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Abstract: Plant biodiversity richness and endemism in Malaysia is of global importance. Malaysia is known to
have more than 15,000 species of lugher plants. Currently, there is no database on medicinal, aromatic and
ornamental plants (MAOPs) supplemented with DNA markers. The amn of this research project 1s to develop
a fully functional MAOPs database supplemented with DNA markers, which could serve as a tool in
identification of MAOPs. In total, 688 plants (or samples) were collected from different parts of Peninsular
Malaysia and RAPD markers (or profiles) has been developed for all 688 plants accessions. The database
contains cascade to put in information about plants local name, scientific name, morphological traits, habitat
location, isolated DNA concentrations, PCR primers used, primer sequences, gel images, schematic diagrams,
informative DNA markers, marker DNA bands size (bp), DNA marker sequences, botanical characteristics and
bioactive compounds. Work 1s being carried out to populate the database. Tlis MAOPs database
supplemented with DNA markers will be useful not only in identification and cataloging of MACOPs but also
i authentication of herbal raw material for quality control. As of July 14, 2010, this database contains entries
for 688 accessions, which represents 347 genus and 395 species. The current status of the MAOPs database

supplemented with DN A markers 1s being reported in this paper.
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INTRODUCTION

Biodiversity refers to biological variety and it is
divided into three levels which are called ecosystem
diversity, species diversity and genetic diversity.
Malaysia 13 recogmzed as one of the 12 mega-diversity
countries out of the 25 identified biodiversity hotspots in
the world. Malaysia is also one of the global biodiversity
hotspots [1]. National Policy of Malaysia on Biological
Diversity states that biodiversity has particular
significance for nation and peoples economic benefits,
food security; environmental stability, national biclogical
heritage, scientific, educational, recreational values and
biosafety [2]. By realizing a huge importance and potential
of plant resources tlus research project was imtiated to

establish the database for medicmal, arcmatic and
ormamental plants (MAOPs).

With the current advances n deoxyribonucleic acids
(DNA) technology and their applications as precise
identification tools, it 13 lighly recommended to utilize
DNA marker based methods for unambiguous germplasms
and cryptic plants species identification [3-6]. The
identification of plants genotype and 1its genetic
variability is important in plant taxonomic study and in
conservation of rare or threatened plant species in forests.
Moreover, MAOPs genetic resources are also the main
source of raw materials in various types of herbal
preparations. Authentication of raw material 13 a crucial
step before it can be used in manufacturing process.
Traditionally, medicinal plants are being collected from
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their wild habitats based on only
traits and authentication to prevent adulteration or to
get the right variety are not in practice. Thus, accurate
verification of taxa/variety 1s unportant to prevent
adulteration. to confirm raw material and to protect
mtellectual property rights (IPR). The DNA markers are
very useful in genetic fingerprinting and precise plant
identification [3-4, 6]. Random Amplification of
Polymorphic DNA (RAPD) and Random Amplified
Microsatellites (RAMS) techniques are economical and
frequently used in genetic mapping and DNA
fingerprinting [6-8].

RAPD 1s a technique that utilizes short synthetic
oligonucleotides (8-12 mer) of random sequences as
primers to amplify nanogram amounts of DNA fragments
from total nuclear or sub-cellular genomic DNA by
PCR [5-7]. RAPD produces DNA profiles of varying
complexity, depending on the primer and template used
[9-10]. Each amplification product 1s expected to result
from the existence of two annealing sites in inverted
orientations, 3” ends facing each other within amplifiable
distance. DNA polymorphisms could be caused by
differences in nucleotide sequences or by structural
arrangements [10]. Other approach (RAMS) of using
microsatellites primers in PCR is also uwed. RAMS
technique PCR  amplification  with
oligonucleotide  primers that are complementary to
specific simple sequence repeats (SSRs) [11-13]. Synthetic
oligonucleotides, each representing a specific SSR, are
used as smgle PCR primers in RAMS [8]. If two mversely
oriented microsatellites are present within an amplifiable
distance from each other, the inter-repeat sequence is
amplified. The amplified products generate distinct
banding patterns that can be separated on low-resolution
agarose gels using EtBr staining [14-15].

The use of molecular markers in herbal research are
increasingly used for screening of germplasms to study

their morphological

mvolves

genetic diversity, identify redundancies in the collections,
test accessions stability and mtegrity and to resolve
taxonomic relationship. Molecular (DNA) markers are
also used in studying genetic resources to correlate their
genetic makeup and beneficial active compounds
produced by genotype. There are number of DNA
marker applications in agricultural biotechnology and
herbal industry. A well established MAOPs database
with DNA markers will greatly assist agricultural sector
and herbal industry. The research work is in progress to
populate the database and output of this research project
is expected to help in establishing a functional and reliable
MAOPs database supplemented with DNA markers. This
paper reports the current status of the database.
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MATERIALS AND METHODS

Plant Materials: Plants or plant materials for targeted
plants were collected from the field or from their
natural habitats in Pemnsular Malaysia. The collected
plants are being maintained in our medicinal plants
collection as a reference. Morphological traits of collected
plants were recorded to document their characteristics.
The collected fresh leaves were washed systematically
and stored at -80°C for genomic DNA extraction.

Genomic DNA Extraction: Total genomic DNA was
1solated from fresh leaves using manual method, a method
described by Sambrook et al. [16] with some minor
modifications. Young leaves were washed with plenty of
rumming tap water and then in 70 % ethanol for 5 min
followed by washing with sterile deiorized water for 2 min
to avoid surface contamination. The samples were ground
separately into powder with the help of liquid nitrogen
(LN) using mortar-pestle. Two (2) gram of the leaves
tissue powder was added to 15 ml extraction buffer (0.1 M
Tris HCL, 0.05 M EDTA, 0.5M NaCl, 1% PVP, 1.4% SDS
and 10 mM 2-mercaptoethanol). The suspension was
incubated in a water bath at 37°C for 1 h. Potassium
acetate was added to each tube and again incubated on
ice for 1 h. The phases were separated by centrifugation
and sopropanol was added to the new suspension. The
mixtures were then allowed to precipitate for 1 hat -20°C.
After centrifugation, pellets were dried and dissolved in
TES buffer. RNase (10 mg/ml) was added to each tube and
incubated for 1h at 37°C. DNA was purified by using
phenol/chloroform/isoamyl-alcohol extraction method,
followed by precipitation with 1sopropanol and sodium
acetate. Finally, pellet was washed with 70 % ethanol
twice. Then, the pellet was dissolved in 1x TE buffer.
The quantitative estimation was carried out using
spectrophotometer. DNA samples were stored at -80°C
till its use in RAPD reactions.

RAPD Analysis: In a prelimmary testing, 100 random
primers from Kit A, B, C, D and E (Proligo LLC) were used
in screeming. All primers were ten bases long with 60-70 %
G+C content. From the screemng tests, selected primers
which produced reproducible band fragments were taken
as markers. Each selected primer was further tested twice
or thrice to verify the consistency of the observed
banding patterns. Primers which produced consistent
patterns were used in subsequent RAPD analysis.

After optimization of PCR conditions, RAPD-PCR was
performed m a total volume of 25 pl mix contaiming 25 ng
template nuclear genomic DNA, 1x PCR buffer, 4 mM
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MgCl, 0.4 mM dINTP mix, 1 U of Tag polymerase
(Promega) and 0.6 pM primer (Proligo). Amplifications
were performed in a programmable thermal cycler (MJ
Research). RAPD-PCR cycles were as follows; 40 cycles
of 95°C for 30sec, 38.5°C for 1 min and 72°C for 1 min. A
fial step of extension was carried out at 72°C for 10 min.
Out of 25 pl, 15 plamplified products from each completed
RAPD-PCR were separated on 1% agarose gel in 1x TAE
buffer [5, 7). The gels were stained with ethidium
bromide and photographed under UV light using Gel
Documentation System. For reference, 1 kb DNA ladder
(Promega) marker was used as a molecular standard. PCR
results representing bands were tested for reproducibility
and consistency at least three times.

RAMS Analysis: For RAMS analysis, PCR amplification
were tested selectively using 11 microsatellites primers;
(GGAT),, (GACA),. (CA);, (GT), (GAA), (GTG);, (GAC),,
T3, T7, M13, and (GATA),. The reactions were performed
in a total volume of 25 pl mix consisting 25 ng template
(nuclear genomic DNA) 1x PCR buffer, 4 mM MgCl,, 0.4
mM dNTP mix, 1 U of Tag polymerase and 0.9 uM primer.
The amplification was done in a programmable thermal
cycler. PCR cycles were as follows; 40 cycles of 94°C for
30 sec, vary from 43.5°C - 60.8°C for 1 minand 72°C for 20
sec. A final step of extension was carried out at 72°C for
5Smin. Out of 25 pl, 10 ul of PCR preducts were analyzed
by electrophoresis in 1.8% agarose gel electrophoresis
TAE buffer and stained with ethidium bromide.

Cloning and Sequencing of RAPD Fragments: RAPD
band pattern of each accession was analyzed in order to
select the most promment and mformative bands for
cloning. Selected RAPD fragments were excised from the
agarose gel and purified using Qiagen Gel Extraction-kit
(Qiagen, Germany). Purified RAPD fragments were cloned
in pGEM-T Easy PCR-cloning vector (Promega) [17].
Ligated products were used 1n transformation of E. coli
DH5-a strain. Plasmid DNA was solated using DNA
purification Kit (Promega). In order to confirm the msert
length, pDNA samples were digested with EcoRI
restriction enzyme. After confirmation of mnsert length,
bacterial cells were cultivated for respective recombinant
clones and purification of the pDNAs was carried out.
Sequencing of the RAPD fragments was carried out from
both ends by using SP6 and T7 primers.

Data Collection and Data Analysis: From RAPD-PCR gel-
electrophoresis images, RAPD profiles were analyzed.
From DNA fmgerprint profiles, PCR band was scored (1)
for the presence or (0) for the absence of a band-pairwise
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distance (similarity matrices). Tt was computed based on
Jaceard’s coefficient of similarity, using NTSYS-pc
software. Dendrograms were constructed using
unweighted pair group method with arithmetric averages
(UPGMA) cluster analysis using NTYSYS-pc v2.0
software [18]. The informative markers from generated
RAPD bands were selected and marked by ID Gel
Analysis software. These markers were used as DNA
markers to differentiate plants species or varieties from
other accessions. To identify the DNA markers, data was
collected from sequenced RAPD fragments. Sequences
of RAPD marker fragments were compared with DNA
sequences of other organism available in NCBI
database. Annotation of the DNA marker sequences
was carried out using online softwares such as
blastn and blastx at NCBI (http://www.ncbi.nlm. mh gov/)
and other online Bioinformatics tools available at
TustBio  (http://www justbio.com/). The whole data
including  botamical source, morphological traits of
accessions and other characteristics were added mto
MACQCPs database.

RESULTS AND DISCUSSION

As of July 14, 2010, 688 plant accessions have been
collected in total. Total nuclear genomic DNA is isolated
from all accessions leat sample tissues. The yield of the
nuclear genomic DNA from 2 gram fresh leaf tissue was in
range of & to 520 pg. The RAPD primer screening steps
resulted in selection of 10-decamer primers which detected
reascnable DNA polymorphism. RAPD-PCR amplification
was carried out i triplicate for all 688 accessions to make
sure all bands are reliable and consistent (data is not
shown). Similarly, all 11 microsatellites primers; (GGAT),,
(GACA),, (CA);, (GT),, (GAA),, (GTG),, (GAC),, T3, 17,
M13 and (GATA), were used to generate RAMS markers
for the accessions in our collection. RAPD-based and
microsatellites-based DNA marker profiles have been
developed for 688 plants accessions m our collection.
This 688 plant accessions comprises plant species from
347 genus and 395 species. The summary of the collection
is depicted in Table 1.

Table 1: Total number of plant accessions, genus and species in medicinal,
aromatic and omamental plants (MAOQPs) database

Grouping Total Number
Accessions 688
Genus 347
Species 345
Medicinal plants 547
Aromatic plants 102
Ornamental plants 39
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Platform facilities for bioinformatics research
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ic Hame Cy pogun cratus Stagf.

Plant Description  Originated from Southern India dan S Lanka, A parennial tuft with sturdy stame and rather beaad, aromatic leaves which car grows up to 1.5 m haght. Tre stem growe
from rhizome. Stems 3nd isaves smel like lemon or reiease 3 lemony sroms when crushed This plant can tolersts 3 wide range of soils and climatis conditions. It can
b propagaied trough division of the clump. Stems color is white purplish. The species grown commercially for oil distiflation are mostly distinguished by their
charsstenstios smell and chemical sompostion of the il
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Fields marked with * are mandatorv.

Molecular Weight 555 pp

DNA Sequence  |AGCGCCATTGCCTATTAGTTGGCCTTTCGAGTCARACGATACTTGAATT |A)

Image Mame

Image

CGITCICCICICGACCGGACAACGTGCACTICGITICAGTAGGGTITIGCIC
TICTITTIICCATCCTICCTICGGCATTTARTCIGTCAGTIGTIGGICCTITITT
GGGTTITCCRACATGAGATTGGGTCRACGTIGGTICTICGGCGTITICICGTIIC
GAGATTGIGRATCAATCTATCCGACRARACACARALATCTCAGTATRATC
CIRARARTTTACCTARCRAACGGACATAATCTICACCTICTTATTITACATACE
ATCATTAARTRACAGTICTIATIGGTIITITICCCTTARARARARTTACACRALT
CCCACCCTARCCCGARATAGGTTATTCACAGAAGCCARALARTTTITAAGA
AATCCGARACGCTCAGCATTATACGTATACATTACARCTTACCGGATGT
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Fig. 1: Medicinal, aromatic and ornamental plants (MAOPS) database platform. (A) Integrated Bioinformatics workbench
(homepage). (B) Window displaying the summary of accessiong/entries in the MAOPs database. (C) Window
displaying the individual plant accession entry details. (D) Window displaying the DNA marker sequence, gel

image, sequenced band and its size in base pairs.
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Authentic identification of taxa is necessary to ensure
protection of mtellectual property rights (IPR). The
traditional ~ method identifying  species by
morphological characters 1s now being replaced by DNA

for

profiling because of some limitations of morphological
data [19]. Evidently, DNA marker techmque 1s a rapid
and sensitive, which can be used to estimate relationship
between closely and more distantly related species
and groups. The RAPD and RAMS markers generated
in this study will be useful in authentic identification
of respective taxa. The RAPD markers generated for
some popular medicinal plants are deposited in
GenBank/DDBI/EMEBL. For instance, twelve (12) RAPD
sequence markers developed for two medicinally and
commercially important medicinal plants namely, Mistletoe
Fig (Ficus deltoidea Jack) and Kacip Fatmah (Labisia
pumila Benth and Hook f) could be useful in different
applications [5, 7].

The standardized PCR using single, arbitrarily small
oligonucleotides, known as RAPD and microsatellites
primers allows the random amplification of DNA
sequences throughout the genome. The PCR-products of
these amplifications are highly polymorphic and umque
bands and band patterns can be used as genetic
fingerprints to precisely identify the medicinal plants for
their commercial exploitation as well as conservation. The
MAOPs database supplemented with DNA markers is a
collection of MAOPs images, medicinal properties of the
plants, morphological traits of the plants along with the
RAPD and RAMS markers for each individual plant in the
database. The database 1s divided into several sections
according to plant species and primers utilized in the PCR
reaction. Database contains mformation about local name,
scientific name, morphological variations, localities, DNA
concentrations (pg/ul), primers used, primer sequences,
gel images, schematic diagrams, informative markers, DNA
marker bands size (bp), DNA sequences and botanical
characteristics. From distinctive DNA band patterns, it
provides important baseline data for conservation and
collection strategies for respective plants. The study
showed that RAPD and RAMS analysis is rapid,
economical and a reliable method for precise identification
of plants.

The MAOPs database is designed to allow the
quick and easy retrieval of a maximum amount of
information associated with each accession. This
database will be made available on World wide web
(www) for easy, efficient and effective way of sharing the
database information. This database will help and
encourage nformation transfer from highly protected
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species to more researchers. The DNA samples for all
accessions 1n our collection are stored at -80°C with the
equivalent vouchers stored in a herbarium. Information
on stored genomic DNA stocks with associated data on
the source plant species is also available in the database.
DNA 1s very stable and can be stored for years [20]. DNA
and DNA based markers from plants provides a wealth
of information [21]. Researches can take advantage of
available data on DNA markers and morphological traits
to utilize it in various studies including phylogenetic,
phylogeographic and population studies as well as gene
discovery and marker development.

The MAOPs  database  developed
Biomformatics  platform (Figure 1),
development of unique database covering systematic

using
aims  at
laboratory mformation management system (LIMS),
development of new Bioinformatics tools, analyzing,
storing, retrieving, editing and orgamzing scientific
data. This project also covers the data mimng integration
between the existing data and relevant pre-selected
databases to identify and create commercially viable
knowledgebase using high performance computing.
Perhaps, this MAOPs database supplemented with DNA
markers is the first of its kind.

There are some similar types of plant databases
developed by researchers in other countries, but without
DNA markers for each entry. One example to quote is of
University of Connecticut (UConn) plant database of
trees, shrubs and vines [22]. This database contains a
good collection of photographic and textual mformation
on trees, shrubs and vines but lack DNA marker
information for individual plants in the database. Popular
plant databases available online mcludes USDA plant
database [23], the Dave's Garden plants database [24] and
Tropical plant database [25]. All plant databases available
online are user friendly though they represent data in
different versions and forms. For instance, the USDA
plant database provides standardized information about
the vascular plants, mosses, liverworts, hornworts and
lichens of the U.S. and its territories. We have developed
MAOPs database supplemented with DNA markers, but
1t does not preclude the importance and applications of
other databases available either online or offline.

DNA markers have vast applications in biotech
industry. As we know that plant DNA barcoding 1s crucial
in biodiversity research especially in biodiversity regions
and countries like Malaysia and we are exploiting it for the
benefit to community. In this plant barcoding and
database development project, future work will focus on
integration of information from chloroplast DNA in
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addition to existing nuclear genomic DNA based barcode.
Theinformative and or species-specific DNA markers will
be used to distinguish the plant species. Developed DNA
markers will aso be used to catalogue the MAOPs in
correlation with their secondary metabolites content.

CONCLUSIONS

This project is successful in establishing MAOPs
database supplemented with DNA markers. The results
from this study indicate that the RAPD and RAMS
techniques are useful and reliable tools for identification
of germplasms and genetic relationship between and
within the plants species. RAPD and RAMS markers can
be used as a marker ID for individual plant species.
MAOPs database will be helpful in i) plant species
conservation programs, ii) resolving biopiracy issues, iii)
plant forensic investigations, iv) proper documentation of
natural resources at national/regional level. The
reasonable diversity observed at DNA level in this study
may be exploited for various applications in agriculture
sector and herbal industry. Nevertheless, this MAOPs
database supplemented with DNA markers will be useful
in selected plants information management.
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