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Abstract. Orchid is an ornamental plant commodity with a high contribution to horticultural production in 

Indonesia. Efforts to fulfill market demand have caused the hybridization of many orchids to improve quality and 

create uniqueness in orchid horticulture. Hybridization is influenced by the genetic distance between orchid species 

to be crossing over. This study aimed to analyze the genetic relationship of the Indonesian endemic Orchidaceae 

family using sequence alignment and genetic distance. This descriptive exploratory research uses the 

bioinformatics method with the genetic distance as a variable. The procedure in this study begins with collecting 

sequence data in FASTA format, aligning sample sequence data, constructing phylogenetic trees, computing amino 

acid composition, computing Pairwise Distance, and ends with data analysis. The sample was 16 species of orchids 

that were selected using a purposive sampling technique with complete sequence data in GenBank. The genetic 

relationships of the 16 species consist of two major clades. Each clade has a pair of species connected by a straight 

vertical line indicating genetic distance <0.003 or close category. In the first clade, there are three pairs of closely 

related species (Vanda pumila – Dendrobium trilamellatum, Cymbidium dayanum – Aerides odorata, and 

Coelogyne pandurata – Coleogyne asperata). While in the second clade, only one pair of species is closely related, 

namely Phalaenopsis corningiana – Phalaenopsis tetrapis. This research information confirms the DNA-based 

identification of endemic Indonesian orchids, which has a positive impact on the accuracy of biodiversity inventory 

and monitoring. This research supports SDG 5. The data provides a scientific basis for terrestrial ecosystem 

conservation and prevents biodiversity loss through more accurate species identification. 
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INTRODUCTION 

Orchids in Indonesia with high diversity have 

produced a variety of genetic patterns that differ 

between populations, making Indonesia known as 

the world's mega-diversity of orchids (Sun et al., 

2024). Orchid or Orchidaceae is a community with 

the most species compared to other flowering 

plant families, with vegetation ranging from 

beaches, mangrove forests, meadows, and 

mountains (Mirioba et al., 2024). The morphology 

of Orchidaceae consists of sepals, petals, 

labellum, and columns with unique characteristics 

that are different for each species (Takeda et al., 

2025).  

The Central Bureau of Statistics explains that 

orchid production was 11.35 million in 2021. 

Thus, orchids are an ornamental plant commodity 

that contributes to horticultural production in 

Indonesia. Large quantities of high-quality seeds 

were needed to fulfill this demand (Vilcherrez-

Atoche et al., 2022). Cross-breeding 

(hybridization) is one way to improve the quality 

of orchid plants. Orchids can not only be crossed 

with species of the same genus as other 

ornamental plants but can also be crossed with 

species between genera so that they will have the 

opportunity to create uniqueness in horticulture  

(Han et al., 2025). According to Iiyama et al. 

(2024) the results of crosses known as hybrid 
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orchids will always have their market share in line 

with the growing public interest in maintaining 

orchids.  

The efficacy of hybridization hinges upon the 

degree of consanguinity among the implicated 

species. Proximity in genetic relatedness between 

the parental orchid species positively correlates 

with the probability of a successful interspecific 

cross (Zhang et al., 2019). Adherence to a 

common ancestral lineage or monophyletic origin 

is imperative in hybridization endeavors. Species 

diverging from monophyletic criteria are 

predisposed to manifest rejection phenomena 

during the hybridization process, attributable to 

genetic incongruities (Prihartin et al., 2023; J. 

Wang et al., 2025). To surmount these plausible 

hurdles, a comprehensive understanding of the 

genetic interplay among the species earmarked for 

hybridization is recommended, facilitated through 

phylogenetic analysis (Nuryady et al., 2019; Z. 

Wang et al., 2025). 

In phylogenetics, species or individuals that 

have many similar characters will be categorized 

as closely related from one ancestor so that their 

descendants will form a monophyletic group 

(Zander, 2025). In phylogenetic analysis, 

outgroup groups will form apomorphic and 

plesiomorphic characters (Post et al., 2023). 

Apomorphic characters are characters whose 

changes are inherited from the ingroup, while 

plesiomorphic characters are characters with 

primitive genetics from the outgroup. 

Synapomorphic characters are characters found in 

monophyletic groups (Mavrodiev, 2020). In the 

identification of kinship relationships and 

phylogenetic analysis of plants, various genes 

have been extensively employed, among which 

the rbcL gene stands out as prominent. 

The rbcL gene encodes the large subunit of 

the ribulose-1.5-bisphosphate carboxylase 

/oxygenase enzyme, also known as Rubisco. 

Rubisco plays a role in the initial part of the Calvin 

cycle as a catalyst for the CO2-fixing reaction. 

This enzyme converts carbon dioxide and water 

into carbohydrates, which play a crucial role in 

photosynthesis. The rbcL gene is typically found 

in the chloroplast DNA of plants and algae (Fang 

et al., 2019). This gene is used as a DNA barcode 

to identify and confirm species within a taxonomic 

framework. The rbcL gene has been widely used 

in phylogenetic studies to analyze genetic 

diversity and relationships between different plant 

species. It has a low mutation rate but is effective 

and stable in plants, making it quite suitable for 

analyzing relationships among plants within a 

single genus. RbcL's low mutation rate compared 

to other chloroplast genes, such as trnH and ORF3, 

thus retaining ancestral gene information (W. 

Zhang et al., 2023). Furthermore, this results in 

protein sequences with high homology across 

species within the same genus. 

Phylogenetic research on orchid relationships 

has been conducted by Liu et al. (2019)  through a 

phylogenetic analysis of Dendrobium orchids 

using ITS rDNA. The results of this study resulted 

in the reconstruction of a phylogenetic tree of 

Dendrobium, divided into two main clades: the 

first clade consisting of eight orchid species from 

the genus Dendrobium, and the second clade 

consisting of two orchid species from the genus 

Dendrobium. Another study conducted by Chi et 

al. (2021) reconstructed a phylogenetic tree for the 

genus Thrixspermum. Both studies produced 

phylogenetic trees similar to this study. The 

novelty of this study lies in the use of 16 orchid 

species samples from eight genera distributed 

throughout Indonesia. 

This study also included genetic distance 

analysis for each species found in Indonesia. 

Genetic distance analysis is a method used to infer 

genetic relationships between individuals or 

groups based on phenotypic data from skeletal 

remains or genomic coding sequences. It is 

commonly used in bioarchaeological research 

when DNA preservation is poor or destructive 

sampling is not possible. Genetic distance 

measures the degree of genetic divergence 

between species or populations and is used to 

analyze genetic differentiation between 

populations. Different measures of genetic 

distance have unique properties and can lead to 

different evolutionary relationships (P. Liu et al., 

2025). In the context of population genetics, 

genetic distance is often used to estimate 

population structure and assess genetic 

relationships between populations (Ragauskas et 

al., 2025). 

A study related to genetic distance using 

molecular data was conducted on Zanclea sp. and 

the Zanclea clade based on the mitochondrial COI 

gene (Maggioni et al., 2022). These data indicate 

that both study samples are congruent and similar 

to each other. The absence of research related to 

genetic distance analysis on orchids, especially 

those spread across Indonesia, makes this a recent 

research issue. This research utilized eight orchid 

genera endemic to Indonesia, including Aerides, 

Coelogyne, Cymbidium, Dendrobium, 

Paphiopedilum, Phalaenopsis, Oncidium, Vanda. 

This study aimed to analyze the genetic 
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relationship of the Indonesian endemic 

Orchidaceae family using sequence alignment and 

genetic distance. This research makes a significant 

contribution to science and society by providing 

accurate information on the identification of 

endemic Indonesian orchids based on DNA data, 

particularly sequence alignment and genetic 

distance. This can certainly strengthen 

biodiversity inventories, monitor closely related 

species, and inform orchid conservation decisions.  

METHODS 

This research was carried out using 

bioinformatics methods using research objects in 

the form of Orchidaceae family sequence datasets 

and rbcL marker genes obtained through the NCBI 

(National Center for Biotechnology Information) 

GenBank on the website 

https://www.ncbi.nlm.nih.gov and the MEGA X 

application. The variable in this study is a single 

variable, namely genetic distance.  

The rbcL gene has 1430 base pairs and 

functions to code for rubisco (ribulose 1.5-

bisphosphate carboxylase/oxyginase). Rubisco is 

an enzyme that is responsible for CO2 fixation in 

the Calvin cycle in many varieties of 

photosynthetic organisms. This is because 

RuBisCo produced by the rbcL gene is very 

abundant in plant cells, namely up to 15% of total 

plant protein and more than 50% of total protein 

in chloroplasts. The rbcL gene is a chloroplast 

gene coding region that has a high amplification 

success rate in various flowering plant species, 

gymnosperms and cryptogamous species. DNA 

barcoding of the rbcL region typically analyzes 

partial sequences from either the 5′ rbcLa region 

or the 3′ rbcL region as seen in Figure 1. Multiple 

sequence alignment of this barcode dataset with 

sequences from the GenBank database shows very 

little sequence variation, with only four 

characteristic single nucleotide polymorphic 

(SNP) positions were observed at Positions 172, 

216, 392 and 431 (Masiero et al., 2020). 

The samples in this study used 16 orchid 

species, namely Aerides odorata Lour, Coelogyne 

asperata Lindl., Coelogyne pandurata J.J. Sm. & 

Schltr, Cymbidium dayanum Rchb.f, Dendrobium 

anosmum Lindl., Dendrobium spectabile (Blume) 

Miq., Dendrobium trilamellatum J.J. Sm, 

Paphiopedilum glaucophyllum J.J. Sm., 

Phalaenopsis amboinensis J.J. Sm., Oncidium sp., 

Phalaenopsis corningiana Rchb.f., Phalaenopsis 

gigantea J.J Sm., Phalaenopsis pantherina 

Rchb.f., Phalaenopsis tetraspis Rchb.f., 

Phalaenopsis modesta J.J. Sm., and Vanda 

pumila. Table 1 shows the detail sequence length 

of rbcL gene in the sample. 

 
Figure 1. Diagram of the rbcL marker gene 

 

Table 1. The research samples 

No. Species 
GenBank accession 

number 

Sequence length 

(bp) 

1. Vanda pumila JQ180387.1 486 

2. Phalaenopsis pantherina Rchb.f. AY389429.1 669 

3. Phalaenopsis modesta J.J. Sm. AY389398.1 681 

4. Phalaenopsis gigantea J.J Sm. MT519356.1 553 

5. Phalaenopsis corningiana Rchb.f. FJ460417.1 681 

6. Phalaenopsis tetraspis Rchb.f. AY389419.1 681 

7. Paphiopedilum glaucophyllum J.J. Sm. MT519316.1 553 

8. Oncidium sp. MW497538.1 553 

9. Dendrobium trilamellatum J.J. Sm KF496773.1 464 

10. Phalaenopsis amboinensis J.J. Sm. MT519345.1 546 

11. Dendrobium spectabile (Blume) Miq. MT519104.1 553 

12. Cymbidium dayanum Rchb.f MF861081.1 1.293 

13. Dendrobium anosmum Lindl. MZ223423.1 582 

14. Coelogyne pandurata J.J. Sm. & Schltr OL537595.1 553 

15. Coelogyne asperata Lindl. MN877294.1 516 

16. Aerides odorata Lour JX068006.1 237 
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Sequence Data Collection 

The sequences of the sixteen samples from 

the Orchidaceae family were obtained through the 

NCBI (National Center for Biotechnology 

Information) GenBank database by entering the 

keywords species name and rbcL marker gene. 

The sequences taken have different base pair 

lengths, then saved in FASTA format, where the 

sequences will then be aligned. 

Sequence Alignment  

Sequences that have been saved in FASTA 

format will be analyzed using MEGAX software. 

The sequence is input, followed by an alignment 

process using the Clustal W menu, then the 

sequence is cut to remove gaps so that the results 

obtained are conservative. Results are saved in 

fasta format. 

Measuring Genetic Distance 

The results of sequence analysis from the 16 

samples were converted into a genetic distance 

table using the compute pairwise distance model. 

The reconstruction results are saved in Excel 

format. 

Reconstruction the Phylogenetic Tree  

The sequence alignment results are used to 

reconstruct a phylogenetic tree in the MEGA 

application option with a maximum composite 

likelihood model with a bootstrap value of 1000. 

The reconstruction results are saved in PNG 

format. 

RESULTS AND DISCUSSION 

Sequence Alignment 

Sequence alignment is carried out to align 

and determine the level of homology between 

sequences so that they can be compared. The 

sequence alignment display shows that bases that 

have the same code will have the same color as 

seen in Table 2. Differences in the sequence of 

nucleotide bases in the sequence alignment results 

prove that changes have occurred in genes from 

species in the same genus. This can be seen in the 

Phalaenopsis genus where the Phalaenopsis 

gigantea species has a different base sequence 

from species from other Phalaenopsis genera.  

 

Table 2. Sequence alignment results of the samples 
No. Species DNA Sequences 

1. Vanda pumila TGCGAGCTCTACGTCTGGAAGATCTGCGAATTCCCCCTTCTTCTTCCAAAACTTTCCAAGG

TCCGCCTCATGGC 

2. Phalaenopsis 

pantherina 

TAGGAATAGAAATTTTCAAGAAGATTGGGTTGCGCCATATATATCAAAGAGTCTAAAATA

ATGATGTATTTGGT 

3. Phalaenopsis 

modesta 

TAGGAATAGAAATTTTCAAGAAGATTGGGTTGCGCCATATATATCAAAGAGTATAAAATA

ATGATGTATTTGGT 

4. Phalaenopsis 

gigantea 

TACGTGCACTACGACTAGAAGATTTACGTATTCCTCCAGCATATGTAAAAACATTCCAAG

GTGCTCCACATGGT 

5. Phalaenopsis 

corningiana 

TAGGAATAGAAATTTTCAAGAAGATTGGGTTGCGCCATATATATCAAAGAGTATAAAATA

ATGATGTATTTGGT 

6. Phalaenopsis 

tetraspis 

TAGGAATAGAAATTTTCAAGAAGATTGGGTTGCGCCATATATATCAAAGAGTATAAAATA

ATGATGTATTTGGT 

7. Paphiopedilum 

glaucophyllum 

TGCGAGCTCTACGTCTGGAAGATCTACGAATTCCCCCTTCTTATTCCAAAACTTTCCAAGG

TCCACCTCATGGC 

8. Oncidium sp. TGCGAGCTCTACGTCTGGAAGATCTGCGAATTCCCACTTCTTATTCCAAAACTTTCCAAGG

TCCACCTCATGGT 

9. Dendrobium 

trilamellatum 

TGCGAGCTCTACGTCTGGAAGATCTGCGAATTCCCCCTTCTTATTCCAAAACTTTCCAAGG

CCCGCCTCATGGC 

10. Phalaenopsis 

amboinensis 

TACGTGCACTACGACTAGAAGATTTACGTATTCCTCCAGCATATGTAAAAACATTCCAAG

GTGCTCCACATGGT 

11. Dendrobium 

spectabile 

TGCGAGCTCTACGTCTGGAAGATCTGCGAATTCCCTCTTCTTATTCCAAAACTTTCCAAGG

TCCGCCTCATGGC 

12. Cymbidium 

dayanum 

TTCGAGCTTTACGTCTGGAAGATCTGCGAATTCCCACTTCTTATTCCAAAACTTTCCAAGG

TCCGCCTCATGGC 

13. Dendrobium 

anosmum 

TGCGAGCTCTACGTCTGGAAGATCTGCGAATTCCTACTTCTTATTCCAAAACTTTCCAAGG

TCCGCCTCATGGC 

14. Coelogyne 

pandurata 

TGCGAGCTCTACGTCTGGAAGATCTACGAATTCCCACTTCTTATTCCAAAACTTTCCAAGG

TCCGCCTCATGGC 

15. Coelogyne 

asperata 

TGCGAGCTCTACGTCTGGAAGATCTACGAATTCCCACTTCTTATTCCAAAACTTTCCAAGG

TCCGCCTCATGGC 

16. Aerides 

odorata 

TGCGAGCTCTAAGTCTGGAAGATCTGGGAATTCCCACTTCTTATTCCAAAACTTTCAAAGT

TCCGCCTCATGGC 

Note: T: Timin, C: Sitosin, G: Guanin, A: Adenin 
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Differences in nucleotide base sequences 

prove that changes have occurred in genes from 

species in the same genus. The lower the 

difference in nucleotide bases of each species, the 

closer the relationship between species will be. 

Different nitrogen base sequences cause 

differences in amino acid sequences. The results 

of the sequence alignment are followed by data on 

the probability of substitution from one nucleotide 

base to another based on the pattern and rate of 

substitution based on the 1993 Tamura-Nei model 

as shown in Table 3.   

 
Table 3. Probability of nucleotide base substitution 

 A T/U C G 

A - 8.65 7.05 8.28 

T/U 7.96 - 9.62 5.52 

C 7.96 11.81 - 5.52 

G 11.94 8.65 7.05 - 

 

The different levels of substitution are shown 

in the data display in bold (see Table 3). In the 

sequence alignment results, it was found that the 

frequency of the code bases Adenine= 27.28%, 

Thymine/Uracil= 29.65%, Cytosine= 24.16%, and 

Guanine= 18.92%. To estimate the probability 

value in the table, calculations were carried out 

using the maximum Log, namely -361.454 

involving 16 nucleotide sequences. Table 3 shows 

that in the sequences of the 16 samples, no 

synonymous substitutions occurred in the form of 

pyrine bases becoming pyrin or pyrimidine bases 

becoming pyrimidines, and only non-synonymous 

substitutions occurred in the form of purine bases 

becoming pyrimidines. The occurrence of 

substitution mutations can result in changes in the 

amino acids formed, thereby affecting gene 

expression (Oelschlaeger, 2024). 

Gene expression refers to the process by 

which genetic information in DNA is translated 

into functional proteins. It begins with 

transcription, where RNA is synthesized from 

DNA, followed by translation, where ribosomes 

translate the mRNA sequence into the amino acid 

sequence in the protein. Amino acids in proteins 

determine the structure and function of the protein, 

so that proteins differ from each other according 

to the sequence of amino acids. The differences in 

amino acids in each sample for rbcL gene can be 

seen in Table 4. 

Slight differences in nucleotide bases cause 

several species to be in the same clade in 

phylogenetic tree reconstruction. In a 

phylogenetic tree, species sequences connected by 

straight vertical lines indicate that the two species 

are identical (Luo et al., 2025). As for the first 

clade, the species connected by straight vertical 

lines are Vanda pumila with Dendrobium 

trilamellatum, Cymbidium dayanum with Aerides 

odorata, Coelogyne pandurata with Coelogyne 

asperata, and Phlaenopsis gigantea with 

Phalaenopsis amboinensis, which are species of 

the same genus. In the second class, the species 

connected by a straight vertical line are only 

Phalaenopsis corningiana and Phalaenopsis 

tetrapis. 

 

Table 4. The amino acids composition of samples 

Species Ala Cys Asp Glu Phe Gly His Ile Lys Leu Met Asn Pro Gln Arg Ser Thr Val Trp Tyr Total 

1 0.00 8.33 0.00 8.33 4.17 0.00 0.00 4.17 12.50 25.00 4.17 0.00 8.33 0.00 4.17 4.17 0.00 8.33 0.00 4.17 24 

2 4.55 4.55 0.00 9.09 4.55 4.55 0.00 13.64 13.64 9.09 9.09 0.00 0.00 0.00 9.09 9.09 0.00 0.00 0.00 9.09 22 

3 4.55 4.55 0.00 9.09 4.55 4.55 0.00 13.64 13.64 9.09 9.09 0.00 0.00 0.00 9.09 4.55 0.00 0.00 0.00 13.64 22 

4 0.00 0.00 4.55 0.00 4.55 0.00 18.18 4.55 13.64 9.09 9.09 0.00 0.00 4.55 0.00 4.55 0.00 13.64 0.00 13.64 22 

5 4.55 4.55 0.00 9.09 4.55 4.55 0.00 13.64 13.64 9.09 9.09 0.00 0.00 0.00 9.09 4.55 0.00 0.00 0.00 13.64 22 

6 4.55 4.55 0.00 9.09 4.55 4.55 0.00 13.64 13.64 9.09 9.09 0.00 0.00 0.00 9.09 4.55 0.00 0.00 0.00 13.64 22 

7 0.00 4.17 0.00 8.33 4.17 0.00 4.17 8.33 12.50 20.83 4.17 0.00 8.33 0.00 0.00 4.17 0.00 8.33 4.17 8.33 24 

8 0.00 8.33 0.00 8.33 4.17 0.00 4.17 8.33 12.50 20.83 4.17 0.00 8.33 0.00 0.00 4.17 0.00 8.33 4.17 4.17 24 

9 4.17 8.33 0.00 8.33 4.17 0.00 0.00 8.33 12.50 20.83 4.17 0.00 8.33 0.00 4.17 4.17 0.00 4.17 4.17 4.17 24 

10 0.00 0.00 4.55 0.00 4.55 0.00 18.18 4.55 13.64 9.09 9.09 0.00 0.00 4.55 0.00 4.55 0.00 13.64 0.00 13.64 22 

11 0.00 8.33 0.00 8.33 4.17 0.00 0.00 8.33 12.50 20.83 4.17 0.00 8.33 0.00 4.17 4.17 0.00 8.33 4.17 4.17 22 

12 0.00 4.17 0.00 8.33 8.33 0.00 0.00 8.33 12.50 20.83 4.17 0.00 8.33 0.00 4.17 4.17 0.00 8.33 4.17 4.17 22 

13 0.00 8.33 0.00 8.33 4.17 0.00 0.00 8.33 12.50 25.00 4.17 0.00 4.17 0.00 4.17 4.17 0.00 8.33 4.17 4.17 22 

14 0.00 4.17 0.00 8.33 4.17 0.00 0.00 8.33 12.50 20.83 4.17 0.00 8.33 0.00 4.17 4.17 0.00 8.33 4.17 8.33 22 

15 0.00 4.17 0.00 8.33 4.17 0.00 0.00 8.33 12.50 20.83 4.17 0.00 8.33 0.00 4.17 4.17 0.00 8.33 4.17 8.33 22 

16 0.00 4.35 0.00 8.70 8.70 0.00 0.00 8.70 13.04 21.24 4.35 0.00 8.70 0.00 4.35 4.35 0.00 4.35 8.70 0.00 23 

Description: 

1. Vanda pumila     9. Dendrobium trilamellatum 

2. Phalaenopsis pantherine   10. Phalaenopsis amboinensis 

3. Phalaenopsis modesta   11. Dendrobium spectabile 

4. Phalaenopsis gigantea   12. Cymbidium dayanum 

5. Phalaenopsis corningiana  13. Dendrobium anosmum 

6. Phalaenopsis tetraspis   14. Coelogyne pandurata 

7. Paphiopedilum glaucophyllum  15. Coelogyne asperata 

8. Oncidium sp.    16. Aerides odorata 
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The identical species connected by a straight 

vertical line indicate the similarity of the 

nucleotide base sequence, which influences the 

amino acid composition in a sequence. Vanda 

pumila and Dendrobium trilamellatum, which are 

in one vertical line, have the same content of 

several types of amino acids, namely, cysteine 

8.33, aspartic acid 0.00. glutamic acid 8.33, 

phenylalanine 4.17, glycine 0.00. histidine 0.00. 

lysine 12.50. methionine 4.17, asparganine 0.00. 

proline, 8.33, glutamine 0.00. arginine 4.17, serine 

4.17, threonine 0.00. and tyrosine 4.17 (see Table 

4). Meanwhile, for other types of amino acids, 

there are differences in composition between the 

two, where Vanda pumila has 0.00 alanine, while 

Dendrobium trilamellatum has 4.17, Vanda 

pumila has 4.17 isoleucine, while Dendrobium 

trilamellatum has 8.33, Vanda pumila has 25.00 

leucine, while Dendrobium trilamellatum has 

20.83, Vanda pumila has 0.00 tryptophan, while 

Dendrobium trilamellatum has 4.17. Other species 

that are connected in a vertical line are 

Phalaenopsis corningiana and Phalaenopsis 

tetrapis, where these two species of the same 

genus have identical and exactly the same amino 

acid composition. Phalaenopsis corningiana and 

Phalaenopsis tetrapis have alanine 4.55, cysteine 

4.55, and aspartic acid 0.00. glutamic acid 9.09, 

phenylalanine 4.55, glycine 4.55, histidine 0.00. 

isoleucine 13.64, lysine 13 .64, leucine 9.09, 

methionine 9.09, asparganine 0.00. proline, 8.33, 

glutamine 0.00. arginine 9.09, serine, 4.55, 

threonine 0.00. valine 0.00. tryptophan 0.00. and 

tyrosine 13.64. 

The translation of amino acids synthesizes 

proteins, each characterized by a distinct sequence 

and number of amino acids, crucial for 

determining the unique three-dimensional 

structure and biological functions inherent in the 

morphology of every species (Wahyudiati, 2017). 

Species in the first clade have similar 

morphological characters, which are dominated by 

the sympodial stem type and live at low to high 

altitudes. Meanwhile, species in the second clade 

have a monopodial stem type and live at low 

altitudes. 

Furthermore, the sequence alignment result 

of the 16 samples was used as material for 

reconstructing a phylogenetic tree to describe 

kinship relationships, which then produced two 

large clades with bootstrap values displayed at the 

base of each branch. The first clade consists of 12 

species, including Vanda pumila, Dendrobium 

trilamellatum J.J. Sm, Dendrobium spectabile 

(Blume) Miq., and Cymbidium dayanum Rchb.f, 

Dendrobium anosmum Lindl., Aerides odorata 

Lour, Coelogyne pandurata J.J. Sm. & Schltr., 

Coelogyne asperata Lindl., Oncidium sp., 

Paphiopedilum glaucophyllum J.J. Sm., 

Phalaenopsis gigantea J.J Sm., Phalaenopsis 

amboinensis J.J. Sm. The second clade consists of 

four species, including Phalaenopsis pantherina 

Rchb.f., Phalaenopsis modesta J.J. Sm., 

Phalaenopsis corningiana Rchb.f., and 

Phalaenopsis tetraspis Rchb.f. (see Figure 2). The 

16 samples, which were divided into two clades, 

showed that species in one clade were similar in 

the arrangement of nucleotide bases. If the genetic 

difference value is 1–3%, this indicates that the 

individuals being compared have similar 

nucleotide base sequences and are thought to be 

identical or similar individuals. On the other hand, 

if the genetic difference value is more than 3%, 

then the individuals being compared do not have 

similar nucleotide base sequences and are 

different individuals or different species (Kulkarni 

et al., 2025).  

The phylogenetic tree view shows the 

different lengths of branch lines. Different line 

lengths indicate the evolutionary level of each 

species (Koshkarov & Tahiri, 2024). A longer line 

shows a further evolutionary distance, while a 

shorter line shows a closer evolutionary distance 

of a species. The longer the line, the further the 

evolutionary distance, and it can be said that the 

species has more advanced characters than its 

ancestral species (Allard et al., 2025). Meanwhile, 

the shorter the line, indicates that a species has 

more primitive the characters or the more similar 

it is to its ancestor species. The difference in line 

lengths in the phylogenetic tree is clearly 

described in Figure 3. 

The phylogenetic tree in Figure 3 shows that 

the 12 species in the first clade have differences in 

line length, where Phalaeonopsis gigantea and 

Phalaenopsis amboinensis have shorter lines 

compared to the other 10 species, which indicates 

that the characters of these two species are more 

primitive. The Phalaenopsis genus in the second 

clade, which consists of Phalaenopsis 

corningiana, Phalaenopsis tetrapis, Phalaenopsis 

modesta, and Phalaenopsis pantherina, has the 

shortest line in the results of the phylogenetic tree 

reconstruction, which indicates that of the 16 

species used in this study, these 4 species have the 

best characters. primitive and considered closest 

to ancestral characters. 
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Figure 2. Phylogenetic tree of 16 orchid samples 

 

Genetic Distance 

The genetic distance of an organism is 

calculated based on nucleotide and amino acid 

sequence data, basically interpreting the amount 

of nitrogen base substitution in a nucleotide 

sequence. These substitutions can be synonymous 

(purine base to purine; pyrimidine to pyrimidine) 

or non-synonymous (purine to pyrimidine and 

vice versa). The result of this substitution is 

polymorphism in the nucleotide sequence (more 

than one haplotype). The results of genetic 

distance analysis using the compute pairwise 

distance model display a table for analyzing 

genetic distance between species, as in Table 5. 

 

Table 5. The result of the genetic distance analysis of the samples 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1                 
2 1.61                
3 1.61 0.01               
4 1.61 0.00 0.01              
5 0.36 1.13 1.20 1.13             
6 1.61 0.00 0.01 0.00 1.13            
7 0.36 1.13 1.05 1.01 0.00 1.01           
8 0.04 1.50 1.26 1.26 0.32 1.26 0.32          
9 0.06 1.51 1.26 1.27 0.28 1.27 0.34 0.04         
10 0.03 1.61 1.34 1.34 0.30 1.34 0.36 0.03 0.04        
11 0.03 1.61 1.27 1.28 0.30 1.28 0.36 0.02 0.02 0.02       
12 0.04 1.73 1.34 1.34 0.28 1.34 0.34 0.03 0.02 0.03 0.01      
13 0.06 1.65 1.31 1.32 0.31 1.32 0.39 0.04 0.03 0.04 0.02 0.02     
14 0.04 1.61 1.30 1.31 0.28 1.31 0.34 0.01 0.02 0.03 0.01 0.01 0.02    
15 0.04 1.61 1.30 1.31 0.28 1.31 0.34 0.01 0.02 0.03 0.01 0.01 0.02 0.00   
16 0.09 1.35 1.21 1.22 0.44 1.22 0.46 0.12 0.11 0.12 0.09 0.10 0.11 0.10 0.07  

Description: 

1. Vanda pumila     9. Oncidium sp. 

2. Phalaenopsis tetraspis   10. Dendrobium trilamellatum 

3. Phalaenopsis pantherine  11. Dendrobium spectabile 

4. Phalaenopsis modesta   12. Dendrobium anosmum 

5. Phalaenopsis gigantea   13. Cymbidium dayanum  

6. Phalaenopsis corningiana  14. Coelogyne pandurata 

7. Phalaenopsis amboinensis  15. Coelogyne asperata 

8. Paphiopedilum glaucophyllum  16. Aerides odorata 
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Figure 3. Phylogenetic tree with toggle display node stats 

 

This genetic distance analysis result is used to 

assess the relationship between different species in 

interbreeding. This helps determine the proximity 

of genetic traits and the potential for successful 

hybridization. In a study, Van Oost et al. used 

genetic relationships and genome size to predict 

cross-compatibility among different lavender 

species, aiding targeted breeding of better 

cultivars (Oost et al., 2021). Transgressive 

phenotypes, which exceed the range of traits of the 

parent species, are more likely to occur in hybrids 

between more distant species, suggesting a 

relationship between genetic distance and 

transgression frequency (Gao et al., 2025). Jordan 

et al. observed limited gene flow between 

outcrossing and self-fingering Geum species, 

suggesting that genetic exchange is influenced by 

genetic distance. A hump-shaped relationship 

between genetic similarity and offspring 

performance in Ranunculus reptans highlights the 

importance of genetic distance in mating systems 

and mate choice. 

In the genetic distance results presented in 

Table 5, it can be seen that species in one genus 

have a close genetic distance with a distance of 

<0.03. This indicates the similarity of the 

nucleotide base sequence, which will have an 

impact on the similarity of amino acid 

composition, so that phenotypic gene expression 

also tends to be the same. Long genetic distance or 

>0.03 is also directly proportional to the 

differences between species and genera, such as 

the Oncidium genus having a terrestrial way of 

life, while the Phalaenopsis genus has an epiphytic 

way of life. Meanwhile, in terms of morphology, 

the Oncidium genus has wavy petals and sepals 

with a bright yellow or brownish color, 

accompanied by a fragrant fragrance, and has 

elongated and thin leaves, while the Phalaenopsis 

genus has star-shaped flowers like Phalaenopsis 

pantherina, while other species have rounded-type 

flowers on the sepals and dorsal. The genetic 

distance used as a reference to distinguish between 

species is 3% (Iiyama et al., 2024), if the results of 

the genetic distance calculation exceed 3%, or 

0.03, then the species is declared different from 
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other species, and can be stated to have a long 

genetic distance. 

The novelty of this research lies in the DNA-

based identification framework for endemic 

Indonesian Orchidaceae, specifically by 

combining sequence alignment and genetic 

distance. Through this effort, the genetic 

relationships of the 16 species studied were 

mapped. This mapping resulted in two large clades 

and a very close species pair (genetic distance 

<0.003). Both can be identified with greater 

precision. 

This research provides tangible benefits in 

strengthening terrestrial biodiversity inventory 

and monitoring activities and improving the 

accuracy of the scientific basis for setting 

conservation priorities and habitat management. 

This research supports SDG 15, especially targets 

15.1 and 15.5. Molecular-level identification is a 

prerequisite for conserving and sustainably 

managing terrestrial ecosystems and their 

biodiversity (Target 15.1) and for taking urgent 

action to halt biodiversity loss and prevent species 

extinction by reducing misidentification and 

improving monitoring of endemic lineages 

(Target 15.5) (Hariyanto et al., 2019; Novinovrita 

& Kencanawati, 2025; Rahmawati et al., 2026; 

Siregar et al., 2025; Umami et al., 2025).  

CONCLUSION  

The kinship relationships among the 16 

species form two major clades, with each clade 

featuring pairs of species linked by straight 

vertical lines, denoting a genetic distance of 

<0.003 or falling within the close category. Within 

the first clade, Vanda pumila is linked with 

Dendrobium trilamellatum, Cymbidium dayanum 

with Aerides odorata, and Coelogyne pandurata 

with Coelogyne asperata. Conversely, the second 

clade contains only one pair of species connected 

by a straight vertical line: Phalaenopsis 

corningiana and Phalaenopsis tetrapis. Notably, 

species within the first clade exhibit varying line 

lengths, with Phalaenopsis gigantea and 

Phalaenopsis amboinensis displaying shorter lines 

compared to the remaining 10 species, indicative 

of their more primitive characteristics. In contrast, 

the Phalaenopsis genus within the second clade, 

comprising Phalaenopsis corningiana, 

Phalaenopsis tetrapis, Phalaenopsis modesta, and 

Phalaenopsis pantherina, demonstrates the 

shortest line lengths in the phylogenetic tree 

reconstruction results, suggesting that among the 

16 species examined, these four possess the most 

primitive traits and are considered closest to 

ancestral characteristics. 

In line with this research, future researchers 

can orient their analysis by increasing the number 

of samples per species and using diverse location 

backgrounds (islands/altitudes). This effort can 

test the stability of the two-clade pattern and 

ensure the closeness of species pairs (genetic 

distance <0.003). Researchers can also use multi-

locus or genomic approaches (e.g., SNP/ddRAD). 

Furthermore, these steps can be integrated with 

morphological-ecological data to provide more 

certainty and robustness in species boundaries for 

"close category" pairs. 
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