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Abstract

v

Gentiana macrophylla Pall. is a commonly used
antirheumatic herb. There are four species of
Gentiana recorded as herbal drugs in the Chinese
Pharmacopoeia. The other species are often mar-
keted as G. macrophylla, and thus the therapeutic
effects of G. macrophylla are not achieved. A novel
one-step methodology based on real-time poly-
merase chain reaction (PCR) technology has
been developed for the identification of G.
macrophylla. This relative quantification meth-

odology does not require a known amount of
standard, allowing the analysis of many more
samples together. The utilization of real-time
PCR does not require sample handling, prevent-
ing contamination and resulting in much faster
and higher throughput results.

Supporting information available online at
http://www.thieme-connect.de/ejournals/toc/
plantamedica

Introduction
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The plant Gentiana macrophylla Pall. (Gentiana-
ceae), commonly known as “qin-jiu”, is distrib-
uted mainly in China and Siberia [1]. The root
of G. macrophylla is an antirheumatic herb
widely used in China. However, the herb “qin-
jiu” has multiple sources; it is mainly derived
from G. macrophylla, but is also obtained from
G. crassicaulis, G. dahurica and G. straminea [2].
Data show that G. macrophylla has a stronger
antirheumatic effect compared to the other spe-
cies of “qin-jiu” due to its higher alkaloid con-
centration [3]. Moreover, safety and reliability
of herbal medications is an important issue [4].
It has been shown that G. macrophylla contains
the least toxic alkaloids from all other Gentiana
species [3].

When the external morphological characteristics
of material medicines are removed due to pow-
dering or processing such as shredding, the only
possibility to authenticate the herbal medicines
is by means of using a molecular marker. In fact,
the use of DNA as a molecular marker has turned
out to be the most powerful tool for species iden-
tification [4]. According to DNA analysis of herbal
medicines, many studies have described different
techniques based on restriction site polymorphic
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fragments (RFLP) [5], random amplified polymor-
phism DNA (RAPD) [6], and others [7], [8], [9]
with the aim of identifying medicinal materials.
However, these techniques are not able to detect
reliably a specific species in a mixture, which is
widespread in Chinese medicine. Real-time poly-
merase chain reaction technology is based on the
detection and quantification by a high-quality
optical detection instrument of a fluorescence
reporter included within a specific fluorogenic
probe [10].

The main aim of this study was to achieve a rela-
tive quantification procedure to identify and
quantify G. macrophylla.

Materials and Methods

v

Sources of samples

In addition to Gentiana macrophylla, G. crassicaulis,
G. dahurica. and G. straminea, the other four Gen-
tianaceae species were used as reference materials
for the validation of the method. They are Halenia
elliptica, Swertia franchetiana, S.erythrostica and
S.tetraptera, which are usually being sold as
“gin-jiu” on the market. G. macrophylla was the
detected target species and the other seven spe-
cies were reference species. © Table1 lists all
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Table 1 List of plant materials.

Taxon Provenance Voucher Accession Numbers Herbarium

Gentiana crassicaulis Zhongdian, Yunnan, China XCY2002002 DQ398636 KUN

G. dahurica Menyuan, Qinghai, China XCY0031 DQ398632 KUN

G. macrophylla Qingling, Shanxi, China ZhouLH 2872 DQ398652 HNWP

G. straminea Haibei, Qinghai, China XCY2001008 DQ317491 KUN

Halenia elliptica Ping'an, Qinghai, China XCY1998002 AF346012 HNWP

Swertia erythrostica Ping'an, Qinghai, China XCY2001003 AF251122 HNWP

S. franchetiana Xining, Qinghai, China XCY2001004 AF255916 KUN

S. tetraptera Ping'an, Qinghai,China XCY2001005 AF346013 KUN

Name Sequence (5-3) Table2 Primersand TagMan

Forward primer: F-QJ (ITS3)
Reverse primer: R-QJ (ITS4)
TagMan probe: QJ

5.8S Forward primer: F-5.8S
Reverse primer: R-5.8S
TagMan probe: 5.8S

G. macrophylla

taxa included in this study, together with voucher information,
collection sites and GenBank accession numbers for the ITS se-
quences. Plant materials were identified by the authors. Voucher
specimens are housed in the herbarium of the Kunming Institute
of Botany, Chinese Academy of Sciences (KUN), and the North-
west Plateau Institute of Biology, Chinese Academy of Sciences
(HNWP). To prepare the processed samples, medicinal herbs
were collected from the fields and processed by grinding, slicing
and dry-frying. Five individuals were investigated from each
species.

DNA extraction, TagMan probes and primer design

DNA was extracted from fresh tissue or processed samplers
(shredded pieces) according to a modified CTAB procedure [11].
All primers and fluorogenic probes were designed using the Pri-
merselect software (DNAstar) following the information provi-
ded. Primers and TagMan probes were chosen to be consistent
with the alignment of nrDNA ITS sequences collected from Gen-
Bank. The sequences of primers and probes are listed in © Ta-
ble 2. The probes were labeled with the fluorescent reporter dye
6-carboxyfluorescein (FAM) on the 5”-end. The fluorescent
quencher dye, 6-carboxytetramethylrhodamine (TAMRA), was
located on the 3-end of the probes. All of the primers and probes
were purchased from Applied Biosystems. Multiple alignments
were carried out using the Megalign program (DNAstar).

Real-time PCR conditions

Amplification was performed using a total reaction volume of
25 pL in a MicroAmp Optical 96-well reaction plate (Applied Bio-
systems). Real-time reactions were carried out with TagMan
Universal Master Mix (Applied Biosystems) containing the pri-
mers and probes described in © Table 2. Reactions were run on
the ABI Prism 7000 sequence detection system (Applied Biosys-
tems) with the following thermal conditions: 50°C for 2 min,
95°C for 3 min followed by 40 cycles of 95°C for 15s and 60°C
for 1 min. PCR efficiency was calculated, from each linear regres-
sion of standard curves, using the equation [10"/s°Pe—1]x 100.

5”-GCATCGATGAAGAACGCAGG3”
5-TCCTCCGCTTATTGATATGC3
5’-(FAM)CTGTCGCGCGTTTCCCCGTCGGAT-3"
5-GGCAACGGATATCTCGGCTCTG3
5’-GCGTGACGCCCAGGCAGACGT-3"
5’-(FAM)CATCGATGAAGAACGTAGCGAA-3”

probes.

Relative quantification method

This method uses an unknown amount of standard, but it com-
pares the relative amount of the target sequence to any of the
reference values. The target and endogenous control amplifica-
tions were carried out in separate tubes in triplicate. Finally, for
each reaction, a C, variation (AC, = Cfarget — Cref) for the target was
calculated from the C; values. At the end, AC; value was trans-
formed to a percentage ( %target =22 x 100).

Statistical analysis

Linearity tests were developed three times with different indi-
viduals. Each C; value was obtained by the means of three repli-
cates with a standard deviation of < 0.2.

Supporting information

Comparison of primers and probes of the 5.8S detection TagMan
system with different Gentianaceae species, comparison of
probes of the G. macrophylla detection TagMan system with dif-
ferent Gentianaceae species, pairwise distances of total charac-
ter differences between taxa based on 5.8S and ITS2 and selec-
tivity of the TagMan systems (C-values by 200ng DNA) are
available as Supporting Information.

Results and Discussion

v

As target genes for both real time PCR detection systems (for
G. macrophylla and for references), the nuclear ribosomal DNA
(nrDNA) genes were selected. The nrDNA units, separated by in-
tergenic spacers, consist of the 18S, 5.8S and 26S coding regions
in plants. The internal transcribed spacers 1 and 2 (ITS1 and
ITS2) are located between the 18S and 5.8S, 5.8S and 26S coding
regions, respectively [12]. Along with nrDNA genes, the ITS re-
gion is quite variable, which helps to distinguish phylogenetic
relationships among species, and the 5.8S gene region is highly
conserved among the angiosperm, which helps in alignment
[11]. To establish a G. macrophylla-specific system gene, a region
unique for G. macrophylla was of highest interest; for establish-
ing a general herbs system, highly conserved gene regions were
ideal. As a target site for the specific detection of G. macrophylla
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a 230 bp fragment of ITS2 of nrDNA was selected. The ITS2 se-
quence is highly variable amongst the Gentianaceae species
and highly unique for G. macrophylla showing that it is suitable
for a specific detection system (Table 2S, Supporting Informa-
tion). For general herbs detection system, the conserved nrDNA
gene 5.8S sequence was investigated. The 5.8S sequences of
sample species were aligned to design a general herbs detection
system. As a consequence of this alignment, a highly conserved
region of 164 base pairs was found and two conserved primers
and a specific probe were designed (© Table 2S, Fig. 1S, Support-
ing information). The calculated homologies of the chosen se-
quences were 100% except for Halenia and Swertia genera at
97.6%, 98.8 %, respectively.

To obtain a specific and reliable TagMan methodology, a poly-
morphic site was placed for G macrophylla in the middle of the
probe. The primer that flanks the target was located close to the
probe by means of the Primer Express program. In this way, we
have developed a specific detection system to detect G.
macrophylla (QJ system).

Both detection systems were tested for their selectivity and
cross-reactions with those Gentianaceae species listed in © Ta-
ble 1. The general herbs detection system (5.8S system) is appli-
cable to a broad spectrum of every species listed in this work,
whereby the detected C, values were between 35 and 40 cycles.
The specific G. macrophylla detection system (QJ system) has no
cross-reactivity with other related species, although a slight sig-
nal was revealed by some individuals from Gentiana genus spe-
cies. This fact was negligible compared to the strong signals
measured for G. macrophylla individuals.

We concluded that the systems are specific to their targets.
Moreover, in agreement with the character of 5.8S gene descri-
bed above and some preliminary tests with other seed plants
(data not shown), the 5.8S system could be used as reference
gene to carry out relative quantification methods with other
seed plants species.

The relative quantification method does not use a known
amount of standard but compares the relative amount of the tar-
get sequence to any of the reference values. Thus, we have de-
signed a relative quantification method (QJ method) to detect
and quantify G. macrophylla by comparing the relative amount
of the target sequence (QJ system) with a reference (5.8S sys-
tem). At the end of the reaction, we obtained two C; values for
this method: one for the target and another one for the refer-
ence. After the relative quantification equations, described un-
der Materials and Methods, had been applied, a C, variation that
could be transformed to a percentage was obtained. To apply
correctly these equations, it was necessary to validate the detec-
tion methods through testing of the linearity and efficiency of
two TagMan systems involved in the methodology.

To test the linearity, the resulting C, values were plotted versus
the logarithm of the DNA concentration. © Fig.1 and © Fig. 2
show the linearity test with intact DNA obtained from fresh
samples and degraded DNA obtained from processed samples,
respectively. The sensitivity range of the system was determined
by using 10-fold dilutions of DNA template, and the linearity was
maintained from 200 to 0.020 ng of template (4 orders of magni-
tude). No significant variation in the detection limit between
processed samples and fresh samples was detected.

A PCR efficiency of 100% is ideally achieved when the slopes are
close to the theoretical value of -3.32. According to the slopes
shown in © Fig. 1 and © Fig. 2, an efficiency of nearly 100% was
estimated for the QJ detection method. In fact, according to the
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Fig.1 Linearity test with intact DNA as template: Q] (M) and 5.8S (®)
specific TagMan systems belong to the G. macrophylla specific quantifica-
tion method using DNA from G. macrophylla. C; values are plotted versus
the logarithm of the DNA concentration. Voucher specimens are housed in
KUN and HNWP.

y=-3.197x + 29.581
R’=0.9956

=-3.130x + 29.038
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Fig.2 Linearity test with degraded DNA as template: Q| (M) and 5.8S (®)
specific TagMan systems belong to the G. macrophylla specific quantifica-
tion method using DNA from G. macrophylla. C; values are plotted versus

the logarithm of the DNA concentration. Voucher specimens are housed in
KUN and HNWP.

equation [10'slPe—1]x100, the calculated efficiency ranged
from 90 to 100%.

Real-time PCR does not require post-PCR sample handling, thus
preventing contamination and resulting in much faster and
higher throughput assays. Although costly apparatus and equip-
ment are required, the methodology described here is a one-step
protocol which is carried out during the amplification reaction.
The relative quantification does not require precise quantifica-
tion of DNA due to the absence of standard curves, allowing
more samples to be analyzed per plate, saving costs.

This method allows the detection and quantification of G.
macrophylla in mixtures. In addition, it is also suitable to detect
the presence or absence of this species in herbal medicines la-
beled as G. macrophylla.
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