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Abstract We reviewed current research trends for dis-
criminating between species of the Angelica genus, a group
of important medicinal plants registered in South Korea,
China, and Japan. Since the registered species for medicinal
purposes differ by country, they are often adulterated as well
as mixed in commercial markets. Several DNA technologies
have been applied to distinguish between species. However,
one of the restrictions is insufficient single-nucleotide pol-
ymorphisms (SNPs) within the target DNA fragments; in
particular, among closely-related species. Recently, ampli-
fication refractory mutation system (ARMS)-PCR and high-
resolution melting (HRM) curve analysis techniques have
been developed to solve such a problem. We applied both
technologies, and found they were able to discriminate
several lines of Angelica genus, including A. gigas Nakai, 4.
gigas Jiri, A. sinensis, A. acutiloba Kitag, and Levisticum
officinale. Furthermore, although the ITS region differs only
by one SNP between A. gigas Nakai and 4. gigas Jiri, both
HRM and ARMS-PCR techniques were powerful enough to
discriminate between them. Since both 4. gigas Nakai and A.
gigas Jiri are native species to South Korea and are very
closely related, they are difficult to discriminate by their
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morphological characteristics. For practical applications of
these technologies, further research is necessary with
various materials, such as dried or processed materials (jam,
jelly, juice, medicinal decoctions, etc.) in commercial
markets.
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o 2l = 9] oFH of| A = X+ (Angelica. gigas Nakai)2} Y
S HA[Angelica. acutiloba (Siebold & Zucc.) Kitag] S T 2] 7|
AABR AHET 9ot F23} QuolH FRF
(Angelica. sinenesis)} QFHE A A 5FaL QAT ZUjof ZAY
AL A B -5 5= Angelica & A5 185 0=
(4. gigas Nakai)@} L H[A. acutiloba (Siebold & Zucc.)
Kitag] 7} o} 3£ 4] o] th(Gil et al. 2016). S+ (4. sinenesis)~=
S-2juhet 7| S8k of 9 A] ¢b7) wj ol A e 7t = 2] gk A
02 B 715 1} 9] 0 U(Yuetal. 2004), 21 ] gFokz] A|=bof
A S, LT D BT EEAA} Bo} HES
7] e A& Aol Al Aol
2o S ol A FrAl B 2 AFRE I Q)= T (EE
5%. Levisticum officinale W. D. J. Koch) T3} 7| 9} u}2l7} 2|
& Phthalides &3 &1-8h= YFOE2A &9, 5417
95 2§ 5o BIE T glo] RN SEH T 5
G, 4 2 ALt =82 7He/d o] =of olof tigt
SAAAESH W 7)e EI aEHT Qe AAolt
(Blank et al. 1993; Han et al. 2018; Long et al. 2018; Ma and Bai
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£ 5o] H15 v} QI th(Bylaite et al. 1998).

AAZ, A3 = T4 529 7|94 & SAEE
(Angelica biserrata)®] $9J& 02 FE 5o FXFHet= o]
go2 X FRTIeE o g o2 SEEE AL 4y
Hl v} QL oh(Kim et al. 2016). o] 2] 3 Abdll = F= ol A &= A
Sto] Qb H oF Aol A B A7 =2 Y flF o=
e E okl e Bf Qlrh(Han etal. 2016a). 3HH =L of A
TG #E]= ] A (lovage) 2h= o] F o &2 A Fol AHEE
T U= YRR AFF3H | SAE o] ¢lth(Foodcode 2015).
SR 2 H(Angelica biserratay= ZZAralia continentalis
Kitagawa (Araliaceae)| 7} & T2 A&l £3)= Angelica
pubescens Maxim. f. biserrata Shan et Yuan} &85 11 Qi)
E3h, A3t v} o] S A = G (L. officinale) 2}
o] 5= 2| (Heracleum moellendorffii) 5 1} = Z-& % o] 53} oF
A2 o] 5L 9l AHo|5l o] 45 9] el Fejat
02 o} fAT8Lo] EIIE 730] of 2l 27 AAloleh,
o7k AR Aol A AZ T R B2 AR ATH BT E
2 W5 o] Brl5alo], 4% E8Eo] Lelueie} 5
0] (AL waka}l 9 Al A o] ch(Kim et al. 2016; Mei
etal. 2015; Yuan et al. 2015).

S-Eupeto Al ‘M 2 etal B 9= oA = F Gl &
Sl A9l vh o) U-E 2 A “dngelica decursiva (= Peucedanum
decursivum) 2} Peucedanum praeruptorum®] ¥22)2} 11 ofj gl-oF
el A &Jskar §lek. Wi ol F=5 ol A= ‘Qianhu’ 2kl &2
S “Umbelliferaex} o 453} Peucedanum praeruptorum®)
A2 B2 7] 4 o] k. Bitol g A5 EAT
2tal B2 &= Anthricus sylvestris@} 0| &= F-ASIH el
1A 0 25 §ARSto] TR 7|9 olel9) g EL 9%
© 2§55 754 0] o} - A1 o] th(Choo et al. 2009).

o] 23t £ A H = sl A 5t7] 91510 Sung 5 (2004)> % E
Ao wFof FA A7t glow dg, 2243 of
ol &7+ M|z 5o] & st 3, 2 Al 250
oA o Far G 2w o] 7heakrhal B gk vl 9l
O 1, Kim 5(2011)& A A& #4] A5 Foto] g

L coumarin® 2 A decursin} 12] o] A 2 A ¢ decursinol
angelate, A dF A= A G A E S 2 A zligustilide,
n-butylidenephthalide, -3-7]AF . & ferulic acid7} S5 A £ 0]

© A A5 I vl Lok Lee 520000 3, 5
=G R dFF ol thsto] e T W2 E H W
1} 5 Aol RAPD ntA &< 7Esto] o] & 355 WEs}|
Qe A A5 gt vf ok

il

P

DNA finger printing 7|=& 0|88+ 715 A2 B 7|z /4

R

b

29 7]9) 4]

e}

Sl 22} 7] L= Restriction

Fragment Length Polymorphism (RFLP), Amplified Fragment
Length Ploymorphism (AFLP), Random Amplified Polymorphic
DNA (RAPD), Inter-Simple Sequence Repeat (ISSR) 1}, Micro-
satellite T}, Sequence Characterized Amplified Region (SCAR)
ul-7], Simple Sequence Repeat (SSR) 5 2] 7] &2 4 -8-3F DNA
finger printing®] o] % o] §3H= @A77 F2 W H gl
0159 A APES Table 19] LF3H%th

SIS 429 7192 w17 g AR A7 2
72 22 8T8 122 Mizukami S(1997)0] 9tk A2
9] of g R Gof| A AL Q)= UG HZE A acutiloba, var.
iwatensis, Miyama-toki, 4. acutiloba var. acutiloba (Toki), 4.
acutiloba (Yamato-toki), 4. acuiiloha (Hokkai-toki)5-¢| tfj 8}
5S-rDNA 9] intergenic spacer 4 &2 PCR &3t & 97| <4
245 A7 L E A Fo] guis] QX ste] £ Folet
= AP S ST o] 5 S (4. sinenesis) 2} U]
(A. acutiloba)®] 5S rRNA ] spacer 4 &S &3S dl+= DNAGH
WL PCRE ZE3ko] 97] 492 u] walo] SNPE] 2o 2
A% JLEO] 7158 A5 A 37} 2 115 ¢ th(Zhao et al. 2003).
3}, Zhang 5-(2003)-2 = (A. sinensis)2} Rheum palmatum
O] FAL = 5B DNAE 2 5}Fo] 31 ribosomal DNAO]| Z 4]
5}+= Internal Transcribed Spacer (ITS)% &2 PCRZ $E53t
O3 G714 g BlaLsko] thefet SNPE el sto] npA =
AR o Sl 7He 3 & WSl Choi 5(2004) &=
A, 4dFH, =l thsto] tDNAS ITS ¢ <& PCRE
SEG T AR AT HAdsto] 42 AFLP 9 ¥l & v w s}
o] 3% tfsto] o] 7Ha3tF 5ol A el skl ch

Mei -5-(2015)} Zhang 5(2015)- 5-=5-9] ThFet 2] & of A
A G AFHE=T S A B FFAL] A
T G-8 0] 7453 RAPD, ISSR, SCAR u}#] & 2 11 31¢j o,
Lu 5(2015)% 5= 9] ot A Ao A =33 S A S A
o &2 AEE9 1E9| 7}53) microsatellite v} A of I3+ 2
312 5 78} 9{TF. Noh 5(2018)2 SCAR 1} 7] 24 & Fo]
85 0 53 oA o4 273N daluriea)©) A
v w B A 7 A ) B (4. anomala), 787} EH(A. japonica)
5240 7] o] 7k skl rhal B a8}tk Liu 5+(2020a)
%= AN dahurica)Q} A S (BT Y&, A decursiva) @] A
S JLE 0] 7} St microsatellite U} £ 7| @6} ¢ that 5191 0
™, Chen 5-(2019)7} Liu 5(2020b)2> 5= W ThFeE 4] 9 9]
A =3 H Tkt A, dahurica 3= A. biserrata A1 55 9] -2
o] 753k SSR U7 & k2 et sieh 1 salch. et of
2]t okt A=A 7] a5 o] &3t 7] Y TE & mHA
> AP 20, A A A RO A H & tdet
aelof oJsto] Autof Alg o] tha Hoj ke T =0l
dH
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Table 1 List of DNA fingerprinting technology applied to discriminate between Angelica L. species
Species Applied techniques Major results Reference
A. sinensis, Rheum Nucleotide sequence of ITS Identified SNPs within ITS region. Zhang et al. 2003
palmatum region
A. sinensis, Nucleotide sequence of 5S-rRNA  Identified SNPs within 5S-rRNA spacer  Zhao et al. 2003
A. acutiloba, spacer region region.
A. gigas
A. gigas, PCR-mediated fingerprinting, Identified the Amplified Fragment Length  Choi et al. 2004
A. acutiloba, Restriction Fragment Length Polymorphism
A. sinensis Polymorphism (RFLP) (AFLP) among species.
A. sinensis, Random Amplified Polymorphic Differentiated A. sinensis cultivars Mei et al. 2015
A. acutiloba, DNA (RAPD), inter-simple collected in China from A. acutiloba and
L. officinale sequence repeat (ISSR) marker L. officinale.
A. sinensis, Sequence-characterized Identified typical SCAR and RAPD Zhang et al. 2015
A. acutiloba, amplified region (SCAR), RAPD  patterns of A. sinensis, A. acutiloba, and
L. officinale L. officinale.
A. sinensis Microsatellite marker Analyzed microsatellite markers of 120 Lu et al. 2015
(Apiaceae) samples of Angelica L. species collected
in China.
A. dahurica SCAR marker Identified a typical SCAR marker for Noh et al. 2018
A. dahurica, A. anomala, and A. japonica
collected from markets in South Korea
and China.
A. dahurica Simple sequence repeat (SSR) Identified a typical SSR marker for 56 Chen et al. 2019
marker samples of 4. dahurica collected in
China.
A. dahurica, Microsatellite marker Identified a typical microsatellite marker Liu et al. 2020a
A. decursiva (Locus AD7) for the discrimination of
cultivar (cv) Hangbaizhi A. dahurica and A. decursiva.
A. biserrata SSR marker Analyzed SSR markers using Liu et al. 2020b
transcriptome with 208 samples of
Angelica L. species collected in China.
DNA barcoding 7142 0[8% £7) & AZ0| Jl2l TH0|  SNPE ALgalo] 77 So| B g melon|g Aztel
et 17 o PCR 3% @S S a3to] YA out So|ahA 5%
L= S e AR Sk A4 8 488
DNA barcoding 7] 4 DNA fingerprinting 71 4:0] £HH& 93 A48} Q172 % 71 07 2 o] $5}0] Al %o A 532
uealy] glstel AEE ACR VAT Yeinge  FAR FEHT UL SAFY ARES YoR UYL
nucleotide polymorphism, SNP)& o]-&3} ] #|2}3F PCR-& & 235t AT} Aulo] S| Fsl= 47 A BO|A 22 Eo]L
A 2 et 7)ol § 7149 Aest] okl DNAWIE7} 2Zo) 57 oo} 9 E 02 BelE Tt Y
EAEHE A S AESRA S S, 42 5 St
oA 71 S5k A A= - &AE of diul k] g d He 5(2012)2 FEfehA o= fpAFe ut ofy e} o] 52
AIE55 8.0F8}o] Table 20f| A A3} T H]525to] S Wl A= &8 Ak 7F a2l o= kel
Choo £42009)2 A 5(A4. decursiva)(= Peucedanum decursivum) MR NA. anomala)@} T3 N (4. dahurica)®) 7] DS TE

9} 21 9] “Qianhu’ (Peucedanum praeruptorum) 2} $-2] Lo
A B 50| Gol= Anthricus sylvestris7} A 2 Z8-F =
A7} sok ool ot 7|4l 2 oA S el oy
1759 &2 o] &-5}0 SCAR 1} A 2 7akat = gl ik 1.1
5} T} Feng 5(2010)2 2= (4. sinensis) L A. apaensis,
A. fargesii, A. laxifoliata, A. megaphylla, A. nitida, A. pseudo-
selinum 5 650l thSHITS T H O] H7| A E-& vl dlo] A2

st7] flste] A=A W AR B st mat K rbel,
psbA-trnH, 12| 3L Y [ A 2o S Sk ITST3HITS2 -7
Al T of| A 201 SNPE A = 5hof A&kt Zeto|H &
Ag-8Fo] ZARRE A3 ITSIFHITS2 - AL T3 f SNPE 0]
§-5to] A2 Zefoln = Ao Ao 745 5}o] barcoding
s} bsakel oLt AE A ol ZAsHs 350 G A T
-2 SNP7} S8 5} 2] ¢Fol barcoding & 2 A F21 A%t 21 &

T e
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Table 2 List of DNA barcoding technology applied to discriminate between Angelica L. species

Species Markers Major results Reference
A. decursiva, SCAR marker in ITS and SCAR marker for the discrimination between the four Choo et al. 2009
Peucedanum ITS region listed species of Angelica L. plants.
decursivum,
P. praeruptorum,
Anthricus sylvestris
Angelica sinensis ITS marker ITS marker for the authentication of A. sinensis samples collected  Feng et al. 2010

from markets.

Identified several SNPs within /7S/ and /7S2 regions for PCR
amplification. No SNPs were identified within matK, rbcL, or
psbA-trnH fragments.

He et al. 2012

A. anomala, matK, ITS1, ITS2,
A. dahurica rbecl, psbA-trnH
A. sinensis rbcl, matk,

trnH-psbA, ITS

Identified powerful SNP markers within /7S region of 46
samples of A. sinensis collected in China. Of particular note,
this method was able to differentiate using DNA purified from
decotion samples.

Yuan et al. 2015

Discriminated Aralia continentalis Kitag from Angelica biserrata
C.Q. Yuan and R.H. Shan.

Kim et al. 2016

A. biserrata ITS2,
multiplex-SCAR
marker

A. decursiva ITS marker

Discriminated the adulterant of Qianhu (Peucedanum praeruptorum)
in Angelica decursiva samples collected from markets. These
plants are often misidentified or mixed.

Han et al. 2017

A. polymorpha LYCE indel marker

Developed an indel marker that is able to discriminate A.
polymorpha from L. officinale using whole genome analyses of
chloroplast.

Park et al. 2019

|
A

S9Aek T B 1 BH9L T Yuan SIS F3 o 4
TR E ST A(A. sinensis), -G H (Levisticum officinale), A.

SPA T 4 Aelekn B s 5

biserrata, R N(AZ, A. dahurica) 52 #Eof tf5}o] He
5(2012)0] ARE-2F 3] AEA| FAAF ShHIITS F-H A
i of| tfsto] SNPE A8-3t barcoding 7] &2 2] -8-35l0] &
A A ITS7F 718 et AabE Holon 54 4
2} T8 2 barcoding} 5} 7] of) F-&glal 2 0 & B 115} o).
& Ao A Soldutet AP & F A = L =53 DNAS
YA 2 PCR 2% A S 98 27 %8 DNA W E 9
BEF OFe7) st A4S WL Ths stk s,
|- DNAF 418} 5} 7o) 4 Q13 53] 571 s Al
Z% e ) BT oF 500 bpo] H-L T HEE ] 9o
w 715517] w0l ek 4ol 9k uheb A B2 wob4) o)
A9 B $EHT s 4L LTk o] Akl B
4838 g o4 Qi A7t Basion s,

Kim 5(2016)2 =& (A4ralia continentalis Kitagawa), % ] &L
A (Angelica pubescens Maxim. f. biserrata Shan et Yuan)
(Angelica. biserrata’s. =&o| = o] 20 & Bajof3), 3+
AL officinale), 2152 (Heracleum moellendorffii) 5 4 7=
of thstof ITS2 & A of| A 21 SNPof| A 5o A 2kgt 2}
7he] Bo] g4 meto|m & Algtol B 9 FRO|A]
B A7) 450 b 2 k.2 2] 3 DNAS) 45
of So] T g mafo|o]  sio] Al @eho] EaHelo] PR
%3 A ¥ (multiplex assay)< 2§ 3t A 3} F-AIH 45 H S

o $5 51 45 0] Tord) % 90| 3
o A4 4%9] THotA)7 =
APALE A 2 S5 00, 3 A8 2t Pselths A
2 A

Han -5 (2017) F=roll Al 22 A58 255-2] °FAl|(Traditional
Chinese Medicine) 2 AF&-%| ]2 5 (4. decursiva)(5=11,
‘Zihuaqianhu’) (= Peucedanum decursivum), Peucedarum praeru-
ptorum (F-=5°], ‘Qianhw’) o] Tt 7] # A & 7d 5L
AHITSE A W G714 B vl aLsto] 215 SNPE 7|2 o=
sk, o] 52 A7 WY 4 Q= 5ol ZetolH S A4t
o U FEAR R A S AT AN RES EL
EPCRSZ AT+ A4 15 QT 4= kL
H 5 th A Zofl A At uhel o] -2 uteto] o ghof
Aif 9] oFH oA F ot A5 9] 7| A& Fol 72t
tt2m Ath7h S utetel A o] Fol At EE %= &
H B (Anthricus sylvestris)@} FE| 2 02 & o}F [FA}5IA
ol 50| EA\Fo} § 51 o= AAo|ch webA £-2lutet
A= ol5 A+ A5 B85k Lot BEX S (dnthricus
sylvestris) & HH S o= 3= DNA barcode ] 7ljEho] & 8.3}
of, 9% 283 95 g steie] 1ol A7 H

Park -5(2019)2 55 °|(4. polymorpha)2}t A5 &% o]
A A 0L ekshal Q)= T3 (Ligusticum of ficinale)(GenBank
accession no. NC039760)¢]| tfj 3t BA} Y &312 o npAE
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Austs) glstol AR FAA BHL Skt 1
A3}, yef-cemd §AAZF % A0 4 F3-01(A polymorpha) =
T officinale)) ¥ 5to] 418 bp7t AP E AHA-S Bl
stk whebd o] G ALgste] oIk TYHE B
M3 4 Gl indel PA(LYCE)E HFH 0 2 et 4 9
SlTha stk A2 Fe] 4 54 H 21 AB A Rof
5fo] PCR ZZ A 0.2 2AE S A7} o4 o2
HeksHA o] et eleh. 2 PR A ROl AFES
A o5 o A3 5403 122 bpe] S 7)< WE S 8
A i 4 U3t o] 6 5 ARGl /15 4gstd
7t FEH 0% Pasto], gl &ok ne g
of chgh ' ukA A2 913 A7t A olob @ A0
AE

A".:

ON

Amplification Refractory Mutation System (ARMS)-PCR

7|&2 0|28t DNA barcodeZigf
ARMS-PCR2- HPOlEV Ee AN AR NG YW AE
ool 7} eojut oA allele)S TLH 02 F2l5}
WS O

7] §15to] 7idbE 7)< o] th(Newton et al. 1989). UHFA © &
o shutol A=Al 7t 0‘01‘*‘:}1 FAAE glstaat
HEdAHo7F dojd A7 DS 3Uthol| YR8 sl
L eto] | & A| 245} PCR?%‘—@%‘ = Peyet= A5, 714
E o] A o] o} thoFat G-AF Wl =7} L e allele-specific Bl
=uk #3517 7F of 8- A7) wot allele-specific BFZ =
= st 7 2 Ad7lEol Hof $tf whetA, allele-
specific (AS)-PCRo] 2} 11 = ¥ ¥ ARMS-PCR7| &2 t 5}
U] A& ol 7h dojd 3Te A7)0 Q143 2, 3,49 A
H71E YR TOE H7|Z Ho|E AA, AEddHe7t ¢
ot allele®] 739 170 2] mistching®] X2k oF A & allele 2] 73
2271 9] mismatching®| B =& 3}o] 219t 7] EolH &
PAAA BHL £ & UES 157 olch B
o] o] €13} F2197] % o)W @71 0] fmshLto]
w2} allele-specific HHE 9] T Hof Hol7} 2 H g o
zto) seobol vl & A Aetol AR +stol 1 Aget
233 Folof g}

w2t A, Han -5-(2016b) % Ao Al &-280 2 ZA|7}

I FEal 9l U3z 0l ekerER 3l 2(Polygonum multi-
florum), W <= @ (Cynanchum wilfordii), ©] -1 2x(Cynanchum
auriculatum) @] GEA) S AR TrnL-FeF | ITS & & 9]
SNP afolslo] o) 5 T2 e 4 9l ARMS-PCR o)1
=8 7rsho] o) choret A ool ) 47 H A 2 5] o
Sto] 9]0 38 Ak AhE waEshelch o] 2o}
o Z3Lof| A A EH TR B(Cudrania tricuspidata Bureau)o]|
tisto] GEA AR Trnl-Fol A E1E G 7|ty
A& Ao 2 A&t ARMS-PCRE- Zefo| & A 25}
gl At ) EF Y} S 1k0] w0 7H551 S th(Lee

<

H

l

3|

lm

etal. 2017). 3L LU o A =38 A A E A0 2 ITS
%] ] el 917]0H8 4 & BH<151o] ARMS-PCRS v} 7] &
Nerstoe] U BE o A H(Cirsium japonicum)S THEE 4=
Q1 A th(Lee et al. 2018).

olelT A AT AL O g ool 425 & T -2Jof A
5223 ) Al E o T3t ARMS-PCR-E o8 ulA & 73t
4 SSeh. Sl AHBES] A, gigas Nakai)o} 2|22t
HA O] IAA (A o a4, A dh) o) aL4bA] o
o A A Bh= A A4t BE QL Al (4. gigas Jiri), 12| 3L
S (A. sinenesis), QFH(A. acutiloba), T-FH(L, officinale)
E NGO ZITS G99 A7 A E& Hlagh A1, of 43t uf
o} 7o) o] ThE U], FAYH W S0 e 7
A ef= bt %%1037]5}5“*0] SRRIE oY ) EF
QL 2 7iok A Afololi= S a A T el whel g

kA BRI 4 Releh o] 971428 A9, £
A, FETet Hasto = 52 r—lﬁ A Aol 7k = A=
ZALE| QT whebA o] 674 EE 3 | 7)ol 913 8HA
Sl A5t sefo]vis) ok o) efolulie Q9|2 %

Eo|7 Zalo|n & A &S] HA] dYlPCRE 228 =3

-

I

]

l
l

TH AT} A o gt utel 2ol FH B S0l tE A=
T A Tl 7he Rt 50 Hbgé ol 4= AL
L, =5 EF AE A AT e AR e ot
AP E7} Q1= A Lt ofof] W=7} k¢l 0] &) gfof T
o] 7k stk 1oy 3T §7]o AR 3HA A7)
£ 0379 9712 sk AR A3 G A
3+ 7 9-of T o] 7}538F0] ARMS-PCRE] & %52 84138 4

Q] A Th(Lee et al. 2021a).

High Resolution Melting (HRM) cu
st 974 Al29 X o 20l

urve IiE H|W =4S O

HRM curve 3§l £4]7] & 2= o w2} DNAZF H5-5}aL
9l&= 18-9] &&= (melting temperature, Tm)-S ©]-8-3}¢] &
L of] w2 meting curve T H S 4T Bl W sko] W SH= 7]
2 post-PCR melting curve 24 7] & o]gtl e 6H‘Jr(Han etal.
2015; Kim et al. 2018). HH3} 12} 3= £ 9] EA S A4} o
2 hel s ok A S Belgh oS A %%gﬁﬂq
AL L35I 2 Slo] k200 bp7 2 4~
eholol 5 A|ste] 3 41527 5t A5 2 83| DNA
£ 5902 sho] x| B8 DNAS 5 Z g o|uj PCR %
S-gHof 34 MEZ(C Green PLUS, Eva green, SYT09
ResoLight §)& YWl 2% 0.01 ~0.2°CH A A3] =5
)W A e BhA A B ZA]-GP melting curve JHEJ %
7o v a sk o o T ¢ 7 o A& 2 AL L= DNA
Y B st

HRM curve 3| ¥l 241 7] &-& 0]-&3}9] 342 (Polygonum

multiflorum), Y5> (Gymanchum wilfordii), ©| G-$-3) A(Gymanchum
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auriculatum) ] FEZA A1 TrnL-F} 3 ITS § < 9]
SNPE m}otslo] & T ato|HE A 2F3} th-2 melting curve
el 2 Afatol 45wl e 23} ol 5 41 T4kl 7}
~0}°ﬂ CH(Han et al. 2016b). T3}, U] o] 2] ¥ L Z=<Lof A

FUE PR DS 02 LAY Aol FUT

72 5191519 Th(Lee et al. 2017; 2018).

o] 3t APATL AF LS 0] 8319 o] 5(2021b) =Y -
Qo A =7t B AlFoll thsto] GAITS o @i
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