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Abstract
Background: Glycyrrhiza uralensis is a traditional Chinese herb, and sales volume of this herb is large.
However, adulterant herbal materials threaten trade and consumer safety. Methods A rapid detection
system for the identi�cation of G. uralensis was established using loop-mediated isothermal
ampli�cation (LAMP) and real-time �uorescence quantitative PCR (Real-Time PCR). The DNA was
extracted and the G. uralensis primers were designed. LAMP and Real-Time PCR were performed to
assessment the speci�city of primers in species. The sensitivity of LAMP and Real-Time PCR was
contrast by diluting DNA concentration gradient from 101 ng/μL to 10-5 ng/μL. Results: tThe results
showed that LAMP and Real-Time PCR were speci�city because G. uralensis were positive while similar
species were not. The sensitivity of LAMP was similar to Real-Time PCR at DNA concentration of 10-4ng
in 60 min. The results indicated that LAMP and Real-Time PCR are accurately, speci�city and sensitivity
in the Authenticity Identi�cation of G. uralensis. Conclusions: LAMP is less time-consuming, convenient,
and does not require expensive equipment. Thus, these �ndings suggested that a method system and
standard of traditional Chinese herb market supervision should be established based on a DNA barcode
sequence and LAMP for authenticity identi�cation.

Background
Traditional Chinese herbs (TCHs) play an important role in disease treatment and studies as indicated the
clinical e�cacy of TCHs against certain diseases[ 1 ]. G. uralensis is a well-known and well-regarded
traditional Chinese medicine. G. uralensis is often used as a cough expectorant that effectively relieves
sore throats due to its anti-in�ammatory and anti-allergy effects.

The quality of TCHs is important for the effect and safety. Some defective goods and falsi�ed herbs are
entering the TCHs market due to resource depletion and pro�t-driven in�uences, which poses a serious
risk to public health. However, it has been recently reported the adulterant drugs cause life-threatening
poisonings[ 2-5 ]. Therefore, the problem of authenticity identi�cation of Chinese medicinal materials has
become an important issue in improving the quality of TCHs and guaranteeing import, export, and human
health[ 6 ].

The traditional identi�cation and shape classi�cation method do not meet the needs for identi�cation of
TCHs, especially for broken up into small pieces after complicated processing, which have
disadvantages, including insu�cient effects and accuracy [ 7 ]. In addition, none of these methods can be
used to identify the closely related species with obviously similar chemical and morphological
characteristics[ 8 ].

LAMPand Real-Time PCR are rarely used in the identi�cation of TCH because they are often use for the
identi�cation of microorganism[ 9-11 ][ 12-15 ]. In the present study, a real-time LAMP protocol was
developed, and the reliability and sensitivity of this protocol was investigated for authenticity
identi�cation of traditional Chinese herbs using the ITS2 gene as the DNA barcoding gene.
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Methods

Traditional Chinese herbs
Four Chinese herbs with similarity to G. uralensis were used as negative samples to test for speci�city
(Table 2), considering the following characteristics. First, the di�culty in distinguishing them from G.
uralensis based on shape, smell and colour when TCHs are processed into small pieces or powder due to
these herbs were similar to G. uralensis. Second, these herbs had similar therapeutic effects on disease.
However, these herbs were less expensive than G. uralensis but also less effective. Lastly, detection of G.
uralensis by the Entry-Exit Inspection and Quarantine Bureau has generally found these herbs adulterated.

No speci�c permits were required for these activities because the G. uralensis and negative samples used
in this study were obtained from an orchard, which is a demonstration base of Minzu University of China.
Liaoning Entry-Exit Inspection and Quarantine Bureau undertook the formal identi�cation of the samples
and provide details of any voucher specimens deposited by obtained.

DNA extraction and primer design
DNA was extracted by an improved cetyltrimethylammonium ammonium bromide(CTAB) method [ 16 ].
The sensitivity of LAMP and Real-Time PCR was contrast by diluting DNA concentration gradient from
101 ng/μL to 10-5 ng/μL. The barcoding gene was screened, and a G. uralensis gene was selected (Table
2) [ 8 ]. ITS2 and Genbank accession number were used as keywords to search the NCBI database. The
Blast N was utilized in the Nr database to identify similarly sequence. Analysis of these sequences was
performed using MEGA 6.0 software to identify unique regions. Lastly, primers were designed using
Primer Express 3.0 software.

Real-time PCR and LAMP
Real-time PCR was performed using a Q-PCR Mix kit. The conditions were as follows: 95 °C for 30 s; 40
cycles at 95°C for 5 s and 55°C for 30 s; and �uorescence was detected at 72°C.

The Real-time PCR and LAMP [ 17 , 18 ] depends on DNA barcoding genes, which were screened to obtain
a unique G. uralensis gene (GenBank No. AY065622). DNA extractions from G. uralensis mixed with those
from relevant species has tested. And such a test be used to better address the speci�city. LAMP Primers
were designed using PrimerExplorer software[ 8 ]. LAMP was performed using a Loopamp kit with
Fluorescent detection reagent (Eiken Chemical Co. Ltd., Japan), incubated at 65°C for 90 minutes and
then at 80°C for 2 min in a Loopamp real-time turbidimeter (LA-500, Teramecs Co. Ltd., Japan).

Results

Real-Time PCR Speci�city analysis

http://zhidao.baidu.com/question/513099742.html?fr=iks&word=Genbank%B6%E0%BE%C3%BB%E1%BD%AB%CC%E1%BD%BB%B5%C4%BB%F9%D2%F2%B9%AB%B2%BC&ie=gbk
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The PCR e�ciency of ITS2 and psbA-trnH sequences has compared in 400 TCHs samples, and it showed
that the success rate of ITS2 and psbA-trnH sequences is 92.8% [ 8 ]. Thus, ITS2 was selected after
�ltering the barcoding sequences (Table 1) based on the highest success rate of the ITS2 primer pair.

The Real-Time PCR Speci�city was indicated by the Ct values of G. uralensis, which were 21.75, 21.76
and 21.80, while the Ct values of ZY27, ZY28, ZY29 and ZY30 were greater than 30 (Fig. 1), indicating no
non-speci�c ampli�cation reaction. Thus, The Real-Time PCR and speci�c primer can identify G. uralensis
with higher speci�city and less time-consuming contrast to conventional PCR, and it monitors the
reaction by the curve observing in real-time. Nonetheless, real-time PCR requires expensive kits and
equipment.

Speci�city of LAMP
Three primers groups of LAMP were designed and preliminarily selected, and the best group was selected
according to the initial turbidity time. Four primers (B3, F3, BIP and FIP) required by LAMP and six
different distinct sequences of target DNA identi�ed were shown in �gure 2 (Fig. 2). For primer group 2,
turbidity occurred after 20 minutes, and the curve decreased after 50 minutes. LAMP pyrophosphate
detection by white turbidity after the precipitation peak caused a reduction in the precipitation amount,
which decreased the detection value. For primer group 1, turbidity occurred after 60 minutes, while a
detection line did not show up for the other group until the end (Fig. 3). Thus, primer group 2 was selected
as the optimal group for LAMP, and loop primers where then designed according to the reaction time. The
LAMP was considered positive when lines appeared after 20 minutes for G. uralensis without lines
appearing for the other similar species (Fig. 4). Therefore, these �ndings indicated that the LAMP is
speci�c to G. uralensis. The early appearance in turbidity with the addition of loop primers indicated that
the addition of loop primers accelerates the LAMP reaction. The turbidity appearance early with add loop
primers indicated the loop primers accelerates the LAMP.

We perform the LAMP Speci�city test of the mixing the DNA from G. uralensis with those from relevant
species. And such a test to better address the speci�city for authenticity identi�cation of G. uralensis (Fig.
5). 

Sensitivity between Real-Time PCR and the LAMP

The DNA template was diluted in concentration gradient of 101-10-5 ng/µL. The detection concentration
limit in the Real-Time PCR for herbal DNA was 10-4 ng/μL (Fig. 6). The Ct value was greater than 30 when
the DNA concentration was 10-5 ng/μL and The Ct value increased with dilution of DNA. Because
sensitivity of Real-Time PCR was higher which can detect a lower concentration of DNA than
conventional PCR.
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The sensitivity of Real-Time PCR was compared to that of LAMP using the same DNA template. Turbidity
was lower with the reduction of DNA concentration. However, no turbidity was detected when DNA
concentration was 10-5 ng/μL (Fig. 7a), which was no change when the ampli�cation time varied 20~ 35
minutes. Moreover, no ampli�cation was observed when the DNA concentration was lower than 10-4 ng/
μL (Fig. 7b), which validated sensitivity of LAMP at 10-4 ng/μl.

Discussion
LAMP is an isothermal nucleic acid ampli�cation technique. Four different primers were used to identify 6
distinct regions on the target gene, which added to the speci�city. An additional pair of loop primers can
further accelerate the reaction [ 19 , 20 ]. Due to the speci�c nature of the action of these primers, the
amount of DNA produced in LAMP is considerably higher than in PCR-based ampli�cation. In contrast to
PCR technology, in which the reaction is performed with a series of alternating temperature steps or
cycles, isothermal ampli�cation is performed at a constant temperature and does not require a  thermal
cycler.

LAMP allows observation of �uorescent signals without opening the tubes. The turbidity of the LAMP
linearly increases with incubation time or DNA template concentration [ 9 ]. A minimal amount of DNA
template can be ampli�ed to visible turbidity after 60 minute incubation [ 9 , 21 ]. The by-product
magnesium phosphate accumulated gradually as A large amount of DNA was ampli�ed by LAM, which
is visible as white turbidity [ 9 , 10 , 17 , 21 ]. LAMP is less time-consuming and does not require expensive
equipment. Therefore, LAMP is an attractive method that is exploited in poor regions where facilities are
not well equipped.

Conclusions
LAMP and Real-Time PCR showed higher sensitivity compared to conventional PCR when detecting G.
uralensis in the present study. LAMP and real-time PCR techniques are sensitive, less time-consuming,
which make them useful tools for molecular authenticity of TCH[ 22 ], and These techniques are more
practical than other molecular biology techniques and PCR where on-site diagnostics are required. LAMP
is cost-effective, sensitive, less time-consuming, and expensive equipment is not necessary for the LAMP
method. The present study reported for the �rst time the use of LAMP for authenticity identi�cation of the
traditional Chinese herb, G. uralensis. The present �ndings indicated that a method system and standard
of TCH market supervision should be established based on DNA barcode sequence and LAMP for
authenticity identi�cation

Abbreviations
TCHs: Traditional Chinese herbs

LAMP: Real-Time PCR; Glycyrrhiza uralensis
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Real-Time PCR : Real-time �uorescence quantitative PCR
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Figures

Figure 1

Speci�c ampli�cation of G. uralensis by real-time PCR. DNA was from 1) G. uralensis, 2) Chinese herb
Nos. ZY27-ZY30 and 3) blank control.
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Figure 2

Nucleotide sequence of LAMP primers. a Nucleotide sequence used to LAMP primers design from G.
uralensis. The targeting sequences positions was indicated by Underlines. b Nucleotide sequences of the
best LAMP primer group of G. uralensis.

Figure 3
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Screening the best group of LAMP primers. Screening for the best group of LAMP primers for G. uralensis
by real-time turbidity.

Figure 4

Speci�city detection of the LAMP for G. uralensis. Controlled test between G. uralensis and similar
species (ZY27-ZY30) with the best primers group and addition of loop primers.
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Figure 5

Speci�city test of the mixing the DNA from G. uralensis with that from related species. The results of the
test were obtained by mixing the DNA from G. uralensis with that from related species. Blue line, G.
uralensis; Red line, mixing the DNA from G. uralensis with that from related species (ZY27-ZY30); green
line, mixing the DNA from related species (ZY27-ZY30).
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Figure 6

Sensitivity test of the real-time PCR for G. uralensis. Real-time PCR assays with different DNA
concentrations of G. uralensis. Lanes 1–7: 101 ng/µL, 100 ng/µL, 10-1 ng/µL, 10-2 ng/µL, 10-3 ng/µL, 10-
4 ng/µL, and 10-5 ng/µL.

Figure 7

Sensitivity test of the LAMP for G. uralensis. a Histogram of G. uralensis primer sensitivity detection. The
Y-axis is turbidity (OD). b Graph of G. uralensis primer sensitivity detection. CH1-CH5: Different DNA
concentrations ranging from 101 to 10-5 ng/µL.
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