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Abstract Schizonepeta tenuifolia (Korean name “Hyung-
Gae”) is an oriental medicinal plant that is widely used
in Korea, China and Japan. S. renuifolia (Hyung-Gae) has
many pharmacological activities and is mostly used for
many medicinal preparations. The dried aerial part (spikes
and stems) of three oriental medicinal plants, S. tenuifolia
(Hyung-Gae), Agastache rugosa (Kwhak-Hyang) and
Elsholtzia ciliata (Hyang-Yo00) belonging to the same family,
mint family Labiaceae, have such similar shape and smell
that it is difficult to differentiate between them. The trnL-F
regions of chloroplast DNA of the three medicinal plants
were sequenced and used as targets in multiplex PCR reac-
tion to identify S. fenuifolia. After alignment of trnL-F
sequences of the authenticated plant samples, one single
nucleotide polymorphism (SNP) specific to S. tenuifolia was
found. Based on this SNP, a new primer was designed
that specifically amplifies the trnL-F region of S. tenuifolia.
The established multiplex-PCR was proven to be effective in
the differentiation of commercial S. tenuifolia samples from
A. rugosa and E. ciliata. This rapid and accurate molecular
method is highly promising for use in the food industry.
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Introduction

Schizonepeta tenuifolia Briquet is an important oriental
medicinal plant belonging to the mint family Labiaceae
(=Labiatae). This plant is collected in autumn or early
winter, dried in shade, and used unprepared or stir-baked to
charcoal in Korea, China and Japan for oriental medicinal
purposes. The dried aerial part (spikes and stems) of
S. tenuifolia is called “Hyung-Gae” in Korea and “Jingjie”
in Chinese. S. tenuifolia (Hyung-Gae) has a slightly
“warm” property according to the theory of traditional
Chinese medicine (TCM). The major active compounds of
Hyung-Gae were found to be volatile oils consisting
mainly of menthone, monoterpenic (Yang et al. 2002),
schizonepetosides, schizonol, schizonodiol, flavonoids
known as diosmetin, hesperetin, and luteolin, and a small
amount of p-limonene (Fung 2002; Hu et al. 2005, 2006;
Oshima et al. 1989; Yang et al. 2005; Yen 1992).

A wide variety of pharmacological activities of Hyung-
Gae have been reported, including diaphoresis, dispelling
pathogenic wind-cold and skin eruptions (Chen and Li 1993;
Lu et al. 2002), and strong antimicrobial (Chang and But
1986; Zheng et al. 1997), insecticidal, antioxidant (Kirby
and Schmidt 1997; Park et al. 2006), and anti-inflammatory
activity (Matsuta et al. 1996). S. tenuifolia is available in two
forms: sun-dried and carbonized. In the process of carbon-
ization, the aerial part of S. fenuifolia is stir-fried at a high
temperature until its exterior surface becomes blackish-
brown and its interior surface turns dark yellow. The car-
bonized herb, in particular, has hemostatic properties and is a
remedy for bloody stool and metrorrhagia (Guo et al. 1997;
Zhang et al. 2006; Zhu 1998). In the herbal market, two
medicinal plants, Agastache rugosa (Korean name ‘Kwhak-
Hyang’) and Elsholtzia ciliata (Korean name ‘Hyang-Yo0’),
are often regarded as adulterants of Hyung-Gae.
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The morphological shapes of their aerial parts are so
similar to those of S. fenuifolia that it is difficult to dis-
criminate S. tenuifolia (‘Hyung-Gae’) from A. rugosa
(‘Kwhak- Hyang’) and E. ciliata (‘Hyang-Yo00’).

The authentication of S. tenuifolia (‘Hyung-Gae’) has
traditionally relied upon morphological and histological
inspections. However, it is often difficult to determine the
source of a herb from its morphology, as the majority of
herb products are packaged in the form of powders or
shredded slices, which no longer bear the original features
of the plants, thus rendering their authentication by mor-
phological and histological techniques very difficult, if not
impossible. Therefore, the method of DNA analysis, rather
than the traditional authentication methods, is clearly
desirable. Many molecular biological methods have been
used for the DNA analysis of medicinal plants, including
restriction fragment length polymorphism (RFLP) (Ngan
et al. 1999), randomly amplified polymorphic DNA
(RAPD) (Cui et al. 2003; Shim et al. 2003), amplified
fragment length polymorphism (AFLP) (Ha et al. 2002),
SCAR (Choi et al. 2008; Wang et al. 2001), loop-mediated
isothermal amplification (LAMP) (Sasaki et al. 2008), and
DNA microarray (Zhu et al. 2008). In this study, we
developed a new molecular technique to discriminate
S. tenuifolia (‘Hyung-Gae’) from A. rugosa (‘Kwhak-
Hyang’) and E. ciliata (‘Hyang-Yoo’), using multiplex
PCR amplifying the trnL-F region. It is an easier, more
reproducible and robust approach for the authentication
and differentiation of S. tenuifolia (‘Hyung-Gae’).

Materials and methods
Plant materials

Thirteen samples of S. fenuifolia (‘Hyung-Gae’) were
collected: two actively growing authenticated plants were
harvested from field plots in Suwon and Ok-Chun cities in
South Korea, seven commercial materials were purchased
from local markets in South Korea, and four commercial
materials were purchased from local markets in China. Six
samples of A. rugosa (‘Kwhak-Hyang’) were collected:
two actively growing authenticated plants were harvested
from field plots in Suwon and Ok-Chun cities in South
Korea, two commercial materials were purchased from
local markets in South Korea, and two commercial mate-
rials were purchased from local markets in China. Four
samples of E. ciliata (‘Hyang-Yoo’) were collected: one
actively growing authenticated plant was harvested from a
field plot in Suwon city in South Korea, two commercial
materials were purchased from local markets in South
Korea, and one commercial material was purchased from a
local market in China (Table 1).
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DNA extraction and PCR of #rnL-F region

The collected samples were ground in liquid nitrogen and
their DNA was isolated from the ground samples using a
Plant DNA isolation mini kit (GeneALL; General Biosys-
tem, Korea). The oligonucleotide primers for the amplifi-
cation of the trnL-F region were synthesized by Genotec
(Daejeon, Korea). The universal primers annealed at the 5’
and 3’ ends of the trnL-F region were ‘trnL-F¢’ (5'-CGA
AAT CGG TAG ACG CTA CG-3') and ‘frnL-Ff* (5'-ATT
TGA ACT GGT GAC ACG AG-3'), respectively (Taberlet
et al. 1991). The PCR amplification (ASTEC Korea, pc
802010) was conducted in a 20-pl final reaction volume
with 2x Taq pre-mix I (SolGent), 10 pl of each 5-pmol
primer and 50 ng of extracted plant DNA. The PCR was
conducted for 36 cycles, with a thermal profile as follows:
pre-denaturation at 96°C for 2 min, denaturation at 96°C
for 30 s, primer annealing at 50°C for 30 s, and extension
at 72°C for 90 s, The final cycle included a extension at
72°C for 7 min, in order to ensure full extension of the
products.

Gel electrophoresis and DNA sequencing

The PCR products were analyzed via the electrophoresis
(Mupid-exU) of an 8.5-pl aliquot through a 1.0% (wt/vol)
agarose gel (Agarose, CALEDON), stained with ethidium
bromide (0.5 pl/ml), and visualized via UV trans-illumi-
nation. A 1-kb ladder (Bioneer, Daejeon, Korea) was
employed as a size marker. All the PCR product was
purified with a PCR product purification kit (GeneALL
PCR SV; General Biosystem), in accordance with the
manufacturer’s instructions and sequenced by Genotec, in
Daejeon, South Korea.

trnL-F sequence comparison

After sequencing, the full sequences of the trnL-F regions
were compiled with SeqMan software. The #rnL-F
sequences of the related taxa were obtained from GenBank.
All the trnL-F sequences were edited using the BioEdit
program (Hall 1999). Multiple alignments were performed
with the CLUSTAL X program (Thompson et al. 1997).

Design of specific primers

Among the single nucleotide polymorphisms (SNPs)
detected, SNPs that were specific for S. tenuifolia (Hyung-
Gae), A. rugosa (Kwhak-Hyang) and E. ciliata (Hyang-
Yoo) were selected, respectively (Fig. 2). The sequences of
specific primers (HG5, KW5, HY5) are 5'-TTT ATTT TTA
CGT TGA AGA AAA ATG-3'; 5-CAA AAA ACG AAA
AAA TA-3, and 5-ATT CTT TGA CAA ACT GGG
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Table 1 The list of samples used in this study

No. Sample name Scientific name Place City Nation
1 Hyung-Gae 01 Schizonepeta tenuifolia National Institute Crop Science Su-Won Korea
2 Hyung-Gae 02 Schizonepeta tenuifolia Kyung-dong market Seoul Korea
3 Hyung-Gae 03 Schizonepeta tenuifolia Local market An-Kook China
4 Hyung-Gae 04 Schizonepeta tenuifolia Local market Dae-Gu Korea
5 Hyung-Gae 05 Schizonepeta tenuifolia Local market Ham-Yang Korea
6 Hyung-Gae 06 Schizonepeta tenuifolia Kyung-dong market Seoul Korea
7 Hyung-Gae 07 Schizonepeta tenuifolia Local market Sung-Do China
8 Hyung-Gae 08 Schizonepeta tenuifolia Local market An-Kook China
9 Hyung-Gae 09 Schizonepeta tenuifolia Local market San-Dong China
10 Hyung-Gae 10 Schizonepeta tenuifolia Local market Chang-Won Korea
11 Hyung-Gae 11 Schizonepeta tenuifolia Local market Kuem-San Korea
12 Hyung-Gae 12 Schizonepeta tenuifolia National Institute Crop Science Ok-Cheon Korea
13 Hyung-Gae 13 Schizonepeta tenuifolia Kyung-dong market Seoul Korea
14 Kwhak-Hyang 01 Agastache rugosa National Institute Crop Science Seoul Korea
15 Kwhak-Hyang 02 Agastache rugosa National Institute Crop Science Ok-Cheon Korea
16 Kwhak-Hyang 03 Agastache rugosa Local market Dae-Gu Korea
17 Kwhak-Hyang 04 Agastache rugosa Local market Sung-Do China
18 Kwhak-Hyang 05 Agastache rugosa Local market An-Kook China
19 Kwhak-Hyang 06 Agastache rugosa Local market Chang-Won Korea
20 Hyang-Yoo 01 Elsholtzia ciliata National Institute Crop Science Ok-Cheon Korea
21 Hyang-Yoo 02 Elsholtzia ciliata Local market Dae-Gu Korea
22 Hyang-Yoo 03 Elsholtzia ciliata Local market An-Kook China
23 Hyang-Yoo 04 Elsholtzia ciliata Local market Kuem-San Korea

Table 2 Oligonucleotide

. Primer name
sequences of primers used for

Primer sequences (5'-3")

Reference

multiplex-PCR trnL-Fc

trnL-Ff
HGS5
KW5
HYS

5'-CGA AAT CGG TAG ACG CTA CG-3'
5'-ATT TGA ACT GGT GAC ACG AG-3’
5'-TTT ATT TTA CGT TGA AGA AAA ATG-3'
5'-CAA AAA ACG AAA AAA TA-3

5'-ATT CTT TGA CAA ACT GGG GT-3'

Taberlet et al. (1991)
Taberlet et al. (1991)
Present study
Present study
Present study

GT-3/, respectively (Table 2). The oligonucleotide primers
were synthesized and prepared by Genotec (Daejeon). The
orientation of specific primers and common primers in the
trnL-F region are shown in (Fig. 1).

Multiplex PCR

Multiplex PCR was conducted with identical concentra-
tions and temperature conditions as described above,
except for the following: the concentration of the forward
and reverse primers “trnL-Fc” was 0.25 pM and of
“trnL-Ff” was 0.75 uM; the concentration of all four
specific primers (HG5, KW5, HYS) was 0.25 uM.

m—mmmmmmmm o 900bp ———=——=——==—=——=——=—-- 1
¢ (universal primers)
(I
al trnL-F
(universal primers) f
HGS (8. tenuifolia-specific primer)
F e —
b: trnL-F

(universal primers) f

Fig. 1 Schematic diagrams of the PCR-amplified #rnL-F region of
S. tenuifolia (‘Hyung-Gae’). a The PCR product amplified with
universal primer sets, ‘trnL-Fc’ and ‘trnL-Ff’. b The PCR product
amplified with S. fenuifolia (‘Hyung-Gae’)-specific primer, ‘HGS’
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Fig. 2 DNA sequences in the trnL-F region for the S. fenuifolia (‘Hyung-Gae’), A. rugosa (‘Kwhak-Hyang’) and E. ciliate (‘Hyang-Yo0’)

Results and discussion et al. 2005; Lang et al. 2006). Shaw et al. (2005) reported
the relative utility of 21 non-coding chloroplast DNA
Chloroplast DNA is much used for evolutionary and phy- sequences for phylogenetic analysis.
logenetic studies (Olmstead and Palmer 1994). The trnL-F In this study, the trnL-F region was indeed useful for the
region of the chloroplast DNA contains a trnl. (UAA) identification of Hyung-Gae. The trnL-F regions of the 23
intron and an intergenic spacer trnL. (UAA)-trnF (GAA),  samples were sequenced. By using the universal primer sets
which can easily be amplified using primers homologous to  of trnL-F region, ‘trnL-Fc’ and ‘trnL-Ff’, the amplified PCR
the exons of the #rnL and trnF gene. This region has proved ~ products were around 900 bp. The #nL-F sequences
to be useful for the identification of many plants (Aagesen  of S. tenuifolia (‘Hyung-Gae’), A. rugosa (‘Kwhak-Hyang’),
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Fig. 3 The PCR products in multiplex PCR using the primers, ‘frnL-
Fc’, ‘trnL-Ff’, ‘HG5’, ‘KW5’ and ‘HYS5’. Lane M 1-kb ladder, lanes
1-3 various samples of A. rugosa (‘Kwhak-Hyang’) obtained from
China and Korea; lanes 4—7 four different samples of S. tenuifolia
(‘Hyung-Gae’); lanes 8—10 various samples of E. ciliata (‘Hyang-
Yo0’). The 730-bp size band is specific for the detection of A. rugosa
(‘Kwhak-Hyang’), 532-bp size band is specific for the detection of S.
tenuifolia (‘Hyung-Gae’), and the 181-bp size band is specific for the
detection of E. ciliata (‘Hyang-Yo00’)

and E. ciliata (‘Hyang-Yoo’) were deposited in GenBank
with the accession numbers EU186386, EU244612, and
FI593412, respectively.

Multiple alignments of S. tenuifolia (‘Hyung-Gae’) and
its adulterants were performed with the CLUSTAL X
program. SNPs that were specific for each species were
selected to design allele-specific primers. The specific
primers, together with the universal primers of trnL-F
region, were used to differentiate the three species, S. ten-
uifolia, A. rugosa, and E. ciliate, in multiplex PCR. The
combination of these primers yielded expected amplicons
with different sizes. As shown in Fig. 3, only samples of
S. tenuifolia (‘Hyung-Gae’) generated a specific band of
532 bp. Likewise, samples of A. rugosa (‘Kwhak-Hyang’)
and E. ciliata (‘Hyang-Yoo’) generated specific bands of
730 bp and 181 bp, respectively. Therefore, S. tenuifolia
(‘Hyung-Gae’) and its adulterants can be clearly differen-
tiated from each other by using their specific primers.

A host of molecular biological methods are now being
used in identification of medicinal plants, including RAPD,
RFLP, AFLP, etc., However, these methods are usually
affected by DNA degradation, which often occurs in herbal
products. Here, we have described a more reproducible and
robust approach for the differentiation of S. tenuifolia
(‘Hyung-Gae’) from A. rugosa (‘Kwhak-Hyang’) and
E. ciliate (‘Hyang-Yo00’) by using SNP analysis. This method
carries several advantages: first, they are sufficiently sen-
sitive for identification with very small samples, and sec-
ond, they can be applied to samples containing degraded
DNA. Finally, DNA sequencing and comparison of the
trnL-F regions with the sequences were stored in the
GenBank database, enabling very reliable species identifi-
cation. This method is highly accurate and time saving and

can be used for numerous repeated tests of many medicinal
commercial products. This is the first report of the
molecular identification of S. tenuifolia (‘Hyung-Gae’),
and the whole scheme could be adapted for the develop-
ment of new multiplex PCR systems for identification of
other medicinal plant species.
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