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a b s t r a c t

Paphiopedilum armeniacum, Paphiopedilum micranthum and Paphiopedilum delenatii are endangered
orchid species. These three Paphiopedilum species and their hybrids are difficult to distinguish mor-
phologically. In this study, rDNA-ITS (internal transcribed spacer) sequences were used to design
species-specific SCAR (sequence characterized amplified regions) markers to distinguish P. armeniacum,
P. micranthum, P. delenatii and their respective hybrids. The developed markers efficiently amplified
600 bp DNA product for P. armeniacum and its hybrids (SCAR-600armF/Pap-ITS2R), 300 bp product for P.
delenatii and its hybrids (SCAR-300delF/Pap-ITS2R) and 700 bp product for P. micranthum and its hybrids
(SCAR-700micF/Pap-ITS2R). The effectiveness of designed species-specific markers was also confirmed
by using multiplex polymerase chain reaction amplification with a combination of developed three SCAR
markers.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Paphiopedilum armeniacum, Paphiopedilum micranthum and
Paphiopedilum delenatii are orchid species native to southwestern
China and Vietnam. They are endangered species and are currently
listed as Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES) Appendix I species (Liu et al.,
2006). Thus, the international trade for these naturally occurring
species is forbidden. However, the artificially propagated materials
and their inter-species hybrids forced by breeders can be traded
for commercial purposes. As a result, many well-diverged hybrids
with complicated pedigree exist in the orchid market worldwide.
These artificially propagated species and their inter-species hybrids
are morphologically similar occasionally, particularly in vegeta-
tive parts. In the past, the differentiation of these species and their
hybrids were largely based on morphological features such as color,
shape, the existence of variegated leaves and petal size (Chung et
al., 2006). However, morphological diagnosis often causes conflict-
ing ideas, because the key morphological characters lack unanimity
among taxonomists. Additionally, morphological characters are
frequently affected by the developmental stages of the experimen-
tal material and environmental effects (Hussain et al., 2008).
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Molecular markers have proved their utility in fields like tax-
onomy, physiology and genetics (Soltis and Soltis, 2000; Kumar et
al., 2009). Several DNA-based markers such as randomly ampli-
fied polymorphic DNA (Chung et al., 2006) and microsatellite loci
(Rodrigues and Kumar, 2009) are explored to identify various
orchid species. RAPD has been widely used in all kinds of genetic
analysis, because of their ease of use and universal applicability.
However, the major limitation of RAPD is its low reproductively
(Kumar et al., 2009). Microsatellite is a high sensitive method with
high reproducibility and high polymorphism. This technique suits
the identification of closely related varieties (Barbara et al., 2007),
but its major drawbacks are high developmental cost and the dif-
ficulty of training.

Internal transcribed spacer (ITS) region of rDNA, defined as the
unit containing the ITS1 spacer, 5.8S rDNA gene and ITS2 spacer,
have been shown to be a useful sequence to study phylogenetic
relationships in many plant species (Soltis and Soltis, 2000; Zhang
et al., 2007; Choo et al., 2009; Gulbitti-Onarici et al., 2009). This
region can be readily amplified by polymerase chain reaction (PCR)
with specific primers and sequenced. Because of their different
rates of evolution, ITS regions have become the favored markers in
evolutionary studies at different taxonomic levels (Gulbitti-Onarici
et al., 2009). This technique is also proved to be a useful molecu-
lar marker for screening different species of slipper orchid (Cox et
al., 1997; Zhang et al., 2007). In the present study, the plants of 32
Paphiopedilum species, including P. armeniacum, P. micranthum, P.
delenatii and some of their hybrids were evaluated. The nucleotide
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Table 1
The primer sequences used for PCR analysis and the molecular size amplified by these sequences in P. armeniacum, P. delenatii and P. micranthum.

Species Primer Sequence of DNA marker (5′ → 3′) Produced DNA fragment

Pap-18SF TTGACTACG TCC CTG CCC TTT 890 bp
Pap-ITS2R CTTAAACTCAGCGGGTTGCCT

P. armeniacum SCAR-600armF GCGCAGTTTTGC CCAAGA 600 bp
Pap-ITS2R CTTAAACTCAGCGGGTTGCCT

P. delenatii SCAR-300delF CTTAACGAG GCTGTCCAG 300 bp
Pap-ITS2R CTTAAACTCAGCGGGTTGCCT

P. micranthum SCAR-700micF GTTTACTTTGGTCACCCT 700 bp
Pap-ITS2R CTTAAACTCAGCGGGTTGCCT

sequences of the rDNA-ITS of P. armeniacum, P. micranthum and P.
delenatii were compared. Several species-specific sequence char-
acterized amplified regions (SCAR) markers for distinguishing P.
armeniacum, P. micranthum, P. delenatii and their hybrids based on
nuclear ITS sequence were also developed. Furthermore, the dis-
crimination markers for the simultaneous detection of these three
species and their hybrids by the application of multiplex-PCR meth-
ods by combining the primers designed for the SCAR markers were
also examined.

2. Materials and methods

2.1. Plant material and DNA extraction

The plants of 32 Paphiopedilum species, including P. armeniacum,
P. micranthum, P. delenatii and some of their hybrids were col-
lected from different orchid nurseries located in central and south
parts of Taiwan. The orchid genomic DNA was extracted from fresh
leaves (0.1 g) using a plant genomic DNA purification kit (Hopegen
Biotechnology Development Enterprise, Taichung County, Taiwan)
according to the manufacturer’s instructions. DNA concentrations
were determined by measuring the absorbance of diluted DNA
solution at 260 nm wavelength. The extracted DNA samples were
kept at −20 ◦C for further use.

2.2. Development of species-specific markers

The rDNA-ITS regions (ITS1, 5.8S and ITS2) of the tested Paphio-
pedilum species were amplified using the primers Pap-18SF and

Pap-ITS2R (Table 1). The primers were synthesized by Hopegen
Biotechnology Development Enterprise (Taichung County, Taiwan).
PCR reaction contained 200 ng of genomic DNA was carried out
using Taq DNA polymerase master mix (AMP180303; Ampliqon,
Copenhagen, Denmark) and the volume was made up to 25 �L with
sterile double distilled water. A PCR thermocycler Px2 (Thermo
Electron Corporation, Milford, MA, USA) was used for PCR reac-
tion. The parameters for rDNA-ITS were: 94 ◦C for 2 min; followed
by 30 cycles of 45 s at 94 ◦C, 45 s at 45 ◦C, 2 min at 72 ◦C, and
1 cycle of 7 min at 72 ◦C. PCR products were separated elec-
trophoretically on a 1.5% agarose (Lonza Rockland, Inc., Rockland,
ME, USA) gel with 50 �g ml−1 Safe View DNA stain (Hopegen
Biotechnology Development Enterprise, Taichung County, Taiwan),
with a 100 bp DNA ladder (GM100-LC, Hopegen Biotechnology
Development Enterprise, Taichung County, Taiwan) providing size
markers. The gel was analyzed using AlphaImager 2200 and
AlphaEase FC software package (Version 4.1.0, Alpha Innotech Cor-
poration, CA, USA). These ITS fragments were direct sequenced
by Genomics BioSci. & Tech. Co. (Xizhi City, Taipei County, Tai-
wan).

The species-specific primers (Table 1) for three slipper orchid
species were designed within ITS regions by the comparison of
rDNA-ITS sequences. The amplification reactions were carried out
in 25 �l containing 0.2 �M of each primer, 200 ng of template and
the same buffer described above. Amplification of reactions was
carried out in a thermal cycle, as described above, with the fol-
lowing cycling conditions: pre-denaturation at at 94◦ C for 2 min,
followed by 30 cycles of 45 s at 94◦ C, 45 s at 58◦ C, 2 min at 72◦ , and
final extension at 72◦ C for 7 min.

Fig. 1. Morphological variations in leaves and flowers of tested Paphiopedilum armeniacum, Paphiopedilum micranthum, Paphiopedilum delenatii and their hybrids.
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Table 2
Molecular size of the PCR products produced by using using Pap-18SF and Pap-ITS2R primers and three SCAR primer pairs SCAR-600armF/Pap-ITS2R, SCAR-300delF/Pap-ITS2R,
SCAR700micF/Pap-ITS2R in the tested 32 Paphiopedilum species.

Species Primer name

Produced DNA fragment

Pap-18SF Pap-ITS2R SCAR-600armF Pap-ITS2R SCAR-300delF Pap-ITS2R SCAR-700micF Pap-ITS2R

P. malipoense 890 bp – – –
P. armeniacum 890 bp 600 bp – –
P. micranthum 890 bp – – 700 bp
P. delenatii 890 bp – 300 bp –
P. vietnamense 890 bp – – –
P. callosum 890 bp – – –
P. sukhakulii 890 bp – – –
P. lawrenceanum 890 bp – – –
P. urbanianum 890 bp – – –
P. argus 890 bp – – –
P. acmodontum 890 bp – – –
P. dayanum 890 bp – – –
P. sanderianum 890 bp – – –
P. philippinense 890 bp – – –
P. stonei 890 bp – – –
P. rothschildianum 890 bp – – –
P. gardineri 890 bp – – –
P. supardii 890 bp – – –
P. bellatulum 890 bp – – –
P. villosum 890 bp – – –
P. concolor, P. bellatulum 890 bp – – –
P. concolor 890 bp – –
P. barbigerum 890 bp – – –
P. exul 890 bp – – –
P. esquirolei 890 bp – – –
P. charlesworthii 890 bp – – –
P. chamberlainianum 890 bp – – –
P. glaucophyllum 890 bp – – –
P. primulium 890 bp – – –
P. haynaldianum 890 bp – – –
P. lowii 890 bp – – –
P. dianthum 890 bp – – –

3. Results and discussion

Many well-diverged hybrids of P. armeniacum, P. micranthum
and P. delenatii currently exist in the slipper orchid market world-
wide. These hybrids are morphologically similar in some cases
(Fig. 1), particularly in vegetative parts, and are very difficult to

identify accurately. The rDNA-ITS region have been used in phy-
logenetic analysis in plants at generic and intrageneric levels. The
length and sequences of ITS regions of ribosomal RNA gene repeats
are believed to be fast evolving and therefore may vary. Univer-
sal PCR primers designed from highly conserved regions flanking
the ITS, relatively small size of the ITS region and high copy num-

Table 3
The PCR products using multiplex-PCR amplification of SCAR-600armF/SCAR-300delF/SCAR-700micF/Pap-ITS2R primer pairs in the tested 26 Paphiopedilum inter-species
hybrids.

Hybrid SCAR-600armF SCAR-300delF SCAR-700micF
Pap-ITS2R

Produced DNA fragment

P. armeniacum × P. anitum 600 bp – –
P. armeniacum × P. hangianum 600 bp – –
P. armeniacum × P. vietnamense 600 bp – –
P. bellatulum × P. armeniacum 600 bp – –
P. delenatii × P. armeniacum 600 bp 300 bp –
P. delenatii × P. delenatii – 300 bp –
P. delenatii × P. hangianum – 300 bp –
P. delenatii × P. malipoense – 300 bp –
P. delenatii × P. micranthum – 300 bp 700 bp
P. delenatii × P. vietnamense – 300 bp –
P. emersonii × P. armeniacum 600 bp – –
P. malipoense × P. micranthum – – 700 bp
P. micranthum × P. bellatulum – – 700 bp
P. micranthum × P. delenatii – 300 bp 700 bp
P. micranthum × P. malipoense – 700 bp
P. micranthum × P. rothschildianum – – 700 bp
P. micranthum × P. vietnamense – – 700 bp
P. primulium × P. armeniacum 600 bp – –
P. primulium × P. delenatii – 300 bp –
P. rothschildianum × P. delenatii – 300 bp –
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P.armeniacum      TTGACTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCG  60
P.delenatii       TTGACTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCG  60
P.micranthum      TTGACTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCG  60

P.armeniacum      GTGAAGTGTTCGGATCGTTGTGATGTGTGCGGTTCGCCGCGCACGACACAGCAAGAAGTC 120
P.delenatii       GTGAAGTGTTCGGATCGTTGTGATGTGTGCGGTTCGCCGCGCACGACACAGCAAGAAGTC 120
P.micranthum      GTGAAGTGTTCGGATCGTTGTGGTGTGTGCGGTTCGCCGCGCACGACACAGCAAGAAGTC 120

P.armeniacum      CATTGAACCTTATCATTC--------GAGAAGTCGTAACAAGGTTTCCGTAGTAGAACCT 172
P.delenatii       CATTGAACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGT-GAACCT 179
P.micranthum      CATTGAACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGT-GAACCT 179

P.armeniacum      AACGGAAGGATCATTGTTGAGATCACATAATAATTGATCGAGTTAATCCAGAGGATCAGT 232
P.delenatii       G-CGGAAGGATCATTGTTGAGATCACATAATAATTGATCGAGTGAATCCAGAGGATCAGT 238
P.micranthum      G-CGGAAGGATCATTGTTGAGATCGCATAATAATTGATCGAGTTAATCCAGAGGATCGGT 238

P.armeniacum      TTACTCTGGTCACCCATGGGCGCTCGCTTATTTGCGGTGGCCTAGATTTGCCATGGAG-- 290
P.delenatii       TTACTTTGGTCGCCCATGGGCGCTTGCTA--TTGCGGTGACCTAGATTTGCCATGGAG-- 294
P.micranthum      TTACTTTGGTCACCCTTGGGCGCTTGCTA--TTGCGGTGACCTAGATTTGCCATGGAGGG 296

P.armeniacum      --CCTCCTTGGGAGCTTTCTTGCCGGCGATCTAACCCTTGCCCGGCGCAGTTTTGCGCCA 348
P.delenatii       --CCTCCTTGGGAGCTTTCTTGCCGGCGATCTAACCCTTGCCCGGCGCAGTTTTGCGCCA 352
P.micranthum      AGCCTCCTTGGGAGCTTTCTTGCCGGCGATCTAACCCTTGCCCGGCGCAGTTTTGCGCCA 356

P.armeniacum      AGACATATGACACATAATCGGTGAAGGGCATAGCCCTTCGTGAATTCAAGGAGG-GGGCG 407
P.delenatii       AGTCACATGACACATAAATGGTGAAGGGCACGGCCCTTTGTGAATTCAAGGAGGTGAAGG 412
P.micranthum      AGTCATATGACACATAATTGGTGAAGGGCATAGCCCTTCGTGAATTCGAGGAGG-GGGCG 415

P.armeniacum      GCATGTGGCCTTGACCCTACACTCGCTCCCCCTCTCAAATTATTTTTTGAACAACTCTCA 467
P.delenatii       GCATGTGGCCTTGAGCCTACACTCCCTCCCCCTCTCAAATTATTTTTTGAACAACTCTCA 472
P.micranthum      GCATGTGGCCTTGA----------------CCTCTCAAATTATTTTTTGAACAACTCTCA 459

P.armeniacum      GCAACGGATATCTCGGCTCTTGCATCGATGAAGAACGCAGCGAAATGCGATAAGTGGTGT 527
P.delenatii       GCAACGGATATCTCGGCTCTTGCATCGATGAAGAACGCAGCGAAATGCGATAAGTGGTGT 532
P.micranthum      GCAACGGATATCTCGGCTCTTGCATCGATGAAGAACGCAGCGAAATGCGATAAGTGGTGT 519

P.armeniacum      GAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCATCA 587
P.delenatii       GAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCATCA 592
P.micranthum      GAATTGCAGAATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCCAAGGCCATCA 579

P.armeniacum      GGCCAAGGGCACGCCTGCCTGGGCATTGCGAGTCATATCTCTCCCTTAATGAGGCTGTCC 647
P.delenatii       GGCCAAGGGCACGCCTGCCTGGGCATTGCGAGTCATATCTCTCCCTTAACGAGGCTGTCC 652
P.micranthum      GGCCAAGGGCACGCCTGCCTGGGCATTGCGAGTCATATCTCTCCCTTAATGAGGCTGTCC 639

P.armeniacum      GTGCATACTGTTCAGCCGGTGCGGATGTGAGTTTGGCCCCTTGTTCTTTGGTGCTAGGGG 707
P.delenatii       AGGCATACTGTTCAGCCGGTGCGGGTGTGAGTTTGGCCCCTTGTTCTTTGGTGCTGGGGG 712
P.micranthum      ATGCATACTGTTCAGCCGGTGCGGATGTGAGTTTGGCCCCTTGTTCTTTGGTGCTGGGGG 699

P.armeniacum      TCTAAGAGCTGCAGGGGCTTTTGATGGTCCTAAATTCGGCAAGAGGTGGACGAAATTACM 767
P.delenatii       TCTAAGAGCTGCAGGGGCTTTTGATGGTCCTAAATTCGGCAAGAGGTGGACGCAACGCGC 772
P.micranthum      TCTAAGAGCTGCAGGGGCTTTTGATGGTCCTAAATTCGGCAAGAGGTGGACGAATCATGC 759

P.armeniacum      AACAACGCGAATGCTCCA-GGTTGTC----------GTATTAGATGGGCCAAGCACAATC 816
P.delenatii       TACAACAAAACTGTTGTGCGAATGCCCCGGGTTGTCGTATTAGATGGGCCA-GCATAATC 831
P.micranthum      TACAACAAAACTGTTGTGCGAATGCT----------GTATTAGATGGGCCA-TCATAATC 808

P.armeniacum      TAAAGACCCTTGTGAACCCCACTGGAGGCACATCAACCCGTGATCAGTTGATGGCCATTT 876
P.delenatii       TAAACACCCTTGTGAACCCCATTGGAGGCCCATCAACCCATGATCAGTTGATGGCCATTT 891
P.micranthum      TAGAGACCCTTGTGAACCCCATTGGAGGCCCATCAACCCATGATCAGTTGATGGCCTTTT 868

P.armeniacum      GGTTGCGACCCCAGGTCAGGTGAGGCAACCCGCTGAGTTTAAG 919
P.delenatii       GGTTGCGACCCCAGGTCAGGTGAGGCAACCCGCTGAGTTTAAG 934
P.micranthum      GGTTGCGACCCCAGGTCAGGTGAGGCAACCCGCTGAGTTTAAG 911

Fig. 2. Sequences comparison of the rDNA-ITS regions of P. armeniacum, P. micranthum and P. delenatii. The underlined italics parts indicate the sequences used for designing
forward SCAR primers. The non-underlined italics parts indicate the sequences used for designing reverse SCAR primer. The hyphens indicate the missing nucleotides.

ber enable easy amplification of ITS region (Dubouzet and Shinoda,
1999). These advantages have made rDNA-ITS region as preferred
choice for molecular typing. Thus, many studies in recent years
have employed ITS sequences as genetic markers for various species
(Zhang et al., 2007; Choo et al., 2009; Gulbitti-Onarici et al., 2009).
In this study, the sequence of rDNA-ITS region and SCAR (sequence
characterized amplified regions) markers were used as genetic
markers for distinguishing P. armeniacum, P. micranthum, P. dele-
natii and their hybrid progenies.

To develop the SCAR markers for the identification of tested
Paphiopedilum species, the rDNA-ITS regions in 31 Paphiope-
dilum species were amplified using Pap-18SF and Pap-ITS2R
primers (Table 1). An 890 bp DNA fragment was detectable in
all the tested Paphiopedilum species (Table 2). These rDNA-
ITS fragments collected from the genomic DNA samples of P.
armeniacum, P. micranthum and P. delenatii were sequenced
(Fig. 2). The identified nucleotide sequences for the tested three

species were similar to that of the sequences listed in GenBank
(http://www.ncbi.nlm.nih.gov/). The identified sequences were
further compared to each other to find species-specific primer
regions. As a result, the species-specific regions were obtained
by comparing three entire rDNA-ITS sequences (Fig. 2). These
specifics-specific regions were used for developing species-specific
SCAR markers.

As shown in Table 1, three SCAR primers SCAR-600armF/Pap-
ITS2R, SCAR-300delF/Pap-ITS2R and SCAR-700micF/Pap-ITS2R
were developed for discriminating P. armeniacum, P. micranthum,
P. delenatii and their respective hybrids. SCAR-600armF/Pap-ITS2R
gave a 600 bp product only with P. armeniacum and its hybrid proge-
nies (Tables 2 and 3). On the other hand, SCAR-300delF/Pap-ITS2R
gave a 300 bp product only with genomic DNA samples of P. dele-
natii and its hybrid progenies (Tables 2 and 3), while, only for
P. micranthum and its hybrid progenies, SCAR-700micF/Pap-ITS2R
gave a 700 bp product (Tables 2 and 3). These results indicate that
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Fig. 3. Agarose gel of the PCR products using multiplex-PCR amplification of
SCAR primer pairs SCAR-600armF/SCAR-300delF/SCAR-700micF/Pap-ITS2R, which
amplify a single band specifically for P. armeniacum (600 bp), P. delenatii (300 bp)
and P. micranthum (700 bp) among the tested 32 species, respectively.

the developed three SCAR markers serve the purpose of distin-
guishing P. armeniacum, P. micranthum, P. delenatii and their hybrid
progenies.

In the present work, primers SCAR-600armF/Pap-ITS2R, SCAR-
300delF/Pap-ITS2R and SCAR-700micF/Pap-ITS2R were also used
simultaneously in multiplex-PCR amplification to improve the
application of the designed SCAR markers. The amplification with
combination of these three SCAR primers produced three clearly
amplified PCR products, one for P. armeniacum at 600 bp, one
for P. delenatii at 300 bp, and one for P. micranthum at 700 bp
(Fig. 3). This multiplex-PCR amplification also efficiently produced
similar patterns of DNA fragments enough to discriminate the
hybrid progenies of P. armeniacum, P. micranthum and P. delenatii
(Fig. 4). For instance, only a 600 bp fragment was obtained from
the genomic DNA sample of P. armeniacum × P. vietnamensei. Simi-
lar 600 bp fragment was also found for the genomic DNA sample
of P. primulium × P. armeniacum (Fig. 4). However, both 300 bp
and 700 bp fragments were exhibited by the genomic DNA sam-
ple of P. delenatii × P. micranthum (Fig. 4). On the other hand, both
300 bp and 600 bp fragments were enhibited by P. delenatii × P.
armeniacum (Fig. 4). These results clearly indicate that the result-
ing multi-species discrimination SCAR markers are effective for the

Fig. 4. Agarose gel of the PCR products using multiples-PCR amplification of primer
pairs SCAR-600armF/SCAR-300delF/SCAR-700micF/Pap-ITS2R, which amplify one
or two bands specifically for the tested hybrids of P. armeniacum (600 bp), P. delenatii
(300 bp) and P. micranthum (700 bp), depending on the parent lines used.

identification of these three Paphiopedilum species and their hybrid
progenies.

From the marker-assisted selection point of view, a reliable, fast,
and simple PCR assay to identify the presence of species or variety
differences is highly desirable. In this study, the rDNA-ITS sequence
of three Paphiopedilum species including P. armeniacum, P. micran-
thum and P. delenatii were analyzed and compared. Three SCAR
primers SCAR-600armF/Pap-ITS2R, SCAR-300delF/Pap-ITS2R and
SCAR-700micF/Pap-ITS2R were further developed to distinguish
these three species and their hybrid progenies. Additionally, these
three SCAR markers were also used simultaneously in multiples-
PCR amplification to improve the application of the SCAR markers,
and the results confirmed that the combination of these markers is
also capable of distinguishing each species and their hybrid proge-
nies from closely related Paphiopedilum species. Thus, the designed
SCAR markers can be used to test the species or hybrids origin of
morphologically ambiguous individuals.
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