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Genetic Diversity of Angelica gigas Nakai Collected in Korea using
Genome-Wide SSR Markers
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ABSTRACT
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1st Revised: 2019 May 24 ing disorders in women for a long time. To date there are no studies on the genetic diversity of 4.
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gigas. The present study aimed to study the genetic diversity of 4. gigas variants using genome-
wide simple sequence repeat (SSR) markers.

Methods and Results: The genetic diversity of 199 variants of 4. gigas cultivated in of different
This is an open access article ~ regions, was analyzed using 5 genome-wide SSR markers. The results revealed that the genetic
distributed under the terms of the ~ variants were very diverse, and genetic analysis using the 5 SSR markers revealed high diversity
Creative Commons Attribution ~ among the variants.

Non-Commercial License (http:/  Conclusions: It is expected that the development of the true Angleical cultivar, by studying the
creativecommons.org/licenses/  system and group selection, can be achieved by genetic analysis using the developed markers, for

by-nc/3.0/) which permits unrestricted : : : :
non-commercial use, distribution, generating a genetically fixed lineage and group selection.

and reproduction in any medium,  Key Words: Angelica gigas, Genome-wide Simple Sequence Repeat, Genetic Diversity
provided the original work is properly
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M o B-sitosterol 59| /d&Ee] FHE AoZE UHA UeH (Kim
et al, 2007), &% Wt oflg} 218 71X SHeA e
FH3F (Angelica gigas Nakaiy= AFJ3 (Umbelliferae)ol 3 JUALE TRl o] IHEIPIR] AlE o ZA At 71X

&l thdAl A ER s dE2, T Tl TEsp ok 7F =t (Kim and Joung, 2006).
APhez dz] AR-FHI ok ol 1 m - 2 m FJ=olH T2 AEQl decursin ¥ decursinol angelate®] SHFe A
=719 Fo] AsEloln e AR Ao} Atk A, F= ol b gEiRe AeE deA Ak Ryu
FH= AU A7 S ARE E4lo] Zal Ewpylo] et al., 1990). ""-7’]“: A 717 Bt Bz B 71dx
FowA FE §A7F AEE A AR oA Al Aol A Bl ]B‘H o] F2 AEQ decursin ¥ decursinol
F AL fysitte A7437 BaEe] vk (Cho,  angelate?} ZHz; B3l 486% = 3.46%, FHAF 4.75% L
2011). 3.23%, FUA 2.33% 2 1.49%C2 Ao = skl u}
FHAE= coumarine| 9] decursin, nodakenetin, umbelliferon, AT G FaEe] dEAE Ao Z YERT (Seong
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Hee| FHH
et al, 1993). B3t A8 g9 olglehy @ g &
dol| tigt A7E Bl B FEA A tisk oF of
W 3= B3 8} Ao} (Park er al, 2017).

T & 2EQ 79SS S8 Aell= FHishy AT,
AEEFEE A 9 BAAESHE A7t s 23E o

Skth (Gil et al., 2016). AT TIFE kAl 7aAE] &
Aoy BEFHE ARgsl] wiiel 719d=S A
offth. 3l 1992id AETHFdFE o] AElEL 2010 o]
T AEALS FEato] WAske thde oS I8 9
T ARE B AAY R Yok rt wa el wet
AAZ SR A=o] Fa A= Akl tigh Fdgtuo] 3
Aol EopA|aL glom olejgt EAIE sAsty] 913 vhgFet
A ESH A7 D asitt,

FH e EAAESHY
THHoA 9] SHAIE HekstaL
AA F R E ATEA Aol
o} (Williams et al., 1990; Moon et al., 2013; Kim et al.,
2014b). £3| polymerase chain reaction (PCR) 7|2 °]&
%t random amplified polymorphic DNA (RAPD), single
nucleotide polymorphism (SNP), simple sequence repeat
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(SSR) 52 &9 DNAE o]&sl 252 A} AAIgle]
BE ZAA PgF oz gAsh 4= glom HlwH L H]

A
R

go= wWE A7k gt BN 4= 9] A& 7Y (Jo
et al., 2013). )& FIME SSRE o]&sle] FEE {47
TS A5k 3RS 2AAE S5 AdA el 71
I M) HlwA H9n 7HAsH] wiite] AFAtEdA
S=7F = APFATAELS SSR TS Beale] okgAtE
ol Ql4t (Panax ginseng C. A. Meyer.), =84 (Platycodon
grandiflorum Jacq. A. DC.)OIA FHTHd, F<a3A, &3
T4 Toll #3 A= BIEUT} (Song et al, 2012; Um
et al, 2016a, 2016b). TF & 2 EA = ITS, RAPD,
ISSR 59 TAHAE AREsle] 2ol el A7 Alel

mr =

o 1=
7} BIEAT (Lee et al, 2001; Liao et al, 2013; Mei
et al., 2015).

B ATOAE T A B fAALS P E
02 A 7+ 5304 e FAR7INe] SSR WA o]
golo] FARA BAgroEn BASEe) 712AR 0 )
A} AL FALS T AT BuARE B

gataLzt st

M2 o
1. AMZE +8 % DNA F&

A NEE A B TR 2 4, T A- 5 e

25 A, A% 3k 3 704 15 A2 AR ST =

377

Clek 24
gk AgA| A ] FFE U= Al BN 3 Ax 9
= A 117 & w8 F 199

FHE ZAFH A Table 19 F23HAh DNAFZES ¢
atod FHE A I 100 mgs FAAZS F F AR
a3t £4E AlE= DNA FF F3714] -80C 242 4
FaLo] RSt FATYEA 913t DNA+=
Biomedic Plant gDNA Extraction Kit (Biomedic Co.,
Bucheon, Korea)2] ¥WHo] wg} F=3199M F5% DNA
DeNovix DS-11 + spectrophotometer (DeNovix Inc.,
Wilmington, DE, USA)S.Z A& L =5 10 ng/l 2
zA st ARS8

A1

R

2. S7CIAl D19 SSR OB Mg

el FA 718 SSR v E Addeb] S8k Gil 5
(2017)8] A7AblAl A A A7IME ARE AT
gteh RE 971 ES CLC Genomics Workbench version
80 Z2IgS Fa 2Tk FIA FAA G7IALNA
SciRoKo version 3.4 software (http:/kofler.or.at/bio-informatics
/SciRoKo; Kofler et al., 2007)5 ©]-£3} SSR 77+ &4
Skt Primer 3 ZEIHE o3l Z} e SFAE
T & PCR ZgolHE Al&eleirt. Zefolw 2712 Zo]
18-25 bp, &%+ 48C-60TC, G/C H& 50% o]4og &
At

PCR Whg-9leo] F Hu&e 504 241, 10 ng genomic
DNA, 1xEx buffer, 1 uM primer, 0.2 mM dNTPs, 28]
0.5 unit Ex Taq DNA polymerase (Takara Bio Inc., Otsu,
Japan)2 ®FS-EIATE PCR W8~ C1000 Touch™ Thermal
Cycler (Bio-Rad Laboratories Inc., Hercules, CA, USA)E
o]-&-3}th. PCR A& 95ColA 5 £7F pre-denaturation3h
F, 95CollA 45 %, 55C-60TolA] 45 %, 72TCelA 45 %
2 35 cycles® 3319, final extention 372 72TColA]
10 £7F vESAIF T S35 DNA 2HE2 1.5% agarose gel
oA 100 V& #7953 Safe Gel Stain (Inclone,
Seoul, Korea)Z ¢EA3}e] gel documentation system (Gel
Doc™ XR + System, Bio-Rad Laboratories Inc., Hercules,

CA, USAYIA PCRSE S SIS

kel
T

3. WA Odd & 7oizd| 24

SSR "lAE allele = % PIC #ol 7 &2 5
< Agste] F3] Al AL W £4E
Atk A Aol et SSR v FATH
DNA fragment ¥47]HS 8319t} PCR 5353
DNA Fragment Analyzer Automated CE System
(Advanced Analytical Technologies Inc., Ames, IA, USA)
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Table 1. Collection

of Angelica gigas accessions from different in Korea.

No. 1T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 27 28 29 30
Accession number PYET-1 PYE1-2 PYE1-3 PYE2-1 PYE2-3
01 02 03 04 05 06 01 02 03 04 05 06 01 02 03 04 05 06 01 02 03 04 05 06 02 03 04 05 06
Cultivation regions Pyeongchang 811 Pyeongchang 829 Pyeongchang 822 Pyeongchang 246 Pyeongchang 326
Geographic N 37°40'28.82"E 128° 33" N37°40'31.31"E 128°33" N37°40'27.93"E 128°33' N37°42'37.81"E128°32" N37°42'44.55"E 128°33'26.18"
coordinate system 21.33" (674 m) 19.72" (660 m) 25.00" (645 m) 58.29" (697 m) (689 m)
No. 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 54 55 56 57
Accession number PYE2-4 PYE2-5 JET1-1 JE2-1 JE2-2
01 02 03 04 05 06 01 02 03 04 05 06 01 02 03 04 05 01 02 03 04 05 02 03 04 05
Cultivation regions Pyeongchang 91 Pyeongchang 63 Jecheon 272 Jecheon 248-1 Jecheon 248
Geographic N37°43'09.42"E 128°33' N37°43'18.92"E128°33" N37°07'11.59"E128°00° N37°12'21.29"E127° 58 NN 37°12'53.42"E127° 57"
coordinate system 18.19" (748 m) 37.88" (770 m) 24.48" (278 m) 15.71" (372 m) 26.67" (402 m)
No. 58 59 60 61 62 63 64 65 66 67 686970717273747576777879808182838485 8687 8889909192 93 94 95 96
Accession number JE3-1 JE3-2 #11
01 02 03 04 05 01 02 03 04 05 1 2 3 456 7 8 9101112131415161718 19 20212223 24 2526 27 28 29

Cultivation regions
Geographic
coordinate system

Jecheon 332

N37°11'45.68"E 128° 14'
29.21" (287 m)

Jecheon 177-2

N 37°14'26.65"E 128° 11
55.58" (363 m)

Jeombong mauntain

N 38°02'29.01"E 128°29'12.12"

(828 m)

No.

97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125

#12

Accession number

6 7 8 9 10 M1

12 13 14 15 16 17 18

19 20 21

22 23 24 25 26 27 28 29

Cultivation regions

Jeombong mauntain

Geographic N 38°02' 31.69" E 128° 29' 29.34" (877 m)
COOfd Inate system
No. 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154

Accession number

#12

30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
Cultivation regions Jeombong mauntain
Geographic N 38°02'31.69" £ 128° 29' 29.34" (877 m)
coordinate system
No. 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184
Accession number #12 #14
59 60 61 62 63 64 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Cultivation regions

Jeombong mauntain

Jeombong mauntain

Geographic N 38°02'31.69" E 128° 29 o9 49 E11E 1980 90 .
coordinate system 29.34" (877 m) N 38°02'42.51"E 128°29'35.99" (965 m)
No. 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199
bon1 bon2 bon3

Accession number

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

Cultivation regions
Geographic
coordinate system

Bonghwa 935-75

N 36°55'46.10" E 129°03'
24.31" (334 m)

Bonghwa 1652-2

N 36°55'39.55" E 129°02'

19.99" (378 m)

Bonghwa 681-1

N 36°56' 51.50" E 129°00'

11.28" (318 m)

1z



E2 Ak dsDNA 905 Reagent kit (Geneer Inc.,
Dagjeon, Korea)S AMHE-3I9T). 7+ vl oA PCR S-Z4HES]
frirel wet P 00 0® FAISH EYAR Heksled
o} FZ3%F RFU 3ol 2,000 o]3lQl SEAHE2 AlLjstal &
Aty B4 47+ GeneMarker software (SoftGenetics
Llc., State College, PA, USA)E °]&3sl Asiict. 4
R FAA 199 Ao FAHA A NTSYS-pe
2.10 ZZ=2 73 (Exeter Software, Setauket, NY, USAYS ©]&
sto] sy, 2203 W {498 SIMQUALE A7 sto]
T35 UPGMA ¢El5S 53l &9 dolgE v
© & SHAN Z#2E#HS AA dendrogramS 2t 44
A FAHAE A

Zdy ¢ o

p =)

1. FGH A J18 SSR U M2 ! RTXRA HA

AGFAel F44 7|9 SSR "HAS Awslr] st in
silico B304 TH FF7] SSR m}# 848 7ol ths] PCR

S Y] SFo] ekgHoE F o|FoiR L TS Zhe
5 70¢] SSR w}#] (AGNtri0012, AGNtri0123, AGNtri0508,
AGNtri0746 22132 AGNtri0968)S Aak&lgich. Ae 5 7j
©] SSR m}re] EAJo] thall Table 201 Fzlslint. Axte

ulAEL 5 intergenic region o XISt YA AYA
FAE ot FA e AR dlolE 25E AR

SSR AR E Aelsh= A2 HolH, Z2AE =3 9 3
T AZS Y%= ° fEsid ST (Zalapa e al,
2012).

AdkE 5 7 SSR vEAL] motifi= tri-nucleotide motif 2

AT
_|-L

A1 AGNtri0012+= AAC 9 W, AGNtri0123 AAT 7 W,
AGNtri0508& ATC 6 1, AGNti0746-2 CAG 5 M,
AGNtri0968-> CTT 7 o] wHEEE= H7|49S 7R3
ATk AEE AGNtri0012, AGNtri0123, AGNtri0508,
AGNtri0746 22132 AGNti0968 5 7] m}#E o]&3le] PCR
S L FEZAELS Fragment Analyzer™ Automated

CE system= S

=

&8st 199 Ho| ] FAxe HEES
B39t (Fig. 1). PCR fragment analyzer #4412 3%
dye’t A ZefolHE A&l S-S vheo] 38
o] Fs A8k Wil s AFHAIE S22 F 3
o A3 ol wE AZF Woll Ax=S 2 5 ot
= Aol Ut} (Park er al, 2016).

GeneMarker softwareE ©|-&3te] 7}7z}e] mp#Ee] PCR
fragment analyzer %4 Z3E Table 3914 A3kt zt
nAE 7Y ®Bol SEZE = allele] ¥1Z=4 (major allele
frequency, MAF)E #41$F A3} 027-0392=2 4 034
Uitk ZE]al Zzt mpA oA YERE allele®] S (N,)
A8 A3 AGNtio012 12 7, AGNwi0123 8 71,
AGNtri0508 9 7, AGNtri0746 15 7 ZZ2]32 AGNtri0968
14 7H9] alleleo] U= 2= vepgTh

weba] 2 Aol A ] £33 719 SSR wHA
M= F 58 709 alleleo] I Btz o= 11 7]¢]
allele®] Y= Ao 2 EAEIT}. Expected heterozygosity
(Hp)= dldel@ /e 2L st 7 vAE 38 w4e A
Al IHA] oA olBHEE BY AORE o= siAS B
&5 T=35F=8l AGNti0012, AGNtri0746 > AGNtri0968 >
AGNtri0508 > AGNtri0123 7}A o2 0.72¢14 0.83°2=2
it 0795 YERATE 2413 A1 oA AAIR olFFT

=
=
=

Table 2. Characterization of 5 polymorphic SSR markers validated in 199 Angelica gigas accessions.

No. Maker SSR motif  Product size (bp)  Region Sense primer (5" — 3’) Anti-sense primer (5" — 3’)
1 AGNtri0012 (AAQ)g 196 intergenic  GTTCCGCAACATCAAGGAC TACCATCCCTGTTGTTCTCTCC
2 AGNtri0123 (AAT); 200 " ACTTCACCTATCCCATTCCTCC  CAAGCTGGCCTTGAGAAAAC
3 AGNtri0508 (ATC)g 195 " TCTTCTTCTCCAGAGCTCCTC ~ ACGAATCAGATACGAGTCCTGC
4 AGNtri0746 (CAC)s 163 " GTAGCTTCCGAAATCAGAGC ~ GTGTAAGATCTTGGAGGCCA
5  AGNtri0968 (CTT), 170 ” AATCTTTCCTCCGTGGTCTC CTAATGATTCCTCCTCCACTGC

Table 3. Diversity statistics from 5 polymorphic SSR markers in 199 Angelica gigas accessions.

Marker MAF" N2 N4> H Ho” PICY
1 AGNLtri0012 0.27 44 12 0.83 0.59 0.81
2 AGNri0123 0.39 19 8 0.72 0.60 0.68
3 AGNtri0508 0.33 24 9 0.77 0.70 0.74
4 AGNtri0746 0.33 51 15 0.83 0.71 0.82
5 ACNri0968 0.39 33 14 0.79 0.35 0.77

Mean 0.34 34.2 11 0.79 0.59 0.76

MAF; major allele frequency, ?Ng; number of genotypes, ?N,; number of alleles, “Hp; expected heterozygosity, ?Ho; observed heterozygosity,

®PIC; polymorphism information content.
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Fig. 1. Dendrogram generated using UPGMA cluster analysis based on genetic diversity of 199 Angelica gigas accessions.

A& Hole= AMEC] vE&S UER= oserved heterozygosity
(HoyRES 035914 0712 e 0592 A=tk ook
£.4~2l polymorphism information content (PIC) 3 +%t-2
0.76°1™ 0.68°14 0.82 Atole] 7S YeEldE=d Kim 5
(2016)°ll <3k PIC Ftol 0.5 oPdeld thadAd Ao £
g wARl B3 b glon A AyE Az wEd
olatwt 7+x a#x I SSR wiAelME PIC 3kl
0.5 o]l miACdAN F 2 FF] tEA E4 Fs vt
AYS =93 vl Ak (Park er al, 2016; Um et al,
2016a, 2016b).

99 I &Il FEITikd -.'_-"'I
E]’o]: JJr 4 A g A=
r.‘é‘oﬂ Jo] A elm g&4 ot SSR w}ﬂ
linkage map 7H%, QTL ©i3, MAS (marker-assisted
selection), cultivar ﬁngerprmtlng, TAH gk 24, 54
72t AR B A3} AFE Tl B A= Ast Fofell
A ARE-E o] gt} (Shedure and Ji, 2008; Cavagnaro et al.,
2010; Zhu et al, 2011).

rr ofN

SSR PIAE BEE FeAES] /19 L BRE A% 4
Ae] fATRY A TR, QA B, SEE S
aTHon s|Ee] BAFASHe /e BEAS Huck
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Aol A o] U FAWA FAHE S EHES
TEAY A 8] AFERE &olsHl sttt (Chung er

al., 2009; Bang er al., 2011; Li et al., 2011; Kim et al.,
2014a). HZ NGS 7|&S o83 S (4. sinensis)Oll
gt 18 70¢] t}3A microsatellite P} 7l s A
(Lu et al, 20159} FFFAZHE 36 7| genome-wide SSR
mA sl thek AFAAE RIS (Gil er al, 2017).
AN tHdE 2= 571 SSR vHAE o83t
Ao FFS FA6IaL dHE o83l Fig. 13 2ol AlF
TE st frddAlE At A AR
BAQ 7 BR, B8 AL, A% B 0|7 ANA 7
Y= QA HgAke] sdar= 3 Z-ollA F=HE 199 7§A]
o] FAIAE gk Azt JHA] 7k Hol = Qlal] AuiAE -
Fo] FAEA] LUAT A ) ABA] 3 AfAeA] €
o

TS M
A HAES =g o] FaH S & T

=

=]

hatd

=3

o H

It
<]

4

39:5' sl =l o Aol 22
QoA F2 AL A
A2 Wol7t wlg- teel
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