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Identification of medicinal plants in Angelica L. based on ITS barcode label
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Abstract: Objective DNA molecular identification of medicinal plants in Angelica L. was carried out based on the internal transcribed
spacer (ITS) of ribosomesequence variation. Methods One hundred and fifty-eight individuals of 32 species from Angelica L. were selected,
and ITS sequences were used to evaluate the differences among these species. Obtained sequences were analyzed using MEGA6.0 program
with the kimura-2-parameter (K2P) model. Meanwhile, phylogenetic trees were constructed, included the neighbor-joining (NJ) tree, the
maximum-likelihood (ML) tree, and the maximum-parsimony (MP) tree, and we determined the identification ability of ITS sequences and
the phylogenetic relationships among the species in Angelica L. Results The minimum interspecific distance is far greater than the maximum
intraspecific distance in ITS region. The phylogenetic analysis showed that the species in Angelica L. can be easily differentiated according to
their strong bootstrap support and relationships. Conclusion ITS region as DNA barcode can distinguish the medicinal plants in Angelica L.
and would be a foundation for the aid of molecular identification of the species in Angelica L.
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Table 1 Sample information of 4. nitida
KA TS 2313 i Ak i /m
Hofg KG1_ZB01072396 E103°04'37.1" N34°59'30.2" 3852
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Table 2 ITS sequences data obtained from GenBank

L/

GenBank &3¢ 5

%419 A. acutiloba

B30 A. apaensis

A. arguta

A. baizhioides

A. capitellata

KHMH A. cartilaginomarginata
NS A. czernaevia

H1E A. dahurica

FREN T 249 A. decurrens
YA A, dielsii
BEEYIA A. genuflexa
W9 A. gigas

=24 A. hirsutiflora

HA YA A. japonica

HHH N A. keiskei

BRI 19 A. laxifoliata

A. lignescens

K711 A. longipes
K49 A. megaphylla
#2495 A. nitida

UJE 45 A. omeiensis
7 A. polymorpha

% RV A. porphyrocaulis
A. purpureifolia

A. sachalinensis

A. shikokiana

M9 A. sinensis

WIH A. sylvestris
A1 A. tenuissima
K H YA A. tianmuensis
Zr& 24V A. tsinlingensis
G2 A. valida

AB569093, AB697599, AB697600, AB697601, AB697602, DQ278165, AB697591,
AB697592, AB697593, AB697594, AB697595, AB697596, AB697597, AB697598,
AY548227, AB697603, AB697604, AB697605, AB697606, AB697607, GU395147

FJ986045, EU001364, HQ686375, HQ686388, JX022894, X022895, JX022896,
JX022897, JX022898, EU418373, EU418381, GU395150, JN107553

KF619605

DQ263588

KF619735

IN603207, JN603208, JN603209, GU395177

IN603210, JN603211, GU395173

AB569095, AJ131292, DQ278167, EU591997, IN603212, JN603213, JN603214,
GU395151, GU395152, JX022902, JX022903, JX022904, JX022905, JX022907,
JX022908, JX022909, JX022940, EU418374

FJ385033, GU395171

GU395154

DQ263566

AJ131290, JN603218, KM051435, DQ263575, DQ263580, GU395156, JX022913
HQ256683

DQ278166, AY548214

DQ263561, DQ263562, GU395158

FJ196890, FJ196891, FJ228466, FJ228468

HQ202019, HQ202020, HQ202021, HQ202022, HQ202023, HQ202024,
HQ202025, HQ202026, HQ202027, HQ202028, HQ202029, HQ202030,

HQ202031, JF262140, HQ202015, HQ202016, HQ202017, HQ202018
HQ256679

DQ263568, EU418377, GU395162, JX022934, JX022935
FI986041, FJ196887, FI196888, EU418378, FI228465, FJ228467

DQ26357, DQ263576, GU395164

IN603224, IN603225, JX022929, GU395165, HQ256680, IN603220, IN603221,
IN603222, IN603223

7X022930

AY548229

AF077873, DQ263564

AB697610, AB697611

AF393784, GU289656, GU289657, GU289658, GU395144, 1X022936, KF725039,
DQ263570, FJ204235, GU289653, GU289654, GU289655

HQ256681

AF455750, AY548215

GU395178, 1X022937

DQ263572, DQ263577

DQ263569, GU395169, 1X022939
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Fig. 1 Intraspecific and interspecific distances of species in Angelica L.
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Fig. 2 Phylogenetic tree based on ITS sequences of 32 species in Angelica L.
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Fig. 4 Sequence alignment of A. nitida, A. omeiensis, and A. sinensis in ITS region
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Fig.5 Sequence alignment of A. dahurica, A. megaphylla, and A. polymorpha in ITS region
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GCETCEG GGCCTCGETCTCTIGTCT) =]
GCETCEG FGCCTCGETCTCIIGTCT) =
GCETCEGEEEEECCTCEET) CCTGETTT ATCCCTG
GCETCEGGEEECCTCEET CCTGETITT ATCCCTE
GCETCEGGEEECCTCEET CCTGTT ATCCCTG
GCATCEGEEEECCTCEGETCTCCTETCT LTCCCTG
GCATCEGGEEECCTCEETCTCCTGTCT ATCCCTG

PRI Y, N IEF B AR S YFRY ITS FHI X 45 R

Fig.3 Sequence alignment of A. apaensis, A. czernaevia, and A. japonica in ITS region

ATCATTTGGG-CGCGETATGCGCCARGGACCTTARART
ATCATTTGGG-CGCGETATGCGCCARGGACCTTARART
ATCATTTGGG-CGCGETATGCGCCARGGACCTTARART
ATCATTTGGG-CGCGETATGCGCCARGGACCTTARAL
ATCATTTGGG-CGUGETATGCGCCARGGACCTTARRL
ATCATTTGGG-CGCGETATGCGCCARAGGACCTTARRL H
ATCATTTGGG-CGUGETATGCGCCARAGGACCTTARA LT H
ATCATTTGGG-CGCGETATGCGCCARAGGACCTTARL L H
ATCATTTGGG-CGCGGTATGCGCCARGGACCTTARART
ATCATTTGGG-CGCGETATGCGCCARGGACCTTARRL
ATCATTTGGG-CGCGETATGCGCCARGGACCTTARAL
ATCATTTGGG-CGCGGTATGCGCCAAGGACCTTARAL
ATCATTTGGG-CGUGETATGCGCCARGGACCTTARLL
ATCATTTGGG-CGCGETATGCGCCARAGGACCTTARRL H

ATCATNCEGG-CeCGEERTGCGCCARGGAA N TTARL LT
ATCATTNCEGG-CoCGEARTGCGCCARGGHACTTARLLT
ATCATNCEGG-CoCGERRTGCGCCARGGHACTTARLLT
ATCATTNCEGG-CoCGERARTGCGCCARGGHACTTARLLT
ATCATTCEGE-CECEEARTGCGCCARGGARCTTARLAL
ATCATNCEGG-CoCGEARTGCGCCARGGAACTTARLL
ATCATNCEGG-CeCGEARTGCGCCARAGGAACTTARLLTL H
ATCATNCEGG-CoCGEARTGCGCCARGGAA N TTARLLT
ATCATTNCGGG-CoCGERARTGCGCCARGGHACTTARLL T
ATCATTNCEGG-CoCGEARTGCGCCARGGHACTTARLLT
ATCATTNCGEGG-CoCGERARTGCGCCARGGHACTTARLLT
ATCATTCEGG-CECGEHARTGCGCCARGGAALC TTARLAL

B4 FHiGHA. WEHIFMZIFNITS FHILLTER

AB569095
GU39515
GU395152
1X022902
1X022903
1X022904
7X022905
7X022907
1X022908
1X022909
7X022940
AJ131292
DQ278167
EU591997
IN603212
IN603213
IN603214
EU418374
DQ263568
EU418377
GU395162
7X022934
1X022935
IN603224
IN603225
1X022929
GU395165
HQ256680
IN603220
IN603221
IN603222
IN603223

g

73

—TGAGGGCACGCCTGCCTGEGGTEGTCACGCATTET
—TGAGGGCACGCCTGCCTGEETGTCACGCATTET
—TGAGGGCACGCCTGCCTGEGETEGTCACGCATTGET
—TGAGGGCACGCCTGCCTGEGTETCACGCATTST
—TGAGGGCACGCCTGCCTGEGGTEGTCACGCATTST
—TGAGGGCACGCCTGCCTGEGTEGTCACGCATTST
—TGAGGGCACGCCTGCCTGEGTGTCACGCATTST
—TGAGGGCACGCCTGCCTGEETEGTCACGCATTGT
—TGAGGGCACGCCTGCCTGEGTETCACGCATTST
—TGAGGGCACGCCTGCCTGEGGTEGTCACGCATTST
—TGAGGGCACGCCTGCCTGEETGTCACGCATTET
—TGAGGGCACGCCTGCCTGEGETEGTCACGCATTGET
—TGAGGGCACGCCTGCCTGEETGTCACGCATTGT
—TGAGGGCACGCCTGCCTGEGTETCACGCATTST
—TGAGGGCACGCCTGCCTGGGTEGTCACGCATTST
—TGAGGGCACGCCTGCCTGEGGTGTCACGCATTGST
—TGAGGGCACGCCTGCCTGEETEGTCACGCATTGET
—TGAGGGCACGCCTGCCTGEGTEGTCACGCATTST
—TGAGGGCACGCCTGCCTGGETGT CA ATTGT
—TGAGGGCACGCCTGCCTGGEETGT CA ATTGT
—TGAGGGCACGCCTGCCTGGGTGT CA ATTGT
—TGAGGGCACGCCTGCCTGEGTGT CA ATTGT
—TGAGGGCACGCCTGCCTGEGTET CL ATTET
—TGAGGGCACGCCTGCCTGGGTGT CA ATICET
—TGAGGGCACGCCTGCCTGEETGTCACGCAT)
—TGAGGGCACGCCTGCCTGEETGTCACGCAT)
—TGAGGGECACGCCTGCCTGEETGTCACGCAT)
—TGAGGGCACGCCTGCCTGGETGTCACGCAT)
—TGAGGGCACGCCTGCCTGGETGTCACGCAT)
—TGAGGGCACGCCTGCCTGGETGTCACGCAT)
—TGAGGGCACGCCTGCCTGEETGTCACGCAT)
—TGAGGGCACGCCTGCCTGEGETETCACGCAT)

[eEeReNrRrRe Re N e e Rr R e RrRe R e e Rr e Re R e e e R Re NrRe R R Ny

HHHAHEAAdAA

Es BIE. KHZHFFEER ITS F5I kx4
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4 ifig
4.1 ITS FIMEAFHBEYTRAREYEEF
R R TI%

ITS ¢4 i1 rDNA _[[f) 5.8 S, 16 S. 28 STRNA
FEDRFP BT 3 AN X382 (0] (1) P 6 s [ [ X Cinternal
transcribed spacer, ITS) #ip. —MTHMIITS 4%
JEADFRACI R RNA  ERIAEg DX 251, X
B IR RS2 (kB s 8, S kg,
TEVIRN N P AR O A, T a) 22 e LU AR B A, 3
PR, RIS & T G () R Y P |
(oM %P7, ek, R ITS FRaAE o 25
Yoy ¥ 5B ML) 208, SRR e & 4%
TEAL AT S b ) ¢ R (W B T-Bo 9l ko 5 2
RN = H AT B 5 2584, Ar AT ANELN 3L ITS 7
Y, G RAEH ITS J7 41 REMAT R4 BT 15 2 (¥ 1 Hh
LR A b AU B RO R B M X 2K
NI 4 Fh 2 IR IEAT ITS P40 AT, 4R
BT A 5 2 e B A R SR & 0 R, e
JHEL B 3B T AR AR ik g DO
Pl A o B 1 K HOVRVE L I TTS JP 41, RIL T K&
PIRIRS S AR S 0 5, W] LAE b 2R TR O it S 501 1
TR 2D VR [RIRE A 24 U AR A A
TS, W2 S 8 17 ANFIL 26 AR B AS
FEGMEL, AT ITS P80 tT, SEMERERE
BRI R SRR REAT 20 A, 73 ITS P41 n] DASE
MyE M. AT, BT )8 32 MAEYI 1TS
LIS, A NI, ML H1 MP 343 54 2% 8
VR RE KGN, SRER, ARERES R
T SN g, 1T HAERRLI ITS KL
TP B A BEfE TN —ANXF N T %Rl A 5 F AT
B3, B ITS J3 40 nT LAAR G b 5 54 VA 8 A
VRl . [EI, BEFURIL T A BRI ITS X35
TELE R IYIF R R e A7 2, W] LME A X8
YT ) (R ST R
42 ITS &HBEELEABRHREYRTE N

I U 8 32 AN 158 45 (1 1TS J7 41 ik
AT 070, 25 AUl B TR AL 22 1) i, AU ITS
JPAR S e I JE 2 R 2 nTAT IR . R RS
REPREFTIEN 32 A M BRI IX 55 FA7AE
TR s BT SRR . R Y A RITR A 2 R A
—i, ALY RN R 4, i X 2 A
PIRNET ITS 51, R4 IETE 2 A R e PR
MRS, Qe 82~84 bp HIHEZE K TAC, 109~111 bp

i GTA, 399~401 bp Jj TGA, 468~470 bp }y TCT
8, IRECAT AT SR AN M VAREATIX 4 o T AE R
USRI TR 4 3, K H T GenBank 44
I T Mg 4 03 A N o Sz 56 19 2 9 1 8
(KM5_ZBO1111142) JER—Nr32, M54k 4 407
IR T — AN 3, XA 25 AR B R m] i
R R A S B v el s X C A L A
AR ITS JP581, RIS TR 3 AR AR
SEAL S, P RILE 31, 334, 444 bp, 1MTS2K TS
(KM5_ZBO1111142) 55067 T 843 1TS
JPRee—8. — LM REKENERY, il
YRR R S — 3, B 2 PR R A R
MSRZCHR, HEW 2 PyFPina vl B A7 (0 JE i s
(introgression) BTG, EPAMAA M ER, X
PRSP 18 AR B 23 AT X 3 A7 AR W W S
%, T B R B KRR R R, WX
2 NP2 BT BEAFAE T ST 5 DRt BT

—fRUL, E4 DNA & IBMGhRE, BERFhA
TR BE B TR YRR, A i A) 22 S T RE K,
TR A 22 5 AT REIR /I, A BEORIE AT LU A2 3]
Pl AR S IR s, b0 TR (1 % B P Fh 2 a] 1)
KFR o ATIFFTIRILRE > U= Jag o pAy R ) 3 £ 25 11
TR, R U5 P I 2 1 S5 KR oAy
HARE LR ML TR AR S, (2 ITS
FEA, R B ) (92 S mT LAAR A Mg BT A 1)
VBRI 43 FE, I BTHCS R AT 2 A
A SERT A, B 31 bp (G-T) F1 187 bp (T-C) A LA
WX 2 AR ETER: KPP MIEL WEE
PRI T 14 4078 547 557, v LR IX A
—3CI AR TIPSR ARME. A, BHH
R A SR 21 AN A7 L 7T BUKX 4 MR IX
IR

WX A 1TS Fe gl o it 5 A R R G R
BoNTER, BHLLITS JPHI1E N DNA 70 4%
i, ] LA 0 > U5 8 24 H R kAT X 4 e
D RE— B A e 25 LR Bt DAl T R
A
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