iEEEEE(Korean 1. Medicinal Crop Sci.) 19(3): 185 — 190 (2011)

O = = — A
SSR Oi7{E 0|8t 1l FF HE7|= /e
S - MBS - YA - O[Tk - TOIBx - Mofolk - UKER: - BER* - ASH* - XM
CrEATH FUUNS ALY IR RN T TR AR AAAME,
e d SRRt Dol e

Development of SSR Markers for Identification of
Korean Ginseng (Panax ginseng C. A. Meyer) Cultivars
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Ok Tae Kim*, Dong Yun Hyun*, Dong Hwi Kim* and Seon Woo Cha*
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ABSTRACT: The principal objective of this study was to develop a discrimination method using SSR markers in Korean
ginseng cultivars. Five cultivars—Chunpoong, Yunpoong, Gopoong, Sunpoong, and Kumpoong--were evaluated by nine
markers out of 22 SSR markers. A total of 23 alleles were detected, ranging from 1 to 4, with an average of 2.6 alleles per
locus, and an averages of gene diversity (GD) of 0.480. Nine markers were tested in order to distinguish among five Korean
ginseng cultivars. Two markers out of nine SSR markers, GB-PG-065 and GB-PG-142, were selected as key markers for dis-
crimination among Korean ginseng cultivars. Two genotypes were detected in GB-PG-065. Chunpoong and Kumpoong
shared the same allele type, and Yunpoong, Gopoong, and Sunpoong shared another identical allele type. In the case of GB-
PG-142, a specific allele type differentiated from those of other four cultivars was observed only in Sunpoong cultivar. Con-
sequently, the SSR markers developed in this study may prove useful for the identification of Korean ginseng cultivars and
the development of ginseng seed management systems, as well as tests to guarantee the purity of ginseng seeds.
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A ZA7E A|a-8F Protocoldll WE} DNAE F2E3[4 . 5
DNAE 1% agarose geldl ADNAS} $HA A7) 453k 5,
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k.
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content (PIC) %ol =L allele 7 B 227 SSR vIAE
Aurste] A ARSIl PCR WHE-2 918141 Schuelke
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Z} 200 uM, 50 mM KCl, 10 mM Tris-HCI, 1.5mM MgCl,,
0.25 unit 7ag DNA polymeraseE AFE-3I5t). FFEL2E
6-FAM, HEX, NEDE AM-3819121, PCR ¥H-2 PTC-200
thermocycler (MJ Research, USA)YS ©]-8-3led 95Col|A 21
7+ 27184 F, 95C 202 WA, 60T 10x AF 2 72C
15 Al%e 274_5 35 cycles2 IR, vIX|EOZ 72
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size standard 500 ROX (ABI, Foster city, CA) 0.3 1, Hi-
di formamid (ABI, Foster City, CA) 9 E 7} & ABI
3130xI Genetic Analyzer (ABI, Foster City, CA)S ©]&-3}
o BEMsgrt. A5 48 ¢I5le] Genemapper 4.0 (ABI
PRIZM Applied Biosystems)yS ©]-&-33it}.

ulAo] )%k number of allele (N,), major allele fre-
quency (Myur), gene diversity (GD) % polymorphic infor-
mation content (PIC)ol tjdh FAL
3258 ol&3sl¥rh

PowerMarker (ver

Table 1. Information of five Korean ginseng cultivars used in this study.

No. Code Collection region Voucher No.
1 P ginseng cv. Chunpoong Eumsung, Chungbuk, Korea MPS002375
2 P ginseng cv. Yunpoong Eumsung, Chungbuk, Korea MPS002380
3 P ginseng cv. Gopoong Eumsung, Chungbuk, Korea MPS002385
4 P ginseng cv. Kumpoong Eumsung, Chungbuk, Korea MPS002390
5 P ginseng cv. Sunpoong Eumsung, Chungbuk, Korea MPS002395
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Table 2. Information of nine SSR markers used in this study.

e

O} EF mE|S

[ -

Primer sequence

Marker Repeated motif TA(C)
Forward Reverse

GB-PG-007 CACAGCTGGTGGTCGAAG ATTCTTTTCTCCAGCGCC (GA);,(GA)s 52
GB-PG-026 CTGGAATCGGAAATGGGT CAGGCGCCCCTCTAAC (TGG)10,(TGG)10 52
GB-PG-043 AGCCAGGTGCTTGTCTCA GTCAGACGCGATTGCTGCT (CMNg, (TC)3(CTYHTC)s 52
GCB-PG-060 CGACTGGAATCGCAAATG CGCCCCTTCTCAATTCTC (TGQ),4 52
GB-PG-065 CCGAGCGCTACAAAGAGA CCTTCTGCTCAATCGACG (CCQO), 52
GB-PG-078 GTGACGGGTTAACAGGGC CTCCTTTCCTTCGCCACT (GTT)(GAG)HGTT)3 (GCG),(CTTHGCO) 4 52
GB-PG-131 TCATGATGAGTTGGCGGT TCTAGGCGCTCTTCATGG (CAG)s(CA)CAQ); 52
GB-PG-142 CTGGTGATGGAACCGACA AGTCAGCTCGTCTTCCCC (TGG)3(CAG)TGQG)3(GA)g 52
GB-PG-177 TTTCGATCCGCAACTGTCC AATGACAGGCACCCGAAT (GCA)4 52
*: Annealing temperature

Table 3. Characterization of nine SSR markers in Korean ginseng cultivars.

Marker Number of alleles Maet Ho' Gene diversity PICS
GB-PG-007 2 0.50 1.00 0.50 0.38
GB-PG-026 4 0.70 0.60 0.48 0.45
GB-PG-043 3 0.60 0.80 0.54 0.47
GB-PG-060 2 0.50 1.00 0.50 0.38
GB-PG-065 4 0.30 1.00 0.74 0.69
GB-PG-078 1 1.00 0.00 0.00 0.00
GB-PG-131 2 0.50 1.00 0.50 0.38
GB-PG-142 3 0.50 1.00 0.58 0.49
GB-PG-177 2 0.60 0.80 0.48 0.36

Mean 2.6 0.578 0.800 0.480 0.399

¥ Major allele frequency
. Observed heterozygosity

: Polymorphic information content
3. AR 2AM PGM-131, GB-PGM-142, GB-PGM-177)& % %} }04 HE,

GB-PG-065¢} GB-PG-1429] F &9 vl 8% Zgjo|y AE, IF, AE 2 FEY vt 5EFS o2 F4
o 6-FAMSE ¥ FAS £, 9l9f 22 “J‘?.]ﬂ_i PCRE  A¥E A3} (Table 2). 2 A¥} Z 23719 tﬁfﬁvﬂx}
TSR PCR AHES AFsd7IME 47190 ABI 3730 7F #EE A=, dE581442 F9= 17l (GB-PGM-078)

Genetic Analyzer (Applied Biosystems)S ©]-&3le] &3l
T A E2AS Genemapper 4.0 (ABI PRIZM Applied
Biosystems)2 ©|-8-8}5 ).

2 % pa
Ma 5 (2007) eiQlst 5 2 F95¢ o o8
7l TS Wehll= 2252 SSR mHE Addsie] 34
EAS s 2 A7 & 11URe] WA E 2k
Fom Ha PR 450 ok Bk
B AgeMe oA mad 22719 v S oA A
FAjo] =& o7jl9] 17 (GB-PGM-007, GB-PGM-026, GB-

PGM-043, GB-PGM-060, GB-PGM-065, GB-PGM-078, GB-
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N 47 (GB-PGM-065)= Jelstow Hi td-dasE
2,670 °IA3L, B Gene diversity:= 0.480°]21T}H (Table 3).
&9 Park S (2009} S/M¢] TFEA SSR mAS Aarled
=] Afulgol T/Hﬁ} A7 v s 4 sisled], 2 23
B WA = 3.45 MAeH, Bt Gene diversity=
0.367= Kilsto] & ‘ﬂw‘mﬂ 83 SSR vIAVE 27 o =
< S Hole ZoE Yeith 28 #pde] tﬂo]e o
A5l7] 9)8te] SSR mFA7} RAPD % THE DNA ¥A]7]4:9]
Hjste] B} 82402 {43 S Elsrlol A det
Gl Xl 7ro] (Olufowote et al., 1997; Ji et al., 1998;
Kwon et al., 2000; Chung et al., 2009), 214+ F=F, A0
5 ol tigk Blo] Ao SSR WYL U] EgA O &g
T US Ao A7

T A=
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Table 4. Cenotype information of five Korean ginseng cultivars by nine SSR markers.
Primers . GB- GB- GB- GB- GB- GB- GB- GB-
. PG-007 PG-026 PG-043 PG-060 PG-065 PG-078 PG-131 PG-142 PG-177
Cultivars
Chunpoong 150, 184 162,174
Yunpoong 127 1331 184 204 162,174
Gopoong 117, 232 ?883:‘31/9137/ 185 179 184 267 2(())7’ 162,174 283, 287
Sunpoong ' 184 166, 174
Kumpoong 150, 184 162,174
f: Allele size of Korean ginseng cultivars which were detected by nine SSR markers
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Fig. 1. Two SSR markers, GB-PG-065(A and B) and GB-PC-142(C and D), were amplified using the FAM-labeled primers, and PCR
Products were analyzed using the automatic sequencer. Chromatograms indicate specific allele types which were differentiated
r

om five Korean ginseng cultivars.

SSR WIAE o]&sl] HF T 5FELS WH] fstd 9 T Fo] upA =g F GB-PGM-065 vAS o83 HA%
9] ¥FEA v (GB-PGM-007, GB-PGM-009, GB-PGM- & HF3} 39 allele®] L2 (Fig. 1A), 9%, 3L
026, GB-PGM-043, GB-PGM-060, GB-PGM-065, GB-PGM- £ @ XNZo] o3}l glleles VERJo] 5E2L = 20w

078, GB-PGM-114, GB-PGM-177)Z ©|-&-&lo] s 714<Y TR 4= 99lt}; (Fig. 1B). GB-PGM-142 n7E o] &3k

#4171 (ABI-3730)2 #4138 A3, ©] & GB-PGM-065¢F 332

A ThE
GB-PGM-142¢] = %¢] vhA 2golM F% 5ol2el allele  alleleo] #aH0] FF HFL

o] A=A} (Table 4). T & Aoz AREAY (Fig. 1C and 1D).
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Ak 2% piAE FE T 10USN S Ut wkEa
dg Folo] Agdde] A YE BRI, 53] AF F
Fo] & EFFH 49UL A% GB-PGM-142 vAHE ©]
g8l R - JeER AGRE goly] fEld, 5 I
PN AES delz AAst] Bkl HiES Y 24
AFE e F5 42 S AT

DNA vl ol&d Q3 FHEHE T2 Fo| thE 77
R, WIS, A, FUY 58 R )5S TR

#3ted, ITS (Internal transcribed spacer), 5.8S ribosomal
DNAS tdo= 9714dE #4 e 54 Agkas A
o]3l PCR-RFLP o] o]&5ojgtt} (Wen and Zimmer,
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