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ABSTRACT
Paphiopedilum barbigerum (Orchidaceae) is an endangered species with highly ornamental and horticul-
tural value. The chloroplast genome of the species was assembled using next-generation sequencing
method. The complete cp genome sequence is 156,329 bp in length, comprising a pair of inverted
repeat regions (IRs) of 34,214bp each, separated by a large single-copy (LSC) region of 86056bp, and a
small single-copy (SSC) region of 1845bp. The chloroplast genome contains 126 functional genes,
including 80 protein-coding genes (PCGs), 38 tRNA genes, and 8 rRNA genes. The phylogenetic pos-
ition of the species based on the complete cp genome was also inferred in this study.
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Paphiopedilum barbigerum T. Tang & F. T. Wang native to
crevices of shady limestone cliffs, rocks, or tree trunks at an
elevation of 800–1500m in northern and western Guangxi,
Guizhou, and southeastern Yunnan Province, China (Liu et al.
2009; Long et al. 2009; Shi et al. 2009). Since species
Paphiopedilum were popular and considered to be very valu-
able for Asian gardeners, P. barbigerum has been excessively
mined (Liang et al. 2014). In addition, the habitat of
P. barbigerum continuously faced destruction due to deforest-
ation in the past years. By now, this species is very rare and
endangered (Liang et al. 2014). It has been listed as an
Endangered species (EN) in the Red List of Endangered
Species of the World Conservation Union (International Union
for Conservation of Nature, IUCN 2015). In order to
better understand and protect this species, we reported and
characterized the first complete chloroplast genome of
P. barbigerum by the next-generation sequencing technology.
Furthermore, phylogenomic analysis of this species and its
relatives was also presented.

Fresh leaf material from P. barbigerum was collected from
a living individual in the greenhouse of Beijing Forestry
University, which was transplanted from Libo County,
Guizhou Province (N25.322681�, E107.94811�). Voucher speci-
mens were deposited in the Herbarium of Beijing Forestry
University (BJFC) (collection numbers LMY201901). We used
CTAB method (Doyle and Doyle 1987) to obtain total gen-
omic DNA. Then, an Illumina HiSeq 4000 platform at
Novogene (http://www.novogene.com, China) was applied to
perform 2� 150 bp pair-end sequencing. Clean reads were

mapped to publish chloroplast genome of Paphiopedilum as
references (Kim et al. 2015; Lin et al. 2015; Hou et al. 2018)
using Map function of Geneious R11 (Kearse et al. 2012).
Filtered reads were then used for de novo assembly with
Geneious R11. Gaps were bridged using Fine Tuning function
of Genious R11. The complete chloroplast sequence was
annotated using Plann (Huang and Cronk 2015).

The chloroplast genome of Paphiopedilum barbigerum is
156,329 bp in length. It comprises a pair of inverted repeat
regions (IRs) of 34,214 bp each, separated by a large single-
copy (LSC) region of 86,056 bp, and a very short small sin-
gle-copy (SSC) region of 1845 bp. The chloroplast genome
harbors 126 functional genes, including 80 protein-coding
genes (PCGs), 38 tRNA genes, and 8 rRNA genes. Among
them, 11 protein-coding (rps16, atpF, ropC1, ycf3, clpP, petB,
petD, rpl16, rpl2, ndhB, rps12) and 6 tRNA genes (trnaK-
UUU, trnaG-GCC, trnL-UAA, trnV-UAC, trnI-GAU, trnA-UGC)
have introns. The average GC content of the complete
plastome is 36.0%.

Complete chloroplast genome sequences of
Paphiopedilum and related genera available from GenBank
were downloaded for phylogenomic analysis. Maximum likeli-
hood and Bayesian inference analyses were conducted for
phylogeny reconstruction (Figure 1). The sequence alignment
and all the settings of ML and Bayesian analyses were the
same with the previous study by Kim et al. (2015).
Phylogenetic framework of Paphiopedilum, as well as its
related genera, were consistent with all the previous studies
(Kim et al. 2015; Lin et al. 2015; Hou et al. 2018).
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Figure 1. Maximum-likelihood phylogram of Paphiopedilum inferred from the complete chloroplast genome sequences. ML bootstrap values/pp values for Bayesian
analysis are shown at each node.
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