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Abstract

The genus Dendrobium, with sparse distribution in nature, is one of the largest genera of Orchidaceae.
DNA barcoding could be the best option for rapid and accurate identification of the Dendrobium species.
The objective of the present study is to delineate the Dendrobium species using DNA barcoding
technology. Here, we used a specimen of Dendrobium sp. collected from Brindaban Botanical Garden,
Makawanpur (540 m asl) as a test object. We amplified and sequenced three chloroplast loci, rbcL
(Ribulose-1,5- bisphosphate carboxylase), matK (Maturase K) and psbA-trnH (intergenic spacer) from
the specimen. We retrieved twelve accessions of plastome sequences from NCBI, representing six
Dendrobium species (D. candidum, D. crepidatum, D. chrysanthum, D. denneanum, D. fimbriatum and
D. moschatum) reported in Nepal. Similarly, one accession of plastome of Bulbophyllum epiphytum
was also retrieved, to be used as an out-group. Respective aligned sequences of rbcL, matK and
psbA-trnH were extracted from each accession. Evolutionary analysis was performed following the
Maximum Likelihood approach using MEGA X. The result showed that the evolutionary tree generated
with combined sequences of all three loci (rbcL, matK and psbA-trnH) was better compared to that
generated with sequence of single locus. However, additional markers are required for higher accuracy.
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Introduction

Orchidaceae is the largest vascular plant family,
which consists of ca. 736 genera and ca. 28,000
species in the world (Chase et al., 2015; Christenhusz
& Byng, 2016). Dendrobium is one of the most
diverse genera comprising approximately 1200-
1500 species in the world (Xu et al., 2015), out
of which 30 species have been reported in Nepal
(Shrestha et al., 2022). Species of this genus are used
for medicinal and horticultural purposes (Chinese
Pharmacopoeia Editorial Committee [CPEC],
2010; Feng et al., 2015; Xu et al., 2015). More
than 20 species of Dendrobium with its different
parts are traded under different names in Nepal
(Pyakurel et al., 2019; Shrestha et al., 2010; Subedi
et al., 2013). Due to overexploitation and habitat
destruction, Dendrobium species demand immense
efforts for their conservation. Consequently, all the
species of this genus have been enlisted in CITES
appendices I and II (Convention on International
Trade in Endangered Species of Wild Fauna and
Flora [CITES], 2023).
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The vast diversity of Dendrobium species combined
with a high degree of morphological resemblances
among them, makes it problematic to identify
the species with morphological studies alone
(Adams, 2011; Xu et al., 2015). Precise as well
as rapid identification of the species is crucial for
conservation and management of Dendrobium,
and DNA barcoding could be an effective solution
towards that end. DNA barcoding is the molecular
technology that involves sequencing specific and
standard regions of DNA for species identification
(Asahina et al., CBOL plant working group, 2009;
2010; Feng et al., 2015). This technology can also
be used for the identification of botanical origins of
crude drugs (Asahina et al., 2010).

In this study, we attempted to identify best performing
molecular markers to delineate the Dendrobium
species. There is ambiguity in selecting molecular
markers for species differentiation in Dendrobium,
as findings of different researches are not consistent.
Lahaye et al. (2008) proposed matK as universal
DNA barcode for flowering plants including orchids.
Asahina et al. (2010) found matK effective to
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distinguish Dendrobium species. Liu et al. (2019)
and Nguyen et al. (2020) proposed ITS (Internal
Transcribed Spacer) as barcode for Dendrobium. Xu
et al. (2015) recommended combined sequence of
matK and ITS as the core barcode for Dendrobium.
Here, we isolated and sequenced three chloroplast
loci viz. rbeL, matK and psbA-trnH as possible DNA
barcodes for Dendrobium species.

Materials and Methods

Plant material and DNA extraction

We collected leaf of Dendrobium sp. from the
Brindaban Botanical Garden, Makawanpur (Alt.
540 m, Lat. 27.49283°N and Long. 85.04564°E) and
dried it in silica gel. The sample code was assigned
as BT-23. Total genomic DNA was isolated using
CTAB method (Keb-Llanes et al., 2002). Voucher
specimens were also collected and stored at KATH
(specimen no. M1 22/11/2022).

PCR amplification and sequencing

Three plastid markers rbcL (Ribulose-1,5-
bisphosphate carboxylase), matK (Maturase K) and
psbA-trnH (the intergenic spacer between the gene
coding protein D1, a polypeptide of the photosystem
IT reaction center (psbA) and gene coding histidine
accepting tRNA (trnH)) were amplified (Figure
1) and sequenced using primers listed in Table 1.
One or few nucleotides had to be substituted in the
primer described previously to maintain the melting
temperature and GC content between primer pairs
and also to minimize the possibility of self and
cross primer dimer formation. The PCR conditions
were 35 cycles of denaturation at 94°C for 30 Sec.,
annealing at 54°C for 30 Sec. and extension at 72°C
for 1 min. The PCR conditions were same for all
three primer pairs.

Table 1: Primers used in the study
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Figure 1: PCR amplification of rbcL, matK and psbA-trnH
from BT-23

The sequencing was carried out in ABI310 Genetic
Analyzer. The newly generated sequences of rbcL
and matK were registered at the NCBI and the
assigned NCBI accessions are presented in Table 2.
Also, a very short sequence read was obtained for
psbA-trnH, which was not shared with the NCBI,
but has been given in Appendix 1.

Table 2: GenBank accessions generated in the study

Species Locus | GenBank accession
Dendrobium moschatum (Banks) Sw. | rbcL 0Q187817
matK 0Q144654

Sequence downloads and data analysis

We retrieved twelve accessions of plastome
sequences from the NCBI, representing six
Dendrobium species reported from Nepal. Similarly,
one accession of plastome of Bulbophyllum
epiphytum was also retrieved (Table 3). Respective
aligned sequences of rbcL, matK and psbA-trnH
were extracted from each accession manually using
SnapGene viewer tool.

Locus Primer name Sequence (5—» 3’) Remarks
rbeL rbcL-F ATGTCACCACAAACAGAGACTAAAG Modified from Kress et al., 2009
rbcL-R GTAAAATCAAGTCCACCACG
matK matK-F CCATCCATCTAGAAATCTTGGTTC Modified from Yu et al., 2011
matK-R GCTGTAATAATGAGAAATATTTCTGC
psbA- psbA GTTATGCATGAACGTAATGCTC Modified from Sang et al., 1997
trnH trnH CGCGCATGGTGGATTCACAATC Modified from Tate et al., 2003
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Table 3: Plastome sequences retrieved from NCBI Phy]ogenetic analysis was performed fo]]owing
S.N. Species GenBank accession the Maximum Likelihood approach and Kimura 2

1. | Bulbophyllum epiphytum | MN737573.1:82380-83051 : :
2. | Dendrobium candidum KY887994.154604-55141 Parla.mej[er (K2P) lil/llold cl Imt]g 1(1)09 bootsérapplp &
3. | Dendrobium candidum | MZ129032.155309-55844 | ~ replications using Molecular Evolutionary (enetics
4. | Dendrobium chrysanthum | LC490682.11944-2847 Analysis (MEGA X) tool. The sequence of
5. | Dendrobium chrysanthum |LC490683.11945-2848 Bulbophyllum epiphytum was used as an out-group
6. | Dendrobium chrysanthum |LC490684.11945-2848 to root the tree.
7. | Dendrobium crepidatum | 1LC490404.11958-2861
8. | Dendrobium crepidatum | LC490675.11958-2861 . .
9. | Dendrobium crepidamum | LC193509.11939-2842 Results and Discussion
10. Dendrobl.um denne.anum LC192955.154366-54901 matK is better marker than rbel. marker
L1. | Dendrobium fimbriatum |LC193521.11941-2844
12. | Dendrobium moschatum | OM161978.12057-2960 Phylogenetic analysis using rbcL sequences
13. | Dendrobium moschatum _|NC 061572.1 showed rather poor species discrimination power.

Dendrobium candidum MZ129032.155309-55844
Dendrobium denneanum LC192955.154366-54901
Dendrobium candidum KY887994.154604-55141
Dendrobium moschatum NC 061572.1
Dendrobium moschatum OM161978.12057-2960
Dendrobium fimbriatum LC193521.11941-2844
Dendrobium crepidatum LC193509.11939-2842
Dendrobium crepidatum LC490675.11958-2861
Dendrobium crepidatum LC490404.11958-2861
Dendrobium chrysanthum LC490682.11944-2847
4{ Dendrobium chrysanthum LC490683.11945-2848
Dendrobium chrysanthum LC490684.11945-2848
Dendrobium sp. BT-23
Bulbophyllum epiphytum MN737573.1:82380-83051 (outgroup)

]

0.0010

Figure 2: Maximum Likelihood tree generated using rbcL sequences based on the K2P model. The number on the branch
represent bootstrapping support after 1000 bootstrap replications test. Scientific names are followed by respective GenBank
accession numbers. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. There were
a total of 538 positions in the final dataset. Evolutionary analyses were conducted in MEGA X

Dendrobium moschatum OM161978.12057-2960
i{ Dendrobium moschatum NC 061572.1
Dendrobium sp. BT-23
Dendrobium chrysanthum LC490682.11944-2847
_«{ Dendrobium chrysanthum LC490683.11945-2848
= Dendrobium chrysanthum LC490684.11945-2848
— Dendrobium denneanum LC192955.154366-54901
Dendrobium fimbriatum LC193521.11941-2844
Dendrobium candidum KY887994.154604-55141
99 ' Dendrobium candidum MZ129032.155309-55844
Dendrobium crepidatum LC490404.11958-2861
Dendrobium crepidatum LC490675.11958-2861
Dendrobium crepidatum LC193509.11939-2842
Bulbophyllum epiphytum MN737573.1:82380-83051 (outgroup)

—_—
0.0050
Figure 3: Maximum Likelihood tree generated using matK sequences based on the K2P model. The number on the branches
represent bootstrapping support after 1000 bootstrap replications test. Scientific names are followed by respective GenBank
accession numbers. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. There were
a total of 904 positions in the final dataset. Evolutionary analyses were conducted in MEGA X
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This marker was able to delineate D. chrysanthum
only. Most of the species under the study fall under
the same clade (Figure 2). Interestingly, the tree
generated with matK sequence performed better
(Figure 3) which is consistent with previous reports
(Asahina et al., 2010; Lahaye et al., 2008).

Tree generated with combined rbcL, matK and
psbA-trnH is better

The tree generated with combined sequences of
rbcL, matK and psbA-trnH was better than that
generated with single locus matK. Specifically, for
D. chrysanthum, the bootstrapping support value
significantly increased from 68 to 94 (Figure 3
and 4). Moreover, our test object BT-23 could be
the D. moschatum as it clumped at the clade of D.
moschatum, but the specimen seems somewhat
different compared with two other accessions of D.
moschatum (Figure 4).

rbcL, matK and psbA-trnH markers are still not sufficient
enough for Dendrobium species discrimination

Based on the evaluation of recoverability, sequence
quality and species discrimination level, Consortium
for the Barcode of Life’s (CBOL) plant working
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group (2009) recommended the combination of
rbeL and matK as a plant barcode. Contrastingly, our
results show that the tree generated with rbcL, matK
and psbA-trnH combined sequences are better but
still not sufficient enough, as bootstrapping support
values are less than 50 for some branches (Figure 4),
suggesting the necessity of more markers for precise
delineation of Dendrobium species.

Li et al. (2021) suggested ndhF and ycfI in along
with matK as barcodes for Orchids, ndhF and ycf1
could be the potential loci to be added for analysis.
For medicinal orchids, Raskoti and Ale (2021) found
ITS and ITS+matK as the most efficient single and
multi-loci barcodes respectively. Several reports
also recommended ITS as barcode for Dendrobium
(Liu et al., 2019; Nguyen et al., 2020), but Feng et
al. (2015) stressed that ITS2 region is not a sufficient
enough barcode to identify Dendrobium species.
Also, Xu et al. (2015) recommended matK + ITS as
core barcode for Dendrobium, but one should be very
careful while combining chloroplast and nuclear
DNA sequences. It may represent an oversimplified
version of genetic history as chloroplast and nuclear
DNA may reflect distinctly different evolutionary
histories (Wei et al., 2014).

Dendrobium moschatum OM161978.12057-2960

6 Dendrobium moschatum NC 061572.1

———

0.0050

Dendrobium sp. BT-23

Dendrobium fimbriatum LC193521.11941-2844
Dendrobium candidum KY887994.154604-55141
Dendrobium candidum MZ129032.155309-55844
Dendrobium denneanum LC192955.154366-54901
Dendrobium chrysanthum LC490682.11944-2847
Dendrobium chrysanthum LC490683.11945-2848
Dendrobium chrysanthum LC490684.11945-2848
Dendrobium crepidatum LC490404.11958-2861

Dendrobium crepidatum LC490675.11958-2861

Dendrobium crepidatum LC193509.11939-2842

Bulbophyllum epiphytum MN737573.1:82380-83051 (Outgroup)

Figure 4: Maximum Likelihood tree generated using rchL+matK+psbA-trnH sequences based on the K2P model. The number
on the branches represent bootstrapping support after 1000 bootstrap replications test. Scientific name is followed by respective
GenBank accession number. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site.
There were a total of 1774 positions in the final dataset. Evolutionary analyses were conducted in MEGA X
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Conclusion

Correct identification of species is a prerequisite
for species conservation and management. Upon
availability of any biological material, DNA
barcoding could be the best option for precise
and rapid identification. Here, we found that
the combination of rbcL, matK and psbA-trnH
sequences offered better species discrimination
compared to single locus marker, but additional
markers are still required for higher accuracy. Some
more chloroplast and nuclear markers, for instance,
ndhF, ycfl, ITS, ASI etc. need to be tested in order
to get a more robust tree of Dendrobium species.
However, the research provided sufficient indication
on the validity of the DNA barcoding approach.
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Appendix I: psbA-trnH sequence of Dendrobium moschatum (Banks) Sw.

CAACAAGATAGCAATCCCCCAATATCTTGTTCTTAGAACAAGATATTGGGGGATTGCTACCTTC
AAAAATTCATATACATACAAAAGTATTATCCATTTATAGATGGAGCT
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