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Abstract : Korean wild and forest cultivated ginseng has long been accepted as high medicinal values

compared to field cultivated ginseng. Owing to the high price of Korean wild ginseng, Chinese wild and

forest cultivated ginseng were smuggled and sold as Korean wild and forest cultivated ginseng. Therefore,

an efficient method is required to distinguish Korean ginseng from Chinese ginseng. Microsatellites, simple

sequence repeats (SSRs), are highly polymorphic loci present in DNA that consist of repeating units of base

pairs. Thus SSR markers are highly advantageous for detection of small genetic variances of intra-species.

In the present study, we constructed a microsatellite-enriched genomic library from South Korean wild

Panax ginseng. After sequence analysis of 992 randomly picked positive colonies, 126 (12.7%) of the

colonies were found to contain microsatellite sequences, and 38 primer pairs were designed. By

polymorphism assessment using 36 primer pairs, 4 primers (PG409, PG450, PG491, and PG582) were

shown to be polymorphic to distinguish the South Korean ginseng from the Chinese ginseng. These 4

microsatellite markers will provide powerful tools to authenticate South Korean ginseng from Chinese

ginseng.
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Introduction

Panax ginseng is a perennial herb native to Korea and

China, and has been used as an herbal remedy in eastern

Asia. Wild ginseng root has long been accepted as best

medicinal values compared to field cultivated ginseng

and sold as extraordinary price. Now Korean wild gin-

seng is critically endangered or near to extinction in its

native habit. Recently, artificial production of wild gin-

seng in forest has been rapidly increased by cultivation

of ginseng in mountain forest of Korea and China. Gin-

seng roots cultivated in forest are sold by much higher

price than field cultivated ginseng because they are free

from agrochemicals and considered as similar medicinal

values to highly precious wild ginseng. Owing to the

high price of Korean wild and forest cultivated ginseng,

the disguise of Chinese ginseng into South Korean gin-

seng had become a problem in recent years in Korea.

There is no morphological difference between Chinese

and Korean wild and forest cultivated P. ginseng. There-

fore, an efficient method is required to distinguish between

South Korean and Chinese P. ginseng. 

The molecular markers were accepted more confident

methods compared to the morphological and chemical

analysis. Various methods were developed for molecular

authentication of Panax species using random amplified

polymorphism (RAPD) (Boehm et al., 1999; Kim and

Sohn, 2005; Mihalov et al., 2000; Shim et al., 2003),

restriction fragment length polymorphisms (RFLPs) (Fush-

imi et al., 1997; Ngan et al., 1999), amplified fragment

length polymorphisms (AFLPs) (Kim et al., 2005; Choi

et al., 2008), amplification of minisatellite region DNA

(DAMD) (Ha et al., 2002), ITS sequences of ribosomal

RNA (Ngan et al., 1999), and repetitive DNA sequences

(Ho and Leung, 2002), and microsatellite markers (Kim

et al., 2007). However, most of the works had done for

inter-specific molecular markers of Panax species.

Molecular identification of Korean wild and forest cul-

tivated ginseng from Chinese ginseng is urgently needed

to the both consumers and farmers who are wished to

cultivate the ginseng in forest. We previously reported

the authentication of Korean P. ginseng from Chinese P.

ginseng by AFLP (Kim et al., 2005). However, this

technique needs many day works and complicated steps

for analysis. 

Microsatellites, also referred to as short tandem repeats

(STRs) or (SSRs), are polymorphic loci present in nuclear
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and organellar DNA that consist of repeating units of 1-

6 base pairs in length (Turnpenny and Ellard, 2005).

They have been more advantageous for investigating

intra-species genetic variance (Bonierbale et al., 1988;

Kurata et al., 1997; Martin et al., 1993; Tanksley et al.,

1996). Identification of microsatellite markers from

genomic library in P. ginseng were reported by Kim et

al. (2007) and Ma et al. (2007). Microsatellites (SSRs)

were isolated from P. ginseng expressed sequence tags

(ESTs) (Yang et al., 2008). However, all those works are

done for inter-specific identification of Panax species.

In the present study, a microsatellite-enriched genomic

library was constructed from wild P. ginseng and a set of

microsatellite markers to authenticate the Korean wild P.

ginseng from Chinese P. ginseng was developed.

Materials and Methods

1. Plant materials and extraction of genomic DNA

About 50 year-old wild P. ginseng root was used for

genomic DNA library for isolation of microsatellite

sequences. To develop the microsatellite markers for

detection of Korean and Chinese ginseng, forest pro-

duced P. ginseng collected from Punggi-eup, wild gin-

seng from Inje-gun, and wild ginseng from Hwacheon-

gun were sampled for Korean ginseng. Two Chinese

wild P. ginseng samples were purchased from Jangbai

mountain and Jinlin-shi in China (Table 1). To verify the

usefulness of the developed markers, 10 samples of for-

est produced P. ginseng were provided from Yangyang-

gun (Agricultural Development and Technology Center)

(Table 2). The samples were ground into fine powders

after freezing with liquid nitrogen. Genomic DNA was

then extracted using a DNeasy plant DNA isolation kit

(Qiagen, Germany).

2. Construction of a microsatellite-enriched library from

Korean wild ginseng

To obtain the repetitive DNA from P. ginseng we

commissioned microsatellite-enriched libraries were con-

structed using a protocol modified from Hamilton et al.

1999 and Fischer and Bachmann 1998. The P. ginseng

genomic DNA was digested with of Sau3I for 3 hr at

37oC. After addition of ethanol, DNA was precipitated

by centrifuge at 14,000 rpm for 30 min. DNA fragments

were ligated with a specific adaptor A and B (adaptor-

A: 5’-GGCCAGAGACCCCAAGCTTCG-3’; adaptor-B:

5’-GATCCGAAGCTTGGGGTCTGGCC-3’) to the Sau3AI

restriction site. The adaptor-ligated DNA fragments on

2% agarose gels were excised from the gel (0.2-1.0 kb)

with a razor blade and the DNA extracted using the

QIAquick Gel Extraction kit according to the manufac-

Table 1. Samples collected from various locations in P. ginseng for Microsatellite analysis.

No. Samples Scientific name Collection site

1 Korean mountain cultivated ginseng Panax ginseng Punggi-eup, Gyeongsang-do

2 Korean mountain cultivated ginseng Panax ginseng Hwacheon-gun 1, Kangwon-do

3 Korean mountain cultivated ginseng Panax ginseng Samcheok-si, Kangwon-do

4 Korean mountain cultivated ginseng Panax ginseng Inje-gun, Kangwon-do

5 Korean wild mountain ginseng Panax ginseng Hwacheon-gun 2, Kangwon-do

6 Korean wild mountain ginseng Panax ginseng Hwacheon-gun 3, Kangwon-do

7 Korean wild mountain ginseng Panax ginseng Hwacheon-gun 4, Kangwon-do

8 Korean wild mountain ginseng Panax ginseng Hwacheon-gun 5, Kangwon-do

9 Chinese wild mountain ginseng Panax ginseng Jinlin-shi 

10 Chinese wild mountain ginseng Panax ginseng Changbai mountain

Table 2. Various ginseng root samples provided from Yangyang-gun (A.D.T.C.) for SSR analysis.

No. Samples Scientific name Collection site

1

Korean mountain cultivated ginseng Panax ginseng

Songhyun-ri 

2 Myeonokchi-ri

3 Beopsuchi-ri

4 Songhyun-ri

5 Wol-ri

6 Myeonokchi-ri

7 Songhyun-ri

8 Chinese mountain cultivated ginseng Panax ginseng Hunchun

9
Korean field cultivated ginseng Panax ginseng

Beopsuchi-ri

10 Jukjeongja-ri
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turer’s instructions (Qiagen, Valencia, Calif.). Fragments

containing SSR sequences were selected by hybridiza-

tion with biotinylated AT15, AG15, AC15, ACG10,

GAA10, ACC10, TTA10, CAA10, AAAG7, AGAT7,

AAAT7 and ACAT7 oligonucleotides complementary to

the repetitive sequence, and recovered by magnetic

beads linked to streptavidine. The fragments were ampli-

fied by PCR, purified using the QIAquick (Qiagen,

Valencia, Calif.) and cloned into the pGEM-T easy vector

(Promega, USA). Transformed cells were plated onto LB

agar plates for library screen.

3. Library screen

The transformants were plated on 150 mm plates con-

taining LB medium, 1.5% agar, ampicillin (50 mg/mL),

X-galactosidase (20 mg/mL), and IPTG (20 mg/mL).

Plasmid DNA was isolated from a liquid culture of each

white colony using a QIAprep spin miniprep kit (Qiagen,

Valencia, Calif.), digested with EcoRI and run on a 1.5%

agarose gel to determine the size of the insert DNA.

Each insert was sequenced with an ABI 3100 automatic

sequencing analyzer (Applied Biosystems, USA) with

T7 and SP6 universal primer.

4. SSR-specific primer design and PCR amplification

The flanking sequences of the repeat motifs were used

to design specific primers. Base upon database, various

microsatellites were obtained and these were developed

into 38 primer pairs (Table 3). PCR reactions were per-

formed in 25 μL volume made in DNA free water con-

taining 10-20 ng of genomic DNA, 0.5  pmoles of each

primer (Table 2.3), 0.2 mM of each dNTP, 2 mM MgCl
2

and 0.5 unit of Taq DNA polymerase (EX Taq, TaKaRa,

Japan). Reactions were run on a DNA thermal cycler

(Applied Biosystems 9800, Foster City, CA, U.S.A.).

Cycling conditions were 94oC for 5 min; followed by 35

cycles of 94oC for 30 seconds, appropriate annealing

temperature 58oC for 30 seconds, 72oC for 1 min and

final extension step at 72oC for 5 min.

5. Genotyping of the microsatellites

P. ginseng samples were analyzed to assess the poly-

morphic state of each marker. PCR products were mixed

with formamide loading buffer (95% formamide, 10 mM

EDTA pH 8.0, 0.05% bromophenol blue, 0.05% xylene

cyanol FF). Immediately after heating at 95oC for 5 min,

the mixtures were rapidly chilled by dipping in ice. Elec-

trophoresis was performed using a 6% polyacrylamide

sequencing gel containing 7 M urea in 1×TBE buffer at

a constant voltage of 1500 V for 2-4 hrs. DNA bands

were visualized by silver staining using a DNA silver

staining kit (Promega, USA). 

6. Electrophoresis and silver staining

Microsatellite PCR amplified products were electro-

phoresed in 6% denaturing polyacrylamide gel contain-

ing 7 M urea in 1×TBE buffer at a constant voltage of

1000-1500 V for 2-3 hrs. 

After electrophoresis, the gel plate was placed in a

10% aqueous acetic acid, and the solution was shaken

lightly until loading dye disappeared. After three wash-

ings of gel plate with two minute intervals using ultra-

pure water, all moistures were removed. After about 90

min of dyeing in a solution of 2 L of ultrapure water

with 3 mL of 37% formaldehyde and 2 g of silver

nitrate, gel plate was washed with ultrapure water and

transferred to developing solution (a mixed solution of 2

L of ultrapure water, 60 g of sodium carbonate, 3 mL of

37% formaldehyde and 400 µL of 10 mg/mL sodium

thiosulfate) that had been cooled in advance. Developed

gel plate was processed in a fix solution for 2-3 minutes

and washed 2-3 times using ultrapure water. Location of

band was interpreted after drying of the gel plate.

Results and Discussion

1. Development of SSR markers

The total numbers of plasmid DNAs from SSR library

of wild Korean ginseng were 1688, and positive clones

were 1,112 from screening. DNA sequencing of SSR

clones was performed using 992 (Table 3). Among them,

total 126 numbers of SSR sequences were selected. Anal-

ysis of SSR sequences revealed that they were grouped as

dinucleotide, trinucleotide, tetranucleotide or more number

of unit (Table 4). Di-nucleotide unit was selected from at

least 7 repeated ones. Tri-nucleotide and tetra-nucleotide

units were selected from at least 5 repeated unit. Di-nucle-

otide repeats were 27.8% from total repeats and grouped

into (TC), (AG), (GA), (CA), and (AC) or complex (Table

4). Tri-nucleotide repeats were 57.9% from total repeats

and grouped into (CAA), (AAC), (TTG), (GAA), (AAG),

(TGG), (ACC), (TCT), (TAT), (TGA), (GGA), and com-

plex. More than tetra-nucleotide repeats were 14.29%. In

wild P. ginseng, the most frequent repeats were TTG, and

AAC repeated units which is very rare repeated units in

Table 3. Analysis of wild P. ginseng SSR library.

Library screening No. Percentage(%)

Obtained Plasmid of library 1688

Positive clones 1112 65.88

Sequencing analysis 992 89.21

Obtained SSR 126 12.70

Primer pairs designed 36 28.57

Specific primer pairs 4 11.11
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other plant species.

The flanking sequences of the repeat motifs were used

to design specific primers. Among the total 126 number

of SSR sequences, 36 specific primers were constructed

(Tables 3, 5). Among 36 primers, we finally selected the

4 kinds of primers after preliminary screening of band

patterns in various samples of Korean-, Chinese-, and

Russian ginseng. The finally selected SSR primers were

named as PG409, PG450, PG491, and PG582 (Table 5).

PG409, PG450, PG491, and PG582 contained 7 repeated

TGA units, 13 repeated GA, 14 TC repeated units, and

7 repeated GGA units, respectively.

P. ginseng is also distributed in Russian Far East. Rus-

sian P. ginseng is protected under CITES (Appendix II)

in accordance with the provisions of Article II. Thus ille-

gal trade of Russian P. ginseng is not serious problem in

the market of Korea. In this work, SSR primer using

PG281 clearly distinguish the Russian P. ginseng from

Korean and Chinese, P. ginseng (data not shown).

2. Authentication of Korean ginseng from Chinese gin-

seng

SSR analysis revealed that there are clear differences

in band patterns of Korean wild ginseng and Chinese

wild ginseng using the four SSR markers (PG409,

PG450, PG491 and PG582) tested. Among the four

primers tested, PG409 and PG 582 primers were clearly

demonstrated the molecular differences between Korean

ginseng and Chinese ginseng (Figure 1). In PG409 and

Table 4. Frequency of di-nucleotide, tri-nucleotide, tetra-
nucleotide and SSR compounds found in wild P. ginseng
SSR library.

Type Total Number Percectage(%)

Dinucleotide SSRs 35

(TC), (AG), (GA) 20 57.14

(CA), (TG)  2  5.71

Compounds 13 37.14

Trinucleotide SSRs 73

(CAA), (AAC), (TTG) 42 57.53

(GAA), (AAG)  6  8.22

(TGG), (ACC)  7  9.59

(TCT)  1  1.37

(TAT)  1  1.37

(TGA)  3  4.11

(GGA)  2  2.74

Compounds 11 15.07

Tetranucleotide SSRs 18

(CAAA)  1  5.56

(GAAA), (TTTC)  5 27.78

(GCCAA)  1  1.37

(CCCTCT)  2 11.11

(TAAA), (AAAT)  3 16.67

(CTAT)  1  5.56

(TACA)  2 11.11

(TGAA)  1  5.56

(GTAT)  1  5.56

Compounds  1  5.56

Total 126

Table 5. Primer sequences, motifs and expected product size for SSR in wild P. ginseng.

SSR
designation

Sequence(5'→3')
Repeat motif and
number of repeats

Expected
size(bp)

PG106
GCCATCCTATTCGAATTTCGGC

(TTTC)5 253
AACCCTGTTCCCTAGTCCGGG

PG167
CTGAGAGTAGAGGCGAGGCTG

(TGG)7 194
TCATTTCTCAGCCACCTGGCGT

PG180
CAGTGTCCTTGTTCCTTGGCGT

(TGG)5 166
AGCTGCACTTTGCAGAAGTAGAG

PG196
CTGAGAGTAGAGGCGAGGCTG

(TGG)7 211
GGAGCCTCGGCCATAAGATCTC

PG248
AGTTCTGTAGCAGCATGAAGGG

(AAC)5 196
AATGTTCTTCACTTAAATTAGGGC

PG281
AAACTCTCTTCTAGTCTTCTTGCC

(CTAT)12 201
GTAGGTATACATACATGTACGGAA

PG288
TGGAAGTGGTTTGTGTTGGGAC

(GAA)18 276
CATCCCAGTCTCAAGGAGCCAG

PG295
TCGGCTGTAGTCTCTCTCAATG

(TTTC)7 191
TAAGGGCCAGGCCATCACTAAT

HPG118
TTGAAAGTGGAGGCGAGGCAGT

(TGG)4 225
ACCTTTGTGGCATGGGGTGGC
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Table 5. Continued.

SSR
designation

Sequence(5'→3')
Repeat motif and
number of repeats

Expected
size(bp)

HPG126
TGGAACCATCTGGGAAGAGGAA

(CA)10 159
GTGGATAGATGCCTCGCCAGG

HPG132
CACTCAGCTTTTCCTTCTCAAGG

(TTG)7 231
ACTGAAAGTTAATAGAAATGCTTC

HPG139
ATCATCTCTTCGCTGTCTACCG

(TTTC)12 170
ATTCTAGGAGGATAGTTCTGACT

PG169
GGGTCCAAATAGGGTACTTATGC

(TCT)8 168
CCCCATATACACAGGCGTGAGA

PG186
ATGCTCGGACTCAGTCCAATCA

(GGA)7 294
TACCACTATTCTCCATCTCTCAC

PG270
TCGCTAGGTAGGCTTATCCCTG

(TA)7(TG)8(CA)(TG)2 169
CCAAATATCTTCGAACGCTTAGG

PG273
CAAGGATGATCAAGCCTAGCTG

(AAC)6 135
CTCTAGACAAGGACCCCTCAGG

PG316
ACTTTACTTCTCATTATTGCCCC

(GA)9 111
TGTTCTTGGCTTGATAAGAGGCT

PG332
GTCGTTAATCGCTAGGTAGGCT

(TA)7(TG)8 113
TTGTCTCCTCTTGTTTAGCGCAC

PG352
CGACTTGACAGTAAGTCCATGTC

(TA)7(TG)10 240
TGTCTCCTCTTGTTTAGCGCAC

PG363
AGACATCTTAGCAGCTCAGCAC

(AAC)6 196
TCAAGGCCAGCAGGCTTGGAAC

PG389
GTCGTTAATCGCTAGGTAGGCT

(TA)7(TG)8 203
CATGCTAGAAGGAGACGTTCGA

PG409
GATCAATCAGAAACAAAGAAAGCT

(TGA)7 195
GCTGCTCTTTCTGGGTATGCTT

PG423
GGATACAAATTTCGCTCCAGCAG

(GAA)6 301
CTGCCTTAAAGGCTGCTAAAAGA

PG424
GTACGGAAGGATGGAAGAGGAG

(TC)16 241
CCCTCCTCTGTCAATAAGTTAAA

PG450
GATCTTCTGGATGATTTCGACAT

(GA)13 172
TTGCCCACCCCTTTCTCCACC

PG465
ACGGTTGCTCCGGCTGGATTG

(TTTGTTG)5 328
ATTTAAATACAAACCCCCTTCTTC

PG49
ATATGGAAGACCACACCTGCAG

(GA)10 206
GAATATCCGCTTGCCCTCTCCT

PG471
GGCGACACCTGTCCCACTAAG

(TC)10 160
GAGAAGTGGAATACGACTGAGC

PG472
AGGGAGTACGGAAGGATGGAAG

(TC)14 296
ACCCTCGATTGGCCTTCCTAGA

PG473
AGGTAGGCTTATCCCTGTTATAG

(TA)7(TG)8 190
CATGCTAGAAGGAGACGTTCGA

PG491
AGGGAGTACGGAAGGATGGAAG

(TC)14 211
GCTCAGTGTTTACAGACACAATT
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PG450 primers, unique band patterns for wild ginseng

collected from Inje-gun were found among samples of

other locations (Figure 1A, B), which was different to

that of Russian ginseng (data not shown). The different

band pattern in Inje-gun wild ginseng might indicate a

variety of Korean wild ginseng. In PG491, the band pat-

Table 5. Continued.

SSR
designation

Sequence(5'→3')
Repeat motif and
number of repeats

Expected
size(bp)

PG500
GCATAGTCTGTAGCCAGAGACG

(AG)10(GA)4 223
ATCTGACACTTGTCCCACTAAAC

PG545
GCACTGGAAAGTGTGCAGCTCA

(CT)8(GT)12 201
TGGGAGGCCTGGGCTCCAACA

PG582
GAATTCATGCTCGGACTCAGTC

(GGA)7 298
CCACTATTCTCCATCTCTCACC

PG588
GTCGTTAATCGCTAGGTAGGCT

(TA)7(TG)8 177
CCAAATATCTTCGAACGCTTAGG

PG615
CGAATGGGTTACAAAGAACCTGG

(TGAA)4 180
CGCGTCAAATTCCTTCTGTGAC

Figure 1. Genetic diversity of SSR analysis using PG409 (A), PG450 (B), PG491 (C), and PG582 (D) primers between
Korean- and Chinese ginseng. The figure shows the allelic profile of a microsatellite locus in P. ginseng species on 6%
polyacrylamide gels silver-stained. Polymorphism was detected clearly in Korean- and Chinese ginseng. Arrow (→)
indicates expected amplified Chinese ginseng specific bands. Arrow heads (▲) indicate unique band pattern among
Korean ginseng samples.
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tern revealed that few specific bands in Korean ginseng

were darker than those in the Chinese ginseng (Figure

1C). In PG582, there were Chinese ginseng specific

bands (Figure 1D). The clear differences between Korean

and Chinese ginseng will be resulted from the geograph-

ical isolation between China and South Korea. 

One sample of Chinese ginseng, the band patterns by

four selected SSR markers was same to the Korean gin-

seng in all primers (data not shown). This result might

indicate that Korean ginseng might be cultivated in for-

est of China, and the roots were imported again to

Korea. This kind of ginseng samples can make new

problem to distinguish the Korean ginseng from Chinese

ginseng by molecular analysis. In fact, it is known that

some amounts of Korean P. ginseng are produced in

China by sawing of Korean P. ginseng seeds, conversely,

Chinese wild ginseng seeds are also imported in Korea

for cultivation. 

3. Analysis in Yangyang-gun samples

To confirm the usefulness of developed SSR markers,

11 randomly selected forest produced ginseng from the 9

villages were provided from Yangyang-gun. One sample

of Chinese ginseng (China 3 in Figure 2) was arbitrarily

input as positive control without notification to us. Using

PG582 primer, the arbitrarily input Chinese ginseng

samples was resulted in the same band pattern of Chi-

nese ginseng, and one Myeonokchi-ri sample also revealed

the same band patterns to those of Chinese ginseng (Fig-

ure 2). This result revealed that ginseng of China origin

is cultivated in the forest of Korea without recognition to

the farmers or by arbitrary introduction of seeds or roots

from China. In addition, there is no clear difference

between Korean forest- and field cultivated ginseng

(Figure 2). This result indicates that genotype of South

Korean ginseng will be somewhat homogenous regard-

less wild and field cultivated ginseng although they

might have some variances. In general, seeds for culti-

vation in forest are purchased from seeds of wild gin-

seng maintained by wild ginseng collectors. In contrast,

there are distinct genetic polymorphism between wild

and cultivated ginseng in American ginseng because of

long geographic distance in America (P. quinquefolium)

(Schluter and Punja, 2000). 

Various types of molecular marker for authentication

of intra- and inter specific species were developed in

ginseng plants. However, there are some advantages and

disadvantages among the methods. RFLP is very precise

but requires long time and labors. RAPD is very easy to

analyze but has low reproductivity. AFLP (amplified

fragment length polymorphism) analysis has been devel-

oped as an excellent method for the detection and study

of the genetic polymorphisms in ginseng species, espe-

cially for authentication of Korean ginseng from Chinese

one because of the clear polymorphism among Korean,

Chinese and Russian P. ginseng by AFLP analysis (Kim

et al., 2005). However, this technique requires long and

complicated steps for analysis. 

SSR marker is high advantageous to see the clear

polymorphism and rapid detection between P. ginseng

samples originated from Korea and China. In this work,

we developed four SSR markers (PG409, PG450, PG491,

and PG582) from 36 SSR primers isolated from Korean

wild P. ginseng. These SSR markers will be used for

authentication of Korea origin of P. ginseng samples

from the samples of Chinese origin.
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