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Discrimination of Korean Ginseng Cultivars by Sequence Tagged Sites (STS) Markers
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ABSTRACT : Korean ginseng (P. ginseng C. A. Meyer) is one of the most important medicinal plant in the world. Under-
standing genetic variability among the assortment of Korean ginseng is important for breeding. The aim of this study was to
molecularly characterize Korean ginseng cultivar and breeding lines through the use of eight previously reported STS
markers (MFGp183, MFGp130, MFGp110, UFGp74, UFGp163, MFGp108, MFGp81 and UFGp156). All STS markers
produced interpretable electropherograms from 31 accessions consisting of 11 Korean ginseng cultivars and 20 breeding
lines. When eight STS markers were combined, we identified to total 19 genetic patterns; in particular, nine cultivars (Chun-
poong, Yunpoong, Gopoong, Gumpoong, Sunpoong, Sunone, Cheongseon, Sunhyang, Cheonryang) and 5 breeding lines
(G08012, G04079, G04075, G08036, G04110) in ginseng samples can be discriminated from the others. Together with other
available markers, these STS markers will contribute to the management of ginseng genetic resources and the protection of
breeders’ rights.
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Moo SaAEe AN Y AY So| BAZom FyHe
(Chung et al, 1992; Choi et al, 1979). ZL8]3L 19801t
Olake QWU T} (Araliaceae) Panaxsioll 45 thaA o] %o Mt SAAIE FolA 58t Aol A= LA

ZEO A =, T, Aol o AME WY Vs HeAIPe] FEeH, 1990l EoloME it FE
33}, A, 7] 38 5ol ) gl dERE F 0 o] HxE SYEATE ) A F5-L 2002430 HEH A
Felstella de] o]g=o] Tt (Hu, 1976). 3o FLoE SEHCH, o & I, 33, 4T 59 F

Sl akgEel AlFHE A7l 1920, FEe] Sldol 5257 AlF St (Kwon er al, 1991,
1970t Bl = <4t SeiAle] FAE23 Al S4 2 2000, 2001, 2003). 3HA, AA7EA] S-eluietels sdd o4t
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FTE AE, 9, 3L, 23, AAF AR A, ARk A, AFoE HIEAT CAPSE S%F PCR 4H=o) Algkas
K-1, A3 11FF22, o] &% <ol @A =] A & & A28k Ao w2 DNA o] 37] zpolE 2kl
7HlA F2 A= e A AE, 9T 2L 3359 3 F ke WRle g FZ 77 ) E45H= SNP (Single Nucleotide
Zolt} (Bang et al, 2011a). S14F oA F2 LET  Polymorphism)e] Ho|ZS o=k 4= 9t} STS-CAPS "H&
Ue A g ST A7 Al fARE Z (Hwang et al., 2012), 2] (Talbert et al., 1994; Blake
ZRY $5EES AL "] o= Qs FF ke et al, 1996; Erpelding et al., 1996), &3} (Lee et dl.,
FAH o] Ze Aow AEA Uuk Bang ef al,  2002), DIF (Li er al, 2002) 5o FEHEI} §47 o
2011b). B=gk &I AFFL wggo] oid kgl ¢ /g Al de] g8 Qi

3 SAE o, AEF TF v B3 vxEEHe] 2 Bang % (2010)2 methylation filtering (MF) 7]'§& ©|-&
A He] zfolg Mo R FlaL flo] HETF ofd o) §<t sl weilste] AF EFOZHE genomic DNA libraryS

O A)

SR FEE s ofEe dHelth
A FAESe] WEE DNAZ o83 ¥4 vpi7h 4
2] ol§HaL ATt 53], AE Fople ArE e, A

|97 v BlE, Bl AR 87 Bl wet okt &
b wpAEoe] WEELL 9o 2 FFHE= AFLPs (Amplified

Fragment Length  Polymorphisms), =~ RFLPs  (Restriction
Fragment Length Polymorphisms), RAPD (Random Amplified
Polymorphic DNA), SSRs (Simple Sequence Repeats,

microsatellite), STS (Sequence Tagged Sites), CAPS (Cleaved
Amplification Polymorphic Sequence)s©] Tt ©]% STS wHA
= &979¢] (co-dominant) A2} POl =aL FHA o
2 BEs7 9921 PCR (Polymerase Chain Reaction)yS
7IWko g opyfR 2 A AollA fAl Bl & US W op]
2}, 4] o] ui9- Thdele] F58 yhdstal fAdS o
1 o delA 9k B3 STS= PCR

T oH
2 %3 g EefolwS AgS)

272

[e]
SERES

TEIIGAL ol2fF HHE 7O R STS-CAPS v & /M
skl itk MF 712 Al9shE repetitive DNAE A A3
WHO 2 FHzE 999 F2Y NEE Y & de WHe
2 deA Jom (Rabinowicz, 2003), 55, Bl A}
BT 5 oA £-82F 992] DNA library 50 4382
2 838 AY (Palmer er al, 2003; Whitelaw e al.,

=

2003; Timko et al., 2008; Huang et al., 2010).

o)
=

mebA 2 A 71l JiEE STS v 8% 4t 11
N F53 2070e] S9A1El H8ste] olge] W RS
glaslon, &5 = 4 F5, ST 3 aF /4
e R o5 F174 v 24, 848 3 7
4 A4 ol Eestat s

Mz Yk
1. A=

2 A7lM AR Age SRS 24T oA T

% STHLASAE QISR Al AT T APl

Table 1. Information of Korean ginseng cultivars and breeding lines used in this study.

No. Name Origin Classification No. Name Origin Classification
1 Chunpoong Korea cultivar 17 G04058 Korea breeding line
2 Yunpoong Korea cultivar 18 G04068 Korea breeding line
3 Gopoong Korea cultivar 19 G04079 Korea breeding line
4 Kumpoong Korea cultivar 20 G08010 Korea breeding line
5 Sunpoong Korea cultivar 21 G08020 Korea breeding line
6 Sunun Korea cultivar 22 G08089 Korea breeding line
7 Sunone Korea cultivar 23 G08078 Korea breeding line
8 Cheongsun Korea cultivar 24 G08042 Korea breeding line
9 Sunhyang Korea cultivar 25 G08038 Korea breeding line
10 Cheonryang Korea cultivar 26 G08034 Korea breeding line
11 K-1 Korea cultivar 27 G08085 Korea breeding line
12 G03146 Korea breeding line 28 G08055 Korea breeding line
13 G04062 Korea breeding line 29 G08039 Korea breeding line
14 G04075 Korea breeding line 30 G08036 Korea breeding line
15 G04110 Korea breeding line 31 G08031 Korea breeding line
16 G08012 Korea breeding line

354



STS OPHE 088t n2felyt &5 % sHiis &

ol A, AF, IF, FF, AF, A, AL, HA, Ag K-,
A 5 11E27 G08010 5 2041528 o= 3o, ol
e o

| A @RS 498ES 71F 0= ST (Table 1).
Q1aF Eik2 2008 10€0l] F5 & 90cm, 2% 90 cm,
5 =0] 30cm o] o= 3slod FREERIAL, 2009 7€l 7x 10
F (90 x 180 cm)E A AT 15x20cm 2 &fo] HARS ©]2]
sttt si7FIAES Qlake] Zofebr] Aol EAIAY $5A
Aoz AR, FM3+ 319 457 25F HE 7
Eo &, 59 ok aLgal e flel S 2% ABg 1
< S Hals A, A 2 71E dEle i
GAP H“TAMA A A o] F3tF Tt (Rural Development
Administration, 2009).

—

2. DNAFZE

O14F A EAZHE genomic DNAS #H3l7] 9l5te] 443
A s AFE MASE & A 2704 S B B
AT olF HA AL FEAA HRAPET 8-S o]
to] g B A7 HEE eRfe 5, B dEe] A=
2 2ml FHo| 10mg ¥, 68CE mlg] 7}¥9 extraction
buffer type-1 -8 300uL (50mM Tris, 25mM EDTA %
0.35M sorbitol), 5% sarcosyl &< 50 uL, SM NaCl &<
60uL 2 CTAB (8.6%) 35uLE ¥ol, 65C 79 &
Tzl 30 &< Ashar AE7F FXA

[0

il

o) % 55 7k

o1 T Al

Table 2. STS primer sets for discriminating Korean ginseng cultivar.

Aog EEo FAo ta #AHLS PIC  (phenol
25:chloroform 24:isoamylalchohol 1) &8 600 uL 713k
o AZE7F & Hol=E: 1E ol inverting AlZl F,
12,000 pmO.Z 1587+ FAEEE 3tk PIC A& F3l
8 A& 450~500uLE A FEO &7 F 3M
NaOAC (pH 5.2) 50 uL, Isopropyl alcohol 600 uLE z}Hzt
ol dzglo] A4 & w7ix] EE01FE FH 70T 242 4
Aarel] 2087+ WA|sle] H3lS SSAA $5H Hele g
H3}7] 9Jake] 10ColA 12,000 pme g 5% FoF AAE
st AR ALk A &S B F, 70% e
600 pLE Ho] 13 o EEo F302H, 12,000 pmOE 2
B2F Q4R sl dleheS WY § Alelx H3lE A%
stk ¢33 AxE "L 0.5x TBE WMHE 100 ul 2
o] Aol & HofFUct.

ol&et IS AXH =% DNAE Nano Drop (Thermo
Fisher Scientific, USA) 7171& o|-&3t] =5 S7431oH,
T 2%o] g5d ZHZte] DNA AZEL Udd SH/HFE

o]&3lo] HE DNA ¥52 5ngulE A HFalth

A5

3. STS-CAPS Z2l0|0{2 O|&St PCR YH2

= ZHAM 11EFH 204152 g o]0 §414
o2 PEEEAe] oFE gRIsl7] $8te], Bang 5 (2010)
o] 7hsk 8%2] STS markers ©]&3te] FHEYS F3h35}

gDNA Library STS-primer
Clone Information " Primer Sequence* PCR Information
D Insert Gene Bank Primer Name Forward( 5'—3") Expected Anneal.
Size(bp) Acc. Reverse(5'—>3") Sizebp)  Temp.(C)
TGACCCTTTGCCTTTGATTC
MFG183 1002 HN339418 MFGp183 CTACGTTAGCGCATCCGTTT 281 65
TTTTGCGACCCGACTATTTC
MFG130 1124 HN339417 MFGp130 AAATGCTGTCAAGCCCAGAG 322 65
GTCCCAACGGAATTTCATCA
MFG110 1129 HN339416 MFGCp110 TTCCGCTTATGTTGCAGTTG 930 60
TGCGCCAATTTCACAGAATTAGA
UFG74 717 HN339415 UFGp74 CACAGGTCTCGAAACAATTGAA 639 60
GTACCGACAGCAGATCCTTTG
UFG163 1205 - UFGp163 TC CCCTAACGTTTAGCTG 933 60
CAGCCCCATGAAATGTCTC
MFG108 698 ) MFGp108 ATTGGCTATCAGCTTGATTTG 655 €0
CGGAGCTGATCCGGAGATAG
MFC8T 1230 - MFGp81 GAGCGCTGCGGTATGTTTG 427 05
AGGCTTGGTGAGGACATCAG
UFG156 913 - UFGp156 TTGCCACCACTCCTTCTCTC 161 65

TgDNA library clones of R ginseng cv. Yunpoong. For the clone IDs, the first two letter, MF and UF, stand for ‘Methylation-filtered” and
‘Methylation-unfiltered’, respectively. ¥STS primers were converted from gDNA library clones of P ginseng cv. Yunpoong and were designed by

Bang et al. (2010).
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Table 3. Discrimination of 11 Korean ginseng cultivars and 20 breeding lines by STS marker combinations with different genotypes

denoted as A~D.

Primer
NO." MFGp MFGp MFGp UFGp UFGp MFGp MFGp UFGp Genotypes
183 130 110 _E 74 E 163 108 81 156
1 A A A A A A A A AAAAAAAA
2 B B B B B B B A BBBBBBBA
3 C A A B B B A B CAABBBAB
4 D A B B B B A A DABBBBAA
5 B B B A B A B B BBBABABB
6 B B B B A B B A BBBBABBA
7 D B A B A B B A DBABABBA
8 D A B B A B A A DABBABAA
9 A A A B A B A B AAABABAB
10 B B A B A B B B BBABABBB
11 B B B B A B B A BBBBABBA
12 B B B B B B B A BBBBBBBA
13 A A A B B B A A AAABBBAA
14 A A B B B B A A AABBBBAA
15 B B B B B B A A BBBBBBAA
16 A A B A A B A A AABAABAA
17 B B B A B A B A BBBABABA
18 A A A B B B A A AAABBBAA
19 A A B B A B A A AABBABAA
20 D A B A B B A A DABABBAA
21 B B B B A B B A BBBBABBA
22 D A B B A B A A DABBABAA
23 A A B A A A A A AABAAAAA
24 A A B A A A A A AABAAAAA
25 B B B B B B B A BBBBBBBA
26 B B B B B B B A BBBBBBBA
27 B B B B A B B A BBBBABBA
28 D A B A B B A A DABABBAA
29 A B A B B B B A ABABBBBA
30 A B B B B B B A ABBBBBBA
31 A B A B B B B A ABABBBBA

TNO: 1-31 : discrimination of Cultivar and breeding lines in Table 1.

==

ATH (Table 2). 8F<] Zzlolw F 4719 =Zglo|y
(MFGp130, MFGp183, MFGp81, UFGpl56)= 4 =+ 2
Al (InDel, Insertion or deletion)°l] <3+ t}gAde UehlH,
MFGp1109} UFGp74E Algkas Az 2|3k CAPSeIH 1}
Hx] UFGpl632} MFGpl108& DNA THHe] = §3=2 3
T A= Aol

PCRO|| 2183t E31g-99] 242 5ngo] DNAS 2 uL, 20
pmoles®] forward®} reverse Zz}o|HE Zhzb 1L, Excel
TB 2 x Premix with Dye (Inclone, Korea)& 12.5pL ¥l
BrE A iheES 25 uleE g FUch

olaF
=

356

DNA % %7]|7]& Tprofessional thermocycler (Biometra,
Gottingen, Germany)2 ©]-&-3l%13, PCR ¥F3-& 95CollA 5
B 2714 F, 95T 30% WA, 60C T 65ColA 30
Z A 9 72CoA 159 A 2702 F 40 cyclesE
Y3, v EtoZ 72T 1027 217 whe-& Fralst
AT MFGpl10, UFGp74 Zg}o]lH= PCRE 33 T 37C
oAl 24A17F Hinfl o] AFaALE A2sidict. %% PCR
AHE2 0.5x TBE buffers ©]-83t1 1.5% agarose gelol|lA]
A719% #4E 7A EtBr (Ethidium bromide)® 23k &
UV transilluminator2 342 3134t}




Fig. 1.
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Polymorphic band patterns with MFGp183(A), MFGp130(B), MFGp110(C), UFGp74(D), UFGp163(E), MFGp108(F),

MFGp81(G) and UFGp156(H) primers among 11 Korean ginseng cultivars and 20 breeding lines. Lanes 1-31;
discrimination of cultivars and breeding lines in Table 1.

A 1NEFSH 20415S oz 859 STSHAE 243}
o] ojEo] FHAoR FRE=A ] FE ERIgh A= 2
g 13 & 33 7l 859 STS Zlolw = MFGplS3,
MFGp130, MFGp81, UFGp1562] 4%<] Zzlo]m+= DNA
A719] A E= A4 (n/Delel 23 tEAS Yehle A
o] EAolt}. o] T MFGpl83 Zeto|wollxe 47FA]9] A}
F& 3ol & 4 o™, MFGpl30, MFGp81, UFGpl56=
In/Del ztelell oJal] 27EAe] R8-S SR + AUt &
H, MFGpl10, UFGp74°11= PCR 4HEolA thagAdo] &l

)R] UL, AlEA Hinf12] Aol <Jsf 271A19] 312
FE & 5 AU YA UFGpl63, MFGpl08lA =

Zjoln] AGT919] Hojol o3k thy-fdat o)A 3Rk
S (allele - specific PCR)°l| 23] 271#]2] xS el
T} 3, 8%9] STS ZEfo|HE2HE Yehd G d3&
woh GA 2dal] 98k f3A8S 49kl A, B, C, DE
A o8ttt

MFGpl183 Zele|HE o|83t PCR A3, Q4 255 (HE,
AgHa 10415 (G04062, G04068, G04075, (G04079,
G08012, G08031, G08036, G08039, G08042, G08078)°l A
°F 250 bp 710141 DNA ©Ho] SZEUAL (allele type-A),
ATS EFS 5FF (T, AT, AL, A, K- 7AE
(G03146, G04058, G04110, G08020, G08034, G08038,
G08085) 280 bp =7]1¢] DNA ©Ho] ZZ (allele type-B)
HACh 22 220 bp A7]¢] DNA ©o] FEEGlow
(allele type-C), B8-S XT3 355 (3, A9, B4 3
A% (G08010, G08055, GO80893)y> 300 bp =71¢] DNA
(allele type-D) ©o] TZ=T} (Fig. 1A).
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MFGp130 Z2}o|HE o] g3l W=, 555 (HF, 2T,

=3, A%, M) 1041%  (G04062, G04068, GOSO7S,
G08042, GO08012, G04079, G04075, GO08010, GO8055,

G08089YII] 320bp =712 DNA T4 (allele type-A)°] =]
AL, W AFS TS 655 (EF, AT, AL, A, A,
K-1)Z 10415 (G03146, G04058, G04110, G08020, GO8031,
G08034, G08036, G08038, G08039, GOS05)IHE 270 bp =
71¢] DNA Y3 (allele type-B)°] =Z 5t} (Fig. 1B).
MFGp1102} UFGp74 Zglo]MZ o]&319S wj= PCR 5
2 R] AFollM= AE 7F thddo] gle Y8 DNA ©
Ho| gl Floy, XE DNA TS Aglarg dos)
o t4S 8l = CAPS 7I'HE 283t A, Algtas
AR F9lel & TS g1 & < UATH MFGpl10 =
golHE o] gsle] FZH DNA YHE Hintl o Agtas
Az RS Wl 5EF @AF, 1T, A, A%, A 4
AS (G04062, G04068, G08039, G08031)eNA Hinf-12] A
St Q1 RS9t Fdste] duw © Ed e JEHE

HATH (allele type-A). ZL&u}h x3et 6%E (9T,

=

=

SO
o=

F3F, AE AL AA K-DI 16415 (G03146, G04038,
G04075, G04079, G04110, G08010, G08012, G0S020,
G08034, G08036, GO08038, G08042, G08055, GO807S,

G08085, G08089)2] detel DNA ©HHS Hinf 1o Agtas
12 F-917F 919 AEKIF tiEA €11 E o] (allele type-B)
F5akA AT (Fig. 10).

UFGp74 Zzfo|w & o|-gste] Agai Hinf-1o] &g tf
PSS IS A7, 25T @®F, A3)H 6741% (G807,
G08042, G08012, G04058, G08010, G08055)l4 Hinf-1 &
Tk Qo] odt 72 Felo] DNA wHo| Il

=
3L (allele type-A), HFS IS 9FF (D%, ILF, 598,



o - Aot - ZHE - 0ES - 2ES -
AL, A, HA, Ag dF, K-DIF 14415 (G03146,
G04062, G04068, G04075, G04079, G04110, G08020,
G08031, G08034, G08036, G08038, G08039, GO8085,

G08089y> AEFY = th2 FEle] DNA TS (allele type-
B) g1 & & AUt (Fig. 1D).

UFGpl63 Zz}o]HE o]g3 PCR A3, DNA ©HHe] &
ol met FrAe] FEEE 94 PH (dominant marker)
2 ERIFGlem o] zeom] F2} 9JX]9] Q7MY Hold
ojgt At A7tk 7%E (WEF, Ae, A, B, A7,
A K- 7AE (G08012, G04079, G08020, GO80S9,
G08078, G08042, G08085)> PCR FZ wnkgo] o]Foz]A|
Ao} (allele type-A), AFE EFSH 45F (A%, LT,

2, AE)F 13741F (G03146, G04062, G04075, G04110,
G04058, G04068, G08010, G08038, G08034, G08055,
G08039, G08036, G08031) A= 930 bp ZL71¢] DNA &
Ho] (allele type-B) T3= At} (Fig. 1E).

TS MFGpl108 ZzlolH %= 94 v} (dominant marker)
Z2A, 2FF AF, AH)I 345 (G04058, G0807S,
G08042)°1-1E= PCR F& wkgo] dojupx] edgkort (allele
type-A), 9FS T 9FF (A%, 2T, 5%, AL, A4,
A, A, A, K-1)3 17415 (G03146, G04062, G04075,
G04110, GO08012, G04068, G04079, G08010, G08020,
G08089, G08038, G08034, GO08085, G08055, G08039,
G08036, G08031)I41E 650bp =7]¢] DNA THHo|] ZZx|o]
AZ 7F AL (allele type-B) LFERHITH (Fig. 1F).

MFGp81 Zzlo|HE o]&3lis Wle %5 HF, ¥3,
=%, A4, AdF 11AE (G04062, G04075, G04110,
G08012, G04068, G04079, G08010, G08089, GO0807S,
G08042, G08055)°lIA1 420 bpollA] DNA wHo] FZE 3o
H (allele type-A), AT XS 65T (9T, A%, A,
A, AF, KD 9AIE (G03146, G04058, (08020,
G08038, G08034, G08085, G08039, G08036, G08031)ol 4
400bp Z71¢] DNA ©HHo] FH5 o] (allele type-B) A
7 e 8l & S T (Fig 16).

UFGpl56 Zelo|HE o438 PCR A3}, 755 (A%, 9%,
FE, AL ALY HA, K-D)F 20415904 160bp H71¢]
DNA ©#o] % =9 on(allele type-A), ILFS EF3 4
5 @F, AF, A A= 150bp 2712 DNA &
H (allele type-B)o]l SH=ATH (Fig. 1H).
olgale] <At 11EEH 2045
o A3 F 1999 A
Z}zre] GAEe) 23 ¥ 339 7+
2, A9, HA, A, Al 4
AAAAAAAA, BBBBBBBA, CAABBBAB,
BBBABABB, DBABABBA, DABBABAA,

=T
h=1

L
L

3z
=

DABBBBAA,

SR - iEt - YA - 0]S7 -

358

si== - 28l 2l -

0

7 G03146, G08038, G08034, Al
G08089, 223 M &= G08036 °IUtt. A} AE 74| &
Aol xgo] 7+ AL G040628F G04068 (AAABBBAA),
G080783  GOS042(AABAAAAA),  G08039%+  G08031
(ABABBBBA), G080103} G08055 (DABABBAA) ©]31T}.

A7 AR =W aERI FEES AT, AT,
g 5o AYFToZRE FAREE e sl S W
o AR FAETL w9 =& HolH,
o] o] Erls3l7] Wit DNA nHAE ©]&
He B3 Fa3h Az Azhdch
Bang 5 (2010) 4%2] STS " (UFGpl63, MFGpl08,
MFGp81, UFGpl156)5 7N#ated =il 224t 6552 tid
o7 FFZWHES NE g} Ao, dF FFRE Aol vt
Stk WEbA 2 Ate 7129] STS wiof Al $=st
STS vHAE ol&sted elQlate] 11553 2071800 g &
BAFoH, o]F Bl FF Ev= A ke WE e
AE 33

B Ao el ® DNA 9719 4
o942 PCR o|F Algtas A 59 F7t
dYsiA] eobw =aL, ARNhH gk AriReg 7F
(Steele et al., 2008; Lu et al., 20099} EntE Fo| =%
I (Yamamoto et al., 2005) 5 o ] H&=o] A}
webA 449 STS In-del ZE}ol® (MFGpl83, MFGpl30,
MFGp81, UFGpl56y= 7Hastal 821 Wyo=s &84
T UL FlolH, % DNA miA7F A& o2 /i frhd
ol AEHS] &S &l KA v Hrke 3
ol de] o8 & F AS Aolth

ey 14k ol 44 fFARETE u)
Folle & Aol ARES rA 2o R FES vhdstet
A 7} Aoz Yelth A4t 1155 5 9552 859
STS Zelo|w®E 80| 7hssil o, UwA] 2352 Ale
2 A 23S B o] Brkssli

weba 2RI 11552 W] 2Eah] S8 571
ol mAe] wzo] Fod ZAow FHudEy I 84 A%
Z 5AI%E (G08012, AABAABAA; G04079, AABBABAA;
G04075, AABBBBAA; (08036, ABBBBBBA; G04110,
BBBBBBAAY> 719 F53 e 3] =S Ho
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