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Quality Evaluation of Codonopsis pilosula in China

WANG Pan', LIU Fusong”, ZHANG Delin’, PENG Jie*, LIU Sha**, WU Faming” " (1. Gansu Health Vocational Col-
lege, Lanzhou 730207, China; 2. Zunyi Medical University, Zunyt 563000, China)

ABSTRACT : OBJECTIVE To provide reference for reasonable protection, development and utilization of Codonopsis pilosula germ-
plasm resources. METHODS  Variation analysis, correlation analysis, principal components analysis, cluster analysis, piecewise
linear regression analysis, and stepwise multiple regression analysis were conducted on the main agronomic traits and representative
components of 106 Codonopsis pilosula germplasm resources. RESULTS The genetic variability of the 106 Codonopsts pilosula germ-
plasm resources was rich, with the coefficients of variation of the 106 Codonopsis pilosula trait indexes ranging from 9.331% to
86.948% , among which the coefficient of variation of the degree of variability of atractylenolide Il was the highest, 86.948% ; the
indexes of genetic diversity ranged from 1. 587 to 2. 039, with syringin 1. 587, and root length, number of branches, and Codonopsis
polysaccharide were 2. 027,2. 039 and 2. 032, respectively. Correlation analysis showed that most of the 14 traits had significant or
highly significant relationships with each other. The seven principal component factors available for principal component analysis could
explain most of the information of the 14 indicators, with eigenvalues of 4. 172, 2.427, 1.646, 1.196, 0.943, 0.872 and 0. 75,
respectively, and the cumulative contribution rate reached 85.760% . Using the DTOPSIS method to score the germplasm resources of
Codonopsis pilosula, the top 15 were No. 13, No. 20, No.21, No. 18, No.73, No.77, No.90, No.78, No. 88, No.72, No.74,
No. 80, No. 79, No. 34 and No. 14, respectively. Clustering analysis showed that 106 codonopsis germplasm could be classified into five
taxa, among which the agronomic traits and quality indexes except syringin at a higher level in taxon . The overall performance was
better, and it could be promoted for cultivation. stepwise multiple regression analysis showed that root length, luxia diameter, dry
weight, drying rate, total amino acid, tryptophan, tangshenoside | and atractylenolide IlI had significant effects on fresh weight. Root
length, total amino acid. Codonopsis polysaccharide, tryptophan, syringin, tangshenoside | and atractylenolide Il had significant
effects on extractum. Extractum had significant effects on codonopsis polysaccharide. Total amino acids, tryptophan and syringin had

significant effects on lobetyolin. CONCLUSION The results of this study can serve as a reference for screening high-quality germ-
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plasm resources and cultivating varieties of Codonopsis pilosula.

KEY WORDS: Codonopsis Radix; agronomic trait; representative component; principal components analysis; comprehensive

evaluation
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Tab.1 Information of 106 Codonopsis samples from different sources
1D Source (in Chinese ) Origin D Source(in Chinese ) Origin
No.1  Gansu Jingyuan( Hf5i) C. tangshen Oliv. No.54  Neimenggu Chifeng( N5% i 7R0%) C. pilosula (Franch. ) Nannf.
No.2  Gansu Jingyuan( Hil¥&ic) C. pilosula (Franch. ) Nannf. No.55  Ningxia Longde (T 5 [#1E) C. pilosula (Franch. ) Nannf.
No.3  Gansu Jingyuan( Hil#5ig) C. pilosula (Franch. ) Nannf. No.56  Ningxia Longde (" E[#1E) C. pilosula (Franch. ) Nannf.
No.4  Gansu Tanchang( Hifi ¢ 2 ) C. pilosula (Franch. ) Nannf. No.57  Ningxia Longde (“J*E[1E) C. pilosula (Franch. ) Nannf.
No.5  Gansu Tanchang(H7fi#5 ) C. pilosula (Franch. ) Nannf. No.58  Qinghai Datong( K ) C. pilosula (Franch. ) Nannf.
No.6  Gansu Tanchang(HiliEE) C. pilosula (Franch. ) Nannf. No.59  Qinghai Datong( 5 ) C. pilosula (Franch. ) Nannf.
No.7  Gansu Tanchang( Hili % 2 ) C. pilosula (Franch. ) Nannf. No.60  Sichuan Jiuzhaigou( PUJI|JLEEA)) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No.8  Gansu Wenxian( HiliSCE) C. pilosula Nannf. var. No.61  Sichuan Jiuzhaigou( U1 JLEEMR) C. pilosula Nannf. var. modesta
modesta(Nannf. ) L. T. Shen (Nannf. ) L. T. Shen
No.9  Gansu Wenxian( Hili3CEL) C. pilosula Nannf. var. No.62  Sichuan Hongyuan( PUJI|£TJ5) C. tangshen Oliv.
modesta( Nannf. ) L. T. Shen
No.10 Gansu Wenxian( HiliSCH:) C. pilosula Nannf. var. No.63  Sichuan Hongyuan( PUJI|£TJ5) C. pilosula Nannf. var. modesta
modesta(Nannf. ) L. T. Shen (Nannf. ) L. T. Shen
No.11  Gansu Weiyuan( H B VR) C. pilosula (Franch. ) Nannf. No.64  Sichuan Beichuan( PU)I[dk)1]) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No. 12 Gansu Weiyuan(HilHE) C. pilosula (Franch. ) Nannf. No.65  Sichuan Beichuan( PU)I[{k)1]) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No. 13 Gansu Weiyuan(HHHE) C. pilosula (Franch. ) Nannf. No.66  Sichuan Beichuan( PujIjdt)1]) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No. 14 Gansu Lintao (HflfEk) C. pilosula (Franch. ) Nannf. No.67  Sichuan Beichuan( PY)IjdL)1]) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No.15  Gansu Lintao(Hflfzk) C. pilosula (Franch. ) Nannf. No.68  Sichuan Baoxing( PU)I[5:3%) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No.16  Gansu Lintao ( HfilfEk) C. pilosula (Franch. ) Nannf. No.69  Sichuan Baoxing( PU)I[5:2%) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No.17  Gansu Longxi (HTE7E) C. pilosula (Franch. ) Nannf. No.70  Sichuan Baoxing( PU)I[52%) C. pilosula Nannf. var. modesta
(Nannf. ) L. T. Shen
No.18  Gansu Longxi ( H7HFEVE) C. pilosula (Franch. ) Nannf. No.71  Shanxi Liuba( By EE31) C. tangshen Oliv.
No.19  Gansu Longxi (HT7E) C. pilosula (Franch. ) Nannf. No.72  Hubei Lichuan GHIHLF)I]) C. tangshen Oliv.
No.20  Gansu Longxi (HEYE) C. pilosula (Franch. ) Nannf. No.73  Hubei Lichuan(i§JdLF)1]) C. tangshen Oliv.
No.21  Gansu Longxi ( H7HFEVE) C. pilosula (Franch. ) Nannf. No.74  Hubei Lichuan(G¥I{LF)I]) C. tangshen Oliv.
No.22  Gansu Longxi (HTE7E) C. pilosula (Franch. ) Nannf. No.75  Hubei Lichuan GHIHLF)I]) C. tangshen Oliv.
No.23  Gansu Minxian( HflRE) C. pilosula (Franch. ) Nannf. No.76  Hubei Lichuan(GB{LA)1]) C. tangshen Oliv.
No.24  Gansu Minxian( HjflRE) C. pilosula (Franch. ) Nannf. No.77  Hubei Lichuan(§{tF)1]) C. tangshen Oliv.
No.25 Gansu Minxian( H7flRE) C. pilosula (Franch. ) Nannf. No.78  Hubei Enshi (512t ) C. tangshen Oliv.
No.26  Gansu Gangu( HiliH#) C. pilosula (Franch. ) Nannf. No.79  Hubei Enshi ( 51t Viti) C. tangshen Oliv.
No.27  Gansu Gangu( Hif H4Y) C. pilosula (Franch. ) Nannf. No.80  Chongqing Wuxi ( EEJRARIR ) C. tangshen Oliv.
No.28  Gansu Gangu( HiliH4¥) C. pilosula (Franch. ) Nannf. No.81  Chongqing Wuxi ( FEPRAE) C. tangshen Oliv.
No.29  Shanxi Lingchuan( 11174E&)1]) C. pilosula (Franch. ) Nannf. No.82  Chongging Wuxi ( FEJRARE) C. tangshen Oliv.
No.30 Shanxi Lingchuan( [LIPG[)1]) C. pilosula (Franch. ) Nannf. No.83  Chongging Yunyang( Kz FH) C. tangshen Oliv.
No.31 Shanxi Lingchuan( LLIFG[z)1]) C. pilosula (Franch. ) Nannf. No.8  Chongqing Yunyang( HKAFH) C. tangshen Oliv.
No.32  Shanxi Pingshun( [I[FGFiT) C. pilosula (Franch. ) Nannf. No.85  Chongging Wushan( FEJARILT) C. tangshen Oliv.
No.33  Shanxi Pingshun ( [LIFGIi) C. pilosula (Franch. ) Nannf. No.86  Chongqing Wushan (EPCAALL) C. tangshen Oliv.
No.34  Shanxi Pingshun ( LLIFEFIiT) C. pilosula (Franch. ) Nannf. No.87  Chongqing Wushan ( FARILT) C. tangshen Oliv.
No.35 Shanxi Pingshun( [I[FGFiT) C. pilosula (Franch. ) Nannf. No.88  Chongging Wushan( FEJARILT) C. tangshen Oliv.
No.36 Jilin Antu( FHZEE]) C. pilosula (Franch. ) Nannf. No.89  Chongqing Fengjie (FJZETT) C. tangshen Oliv.
No.37 Jilin Antu( FARZZA]) C. pilosula (Franch. ) Nannf. No.90  Chongqing Fengjie (FJZETT) C. tangshen Oliv.
No.38 Jilin Antu( FHARZZA) C. pilosula (Franch. ) Nannf. No.91  Guizhou Daozhen( $5HiEEL) C. tangshen Oliv.
No.39 Jilin Antu( FMEZEE]) C. pilosula (Franch. ) Nannf. No.92  Guizhou Daozhen( $3JHiE ) C. tangshen Oliv.
No.40 Jilin Antu( FARZZA) C. pilosula (Franch. ) Nannf. No.93  Guizhou Daozhen( SRNiEEL) C. tangshen Oliv.
No.41 Jilin Antu( FHRZZA]) C. pilosula (Franch. ) Nannf. No.%  Guizhou Weining( 53Na7°) C. pilosula (Franch. ) Nannf.
No.42  Jilin Liuhe ( F5HHp7A] ) C. pilosula (Franch. ) Nannf. No.95  Guizhou Weining ( 5HMET*) C. pilosula (Franch. ) Nannf.
No.43  Jilin Liuhe ( 25407 ) C. pilosula (Franch. ) Nannf. No.96  Guizhou Weining( 53HET) C. pilosula (Franch. ) Nannf.
No.44  Jilin Liuhe ( 407 ) C. pilosula (Franch. ) Nannf. No.97  Guizhou Qixingguan( FEM-EEI) Codonopsis tubulosa Kom.
No.45 Neimenggu Balinyouqi ( PN5% iy LA L) C. pilosula (Franch. ) Nannf. No.98  Guizhou Nayong( Ft4NZE) C. tubulosa Kom.
No.46  Neimenggu Balinyouqi ( P52t EVMA 1) C. pilosula (Franch. ) Nannf. No.9  Guizhou Zhijin( FeM44) C. tubulosa Kom.
No.47  Neimenggu Balinyouqi ( P52ty ELMA 1) C. pilosula (Franch. ) Nannf. No.100  Yunnan Zhaoyang( =) C. pilosula (Franch. ) Nannf.
No.48 Neimenggu Wengniuteqi ( 52T H4-45iH) C. pilosula (Franch. ) Nannf. No. 101  Yunnan Zhaoyang( = FiHAFH) C. pilosula (Franch. ) Nannf.
No.49  Neimenggu Wengniuteqi ( 5% 34451 ) C. pilosula (Franch. ) Nannf. No.102  Yunnan Zhaoyang( Z=FiHAFH) C. pilosula (Franch. ) Nannf.
No.50 Neimenggu Wengniuteqi ( PN52 5 H 2 ) C. pilosula (Franch. ) Nannf. No.103  Yunnan Yongshan( =Fg7K3%) C. tubulosa Kom.
No.51  Neimenggu Alukeerqingi ( N5Z B ERISRIOHE)  C. pilosula (Franch. ) Nannf. No.104  Yunnan Yongshan( = F§7K3%) C. tubulosa Kom.
No.52  Neimenggu Alukeerqingi ( N5Z B ERIRINIE)  C. pilosula (Franch. ) Nannf. No.105  Liaoning Zhenan (il T*JR%) Codonopsis lanceolata (Siebold
& Zucce. ) Trautv.
No.53  Neimenggu Alukeerqingi ( 52 g &R RINE)  C. pilosula (Franch. ) Nannf. No.106  Liaoning Zhenan (i1 THE%%) C. lanceolata (Siebold
& Zucc. ) Trautv.
.+ 2228 -

Chin Pharm J, 2024 December, Vol. 59 No. 23

hEZ AR

2024 4F 12 A5 59 55 23 1)



1.3.2 SEZaBUEtR g EINE B IER LY
TS ([ 24 1) 2020 A7 RS DU ) AR
LTI ; B HEIR A 56 5 2Bl & 8 R T 52410 01

S RE B HEATIN 52 5 5 Ry A AR = 0 B )
S Lan 2500 4 7 (1088 185 OB 8,385 12 (UPLC)
s L 1,

4 4 A(267 nm) A(222 nm)
5
/,//— \
/-”EJA AN
1
2 ‘
ﬁ ‘ | | PRSI P
TN s oA
0 2 4 6 § 10 12 14 16 18 2 24 4 16 18 20 2 24
7/ min 7/ min
B(267 nm) B(222 nm)
//_/— T
_— \
J L,¥‘AALM~L,\,\,A“,AJ‘. _AE,LAL,,-WW_. —— e —
0 2 4 6 § 10 12 14 16 18 2 24 14 16 18 20 2 24
1/ min 1/ min

A —REX R B - SES KA1 - CERR:2 - TH3 -85 154 - SRS - BRNER T,

A — mixed reference substance; B — Codonopsis test substance; 1 — tryptophan; 2 — syringin; 3 — tangshenoside [ ; 4 —lobetyolin; 5 — atractyloactone Il
B1 Rex Rkt S g 5 Aok £ R 4 89 8 & ROR € 3 (UPLC) B %

Fig.1 UPLC chromatograms of secondary metabolites in mixed reference substance and test substance
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Tab. 2 Statistical analysis of agronomic traits and representative components

Index Max Min Range AVG SD CV/% H'
Root length/cm 47.418 13. 120 34.298 30.719 6. 165 20. 069 2.027
Luxia diameter/mm 25. 408 4. 608 20. 800 12. 349 3.413 27. 641 2.003
Number of branches 7. 800 0. 000 7. 800 3.280 1. 663 50. 707 2.039
Fresh weight/g 116. 590 3.254 113.336 26. 057 19.072 73.193 1.737
Dry weight/g 28. 100 0. 746 27.354 7.182 5.410 75.332 1. 632
Drying rate/% 44.073 17.422 26. 651 27.334 5.278 19. 309 1.745
Extractum/% 70. 661 46. 556 24. 105 60. 959 5.688 9.331 2.012
Total amino acid/% 6.361 0.232 6. 130 3.028 1.304 43.073 1.953
Codonopsis polysaccharide/% 48.542 12. 434 36. 108 32.733 7.442 22.736 2.032
Tryptophan/pg - g -1 697.471 30. 123 667. 349 232. 166 104. 213 44. 887 1.952
Syringin/pg + g~ ! 283.978 8.785 275.193 47.277 38.242 80. 889 1. 587
Tangshenoside [ /mg + g~! 4. 100 0.128 3.972 0. 960 0.772 80. 406 1.792
Lobetyolin/mg « g ~! 5.080 0. 094 4.987 1. 196 0. 766 64. 004 1.828
Atractyloactone l/pg - g~! 289. 337 0. 000 289. 337 55.935 48. 634 86. 948 1. 901
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. S & S &
(P<0.01), 5% S Mty Fids A P I 2 2 2 50A V5 EE
< ¢

K(P <0.05); THEHRHYEEFIEMK
(P <0.05), 5 {0 % IR Fl 58 2 BT 5 35 1A oK
(P <0.05) ;R INWY)5 B A IR 382 Z M 2T
FIEMKR(P <0.01) , SEEMR . T EHH SESHRATH
AR PRI AR 2 25 DA SE (P <0.01) 5 B2 2R IR S
OB RE IS (P <0.01) , 5 SR L)
BETAMK(P <0.01) , FEESHIME AR M EEI L .
FIK (P <0.05) ;S ZHES T HH KSR
FIEE AR NBRILEAR 22 A5G (P <0.01) , 558 S ]
ERE AL (P <0.05) s ER 5 SR LT
FHIERZE(P <0.01), 5 SR BE EMR(P <
0.05); THH SRS HL S T ARNBRIEE K
WEIEMR(P <0.01) ; S H ST LB
IEARR (P <0.01),

2.3 HLSTFE MRS

2.3.1  RKEPRARBACTAEL 7 [ 8o 20 B
B 14 ARSI T I 08T, T BRAS [R5 B 8] A
KX SE S PPN (R 3) o 14 DHFAE{E
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TP - 7E0.05 KOF (R B35 %) - 78 0.01 AT (XU k& 3%
%,

Note:!) —is significantly correlated at the 0.05 level (bilateral) ; 2) — is signifi-
cantly correlated at the 0. 01 level (bilateral ).

B2 RERERFEA AR

Fig.2 Correlation analysis between agronomic traits and repre-

sentative components

AT AFAEERT 0.7, HARFAEfEL 5051 0 4. 172
2.427 1.646.1. 196 0. 943 0. 872 i1 0. 750, Hit 5t
MRFRIRE T 85.760% o B 7 A pl sy ml LU B
14 M EPRRRRAE R . 5 1 o (F,) BHHR
KOG T R YRS ST AR E S0
0.708 0. 760 ,0. 838 ,0. 651 il — 0. 630; 45 2 £ a4y
CPPROETENINEREN 0 i e 2 L
{49 0.709 0. 599 , —0.592 Fil 0. 561 ;%5 3 F s>
(Fy) L4 o 2 SRR (0 S 5 2, FS AR {EL A 0. 786
F10. 794255 4 E I (F,) A6 5E S AT & & 4
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EfE ] 0. 556355 5 Epsr (Fs) B2 H 1 &
HRHIEE Y 0. 441555 6 R (Fo) Wl T & H,

R3 106 RS FRR LMK ML TR0

FALME N - 0.424555 7 o (F,) BL4E SOREL,
FFIE{E N 0. 602

Tab. 3 Principal component analysis of agronomic traits and representative components of 106 Codonopsis pilosula resources

Principal component

Index
L LF LK Fy Fs Fe F7
Root length/cm 0. 708 0. 064 0.252 0.355 -0.084 0. 083 -0.028
Luxia diameter/mm 0.523 0. 709 -0.084 -0.06 -0.306 0. 120 0. 068
Number of branches -0.560 -0.242 0. 049 -0.118 -0.352 0. 160 0. 602
Fresh weight/g 0. 760 0.599 0. 026 0. 050 0.025 0. 045 0. 145
Dry weight/g 0. 838 0. 430 -0.022 0.037 0.053 -0.007 0.203
Drying rate/% 0.390 -0.592 -0.216 -0.081 0.254 0. 029 0.314
Extractum/ % 0. 651 -0.536 0. 109 0.273 0.172 0.108 0.021
Total amino acid/% 0.250 -0.170 0.786 -0.102 0.134 -0.419 0. 004
Codonopsis polysaccharide/% 0. 444 -0.561 -0.139 0.223 -0.202 0.315 -0.328
Tryptophan/pg * g ! -0.329 0. 080 0.794 -0.011 -0.317 0. 109 -0.119
Syringin/pg + g~ ! -0.511 0.351 -0.235 0. 466 0.226 -0.424 0. 004
Tangshenoside [ /mg+ g~! -0.328 0. 136 0.421 0. 407 0. 441 0.378 0.240
Lobetyolin/mg + g ! -0.630 0. 201 -0.101 0.556 -0.154 0. 167 -0.050
Atractyloactone II/pg - ¢! -0.309 0.384 0. 046 -0. 464 0.439 0.416 -0.196
Eigenvalue 4.172 2.427 1. 646 1. 196 0.943 0.872 0.750
Contribution rate/% 29.798 17.334 11. 760 8.544 6.737 6.231 5.356
Cumulative contribution rate/% 29.798 47.132 58.892 67.436 74.173 80. 404 85.760

2.3.2  REWREFHEHRGEITEN BREK
(X)) P EARX,) R (X,) &E(X,) T
X)) I THRX) BRY (X)) BAER
(Xg) S ZHE(Xy) EBREIR (X)) THFH X)),
WSHIX,,) SESHE (X)) FEARNERIL(X, ) bR
WAL IS BRI A E3R 7 A F R, il 453] 7 4
FRIT R AR (A4 ~10)
F, =0.708X, +0.523X, — 0.560X, +0.760X, +
0. 838X, +0.390X, +0.651X, +0.250X, +0.444X, —
0.329X,, - 0.511X,, - 0.328X, - 0.630X, -
0.309X, ; ~(4)
F, =0.064X, +0. 709X, — 0. 242X, +0. 599X, +
0. 430X, — 0. 592X, - 0. 536X, —0. 170X, - 0. 561X, +
0.080X,, + 0.351X,, + 0.136X, + 0.201X, +
0.384X,,; A(5)
Fy=0.252X, —0. 084X, +0. 049X, +0. 026X, —
0. 022X, - 0.216X, +0. 109X, +0. 786X, — 0. 139X, +
0.794X,, - 0.235X,, + 0.421X, - 0.101X, +
0. 046X, ; 2~3(6)
F, =0.355X, - 0.06X, - 0. 118X, + 0. 05X, +
0. 037X, — 0. 081X, +0.273X, —0. 102X, +0.223X, —
0.011X,, + 0.466X, + 0.407X,, + 0.556X,
0.464X,,; 2~ (7)

T E 2GR 2R 2024 45 12 H 57 59 55 23 )

F, = -0.084X, -0.306X, - 0.352X; +0.025X, +
0.053X; + 0.254X, + 0.172X, + 0.134X, — 0.202X, -
0.317X,, +0.226X,, +0.441X, —0. 154X, +0.439X,;

~(8)

F,=0.083X, +0. 120X, +0. 160X, +0. 045X, -
0.007X5 +0.029X, +0. 108X, - 0.419X; +0. 315X, +
0.109X,, - 0.424X,, + 0.378X, + 0.167X, +
0.416X ,; NE(9)

F,=-0.028X, +0.068X, +0.602X, +0. 145X, +
0.203X; + 0.314X, + 0.021X, + 0.004X, — 0.328X, —
0. 119X, +0.004X,, +0.24X,, -0.05X,; —0. 196X, ;

A3 (10)

WG F\ JF, JF5 JF, Fs (Fo Ml F; I{E AT DTOPSIS
Pt U, U, U, U, U UM U, GRS S 5T
FR AN, {1 AN H (R4S S 38 24 i 1) 3 B0
MR E TN A D(ZEETEN 158 5) =0.347U,
0.202U, +0.137U, +0. 100U, +0.079U, +0.073U, +
0.062U, . F|FHZAERLTHRE Y 106 43 58 SA¢ 0 197573
{EL AR LK 4, D EBOR, Rn 254 i JBUBAT . 106
MRS IR ERE TN #3202 0.545 . HE44 T
15 #J 43 5 /& No. 13, No. 20, No. 21, No. 18, No. 73,
No. 77 . No. 90, No. 78 . No. 88 . No. 72, No. 74 . No. 80 .

No. 79 No. 34 #1 No. 14,
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2.4 REH

X 14 A FERAER AT RE N, R RS
RAEE AT M (K 3) o AERRSUEE O 10 1,
AR 106 i 58 SRR BT IR Oy O 5 KRR, KR
HEN 14 DRPRIFIIE LR 5. 55 1 26, &
FURMIE N T A 1 B R A, Al 13 AR AR 2
SEOKAF B IR RE D, ERARAE O B T Iy
TRMZ O G REER, T FEHE ST LM
SES P S BRAGG AR 2R h, SR B S
2 RIESENAIER RS R S S U
b R EEER S 2R AR S
GRS VR, R B AR AR
RS I SRS

R4 106 B FHEREERASE TN KT

2.5 pEEMEEENE

Pt A R e, HoR AR bR A A8 &, /)
BERPERI 5, W3 6 A 4, 785055 2 wiffd
951 B Ao, o AU TS 2 Be s il A T
3HTe o TESE 1 Byl R D, T AR B
Ry B by AOAE e B OR M, R K
(30.220 cm) PR A2 (12,168 mm) SZAR% (4. 454)
Fins i (59. 251% ) FE47 1 BeFnss 2 Be IR ey A4
A ARG RS I T3(22. 477% ) 5%
ZHE(22.404% ) 56 S FF1(0.831 mg - g7 ) FIE AN
PRIL(50. 628 pug « g~ ) ESCFHIRIG ks, HoRH S
A FPEREE FPAESE 2 B B SRR S S RRAIG, 2440
T RS AR AR TSR

Tab.4 Principal components comprehensive evaluation and ranking of 106 Codonopsis pilosula resources

ID  Comprehensive evaluation score(D) Ranking || ID  Comprehensive evaluation score(D) Ranking ID  Comprehensive evaluation score(D) Ranking
No. 13 0.735 1 No. 66 0.604 37 No. 19 0.496 7
No.20 0.704 2 No. 17 0.603 38 No. 24 0.487 73
No. 21 0.6 3 No.91 0. 602 39 No. 49 0.485 74
No. 18 0.69 4 No. 61 0. 600 40 No. 47 0.483 75
No.73 0.688 5 No.2 0. 600 41 No. 52 0.482 76
No.77 0.688 6 No. 86 0.59% %) No. 9% 0.481 77
No.90 0.679 7 No. 76 0.595 43 No. 6 0.479 78
No.78 0.675 8 No. 89 0.588 44 No.3 0.476 79
No. 88 0.669 9 No. 65 0.583 45 No. 41 0.474 80
No. 72 0.668 10 No. 30 0.581 46 No. %4 0.467 81
No. 74 0. 666 11 No. 69 0.578 47 No. 51 0.465 82
No. 80 0. 666 12 No. 84 0.572 48 No. 50 0.464 83
No.79 0. 664 13 No. 55 0.569 49 No. 101 0.461 84
No. 34 0. 662 14 No.5 0.567 50 No. 42 0.457 85
No. 14 0.659 15 No.75 0.567 51 No. 32 0.455 86
No.28 0.654 16 No. 83 0.55 52 No. 67 0.455 87
No.9 0.652 17 No. 10 0.550 53 No. 38 0.454 88
No. 63 0.650 18 No. 53 0.546 54 No. 35 0.452 89
No. 31 0.649 19 No. 57 0.543 55 No. 100 0.448 %
No. 22 0.648 20 No.43 0.541 56 No. 102 0. 444 91
No.70 0.645 21 No. 62 0.537 57 No. 46 0.443 »
No. 26 0.645 2 No.93 0.536 58 No. 68 0.435 %
No.7 0.635 23 No. 87 0.535 59 No.71 0.433 o
No.97 0.633 % No. 54 0.533 60 No. 23 0.428 9%
No. 11 0.632 25 No. 95 0.533 6l No. 37 0.417 %
No.25 0.625 2 No. 45 0.533 62 No. 33 0.414 97
No.27 0.623 27 No. 36 0.531 63 No. 1 0.386 98
No. 12 0.623 28 No. 92 0.52 64 No. 81 0.384 99
No. 105 0.614 29 No. 58 0.519 65 No. 104 0.379 100
No. 85 0.613 30 No. 48 0.519 66 No. 39 0.378 101
No. 56 0.613 31 No. 98 0.518 67 No. 106 0.367 102
No. 60 0.612 2 No. 4 0.514 68 No. 82 0.317 103
No.29 0.611 3 No. 44 0.512 69 No. 99 0.300 104
No.8 0.609 4 No. 40 0.504 70 No. 103 0.277 105
No. 64 0. 605 35 No. 59 0.502 71 No. 15 0.276 106
No. 16 0.604 36
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Fig.3 Cluster analysis of 106 Codonopsis germplasm resources based on 14 indicators

£5 FREREBEZARLERAREMLLSTHME

Tab.5 Average values of agronomic traits and representative components of different groups of Codonopsis pilosula

Groups
Index
| I I v \
Root length/cm 30. 867 30. 428 18. 167 27.750 32.706
Luxia diameter/mm 12. 590 11.987 17.333 18. 000 9. 180
Number of branches 2.938 3.368 4.333 2.500 3.200
Fresh weight/g 21.721 27. 855 18. 133 16. 500 10. 142
Dry weight/g 5.191 7.834 - - 2.302
Drying rate/g 23.670 28.090 - - 22.995
Extractum/ % 57.774 62. 305 61.626 56.079 57. 867
Total amino acid/% 3.380 2.921 1.619 0.782 4. 406
Codonopsis polysaccharide/% 30. 067 33.983 37.650 15.075 30. 254
Tryptophan/pg + g~ 352.090 181. 620 157. 044 104. 596 697. 471
Syringin/pg + g~ ! 42.370 44.912 100. 959 283.978 74.233
Tangshenoside [ /mg + g~! 1. 125 0. 849 1.305 1. 995 2.978
Lobetyolin/mg « g ~! 1. 563 1.039 1.447 1. 047 2.129
Atractyloactone II/pg « g~! 66.914 47.037 289. 337 193.539 24.953
e - - ARUER,
Note: — — not collected.

R Ve A B, HAR ARy VSR M FISE S 20 (33.597% ) #R IR 45 R B —
OrBERNMERI R BRI T MK S, Horb il B BTGB H ETHEE A B e ST |
(957 2 Borpal iG>, TR R RO . 4y (1276 mg - g7 ') SR SERRARIG I, ELCHR I3 it A AR
Bror S a AR A B AR (28. 683 em) SOAREL SRS 1 B TH(8. 819 ) EILHI NG FEAR, 24
(3.236) JrT#(26.376% ) L HAIEM (2.738% )  ATHRALALAN , AHTRSERVIERL.
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Tab. 6 Piecewise linear regression analysis of each index and fresh weight of Codonopsis pilosula

Index

First stage function

Second stage function

Demarcation point

Root length/cm
Luxia diameter/mm
Number of branches
Dry weight/g
Drying rate/%
Extractum/ %

Total amino acid/%

Codonopsis polysaccharide/%

Tryptophan/pg + g~ !

Syringin/pg + g~ !
Tangshenoside [ /mg -+ g~
1

1

Lobetyolin/mg + g~

Atractyloactone II/pg « g~!

y =0.636x +2.078

y =3.064x —13. 761
y=4.183x +12.093
y=-2.163x +73.732
y =0.595x —10. 470

y =6.463x +9.737

y = —0.660x +41. 311
y = —0.078x +42. 564
y = —0.198x +33. 855
y=—17.917x +36. 694
y = —15.507x +42. 698
y = —0.066x +28.779

y =2.630x —58. 197

y =5.585x —44.432
y =8.495x -7. 113

y =3.359x +2.346

y =0.080x +23. 317

y =0.787x -21. 813
y= —0.124x +28. 151
y =0.007x +26. 364
y = -0.027x +31. 593
y = —0.070x +28. 035
y =2.890x +19. 412
y=-7.011x +33.773
y =0.018x +24. 497

30.220
12. 168
4.454
1.205
22.477
59.251
2.795
22.404
2.154
45.366
0. 831
1.050
50. 628

T - - ZBARIREUD, BEFRA B0 R

Note; — —there is less data in the paragraph to obtain a valid equation. the same below.
1200 A . 1204 g o 1204 ¢ . 1204 p
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A — fresh weight vs root length; B —fresh weight vs luxia diameter; C — fresh weight vs number of branches; D — fresh weight vs dry weight; E — fresh weight vs drying rate;
F — fresh weight vs extractum; G - fresh weight vs total amino acid; H — fresh weight vs codonopsis polysaccharide; T - fresh weight vs tryptophan; J — fresh weight vs syringin;

K — fresh weight vs tangshenoside | ; L —fresh weight vs lobetyoliny M — fresh weight vs atractyloactone III.
B4 885 MR RAEEE

Fig. 4 Piecewise linear regression diagram between fresh weight and other indexes
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Tab.7 Piecewise linear regression analysis of each index and extractum of Codonopsis pilosula

Index

First stage function

Second stage function

Demarcation point

Root length/cm

Luxia diameter/mm

Number of branches

Fresh weight/g

Dry weight/g

Drying rate/%

Total amino acid/%
Codonopsis polysaccharide/%
Tryptophan/pug « g !
Syringin/p.g + g~ !
Tangshenoside [ /mg - g~
1

1

Lobetyolin/mg + g~

Atractyloactone /g + ¢!

y =0.651x +41.559
y=-0.322x +64. 119
y =1.374x +56.915
y =0.147x +57.573
y =1.108x +55. 426
y =0. 860x +38. 367
y =1.714x +55. 936
y =0.583x +42. 367
y = —0.003x +62. 558
y=-0.181x +67. 544
y = —1.544x +62. 100
y= —4.239x +65. 872
y = —0.020x +63. 562

y =0.398x +48. 825 28. 683
y = —0.049x +61. 293 10. 333
y =0.553x +59. 572 3.236
- 108. 766
y = =0.134x +66. 375 8.819
y =0.420x +49. 976 26.376
y =1.092x +57. 637 2.738
y =0.341x +50. 469 33.597
y = —0.016x +65.013 189. 072
y= —0.061x +63. 042 37.391
y =1.010x +58. 840 1.276
y = —2.404x +63.422 1.335
y = —0.079x +66. 268 46. 104

T - - IZBNEIRED  TER B ROTE,

Note: — —there is less data in the paragraph to obtain a valid equation. the same below.
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A - extractum wvs root length; B — extractum vs luxia diameter; C — extractum vs number of branches; D — extractum vs fresh weight; E — extractum vs dry weight; F — extractum

vs drying rate; G — extractum vs total amino acid; H — extractum vs codonopsis polysaccharide ; T — extractum vs tryptophan; J — extractum vs syringin; K — extractum vs tangsh-

enoside | ; L - extractum vs lobetyolin; M — extractum vs atractyloactone Il .
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Fig. 5 Piecewise linear regression diagram between extractum and other indicators
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Tab.8 Piecewise linear regression analysis of each index and Codonopsis polysaccharide of Codonopsis pilosula

TS

i

Index First stage function Second stage function Demarcation point
Root length/cm y=0.218x +25.792 y =0.435x +18. 940 31.470
Luxia diameter/mm y =0.293x +30. 177 y = —0.486x +39. 480 11. 941
Number of branches y=1.211x +29.383 y =0. 59%4x +30. 760 2.233
Fresh weight/g y=0.731x +28. 111 y=-0.018x +34. 124 11. 120
Dry weight/g y =1.363x +28. 986 y = —0. 144x +36. 769 5. 164
Drying rate/% y =1.005x +7. 206 y =0.263x +26. 577 26. 100
Extractum/ % y =0.701x - 10. 150 y =0.928x —24.593 63.555
Total amino acid/% y = -0.353x +33.358 - 5.545
Tryptophan/pg + g ~! y=-0.011x+35.718 y = —0.016x +36. 838 233.496
Syringin/p.g + g~ ! = -0.267x +42.758 = —0.059x +34. 530 39. 640
Yrngin/ pg * g ¥ Y
Tangshenoside 1 /mg « g~! y = =5.117x +36. 837 y = —0.670x +32. 340 1.011
Lobetyolin/mg « g ~! y = —3.882x +37. 161 y = — 1. 544x +34. 308 1.220
Atractyloactone Il /pg - ¢! y = -0.079x +36. 406 y = —0.046x +34. 807 47.272
T - - BB BB SO
Note: — —there is less data in the paragraph to obtain a valid equation. the same below.
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A - Codonopsis polysaccharide vs root length; B — Codonopsis polysaccharide vs luxia diameter; C — Codonopsis polysaccharide vs number of branches; D — Codonopsis poly-

saccharide vs fresh weight; E — Codonopsis polysaccharide vs dry weight; F — Codonopsis polysaccharide vs drying rate; G — Codonopsis polysaccharide vs extractum; H —

Codonopsis polysaccharide vs total amino acid; I — Codonopsis polysaccharide vs tryptophan; J — Codonopsis polysaccharide vs syringin; K — Codonopsis polysaccharide vs tang-

shenoside [ ; L — Codonopsis polysaccharide vs lobetyolin; M — Codonopsis polysaccharide vs atractyloactone III.
B6 XHLHEE LI B & AA

Fig. 6 Piecewise linear regression diagram between Codonopsis polysaccharide and other indexes

£ 2236 -

Chin Pharm J, 2024 December, Vol. 59 No. 23

2024 4F 12 A5 59 55 23 1)



KSR M AR & AR Fe b B AR &, 1
BRI TR S5 R WA 9 M 7. AT Bt
MATJE TR R B, MK (25.362 em) R H AR
(17. 041 mm) . ZHIE(4. 096) fET (31.359 o) T
(5.510 &) H7F T-2(25.273% ) 52 14 (62.234% ) .
VIR (2. 887% ) M S 25 (34. 563% ) 1E55 1 Bt

RO HELHARE LA RERITABANE B A

FES 2 BT B B 7= AR AR AL (B AR PR R 25 R Y
P BB (204449 pg - g7 ) T F AT
(30.603 pg - g~ ) MISESAFI(0. 776 mg - g~ ) 7S 1
BRI 2 Br BT R P A AR Ak AH AR R B
HGEARMERIN(37. 794 pg - g™ ) JESERALE T
P HRFR AT i FhEREE TP 7R 2 B,

Tab.9 Piecewise linear regression analysis of each index and lobetyolin of Codonopsis pilosula

Index First stage function

Second stage function Demarcation point

y = -0.009x +1. 553
y=-0.049x +1.783
y= —0.153x + 1. 685
y=-0.020x +1. 693
y=-0.129x + 1. 956
y = —0.078x +3. 246
y = —0.042x +3. 803
y=-0.514x +2.577

Root length/cm
Luxia diameter/mm
Number of branches
Fresh weight/g

Dry weight/g
Drying rate/%
Extractum/%

Total amino acid/%

Codonopsis polysaccharide/% y = =0.003x +1. 380
Tryptophan/pg + g ~! y =0.000 2x +1. 030
Syringin/pg + g~ ! y =0.022x +0. 355
Tangshenoside | /mg - g -1 y=1.087x +0.518
Atractyloactone I/pg - g ! y = —0.004x +1. 268

y = —0.029 +2. 052 25.362
y=-0.071x +2. 162 17. 041
y=-0.072x +1.351 4. 096
y = —0.005x +1.079 31.359
y=—0.050x +1. 521 5.510
y = —0.038x +2.223 25.273
y= —0.087x +6. 588 62.234
y = —0.086x +1. 341 2.887
y = —0.054x +3. 138 34.563
y =0.002x +0. 576 204. 449
y =0.013x +0. 632 30. 603
y =0.083x +1. 297 0.776
y =0.003x +0. 986 37.794
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A —lobetyolin vs root length; B — lobetyolin vs luxia diameter; C — lobetyolin vs number of branches; D — lobetyolin vs fresh weight; E — lobetyolin vs dry weight; F — lobetyolin

vs drying rate; G — lobetyolin vs extractum; H - lobetyolin vs total amino acid; T - lobetyolin vs Codonopsis polysaccharide; J —lobetyolin vs tryptophan; K — lobetyolin vs syrin-

gin; L —lobetyolin vs tangshenoside I ; M —lobetyolin vs atractyloactone IIl.

B7 XE5RhHLEtieimE B EEAE

Fig.7 Piecewise linear regression diagram between lobetyolin and other indexes
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Tab. 10  Stepwise regression analysis of fresh weight, extract, Codonopsis pilosula polysaccharide and lobetyolin with other indexes

Model After the adjustment R? F P
X4 =3.781 +0. 190X + 1. 117X, +2.835X5 - 0. 597X¢ + 1. 025Xg - 0. 020X, + 1. 914X, +0. 023X 4 0.969 245.235 0. 000
X7 =46.781 +0. 171X +1. 088Xy +0. 243Xy —0. 014X, — 0. 045X, + 1. 494X, - 0. 022X, 0. 636 14. 586 0. 000
X9 =0.672X7 -0.229 0.382 5.792 0. 000
X3 = -0.205 -0. 307Xg +0. 004X, +0. 014X, 0.571 11.342 0. 000
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