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Abstract: [Objective] This study is to clarify the genetic differences of Angelica dahurica provenances in
different producing areas in China, and analyze the quality characteristics of 4. dahurica provenances with
genetic differences under the same nursery cultivation conditions. [Method] The sequence-related amplified
polymorphism (SRAP) molecular markers were used to analyze the genetic composition of different
provenances of 4. dahurica. Taking A. dahurica from different provenances cultivated in the same nursery as

materials, the chemical components of 7 coumarins were determined by high performance liquid
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chromatography (HPLC), and HPLC fingerprints were constructed to analyze the quality characteristics of
different provenances. [Result] Unweighted pair-group method with arithmetic means (UPGMA) showed that
some provenances of A. dahurica from Hebei Province and those from South China were separated at the
similarity coefficient of 0.84. Under the same nursery cultivation conditions, only 7 coumarins could not be
used to clearly distinguish different provenances of 4. dahurica. After principal component analysis (PCA) by
HPLC fingerprint, the quality characteristics were differentiated between provenances. [Conclusion] The
genetic similarity of 4. dahurica provenances from different producing areas is relatively large, and the
medicinal materials from some Zhejiang A. dahurica provenances cultivated in the same nursery can be
distinguished from those from other producing areas by HPLC fingerprint. [Ch, 3 fig. 4 tab. 20 ref.]
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HE 258 NI B Apiaceae ¥ I TE Angelica dahurica ST H 1E A. dahurica var. formosana )15
, BAMREEE. XM . Elass . Bk . MM HE . AiE S A FERE . ER
CHZE AEYIZE . S RS ML Y, FUR BT SR — KT
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SRS FARICREANIE] T PGS A 2 T RIS, 45 2R 7% SSRI ISSR Aic ] LA FH T+ 17 B IR
B L SAETE . SRITE A WIS IR, REREIREGMACTT A= X R, BRI
TEF= MBS TE A | R EEAT A, (HIT 10 a XA ERAFSR AR e B o0 . ARBSEEOR MBS, A %
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FIAEPIREAISAL AL A
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1.1 ##

2019 4F 10 H, ZEPU)il . #ive. e, Wit 30 peg A5 0 3 KA ICE 25 iy FTIE R IR (R 1), AR
R FAUNTE R A7 . 2020 45 9 H, e oAl 250 [ [ FRAE 9 25 0 (O SR EE TR I, B TEARR,
55 CHETIRHTHE, 55 E T 4 C KR ER A
1.2 LS F

SEES RS FEALES Agilent 1260 =i %0BAH 354 (Agilent 24 w), FEE). %+ (Agilent Eclipse XDB-
C18 4.6 mmx250 mm), Veriti 96 Well Thermal Cycler %! PCR {¥ (Thermo Fisher Scientific 2% 7], & [H),
Power PacTM-Basic/HV % H, k{1 . GelDocTM XR +7Y #¢ it i 4% 1% (3% [ Bio-Rad A #). BRATHHE (it
5. HS19326S1). SEERATHIZER 5 : HS9499S1). HMIHE (b5 : HR19108W3), A Lri#H R ('S :
HR71244W5), WEFM AR (It : HR1141WS), /KA EALETAZE (b5 : HS91011B1) XA A T35
X RS AE R AT FRA s AEEE B XS B (165 nk1211109006) W H T CABER BT £ A M RHE A FRA
Al HEE LS. 20210322), 28 dES . 20200710) Radrat, W E T R AHRFIARA A R
AR GRSl (L5 . U9OGIH), AKCHEZEM LB Tk, =R P I (it . T57320). #
iz Yukl YeaRed, 2xHieffTM PCR Master Mix 5531 [ F Lol X AE W RHE A FRA ;. SRAP 5IMZ+E
WA T AN FIA R, B4 C IKEERAT . Ira R et .

WS> k&
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Table 1 Information of tested materials of A. dahurica

Hir's KR e sy B HEEN) ZJ(E) THEK/m
HBQ-1 AL PR T 22 T AR N -1 Nl 3 T E i) 38°25'11.79"  115°18'54.12" 33
HBQ-2 AL PR T 22 [ T AR N -2 PN 1% 5o i 38°25'11.79"  115°18'54.12" 32
HBQ-3 AL AR PR T 22 B T AR AN 43 AHAY: B 38°25'11.79"  115°18'54.12" 33
HBQ-4 AL AR PRE T 22 T AR 1 -4 Y B 38°25'11.79"  115°18'54.12" 32
HBY-1 AL A PRE T 22 1T 2 N -1 RS A 39°20'43.56"  115°30'06.04” 50
HBY-2 AL A PRE T 22 1T 2 JH -2 RS A 39°20'43.56"  115°30'06.04” 45
HBD-1 b BoE 22 [ iR I -1 A A 38°22'16.83"  115°12'54.73" 37
HBD-2 LA BoE 22 [ i R I -2 A A 38°22'16.83"  115°12'54.73" 36
HB-B b BUE & E i LB 2 AL A 38°28'13.34"  115°17'48.67" 30
HN-G TR A VS T S T g RS A 34°13'37.53"  113°33'44.31" 169
JS-X VLA i i T PR B 2B SiREE: B 34°10'55.57"  118°39'35.60" 16
SD-X WARAE I & TSR PR T S IR Al 36°40°02.15"  120°43'52.90" 37
HN-L R A IS S A L AT A SiRERE: B 27°1925.00"  111°50'56.70" 208
ZJ-F HLAR BUM T V22 LU I i RS BHTE 2902204267 118°42'34.62" 370
yAR'S WIVLAR el 22 Hor R (I Sk ) RS BUHTE 28°5828.49”  120°25'47.97" 560
Z]-M WIVLAR e 22 BUBTRBLORZE P A ) RS BMEE 28°5927.89”  120°23'13.20" 570
ZJ-L WA e 2 BV kAR RS BMETE 28°53'59.36”  120°20'59.61" 303
7J-B HIVLAS & ML A RS BUHIE 28°44'59.86"  120°36'04.52" 78
SC-Q VU148 3 7 T R B AR RS BEE 30°22/59.827  105°58'30.98" 338
SC-B VO % T T E R R A RS BETE 30°40'58.73"  105°41'06.79" 408
SC-Y VU118 328 T T LU XK RS BEE 3003351027 105°36'27.35" 293
CQ-T PR R XAk L4 AHGRE:  BUATE 29°4110.54”  105°34'01.12” 417
AH-S TR M TR IX U IR RIS 3394838237 115°47'15.30" 39
AH-H TR T X AR IR BUETE 33°56'03.637  115°46'48.82" 39
AH-Q TR 2T IR X B AR FIRRRE  AUETE 33°50'53.42" 115°52'33.24" 37

1.3 EFHEERHYEEHRN

BHEREE SR 2 g, BT 100 mL #5238 H, A 50 mL 7k, %%, PR, B8 1h)a, @40
TR EEE, MINEWE, SRR | he BOASE, BCRHEEIR, %%, FFRTE, FIZKRM IR 5
W, A, TR E, EBOEW l0mL, BTETREEEMNZELNS, EKEHm EET, T
105 °C T4 3 h, B THRETRA0 30 min, MEFRETE . LUEEERE 00 5 H A AR o v g v vk
R (%), AR ER 3R
14 BFEIZREXUEDEN
141 &% 44 @igth Agilent Eclipse XDB-C18 (4.6 mmx250 mm, 5 um); ¥ sh4H 4 H B (B)-/K
(A), BBEEVER & oA AU 8, VEBLAEF A . 0~25 min, 40%~45%B; 25~45 min, 45%~60%B;
45~50 min, 60%~80%B; 50~60 min, 80%B; 60~70 min, 80%~90%B; 70~75 min, 90%~40%B; 75~80
min, 40%B; WA 1.0 mL-min™'; HER 25 °C; #EFEEN 10 pl; Rzl 3K 4 300 nm,
142 sBERERGHE HRBOKGEMARTAER . AEE. hTFHNE . SRR BETHE .
SERRRTHHE . AEWEEm SR, PR, B E 10 mL A8, B HECE S 1 mL 4 9E A 0.728,
0.659. 0.699. 0.639. 0.721. 0.747. 0.639 mg HRifE b AYER—XT HRAE AT, I IRl i i, 1R G
S T P RS, o e 2 ) B R 4 ol 12,760, 4.482. 5.768. 35.649. 37.856. 14.498. 6.390
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mg- L™ AYTRAXT FEARE A T o
1.43 XAk & BOIHKFES R o 3 50 1.0 g, BT 50mL 8, 45 mL HEE, #&
FEALTE (T 300 W, B3 50 kHz) 1 h, B, %, INHEEZE 50 mL #RZ08, #8450, U8k, HReijE
Wit 0.45 pm AYTFLUERSE, BPASAERE R
1.5 PCR ¥ i8R BEik#& N

BEORE A BENL BT OB BRSO e, SR CTAB M 2 HUAH I DNA, JEF 41 DNA A IxXTE 2 i
P e i DNA VR BE I 2 100 mg-L', JFE T 4 CUKR R, Mikhy ey iie, EEEgn 8 Xt
SRAP 5|#), PCR ¥ S W& % H 10 uL: #i4 DNA(100 mg-L™")1 uL, 5354 (10 umol-L™") 0.8 pL,
3% 514 (10 pmol-L™") 0.8 uL, Mix-Taq 6 pL, Al ddH,0 % 10 pL. ZH A RSN kit 1743
Ja, BT 4 CKFERAF . PCRYMES G, MATRERCEIK, PRIGAHEE .
1.6 HESHFIE

FIHI NTSYSpe 2.10e AP X HEA AT RIS T2 IR K] oG8 SPSS 23.0 FRAF X 4icdl i 47 3
R, SRR R 7 2201 (one-way ANOVA) K56 22 55 o 3 VE ;833 Origin 844, SR E 4
B (PCAY™ DA A Ty PR I oy 5 8 3k v 2448 SC B AR BLBE DE A R 48 2004 R 7 ) BREE S0
THRRE S SRS AR U

2 HRERH

2.1 EEERS
21.1 SRAP¥ 3 =4 % At 45 ik ny 8 % SRAP I ¥tk i 82 £ 464, Hrh 2 B4 HE
41 %%, ZENETE/HRHA 27.27%~80.00%, F34K 50.00%, ZEVERGHI5194H G Med+EmS (3 2).

%2 7N[E SRAP 3|4y tsE R

Table 2 Statistical amplification results of different SRAP primers

ElE7Ec i LIRSS —3) YIRS 2RI ZEIE %
Me2+Em10  TGAGTCCAAACCGGAGC/GACTGCGTACGAATTTAG 8 4 50.00
Me2+Eml5  TGAGTCCAAACCGGAGC/GACTGCGTACGAATTCTG 11 4 36.36
Me4+Em8  TGAGTCCAAACCGGACC/GACTGCGTACGAATTAGC 13 8 61.54
Me6+Em9 ~ TGAGTCCAAACCGGTAG/GACTGCGTACGAATTACG 10 8 80.00
Me7+Eml  TGAGTCCAAACCGGTTG/GACTGCGTACGAATTAAT 7 2 28.57
Me8+Em5 ~ TGAGTCCAAACCGGTGT/GACTGCGTACGAATTAAC 12 8 66.67
Me9+Em4  TGAGTCCAAACCGGTCA/GACTGCGTACGAATTTGA 11 3 27.27
Mell+Eml ~ TGAGTCCAAACCGGGTA/GACTGCGTACGAATTAAT 10 4 40.00

212 A ToFAmeaRE SN MRS FAOCT M EE, VAR (UPGMA) Xt 25 173
HIEFMIRIE TR, IE 1Al 0L BT REAR R 2 AN KEE, TR IIRECH 0.84 &b, 5 ANm[db =X
FEAR —3. TEBEAMIRECH 0.87 4k, MIF . T35, 10K 3 A= X REAR MR oy —3; Uil &
PR WL AR AT AL AL [ 2R Sy —25 . BRI, WL DU S b X AR A A B 3R —
2o ARBFFTAET AL ZE ™ X SR AR AIREAS BOA ZEWT VT s DU P2 X R 42, 0 RT BB A7 AR 11 1 R B2 U8
IR

22 mRYFES

221 HRURARE R E (HPLC) ik 2 432 BURGXTIRFEMIAM 2. 4. 6. 8. 10, 12, 14, 16, 20 pL
FEAWA AL, CREmA, DGR () MOARAR, DLEREE (v, pg) MEEARRR, dEFT4ebEmIA, 15
FUKALAALRTEAR . A4 E . BTN . SAERTEI R . BRETEIE . FRATAZR . TEAEE M 10 2k ]
F77 8 (3% 3), HIERE R HIKT 0.999, EHS LA WAL B NL X R BRI, XAV ET 1
HPLC RrAR R AT I 2t %48, S5 Rz i G #nl 17 .

222 FHaFEArBy a2 oA W25 Gy RIBAE R PS50, W HPLC & it 7 Ff 0 R 2
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WSy e MF 4 RTUL: 25 4y FEFRBTRE IR A 7 Fh A 5L _|_—':ii(§
U3 B i A3 RO BRI BRATEA R . 48R At
B . REKATE R . Bh AR . K G A ALETH ZI-F
F.OMMEE . EEGE, B 2408, 7L
1.404. 0.806. 0.317. 0.181. 0.057. 0.007 mg-g ', ;—’_|:i§;{‘g
] 52 24 3L 22 51 25 R 10 24 8 04 BRI 1 2% o 2 93 4 - | HBO-4
NG TF 0.080%!", AWFFE, BEUR M 25 4y HIE HN-G
S BT 28 T 5 B (U ) HBD-1 A5 [ 5 24 ] oox
B bR, TkESh AH-S, ZJ-F. ZJ-M BEKRTH] HB0-2
FTRAMHAIIEN, BT 4mg-g o X 25 BITIE HBY-2
2B ) 7B 7 5% KA RS HEAT PCA ) B [ Csx

(B 24), SR 41 Fr (PC) T 53.5% HBQ-1
(9772, 452 ERSr (PC2) MRET 23.7% (975 %, u s
24~ AT AR AR IR 1Y 77.0% S B, L, B HBD-
Pl 5 1 H BB W R o R A 0 i T 5 os o oo s

L, X 25 7y FUERE S AT PCA 238 (B 2B), 45 it E A

R WL AR RS AR IR BT — BIPRAEMELE 1

Mo Bl ATorFHmitfs e RRaERR

UPGMA R %K
Figure 1 UPGMA dendrogram of different A. dahurica resources

223 A FHPLCHIESEv® R EF AL @
1 HPLC FRAEIE ) 8 SO RS R s 40, 25 Oy kR AL Y
g K 3A pros, Hpdr g dtam g 174, W
& 3B i . HRE S ZI-L 7E 27 min B4 858 4 1

HZHE g KLy L y 53
ok, URRER IR L 0, R T RO T REERALSMASMRE
AT I T AR 22 AR

based on molecular marker

Table 3 Linear relationships of 7 coumarin compounds in 4. dahurica

N HEREEZR
. y i 2 s
3 e Wy [ =1y 7 R e g
SRAP 4 FARiC TR, NEEW L HMIE  KEALAHE )=2142.8v2.2536 09998 0.026~0.256
DNA i E 8, 45t en 5, Hotks, 8k EETEES 3=1579.6x+1.568 1  0.999 7 0.009~0.090

UF . EA T T 2R SR 2 5 R H T el y=2348.1x+0.1913 09997 0.012~0.115

SR U6 of b b 2 AR 4 B AR 1 38 A 2 BT 5% 2 AALHTAE y=2396.7x-2.7045  0.9995 0.076~0.757

BORTITC RN . R T LA e T G e 4R YGITEES y=26282x-3.9219 0.9993 0.076~0.757
) H (=] >~ MU

. . N BRI 2R = 8x-0. . .029~0.
Ve, SRR S A M S B St . RIS 5t i = y=2425.8x-02574 0.9995 0.029~0.290
e y=3183.2x+0.9897 0.9999 0.013~0.115

P R ) 388 A% 2L BRI R [RD 8t % fh B 55
XHEIED WaPra R —8. SIFEE, #k
H A0 A2 O XA L EFR S R AT R —4, IR X A, I AR RS 25 R AR,
ZRBEER TR 5 AR X IR AR 22 A G, TR ST I A O )1 R TR S SR A
ATRES 5 Fh 5 B R 25A oet, 5 PR, [ RIBHME I HTSH Peucedanum praeruptorum, [FIFE
PRk AR 5 5 SO B i ) 35t 4% 23 A A8 /N0, 28 5 B AR PO ST SRAP 43 A5 10 M 8247 B 2 Fallopia
multiflora ORI, 25 FF WP A () 27 2 st 1% 2R LRSS R A0, AR5 B A ) AL R AR =
{HIERZE AR/, URBH R G AT st A A s e K

CA AN 10 A AEAS RSN Z B - ASIR] ™ DX ] (TS 2540 00 25 S5 i 380, A R X 45 7 (1
WM G Z I R B WTEg L b SIS AR e R R 0 2= A A
OO ARG K T REGRAEAS G R e AN [l il [+) [F81 6 5 J ot o A P S A s X1, 3k 3 BN []
X B IREE R P RE SRS AN )7 X T i 22 S R B R . [, WiV AL Ge 7= X A Fp IR SRR AE 5 H

Vi y R, R (ug)
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F4 AEMHEEENEEZRENSTER TR HWHEHE
Table 4 Contents of coumarin components and ethanol-soluble extractives in 4. dahurica
FHE N FESE/(mg-¢)
%' B I /%
KEEAMARTAR AR WTHAEE SRR WEER FEETHER EREm

HBQ-1 0.348+0.010a  0.178+0.009 b 0.501+0.007 ¢ 1.866+0.014d 1.667+0.009 m 0.521+0.019 q - 18.594+0.23 1
HBQ-2 0.298+0.005b  0.059+£0.001 1 0.594+0.002d 2.073£0.005c 2.963+0.010d 1.010+0.012 g - 27.01+0.32 fg
HBQ-3 0.303+£0.001 b  0.060+0.0001 0.596+0.002d 2.069+0.013 ¢ 2.964+0.019d 1.022+0.028 fg - 17.79+0.27 fg
HBQ-4 0.137+0.003 j - 0.203+0.0021 0.882+0.010n 2.566+0.014 g 1.393+0.024 b - 20.12+0.23 ef
HBY-1 0.129+0.030 jk  0.031+0.0021 0.230+0.003 k 1.212+0.009j 2.546+0.034 g 0.774+0.006 1 - 20.13+0.65 gh
HBY-2 0.160£0.001 h  0.158+0.002 ¢ 0.647+0.004b 2.197+0.005b 2.033+0.005j 1.753+0.008 a - 27.68+0.63 ¢
HBD-1  0.136+0.002 j - 0.117£0.000 p  0.621£0.001 p 0.577+0.001 p 0.468+0.003 r - 20.36+0.321
HBD-2 0.084+0.0020  0.039+£0.001 k 0.174+0.005n 0.816+0.0250 1.382+0.043 0 0.585+0.017 o - 20.03£0.46 n
HB-B  0.224+0.000 ¢ - 0.185+0.001 m 1.150+0.014 k1 2.2524+0.0001 0.863+0.002j 0.045+0.000c  23.56+0.04 d
HN-G  0.270+0.001d  0.045+0.001j 0.260+0.001j 1.811+£0.003 e 2.797+0.005e¢ 0.951+0.004 i - 22.85+0.07 m
JS-X 0.115+0.001 mn - 0.178+0.000 n  0.934+0.010 m 1.524+0.016 n 0.348+0.003 t - 19.83+0.02 a
SD-X  0.193+0.010 f  0.064+0.002 h 0.283+0.014h 1.170+0.047 k 1.416+0.0550 0.293+0.013 u - 23.26+0.79 Im
HN-L  0.087+£0.004 0  0.036+0.001 k 0.226+0.000k 1.132+0.0141 1.425+0.004 0 0.625+0.002 n - 19.52+0.13 j
ZJ-F 0.180+0.002 g  0.102+0.001 d 0.795+£0.007 a 1.754+0.011 f 4.401+0.013b 1.206+0.009 ¢ 0.050+0.001 b  23.25+0.79 de
VAR S 0.110+0.001 n - 0.129+0.000 0  1.299+0.003 1 2.466+0.000 h  0.384+0.000 s - 21.76+0.16 1
ZJ-M 0.124+0.002 k1l 0.070+0.002 g 0.275+0.003 1 1.855+0.028 d 4.342+0.055b 1.173+0.014d 0.068+0.00l a  22.76+0.16 ij
ZJ-L 0.158+0.004h  0.098+0.003 ¢ 0.340+0.004 f 1.156+0.011kl 2.717+0.029 f 0.558+0.007 p - 2424+0.11b
Z]-B 0.288+0.005¢  0.205+0.003 a 0.313+0.003 g 2.339+0.022 a 1.844+0.019k 0.970+0.005 h - 21.05+0.03 n
SC-Q 0.146+0.002 i 0.029+0.0011 0.124+0.007 0  1.140+0.094 k1 2.813+0.194 e 0.809+0.055 k - 22.17+0.00 d
SC-B 0.222+0.007e  0.071+0.008 g 0.334+0.005 f 0.953+£0.019 m 1.746+0.0121 0.704+0.002 m - 24.07+0.01 1
SC-Y 0.127+0.001 k1 - 0.312+0.003 g 1.396+0.005h 3.392+0.022 ¢ 1.035+0.006 f - 29.86+0.03 k
CQ-T 0.348+0.001a  0.076+0.000 f 0.110+0.000 q 1.490+0.009 g 1.381+0.008 0 0.464+0.009 r - 24.26+0.03 o
AH-S 0.153+0.002 hi  0.066+0.005 h 0.603+0.015¢ 1.511+0.040 g 5.685+0.183 a 0.763+0.0211 - 23.80+1.21 gh
AH-H  0.119£0.001 Im  0.044+0.001j 0.173+0.002n 1.393+0.002h 2.202+0.0081 1.115+0.002 ¢ - 22.45+0.01 hi
AH-Q  0.060+0.001 p - 0.228+0.004 k 0.878+0.048n 1.590+0.060n 0.371+0.011 s - 18.39+0.18 d

LWL G IR FR IR
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Figure 2 PCA analysis of A. dahurica based on HPLC
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