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ABSTRACT

Background: Angelica gigas, A. sinensis, and A. acutiloba are commercially important in the herbal medicine market, and among
them, 4. gigas has the highest economic value and price. However, their similar morphological traits are often used for fraud.
Despite their importance in herbal medicine, recognition of the differences between Angelica species is currently inadequate.
Methods and Results: A multiplex polymerase chain reaction (PCR) method was developed for direct detection and identification
of A. gigas, A. sinensis, and A. acutiloba. The gene for the distinction of species was targeted at /7S in the nucleus and #rnC-petN
gene in chloroplasts. The optimized multiplex PCR in the present study utilized each Angelica species-specific primer pairs. Each
primer pair yielded products of 229 base pairs (bp) for A. gigas, 53 bp for A. sinensis, 170 bp for A. acutiloba. Additionally non-spe-
cific PCR products were not detected in similar species by species-specific primers.

Conclusions: In the present study, a multiplex-PCR assay, successfully assessed the authenticity of Angelica species (4. gigas, A4.
sinensis, and A. acutiloba). and whole genome amplification (WGA) was performed after DNA extraction to identify, the species in
the product. The detection method of raw materials developed in the present study could be applied to herbal medicine and health
functional food management.

Key Words: Angelica acutiloba, Angelica gigas, Angelica sinensis, Multiplex Polymerase Chain Reaction, Species-specific Primer,
Whole Genome Amplification
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Al 57 o Ee JEshy BRet olstetA & Wl
ATk WA FEjsHA BRI 2A9M B, 2083
Heol A2 (Cho e al., 2002), °l& eI EFe= 2
A7 8] Qe olF i 28] fREe] Slojof
G 5 e WHeE iR feE Al 7ReAE = A
Holup F2e] Fejo]7] wiie] At 77T oJHot
o]s}e}A el EFWH-E AA Hol EAlse AwA At
AL FAAsHA BAsle] $& HskE WHOZ nuclear

magnetic  resonance (NMR), gas  chromatography-mass
spectrometer (GC-MS), liquid chromatography-mass spectrometer
(LCMS) 53 #22 £247171& o] &3t} (Arbona er dl.,
2009). e A7 ] o] Hitalal kel RS A
gstofof st £ Al & W 7Iee 78 5o s
YL Qo] ResE WHol EQ3It) (Jiang and Leem,
2016).

H B AW AYEL e BAAESE 5 S
Fejeha gl o]ssh ] W] SIS Heketal TSl A
J=g A7 =S T2 AT (Willams e al.,
1990). FAMYESHR A7IME E471ee] dHoR fAAE
ol &g T wHRATE el &=L Ut tiEA R
IR ERAA Byl e, AAYEEE AXAY
(CBOL, consortium of barcording of life)ollA= 2124 U
o] EAH-HA (DNA barcord gene) #2412 E3lo] sl
< Wi BAAESE &40 7hssivke A2 2%
At} (Guo and Ge, 2005).

AEAlA vEEfHA A ol gEe tEAQ 54
FH2Z & Ul £A3}= internal transcribed spacer (ITS),
a3 GEA | EASE matK, rbel, psbA-trnH S°] 3
ITS®] 73-9+= vhe F32 29 796t mEA Wslste] &
AAESHE Aol Wol o] &=L o™, mark, rbel 5°]
g o] AEA A & REFY 7] wiEe] HiE=
FAAZEA st AFEAL ATE (Kim et al., 2005).

el thetk § WiE HlE =R B0l o] 85
U=, A7 A2 thEAQ] 2.8 ekl wiat, o)
Zh Al T & 2R Sol ATk (Moon er al., 2009;
Kim et al., 2012; Lee et al., 2013).
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PCRHS A&ste] Aeeta weE AlgUs el 3419
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Table 1. List and imformation of Angelica species used in this study.

No.  Species Collected website Source
1 Pyeongchang, Korea
2 Angelica  Korea institute of Pyeongchang, Korea
3 gigas oriental medicine Kyeongbuk, Korea
4 Jecheon, Korea
5 Gansusheng,China
6 Angelica  Korea institute of Anhui, China
7 sinensis oriental medicine Hunan, China
8 Qinghai, China
9 Japan
10 Angelica  Korea institute of Pyeongchang, Korea
11 acutiloba oriental medicine Jecheon, Korea
12 Jeongseon, Korea

Table 2. Mixing ratios for analysis of the detection limit.

No.

Angelica gigas

Angelica sinensis  Angelica acutiloba

(%/mass) (%/mass) (%/mass)

1 50 25 25
2 80 10 10
3 90 5 5
4 96 2 2
5 98 1 1

6 25 25 50
7 10 45 45
8 5 45 50
9 2 48 50
10 1 49 50
11 100 0 0
12 0 100 0
13 0 0 100
14 33.3 33.3 33.3
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4. Multiplex PCR

FAA SZ (PCR)S 931 AccuPower Gold Multiplex
PCR Premix (Bioneer, Daejeon, Korea)”} A}&35}%2omH,
PCR HtgHe] F Fu= 200 2 PCR premix®]| 10ng
genomic DNA, 7} 0.5uM ZFH/YF+H primer, 025 uM
T3 primers F7Fete] WRSAIZATE

FH2 FEF H-8S A200 Gradient Thermal Cycler
(Hangzhou LongGene Scientific Instruments Co., Ltd.,
Zhejing, China)”]7]1& o]&3ale] X3 slom, 42 2
ZAL 95CoA 5 E7F pre-denaturationdt &, 95CollA] 30
%, 35CoIA 10 %, 72ClA 30 22 30 cycles® 33}
232, final extention ZFFL 72TCoA 5 &7+ vh-SA| A

ZZ g9 AEL 54 E FH3lo] ethidium bromide
(EBrie] H7FE (1 /ml) o7kE= A= 100V, 30 7 A
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7195 stk PCR 4HE9] =7] <12 100bp DNA
ladder (Bioneer, Daejeon, Korea)s AFME-3tHo™, A7]95
k2 T OPTINITY gel documentation system (Korea Lab
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Table 3. DNA sequences of the oligonucleotide primer for
identification of the three Angelica species in this stud.

. PCR
Species Sequence Gene product size
1 TCTGTGGGCAATAC
Angelica s 229bp
gigas AATTGTACGTCCGT
i CAGTACAGCTCCACG
Angelica TS 53 bp
sinensis TGTCACGCATCATCT
CCTTTATATACATAATATACAT
Angelica  ATACT trnC 170 b
acutiloba  TTTTATCTTTATATAAGTTTAT -petN P
ATAAG
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(A) 10 20 30 0 50 (B) 10 20 30 0 50

EOT] Oty NS PUesy SOy PO (PP POPPY (PO Yo celeneel weeeleeeel eeeeleeeel eeelenee] wenleene]

A. glgas TGOGOOOCAA -ACCGGCACA ACTTCTC-AG GTGTGAGTE NSNS A. sinensis  TecGocceeA THOGAGTACH GTOCAGGAG GAGTGAGTGG T-TGTGGGCA
A. sinensis  TCCGCCCCCA TACCAGTACA GCTCCACGAG GAGTGAGTGG T TGTGGGCA ) . — 5 i )
A. acutiloba TCOGCCOCAA ACCGGCACA ACTTCTC AG GTGTGAGTGG TTTGTGGGCA A fages 160 JOOCOCNEN AL TRCTC20:CT
— A. acutiloba TCCGOCCCAA -ACCGGCACA ACTTCTC AG GTGTGAGTGG TTTGTGGGCA
—_——
60 70 80 90 100
ssnalosigillosiBnadwndvmll vaduandll snanlssed) 60 70 80 90 100
A. gigas A TACGATGC GTGACACCCA GGCAGGCGTG CCCTCAGCCT AGTGGCTTCG saspllansel ssaalssssl susdlasssll sasalscasll avanlsnned
A. sinensis MAGATGATGC GTGACACCCA GGCAGACGTG CCCTCAGCCT AATGGCTTCG A. sinensis AAGATGATGC GTGACACCCA GGCAGACGTG CCCTCAGCCT AATGGCTTCG
A. acutiloba A GACGATGC GTGACACCCA GGCAGGCGTG CCCTCAGCCT AGTGGCTTCG A. gigas A-TACGATGC GTGACACCCA GGCAGGCGTG CCCTCAGCCT AGTGGCTTCG
A. acutiloba A GACGATGC GTGACACCCA GGCAGGCGTG CCCTCAGCCT AGTGGCTTCG
110 120 130 140 150 B
ST (S ([ RS (N [N (T ) e peoe |
A. gigas GGOGCAACTT GCGTTCAAAG ACTCGATGGT TCACGGGATT CTGCAATTCA
A. sinensis GGCGCAACTT GCGTTCAMAG ACTCGATGGT TCACGGGATT CTGCAATTCA (C)
A. acutiloba  GGOGCAACTT GCGTTCAAAG ACTCGATGGT TCACGGGATT CTGCAATTCA
40 50
160 170 180 190 200 o zallsilll ainplsmnsl
A. acutiloba GAGEEE [ B ATATACA TAATATACAT
venelessel voneloveel seniloseel covalonael caneloneel A. gigas CAGTTTAGTT GTGTAAAGAC COGAAGAACC TTTATATACA TATACTTAAT
A. gigas CACCAAGTAT CGCATTTCGC TACGTTCTTC ATCGATGCGA GAGCCGAGAT

A. sinensis CACCAAGTAT CGCATTTCGC TACGTTCTTC ATCGATGCGA GAGCCGAGAT

A, acutiloba CACCAAGTAT CGCATTTCGC TACGTTCTTC ATCGATGCGA GAGCCGAGAT
A. acutiloba
210 220 230 240 250 A gigas
sesilivaclliasonlsnllimrslenel] simmberinl) decalieil 110 120 130 140 150
A. gigas ATCCGTTGTC GAGAGTCGTT GTATTTTGGA ATGACGCCGG TGCCCGCTAA S WO TN (AN RS (R NP RN (NN (S |
A. sinensis  ATCCGTTGTC GAGAGTCGTT GTGTTTTGGA ATGACGTCGA TGCCCGCTAA A. acutiloba TTTATGAGCG TTCACATTCA AGACT GAATGGATAA TATAATTAAR
A. acutiloba  ATCCGTTGTC GAGAGTCGTT GTGTTTTGGA ATGACGCCGG TGCCCGCTAR A. gigas TTTATGAGCG TTCACATTCA ATATTAGACT GAATGGAGAA TATAATTAA
-
260 270 280 290 300 160 170 180 190 200
wsan fennall mvee]leranll unsdleael] asedlywioll sonlbesel
wooslosnel voerlosesl vocelovesl soveloneel savelereel
: N . . A. acutiloba [INTAEANNC PRNTATANNG ERRRMMNCGG GCAAAAAGAA CAGGCCTTAT
A. gigas CGGGATACGG ACGTACAATT CAGTTTTAAG GTCCTTGGCG CATTCCGCGC A. gigas C TTATATAAAG ATAAAAACGG GCAAAAAGAA CAGGCCTTAT

A. sinensis CGGGATGCCG ACGTACAATT CAATTTTAAG TTCCTTGGCG CATTCCGCGC
A. acutiloba CGGGATACGG ACGTACAATT CAGTTTTAAG GTCCTTGGCG CATTCOGCGC
—_—

Fig. 1. Sequence alignment of the three Angelica species showing the location of the species-
specific primers. (A); A. gigas, (B); A. sinensis, (C); A. acutilobae.

EZBDp->
170bp->

53bp->

Fig. 2. PCR results from various standard sample by PCR using Angelica species
specific Multiplex markers. M; 100bp size marker, 1 - 3; A. gigas, 4 - 5; A. sinensis,
7 -9; A. acutilobae, 10 - 11; mixture of three Angelica species, 12; negative control.

Fig. 3. Detection of Angelica species from health functional food by PCR using Angelica
species specific Multiplex markers. 1; powder type product, 2; pill type product,
3 - 7; juice type products, 8; negative control.
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