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1 SLIGESY

1.1 E5AH

Q-OT-qIT Z+A R BT . Ultimate 3000 # =80 AH (1% (32 [ Thermo AF]); ALPHA2-4 LD Plus %
R HEPL. RVC2-25 CD Plus HA5IR4A{ (5 Christ 23 F]); Mini Spin Z.0:L, Thermo Mixer CiRZJX
(1% Eppendorf 24 H] ) ; Captiva 96 fLAR T8 & (92 Agilent Technologies A H]); KQ3200E AUE (Y (|
T A A A PR 7] ) 5 Ultra Turrax 25 270 HL (R IKA A R]) 5 0.22 pm JEME(SEE Agilent A H] ).

CNE R B (fl [ Merck A F]); AR (3EE ROE AF]) . BTG M ikal; St FHK b 5 A i
4K
1.2 HmERESH&E

SR B e ] § 2R 2 b X (X)) RIS 25 i X (H X)) A T AR B i b A. rupestris _F#F R |
3~4 HRELEBI(M ), 5~6 ARELKTH(SI), 8 HREAB(HIM) . REFLHIE T Tk
18, I REERS 280 °C {47, BUFM 4L, FSZH . FH 240, HM 41, HS 41 HH dMEEARSR 14 bk, 7EK
R AP ERAIES B R, JF B TR R TIEPL 48 b, IR T4 . HERAFREL 50 mg B —AiEs R TRk
T 2mL 28 H A 4 CHAH 1 mL HEE-/K (80:20, VIV)VENIRBUAR] . LEUKIS ST M8 i
APHIES R 3 min(25000 r/min #2HL 1 min; 3000 t/min #2HC 1 min; 25000 r/min 328X 1 min), BHEBUS
TRAYHCE TR 0P - TR 75 B ER 10 min, 7E 4 CZMFT, 13500 o/min &0 10 min, W8 L
W, BT S BLOWRA TR AR Z5 T BMRARZE T/ YR 1 mL 67K (50:50, VIV) B % AR
JEESL 10 min,  FISIRE 0.22 wm JEEIS I8, 15000

Frir il (Quality control, QC ) i 45 20 SEBAt il i S5 TR A FE i, TSI 43 B R G A Ae e 1 .
1.3 KHEEIE-RIEEKAS M

WA ETERE . Acquity UPLC HSS T3(100 mm x 2.1 mm, 1.8 wm, Waters 2A)); Wiz A b H,0(&
0.1% HR), s B HCHE(F 0.1% ) ; Al 40 C; #iFEE: Spl; WEE: 0.3 mL/min, BEVE
fit: 0~20 min, 5%~50% B; 20~27 min, 50%~98% B; 27~30 min, 98% B. #EEERTHWI4G 7 shAH-fiT
8 min, JETi% U5 R LIS 55 12 U (Electrospray ionization, ESI), SR HIIE . & R, 24 Bk 34
FHES . AR Full scan; FIEM: m/z 100~1000; 7p¥E%. 60000; WEZEHLE: 3.5-3kV;
BHS: 35 psi(1 psi = 6.895kPa); FEIS: 15 psi; B FAEHIETRE : 380 C.

S T ORE AT R R G0 N AR B TS e 000 T, 28 TR b i, A B A ARSI 3 5] 22 i3 A A
10 > QC FE i, R FRE S5 , PRI AR SEBRAE SR o SEBRER S BEMLHES , 3F ELARERE 11 S PRRE s
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SR B 7 B AR i A QI 2 AR A B 7R BB AR5 UHPLC-( 2 ) ESI-MS 52 1A 046t |
FA R XCMS B)PaBEf T . WX 5F | IR 5E R0 add i ARAS 048 I fa L (m/z) . PR B B[]
(Retention time, RT) S HG ARG — e 804514 ; dF— 4% SIMCA-P(Version 15.0, Umetrics AB, Umea,
Sweden ) ¥ % M 15 H AR & AR R 5 o A B AY VIP(Variable importance for the projection )]
#¢ . Jack-knifed B{5 XM E . -K B0 F Pearson P S50 IR TG G HH AT SERY . XT T4l 3%
TR 22 F B T A2 SRR MS & MS/MS J550E , 4541083 % HMDB (https://hmdb.ca/)
For 2R AL 0 B A3 T i A R, AP0 22 S A e A5 AL sl 2 A 28 501

K H Heatmapper (http://www.heatmapper.ca/expression/ ) 72k T H22 il IS E ;. R SPSS16.0 k{4
HEAT UL 1) A3 BT RS R P R e

2 GRSt

2.1 HIER=IEM
R T FRAS B S AT RE AR , DL P O T A TR R A S P . (1) UHPLC-ESI( + )MS 73087
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Fig.1 Data quality evaluation of Artemisia rupestris L. (A. rupestris) metabolomics research based on ultra-high
performance liquid chromatography-mass spectrometry (UHPLC-MS) technique: (A) Principal component analysis
(PCA) model score plot of quality control (QC) samples; (B) Retention time variation plot of all real samples

2.2 HE—REAREKBENKEHEES T

TERE PR ZCT , F XA H XY A. rupestris AR AR A REAS A Fe i B B I (235 18] (Total ion
chromatogram, TIC) W& 2A Jr7R , WAESARAR RS [ AT LR AN [l A= R B E i i AR A KSR ] (BT
3 B sk ] X sk Y AS: H B AR AT BT TR . BN, F X AL rupestris i RT 5~7 min JEEIPY , 26 M IRE
ot 1 T IR 22 TTE S J9PRT H O PR Hh i /b s RT 10~13 min JE I, MOIARE A b ) 6635 0
B2, 5 WA YRR b s a3 e b (E A — SR A S . H XORIEFEAS RT 13~15 min
JEEE Y, MRS SRR S b A B R i g, HOIRR S R 7E RT 13.5 min 404G B B 00 (35 1% 5 78
RT 19~21 min JEFI, RT 19.46 min 14 3508 LE AN [R) 20 590 b BT e 7k 2 ANTR] o 1 B A A 3R A5 1
TIC A ELI G TR, WA H PCA BT 7R R B A RELL T 4550 B i 22 5
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Fig.2 Representative total ion chromatograms (TIC) (A) and score plot of principal component analysis
(PCA) model (B) of different growth stage samples of A. rupesiris based on UHPLC-(—) ESI MS data

A e 18 R R OCHERLSY , TE DL T IR R S HEF B 2 S,

KLy miz 285.0406 (RT 13.49 min) it MS/MS i A B i A8 B2 AL B4 C PR 7= A il 4
EFE T CH304 (mlz 151.0037) W HEMH R s W2 b 59 s b — AT R 48k CisHoO6, AT HE
ARBEZR, RHAARBRERRME ST, 45 2] T20I8 MS/MS &, If H RT 24 13.75 min, L E 1L
BYRHARBILZE . WA TR KRS miz 431.2642(RT 25.38 min) B MS/MS | HIPR T — A& R iR
B[ M—H ] (m/z 247.1338) L) F2 HBH i AYHERAE 785 7 [ M—H-CO, | (m/z 203.1490) , K] & %A G4 g —
KBS TR AT A o R FIRE B m/z K R EAE 1, # A= K S5 m/z 474.2696 (RT 23.57 min) Al BE K
LysoPE(18:3/0:0); H: MS/MS 1 fh L4 N m/z 277.2169 B 1851, HAER EAG R 0k — 25 5 212k
9 CisHy60, BUARM AR , 15 LysoPE(18:3/0:0) H1 B NG 5 B AH XS I . 25 HE | m/z 502.2929
(RT 23.65 min) fl m/z 562.3138(RT 23.65 min)#EM A LysoPE(20:3/0:0) & HATAEY . bk 5 B OCHE
B3 MS/MS 35 ] UL L RSO S B ST, AR JR B3R A% Rt %) 15 49 MLS i MS/MS [T LI S2.

TE_LRAERR R 0 TR A5 19 18 FPAE K SCHE o, AL RE H m/z 285.0397 (RT 3.49 min) M A. rupestris
P E AR B R . MAERTIANI AR Z IR T —41 A. rupestris 1 2 AP, Ho
33 PR HALE X B ARBRIA | 34 FRHENH T 20 P RG22 10 N TIRAS I E K R B FE M
REEVEACET D SE R, X HAE PN X M O3] . S BRI S A shAS AR (b a3 aE AT T 48, Tk i
W, s G2k . —BGEER B, —AGEERRR C Al m/z 609.1325(RT 12.14 min) 20 534E 6 Ffag
ﬁﬁzjﬂﬁifiﬂgﬁﬁiﬁ\ Hrr m/z 609.1245 (RT 12.14 min) ZH53 190 72N CioHosOry, HZEH LA R 7L
R A FEATER I85> WM PR JE PR A — A A i A

[ 3B AR Ky 3R 24 Fp A K OCEE B E MO L S AT H AR TR (8 A AT AL S B, AT L
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Fig.3 Time series clustering analysis plots (A) and cluster heatmaps (B) of growth key

components of A. rupestris L. from Altay fuyun and Hami regions

2.3.2 ETAEKKER S M ETH 3 5 iR i &

A. rupestris 85 TE 2K ZE RSB AC I M 2 5 RN 2 INHT A, A K R B 3 5 A K I 3 T AH 5G|
PRI AT U TSR MO SR R AR A o SR T 24 Tl A OB R 430 A DL IS0 531 3 BT A A8 745 1 Ay 4%
J3 3 2 R R R AN SR 1 s (FEASR) 0 2830 531 R E0h R0 0 0 AR R MBR ) o X TRl 35
RINBIREA R A8 T BORE Al 3BT T3 A5 A6 R OGS R4y iy W TR ARSI /=, AR 3 AN 43280531 o
B AT I R AT B e TSR E S B ] 2B TR IR o 4 2 ) TP RE AR 1 2 S IE R Rl 98.6%,
SIS RUEE A 73R IET RN 95.8%.

3 #it

ABFFER A UHPLC-MS/MS HEA AYAEHE [l f I 22 0T SR, Xof SR B 1 3 S0 o] ) 28 7 2 il XTI %
WX HIAEH AR RIAFURAEIIAY A, rupestris FEABERT 08T BIF5E 1 LN ERAL 22 o0 A AE IOR B AR
FEIR R ANFER M HAY AL rupestris YIRS AR B3 25 5 OF H B A sl 2= vk i a6 wW
M X EHE A5G SIS, R T 52 A K KB B UIAOCH) 24 R s i — 20RO
TR SCERE I 68 DU S ) 3 A B SR P T RSO SR IR A R 51 o AWFFEN A. rupestris 5
IR A TR S, o DRI 2 RIS IS 215 B LUK H 24 R A e 42 A BT 4 it 1
B AIBIESEHME o
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Kl T ARSI IA. rupestris ANTRVAE A D7 732040 51 pRESCR 5L

Table 1 Bayes discriminant function coefficients of A. rupestris at different growth stages based on key growth components

AR KRR FAIEE REW BEAE
Key growth components Seedling stage Development phase Full-bloom stage
mlz 503.1257 ( RT17.48 min) 3.03x10°° 5.51x10°° 1.58x10°°
R 4.57x107 9.16x107 1.12x10°
Rupestonic acid B
m/lz 179.0580 (RT1.06 min) -1.36x107 -1.12x10” —4.85%107
7'5 Et ;i%f -0.00x10°° —2.71x10°° -1.09x107
uteolin
miz 287.0478 (RT13.49 min) 3.35x107° 2.91x107 —6.65x10°°
m/z 287.0494 ( RT 15.66 min) -9.32x10°° -1.17x10°° 2.48x107°
mlz 315.0545 (RT13.72 min) ~7.19%x1077 -1.65x1077 5.78x107
mlz 353.0327 (RT15.69 min) -1.80x107° -4.53x10° 4.90x107
miz 370.0226 (RT13.49 min) 2.02x107° 1.69x10° 0
mlz 397.2259 (RT 16.99 min) 9.49x107 8.58x10°° 2.26x107
milz 431.1975 (RT8.36 min) -1.92x10°° -5.63x10°° 3.26x10°
mlz 474.2694 (RT23.57 min) 4.80x10°° 8.60x10°° 1.01x10°®
m/lz 502.2995 (RT23.65 min) -2.90x107° —4.06x10° -5.83x107°
milz 514.118 (RT11.09 min) 3.03x10- 5.23x10° -5.68x107
mlz 542.2557 (RT23.57 min) -2.78x10°° 0 1.68x107
mlz 562.3216 (23.65 min) 1.82x10° 1.75x10° 3.36x107
mlz 567.2154 (RT14.82 min) 1.12x10° 2.53x10° 4.84x10°7°
. % Fis C
ﬁ”mﬁ”‘, 2.63x10° 1.08x10° 1.73x10°®
Rupestonic acid C
fﬁ/ =
A” /%f‘ 2.23x10=" 2.00x107 2.58x107
pigenin
P TAY
KLU’T‘E% | 5.32x10” 3.70x10°7 1.97x10°®
aemp €ero.
Sk
& ﬂkﬁ -5.23x10-" -8.94x10°* 3.96x10”
Hyperoside
m/lz 609.1325 (RT 12.14 min) —3.17x10-=" —3.74x10°° -1.64x107
(Constant) -55.21 —40.41 —-273.94

Brigt Rt R B R B AR R AL BOR BT R B BB AR 2 YR AR SR E A B R A R T
B RITFX| R FH AN E - HEEERE T ST
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Study on Key Growth Components of Artemisia rupestris L.
Based on Metabolomics

WANG Ji-Yang', ZHOU Zhi""?, XIE Bing', CUI Xing-Yun', LAMAO Zhuo-Ma',
WANG Zhong-Hua'?, ABLIZ Zeper'”
'(Key Laboratory of Mass Spectrometry Imaging and Metabolomics of State Ethnic Affairs Commision,
Minzu University of China, Beijing 100081, China)
*(Key Laboratory of Ethnomedicine of Ministry of Education, Minzu University of China, Beijing 100081, China)
3(College of Pharmacy, Minzu University of China, Beijing 100081, China)

Abstract Ariemisia rupesiris L. (A. rupesiris) is a kind of commonly used medicinal plant in Uygur medicine. Due
to its unique ecological characteristics, it is extremely difficult to reproduce naturally, and wild resources have
been scarce in recent years. Therefore, conducting introduction, domestication and artificial cultivation researches
are the most effective means to realize the sustainable utilization of resources. The material basis of medicinal
plants is usually specific for the period of growth and development. Thus, an in-depth study of the correlation
between the growth period and the metabolic patterns of key components will help to reveal the physiological and
metabolic adaptation mechanism of A. rupestris. In this study, plant metabolomics strategy based on liquid
chromatography-mass spectrometry technique was applied to analyze A. rupestris samples of different growth periods,
including seedling stage, development phase, and full-bloom stage, which were collected from Xinjiang Altay Fuyun
and Hami regions. Twenty-four metabolites that were closely related to the plant growth and development were
screened by integrated analysis of the two regions data and dynamic regulation description. Furthermore, a Bayesian
discriminant analysis model based on 24 key growth components was constructed, which could be used to
discriminate the harvesting period of unknown samples. This study provided new reference information for quality
control and rational utilization of A. rupestris., and also provided research ideas for other medicinal plants.
Keywords Artemisia rupestris L.; Metabolomics; Liquid chromatography-mass spectrometry technique; Harvest
period; Key growth component
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