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ABSTRACT

Random amplified polymorphic DNA (RAPD) markers were successfully used to identify and differentiate all the
three species of Avicennia found in Indian Sundarban, to assess the pattern of interspecific genetic diversity among
them and to reveal their molecular phylogeny. Ten primers amplified a total number of 221 bands under 100 loci
across three genotypes with an average of 10 loci / primer. Of the total 100 loci scored, 50 were polymorphic. Thus
the average percentage of polymor phism was 50. Different primers yielded a total of 7 unique bands for A. alba, 14
for A. marina and 8 for A. officinalis. The distinct RAPD bands could be cloned and used as markers for species
identification. The dendrogram reveals that A. alba and A. officinalis have closer relationship between them and
share a common node in the dendrogram at a 73.3% level of similarity. In comparison to other species, A. marina
showed most genetic variability, suggesting utilization of this species over others in breeding programmes. Genetic
distance was less between A. marina and A. alba than between A. marina and A. officinalis. Phylogenetic tree shows
that A. marina is more closely related to A. alba than to A. officinalis. Extent of polymorphism and uniqueness
reveals lowest genetic diversity in A. alba and therefore, demands priority of this species in conservation
programme to prevent extinction.
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INTRODUCTION

The Sundarbans, shared between India and Bangléitredh largest mangrove forest in the world. Margrplants
comprise a heterogeneous group of independentlyatklineages that are defined ecologically byrtleecurrence
in tidal zones along shorelines and physiologicddly their ability to withstand high salt concenimas .
Tomlinson!? (1986) and Duké® (1991) classifiedAvicennia L., a genus of mangrove woody trees or shriis,
eight species. In the Indian Sundarban, the gemepresented by three species, namgigennia marina (Forsk.)
Vierh., Avicennia offlcinalis L., andAvicennia alba Blume! .

Avicennia plays an important role in coastline wetland estmys. They stabilize shores and prevent excessive
shifting of coastlines and soil erosion resultingnf tidal current$”. They also buffer the destructiveness of wind
and storm tides during hurricane and typhd®n#n addition to their ecological importance, thago provide many
forest products, such as firewood, timber, materfat making boats and paper, and feeding grounddigh,
prawns and shellfisivicennia leaves make a superior fodder due to their hitfresa iodine contert!. They have
been used as traditional medicine in South Asiamts including Indi&’.

Overexploitation of mangroves for their economiesd medicinal values has resulted in the loss ofete
diversity®. With global warming, environmental change and horactivities, mangroves are being destroyed at an
alarming ratd'®. More importantly, habitat destruction has remditiee major threat for mangrove plafitd To
overcome these losses, conservation and sustaimaiagement is, thus, a major priority in the caaateas of
many countries. Howeverthe genetic structure of plant species within thangmove ecosystem is poorly
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understood. Studying the genetic diversity of makgrplantsis important in taking effective measures to prbtec
these specig&.

Molecular markers, unlike morphological markease not prone to environmental influences aade been found

to be very useful to quantify accurately the exteftinterspecific genetic diversit{’! and portray genetic
relationships between plant groupd. DNA markers provide an opportunity to charactergenotypes and to
measure genetic relationships more precisely thiagr anarker§”. DNA based genetic markers have been recently
integrated into the study of several plant systamd are expected to play a very important roleha future of
molecular genetics and plant taxonoriynong the various DNA markers, randomly amplifiealymorphic DNA
(RAPD) has been used extensively for a varietyusppsesncluding large scale genetic diversity studis|It has
widespread application due to technical simpligityd the availability of large numbers of arbitrgmymers that
saturate the genomPCR based RAPD markers have extensively been asqdantify accurately the inter- and
intra- specific and inter-generic variability irfférent plant groups including some mangrove sppetie

The research work on genetic variation améwmigenniaceae family using molecular methods is inadequate. Duke
et al. (1998f*" examined the genetic structure and evolution etigs ofAvicennia based on allozyme analysis.
However, the allozyme study did not include officinalis. Paraniet al., (1997)*® reported an intra and inter-
specific variation inAvicennia genus, revealed by molecular markers from otheatlons of India, except
Sundarban. Kadest al., (2012)"® reported on the genetic diversity A¥icenniaceae family but did not shed any
light on phylogeny.

The objective of this work was to reveal the gemeiiversity among all the three speciesAwicennia present in
Sundarban using RAPD analysis and to constructydogénetic tree showing evolutionary relationshipoag

them. The fingerprint generated would also helfhaidentification and differentiation of thesedérclosely related
species. Moreover this study will provide importahies in developing effective conservation strigedor the

sustainable management of the genetic resouraasl@n to prevent potential extinction.

MATERIALS AND METHODS

Plant Materials

Young, fresh and healthy leaf samplesfgicennia marina (Forsk.) Vierh. Avicennia offlcinalis L., andAvicennia
alba Blume. were collected from various sites in thengrave forest of Sundarban, West Bengal and stostd
silica gel in separate zip-lock plastic bags. Feauoh of the sites, seven individuals of each speg@e randomly
selected and leaf samples of small quantity wereesséed. Leaves were collected and bulked fronedsfft plants
for each species and replicated three times for [dkation. Leaf material was stored at —20°C &et analysis. 1
gm of leaf tissue from each species was subsequesed for each DNA isolation experiment.

Genomic DNA Extraction and RAPD-PCR Reaction

Total DNA was extracted from silica gel-dried youegf tissue following the CTAB method describedSaghai-
Maroof et al. ! (1984) with minor modifications. After purificatiorit was quantified spectroscopically and
visualized under a UV light after electrophoresis @ 0.8% (w/v) agarose gel stained by gdml ethidium
bromide. The resuspended DNA was stored in autedlaldHO. A total of 22 RAPD primers (Bangalore Genei
Pvt. Ltd., Bangalore, India) were initially scredn® amplify genomic DNA in order to identify potél primers
that produced a higher number of polymorphic apdaducible fragments. PCR amplifications were earout in a
thermal cycler (Perkin Elmer, Gene Amp thermal ey@400) in a final volume of 28, containing 25 ng template
DNA, 200uM each of the four dNTPs, 10 picomoles of prim&rsmyM MgClI2, 2.5ul Taq buffer (10 mM Tris HCI
pH 9.0, 50 mM KCI) and 0.2 Unit Taqg DNA polymerg8&angalore Genei Pvt., Ltd., Bangalore India). THermo
cycler was programmed for an initial denaturatib®4C for 4 minutes followed by 36 cycles at°@4for 1 min,
annealing at 3& for 1 minute and extension at°@2for 2 minutes, followed by one final extension7atC for 6
minutes and at last the hold temperature was®©f #0ul of amplified PCR amplified product was separatgdyel
electrophoresis on a 1.5% agarose gel stainedHigiwn bromide (0.5ug/ml of gel solution) and photographed
with a gel documentation system (Uvi Tec, UK). Feach experiment the reproducibility of the ampdifion
products was tested twice using similar reactiomd@t@mns at different times. Only those amplificatiproducts that
consistently appeared in two replications (consepsaducts) were scored for further analysis.

RAPD Data Scoring and Analysis

In RAPD analysis, the presence or absence of thesbavas taken into consideration and the differancthe
intensity of the band was ignored. RAPD is a domimaarker, and all bands amplified by the same @rimith
identical electrophoretic mobility were homologoiAsparticular DNA band which is generated from gemome of
one species, but absent of a second species refga@spolymorphism. The banding patterns obtainech fRAPD
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gel were used to assign loci for each primer ardtest as present (1) or abse0). The data obtained from tl
markers were pooled for different analyses. Jacsaichilarity coefficient veues®” were calculated for each pi
wise comparison between genotypes and similaritirimmavas constructed. To illustrate the genetiatiehships
among the species, a dendrogram was constructest! lmas the similarity matrix using unweighted paioup
method with arithmetic average (UPGMA) cluster gsi®. All analyses were done using the computer pac
NTSYS-PC ver. 2.067.

RESULTS AND DISCUSSION

All of the three species dvicennia found in the mangrove forest of Indian Sundarbanewingerprinted usin
molecular markers. We used RAPD markers to analyme genetic variability and establish phylogen
relationships among them. A total number of 10 RApners (Bangalore Genei t. Ltd., Bangalore, India)
(Table 1)that produced polymorphic and reproducible fragmemere selected to amplify genomic DNA of
plant species under investigation. Ten primers diagla total number of 221 bands under 100 locbss three
genotypesith an average of 10 loci / primer. Of the tot@Dloci (Figure 1a and Figure liscored in the 3 species
with different primers, 50 were polymorphic and @@re unique. Therefore, the gerAvicennia exhibited an
overall 50% polymorphism at speciewvel in Indian Sundarban. Different speciesAafcennia revealed varying
degrees of genetic polymorphism in their RAPD pesfi Polymorphism and uniqueness were higheA. marina
followed byA. officinalis and A. alba, respectively. The total number thie amplified loci produced by each prin
varied from a minimum number of 1 by primOligo-01, Oligo-02 and Olig@®5 to a maimum of 10 by the primer
Oligo-09. The percentage of polymorphism ranged from (primer Oligo05) to 88.8% (primer Oligo-08). The
size of amplified bands also varied with differgmitmers. Only three out of 10 primers showed 70%mare
polymorphism and as many as seven primers show&d at5more polymorphism whereas three primers shc
less than 45% polymorphism. In genethe extent of polymorphism found was moderateljnhithe data obtaine
was subjected to UPGMA analysis to find out thetiehship among the species being analyzed. Theeval
Jacaard’s similarity coefficient ranged from 0.584.733

Table 1.List of RAPD primers and their sequences along witlsome of the characteristics of thPCR-amplified products

Primer Code | Primer Sequence (5'to 3' | Total No. of Amplified Loci | Total No. of Polymorphic Loci | % of Polymorphism
Oligo-01 CCAGGAGGAC 07 01 14.29
Oligo-02 AGGTGACCGT 08 01 12.50
Oligo-03 GTGAGGCGTC 10 05 50
Oligo-04 GATGACCGCC 11 07 63.64
Oligo-05 GGAGGGTGTT 10 01 10
Oligo-06 GTTTCGCTCC 11 05 45.46
Oligo-07 ACCGCGAAGG 11 05 45.46
Oligo-08 GTCGCCGTCA 09 08 88.89
Oligo-09 GAAACGGGTG 13 10 76.92
Oligo-10 CCCGGCATAA 10 07 70
1 2 3

Figure la. Ethidium bromide stained 1.5% agarose deshowing PCF-amplified products of three species cAvicennia generated by a
random primer Oligo-03 (5' GTGAGGCGTC 3')
Lane 1 to 3 correspondsto A. alba, A. marina and A. officinalis, respectively
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Figure 1b. Ethidium bromide stained 1.5% agarose deshowing PCF-amplified products of three species cAvicennia generated by a
random primer Oligo-04 (5' GATGACCGCC 3)
Lane 1 to 3 correspondsto A. alba, A. marina and A. officinalis, respectively

The dendrogram (Figure 2) reveals tA. alba andA. officinalis have closer relationship between them and sh
common node in the phylogenetic tree at 73.3% |e¥edimilarity. In comparison to other specitA. marina
showed most genetic variability, suggesting utflama of this species over others for breei programme and as
source material in conservation programmes. Thiegtgr efforts should be made in taking its pronerawher
screening germplasm, improving genetics, and initody and transplanting. Also, it should be a ptyato protect
its germpasm resources. Genetic distance was less betA. marina andA. alba than betweelA. marina andA.
officinalis. Phylogenetic tree shows that widely distribuA. marina is more closely related 1A. alba than toA.

officinalis.
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Figure 2. Dendrogram, generated using UPGMA analysis, showinghylogenetic relationships among the 3 speciesAvicennia based on
RAPD markers

The UPGMA cluster analysis of the three speciesveldoa high coefficient of interspecific diversifgrming three
distinct classes each represented by one sped&anbes between the class centroids reveal aigefistance o
0.378 betwee. alba andA. officinalis, 0.604 betweeA. alba andA. marina, and 0.611 betweeA. marina andA.
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officinalis. Extent of polymorphism and uniqueness revealsegtwgenetic diversity irA. alba and therefore
demands priority of this species in conservatiamgpemme to prevent extinction.

Genetic diversity at the species level, the prodfidbng-term evolution, is a prerequisite for Sual. Studying the
genetic diversity and genetic structure of a speisethe basis of exploring its adaptability andbility /. From
the genetic perspective, a higher level of gengitiersity results in a greater ability to adapt awblve™. Low
genetic diversity can result in reduced adaptgbdind increased occurrence of less beneficial gdeading to
eventual extinction of the species. The richnesgesietic diversity thus provides very importanbimfiation about
the status of a species, an assessment of its reatise value, andex situ conservation. The percentage of
polymorphic loci can be used as indicator to meathe level of genetic diversity

Since introductior?”, the RAPD marker is being extensively used for sneiag inter- and intra-specific genetic
relationship in several plantS!. Being a DNA based diagnostic assay RAPD is ableéntify genotypes directly
and can therefore diminish the complications agisfrom earlier morphological, cytological and bieahical
studies®™. RAPD is an efficient marker system because ofctiygacity to reveal several informative bands in a
single amplification and also for its simplicitydfow expenses. Such studies contribute to crdatgenetic tree
and to develop conservation strategies by idemntifyinits for conservation.

Different primers yielded a total of 7 unique baridsA. alba, 14 for A. marina and 8 forA. officinalis. Unique
bands differentiate one species from the others. distinct RAPD bands could be cloned and useda&ears for
species identification. The successful identificatof these three species using species-specifieaumarkers and
only a limited set of primers proved to be pronmisior species detection. The DNA amplification &ngrinting
technique allowed us to unambiguously differentidtemarina, A. officinalis and A. alba. Although these three
species have many similar morphologies (leaf mdagahg leaf length, the colour of the petiole, thdaur of the
midrib), their RAPD fingerprinting differed markgdl For management and conservation purposes, the
identification of A. marina, A. officinalis and A. alba. and their putative hybrids or intermediates cobl
accomplished using RAPD markers, even at an etatief their life cycle, e.g. seedling stage.

However, it may be mentioned here that the intenifipeelationship reported in the present study tiee limitation
that they were represented by only one populafléve detailed analysis of inter-specific variationAvicennia
using molecular markers indicated thatalba where genetic erosion is of greater magnitude Ishbe given
priority for in situ conservation as these species also contributéasuladly to the overall genetic variation in the
genus, and for the same reason, other populattmmddbe included in genetic sampling to repreflemitspecies in
any ex situ conservation programme to withstand the anticgbatee in sea level that is imminent due to global
warming.

CONCLUSION

In conclusion, this study demonstrates that dedantide DNA fingerprinting can be an effective andeful
method to successfully distinguish and identifyth# three species @vicennia found in Indian Sundarban. The
nature and extent of genetic variation among ttsgseies as well as their phylogenetic relationskipse also
revealed. Moreover this study has provided impdrtdnes in understanding genotype relationship,ctvhinay
further assist in developing breeding strategies tfe sustainable management of the genetic ressusod
conservation. An efficient conservation strategyl Weiad to preserve the genetic variation and thelwionary
process in viable populations of ecologically valeagenotypes, in order to prevent potential exitmcof this
important group of plants.
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