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Stems of genus Dendrobium (Orchidaceae) have been traditionally used as an herbal medicine (Dendrobii
Herba) in Eastern Asia. Although demand for Dendrobium is increasing rapidly, wild resources are decreasing
due to over-collection. This study aimed to identify plant sources of Dendrobii Herba on the market based on se-
quences of the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA. We constructed an ITS1-
5.8S-ITS2 sequence database of 196 Dendrobium species, and the database was employed to identify 21 herbal
samples. We found that 13 Dendrobium species (D. catenatum, D. cucullatum, D. denudans, D. devonianum, D.
eriiflorum, D. hancockii, D. linawianum, D. lituiflorum, D. loddigesii, D. polyanthum, D. primulinum, D. regium,
and D. transparens) were possibly used as plant sources of Dendrobii Herba, and unidentified species allied to D.
denudans, D. eriiflorum, D. gregulus, or D. hemimelanoglossum were also used as sources. Furthermore, it is clear
that D. catenatum is one of the most important sources of Dendrobii Herba (5 out of 21 samples).
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Dendrobium is one of the largest genera in the Orchi-
daceae, of which about 1200 species are distributed widely in
the Asia-Pacific region.* Owing to the enormous number of
species and great diversification of morphological characters,
many taxonomic and phylogenetic problems of this genus re-
main unresolved.

Dried stems of specific Dendrobium species, so-called
Dendrobii Herba, have been used in traditional Chinese med-
icine for benefiting the stomach, promoting the production of
body fluid, nourishing “yin,” and antipyresis.*¥ Stems of
some Dendrobium species contain compounds that exhibit
antioxidant activity and antitumor activity.> " Accordingly,
the demand for Dendrobii Herba has increased rapidly, and
the wild resources of Dendrobium have decreased severely
due to over-collection. Seventy-four Dendrobium species are
distributed in China.®” Among them, the Pharmacopoeia of
the People’s Republic of China (2010 edition) lists four
species, D. catenatum LINDL., D. nobile LiNDL., D. chryso-
toxum LiNDL., and D. fimbriatum Hook. as the authorized
plant sources for Dendrobii Herba.”> Additionally, following
16 species are described in the Chinese Materia Medica Dic-
tionary (2006 edition) as medicinal plants?; D. aduncum
WatL. ex Linor., D. bellatulum Rorre, D. chrysanthum
WaLL. ex LiNDL., D. chryseum RoLrE, D. crepidatum LiNDL.
ex Paxt., D. cucullatum R. BRr., D. densiflorum LINDL. ex
WaLL, D. devonianum Paxt., D. hancokii ROLFE, D. henryi
ScHLTR., D. hercoglossum ReicH. f., D. linawianum RcHB. f.,
D. loddigesii RoLrE, D. lohohense TANG et WANG, D. longi-
cornum LINDL., and D. moniliforme (L.) Sw.

However, in practice, Dendrobium species that are not de-
scribed in either of these references are used clinically, and
other orchid genera such as Pholidota have also been used as
adulterants.” 'V Such a lax situation in commercial distribu-
tion could result in the risk of inconsistent therapeutic effect
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and even be a threat against consumer safety. Therefore, dis-
crimination of Dendrobii Herba is important for quality con-
trol. However, it is difficult to identify Dendrobium species
from dried stems by traditional methods based on morpho-
logical, anatomical and/or chemical analyses'>'¥ because
these characteristics are not always useful markers at the
species level and often vary depending on growing condi-
tions.

To date, several molecular analytical methods have been
applied to identify herbal medicines.'” For example, DNA
sequencing, DNA microarrays, random amplified polymor-
phic DNA (RAPD), and DNA fingerprinting have been used
for identification of Dendrobium species.'® 2" Unfortu-
nately, these methods have only been applied to a limited
number of Dendrobium species, and molecular markers that
can be applied more universally to Dendrobium have not
been developed. To recognize herbal medicines accurately at
the species level, a comprehensive DNA sequence database
that covers Dendrobium species potentially used for medi-
cine is desired, and to create such a database, the following
conditions are required: (1) precise identification of the plant
species, (2) comprehensive data banking of reference se-
quences for the relevant plant group at the species level, and
(3) employment of sequence markers that can discriminate
interspecific differences.

We constructed a sequence database of the internal tran-
scribed spacer (ITS)1-5.8S-1TS2 region for 196 Dendrobium
species, all of which were identified accurately based on the
morphological characters of vegetative and reproductive or-
gans. The database covers most of the Dendrobium species
from China and adjacent regions. The sequence readout of
ITS1 and ITS2 regions of nuclear ribosomal DNA appeared
to contain sufficient variation to discriminate Dendrobium at
the interspecific level.’**® In this study, ITS DNA sequenc-
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ing was applied to identify Dendrobii Herba samples ob-
tained in Chinese markets.

MATERIALS AND METHODS

Sequence Database of ITS Regions of Dendrobium
Many Dendrobium species have synonyms (different scien-
tific names used for a single species). Our taxonomic inter-
pretation is based on Flora of China (http:/flora.huh.har-
vard.edu/china/), and we used the currently accepted names
defined by Flora of China. Plant materials were obtained
from the living collection of Tsukuba Botanical Garden, Na-
tional Museum of Nature and Science (TNS). All voucher
specimens were deposited at TNS. Genomic DNA was iso-
lated from the fresh leaves or flowers by a DNeasy Plant
Mini Kit (QIAGEN, Hamburg, Germany) following the man-
ufacturer’s instructions and was used as a template for poly-
merase chain reaction (PCR) amplification. ITS1-5.8S-ITS2
regions were amplified as described by Hidayat er al.*® using
the primer sets 17SE (ACGAATTCATGGTCCGGTGAAG-
TGTTCG) and 26SE (TAGAATTCCCCGGTTCGCTCGC-
CGTTAC)® (Fig. 1). Our database contains 205 sequences
of 196 species. Multiple individuals were analyzed for D.
hercoglossum, D. moniliforme, D. palpebrae, D. sanderae,
and D. thyrsiflorum. These 205 sequence data were registered
in the DNA Data Bank of Japan (DDBJ).

DNA Extraction and Sequencing Analysis of Dendrobii
Herba Samples In total, 21 samples of Dendrobii Herba
were collected in several herbal markets (Table 1). Pho-
tographs of representative samples are shown in Fig. 2. Ge-
nomic DNA from Dendrobii Herba was isolated by a DNeasy
Plant Mini Kit (QIAGEN). The DNA extracted from herbal
medicine often is fragmented and difficult to amplify as long
deoxynucleotides by PCR. Therefore, we designed an inter-
nal primer, DR2 (TCTTCATCGATGCGAGAGCC), located
upstream of 26SE (Fig. 1). Using 1ng genomic DNA ex-
tracted from each sample of Dendrobii Herba as a template,
PCR was carried out with 1 U Nova Tag polymerase (SHI-
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Fig. 1. Sequence Diagram of rDNA Region with Location of Primers
Used in This Study
The primer sets 17SE and 26SE were used to sequence the ITS1-5.8S-ITS2 region of

196 Dendrobium species. The primer sets 17SE and DR2 were used for sequence
analysis of herbal samples.

Fig. 2. Representative Photographs of Dendrobii Herba Samples

There were four typical shapes. Type I: rolled stems, Type II: chopped stems shorter
than 1 cm, Type III: chopped stems approximately 2—3 cm, Type I'V: entire stems with
roots.
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MAZU, Tokyo, Japan), 1.5ul 17SE primer (10pmol/ul),
1.5 ul DR2 primer (10 pmol/ul), 10 ul Ampdirect Plus (SHI-
MAZU), and 4.9 ul distilled water (total volume 20 ul). PCR
conditions were 95 °C for 10 min followed by 40 cycles of
94 °C for 30, 55 °C for 1 min, and 72 °C for 1 min. By using
the primer sets of 17SE and DR2, approximately 400 bp frag-
ments of ITS1-5.8S region were amplified. The PCR prod-
ucts were purified with a High Pure PCR Product Purification
Kit (Roche Diagnostics, Tokyo, Japan), and sequenced using
a CEQ 8000 system (Beckman Coulter, Fullerton, CA,
US.A).

Identification of Dendrobii Herba Samples A homol-
ogy search using Local BLASTN program in GENETXY
software (ver. 10) (Genetyx, Tokyo, Japan) was conducted to
identify the samples of Dendrobii Herba.

RESULTS AND DISCUSSION

The results of the basic local alignment search tool
(BLAST) search for 21 Dendrobii Herba samples are shown
in Table 1. We defined a sequence identity value of 97% as
the minimum value of conspecificity because Xu et al. re-
ported that the intraspecific sequence divergence of Dendro-
bium is less than 3% in ITS1 and less than 4% in ITS2.?® For
example, the sequence of sample S1 had sequence identity of
99% to D. catenatum, and the species was regarded as the
plant source of the sample S1. Sometimes we obtained multi-
ple hits: for example, D. denudans and D. eriiflorum were
both possible plant sources for the sample S8. When no entry
in the database indicated sequence identity larger than 97%,
we selected the sequence of the highest identity as the allied
species. For example, three species had sequence identity of
96% to the sample S10. They were considered to be allied
species of the sample S10.

For the samples S1—S7, S11, S14—S16, S18, S19, and
S21, a single species had high sequence identity and low E-
values (Table 1). For the samples S8, S9, S17, and S20, mul-
tiple species had high sequence identity and low E-values.
For these, it was necessary to sequence other regions (e.g.,
the maturase-encoding gene (matK) of the chloroplast
genome) to discriminate the candidate species.

The samples S12 and S13 showed sequence identity of
97% and 91%, respectively, to D. gregulus. Sample S10
showed sequence identity of 96% to D. eriiflorum, D. de-
nudans, and D. hemimelanoglossum. For those samples with
a lower identity value than the threshold (97%), we searched
further in the GenBank database but found no ITS sequence
that exceeded the threshold. We provisionally identified sam-
ples S12 and S13 as an allied species to D. gregulus, and
sample S10 was an allied species to D. eriiflorum, D. de-
nudans, or D. hemimelanoglossum.

In sample S20, we found it was a mixture of at least three
different plant sequences. One was a Dendrobium assigned to
D. primulinum or D. polyanthum (100%). One was identified
as Hedera (97%), which belongs to Araliaceae. We could not
identify the last sequence in either our database or in Gen-
Bank. Sample S20 was thus a mixture of Dendrobium,
Hedera, and an unidentified plant.

In this study, we found that 13 species, D. catenatum, D.
cucullatum, D. denudans, D. devonianum, D. eriiflorum, D.
hancockii, D. linawianum, D. lituiflorum, D. loddigesii, D.
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polyanthum, D. primulinum, D. regium, and D. transparens,
are included in the Dendrobii Herba samples on the market.
Among them, seven species, D. catenatum, D. cucullatum, D.
devonianum, D. hancockii, D. linawianum, D. loddigesii, and
D. primulinum, are authorized medical plants listed in the
Pharmacopoeia of The People’s Republic of China,® the Chi-
nese Materia Medica Dictionary, or Zhong Hua Ben
CaO.30’3])

D. denudans, D. eriiflorum, D. lituiflorum, D. polyanthum,
D. regium, and D. transparens were not listed in the above-
mentioned references. Among them, D. lituiflorum, D.
polyanthum, and D. transparens are allied to some medicinal
species, for example, D. chrysanthum, D. crepidatum, D. cu-
cullatum, and D. primulinum, but there is little in the litera-
ture about their pharmacological effects. Little has been re-
ported about the pharmacological effects of D. denudans, D.
eriiflorum, and D. regium, either.

Five of 21 samples were identified as D. catenatum. It
should be noted that D. officinale,’” one of the principal ma-
terials of Dendrobii Herba defined by the Pharmacopoeia of
The People’s Republic of China, has been accepted as a syn-
onym of D. catenatum by recent taxonomic studies.**3%
Thus, we concluded that D. catenatum is one of the most im-
portant sources of Dendrobii Herba.
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