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Abstract. Phyllanthus amarus and Phyllanthus urinaria belonging to Phyllanthaceae are well-
studied for their precious extracted compounds. Phyllanthin and hypophyllanthin provide a
variety of potential health benefits for humans. Phyllanthin and hypophyllanthin biosynthesis
pathway is different between P. amarus and P. urinaria. In our study, with High-performance
liquid chromatography (HPLC) to quantify hypophyllanthin and phyllanthin concentration
extracted from leaf and stem tissue of these two species, these compounds significantly varied
between P. amarus .TN and P. urinaria .TN. Combined with quantitative PCR (qRT-PCR) used
to measure the expression of six genes related to the biosynthesis pathway, the expression of
these genes was stronger in P. amarus than P. urinaria. DNA barcoding markers are also used
for divergence analysis and phylogenetic construction. Thereby, ITS sequence was expected to
be one of standard DNA barcoding markers due to its high conserved site percentage for
variations analysis and phylogenetic construction.
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1. INTRODUCTION

The genus Phyllanthus (Phyllanthaceae) consists of approximately 1000 species, spread
over the American, African, Australian and Asian continents [1, 2]. It is a large genus and widely
distributed in tropical and subtropical zones like tropical Africa, tropical America, Asia and
Oceania [1]. Phyllanthus has been used as a traditional herbal remedy for many years in
countries like China, India, Brazil, and various Southeast Asian nations. Traditional medicine
systems have long utilized Phyllanthus species for conditions such as cancer, diabetes, and liver
diseases [2 - 4]. The most abundant species are used in India and have a beneficial role in
Ayurveda for treatmenting digestive, genitourinary, respiratory and skin diseases [1, 5]. In China,
herbs and their prescriptions are used to treat hepatitis B, hypertension, dropsy and sore throat
[1]. These herbal drugs are employed by local inhabitants of Thailand, Latin America, Brazil and
Africa to cure jaundice, renal calculus and malaria [1]. Plants of the Phyllanthus genus contain
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metabolites in the form of alkaloid, terpenoid and polyphenolic compounds such as flavonoid,
phenolic acid, stilbene, anthocyanin, coumarin and lignin [5]; more than 510 compounds have
been isolated from Phyllanthus [1]. Phyllanthus urinara L. and Phyllanthus amarus Schum. &
Thonn are two different species within the Phyllanthus genus of Phyllanthaceae family.

The extracts from different parts of Phyllanthus address conditions like wounds, urinary
tract disorders, sexually transmitted diseases, hypertension [2, 4, 6]. Phyllanthin and
hypophyllanthin found in various Phyllanthus species, offer a range of potential health benefits
based on scientific research. Their molecular formulae have been shown as C24H3406 and
C24H3007, respectively. The structure of phyllanthin has been demonstrated by NMR spectra to
be (+)3,4,3',4',9,9'-hexamethoxy-8:8'-butyrolignan (IV) [7 - 9] (Fig .1). Many studies suggest
that hypophyllanthin and phyllanthin have anti-inflammatory [10], immuno-modulating
properties [11], anticancer effects [9] and antiviral activity [10 - 13].  Phyllanthin and
hypophyllanthin also have been investigated for their antidiabetic and chemoprotective effects
[14 - 15]. These compounds have shown potential cytotoxicity and chemo-modulatory effects,
particularly in synergizing with anticancer properties against resistant breast cancer cells [13].
They have been found to interfere with cell cycle progression, iinduce apoptosis and inhibit
tumor cell migration and invasion, showcasing their promising anticancer activities [13].
Additionally, recent studies suggest that phyllanthin and hypophyllathin may have activity
against COVID-19 by inhibiting specific viral proteins, indicating a broader spectrum of
potential pharmacological effects [16]. No direct toxicity and side effects were reported from
these two plant-derived lignans [17]. In Vietnam, Phien H. H. and Men T. T. (2023) applied
bioactive compounds from Phyllanthus for the treatment of urinary stones [18]. Additionally, a
study on the value chain of Phyllanthus medicinal plants conducted by Huynh Bao Tuan et al.
(2013) focused on their application in pharmaceutical production [19]. However, P. amarus and
P. urinaria are widely used in traditional medicine in which P. amarus tends to be favored and
trusted more, particularly for its perceived stronger medicinal properties [19]. Acttualy, the two
species cannot easily be distinguished on the basis of whole plant but it becomes very difficult
when the materials are in dried and matted.
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Figure 1. The structure of phyllanthin and hypophyllanthin [20].

The biosynthesis pathway of phyllanthin and hypophyllanthin from Phyllanthus is involved
in the dimerization of cinnamic acid via the shikimate, phenylpropanoid,and flavonoid pathways
[10 - 21]. Several important enzymes that are responsible for these biochemical processes
include phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxylase (C4H), pinoresinol-
lariciresinol reductase (PLR), secoisolariciresinol dehydrogenase (SLD), chalcone isomerase
(CHI), chalcone synthase (CHS) [22 - 23]. Besides several genes serving as important catalysts,
a variety of genes that are probably related to these pathways. PAL2 is involved in the
phenylpropanoid pathway and is responsible for the biosynthesis of flavonoids, lignins, and
other phenolic compounds [22 - 24]. CHI catalyzes the conversion of chalcones to flavanones,
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which are precursors to flavonoids [25]. CHS initiates the phenylpropanoid pathway by
converting phenylalanine to chalcones, which are then converted to flavonoids by CHI [26].
CHS13 (a specific isoform of CHS) is involved in the biosynthesis of flavonoids in Phyllanthus
species [26]. PrR is involved in the regulation of phenylalanine metabolism and phenolic
compound biosynthesis [27]. PCBER is involved in phenylalanine’s catabolism, which is a
precursor to phenolic compounds [27 - 28]. These genes play crucial roles in the biosynthesis of
flavonoids and other secondary metabolites in Phyllanthus urinaria and Phyllanthus amarus,
known for their various biological and pharmacological activities [27 - 29]. According to
Mazumdar, 2016, the transcriptome analysis of P. amarus shown several genes were predicted to
be involved in the synthesis of lignan, phenylpropanoid and flavonoid such as PCBER, PAL,
CHS, CHI, etc [6]. PLR is also one of the key enzymes of the lignan biosynthetic pathway
which responsible for catalyzing the formation of secoisolariciresinol from pinoresinol, the
precursor of phyllanthin and hypophyllanthin [30]. There was a high similarity in sequence
between PCBER and PLR (pinoresinol/lariciresinol reductase) [31]. The phyllanthin biosynthetic
pathway in Phyllanthus species has not been fully characterized to date. Therefore, at the genetic
level, these genes are mainly involved in the phenylpropanoid pathway, which plays an
important role in the formation of precursors such as p-coumaric acid and specific enzymes
involved in the synthesis of lignans from these precursors. Moreover, the number of annotated
genes and sequences that are involved in the phyllanthin biosynthetic pathway is very limited [6,
26, 32].

DNA barcoding markers use specific regions of DNA in order to identify species [33]. As a
research tool for taxonomists, it assists in identification by expanding the ability to diagnose
species by including all life history stages of an organism. As a biodiversity discovery tool, it
helps flag species potentially new to science [34]. The process entails two basic steps: (1)
building the DNA barcode library of known species and (2) matching the barcode sequence of
the unknown sample against the barcode library for identification. Furthermore, DNA barcoding
has been extensively used to identify and discriminate Phyllanthaceae species. Chloroplast DNA
sequences, particularly rbcL and matK, are commonly used as barcodes for Phyllanthaceae
species identification and phylogenetic analysis [35 - 39]. Phylogenetic trees using chloroplast
protein-coding genes and polymorphic loci show clear separation of Phyllanthus species [37]. It
has been successfully applied to identify Phyllanthus species used medicinally in Brazil [35] and
to assess product adulteration and species admixtures in the raw drug trade of Phyllanthus in
India [36]. In a study of flowering plants in Indonesia, rbcL had higher amplification and
sequencing success compared to matK for Phyllanthaceae species [38]. However, using both
markers together provides more reliable identification. The genetic diversity and phylogenetic
relatedness of Phyllanthus herbs are also being studied for future conservation strategies [2, 40].
Therefore, the research was conducted to have an overview between the two P. amarus and
P. urinaria species which often to be confused in folklore in Viet Nam.

2. MATERIAL AND METHODS
2.1. Plant materials and sample preparation

The plants were grown under the same conditions in the botanical garden in Thai Nguyen,
Viet Nam, were collected and deposited at Institute of Genome Research, Vietnam Academy of
Science and Technology. The samples notation are P.amarus .TN and P.urinaria .TN. For DNA
barcode sequencing, three different samples were collected in each species, store in silica gel
beads. The leaf and stem tissues were collected for the RNA extraction procedure and stored in
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the RNA-later stabilization reagent (Qiagen, Germany) under -80°C. The whole plants were
dried for chemical extraction.

2.2. Determine the phyllanthin and hypophyllanthin content

Dried crushed P. amarus and P. urinaria (10 g) were successively and exhaustively
extracted by a hot Soxhlet process with ethanol 100 %. The solvents were removed under
reduced pressure to give P. amarus extract (2.13 g, yield 21.3 %) and P. urinaria extract (1.92 g,
yield 19.2 %). All the extracts were stored at 4 °C for further work.

The HPLC analysis was carried out on HPLC Alliance™ e2695 - Waters system with
autosampler, XBridge BEH C18 column (250 x 4.6 mm, 5 um) and UV detector, at 28 °C with
acid phosphoric 0.1 % during 30 min. The detection wavelength was 230 nm and the injection
volume was 10 pl with a flow rate of 1 mL/ min. The extract was dissolved to give a final
concentration at 1 mg/mL. The was phyllanthin and hypophyllanthin were evaluated on the basis
of calibration curve y = 17711x + 1365,6; R*= 1 and y = 9619,6x — 113,7; R® = 1, respectively.

2.3. Molecular markers

We utilized a nuclear marker (ITS) and two chloroplast markers (rpoC1 and psbA-trnH)
to evaluate their effectiveness as DNA barcodes across all samples. Consequently, the rpoC1 and
psbA-trnH markers were consolidated into a chloroplast DNA (cpDNA) dataset after successful
amplification. Based on the conserved regions at both ends of each marker and the reference
sequences of P. amarus and P. urinaria, specific primer pairs were designed to amplify these
markers in the selected samples (Table 1).

Table 1. The designed primers for amplification of the DNA barcoding markers.

Region Primer name Sequence (5° 2 3?) Length (bp)
ITS1 ITS1F CCTTATCAYTTAGAGGAAGGAG 22
ITSIR GCCRAGATATCCGTTGCCGAG 21
ITS2 ITS2 F YGACTCTCGGCAACGGATA 19
ITS2R CCGCTTAKTGATATGCTTAAA 21
rpoC1 rpoC1 F GGCAAAGAGGGAAGATTTCG 20
rpoC1l R CCATAAGCATATCTTGAGTTGG 22
psbA-trnH psbA-trnH F GTTATGCATGAACGTAATGCTC 22
psbA-trnH R ATGGTGGATTCACAATCC 18

2.4. DNA extraction, PCR amplification and DNA sequencing

Genomic DNA was extracted using a modified version of the Doyle and Doyle (1990)
protocol [36, 41]. Specifically, 0.1 g of fresh leaf tissue was ground in 2 ml of preheated CTAB
buffer at 60 °C and incubated for 30 minutes. The DNA was subsequently extracted twice with a
chloroform-isoamyl alcohol mixture (24:1). Nucleic acids were precipitated with 100 % ethanol
in the presence of 5 mM sodium acetate (1/10 volume). DNA concentration was measured using
a Nanodrop Spectrophotometer 2000 (Thermo Fisher Scientific, USA).

For PCR amplification, each 25 pL reaction contained 12.5 pL of 2X DreamTaq PCR
Master Mix (Thermo Fisher Scientific), 2.5 pL of template DNA (25 - 50 ng/puL), 2.5 pL of
primers (10 pmol each), and 7.5 pL of distilled water. The PCR protocol included an initial
denaturation at 95 °C for 3 minutes, followed by 35 cycles of 95 °C for 30 seconds, 1 minute at
the annealing temperature, and 72 °C for 5 minutes, with a final hold at 4 °C. The amplified
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products were analyzed via 1 % agarose gel electrophoresis and purified using the GeneJET
PCR Purification Kit (Thermo Fisher Scientific). Sequencing of the purified PCR products was
performed using the Sanger method by 1st BASE service, and the sequences were verified
through the BLAST tool (NCBI).

2.5. Sequence analysis

The amplified DNA regions were aligned with reference sequences using the ClustalW tool
in MEGAvVX software. Sequence variations and other indicators were then identified using
DNasp software. Genetic distances within and between species were assessed using the Kimura
2-Parameter (K2P) distance matrix in MEGAvX software. The nucleotide sequences of each
barcode region from each sample, sequenced three times, were nearly identical. Consequently,
the representative sequences for each marker were submitted to GENBANK with the assigned
accession numbers.

2.6. Phylogenetic construction

Nucleotide sequences of four markers from other Phyllanthus species and the
Phyllanthaceae family were obtained from GENBANK for phylogenetic analysis. For each
species, a sequence matrix was created individually for two nuclear markers and two chloroplast
markers. The concatenated sequence datasets were edited and aligned using the ClustalW
algorithm in MEGAvX software. Separate phylogenetic trees for ITS, rpoC1, and psbA-trnH
datasets were constructed using the Maximum Likelihood (ML) approach with a bootstrap value
of 1000. The best-fit evolutionary model was determined to be the Kimura 2-Parameter model
with a discrete Gamma distribution.

2.7. Total RNA extraction, cDNA synthesis and gRT-PCR amplification

To compare the expression patterns of genes involved in the synthesis of phyllanthin and
hypophyllanthin, total RNA was extracted from leaf and stem tissues using Trizol reagent
(Invitrogen). The quantity and integrity of the RNA were assessed with High Sensitivity RNA
ScreenTape (Agilent Technology). For RNA extraction from the plant material, 0.1 g of leaf and
stem tissue was ground in liquid nitrogen with 2 % PVP, mixed with 2 ml of preheated EB buffer
(comprising 1% SDS, 25 mM EDTA, 100 mM Tris-HCI pH 8.0, and 1 % B-mercaptoethanol),
and then vortexed with 3 ml of acid phenol: chloroform. This mixture was kept at room
temperature for 10 minutes and extracted twice with acid phenol: chloroform to ensure complete
dissociation of nucleoprotein complexes. The nucleic acids were then recovered using 0.1
volume of 3M sodium acetate and an equal volume of isopropanol [42].

The total RNA was reverse-transcribed into cDNA using the Reverse Aid Transcriptase Kit
(Thermo Fisher Scientific). Six primer pairs were designed to amplify key genes in the
phyllanthin and hypophyllanthin synthesis pathway. For gRT-PCR, the reaction mixture included
10 pL of Luna Universal gPCR Master Mix, 20 ng of cDNA template, and 0.5 pL of each 10 uM
primer, in a total volume of 20 uL. Amplification was performed in the LightCycler 96 System
(Roche, Switzerland) with initial denaturation at 95°C for 3 minutes, followed by 45 cycles of
95 °C for 20 seconds and 60 °C for 30 seconds. Melting curves were obtained using the default
settings of the LightCycler 96 system. Each assay was conducted in triplicate, with biological
replicates for each tissue type (leaf or stem). The EFla gene served as an endogenous control in
the experiment. Statistical analysis followed the comparative method [43]. Primer details and
amplification conditions are provided in Table 2.
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Table 2. gRT-PCR primers to validate the gene expression

Primer name Sequence (5°-3°) Length (bp)
PAL2 F ATTGCTGTGAAAACCAAATCGAAC 273
PAL2 R GAAAACGAGAAGAATGCTAGCAC
PCBER F TCCAACATAGTTTAAAATAGGAGAG 265
PCBER R TTTGTACCATTTCTGGAGTCAAGA
PrR F AGGTATTTGGACTTTGTCTGGAT 250
PrRR ATTTCTTCTTGTTAGAGACACTGC
CHIF ACAGTGACCATGATCTTGCC 122
CHIR TTGTCAAGAGCTTCGCCTTC
CHS F CACAGCGGGTTATGCTATAC 156
CHSR GTCTATCTGCACTTGGTGG
CHS13 F GAAGCGATACATATGCACCTGA 180
CHS 13 R TGCGTGATCTTTGACTTTGG
EFloF CACAGCGGGTTATGCTATAC 117
EFla R GTCTATCTGCACTTGGTGG

3. RESULTS

3.1. Hypophyllanthin and phyllanthin content

The yield of extract from P. amarus and P. urinaria were 21.3 % and 19.2 %, respectively.
By HPLC, the retention time of phyllanthin and hypophyllanthin of analyte samples were similar
when compared to retention time of standard compounds. In the P. amarus .TN extract, the
content of phyllanthin and hypophyllanthin were 0.008 and 0.403 %. While in the P. urinaria.
TN extract, the content of phyllanthin and hypophyllanthin were 0.015 and 0.944 %.

Additionally, in 100 g dry-weight of P. amarus .TN, there are 85.9 mg of hypophyllanthin
and 201.1 mg of phyllanthin, equivalent to 0.0859 and 0.2011 %. In 100 g dry-weight of P.
urinaria. TN, there are 1.53 mg of hypophyllanthin 2.97 mg of phyllanthin, equivalent to
0.00153 and 0.00297 %.

The P. amarus .TN could provide a higher content of these two lignans than P. urinaria .TN.
The extracted phyllanthin content was higher than hypophyllanthin. HPLC analysis showed the
concentration of phyllanthin and hypophyllanthin significantly varied between P. amarus .TN
and P. urinaria .TN. (Fig. 2).
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Figure 2. A chromatogram of the mixture of the standard compounds (a) and a chromatogram of
P. amarus .TN (b) and P. urinaria .TN extracts (c)
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3.2. The efficiency of marker amplification

It was found that the primers of rpoC1, psbA-trnH provided a quality amplicon while those
of ITS1, ITS2 were optimized in Purinaria and P.amarus. After trimming and alignment, the
whole sequenced amplicon of each marker was 675 bp for ITS, 480 bp for rpoC1 and 302 bp for
psbA-trnH. ITS amplified region had the highest GC% content with 52.85 % followed by rpoC1
with 41.8 % and psbA-trnH with 26 % (as shown in Table 3).

Several nucleotide differenes in each alignment set for P.urinaria TN and P.amarus TN
were indicated in Table 4 and Fig.3. Overall, psbA-trnH has the shortest amplicon length (302
bp) while it provided the highest variable sites and parsimony-informative (PI) sites (9 sites).
The mean pairwise distance according was the highest number for psbA-trnH (0.39). However,
the higher numbers of variable sites and pairwise distance do not correlate with the high
classification ability of marker [44].

Table 3. DNA marker dataset statistics

ITS rpoC1 psbA-trnH
Length range (bp) 705 500 350
Allgned/a?grlJy)/S|s length 675 480 302
Average %GC content 52.85 41.8 26
Conserve site (%) 99.7 99.2 92.09
Variable site 3 5 9
Parsimony informative
(PI) site 2 6 9
Gap/ missing site (%) 0 1 15
Mean pairwise distance 0.17 0.2 0.39
Intraspecific distance 0.00 - 0.03 0.00 - 0.34 0.01 - 0.4
(min-max/ mean)
Interspecific distance 0.0078 0.58 0.008 - 0.26 0.012 - 0.433

(min-max/ mean)

After combining and aligning the two amplified gene regions ITS1 and ITS2, the complete
ITS fragment obtained has a size of 675 bp. Average %GC content of ITS was the highest
(52.85 %), so conserve site was the highest (99.7 %). Gap/missing site of ITS sequence was 0.
Mean pairwise distance of ITS was the lowest (0.17) compared to 0.2 (rpoC1) and 0.39 (psbA-
trnH). Intraspecific distance of ITS was the narrowest distance range (0.00 - 0.03). However,
interspecific distance of ITS was the largest distance range (0.009 - 0.58). These results indicate
that intraspecies distance was expected to be as low as possible and interspecies distance was
expected to be as high as possible for accurate classification. As a result, ITS sequence seems to
be the standard marker among DNA barcoding markers for the speices.

In the present study, intraspecific and interspecific distance values overlapped in the
discrimination power of separated barcodes. This overlap might be due to the diversity in the
Phyllanthus genus and the similarity in phenotypic characteristics of the Phyllanthaceae family.
This dataset was used for the phylogenetic construction. There were numerous variations among
Phyllanthus genus (Table 5).
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Table 4. Nucleotide of DNA sequence comparision between P.urinaria .TN and P.amarus .TN

ITS rpoC1 psbA-trnH
P. urinaria P. P. urinaria P.
Site P. urinaria. TN P. amarus. TN Site | ° ‘| amarus. Site ) " | amarus.
TN TN
TN TN

11..15 GGAAT -GGAT 42 C T 45 T (@
25 T A 159 [T C 53..54 TG CA
30..39 TTA-ACAGA GC.TGGC..C 339 [T C 66 T G
46 - C 438 |C G 74..76 CTA T--

TTCTATTCACT
55..71 GTGGAT G.T..C..G.CC.A @455 |[C G 97..101 [GAGAG CTCTC
79..93 T ATC C..G.C.A 122..128 A - C
103..115 CAGATGCTAT h\g6.T.G.C 136.148 C T A C

IACG
118..120 CAC - 153..154 |AG TT
125..127 IAGT TTG 176..181 |A_C G_T
132..134 TGT C.- 196..201 [TTCTAA IAGAA.G
130 C A 209 -
155 T A 229 A G
167..177 ﬁACAAACAAA C..G..GT.T 240 A T
188..195 TCTACATT C.GT.GAA 241..243 [TTC IAGT
200..201 TC CT 254..259 |G_G A_A

IACGTGTGTTTG|GT.C...C.C.AT..GC.
209..229 TAAGTTGATT IT.G 288..291 [TAT -
239..244 TAACCA A..T-G 295 297 [T_G G A
275..282 - IAACGGATA
290 T -
297..298 - TT
357..420..426 [T T T CAC

CATTTGGGATT 6T, G...C.C.T..G..T.
440..462 GCGAAATTAG |T ¢

laYa¥\
481..493 $TAGTATTTACAT.TCCC.G.GT.A
503..515..518 [T_C_G CTA
524..530.540 [T. C T CTA
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551..552 AA T-
557..568 .(ETTACAACGCCT.C.G..T...G
579..580 AT TC

586..602 %é?g_cm aapA-GALT..G.C
610 A T

The dot “.” Indicates the same nucleotide as the reference sequence, the dash “-” indicates the aligned gap.

However, in each barcode marker, in the same species, there are less divergence. For
example, in ITS region, there are less divergence when comparing between P.urinaria reference
sequence AB550081 and P.urinaria. TN sequence. Similarly, there are less variations between
P.amarus reference sequence LS975764 and P.amarus. TN sequence. Qutgroup sequence was
used to ensure the accuracy of dataset of sequences, and rpoC1 variations were mainly single
nucleotide variations.

3.3. Phylogenetic tree construction
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Figure 5. The maximum Figure 6. The maximum
Figure 4. The maximum likelihood likelihood tree of the rpoC1 likelihood tree of the psbA-
tree of the ITS sequence sequence trnH sequence

To clarify the classification of aboriginal cultivars, we identified the optimal model and
parameters before constructing the phylogenetic tree. The analysis revealed differences in the
branching patterns between trees based on the ITS region and those based on concatenated
CcpDNA markers. In the ITS tree, P. amarus TN cultivars were grouped together with the
reference sequences for P. amarus, forming a distinct cluster separate from the cluster containing
P. urinaria and related species (Figures 4, 5, and 6). A similar pattern was observed in trees
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constructed using other individual cpDNA markers. Notably, the two plants were also positioned
in their own branch, situated between P. amarus .TN and P. urinaria .TN.

3.4. Gene expression pattern among samples

The research focuses on the expression of genes involved in the lignin and flavonoid
biosynthesis pathways in P. amarus .TN and P. urinaria .TN. To validate gene expression, gRT-
PCR was conducted successfully on 6 genes (PAL2, PCBER, PrR, CHI, CHS, and CHS13) in
both leaves and stem tissue. Figure 7 showed the different expression patterns between two
organs of the species. In general, the expression of these genes was stronger in P.amarus than P.
urinaria. In detail, the CHS and CHS13 genes were the most consistently expressed in all tested
tissues, while the CHI and PCBER genes tended to be more strongly expressed in leaves than in
stems. On the other hand, the PAL gene was strongly expressed in the P. amarus stems.
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Figure 7. Expression of the genes function in hypophyllanthin and phyllanthin bio synthesis
pathway in the leaf (L) and stem tissue (S) of P.amarus .TN and P.urinaria .TN

4. DISCUSSION

High-Performance Liquid Chromatography (HPLC) analysis showed that phyllanthin
and hypophyllanthin concentrations varied between P. amarus .TN and P. urinaria .TN. The
analysis revealed that P. amarus .TN contains significantly higher amounts of hypophyllanthin
and phyllanthin compared to P. urinaria .TN. When analyzing the retention time, they were
similar, indicating accurate identification. However, additional interference peaks were observed
in the chromatograms of P. amarus .TN and P. urinaria . TN extracts, suggesting the presence of
other compounds. In another research, phyllanthin and hypophyllanthin content in the whole
plant of P. amarus collected from various locations were ranged from 0.102 to 0.394 and 0.033
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to 0.149% wi/w, respectively [45]. Thus, the phyllanthin (0.2011 %) and hypophyllanthin
(0.0859%) content of P. amarus.TN was consistent with other studies.

The consistency of these findings across different studies and methodologies underscores
the potential of P. amarus .TN as a valuable source of hypophyllanthin and phyllanthin. The
study highlights that the peak areas for phyllanthin and hypophyllanthin in P. amarus .TN were
larger than those in P. urinaria .TN, confirming the higher concentration in P. amarus .TN.
Previous studies support these findings, Tripathi et al. (2006) developed an HPTLC method for
quantifying these lignans across various Phyllanthus species, finding P. amarus to have the
highest concentrations [46]. Murugaiyah & Chan (2007) used reverse-phase HPLC with
fluorescence detection to analyze lignans in P. niruri, highlighting that leaves contain higher
concentrations, with phyllanthin being the most prevalent [47]. llangkovan et al. (2015) also
guantified major compounds in P. amarus extracts, reporting higher hypophyllanthin levels than
phyllanthin [48]. Srivastava et al. (2008) used chiral TLC to quantify lignans in various
Phyllanthus species, again finding the highest hypophyllanthin content in P. amarus, which was
also supported by gPCR results for the PAL, PCBER, and PrR genes [49]. This indicates that the
results from HPLC and gPCR showed similar trends. In conclusion, P. amarus .TN demonstrates
a significantly higher concentration of hypophyllanthin and phyllanthin than P. urinaria .TN,
validating its potential for pharmacological applications.

The overlap in intraspecific and interspecific distances in the discrimination power of
separated barcodes may be due to the diversity within the Phyllanthus genus and the phenotypic
similarities within the Phyllanthaceae family. Despite this overlap, the current dataset provides a
robust basis for phylogenetic construction and highlights the distinct chemical profiles of these
species. The comparison of marker efficiency in the present study highlights some key
observations when contrasted with previous research findings. The analysis revealed that the
primers for rpoC1 and psbA-trnH produced high-quality amplicons, with rpoC1 yielding a 480
bp fragment and psbA-trnH a 302 bp fragment, while ITS1 and ITS2 were optimized to produce
a complete ITS fragment of 675 bp. Among these markers, ITS exhibited the highest GC content
(57%) and the lowest mean pairwise distance (0.17), indicating its high conservation and
effectiveness in distinguishing between species. Conversely, psbA-trnH, despite having the
shortest amplicon (302 bp), showed the highest number of variable and parsimony-informative
sites but did not necessarily correlate with better classification ability. These findings align with
the broader literature, which suggests that ITS is often regarded as the most effective marker
among DNA barcoding options due to its high percentage of conserved sites and its capability to
differentiate species. For instance, research has shown that most genetic variation (87.5% to
92.44%) occurs within populations rather than between them, indicating minimal genetic
differentiation among populations [22, 50]. This supports the utility of ITS as a robust marker for
accurate species identification. Additionally, ITS has been successfully employed in conjunction
with other markers such as matK, rbcL, and psbA-trnH for the identification of species and
quality control in herbal products [45, 51]. This reinforces the ITS sequence's effectiveness in
DNA barcoding, particularly for ensuring the safety and reliability of commercial herbal
products. The overlap of intraspecific and interspecific distances observed in this study may be
attributed to the diverse nature of the Phyllanthus genus and the phenotypic similarities within
the Phyllanthaceae family, underscoring the need for a multi-marker approach to enhance
classification precision.

The PAL2 and PCBER genes were more active in stem tissues, with P. amarus .TN showing
the lowest Ct values. Similarly, the PrR gene was more expressed in the stems of both species.
These genes, which are crucial for lignin biosynthesis, were found to have higher expression
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levels in the stem tissues of P. amarus .TN. This is consistent with research in other plants, such
as Arabidopsis thaliana, where lignin-related genes are often upregulated in response to biotic
stress, leading to increased lignin production as a defense mechanism. For example, a study by
Fraser & Chapple (2011) demonstrated that PAL genes, which initiate the lignin biosynthesis
pathway, play a significant role in reinforcing cell walls through lignin deposition during
pathogen attacks [52].

The study highlighted the expression of CHI, CHS, and CHS13 genes, with P. amarus .TN
generally showing higher expression levels, particularly in leaf tissues. However, CHS gene
expression was slightly higher in P. urinaria .TN. Flavonoids, including compounds such as
isoflavones and anthocyanins, are essential for protecting plants from UV radiation and other
environmental stresses. The role of CHS (Chalcone Synthase) in flavonoid production has been
well documented in various plant species. For instance, a study by Yin et al. (2019) [25] on
Glycine max (soybean) found that CHS genes were predominantly expressed in leaves, mirroring
the expression pattern observed in P. amarus .TN.

Overall, the higher expression of lignin and flavonoid biosynthesis genes in P. amarus .TN
compared to P. urinaria .TN suggests stronger metabolic activity in these pathways, potentially
linked to the plant's environmental adaptation or defensive strategies. This aligns with the
broader understanding that secondary metabolite production in plants is closely tied to
environmental factors and the plant’s specific needs in its habitat. The slight increase in CHS
expression in P. urinaria .TN could indicate a variation in metabolic focus, reflecting different
ecological adaptations between the two species.

Previously study of Kiran et al. 2021 conducted DNA barcoding analysis (RpoC1) for
discrimination of Phyllanthus species and chemical analysis (HPLC) however, in our research
combining chemical analysis (HPLC) with gene expression analysis (QRT-PCR) and DNA
barcoding (rpoC1, psbA-trnH, ITS) when comparing two related species thus the approach is
more comprehensive [36]. These two species are Vietnamese variants (TN strains), so it is a
potential novel contribution.

5. CONCLUSION

The research based on DNA markers — ITS1, ITS2, rpoC1, psbA-trnH showed efficiency
in resolving at subspecies level of P. amarus and P. urinaria. The ITS sequence was expected to
be one of standard DNA barcoding markers due to its high conserved site percentage for
variation analysis and phylogenetic construction. In contrast, rpoC1 variations were mainly
single nucleotide variations. In addition, HPLC coupled with gRT-PCR provided detailed
information about the hypophyllanthin and phyllanthin contents and their biosynthesis route.
The qRT-PCR was performed to evaluate biosynthesis gene expressions in leaf and stem tissue
of P.amarus .TN and P.urinaria .TN collected in Viet Nam of six genes - PAL2, PCBER, PrR,
CHI, CHS, and CHS13 were examined for the first time in the two species. This research
focused on the expression of genes involved in the lignin and flavonoid biosynthesis pathways
of P. amarus .TN and P. urinaria .TN.
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