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To support the conservation of plant resource diversity, it is necessary
to prioritize the development, identification, and phylogenetic
relationships of the plant for sustainable development. The genus
Melodinus is widely distributed in tropical and subtropical regions.
Due to its medicinal potential, the genus Melodinus is highly exploited,
and it therefore provides a good example of applying scientific research
to identify species and determine their genetic relationships for
conservation and resource exploitation. The study using molecular data
from three DNA regions (matK, rbcL, and trnH-psbA) supported the
monophyly of Melodinus. The M. cochinchinensis from Vietham and
China are closely related. There are some genetic variations in the
sequences of Melodinus cochinchinensis from Belgium versus Asiatic
M. cochinchinensis, as well as the phylogenetic position of the species,
suggesting the possibility of misidentification of M. cochinchinensis
from Belgium. The Australian Melodinus is not a monophyletic group.
Further study is necessary to resolve the phylogenetic relationship of
Australian Melodinus.

NGHIEN CUU PHAT SINH LOAI Melodinus cochinchinensis (Lour.) Merr.
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TU KHOA

Phat sinh loai phan tir
Melodinus

Tu nhién

binh danh

Tuong ddng di truyén

Nham hd tro bao ton da dang tai nguyén thuc vat, viéc phat trién dinh
danh tén khoa hoc va xac dinh mdi quan hé di truyén cua céc loai
thuc vat 1a can thiét va nén duoc wu tién thuc hién cho su phét trién
bén viing. Chi Melodinus dugc phan b rong réi ¢ vang nhiét déi va
can nhiét d¢i. Do tiém ning vé duoc tinh cua ching ma chi nay da
duoc quan tam va khai thac, do d6 né cung cip mét vi du dién hinh
vé viéc &p dung nghién ctu khoa hoc nham dinh danh loai va xéac
dinh méi quan hé di truyén cua ching phu vu cho cong tac bao tén va
khai th&c tai nguyén. Nghién cau st dung dix liéu phén ti cta ba
vung DNA (matK, rbcL va trnH-psbA) ung ho Melodinus 1a nhém
don phat sinh. Loai M. Cochinchinensis ¢ Viét Nam va Trung Qudc
c6 quan hé di truyén gan giii. Két qua phan tich dix liéu phan ti chi ra
rang, c6 mot s bién thé di truyén trong trinh ty cua M.
Cochinchinensis tir Bi so voi M. Cochinchinensis & chau A, két hop
Vi vi tri trén cay phat sinh loai cua cac c4 thé M. cochinchinensis goi
y rang, c¢6 thé da co sy nham lan trong dinh danh miu M.
cochinchinensis & Bi. Melodinus ¢ chau Uc duge xac dinh khong
phai 1a nhém don phat sinh, tuy nhién, can thém cac nghién ciu dé
giai quyét mdi quan hé phat sinh loai cua céc loai Melodinus & Uc.
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1. Introduction

The plant genus Melodinus belongs to the Apocynaceae, with about 53 species all over the
world. The plants of the genus Melodinus are widely distributed in tropical and subtropical
regions [1], [2]. Due to the potential benefits for human health, with over 100 alkaloids together
with flavonoids, lignans, steroids, terpenoids and coumarins identified in the genus. Melodinus
members have been used in folk medicine for a long time to treat meningitis in children, increase
blood circulation, dispelling wind, nourish the lungs and anticancer and anti-inflammatory
properties [1], [2].

Melodinus cochinchinensis (Lour.) Merr. is natively distributed in India, south China, and
Southeast Asia including Vietnam (Figure 1). This species was used as traditional medicine to
treat hernia, abdominal pain, and indigestion diseases [3].

Thin gian thu: 11/10°2019

Figure 1. The specimen of Melodinus cochinchinensis from Lao Cai, Vietnam

Short orthologous DNA sequences, also referred to as "DNA barcodes"”, can be used to
identify species, making them easier to study biodiversity, phylogenetic relationship of plant and
animal [4]. Many chloroplast, mitochondrial and nuclear genes have been utilized for studying
sequence variation at genus level. Among these genes, the ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcL) gene sequence has been analyzed by various workers
to address plant systematics. The maturase K (matK) gene of chloroplast is about 1500 bp long,
located within the intron of the trnK and codes for maturase like protein, which is involved in
Group Il intron splicing. The gene contains high substitution rates within the species and is
emerging as potential candidate to study plant systematics and evolution. Additionally, the
noncoding markers, such as trnH-psbA is universally applied based on its utility [5], [6].

http://jst.tnu.edu.vn 332 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 228(09): 331 - 337

Some phylogenetic studies of Apocynaceae were performed using molecular data [7]-[9].
Potgieter and Alber [7] conducted a molecular phylogeny of Apocynaceae based on trnLF DNA
region of 146 species. The study indicated that Apocynaceae is a monophyletic group, and further
taxonomic treatments were provided thereafter for Apocynaceae. Additionally, the study
suggested that Apocynaceae likely originated in Gondwanan. However, the phylogenetic
relationship within Melodinus is not mentioned.

Simdes et al. [8], addressed the phylogeny of subfamily Rauvolfioideae (Apocynaceae) using
both molecular and morphological data. The results supported the monophyly of Rauvolfioideae,
but the tribe Melodineae is polyphyletic. Melodinus cochinchinensis was placed together with M.
australis. Unfortunately, the sampling of Melodinus in the study was limited, thus, the
phylogenetic relationship within this genus is still unclear.

A discussion on phylogenomic of Apocynaceae was performed by Fishbein et al. [9]. In this
study, Melodinus and Craspidospermum were supported as sister, however, it is limited on the
sampling of Melodinus (only M. cambodiensis) with lone species per genus thus, the genetic
relationship of the genus needs further study.

Additionally, Lu et al. [1], and Yang et al. [2] investigated the chemical constituents from
Melodinus genus and M. cochinchinensis. The studies did not discuss about the phylogeny of
Melodinus members.

Thus, a phylogenetic analysis of Melodinus with extended sampling is needed to clarify the
phylogenetic relationships of Melodinus cochinchinensis in Vietnam. This study aims to
reconstruct the phylogeny and clarify the phylogenetic relationship of Melodinus cochinchinensis
from Vietnam and its allies.

2. Materials and methods
2.1. Taxon sampling, DNA extraction, amplification, and sequencing

The study sampled seven species of Melodinus including three individuals of M.
cochinchinensis. Three species Allamanda schottii, Hunteria umbellata and Rhazya stricta were
used as outgroups. The sample M. cochinchinensis from Vietnam was collected during field
surveys in 2019 in Lao Cai province (Figure 1), additionally, the samples of the species from
China and Belgium were assembled from NCBI (Table 1). Three plastid markers matK, rbcL,
trnH-psbA were used for molecular analyses in this study. However, the matK and rbcL
sequences of Melodinus cochinchinensis from Vietnam are unsuccessfully sequencing or with
very low quality (Figure 2) in this study, thus they are not included in the molecular data. In total,
25 sequences including one new sequence from this study were used for the molecular analyses
(Table 1).

tenH-psbA  rbel  matK

Figure 2. The electrophoresis of Melodinus cochinchinensis samples. The three makers were noted in
sample wells, respectively, the other sample wells are not Melodinus cochinchinensis
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Total genomic DNAs of samples were extracted from silica gel-dried leaves using the Plant
Genomic DNA Kit (Tiangen, Beijing, China). Amplification protocol and primers for amplifying
psbA-trnH followed Roeder et al. [10].

Table 1. Voucher information and GenBank accession numbers for DNA sequences generated or used in

this study. The sequences generated in this study begin with OR. “-" indicates missing data
Name Source rbcL matK trnH-psbA
Melodinus acutiflorus Australia KU564826 KU564595 KU564692
Melodinus cochinchinensis Belgium DQ660652 DQ660525  —
Melodinus cochinchinensis China KF181555 HG004984 HG005102
Melodinus cochinchinensis Vietnam - - ORO083241
Melodinus australis Australia DQ660651 DQ660524 -
Melodinus baccellianus Australia KF496707 - —
Melodinus suaveolens China KX910872 KX526510 -
Melodinus fusiformis China EU916738 - -
Melodinus monogynus Australia AJ419748 - -
Rhazya stricta - KX602163 KX602160 KX602161
Hunteria umbellata - KC628608 KC627893 KC667951
Allamanda schottii — DQ660626 DQ660495 JX244898

The PCR amplification reactions used MasterMix of the MCLAB company (South San
Francisco, California, USA). The PCR program consisted of 5 min at 95 °C, 35 cycles of 30 s at
95 °C, 35sat48 °C, and 1 min 30 s at 72 °C, with a final extension of 10 min at 72 °C.

PCR products were examined using electrophoresis and 1.0% agarose gels. The PCR products
were purified with BioMed multifunctional DNA fragment purification recovery kits and then
sequenced them using our amplification primers. The bidirectional sequencing was completed
using an ABI 3730 DNA Sequencer (Applied Biosystems, Carlsbad, California, USA). The
quality estimation and assembly for the newly generated sequences were performed in Geneious
8.0.5 [11]. The final sequences were aligned in MUSCLE 3.8.31 and then adjusted them
manually in Geneious [11].

2.2. Phylogenetic analyses

Both the two methods, maximum likelihood (ML) and Bayesian inference (BI) were used to
carry out the phylogenetic analyses of Melodinus. The ML analysis was conducted in RAXML
8.2.12 [12], [13] using the GTR+I+G standard nucleotide substitution model generated by
jModeltest 2.1.6 [14] for each DNA region and the combined dataset applying 1,000 bootstrap
replicates. The BI analysis was conducted in MrBayses 3.2.6 [15] on the CIPRES using the
nucleotide substitution models that estimated separately each gene region by jModeltest 2.1.6
[10]. The MCMC algorithm was run for 10 million generations with four Markov chain Monte
Carlo (MCMC) and trees were sampled every 1000 generations. To check the effective sample
sizes (ESSs) of all relevant parameters (>200), we used Tracer v.1.6 [16]. With the first 25% of
sampled generations (2500 trees) discarded as burn-in, a 50% majority-rule consensus tree and
posterior probabilities (PP) were obtained using the remaining trees. Additionally, the proportion
of variable sites in combined molecular matrices was evaluated by the maximum parsimony
method in PAUP* [17].

3. Results and discussion
3.1. Molecular data

The study generated sequence of trnH-psbA for Melodinus cochinchinensis from Vietnam
(Table 1). The lengths of individuals data sets of matK, rbcL, trnH-psbA are 1514, 1363 and 722
base pairs, respectively. The combined dataset included 3599 aligned positions for the ingroups
and outgroups.
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The combined dataset includes only 247 variable sites (6.86%). Manzanilla et al. [18] and Le
[19] noted that the proportion of variable sites is likely an inverse ratio to molecular relationship,
thus the low proportion of variable sites in combined dataset of Melodinus in this study indicates
the close relationship of Melodinus species.

3.2. Phylogenetic relationship

The phylogenetic results from ML and BI trees of Melodinus based on the combined dataset
were highly congruent, the few differences had low support. Thus, the phylogeny of Melodinus
was combined in Bl tree with BS and PP values, and presented in Figure 3.

Melodinus cochinchinensis China
92/0.96

Melodinus cochinchinensis Vietnam

72/0.6

Melodinus baccellianus

70/0.75 Melodinus acutiflorus

Melodinus cochinchinensis Belgium

90/0.99

95/1.0 '—————————— Melodinus monogynus

Melodinus fusiformis
76/0.99

52/0.78 '——————— Melodinus suaveolens

Melodinus australis

Allamanda schottii
51/0.69

92/1.0 Hunteria umbellata

Rhazya stricta

Figure 3. Majority rule consensus tree of Melodinus based on the combined dataset of three genes (matK,
rbcL and psbA-trnH) representing Melodinus and outgroups. ML bootstrap values and posterior
probabilities (PP) of the Bl analysis are presented above the branches
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Figure 4. Some differences in gene sequences of Melodinus cochinchinensis from Belgium and Asia. (1),
(2): rbeL, (3): trnH-psbA
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The molecular results identified that Melodinus was strongly supported as monophyletic (BS
= 95% and PP = 1.0; Figure 3), the two major clades within Melodinus were recognized (Figure
3). First clade includes three species M. australis, M. suaveolens and M. fusiformis. The second
clade includes the two subclades, M. monogynus and M. cochinchinensis from Belgium formed a
subclade, while M. acutiflorus, M. baccellianus and two individuals of M. cochinchinensis
formed a subclade.

The M. cochinchinensis was addressed as non-monophyletic, three individuals of M.
cochinchinensis are placed into two subclades (Figure 3). The molecular data strongly supported
a close relationship of M. cochinchinensis from Belgium and M. monogynus, but distantly related
to M. cochinchinensis from Vietnam and China. However, the native M. cochinchinensis is not
distributed in Belgium, and the sample of M. cochinchinensis from Belgium was confirmed as a
cultivated species. Moreover, there are some genetic variations in sequences of M.
cochinchinensis in Belgium versus Asiatic M. cochinchinensis (Figure 4). This result suggests
that there is likely a misidentification of M. cochinchinensis in Belgium. In addition, the M.
cochinchinensis from Vietnam and China are closely related and highly consistent in genetics.

In addition, molecular data has been applied in taxonomic and plant systematic studies for a
long time, and it plays an important role and significant contribution [20]. In the case of M.
cochinchinensis, the molecular data was supported to determine the phylogenetic position of the
species, and suggest the problem in identification of M. cochinchinensis in Belgium that likely
has confusion due to similarity in morphological characters. The Melodinus cochinchinensis
species contains several significant biochemical compounds such as anthraquinone, flavanone,
triterpenes, indole alkaloids, and we can use most parts of the species like twigs and leaves as
traditional medicine [2]. However, its morphological characters are quite similar to other
Melodinus specie with climbing woody vine, glabrous, inflorescences cymes paniculate in
terminal, flowers white. Thus, identifying this species is significant to provide the material for
other study or resource exploitation.

The molecular data in this study supports Australian Melodinus as non monophyletic group.
The positions of endemic Australian species M. acutiflorus, M. australis, M. baccellianus are
unstable (Figure 3). M. acutiflorus and M. baccellianus are close to Asian M. cochinchinensis.
On the other hand, M. australis is close to M. suaveolens and M. fusiformis. The results could be
from the missing data of remaining Melodinus species. Thus it is significant to resolve the
phylogenetic relationship of Australian Melodinus species in future studies.

4. Conclusions

The study supported the monophyly of Melodinus based on molecular data from chloroplast
sequences. The M. cochinchinensis from Vietnam and China are closely related, while it is likely
a misidentification of M. cochinchinensis from Belgium. The Australian Melodinus is not
monophyletic. Further study is necessary to resolve the phylogenetic relationship of the
Australian Melodinus.
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