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Molecular phylogeny and biogeography of Paphiopedilum pfitzer
(Orchidaceae) based on nuclear and plastid DNA

Tsai, CC1, Chiang, YC2, Huang, SC3, Lee, Y14, Chuang, HT1, Chou, CH5
1Kaohsiung District Agricultural Research and Extension Station; 2National Pingtung
University of Science and Technology, Taiwan; 3Agricultural Research Institute;
4National Museum of National Science; 5Research Center for Biodiversity, China
Medical University

Abstract
The phylogeny and biogeography of the genus Paphiopedilum were evaluated using
phylogenetic trees derived from analysis of nuclear ribosomal ITS sequences, the
plastid trnL intron, the trnL-F spacer, and the atpB-rbcL spacer. This genus was
divided into three subgenera: Parvisepalum, Brachypetalum, and Paphiopedilum.
Evaluation of these sequences together provides higher resolution and better bootstrap
support than examination of any of the sequences individually. Based on the
phylogenetic tree derived from the combined data, we demonstrate that each subgenus
is monophyletic. Within the subgenus Paphiopedilum, five sections including
Coryopedilum, Pardalopetalum, Cochlopetalum, Paphiopedilum, and Barbata are
divided. The section Coryopedilum was not identified as monophyletic. Instead, it
forms a clade with the section Pardalopetalum. This result suggests that these two
sections could be combined. In addition, it was found that the subgenus Parvisepalum
also showed a monophyletic character and was located as the basal lineage of this

genus. Therefore, we considered the subgenus Parvisepalum as the origin group of



genus Paphiopedilum. The evolutionary trend of genus Paphiopedilum was deduced
based on the most parsimonious tree constructed from the combined sequence data.
Based on the observed evolutionary trends, it is likely that Paphiopedilum species
were first developed in southern China and were dispersed into Southeast Asia and
the Southeast Asian Archipelagoes. The subgenera Brachypetalum and

Paphiopedilum likely developed after this dispersal event.

I ntroduction
Paphiopedilum Pfitzer belongs to the orchid subfamily Cypripedioideae Lindley. This
subfamily includes only five genera. Cypripedium, Mexipedium, Paphiopedilum,
Phragmipedium, and Selenipedium. Of these genera, two (Mexipedium and
Selenipedium) are monotypic genera , a finding supported by ITS sequence analysis.
These five genera are distributed in separate and restricted geographical ranges.
Paphiopedilum is distinguished from genera Cypripedium and Selenipedium by its
conduplicate coriaceous leaves, as opposed to the plicate persistent leaves of the latter
two genera. Furthermore, Paphiopedilum differs from Phragmipedium and
Mexipedium, as they display imbricate sepal vernation, different chromosome base
numbers, and a unilocular ovary. Paphiopedilum is a genus of tropical Asiatic origin
and its range extends eastward, reaching the Philippines, Southeast Asia, Borneo, and
the Malay Archipelago, crossing Wallace’s Line into Sulawesi, the Moluccas, New
Guinea, and the Solomon Islands. The aim of the present study is to further elucidate
the phylogeny of Paphiopedilum through analysis of plastid DNA sequence data. This
work analyzed the trnL intron, the trnL-F and atpB-rbcL spacers, and the ITS
sequences of nuclear ribosoma DNA to improve the phylogenetic characterization of
the genus Paphiopedilum. In addition, the biogeography of this genus was clarified,

based on the phylogenetic tree derived from the molecular evidence.
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Materials and M ethods
78 species of the genus Paphiopedilum plus two species from the related genus, were
adopted for this study. Pictures of two taxa were shown in Fig. 1. Total DNA was
extracted from fresh leaves by use of CTAB method. PCR amplification and DNA
sequencing were performed based on the recommendations of the manufacturers.
Data analysis was completed using the MEGA program of version 4.1. These data
were then used to construct a tree using the Neighbor-joining method and Maximum

parsimony.

Results and Discussion

The phylogeny of Paphiopedilum were evaluated using phylogenetic trees derived
from analysis of nuclear ribosomal ITS sequences, the plastid trnL intron, the trnL-F
spacer, and the atpB-rbcL spacer. This genus was divided into three subgenera:
Parvisepalum, Brachypetalum, and Paphiopedilum. Evaluation of these sequences
together provides higher resolution and better bootstrap support than examination of
any of the sequences individually. Based on Neighbor-joining (NJ) (Fig. 2) and
maximum parsimony (MP) (Fig. 3) trees derived from the combined data, we
demonstrate that each subgenus is monophyletic. Within the subgenus Paphiopedilum,
five sections including Coryopedilum, Pardalopetalum, Cochlopetalum,
Paphiopedilum, and Barbata are divided. The section Coryopedilum was not
identified as monophyletic. Instead, it forms a clade with the section Pardalopetalum.
This result suggests that these two sections could be combined. In addition, it was
found that the subgenus Parvisepalum also showed a monophyletic character and was

located as the basal lineage of this genus (Figs. 2 and 3). Therefore, we considered the
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subgenus Parvisepalum as the origin group of genus Paphiopedilum. The
evolutionary trend of genus Paphiopedilum was deduced based on the most
parssmonious tree constructed from the combined sequence data. Based on the
observed evolutionary trends, it is likely that Paphiopedilum species were first
developed in southern China and were dispersed into Southeast Asia and the
Southeast Asian archipelagoes. The subgenera Brachypetalum and Paphiopedilum

likely developed after this dispersal event (Fig. 4).
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Fig. 1. Pictures of two Paphiopedilum
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Section Paphiopedilum
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godefroyae var. leucochilum

P. micranthum var. eburneum
100— Phragmipedium longifolium

Subgenus Paphiopedilum

Subgenus Brachypetalum

Subgenus Parvisepalum

Fig. 2. Neighbor-joining tree resulting from analysis of the combined data matrix (nuclear

ribosomal

ITS, plastid trnL intron, trnL-F spacer, and atpB-rbcL spacer) from 78

Paphiopedilum and 3 outgroup species. Bootstrap values > 50% are shown on each branch.
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Fig. 3. The strict consensus of all most parsimonious trees resulting from analysis of the
combined data matrix (nuclear ribosomal ITS, plastid trnL intron, trnL-F spacer, and
atpB-rbcL spacer) from 78 Paphiopedilum and two outgroup species. Bootstrap values > 50%

are shown on each branch.
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Fig. 4. The evolutionary trend of the genus Paphiopedilum, drawn on the map of geographical
distribution, based on the parsimonious phylogenetic tree.
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