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ABSTRACT - Vitex negundo L. is now gaining popularity because of its use in
cough medicines. It is listed as one of the ten medicinal plants being promoted by
the Department of Health due to its anti-inflammatory properties. In order to
improve breeding methods for the cultivation of lagundi, knowledge about its
genetic diversity is needed since this could distinguish possible cultivars of the
plant. This preliminary study was done using a molecular marker analysis on
lagundi from fifteen different sites in the Philippines. Based on inter-simple
sequence repeat (ISSR) markers, there is usually a common locus or pattern of
bands that is present in all samples from the fifteen geographic locations that can be
attributed to the fact that all samples belong to one species. Moreover, the samples
also exhibited a great number of polymorphisms that suggests the genetic variation
found within the species. It is then possible to say that although V. negundo is
considered to have only one species, it can be further classified into several
morphotypes based on the several clusters as revealed by the dendrogram. There
was no correlation between the sample clusters and their geographic locations, since
the groupings were not consistent with their locations. Nonetheless, results of this
study in the establishment of genetic diversity patterns of V. negundo in the
Philippines can provide baseline information for future research that could finally
lead to the identification of lagundi cultivars that yield a high quality of active
compound for medicinal purposes.
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INTRODUCTION

Lagundi, Vitex negundo L., is one of the ten medicinal plants being promoted by the
Department of Health due to its antitussive and anti-inflammatory properties. It is a member of the family
Verbenaceae, alongside other economically and medically important plants such as alagaw (Premna
odorata), lemon verbena (Lippia citriodorata) and common vervain or “mosquito plant” (Verbena
officinalis). It is an erect, branched shrub with five-foliate, opposite-arranged leaves (Fig. 1). It is
indigenous to China, India and Malay Peninsula. However, it is known to be widely distributed in the
Philippines, growing in low to medium altitudes and even in thickets and waste places. The leaves, bark,
roots, and seeds of V. negundo have long been used in traditional medicine to heal wounds, cleanse
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ulcers, prevent insect bites, treat snake bites, and relieve rheumatism. Its oil has also been used to relieve
sores and sinuses. Recent studies have proven its antiseptic, antitussive, as well as its anti-inflammatory
properties. It has been found to have antibacterial effects against Bacillus subtilis, Escherichia coli, and
Staphylococcus aureus. Other studies have also shown its efficacy in reducing coughing and relaxing the
bronchial smooth muscles (Galvez Tan 2010). These properties make it an effective drug for coughs and
bronchopulmonary disorders such as brochial asthma and acute bronchitis.

Fig. 1. Diagram of Vitex negundo L. (Lagundi) morphology. Scale is equivalent to 1 inch.
Original photo taken by TJT Medina.

The therapeutic effects of lagundi can be attributed to the phytochemicals produced by the
plants. Secondary metabolites like nishindaside, mussaenosidic acids, vitedoin, negundin, and vitexin are
some important bioactive agents which impart a variety of medicinal uses to the plant (Basri et al. 2014).
There is currently a continuous effort in extracting and isolating the different phytochemicals released by
V. negundo. This has assisted in determining the different medicinal properties of the plant as well as in
identifying the active compounds of lagundi. However, researchers have not yet utilized genetic tools in

2

Journal of Nature Studies 14 (1)



Genetic Diversity of Vitex negundo L. (Lagundi) in the Philippines using Inter-simple
Sequence Repeat (ISRR) Marker Analysis

determining variation among the different populations of lagundi in the Philippines. This hampers
identification of possible lagundi cultivars for breeding improvement and germplasm management.

The geography of the Philippines supports great genetic variation among populations since its
mountain ranges and the waters separating each of its islands act as barriers to gene flow. As a result,
there is a possibility that genotypic variations can be found among the different populations of V.
negundo in the Philippines. Analysis of the genetic diversity of lagundi can help in identifying cultivars
of the plant. This can be used in plant breeding to produce better quality plants for use in medicine. The
success of using ISSR markers in lagundi also suggests its possible use in the phylogenetic analysis of
different Vitex species, as well as in the phylogenetic analysis of the whole Vitex genus. This gives a
more accurate phylogenetic analysis than those based on morphological data alone.

To be able to detect variation on the genetic level, various DNA marker-assisted techniques can be
used. One of these techniques is the inter-simple sequence repeat (ISSR) technique which applies the
principle of simple sequence repeat (SSR)-anchored polymerase chain reaction (PCR) amplification. In
this procedure, the designed primers can randomly amplify DNA fragments of the inter-repeat regions. It
is simpler to use than SSR since prior knowledge of the target sequence is not required (Hu et al. 2008).
It also produces higher frequency of polymorphisms as compared with random amplified polymorphic
DNA (RAPD) and restriction fragment length polymorphism (RFLP) (Behera et al. 2007). These
characteristics make ISSR markers favorable for studying genetic diversity.

In this preliminary study, the genetic diversity of V. negundo samples from fifteen different areas in
the Philippines was examined using ten ISSR primers. The objectives of this study were to determine the
genetic diversity among the different V. negundo samples collected from different parts of the Philippines
using ISSR analysis; to identify if there are possible morphotypes of lagundi; and construct a
phylogenetic tree describing the genetic and evolutionary relationships among the populations of 7.
negundo found in the Philippines.

MATERIALS AND METHOD
Plant materials and DNA extraction

Vitex negundo L. leaf samples were gathered from 15 sites in the Philippines, namely: Marikina City (1),
Quezon City (1), La Union (1), Cavite (2), Batangas (2), Quezon (1), Oriental Mindoro (2), Leyte (1),
Cebu (3), and Negros Occidental (1) (Fig. 2). Total genomic DNA was extracted using the protocol
based on the study of Pirtilla et al (2001) on DNA extraction methods for medicinal and aromatic plants.
The quality and concentrations of extracted samples were estimated and standardized using known
concentrations of A DNA by electrophoresis on 1% agarose gel.
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Fig. 2. Map of the Philippines showing the sampling sites for the V. negundo used in the study as represented
by red squares (m). Map source: d-maps.com.

Molecular markers analysis

Ten of the twenty-two primers used for V. rotundifolia (Hu et al 2008) were used in the study
(Table 1). The bases for the choice of primers were the clarity and reproducibility of the fragments used
in the previous study. These primers were designed based on the UBC Primer Set No. 9 (Biotechnology
Laboratory, University of British Columbia), Zhou et al 2001, Bornet and Branchard (2001), and Ross et
al 2002, respectively. The rationale behind using the ten primers was the high percentage of polymorphic
fragments produced, the number of DNA scored and the relatively close annealing temperature of some
of the primers for efficiency use of the thermocycler.

Journal of Nature Studies 14 (1)



Genetic Diversity of Vitex negundo L. (Lagundi) in the Philippines using Inter-simple
Sequence Repeat (ISRR) Marker Analysis

The PCR machine was programmed for “an initial period of 3 min at 94°C, followed by 35
cycles of 1 min at 94°C, 1 min at 50-65°C (or specifically depending on the type of primer used), and 1
min at 72°C and 10 min at 72°C for the final extension.” These reactions were carried out in a total
volume of 10 pL mixture containing 1X Vi Buffer A (w/o MgCly), 2 mmol/L of MgCl,, 0.2 mmol/L of
dNTP, 0.2 umol/L of ISSR primer, 1:20 dilutions of genomic DNA and 1 unit of Taq polymerase.
Amplified products were separated by electrophoresis in 2% agarose gel and visualized by ethidium
bromide staining. It was photographed under UV light using GeneSnap from Syngene where two
replications were accomplished to confirm its accuracy and reproducibility.

Evaluation of Molecular Marker Data

Method of measurement for the genetic relationships among the plant samples was done by
scoring each polymorphic band as “1” for its presence and “0” for the absence of the bands. Genetic
diversity within and among samples of a specific population can also be estimated by calculating
effective allele number and percentage of polymorphic bands. All calculations were done using the free
software program POPGENE Version 1.32. The similarity coefficients taken from the data analysis are
then used to construct a dendrogram.which is based on Nei’s unbiased measured of genetic identity and
genetic distance.

RESULTS

All 10 selected ISSR primers successfully produced a total of 88 DNA fragments. Each primer
generated products in the range of 5 to 15 bands with Primer 3 giving the highest number of bands while
Primers 4, 5, 7, 9, 10 having 100% polymorphic bands are shown in Table 1. Of the 88 DNA fragments
that were scored, 67 of which were considered polymorphic loci which is 76.4% of the total.

The dendrogram (Fig. 3) illustrated the genetic relationship among the 15 V. negundo samples from
the different parts of the Philippines. It was shown that there was diversity in the samples taken from
Luzon and Visayas islands. Supposedly, each of the samples from the same geographical location
(island-based) must be grouped together but it was not reflected from the dendogram. It showed that the
three samples from Cebu (Visayas) were grouped separately but in the same cluster as Quezon City,
Marikina City and Cavite, all of which from Luzon island. The two samples from Oriental Mindoro
province were from separate cluster, one is same group as samples from Cavite and the other one from
samples from Quezon province. Moreover, two samples from Batangas were also in different groupings.
Likewise, samples from the provinces of La Union, Negros Occidental and Quezon provinces were also
in separate groupings.
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Tablel. Selected inter-simple sequence repeat (ISSR) primers used for DNA amplification of Vitex negundo
individuals from 15 locations in the Philippines, with information on experimental conditions, number of
fragments per prime, number of polymorphic loci and percentage of polymorphic fragments.

ISSR Sequence Annealing No. DNA No.of Percentage of
Primer temperature fragments | polymorphic | polymorphic
(°C) scored loci fragments
1 TGT GTG TGT GTG TGT GC 51 12 8 66.67%
2 GAA GAAGAAGAAGAAGAA 44 13 5 38.45%
3 GGA GAG GAG AGG AGA 44 15 10 66.67%
4 GACA GACAGACAGACA 40 6 6 100%
5 TGT GTG TGT GTG TGT GRC 53 5 5 100%
6 ACA CAC ACACAC ACACYG 52 5 4 80%
7 GAG AGA GAG AGA GAG AYG 44 11 11 100%
8 GAG AGA GAG AGA GAG AT 38 6 3 50%
9 CTCTCTCTCTCTCTCTT 39 8 8 100%
10 CAC ACA CAC ACA CAC ART 49 7 7 100%
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Fig. 3. Dendrogram illustrating the genetic relationship between the 15 samples of Vitex negundo L. based on
Nei's Unbiased Measures of Genetic ldentity and Genetic distance.

Journal of Nature Studies 14 (1)



Genetic Diversity of Vitex negundo L. (Lagundi) in the Philippines using Inter-simple
Sequence Repeat (ISRR) Marker Analysis

DISCUSSION

This study was done to elucidate the genetic diversity of V. negundo found in the Philippines
using the inter-simple sequence repeats. All 10 primers have produced bands that showed genetic
variation between the samples gathered in the Philippines. This is supported by the data on Table 1 that
revealed polymorphism among 15 V. negundo samples. Initially, it is predicted that samples taken from
the same geographical location will be clustered on the same groups but the dendrogram (Fig 3.) has
shown otherwise. Several factors (i.e. climate type, topography, and soil type) can be attributed to the
diversity observed among the samples used in the study. Owing to the archipelagic nature of the
Philippines, topographic as well as climate variations can be identified as factors that contributed to the
diversification of the V. negundo. Most of the samples were taken from locations exhibiting the Type 111
climate which is characterized by not very pronounced maximum rain period, with a short dry season
lasting from 1 to 3 months. This is a possible explanation for having samples from different geographical
locations clustered in one group. In some cases, samples from location with a different type of climate
(i.e. Type | or Type IV) such as the one from La Union (Type I) and Quezon (Type 1V) were shown to be
in separate cluster or groups.

There was a common locus or pattern of bands observed in the gel images of all the samples.
This can be attributed to the fact that all samples belong to one species. The differences in the bands are
caused by the genetic variation found within the species. Although V. negundo has only one species, it
can be further classified into several morphotypes. This is based on the several clusters revealed by the
dendrogram from the ISSR markers. Another possible reason for the formation of several clusters can be
due to gene flow. There is no complete guaranty that the samples taken from each area naturally belong
to the area. There are instances when Lagundi plants from other regions are brought to different places.
This is due to its well-known medicinal value which increases the likelihood that they can come from
other places. In a previous study conducted in China to find out whether the Great Wall acts as a physical
barrier to gene flow, one of the plant species that were selected was V. negundo. It revealed that the Great
Wall has indeed served as a physical barrier to gene flow between the two subpopulations of V. negundo
that have been separated for more than 600 years (Su et al. 2003). Morever, the Yangtze River was also
considered as another barrier to gene flow in V. negundo. It was suggested that the river is a barrier to
seed dispersal (Zhang et al. 2007). These studies, however, were more focused on biodiversity
conservation than on the improvement of plant varieties for use in drugs. Overall, in this preliminary
study, the molecular marker analysis employed has revealed that the establishment of genetic diversity
patterns of V. negundo in the Philippines and could provide vital information for future research
regarding the identification of lagundi cultivars that can yield a high quality of active compounds for
medicinal purposes.

RECOMMENDATION

Elucidating the genetic diversity of V. negundo is vital in the determination of the Lagundi
morphotype that will contain the most active phytochemical responsible to its therapeutic effect. Thus,
an increase in the samples size from different regions in the Philippines will give a better a better picture
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of the overall genetic diversity of V. negundo L. More than one sample can be taken from the each
population so that genetic diversity within the population can also be obtained and not just between
populations. Samples from Mindanao should also be gathered for better representation. Moreover, other
molecular marker analysis can also be employed together with morphological and ecological
characterization to further elucidate the genetic diversity in V. negundo L.
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