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Hoan-ngoc is a highly important herbal plant in Vietnam. To improve the effectiveness of conservation 
and development of this plant, an accurate method for classification and identification is needed. In this 
study, matK, rbcL, and trnH-psbA barcodes were utilized to evaluate genetic relatedness among 13 
hoang-ngoc accession collected throughout Vietnam and distinguish hoan-ngoc from its close relative 
plant (Clinacanthus nutans or “Xuong-khi” in Vietnamese). The results revealed that three are close 
genetic relatedness among hoan-ngoc samples. The matK and trnH-psbA loci reveal potential to 
differentiate hoang-ngoc from Clinacanthus nutans. The findings of this project could provide valuable 
information that is necessary for classification, plant origin identification, breeding, and conservation 
program of hoan-ngoc in Vietnam.  
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INTRODUCTION 

Hoan-ngoc (Pseuderanthemum palatiferum) is 
a native plant in Vietnam which is commonly used 
as traditional medicine not only for this country but 
for neighbor countries (Sittisart et al., 2016). This 
herbal plant was first identified in 1990 in Cuc 
Phuong National Park in northern Vietnam 
provinces (Nguyen and Eun, 2013). The plant was 
also found popularly distributed in nearby areas 
such as the Red River Delta, Thai Binh, Nam 
Dinh, Hung Yen and Hai Duong provinces. 
Nowadays, the planted area has been replicated 
in the southern provinces of Vietnam. In addition, 
hoan-ngoc is also found in some countries such 
as Thailand, China, Cambodia, India, Laos, 
Malaysia and Myanmar. Hoan-ngoc is well known 
for its medicinal value which contains activities to 
treat diarrhea, hypertension, rheumatoid arthritis, 
and pharyngitis (Padee, 2009). The leaves have 
high antibacterial properties, can inhibit the growth 
of gram-negative, gram-positive bacteria, and 

both mold and yeast and high ability to protect 
liver cells (Huynh et al. 2008). 

As an important herbal plant in Vietnam, 
hoan-ngoc is commonly mixed with other 
inexpensive medicinal plants with similar 
morphological characteristics, especially 
Clinacanthus nutans. The traditional way is to 
distinguish based on morphological differences in 
the plant. However, the distinction of these 
ingredients is not effective since ordinary 
ingredients reach the users' hands that have been 
either preliminary processed or processed into 
products.  

In 2003, DNA barcode was proposed as new 
criteria to identify existing and unknown species 
by comparing with Genbank's DNA sequence. 
DNA barcode plays a role as a tool in taxonomy 
and is being successfully exploited in assessing 
biodiversity, determining the purity of herbal 
samples. DNA barcode are being popular use to 
manage the adulteration of herbs and plant 
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identification. In plants, the barcode DNA regions 
used are usually the sequences of the chloroplast 
genome and the nuclear genome. Different gene 
regions have been utilized as barcodes such as 
nuclear ribosomal internal transcribed space 
(ITS), rbulose-1,4-bisphospate carboxylase larger 
subunit gene (rbcL), ribosomal rNA maturase 
gene (matK), atpF-atpH, psbK-psbI and trnH-psbA 
intergentic spacers. Among these, matK, rbcL and 
trnH-psbA have been extensively utilized for 
classification of different plant species such as 
Olea europaea (Gismondi et al. 2012); 
Plectranthus hadiensis (Amarasinghe et al. 2013); 
Cymodocea (Bchir et al. 2019). This study was 
aimed to assess the efficiency of three barcode 
loci consisting of rbcL, matK and psbA-trnH to 
examine genetic variation among different hoan-
ngoc accession and to identify its effectiveness in 
distinguishing hoan-ngoc from Clinacanthus 
nutans. 
  
MATERIALS AND METHODS 

Total of 13 hoan-ngoc genotypes and 1 
Clinacanthus nutans (XK) genotype were 
collected from different provinces in Vietnam and 
presented in Table 1 and Figure 1. Leaf samples 
were dried and stored in silica gel until use. 

DNA was extracted with CTAB method (Cetyl 
Trimethyl Ammonium Bromide) as described by 
Doyle and Doyle (1987). PCR reactions were 
amplified using the composition as follows: 7.5 μL 
2X Mytaq Mix (Bioline, UK), 20 ng DNA, 0.2 μM 
primer (either matK 390F: 5’-
CGATCTATTCATTCAATATTTC-3’; and 1326R: 
5’- TCTAGCACACGAAAGTCGAAGT-3’ 
(Cuenoud et al. 2002); rbcL: cF: 5’- 
TGAAAACGTGAATTCCCAACCGTTTATGCG-3’; 
cR: 5’- GCAGCAGCTAGTTCCGGGCTCCA-3’ 
(Hasebe et al. 1994) or trnH-psbA (trnH-psbA-F: 
5’- GTTATGCATGAACGTAATGCTC-3’; and trnH-
psbA-R: 5’- CGCGCATGGTGGATTCACAATCC-
3’ (Ferri et al. 2009), and PCR water (Sigma- 
Aldrich, USA) to final volume of 15 μL. The PCR 
reaction conditions were as follows: initial 
denaturation at 94 °C for 5 minutes; then 30 
cycles of 30 seconds at 94 oC, 30 seconds at 52 
oC (for matK and trnH-psbA loci) or 58 oC (for rbcL 
locus), and 1 minute at 72 oC. Finally, addition 5 
minutes was continued at 72 oC to complete the 
reaction. All reactions were carried out in 
SureCycler 8800 Thermal Cycler (Agilent, USA). 
The PCR products were electrophorized on 1% 
agarose gel using 1 kb DNA marker (Bioline, UK) 
to confirm the amplification length. The PCR 
products were then purified by ISOLATE II PCR 

and Gel Kit (Bioline, UK) and sequenced by 
Sanger method at PhusaBiochem (Can Tho, 
Vietnam). The obtained electropherograms were 
edited using FinchTV (Digital World Biology 
Products, USA). Only the sequences with scores 
more than 20 PHRED score were considered for 
further analysis. Sequences were trimmed at both 
ends of the alignment in order to avoid too many 
missing data at the ends. The obtained 
sequences were submitted to GenBank (NCBI, 
USA) and are publicly accessible under the 
accession numbers listed in Table 1 

For species identification, the DNA sequences 
were identified by using Basic Local Alignment 
Search Tools (BLAST) at http://blast.ncbi.nlm.gov 
using default parameters. The identification was 
deemed correct if the highest identity percentage 
of searched sequences was derived from 
expected species or genus. On the other hand, 
the identification was considered ambiguous when 
the highest identity percentage of searched 
sequences was not derived from expected 
species or genus or family (Nio et al., 2018). DNA 
sequences were then aligned with the ClustalW 
algorithm, implemented in MEGA7 package 
(Tamura et al. 2013), using the default 
parameters. Evolutionary divergence for each 
data set and pattern of nucleotide substitution 
were performed by same software. Evolutionary 
trees were constructed based on two methods 
consisting of Maximum Likelihood (ML) and 
Neighbour Joining (NJ) representing for discrete 
character methods and distance methods, 
respectively. The reliability of phylogenetic 
analysis was validated by 1000 bootstrap 
replicates. Bootstrap support (BS) was 
categorized as strong (> 85%), moderate (70%-
85%), weak (50%-69%) or poor (< 50%) (Kress et 
al. 2002). In order to estimate species resolution 
for a given barcode locus, we considered the 
species were resolved if conspecific individual 
grouped into one monophyletic branch in the 
phylogenetic tree with strong bootstrap support. In 
converse, if conspecific individuals were 
separated in paraphyletic branches, then the 
species was considered as identification failure 
(Sikdar et al. 2018).  
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Table 1: List of samples used in this study and the corresponding accession numbers of DNA 
sequences in three different barcode loci. 

 

No. Sample ID Species matK rbcL trnH-psbA 

1 BT01 
Pseuderanthemum 

palatiferum 
MW460671 MW460684 MW460697 

2 TG01 
Pseuderanthemum 

palatiferum 
MW460672 MW460685 MW460698 

3 LA01 
Pseuderanthemum 

palatiferum 
MW460673 MW460686 MW460699 

4 SG01 
Pseuderanthemum 

palatiferum 
MW460674 MW460687 MW460700 

5 SG02 
Pseuderanthemum 

palatiferum 
MW460675 MW460688 MW460701 

6 SG03 
Pseuderanthemum 

palatiferum 
MW460676 MW460689 MW460702 

7 SG04 
Pseuderanthemum 

palatiferum 
MW460677 MW460690 MW460703 

8 TN01 
Pseuderanthemum 

palatiferum 
MW460678 MW460691 MW460704 

9 BP01 
Pseuderanthemum 

palatiferum 
MW460679 MW460692 MW460705 

10 HN01 
Pseuderanthemum 

palatiferum 
MW460680 MW460693 MW460706 

11 HN02 
Pseuderanthemum 

palatiferum 
MW460681 MW460694 MW460707 

12 PT01 
Pseuderanthemum 

palatiferum 
MW460682 MW460695 MW460708 

13 TH01 
Pseuderanthemum 

palatiferum 
MW460683 MW460696 MW460709 

14 XK 
Clinacanthus 

nutans 
MW460887 MW460888 MW460889 

 
 

 
 

 
Figure 1. Leaf morphology of collected samples (a: BT01; b: TG01; c: LA01; d: SG01; e: SG02; f: SG03; 
g: SG04; h: TN01; i: BP01; j: HN01; k: HN02; l: PT01; m: TH01; n: XK (Clinacanthus nutans)). Bar = 1cm. 
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RESULTS AND DISCUSSION  

Species identification 
In this study, all three genes were amplified 

and sequenced successfully. For homologous 
identification, only sequences showing a minimum 
of 80% percentage identity were considered. 
Using BLAST, sequences from three barcode loci 
show inconsistent results as described in Table 2. 
For all hoan-ngoc accessions, the species 
identification by BLAST is not reliable, for matK 
studied sample was incorrectly classified as 
Pseuderanthemum carruthersii and 
Cosmianthemum viriduliflorum with 8 and 5 
accessions, respectively. Whereas, BLAST with 
rbcL revealed all accessions belonging to Ruttya 
fruiticosa or Pseuderanthemum atropurpureum 
when trnH-psbA was used. We found that only 
Clinacanthus nutans was correctly identified by all 
loci. The low accuracy of BLAST could be resulted 
from their database small size and insufficient 
completeness. Consequently, the missing species 
in the database cannot be identified and the 
method may assign the query sequence to an 
incorrect species (Parmentier et al. 2013). 

Phylogenetic analysis 
Firstly, phylogenetic trees were constructed 

by single maker. The results show the high 
similarity between two employed methods namely 
ML and NJ (Figure 2). For matK and trnH-psbA 
loci,Clinacanthus nutans used as out group is 
separated in distinct branch indicating the 
effectiveness of these two loci in differentiating 
hoan-ngoc and Clinacanthus nutans. The 
evolution of matK region is considered as the 
fastest in plastid genome and the sequence is 
highly similar to COI sequence in animal which is 
commonly used as key barcode region in animal 
identification. A study on Casuarinaceae found 
that matK gene gave higher resolution than rbcL 
(Sogo et al., 2001). A research group in Vietnam 
also reported that matK region is more reliable 
marker than rbcL on Hopea chinesis (Trang et al, 
2015). On another hand, trnH-psbA is also 
previously considered as a high potential locus 
since it contains short sequence which facilitate 
the amplification and sequence more 
straightforward. Previous study on Combretaceae 
family also indicated that trnH-psbA is better than 
rbcL and matK (Gere et al., 2013). Li and 
colleagues used several barcode to evaluate 
Ficus in China, they found that the success rate of 
species discrimination reduce from trnH-psbA, 
matK and rbcL (Li et al., 2012). Whereas in rbcL 

locus, this sequences is more similar to that of 
HN02, PT01 and TH01 and gathered into a group 
(Figure 2b and 2e). A mega study in Atlantic forest 
also reported that rbcL was not able to identify 
any plant species (Vivas et al., 2014). This could 
be due to the low mutation rate of rbcL locus in 
the comparison to that of matK and trnH-psbA 
(Kellogg and Juliano, 1997). 

Combination of multi locus barcodes could 
improve the classification of species and several 
studies have proven this idea. In our study, the 
combination of two barcode regions show the 
variation in species power resolution compared to 
the single use. The combination of matK and trnH-
psbA showing best discrimination capacity since 
Clinacanthus nutans (XK) is classified in single 
branch (Figure 3b, 3e), whereas the combination 
of either matK + rbcL or rbcL + trnH-psbA 
revealed that Clinacanthus nutans is grouped to 
TH01, HN02 and PT01 accessions (Figure 3a, 3c, 
3d, 3f). The combination of rbcL to either matK or 
trnH-psbA also did not increase the discrimination 
power of forest trees in early reported study 
(Vivas et al. 2014). Thus, the proposed 
combination from matK and rbcL of The 
Consortium for the Barcode of Life (CBOL) is not 
applicable for all plant species. 

Although previous study shows the superior of 
combining these three markers in species 
classification such as Combretaceace (Gere et al. 
2013); Actinidia (Weihong et al. 2018); the 
phylogeny combination gives result similarly to the 
combination of matK+rbcL and rbcL+ trnH-psbA 
show (Figure 4). In in study, XK is not 
distinguished from three hoan-ngoc accessions 
namely NH02, PT01, and TH01. The lower 
species discrimination when combining three loci 
was also previously reported in forest trees (Vivas 
et al. 2014). 

The result shows that both ML and NL are 
more effective in species classification of hoan-
ngoc. Similar result was reported from Yang and 
colleagues (2012) when studied Calamus species 
in China. Although both ML and NJ are commonly 
used in phylogenetic analysis, NJ can be easily 
performed in a short time with personal computer 
while ML is considered as professional method in 
phylogenetic analysis, since it could consider the 
possibility for all events happening simultaneously 
and produced the best tree, supported at higher 
probability in the comparison to other methods 
(Felsenstein, 1981). 
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Table 2: Species identification by using BLAST with three DNA barcode loci. 
 

No Sample BLAST with matK BLAST with rbcL BLAST with trnH-psbA 

1 BP01 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

2 TN01 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

3 TH01 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

4 HN02 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

5 HN01 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

6 SG04 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

7 SG03 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

8 PT01 Pseuderanthemum carruthersii Ruttya fruiticosa Pseuderanthemum atropurpureum 

9 LA01 Cosmianthemum viriduliflorum Ruttya fruiticosa Pseuderanthemum atropurpureum 

10 SG02 Cosmianthemum viriduliflorum Ruttya fruiticosa Pseuderanthemum atropurpureum 

11 SG01 Cosmianthemum viriduliflorum Ruttya fruiticosa Pseuderanthemum atropurpureum 

12 BT01 Cosmianthemum viriduliflorum Ruttya fruiticosa Pseuderanthemum atropurpureum 

13 TG01 Cosmianthemum viriduliflorum Ruttya fruiticosa Pseuderanthemum atropurpureum 

14 XK Clinacanthus nutans Clinacanthus nutans Clinacanthus nutans 

 

 
 

Figure 2: Phylogenetic tree developed by Maximum Likelihood (a,b,c) and Neighbour Joining 
(d,e,f) methods using single barcode locus. 
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Figure 3: Phylogenetic tree developed by Maximum Likelihood (a,b,c) and Neighbour Joining 

(d,e,f) methods using combination of two barcode loci. 
 

 
Figure 4: Phylogenetic tree developed by Maximum Likelihood (a) and Neighbour Joining (b) 

methods using combination of three barcode loci. 
 

CONCLUSION 
The obtained show the low genetic variation 

of collected hoan-ngoc accession within three 
DNA barcode loci consisting of matK, rbcL and 
trnH-psbA. matK and trnH-psbA barcode loci 
could be used as potential tool for hoan-ngoc 
identification, while rbcL is not effective to identify 
this herbal tree. The range of future studies 
should include more different relative species of 
hoan-ngoc which could find the higher reliable 
combined loci for identifying this herbal plant. 
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