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Identification of Coreopsis tinctoria Nutt. using I'TS2 barcode and
the quality evaluation of its medicinal materials based on HPLC
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Abstract: Coreopsis tinctoria Nutt. is an important ethnomedicine traditionally used in Xinjiang, China. This
study employed ITS2 barcode sequencing for species authentication of commercial C. tinctoria samples. Further-
more, a comprehensive quality evaluation system was established based on HPLC fingerprinting, quantitative
analysis of multiple markers, and chemical pattern recognition. A total of 35 batches of C. tinctoria samples were
collected from different growing regions in Xinjiang. Genomic DNA was extracted from leaves, and the ITS2
region was amplified by PCR followed by sequencing. The obtained sequences were assembled, proofread, and

validated through BLAST analysis against the NCBI database. Subsequently, a neighbor-joining (NJ) phylogenetic
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tree was constructed based on the aligned sequences. Chromatographic fingerprinting was performed on a
ZORBAX SB-C18 column (250 mm X 4.6 mm, 5 um). Similarity analysis of the full-spectrum fingerprints was
conducted using the "Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese
Medicine (2012 version)". Chemometric approaches including cluster analysis (CA), principal component analysis
(PCA), and partial least squares-discriminant analysis (PLS-DA) were employed. Furthermore, a validated HPLC
method was developed for simultaneous quantification of four characteristic constituents. The results showed
that the main haplotypes of ITS2 sequences in 35 C. tinctoria samples were H1/H2, with a length of 225 bp. The
intraspecific variation was small, and the sequences were relatively conservative, indicating that ITS2 sequences
can be used as a reliable DNA barcode for the identification of C. tinctoria. The HPLC fingerprinting showed
16 common peaks, and chlorogenic acid, flavanomarein, marein, and isochlorogenic acid A were successfully
identified. The similarity of the samples ranged from 0.936 to 0.998. CA classified the samples into three groups,
PCA obtained five principal components with a cumulative variance contribution rate of 84.953%, and PLS-DA
identified eight components, including chlorogenic acid, flavanomarein, marein, as markers for regional differences.
Quantitative analysis showed that the mass fractions of the four components were as follows: Chlorogenic acid
0.860—7.504 mg-g", flavanomarein 3.368—19.182 mg-g", marein 19.719-83.492 mg-g”, and isochlorogenic acid A
2.039-12.568 mg-g". The DNA barcoding technique and integrated HPLC fingerprinting/multi-component method
demonstrated high reliability and stability. This study provides a scientific foundation for quality control and further
research on C. tinctoria.

Key words: Coreopsis tinctoria Nutt.; DNA barcoding; HPLC fingerprint; chemometrics; content determina-
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PR A PR Y RS AR K AE BT R ROl
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18.34%, 3% 3E it DPPH i Ml ABTS V1Al T 5
KA 52 RSN AM R ), SRR, SR T E
B ok R R RN S SRR A (3,5-0- Ik 3L 25 R &%
YRR R AV R A B M PURER . BN E
i UV-Vis £ I 5 %G 5 08 B & & 168.44 + 1.27~
289.42 +0.25 mg g, 45 F % 5 vw 5L PH 55 4 0 S
SR HEREERL . KEE/R - /R IZEE
i RP-HPLC VL E B 55 4 h ¢ SR R, & & 34ME R
2.456 mg-g'. FEEZHE T HPLC Jy kX A A = Hh 25
s T E, KRN T7.44~19.82 mggs
H AT 55 56 S 40 IR R AR5 B I S A A D R B
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I e G R e R VA R ey
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TREPUEATENE . T NUEE"R H UPLC-DAD # 57
T EH SR R R R R T S B R T
B3 & B 5E 7325, 16 FH 285 5 378 nm AE ARG MK .
kI i S IR A R P U A L A S, SR A R R AR
HZ& A B 75 $2 5 30 min, YKL 2101, LR 60%,
AT IRAG 5 SRR B B e 1 B R B )

AW 5T 0L i DNA 25 B 05 J HPLC 45 20 & 1% %
AR A B AR S Z 48 h5 & & E 7, M
UM - 2R ERERIA R . DNAKEEH
AN Z 5 2 b T FCa G AT ) PhoRe e PR R DR R B
P14 5 7, 383 GenBank % 4% ) i 47 Blast L X, M
G T J2 AR AL G0 T8 25 5 58 e DA X 43 1) 25 25 TR D
Ir @5 [R] B, 45 A HPLC 5 A i LAk 1018 2% 41 38 BURE
TEPE AR SO, R AL B R NE (o 01 R
AT BT RN A BT ) 290 30 0 SRR IR (S B, AT A
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A HHARSHE

MRS A%
{88 PCR¥ 1Y (C1000, 3 E BIO-RAD A #));

HLYKAX (DY Y-6C, AL di /S — A4 # ), B BB R 4%
(Gel Doc XR+, 3 [ BIO-RAD /A #l); 3.3 & /1 275K
B #5 (LDZX-30L, [ M 22 RI7 M) ); B+ KT
(IW-100, RKLHRERB B ZHRAF]);, Tz —
RF (7D20002A B, iR R = ARG IR A R); =
A VR B O L (5424R, 1 [E Eppendorf /A 7); SL46 =
aliyK #% (UPC-I-10T B4, PY JIAR 5 8 4l B4 A PR 2 /)),
HPLC A (54 (1260 Y, 36 [F 22 546 A #)), B HIK
AR E (CA-1115A 8, il B AR A A]).
K25 Ezup AU Y R 4 DNA #hIR R & (4=
TAEY TR (L) Rh A RAFH#S: K620KA4775];
RnaseA ¥ ¥ (it 5 : 20231118). 10xEasy Tap Buffer
(#t5: R21128).dNTPs ({lt5: S10219).Taq DNA Poly-
merase (fit 5 : R21128). Gelstain 1000x 1% & 4 Kl (#t
5:20230925). Trans 2K DNA Marker (20240228) 15
At XS EMEAR KA ARA A BERE (5
162135, Fifg UG AEH AR A IR A 7]); 6xDNA Loading
Buffer (flt'5: R11216) 2% JF B2 (7 & 53 $: 99.48%, it
5 MUST-24013002) & B #F (5 5 43 $0: 99.61%, it
51 MUST-23082908). ¥ i J3 H (i & 4 $0: 95.33%,
fIt 5 : MUST-24063015) 1 H i #1284 4 W R+

Table 1 Soure of samples of Coreopsis tinctoria Nutt.

HIRAT; 3,5-0- MM 2 TR (R4t IR A) (k5
111782-202309) 1 B r [ £ i 25wt ks € B 7 Bt 20
(i al) T E FEER KRB () AR A R BERR (Gt
5:20230501516). H i (4t 5 20230801) ¥4 [ K
7 Bz A 2R BRA A -3 4 (k52 2603080,
P [H B K IR); K 4BE (5 2024102901, BRAR
TR AL 27 i A PR =), &0 (350 202201114, 486 /=
FEA =BT, SN EE (5 20110330, KEE K R
YA TA R A ), 51 Wi B TR R A A
G

R AR T 2022 4 8 H & 2023 4 11 H ),
TEFT BB AL B AT RN 25 1 X AR 2544 T 37 L 2405 ks
K H S SRR T 35 HEIR S 4 G R i, AL OORE
AT 250 g, MR SR R R, BT B v XUk
HARIE T 29 W s 4EE /R B E X 25t i e faTiL
I R % N R E 4 C. tinctoria, TR AR AR UL
TR SR 4B R EIR X 2 AT B AR A =, B P
BEREIL

EEEDNARE  H 75% i 2 A i i ve & %
MR, 7 QB B AR R TG, B FE 2 214
150 mg, 7£ R & B H A BE ok KRR, SR H Ezup A 20
HE ) 3 R 2H DNA il B2 070 &, 2 B 0 BH 15 4 it () 45 A
SIRBEAT, FE K2 DNA T-20 °COKFE F, fi 17 % H o

PCRYIEEMEF  KHEH 5199 1 1TS2 2 [H 5]
b X 511 IS2F: 5'-ATGCGATACTTGGTGTGAAT-3;
S3R: 5-GACGCTTCTCCAGACTACAAT-3', 5| ¥ I
W TAEMR AR A A & . fE PCRAX EHEATH
W, RN AR FR N 25 pL, 7K R 7% 10xTaq Buffer 2.5 pL,
dNTPs 2 uL, 1E & 5% (10 pmol-L™") 4% 0.5 pL. Taq

Sample . Sample -
Origin Origin
No. No.
S1 Qapgal Xibe Autonomous County, Ili Prefecture S19 Dabancheng District, Uriimqi City
S2 Altay City, Altay Prefecture S20 Gongliu County, Ili Prefecture
S3 Habahe County, Altay Prefecture S21 Zhaosu County, Ili Prefecture
S4 Taxkorgan Tajik Autonomous County, Kashgar Prefecture S22 Shaya County, Aksu Prefecture
S5 Pishan County, Hotan Prefecture S23 Shaya County, Aksu Prefecture
S6 Turpan City, Turpan Prefecture S24 Shaya County, Aksu Prefecture
S7 Dabancheng District, Uriimqi City S25 Shaya County, Aksu Prefecture
S8 Pishan County, Hotan Prefecture S26 Korla City, Bayingolin Mongol Autonomous Prefecture
S9 Pishan County, Hotan Prefecture S27 Qapqal Xibe Autonomous County, Ili Prefecture
S10 Pishan County, Hotan Prefecture S28 Qapqal Xibe Autonomous County, Ili Prefecture
S11 Pishan County, Hotan Prefecture S29 Taxkorgan Tajik Autonomous County, Kashgar Prefecture
S12 Uriimgqi City S30 Yopurga County, Kashgar Prefecture
S13 Altay City, Altay Prefecture S31 Taxkorgan Tajik Autonomous County, Kashgar Prefecture
S14 Dabancheng District, Uriimgi City S32 Kashgar City, Kashgar Prefecture
S15 Dabancheng District, Uriimqi City S33 Kashgar City, Kashgar Prefecture
S16 Dabancheng District, Uriimgqi City S34 Kashgar City, Kashgar Prefecture
S17 Qapgal Xibe Autonomous County, Ili Prefecture S35 Kashgar City, Kashgar Prefecture

S18 Altay City, Altay Prefecture
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0.25 pL, 58 DNA 2 pL, #M e ddH,0 2225 pL. ¥ 34 F%
;94 °CTRAZ1E 5 min; 94 °CAE 130 s, 56 °CiB K 30 s,
72 °CHEAH 45 s, 3£ 40 N 5 72°C e 2 4E 1 10 min.
N EEH G, BUS pl PCR N P2 0 7E 1% B B i b e
Jie b kAT, TR AR R R . T B
H ¥ — PCRW), 6 & Lilg 4 T AR AR A7
X o

Fo o543 KH CodonCode Aligner # 1
X e AT T B R, 2 R 51 W X DL R T
H1), [F) I JE T B 5 2K ] SR A5 2 HMMer 33 B 25 % 5.8S
rDNA 128S rDNA, MM 3R 15 56 8 1 1TS2 F ] P 7% 5%
[ FEX Y, F MEGA 6.0 545 9% 5 1 7 5k T %
P F HLX 434, HF 25T (Kimura2-Parameter, K2P) X
AR T K ] AR $27% (neighbor joining, NJ), & & 4¢
HEALBE (1 000 ¥k & bootstrap 16 5 5% 73 1 L) o

X RIBERAEIE I %M E E 0 R,
F5 2 FRE 21 200 mg B T 100 mL 4+, I 70%
ZB% 40 mL, JF AL FE B 30 min, JEIT, JEE 50 mL
B, N 70% LB wEZE, $24], 0.45 pm JEfE T
e, BN15 .

SRR MRIBRAIHIE 7 kG SRR SR R BT T
5 B R AR R A X RS &, R N
BT 1) A S5 A BE 43 ) R 18.81.20.6415.7.5.1 pg-mL”
(R ERAN Xof B i 2, BB 5, A7 T4 °C N H -

B &Y ZORBAX SB-C, i ifi #f (250 mm x
4.6 mm, 5 um); W EN A N 0.05% R K (A)- 2N (B),
6 FE e it (0~5 min, 90%~88% A; 5~ 10 min, 88%~
84% A; 10~18 min, 84%~83.2% A; 18~28 min, 83.2%
A; 28~33 min, 83.2%~76% A; 33~38 min, 76% A;
38~48 min, 76%~74% A; 48~50 min, 74%~72% A,
50~55 min, 72%~60% A; 55~57 min, 60%~90% A;
57~60 min, 90% A); AFAEE 1.0 mL-min™'; #:3H 30 °C;
HEREE 10 pL; A2 I 280 nm.

B EE G EFER

KR FEEMIUE %8 K 147 (S8), 4% “ il i
TR I ) 287 T 1) & B A TR . 7EC B 2k 1R T
ISR 6 Uk, T AT 0 AH X R B B[R] RSD AIAH
XU A RSD o

HEM RERIE MK 6 4 (S8), 1% “ ik i
TR ) 46 00 ) 2 AR VAR, TR RS R,
TS A VAR X B9 B[R] RSD AR X U [ A RSD .

e FEEREUE SRR 14 (S8), 4% “ Al i
TV ) 1) 2% 7 T o) A P VAR, Al SRR TR
F0.2.4.6.8.10.12. 18 h#EFE 4347, 5 A5 0 AR %o
£ B3 B 8] RSD FAH X & [ #X RSD .

HABIER R INZABILE 24

IF MR FRIN 35 LI E A a4z AR I
F 1) T T ) 8 A T, AR 2 AR I D E,
W OIS K K ATA B -5 N 245 (0 48 20 R 1 A
AT R 58 (2012 )Y B A, LA S8 HF il 3 B Oy
Z MR QU T, N 1E] 7 0 B O 0.5 min, SR 2 R
1 1E J& Mark W H 2 VGBS £ 3745 S

AL 24 e IR EE (R) S
T, THEL 35 K S SR il ur IR SR 0 A LU .

HEZEIRA

2K 1 (cluster analysis, CA) L35 LIk 5 %4
FE ) 16 AN LA W g T A D9 48 &, 5 N Origin 2021
B, SR 2H TR) e, 1T W B DA R i R DU 2
BEAT CA.

% B 43 43 M7 (principal component analysis, PCA)
F Ry R TR AEAB AN 5 22 TUBR AR 43 AT DA 35 b ik &5 5 K
an TP 16 AN LA IR IR AU A4S &, 5\ SPSS 25.0 Fft,
BEAT Z-Score bR AL AL BE, BEAT PCA, LA L7 FFAEAE
KT 1 br e, BEAT B 50, TF BAH 0 R BOE BE VHF
TEAE AN TG Z TR . L3S HEIR B3 RE AL R i 16 N3t
AT &, 5\ SIMCA-14.1 4, 47 PCA.

i B¢ /N e 1 #1043 BT (partial least squares-dis-
criminant analysis, PLS-DA) At — 25 i %6 % 51 A1 [X.
G AR P 0 E 55 20 bR B R Ay, BA 35S HE IR A
16 > FL A g e 1] B 9 A8 B, S O\ SIMCA-14.1 81
4, 3E47 PLS-DA ZER 34T . 28 i B B (variable
importance in projection, VIP) {H J& i it 7 7 YL &4
() E BAR AR, VIPAEOR, 2 5 % . 8T $2 L PLS-
DA R b 16 > VIPAE, LA VIP > 1 ik 4, 15 21
Z AR EYI VIP 455 B .

HPLC EENMAEFER

LR REER FEEEI AN R IEB A 1.2,
3.4.5.6 mL, 737 B T AN 25 mL &5 e, i B R R
BRNE, B, 145 RYNRA XTI VE I R 2 %
FHIR Ao [ VA S &, RO SR A TR R
DL 73 i R (mg-mL) AREARFR (X)W TH AR 9
DNAEFR (), HEAT 2R 1B H, 45 21 4 > sy 1 1219 77 72
H&MIEH .

WEE R 2 mLIEA SR SER, £0
TR IR 4 Bl 6 X, T AR TR B D L
B SRR A T RSD.,

FREME KR PRIUE 598 K 147 (S8), #Z“fhildh
VR ) 27 TR 7 ) A AR A R, AR g SR
TR F 0.2.4.6-810. 1218 h BEFEIN &, T 5 4% S 1
BRI D B R AR R A (I AL RSD.
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HEM RERIE K 6 47 (S8), 1% “ ik it
TR ) 287 BT 7 92 4 A A T, TR B 2 1
TR 2 S HEREN 5, vH R SRR VR D B R
IR IR A 1Y & B FIRSD.

AR e A B FRECS %6 0 K 0.1¢ (S8), B A
FEHETEHE A, AT 64, 23 B I N 5 A4k 5 v v A AR R
FRFRACAT S 2 20 101 X R VA I, 2Bk i 1 I
)48 7 T i) 2% X R VR, TR BB SR TT 4 il ik
FEM R, TF 5% 573 F 22 DA [E1 Y 22 FI RSD o

&R
1 ITS2FE5I5#

KT RRIN Y IE T 35 4 T 5% M BRI IR
Fr 3, PCRI™ G R AN 7 D 535 8 100% - B Hyill
FP G, A3 2R R i ITS2 J52 41 K /Ny 494~499 bp, £
i 23 5.8S rDNA H128S rDNA X #% H R ¥ 51l )5, 56 %
R ITS2 7 41 K /N h 225 bp. JEit45 3 NG5 AL (HIL
H2 FlI H3), 4k 545 8y HT F1H2, K FE 3524 225 bp;
GC % 595 B A 54.67%- 55.11%- 55.56%; 17 1£ 2 A%
SEAL R, 2 R FEAE 106 47 UK T/C B 4, 195 A7 511
C/T#: e, #E—D UM, T4 1TS2 [7 FI BT, i
RAAL TN
2 BLAST:%

BLAST % &5 %5 #f il #EAT 25 5€ , K 5 [F B DNA
FIEAS 2 (CBOL) (8 M #r it . RHAI BLAST T H
Xt NCBIEHE 34T BLAST 48 2%, 4 SR 25 i) 157 41 (1 5t
VLY B AR HAE 44 5 51 WA i 2510 7 51 B
BT iR B bR Al . T8 XS 3 35 Hik Z56
ITS2 J [ J7 71 i3k 47 76 2 Le X, J3 21 1 A 0L 38 76
99.55% LA I, 45 FFFIRMEAE T 35 SEIRZG M FF it (1 22 Ji
YN C. tinctoria.

3 MENJEHARGE

XS A JE A AE A T LA 100 A, AR TR
UM AR YN R 5 S B T3 A b, FL IR L B R i
ZFEYIA KIE 493 (Coreopsis grandiflora Hogg.)«
Sl - 42 39 4§ (Coreopsis lanceolata L.)« KM 4 7% 5§
(Coreopsis major Watt.). = 4:¥% % (Coreopsis tripteris
L.) F5eM-4:38%4 (Coreopsis verticillata L.) %5 . i£3FEH
% $A5 T Coreopsis tinctoria-1 (H1)<Coreopsis tinctoria-
2 (H2)+ Coreopsis tinctoria-3 (H3) £ N5 % 751, X H
Q420 AN [F) SRR IR TTS2 Jp 41 i3k 47 58 38 7 I 4 3t
RGRER, R WE 1. mE A, T ITS2 741
RAE— e, M55 Fo At AH ST S P A AR 35 M 3 23 0T, 150 A
F 45 1TS2 [7° 51 a] LAAE Dy %00 5 % 5 HoAth 3 2 Fb A A7)
(2% TS 751

KM347932.1 Coreopsis lanceolata
AY553680.1 Coreopsis nuecensoides
KM347929.1 Coreopsis basalis
KM347934.1 Coreopsis pubescens
KM347945.1 Coreopsis lanceolata
KY968882.1 Coreopsis lanceolata
KM347918.1 Coreopsis lanceolata
MG218412.1 Coreopsis lanceolata
KM347924.1 Coreopsis lanceolata
KM347946.1 Coreopsis lanceolata
KM347920.1 Coreopsis lanceolata
KM347914.1 Coreopsis lanceolata
KM347927.1 Coreopsis lanceolata
KM347923.1 Coreopsis lanceolata
KM347926.1 Coreopsis lanceolata

65 KM347944.1 Coreopsis lanceolata
KM347942.1 Coreopsis lanceolata
KM347947.1 Coreopsis lanceolata
KY968943.1 Coreopsis lanceolata
KM347921.1 Coreopsis lanceolata
KM347940.1 Coreopsis lanceolata
KM347941.1 Coreopsis lanceolata
S KM347943.1 Coreopsis lanceolata
B KM347922.1 Coreopsis lanceolata
KM347925.1 Coreopsis grandiflora
KM347931.1 Coreopsis grandiflora
KM347913.1 Coreopsis grandiflora
MG219458.1 Coreopsis grandiflora
KM347928.1 Coreopsis grandiflora
MG220101.1 Coreopsis grandiflora
KY968944.1 Coreopsis grandiflora

AY553704.1 Coreopsis nuecensis
Coreopsis tinctoria-1
Coreopsis tinctoria-2
Coreopsis tinctoria-3

AY553698.1 Coreopsis paludosa
MG217699.1 Coreopsis rosea
KM347938.1 Coreopsis rosea
'Y553686.1 Coreopsis gladiata
83— AY553668.1 Coreopsis linifolia
7 AY553666.1 Coreopsis integrifolia
MF349045.1 Coreopsis tripteris
KM347936.1 Coreopsis tripteris
KM347917.1 Coreopsis tripteris
MG219953.1 Coreopsis tripteris
KM347937.1 Coreopsis major
64| KM347911.1 Coreopsis major
131MG219946.1 Coreopsis verticillata
MG219019.1 Coreopsis verticillata
KM347912.1 Coreopsis delphiniifolia
KM347915.1 Coreopsis latifolia
9 KM347933.1 Coreopsis latifolia

51

98

— KM347930.1 Coreopsis auriculata
0.005
Figure 1 Construction of evolutionary tree of closely related

species of Coreopsis tinctoria Nutt.

4 BYEEFEFER
4.1 BEE &I WEAE XS OR B A R A X U i AR
RSD A /N T 5%, R WAHE 58 HT FH BOAC#s KRS % T R
it
42 EEM I WA XS OR B I R RAE X U T AR
RSD{E /N T 5%, RW1ZIT LR LM RIF
43 REM

A FL A U AR DR B AR [ IR X U T AR RSD A 34
INT 5%, 32 B AR IR VA RTE EE IR CE 18 h N AR E 1
RIf.
4.4 EBUENEMEISIRSH 35SHIRZIM I HPLC &
TnHe s B S A 158 50 A H o IR R S S, UL 2A. T8
o 50t R B, SRS S TR DA 4 N i, 550
SR8 S AHIELE 1SN HEF 125 RS
JRIR A, T4 NHE SVE T HPLC (i 1, W& 2B. 3541
RETH 16 > LA 48 SL I (1) I T AR RSD 2 22.91% ~
67.50%, & BAEHLIR 245 M 1 B A7 AE — 58 2200 .
4.5 FEMESH HPLC & SIS AL 43 b 45 R vl
i, S1~S35 YRR b AT IR A5 G0 1 FE LR S
il 9 0.936~0.998, B {4 FH AL B2 B0 S21 5 0 48 4L
P 49 L ABLRE B A, 4 0.936, S20 5 5%+ R 48 S0 B 1)
AEALRE % 1, 9 0.998.
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f/min

Figure 2 Fingerprints of 35 batches of C. tinctoria. A: HPLC

fingerprint of 15 batches of C. tinctoria and reference; B: HPLC
chromatogram of mixed standards. 5: Chlorogenic acid; 8: Flava-
nomarein; 11: Marein; 12: Isochlorogenic acid A; 1-4, 6-7, 9, 10,
13-16: Unkonwn
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Figure 3 Integrated cluster heatmap and principal component analysis plot of C. tinctoria. A: Cluster heat map analysis of C. tinctoria;

B: PCA lithotripsy diagram of C. tinctoria; C: Plot of PCA scores of C. tinctoria. PCA: Principal component analysis
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Table 2 Principal component (PC) eigenvalues and contribution

. Variance contribution Cumulative variance
PC Eigenvalue

rate/% contribution rate/%
1 5915 36.970 36.970
2 3.163 19.767 56.737
3 1.968 12.297 69.034
4 1.505 9.404 78.438
5 1.042 6.515 84.953

W, K F EUIOE 3540 e R T7 2R IE S g, 154K 25 IR
JEAF 3 o AT R, b S 1 s R T
kg 4.8.9 11 {5 R, 52 sy FE R T 3k
2,15 16 P15 2, 553 F i R B RBLT (kg s,
6.7 13 145 R, B84 F i F BB T i 1.3,
10 1215 5.
5.3 PLS-DA PLS-DA 4R ILE 4A, PLS-DA
BORFEZAEALR R2X (cum) = 0.603, R*Y (cum) = 0.606,
O’ (cum) = 0.359, & B UL A 1) RN AR A B A 30 10 i
R R, (H TR0 P BB ) CEER, SIS IE i AR A YA I
GG, BEHLHES 200 VXS A 56, 19 8 Bk ie 45
UL 4B, 45 B3R RP A QP R R 2R AL R KT 0, H
R*A Oy [a] I 22 A% PE 4 0.198 F1-0.288, & B # AU AN 17
WA RS, PLS-DA 157> K45 B % B 35 it 2544
FES# 5> 8 325, PLS-DA 455 5 CA.PCA &5 R —2], it
—3BIRAE T CA I PCA 145
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[ AR 53 J ], PLS-DA #5716 /4% 2 B B M R (il
B VIP 155> B, WK 4C, 1370 W& 3. 433 VIP > 1242
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Figure 4 PLS-DA score plot for 35 batches of C. tinctoria. A:
Plot of PLS-DA scores of C. tinctoria; B: Plot of PLS-DA replace-
ment test results of C. tinctoria; C: Distribution map of PLS-DA
VIP values of C. tinctoria. PLS-DA: Partial least squares-discrimi-

nant analysis; VIP: Variable importance in projection

Table 3  VIP scores of PLS-DA of 16 chromatographic peaks.
*The peak numbers are arranged in descending order of VIP
values. Variables with VIP values greater than 1 are generally
recognized as having a significant contribution to the classification

and discrimination of the model

Peak number VIP Peak number VIP
16 1.363 3 7 0.995 212
15 1.355 63 9 0.969 622
4 1.1614 3 0.875 233
5 1.153 1 2 0.781 712
10 1.142 18 14 0.759 834
8 1.091 22 1 0.676 328
11 1.089 64 6 0.636 806
12 1.043 13 13 0.326 196

6.5 MHELEKER SER.EFEET. DEYT . BEE
T2 A BP9 e B W20 5118 98.27.97.95%103.45%
104.00%, RSD 735115 2.39%.1.76%4.81%2.46% .
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Table 4 Results of a linear relationship investigation of 4 index components of C. tinctoria

Compound Equation R’ Range/ug-mL"
Chlorogenic acid Y =364.6X - 134.27 0.999 4 30.080-180.480
Flavanomarein Y =445.84X - 45.669 0.999 5 25.120-150.720
Marein Y =1238.22X-31.192 1.000 0 32.960-197.760
Isochlorogenic acid A Y =133.23X~-72.799 0.999 3 8.160-48.960

6.6 MREEME ISHLTHFEN B &R 10 &
AHERNRS G EEET SRF. R
R A BT 2 B9 M 0.860~7.504.3.368~19.182.
19.719~83.492.2.039~12.568 mg-g", $& 7~ A [ Ik Ik
PR SR RS EE R .

Table 5 Content determination results of 4 components in 35

batches of C. tinctoria

Mass fraction/mg- g’

Sample Chlorogenic X . Isochlorogenic

No. N Flavanomarein ~ Marein i

acid acid A
S1 1.026 9.139 52.696 2.135
S2 5.293 10.622 60.828 8.937
S3 5.188 11.289 52.863 7.450
S4 4.101 19.182 83.492 4.644
S5 5.926 8.849 52.750 9.287
S6 1.752 9.673 38.723 6.937
S7 3.090 9.223 45.747 7.683
S8 3.136 9.598 50.865 12.568
S9 3.959 8.855 39.043 9.188
S10 1.714 8.586 44.878 6.597
S11 1.567 6.322 34.268 6.926
S12 1.090 4.878 25.220 4.646
S13 2.784 4.792 29.507 7.443
S14 4.116 11.062 50.374 10.304
S15 2.264 9.140 51.118 8.008
S16 3.213 11.222 54.774 7.702
S17 1.835 7.687 44.638 4.742
S18 1.755 9.242 45.908 3.429
S19 3.547 7.497 36.848 9.645
S20 1.026 3.638 19.719 3.636
S21 2.661 8.017 38.887 6.881
S22 0.860 5.926 24.952 3.936
S23 1.387 11.476 47.135 6.612
S24 2.555 9.571 41.820 7.591
S25 2.509 7.167 44.271 4.172
S26 1.780 3.368 23.989 7.092
S27 0.873 7.836 46.335 2.039
S28 2.507 5.828 33.452 8.860
S29 2.206 7.143 50.695 2.076
S30 4.535 11.919 49.954 10.671
S31 7.504 9.193 51.647 5.355
S32 3.470 9.626 54.166 9.221
S33 1.312 13.520 38.397 4.535
S34 1.987 11.328 54.500 5.105
S35 4.705 5.851 29.200 9.757

g
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