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Hedyotis diffusa (Oldenlandia diffusa) and H. corymbosa (O. corymbosa),
members of the Rubiaceae family, are mainly distributed in Asia. Both species, as medicinal
herbs, have been traditionally used for treatment of cancers, viral infections, and hepatitis
in some Asian countries. However, only H. diffusa refers to the ingredient of Chinese
patent medicine by Chinese Pharmacopoeia. For clear identification, the phylogenetic
utility of nuclear ribosomal DNA internal transcribed spacer (ITS) was investigated
between different H. diffusa and H. corymbosa populations. The total ITS sequence of H.
diffusa was 791 bp, and had been submitted to GenBank on NCBI (accession number:
JF837601). The total ITS sequence of H. corymbosa was 785 bp (accession number: JF837603).
As length variation caused by different region discriminations and different populations
grown in different geographical conditions, there was intraspecific dissimilarity, nothing
of interspecific variation. Both species were previously reported to be distinguished
clearly using ITS sequence, in this study, we obtained different result: H. corymbosa
AY438318 and AY534053 interfused into the H. diffusa group, while H. diffusa AY862575,
AY438319, and JF837601 interfused into the H. corymbosa group. This result was suggested
to be mainly caused by source authentication, ambiguous region discrimination, and
various geographical conditions.

Key words: Hedyotis diffusa, Hedyotis corymbosa, Oldenlandia,
Molecular identification, nrDNA ITS.

Hedyotis diffusa, a member of the
Rubiaceae family, also known by alternate
Oldenlandia diffusa and named as
Baihuasheshecao in Chinese, is mainly distributed
in Orient and tropical regions of Asia1,2. H. diffusa,
as a popular folk medicinal plant, is traditionally
used for lung, liver, rectal, prostate cancer and
other tumor treatments3, 4. H. corymbosa, also a

member of the Rubiaceae family, known by O.
corymbosa and called as Peh Hue Juwa Chi Cao in
Taiwan, China5, is a weedy herb mainly distributed
throughout Asia. H. corymbosa is extensively used
in modern Chinese practice for the treatment of
viral infections, cancer, syndromes involving “toxic
heat”, acne, boils, skin ailments, appendicitis,
hepatitis, eye diseases and bleeding6. However,
according to the Chinese Pharmacopoeia, only H.
diffusa is referred to be herbal medicine, but not H.
corymbosa7. Moreover, due to their having similar
morphological characters and chemical
fingerprints8, both H. diffusa and H. corymbosa
are frequently adulterated with each other in the
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wholesale and food markets9. Although some
scientists have reported that these two medicinal
herbs have their respective, special functions and
efficacies5, to ensure the correct use and use safety,
an efficient identification method using reliable
markers for the authentication becomes required
urgently and necessary.

Until now, many approaches have been
applied to differentiate the genuine H. diffusa from
H. corymbosa. Some botanists have reported that
the two species look very much alike even when
fresh, differing only by the variable number of
flowers, length of pedicels and shape of stems10.
However, these characters become unapparent
when dried and dispensed in short fragments. Some
chemists have attempted to authenticate H. diffusa
and H. corymbosa by thin layer chromatography
(TLC)11 and high-performance liquid
chromatography (HPLC)12, 13. However, these
studies relied on some unidentified spots or
markers9,14. The identification of H. diffusa, H.
corymbosa, and other similar species have also
been performed based on macroscopic
characteristics, however, this method could only
distinguish between H. corymbosa and H.
tenelliflora by routine light microscopy, but not
between H. diffusa and H. corymbosa15. To date,
using molecular data to infer phylogenetic
relationships has become a good choice, as some
DNA regions could synchronously response to
the evolutionary rate16.

Molecular classification shares many
advantages compared to traditional classification:
molecular technique is independent of phenotypic
and environmental variations and can help
pinpointing plant materials to specific taxon; simple
DNA cloning and sequencing may more rapidly
provide more phylogenetic information embodied
in some regions; the information masked by
homoplasy of DNA sequences is exacter and more
efficient. DNA barcoding has been considered as
a useful tool for rapidly species identification based
on DNA sequence17, 18. The chloroplast regions
including atpB-rbcL, petD, rps16, and trnL-F, and
nuclear regions including external transcribed
spacer (ETS) and internal transcribed spacer (ITS)
have been utilized in the phylogeny study of the
tribe Spermacoceae of family Rubiaceae19.
Molecular identification using five DNA barcoding
regions such as ITS, matK, petD, trnH-psbA, and

rbcL has been reported among 25 Hedyotis taxa,
including H. diffusa and H. corymbosa20. Among
the five DNA barcoding regions, ITS showed the
best species discrimination with no shared alleles
between any of 24 distinct species, except of H.
assimilis and H. mellii20. ITS region of the nuclear
ribosomal DNA (nrDNA) cistrons was found to be
one of the more frequently utilized regions for
phylogenetic analyses at the genus and species
levels21, and provide the highest number of
informative characters and resolving power in the
phylogenetic analysis19. Reconstructing the
phylogeny is usually addressed by using different
markers like ITS including ITS1 and ITS2 for low
level and 18S or 28S rDNA for high level
classification22. Particularly, ITS2 region of nrDNA
cistron has been considered to be a marker suitable
for taxonomic classification over a wide range of
levels21.

To distinguish H. diffusa from H.
corymbosa, DNA sequence analysis of ITS1 and
ITS2 region has been attempted by many
investigations23-26. Particularly, Liu et al. focused
on the positive role of ITS2 region sequence in
efficient species identification24, and designed the
H. diffusa-specific PCR primers for ITS2 region
amplification. Using the newly designed primers
could successfully amplify and obtain a ~392 bp
of PCR product using template DNA isolated from
H. diffusa, but not other DNAs isolated from 9
confused H. diffusa samples24. Due to that Hedyotis
has been revealed to be polyphyletic based on
molecular studies19, 27-29, together with the currently
available limited sampling of Asian species in the
recent molecular phylogenetic analysis, a broad
concept of H. diffusa and H. corymbosa with known
ITS sequences in GenBank data is presented here.

MATERIALS AND METHODS

Plant materials and growth conditions
Mature seeds of one H. diffusa and one

H. corymbosa population were collected from
Korea, sent by Myung-Hun Yeom, Duck-Hee Kim,
and Han-Gon Kim in R & D center, Amore-Pacific
Co., Yonpin, 446-729, Korea. The isolates have been
named as LT-L and ST-L, respectively, used for the
convenience of sample management (Fig. 1). The
species identification was made by Research and
Development center, Amore-Pacific Co., who uses
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H. diffusa and H. corymbosa in making natural
cosmetics. The total ITS sequences of H. diffusa
and H. corymbosa have been published by
GenBank, NCBI, with the accession numbers of
JF837601 and JF837603, respectively.

Mature seeds of H. diffusa LT-L and H.
corymbosa ST-L isolate were surface-sterilized with
70% ethanol for 30 seconds and then rinsed with
sterile water for five times. The sterilized seeds were
grown in a pot containing a mixture of sterilized soil
and vermiculite (v:v, 3:1) in a green house condition
with 40-60% relative wet rate, a 16/8 h (light/dark)
photoperiod, and 24±2°C. After germination, the
fresh leaf tissue was used for DNA extraction.
DNA extraction and PCR amplification

DNA was extracted from fresh leaves of
H. diffusa and H. corymbosa using the modified
cetyltrimethylammonium bromide (CTAB)
method30. Common ITS primer sets ITS5, 5’-GAA
AGT AAA AGT CGT AAC AAG G-3’ and ITS4, 5’-
TCC TCC GCT TAT TGA TAT GC-3’ were used to
amplify the nrDNA ITS region including ITS1, 5.8S
rRNA, ITS2 regions31. PCR amplification was
conducted using this set of primers with the
following program: 35 cycles of denaturation at
95°C for 1 min, annealing at 53°C for 1 min, and a
final extension step at 72°C for 1.5 min. All PCR
products were purified before DNA sequence
analysis using a QIAquick PCR Purification Kit
(QIAGEN, Korea) according to the manufacturer’s
instructions. Purified PCR products were then
sequenced at MACRO GEN Advancing through
Genomics (Korea).
Sequence analysis

Known ITS sequences of H. diffusa and
H. corymbosa were searched in Nucleotide on
NCBI. Six H. diffusa ITS sequences and night H.
corymbosa ITS sequences were obtained, with the
accession number, submitting personal information,
and taxon information shown in Table 1. Analogue
of our sequences was detected with BLAST on
NCBI. Nucleotide alignments were obtained
independently for total ITS, ITS1 and ITS2 region
using DNAMAN 6.0. The phylogenetic tree of all
seven H. diffusa and ten H. corymbosa populations
were also constructed based on neighbor joining
method using DNAMAN 6.0. In addition, other
factors of ITS sequences were calculated, such as
sequence length, (G+C) content (%), genetic
distance (GD).

RESULTS

PCR amplification of total ITS region
Total ITS regions were successfully

amplified by PCR using common primer sets, ITS4/
ITS5, and about 840 bp of PCR product was
obtained. The size of the ITS regions were 791 bp
for H. diffusa and 785 bp for H. corymbosa. The
interspecific similarity of total ITS region between
H. diffusa and H. corymbosa was 88.43%, that mainly
caused by ITS1 region because the interspecific
similarity of ITS1 region was 80.79% (Table 1).
Similar results could be found in the (G+C) content
(%), that H. corymbosa showed a slight higher
(G+C) content (%) content, especially in the ITS1
region, the difference had exceeded 1.0 %. From
the homology result, the ITS1 region sequences
of both species only reached 83.3% homology with
each other, combined with absolutely identical 5.8S
rRNA region and relatively high homologic ITS2
region, the total ITS region between H. diffusa and
H. corymbosa showed 90.0% homology. The
genetic distance between both species obtained
the same results (Table 1).
Sequence analysis of known H. diffusa populations

In NCBI GenBank data, only six total ITS
sequences of H. diffusa were found, with the
accession numbers of AY438319, AY862575,
EF570985, EF570986, EF570988, and FJ606747
(Table 2). From different phylogenetic trees
according to ITS1, 5.8S, and ITS2 region
sequences, two major clades were obtained, with
AY438319, AY862575, and our sequence, JF837601
forming one, and other sequences forming the other
(Fig. 2). Very high similarity was obtained among
sequences of each clade, e.g. AY438319, AY862575,
and our sequence having very similarity to each
other, with 99%, 100%, and 100% in the ITS1, 5.8S,
ITS2 phylogenetic trees, respectively (Fig. 2).
However, these both clades showed relatively less
homology between AY438319 and AY862575, and
other sequences, which was found to be mainly
caused by the length variation caused by confused
ITS region discrimination.

To authors’ knowledge, the known ITS
region sequences from NCBI were distinguished
into 18S rRNA, ITS1, 5.8S rRNA, ITS2, and 28S or
26S rRNA according to different region
discrimination methods. For instance, the
annotated start site of ITS1 region was very
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Table 3. Voucher specimen and habitat of known H. diffusa and H. corymbosa sequences and our sequence

Species Accession number Voucher specimens Habitat

H. diffusa AY438319 Z. Liu Jiangsu, China
AY862575 C.I. Yuan, Y.C. Hsieh, & M.Y. Chiang Taichung, Taiwan, China
EF570985 M. Li 041 Hong Kong, China
EF570986 M. Li 035 Hong Kong, China
EF570988 M. Li 042 Hong Kong, China
FJ606746 cdK142 Bonn, Germany
JF837601 M.H. Yeom, D.H. Kim, & H.G. Kim LT-L Korea

H. corymbosa AM939500 Andersson 2260 Australia
AM939501 Andersson & Nilsson 2263 Gabon
AM939502 Dessein et al. 487 Zambia
AY438318 Z. Liu Jiangsu, China
AY854053 C.I. Yuan, Y.C. Hsieh, & M.Y. Chiang Taichung, Taiwan, China
EF570974 S.Y. Hu & P. But 24052 Hong Kong, China
EF570975 W.L. Chu 005 Hong Kong, China
JF837603 M.H. Yeom, D.H. Kim, & H.G. Kim LT-L Korea

Table 4. ITS region sequence information and GenBank accession
number of known H. corymbosa populations from NCBI

GenBank Size ITS1 5.8S rRNA ITS2 Submission Definition Ref.
accession number (bp) region region region information

AF381484 191 — — — Church (2003) Partial 18S, ITS1,
and partial 5.8S [32]

AM939500 781 1-319 320-482 483-781 Karehed et al. (2008) ITS1, 5.8S, and ITS2 [19]
AM939501 781 1-319 320-482 483-781 Karehed et al. (2008) ITS1, 5.8S, and ITS2
AM939502 782 1-319 320-482 483-782 Karehed et al. (2008) ITS1, 5.8S, and ITS2
AY438318 232 12-198 199-232 — Liu (2003) Partial 18S, ITS1, [24

and partial 5.8S , 25]
AY438323 292 — 1-53 54-273 Liu (2003) Partial 5.8S, ITS2,

and partial 28S
AY854053 565 1-188 189-345 346-565 Yuan et al. (2006) Partial ITS1, 5.8S,

and partial ITS2 —
EF570974 570 1-192 193-355 356-570 Li et al. (2009) Partial ITS1, 5.8S,

and partial ITS2 [9]
EF570975 570 1-192 193-355 356-570 Li et al. (2009) Partial ITS1,

5.8S, and partial ITS2

— means not published yet or no reported reference

different, with TTG (Fig. 3) in AY438319, EF570985,
EF570986, and EF570988, but with latter ATC in
FJ606746. However, AY862575 shared highly
conversed sequences with AY438319, EF570985,
EF570986, and EF570988, but was not annotated
the start site in the description of sequence
information. This result forcefully validated their
discrimination of ITS1, 5.8S rRNA, and ITS2 region
was different. For our H. diffusa ITS sequence
(accession number: JF837601), the discrimination

method for ITS1, 5.8S rRNA, and ITS2 regions
followed that of known H. corymbosa ITS region
sequence with accession number of AM939501,
because the analogue of our H. diffusa ITS
sequence detected by BLAST on NCBI showed
that the H. corymbosa AM939501 sequence has
the highest query coverage (57%) and
identification (99%) with our sequence. Thus, ITS1
of our H. diffusa ITS sequence contained 328 bp
(Table 1), while ITS1 of AY438319, EF570985,
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Fig. 1. Morphological characteristics of H. diffusa LT-L (A) and H. corymbosa ST-L (B) used in this study
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Fig. 2. Phylogenetic relationships of H. diffusa among ITS1 (A), 5.8S rRNA (B), ITS2 region
(C), and total ITS region (D) of known sequences from NCBI and our sequence, JF837601

Fig. 3. Different discriminations for ITS1, 5.8S, and ITS2 of known H. diffusa sequences and
our sequence. Letters with underlined mean the start site and the end site of only ITS2 region
annotated in relevant known sequences from NCBI. In ITS1 region discrimination, AY438319

had 14 bp deletion in the start of shown sequence, and FJ606746 had 27 bp deletion
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Fig. 4. Different discriminations for distinguishing ITS1, 5.8S, and ITS2 of known
H. corymbosa sequences and our sequence. Letters with underlined mean the start site

and the end site of only ITS2 region annotated in relevant known sequences from NCBI

EF570986, EF570988, and FJ606746 contained only
181-197 bp (Table 2).

The difference of the 5.8S rRNA region
among six known sequences and our sequence
was relatively slight and receivable, showing 163
bp in our sequence and 157-158 bp in other
sequences including AY862575 (Table 1, 2). The
start and end sites of 5.8S rRNA region still showed
certain excursion shown in Fig. 3.

The ITS2 region discrimination of H.
diffusa exist disputes again, just like the ITS1 region
discrimination described above. ITS2 regions of
AY438319, EF570985, EF570986, and EF570988
contained 215-219 bp, while ITS2 region of our
sequence contained 300 bp (Table 1, 2). Although
the start site of ITS2 region showed slight different
among six known sequences and our sequence,

the end site was all annotated at GAC, except
FJ606746, AY862575, and our sequence (Fig. 3).

Considering clade division in the
phylogenetic tree, it did not match absolutely with
the length variation caused by ITS region
discrimination, indicating that there must be
another factor affecting the phylogenetic analysis.
To understand the phylogenetic relationship of H.
diffusa, the influence of geographical conditions
evaluated by voucher specimens and sample
habitats were summarized in Table 3. The results
suggested that populations from Jiangsu, and
Taiwan of China were nearer to each other in
phylegenetic tree, while populations from Hong
Kong of China, Germany (or cultured), and Korea
formed one clade, sharing high identification in
the molecular levels.
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Fig. 5. Phylogenetic relationships of H. corymbosa among ITS1 (A), 5.8S rRNA (B), ITS2 region
(C), and total ITS region (D) of known sequences from NCBI and our sequence, JF837603
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Fig. 6. Phylogenetic tree of H. diffusa and H. corymbosa using total ITS region sequences

Sequence analysis of known H. corymbosa
populations

In NCBI GenBank data, only nine total
ITS sequences of H. corymbosa were found, with
the accession numbers shown in Table 4. Analyzed
the lengths of different regions, ITS1, 5.8S rRNA,
and ITS2 regions contained 187 or 319 bp, 157 or
163 bp, and 220 or 299-300 bp, respectively. This
result suggested that the different, confused
region discrimination described in H. diffusa ITS
sequences was also appeared in H. corymbosa
sequences. For instance, The ITS1 region in
AM939500-AM939502 and our sequence, JF837603
begins from GTG and CTG with underlined,
respectively, while AY438318 annotated with
complete ITS1 region begins from latter TGT with
underlined (Fig. 4). However, AY854053, EF570974,
and EF570975 contained highly conversed TGT
site that is considered as the start site of ITS1
region in AY438318, but were not annotated to be
complete ITS1 region. Different region
discrimination also appeared in the 5.8S rRNA and
ITS2 regions. Particularly in AY438323, the start
site of ITS2 region appeared later than that in other
sequences, but the end site appeared earlier (Fig.
4). Furthermore, AF381484 annotated with partial
18S, ITS1, and partial 5.8S region showed obviously
short length of sequence, and very low

homologous arrangement when aligning DNA
sequences (data not shown). Blasting of AF371484
to NCBI GenBank showed that this sequence was
most similar to the complemented sequence such
as partial ITS1 and 5.8S rRNA regions of AM939500,
indicating that this sequence is not ready for
directly DNA alignment (Fig. S1). Blasting of
AY438323 to NCBI GenBank showed that this
sequence was most similar to those from plants of
the other family Caryophyllaceae such as Arenaria
serpyllifolia, Stellaria media, indicating that the
starting materials for identification may have been
adulterated with other plants. Thus, AF381484 and
AY438323 were ignored to use in the further
sequence analysis.

To understand the phylogenetic
relationship of different H. corymbosa populations,
phylogenetic tree was separately constructed
according to ITS1, 5.8S, and ITS2 region
sequences. From the ITS1 phylogenetic tree,
AM939500, AM939501, EF570974, and EF570975
showed very high similarity to each other, and
shared 95% identification with AM939502 (Fit. 4A).
These five sequences formed one monophyletic
clade with our sequence, JF837603, and this clade
showed 84% identification with the other
monophyletic clade formed by AY438318 and
AY854053 with 99 % similarity (Fig. 5A).
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Fig. 7. DNA alignment of H. diffusa, H. corymbosa using total ITS region. Partial alignment of the total ITS regions showing
notable base phlomorphisms between H. diffusa and H. corymbosa in ITS1 (A) and ITS2 (B) regions. The letters on the top
line represent the base letters in sequence alignment. Sequences different from the uppermost sequence are marked as
their own sequences in lowercase. ‘-’ represents the base being identical to the uppermost sequence. ‘.’ represents gap
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Fig. S1. Blasting result of H. corymbosa ITS sequence, AF381484 to NCBI GenBank. Query
means the sequence of AF371484, while Subject means the sequence of existing sequence, AM939501.
The number following Query or Subject means the present sequence number of its relevant sequence

Fig. S2.  DNA alignment of the 5.8S rRNA region of known H. corymbosa sequences and our sequence, JF837603

In the 5.8S rRNA region, known
sequences showed very high identification with
each other (Fig. 5B). Except of AY854053 and
AM939502, no nucleotide variation was found in
the 5.8S rRNA region of other sequences. In
AY854053, it not only had 6 nucleotide default, but
3 nucleotide variations, while AM939502 had 2
nucleotide variations (Fig. S2).

In the ITS2 region, AM939500,
AM939501, EF570974, and EF570975 showed very
high similarity of 100%, just like in the ITS1 region
(Fig. 5C). AM939502, our sequence JF837603, and
AY854053 had degressive homology with the
group formed by AM939500, AM939501, EF570974,
and EF570975 in the ITS2 phylogenetic tree, with

97%, 94%, and 80% identification, respectively (Fig.
5C). Combined with the total ITS region, the
phylogenetic analysis among known H. corymbosa
populations showed the lowest similarity of 87%,
existing between AY854053 and other sequences
(Fig. 5D).

In view of the influence of geographical
conditions, H. corymbosa populations used for
cloning of AM939500, AM939501, EF570974, and
EF570975 sharing very high similarity, span
Oceania (Australia), Africa (Gabon), and Asia
(Hong Kong, China), however, the other two
populations also collected from Asia (AY438318
and AY854053) showed only 87% similarity with
them (Fig. 5D, Table 3). These finding suggested
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that the phylogenetic relationship of H. corymbosa
was not absolutely correlated with the
geographical information of samples.
Phylogeny of H. diffusa and H. corymbosa

Based on the respective phylogenetic
analysis among H. diffusa and H. corymbosa
populations, the intraspecific homology was
understood well, but not the interspecific
homology. To further understand the interspecific
phylogenetic relationship, a phylogenetic tree was
constructed using total ITS region sequences of
H. diffusa and H. corymbosa (Fig. 6). All H. diffusa
and H. corymbosa populations were divided into
two group, with 87% of similarity. One group mainly
covered H. diffusa populations, the other mainly
covered H. corymbosa populations. However,
AY862575, JF837601, and AY438319 of H. diffusa
populations were suggested to be confused into
the H. corymbosa group, while AY43818 and
AY854053 of H. corymbosa populations were
confused with the H. diffusa group (Fig. 6). Notably,
AY862575 of H. diffusa collected from Taiwan,
China showed nearly 100% of similarity to the main
H. corymbosa group formed by AM939500,
AM939501, EF570974, and EF570975. Similar result
was found in AY854053 of H. corymbosa also
collected from Taiwan, China, that AY854053
showed very high homology with the main H.
diffusa group composed by EF570986, EF570985,
FJ606746, and EF570988.

DISCUSSION

Due to the recognized authentication of
H. diffusa and H. corymbosa, many investigations
have been performed to attempt to distinguish them
with each other, such as morphological
characteristics, fluorescence microscopy, DNA
regions10, 12, 21. According to the Flora Republicae
Popularis Sinicae, H. diffusa having solitary flowers
on thick and short pedicels growing from cylindrical
stems showed unobvious difference from H.
corymbosa having corymbose inflorescences on
slender peduncles growing from tetragonal stems10.
Based on the shape of transverse sections of the
H. corymbosa stems, this medicinal herb could be
easily differentiated from medicinal herbs H. diffusa
and H. tenelliflora of the same genus12. On the
basis of the molecular analysis of total ITS regions,
H. diffusa and H. corymbosa were shown to be

intraspecifically conserved but interspecifically
variable enough to differentiate these two species,
and distantly separated in the clustering analysis
{shown in Fig. 1, 2 [20]}. However, their results
were not congruent with our data. Although there
were many informative sites appearing in ITS1 and
ITS2 regions, the clear partition did not match
exactly with species classification (Fig. 7). For
instance, in the ITS1 region, five H. corymbosa
and three H. diffusa sequences showed nearly 100%
similarity, except of our sequence, JF837603, while
other four H. diffusa, and three H. corymbosa
sequences showed nearly 100% similarity, except
of AM939502 (Fig. 7A). Our H. diffusa sequence
(JF837601) did not match the sequences (EF570985,
EF570986, and EF570988)9, but our H. corymbosa
sequence (JF837603) matched their sequences
(EF570974 and EF570975). Both of H. corymbosa
sequences (AM939500 and AM939501)19 also
shared the highly conserved with our sequences,
however, the other sequence form this investigation
(AM939502) showed relatively low similarity, with
its own informative sites in ITS1 region (Fig. 7A).

In the ITS2 region, four H. diffusa and
one H. corymbosa sequences were highly
conserved, while three H. diffusa and six other H.
corymbosa sequences were highly conserved (Fig.
7B). Our H. diffusa sequence (JF837601) in ITS2
region also did not match the sequences (EF570985,
EF570986, and EF570988) 9, but showed very high
similarity to the main H. corymbosa group formed
by AM939500-AM93950219, EF570974-EF570975 9

and our sequence, JF973603. In addition, one H.
corymbosa sequence (AY854053) from plants
collected from Taiwan, China was inclined to be
similar to the main H. diffusa ITS2 sequences. Based
on the above results, the obvious inconsistency
on molecular data among those reported and ours
further confirmed that correct identification of the
starting materials was very important.

In addition, the utility of ITS region to
construct phylogeny should be in the premise of a
clear ITS region discrimination. Owing to a feature-
length illumination of our above descriptions in
connection with the results, the importance of a
clear ITS region discrimination must be most
probably known by readers. In this study, although
there were certain nucleotide variations between
H. diffusa and H. corymbosa, the sequence
variations were suggested not to be significantly
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pivotal when compared with other known
sequences, as our both sequences did not show
their specific sequence characters (Fig. 6, 7A, 7B).

In conclusion, the total ITS sequences of
H. diffusa and H. corymbosa populations collected
from Korea were successfully amplified using
common primers ITS4/ITS5. However, due to
confused identities of starting materials and ITS
region discrimination, H. diffusa and H. corymbosa
could not yet be authenticated based on only ITS
region sequences in the present study. To ensure
proper use of herbal materials for efficient treatment
and correct identification of two medicinal herbs,
H. diffusa and H. corymbosa, additional markers
and identification methods should be applied to
cross check the identities of materials to achieve
correct authentication.
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