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ABSTRACT

Background: In the herbal medicine market, Angelica gigas, Angelica sinensis, and Angelica acutiloba are all called "Danggui" and
used confusingly. We aimed to assess the genetic diversity and relationships among 14 Angelica species collected from different glo-
bal seed companies. Toward this aim we developed DNA markers to differentiate the Angelica species.

Methods and Results: A total of 14 Angelica species, A. gigas, A. acutiloba, A. sinensis, A. pachycarpa, A. hendersonii, A. arguta, A.
keiskei, A. atropurpurea, A. dahurica, A. genuflexa, A. tenuissima, A. archangelica, A. taiwaniana, and A. hispanica were collected.
The genetic diversity of all 14 species was analyzed by using five chloroplast DNA-based simple sequence repeat (SSR) markers
and employing the DNA fragment analysis method. Each primer amplified 3 - 12 bands, with an average of 6.6 bands. Based on the
genetic diversity analysis, these species were classified into specific species groups. The cluster dendrogram showed that the similar-
ity coefficients ranged from 0.77 to 1.00.

Conclusions: These findings could be used for further research on cultivar development by using molecular breeding techniques
and for conservation of the genetic diversity of Angelica species. The analysis of polymorphic SSRs could provide an important
experimental tool for examining a range of issues in plant genetics.

Key Words: Angelica, Chloroplast DNA, Simple Sequence Repeat

M A £ e 859 R AREET Uk (Yu ef al, 2004).

whA] GHE SR ARSShET 719AES] Fo] vl

A= vyl &sle oealde] AER =T dE, T B8l 83t ARSEE ARZE HIREHA Loyl 9l
= ool B2 =ole 1-2m Aoy E719k o] A Y (Bang et al, 2002). °|HE oF=2 BF & H=2| 7|4
FHlolm 22 AsAE FejR]o] At d=oli= AHS 9% Aol ey A, AlZEFTE A7 2
(Angelica gigas), S=oNXE T3 (Angelica sinensis), A ESA A7t 5] A=Y ok (Gil et al,
LENM = AIFH (dngelica acutiloba)ys ABISER|TE 3=tollA 2016). AT thEE ekl 7] & ddolu) Edd
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(Williams et al., 1990; Moon et al., 2013; Kim et al.,
2014). 3] polymerase chain reaction (PCR) 7|9H-S o]&3k
random amplified polymorphic DNA (RAPD), single
nucleotide polymorphism (SNP), simple sequence repeat

(SSR) 5-& 4] DNAZ o] g3t A&9] Az} AAgle]
RE zHd|M ePgHom galE £ glon] Hlwy He |

|02 WE AIZE Qb 4T ke S 7RIY Jo
et al, 2013). |5 Fo|X= SSRE o]&3lo] FFE 7
S B ek e EAAE § @Al 7P =3
o] Bz #9m 7Hsl] WiEe] dFArEelA dswert
=T 53] EA 71N mile BER A3 voFe JHA
ol A SEL F dve S AYA o
(Wheeler et al., 2014). A3PATAEL SSR rAE E-g3)o]
F&2El QA (Panax ginseng), =EFA  (Platycodon
grandiflorum)| A1 genetic diversity, phylogenetic relationship,
population structure 5ol 3+ AF}E R ISFTE (Um ef al.,
20164, b; Song et al., 2012).

G & 2B EARAE ARE-S}] off thal A
st Ab#l= ITS, RAPD, ISSR 5 (Lee et al, 2001; Liao
et al., 2013; Mei et al., 2015)°] Bil%o] o™ FHZ Lu
S (2015)°] next generation sequencing (NGS)7|HS ©|&
st = (4. sinensisys XESFSE 8F2] ol thsl 4
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Table 1. Sources of the Angelica species used in this study.

No. Species Collected website Contry
1 Angelica gigas Local Korea
2 Angelica acutiloba Horizon Herbs USA
3 Angelica sinensis Horizon Herbs USA
4 Angelica pachycarpa Plant World Seeds EU
5 Angelica hendersonii Horizon Herbs USA
6 Angelica arguta Horizon Herbs USA
7 Angelica keiskei Horizon Herbs USA
8 Angelica atropurpurea Horizon Herbs USA
9 Angelica dahurica Horizon Herbs USA
10 Angelica genuflexa Horizon Herbs USA
11 Angelica tenuissima Horizon Herbs USA
12 Angelica archangelica Plant World Seeds EU
13 Angelica taiwaniana Plant World Seeds EU
14 Angelica hispanica Plant World Seeds EU

ATE DNA FE2 1459 3 TAE dAELE FPAA
BANES: o] 8-35le] e FEE nRf§k 9, DNeasy
Plant Mini Kit (QIAGEN GmbH, Hilden, Germany)<
olgato] AZAPL A AP wel DNAS F&3)
Sttt %% DNAT Nanodrop (Thermo Fisher Scientific,
Waltham, MA, USA) 71715 o|&3lo] =5 =433t
Z}7ko] DNA HFFEE Had S/TE o183k Sng/d
2 233t

2. ASA| JI8t SSR O EM

FA GEA F7IAE FHRE flEte] UA
7l DNAE o] &3tk 9714 E 42 #1al lllumina
paired-end Z}e]E 2] E A|2tet & Illumina HiSeq 2000
platform (Illumina, San Diego, CA, USA)YS ©|&3td &
7IMEs Ao AAE 9714 EL2 CLC Genomics
Workbench version 8.0. Z213& F3 FEA DNAoY 3T
ke F7IMEES Tl d9TERE ZH8RITE A3 9
Z3) "7 <€A SciRoKo version 3.4 software (http:/
kofler.or.at/bioinformatics/SciRoKoY2 ©]-8-5l>] SSR 77+ &
ASFATE (Kofler et al., 2007).

Primer 3 T2 738 o] 83l z}
PCR Zejo]ul S Al2tslolrt. Zejolr
25 48-60C, G/IC & 50% o2& 3f3itt. PCR WH-
Aol F FI= 5040 A1, 10 ng genomic DNA, 1xEx
buffer, 1 puM primer, 0.2 mM dNTPs, ZZ2]32 0.5 unit Ex Taq
DNA polymerase (Takara Bio, Otsu, Japan)Z 4WH3-3}1T}
PCR ¥H$-& (C1000 Touch™ Thermal Cycler (Bio-Rad,
Hercules, CA, USA)E ©]&3l3th PCR 242 95ColA] 5
7+ pre-denaturationdt 3, 95C A] 45%, 55-60TColA 45

F29 A9

sy

24,
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%, T2CoM 45% 2 35 cycles® 33193, final extention
e 12CoAA 1027 WEAIZTE SFE DNA &S
1.5% agarose gelollA] 100 VE 71453k Safe Gel
Stain (Inclone, Seoul, Korea)Z 34835}l gel documentation
system (Gel Doc™ XR + System, Bio-Rad, Hercules, CA,
USAYIA PCREFH thag SRlskaint.

kel
T

Tz 2AM

kel gk SSR v ohd 41> DNA
fragment 471988 &83l%h. PCR T%F 2H=S DNA
Fragment Analyzer Automated CE System (Advanced
Analytical Technologies, Ankeny, 1A, USA)S.2 #2151 t).
B S dsDNA 905 Reagent kit (Geneer, Daejeon,
Korea)& AME-3IT}. ZF vl PCR $354HE9] {5 o}
g v 0o B mjEyAE wHEslt &%
RFU ko] 2,000 o]3l}l 53k AQlsta #431H. &
X AF+= GeneMaker software (SoftGenetics, State College,
PA, USA)E o83l AElalaict. 1% 1459 9% 4
A 7F FABA BEALS NTSYSpe 2.10 ZZ73 (Exeter
Software, Setauket, NY, USA)S ©]&3lo] 335t 221

tlo ¢

SIMQUALZE AAsle] 83133 UPGMA
L=2% HolEHE ulEe g SHAN F2i4H
AE A8
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eSS

1. 97 S=A DNARMES St SSR 0B W

F3H (Ungelica gigas)?] FE3] DNA G71-ES o83}
o] SciRoKo 4] Z2IS Fale] SSR viE Adaiich
Al S7ie] SSR R ] SA4del thal Table 201 )63
ol B Agla] AaEl AGepSSR1-AGepSSR5= B 7]
AE At T2 #g=o] SIArk SSR motifs HES A3
mono-nucleotide motifs EASFA] ¢S4l di-nucleotide motif
7F 271 (AGepSSR2, AGepSSRS), trtra-nucleotide motif 271]
(AGcpSSR1, AGcepSSR3), penta-nucleotide 17l (AGcpSSR4)
2 4=

AubE 5709] mEA9l AGepSSR1, AGepSSR2, AGepSSR3,
AGcpSSR4 12] 31 AGepSSR5E ©] &3t PCRFZ 31
Fragment Analyzer™ Automated CE systeme &8&3}o] z}
TR SRAY EAEATH (Fig 1). o] 4 Al=dS

Table 2. Summary of the 5 polymorphic SSR markers designed from chloroplast DNA region in Angelica gigas.

Primer GenBank SSR SSR Primer sequence (5' — 3') Product size

name No. loci motif Foward primer Reverse primer range (bp)
AGcpSSRT  KX268658  matK-trnK (AAAT), CTCGTTGCTTTTTCCCTA CTGAAAGGCGAATGAATGG 223 - 240
AGcpSSR2  KX268659  trnG-trnR (AT)15 GCCTTCCAAGCTAACGAT ACCTCTGTCCTATCCATT 182 - 258
AGcpSSR3  KX268660 rpoC1 (AAAT), GCCCCCCCAAAAAAAAGA ATTACCGCGATTCATCATTCG 162 - 193
AGcpSSR4  KX268661 trnfM (TTTTA); ATACAGAAAGGTAAAGGGG TGGACAGATACTTCGTGA 178 - 194
AGCpSSR5  KX268662  petA-psb) (AT)g TCTTCCTAGTATTCGACAC CCCACTATTCTACTATTCTC 132 - 245

A v 2 3 4 5 6 7 B m 1 2 3 4 5 6 7

M 8 9 10 1 1213 14 M__ 8 9 10 1112 13 14

100

Fig. 1. Electropherograms generated by the polymorphic SSR markers, (A); AGcpSSR2 and (B);
AGCcpSSR5, using fragment analyzer CE System in 14 Angelica species. M; 1 - 500 bp size maker,
1; Angelica archangelica, 2; Angelica taiwaniana, 3; Angelica hispanica, 4; Angelica pachycarpa, 5;
Angelica hendersonii, 6; Anﬁelica arguta, 7; Angelica keiskei, 8; Angelica atropurpurea, 9; Angelica

dahurica, 10; Angelica genu
14; Angelica sinensis.
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lexa, 11; Angelica tenuissima, 12; Angelica gigas, 13; Angelica acutiloba,
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Table 3. Characteristics of 5 polymorphic SSR loci from Angelica gigas. AoA FEkE nASS o]Lsle] P & AEES9 $AA
. e B 2rach
Primer MAF N H, N, Ho PIC = A3}71of FE3HTh
name
AGcpSSRT  0.80 3 034 700 0.00 031 2. ASE FEZ Sst 1458 979 1eizhl 24
AGecpSSR2 022 10 0.86 680 000 0.84 7} MASS ol 8dle] U BAARE o83 Fig 29 7
AGcpSSR3  0.55 5 0.64 660 0.00 0.60 o] AEREE gty §ATAS BAEATh 2 An 4
AGcpSSR4  0.90 3 033 510 0.00 0.31 . L O N o
AGCpSSRS 018 12 089 680 056 0.88 archangelica$t A. taiwaniana'= "85 #ol 1S JERHA]
Mean 051 66 061 646 011 0.59 2 A7l 291 vR B85S W 17 teldol A

MAF; Major allele frequency, N»; Number of alleles, Hg; Expected
heterozygosity, No; Number of observed (%), Ho; Oserved
heterozygosity, PIC; Polymorphism information content.

SSREA-E 9Jsle] FF dyert AstE ZElo|HE Azl
SENES UEo] FFEH S s Wl vis)] A
AAAS 22N 5 don A4 Yola wWE AJ7F el
AANES 2 T 5 Adoke Aol At

N

GeneMaker softwareE ©]-§-3te] Z}zhe] mlAE] PCR
fragment analyzer 4] A& Table 304 AT}, 7z}
nAE 8 YAA FHEE allele?] YERE RIESF
(major allele frequency, MAF)S #2413t A3} 0.5001°3<] %t
< 7HE 5 AGepSSR29F AGepSSR5ItE. 28] thy
AE Hole mACdA allele®] F N)E 43 23
AGcpSSR1-2 37, AGepSSR2= 107, AGepSSR32 571,
AGcpSSR4E 370, AGepSSR5= 12709] alleleo] e AL
2 yehgt wEbd B Aeld shdE g G924 76k
SSR AN = F 33709 alleleo] 331 HAZ o=
6.671H29] allelec] Y= 2102 A=A

Expected heterozygosity (Hp)= <l’doladdg=elal st
AA A FlA clFHES B AR 3= A
o] H]&S L=l AGepSSRS > AGepSSR2 > AGepSSR3
> AGcpSSR1 > AGepSSR4 =22 H-A itk [ 4¢] Hg
AR 0339014 0.895 HERATE AA] AE oA PCR
A5 genotyping®] 7Hsgt AES] H]E&E 9w Ete=
number of observed (Noy= F A 51%cl4 Hdl 70%= H+-
64.6%°] HES HAATH A3 AME FoA olFHIANE B
ol= AZ2] H]E-S YERN= oserved heterozygosity (Ho)%h<
AGcpSSR5AIATRE 05602 A EHATE gy 849
polymorphism information content (PIC) ¥ F%H-2 0.59°]H
031914 0.88~t01¢] gk HERA=Hl Kim 5 (2016) 28k
PICHto] 0.501de1H thadA 4ol f-2lgt viAgtar Harg vf
Aom BaE AFAzel wEH Qhkt 7Hxe] SSReFA A
% PICHo] 0501391 wirolld & 2 52 v 40l
frolgk vidS S vk ok (Um et al., 20162, b). H]=
AGcepSSR1FF AGepSSR4¢] PICZIO] 0312 EA AT &
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sitke A= 45 Ak vRWVHEE A hispanica ¢}
A. pachycarpa =3+ FL3 47} RS 7= AleE Y
bttt olobs HRAHOR A tenuissima®] 735 WA BT
2 S YeEY 7P 7ke fARR e Al
7} 0.938% A =]}
SUollN E8E= FEH A gigas), T3 (A sinensis),
I (A acutilobaye AEE A A A dEAC]
FAAIT7E 0.868, ©] F w3t =310 AATE 0792
YERSITE Liao 5 (2013) w2H ITS 99 @748 &
S 59 A dahurica®t A genuflexaSt A. gigass Angelica
. clade® EFHHAC™ A keisker= littoral Angelica clade,

[e]

il ox o

X

S.

%2

A arguta= BV EF} Angelica clade, A acutiloba=
Archangelica, A. sinensis< Sinodielsia clade® %73} T}

olX¥ I} T3, 4= HYA7AE ol F
A Zol7t F ZoF UFHo] g2 Rk ofet B A
Aol M= & zpol7t AS 1 T 5 AN

FEA A Hgt AT AE FAA A AESA sk
ofollA F2 Ao} gkt} (Palmer et al., 1988). 53] 4=
A DNA BHE o]&3te] F7+ AN ZEFe] FAES 3
Asl7] A8 F=2 &89 Yt} (Olmstead and Palmer,
1994). =4 DNAE TR REO 2HE TS At e
A7) Wl fRA FF dArels e 548 /Rigx
SF3t} (Corriveau and Coleman, 1988; Birky er al., 1989).
A Tl 9de woe g Qg Wort 5 991o=
M AZA DNAE AAl FA7] vla] 2@ A7to] Age
54 w2 A7t AFEelE Blad Ar|FeR fAEn
£ Aol Atk (Powell ef al., 1995). 2% 7] wj&o] MaA
TAES &7, AhHrolA 954 DNA 7]5ke] SSR »HAE
o] g3l ATAINE RIS (Liu et al, 2013; Hirao et
al., 2009). =3 Y242 DNA G714GS nigto = e
HAE ol g3t ABEEE e A% EE §414 54
of wg} BEF 4 Aol ST (Wheeler et al., 2014).
2 AFoxds AdE 5709 A=A DNAZINE B SSRut
AL ol g3t 14E9] B & AEES] FAHAE A5t

A B

Ak, ©18 Batel Ao AN FEHE FH & 4
o & 08 PAFL ol5o UF /19 AYHT & 9
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Fig. 2. A UPGMA tree based on genetic distances analyzed using 5 polymorphic SSR markers in 14 of Angelica species.
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