ETHIEMS B A LREAS RN REMEZREZRR

o2 12 G L2 ARAR L2, A2 120 FNE VL R R O M BT R SR b R B v b e A
BFFER, PUT 810008; 2P ER}F#BE K2, L&t 101408)

WE: B SALERBERS RS E LIRS ERGERE EEYBRE TR MNEL, FITREE T BRERE LY
BEWRBREN R, FiE HARE 19 ARE 5 ARG RS 09 2 40 5 B (near-infrared, NIR), W 2rshsk i
(mid-infrared, MIR)#w ¥ 2L 5 % 8 4 R4 3% (attenuated total reflectance, ATR), F| A % sh o8 0 B ikl 2 % A Mok ey 4
T, RAEZRIEIF EH,ANET 3L —REREA e 2 MRIERRES T AN AR, @13 Pearson 48 2 M 5T W H
F.ABRAT, LERFFARARERZSLANBEENX R, & ZHIERRASJE, NIRTATR A2 2 R 445, L&
EEAAR A, M EAL A REER TR E FANEY HFRIEZEMH A A 0.9803, 0.9972, 0.0603, 0.0633,
HIRETMG£E>4, HK., FHERZEZADBETEZEZEMXXZ, . FHRELLEDBLTELE A
XkFZ, LHARFRBEALSEAYBALSZTEIRTFEMAX R, P AEHBERS TN BN GRS, B
BREEMBEDRGRRR N Z RGELRZER TR NRELERFRALRFOYm, KRR T A RRERE Rk
JR BN B R A ) AR RAEH SR IE,
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Quality Evaluation of Tibetan Medicine Meconopsis Quintuplinervia Regel. Based on Data Fusion and
Study on Its Environmental Impact Factors

LONG Ruolan'?, FENG Dan'?, LI Peipei'?, LI Duo'? SUN Jing!"(1.Qinghai Key Laboratory of Qinghai-Tibet
Plateau Biological Resource, Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China;
2.University of Chinese Academy of Science, Beijing 101408, China)

ABSTRACT: OBJECTIVE To develop a model for the quick quality evaluation of total alkaloid content and to explore the
effects of environmental factors on the accumulation of alkaloids in Meconopsis quintuplinervia Regel.. METHODS The total
alkaloid contents of Meconopsis quintuplinervia Regel. from 19 different areas in Qinghai-Tibet Plateau were detected by
ultraviolet spectrophotometry. The near-infrared(NIR), mid-infrared(MIR) and mid-infrared with attenuated total reflectance(ATR)
spectroscopy information of Meconopsis quintuplinervia Regel. were determined and integrated, respectively. Combined
spectroscopy information with the content of total alkaloid, three single-spectrum and two data fusion quantitative models were
performed by principal component regression. Pearson correlation analysis was utilized to explain the relationship between
geographical factors, climatic factors, soil factors, and total alkaloid content. RESULTS It was found that the data fusion
model of NIR coupled with ATR was the best model, with the related coefficient of calibration 0.980 3 and prediction 0.997 2,
the root mean square error of calibration 0.060 3 and prediction 0.063 3, and residual predictive deviation>4. And altitude and
annual precipitation were significantly positively correlated with total alkaloid content, while latitude and annual temperature
were significantly negatively correlated with total alkaloid content. Moreover, total nitrogen and alkali-hydrolyzable nitrogen
were positively correlated with total alkaloid content. CONCLUSION The spectral data fusion can enhance the prediction
ability of the model. The accumulation of alkaloids was affected by both large geographical environmental factor, small
environmental soil factors and meteorological factors. This study can provide a scientific basis for rapid quality evaluation and
rational planning of resource utilization of Meconopsis quintuplinervia Regel.

KEYWORDS: infrared spectroscopy; data fusion; Meconopsis quintuplinervia Regel.; total alkaloids; quality evaluation;
environment factor
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FkERG 5 (Meconopsis quintuplinervia Regel.)
25 SE B} (Papaveraceae) 2k 44, & J& (Meconopsis) %
SRR, BAEE N E IS AL T
g, FEREE R RIS . K
gt DHAE R, A= Wrmde ) o 2 bk ko
E I EEIEYER 2 —o Yu SRR IS A Py ms T

B2 WA/ N A A BB RIE- . Yi 5D
M F Ik Sk g8 s R O T Ak Sk g e, JF R
o S R TR AR ALY 24 A A
AHIRACR . v, AV b o i o A2 bk s
Y B R T E M AR A —, XY
G3 AT 55 W AT A — 7 TR B A RO PP Tk sk 4%
B2, BRI KSR GE W B TAERZ
S B GE IR A2 o0 W 7 R A T A e 5 D
IXUETy SR 9% ) HIRBEAR A, ASH T bk
VPO SR SR o AR, 2GR LIS
P, SR, Toit . Tl L s N T2
MBI S S0, #lan, Bian SFULEZE A
ITLL AT (near infrared Spectrum, NIR)FI{LAATT
T 2E R L HE ST T LT 2R Y B R R T AN
TR, Amirvaresi SN T ZLAER NIR 2L
A1 (mid-infrared spectroscopy , MIR )& A il |
BIRERL, SR, BA—MY NIR B MIR ¥4 H [ &1
AR Hrr, NIR WER LSS, 1T & ™ e,
MIR {FME HEARTY, BF9 &8, NIR Fi MIR £ fil
& AT D[R] Sz g e R A I S A R, S o
PIHERRPES, BN, Pei SFUIWFSY T IHEE M~ Hb 3
B NIR. MIR Bfaflaskims, 492REW], 2T
T2 RS R I 722 e A B v GRS Rl 5 SRR FE
5, AIIA 100%. Tao FEOBRAE T R HAE M AEE
TRAYIRARAE B FE A NIR A MIR §5 &, #ES7 Al
AT 8 Mk A9 NIR, MIR BA— i A
JCIE R R AR, 45 R AW] NIR F1 MIR #Y%Hs
Rl B ASCR AL T R — AL

2R A RO o K 2 ok R AR Y
7T 58 PR 2R XAl 0 O A AR 1) 6 i B2 B
HEESIEM A GE , AR A R AR
135 pH {H . A WL & US54 8B EE R 2 X 2444
A YRS TE R AR R R A . (HH
I 1 TG G T P15 DK 28 X6 Dk S 8 s A= Wi 1% 5
M) ) 4

ik, ARFRET 3 FORFELSMERE, FIH
AR AR, M T ke g T R A Y

P E AR F 255 2023 4R 7 5 40 55 13

PRI R BT PR s, AT TR R
XF T ke s 25 04 B W e B e . BIFSE A
ST Ay Tk gk gk v 1 P 5 4 o A B I G B
RS2 LR AR

1 #R5REE

1.1 bR

T 2018 4F 6—8 AL, Feiiea SR A
DB RAR 19 AR M) TR aR o8, B4
FEHIREE 20~30 MRAEYI R BT AR S A
fREER 1o FEECRAE)S , B 22bRas s H AR
T TR SRR ZR RS 80 B, fA6ET
TR B AR A 2 b R E B v L
A W 75 2 R[5 B 4 i Sy B ok o
(Meconopsis quintuplinervia Regel.).

FH Yo AT e, RBRZRT, B
HAL TR, IREIS], B, & 100 Hf, 8.
Fz1 IREREXRER
Tab.1 Sampling sites of Meconopsis quintuplinervia Regel.

5 i) Fris £ FERL 2 4l WH/m
1 i ITRE R 101.80 3728  2939.7
2 it ITRE e 101.95  37.45 33280
3 T WRPGX kL 101.41 3736 35442
4 gk iE - WEMET 9979 3819 3290.7
5 e AR AR 100.90  38.06 3391.3
6 gk Wi Ak 100.24  38.07 34935
7 HE F 8 ZFWN 101.85 3523 35716
8 KM P PEEH 100.66  32.89  3733.0
9 IR EfLE K%L 10225 3568 34365
10 R PR B 102.74 3557 36173
11 #\AR HE Rk 101.46 3637 33628
12 R ke Hibl 101.60 3631 33879
13 Rk i Bt 10221 37.01 34520
14 77 B R 101.97 3628 3536.7
15 77 R E BN g 100.41 3450 35537
16 Hpg F{=  SUHPEHMY 10233 3547 36715
17 EM I (77 96.84 3324 45540
18 Rk AR BER&LL 100.87 3330 43205
19 %ﬁ?z}}]ﬁ AR FLAL 101.07 3343 41640

1.2 {50

Cary300 Bio %5 4b-1] UL 436 )6 BE AN (3E [
Varian); AG135 H KVt Mettler Toledo);
e 78 R AL (E 2 AR A IR A ) ;. UPT-I-10T
RO AR AL IO A R H]); KQ5200DE
75 IR VA (VL9 B Ll i M S A A PR A R 5
Nicolet iS50 {8 HL AR 427 /NG44 (3 Thermo
Fisher),
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AR R A SR (rh B & T 2 R E AR B, 1S
171214-200404; & =99.9%); /K ZBE, ek
B2 W A hBEGIRTE 60~90 C). WK . AL,
VKR . ToK LR . ToK LFREN . 1R Rty
o tiat, W B RET R A AE ) g
IKRHABAK
1.3 SRR e

FI R Y o) b e VSN o Pk 2 o0 8 2k
1.3.1 PRI LH FHlkE S 88.8 pg.mL™!
(R ER R R SERUK VO TAER . SRJG 25K 0.2,
0.4, 0.8, 1.2, 1.6 mL B TAEMERZE S0 mL 1
Beirp, M4k E 2mL, A 5mL 2R
2 mL $5RFI QR Brak), BEfE, mgemhin
A 18 mL S FRRREERS 255 Bl 2| i R
FE 2h J5, FHInE KRR HEIE R T
L, SEATHKIELUE, BRI 2 HAE 418 nm
IWOCEE, e bnEm g . WO y 5 ER IR 24 365
W x ML PERIE IR y=0.01x+0.022 7,
7=0.993 6., FIATLE 8.880~71.040 ug-mL™" P, FhHAR
BB S O R R R
1.3.2  fUkfH &S s Ay s e Bk
SoE AR 2.000g 5 20 mL 95%FRME L BE(F
0.1%ERM)IRG, HWAME, 12h 5, iR T#EN
3, BUGEF 20 min, X5, FH 95%MRTE £
TR, IR, IR B R R K,
A=Y 10 mL KiEfE . FA B, KBk
BRIV PERL Sy o FEMUR I A K AH R A A S A T

1 mL AR B ZK R R 5 5 #% “1.3.17
TR 5k SR A TR, RO B AR A RS
TR, AR S A R
1.3.3  JriEsERE e i ok 40 E S 5
AR AT $% “1.3.17 TR kg IRl —FE i Y
WOCEE S YOk AL . % “1.3.27 TF
T AT 5 Wk, R “1.3.17 TR ksl
DZERE SRR, S TR ML, 7155 RSD
Ho RAAMRETE IR,

1.4 FEER R R

1.4.1 HEIR T CREEHEPIEEA I FEEH GPS i
SERAE A . SRR

142 S[ZHF KLk A THAHEN
(https://www.worldclim.org/data/worldclim21.html),
143 HHEFET R AR RS ATE O AR A
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TRHEFERR I E + 3 pH {HNY/T 1377—2007). A
HUBE(NY/T 1121.6—2006) , 2EhENY/T 1121.16—
2006) . A FCHE(NY/T 1121.7—2014) Fil 5 &% 49
(NY/T889—2004) 7 it . S MR 4 0 5 Hs D]
SE HHE4 F R (LY/T 1228—2015), 4 ®i#(LY/T
1232—2015), 8 (LY/T 1234—2015), 3%
fit A & e S IR b )57 R 1E(DB13/T 843—2007)il5E .
1.5 ZIAMGISRRE
1.5.1 NIR DGR R E AR LT S
IR S Bk R SRR . RS B A BT B
BERESLAR, BEREEIE N 0.10 cm, 5% EIRER!, LU
SN, &R 25 °C, £E 10 000~4 000 cm™ P
32, PFE 8em!, EH 3K,
1,52 MIR JGifRE  RAMEH S HL oo
I RAF I ARE A ) MIR 318, B 55 KBr il
1:100, D= MR, EiR 25°C, £ 4000~
400 cm ' NI 321K, ArHER 4 em !, EHE 3 IR,
1.5.3 ATR JGiRE WML MG
Ik 4 S AR HOR AR . ISR E &, il
25 °C, 7E 4000~400 cm™' N3 32 Wk, R
4cem’, BEH 3K,
1.6 E BRI R HNT

FIFH OMNIC #f4H435%F NIR, MIR F1 ATR
DR R TG TR AG IE o K AN TR VR B G 25
PEAT TR ER DG, T AR A A e 718 e 301
1 He B oA IE SE RN TRNAE . SR TQ #{FHa 2 3
Pl —SGiE R 2 MRS PCR & SR, AR
PR 8 A R A E B AH 5C 2 Bl (related  coefficient of
calibration, Rc). FRINEEAHIC Z & (related coefficient
of prediction, Rp). FHELEITT IR ZE (root mean
square error of calibration, RMSEC), Fijll #3477 R
%2 (root mean square error of prediction, RMSEP)
F0AH XF 750 0 s 22 (residual predictive deviation ,
RPD).,
1.7 Hdabs

FIFH OMNIC #AFHATLAMEE UL EE, TQ
Analyst AT GIEREAL, SPSS 26.0 #7644
B F i AR K1) Pearson AH G 4347 o
2 #ER5iHE
2.1 SAPnE S I A R

19 /N7 b %) T ik & 48 e A= el 2 s g D
SRR ULIE 1, Z5REW, R bKEROE P A YA
w4 0.28~1.41 mg-g!, FHEHR 0.7l mgg!, H
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e 15, 18, 19 B R KkERSYE H S A Y & =
B, >1.00mg-g !,

I\
/NS

— 1/

1 19NMFRAREAEL MR EEE LR
Fig. 1 Radar map of total alkaloids content of Meconopsis
quintuplinervia Regel. in 19 locations

7 iE2F R IR F UL 2. K 06 ) e 4
RE) RSD {HHN 0.07%(n=5), HEPEILEKERE
RSD {4 1.23%(n=5), R A MkekoEH a4
el 7 I A SR A A RS S A E M
FE RN R g A5 R R BY, FEah 0 7 iR
99.22%, RSD & 1.27%.

xR2 FHEFRERER0=S)
Tab. 2 Methodological validation test results(n=>5)

T3 F¥E RSD/%
KR 0.36 mg-g™! 0.07
wEM 0.36 mg-g~! 1.23
FEE DR 99.22% 127

2.2 LIAMGIERHIE AT

ANTA] 7= b Y T PR ER G E 1) NIR 3 & i o i
WIgEAT 6 4>, 49Ky 6 818, 5786, 5173, 4674,
4329, 4263 cm™', Hf, 6818 cm™ /K O-H
s AR TR B — 9 f5 0, 5 786 em™! AbS C-H
X FRYR B — A5 A0, 5173 em ! Ab S M
O-H 1451 HOH ZEIEHR5) . 4 647 cm™ AWl
W fy C-H ., C=0 45 Fl C-H 2 LIRS AT S
4329 cm™ 14 263 cm ™! )& T C-H A1 45 1
IR, 455 ULIE 2A,

&1 2B FIE] 2C 43514 19 AAS [R]7™ b Y Tk &
Y MIR Fil ATR $880&lE . Fk&kshE MIR
JEE G AT 3405, 2920, 2851, 1737,
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0.2 .
10 000 9000

8000 7000 6000 5000 4000
WeH/em™

4000 3500 3000 2500 2000 1500 1000 500

WeE/em!
C
13321 0507, 56
1375 i)

0.3 :
i
R 0.2
= 33042 850

{208
0.1 Nt
0.0

4000 3500 3000 2500 2000 1500 1000 500
PWeE/em!

B2 AGRELIHERE L

A-NIR j[&; B-MIR #[&l; C-ATR j&I&l,

Fig. 2 Infrared fingerprints of Meconopsis quintuplinervia
Regel.

A-NIR spectra; B-MIR spectra; C—ATR spectra.

1640, 1409, 1385, 1250, 1104, 1055, 618,
537 em', FE 3405 em BHEA — AT, EEH
EER . M4 £ N O-H A1 N-H {h 4 ik sh =
A9-200 75 2 920 e A 2 851 em ! FFFIIT A IR AL I
HE FEARMZHME C-H 4k,

1737 cm™' 2 C=0 M{P4EHR3NIE ., 1 640 cm™ AbAY
W Ay R TR LR W T Y C=0 g iR sh 20,
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1409 cm ™' HEAZALE Y C-H AXFRASTEHR )
1385cm™ AbiyIgEh C-H WXL IR) .
1300~550 cm ™! P, MIR P-4 i W ity = 28k
H BRI, XM RAE T C-O MhaEdksh
SRR O-H & iR sh5 Ay R122, ATR M
MIR JEAEFHI & AR A R k2255 . BF
5EFH, ATR [t KBr J& R Kl 0G5S A 3%,
H2h ATR MEFSAHXTAN, REESRS, S
HERf, FEA IS E R, WA 2B, C WTLUE
1, ATR 32 [t MIR #&KI7E 1 332em™ ffHiEZ—4
TR A C-N MRS, o m] DAEITERL X
2.3 AR T

)58 AR ST VAR S MUR N T |
S v A TINS5 e | = oy g T
(principal component regression, PCR), H:H7, PCR
JE— A RIS R R 45 A5 B R B 224,
AR EEBOULA 5, EZS SRR EE . HE
230 HoGEAMAETRIR 3 Rk R
TR RIS R L 3, ATLUE Y, NIR AR
B AR A gAY, JL RMSEC. RMSEP
fE5 /N, Re. Rp AT 1, RPD {AN 2.1,
HYKJE ATR B8, fz )5 /& MIR £ 5AF5E 45
R, Amanah PSR, KEFRSF B
T AP SR 75 2 TR 7Y o NIR AL+ MIR A5
A, Hao ZEPSNHAFSE TAEEI, 7EHMEE LA
sl B 22 Wy A B T, NIR ASCIRY f6 F903000 14 i o s e

T MIR B,
2.3.2 HAERIEAAD O NIR 435 F1 MIR, ATR

PEAPEIE B LA G AL R LK 4. FTLLE

th, NIR+ATR FACR LT NIR+MIR BERL, i

A RPD HH , FRonaid R RIER P &
FbAER 3 Ak 4 PORRIBERL A RPD A, AIA

R"I FAEAGTEINENHER

BE A A AL B A T OISR,
DL NIR+ATR %@l G885+, H RMSEC A
RMSEP fHAHT, HAZMBAL, Re M Rp BT 1,
RPD>4, RULELA G R A B fafddt,
R (1% TH0I0 14 REAS 2 T 42T o Sun LR ST HLIIE
BT — . FEIZISEA s, T 22 4t
Z BRI 14 HEZE PR E RN NIR 1 MIR SGiE4L
P, SRS R O dse /N — 3R -0 S ATk T oG
BHE RN A 1 AR, 25K, NIR 5
MIR 4 il A AR F B — SR,

24 BV R SHSERENXR

2.4.1 PRGN T SR YR 15
M) % 77 M g B R 40 D% 1, 81 3 45 7
SN FEER. K 4 Rigik . &8 4. 4F
PRI | AEYRRK RS BV BT OC R
Pearson AHC R EAl

8_

61 W

4l e IR/ C
“ e Bk dR/dm
2_
&
r 0

2

4

-6

0 2 4 6 8 1012 14 16 18 20
FHER
3 AFHWARETHE
Fig. 3 Meteorological data at various locations
W . R AR AR R RNAR S R K i TR
i S AR WIS B LU RO, Hhig k.
SRR & 5 R PR 1Y) Pearson AHC R £
J90.557 F10.527, BEWFIEMK, 4%, FHlE

Tab. 3 Alkaloid models established under single spectral conditions

AR Ak FE X ] fom! RMSEC RMSEP Rc Rp RPD
NIR Internal reference+D1+SG 7014~4 026 0.0728 0.134 0 0.9725 0.927 4 2.10
MIR constant 3738900 0.1010 0.492 0 0.929 8 0.8332 0.58
ATR SNV 3 867~923 0.1170 0.3350 0.8952 0.8732 0.84
=4 BERAEAZR
Tab. 4 Data fusion models results
(el oAb AL [E]/om ™! RMSEC RMSEP Re Rp RPD
NIR+MIR constant+D2+Norris 5381~4 827+3 867~923 0.1280 0.077 6 0.9143 0.990 1 3.63
NIR+ATR MSC+D2+Norris 5 456~4656+3 738~900 0.060 3 0.063 3 0.980 3 0.997 2 4.46
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i 55 A4 Wl 1 1Y Pearson AHIC R 070 il h—0.545
-0.503, FRFAAC, 450K 4, ELTA
5T, Li GRS R A48 7~ T 26 5 At
PIE S AN [FIZERE Y VK SR 0 20O OGS RRAE 1Y
FEAFHRER, MAIDCIERIEAE —E B E Lk
W T FKER G T A S RN 2E S F s Ren S5
R as REH, SR =AY Rz iR

1.00

BAEYRESE] 0557 015 RS i

kR oew
R s P o 0.286
R B N 0.599° -0.545" —0.071
7 MR 0289 04777 017 0158 _0.428

YR & * -0.783" 0555 BUETEMELIM
—0.785

& S

& ¥
&

o

4 HWE AZETEHEENW A E Pearson 48 X 44T
TE: "P<0.05, "P<0.01,
Fig. 4 Pearson correlation analysis between geographical

and meteorological factors and total alkaloid content
Note: "P<0.05, *P<0.01.
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Fig. 5 Results of determination of soil factor data
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25, PIREE . SR SR RN, S5RoK
HEIEAHDC, DL SR SAH ST i A G oA
SR8 FoRmEIER . BKZ | AREREE . KD
DA FI T Tk g b AR Y AR R

242 HIERFRSAEYCE R S 1
& aillE g5 0L WK 5, HIER 75 84w S
1Y Pearson AHOCRE LR 5. Hlkekals B4 Y)
ik 7 2t 5 - 48 4 R E U 2 1Y) Pearson AH G R 4K
SR 0.621 F10.611, AR EARR, HA 1%
DAL~ A5 i 0 I 1 AR 226 i 2 AH G . DongB)
MR R B, KPR EUE(71.50 kg hm ) A
FITFAEE DUREAE R B A= A R 25 A= Mk FR 2R
=5 LEFEFEREWH A E Pearson 18X RE

Tab. 5 Pearson correlation coefficient between soil factors
and total alkaloid content

T+ 1T Pearson MG R | £HERTF  Pearson HIEREL
pH -0.015 B —0.187
&b 0.153 AR A 0.611*
HHLET 0.431 AL -0.268
R 0.621" EER ¢ 0.111
i 0.136 _ _

. P<0.01,

Note: **P<0.01.
0.35 - LR

—o— LR

0.30 A ﬁﬁﬁ
025

£ 020

g

41 0.15

0.10

0.05

0.00

(‘) '2 zlt '6 ;3 1l0 1|2 1|4 1|6 1|8 2IO
RAERL
30 - —=— AHLR
—— AR
25 |
- 20 A
i
4 15
10 A
51 M
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3 g

ENIE S AR 7 % N R & e S e
SET kSR 8 S A R e ) PR R AR
SRR LL NIR+ATR i mh A A RO R e b, H
RMSEC #l RMSEP {H 43 424 0.060 3 F1 0.063 3,
Re 1 Rp 4304124 0.980 3 1 0.997 2, RPD=4.46>4,
R AT A B 1) U A58 SR ARG e o e S A AR
T HOGIEBIRL, RSB il & 7T DL s
RI TSI GE 7, W] Sk Pk Rk G5 RS PR o o 2F
PEUEHT A 78 SRS

I I 6 PR R T 5 A e 8 A DG A
BT, KB BKERGEE A Yy o i B R 2 R

AR RE LRSS ke ks
L AR, IR AY M X T S B A
FKERGIE 2588 o 3 i 4 U R AR L
M, AR RS, RUEEPHAICE
AR ke G T B A e A AR R . B
HI, FLBKSRGE 25 BRI T AL, SRAEXESE
K, HEFAFRRGTIRFR D, ARG AT LAY H kst
SE R I T AR S %
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