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Abstract Angelica is a perennial plant used widely for
medicinal purposes. Information on the genetic diversity of
Angelica populations is important for their conservation and
germplasm utilization. Although Angelica is an important
medicinal plant genus registered in South Korea, no
molecular markers are currently available to distinguish
individual species from other similar species in different
countries, in particular, China and Japan. In this study, we
developed single nucleotide polymorphism (SNP) markers
derived from internal transcribed spacer regions of the
nuclear ribosomal DNA to identify a distinct domestic
species, Angelica gigas Nakai, via a high-resolution melting
(HRM) curve analyses. We also performed HRM curve
analysis of intentionally mixed genomic DNA samples from
five Angelica species. Finally, we investigated A. gigas
Nakai and A. sinensis using varying ratios of mixed genomic
DNA templates. The SNP markers developed in this study
are useful for rapidly identifying A. gigas species from
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AV I Umbelliferae) @) Angelica<sol) 431= 3= coumarin
#) 9] umbelliferon, B-sitosterol, decursin, nodakenetin 5 2] A &
o] F-48 207 4 A 9o (Kimetal. 2007), OF-& A1

04§ 7 ZHo] A R 9L W § 4B AL TFH5
1 1] FFAYSk T 7154 BRI A A E O RA A

7} 7} =& Ho|th(Kim and Joung 2006). L& 1} $-2]y&t

= X H(dngelica gigas Nakai)s S °FA 9] 7| A E=

skl oy, 3-8 2t (dngelica sinensis), D E

13 A(A. acutiloba)2 Z¥7} 1 7| QA1 &S Ge]star Q)

< 71578 SE A YR} ofa ol AR A
| & Aol EtstaL o] Fo] fARE FAE
o] A1Z+gt A4 o] th(Kim et al. 2011).

A&7 0] FEfjea AAlo] As LHo] o]l
7haoll gt EH A B EUFERE 15
SAA e S 7S AI7] L Q)
ok opzt FH FFAEKER. Levisticum officinale
W.DJKochye ofel] o] T2 Eejo]w 5 F3g
Aehs o]ge $EEE A Mel wasn Ut
(Kim et al. 2016). E3F, A9 (Angelica gigas Jiri)= -2t
2Ho] A4k AR o A AT BEF G = AR A
ANz a7t o2 ¢l F7telA tFe g st Xk
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m2ofl Algoll 55 2 At A AdA AT FHE 7hs i th(Leeetal. 2019). o] 2 3 A A 25 vhE

o 7p5 o] ok hAE e i datol Wefstd B4 o2 ¥ Aol AL B4 2 B5 W aglo|4 4w

Sl fafalol Tio] ool b Al RS e bR b R AAES Ao R S 2] 4 RNAS 1S ot

S Blste] 7t ARt A2 A QUth(Lee et al. 2021). AR} T W ITS G ol A SNPE o] &3 T Zetoln
27, P A2 waet thopst AR E o] B RS 2 3Rl on, o] 2 0] 25te] HRM 24748 43}

TEoll ek A= AAY F714 D E4 (next generation o] Ao A - 2§ A9} AAF B EUE EHS}O]

sequencing, NGS) 5-0] @71 444 7] 60 Bl A F HEEE A 5 Selshd] Ago] 1571 4S A

S WAL A 55 S S areode) 714 18T 5] FISH] & 8 ST

o] ghlol] Bt 7142 7] 2 0] Fejsha S ol Ao

24 FRo] oA ofulste] B+ 0.gol A2 GOl

gt Fof 71 o 2 IS 7hA A sk 3] Kz Y d

PCR 7] & o] &3t T & 7]t} & A(single nucleotide poly-

morphism, SNP) % simple sequence repeat (SSR) 5= 4559 28 M=

DNAZ o] §-5}0] 41 20] 4133} A glo] E 27 o)A oF

Ao AT 2ol om nwA Aeugozmz Azt SN ARG AT AP Aol A AR =W A

oFofl 2418 4+ 9ok S 7HATH(Jo etal. 2013). A 8 gl gigas Nk 2 AP g i,

Bo| A= A7} 7] RAPD 2 SSR EAu}7 & GH(A. acutiloba), Z=-FF)(A. sinensis), L T (Levisticum

&) 4 4
& AHBE % Aol g A7 AelSo] s vt glon]
(Jeong et al. 2019; Lee et al. 2001; Liao et al. 2013; Mei et al.
2015), Z[F 2 AFE oA = A 2% RNAE A% sk
8722 @3 U Internal Transcribed Spacer (ITS) & & 2] & 7]
A 9L H| 1 5}o] SNPE 3213} 11 o] & o] &5 Amplification
Refractory Mutation System (ARMS)-PCR7| & & -&-3}o] =
W £ A B A ARSI G AE
AGH, FHGH, FHAI} BE e o} 9leHLee etal. 2021)
2| Lof| = o] Y3 SNPE EZ3H51= EA barcodetHH & o] &
5}6] High Resolution Melting (HRM) curve W8l 2 47| &=
574 A9 ol Bk AR a7t gobx]| AL gl HRM
curve €l £41 7] %2 SNPE ZgH5H= 0k 200 bpo] DNALE
T A0 2 A4 5] LES 4417 WA Lheh melting
curve LS B 5to] AE 7he] FEo] 7bsd Bk ofy
gt ol 5 AT ECl A= EAE e AF L s=7HA o
20| 7}55t 7| < o] th(Han et al. 2015; Kim et al. 2018). A1 X| 2
W ZeH e AdS w6ty g5t sfutety], B, S5
A, B SOl FET edHt SYHedS e R
HRM curve s §1-& B3k A} 43 5o 7H555l o
ol5o] EA = o] 9l Aol = o] 7hsshlrhal 5H4l
T}(Vietina et al. 2013). T=§} Jaakola et al. (2010)-2 HRM £4 7|
&3 o] &dto] op S LT thFRl | 2 (berry) A5 9]
o] pssteirt s wasteth B3 FelAnkx )
(Helleborus niger)?} %=+l A “Black Hellebore” 2 &3] 9=
Veratrum niger7} 1:1,0008] H| &2 A o] Q1= Z o=
o] 7155 ohal 514 th(Mader et al. 2011). 2 A E 9
A= U ol Al =3 okt G T Al (Thistle)= 2]
27 DNATHAY) Tl ed7| chg 4 Eakohe ITS $8%)
RS T 2 HRME A & $a)3ho] 415 o] 7H5 )
9 Wk ofU 2, A2 BFE o] gl Ao TY Hro

oﬁ‘ cinale)S AT 0 2 Z AL thLee et al. 2021). 0] & A&
S YA ST QS 712 of
SAAATL, AR5 ARTH, B 5T UCD),
u]=*(horizon Herbs, Williams, OR)1} =+Uj] gtk -5 3] A}
Soa2e £Yalch 41 ASES DNAS 22 alo]
5. 889]- 25S IRNAES :.’;?TL O]-b ITS2 g Hof tgt 74 EE
G714 2 ] sto] 719 of
A8 295,

DNA =2

S ATER QY ABA), F4 4 T AR 5
S AR AL F& WEAT T FA ZopA] AL Buke
0]-8-3}o] GeneAllA}2] ExgeneTM Plant SV 7] EZ 0]-&-3}
3 Ak A] A1Z-5H 4@ o] whek 9414 DNAS 225t
T}, A = DNA= 1% agarose gelof| 4] 7] 952 A A5}

DNAS] Hg| BofAel B3 J=E &Ist T Micro-
spectrometer (BioPrince, SD-2000, Gangwon, South Korea)E- ©]
85164 234 nm, 260 nm, 280 nmoJ| 4| Z}ZF SF =& =45}
A260/4280 ZFo] 1.8-2.2 W 9] T1E) 31 A234/4260 Z}Fo] 0.5-0.8
9] =3 o B 2SOl RNA 9 w2 50 6.6 A
=5 Blato] 43 DNAS 291519l Tt

7SSl 5= 2 1A

ne
HI

q
=~

ITS §-84 o] SNPE Shelel 4§74 o] S22
Sistol §ARe] @71 A AHRE AHgSte] HayATolA
A2 S eto| ) o] §5H H(Lee etal. 2021). 49| %
2 iNtRON 3] A Gyeonggi Province, South Korea)ol| 4] A&
3} PCR HHS-& 9+ &9} I jpfiu DNA polymerase S A&
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Table 1 Primer sequences for high-resolution melting analysis of the internal transcribed spacer (/7S) fragments

Gene Primers Sequences (5'-3") Tm (°C) Size (bp)
7S Forward CGAGTCTTTGAACGCAAGTT 54.6 o
Reverse CTAAGATGACGAGGATTCGC 54.4

sho] ZaurS Aol 4 oF7 F 4 Gl Evol S Hag
Shole. Az Aol A Al g5He Al uh o] wheh g Hel @

. =

DNA 50 ng¥} Zeto| & 77} 10 pmole-2 T §H3H 3 94°Co]|
A SEZFDNAS WA A|7] 3 94°Coll A 302, 60°Co| A] 10
Z, 72°Co| A 3025 1 cycle® 3}9] 35 cycle 1?_}% 3 72°Co|
A SEZE AHRESL A7 T 4oCo| A HHSL Frola 5
Z 5] DNAWIE = 2.0% agarose gel & ©]-8-3} A7) 95 3}
o 1 432 Bls A 225 o)1 7 $ 4K THle] 2
2 ol Evelt doj SR glong F2Yg
1A 91 FZ 5 DNATHHA-S ExpinTM PCR SV (GeneAll,
Seoul, South Korea) KitE- A}-8-5}0] &4 AA|SE S 214 &7
A EEA S o Fst et B3 A%Zigi 591 ¥ SNPE= ]
4 531 o4 Saste] A AsHah

HRM =4
Table 1914 A[AJE Zeto|wE o]-&3sto] HRM (High

Resolution Melting) curve 3| €l -2 A 35}7] o] A o o] & =z}
o |7} 23 &A%} B2 JHA 5 SH=A 9 of 2

2317 9Jste] Zh2te] Zeto|u] 2L o] §3tol 2t
A RS04 #e)3 DNAS 7§ 0 2 PCRE FEA]4 7]

QLG B Beloloieh. Ea BlE WESL &4 44
ohol 714910 0 23k A ol ST
AR} 100% U 2| 8= 22 2213 5 HRM curve 3 &

= AAIEAT 2 7 Alﬁoﬂ/ﬂ -Erald DNAE 77} 10 ng
A Gy, Zapo|wE ZHZE 5 pmol @l 10 ple] SsoFast™
EvaGreen Supermix BIO-RAD, 172-5200 premixture S g 1 &
A B3-S 20 pl 2 Y3 5 Mx3005P QPCR Systems (Agilent
Technologies, Santa Clara, USA)2- AF-&3}o] HRM curve £-4]

S Y5
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Za Y o

—_——

S AS9 HEES 98 ITS |FXAF THHOl HRM 24

Ao A W EF B[RS (4. gigas Nakai) X A
(A4 gigas Tiri)| 2 3 ] of| A =3 [L B (4. acutiloba),
2 H(A. sinensis), T-FH (Levisticum officinale)] A 25 2]
ITS §47% o] @712 418 3 2T 5
Solahe Fol 4 AL

U5} Angelica
(4. gigas, Nakai) H A

FA(A. gigas Jir))e} Fo| T+ 2 AFA(A. acutiloba), 5=
H(A. sinensis), T A (Levisticum officinale) A} 0] of| = E-&
9] SNPE &&= 913 th(Lee et al. 2021). & JTF-of &
3 U o] ITS & A AHE 0] 831 HRM T €] 2 4] & Zafo]
B7149E 123101 7Y E SNPE EUSHL pE

OE._L.

oft e rlr >

o ITS St g S5
(Table 1 and Fig. 1A). A 2}
Tl SHHITS 732
%*%4741%011*1 2Esd
o, 53] syl EFZH
7o) W=7} e S ZEE AL gele 4 AATHFie.
IB). PCR® %25 DNA g% o] -8} ] HRM 3 €1 & 1] 2.
A A 559 G AT ol 7Hs st e 53]
FHLLG AEF A= S5 G271 Dol A © sFt9] SNP
LSEAI R o] 71ssko] HRM o€l v]iL7] & o] 4
< AT = 93 th(Fig. 1C).

doh ol o r
o_>L H~1

ITS &AL HHES O[Z8H HRM =40 ofgt &F7C 5=

2 OE S7 A9 =& HIE =4

r°l'

HRM 242 913 A48 499

2 A AR APFS 245
71 9130, AL AN A 5 BeIFD
1= o)l %

NAE 3]4 3] 50,25, 6,
3, 1%S ZTIFEE UE A LHS Ao 2 HRM T €
& 245151 Ch(Fig. 2). DNAS] 355 o] nfe} o] 824 & 52
gt Aat, HAAH o7 FEof H|Hste] melting curve
peak7} AT A 0 & trolx| = AL 3101g 4= 919l o, o]
A} o) g5fo] HE FERMOR o o] - Yo 5
A& ACZ AR . B3 HFHAE 7
ZO2 012 9] AR DNAS 59 v&2 9@ AR
of gt HRM s & vl w3t Ao, Y2 S/ 9 Al 27237
22 melting curve®] peak7} 1 ko] o} = A g 5
1 & 4= A tH(Fig. 2B). o] = Fig. 2A9] ¥ o] 5 =7k &
oHA L A0k GAE A Moo BA, UAR BE T
N2 BEao] B AR Y BT wEE el T 5

T 5 2AS

ITS SAXICHES
HE =4

082 HRM =A0f ofet S=g7ietel 28

AA 2 A2 A 722G TA g o] 9= A
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Fig. 1 Sequence alignment, PCR products, and high-resolution melting (HRM) curve analysis using the internal transcribed spacer
(ITS) nuclear intergenic regions in five Angelica species. (A) Sequence alignment and position of HRM primers of the /7S nuclear
intergenic region in each species. The gray box indicates the same sequences in two or three species, whereas the black box indicates
the same sequence in all species. Arrows indicate the positions of the /7S primers developed in this study. (B) PCR results using
ITS primers. M, marker. (C) Melting curves of ITS from various samples using ITS primers. Experiments for the HRM curve pattern
analyses were repeated at least three times with each set of collected samples

A

Fluorescence (-R'(T))
g &

g

—_—

B

A. gigas Nakai 100%
A. gigas Nakai 25%
A. gigas Nakai 6%
A. gigas Nakai 1%

Temperature (°C)

—=— A.gigas Nakai 50%
—*— A.gigas Nakai 12%
—*— A.gigas Nakai 3%

g & §

Fluorescence (-R'(T))

g

Temperature (°C)

—— A. gigas Nakai

—a— A gigas Nakai+A.gigas SB

—o— A gigas NakaitA.gigas SB+A acutiloba

—— A gigas Nakai+A.gigas SB+A .acutiloba+A sinensis

—%— A gigas Nakai+A.gigas SB+A .acutiloba+A sinensis+L.officinale

Fig. 2 High-resolution melting curve analysis of intentionally mixed genomic DNA samples from five Angelica species. (A) Melting
curve in the differentially purified DNA samples of 4. gigas Nakai. (B) Melting curve of intentionally mixed genomic DNA samples
from A4. gigas Nakai and the others. All experiments were repeated at least three times with collected samples
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ratio DNA samples of A. gigas Nakai and 4. sinensis. All experiments were repeated at least three times with collected samples
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