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Abstract. Difficulties in identifying Vanda species are still encountered, and the ambi-
guity in its taxonomy is still unresolved. To date, the advancement in molecular genetics 
technology has given rise to the molecular method for plant identification and elucidation. 
One hundred twenty-five (125) gene sequences of Vanda species from the Philippines 
were obtained from the NCBI GenBank. Four of the 25 loci were further examined using 
MEGA 11 software for multiple sequence alignment, sequence analysis, and phylogenetic 
reconstruction. The indel-based and tree-based methods were combined to compute the 
species resolution. The result showed that ITS from the nuclear region obtained the highest 
species resolution with 66.67%. It was then followed by psbA-trnH, matK, and trnL-trnF 
from the chloroplast genome with a species resolution of 60%, 40%, and 30.77%, respec-
tively. ITS and psbA-trnH satisfied the ideal length for DNA barcoding as they have 655 bp 
and 701 bp, respectively. The locus psbA-trnH was also considered to have a higher potential 
to discriminate Vanda species since only a few sequences were tested for ITS. Furthermore, 
ITS and trnL-trnF have the highest variable rate, which is 2.9%, while matK and psbA-
trnH have 2% and 1.3%, respectively. This showed the nature of the unique sequences 
of various species. In this study, the indel-based method provided better results than the 
tree-based method. It will help support further DNA barcoding studies and strengthen the 
conservation and protection of Vanda spp. in the Philippines.
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Introduction

Orchidaceae is one of the largest monocotyledonous 
families in the Philippines. Approximately 1,200 species 
are recorded, 85% of which are endemic to the country 
(Dizon et al. 2018). Orchids are widespread as they can 
either be aquatic, epiphytic, lithophytic, or terrestrial. 
They also have a variety of economic benefits including 
ornamental, medicinal, food, and cosmetic applications. 
Some orchid species are also ecologically significant as 
bioindicators of environmental health, and as habitats for 
microorganisms (Panal et al. 2015). 

There is a lack of studies concerning the classifica-
tion and identification of Vanda spp. in the Philippines. 
In Thailand, the use of in silico analysis of molecular 
data has broadened the study of Vanda spp. for identifi-
cation and conservation. In silico analysis had provided 
new tools for plant molecular identification (Tanee et al. 

2012). The genus Vanda is represented by 17 species, 
ten of which are endemic to the Philippine archipelago. 
As stated in the Department of Environment and Natural 
Resources Administrative Order No. 2017–11 (DENR 
Administrative Order 2017), Vanda lamellata Lindi. and 
Vanda sanderiana (Rchb.f.) Rchb.f are classified as crit-
ically endangered. Furthermore, Vanda javierae D.Tiu ex 
Fessel & Liickel, Vanda luzonica Lober ex Rolfe, Vanda 
merrillii Ames & Quisumb., and Vanda scandens Holttum 
are categorized as endangered. Biodiversity conservation 
and the sustainable use of orchid plant species rely on 
accurate species identification, which can be done by 
examining the species at a genetic level (Lahaye et al. 
2008). DNA barcoding has increasingly become more 
accessible and is widely used to support conservation 
efforts. 

DNA barcoding is a method employed to distinguish 
a species at any stage of development through a segment 
of DNA (Vu et al. 2017). It can be a cheaper alternative 
tool for promoting more standardized and reliable species 
identification (Vu et al. 2017). In plants, the universal 
barcode locus is still unknown. The Consortium for the 
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Barcode of Life (CBOL) Plant Working Group (2009) 
included universality, sequence quality and coverage, 
and discrimination as the important criteria in evaluat-
ing candidate loci for it to be a standard DNA barcode 
for land plants. 

There were several loci suggested for the family of 
orchids. The following are rbcL, psaB, atpB, and matK 
in the chloroplast genome, 18S and Xdh regions in 
the nuclear genome, and nad1b-c in the mitochondrial 
genome (Kim et al. 2013). In Thailand, rbcL + matK is 
the multi-locus barcode proposed for Vanda spp. (Kim 
et al. 2013; Tanee et al. 2012). The use of the mitochon-
drial genome in plants revealed adverse effects, such as 
influencing the rate of synonymous substitution to a low 
level, alteration in the genome structure, and the import 
of nucleus and chloroplast sequences (Vu et al. 2017). 
Despite the poor qualities of the mitochondrial genome 
regarding plant species discrimination, recent studies still 
consider utilizing it for further taxonomic and phyloge-
netic assessment. 

The main objective of this in silico study was to eval-
uate the candidate locus that has the capacity to accurately 
identify Vanda spp. collected from the Philippines, which 
were available on the National Center for Biotechnology 
Information (NCBI) – GenBank. The study may contrib-
ute to the use of proper molecular sequences as effective 
barcoding markers for the identification of Vanda spp., 
for the purposes of breeding, conservation and diversity 
research of this orchid plant.

Material and methods 
Sequence data acquisition

Only 9 of the 17 Philippine Vanda spp. have availa-
ble accession numbers at NCBI GenBank Nucleotide 
Database. These are V. furva, V. lamellata, V. luzonica, 
V. merrillii, V. miniata, V. roeblingiana, V. sanderiana, 
V. tricolor, and V. ustii. The collection of the available 
DNA sequences of their synonyms and varieties were con-
sidered because a higher number of sequences is ideal for 
generating the necessary data for analysis. The additional 
accessions came from V. aurantiaca (synonym: Ascocen-
trum aurantiacum), V. lamellata var. boxallii, V. lamellata 
var. remediosae, V. mariae (synonym: V. limbata), V. min-
danaoensis (synonym: V. lindenii), V. miniata (synonym: 
Ascocentrum miniatum), V. sanderiana (synonym: Euan-
the sanderiana), and V. tricolor var. suavis. Upon initial 
collection, 105 GenBank accessions were acquired from 
these species. Each accession was then reinspected, and 
125 DNA sequences were retrieved from the 25 loci that 
were located. The number of accession numbers and the 
number of species between each locus varied. Of the 25 
loci, 21 have at least one to three sequences and were 
not used further in the analyses because bootstrapping 
requires four or more taxa to run. In this study, 90 DNA 
sequences from four loci underwent additional exami-
nation. However, the elimination of sequences per locus 
would still be possible depending on the parameters that 
would be evaluated.

Multiple sequence alignment

Multiple sequence alignment (MSA) has been conducted 
and utilized in the MEGA 11 software version 11.0.10. 
for this specific procedure. The unaligned sequences 
from each locus were imported into a blank alignment 
window where homologous characters were identified 
and aligned (Hall 2013) using the Multiple Sequence 
Comparison by Log Expectation (MUSCLE) algorithm 
and the Unweighted Pair Group Method with Arithmetic 
Mean (UPGMA) clustering method. Both were carefully 
chosen as the results obtained from this procedure were 
used to assess the nucleotide polymorphism and construct 
the phylogenetic tree of each candidate locus. 

In choosing the clustering method, UPGMA was 
employed as this gives a marginally higher benchmark 
score against Neighbor-joining (NJ) (Edgar 2004a, b). 
The MSAs obtained were then evaluated and ‘cleaned’. 
Surfeit nucleotides were trimmed-off at the beginning 
and end regions of the sequences. If left untrimmed, the 
highly varied sequences might split conspecific sequences 
into the tree branches as they can be interpreted as pol-
ymorphisms.

Sequence variation and indel information analysis

The sequence variation was manually probed using the 
Sequence Data Explorer function in MEGA 11 to high-
light and record constant sites, variable sites, parsimony 
informative sites, and singleton sites. The formula based 
on the recent study of Nguyen et al. (2020) was used in 
computing the rate for each site is as follows:

bp
Pi,S,C or V # 100

wherein:
Pi = parsimony-informative 
S = singleton 
C = conserved 
V = variable 
bp = alignment length 

Gaps were also observed in the individually aligned 
loci. It represents the indels, carrying important evolution-
ary information (Chatzou et al. 2016). Most researchers 
are still debating whether to remove or retain the indels in 
the aligned sequences. Either option is crucial for recon-
structing the phylogenetic tree because overlooked errors 
during the alignment will result in poor tree estimation 
(Tan et al. 2015). However, the indels contained in the 
aligned locus of matK, trnH-psbA, trnL-trnF, and ITS 
were reported to contribute to the enhanced resolution 
of phylogenetic analysis and species-level identification 
of plants (Sanyal et al. 2015). 

Phylogenetic reconstruction analysis

Unrooted is the type of phylogenetic tree utilized in 
this study because it is advantageous when present-
ing sequences grouped according to their similarities 
or differences (Kinene et al. 2016). On the other hand, 
Neighbor-joining (NJ) is the statistical method used in its 
construction. A separate phylogenetic tree for each locus 
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was built to analyze the relationship among species. One 
thousand (1,000) bootstrap replicates were also conducted 
alongside the tree building to establish the confidence 
level of the species clustered together. A bootstrap value 
≥90% is the objective, meaning that a particular clade or 
branch is strongly supported. To identify the most suitable 
nucleotide substitution model, the Best-fit Substitution 
Model analysis feature in MEGA 11 was used (Hall 2013). 
Among the 24, the T92 model obtained the lowest Bayes-
ian Information Criterion (BIC) score and is posited to 
describe the best substitution pattern. 

Computation of tree-based and indel-based species 
resolution

The species resolution could be measured based on 
sequence length, variable sites, and the combination of the 
tree-based method and indel fragments (Vu et al. 2018). 
All were evaluated in this study; however, the species 
resolution was more concentrated on the latter, as sug-
gested by Vu et al. (2017). The species resolution was also 
calculated using the formula based on the recent study of 
Nguyen et al. (2020). Before adding the total number of 
successfully identified species from both the tree-based 
and the indel-based methods, it is important to remember 
that it would only be counted as one if a species is already 
considered identified either in one or both methods. The 
formula used is as follows:

S
T + I # 100

wherein: 
T = total number of identified species in the tree-based method 
I = total number of identified species in the indel-based method 
S = total number of the available species per locus

Results and discussion 

Evaluation of the potential loci 

Several factors must be considered to select the best loci 
for identifying Philippine Vanda spp. from the candidate 
loci. First, the nucleotide sequences must not contain 
ambiguous sites and must have a length ranging from 
400 bp to 800 bp. As mentioned earlier, sequences that 
are too long might not be appropriate for extraction, 
amplification, and sequencing, while those that are too 
short might not have adequate divergence information. 
Next, the locus should have a good variable rate among 
the sequence variation, as this will aid the reliability of 
the data gathered from the indel-based method. Lastly, 
a high species resolution will serve as the fundamental 
criterion. However, the number of species assessed for 
every locus must be considered since they greatly vary 
for each locus.

Candidate loci for identifying Philippine Vanda spp.

The number of retrieved DNA sequences for each locus 
located in the varying genome was presented (Figs 1, 2). 
None were specifically found in the mitochondrial genome 
upon locating every locus within the acquired nucleotide 
sequences. Most were positioned either in the chloroplast 

or nuclear genome. The loci with more than four nucle-
otide sequences underwent further examination. These 
were matK, psbA-trnH, and trnL-trnF in the chloroplast 
genome and the assemblage of ITS in the nuclear genome. 
The total number of nucleotide sequences for the four 
candidate loci shown is still subject to change. A set of 
parameters was regarded as necessary to select the best 
loci for discriminating Vanda species, and these were 
further discussed in the following sections.

Sequence length and alignment capability

One of the factors affecting the quality of the loci during 
the performance of MSA is the number of barcoded sam-
ples. The contrasting numbers of selected accessions and 
species were presented (Fig. 3). Then, the acquired align-
ment length of every locus was also analyzed (Fig. 4). 
Another factor that was examined in this study is the 
number of indels observed per locus (Fig. 5). 
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Figure 1. Number of DNA Sequences of the loci located in chloroplast 
genome of Philippine Vanda spp.
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Figure 2. Number of DNA sequences of the loci located in nuclear 
genome of Philippine Vanda spp.
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One assemblage of ITS1-5.8S-ITS2 and four assem-
blages of 18S-ITS1-5.8S-ITS2-28S, ranging from 654 bp 
to 937 bp, were analyzed in ITS. Sites 1 to 155 and 811 
to 938 were deleted because these were not properly 
aligned. The inferred alignment length after MSA was 
655 bp, with a total of 20 indels. Recent studies have 
recommended using of the ITS2 portion rather than the 
full-length ITS because the latter is more prone to com-
plications when performing the required DNA barcoding 
protocols (Hollingsworth et al. 2011). However, an inde-
pendent assessment for ITS2 was infeasible because of 
the locus’s presence in every DNA sequence of Philippine 
Vanda spp. was sparse. In addition, there is still a need 
to evaluate if the reduction of characters could affect the 
ability of a locus to discriminate species (Hollingsworth 
et al. 2011).

Out of 30 sequences collected in matK, two nucleo-
tide sequences were excluded preceding the MSA. The 
accession KP772698.1 contains N in sites 14 and 15 and 
it denotes an ambiguous nucleotide base that can either 
be A, G, C, or T (Tamura n.d.). Meanwhile, FR832764.1 
carried M in site 53, which stands for either A or C nucle-
otide base (Tamura n.d.). Retaining these sequences may 
influence the accuracy of the interpretation because of 
their ambiguity. Since the length of the sequences was 
around 952 bp to 1682 bp and a substantial amount of 
unwanted nucleotide bases were observed, sites 1 to 422 
and sites 1351 to 1682 were removed. Moreover, the 
length of the aligned sequences was 928 bp, and there 
were 43 indels found. Longer sequences of matK are 
usually suggested as they tend to improve species dis-
crimination over shorter ones (Vu et al. 2018).

In the psbA-trnH locus, KC985290.1 was elimi-
nated from the 27 obtained nucleotide sequences due to 

poor quality as it comprises N in site 725. The shortest 
sequence length in the accumulated nucleotide sequences 
was 712 bp, while the longest was 769 bp. Following 
the MSA, sites 1 to 22 and sites 724 to 791 were deleted 
because these were not entirely aligned. The sequence 
length after the alignment was 701 bp, and it only resulted 
in 18 indels. 

The sequence length of trnL-trnF was reduced to 
829 bp after removing sites 1 to 156, sites 185 to 418, 
and sites 1221 to 1348. Initially, it only spans from 972 bp 
to 1227 bp. GenBank accession EF670422.1 was omit-
ted as it comprises N in site 54, M in site 253, and R in 
site 254. R indicates it can be a purine, A or G (Tamura 
n.d.). A similar character was also seen in site 159 of 
KC244663.1; thus – it was also excluded. Many ambig-
uous characters in sites 313, 320, 345, 348, 350, 354, 
and 374 were found in KC985396.1. In addition, Y was 
also seen in sites 840 and 972, representing pyrimidines 
like C or T (Tamura n.d.). There were 53 indels spotted 
in the 25 aligned nucleotide sequences. 

Among the four loci, ITS and psbA-trnH met the cri-
teria for the standard length required in DNA barcoding. 
In the assemblage of ITS, 18S and 26S are positioned at 
both ends, while 5.8S is in the middle (Vu et al. 2017). 
These highly conserved regions can provide better infor-
mation for deriving relationships among similar sequences 
(Vu et al. 2017). It is also considered to be one of the loci 
that is complicated to align, perhaps due to a high num-
ber of indels or high variation in length (Vu et al. 2018). 
Meanwhile, the collected nucleotide sequences for psbA-
trnH have a length approximately close to each other. It 
may have influenced the low number of indels obtained 
upon the alignment as compared to previous  studies. 

Longer sequences with high variation in length tend 
to be more challenging to align, as explicitly recognized 
in matK and trnL-trnF. Additionally, both loci acquired 
the highest number of indels. In this study, coding regions 
in the chloroplast genome like matK, are as challeng-
ing to align as the intergenic spacers in the chloroplast 
genome, in this case, trnL-trnF. It is probably because 
of the polynucleotide repeats in its sequences, aside from 
having many indels (Vu et al. 2018). Despite the com-
plexity during the alignment, all four loci were aligned 
successfully. The characters within each locus’s nucleo-
tide sequences were useful in analyzing the nucleotide 
polymorphisms that could also help reveal the species 
resolution of a certain locus.

Sequence variation

Parsimony-informative sites have at least two nucleotides 
occurring twice (Tamura et al. 2021). In contrast, one 
type of nucleotide occurs multiple times in a singleton 
site. Sequences that are not lower than three and consist 
of unambiguous nucleotides are automatically recognized 
as singleton sites when using MEGA software (Tamura 
et al. 2021). The parsimony and singleton rate obtained 
for each locus were also presented (Fig. 6).

In this study, the chloroplast coding gene and inter-
genic spacers contained more parsimony-informative sites 
than the nuclear gene. Maturase k (matK) has a parsimony 
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rate of 1.4%, higher than psbA-trnH and trnL-trnF with 
1.1% and 0.8%, respectively. 

Meanwhile, the parsimony-informative site was absent 
in the aligned sequences of the ITS assemblage. On the 
other hand, the entire length of ITS has a higher single-
ton rate followed by trnL-trnF, matK, and psbA-trnH. 
The values obtained were 2.9%, 2.1%, 0.6%, and 0.1%, 
respectively. The conserved site, commonly called the 
constant site, carries identical nucleotides in all the exist-
ing sequences (Tamura et al. 2021). It is recognized by 
MEGA 11 if a minimum of two sequences are found to 
have unambiguous nucleotides. Conversely, the variable 
site is the opposite of the conserved or constant site. It 
comprises at least two types of nucleotides, which can 
either be parsimony-informative or singleton (Tamura 
et al. 2021). The conserved and variable rate acquired in 
this study is also shown (Fig. 7). The locus psbA-trnH was 
significantly conserved compared to the other loci as it 
has a rate of 98.7%. It was followed by matK (98%), ITS 
(96.9%), and trnL-trnF (95.9%). On the other hand, the 
locus with the least variable rate was psbA-trnH (1.3%). 
In contrast, the two loci with the gratest variable rate were 
ITS and trnL-trnF (2.9%). The variable rate of matK was 
2%, which lies between the three loci. 

The relationship between the conserved rate and var-
iable rate was also emphasized (Fig. 7). The parsimony 
and singleton rates were no longer focused on since the 
combination of both also equals the variable rate. It was 
observed that the higher the conserved rate, the lower the 
variable rate and vice versa. The conserved rate depicts 
how similar the sequences of different species are and how 

relatively unchanged they are after several generations. 
It is also a major primer design quality (Vu et al. 2020). 
On the contrary, variable rates indicate how distinct the 
sequences of different species are. The unique character 
contained within the variable sites can distinguish species 
from one another. It is especially important to examine 
the species-specific SNP approach (Vu et al. 2020). 

Tree-based species identification

The tree-based identification revealed that V. tricolor and 
V. luzonica formed a paraphyletic group (Fig. 8). The 
branching between EF670375.1 and EF670374.1 showed 
they were relatively similar. However, their bootstrap 
value was not supported, as it only has 47% support. 
Even though AY278111.1 is of different species, it has 
a well-supported bootstrap value of 87% with the previ-
ously mentioned accessions of V. tricolor. It revealed that 
there could be uncertainty in their relationship. A related 
problem may have occurred with EF670373.1 as no boot-
strap value could support its relationship with V. luzonica 
and most notably with the other species of V. tricolor. 
Accession No. KC244655.1 was not supported by boot-
strap value, which could also signify that the number of 
accessions for the species was too low. Despite these 
circumstances, it was still separated into a single mono-
phyletic branch.

Several clades in the generated phylogenetic tree for 
the matK locus predominantly received weakly supported 
and not supported bootstrap values. Multiple accessions of 
different species were primarily clustered in monophyletic 
branches, except for one variations of V. lamellata, V. lim-
bata, and V. miniata, along with A. miniatum, as each of 
them produced monophyletic branches separately. In the 
study by Gardiner et al. (2013), V. tricolor and V. ustii 
were also grouped with 63% support. The researchers 
proposed that both species belong to the section Delto-
glossa as they have similar morphological features like 
‘cylindrical column with thickened base’. The grouping 
of V. merrillii and V. luzonica into a monophyletic branch 
could also be associated with the resemblance in their 
morphology that was shared among the species recom-
mended to be categorized in section Deltoglossa. V. linde-
nii and V. furva were also clustered in one monophyletic 
branch. Both species were observed to have appendages 
on the midlobe of its labellum that was common to the 
species in section Dactylolobata (Gardiner et al. 2013). 
Lastly, most of the species of V. lamellata also formed 
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Figure 8. Neighbor-joining (NJ) tree of ITS. The NJ tree was inferred from ITS gene sequences using 
MEGA 11 with a 1000 bootstrap replicates.
Figure 8. Neighbor-joining (NJ) tree of ITS. The NJ tree was inferred 
from ITS gene sequences using MEGA 11 with a 1,000 bootstrap rep-
licates.
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a monophyletic branch with V. roeblingiana and V. san-
deriana. It could be due to their distinctive morphological 
characteristics, for instance, ‘cylindrical column without 
thickened base’ and ‘usually modified or embellished 
labellum midlobe’ as they were suggested to be classified 
in section Roeblingiana (Gardiner et al. 2013). However, 
V. lamellata var. boxallii was recognized from the other 
species of V. lamellata since it was clustered in a separate 
monophyletic branch. 

The NJ tree inferred for psbA-trnH exhibited unre-
solved relationships for some species. Despite being dif-
ferent from each other, V. merrillii, V. tricolor, and V. ustii 
were clustered in a monophyletic branch. They were some 
of the species proposed to be categorized under section 
Deltoglossa (Gardiner et al. 2013). It has a 46% boot-
strap value that is equivalent to not supported. Including 
V. lindenii might have affected it since they do not share 
a certain morphological character. It was suggested to be 
placed in the section Dactylolobata (Gardiner et al. 2013). 
Another identification failure was observed in V. lamellata 
and V. luzonica as they were split into polyphyly. How-
ever, it was noticeable that V. lamellata var. remediosae 

formed a distinct clade. Consequently, that variety could 
be considered identifiable. V. roeblingiana, A. miniatum, 
and V. miniata were also branched into a separate clade. 
Although A. miniatum is a homotypic synonym of V. min-
iata, they were individually identified using the psbA-trnH 
locus. Meanwhile, the species positioned in a paraphyletic 
group was V. furva. As presented in the tree, the node 
with an 81% bootstrap value implied that the few species 
recommended to be classified in section Roeblingiana 
were well-supported (Fig. 10). The other species that were 
grouped in a monophyletic branch that was successfully 
identified were V. limbata and V. sanderiana. 

The clustering of species in the phylogenetic tree gen-
erated for trnL-trnF was intricate as well (Fig. 11). As 
mentioned earlier in matK, V. furva and V. lindenii might 
have been grouped in one monophyletic branch because 
they have common characteristics that are unique only to 
section Dactylolobata. Moreover, the species suggested to 
be classified under section Deltoglassa, including V. lim-
bata, V. luzonica, V. tricolor, and V. ustii, were clustered 
in a monophyletic branch even if they were of varying 
species. As analyzed in the phylogenetic tree, V. merillii 

Figure 9. Neighbor-joining (NJ) tree of matK. The NJ tree was inferred from matK gene sequences using 
MEGA 11 with a 1000 bootstrap replicates.
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exhibits a polyphyletic group. V. lamellata var. reme-
diosae and V. sanderiana were individually identified 
since they formed separate monophyletic branches. They 
acquired weakly supported bootstrap values, 62% and 
69%, respectively. On the contrary, V. roeblingiana and 
the other species of V. lamellata remained unidentified 
in the monophyletic branch. It supports the unpublished 
data for the proposed species to be placed in the section 
Roeblingiana as they share a certain morphological char-
acter (Gardiner et al. 2013). 

Indel-based species identification

The application of indel information is proposed to help 
identify distinctions among species that a phylogenetic 
tree sometimes fails to exhibit (Vu et al. 2020). Upon 
examining the indels within ITS, the three clones of V. tri-
color share deletion in site 90 and insertion in site 636 
with A. miniatum. The distinct insertions in sites 9, 63, 
121, 420, 437, 446, 485, 490, 512, 604, 612, 637, and 640 
made A. miniatum distinguishable from V. tricolor. The 
difficulty in identifying V. tricolor was possible because 

there were no certain homologous characters found within 
the clones. Meanwhile, V. luzonica was easily distin-
guished from both species because it has no deletion in 
site 90 and insertion in site 636. 

In matK, V. tricolor and V. ustii were also indistin-
guishable using their indel information as both were 
seen to have an insertion in sites 635 and 778. Similarly, 
V. luzonica and V. merrillii also shared insertion in site 
778. V. furva was easily recognized from the rest of the 
species since it does not have an insertion in site 697. 
On the other hand, there were no particular indels that 
could singly differentiate V. lindenii. Another species that 
was successfully identified was V. limbate, which carries 
a unique insertion in site 922. In this locus, V. miniata has 
an identical insertion in sites 16, 127, 175, 182, 378, 462, 
and 591 with A. miniatum. It was accepted as a correct 
identification since they are homotypic synonyms. How-
ever, V. miniata has its insertion at sites 919, 920, 922, 
and 927. V. lamellata, V. roeblingiana, and V. sanderiana 
were still inseparable because they have a similar insertion 
in site 787. However, V. roeblingiana was found to have 

Figure 10. Neighbor-joining (NJ) tree of psbA-trnH. The NJ tree was inferred from psbA-trnH gene
sequences using MEGA 11 with a 1000 bootstrap replicates.
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bootstrap replicates.



230 Plant and Fungal Systematics 68(1): 223–231, 2023

distinct insertion in sites 183 and 855, which helped it be 
recognized against the two species. It was also observed 
that it has a high species divergence in the monophyletic 
branch where it was clustered. 

Indels in the aligned sequences of psbA-trnH provide 
better species resolution than the result of its ambiguous 
phylogenetic tree. The identification of V. limbata and 
V. sanderiana was consistent even with their indel infor-
mation. V. limbata has an insertion in site 286, whereas 
V. sanderiana has distinct insertion in site 6. Four acces-
sions of V. lamellata were determined as they have inser-
tions in sites 622 to 631. In contrast, the rest of the species 
have deletions in that particular site. In addition, V. lamel-
lata var. remediosae contained distinct insertion in site 
631. It can be used to distinguish it from other species or 
variations of V. lamellata. V. ustii was also distinguished 
as it is comprised of distinctive insertion in site 329. 
A deletion in site 6 was observed in A. miniatum as well. 
Meanwhile, the remaining eight species did not contain 
sufficient indels to support individual identification. 

The least homologous characters were observed to 
differentiate one species from another in the trnL-trnF 
locus. V. lamellata, V. roeblingiana, and V. sanderiana 

were indistinguishable as they all have an insertion in 
sites 37, 92, and 635. However, V. lamellata was recog-
nizable since it has an insertion in site 345, as well as 
V. lamellata var. remediosae in site 811. V. sanderiana 
was also determined as an individual because its multiple 
accessions have homologous character in site 804. Only 
two out of three species were identified in V. limbate. At 
the same time, only one out of two was distinguished 
in V. merrillii upon checking their indels. Hence, it was 
still an identification failure. V. tricolor and V. ustii share 
insertion in sites 495 to 503, making them difficult to 
determine from one another. Lastly, V. lindenii was the 
only species with insertion in sites 226 to 230. 

The species resolution of each locus was presented 
(Fig. 12). Overall, ITS gained the highest species resolu-
tion of 66.67%. It is followed by psbA-trnH with a species 
resolution of 60%. matK and trnL-trnF accumulated the 
least species resolution of 40% and 30.77%, respectively. 
Indel-based species identification gave a superior result 
compared to tree-based species identification. The clus-
tering of species in the inferred phylogenetic tree for 
each locus was observed to be more grounded on their 
morphological characteristics. 

Figure 11. Neighbor-joining (NJ) tree of trnL-trnF. The NJ tree was inferred from trnL-trnF gene 
sequences using MEGA 11 with a 1000 bootstrap replicates.
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This supports the previous literature by Vu et al. 
(2020) stating that indel information can be used to iden-
tify further interspecific and intraspecific dissimilarity that 
generated phylogenetic trees likely miss. Meanwhile, the 
insertions and deletions found in the aligned sequences 
could emphasize which sites a certain species was dis-
tinct from. 

Conclusion

The present study revealed that ITS met the standard length 
for DNA barcodes and obtained the highest species resolu-
tion among the four loci. However, it should be noted that 
due to the low number of sequences that were examined in 
ITS, psbA-trnH was also considered to be one of the poten-
tial molecular markers for identifying Vanda spp. using 
in silico analysis. Current molecular and bioinformatics 
techniques, such as next-generation sequencing (NGS), can 
also be used as an in-silico approach to accurately identify 
Vanda spp. in the future. To validate the study results, it 
is recommended to do an actual sampling of Vanda spp. 
in the Philippines. Furthermore, a combination of mor-
phological and molecular data would be recommended 
for a more comprehensive taxonomic and phylogenetic 
information on the Vanda species in the Philippines. 
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Figure 12. Species resolution per locus of Philippine Vanda spp.
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