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Abstract Dried rhizomes of Coptis species are utilized as

‘‘Coptidis Rhizoma’’ (CR), an important herbal medicinal

material in traditional Chinese medicine. Almost all CRs

traded in the Korean herbal medicine market originate from

Coptis chinensis (‘‘Chun Hwang-Lyun’’ in Korean medical

terminology). Other minor CRs originate from Coptis

japonica (‘‘Il Hwang-Lyun’’). Although there is an obvious

discrepancy in the price of traded CRs in the herbal market

depending on the Coptis species, CRs originating from C.

chinensis and C. japonica are often confused. Furthermore,

the CR traded as ‘‘Chun Hwang-Lyun’’ is occasionally

mixed with rhizomes of Coptis deltoidea and/or Coptis

omeiensis. Therefore, we sought to discriminate C. chin-

ensis from C. japonica, as well as C. deltoidea and C.

omeiensis, by using nucleotide sequence differences in the

partial trnL-F intergenic spacer. We developed an efficient

real-time polymerase chain reaction (PCR)-based discrim-

ination assay to separate samples of C. chinensis from

those of C. japonica without the need to separate the DNA

markers by using gel electrophoresis. In addition, we

developed a multiplex PCR method with which we were

able to discriminate samples of C. chinensis from those of

C. deltoidea and C. omeiensis by amplifying the 153-bp

DNA marker in C. chinensis in a single PCR process.
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japonica � Coptis deltoidea � Coptis omeiensis �
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Introduction

‘‘Coptidis Rhizoma’’ (CR; ‘‘Hwang-Lyun’’ in Korean med-

ical terminology; Huanglian in Chinese; Oren in Japanese) is

one of 50 basic herbal medicinal materials used in traditional

Chinese medicine (TCM) (Enk et al. 2007; Li et al. 2009).

CR has proved to have various clinical effects, such as sup-

pression of fever, cessation of dampness, detoxification

(Chen et al. 2008), anti-inflammatory activity (Lee et al.

2003), anti-microbial activity (Yu et al. 2005), anti-fungal

activity (Li et al. 2009), and anti-viral activity (Lee et al.

2003). Dried rhizomes of various plants belonging to the

genus Coptis are prescribed as CR; for instance, the rhizomes

of Coptis chinensis Franch, Coptis deltoidea C. Y. Cheng et

Hsiao, or Coptis teeta Wall are prescribed as CR in China

(Chinese Pharmacopoeia Commision 2010). The rhizomes

of C. japonica (Thunb.) Makino and other Coptis species

utilized in TCM are defined as CR in Japan (Society of

Japanese Pharmacopoeia 2011). In Korea, the rhizomes of

Coptis species, including C. japonica, are defined compre-

hensively as CR (The Society of Korean Official Compen-

dium for Public Health 2009). In Korea, Coptis plants are not

currently cultivated for CR supply, and almost all CRs pre-

scribed are the rhizomes of C. chinensis (also called ‘‘Chun

Hwang-Lyun’’) imported from China and a small amount of

C. japonica rhizomes from Japan (named ‘‘Il Hwang-Lyun’’)

(The Society of Korean Official Compendium for Public

Health 2009).

In the Korean herbal market, there is a significant dis-

crepancy in the price of CRs depending on the Coptis spe-

cies, with the CR originating from C. japonica currently

E. J. Doh � S.-E. Oh (&)

Department of Biological Sciences, Konkuk University,

Seoul 143-701, Republic of Korea

e-mail: seunoh@konkuk.ac.kr

M. Y. Lee � B. S. Ko

Korea Institute of Oriental Medicine, Daejeon 305-811, Republic

of Korea

123

Genes Genom (2014) 36:345–354

DOI 10.1007/s13258-014-0172-2



being ten times as expensive as the CR from C. chinensis

(personal communication). CRs from C. chinensis (Chun

Hwang-Lyun) are sometimes traded as CRs from C. japonica

(Il Hwang-Lyun). Therefore, a method to discriminate C.

japonica from C. chinensis is urgently required.

In addition, CRs traded as ‘‘Chun Hwang Lyun’’ some-

times include dried roots of other Coptis species, especially C.

deltoidea and/or C. omeiensis (C.Chen) C.Y.Cheng. Dis-

crepancies in the content and amount of specific compounds

among Coptis species are well known (Enk et al. 2007; Liu

et al. 1994). Therefore, to confirm whether a particular CR

originates from a single Coptis species, the isolation and study

of unique compounds present in the CR is required.

The discrimination of traded rhizomes of Coptis species,

especially rhizomes in the sliced and dried form, is difficult

when subjective methods based on the morphological fea-

tures of the species are used (Lee et al. 2008). In plant tax-

onomy and phylogenetics, nucleic acid sequences of specific

nuclear genomes, such as the internal transcribed spacer

(ITS), can be applied to efficiently discriminate or identify

plant species (Baldwin 1992; Baldwin et al. 1995). Other

sequences of gene regions such as rbcL and trnL-F intergenic

spacers encoded in the plastid genomes can also be suc-

cessfully used for these purposes (Sonnante et al. 2003).

In this study, we developed PCR-based methods using

nucleotide sequence differences in the partial trnL-F inter-

genic spacer to discriminate C. japonica from C. chinensis

and to determine whether CR traded as ‘‘Chun Hwang

Lyun’’ originates from C. chinensis or is mixed with C.

deltoidea and/or C. omeiensis.

Materials and methods

Plant materials

CR samples (dried rhizomes of Coptis species) were pur-

chased from herbal markets located in Korea, China, and

Japan. In addition, leaves of CR plants were collected from

Korea, Japan, and China, especially from the Sichuan

Province in China. These included 15 samples of C. chin-

ensis, seven samples of C. japonica, three samples of Coptis

japonica var. dissecta (Yatabe) Nakai ex Satake, four sam-

ples of C. deltoidea, and four samples of C. omeiensis

(Table 1). The authenticity of the samples was verified by the

Korea Institute of Oriental Medicine (KIOM). Voucher

samples of all the plant materials used for the assay have been

deposited at KIOM and Konkuk University.

Preparation of genomic DNA

The genomic DNA of the samples was extracted in

accordance with the method described in the instruction

manual for the NucleoSpin� Plant II kit (Macherey–Nagel,

Dueren, Germany). To improve DNA quality, phenolic

compounds and polysaccharides were removed using 10 %

cetyltrimethylammonium bromide and 0.7 M NaCl.

PCR amplification

PCR amplification of the trnL-F intergenic spacer was

conducted using a T-personal thermal cycler (Biometra,

Goettingen, Germany). In brief, 1.2 pmol each of the

primers trnL (50-GGTTCAAGTCCCTCTATCCC-30) and

trnF (50-ATTTGAACTGGTGACACGAG-30) (Taberlet

et al. 1991), 1 U of Taq polymerase (ABgene, Epson, UK),

and 50 ng of genomic DNA extracted from each sample

were used to amplify the trnL-F intergenic spacer. Thirty-

six PCR cycles were conducted under the following con-

ditions: pre-denaturation at 95 �C for 2 min, denaturation

at 95 �C for 30 s, annealing at 52 �C for 30 s, and exten-

sion at 72 �C for 30 s.

Multiplex PCR was performed with the following six spe-

cially designed primers in this study: 0.8 pmol of Chi F3 (50-
GAGAGAAACCTTTC-TCCCACG-30), 1.2 pmol of CJ R3

(50-CACAGTAAATATAATAATG-30), 1.2 pmol of CD R5

(50-TCATATTCATAGATGTTAATTT-GT-30), 1.2 pmol of

CO R2 (50-TTGTAAGTTAAGTTTAACTATAAAATT-30),
1.2 pmol of Stand F (50-GGTTCAAGTCCCTCTATCC-30),
and 1.2 pmol of Stand R (50-ATTTGAACTGGTGAC

ACGAGGA-30), which were used concurrently in a single

PCR process. For the multiplex PCR, 2.5 U of Taq polymerase

and 30 ng of genomic DNA were used. Twenty-three PCR

cycles were conducted under the following conditions: pre-

denaturation at 95 �C for 2 min, denaturation at 95 �C for 30 s,

annealing at 54.5 �C for 15 s, and extension at 72 �C for 30 s.

The final reaction step was conducted at 72 �C for 5 min.

Amplified products were separated on 1.5 % agarose gel

and stained with ethidium bromide (Sigma-Aldrich, St.

Louis, MO, USA). The amplified products were then ana-

lyzed using MyImage (Seoulin Biotechnology, Seoul,

Republic of Korea).

Real-time PCR

The discrimination assay using real-time PCR to discrim-

inate C. japonica from C. chinensis was conducted on a

real-time PCR system (model 7500; Applied Biosystems,

Foster City, USA). In brief, a reaction solution containing

0.25 pmol of primers CJCC F/CJCC R (Table 2),

0.25 pmol of CJ-TM/CC-TM probes (Table 2), 29 Taq-

man genotyping master mix (Applied Biosystems, Foster

City, USA), and 20 ng of genomic DNA extracted from

samples was used for real-time PCR. The PCR involved

one cycle at 60 �C for 1 min, an activation cycle at 95 �C

for 10 min, 40 denaturation cycles at 95 �C for 15 s, and an
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annealing and extension cycle at 60 �C for 1 min. The

result was then evaluated using the 7500 software v.2.0.1

(Applied Biosystems, Foster City, CA, USA).

Nucleotide sequencing of PCR products

PCR products were resolved using agarose gel electro-

phoresis and then cloned using pGEM T-easy vector I

(Promega, Madison, WI, USA). The nucleotide sequences

of the sub-cloned PCR products were determined using

Macrogen (Seoul, Republic of Korea).

Table 1 Coptidis Rhizoma plants used for trnL-F intergenic spacer sequence determination

Lane Voucher number Scientific name Nationality Locality Date of collection Type of sample

1 KCOPCL01 Coptis chinensis China Sichuan 2007.6 D

2 KCOPCL02 Sichuan 2007.6 D

3 KCOPCD03 Sichuan 2007.6 D

4 KCOPCD04 Sichuan 2007.6 D

5 KCOPCD05 Qinghai 2007.7 D

6 KCOPCL06 Sichuan 2007.8 D

7 KCOPCD07 Sichuan 2011.7 L

8 KCOPCD08 Sichuan 2011.7 L

9 KCOPCD09 Sichuan 2011.7 L

10 KCOPCD10 Xizang 2011.7 L

11 KCOPCD11 Sichuan 2011.7 L

12 KCOPCD12 Sichuan 2011.7 L

13 KCOPCD13 Sichuan 2011.7 L

14 KCOPCD14 Sichuan 2011.7 L

15 KCOPCD15 Sichuan 2011.7 L

16 KCOPKK16 Coptis japonica Korea Jeju 2007.8 L

17 KCOPKD17 Jeju 2007.8 L

18 KCOPJD18 Japan Kyoto 2009.9 D

19 KCOPJD19 Kyoto 2011.2 L

20 KCOPJD20 Nishi 2011.9 L

21 KCOPJD21 Nishi 2011.9 L

22 KCOPJD22 Nishi 2011.9 L

23 KCOPJD23 Coptis japonica var. dissecta Japan Kyoto 2011.9 L

24 KCOPJD24 Kyoto 2011.9 L

25 KCOPJD25 Kyoto 2011.9 L

26 KCOPCD26 Coptis deltoidea China Sichuan 2009.9 D

27 KCOPCJ27 Sichuan 2011.7 D

28 KCOPCD28 Sichuan 2011.7 L

29 KCOPCD29 Sichuan 2011.7 L

30 KCOPCD30 Coptis omeiensis China Sichuan 2011.7 L

31 KCOPCD31 Sichuan 2011.7 L

32 KCOPCD32 Sichuan 2011.7 L

33 KCOPCD33 Sichuan 2011.7 L

D refers to dried sample collected from market, L refers to fresh sample collected from local cultivated area

Table 2 List of discrimination assay probes and primers used in this

study

Sequence

name

Sequence Length

CJCC-F ACAAACGGATTGTGGGAGA 19

CJCC-R CAAACGTGGATTCCTTTTTCA 21

CJ-TM FAM–agatGttaatttGCaCatatAttGtaTatat–

BHQ1

31

CC-TM HEX–atttgCacaTatGttgtAtatatCaca–BHQ1 27

Bold capital letters are locked nucleic acids (LNAs)

Genes Genom (2014) 36:345–354 347

123



Alignment of DNA sequences and construction

of a dendrogram

DNA sequences were aligned using Clustal W multiple

sequence alignment in Bioedit v.7.0.9. A dendrogram was

constructed by neighbor-joining analysis of data generated

by DNADist in Bioedit.

Results

Determination and analysis of the trnL-F intergenic

spacer sequences from Coptis species

The 477-bp nucleotide sequences of the trnL-F intergenic

spacer were determined in 33 samples of the four Coptis

species listed in Table 1. No base substitutions, deletions,

or additions were detected within the samples of each

Coptis species and each variety (data not shown). The

determined nucleotide sequences of the four Coptis species

were deposited in the NCBI GenBank database under the

accession numbers BankIt1655963 (C. chinensis, voucher

N. KCOPCD07), BankIt1655964 (C. japonica, voucher N.

KCOPJD19), BankIt1765155 (C. japonica var. dissecta,

KCOPJD23), BankIt1655966 (C. deltoidea, voucher N.

KCOPCD28), and BankIt1655965 (C. omeiensis, voucher

N. KCOPCD30). Multiple sequences of the trnL-F inter-

genic spacer of Coptis species, including those of the four

species, are already present in GenBank. In particular,

seven partial sequences of the C. chinensis trnL-F inter-

genic spacer (NCBI accession numbers AB163736.1,

AB551237.1, EF4371101.1, EJ527845.1, FJ527846.1,

FJ527847.1, and FJ527848.) were deposited in the Gen-

Bank database. A 1- to 3-bp difference was observed

between these deposited sequences of C. chinensis and the

determined sequence (data not shown). A 3-bp difference

was observed between our sequences for C. japonica and

another sequence for C. japonica (AB163742.1). In C.

deltoidea (AB163735.1), a 1-bp difference was found.

Therefore, once the primers and probes for the discrimi-

nation of Coptis species were designed, we excluded the

regions that showed discrepancies in the nucleotide

sequences within the same Coptis species. Figure 1 pre-

sents the sequences of the partial trnL-F intergenic spacer

that were used to construct the dendrogram and to design

both the primers and the probes. Among the four Coptis

species, substitutions, deletions, and additions of bases

were observed. The substitution of bases were caused by

transitions (at three sites) and transversions (at five sites)

(Fig. 1). Addition or deletion of bases occurred at three

sites (Fig. 1). To confirm whether the observed differences

in the sequences were sufficient to discriminate each Coptis

species, we constructed a dendrogram with the sequences

determined in this study and those of other Coptis species,

which have already been deposited in the NCBI GenBank

database, such as C. teeta, C. quinquesecta, C. trifolia, C.

occidentalis, C. laciniata, C. quinquefolia, C. ramosa, C.

trifoliolata and C. aspleniifolia. As shown in Fig. 2, each

Coptis species was clearly classified into separate groups

on the dendrogram. Furthermore, a group composed of the

sequences of C. japonica was separated from a group

composed of those of C. japonica var. dissecta. All

sequences of C. chinensis are classified into one group

separated not only from the groups composed of sequences

of C. japonica and C. japonica var. dissecta but also from

groups composed of sequences of C. deltoidea and C.

omeiensis. These results indicate that the four Coptis spe-

cies could be efficiently discriminated from each other by

the discrepancy in the nucleotide sequences of the partial

trnL-F intergenic spacer.

Discrimination of C. chinensis from both C. japonica

and C. japonica var. dissecta by using a real-time

PCR-based discrimination assay

We developed a real-time PCR-based discrimination assay

to efficiently discriminate C. chinensis from both C.

japonica and C. japonica var. dissecta without separation

of the PCR products on the gel. As shown in Fig. 1, the

sequences of the trnL-F intergenic spacer used in our study

to design probes for the detection of the unique sequence

1(S1) (in C. chinensis) and sequence 2 (S2) (in both C.

japonica and C. japonica var. dissecta) and primers to

amplify the region, including the binding sites for S1 or S2,

revealed that they were nearly identical. To overcome the

excessive similarity in the sequences, we added 5- or 7-bp

locked nucleic acids (LNAs), which promote the specificity

and thermal stability of the probes, into the probe

sequences during the PCR annealing process (Denys et al.

2010) (Table 2). While reporter hexachlorofluorescein was

covalently linked to the probe for the detection of S1 (CC-

TM probe for C. chinensis), reporter carboxyfluorescein

was linked to the probe for the detection of S2 (CJ-TM

probe for both C. japonica and C. japonica var. dissecta).

Black Hole Quencher-1 (BHQ-1) was linked to both the

probes. As shown in Fig. 3, while seven samples of C.

japonica (lane numbers 16–22 in Table 1) and three sam-

ples of C. japonica var. dissecta (lane numbers 23–25) are

clustered into group A, 15 samples of C. chinensis (lane

numbers 1–15) are clustered into group B. In contrast, four

samples of C. deltoidea (lane numbers 26–29) and C.

omeiensis (lane numbers 30–33) are scattered on the hor-

izontal axis near the no template control. On the basis of

these results, we assume that this assay can permit an

efficient discrimination of C. chinensis from both C.

japonica and C. japonica var. dissecta.
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Multiplex PCR method to detect the mixture of other

Coptis species in CR from C. chinensis

To determine whether CR traded as ‘‘Chun Hwang Lyun

originates from only C. chinensis, we developed a multi-

plex PCR method to identify the four Coptis species,

including C. japonica and its variety, in a single PCR

process. This PCR method was designed to amplify the

DNA marker of each Coptis species on the basis of

nucleotide sequences of specific regions in the trnL-

F intergenic spacer that differed among the Coptis species,

as shown in Fig. 1. The exact sequences of primer oligo-

nucleotides within the colored boxes are also shown in

Fig. 1. The relative positions of the primer oligonucleotide

amplifying each DNA marker, the internal standard (IS) to

confirm the PCR amplifications, and the expected sizes of

Fig. 1 Multiple alignments of the nucleotide sequences of the trnL-

F intergenic spacer among Coptidis Rhizoma species. The dots

indicate the consensus nucleotide, and the dashes represent the gaps.

Number and sample number in Table 1. EF437110.1/FJ527847.1,

accession numbers of NCBI GenBank for the nucleotide sequences of

the trnL-F intergenic spacer of Coptis chinensis; AB163742.1 and

AB163735.1, accession numbers of NCBI GenBank for the

nucleotide sequences of the trnL-F intergenic spacer of Coptis

japonica and Coptis japonica var. dissecta, respectively;

AB551236.1, accession number of NCBI GenBank for the nucleotide

sequence of the trnL-F intergenic spacer of Coptis deltoidea;

AB163735.1, accession number of NCBI GenBank for the nucleotide

sequence of the trnL-F intergenic spacer of Coptis omeiensis
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Fig. 2 Dendrogram constructed on the basis of the partial trnL-F intergenic spacer sequences presented in Fig. 1. Numbers presented on the

dendrogram are the sample numbers listed in Table 1. Codes such as EF437110.1/FJ527847.1 are NCBI GenBank accession numbers

Fig. 3 Discrimination assay to

distinguish Coptis japonica and

Coptis chinensis from other

Coptidis Rhizoma plants by

using real-time PCR. Group

A represents C. japonica

samples, and group B represents

C. chinensis samples. Number

and sample number in Table 1.

The filled square is no template

control (NTC)
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the PCR products amplified by these primers are shown in

Fig. 4. Primer sets Stand F/Chi F3 and CJ R3/Stand R were

designed to amplify the 153-bp and 250-bp PCR products

in the samples of C. chinensis and both C. japonica and its

variety, respectively. Primer set Stand F/CO R2 was

designed to amplify the 355-bp PCR products in only the

C. omeiensis samples. For the identification of C. deltoi-

dea, two primer sets, Stand F/Chi F3 and Stand F/CD R5,

were designed to amplify both 153-bp and 206-bp PCR

products concurrently in a sample. Primer set Stand

F/Stand R was designed to amplify the 480-bp IS in all

samples.

With the adjustments in the PCR conditions, including

the amount of primers, temperature, and the running time

of the annealing process, a multiplex PCR method was

developed that amplified four DNA markers in a single

PCR process by using six primers (Chi F3, CJ R3, CD R5,

CO R2, Stand F, and Stand R). The efficiency of this

method was tested with randomly selected samples. As

shown in Fig. 5, the expected 153-bp DNA marker in C.

chinensis was amplified. Concurrently, both 153-bp and

206-bp DNA markers in C. deltoidea, and the 284-bp DNA

marker in C. omeiensis were amplified as expected. Fur-

thermore, the 250-bp DNA marker in both C. japonica and

its variety was amplified exactly in the single PCR process.

These results indicated that the multiplex PCR method is

more efficient than the conventional PCR method because

the latter amplifies only one DNA marker for one Coptis

species in each PCR process.

Discussion

In this study, we developed methods to discriminate C.

chinensis (which is the most commonly used CR and

prescribed predominantly in Korea) from C. japonica and

Fig. 4 Primers designed for

amplifying the DNA markers of

Coptidis Rhizoma plants and the

expected size of PCR products

Fig. 5 Multiplex PCR products

amplified by primer sets (Chi

F3/CJ R3/CD R5/CO R2/Stand

F/Stand R). M, 100-bp ladder
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to detect the mixture of rhizomes originating from C.

deltoidea and/or C. omeiensis in the CR traded as ‘‘Chun

Hwang-Lyun.’’ Therefore, our sampling of the leaves of

CR plants or CR samples traded in herbal markets was

restricted to the four Coptis species presented in Table 1.

While C. chinensis is most widely cultivated in the Sichuan

Province of central China, both C. deltoidea and C.

omeiensis, which restrictively inhabit areas within the

Sichuan Province at an altitude between 1,000 and

1,700 m, are classified as endangered species and are being

protected (Hu et al. 2011; Wagner et al. 2011; Wang and

Xie 2004). Therefore, the sampling numbers of these

Coptis species were restricted to four.

Although berberine- and protoberberine-type alkaloids

such as palmatine and coptisine are the common com-

pounds found in the rhizomes of most Coptis species (Enk

et al. 2007; Kim et al. 2010; Tang et al. 2009), the content

of these compounds varies among Coptis species. For

example, the protoberberine alkaloid such as epiberberine,

which has strong anti-Alzheimer and antioxidant activities,

was detected in C. chinensis (Jung et al. 2009; Kim et al.

2010). However, this compound was not found in C.

japonica (Liu et al. 1994). Another protoberberine alkaloid,

jatrorrhizine, was not detected in C. deltoidea, but it was

found in C. chinensis. Neolignans such as woorenol and

woorenoside, which suppress the production of tumor

necrosis factor-alpha and nitric oxide, were isolated only

from C. japonica (Yoshikawa et al. 1997; Cho et al. 2000).

Therefore, the assessment of the medicinal efficacy of each

Coptis species should consider the content and/or amount

of isolated compounds and their biological activities. To

accomplish this, discrimination between not only C. chin-

ensis and C. japonica but also among other Coptis species

is a prerequisite. The presence or absence of specific

compound(s) could be applied to develop a chemical

marker that discriminates Coptis species. However, the

content of natural compounds in these Coptis species varies

seasonally, according to the location of cultivation and

other less-defined factors (Vesela et al. 1999). To avoid the

influence of such factors, we tried to develop a more reli-

able method of discrimination on the basis of the differ-

ences in the nucleotide sequences. The GenBank database

revealed ITS sequences of nuclear DNA (including

AB695615.1 and AB695613.1), rbcL in chloroplast DNA

(such as JF950024.1 and JN862880.1), and trnL-F inter-

genic spacers in chloroplast DNA (such as AB163736.1

and AB163742.1) in Coptis species. Since CR traded in the

herbal markets is the dried rhizome of Coptis species, it is

possible that the rhizome could be contaminated by various

fungi that interact with plants through symbiosis and par-

asitism. In addition, because the ITS originates from a

fungus, there could be a confusion in the determination of

nucleotide sequences from Coptis species. Therefore, we

excluded the ITS sequences in our study. Although the

trnL-F intergenic spacer (477 bp) determined in this study

is shorter in length than that of rbcL (1,304 bp), variations

in the sequences of the trnL-F intergenic spacer are greater

than those in the sequences of rbcL among the different

Coptis species (data not shown). On the basis of these facts,

we speculate that the nucleotide sequences of the trnL-

F intergenic spacer would be more appropriate than those

of rbcL.

As mentioned earlier, different sequences of the trnL-

F intergenic spacer in Coptis species exist in the GenBank

database, especially the seven sequences of C. chinensis. In

all the sequences of C. chinensis, 1–3 bp were different

from those determined in our study. The chloroplast DNA

is known to have insufficient variability compared to the

mitochondrial DNA. However, more chloroplast DNA

polymorphisms have been recognized recently (Beebee and

Rowe 2012). Variations in chloroplast haplotypes produced

by the combinations of polymorphic sites in the chloroplast

DNA are applied to trace the history of the plant species

(Artyukova et al. 2009) and epically examine the distri-

bution of the populations of specific species (Dorken and

Barrett 2004). Therefore, we assumed that these discrep-

ancies in the sequences of Coptis species might have

occurred because of the different haplotypes grown in

different populations. We confirmed that the binding sites

of the primers and probes designed to discriminate each

Coptis species were present in all the sequences of the

same Coptis species. However, there was no binding site of

any primer or probe in other Coptis species (data not

shown).

In this study, we efficiently discriminated C. chinensis

from C. japonica by using a real time-PCR discrimination

assay (Fig. 3). This method was successfully applied to

discriminate between genetically similar organisms, such

as the two subtypes of the grapevine Bois noir phytoplasma

(Berger et al. 2009), bacterial species Burkholderia

pseudomallei and Burkholderia mallei (Bowers et al.

2010), and the pandemic (H1N1) 2009 virus and human

seasonal flu (Chiou et al. 2010). Recently, Forsythia viri-

dissima and Forsythia suspensa, the fruits from which the

medicinal herbal material ‘‘Forsythiae fructus’’ is derived,

were discriminated using this assay (Ryuk et al. 2010).

This discrimination method based on the 50 exonuclease

activity of Taq polymerase (Lee et al. 2003; Livak 1999) is

highly reproducible (Salvi et al. 2001). As shown in Fig. 3,

all samples of C. chinensis in group A appeared near the

sequence 1 (S1) axis (horizontal axis), as expected. How-

ever, samples of C. japonica in group B appeared on the

diagonal line instead of appearing near the S2 axis (vertical

axis). To overcome the similarity in the nucleotide

sequences of the trnL-F intergenic spacer between C.

chinensis and C. japonica (Fig. 1; Table 2), we designed
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probes with LNAs to promote more specificity. Nonethe-

less, the probe for the detection of S1 (CC-TM probe for C.

chinensis) might not perform well. This probe might bind

concurrently to both S1 and S2 and result in the appearance

of signals on the diagonal line. In contrast, the probe for the

detection of S2 (CJ-TM probe for C. japonica) might

specifically bind to S2. Despite these caveats, we were able

to efficiently discriminate between C. chinensis and C.

japonica by the discrimination assay, even without gel

electrophoresis.

In addition, using the multiplex PCR method, we dis-

criminated C. chinensis from other Coptis species by

concurrently amplifying each DNA marker in a single PCR

process (Fig. 5). This method is more efficient than the

conventional PCR method, which can only amplify one

DNA marker from each Coptis species in a single PCR

process. Furthermore, this method is cost-effective (with

less use of chemicals and enzymes) (Lee et al. 2008). Even

with these advantages, the application of several primers

with different optimal annealing temperatures in a single

reaction could be resulted in no or low amplification

depending on the temperature conditions (Bai et al. 2009).

To overcome this problem, we amplified a 480-bp internal

standard in each PCR reaction to evaluate PCR amplifi-

cation in each sample, as shown in Fig. 5.
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