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Abstract

The study was conducted to compare the diversity of three sequences of DNA barcodes (atpF-atpH spacer,
ITS region, and rbcL gene) of Elephantopus mollis H.B.K. and Elephantopus scaber L.. Three individuals
were represented for each species and were collected at an indigenous location in Bay Nui area, An Giang
province, Vietnam. The results showed that DNA barcodes were successfully amplified. The ITS and rbcL
regions had no difference in the nucleotide sequences of samples in each species, except that atpF-atpH
region had a difference at the 37th nucleotide position of E. mollis H.B.K. The results of sequence
polymorphism analysis showed that the ITS region had higher variation than the two regions of atpF-atpH
and rbcL through the percent identity of 89.58, 98.99 and 100%, respectively. The result of analyzing
phylogenetic trees of DNA sequences through genetic distance and bootstrap values showed that the ITS
region could genetically distinguish between E. mollis H.B.K. and E. scaber L. and from some other species
higher than the other two regions.
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INTRODUCTION

In the world, species of Elephantopus (Asteraceae) are commonly used in traditional (folk) medicine for the
treatment of nephritis, edema, dampness, pain in the chest, fever, scabies, and arthralgia due to wound and
cough of pneumonia (Kabiru and Por, 2013). In Vietnam, the genus Elephantopus was recorded to include
two species, Elephantopus scaber L. and Elephantopus mollis H.B.K. (Ho, 2003; Bien, 2007). The biological
activities of these two species have been studied such as antioxidant activity (Ganga et al., 2012; Sopan and
Vijay, 2016), antifungal, antibacterial (Consolacion et al., 2009; Anitha et al., 2011), anti-inflammatory (Singh et
al., 2006), anti-nausea, anti-allergic, anti-cancer (Kabeer and Prathapan, 2014). These two herbal plants in the
world literature show a lot of morphological and anatomical similarities (Bunwong et al., 2014; Loeuille ef al.,
2015). Hence, the confusion over their names have also been noted (Loi, 2004). Currently in plant taxonomic
research, besides methods based on morphological and anatomical characteristics, molecular genetic
methods are also applied. In particular, DNA barcodes is one of the most common method approach based
on short DNA sequences with an evolutionary rate fast enough to give fast and accurate classification results
(Mishra et al., 2016). In plants, the commonly used DNA barcodes are sequences of the nucleus and the
chloroplast genome (Kress et al., 2005; Hollingsworth et al., 2009). For E. scaber L. and E. mollis H.B.K., the
nuclear ITS region and plastid rbcL gene were used in studies at the genetics of Elephantopus genus
classification system (Keeley et al., 2007; Schilling, 2013; Gong et al., 2018). In addition, the atpF-atpH
intergenic sequence of these two species has not been recorded in the National Center for Biotechnology
Information (NCBI) database. Until now, such species are commonly used in traditional medicine in
Vietnam but their research on DNA barcoding is limited. Therefore, the aim of this study to study used three
regions of DNA sequencing (atpF-atpH spacer, ITS region and rbcL gene to supplement the genetic
database at the molecular level. The results of this study are to investigate the genetic relationship of the two
species and contribute to the development of this medicinal resource locally.

MATERIALS AND METHODS
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Experimental material
Three individuals were represented for each E. mollis H.B.K. and E. scaber L. sample were collected
following the method from Thin (2007). The scientific name was identified based on morphological
characteristics (Ho, 2003; Bien, 2005) (Fig 1). All individuals were collected at an indigenous location in Bay
Nui area, An Giang province (Table 1).

Fig. 1: Morphology of E. mollis H.B.K. (a and b); E. scaber L. (c and d); Bar: cm

Table 1: Information on studied samples

Coordinates
Sign Species Location of sampling N E

Mol 1 Elephantopus mollis  Medicinal center 10° 29°57.38” 105° 00°02.35”
H.B.K. (Cam Mountain, An Giang)

Mol _2 Bo Hong peak 10° 29°43.83” 104° 58°57.32”
(Cam Mountain, An Giang)

Mol_3 Tri Ton District, An Giang 10° 25°24.47” 105° 00°12.00”

Sca 1 Elephantopus Medicinal center 10° 29°57.38” 105° 00°02.35”
scaber L. (Cam Mountain, An Giang)

Sca_2 To Mountain, An Giang 10° 25°07.59” 104° 58°51.01”

Sca 3 Tri Ton District, An Giang 10° 25°24.59” 104° 56°45.02”

Construction of DNA barcode library for atpF-atpH, ITS and rbcL.

Total DNA was isolated following the CTAB-based protocol (Rogers and Bendich, 1988) and modified Dung
(2011). DNA purity and intact were assessed by 0.8% (w/v) agarose electrophoresis at 100 V for 20 minutes.
Primers and thermal cycles for amplification (ABI 9700, USA) of three DNA barcodes were listed in Table
2. Amplicons underwent 2% (w/v) agarose electrophoresis to confirm the PCR yield and specificity. DNA
sequencing was conducted by the Sanger method (ABI 3130, USA).

Table 2: Primer sequences, annealing temperatures and expected product length for three DNA barcode loci;

atpF-atpH, ITS and rbcL

Primer Annealing Expected
Region name Sequences (5’-3%) temperature product Sources
(Time) length
atpF- atpF ACTCGCACACACTCCCTTTCC 51°C 196-573bp  Vijayan and
atpH atpH GCTTTTATGGAAGCTTTAACAAT 40s Tsou, 2010
TS ITS1 TCCGTAGGTGAACCTGCGG 55°C 500-700 bp White et al.,
ITS4 TCCTCCGCTTATTGATATGC 30s 1990
el rbcL-aF ATGTCACCACAAACAGAGACTAAAGC 55°C 550-600 bp  Kress et al., 2005
oe rbcL-aR _ GTAAAATCAAGTCCACCRCG 30s

Data analysis

DNA sequences were tested for nucleotide accurate confirmation and aligned by the Clustal W algorithm
using Bioedit software (Thompson et al., 1994). The Basic Local Alignment Search Tool (BLAST) was used
to find the similarity sequence against the NCBI database. The phylogenetic tree was constructed by the
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Maximum Likelihood method and genetics distance was conducted by MEGA X (Kumar et al., 2018).
Bootstrapping with 1000 replication was used for inferring the confidence of phylogenetic tree.

RESULTS AND DISCUSSION

Result of total DNA extraction and cloning DNA barcode fragments using PCR

The electrophoresis results showed that the DNA regions were successfully amplified and consistent with
the expected product length (Fig 2). The results on the electrophoresis showed DNA bands are thick, clear,
with no additional products, it proves that PCR products are specific, can be purified and directly used to
proceed to determine the nucleotide sequence of barcode fragments E. mollis H.B.K. va E. scaber L..

4 5 6 O @ M1 2 3 4 5 606 B

=
L -

Fig. 2: Results of electrophoresis of the samples
a) PCR result of atpF-atpH gene fragment cloning b) ITS; c) rbcL; 1) Mol 1; 2) Mol 2; 3) Mol 3; 4)
Sca_1; 5) Sca_2; 6) Sca 3; M: standard scale: 1 kb (a,b) and 100 bp (c), (-): Negative control; (+):
Positive control.
The result of identifying and analyzing the nucleotide sequence of the DNA barcode
The result of the atpF-atpH spacer
The sequence of atpF-atpH region in the PCR product of the samples was determined with a size of 542
nucleotides (Fig 3). There are differences between the composition of nucleotides of the two studied species
(Table 3). Both E. mollis H.B.K. and E. scaber L. had the highest proportion of Thymine (T) nucleotides,
accounting for 37.13%, 37.64% and the lowest proportion was Cytosine (C) nucleotide with 14.96%,
15.13%, respectively. Two species had lower G-C content (33.43% in E. mollis H.B.K. vs. 33.46% in E.
scaber L.) and higher transition. Results showed that the three sequences of E. scaber L. did not differ in the
nucleotide composition. However, the atpF-atpH sequence of E. mollis H.B.K was different when losing
nucleotide A (Adenine) at 37th position of both Mol 2 and Mol 3 samples. In this region, the sequence
between such species has five different nucleotide points (corresponding 5 SNPs), accounting for 0.92% of
the whole sequence (Fig 3). The result of comparing the afpF-atpH sequence between the two species
showed that the three E. scaber L. samples have percent identity of 99.08% with Mol 1 samples and
98.89% similarity with samples Mol 2 and Mol 3 of E. mollis H.B.K.. The sequence comparison on
Genbank showed that the atpF-atpH region of two species of E. mollis H.B.K. and E. scaber L. has not been
published. Compared with other species, the samples in this region have the highest BLAST identity of
96.56% with Lychnophora pinaster Mart. (code number: MF804924). It belongs to the family Asteraceae
and is vulnerable to extinction and found exclusively in the Minas Gerais State-Brazil*®. In addition, the
atpF-atpH sequence of the two species also resulted in a similarity less than 96% compared to other species
(e.g., Brachylaena huillensis, Atractylodes macrocephala and Cichorium intybus).
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Fig. 3: The results of alignment sequences with the atpF-atpH region

The result of the ITS region

The ITS region of nuclear ribosomal DNA is important molecular markers in phylogenetic analyses and is
often used to classify molecular levels for terrestrial plants, with a high rate of evolution and sequence
variation (China Plant BOL Group et al., 2011). The ITS sequence region selected for analysis has the lengths
of 647 nucleotides (Fig 4). The comparison results showed that in the same species, there was no difference
in the nucleotide sequences of samples. The proportion of nucleotides in these two species is different
(Table 3). In two species of E. mollis H.B.K. and E. scaber L. both had Guanine (G) nucleotides, accounting
for 27.09%, 27.86%, respectively. The lowest nucleotide content was Adenine (A) nucleotides for E. mollis
H.B.K. accounting for 23.37% and E. scaber L. was Thymine (T) nucleotides accounting for 22.29%. Both
species had higher G-C content (52.79% in E. mollis HB.K. vs. 54.80% in E. scaber L.) and lower
transition. The percent identity of the ITS region between the two species was 89.58%, with 72 different
positions between the sequences of the two species (accounting for 11.13% of the whole sequence). The
sequence polymorphism in this region was relatively high, with differences such as addition, loss and
nucleotide changes occurring between sequences (Fig 4). The comparison with the Genbank database, for
the ITS region, the sequences of the two studied species are highly similar and consistent with the sequence
of the corresponding species. Specifically, the three samples of E. mollis H.B.K. were high similarity with
the gene sequence code HQ158400 (99.70%) and the samples of E. scaber L. were 97.5% similarity to the
corresponding gene sequence (code number: KP052671). These two similar sequences were collected in
Thailand and China. However, their article information has not been published yet.
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Fig. 4: The results of alignment sequences with the ITS region

The result of the rbcL gene sequence

The rbcL gene region sequences with a length of 536 nucleotides were analyzed, the results showed no
difference between all the sequences, 100% similarity (Table 3). Both species had the highest ratio of
Thymine (T) nucleotides with 30.22% and the lowest was Cytosine (C) nucleotides with 19.78%, content G-
C ratios (43.47%) lower than the content A-T ratios (56.53%). The sequences had the highest similarity with
98.95% with the gene sequence code JQ933320 of E. scaber L. on Nepal. With the advantages studied, the
rbcL gene region is commonly used in analyzing genetic relationships in plants (Newmaster et al., 2006).
However, the level of variation is low and the ability to distinguish species is not high (Kress et al., 2005).
According to Li et al. (2012) that have demonstrated that in E. scaber L. there was no phenotypic trait
variation of rbcL gene region with intra-specific variation was 0.0%. Hence, in this region it is difficult to
distinguish between E. mollis H.B.K. and E. scaber L.

Table 3: The composition nucleotides of the studied sequences

Region The ratio of nucleotides (%) Total Region The ratio of nucleotides (%) Total
sequences A C G T Nu sequences A C G T Nu

ITS

Mol 1 23.37 25.7 27.09 23.84 646 Sca 1 2291 2693 27.86 22.29 646

Mol 2 23.37 25.7 27.09 23.84 646 Sca 2 2291 2693 27.86 22.29 646

Mol 3 23.37 25.7 27.09 23.84 646 Sca 3 2291 2693 2786 22.29 646
atpF-atpH

Mol 1 29.52 1494 1845 37.08 542 Sca 1 28.97 15.13 1827 37.64 542

Mol 2 29.39 1497 1848 37.15 541 Sca 2 28.97 15.13 18.27 37.64 542

Mol 3 2939 1497 1848  37.15 541 Sca 3 28.97 15.13 18.27 37.64 542
rbcL

Mol 1 26.31 19.78  23.69 30.22 536 Sca 1 26.31 19.78  23.69  30.22 536

Mol 2 26.31 19.78  23.69 30.22 536 Sca 2 26.31 19.78  23.69  30.22 536

Mol 3 26.31 19.78 23.69 30.22 536 Sca 3 26.31 19.78  23.69  30.22 536

The sequences in the three genomic regions were compared through analysis indices: conserved sites,
variable sites, parsimony informative sites, singleton sites (Table 4). In all three regions, the sequence shows
that the number of conserved sites is higher than the variable sites and the singleton sites are not recorded. In
the rbcL gene region, because the analysis sequences were 100% similar to each other, the remaining indices
were equal to zero. The ITS region has the lowest number of conservation sites (89.16%), so the number of
variable sites and the parsimony-informative sites accounts for 10.84%, higher than atpF-atpH (0.92%). In
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the study of Li et al. (2012) also showed that informative polymorphic characters of rbcL region was lower
than ITS region in E. scaber L.. However, atpF-atpF spacer and E. mollis B.H.K. were not mentioned in this
study. The sequence comparison results showed that ITS region had a higher sequence and species variation
than rbcL. gene sequence and atpF-atpH spacer.
Table 4: The comparison indexes between sequences

Region conserved Ratio variable Ratio Parsim- Ratio Singleton Ratio
sites (%) sites (%) info sites (%) sites (%)
atpF-atpH 537/542 99.08 5/542 0.92 5/542 0.92 0/542 0
ITS 576/646 89.16 70/646 10.84 70/646 10.84 0/646 0
rbcL 356/356 100 0/356 0 0/356 0 0/356 0

The result of analyzing phylogenetic trees of DNA sequences

From the results of sequence analysis, the phylogenetic tree showed the genetic relationship of the two
studied species with the species in the Elephantopus genus and some other species in the family are
compared. The Maximum Likelihood analysis method on MEGA X software with a bootstrap value of 1000
replication was used to check the correlation and accuracy of the diagram. The results showed that the atpF-
atpH region were classified into two main branches, the first consisting of two samples of Lychnophora
pinaster Mart. (code number: MF804924), Brachylaena huillensis O. Hoffm. (code number: EU626809) and
the second branch of the study sample. The genetic distance between the two main branches was about 0.6.
Six sequences afpF-atpH region of two species of E. mollis H.B.K. and E. scaber L. were arranged in two
sub-branches corresponding to each species with genetic distance of 0.002 (Fig 5a).

E atpF Sca 2 E rbel Sca 1
& E.mollis JN407254

atpF Sca 1

E.mollis JN407252
100 | AtPF Sca 3

45 | bl Mol 2

atpF Mol 3
rbcl Mol 3

atpF Mol 2 rbcl Sca 3
96

atpF Mol 1 rbecl Mol 1

rbcl Sca 2

’— L pinaster MF804924

L E.scaber JQ933320
B huillensis EUG26809 4{

E scaber JN407248
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Fig. 5: The phylogenetic tree depicting the genetic relationship between atpF-atpH region samples (a) and
rbeL region samples (b) were constructed by Maximum Likelihood method by MEGA X software,
bootstrapping with 1000 replication
Four rbcL gene region sequences of two species of E. mollis HB.K. and E. scaber L. were compared’® (Fig
5b). The six studied samples were grouped with the sequences JIN407252 and JN407254 of E. mollis H.B.K..
The gene sequences code JQ933320 and JN407248 of E. scaber L. were about to be grouped. The genetic
distance of these two main branches was relatively low at 0.0036. The results showed that the genetic
distance of E. mollis H.B.K. and E. scaber L. in the rbcL region is 0.00 (Fig 6a). Therefore, it is difficult to
distinguish the two species in this region and moreover, the rbcL gene region has had poor classification
results in the genus Elephantopus (Saslis-Lagoudakis et al., 2012). The concatenated sequence tree of atpF-
atpH and rbcL region was established to show more clearly the genetic distance between the two studied
species. The results showed that the genetic distance of the two species was 0.0023 and higher than the
construction based on the single sequence of the atpF-atpH region (0.002) and rbcL gene region (0.00). The
overall increase in sequence length would lead to smaller variances for evolutionary distances and other

parameters in Maximum Likelihood analysis method (Gadagkar ef al., 2005).
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Fig. 6: The phylogenetic tree depicting the genetic relationship between concatenated atpF-atpH + rbcL of
six studied samples (a) and ITS region samples (b) was constructed by Maximum Likelihood method by
MEGA X software, bootstrapping with 1000 replication.

The ITS region sequences of other species in the genus Elephantopus (Keeley et al., 2007) were compared
with the six samples of the study (Fig 6b). The results of phylogenetic trees showed that the studied
sequences are closely related and grouped with the sequence of each species respectively on Genbank, the
gene sequence code KP052671 (of E. scaber L.) and the gene sequence code HQ158400 (of E. mollis
H.B.K.) with genetic distances of 0.027 and 0.01, respectively. These branches all had a bootstrap value of
100% (Fig). High bootstrap values showed the accuracy and reliability of each branch in the phylogenetic
tree (Efron et al., 1996). In addition, the sequences of E. mollis H.B.K showed a close relationship with

Elephantopus micropappus (code number: KM053303) with a genetic distance of 0.025.

When comparing three phylogenetic trees using three DNA barcoding including atpF-atpH, rbcL and ITS
combined results of nucleotide sequence comparison, the results showed that the ITS sequence region
showed the genetic distance of E. mollis H.B.K. and E. scaber L. was the highest with 0.049, followed by
the atpF-atpH sequence region (0.002) and the lowest was the rbcL sequence region (0.00). These results
were consistent with the related barcode DNA studies in the genus Elephantopus (Li et al., 2012; Tnah et al.,
2019). Therefore, the ITS region allowed the distinction between E. mollis H.B.K. and E. scaber L. and
distinguished from some other species higher than the other two regions.

CONCLUSION

The study successfully amplified three DNA barcodes including the intergenic spacer atpF-atpH, ITS
sequence region and rbcL gene sequence of E. mollis H.B.K. and E. scaber L. in Bay Nui area, An Giang
province. Results of sequence polymorphism analysis showed that there was no difference in the nucleotide
sequence of ITS and rbcL in samples in the same species. For the atpF-atpH spacer, E. mollis H.B.K. was
different when losing a nucleotide of type A (Adenine) at the 37™ nucleotide position of Mol 2 and Mol 3
samples. The percent identity between the two species in the ITS region was lowest (89.58%) and the
highest was 100% in the rbcL region. Therefore, the number of variable sites and parsimony-informative
sites in the ITS region accounted for 10.84% higher than atpF-atpH and rbcL region. The result of the
sequence comparison on GenBank showed that the afpF-afpH region of E. mollis HB.K and E. scaber L
has not been published. The comparison results from the phylogenetic trees of the three DNA barcodes
through genetic distance and bootstrap values showed that the ITS region allowed the distinction between E.
mollis H.B.K. and E. scaber L. and distinguished from some other species higher than the other two regions.
These suggest that the ITS region was better able to distinguish species than afpF-atpH and rbcL region.
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