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Abstract.Ningrum WDA, Atmaja MB, Daryono BS, Purnomo. 2020. Genetic variability of Begonia longifolia Blume from Indonesia 
based on Nuclear DNA internal transcribed spacer (ITS) sequence data. Biodiversitas 21: 5778-5785. Begonia longifolia Blume is a 
member of the Begoniaceae family which has the widest distribution in Asia including Indonesia. Diversity studies on B.longifolia from 
Indonesia were mainly based on morphological characters. The genetic diversity analysis of this pantropical species in Indonesia has 
never been reported yet. This research aimed to study genetic variability of B. longifolia in Indonesia based on nuclear DNA internal 
transcribed spacer (ITS) sequence data. Twelve living specimens were from Sumatra (Lampung), Java (Sukabumi, Purwokerto), Bali 
(Buleleng, Gianyar, Jembrana, Tabanan), and Lombok. The 831-839 length sequence was aligned using Mesquite software. 
Reconstruction of the phylogenetic tree was done by MEGA7 software using Neighbor-Joining method with Kimura-2-Parameter. The 

827 fixed sites showed a genetic distance ranged from 0 to 1.6%. Among the 827 sites compared, 802 sites were invariable, 19 sites 
were variable (11 singleton variable sites and 8 parsimony informative sites) and 6 sites were gaps. The phylogenetic tree showed 1 
clade and 6 sub-clades. Specimens from Sumatra and Java formed a single sub-clade, separate with five sub-clades from Bali. Specimen 
from Lombok belong to one of the sub-clades of the Bali specimens. All specimens can be divided into 2 groups: Sumatra-Java and 
Bali-Lombok group. 
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INTRODUCTION 

Begonia L. is one of the largest genera of Angiosperms, 

comprising around 1991 species and divided into 70 

sections (Hughes et al. 2020). This pantropical genus can 

be used as a model to investigate the processes responsible 

for plant diversification to genera in other families 

(Moonlight et al. 2018). Begonia longifolia Blume is one of 

the members of Begonia, which has a widespread 

distribution. It is found in tropical regions including 
Malesia, Indo-China, Indian subcontinent to East Asia and 

China in warm climates (Govaerts and Sands 2018). The 

distribution of B. longifolia in Indonesia includes Sumatra, 

Java, Lesser Sunda Islands, and Sulawesi (Girmansyah 

2008). 

Plants show intraspecific variations in their 

development based on their adaptation to environmental 

changes (May et al. 2017). Adaptation may produce genetic 

differences between populations, which can cause different 

phenotypes (Schradin 2013). In addition, ecological and 

geographical factors also affect plant species’ genetic 
diversity (Barros et al. 2018). Indonesia’s diverse 

geographical conditions may lead to genetic variations in 

B. longifolia. 

B. longifolia can be recognized with morphological 

characteristics, i.e.: perennial herb, no rhizome; stems 

erect, long internode, swollen node; leaves many, oblong, 

entire or toothed margin, glabrous; male flowers have four 

tepals, female flowers have six tepals; fruits have a thick 

and uniform size of wings (Girmansyah 2009). 

Morphological character plays a major role in the 

introduction of intraspecific variation. However, only a few 

characters are different from one another (Alcantara-Ayala 
et al. 2020). Morphological characters are strongly 

influenced by environmental factors and stages of plant 

development (Zhang et al. 2015). Therefore, study 

variation in intraspecific taxa requires a combination of 

several characters. Molecular characters can be used to 

reveal genetic variation and phylogenetic relationships 

because they are more varied (Nazar and Mahmood 2011; 

Tnah et al. 2016).  

Internal Transcribed Spacer (ITS) region is located in 

the nuclear ribosomal DNA (nrDNA) gene complex of all 

eukaryotic cells. Nuclear rDNA consists of ITS 1, located 
between 18S and 5.8S, and ITS 2, located between 5.8S 

and 26S (Edger et al. 2014). This region is widely used for 

studies at the intraspecific level because it showed high 

variability within some species, such as Passiflora (Mäder 

et al. 2010), Withania somnifera (Mir et al. 2010) and 
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Dioscorea alata (Purnomo et al. 2017). In Begonia, ITS 

sequences showed significant intra and interspecific 

differences (96%-100%) in B. biflora, B. guangxiensis, B. 

zhengyiana, B. cylindrical, B. megalophyllaria, and B. 

parvula (Jiao and Shui 2013). Studies on genetic variability 

in B.longifolia based on nrDNA ITS sequence has never 

been reported yet,, so this study is needed to be done. This 

research, therefore, aims to study the genetic variability of B. 

longifolia in Indonesia based on the nrDNA ITS sequence. 

MATERIALS AND METHODS 

Plant materials 

 Twelve living specimens of Begonia longifolia were 

used in the research. They were gathered from Sumatra 

(Lampung), Java (Sukabumi and Purwokerto), Bali 

(Buleleng, Gianyar, Jembrana, and Tabanan), and Lombok 

(Figure 1). The specimens were cultivated in two Botanic 

Gardens managed by the Indonesian Institute of Sciences: 

Bogor Botanic Gardens and Bali Botanic Gardens (Table 

1).  
 

 

 
 
Figure 1. Maps of source of B.longifolia specimens: A. Lampung, B. Sukabumi, C. Purwokerto, D. Tabanan 1, E. Tabanan 2, F. 
Buleleng 1, G. Buleleng 2, H. Gianyar 1, I. Gianyar 2, J. Jembrana 1, K. Jembrana 2, L. Lombok, M. B.multangula (outgroup) 

 
 
 
Table 1. Specimens and origins of B.longifolia used in this study 
 

No. Code 
Accession 

number 
Origin Collection 

A Lampung B2017080056 Lumbok Seminung Protected Forest area, Liwa, West Lampung, Lampung Bogor BG 
B Sukabumi B2010036 Halimun Mountain National Park, Cikaniki, Kabandungan, Sukabumi, West Java Bogor BG 
C Purwokerto E2004076 Slamet Mountain Protected Forest area, sub-district Baturraden, Purwokerto, Central Java Bali BG 
D Tabanan 1 E2006063 Batukaru, Nature Conservation Area, Tabanan, Bali Bali BG 
E Tabanan 2 E20060631 Candikuning village, sub-district Baturiti, Tabanan, Bali Bali BG 
F Buleleng 1 E20090981 Sengayang Mountain, Batukaru Nature conservation area, subdistrict Banjar, Buleleng, Bali Bali BG 
G Buleleng 2 E20091052 Batukaru, Nature Conservation Area, Gesing village, sub district Banjar, Buleleng, Bali Bali BG 
H Gianyar 1 E20100830 Banjar Selat, Buahan village, sub-district Payangan, Gianyar, Bali Bali BG 

I Gianyar 2 E20100845 Banjar Singa Perang, Buahan Kaja village, sub-district Payangan, Gianyar, Bali Bali BG 
J Jembrana 1 E20110934 Mesehe Hill, Jembrana, Bali Bali BG 
K Jembrana 2 E2015060340 Tukad Yeh Leh, Pengeragoan Dangin Tukad village, subdistrict Pekutatan, Jembrana, Bali Bali BG 
L Lombok E2012120006 Rinjani Mountain National Park, East Lombok, West Nusa Tenggara Bali BG 
M B.multangula 

 (outgroup) 
E200909104 Sengayang Mountain, Batukaru Nature Conservation Area, subdistrict Banjar, Buleleng, Bali Bali BG 

Note: Bogor BG: Bogor Botanic Gardens, Bali BG: Bali Botanic Gardens 
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The limitation of this study was the absence of the 

specimen from Sulawesi that was caused by the lack of 

specimen from Sulawesi in the Botanic Gardens. Begonia 

multangula Blume was chosen as an outgroup since this 

species is closely related and is placed in the same section 

with B. longifolia, both are in section Sphenanthera 

(Hassk.) Warb. (Hughes and Girmansyah 2011). The 

specimen of B. multangula was a collection of the Bali 

Botanic Gardens-Indonesian Institute of Science, originated 

from Buleleng, Bali. 

DNA extraction and Polymerase Chain Reaction (PCR) 

Total genomic DNA was isolated from 100 mg freeze 

B. longifolia and B. multangula leaves by using Phytopure. 

DNA quantity and purity were estimated by using a 

nanodrop spectrophotometer (Maestrogen). Template DNA 

was adjusted to 20 ng µL-1
.  

Amplification was performed in a PCR Thermal Cycler 

(Biorad). Two sets of primers used in this research were 

ITS-u1 as forward (5’-GGAAGKARAAGTCGTAACAAGG-

3’) and ITS-u4 as reverse (5’-RGTTTCTTTTCCTCCGCTTA-

3’) (Cheng et al. 2016). PCR was carried out in 25 µL 
reactions containing: 12.5 µL Bioline-My Taq HS Red mix 

reagent, 1 µL forward primer 10 µM µL-1, 1 µl reverse 

primer 10 µM µL-1, 1 µl genomic DNA 20 ng µL-1 and 9.5 

µL ddH2O. Amplification was performed under the 

following condition: One cycle pre-denaturation (94oC, for 

4 minutes), followed by 30 amplification cycles (denaturation 

94oC for 1 minute, annealing 52oC for 1 minute, elongation 

72oC for 1 minute), and extended elongation for 10 minutes 

in 72oC. The PCR products were then electrophoresed for 

55 minutes in 50 volts on 2% agarose gel in 1x TBE Buffer 

containing 4% Flourosafe DNA Stain. The agarose gel was 
then visualized in GelDoc. The accession with the correct 

band at the size of 700-900 bp (Cheng et al. 2016) was then 

sequenced. PCR products were sent by courier to PT. 

Genetics Science to be analyzed at 1st BASE DNA 

Sequencing Service Malaysia. Sequencing is carried out by 

using the Sanger sequencing method. 

Data analysis 

Sequences were fixed and edited by using Genestudio 

software (version 2.2.0.0) to make a contig. Sequences 

were then verified the similarity with the database of NCBI 

Genbank by BLAST. The alignment was performed using 

OPAL in Mesquite software (version 3.31). Genetic distances 

between sequences were estimated using Multiple pairwise 

in MEGA7 software (version 7.0.26). Reconstruction of the 

phylogenetic tree was done by MEGA7 software using the 

Neighbor-Joining method with the Kimura-2-parameter 

substitution model at 1000 bootstrap. Twelve specimens of 

B. longifolia and one specimen of B. multangula sequences 

were deposited in NCBI GenBank with accession number 
MN453422-MN453434. 

RESULTS AND DISCUSSION 

Amplification of nrDNA ITS region 

Twelve specimens of B. longifolia and one specimen of 

B. multangula as an outgroup were successfully amplified 

by the primers. The primers used in the PCR amplified 

regions 18S, ITS1, 5.8S, and ITS2, 26S, with total lengths 

of 700-900 bp (Cheng et al. 2016). In B. longifolia, the size 

obtained in electrophoresis was 800 bp (Figure 2).  

The result of BLAST analysis indicated that all 

specimens of B. longifolia had a high similarity to B. 
aptera (Genbank accession number: AJ491196.1), with the 

identity value ranged from 97.34-97.84%. B. multangula 

had a high similarity to Begonia sp. (Genbank accession 

number: AF485098.1) with the identity value 95,35% 

(Table 2). B. aptera belongs to section Sphenanthera, same 

with B. longifolia and B.multangula (Girmansyah et al. 

2009; Thomas et al. 2011).  

The total nucleotides of all specimens for BLAST 

analysis ranged from 822-824 bp. There were only two 

accessions of ITS sequence of B.longifolia deposited in 

NCBI with less size [accession number: AF485105.1 (738 
bp) and AY753723.1 (681 bp)]. At the same time, there 

was no ITS sequence of B.multangula in NCBI. ITS 

sequence of B.multangula in this study was the first ITS 

sequence of B.multangula deposited in NCBI. A very 

limited sequence of nrDNA ITS region of B. longifolia and 

B.multangula in Genbank might be the reason for the 

misidentification in this study.  

 
 

 
 

Figure 2. Electrophoregram of nrDNA ITS region of Begonia longifolia (arrow). A. Lampung; B. Sukabumi; C. Purwokerto; D. Tabanan 1; E. 

Tabanan 2; F. Buleleng 1; G. Buleleng 2; H. Gianyar 1; I. Gianyar 2; J. Jembrana 1; K. Jembrana 2; L. Lombok; M. B. multangula 

https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
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Table 2. BLAST analysis of nrDNA ITS sequence of B. longifolia 
 

Specimens code 
Accession number in 

Genbank 
Most similar species 

Accession number in 

Genbank 

Query 

cover (%) 
Identity (%) 

Lampung MN453422 B. aptera AJ491196.1 95 97.84 
Sukabumi MN453423 B. aptera AJ491196.1 95 97.46 
Purwokerto MN453424 B. aptera AJ491196.1 95 97.84 
Tabanan 1 MN453425 B. aptera AJ491196.1 95 97.71 

Tabanan 2 MN453426 B. aptera AJ491196.1 95 97.71 
Buleleng 1 MN453427 B. aptera AJ491196.1 95 97.71 
Buleleng 2 MN453428 B. aptera AJ491196.1 95 97.59 
Gianyar 1 MN453429 B. aptera AJ491196.1 95 97.84 
Gianyar 2 MN453430 B. aptera AJ491196.1 95 97.59 
Jembrana 1 MN453431 B. aptera AJ491196.1 95 97.71 
Jembrana 2 MN453432 B. aptera AJ491196.1 95 97.84 
Lombok MN453433 B. aptera AJ491196.1 95 97.34 
B.multangula 

 (outgroup) 

MN453434 Begonia sp. AF485098.1 96 95,35 

 

 

 

Analysis of sequence data using nrDNA ITS region has 

been used for identification on species level (Forrest and 
Hollingsworth 2003; Forrest et al. 2005; Jiao and Shui 

2013). A non-coding plastid DNA (ndhA intron, ndhF-

rpl32 and rpl32-trnL spacers) sequence also provided 

strong evidence for the polyphyly of section Sphenanthera 

(Thomas et al. 2011). The combination of sequences from 

the nrDNA and trnL intron has also been used to generate 

phylogenetic analysis within Begoniaceae (Plana et al. 

2004).  

Begonia aptera is a sister taxa of B. longifolia based on 

molecular data on chloroplasts gene. Analysis of the split 

time of the two species occurred relatively new (Thomas et 

al. 2011). B. aptera (=B. cristata) is one of the species 
complexes of B. longifolia. Morphologically, these two 

species look similar with slight differences (Table 3). 

Genetic variation 

The total alignment provided an 827 bp in the matrix. 

The composition of nucleotides of B.longifolia ranged from 

822-824 (Table 4). Among 827 sites, 802 sites were 

invariable (monomorphic), 19 sites were variable 

(polymorphic), six sites were gaps. Sites with gaps were on 

sites 12, 13, 43, 789, 790, and 795. Among 19 variable 

sites, 11 were singleton variable sites, and eight sites were 

parsimony informative sites. Sites with single variation 
were found in nucleotides 2, 10, 16, 18, 88, 192, 236, 425, 

748, 824 and 825. Parsimony sites were found in 

nucleotides 3, 4, 7, 8, 9, 11, 120, and 471 (Table 5). The 
variations in the nucleotide bases that occur on these sites 

were due to a nucleotide base substitution in the form of 

transition and transversion, while the presence of gaps 

caused the different composition of nucleotides due to the 

presence of insertion and deletion (Mir et al. 2010). 

The genetic distance of all specimens of B. longifolia 

ranged from 0-1.6 %, with a mean genetic distance of 0.68 

% (Table 6). According to Jiao and Shui (2013), the ITS 

fragment has the greatest intraspecies variability among 

rbcL, matK and trnH-psbA sequences, with a mean of 

intraspecies distance 0.39 ± 0.12 % in 136 specimens 

representing 26 species of Begonia. In line with its result, 
our result showed high variation among twelve specimens 

B. longifolia. Genetic distance is defined as a measure of 

evolutionary divergence between homologous gene 

sequences from the same ancestor. The calculation of 

genetic distance is where the difference between the two 

genes is comparable to the time since they have the same 

ancestor (Beaumont et al. 1998). The genetic distance 

represents the difference between individu during 

evolutionary process. According to Qin et al. (2017), the 

threshold for ITS2 genetic distance in intraspecies of seed 

plants is 3.76%. Based on the value, all specimens were 
classified as intraspecies. 

 

 
 
Table 3. The morphological difference between Begonia longifolia and B. aptera 
 

Character 
Species 

 References 
B. longifolia B. aptera 

Leaf shape Lanceolate or broadly elliptic Broadly elliptic 
Tebbit (2003) Leaf margin  Shallowly single toothed to 

almost entire 
Remotely, short and somewhat irregularly 
bidentate, smaller teeth serrate 

Number of flowers in 
each inflorescence 

Many, more than 10 Few, less than 10 

Wiriadinata and 
Girmansyah (2011) 

Fruit shape Round Slightly square 
Fruit surface Rough small bumps Smooth 
Stigma attachment  Strongly attached Easily fell off 

 

https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
https://www.ncbi.nlm.nih.gov/nucleotide/AJ491196.1?report=genbank&log$=nucltop&blast_rank=1&RID=U2JYVGUA014
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Table 4. Nucleotide composition of ITS sequence data in Begonia longifolia 
 

Specimens code Total nucleotide 
Total aligned 

nucleotide 

Nucleotide composition 

T C A G 

Lampung 826 824 177 (21%) 224 (27%) 188 (23%) 235 (29%) 

Sukabumi 832 822 181 (22%) 222 (27%) 184 (22%) 235 (29%) 

Purwokerto 835 823 178 (22%) 223 (27%) 186 (23%) 236 (29%) 

Tabanan 1 832 823 179 (22%) 223 (27%) 186 (23%) 235 (29%) 

Tabanan 2 828 821 178 (22%) 223 (27%) 185 (23%) 235 (29%) 

Buleleng 1 835 822 179 (22%) 223 (27%) 186 (23%) 234 (28%) 

Buleleng 2 839 822 179 (22%) 223 (27%) 185 (23%) 235 (29%) 

Gianyar 1 836 822 178 (22 %) 223 (27%) 184 (22%) 237 (29%) 

Gianyar 2 831 824 179 (22%) 223 (27%) 187 (23%) 235 (29%) 

Jembrana 1 833 822 178 (22%) 223 (27%) 186 (23%) 235 (29%) 

Jembrana 2 832 822 178 (22%) 223 (27%) 186 (23%) 235 (29%) 

Lombok 837 824 181 (22%) 222 (27%) 186 (23%) 235 (29%) 

B.multangula 
 (outgroup) 

835 823 178 (22%) 227 (28%) 182 (22%) 236 (28%) 

 

 

 
Table 5. Variation in B. longifolia sequences 
 

 

Specimens 

code 

 

Base nucleotide position 
    11244777788        

  1111114829327489922 

 2347890123683802651890545 

Lampung  GGAGAAAAAAGC-CCCGCGCT--GA 

Sukabumi  TTG.G.G.-...-T..CT.T---.. 

Purwokerto  T...G...G...-.T.....---.. 

Tabanan 1  TTG.G...G...-.T...A.---.. 

Tabanan 2  T.G.G...--..-.T...A.---.. 

Buleleng 1  TTG.G...-...-.T...A.---.. 

Buleleng 2  TTG.G..G--..A.T...A.---.. 

Gianyar 1  T.G.GG..-...-.T.....---AG 

Gianyar 2  T.GAGG.G..AT-.T...A.--C.. 

Jembrana 1  T.G.G...-...-.T...A.---.. 

Jembrana 2  T.G.....-...-.T.....---.. 

Lombok  T.GAGG..-...-.TT..A..T-.. 

Note: - indicated gap; . indicated the same base as the first row 
 
 

Variations within organisms can be used to study 

evolution (Alcántara-Ayala et al. 2020). The broad 

distribution of B.longifolia is caused by its wide ecological 

tolerance and greater chances of long-distance dispersal 

afforded by its baccate, and therefore presumably animal-

dispersed. The variation in B.longifolia was dominantly 

caused by population isolation (Tebbit 2003). Variations in 

population levels are congruent with macroevolution in the 
genus Begonia (Hughes and Hollingswort 2008).  

Reconstruction of the phylogenetic tree 

The phylogenetic tree is a diagram that shows the 

estimated evolutionary relationship among a group of 

species based on molecular characters (Philippe et al. 

2011). Evolution is a gradual process of change from 

simple species to become more complex through the 

accumulation of genetic mutation from several generations 

(Dharmayanti 2011). The rate of evolution can be known 

from variations in gene sequences or DNA segments. The 

closeness relationship between samples is influenced by the 
length of the branches. Branch lengths are proportional to 

the genetic distances inferred from the analysis of a 

multiple alignments of homologous sequence (Philippe et 

al. 2011). 

 
 
 
Table 6. Genetic distance (%) among twelve specimens of B. longifolia 
 

No. Specimens code 1 2 3 4 5 6 7 8 9  10 11 12 

1. Lampung             
2. Sukabumi 1.1 

 
          

3. Purwokerto 0.4 1.0           
4. Tabanan 1 0.7 0.9 0.4 

 
        

5. Tabanan 2 1.1 1.2 0.7 0.4         
6. Buleleng 1 0.7 0.9 0.4 0.0 0.4 

 
      

7. Buleleng 2 0.7 0.9 0.4 0.0 0.4 0.0       
8. Gianyar 1 1.4 1.2 1.0 0.9 0.5 0.9 0.9 

 
    

9. Gianyar 2 1.2 1.6 0.9 0.7 0.6 0.7 0.7 1.1     
10. Jembrana 1 1.1 1.2 0.7 0.4 0.0 0.4 0.4 0.5 0.6 

 
  

11. Jembrana 2 0.9 1.0 0.5 0.4 0.2 0.4 0.4 0.5 0.9 0.2   
12. Lombok 1.0 1.4 0.6 0.5 0.4 0.5 0.5 0.9 0.5 0.4 0.6 
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Figure 3. Phylogenetic tree of B. longifolia derived from Neighbor Joining method based on nrDNA ITS sequence data 
 
 

  

Begonia multangula was succesfully separated among 

B. longifolia specimens. Phylogenetic trees formed only 

one main clade, clade I. Clade I consisted of 6 sub-clades, 

namely A, B, C, D, E, and F. Sub-clade A consisted of 
Lampung, Sukabumi, and Purwokerto specimens. In sub-

clade A, the separation between branches was supported by 

a small bootstrap value of 48%. Sub-clade B consisted of 

Tabanan 1, Buleleng 1, and Buleleng 2 specimens. In sub-

clade B, branches formed a straight line, which means the 

three specimens were identic in the ITS-rDNA sequence 

with genetic distance values of all three samples was 0.0. 

These branches were supported with a bootstrap value of 

83%. Sub-clade C consisted of Gianyar 2 and Lombok 

specimens. Sub-clade D consisted of Jembrana 2 

specimens. Sub-clade E consisted of Tabanan 2 and 

Jembrana 1 specimens. In sub-clade E, branches formed a 
straight line, which means the two samples were identic in 

the ITS-rDNA sequence with a genetic distance value of 

0.0. Sub-clade F consisted of Gianyar 1 specimens (Figure 

3). The phylogenetic analysis based on nrDNA ITS 

sequence showed that twelve specimens of B. longifolia are 

monophyletic. 

The grouping of B. longifolia based on molecular 

characters might indicate the geographical difference. A 

study in the population of B. luzhaiensis using EST-SSR 

marker and the chloroplast trnC-ycf6 intergenic spacer in 

China indicated that historical fragmentation and isolation 
by distance influenced the phylogeographic analysis (Tseng 

et al. 2019). Sub-clade A consisted of Lampung, Sukabumi, 

and Purwokerto specimens. Lampung is located in 

Sumatra, while Sukabumi and Purwokerto are located in 

Java. Based on its geographical area, Sumatra and Java are 

included on the Sunda shelf. During the Pleistocene glacial 

period, the rising and falling sea levels caused islands on 

the Sunda shelf to separate and fuse with each other. 

Sumatra and Java were previously fused but subsequently 

separated (Lohman et al. 2011). This Pleistocene glaciation 

influenced the pattern of genetic diversity of species 
(Ramirez-Barahona and Eguiarte 2013). Hence, specimens 

from Lampung, Sukabumi, and Purwokerto are placed in 

one sub-clade.  

Sub-clade B consisted of Tabanan 1, Buleleng 1, and 

Buleleng 2 specimens. The three specimens have a meager 

genetic distance (0,0). The zero value of genetic distance is 

due to the small sequence variations between specimens. 

Based on the origin of their habitat, all three specimens 

were from the Batukaru Nature Conservation area. 

Administratively, Batukaru Nature Conservation is located 

across the regencies of Buleleng, Tabanan, and Badung. 

According to Tsai et al. (2015), the similarity of these three 
specimens habitat tends to have low genetic diversity at the 

intraspecific level. It can be seen in the phylogenetic 

analysis of Phalaenopsis amabilis using ITS and trnH-psbA 

sequence divided most of the specimens of P. amabilis 

species complex based on the origin of the specimen.  

Sub-clade C consisted of Gianyar 2 and Lombok 

specimens. According to Lohman et al. (2011), Bali is 

included in the Sunda Shelf while Lombok is included in 

the Wallacea region. A line separates the Sunda shelf and 

Wallacea between Borneo and Sulawesi (Celebes) and 

through the Lombok Strait between Bali and Lombok. 
Wallacean islands are generally regarded as oceanic islands 

because they have had no terrestrial connection to any 

surrounding land (Sulawesi is the exception). 

Consequently, their biota arose predominantly via dispersal 

and not vicariance. The distance between Bali and Lombok 

is near, while B. longifolia has a very wide distribution. 

The type of fruit and seed structure allows animals and 
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wind to help its distribution (Tebbitt, 2003). These might 

be the factors that B. longifolia in Bali and Lombok are 

similar based on molecular characters.  

Sub-clade D only consisted of Jembrana 2 specimen. 

Sub-clade E consisted of Tabanan 2 and Jembrana 1 

specimens. Those two specimens also have a zero value of 

genetic distance. Sub-clade F only consisted of Gianyar 1 

specimen. Specimen of sub-clade D, E, and F were not 

from the same area. B. longifolia is generally found in a 

wide range of habitats from primary rainforest to degraded 
scrub, on acidic to basic substrate, in full to half shade. 

Usually in moist soils, but not in seasonally waterlogged 

sites at altitudes 120–2000 m asl. (Tebbit 2003, Wiriadinata 

and Girmansyah 2011). A study in Caragana 

microphylla in Horqin Sandy Land, China, using inter 

simple sequence repeat (ISSR) markers, indicated a 

correlation between different environmental gradients and 

genetic variation. C. microphylla has high genetic 

diversity, and ecological gradients affected the genetic 

diversity of C. microphylla populations (Huang et al. 

2016). The different habitats and environments might be 
the factor in the grouping of those specimens.  

The grouping of the phylogenetic tree of B. longifolia 

specimens was influenced by geographical difference and 

habitat environment. Specimens from Sumatra and Java 

formed a single sub-clade, separate with five sub-clades 

from Bali. Specimen from Lombok belong to one of the 

sub-clades of the Bali specimens. Based on the grouping 

pattern, there was a trend that the specimens from 

Lampung, Sukabumi, and Purwokerto separated from the 

specimens from Bali and Lombok. Therefore, it can be 

divided into two groups, i.e. Sumatra-Java and Bali-
Lombok group. 
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