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Application of Species-specific PCR
in the Identification of Hedyotis diffusa Willd
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Abstract Hedyotis diffusa Willd is an important traditional Chinese medicine but its adulteration is frequent. The aim
of this paper is to provide a pair of the species-specific PCR primers and an effective method which may be used to iden-
tify H. diffusa by the molecular biological measure. Hedyotis diffusa Willd and its adulterants are collected from the com-
mercial markets. DNA sequences of the internal transcribed spacer ITS from 9 species are significantly different from
one another. Based on rDNA ITS sequences of all samples a pair of species-specific primers B174 and B53 are de-
signed to authenticate H. diffusa from the other species. The results indicate that a 207 bp DNA fragment is amplified
from H. diffusa whereas no any fragment is amplified from the other 8 species under the same reaction condition. The
primers designed in the present study are highly specific for H. diffusa. They could be used as key components in the H.
diffusa identification kit.
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0 Introduction

Hedyotis diffusa Willd is recognized as the original plant of Baihuasheshecao a well-known traditional Chi-
nese medicine. It grows widely in the south of the Yangize River in China. The plant contains anthraquinones

lerpenoids  steroids organic acid polysaccharides and so on ' . Thus it exerts effects of inducing diuresis on
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reducing edema and removing toxic heat after it has been taken in clinic. Its extract has immuno-modulating ac-
tivity and anti-tumor activity in vitro through stimulating the immune system to kill or engulf tumor cells *
Baihuasheshecao at times has been reported to be substituted for or adulterated by Hedyotis tenelliflora
Hedyotis corymbosa and Hedyotis pinifolia of Rubiaceae Sagina japonica Stellaria alsine and Arenaria serpyllifo-
lia of Caryophyllaceae and Mollugo pentaphylla and Mollugo costata of Mollugiaceae in markets ** . Specially
the members of the Hedyotis genus show close resemblance to H. diffusa. The existence of these adulterants or
substitutes jeopardizes the therapeutic value of H. diffusa in medicinal usages. Traditional ways of visual inspec-
tion and microstructure and chemical analyses are insufficient in detecting many of these adulterants **  neces-
sitating the development of molecular tools. Here we describe sequencing of internal transcribed spacer regions
ITS of tDNA in 9 species. Then we utilize the sequence differences to design a pair of species-specific prim-

ers for identifying traditional Chinese medicine Baihuasheshecao.

1 Materials and Methods

1.1 Samples

All materials were collected in China Table 1 . The dried plants were from Jiangsu Institute for Drug Con-
trol Nanjing China. The voucher specimens were identified by Prof. X Y Ding and deposited in Institute of An-
imal Molecular Biology Yancheng Teachers College.

1.2 Isolation of DNA

The dried plants were frozen with liquid nitrogen and ground into powder and genomic DNA was extracted
as described previously °
1.3  Designing of species — specific primer

Sequences of TDNA ITS region from 9 species were determined. These sequences were aligned by the
CLUSTAL X 1.8 program and the polymorphic sites were hunted for among the sequences.

The results showed that No. 174 base in ITS -1 and No. 53 base in ITS —2 region of H. diffusa are differ-
ent from those in other 8 species’sequences. If the No. 174 and 53 bases of H. diffusa were used respectively as
an end-base of up-and down-stream primer sequence 3“end for polymerase chain reaction PCR in other spe-
cies this unmatched end-base should affect the progression of Taq polymerase and primer extension and lead to
amplification failure. Based on this assumption a species-specific primer pair B174 and B53 for a 207 bp frag-

ment was designed by PrimerSelet software Fig. 1

Tab 1 Samples used in the present study

Species Code Source Condition Date of collection
Hedyotis diffusa BH Xiamen Fujian Fresh 2002/07/20
Guangdong Dried 1999/07
Hedyotis tenelliflora QH Guangdong Dried 1999/07
Hedyotis corymbosa SF Guangdong Dried 1999/07
Hedyotis pinifolia SY Guangdong Dried 1999/07
Sagina japonica QG Huangshan = Anhui Fresh 2002/06/27
Stellaria alsine QS Huangshan  Anhui Fresh 2002/06/27
Arenaria serpyllifolia 77 Huangshan Anhui Fresh 2002/06/27
Mollugo pentaphylla SM Hainan Dried No record
Mollugo costata DL Hainan Dried No record

1.4 PCR amplification
In order to exclude possible false negative another pair of primers for an about 600 bp different in different
species fragment from ITS region were designed. The upstream primer is P1 5= CGTAACAAGGTTTCCGTAG-
GTGAAC -3” and the downstream primer is P2 5°— TTATTGATATGCTTAAACTCAGCGGG -3~ . The P1
and P2 primer pair was used to amplify and sequence in H. diffusa S. japonica S. alsine and A. serpyllifolia
while two pairs of primers Pl and P3 P4 and P2 were used in H. tenelliflora H. corymbosa H. pinifolia
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M. pentaphylla and M. costata Fig. 1 . The P3 primer is 5°— GCTACGTTCTTCATCGAT -3~ and the P4
primer is 5'= CCATCAAGTCTTTGAACGCAA -3 The PCR reaction followed that of the previous report ° .
1.5 Sequencing

PCR products were purified with a DNA purification kit Shanghai Watson Bioengineering Inc.  according
to the manufacturer’s instruction and then sequenced with BigDye™ on an ABI 310 Genetic Analyzer.
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Fig.1 Diagrammatic illustration of rDNA I'TS region

2 Results

2.1 Comparison of the ITS sequences
By PCR a fragment of about 187 —247 bp in the ITS =1 region and 219 —244 bp in the ITS -2 region was
amplified successfully. Direct sequencing of each sample was carried out and the sequences of the 9 species were
deposited in the GenBank of NCBI under the following accession numbers AY 438312 ~438325 .
The aligned results showed 254 bps as consensus length of which 80 31.5% bps were identical and 75
29.5%  were similar and thus a total 39% were dissimilar in tDNA ITS -1 region. Similarly they are 255
bps 52 20.4% 83 32.5%  and 47. 1% respectively in ITS —2 region. There was a stretch of about 44
bps completely absent in the ITS — 1 region of 4 species from Hedyotis genus and M. costata. Within the Hedyotis
genus of Rubiaceae the percentage differences between H. diffusa and other species range from 16% to 17% in
the ITS —1 region and 16% to 45.9% in the ITS -2 region. Thus the inter-specific variation in ITS regions in
the 9 species is very high.
2.2 Authentication of Species-specific PCR
The about 600 bp fragment was successfully amplified from every specimen but no band in blank control by
using P1 and P2 Fig. 2 which demonstrates that the DNA exiracted from each species can be utilized for fur-
ther identification. After the B174 and B52 primers were used to amplify the 207 bp fragment from H. diffusa
Fig. 2 the specificity of the primer pair was verified. The PCR products appeared in the fresh plant and dried
crude drug of H. diffusa Fig. 2 9 and 10 . In contrast there was no band in other species. This indicates

that the primer pair is species-specific.

M ZZ SM DL QG QS QH SF SY BH BH
M1234356 78 910M

Fig. 2 Comparison of amplification patterns for 207 and around 600 bp fragments from all the samples

M: size marker, 9, 100 the dried crude drog and fresh plant of A diffisa, AT ol codes(T=10) are given in table 1.
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3  Discussion

The ITS region is widely applied in authentication and phylogenetic analysis of Chinese medicine ° . Many
copies of the rDNA are present in each plant genome. Within individuals and species rRNA genes are highly ho-
mologous as the consequence of the homologous recombination and gene conversion

In this research the high-specific primers B174 and B53 were designed to authenticate H. diffusa. The
specific primer set was also used to amplify genomic DNA from 8 other different plant species but none of the spe-
cies could show the expected amplification product. Positive controls for all DNA templates produced a DNA frag-
ment about 600 —660 bp in size indicating that all templates are qualified for PCR. In the authentication of H.
diffusa all DNA templates from the medicinal materials are amplified by using the species-specific primer pair.
The genuine H. diffusa would be identified if evident amplified band were observed.

Although the genuine H. diffusa can be clearly distinguished from its adulterants by comparing the DNA se-
quences DNA sequencing is a time and cost consuming method. Therefore based on the DNA sequence data of
rDNA ITS region from H. diffusa and its adulterants we designed a pair of specific primers to identify H. diffusa
by PCR. Moreover the method had also been successfully employed to authenticate crude drugs of tortoise plas-
trons gecko and Dendrobium officinale ®~'° . In conclusion the primers designed could be used as key compo-
nents in H. diffusa identification kit.

DNA of crude drugs is usually degraded during preparation transportation and storage of the medicinal ma-
terials. Taking this trait into account the specific primers designed was employed to amplify about 207 bp frag-
ment. Therefore it would not impact the amplification of diagnostic fragment due to genomic DNA degradation
and be practically advantageous to apply. Furthermore DNA fragment amplified with the designed primers also

can’t be less than 200 bp otherwise which would be difficult to distinguish from primer dimers.
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