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a b s t r a c t
Background: Penthorum chinense Pursh (P. chinense) is a well-known traditional Chinese medicine (TCM) plant,
which has long been used for the prevention and treatment of hepatic diseases. This study aimed to genetically
characterize the varieties of P. chinense from different geographic localities of China by random ampliﬁcation of
polymorphic DNA (RAPD)-PCR technique and veriﬁed with inter-simple sequence repeat (ISSR) markers.
Results: The P. chinense samples were collected from nine different geographic localities. Previously improved RAPD
and ISSR markers were utilized for genetic analysis using DNA ampliﬁcation. The genetic relationship dendrogram
was obtained by conducting cluster analysis to the similarity coefﬁcient of improved RAPD and ISSR markers.
Improved RAPD yielded 185 scorable ampliﬁed products, of which 68.6% of the bands were polymorphic, with an
average ampliﬁcation of 9.25 bands per primer. The ISSR markers revealed 156 alleles with 7.8 bands per primers,
where 59.7% bands were polymorphic. Furthermore, the similarity coefﬁcient ranges of RAPD and ISSR markers
were 0.71–0.91 and 0.66–0.89, respectively.
Conclusions: This study indicated that improved RAPD and ISSR methods are useful tools for evaluating the genetic
diversity and characterizing P. chinense. Our ﬁndings can provide the theoretical basis for cultivar identiﬁcation,
standardization, and molecular-assisted breeding of P. chinense for medicinal use.
© 2017 Pontiﬁcia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Penthorum chinense Pursh (P. chinense), known as “Gan huang cao” in
traditional Chinese medicine (TCM), is a wild-growing plant that is
widely found in several regions of China, including Sichuan, Jiangxi,
Hunan, and Guizhou [1,2]. It has a long history of being used as
medicine in the region of the Miao ethnicity. P. chinense has a special
role in protection of the liver and treatment of liver diseases including
hepatitis B, hepatitis C, chronic liver injury, and alcoholic liver damage
[3,4].
Recently, DNA markers of P. chinense have been used for evaluating
genetic diversity and identifying cultivars. However, the difﬁculties in
quality control and standardization restrict its clinical application
worldwide [2]. Moreover, the chemical constituents among different
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cultivars of P. chinense have excessive variations. To achieve better
pharmaceutical quality of this plant's extracts, it is necessary to
genetically characterize P. chinense. Nevertheless, to date, very few
studies investigated the polymorphism and genetic relationship of P.
chinense, which made it difﬁcult for cultivar identiﬁcation and breeding
[2].
DNA markers have several advantages over typical phenotype
makers. Usually, DNA markers uncover genetic polymorphisms and
distinguish each species because of their unique genetic compositions.
Moreover, genetic polymorphisms detected by DNA markers are not
affected by physiological conditions or environmental factors. Several
types of DNA-based molecular techniques have been developed for
species characterization of medicinal plants, including random
ampliﬁcation of polymorphic DNA (RAPD), simple sequence repeats
(SSRs), inter-simple sequence repeats (ISSRs), sequence-characterized
ampliﬁed region (SCAR), and ampliﬁed fragment length polymorphism
(AFLP). Among these, improved RAPD analysis is a widely used
technique for differentiating many species, e.g., Scutellaria [5], Cuscuta
reﬂexa [6], and Dendrobium ofﬁcinale [7,8]. ISSR marker is also an
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efﬁcient and reliable tool in the genetic identiﬁcation of medical plants.
Moreover, ISSR markers are very stable and have been used in several
studies, e.g., to identify D. ofﬁcinale [7], Tribulus terrestris [9],
Podophyllum hexandrum [10], etc.
Regarding the importance of P. chinense species in modern alternative
medicine and TCM, research on the genetic characterization and
authentication of P. chinense, especially using DNA-based technologies,
is necessary. Here we have distinguished the different cultivars and
geographic localities of P. chinense to genetically characterize the
polymorphisms by using a previously developed RAPD-PCR technique
[11]; in addition, we veriﬁed the results by using ISSR markers. This
may provide a valuable understanding of the genetic and molecular
diversity of this promising TCM plant.
2. Materials and methods
2.1. Sample collection
In this study, nine fresh young leaves of different cultivar of P. chinense
were collected from different regions of China (three samples of each
species), which are shown in Fig. 1. The plant specimens were
authenticated in the Medicinal Botanical Association of Zhongshan
Mountain (MBAZM), Southwest Medical University, Luzhou, Sichuan,
China, and were preserved at the source bank of Southwest Medical
University. The collected fresh tissues were powdered in liquid nitrogen
and stored at −70°C until further processing. The characteristics of the
different sample source localities are given in Table 1.
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Table 1
Sources of the samples used in this study.
Sample

Common name

Sources

No.

YT
AQ
AK
CZ
LZ
XC
ZY
YC
XZ

Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh
Penthorum chinense Pursh

Yingtan, Jiangxi
Anqing, Anhui
Ankang, Shanxi
Chenzhou, Hunan
Luzhou, Sichuan
Xichang, Sichuan
Zunyi, Guizhou
Yichang, Hubei
Xinzhou, Shanxi

001
002
003
004
005
006
007
008
009

alcohol (24:1) was added and centrifuged at 665 × g, 25°C, for
10 min. Then, the plant genomic DNA from the aqueous layer was
precipitated by adding 10 volumes of 3 M sodium acetate and 2
volumes of chilled ethanol. The mixture was centrifuged at 665 × g,
4°C, for 5 min. The DNA pellet was washed with 70% (v/v) ethanol
and dissolved in 1× Tris-Cl-EDTA (pH 8.0) buffer after being air-dried.
DNA quality was determined by electrophoresis on 1% agarose gels,
and DNA concentration was measured by NANODROP™ 2000
spectrophotometry (Thermo, Delaware, USA) at 260 and 280 nm [13].
DNA quality was assessed by 0.8% [w/v] agarose gel electrophoresis
and spectrophotometry. The DNA concentrations of all the samples
were adjusted to 10 ng/μl for PCR analysis and were stored at − 20°C
for future analysis [11,13].
2.3. Improved RAPD/RAMP-PCR ampliﬁcation

2.2. DNA extraction and puriﬁcation
Modiﬁed cetyl trimethyl ammonium bromide method was performed
to extract the genomic DNA from fresh leaves, following previously
described protocols [11,12,13]. Brieﬂy, fresh leaf tissues (1–1.5 g) were
ground in liquid nitrogen with polyvinyl pyrrolidone (PVP). Freshly
prepared extraction buffer (containing 0.3% [v/v] β-mercaptoethanol)
was added to adjust the pH to 7.5–8. The suspension was incubated at
65°C for 30 min with intermittent pH monitoring. After cooling at
room temperature for 5 min, an equal volume of chloroform:isoamyl

RAPD ampliﬁcation was performed in a Veriti™ 96-Well Thermal
Cycler (Applied Biosystems, California, USA), with 2.5 μmol of speciﬁc
primers (Table 2), 15 ng of DNA template, and 5 μl of 2 × PCR Taq
Mastermix (Tiangen Biothech, Beijing, China). All PCR reactions were
repeated thrice. PCR ampliﬁcation for previously improved RAPD (also
called RAMP-PCR) was performed as follows: initial denaturation at
95°C for 90 s; followed by 40 cycles of 94°C for 40 s, 36°C for 90 s, and
72°C for 90 s; and ﬁnal extension at 72°C for 5 min. The RAMP time
from annealing to extension was adjusted from 2.5°C/s (100%)

Fig. 1. Sampling localities of P. chinense cultivars. Black dots indicate cities and light blue lines indicate the Yellow River (above) and the Yangtze River (below).
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3. Results

Table 2
Primers used for improved RAPD.
Primer

Sequence (5′-3′)

Primer

Sequence (5′-3′)

SBS-A1
SBS-A11
SBS-A19
SBS-I18
SBS-M12
SBS-N2
SBS-N19
SBS-Q5
SBS-Q7
SBS-Q18

AGGGGTCTTG
CAATCGCCGT
CAAACGTCGG
TGCCCAGCCT
GGGACGTTGG
ACCAGGGGCA
GTCCGTACTG
CCGCGTCTTG
CCCCGATGGT
AGGCTGGGTG

SBS-A10
SBS-A12
SBS-I10
SBS-M9
SBS-M15
SBS-N7
SBS-Q3
SBS-Q6
SBS-Q9
SBS-Q19

GTGATCGCAG
TCGGCGATAG
ACAACGCGAG
GTCTTGCGGA
GACCTACCAC
CAGCCCAGAG
GGTCACCTCA
GAGCGCCTTG
GGCTAACCGA
CCCCCTATCA

(default time) to 0.125°C/s (5%) to compare the resolution and
production of the two methods by RAMP-PCR. The RAMP rate from
annealing to extension was adjusted to 0.125°C/s (5% RAMP rate), and
the steps were conducted in triplicate for all samples [11,14]. The PCR
conditions for ISSR were as follows: initial denaturation at 95°C for
90 s; followed by 35 cycles of 94°C for 40 s, 50°C for 30 s, and 72°C for
90 s; and ﬁnal extension at 72°C for 5 min.
2.4. ISSR ampliﬁcation
ISSR ampliﬁcations were also performed in 10-μl reaction volumes
consisting of 1 μl of 2.5 μmol/l primers, 1 μl of DNA templates of P.
chinense species or cultivars, 5 μl of 2× PCR Taq Mastermix, and 3 μl of
ddH2O. The PCR conditions were as follows: initial denaturation at
95°C for 90 s; followed by 35 cycles of 94°C for 40 s, 50°C for 30 s, and
72°C for 90 s; and ﬁnal extension at 72°C for 5 min. PCR was executed
in the abovementioned PCR machine “Applied Biosystems Veriti®
96-Well Thermal Cycler” (Life Technology, NY, USA). All ISSR primers
were tested initially, and 10 primers (Table 3) ampliﬁed the DNA well
with valuable polymorphic bands.

3.1. Establishment of improved RAPD technique for the analysis of P.
chinense
To obtain the optimized condition for improved RAPD in P. chinense,
the primer SBS-Q19 was used. RAMP-PCR time was adjusted from
2.5°C/s to 0.125°C/s for annealing to extension in nine samples. Similar
and repeatable 3 bands were found with the RAMP time 2.5°C/s in each
sample (Fig. 2a). PCR products and number of DNA bands clearly
increased when the RAMP time was adjusted to 0.125°C/s (Fig. 2b).
Only three bands were found in sample no. 2 (Fig. 2a), whereas the
number of bands increased to six with the improved RAPD (Fig. 2b),
revealing that the RAPD production was signiﬁcantly optimized. These
results suggest that the improved RAPD technique, by prolonging the
RAMP time to 0.125°C/s from annealing to extension, could be applied
for P. chinense sample characterization.

3.2. DNA ampliﬁcation with improved RAPD analysis
Twenty primers (Table 2) were used for ampliﬁcation in improved
RAPD analysis. The representative ﬁngerprints are shown in Fig. 3. The
band sizes of PCR products ranged from 150 to 2500 bp. In total, 185
bands were obtained, with an average ampliﬁcation number of 9.25
per primer, among which polymorphic fragments accounted for 68.6%.
These results clearly show the high genetic diversity among the nine
experimental materials used in improved RAPD ampliﬁcation. The
highest number of ampliﬁed bands, i.e., 12, was found when the
primer SBS-Q6 was used, while the primer SBS-N19 could amplify
only 7 bands. These results implied that these primers have good
potential for identifying DNA polymorphisms and analyzing the
genetic relationship among P. chinense samples.

3.3. Genetic distance and cluster analysis by improved RAPD

2.5. Agarose electrophoresis
The ampliﬁed PCR products were resolved by electrophoresis on 1.5%
agarose gels in 0.5 × TAE buffer. Gels were visualized by 0.5 μg/ml
ethidium bromide staining, and the images were documented using
the Chemi Doc XRS (Bio-Rad, USA) [13]. Bands that were unambiguous
and reproducible in successive ampliﬁcations were selected for scoring.
2.6. Statistical analysis
Bands in the gel proﬁles were recorded as present (1) or absent (0).
The similarity matrix (SM) and the similarity index (SI) were calculated
from the SM coefﬁcient and the dendrograms were based on
unweighted pair group method with arithmetic mean (UPGMA)
algorithm were generated using the SAHN module in NTSYS pc 2.1
packages, as previously described in detail [13,15].

The genetic relationship dendrogram was obtained by conducting
cluster analysis to the similarity coefﬁcient by improved RAPD (Fig. 4).
Nine samples were separated into two groups. Samples AK and XZ
clustered together forming one group, which was independent from
other seven samples. The similarity coefﬁcients of nine cultivars
ranged from 0.71 to 0.91 (Fig. 4a). The similarity coefﬁcient of samples
LZ and ZY was the highest (0.91), whereas the similarity coefﬁcient of
samples YT and XZ was the lowest (0.71). Thus, these ﬁndings
indicate a large genetic distance between cultivars of P. chinense, as
determined by improved RAPD.

Table 3
Primers used for ISSR.
Primer

Sequence (5′-3′)

Primer

Sequence (5′-3′)

UBC807
UBC810
UBC814
UBC819
UBC824
UBC834
UBC845
UBC851
UBC873
UBC880

AGAGAGAGAGAGAGAGT
GAGAGAGAGAGAGAGAT
CTCTCTCTCTCTCTCTA
GTGTGTGTGTGTGTGTA
TCTCTCTCTCTCTCTCG
AGAGAGAGAGAGAGAGYT
CTCTCTCTCTCTCTCTRG
GTGTGTGTGTGTGTGTYG
GACAGACAGACAGACA
GGAGAGGAGAGGAGA

UBC808
UBC813
UBC816
UBC821
UBC829
UBC843
UBC848
UBC866
UBC876
UBC892

AGAGAGAGAGAGAGAGC
CTCTCTCTCTCTCTCTT
CACACACACACACACAT
GTGTGTGTGTGTGTGTT
TGTGTGTGTGTGTGTGC
CTCTCTCTCTCTCTCTRA
CACACACACACACACARG
CTCCTCCTCCTCCTCCTC
GATAGATAGACAGACA
TAGATCTGATATCTGAATTCCC

R = (A, G), Y = (C, T).

Fig. 2. Comparison between regular RAPD and improved RAPD using the primer SBS-Q19.
Regular RAPD was ampliﬁed at 100% RAMP rate, while improved RAPD was ampliﬁed at
5% RAMP rate. (a) The results of regular RAPD ampliﬁcation and (b) results of improved
RAPD ampliﬁcation. Lanes 1–9 represent the different samples listed in Table 1. “M”
represents DL2000 DNA marker with indicated molecular weight size (bp).
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Fig. 3. Results of different RAPD banding patterns of P. chinense samples obtained with represented primers. SBS-A11 (a), SBS-I18 (b), and SBS-M12 (c). Lanes 1–9 represent the different
samples listed in Table 1. “M” represents DL2000 DNA marker with indicated molecular weight size (bp).

3.4. Ampliﬁcation results of ISSR analysis
Twenty primers were used to conduct ISSR analysis; the primers are
listed in Table 3. The representative ﬁngerprints of ISSR analysis are
shown in Fig. 5. The band sizes of PCR products ranged from 250 to
2000 bp. In total, 156 bands with an average ampliﬁcation number of
7.8 per primer were obtained, among which polymorphic fragments
accounted for 59.7%. Fig. 5 presents the high genetic diversity among
nine experimental materials for ISSR analysis. The highest number of
ampliﬁed bands, i.e., 14, was found when primer UBC899 was applied,
while primer UBC845 ampliﬁed only 6 bands. In general, these
ﬁndings indicate the vital roles of these primers in identifying DNA
polymorphisms and analyzing the genetic relationship among P.
chinense samples.
3.5. Genetic distance and cluster analysis by ISSR
The genetic relationship dendrogram was obtained by conducting
cluster analysis to the similarity coefﬁcient of the abovementioned

Fig. 4. Dendrogram of nine P. chinense cultivar samples by improved RAPD. (a)
Dendrogram of P. chinense cultivars based on improved RAPD-PCR ampliﬁcation ﬁles.
Bar at the bottom indicates similarity index based on similarity matrix coefﬁcient. (b)
Genetic distance dendrogram of P. chinense cultivars by improved RAPD. Lanes 1–9
represent the different samples listed in Table 1.

nine cultivars used in ISSR analysis (Fig. 6). Similar to improved RAPD
results, the nine samples were separated into two groups, with
samples AK and XZ clustering together. The similarity coefﬁcient of
the samples ranged from 0.66 to 0.89 (Fig. 6a). Among the cultivars,
the similarity coefﬁcient of samples LZ and ZY was the highest (0.89),
whereas the similarity coefﬁcient of samples AQ and CZ was the
lowest (0.36), which indicated a large genetic distance (Fig. 6a and b).
4. Discussion
Our data present the ﬁrst report on genetic variability among P.
chinense cultivars, detected by using developed RAPD/ISSR molecular
markers. In the present study, RAPD/ISSR was applied to analyze the
polymorphism and genetic relationship of P. chinense samples from
different regions of China. In total, 185 distinguishable bands were
obtained with 68.6% of polymorphic fragments by improved RAPD and
156 apparent bands were achieved with 59.7% of polymorphic
fragments in ISSR analysis. The results showed that the two methods
were effective for genetic polymorphism investigation of P. chinense.
RAPD [16], AFLP [17], sequence related ampliﬁed polymorphism
[18], and SSR [19] are the most developed molecular marker
techniques used for TCM plant characterizations. The combination of
RAPD-PCR and ISSR has been used before for the genetic analysis of
Litchi chinensis Sonn., Saccharina germplasm, etc. [20,21,22]. However,
few studies focused on the genetic information of P. chinense using
RAPD-PCR and ISSR. In this study, ﬁrst an improved RAPD technique
was developed and applied by prolonging the RAMP time from 2.5°C/s
to 0.125°C/s to obtain optimized effectiveness of the RAPD method in
P. chinense, which is consistent with our previous study [23]. By the
improved RAPD technique, the production of RAPD fragments and the
band numbers were enhanced. Speciﬁcally, the band numbers and
productions are improved obviously from three to six in both samples
(sample no. 3 and 5, respectively). Therefore, the improved RAPD
conducted here can increase the stability and accuracy of genotype
ﬁngerprinting and molecular-assisted breeding of P. chinense.
Despite the discrimination of PCR-ampliﬁed proﬁles in different
marker assays [24,25], combination of ISSR and RAPD resulted in more
information on the phylogeny of P. chinense. The number of bands and
polymorphic fragments detected by ISSR (156, 59.7%) were lower
than those detected by improved RAPD (185, 68.6%). This indicates
that improved RAPD might be a more useful method to study the
phylogeny of P. chinense than ISSR. However, different molecular
marker techniques are still needed to obtain more systematic genetic
information for cultivar identiﬁcation and molecular-assisted breeding
of P. chinense. Furthermore, development of SCAR markers [26,27]
should also provide high level of authenticity for the genetic
identiﬁcation of P. chinense using speciﬁc PCR primers designed
according to the sequences of these improved RAPD amplicons.
In our study, sample no. 3 (AK) and 9 (XZ) were clustered together,
revealing that they have a close genetic relationship; however, the
remaining seven samples exhibited high genetic similarity but low

10

Z. Mei et al. / Electronic Journal of Biotechnology 30 (2017) 6–11

Fig. 5. Results of different ISSR maker patterns of P. chinense cultivars obtained by ISSR analysis. (a) Primer UBC845, (b) Primer UBC851, and (c) Primer UBC899. Lanes 1–9 represent the
different samples listed in Table 1. Lane “M” represents DL2000 DNA marker with indicated molecular weight size (bp).

genetic distance. These genotype differences are probably due to the
geographical and climatic distribution. Interestingly, sample no. 3 (AK)
and 9 (XZ) are located along the Yellow River in China, which belongs
to the temperate monsoon climate; subtropical monsoon climate may
provide a different growth environment for other samples. The
understanding of genetic differences between geo-authentic habitats
and other areas can provide important information for cultivar
identiﬁcation and breeding of P. chinense, which will help in further
understanding the inﬂuence of environment on the genotype and
medical efﬁciency.

5. Conclusions
The result of this work provides the evidence that improved RAPD and
ISSR markers are valuable tools for distinguishing genetic polymorphisms
among P. chinense genotypes. Studying the genetic diversity among
different samples selected from various areas is very useful in cultivar
identiﬁcation and breeding. Our study also provides a theoretical basis
for quality control and standardization of P. chinense for medicinal use.

Fig. 6. Dendrogram of nine P. chinense cultivar samples with ISSR primer. (a) Dendrogram
of P. chinense cultivars based on ISSR-PCR ampliﬁcation ﬁles. Bar at the bottom indicates
similarity index based on similarity matrix coefﬁcient. (b) Genetic distance dendrogram
of P. chinense cultivars using ISSR primers. Lanes 1–9 represent the different samples
listed in Table 1.
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