040 0.049
a -0.627 0.055 0.097 —0.156 -0.023 -0.020 0.578 —0.065
b -0.127 -0.093 —0.081 -0.086 0.004 0.187 0.853 -0.017
E*ab 0.966 -0.073 0.051 -0.010 0.008 0.068 -0.007 0.049
PPVII 0.481 0.062 0.711 -0.024 -0.186 -0.041 -0.101 0.002
PPH 0.408 -0.024 0.799 0.075 -0.096 0.074 -0.053 0.129
PPVI 0.372 0.346 0.406 -0.336 -0.227 -0.016 -0.096 0.139
PPII 0.469 -0.125 -0.692 —0.140 0.045 -0.055 -0.173 0.087
PPIII 0.744 0.065 -0.321 -0.096 -0.006 0.010 0.289 0.093
PPG 0.377 0.024 0.037 0.063 -0.253 -0.021 -0.019 0.765
PPI 0.894 0.040 0.258 0.005 0.015 0.035 -0.069 -0.139
PPV 0.632 0.008 0.447 0.083 0.003 0.169 -0.143 -0.392
PRTS 0.904 0.038 0.294 —0.047 -0.112 0.006 -0.116 0.142
I+1+VI 0.938 0.001 0.143 —0.054 -0.029 -0.008 -0.141 -0.065
WIURHFEE 12.879 4.262 3.433 2.462 1.989 1.739 1.307 1.035
TR/ % 37.880 12.535 10.096 7.240 5.850 5.114 3.843 3.043
SFTTHR /% 37.880 50.415 60.511 67.751 73.602 78.716 82.559 85.602
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A-scatter plot of PCA scores; B-scatter plot of PLS-DA scores; C-VIP values of various trait indicators; D-permutation test plot.

4 DEHEAETS S D EHRRE 5 Hid#14A) PLS-DA
Fig.4 PLS-DA of test materials with top 5 and bottom 5 D values
®9 HESMRARNEESTNSHR

Table 9 Comprehensive evaluation and ranking of P. polyphylla var. yunnanensis germplasm resources

P 4 LR fo) H4 Fh B4 = ZLat3ir HE4 P53 G 5 LREfiar 4
SZ-16 6.38 1 SZ-14 3.46 15 SZ-18 231 29
SZ-11 5.58 2 SZ-41 3.45 16 SZ-36 2.23 30
SZ-9 5.47 3 SZ-12 3.40 17 SZ-4 2.20 31
SZ-6 5.09 4 SZ-40 3.34 18 SZ-39 2.12 32
SZ-29 4.69 5 SZ-3 3.22 19 SZ-22 2.06 33
SZ-1 4.61 6 SZ-2 2.92 20 SZ-13 1.84 34
SZ-7 451 7 S7-28 2.90 21 SZ-25 1.53 35
SZ-35 4.28 8 SZ-34 2.79 22 SZ-23 1.51 36
SZ-5 4.12 9 SZ-38 2.66 23 SZ-24 1.51 37
SZ-33 3.92 10 SZ-37 2.63 24 SZ-19 1.27 38
SZ-30 3.82 11 SZ-32 2.57 25 SZ-26 1.07 39
SZ-10 3.81 12 SZ-15 2.44 26 SZ-27 0.67 40
SZ-17 3.72 13 SZ-8 2.41 27 SZ-20 0.62 41
SZ-21 3.70 14 Sz-31 2.40 28
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Fig. 5 PLS-R analysis of D values and 35 traits in test materials of P. polyphylla var. yunnanensis
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