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EHIRUL—Z4H (Full-MS) F1Z N W (multiple reaction monitoring, MRM) 2 FiREERI T AR L A1) 77 L UPLC-QQQ-
MS/MS $e8CEE LA, SRAHFARZEATALE Y. LA ThermoFisher Accucore™ Cig (a4 (100 mm X 3.0 mm, 2.6
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producing areas, the fingerprint of 18 varieties of F. tataricum was established, and rutin was used as internal standard. At the same
time, the contents of trigonelline, epicatechin, kauniferol-3-O-rutinoside, quercetin, kaempferol and emodin were determined by
The UPLC-QQQ-MS/MS fingerprint
common pattern was established by using UPLC-QQQ-MS/MS for the first time by combining two acquisition modes: Full-MS and

quantitative analysis of multi-components by single-marker (QAMS) method. Methods

multiple reaction monitoring (MRM). The similarity was evaluated by angle cosine method. The chromatography was performed on
ThermoFisher Accucore™ Cig column (100 mm x 3.0 mm, 2.6 um). The mobile phase was acetonitrile-0.1% formic acid aqueous
solution, the flow rate was 0.3 mL/min, the column temperature was 30 ‘C, and the gradient elution was performed. With rutin as the
internal standard, the relative correction factors (fsx) of other six index components in buckwheat were established to calculate the
amount of each component to be measured, and the calculated values of QAMS were compared with the measured values of external
standard method (ESM) to verify the accuracy of QAMS and the suitability of the method. Cluster analysis, principal component
analysis and other stoichiometric methods were used to analyze the content differences of 18 varieties of F. tataricum. Results The
UPLC-QQQ-MS/MS fingerprint of F. tataricum was established, and 15 common peaks were identified in Full-MS scanning mode,
and the similarity between varieties ranged from 0.399 to 0.973. At the same time, the peak identification of seven index components
such as rutin was carried out by MRM scanning mode combined with reference substances. The fsx reproducibility of rutin was good
with trigonelline, epicatechin, kaempferol-3-o rutin, quercetin, kaempferol and emodin was 0.283, 1.338, 0.654, 1.162, 8.509 and
0.709, respectively. There was no significant difference between the content of seven indexes in 18 varieties of F. tataricum measured
by QAMS and the measured value of ESM (P>0.05). The results of stoichiometric analysis showed that: Rutin, kauniferol-3-O-
rutinoside and kauniferol were the main potential markers affecting the quality of F. tataricum. The F. tataricum producing areas with
relatively high quality ranking were mainly concentrated in southwest China where the altitude was high, the light was strong and the
temperature difference between day and night was large, while Qiaoza-2, Zongtian-2 and Tongqiao-1 with obvious fingerprint similarity
differences were ranked the last three. Conclusion The established fingerprint combined with QAMS is simple, feasible, accurate
and the stoichiometric analysis method is comprehensive and objective, which can provide reference and basis for quality evaluation
and quality control of F. tataricum.

Key words: Fagopyrum tataricum (L.) Gaertn.; fingerprint; QAMS; Full-MS; MRM; chemical metrology; rutin; trigonelline;

epicatechin; kaempferol-3-O-rutin; quercetin; kaempferol; emodin
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(quality marker, Q-Marker) X —# &0, Fx

MS/MS FREUEIEN, SR RIREE . SEInmAL. &
NUERHIG R 1) “ IR 5 R BHATER G VHE.
PArp PR B IX BT R Ak, BEAT DL
PO, B RBUZR. TN 2 BAE Y S S



inese Traditional an, eroba rugs une vol. 0.
202446 A #5588 B 11 Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

« 3857 »

Fo DMORBEARAIRSE . (Ol o B8 BERAF . AR IR
IR TAE RN ARY), L —MZ % (quantitative
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TSQ-Fortis 7 = R AH - = 2 PY AT 98053 8k
ACCHEBR WL R B IR 7] s (i : Accucore™
Cis (100 mmX3.0 mm, 2.6 pm), Acquity BEH Cis

(100 mm X3.0 mm, 2.6 um), SunFire™ Cis (150
mmX3.0mm, 2.6 um); AR224CN B+ 52—
PRSP (RZEHXERARAFD; JDUT-2 B
TEVENL ORI RH A IR A FD.
1.2 k%A

18 A fh Pl ey 722 48 T K 5 AR 5L B %58 N
BRHEYIE FRE F tataricum LR T, HAKE B
1 HRESE AR T LEm-3-0-2=F b
T M Z AL R I B AR S5 AR R A R
], #5454 DST200610-040, DSTDL001701 .
MUST-21040704. H-009-140. DSTDS005601, Jii &
TP =98%; MK ER . R LRI B R
R AERHA R AR, #5754 J0610AS.
N1106AS, Jii &%) =98%; Mg Ntital, KA
Ji B R4l iK

®1 BITEMEFREHRER

Table 1 Information of 18 F. tataricum samples

T o e KR [R] Eihel p FEHb KL E]
S1 B 2 5 A 4 2023-09 S10 RBE1S Mo =paa) 2023-09
S2 25 RERupiN 2023-08 S11 N 35 TS ELIK 2023-09
S3 JFF 15 R 4 2023-09 S12 il 2 5 gl 2023-08
S4 25 PPN 2023-08 S13 7K Py i 2023-07
S5 EE 15 v i 2023-08 S14 B85 ST 2023-09
S6 HFE1 5 HNHE 2022-08 S15 FR2 T I VG A A 2023-08
S7 HE1S Ll 7 K5 2023-08 S16 g 2 5 UM T FAE 2023-08
S8 K535 = R 2022-08 S17 WFE1 T WS Bl 2023-08
S9 EIHF2 5 IIViEpNE] 2023-09 S18 PiF 15 YA 4 2023-09

2 FHEEHR

2.1 1RYENEEL

2.1.1 RGN SEBRHS R IR T
B, RILA R ILEM-3-0- =& M it
. EMACRE R G, ETERTS, H
F VA O 8 4, RS B B 23 il o 1.018
0.508. 0.508. 0.509. 1.012. 0.509. 0.507 mg/mL ]
X B AR T RS R 1 mL & TR —
10 mL &, B EARZE, WmREHT
101.8 ug/mL. #i/™ BB 50.8 pg/mL. F LA 50.8
pg/mL. ILIZEM-3-0-ZFHH 50.9 pg/mL. # R
101.2 pg/mL. hZ® 50.9 pg/mL FIKFZE 50.7
ug/mL (VR A X IR SV K LR TR A X IR A TR
H 5 fEMBERBE RN 7 MAREREIRE, T 4 CHR
17, %M.

212 AHAAEmHl S IS RAEFEER R GF 5

S50 0.4 g, FEEFE, BT 10mL £IEH, A 75%
CFEHE A 30 min, JHEZIRAH, FLL75%8
EREZIE, $51, 022 um FALIERERER, B T3k
NI o

2.1.3 g% KA Accucore™ Cig itk (100
mmX3.0mm, 2.6um), FE 35 C, FshHHN 0.1%
HRK (A -2 (B), 0~15min, 10%~95% B;
15~18 min, 95% B; AR E N 0.3 mL/min, EFE
= 5 ul.

214 FUk M REMNA: Full-MS 5 MRM
H45 G s Full-MS #5272 R LG [ : m/z 100~
1000; &FU§ ESI; MM E. fEFENE
;s ZARIREE 350 C; B FAEME IR 350 C; 4
A BV FHRAEFIRE 08 35, 124 2 arb;
BTG HE: +3 500V, —3 500 V. %5 MRM
BN A SR 2, SR TFRELE 1.



- 3858 - ¢ EB 20244E6 5 B55% H1H  Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11
*2 FNRS RIS
Table 2 Mass spectrometry detection parameters of components to be tested
HE) HEE S BT (m) FET (m/z2) g RE R/ REHRENV  EhseE
P U 609.000 271.000 55.00 115 EME
BT 609.000 300.000 35.58 115 JE i
w7 EET 138.000 92.000 20.75 24 EME
EET 138.000 120.000 16.46 24 JE i
FILER U 289.088 245.054 13.13 64 EME
BT 289.088 203.054 17.85 64 E i
LB -3-0- 25 F T U 593.212 255.000 52.01 116 EME
BT 593.212 285.071 29.18 116 E I
it B 3% U 301.000 150.970 19.66 88 EME
BT 301.000 178.917 16.50 88 E i
1L 251 U 285.000 187.000 27.28 89 EME
BT 285.000 239.000 2631 89 JE i
KEHR U 269.000 225.000 24.50 77 EME
BT 269.000 241.000 25.64 77 E i
i a5 W5 R A A T SR 1) 04 24 4. 6. 12, 24
_L 3J L? & o A h R, THEAS 3 &G WA R DR B B[R] B A X U
U s T RSD #<<1.98%, RUIHLAMIAMLE 240
R N 7 Fasi P RLAF
] 2 1. f6 ; C 217 EEWKE HGEFREEM (S3) , &R
1 L - 7 — “2.1.27 TUR i PAT A% 6 A HEal s, fR e
P W5 SR T, T A B S A AR X AR
0 5 a4 e s o o 14 s 18 B B 7] ARG THIAR 1) RSD #)<1.73%, F W%
t/min

A-RA XIS TR A B-AHAMRTE Full-MS AR i
TR C-HER M AE MRM F# 5T 108 Tl DA E
L-BHPT B 2-RILRER: 37 T 4- L M-3-0- S/ 5
W& 6-lLiEEm; 7-KEE.
A-total ion flow diagram of mixed standard product; B-ion flow
diagram of test product in Full-MS scanning mode; C-ion flow
diagram of test product in MRM scanning mode; D-instrument blank;
1-trigonelline; 2-epicatechin; 3-rutin; 4-kaempferol-3-O-rutinoside; 5-
quercetin; 6-kaempferol; 7-emodin.
1 RBETRE
Fig. 1 Total ion flow diagram
2.1.5 MEEERR IR FEEZMM (S3) , 2
“2.1.27 TR I SR 1 6, 152,107
UK (il 5 Pk 2 R A BERE 6 Ik, THRAR B3
AW R 3 DR B IR ) A2 RH S 0 i AR ) RSD 4 <
1.81%, RYMAHEH L RLF
2.1.6 FoEMEIAR  WCEFEEMM (S3) , M
“2.1.27 BUN TP & ALl AR 1 0y, IR 6

FEGMERLT,

2.1.8 fROUEEE L AR VR R IR 18
A PR FR AR (S1~S18) % SuL A
R e G - = DU AT T 1 B A, 42 FR € 1 R o
WA AT I . ST T AN S AR FR S UPLC-
QQQ-MS/MS REEIE R ILARA, £ Full-MS
R IFRIN T 15 MEEE, WE 2-A B,
A VUG IR L P 30 LA U THI AN 25 S 35K, RSD
1E 25.780%~252.106%. >KF MRM it 454
SR H A 1. 3. 5. 6. 8~10 HEAT T HRIA,
SRS TE N R, RILEER AT ILEH-3-
O-ZE&/WEL. MR, &M, KK, WK 2-B
Fime LA S13 FER BB TR EC A S RIERE, KA
SR AR BRIEXS - Py TR 1 [ (8] A AR AL FE AT T
PEARTOL, 18 ANAN[R] 77 Hiu AT S5 1 785 5 2 R Ak 22 ik
SARAELE 0.399~0.973, W% 3. H, 15 Rl
A AR UEE R E 0.707 LA L, R4 KAE B v bk,
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LB B 3-RILEE: 5T 6-LLZM-3-O- =/t 8-Mit e &: 9-Ii&m; 10-KH &,

1-trigonelline; 3-epicatechin; 5-rutin; 6-kaempferol-3-O-rutin; 8-quercetin; 9-kaempferol; 10-emodin.

2 18 NMBMEFRELE Full-MS (A) 1 MRM (B) &3 TH) UPLC-QQQ-MS/MS 54 [l
Fig. 2 UPLC-QQQ-MS/MS fingerprint of 18 varieties of F. tataricum in Full-MS (A) and MRM (B) mode

2.5X10% =

2.0X10% -

1.5X10%

1.0X 108 =

TP AL IR (e

0.5X10%

() -
1 23456 7 8 9101112131415
SeAyide

3 BEMEFE 15 MEBIEIEERNG N
Fig. 3 Peak area response of 15 common peaks of
different varieties of F. tataricum
#£3 TRSEMEFRE Full-MS ==X T UPLC-QQQ-
MS/MS #5427 EIEFR 0L
Table 4 Similarity of fingerprints of UPLC-QQQ-MS/MS

in Full-MS mode of different varieties of F tataricum

FE d g 5 FHALAEE P it i 5 QEkYES
SI 0.973 S10 0.930
S2 0.895 S11 0.923
S3 0.707 S12 0.881
S4 0.879 S13 1.000
S5 0.886 S14 0.973
S6 0.962 S15 0.425
S7 0.980 S16 0.399
S8 0.957 S17 0.412
S9 0.874 S18 0.936

SUMBIFE. NEEEILMFRER 2 5. 456 2 SHE
7F 1 SRS, 7E 0.399~0.425,

2.2 IEFRER 5T BNE

221 MESFISEAMSE FH “2.1.37 “2.1.47 TR,

222 MRS [ “2.1.27 TR
223 ISR HEIE [ “2.1.17 TR
224 BMERFRFEH R ERI “2.17 BK 7
ANANTR] o R TR A R TR TR S uL, FE i
TS S0 52, DA R b 5 s iR B R AL bR (X,
WETHAUA AR ER (V), 227 T # Eak. &I)L
FE WLWEM-3-O-ZFREE. WK E. LEMmAK
BRI 2, BEATARERDT, 15305 R 1 B
AR R MEIE L, SRR, KT 0.999 0,
ERIFEMHXR. W% 4 PR,

225 FEEERK BRSO IR A OE 8 R
6 X, Mg AT BB, RILFEER ILE
Wy-3-O-Z=FHEH . Mt =L L 2SIy AR 3 IR T
A, H RSD {43 51N 0.83%- 1.34%- 1.67%- 1.51%-
1.21%-+ 1.98%- 1.09%, $5/NT 2%; R
EX=T8

226 HEEMWHE FWEMEHIT 1 SHEML 0.4

R4 EFREZPTMERRONEME XA
Table 4 Linear relationship of seven index components in

FE tataricum

e [ElH A ro B (ugmL)
BT Y=37696 X+8693.9 0.9997  0.007~101.800
A Y=134650 X+19341 0.999 1  0.003~50.800
RIER Y=27900 X+38202 09997  0.003~50.800
& -3-0-EFRT Y=58564 X+8221 09997  0.003~50.900
&S Y=33926 X+4093.6 0.9998  0.006~101.200
& Y=4572.6 X+126.09 09997  0.003~50.900
KER Y=52036X+3733.1 09993  0.003~50.700
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g, % “2.1.27 WUR 7 PATHIE 6 Bt i I R
MEH AT O RILEER. LEm-3-0-
EEPEE . MR R I EBMAT R WS, K
RSD 1H 5 54 1.21%+1.09%- 1.81%+ 1.69%- 1.28%-
1.33%- 1.04%, ¥J/NT 2%; RP|FEEL R
227 FoEtERALe REMETE 1 SN 04
g, % “2.1.27 BUR 77 i & AR im0 T
%5 04 24 4. 8. 12, 24. 48h HEFE, Wl Hod
TR, RILFE. LEM-3-0-EFH .
iR 25 L 2Ry AR B R (s T AR, RSD B 23931
N 1.31%- 1.34%. 0.98%- 1.93%. 1.60%. 1.79%-
0.89%, ¥J/INT 2%; FKUIMLK M IERAE 48 h WA
EPERIF .
228 MFERICERRL  R% e Ol E & 1855
B ERITEFE 1 SR 0.2 g, “PATHIE 6 1,
DAL R - IR (1 1) MBI — & &1
X BRI, 4% 2.1.27 TR 5 i ) A5 S A
Mg For 7 B R e T AR, 5 & B3 1
BIInARE ISR DL R RSD. S5 57 T L #i Bl %
LR E . LM -3-0-Z=F/PEHE . MR LA
KBRS B m A B U Z 2 0 8 101.22% -
103.00%- 101.44%. 102.32%-. 102.99%. 99.77%-
100.34%; RSD 1H5r 3N 1.49%. 1.08%-. 1.94%.
1.35%. 1.27%-. 0.88%- 1.04%, ¥&/NT 2%. FH
AT AR R
2.3 QAMS f53kiET
231 MXMEIEHET () BIHFE S0 EE
FELEPEVE N 5 e AR e b sk, B =4,
SRERIEH T, WHRERD TR, 4 KRG
fHe AT () fEANSYIR EFRZEH 6 Fif 2%
B AT R, REE A L ENEYE T (9
gL (B). RILFKER (O, ILZM-3-0-5F
H (D). HiEER (B). il (F) fERER (G) 2
[EIFRT fowo

Sax=filfi=AxCs/AsCx

*6 BITHIT fir

K G G IREASY SRR FTEIRE, Ao Ax 55
REH S SHE R IETIAYED

B “2.17 TR 7 ANAN A 5T B A FE R VR % HE
PRVETR, e AIERE S, MR AT BT A, R
LR WM -3-0-EFEE . Wk R LZEmA
KB, VU T AN, 705 6
RPN RS> 55T ZI60 00 for SERIE 5. BEHiFT
B RILAER . (LEM-3-0-EF M. #HE &R,
2R R 57T 1 for 70104 0.2831 1.338.
0.654. 1.162. 8.509. 0.709.

®5 6 MBI SETH fox

Table 5 Six index components with fsx of rutin

Y5 fsmB Jfsic Jfsm JSE fSF fsiG
1 0.280 1.351 0.644 1.112 8.246 0.724
2 0.271 1336 0.637 1.132 8.602 0.749
3 0.300 1.321 0.615 1.186 8.899 0.727
4 0.272 1.416 0.694 1.178 8.107 0.663
5 0.292 1311 0.654 1.181 8.590 0.677
6 0.286 1.290 0.658 1.216 8.806 0.718
7 0.283 1.339 0.676 1.131 8.310 0.707
FH{E 0283 1338 0.654 1.162  8.509 0.709
RSD/% 3.677 2.987 3.953 3.232 3479 4219

232 fox i FATEE 5

(1) AFEETEFXS for BFIFENE: R TSQ-Fortis
B e OB - — L DU AT R R G, 7 % T
Accucore™ Cjs. Acquity BEH Ci3 Al SunFire™ Cy53
FRAS RIS AL e R X6 6 BRI 5 fon HIRSTN, 45
RO 6. KEHHELL. RILKEER. LEM-3-0-
EER. MR R LEBMAKERESNSYE T
] for TEANFSRAI AR R EDE R L, RSD 7F
0.332%~1.930%-

(2) ANFFEEXT for KISEME: KA TSQ-Fortis
M A - = E KA B RS
Accucore™ Cig ta il f, 43 % 52 1 A [A AL IR AT

SEA

Table 6 Effect of chromatographic column on fsx

SR fsm fsic fso SSE IS fsiG
Accucore™ Ci3g 0.286 1.343 0.643 1.145 8.576 0.727
Acquity BEH Cis 0.284 1.296 0.655 1.139 8.718 0.715
SunFire™ Cig 0.282 1.337 0.662 1.138 8.553 0.703
SEIE 0.284 1.325 0.653 1.141 8.616 0.715
RSD/% 0.704 1.930 1.470 0.332 1.037 1.678
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6 FHREII o fore HIRE T, S5 ILER 7. R
AR, RILA R B -3-0-ZEF&MH . M
K. WEMMRKERSNSE T fo £
[ R N EBME R4, RSD 7F 1.204%~3.460%

(3) AFEEFUREXS fir FIEZI: KM TSQ-
Fortis 8 & R AH - = 2 U AT B R 48
Accucore™ Cg A AE, 30 CHIE TN, Rl EgT
AN FERFRGE XS 6 FPARFII ALY for HISZIR, 25 50
* 8. BB M. RILFER. LEM-3-0-£F&
V. MR WEMMRKERENST T fu

EAFEERRE T EIMM R L, RSD £ 0.847%~
2.518%.

2.3.3 Rl ety 2.1 I R ARG
HEAIA, 53 3IRH Accucore™ Cis Acquity BEH Cis-
SunFire™Cs3 P S G, M H TR & ARl R o
SNSY T AR (R FUREERTZ (AD,
W 9. 100 SR B RAFERER: NSRRI BAHI R
WEEUIN, RSD 1E 0.153%~0.966%; 111 #5450 5[]
() At JEENREK, RSD 7E 0.729%~3.135%; i8] R 5
EE TN QAMS A IIEN .

RT IR for BTN

Table 7 Effect of column temperature on f/x

R/ C fsB fsic fsp SSE fSF fsic
30 0.279 1.401 0.637 1.144 8.232 0.724
35 0.281 1.384 0.659 1.194 8.673 0.718
40 0.288 1.312 0.645 1.159 8.351 0.707

T fE 0.283 1.366 0.647 1.166 8.419 0.716

RSD/% 1.672 3.460 1.721 2.201 2.710 1.204

#8 AREMAFUREIT fix BIRNT
Table 8 Effect of flow rates on fx
RFR B/ (mL-min™") fsm fsic fso SSE SSF fsiG
0.2 0.276 1.317 0.639 1.154 8.389 0.733
0.3 0.277 1.304 0.659 1.197 8.756 0.714
0.4 0.283 1.295 0.660 1.141 8.421 0.718
“PEME 0.279 1.305 0.653 1.164 8.522 0.722
RSD/% 1.359 0.847 1.815 2.518 2.385 1.388

®9 TRBIEHTHUNRIHEIBIEEMN-R L

Table 9 Location of chromatographic peaks of components measured under different chromatographic columns-R method

B RsB Rsic Rsp Rse RsiF RsiG
Accucore™ Cis 0.263 1.032 3.094 1.293 1.375 1.135
Acquity BEH Cs 0.263 1.024 3.126 1.292 1372 1.135
SunFire™ Cis 0.260 1.040 3.147 1.271 1.368 1.132
1 0.262 1.032 3.122 1.285 1.372 1.134
RSD/% 0.661 0.775 0.855 0.966 0.256 0.153

* 10 TRIGEETHFMNRSHEIBIEEN A

Table 10 Location of chromatographic peaks of components measured under different chromatographic columns Az method

ik Ats/B Atsic Atsip Atsie Ats/p Ats/G
Accucore™ Cis 3.470 3.430 0.750 0.410 2330 3.280
Acquity BEH Cis 3.480 3.450 0.750 0.410 2.320 3.270
SunFire™ Cis 3.530 3.480 0.710 0.390 2.290 3.220
FEIE 3.493 3.453 0.737 0.403 2313 3.257
RSD/% 0.920 0.729 3.135 1.155 0.900 0.987
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234 QAMS % 54Mrik (external standard method,
ESM) MELERATEEL B 18 AN R 2 il 4%
“2.27 BURHl AN, B BT R R
ESM & iy 7522 11 7 Pl b i s i) 7 i, SR SPSS
BATXE 2 FhJ7 A B s AT R EL A, BeiE
QAMS VERJHERAPERITTATIE . 2R ILIE 4, 2 Fio7ik
HEELEEEZER (P>0.05), EHAR AT
0.08 P

0.06
0.04
0.02

0
025 - RILKEER
0.20 A
0.15 A
0.10 A
0.05 A

A/ (mg g ™)

i

i

J RSy BU/(mg-g ")

0.08 1 KA

0.06 A

H/(mg-g™)

0.04 4

éj\

0.02 4.

S1 82 83 S4 S5 S6 S7 S8 S9S10S11 812813 S14 515816517818
e S

B (mgg ™)

B H/(mg-g™")

i

vs

(1) QAMS VZEL A BT IHERA AT AT
2.4 BRAESH

FIFH SPSS 27.0.1 A, LA 18 AN b 722
TANRER AT S BN AR B, AL “18X T Y R A
IR R, SR BRI 25T Ward RI90HT .
WK s Fras, MBRIREEES N 10 B, 18 AP i
KEsr N335, B S1. S3~S8. S13. S14. SI18 N

25 fy-3-0- =

12 = ESM
0.9 QAMS

il

1l 22

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11 S12S13 S14 815816 S17 S18
iy

El4 QAMS 5 ESM {S{EXTEE
Fig. 4 Comparison of QAMS and ESM values
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5 18 M mfhiEFERARKE
Fig. 5 Dendrogram from hierarchical cluster for 18
varieties of F. tataricum

2%, S2. S9~S12 NIIZK, S15~S17 NI, 25,
ISR S5UIEZRA L, MZEROR, Al EHEET X 7. H

R PRE TR MG BT R, EAIIZEERE f
o FEAE P TEDY ) Bt 5 R LR RS

o PSR . R RRSE R TIRAE ok B B
PEAIARS ST BTPRAI N 58 0800 . SEIR 25 R,
AN = Hboed FLRT R RO, o R 2 S AE SR
1 SREBFANZY, HHERER S EER
BK.

25 EM5 454 (principal component analysis,
PCA)

BT 7 MR R, LA QAMS WETHEE
NAZE, R SPSS27.0.1 B, F A 4Ty 2k
ITHEF 2 Hr, BL“RMEE >17 bsdE, 1283 2
A F R, HBEINTT ZTTERE N 85.223% . F K5
BT R MR ARRE T 7 MR BRI XA FE A B DT RR
RAGE, HONHEBR, X355 1 5Tk R,
DR 1. dhAh, R 127750, E8S 146 T 1
25y M R ORI RAEE S B EE G, =
B 2 AERE T T« & -3-0- =/ P H IR
LA R EE(E L. @ik SIMCA 14.1 AR AL
PCA BV K], 25 R BIRFEFEREHE 2 >3 s
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Table 11 Eigenvalues and variance contribution rates of

£ EEMBIEESHERRE

principal components

Ty RRIEE T ETTRE/ % RBTE TR/ %
1 4.355 62.211 62.211
2 1.611 23.012 85.223
3 0.612 8.740 93.963
4 0.233 3.327 97.290
5 0.125 1.781 99.070
6 0.048 0.692 99.763
7 0.017 0.237 100.000

®12 nEEEERIERS HEER

Table 12 Load matrix of principal components

TR T 1 TG 2

L 2= 0.977 0.113
iR 2 0.901 0.338
KEHR 0.892

E P O 0.672 0.230
T 0.123 0.978
L Z5Wy-3-0-ZE B HE 0.151 0.965
RILKER -0.579 -0.712

R HARHE N 0.1

“—" indicates that its absolute value is less than 0.1.
(R?y=0.852), 18 MFE i s A fE IEH JE Y
FER R i R PRI, &l 6 Bro. PCA 1377
BIER, 18 MNEFEFRZIN Al 0| 3 28, FF i sl
(1] BE K, SREHIX 2 ANFE S 2 (8] ) FE bR o
BEEFME, S3. S5. S8 ZIAIM I EE,
Y HIX 3 A A 7R 22 I FR AR o B AR, S4.
S9. S15~S17 WA FERR, RBEHIX 5 A i Fly
FEMIGPR R & B ER R, NI 5 FFE R

A
34
2.
S17
o 1 48164815
R
& 07
H o]
724
_3.
_4 Y r . y o
-6 -4 -2 2 4

0
ERG 1
R2{1]1=0.622 R2,{2]=0.23 Ellipse: Hotelling’s 72 (95%)

6 18 MRMETRZ PCA BHE
Fig. 6 PCA scores plot of 18 varieties of £ zzzaricum

IR ALEE S

26 IEXmEm/NZFRE-FIF 5 Corthogonal
partial least squares-discriminant analysis, OPLS-
DA)

ERFERT 18 A Sl ey 5 22 it & 5 e 5K IR
PR, FEGERT SIMCA 14.1 54433847 OPLS-DA .
DL QAMS iHHE M EHI AR E, £ 1+ 184
AR FE R N B AR &, 5L OPLS-DA Fi%d (1 7),
HA RIS R v=0.925. B RMRE
R 124 RPy=0.802, HIRITIIESE 0°=0.656, ¥
KT 0.5, LU g AL T aE 77 BT 45 548
NFIAR . FEXT OPLS-DA #ET 200 RFEHLAS S HE #t
BoAE, 255 (B 8) ox Q7 R VHLZE 5 YUl 1) AH 22 55
fHN-0.542<<0, RKRFTLHIFIBE L E R IGIEE

ol
A mll
34 ATl
mS9
2 ms2
11 /817, S1 .SlIl ES12
I “a agys $5@ 53
& 0 ST16 S8as1
- 56 ®S1%s)
H Sisgl® ®s7
—21 S13
4] 0S4
_4 T - + y r -
-6 -4 -2 0 2 4
FEHsr 1

R%{1]=0.619 R%*{2]=0.233 Ellipse: Hotelling’s 7% (95%)

7 18 NRFHEFEEZ OPLS-DA 54 E
Fig. 7 OPLS-DA scores of 18 varieties of Z; zezaricum

02 0 02 04 06 08 I
AR R
$M2.DA (1) Intercepts: R2=0.0, 0.151, 0?=(0.0, —0.542)
8 OPLS-DA E#fia 45 RE
Fig. 8 OPLS-DA permutation test results
M, BMAGFAELENEG. RiELERYEEE
(variable importance for the projection, VIP), LA
“VIP>17 Joffh, SRttt T . L RH-3-0- =&
BEH . s, HXRIE) VIP (B350 1.094.
1.077+ 1.063, FWI5EF7 2 ¥ B 22 57t 7] R 13X
3B B W 9. HhAh, iR AR T
RH VIP AEFZIT 1, JRATAE 500 7 55 22 Jot 2 Y
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DL QAMS V75 T L WM -3-0-=F W H . 1L
AWy EHER TR, N SPSS 27.0.1 A,
THE 18 N FRE A3 0 T, LR 13,
HEE 13 751, ZE610 WKEINN S4>81>87>
S6>S14>S13>89>S12>S3>818>S8>S5>
S2>S11>S10>S17>S16>S15, H ¢ A%t
SERTI A R EAE PR ZF . S LA
M, A RO PG R X Ll P A R 2 R
B, 1M S15~S17 LRAE R R, F0 5K B Bk
MUAR S S B BRI P 5 AL, A R e SR
FAAE BB 25 5, S4 R AT I i) B R 2R 5
A FE T 3 AT 12 5.

1.4+
1.2
1.0
m 0.8
[= 9
£ 0.6
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0.2
0_
= Jim =& % e % =
o S E & = 4 % ]
sk = 3 < = i
Lo ® "
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9 18 MRMEFFER VIP
Fig. 9 VIP diagram of 18 varieties of Z zzzaricum

®13 B EMEFENEABSSHF

Table 13  Scores and ranking of 18 varieties of / zzzzricum

eSS GAES HF| RRRS SE8S HF
S1 1.0419 2 S10 -0.196 8 15
S2 —0.062 7 13 S11 -0.1387 14
S3 0.206 1 9 S12 0.232 6 8
S4 1.460 9 1 S13 0.490 5 6
S5 0.116 1 12 S14 0.574 0 5
S6 0.590 2 4 S15 -1.9935 18
S7 09717 3 S16 -1.9602 17
S8 0.117 8 11 S17 -1.9463 16
S9 0.2953 7 S18 0.2011 10
3 g

3.1 ¥ Q-Marker 125 “HREIR” BEESR,
REDRFAAEMREITNHIERN
20 A EDE R E L SR & S AT R 2

GrotiR, TN EBh I S MHRR R RE RN . 1R
TENZI W EIRIRER, B & 2P RIRIE R F1
TRABEIEIR DAL SR, AN RSty 7752 i Tt 7 2K
ARIFEENRZEFILE, SR LR R R
W, H AR TR R VP R 2 B TR E T AL
G, 3 H K Z R el - 8 A MG I g % AT &
MU, ATREAEEATIN H bR AS I Rl DL S ASI
BCRAMEI) 8 . AT FEE Q-Marker EiG 48T T,
gt “Yie AR AR, SR UPLC-QQQ-MS/MS #
A, BE@ESEFRESHE. W BRI
Ro FfECHL L G B R Z4EERTENY
PR, IEPRE ST RIER TG R8I
RHVEVIIE. B, BERRSE 7 MR R br &
M FHT R, AR, BT 184
A AT AR SUERE A QAMS %, NEFZE I
EPPRAESR AL T HTSRNS, oA L & EYIT
JREVH R RIS 155
3.2 ¥ UPLC-QQQ-MS/MS AfhiatEteE 4,
By AR mMEFRIESEL

EN T INER T o 2 R VA B 5
A, R = EIUHAT I Full-MS A0k — %
EI449. MRM #EE AT RFAE IR DA B P b R S A
A E AN @ LRSI AR TR T
PRAR b DA K T I A AT R B VP, IR
S13 MR ETFREEAZSREE, 22 0KIE
HHATUEDCEL, #0718 MWAEFREE UPLC-QQQ-
MS/MS Fa4L Kl

W Q-Marker PR Ay “ AR, “HFE
PE” RN G RE” RO, DUSTL EA . R
ILHFR . ILEm-3-0-ZF T MR L Emm
KU TP EZEVEROME AR IR T8, ik
R AL S A I S50, ATTE 18 A Bh N
SERR T FHFERR R ORI, A A o B8 PR )
M. g kR AR, B R
RAERF AV . T/ Em AR E A 2
3.3 EFIEUEIEM QAMS ZHAKFITEFM
PRI EFENES REITN

KWFCCAS T AN, EIREN T 855 E%S
FRFR AT QAMS ¥, JEAN TIE R E .
QAMS VEAMMU PR T AT BAS, e TR,
[ B 1, 2 B RIVR AR AR I IR 2 A A Rt T 1
S5 @R 18 AN SRR S B AMRE SEIIME 5 QAMS
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R E AT, EREEER (P>0.05). ¥
WETRTEESL QAMS AN F T8 57 2 2 48 b5 7y
JoR 458 B HERF P AT ] AT

IS R SETEAHLE TN 456 B 2K 73 PCA.
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D) B I 28 B R R T IX 3 AR T 12 %
TR O G AL EE 7R 5 Ho At 15 AN SR AR 22 80K, 78
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