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Comprehensive evaluation of yield and quality of Chuanmingshen violaceum
based on principal component and cluster analysis
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Abstract: Objective To comprehensively compare and evaluate the yield and quality of Chuanmingshen violaceum and provide a basis for
breeding and high-yield cultivation. Methods The principal component analysis of eight main agronomic characters and two quality
characters from 25 cultivated populations of C. violaceum came from different origins in Sichuan Province were analyzed, and the
comprehensive evaluation and cluster analysis were carried out. Results The results showed that fresh and dry weight of stem and leaf,
fresh and dry weight of root and polysaccharide content had greater coefficients of variation among species, while plant height, length, and
diameter of taproot had smaller coefficients of variation. Principal component analysis showed that the 10 main traits might be represented
by four principal components, and the cumulative contribution rate was 87.304%, and induced that high yield factor, quality factor, plant type
factor, and plant height factor respectively. The comprehensive score of sample 1 was the highest, which was the low-height, high-yield, and
good-quality material, and the comprehensive score of sample 13 was the lowest, which was the high-height and high-quality and low-yield
material. The test materials could be divided into five types by cluster analysis, namely, long-term and high-yield and high-quality material,
heavy-root and poor-quality material, low-yield and poor-quality material, high-height and low-yield and good-quality material, and dwarf
and high-yield and good-quality material. Conclusion The comprehensive evaluation method is reliable by the principal component
analysis and cluster analysis. The resource of C. violaceum in Sichuan is rich. We can choose some high quality resources among them to

provide the basis for the selection of new varieties of Sichuan Province.
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JWAZBIRAZE W2, TR 28
YN Z Chuanmingshen violaceum Sheh et Shan.
PTFEAR, ARG B k. MEIEH, 3™
FUUNFIT, &5, % By Ju)il, FREE
M, RFAWNER LR, H T S A A R
AU SR B SR I B S 3% A 1 i
P, BRI TR BT RIALUOR R P B ik,
HEMmAMLERE, SECSH)ASFE TR
AL B . H RN T B2 R 5 2 0 T 2%
Ay 2 RO i RN R
WS RGEN IR H, AR B2 R
HATEGRE VMR 2SR IRIE. NS FEE
LRER. FEER. HEERESRA . i
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HE R AR T R 2R s B IER%F
Wi SRR, BRI W2 208 5 B B
TR MU, T F R N SR 1
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W PG BFIKSCRE RS RN, HHM
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A HA 28 AT AR )1 BH 2 Jo B 4 ) ) 38 B R AR 9 o
(P EZI) 2015 4RI AR T 2 2587 1) T
P, (DY ZMARAE) 1987 KA T4 FL I 41
MPEARIR, (DU 2GR bR iED 2010 SRR
HIZ 29K o . K5y IRANEVE IR 7y B )&
=T IRREK .

T o WV B AR 2 FR AR TR B A D B
CRE TRV — PG A, B i) e e
Y77 AR B, HETCp 2 R T R
JRVFOY R T e A B 255 1RO AN
TR ROV A s 1 e ot )1 B 2 A
RIS AT TS, M EEREERE 2. e
ARG HEREFE N o ARSEERIESE 25 7)1 Z
VERBFTENT G, it 32 Beoy o0 S B2 i 7 vExt
H= MG IR AT SR & V-, BASE RIS
B25MPOTFM I EEZR R, ) S5 R
7 B R 5 B 25 VAN AR SR SR LR 2K
1 MEFNER
1.1 #

FEaT 2015 Ak H U5 HEIL B

BRI RS, 25 4y, &DUIE R E 2R
Bt &7 6 B 7 03 45 58 A< BRI B S @ i) )1 B
% Chuanminshen violaceum Sheh et Shan.
1.2 NEFE5

Agilent 1200 ErRAH A (32 Agilent A F]D;
UV-1800 4] WA LB (HARREARD; BT
MR (fEE Sartorius BS110S M-+ J5432—);
KQ2200 A AmHEes (R T A A TR A RD;
DHG-9140 H#GH R TEHE . RRATEAZ AR (P E
B RE ARG kS 110826-201214), D-JE/K
2 BRI O E B 2 i E TR, S
110833-201205), JAEDHIIKT 98%. LN (tai
4fi, Tedia Company, Inc., #t5 905904), HlE (faif
4li, Tedia Company, Inc., #1t5 905900), K JEZlK,
HARRFI A o Hr 4l
2 FHE
21 REMURER

RS HE M AL TP 1 A8 R T T VLI SR
F5E R (104°24'47"E. 30°4420"N), ¥4k 601.0
m, JE GBI SR, FRARIR 14.9~
16.7 C, ELHEW 273~279d, FVFHFBFKERN
925.4 mm, G-V H R 1239.1 ho L3EFHOARS L,
FEAT R IR (0~30 cm): pH fH 7.53, 441
R R AR E S E N 36.77. 0.62.
0.10. 82.40 g/kg, MG A XU S IE B i & 7
BN 141.40. 51.27. 179.33 mg/kg.

FNX M, XK 10m, FE2m, X
A 20 m*, BEHLIX4LHES], EHE 3 K. 2015 4E 8
HTFABIERRERF . &5, FAT. &%
AT A S 3 7= XK 25 43 )ITBH 2 50 CRE S 80
D BT RGEM, 2006 8 A TFTHE9 AL
HJHERRATBE 25 em X 7 cm #EAT R #k, 2017 £ 4 A
AT R o R B3/ X BE ML 10 A% 75 B &R 44
K552 30 BRIIME . ZEMEERRE . ZE0 TR
FERK, B REFRE. WTRE. Bk
ST SR, I BT S B AT B 4 T -
K H Excel 1 DPS K AF AT £048 7 47 -
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220 DESM SEERHEC L, SRR
PR -2 Tt )1 | BH 2 284 2 08 & st A7 e .



)

Chinese Traditional and Herbal Drugs 2% 49 %% 3 14 3 201847 A

*3391-

x1 HEAMRERS RRIR

Table 1 Numbers and sources of tested materials

s SRt s SR Hh

1 R T 4 By B AT 12 4 14 B T LS 2 i A A

2 R T 4 B VDR SR 6 A 15 B T LS 2 i A A

3 JRHR T 4 3 ELVE B SR 6 41 16 B R 7 B X R AR 5 A

4 JRAR T H VT IX 38 SR AT 6 41 17 B AT B X 2 Tt R 2 o
5 BT BTLX A 2 =70 16 4 18 B AT BN DX 2 LR A

6 BT AL X AR 2 =0k 14 4 19 B2 A T B XY 2 RBEAS 14
7 BB T 7 VXS SRR A 3 4 20 EL T B XS 2 A 14
8 BRI E SR A AT 10 4 21 IR R A 3 A
9 B T U 7 2 B RIS A 4 41 22 It R B LR EN A 4 41
10 B T U 7 2 B I A 7 4 23 JU R B LR 3 4
11 i FPTT I o 2 RHER 1 4 24 TRy AL NN

12 TS SRR 3 A 25 IR B LSO

13 B TS 2 )1 F A 7 41

222 STRESETRERIE S B 105 CHETFR4E R
BTCKEEBE 25 mg, MERE. B 25 mL 2l
o, BRI, ERBZE, B, Bk
1 mg/mL FI% & B A% 20, A Rt B S VA
223 BESIEREIGI & o R B AR EUAS [
HVBA SRS ARy (60 H) 29 0.5 g, Inz&iEKinl
FHEE 3 IR, BFIR 90 min, & 3F 3 UARBOK, 1TE,
PEMAAE 2 50 mL. HURZAETE 5 mL A 30% — 5
LRV 1 mL, RFHREHE G, 4 CREELR,
B0 20 min (4 000 r/min), FEVE, B FIER.
B B3 1 mL F 50 mL &b, FZAMKREE
ZIRE,  BIAS At I
224 LMEXRRFEE Sk HERI 0.1, 0.3, 0.5,
1.0, 1.5, 2.0~ 2.5 mL XJH& S VETR T 50 mL =),
ATKMRERZIEE, F&H 2 mL T 10 mL HZEK
B, I 1.5 mL 5% KBy, TRAT, FEE I 6 mL
IRIRER, PREE 5 CE. S min, B /KB N4 20 min,
SLEPEENVKK IR AR B, UK EA,
£ 490 nm PAAEITE B LE . LAIRO BEXT 1 2] 4
WREEBAT RN, /2 EH 5 FE Y=29.844 3 X—0.090 7
(r=0.999 4), g8 KXY, WE L 0.002~0.05
mg/mL, HTERESHOGEZM SRR
225 FEMIE SR HORE A TR R R Uik
RS IE RS o ARYEARAE 22 7 FE T ERE
KL BE & &
23 BREMARAB=ENE

S P 7, SR HPLC 561 &
ZIM KT R S BT E

231 B BN Zorbax Eclipse Cg Al
FE (250 mmX4.6 mm, 5 pm); SN FEE-/K
(70 :30); AFAME 1 mL/min; MK 248 nm;
FEIR 30 °C; HEFEE 10 L, BIEE LA 1,

£
a 1

t/min

a-XP AL b-READ H-RRETIER
a-reference sample b-test sample *-imperatorin
El1 HPLC t&iZ[E
Fig.1 HPLC chromatograms

232 WTHRVE VR BIH] A R A RRECRCHT B 25
MGOE R, BV AR R T BRET 2 88.0
png/mL [T B A

233 ARSI o R B AR ECAS [R]
NSRS AR (60 H) £ 1g, MIHFEE 15 mL,
FRERTE, @A (D)3 250 W, SE 40 kHz)
30 min, JH/&, FFCEFR, FHEEEENE IR 1T
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&, 5, W EEBAMILIER (0.45 pm) JEI,
HIFS
234 ZMERRFE Sy R B HLER T 20
PRV 0.24 050 1. 3. 5. 8. 10, 12 15, 20 pL,
TN E A, F2 3 2% A4 I 5 IR AT 5 2% 06 T
L DU R SRR BN AR bR (XD, DLETIIRUA
AFR (YD) HEATEIA 70 M, 1SRN Y=3 794.7
X+2.1122, r=0.999 9, KKHj#HZEAE 0.017 6~1.760
ng 2 RIFILER R,
235 FEAIE  BUNFEFHU) ISR G &,
& “2.3.37 WUR M7 & K SIS, R 4%
“2.3.17 TR Bk RARNE, R IMs— SIETH A
JBHZ 2 R R AT 2 & &
24 BRSO

FIH Excel #HATHHE - ME . bRtk 2 AL T &R
s A DPS 7.05 BAEPIHEATAI DS, Ek
TR R R T 2 B AR TR EE =90% 1)
FRAESEIN 7, DAS 32 A KR IR 22 STk R A
RUEE, KRR A5 23 FOAR L BB E 1R AT 28 1
B WA Z ERERTE R R Hr 4B X
PHES P INEIT KRR R K.
3 ZR55H
31 FERZMHRK., SERRAAREERNES
Eoh

BB R MR, 2R ARRATHR S &
WA H R WL 2. WK 2 aTCLEH, I8
SRR 8 MR SR 20 K IRET R & &
WRIEEROR, FEREENZER . S MERME
FEXNT 1, A RIS, R
XX 10 AMEARBEAT A /34 . 1 25 )1 2,
ML A AR AREE R, &
T E. 2 eSS, 708 84.80 g\ 24.80
g. 82.30 g. 39.80 g. 26.97%, {HHFkE & M
KBl 13 ZEM R, 2T E. ST RS R
I, 75933 g, 2.00g. 6.03g; Ak 18 MIkkE
i (853 cm), HHEARTFHERIK (2.13 g); ¥
Bl 19 MEMRKRK (3473 mm), #E 6 Mk
(12.53 mm); PR 9 FEMREHM (19.18 mm), #F
Bl 2 B FAREA (7.60 mm); MK 25 (RS E
A A 3.10%: BRATHH 2 & & AR 7 1515 (0.49
mg/g), MK 16 ML, 1 0.09 mg/g.

5 KRR EMRR I Z R B R
FlR . HEAM R 10 MR IR 5 REE R

2 FERZHK. SREEMEHARRENRMRGEN T
Table 2

agronomic characters and contents of polysaccharide and

Performance and variance analysis of main

imperatorin of C. violaceum
PR A% St

¥E (X)) fem
ZMEEE (X)) /g
EHFhiE (X)) /g
FREK (X)) /em
FARM (X5) /mm
REEF (X /g
WRTRE (X)) /g
BTYIRE (X)) /g
L (X)) 1%
BRETHAZE (X)) /(mgg )

ZESt, AR RBHR B IMK IO ZE TR > 25
R E>IREETE> TG ESRTRE> LT
Yo > BRI R 2 > fom > B AR > AR K.
EMFUR . MR AREETTE L 2
A5 RO, ITE 50%0AE, Bil]ix s iR e £
M9 1K, RMEGEEOR . BRI, RO
FHUHX BN, I 25% AT, B IX SR 52 A
SRR RE, AR RSN Ak,
HOEIA, PR B S AR, T e
EARAKINAS & A RS,
32 FERZMWK. SHEREEAZSENRXS
HRDMTEER AT 3. WK 3 51, HAb RS
MREEST R CRPREES ) AOARSC R Bl i K3/
RN IS T 8> 25 B > AR > IR R
> ZE R > AR > PR > I R S R >
G E. HAMEIREIRTE CGRRRT7) BIRIC
AEAEHE B KB MR YO ST > TG >
AREE T > AR > 2B 5 > AT R & & >
T RE> bR > 2R . HILLE TV RS H
PR REEFTESUR TR MR REER A,
SRS ES RN E GRETEDRT R ED fIAHE
FHURN
CHEMNSRETRSEERF LMK, 55
fib 8 MARZYEIRIIMRIMALEE . AR EES
ERH, MTFEERZ MR, SERHEEEE
FHIEMIG, JRAIEAD 8 R VIR EA &
FESAEIRT, MRS 208 S BT 2R 5 = 4
2 AR BPRIR IR, MU 7 SR EVEIRE A
FUHoG, HEZEMFRE. ERK. RERE. &

B ERR%
7.70~85.30 54.30 33.00
9.33~84.80 28.89 61.97
2.00~24.80 6.32 69.62
12.50~34.70 22.60 2291
7.60~19.18 12.91 23.64
7.50~82.30 29.51 59.66
2.13~19.82 9.73 49.63
6.03~39.80 16.06 48.30
3.10~26.97 13.50 50.64
0.09~049  0.25 46.42
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Table 3 Correlation analysis on main agronomic characters and contents of polysaccharide and imperatorin of C. violaceum

PR X, X, X X, X; X X X; Xo
X -0.304

X, —0.469" 0.864"

X, -0.451" 0.283 0.356

Xs -0.278 0.398" 0.278 0.363

X -0.629"" 06717 0.736" 0.664" 0.718"

X -0.317 0.4417 0.409" 0.453" 0.695"" 0.684"

X; —0.464" 0.766™  0.823" 0.484" 0.591" 0.844" 0.855"

X 0.099 0.185 0.370 0.180 -0.273 0.047 -0.157 0.113

X 0.149 -0.180 0.083 -0.037 -0.474" -0.207 -0.426" -0.218 0.503"

FT AR 5% 1% KT Xi~X @3k 2; TERF

“and ~" indicated significant levels at 5% and 1%, respectively indication from X to X is same as table 2, same as below

T4 03 5 (I AE G A 2 3 B B K. B BRI
ARG E R R, R e RS AR 2
EAZe, HEZEMTRE. EREE. REHE.
RF PR ST R A O 2 52 Bl 235K
o ZEMFREAC S MR R ARG, SR
g, REFRE. RTRE. S TYREZEER
W35 IEAR DG . AREE R IR 20 KIRATIH R & &
LS REIRA A B E AN, HH AN Z MR
TR AN B, H, (N S5kkEEREE
FROE, HHAh 6 MR EMHIRY R E IEF.
BT RS 20 RRKATHE SR 2R, S5k
B AN 6 AR SR R B B IEA G,
TH RIS 20 R BRATH RS B EA B,
H 5 HABRIE F ) 6 MR ZHEIR 200 2 b 2 3 1
IEFRDG, Fbkm 2B E M.

BRI, FEPRIRIESERS, ZE78 525 R R A AR
HHlZ), FESREERE. BTRE. FRK. F
MM IERE, TN A . EM iR, £
Wi K BRI 2 S e R, & AiEtitkm, RA%
PEAR EAHYM R, A BEI%E e )1 B 2 i
33 FERZMRK. SERKEMARIENERS
S

XF B2 (1) EEMAREAT o oA, 25 R
TNET 4 A E o I SRR DT A 87.304% >85% (3K
4), KRR 4 D FERS CEACE T NHSHRT
EEEE, AT 4 A E RS T AT
51 ERAO LA 5.015, TTHRE N 50.146%.
PR 1 FR M EERRE &, STYRE.

TP T A i, HAm
RNIEAE, BRANEFEHET. 8 2 R EE N
1.974, TTHRZEAN 19.736%. #2ik e 1E FH H)Z2H KBR
RTEAR S &, HEmESNIEE, R R E T .
%3 EMA SN 0.975, TIRREN 9.749%,
P E R AR S 2R 2R E
FRK, Hr, 57 =FWEAE RN, FHR
KRERFE, FROAMREE T 5 4 B R IEE
N 0.767, TTEREN 7.672%, ALV B2 -
FREK, RFRBLZHESE, SAMEAEKRIE
B, HZE ol & f 25 i o A A (R 3 R
FUE, TR T
34 AREIRAEE#HNEETEN

DA 2 73 6 B 1) 5 22 T kA E AR, S 32
J 345 53 FORH . R AL EE AT 2R A IR, #9  )1] BH 2
AR F=0.501 5 F,+0.197 4 F,+0.097 5
F340.076 7 Fy, THRE&ERSREVHME, B
= RN B BELR A PR R G

TR B 56 Guit 25 AR Bk 5 AR 1
25 NS R P= BAG RINLE PN 7 (GR 5D,
SRR, TERTE MR, kB R T
BTSSR 12 4 (1 SEERD B0 i
(4.135), A2 F12 5K, 9. 10 121 S4f
mZEE VR IITE 0.700 LA E, 20 64 13 J2 22 SFf
& 4 VPN 2 37E-1.000 LR, 4. 8. 14
A1 25 & 7 SEEAAR IVEAN 1S53 ££-0.700~0.000,
KA S N FJEA 7 A5 (13 5D 1
PPN 0 ik (-1.396).
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Table 4 Eigenvalue, contribution, accumulative contribution, and eigen vector of four principal components

R L
HF 1 HF 2 HF 3 AT 4
FEEE (D 5.015 1.974 0.975 0.767
TR E 7%/ % 50.146 19.736 9.749 7.672
ST E 7%/ % 50.146 69.882 79.631 87.304
X -0.269 -0.002 0.529 0.634
X, 0.345 0.184 0.445 -0.222
X, 0.352 0.355 0.227 -0.264
X, 0.278 0.094 -0.606 0.366
X5 0.318 -0.331 0.042 0.290
Xs 0.424 0.024 -0.155 0.002
X; 0.358 -0.226 0.075 0.349
Xe 0.423 0.061 0.176 0.068
X, 0.018 0.606 0.046 0.352
X0 -0.139 0.547 -0.199 0.108
=5 25 MBS E5RENESITENSS
Table 5 Synthetic evaluation result of 25 C. violaceum populations for yield and quality

Y F, F, F; Fy P15 4y IR/
1 6.578 3.675 0.344 -1.559 4.135 1
2 -2.541 0.690 0.059 -0.735 -1.056 22
3 -0.072 -0.575 1.505 0.549 0.074 10
4 -0.997 -0.477 -0.530 —0.345 -0.569 18
5 -0.927 1.765 0.547 0.274 0.014 12
6 -3.084 0.334 0.475 -1.180 -1.358 24
7 -2.572 1.647 -0.412 0.532 -0.928 21
8 -2.221 2.216 0.061 0.520 -0.594 19
9 1.966 -1.243 0.719 1.677 0.887 6
10 2.020 -1.339 0.993 1.126 0.922 5
11 1.051 0.028 0.367 -0.289 0.645 7
12 2.682 -1.166 0.281 0.102 1.219 3
13 -2.756 -0.606 0.299 0.133 -1.396 25
14 -0.062 -0.543 0.066 -1.302 -0.055 14
15 -0.066 -1.112 -1.915 -0.672 -0.363 16
16 0.687 -1.724 1.168 0.199 0.195 8
17 -0.470 1.235 -1.400 1.002 -0.051 17
18 -2.166 1.186 1.320 0.577 -0.647 20

19 2.354 1.178 -0.942 1.419 1.398
20 0.607 0.046 -2.166 0.584 0.179 9
21 2.529 -1.298 0.561 -0.996 1.144 4
22 -2.126 -0.394 -0.067 -0.917 -1.074 23
23 0.814 -1.517 -1.650 0.229 0.025 11
24 -0.952 -0.019 0.799 0.095 -0.327 15
25 -0.277 -1.986 -0.481 -1.022 -0.501 13

35 JIERsEE5RRERNEL ST

MRYEA R = )1 B 2 B i = 2 5 s ek, vl
B 25 IR EIR A 5 3%, BRI 2
M 6. WE 2 ATRLEH, 51 38H 17, 19 & 20
SHEMAR, ZREMEIEERE. ERKRK. £

BRI R S B

HAnVER 2w L, s T

KR s b kl. 26 2 286 94 10, 12 K& 21
SRERMARL, ZREEM R E TR ER S FR
WA T ERE, RETHRSERIK, S
BN, BTRESLTEMEL. 283 KH 3. 4.
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Fig. 2 Cluster diagram based on yield and quality

characters of 25 C. violaceum populations

11 J2 25 55 8 MIFEM AR, BESRpkl AR B4
WREEFR . RTFRELSTYRERE, SHESE
AR, BRATEA R & 27K, J8 TR 5 A k.
HA4KH 2. 5. 6. 24 55 8 At A, %R
4. K, M. TR S EYRS, A=
TN e, ARACE O B ST o SR I A R T R
STYRES K, BT RS A k.
BT B2, MRk S R, 2R B
T AR R STV E. S-SR,
FEWRE. WTFHE. RATARSEMHE 2, JB%
R =V Wiy %
4 Zit5iie

B R Bk P IR R, R
AR, B E S, 1SRRI,
Hikmm, ZEMEmE &k TiE. RERE. 8
TYRE. ZREENRS, FRK, WTRE.
RKATEHER S BALAEE —, JBREAT m P e A R
EHAFHE— IR E . AT &R 2R A
PR R, TR B R, A
PRV

Fo6 ETEERZMK. SHERKATMARIEN DA
Table 6 Classification based on main agronomic characters and contents of polysaccharide and imperatorin
il X X, X, X, X5 Xs X, Xq X X0
I 48.9 23.44 6.34 32.47 12.51 36.78 11.62 17.95 18.65 0.31
I 50.9 40.34 7.59 22.71 17.68 42.92 16.91 24.50 10.67 0.15
I 49.6 28.42 5.20 23.19 13.46 31.09 9.77 14.97 8.83 0.16
v 67.1 19.83 4.71 18.11 10.34 13.86 5.30 10.00 15.68 0.35
\4 7.7 84.80 24.80 29.00 13.70 82.30 15.00 39.80 26.97 0.33

FEX i R 2 FabR 0, FEAR A,
MAMERER, ot TAFHEB N AE. 2 oegtitiE
J 3 o3 A R 8 AE AN Ok BAR D B Kk R A 45 2 R
RN R JEORA B2 T HAR AR R R bR 4
A BT S, B AR SR SR A TR AR, AT
Ttk ZHabR T IR AR, ER
AT LR A VR — o S D R L
XU, SIS RR P S, A iz, 7
w, AFENS RN 2, AR, R
HVRRAND B S, R RFIAMNES".
SRITDUAT B e B IS 254, sz
LM BRERIREREZ, e, SRUSRE] 7=
TITE KMok AE S, Forp ] BE A R i L
JRERI RN R AWTFRE T &5, FAL. |

i By R S AN E XIS ER, BT
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