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Abstract: Objective In order to screen high-quality germplasm resources of Fritillaria cirrhosa and conduct selection and breeding
of new and improved varieties, this study conducted a phenotypic survey through trait variations. Methods Various methods were
employed, including affiliation function, partial least squares-regression analysis (PLS-R), correlation analysis (CA), cluster analysis,

and principal component analysis (PCA), to comprehensively evaluate 10 agronomic, five physiological, and nine qualitative traits
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among 23 germplasm resources. Results The results demonstrated that the diversity indices of agronomic traits ranged from 1.808
to 2.337, with the highest diversity indices for bulb fresh weight and fruit weight, both of which were 2.30. The coefficients of variation
for the 24 quantitative traits ranged from 6.63% to 102.36%, with the variations of the agronomic traits mainly originating from the
variations in fruit weight, number of flowers, and bulb fresh weight; and those of the quality indexes mainly originating from the
differences in guanosine, adenosine and thymosine. Correlation analyses revealed positive associations between alkaloid content and
bulb fresh weight with stem thickness, leaf length, fruit length, fruit diameter, and fruit weight. Cluster analysis classified the collected
germplasm into three major groups. Group I was characterised by higher bulb fresh weight, alkaloid content and fruit weight, and group
III had a higher content of nucleosides. PCA simplified 24 traits into six principal components with a cumulative contribution of
78.746%. PLS-R and partial least square-discriminant analysis (PLS-DA) revealed that fruit diameter, leaf width and deoxyadenosine
and guanine contributed more to the D value, which can be used as a key index to screen for good seed sources. Conclusion The top
3 comprehensively ranked germplasm were ZA, HG, and GH phenotypes, which were characterised by excellent quality and rich
content. These varieties hold potential as valuable seed sources. Leaf width, stem thickness and bulb fresh weight in agronomic traits,
and deoxyadenosine, guanine and uracil in quality traits were screened as the key traits to differentiate the superiority and inferiority
of F. cirrhosa. The present study provides a more comprehensive classification and resource systematic evaluation of the phenotypes
of F. cirrhosa, serving as a foundation for genetic resource exploration and breed selection of F. cirrhosa.

Key words: Fritillaria cirrhosa D. Don; phenotypic diversity; correlation analysis; affiliation function; partial least square-

discriminant analysis; deoxyadenosine; guanine; uracil; comprehensive evaluation
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Table 1 Phenotypic information of F. cirrhosa
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53 Y=48975X—11.754  0.1563~2.500  0.996 0
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Table 3 Comparison of characteristics of main quantitative traits of 23 F cirrhosa germplasm

FHES  PHim SD/mm LCkm  LKem  BLHkm  FS/k FC/mm FD/mm FZlg XZg SPAD E
SH 35.59 4,05 791 093 10.96 3 2131 13.64 172 19.28 26.42 0.0016
DH 3131 478 477 101 11.98 6 2185 1359 173 23.33 21.15 0.0013
KL 40.35 535 9.60 159 1148 6 22.46 14.03 2.08 36.86 2.82 0.0016
L 30.63 459 8.8L 087 12.80 5 2051 13.25 L 23.86 23.98 0.0024
P 4731 365 8.92 0.96 1244 3 19.00 1377 0.34 21.46 40.73 0.0022
G 35.60 318 7.66 0.86 9.86 2 19.00 12.83 0.28 2.38 37.60 0.0022
ZA 37.00 461 953 121 9.73 4 22.02 1541 187 158 3891 0.0023
WA 32.88 385 8.48 0.87 8.50 3 2.37 14.96 2.06 1317 43.98 0.0021
DS 370 3.70 843 0.95 8.79 3 20.44 1337 1.36 1847 42.99 0.0028
HS KINK] 341 782 0.79 6.67 3 18.98 1212 101 16.77 4007 0.0021
LS 3447 373 8.28 0.84 9.97 3 21.69 14.13 131 1987 4513 0.0026
BC 35.06 4.25 8.54 0.96 9.20 4 2153 1587 2.03 20.18 38.06 0.0020
PC 2142 388 6.86 0.86 6.58 3 19.98 14.35 170 15.75 3448 0.0020
GH 32.24 4.60 9.25 101 798 4 20.96 14.66 160 2391 4149 0.0057
YH 35.82 421 9.29 113 9.97 4 20.99 14.00 1.66 20.64 40.86 0.0025
LF 3453 455 8.55 0.99 8.40 4 23.43 1443 201 28.15 46.07 0.0018
SF 2981 423 751 091 6.23 4 20.07 14.29 156 23,61 231 0.0019
SG 28.67 4.05 187 09 6.99 3 19.19 13.63 1.34 16.72 30.86 0.0024
HG 43.69 445 10.10 1.09 11.36 4 20,01 1475 176 2.12 45.60 0.0029
oL 3.4 3.06 8.03 0.84 13.16 2 2051 11.94 1.08 12.75 49.01 0.0023
SL 36.94 346 8.16 0.87 1251 3 22.15 1350 123 15.69 50.73 0.0027
LG 31.36 399 8.70 091 9.84 3 21.34 15.50 2.30 231 4119 0.0017
DG 40.84 393 8.92 0.86 9.69 3 18.32 14.32 140 2131 46.90 0.0019
TRE 2140~4731  306~535  477~1010 084~159 623~1316 3.0~60 18.32~2337 11.94~1550 0.28~230 12.75~36.86 23.98~50.73 0.0013~0.0057
TfE 35.93 407 8.35 097 9.79 357 21.09 14.04 153 224 3037 0.0023
i 4.68 0.55 108 017 208 1.04 1.95 093 051 5.66 739 0.0009
Wirtid 3288 370 187 086 8.40 3 19.98 1350 131 1612 34.48 00019

0.4 4,55 8.92 101 1148 4 22.02 14.66 187 23.86 45.13 0.0025
CV% 13.03 1346 12,99 17.95 21.25 29.08 9.25 6.63 3BA 26.65 18.76 36.88
H 2.146 19705 2175 1808 2214 19085 21095 21335 2.304 2337 / /
Rigs A Ci gw A% Uplpgg) Cyllpeg’)  Gulpugg!)  Unlpgg) Gallpgg”) Thipgg") Adipgg)  Dellugg)
SH 6.96 200.05 0.09 013 28.00 187 64.46 14.50 / / 13.04 5.86
DH 457 28,07 0.05 011 20.66 931 58.00 ARK] 3453 18.85 12,67 6.90
KL 8.81 239.09 011 0.09 30.80 9.34 62.71 15.90 17.97 / / 6.91
L 14.00 230.32 011 012 50.69 7.86 118.02 11.33 / / / 6.16
P 16.27 332.26 0.19 0.09 9.27 507 23.25 217 68.46 794 36.84 6.06
G 13.69 285.76 0.15 0.10 123 8.12 1929 29.60 150,01 7.08 2470 1.55
ZA 932 182.64 0.10 0.10 15.89 552 2455 25.55 / 9.19 3210 149
WA 9.15 198.14 0.10 0.18 14.60 593 2957 3748 54.66 11.84 40.69 160
DS 781 323.92 018 0.15 5246 8.69 12622 12.70 / 11.80 / 1.26
HS 1132 208.40 01 014 41.32 10.83 115.72 1474 / / / 597
LS 9.84 297.94 017 014 47.54 1033 97.92 / / / / 6.05
BC 718 244,09 011 011 19.00 8.64 29.90 1494 33.02 2.23 2118 1.23
PC 6.97 22.74 013 019 .17 8.82 31.13 34.86 3220 26.43 36.83 6.15
GH 6.93 358.87 047 011 26.98 517 82.82 21.12 68.05 701 15.18 7.09
YH 8.04 33023 017 012 15.77 121 58.67 31.04 105.39 945 1448 6.00
LF 942 200.44 0.05 012 18.69 8.34 35.29 15.45 29.38 10.19 16.49 110
SF 1 164.02 0.09 012 15.98 8.02 441 261 3165 11.25 18.87 113
SG 4.60 340.29 0.15 0.18 27.69 5.34 45.60 1512 29.10 9.79 1920 .07
HG 15.60 215.25 021 013 .50 591 52.69 18.32 28.37 20.82 1074 1.36
QL 16.78 337.05 0.20 012 %551 6.19 50.37 19.15 58.32 8.06 10.18 6.25
SL 10.35 261.89 011 011 32.58 5.70 91.84 / / / / 6.29
LG 9.90 219.65 0.10 014 3078 8.13 90.02 1 57.68 / 7.55 6.96
DG 4,96 262.14 012 011 30.78 8.86 63.39 16.37 233 15.69 / 151
BRE  457~1678 164.02~358.87 0.05~047 0.09~0.19 7.23~5246 5.07~1083 19.29~12622 0~3748 0~15001 0~2643  0~40.69 5.86~7.60
T 9.75 260.14 014 013 .43 167 62.22 19.30 36.57 9.03 14482 6.78
It % 357 56.89 008 003 132 168 3190 10.03 3745 786 13.04 060
Waig 697351 2084 0.098 011 15.98 591 35.29 14.50 0 0 0 6.15

1 323.92 017258 0.14 3078 8.82 90.02 21.12 57.68 1184 2118 1.26
CVi% 36]67 21]87 59]24 21]95 48]37 21)90 51/.26 51)96 102/.36 87]11 90)41 8./90
H

“ BoRBERAM M PHARR: SD-ZEM: LC-MHK: LK-MH38: BLH-JEMOWAEMR: FS-164: FC-&: FD-REF: FZ-RIpiE: XZ-
(=L 0F iR ; SPAD-MARRE R, E-ZMlE, A GlE,; Ci-lulH] COIRE; gsw- AL Aa-ZEWIBl & &; Up-JRIENE; Cy-MIH; Gu-

9SS, Ur-JRFF; Ga-9FF; Th-NEF; Ad-IRHF; De-liEIRTE; K2 AFE 4. 5[,

“/” indicates that nucleosides were not detected; PH-plant height; SD-stem thickness; LC-leaf length; LK-leaf width; BLH-basal leaf height; FS-flower
number; FC-fruit length; FD-fruit diameter; FZ-fruit weight; XZ-fresh weight of bulb; SPAD-chlorophyll content; E-transpiration rate; A-net

photosynthesis rate; Ci-intercellular CO, concentration; gsw-stomatal conductance; Aa-alkaloid content; Up-uracil; Cy-cytosine; Gu-guanine; Ur-uridine;

Ga-guanosine; Th-thymidine; Ad-adenosine; De-deoxyadenosine; same as Fig. 2 and tables 4, 5.
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Fig.2 Correlation analysis among quantitative traits
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Table 4 Statistics and comparison of means and coefficients of variation of traits of taxa

VAR Cluster I Cluster IT Cluster III
FMHE CV/% FHME CV/% “FME CV/%
PH/cm 35.90 12.64 35.03 4.83 36.46 17.54
SD/mm 4.28 11.35 3.63 4.08 3.79 15.93
LC/cm 8.29 16.02 8.29 1.63 8.50 8.62
LK/cm 0.99 21.05 0.89 6.41 0.95 11.42
BLH/cm 9.53 21.83 10.42 18.24 10.07 23.95
FS/%< 4.00 27.28 3.00 0.00 3.00 29.81
FC/mm 2151 10.53 21.43 4.13 19.94 491
FD/mm 14.37 6.21 13.66 2.97 13.47 7.09
FzZ/g 1.79 18.12 1.30 5.04 1.05 58.03
XZ/g 22.19 28.29 18.01 11.81 20.64 25.44
SPAD 37.57 20.91 46.28 8.64 40.09 14.71
E 0.002 20.32 0.003 381 0.003 48.18
A 9.28 33.95 9.33 14.40 11.05 46.96
Ci 222.50 14.22 294.59 10.57 330.74 7.34
gsw 0.11 35.98 0.15 24.69 0.22 55.65
Aa/% 0.13 22.04 0.13 15.26 0.12 27.42
Up/(ug-g™) 27.56 44.28 44.19 23.43 18.74 49.18
Cyl(ug-g™) 8.10 18.18 8.24 28.49 6.39 2153
Gu/(pg-g™) 59.01 51.29 105.33 17.42 48.17 49.98
Ur/(pg-g ™) 19.65 41.03 4.23 173.21 26.04 30.05
Ga/(ug'g™) 27.84 76.41 / / 79.89 52.76
Th/(ug-g™") 13.32 89.88 3.93 173.21 8.22 14.23
Ad/(ug-g™) 16.24 91.20 / / 20.09 47.60
De/(ug-g™) 6.88 8.72 6.53 9.81 6.67 9.74




“ 642 . PER 2025618 B56% H28  Chinese Traditional and Herbal Drugs 2025 January Vol. 56 No. 2

x5 JINGHFMERHERD LR

Table S Results of principal component analysis for each trait of F. cirrhosa

AR el

PC1 PC2 PC3 PC4 PC5 PC6
PH/cm 0.120 -0.090 0.810 -0.336 0.183 0.024
SD/mm 0.903 0.092 0.162 0.194 -0.275 -0.078
LC/em 0.132 0.026 0.588 0.441 0.385 0.024
LK/em 0.696 0.157 0.452 0.061 -0.151 -0.038
BLH/cm 0.050 —0.282 0.673 —0.408 0.102 -0.276
NS 0.835 —0.065 0.173 -0.021 -0.392 —0.057
FC/mm 0.513 -0.071 -0.088 0.108 0.546 -0.241
FD/mm 0.577 0.419 —0.104 0.387 0.384 0.075
FZlg 0.792 0.013 —0.269 0.313 0.240 —0.174
XZlg 0.563 —0.031 0.547 -0.073 -0.236 0.276
SPAD —0.424 0.061 0.153 0.256 0.600 0.393
E -0.300 0.048 0.350 0.810 —0.168 -0.079
A —0.365 —0.049 0.543 —0.328 0.312 —0.066
Ci -0.539 0.002 0.434 0.348 —0.379 —0.045
gsw -0.373 0.125 0.451 0.704 —0.268 -0.060
Aa -0.194 0.032 —0.743 0.296 -0.002 -0.283
Up/(ug-g™) 0.006 -0.891 -0.134 0.301 0.008 0.081
Cy/(ng-g™) 0.201 —0.454 —0.400 -0.235 -0.258 0.497
Gu/(ug'g™) -0.071 —0.886 -0.040 0.321 -0.075 -0.025
Ur/(pg-g™) -0.090 0.822 -0.014 -0.037 -0.238 -0.135
Ga/(ug-g™) —0.348 0.585 0.286 -0.120 —0.140 0.187
Th/(ng-g™) 0.054 0.621 -0.255 0.041 -0.178 0.262
Ad/(ng'g™) -0.099 0.887 -0.151 -0.124 0.077 -0.278
De/(ng-g™) 0.267 0.476 —0.006 0.244 0.190 0.526
IR 4701 4,537 3.841 2.654 1.927 1.239
TUHREE /% 19.587 18.906 16.003 11.059 8.029 5.161
BT/ % 19.587 38.493 54.497 65.555 73.585 78.746
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Table 6 Comprehensive evaluation and ranking of 23 F.

cirrhosa germplasm resources

FMGiS5 D HA | RM%GiS DH HA
ZA 0.64 1 G 0.45 13
HG 0.63 2 DH 0.41 14
GH 0.59 3 PC 0.38 15
KL 0.59 4 SG 0.38 16
BC 0.57 5 SL 0.37 17
LF 0.55 6 DS 0.36 18
WA 0.55 7 QL 0.35 19
P 0.51 8 ZL 0.34 20
YH 0.51 9 SH 0.34 21
LG 0.50 10 LS 0.33 22
SF 0.48 11 HS 0.22 23
DG 0.48 12
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