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Abstract: Objective In order to study the relationship between the morphology of Angelica dahurica root system and the accumulation of
coumarin-like components at different developmental stages under different light intensity treatments, to provide reference and basis for
improving the quality of 4. dahurica herbs and for efficient and reasonable cultivation and production. Methods The morphological indexes
of A. dahurica root system were determined in 50% shade, natural light, and supplemental light treatment groups; High-performance liquid
chromatography (HPLC) and correlation analysis were used to determine and screen the coumarin-like components that were strongly
associated with the morphology of 4. dahurica root system; The morphology of the root system of A. dahurica was observed by the application
of exogenous coumarin, and the expression level of coumarin biosynthesis-related genes in the root system was determined based on the RT-

qPCR technique. Results Root morphology indexes of A. dahurica (dry weight of primary root, number of lateral roots, diameter of primary
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root, root-crown ratio) were positively correlated with light intensity; the overall change of the total coumarin content in the different light
intensity treatment groups showed an “S” - shaped curve. Umbelliferolide was significantly negatively correlated with primary root length,
number of lateral roots, and root-crown ratio, and significantly positively correlated with primary root diameter; exogenous application
of umbelliferolide significantly promoted the increase of the morphological parameters of 4. dahurica root system (total surface area
of the root, the length of the total root, and the number of root branches), and the content of the four complex coumarins (oxypeucedanin,
imperatorin, phellopterin, and isoimperatorin), and significantly up-regulated the expression of key genes of coumarin biosynthesis
pathway, including phenylalanine ammonia-lyase (PAL), cinnamate-4-hydroxylase (C4H), 4-coumarate-CoA ligase (4CL) and other key
genes expression. Conclusion 4. dahurica root indexes and coumarin content varied in different light intensities and developmental periods.
The exogenous application of umbelliferolide affected the establishment of dahurica root system and the accumulation of coumarin-like
components in dahurica roots by regulating the expression of genes related to the coumarin synthesis pathway in dahurica roots.

Key words: Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook. f.; light intensity; root development; HPLC; coumarin accumulation;
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(Fisch. ex Hoffm.) Benth. et Hook. f.B{ At 1t A.
dahurica (Fisch. ex Hoffm.) Benth. et Hook. f. var.
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1R B 2 KEAALRTEAR: 3-AMIAEK,: 4-BhFHAEE: SSELRTER: 6-BRATHHER: 7-II3EEK,: 8-REKATHR.
1-umbelliferone; 2-oxypeucedanin hydrate; 3-byakangelicin; 4-byakangelicol; 5-oxypeucedanin; 6-imperatorin; 7-phellopterin; 8-isoimperatorin.

1 BEWEM (A) MBE#RIR B) EERAEMST HPLC EiE
Fig. 1 HPLC of coumarin components of Angelicae Dahuricae Radix (ADR) control (A) and sample root (B)
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Table 1 Regression equation and linear range

D% LRk R r 2R MV Fl/(ug-mL Y
DT A N B Y=0.134 7 X+0.006 7 0.999 9 0.200~100.000
KEEATEHER ¥=0.529 7 X—0.008 6 1.000 0 0.198~99.000
SETEES Y=0.249 2 X+0.106 6 0.999 9 0.140~70.000
A P I Y=0.169 1 X+0.153 9 1.000 0 0.122~61.000
FACHTIH Y=0.759 0 X+0.281 5 1.000 0 0.196~98.000
GRS Y=0.631 9 X+0.054 3 1.000 0 0.252~126.000
MISE & Y=0.469 3 X—0.008 6 0.999 9 0.150~75.000
FRRATH &R Y=0.623 5 X+0.064 2 0.999 9 0.090~45.000

1.51%. 1.39%. 1.25%. 2.33%-. 1.36%, FHI{3
Ko R AF; EE MR H LA 8 Fhsisr ) RSD {E
SN 1.77%-0.91%-0.71%- 0.94%- 0.89%- 0.52%
1.42%. 0.65%, RU7EESHERL; et
o Bk 8 P s RSD E 258 1.17% 1.23%.
1.29%-. 1.09%-. 1.41%. 1.16%- 2.23%. 1.65%,
B A VRAE 24 h ARE ME R IE s IoFE IR
o Bak 8 sy B Bl E A o 102.37%
100.56%+ 101.38%. 99.81%-. 101.23%. 99.73 %.
102.85%- 101.40%, RSD 4354 1.02%- 1.12%-
1.41%. 1.35%- 1.17%. 1.05%-. 1.33 %. 0.84 %,
e WA I 1R R P A U o
23.6 FEMEENE  BURFRAERH GIERE SR,
2 “2.3.17 TR T7i & et s, 1% “2.3.3”
TR i 2 . EAMEHEAER 3 K,
24 ERSH

PR N B IER R ATRR AT E R B &
EHHE ST SIMCA14.1 B AR 34T 3 55 40
(principal component analysis, PCA). 1EAZ /N
et 53T (orthogonal partial least squares-discriminant
analysis, OPLS-DA), FF#37. OPLS-DA 7, fifik
tH VIP>1 O E . KA SPSS 26.0 AT A ]
FEHER BEACERAN [F] B I A E R AR . AR
H, REL ERERSR RSB PRI
WESE 8 Ay SR HEAT Person A 704, #k it
5 E TR RO BRI & S E T

2.5 NEEE RS I BIERZNS

2.5.1  AMEREINSPTEAC AR 4-F <R IR AL 3
TEYIE R . K —E B ER T, H 10%
R AR BN O B8, Z8TB/K B G BRI AR
EREFHETRIE, FAEYHETKE 6~7
cm B, PRk KA R i BI85 — S 4w i i F K
BrRE IR OKEREON 172 A2 E IR0, TR
MR FRAEEE 7 RIS, TS TR it S MR
HERAH . A IIAIKEH 50, 100, 200 pmol/L
AL TR 4-H BT ERE IR . FFIIREE
TR2N & T 25l dr 48 CK (RHERZL) . S-50 (3%
FE24 50 pmol/L fI<p-TEAE AR S-100 GKFE Y 100
umol/L HJTEAE NG S-200 (GIRJE N 200 pmol/L
ETEAE TG 4-50 (IRFEA 50 pmol/L Y 4-H %
DFEED) . 4-100 GREEY 100 pmol/L fY 4-FF B A=
i)\ 4-200 (AN 200 pmol/L ) 4-FH 3L A= )
Ho FAKAHEL 45 BRATELTE .

252 FEACREGEE  FAE 15 REEHT
BURE, FRMAEFRAPRIE 15 BopTie (A Iy, bk F)
H 75% kG E . KBS, RIET-80 CH
5i N, FHT RT-qPCR. .4 A= H KGR
NPT, 5T 60 ClHEIR T
MR EIKEMT 14%/5 U, BG4, 2T TS+,
HATERPEFEERERS =

253 AEMRARXRUNME BAHBESFA
WinRhizo (S) v.2004b # A, 8 AR & K
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AT T, MIPEARR A S H (R EERIAR. SR
K. FHEEME S EEO.
254 HIERRFELRGENE % “237 BN R
YEJEREAT, R HPLC VAN E A Rl FE< T AL A
g, 4-FILDEE AL 15d FATERAT 8 fEE
RTINS R, IHER] SPSS 26.0 Bk Hidl AT
AbER, B EANFIREETEAE A B . 4-F SR T I 0
FITER 2R R R IR .
255 HIERAREERGMOCHIE RN RILE
FE B EMRIRERAE (—80 °C) HUMTE B IR
ai, GRS B FRE TR B C AR, A
FEITEE R AR (W R EA TR T . FIE
AR S RNA $EHU B AR E P IR Z 1] TransZol Up
Plus RNA Kit 12071 « A PRUEFEAE RNA 26750 DNA
T kbR RNA s iist A, 4% 5Xg DNA
Eraser Buffer : gDNA Eraser : RNase Free dH,O=
20105 HHEBIFEDK BRG], SRS 8
uL VR BIEA RNEF, FHII 2 uL 5 S
RNA, FTHREWRAE 42 C F I 2 min, BG4 C
ORA7, HIT ¥z, HIEMR RS RNA SRR A
REAE D IR S IR PrimeScript™ RT reagent Kit with
gDNA Eraser i\jf| &

#% PrimeScript RT Enzyme Mix I: RT Primer
Mix: 5 XPrimeScript Buffer 2 (for Real Time)
RNase Free dH,0=1:1:4 4 WHIFEK EIEAM

FARF, 28 W E 10 uL B &3 BB N E
I 10 uL 4 RNA 7%, A8 cDNA I#FRTE
37 CFRI 15 min, 85 C R Ss, Ffij54 C
{&4%, FHT RT-gPCR. KH TB Green Premix Ex Taq
Il (Tli RNaseH Plus) {5 & 147 RT-qPCR X .
K FFii% TB Green Premix Ex Taq II (Tli RNaseH
Plus) (2X): PCR Forward Primer (10 umol/L) . PCR
Reverse Primer (10 umol/L) : cDNA ¥ @ KE/K=
10:1:1:1:7 BEEIFEYK EBCH| 20 uL PCR X
N . RT-qPCR 3826440 95 "CHFLE 2 min;
95 CHFLE5s Ml 60 CHFLE 30, 40 RJEI; 95 C
FE4L 58;: 65 CTHE 95 C (0.5 CT/58). ffif 2724
Wt EANREA . B ESE 3 IR

AR A P S 2k 7 M E SR B
Ve Boit EIOCSEEEN, 73l 4-F 3R -CoA %
$2§ (4-coumarate--CoA ligase, 4CL). X &H TR 3-F2
1L (coumarale-3-hydroxylase, C3H). RIFERR-4-#2
1L (cinnamate-4-hydroxylase, C4H). F23& RIFERR
PRS2 (hydroxycinnamoyl- transferase, HCT)-
KA EIREMILES (phenylalanine ammonia-lyase
PAL) . WMHEER O-H B #F2 [ (caffeic acid 3-O-
methyltransferase, COMT). FIZLEE-CoA 6-F2AL
(feruloyl-CoA 6’-hydroxylase, F6'H), FtUL B-ILzh
HH Cactind) NNSER, L& T 10 X519 5 41
(% 2), VLBLREIF RT-qPCR 5256 . i il e AS[H

#z2 S|HF5

Table 2 Primer sequences

5t 5 4 B 514 4 PR fig2E P31 (5°-3)
actin actin-F GATTCCGTTGCCCTGAGGTTCTG
actin-R ACCACCACTGAGCACTATGTTTCC
4CL CL1259-F CAACTCATGGAAGCTGACGAAT
CL1259-R ATTCTCGCCATCAACTTGTTGT
C3H-1 CL3389-F CTTCTCGCTGCATCATCTCTCCTC
CL3389-R ACGGAACTTGAGTGGCTTCATGTC
C3H-2 CL9367-F TCTAGGAGGGGTAGCATTCAAC
CL9367-R GAGAGGCACCAAGTTTAAGACC
C4H CL11501-F GGGCATTGCGGAACTAGTTAAT
CL11501-R ATGACAGCTTGAAGGTAAGGGA
HCT-1 CL2722-F CCGCCCTTGATTACTTGGAATT
CL2722-R AGTCCTTCATATGCAATTCCGC
HCT-2 Un 21055-F CTTAGCTGGTCCCACATTCTTG
Un 21055-R AAGAAGGGAGTTTGCAGGTTTC
PAL Un 9860-F ATGGCTTCGATGGTTCTCTTTG
Un 9860-R AGAGCTACCGTCCAATATGTGT
CoMT CL5797-F AGTTACATTGCCGACGAAGATG
CL5797-R CCCTCAAGCAGTGCATCTTTTA
F6'H DN10627-F GAAATTATTGGTCCGCTACCTG

DN10627-R

ATAATCCGAATACAAAACTTGCT
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EARG R,

3 EBR5SH

3.1 BIERARMSMELSER
FIERAESTE (ERT R, MREE .

ERER. REH) B R IEAR. A

ARKEELRES, HL AP AR IR, HER

AR R m T R, b2 LL. NL

APRZH I 336 2.07 £, HEMWEAEZEM, H
MARF E MR L, 272 LL. NL 24341 2.69.
1.65 5. Rk b A K /N EL U M e sk 7 R b R 3584
A E3 4y 2 T AR DS . NL LL AbFEZH FIAR &
ELAR LA SAATIT, YITESR 2 YCRFERAE A E AL I
B, BEEAR LR E N, NL 5 HL A2 AR e
LLISTESR 4 UCRAEIG 35 BTF, BRI A AR S
PR BN, HAESE 4 IREUFEJS, NL 5 HL 402
HHGE LI TEHEZR . W3R 3.

Table 3 Determination of root morphology indexes of ADR at different growth stages under various light intensities

*3 TRBAETEFABERALSERUESR (XE5,n=3)

(Xts,n=3)

Al R K/em EMRTFiE/g AR %A FMREAR/mm e b

I-LL 4.089+0.567 0.020£0.004 0 2.18240.369 0.252+0.016
I-NL 3.978+0.431 0.055+0.017 0 3.297+0.434 0.259+0.036
1-HL 3.567£0.330 0.072£0.022 0 3.62010.332 0.260+0.024
2-LL 6.356+1.221 0.038£0.005 0 2.903+0.472 0.210£0.014
2-NL 12.889+2.260 0.158+0.025 2.33310.471 7.916£0.655 0.207£0.026
2-HL 13.122+1.473 0.480+0.091 5.2221+0.629 9.806+0.927 0.279£0.045
3-LL 15.606 +1.554 0.113£0.014 2.444+0.497 4.879+0.814 0.215+0.012
3-NL 20.689+1.683 0.445+0.026 4.222+1.133 7.862+0.362 0.2491+0.006
3-HL 16.556+1.419 1.408£0.104 9.111£1.100 10.350+0.114 0.352+0.043
4-LL 19.567+3.360 0.796+£0.412 3.111£0.737 10.051£1.559 0.289+0.021
4-NL 20.000+2.413 1.504£0.101 6.556+1.257 12.588+1.022 0.355+0.033
4-HL 28.400£3.741 3.712£0.145 8.4441+1.066 16.321+1.107 0.376£0.024
5-LL 35.733+3.060 1.561£0.634 3.222+£0.916 12.657£0.836 0.3271£0.042
5-NL 32.967+2.016 5.571£0.759 5.66711.054 19.973£0.995 0.579£0.065
5-HL 26.733£3.200 9.555+1.365 8.222+1.227 21.606t1.147 0.619£0.071
6-LL 31.533+3.258 48721911 3.556+0.685 15.607+£1.526 0.567£0.033
6-NL 33.033+3.496 7.912+1.746 5.778+0.916 23.610+1.087 0.694+0.051
6-HL 33.878 +3.409 16.401+1.062 9.556+1.343 28.473+£1.049 0.717£0.042

32 BIERRZRBEZRIEBMNEER

FD JEEEETRE: KERRTARN A SRS

ANEIAEERZH A TEAR PP TEAE R K G AT
R AR BT AR FALRTHHER . BRATEHER .
IR 2% B R BRI A 2R 10 5 = 4 5 o 0.004 ~
0.238. 0.136~0.569. 0.051~0.412. 0.045~0.962.
0.113~2.458. 0.471~4.181. 0.219~1.667. 0.096~
0.925 mg/g. MBI E, AFEDJERAEIA OAF TR
TEBAR R “S” MLk, NN E, BT
NSRRI T JRIRERERI S P
Wi EULRTEAZR . BRATEAZR . IR A R B AT A
RO R RIS TS, HINTER 3 IKEUE
(5 710 BD JE&ERdy, IHES 4 KU (6 H 1

AN . A 2,

3.3 PCA F1 OPLS-DA &R

331 AFEKBERBIAIER PCA M OPLS-DA A
[FGREBRAE . AN[F) A B B TR o i 4K
BB (R%=0.797>0.5, 0*=0.629>0.5), nJ iz
SLI) PCA BEAFRE ML . MR YR PCA FERksr — 4k
BUSE (3D, TS 1. 30 4. 5 IREURERE Fh
RATEERT, MR N—I, HE 2, 6 KL
FERESL 1 2-HL. 6-HL AbFR4H 5 H A [ i 3T 5 58
AR, R EIEEERE 2 200 [ TEAR RIE S
MEGREBTRR .
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A-umbelliferone; B-oxypeucedanin hydrate; C-byakangelicin; D-bergapten; E-oxypeucedanin; F-imperatorin; G-phellopterin; H-isoimperatori.

2 FREBAETRRARERTEIZRS S

BT LHhLE

Fig.2 Variation curve of coumarin content in ADR roots at different growth stages under different light intensities
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Fig.3 Two-dimensional scatter plot of PCA principal
components of ADR samples at different growth periods
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#5317 OPLS-DA, OPLS-DA #ifirh, HFAISH;
R*v=0.940(>0.5), R>y=0.753(>0.5), 0’=0.415,
VLA RS e v 5, B — @ miliEe . JExi
[ OPLS-DA BEHIHEAT 200 YRBEALE Heis 56 (K
4), RIEIE A 0.294 (<0.3), O* I#LIE ~—0.695
(<0.05), 2 ZZMWELMRIZFLRKT 0, RIFEAA]
S RdWE. w5 s, VIPEKRT 1 HEE
£ 95% 4T IX 8] (P<<0.05) WIS, 437 N<=TE
WEE. EWTHRE. KEEMRTHE. AXH
K, X 4 DNEAR AR R o TR K 1
SEVEFEAR -
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Fig.4 OPLS-DA of ADR samples in different sampling
periods
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Fig.5 VIP plots of ADR samples at different sampling
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WEMNEERRA RN, Kb EREES F
R MRE. FRER. Ry 28 EMEK
PE (P<0.05), HEFEREK. MRS, MRtk 2
BEGME, SEMERREZEEMK; P
WEERR S EREK. ERTHRE. ERER. 1BE
Fb ) B B EM T (P<0.05); AMATEYS 5

ANTEARFE bR 35 2 WA 0 (P<<0.05); WRATHA
FNEERK., TWMELREEME (P<
0.05); MHFRMNE MK, FRESLE R EAM
KM (P<0.05), RERATHHRS EMRK. FRT
g, EWRERE. Rk 2R FEMEHE (P<
0.05). W3 4.

*4 BIERFESERSETEZHSPEXMEDIER 0=20)

Table 4 Results of correlation analysis between morphological indexes of ADR root system and coumarin composition (r = 20)

fok _ MRERE

FHRK FWRTHE MR %L FRES et
SIEAE A B -0.629" -0.489 -0.635" 0.605" -0.615*
KEEAATIHER 0.296 0.238 -0.324 -0.300 0.222
SETEES 0.371 0.160 0.501 0.286 0.173
5T AH PR 0.793* 0.593" 0.554 0.784" 0.737*
AL AT &R 0.875* 0.725* 0.699* 0.850" 0.686"
EIEES 0.806" 0.493 0.547 0.723* 0.550
WHsE R 0.835" 0.529 0.574 0.771* 0.581
S RRATHH 2 0.904" 0.702" 0.579 0.866" 0.761"

"P<<0.05, MXMERE.

P < 0.05, significant correlation.

S5 E R o BT RIA AR S i S5 3L, ST AE N
fig 5 FARK . MRS, FMRER. Rt 2 B EH
Ktk WO BTG N AR 9 AR &R R IR b
PN A B2 B IER R R A A R KA
EN: AR
34 HNEBEHERMHIERZRNZMN
341 HERRRBNMESER MEEFTRLH
BA R B TEY A E AR 73 3 5] iR 2 A
tt, 50+ 100 pmol/L 4-H ZE<p- M Ab 2 Jm, HANE
Rk I In T 38.22%. 30.21%; 50. 100
umol/L [T WERALEE G, FAEMR 0B 500
AIHEIN T 159.62%- 30.21%, B WLA=FEAE P Big 36
R CHEREE (K 6), {5200 umol/L iKE
(1) 4-FF L TR I AN <P A6 9 B A0 B R 1 1 TE S
W S BT R % 5 ANEE G R~
(1) 1 TE 40 B AR T35 AR 3 A [ RE FE () FRAIG « S5 5%
FEZHAHEE, 50, 100, 200 pmol/L [ 4-H - H i
RS, RFEART AT T 13.18%. 46.64%-
29.91%; 50. 100, 200 umol/L <= AE P g dbFE
Ja, WPWERD TR T 27.25%. 15.34%.
20.03%. MbAh, SRR TARFAS E R 73 S HbE 4-H
FE L TV IR BRI B T v PTG s ARG L AR R AR
FUAS 78 W2 7 SCHBE =T A P4 T8 PR P52 T v T P A1
ZER WK 5.

342 HIERREFETRGENESER M
DT AL IR AT DUAE 3E B TEAR R KA AT
. AMETHER. RETHZER . MR RERET
R GENR R, SABAtE, 4MEDN 50,
100+ 200 wmol/L F<p= 1 P e A1 4-H Jik <0 T2 i 3
et m HIER R HKEH AT R . BRATEHER
WM zw &', ENEERK[FTPRLENE. A
MIHE. BTN R LREES, SHEE
REERIHANEIEH . s, KEEMRTHE. A
MEER. BFHE A EEA AT R S ERE 4-HF
FEAp T W BE T PR A s KA AAET I = A
TRTEA R . BRATH 2 1 & 2 bE <D AL R iR FE T
. WK 6.

343 HIERRE T KRG ROCBEE R XY RIL &
P S5 5 AN N SR s s T A
WG RA R RHER HCT-1. PAL. F6'H.
C4H. 4CL. HCT-2. COMT. C3H-1. C3H-2 J%
ik, SRAANEERR LIAE S R BIFEYE BUSRE
SRR LR PAL. 4CL. F6'H. HCT-2. COMT.
C3H-1. C3H-2 [k & . ANI[FHE A= FEAE N g Ab
PR RIS R 4CL. C3H-2 41, ¥ S-200 4t
PRAAAE RO B3 o AR 4-F < i b B
B B, PAL COMT. C3H-1. C3H-2 #¢
I AR R IEE 2 T IEEH, SR NET.



F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

* 4831 -

A-XTHREH; B-50 pmol L' 4- A RE<p- T 4L ¥ 2H ;. C-100 pmol-L™' 4-F B<p- TR M AL 3 2H; D-200 pmol L' 4-FFEDTEFi AL FE4H s E-50 pmol- L™ <
JEAENEEALHA; F-100 pmol L™ <pIEAE N FRALHHZ; G-200 pmol-L! AL N BRALREAL
A-Control group CK; B-50 umol-L™! 4-methylumbelliferone treatment group; C-100 pmol-L™! 4-methylumbelliferone treatment group; D-200 pmol-L™!

4-methylumbelliferone treatment group; E-50 pmol-L ™' umbelliferous lactone treatment group; F-100 pmol-L™! umbelliferata lactone treatment group; G-

200 pmol-L™! umbelliferata lactone treatment group.

& 6

PEIRESNEE ERALIBERFZ I E

Fig. 6 Root scans of different concentrations of exogenous coumarin treatment groups

®S5 TRABEAAITERRER (XL, n=15)

Table 5 Table of root parameters of ADR in different treatment groups (X £ S, n =15)

415 R /em ERR A em? P EAR/mm ATERR I ST
X 112.463+£11.532 8.773+£1.313 0.789=+0.113 31.200£7.756
4-50 155.584+17.728 10.046+1.767 0.685+0.098 43.125+8.638
4-100 201.953+23.457 7.484+1.635 0.421£0.045 40.625+10.499
4-200 104.557+£11.764 5.970£1.056 0.553+0.113 355004 11.543
S-50 278.415£19.415 13.261+2.983 0.574£0.058 81.000+17.688
S-100 213.200+23.808 12.86542.837 0.668+0.075 63.714119.532
S-200 118.230+18.149 7.696+0.986 0.631+0.081 33.60049.058

®6 TEABEATRATIRIEMNELER (X15,n=3)

Table 6 Content determination of coumarin in roots of ADR in different treatment groups (XS, n =3)

SRR H/ (mg-g ™)

i ICAENEE KEEMATHER AR BTHNEE AR BGETHER IR RRGTIR
X 2.16840.027  0.22340.003  0.99240.001 0.905+0.009 1.246+0.003 2.965+0.018 0.403+0.001 0.49540.001
4-50 1.949%0.007 0.549%0.017 0.736x£0.005 0.766%+0.002 1.589%0.011 3.354+0.022 0.515%0.011 0.553+0.006
4-100 0.947+£0.021 0.345%£0.011  0.524%0.003 0.701+0.008 1.356%0.009 3.380%0.048 0.446+0.006 0.461+0.017
4-200 1.33940.009 0.236+0.003  0.436+0.005 0.69440.003 1.194+0.006 3.088+0.021 0.490+0.005 0.471+0.007
S-50 1.5754+0.013  0.2484+0.007  0.19440.002 0.483+0.005 1.4364-0.003 3.532+0.033 0.84540.019 0.499+0.008
S-100 1.29540.009  0.35440.009  0.25140.002 0.706+0.008 1.44740.004 3.832+0.019 0.62140.013 0.548+0.008
S-200 1.326+0.011  0.498+0.021  0.185%+0.003 0.666+0.023 1.520+0.015 4.541%0.034 0.756+0.012 0.529£0.004
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®7 TELBEBERPAREERENRIELE (n=3)
Table 7 Relative expression of different genes in ADR roots of different treatment groups (n = 3)
o ML &
HCT-1 PAL Fo'H C4H 4CL HCT2 CoMT C3H-1 C3H-2
X 1.000£0.031  1.000£0.177  1.000£0.066 1.000+£0.122  1.000+0.021  1.000£0.056  1.000£0.028 1.000£0.024  1.000£0.254
450 1.355%0.091 2.397+0.038 0.895+0.024 1462+0.037 1.558+0.014 1.321+0.031 134710018 1.132+0.117 1.31420.075
4-100  0.857x0.101  2.279+0.047 1.095+0.024  1.022+0.037 0.755+0.014 1411+0.011 1.023+0.013 0.778+0.117  1.155+0.075
4200 0973+0.101 1.082+0.036 1.220£0.024 1.220£0.037 1.132+0.014 1.047+0.011  0.851£0.018 0.638%0.117  0.841£0.075
S-50  1.254£0.074 3.862£0.231 144240105 1238+0.072 1.321£0.049 1.633£0.096 147710.047 1932+0.068 4.38420.090
S-100  1.775%£0.134  6.585£0.035 2297+0.065 1.797£0.160 2.969£0.050 2.294£0.119  1.791+0.096 1.634+0.124  3.37420.066
S-200 1.857£0.371 10.383£0.237 2.8514+0.054 2.226%0.133  2.5581+0.014 3.035+0.811 2.041+0.008 2.668+0.117 4.334%0.175
4 e 18 b 1 TEAF it R KR 3R 35 S 5 & 24 SO0 BT
4.1 AENHEEE. FAEABRATEERAES  HIRSTENHE. REETHIZRAENRETEIR KR 7>
BRI A SRk, HEBRAEARNPOAEER, —HE

SEREAEHEEYI L AR R EAE KRS, 1R
ML S B ZMIREN S, URENES ST
)M B AR R B N LA R B AR A A
G IE AT AR 525, A5 1F 7 R BAMR AR AT DAL 4
JRAZ B O6R62T), [, TR R RERS IR
WAL, R AR S, SRR
RIIAR & A i i 2 28 ks 35 i, KG
RAKEZREM, RICIRKIEFS . R
TR, YRR R B RBRIE R, AT RAE S
A B AR RIS RIE NG RSB0, AR S
ROUBEE TG IEBREE (30, B EARKARRAL, ER
TR MREE. FRER. RtbiEisaiEz
WK, UL EIRR A N S BE IR BRI T, W] DL
TIREYIR R AE KB, S HAR R K EHEIRT T
fom, AFYEIRGRE A FAIERAREKEF S
FEAAE, #NCAR R AV A RAE A ] — B
FREMA R, EHEARTOURAE, S8
R 2 e T A, SR R
AR B R RS, WREE GRS, E
YA AN B AR -3, AR e b IR s
KRBT ) ATEA P~ FAE, BIZEAE FDG 2%
PEF, A R A A R, AT TR E X
TR, HNAELTHEEERAEERR
ISR, AT ERIE = 5
42 BHIERBETZERSRRAESHR

AR AL ERZE (A TEAEAN R A KA 8 B & 32k
SEEWAWEES, HHRRRETHEREN (PEZ
B 2025 SERRFTHLE MR R s, LR 4
T AT 0.080%L1; A< S BT 75

AN [R] B 39 i SR () AN [R] 5 5 Ak B 2L o 2 SR
AT, BAEEWNAERES, HKATHER.
SRRATHH AL 4 RIFE (6 H 1 H) BHAFIE
fH. BSRBWERIAN, BB BN A TER A KHE
B, AT MEREEAR R OREAN R, IR A TE
JRIE R S BB B . e b, R[] i A BE 4 AN [H]
AKBEFECREEMARKNZER, HL. NL b
HIRATIH R S EEMRKE M G 4 R TR
W 5 6 IREFE) B, ¥R ET LL AH4.
X BN AE AR P R ] DLOE 1R R 1A BE AN T
THF B OO (TR R AR )RR EA SR, SRR A B

R EIE 2 H .
43 NEBEENBAERAESREEZARM
Mmoot

P 2 B S AR AR RSO A Y 48 v g oKk 2y
57790, MAKEKKE SEYM R AERR
CURRAH R, TR RIS G540 2 B3 S B IR R
AR EIROLI T EHRARCS . A See R BLRE YA
SRR BT, AN FACER 3 I T
HAAZWERS 3 MRASH RaREHR, SR
KRS H D AR AR S, BRI -3 53
TG ISR REBREE, ERA TR ERA
S5, USRI 1 R AN [F] (1 - A g 57381,
Iy, SXIRALLLE, F it s RN
WL LT, MARECR 2IUETHE RS, R
R EE R & SR ATt A IER RSN, ERE
i (200 pmol/L) 82 L H XA RAR 21 (4711
YEH, X5 SCHRIE ) & S 3R R E HI N AR
i, BRI T & B Rl R R . IRER
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RE, MR RS SR EGER S, HARSR
RN R R T BIE, RITERNES RS E
B#{%. RT-qgPCR X} E45 RN, DAL ER A
HE, MEKRENAS, DERPESREDE K
W% B PAL4CL SR B R RIS R R E .
A TEAE P R W] 4% 1 IE & R A A iR
KEFERMRIA, PLAAEE R U Wi % o
ERAKE, AT HE—LHI.
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