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Abstract. Thrixspermum (T.) is one of the genus in Orchidaceae that has small flowers. Among species in this genus has a 

high homology and also has many synonyms. Identification using morphological characters can be constrained since 

Thrixspermum flowering time occurs in a very short period. This study aimed to conduct molecular-based identification of 

Thrixspermum orchids using DNA barcoding. This method applied molecular-based species identification technique using 

DNA sequences from genomic fragments that are considered fast, accurate, and consistent. The molecular markers used 

were Internal Transcribed Spacer 2 (ITS2), while the samples used were T. centipeda, T. lucidum, and T. angustifolium. 

BLAST results show that T. centipeda has a close relationship with T. centipeda from Malaysia (KX679332) with 99.79% 

percent identity, T. lucidum has a high homology with T. linusii (KX679333; 97.30%), while T. angustifolium has a high 

homology with T. triangulare (KX679348; 99.38%). There is a unique sequence that only T. lucidum and T. angustifolium 

have that distinguishes the two from other species. ITS2 can be recommended as a molecular marker for determining the 

Thrixspermum orchid barcode. The benefit obtained from this research is the DNA barcode sequences (ITS2) of 

Thrixspermum orchids would be very useful to enrich the plant barcodes database for further molecular taxonomy and 

biodiversity of orchid.  
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INTRODUCTION  

Orchids are diverse group of flowering plants with 

up to 26,000 species belonging to 760 genera (Gold-

blatt & Manning, 2019) and 6,000 species of which 

are found in Indonesia (Fandani et al., 2018). The 

habitat of orchid is widespread from the lowlands to 

the mountains and from the wet forest to the dry for-

est. Most types of orchids belong to the CITES Ap-

pendix II category (Sadili, 2011). Forest damage will 

threaten the existence of orchids (species) that live 

epiphytically in the forest trees, one of which is the 

Thrixspermum orchid. 

Thrixspermum (T.) is a genus of members of Or-

chidaceae which is spread in tropical and subtropical 

regions from Asia to Australia and the Pacific 

(O’Byrne, 2016). Its lives as an epiphyte by attaching 

to tree trunks (Nurfadilah, 2015). Thrixspermum or-

chids have small flowers and have the characteristic 

of flowering in a short time. The morphological char-

acters of Thrixspermum leaves and flowers are the 

basis of phenotypic markers to distinguish this plant 

group (Wulanesa et al., 2017). The species belong to 

this genus has a similar morphology with its closest 

relatives, for example T. tsii which has a vegetative 

characteristic similar to T. centipeda, but the flower 

structure is similar to T. subulatum (Chen & Shui, 

2005). 

Thrixspermum orchids have often been ignored 

and rarely cultivated because they are less in demand. 

Therefore, research reports about characterization and 

potential of Thrixspermum orchids is limited. In addi-

tion, local or several different names also confuse 

people or researchers to give names for these species. 

This condition bring about obstacles in identification 

based on morphological characters (Rohimah et al., 

2018), so an alternative identification based on mo-

lecular characters, what so called DNA barcoding, is 

indispensable. 

DNA barcoding is a molecular-based species iden-

tification technique using DNA sequences from ge-

nomic fragment that are considered fast, accurate, and 

consistent, so it is important in the study of conserva-

tion biology and species diversity. For example, the 

method has been applied to explore the biodiversity 

of fungi, insects (thrips), birds, and fish (Kurniawaty 

et al., 2016; Ashari & Astuti, 2017; Hasanah et al., 

2017; Nuryanto et al., 2018a; Nuryanto et al., 2018b). 

This method is based on the concept that each species 

has a unique genetic identity. Identification with 

DNA sequences is carried out using molecular mark-

ers. The molecular markers used in expressing taxon-
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omies are short sequences of DNA that can show 

genetic variation among individual species or organ-

isms (Idrees & Irshad, 2014). 

The process of species identification in the 

Thrixspermum orchid begins with genomic DNA 

isolation and PCR amplification. The primer used 

was Internal Transcribed Spacer 2 (ITS2) derived 

from nucleus DNA, which is one of the most com-

monly used molecular markers in phylogenetic analy-

sis and DNA barcoding of plants and has been rec-

ommended as a barcode of plant core DNA (Cheng et 

al., 2016). ITS2 sequence has been used as a strong 

phylogenetic marker at the species level and showing 

a high degree of interspecific difference (Hol-

lingsworth et al., 2011). Therefore this study was 

conducted to identify potential short sequences as 

specific barcodes on Thrixspermum orchids using 

ITS2 molecular markers. This is the first report for the 

exploration of Thrixspermum orchids with a 

molecular approach. Therefore, the sequence data 

(ITS2) originated from three Thrixspermum species 

used in this study is indispensable for supporting the 

subsequent research, especially for molecular 

taxonomy and phylogenetic analysis of orchid. 

METHODS 

Genomic DNA Isolation 

Genomic DNA of orchid samples (Thrixspermum 

centipeda, Thrixspermum lucidum, Thrixspermum 

angustifolium) were isolated using Cetyltrimethyl 

ammonium bromide (CTAB) method (Doyle & 

Doyle, 1985) with minor modification. Briefly, about 

0.5 g samples were pulverized with mortar and pestle 

and homogenized with CTAB buffer containing 

RNAse. The homogenate was then incubated at 65C 

chamber for 1 hour, then added with 500 µl chloro-

form and incubated at room temperature for 5 

minutes. After that, the homogenate was centrifuge at 

10.000 rpm, 4C for 15 minutes. The next processes 

were performed following the manufacture’s instruc-

tion (Nexprep DNA Kit, Korea). The genomic DNA 

from each sample was then used as a template for 

PCR amplification. 

 

PCR Analysis and Electrophoresis 

PCR reaction mixture consists of 1.5 µl of tem-

plate DNA, 1 µl of both forward and reverse primers 

(DR2F, 5’-GGCTCTCGCATCGATGAAGA-3’ and 

ITS_26SE, 5’-TAGAATTCCCCGGTTCGCTCGCC 

GTTAC-3’), 10 µl 2Go Taq Green PCR Master 

Mix (Promega, USA), and deionized distilled water 

until total volume of 20 µl. The PCR condition was 

adjusted as: pre-denaturation at 95ºC for 5 min, fol-

lowed by 35 cycles of denaturation at 95ºC for 30 

sec, annealing at 55C for 30 sec, and extension at 

72C for 1 min 15 sec, then final extension at 72C 

for 5 min and hold at 16ºC. The amplified PCR prod-

ucts were loaded on 1.25% agarose gel containing 

ethidium bromide to confirm the presence or absence 

of bands. The electrophoresis machine was set at 100 

Volt for 45 min, and then the PCR product was visu-

alized on UV illuminator. The size of amplified PCR 

products was determined using NEXmarkTM 100bp 

ladder. The PCR product was purified and the se-

quences were determined by employing sequencing 

service provided by Macrogen, Korea. 

 

Sequence Analysis 

Sequence analysis was conducted by using some 

bioinformatics software. The homology and align-

ment of each ITS2 sequence from Thrixspermum 

samples were analyzed using Basic Local Alignment 

Search Tool (BLAST) in National Center for Bio-

technology Information (NCBI) and Clustal X 

(Chenna et al., 2003). The phylogenetic tree was con-

structed with MEGA7 software (Tamura et al., 2011). 

RESULTS AND DISCUSSION 

The three Thrixspermum orchids studied were in-

cluded as monopodial orchids and didn’t have the 

pseudobulb. The stems of T. centipeda are flat and 

the flowers are classified as a compound flower (an-

thotaxis/inflorescentia). The labellum has brown 

spots on newly bloomed flowers and red on wilted 

flowers with white patches on the tip (Figure 1) (Pur-

nama et al., 2016). T. centipeda grows near river on 

tree branches (Purnama et al., 2016). This orchid was 

distributed in several regions, including China, Thai-

land, Vietnam, Cambodia, Malacca Peninsula, Suma-

tra, Java, Borneo, Philippines, and Laos (Averyanov 

et al., 2016). T. centipeda has several different names, 

such as T. arachnites, T. papillosum, and Sarcochilus 

arachnites (Rohimah et al., 2018). This orchid also 

has medicinal potential in Thailand to treat asthma by 

utilizing all parts of the plant (Teoh, 2016; Rohimah 

et al., 2018). T. lucidum has herbal habitus and green 

leaves with a flat leaf edge (integer). Flower of this 

orchid is small with turbid white sepal and petal, and 

white labellum. T. angustifolium has thick and fleshy 

leaves. It has green leaf color with a pointed tip 

(acuminatus) and a flat edge (integer). These orchid 

leaves have a smooth surface (laevis) (Figure 1). 

DNA isolation is the first step in DNA analysis 

that serves to separate DNA from other materials 

such as polysaccharides, proteins, and fats. The iso-

lated DNA using the modified CTAB method is used 

as a template in the amplification process. The pro-

cess of DNA amplification using a Polymerase Chain 

Reaction (PCR) machine was carried out for 35 cy-

cles. According to Herman et al. (2018), PCR is gen-
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erally carried out between 25-40 cycles. PCR cycles 

with more than 35 will not significantly increase the 

number of amplicons and will allow an increase in 

the number of non-target products. The successful of 

DNA amplification is likely affected by the quality of 

DNA template, appropriate primer selection, and 

PCR condition.  

 

 
Figure 1. Vegetative morphology of T. centipeda 

(A), T. lucidum (C), T. angustifolium (E) and flower 

of T. centipeda (B), T. lucidum (D), T. angustifolium 

(F), note: dorsal sepal (Sd), lateral sepal (Sl), petal 

(P), and labellum (L) 

 

PCR-based amplification used ITS2 sequences on 

three species (T. centipeda, T. lucidum, and T. an-

gustifolium) showing a clear and single band (Figure 

2). This result showed that the DNA obtained was 

intact and perfectly amplified, and in addition, there 

was no smear band that was observed during amplifi-

cation process. Visualization results also showed a 

single band of DNA that was thick and clear. This 

shows that the annealing temperature has been opti-

mal to stick to the DNA template (Pangestika et al., 

2015), so that DNA with good quality was obtained.  

As shown in Figure 2, the DNA bands obtained 

from PCR amplification were between 400 to 500 bp 

in size. According to Takamiya et al. (2011), the size 

of DNA fragments amplified using DR2F and 

ITS_26SE primers is approximately 500 bp. The PCR 

product was then sequenced and analyzed. Sequenc-

ing is the stage of reading the sequence of DNA bases 

in amplified fragments (Sunaryo, 2015). Sequencing 

results obtained indicate that the sample can be se-

quenced well. According to Bangol et al. (2014), a 

perfect sequencing result can be observed by a graph 

with high peaks that are separated from each other. 

 
Figure 2. PCR product amplification of ITS2 regions 

 

Homology sequences of amplified sequences are 

detected using the Basic Local Alignment Search 

Tool (BLAST). Analysis using BLAST aims to find 

and analyze the homology level of an organism's 

sequence (Wardani et al., 2017). The alignment re-

sults of Thrixspermum orchids with ITS2 primers 

(DR2F and 26SE) showed that T. centipeda, T. lucid-

um, and T. angustifolium had query length of 485 bp, 

481 bp, and 482 bp, respectively. Further sequence 

analysis showed that ITS2 primers were able to dif-

ferentiate Thrixspermum orchids up to species level 

(Table 1). 

The BLAST analysis was carried out by looking at 

score parameters of more than 150 and E-values of 

less than 10-4 or near zero (0), this shows that the 

homology level produced was quite good (Isda & 

Chaidamsari, 2013). The better homology level of an 

organism is characterized by the higher score (bits) 

and the lower E-value. Based on the BLAST analysis, 

zero (0) E-value showed that the alignment of all 

sequences was of significant value. The lower E-

value indicates the higher homology between se-

quences, while the higher E-value indicates the lower 

homology between sequences (Fathiya et al., 2018). 
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The results of BLAST analysis showed that T. 

centipeda had the highest homology level with T. 

centipeda species originating from Malaysia 

(KX679332) with percent identity (% Ident) of 

99.79%. Distinguishing sequence of both accessions 

is located in nitrogen base 324, namely Guanine (G) 

base in the T. centipeda sample which is different 

from the T. centipeda from Malaysia (GenBank) with 

the Adenine (A) base (Figure 3). Another difference 

between two sequences lies in the base sequence 495, 

namely Adenine (A) in the T. centipeda sample and 

Cytosine (C) bases owned by T. centipeda from Ma-

laysia (GenBank). BLAST results also showed that T. 

centipeda has high homology with other types of 

Thrixspermum, namely T. tortum (KX679347) with 

percent identity of 99.79%, T. caudatum from Malay-

sia (KX679331) with 99.38%, T. elongatum 

(DQ091674) from USA with 99.75%, and T. amplex-

icaule and T. tsii from China with 99.48%. 

 

 

Table 1. BLAST analysis of ITS2 sequence on T. centipeda, T. lucidum, and T. angustifolium 
T. centipeda T. lucidum T.agustifolium 

Name Access-

sion 

Number 

% 

Ident 
Sourc

e 

Name Access-

sion 

Number 

% 

Ident 
Sourc

e 

Name Access-

sion 

Number 

% 

Ident 
Sourc

e 

T. centipeda 
KX679

332 
99.79 MY T. linusii 

KX67933

3 
97.30 MY 

T. triangu-

lare 

KX6793

48 
99.38 MY 

T. tortum 
KX679

347 
99.79 MY 

T. triangu-

lare 

KX67934

8 
96.47 MY T. tortum 

KX6793

47 
98.54 MY 

T. elonga-

tum 

DQ091

674 
99.75 USA 

T. cauda-

tum 

KX67933

1 
95.44 MY 

T. centi-

peda 

KX6793

32 
98.54 MY 

T. amplexi-

caule 

KF5458

82 
99.48 CN 

T. japoni-

cum 

MK3179

66 
95.44 KR 

T. cauda-

tum 

KX6793

31 
98.54 MY 

T. tsii 
KJ7334

59 
99.48 CN T. tortum 

KX67934

7 
95.23 MY T. tsii 

KJ73345

9 
98.43 CN 

T. caudatum 
KX679

331 
99.38 MY 

T. centi-

peda 

KX67933

2 
95.23 MY 

T. elonga-

tum 

DQ0916

74 

 

98.25 USA 

Note  : Malaysia (MY), United States of America (USA), China (CN), Korea (KR) 

 

ITS2 sequence of T. lucidum showed the highest 

homology level with the T. linusii species from Ma-

laysia with percent identity of 97.30%. There are 5 

different base sequences in these two species, located 

in 411 base sequence between Thymine (T) and Ade-

nine (A), base sequence 420 between Adenine (A) 

and Cytosine (C), base sequence 470 between Cyto-

sine (C) and Thymine (T), base sequence 476 be-

tween Thymine (T) and Guanine (G), and base se-

quence 641 between Cytosine (C) and Thymine (T). 

Both of them also have the same bases at sequence 

475 with Guanine (G), 555 with Thymine (T) and 

sequence 567 with the base of Cytosine (C) which are 

different from the other species. The alignment re-

sults of the T. lucidum alignment of the ITS2 se-

quences also showed that there were 2 bases that 

distinguished T. lucidum from other species, located 

in base sequence 486 with the Cytosine (C) base and 

689 with Thymine (T) base. In base sequence 687, T. 

lucidum sequence shows a gap that represents an 

insertion or deletion. Besides with T. linusii, T. lucid-

um also has a high homology with other types of 

Thrixspermum, namely T. triangulare (KX679348) 

and T. caudatum (KX679331) with percent identity of 

96.47% and 95.44% respectively, and T. tortum  

(KX679332) and T. centipeda (KX679332) with 

95.23%, those four accessions are from Malaysia. T. 

lucidum also has homology with T. japonicum 

(MK317966) from Korea with percent identity of 

95.44%. 

T. angustifolum ITS2 sequence has the highest 

homology level with T. triangulare (KX679348) 

from Malaysia with percent identity of 99.38%. Both 

of them have differences in the base sequence 324, 

namely Guanine (G) base owned by T. angustifolium 

and the Adenine (A) base owned by T. triangulare. 

Alignment results using ITS2 sequences show that T. 

angustifolium has a base that is different from other 

species, namely Adenine (A) base located in se-

quence 477. BLAST results show that T. angustifoli-

um also has high homology with T. tortum 

(KX679347), T. centipeda (KX679332), T. caudatum 

(KX679331) from Malaysia with per. Ident 98.54%, 

T. tsii (KJ733459) from  China with per. Ident 

98.43%, and T. elongatum (DQ091674) from USA 

with per. Ident 98.25%. The alignment results using 

the ITS2 sequence show that in base sequence 324 bp, 

T. centipeda and T. angustifolium have the same base 

sequence, Guanine (G) which is not shared by other 

species. ITS2 sequences have genetic variation and 

can differentiate to species level, so that ITS2 has the 
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potential as a molecular marker (barcode) of the Thrixspermum orchid. 

 
Figure 3. Alignment results of ITS2 sequence from T. centipeda, T. lucidum, and T. angustifolium with closest 

relative in NCBI 

 

Phylogenetic analysis was performed using 

MEGA 7 with the Neighbor-Joining (NJ) method 

which aims to reconstruct phylogenetic trees based on 

data in minimum evolutionary distances or the near-

est ancestors (Li, 2015). Species that have high genet-

ic homology would be on adjacent position in the 

phylogenetic tree. The results of phylogenetic recon-

struction showed that the species of the genus 

Thrixspermum have the same ancestor (Figure 4). T. 

angustifolium is closely related to T. triangulare. 

Both of them are form one cluster and this is follow-

ing the BLAST results that have been obtained. T. 

lucidum has a close genetic relationship with T. li-

nusii. Both are thought to be oldest species of the 

genus Thrixspermum. In this phylogenetic analysis, 

ITS2 sequence of Coelogyne pandurata is included as 

out-group. As seen in the figure, out-group are clearly 

separated from all Thrixpermum species since it has 

different characters genetical- and morphologically. 

This study was expected to enhance sequence data 

collection in the DNA database or GenBank and also 

makes it easier for scientists to obtain Thrixspermum 

DNA sequences based on the ITS2. These sequences 

can be used to confirm the orchid species of T. centi-

peda, T. lucidum, and T. angustifolium and serve as 

the basis for further DNA barcoding studies. 

 

 
Figure 4. Phylogenetic tree of ITS2 sequence T. cen-

tipeda, T. lucidum, and T. angustifolium with the 

closest relatives at NCBI 

CONCLUSION 

ITS2 sequences of Thrixspermum orchids have 

unique characteristic and was able to differentiate to 

the species level. Genetic relationship shows that the 

Thrixspermum orchids are originated from the same 

ancestor. Based on these results, ITS2 sequences are 

highly recommended as a molecular marker to deter-

mine the barcode of the Thrixspermum orchids. 
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