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1. Introduction

Ginseng (Panax ginseng C.A. Meyer) has been commonly
used as a herbal medicine in oriental countries, including
China, Japan and Korea, for thousands of years. The herbal
root is named ginseng because it is shaped like a man. Gin-
seng is a deciduous perennial plant that belongs to the Aral-
iaceae family and currently, twelve species have been identi-
fied in the genus Panax. In addition, ginseng is one of the
most widely used herbal medicines in the world, and bene-
fits general health, by having positive effects on the endoc-
rine, cardiovascular, immune, and central nervous systems,
and by preventing fatigue, oxidative damage, mutagenicity
and cancer [1-3].

Cultivated ginseng (CG) is cultivated artificially and accou-
nts for the majority of ginseng in the current market. Mount-
ain wild ginseng (WG) grows in natural environments, vege-
tating in deep mountains, and mountain cultivated ginseng
(MCG) can be considered as a mimicry of WG as it is seeded
and grown in forests and mountains. WG is considered to be
superior to CG, and it has been shown to contain higher lev-
els of ginsenoside, although the reported differences in the
total ginsenoside content between WG and CG [4]. Ginsenos-
ide levels were consistently lower in ginseng grown in more
intensively cultivated gardens, but growth was consistently
higher [5]. In both Korea and China, WG is widely accepted to
be more active than CG in chemoprevention. However, little
has actually been reported on the differences between WG
and CG. Also, the lack of quality control has led to chaos in
market distribution [6-7]. Thus, our research team conduct-
ed a study to identify WG specific genes for standardization,
and we succeeded inidentifying a novel clone, the NRT2
gene, that is a high-affinity nitrate transporter [8]. 

The technique of suppressive subtractive hybridization
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(SSH) is believed to generate an equalized representation of
differentially expressed genes and to provide a high enrichment
of differentially expressed mRNA [9]. SSH overcomes the
limitations of other gene analysis methods for differential
expression. Its polymerase chain reaction (PCR)-based appro-
ach allows for the effective removal of common genes from the
RNA population prior to creating the library and has the advant-
age that reverse transcriptions are amplified efficiently [10].
Chloroplast genomes from several plant species have been
sequenced, and have revealed rpoA, rpoB and rpoC genes,
which encode proteins homologous to the α, βand β' subunits of
bacterial RNA polymerase (rpoC is usually split into rpoC1 and
rpoC2, which encode β' and β" subunits). Soluble multi-subunit
RNA polymerases have been purified from chloroplasts of
several plant species and often include 7-13 subunits, some of
which can be identified as products of the rpoA-rpoC genes [11].
In this study, the differentially expressed p-rpoC1 gene was ide-
ntified, and the differences between CG and WG were analyzed
using SSH sequences with microarrays, real-time PCRs, and
reverse transcription PCRs (RT-PCR). 

2. Materials and methods

2.1. Various ginsengs for RNA isolation
The CGs used in this experiment were 6 years of age and were

from various regions in Korea. The WGs were 20 to 40 cm long
with masses of 20-30 g and age of 30~50 years. These samples
were collected from Changbai Mountain in 2008. 

2.2. Total RNA isolation and mRNA purification
Ginseng was ground in liquid nitrogen by using a mortar and

pestle, and RNA was isolated using the RNeasy Plant RNA
Isolation Kit (Qiagen). The concentration of isolated RNA was
estimated by measuring its absorbance at 260 nm. An aliquot of
the RNA extract was treated with DNase-I (Invitrogen) prior to
cDNA synthesis by using Superscript III reverse transcriptase
(Invitrogen) and random hexamers according to the manufac-
turer's protocol. 

2.3. Suppressive subtractive hybridization (SSH)
Suppressive subtractive hybridization (SSH) was performed

using the Clontech PCR-SelectTM cDNA Subtraction Kit (Clo-
ntech) according to the manufacturer’s protocol. The SSH met-
hod includes six steps (cDNA synthesis, RsaI digestion and
adaptor ligation, two rounds of hybridization and two types of
PCRs) for isolating differentially expressed genes. The cDNA
fragments, derived from the SSH forward subtractive library
(tester: WG; driver: CG), were cloned in pEC-T vector (KOMA Co.,
Seoul, Korea). The positive clones containing inserted fragm-
ents were identified by using the colony-PCR method.

2.4. Quantitative real-time RT-PCR 
Real-time quantitative RT-PCRs detection was detected with

an StepOne machine and Fast SYBR Green Master Mix (Applied
Biosystem, USA) and were measured in a 96-well plate. For
each well, a 20 ㎕ reaction involved 10 ㎕ of the 2 X Fast SYBR
Green Master Mix, 0.5 M each of forward and reverse primer,
2.75 ㎕ of DNase-free H2O and 2 ㎕ of cDNA templates. PCR rea-
ctions were performed using the following parameters: 8 min at
95℃ and 40 cycles each of 45 s at 95℃, 45 s at 56℃ and 45 s at
72℃. PCR products were melted by gradually increasing the
temperature from 60 to 95℃ in 0.5℃ steps. The identities of the
amplicons and the specificity of the reaction were verified by
using a melting curve analysis. Normalization of the cDNA
templates was achieved by using 18S quantification. The prime-

rs presented in Table 1 were used to analyze p-rpoC1 gene
expression. 

2.5. RT-PCR Assay
Semi-quantitative RT-PCRs were performed to compare the

differential expressions of the genes in the SSH library by using
gene-specific primers. Total RNA (2 μg) was used for cDNA syn-
thesis with the First Strand cDNA Synthesis Kit (Invitrogen), and
1.0 μl of cDNAs was used as a template for the PCRs. PCR amp-
lification was performed under the following conditions: 95℃
for 5 mins, and 30 cycles each at 95℃ for 45 s, 54℃ for 30 s, and
72℃ for 60 s. The final incubation was done at 72℃ for 5 mins.
PCR products were electrophoresed in a 2% agarose gel. 

2.6. Sequencing and homology analysis
PCR products were cloned in the pEC-T vector (KOMA Co., Ltd,

Seoul, Korea) and were then sequenced by using ABI 3700 DNA
sequencers (Perkin Space Elmer Applied Biosystems). The
sequence analysis was performed using Chromas sequence an-
alysis software. BLASTn was used to study similar nucleotide
sequences. 

3. Results

3.1. Isolation of differentially expressed genes in
wild ginseng

To identify WG-specific genes, we subtracted WG cDNAs from
a pool of CG cDNAs. The subtraction was expected to significan-
tly reduce common cDNAs and to enrich WG-specific cDNAs.
More than 100 tranformants were obtained from the library, and
the recombinant efficiency detected by using colony-PCR was
about 90%. One hundred positive clones that had been confi-
rmed by using PCR amplification were randomly selected, from
which, 16 significantly different clones were sequenced. Becau-
se the SSH procedure includes a restricted enzyme digestion of
the cDNAs produced, none of the clones obtained from the res-
ulting libraries were full length. 

Among the novel cDNAs identified here as wildginseng-spec-
ific gene was the chloroplast rpoC1, designated as p-rpoC1
(Fig.1). The open reading frame contained in the p-rpoC1 cDNA
encodes a protein with 690 amino acids with a predicted mole-
cular mass of 79,394 Da (Fig. 2).

AAGATTCATAGTGGACTTCGGGGGGGGCTTCTTTTGCAGAAATAACGC
GTTGATCTAGTCGCCACCGAAGCCACAAAGGACTATCTAAATTGATTCG
TTTCTGCCGATAAGCTCCAATTGCATCATAGGAATTACAAAAAAAGGGT
TCTTTTTTTTTCGTACACTTATAGTTATTATCGTAAATTCTTTCATTTTGA
TAGTTTCTGCGATTACATGGATTATACCTATTTACACAAATACCCCGAC
GATTCCCGCTCGTTAAGACATAGAGTCCAATAAGCATATCTTGAGT

TTaabbllee  11 Primer for the RT-PCR

FFiigguurree  11  Determined DNA sequence of the putative Panax ginseng
rpoC1 gene.
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3.2. RT-PCR analysis
To confirm the differential expression of the rpoC1 gene, we

employed a RT-PCR analysis. Total cellular RNAs from the four
CGs and two WGs were used for the RT-PCR analysis. p-rpoC1
gene-specific primers were designed to amplify the cDNA from
both the CGs and the WGs. The PCR cycles were optimized to
ensure that comparisons of the levels of expressions of the p-
rpoC1 gene would be within the linear phase of amplification. 

As shown in Fig. 3, all of the p-rpoC1 transcripts derived from
the WGs revealed upper bands whereas all of the rpoC1 transc-
ripts derived from the CGs showed lower bands. Taken togeth-
er, these results suggest that p-rpoC1 mRNA is specifically
expressed in WG. 

3.3. Real-time RT-PCR analysis
To further verify that the p-rpoC1 gene is differentially expres-

sed between CG and WG, we performed a quantitative real-time
PCR. Results showed that the relative transcription levels of p-

rpoC1 were significantly up-regulated in WG (p`〉̀0.05) and that
the levels of p-rpoC1 transcripts in CG were nearly undetectable
(Table 2). Taken together, these results suggest that the p-
rpoC1 gene shows a high level of differential expression in WG. 

4. Discussion

Panax ginseng is categorized as either cultivated or wild accor-
ding to its different nurturing methods. CG is systematically far-
med on open land and is harvested after a 5 to 6 year of cultiva-
tion period. On the other hand, WG is grown in natural environ-
ment in a deep mountains. WG is slower in growth and more se-
nsitive to environmental changes than CG, showing a preference
for areas with fluctuating daily temperatures and less exposure
to direct sunlight. These differences may result in a variation of
active compounds between CG and WG. In both Korea and China,
WG is widely accepted to produce more potent medicinal activity
than CG. However, few studies have been conducted to compare
the food components and pharmacological activities between WG
and CG.

In the present study, to identify a WG-specific gene, we subtr-
acted cDNAs expressed in WGs from those in CGs by using the
SSH technique [9]. We isolated a novel gene, p-rpoC1 (Panax
ginseng chloroplast rpoC1), that encoded the ribonucleic acid
(RNA) polymerase core subunit. Sequence analysis revealed
that p-rpoC1 possessed significant homology to the rpoC1 sequ-
ences reported from other plant species. p-rpoC1 mRNA is
specifically expressed in WG. 

The rpoC gene encodes the β-subunit of RNA polymerase in a
chloroplast (Fig. 4). Plastid genes in photosynthetic higher pla-
nts are transcribed by at least two RNA polymerases. The
plastid rpoA, rpoB, rpoC1, and rpoC2 genes encode subunits of
the plastid-encoded plastid RNA polymerase (PEP), an Escher-
ichia coli-like core enzyme [12]. The second enzyme is referred
to as the nucleus-encoded plastid RNA polymerase (NEP), bec-
ause its subunits are assumed to be encoded in the nucleus.
The promoters for PEP are reminiscent of the E.coli σ70-type
promoters and have two conserved hexameric blocks of sequ-
ences (TTGACA or "-35" element; TATAAT or "10" element) 17 to
19 nucleotides apart. Transcription from PEP promoters initi-
ates 5 to 7 nucleotides downstream of the "10" promoter elem-
ent [13]. Recently, deletion of rpoA, rpoB, rpoC1, and rpoC2
genes was found to yield photo-synthetically defective plants
that lacked PEP activity while maintaining transcription spec-
ificity from NEP promoters, suggesting that the PEP β-subunit
is essential for PEP transcription activity, but is not required for
NEP transcription activity [9].

FFiigguurree  22  Nucleotide and predicted amino acid sequences of the Pan-
ax ginseng rpoC1 gene The deduced amino acid sequence of
the rpoC1 gene is shown in one-letter symbols below the
nucleotide sequence. Amino acid residues are numbered
beginning with the first methionine, and the translation
termination codon is denoted by an asterisk. Numbers to
the right of the sequence correspond to amino acids (lower)
and nucleotides (upper).

FFiigguurree  33  RT-PCR analysis of the differential expression of p-rpoC1
genes Total RNAs (2.0 g) from four cultivated ginsengs
(Ganghwa 4 and 6 years and Pongki 4 and 6 years) and two
mountain wild ginsengs (WG) were used for the RT-PCR by
using the specific primers p-rpoC1. 

TTaabbllee  22 Quantitative real-time RT-PCR analysis of p-rpoC1 trans-
cripts
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In conclusion, although these observations suggest that the p-
rpoC1 gene is specifically expressed in WG, little is known about
how the differentially expressed p-rpoC1 influences the WG.
Nevertheless, our study suggests that p-rpoC1 may be one of
the important markers of WG. 

Acknowledgment

“This study was supported by the Technology Development
Program for Agriculture and Forestry (108069-03-1-CG000),
Ministry for Agriculture, Forestry and Fisheries, Republic of
Korea.”

References

1. Zhang D, Yasuda T, Yu Y, Zheng P, Kawabata T, Ma Y, et al.
Ginseng extract scavenges hydroxyl radical and protects
unsaturated fatty acids from decomposition caused by iron-
mediated lipid peroxidation. Free Radic Biol Med. 
1996;20(1):145-50.

2. Yun TK, Lee YS, Lee YH, Kim SI, Yun HY. Anticarcinogenic
effect of Panax ginseng C.A. Meyer and identification of
active compounds. J Korean Med Sci.  2001;16(Suppl):S6-18.

3. Joo SS, Won TJ, Lee DI. Reciprocal activity of ginsenosides in
the production of proinflammatory repertoire, and their pot-
ential roles in neuroprotection in vivo. Planta Med.
2005;71(5):476-81.

4. Lui JH, Sataba EJ. The ginsenosides of various ginseng
plants and selected products. J Nat Prod. 1980;43:340-6.

5. Lim W, Mudge KW, Vermeylen F. Effects of population, age,
and cultivation methods on ginsenoside content of wild Ame-
rican ginseng (Panax quinquefolium). J Agric Food Chem. 
2005;53(22):8498-505.

6. Shin SS, Kim KC, Choi YH, Lee YT, Eom HS, Kim CS. Critic
standardization and objectivity of mountain grown ginseng.
KIOM. 2001;12:107-14. 

7. Kwon KR, Seo JC. Genetical identification of Korean wild gin-
seng and American wild ginseng by using pyrosequencing
method. Kor J Herbology. 2004;19(4):45-50.

8. Kwon KR, Park WP, Kang WM, Jeon EY, Jang JH. Identificat-
ion and analysis of differentially expressed genes in mounta-
in cultivated ginseng and mountain wild ginseng. J Acupunct
Meridian Stud. 2011;4(2):123-8. 

9. Diatchenko L, Lau YF, Campbell AP, Chenchik A, Moqadam
F, Huang B, et al. Suppression subtractive hybridization: a
method for generating differentially regulated or tissue-
specific cDNA probes and libraries. Proc Natl Acad Sci USA.
1996;93(12):6025-30.

10. Diatchenko L, Lukyanov S, Lau YF, Siebert PD. Suppression
subtractive hybridization: a versatile method for identifying
differentially expressed genes. Methods Enzymol.

1999;303:349-80. 
11. Serino G, Maliga P. RNA polymerase subunits encoded by

the plastid rpo genes are not shared with the nucleus-
encoded plastid enzyme. Plant Physiol. 1998;117(4):1165-70.

12. Mullet JE. Dynamic regulation of chloroplast transcription.
Plant Physiol. 1993;103(2):309-13.

13. Igloi GL, Ko..ssel H. The transcriptional apparatus of chloro-
plasts. Critical Reviews in Plant Sciences. 1992;10(6):525-58.

FFiigguurree  44  Schematic diagram of the rpoC1 subunit in RNA polymerase
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