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Abstract   

The present provides molecular data for three Hebenaria species such as 

Habenaria diphylla (Nimmo) Dalzell, H. khasiana Hook.f. and H. rostellifera 

Rchb.f. collected from Binh Chau-Phuoc Buu Nature Reserve, Vietnam for 

the first time. Along with other DNA sequences from GenBank database, the 

phylogenetic trees for Habenaria species from Vietnam have been estab-

lished.  
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Introduction   

Habenaria Willd. is one of the large genera of the family Orchidaceae Juss., 

including about 876 species that grow in tropical and subtropical regions 

(1). The Orchids of Vietnam illustrated survey recorded 35 species for the 

flora of Vietnam (2). Recently, two new species, H. austrosinensis Tang & F.T. 

Wang and H. diphylla (Nimmo) Dalzell, have been described for the flora of 

Vietnam (1, 3). Therefore, the total number of the known species of Habe-

naria in Vietnam was 37. 

 Binh Chau–Phuoc Buu Nature Reserve is the only remaining coastal 

primary dipterocarp forest of Vietnam located in Xuyen Moc District, Ba Ria-

Vung Tau Province, Vietnam. According to the report of Management Board of Binh 

Chau-Phuoc Buu Nature Reserve, Binh Chau-Phuoc Buu Forest has a diverse sys-

tem of flora which includes 142 families and 796 plant species. In 2019 and 2020, 

our field works in Binh Chau-Phuoc Buu Nature Reserve disclosed the presence of 

three Habenaria species, including H. diphylla (Nimmo) Dalzell, H. khasiana 

Hook.f. and H. rostellifera Rchb.f. Our previous work has recorded H. diphyl-

la for the flora of Vietnam (1). Herein, the ITS and trnL-F sequences of three 

Habenaria species collected from Binh Chau-Phuoc Buu Nature Reserve were 

successfully amplified and sequenced. Notably, the ITS and trnL-F regions of 

H. diphylla were reported for the first time.    

 

Materials and Methods   

Plant samples collection      
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Specimens of H. diphylla, H. khasiana and H. rostellifera 

were collected in Binh Chau-Phuoc Buu Nature Reserve, 

Bung Rieng Ward, Xuyen Moc District, Ba Ria-Vung Tau 

Province, Vietnam, on 30th August 2019 (Fig. 1). All 

vouchered specimens were encoded as collected Le VS 

221, Le VS 226, Le VS 229 and deposited at Herbarium of 

Binh Chau-Phuoc Buu Nature Reserve. Furthermore, ITS 

and trnL-F sequences of 18 species of Habenaria genus and 

Platanthera chlorantha from the Genbank database were 

used in this study for the establishment of the phylogenet-

ic tree (Table 1).  

 

Morphological Taxonomy     

Specimens were sampled and processed using conventional 

methods guided by the Royal Botanic Gardens, Kew (4). Spe-
cies identification was performed by comparison of morpho-
logical vegetative and reproductive characteristics of pub-

lished description of Habenaria genus (5, 6). 

Total genomic DNA extraction and PCR amplification     

Total genomic DNA was extracted from fresh leaves of H. 

diphylla, H. khasiana and H. rostellifera using Gene Jet 

Plant Genomic DNA Purification Mini Kit (Thermo Fisher 

Scientific, USA) according to the manufacture’s instruc-

tion. Amplification of the ITS and trnL-F regions was per-

formed on Mastercycler machine (Eppendorf, Germany) 

using the primers (7, 8) procedures, including ITS primers 

(forward: 5’TCCGTAGGTGAACCTGCGG3’, reverse: 

5’TCCTCCGCTTATTGATATGC3’), and trnL-F primers 

(forward: 5’CGAAATCGGTAGACGCTACG3’, reverse: 5’ATTT-

GAACTGGTGACACGAG3’). The PCR mixture was the 25 µl 

reaction mixture containing 12.5 µl Go-Taq green master 

mix (Promega, USA), 1.25 µl of each forward and reverse 

primers (10 µM), 9.5 µl nuclease-free deionized water and 

0.5 µl DNA template (25 µg/ml). The PCR program consist-

ed of 3 min at 95 °C; 35 cycles of 1 min at 94 °C, 1 min at 55 
oC, 2 min at 72 °C); and a final extension at 72 °C for 10 min. 

The PCR products were purified and sequenced using ABI 

3130 XL Sequencer. 

Sequencing data analysis      

The ITS and trnL-F sequences of other species of Habenar-

ia genus were queried and Platanthera chlorantha was 

obtained from the Genbank database. DNA sequences gen-

erated from this study along with those download Gen-

bank were assembled and aligned using the ClustalW (9) to 

recognize the homology between sequences. The se-

quence datasets were analyzed with phylogenetic method 

(maximum parsimony) using PAUP*4.0a146 (10) with Plat-

anthera chlorantha as the outgroup species (11). Bootstrap 

values of 50% or higher were performed to obtain cluster 

supports. The percent identity values between the se-

quences were calculated using the alignment tool from 

NCBI. 

 

Results and Discussion   

Fig. 1. A-D: Habenaria diphylla, E-G: H. khasiana and H-J: H. rostellifera  

Scientific name Accession number (ITS/trnL-F) Scientific name Accession number (ITS/trnL-F) 

H. pantlingiana MF944309/MF945323 H. rhodocheila KY966607/MF945375 

H. petelotii MF944311/MF945377 H. malintana MF944306/MF945381 

H. stenopetala MF944324/MF945265 H. praetermissa MF944313/- 

H. limprichtii MF944301/MF945209 H. dentata KY966605/KR350362 

H. medioflexa MT500668/MF945235 H. lucida MT500671/MT507762 

H. myriotricha KY966606/- H. acuifera MF944278/MF945225 

H. commelinifolia MF944288/MF945252 H. linguella MF944303/MF945210 

H. reflexa MF944314/MF945388 H. rostrata MT500676/MT507767 

H. ciliolaris MF944287/MF945384 H. tonkinensis MF944326/MF945228 

    P. chlorantha MT179753/MF945194 

Table 1. Sequences of eighteen Habenaria species and Platanthera chlorantha from GenBank database used in this study  
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The PCR products of trnL-F and ITS sequences of H. diphyl-

la, H. khasiana and H. rostellifera were presented as the 

clear bands which had similar sizes of predicted bands (7, 

8) (Fig. 2). The ITS and trnL-F sequences of three studied 

species after editing had the sizes about 532 and 980 bps 

respectively. The ITS and trnL-F sequences of H. diphylla, 

H. khasiana and H. rostellifera were registered in NCBI da-

tabase. The accession numbers of ITS/trnL-F regions were 

MT305990/MT303814, MT305991/MT303815 and 

MT305992/MT303816 respectively. 

 The phylogenetic trees among 3 studied species 

and other Habenaria plants from Vietnam were estab-

lished and the results were presented in Fig. 3. The data 

showed that the classification of species of Habenaria 

based on ITS sequences was similar with that of trnL-F se-

quences. In Fig. 3, all of three species in this study, includ-

ing H. diphylla, H. khasiana and H. rostellifera were classi-

fied in the group of Habenaria, which implied the sequenc-

ing data were accurate. 

  Previous studies provided the information on the 

distribution of H. rostellifera in China, Peninsular Malaysia, 

Thailand and Vietnam (2, 5, 6). This species is most closely 

relative to H. rostrata. Two species shared many of the 

same habitat and morphological characteristics, including 

foliage and general flower shape (2, 5, 6). The arrangement 

of H. rostellifera and H. rostrata analyzed by molecular 

markers is similar to that used by morphological analysis. 

Accordingly, 2 species were grouped together in both ITS 

and trnL-F phylogenetic trees with bootstrap values of 

100% and 98% respectively (Fig. 3A and B). By using the 

BLAST tool in NCBI, there are differences of two molecular 

markers (ITS and trnL-F) of the studied species to those of 

closely related species in GenBank, however. As a results, 

the pairwise alignment of ITS region between H. rostellif-

era and H. rostrata showed that the entire aligned length 

of this region of two species was 589 bp. Two sequences 

had 588 homologous positions and 1 non-homologous 

position. Meanwhile, the entire aligned length of trnL-F 

region of H. rostellifera and H. rostrata was 764 bp in which 

there had 761 homologous positions and 3 non-

homologous positions. 

 H. diphylla was firstly described as a new species in 

India (12). This species was also found in Nepal, Bhutan, 

Bangladesh, China, Myanmar, Thailand, Philippines (5, 6, 

13). Recently, H. diphylla was recorded for the flora of Vi-

etnam, whose distribution were identified in Binh Chau-

Phuoc Buu Nature Reserve, Vietnam (1). The ITS and trnL-F 

regions of H. diphylla was firstly shown by the present 

study. This species was classified in the same group with 

H. khasiana on both ITS and trnL-F phylogenetic trees (Fig. 

3A and B) with percent identity values of 98% and 97% 

respectively. Notably, H. khasiana belonged to similar 

morphological group along with H. tonkinensis and            H. 

viridiflora (5). However, the ITS and trnL-F sequences of H. 
khasiana and H. tonkinensis had the percent identity values 
of 96% and 97% respectively. 

 Recent reports have used the molecular data to es-
tablish the phylogeny as well as assist classification of Habe-

Fig. 2. PCR amplification result of trnL-F (1-3) and ITS regions (4-6) of H. di-
phylla, H. khasiana and H. rostellifera. M: ladder.  

Fig. 3. One of most-parsimonious tree obtained based on the ITS (A) and trnL-F (B) regions. The bootstrap values of 50% or more are shown above the nodes.  



 751    VAN ET AL  

https://plantsciencetoday.online 

naria species. Accordingly, the 4 Habenaria species from 
Brazil such as H. reflexicalcar, H. hippocrepica, H. quadrifer-
ricola and H. espinhacensis have been described as new spe-
cies based on morphological and molecular data (14). Simi-

larly, 3 plastids (matK, trnK intron and rps16–trnK) were 

used and one nuclear (ITS) regions to establish the phylo-

genetic relationships and descriptions 1 variety and 4 new 

Habenaria species, including Habenaria brachydactyla,    H. 

irwiniana, H. minuta, H. pansarinii and H. pansarinii var. 

minuscula (15). In addition, the morphological and molec-

ular data have been used to phylogeny and re-taxonomy of 

two misleading and conflicting Habenaria species such as 

H. leprieurii and H. alpestris. As a result, one species col-

lected from central-western Brazil, formerly identified as 

H. alpestris, has been described as a new species of which 

the scientific name was H. omissa whereas H. alpestris and 

H. melanopoda were conspecific (16). Meanwhile, H. 

leprieurii was classified in a new circumscription for  H. 

sect. microdactylae such as H. leprieurii, H. heptadactyla, H. 

cruegerii, H. omissa and H. cruegeri var. flaviflora (16). Re-

cently, chloroplast (matK, rbcL) was used and nuclear (ITS) 

regions to infer the systematic position of a new Habenaria 

species, H. sandiegoensis, from Nepal (17).  

 

Conclusion   

In this study, the ITS and trnL-F sequences of three Habe-

naria species collected from Binh Chau-Phuoc Buu Nature 

Reserve were successfully amplified and sequenced. Nota-

bly, the ITS and trnL-F regions of H. diphylla were reported for 

the first time. Along with other DNA sequences from the 

GenBank database, the phylogenetic trees for Habenaria 

species from Vietnam have been established.   
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