
                                         International Journal of Advanced Biotechnology and Research   
                                                                        ISSN 0976-2612, Online ISSN 2278–599X, 

                                         Vol 3, Issue 4, 2012, pp 847 -863                                                                            
http://www.bipublication.com                                   

 
 
 

 

MOLECULAR MARKERS: AN INTRICATE TOOL FOR NEW INSIGHTS 
IN MANGROVE GENETICS 

 

Sunil Kumar Sahu and *Kandasamy Kathiresan 

 
Centre of Advanced Study in Marine Biology, Faculty of Marine Sciences, 

Annamalai University, Parangipettai, Tamil Nadu - 608 502, India 
*Corresponding author: Email: kathirsum@rediffmail.com, Tel: +91-9442068003; Fax no. +91-4144238080 

 

[Received-12/09/2012, Accepted-02/12/2012] 

 

 
ABSTRACT: 
Molecular phylogenetics has become an imperative tool for genetic studies and has enticed considerable scientific 
attention during the last few decades. Mangroves are the characteristic complex plant communities of tropical and 
sub-tropical sheltered coastlines which have been the subject of taxonomic, floristic, physiological, and ecological 
studies. Undeniably, to investigate population structure and phylogenetic relationships molecular techniques have 
been extensively applied to mangroves and these techniques has paved opportunities to take mangrove research in 
new directions and to address vague issues in mangrove studies. But the availability of plethora of molecular 
markers, allozymes or DNA (mitochondrial DNA or nuclear DNA such as microsatellites or RAPDs/RFLPs/AFLPs) 
and the phylogenetic software leads many geneticists in dilemma to select the most appropriate marker or software 
for their respective study. In this review we present how the phylogenetic studies have provided new insights into 
population genetics, conservation issues and molecular taxonomy in different mangrove taxa by the use of molecular 
techniques. Moreover an outline on the most commonly used molecular markers are also presented with a critical 
review on the application, advantages, and limitations of major classes of these markers in mangrove research.  
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[I] INTRODUCTION 

Mangrove plants are a heterogeneous group of 
plants, specially adapted to withstand high salt 
concentrations and low soil aeration in tropical 
and subtropical coasts [1]. Mangroves are 
economically important in having the value up to 
$3.5 million per square km per year through a 
combination of coastal defenses, tourism and 
farming [2]. Approximately one-fourth of the 
world’s tropical coastline is dominated by 
mangroves and they extend over 15.2 million ha 
world-wide [3]. The most extensive and luxurious 
mangroves extend across the Indo-Pacific regions 
where they are best developed in the delta system 

of major rivers. Mangroves also penetrate some 
temperate zones, but there is a rapid decrease in 
the number of species with increasing latitude [4]. 
The mangroves and their associated organisms 
constitute the ‘mangrove forest community’ or 
‘mangal’.  The mangal and its associated 
environmental factors constitute the ‘mangrove 
ecosystem’. The mangrove forests are often called 
as ‘tidal forests’, ‘coastal woodlands’ or ‘oceanic 
rainforests’ [1, 5, 6].  Mangroves are among the 
‘most threatened major environments on earth’, 
having 35% of the global loss by anthropogenic 
activities [7]. Because of the adaptive 
characteristics, the ecology of mangroves has been 
extensively studied [8]. However, molecular 
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aspects of mangroves are only little studied. The 
genetic diversity has an impact on the higher 
levels of biodiversity [9]. Studies of genetic 
variability and interspecific relationships among 
the mangrove species using molecular markers 
have been used to accurately quantify the extent of 
genetic diversity among the species [10]. Unlike 
morphological markers, molecular markers are not 
prone to environmental influences and accurately 
portray the genetic relationships between plant 
groups [11]. The markers can also be used to 
select priority areas for conservation and provide 
vital information to improve strategies for genetic 
conservation [12]. The lack of genetic markers has 
prevented an in-depth understanding of population 
genetics and evolution of mangrove plants. Studies 
on genetically differentiated organisms depend 
largely upon the results of molecular genetic 
analyses. Molecular markers like AFLP and/or 
RAPD have been used to study the inter- and 
intra-specific variations in some mangrove species 
[13, 14, 15, 16]. A number of attempts have been 
made to study the inter- and intra-generic relations 
among them [17, 18] using RAPD alone or with 
other markers. Sequences of the internal 
transcribed spacer (ITS) regions of nrDNA and the 
chloroplast gene matK have been used for 
phylogenetic studies at the inter and intrageneric 
levels in many angiosperm families [19, 20], but 
conflicts between nrDNA and cpDNA phylogenies 
have been reported in some groups [21, 22, 23]. 
The recent advancement in sequencing 
technologies has taken phylogenetic analysis to a 
new height. Phylogenies have permeated nearly 
every branch of biology, and the availability of 
plethora of phylogenetic methods and software 
packages may seem daunting to an experimental 
biologist [24]. DNA sequencing has emerged as 
one of the most utilized molecular approaches for 
inferring phylogenies, especially utilizing 
chloroplast genes [25]. About 90% of the 
mangrove forest cover are present in developing 
countries but are nearing extinction in 26 
countries. Long term survival of mangroves is at 
great risk due to fragmentation of the mangroves. 
It is possible that the ecosystem services offered 

by mangroves may be totally lost within 100 years 
[26]. The mangrove habitats continue to disappear 
globally at a rate of 0.66% per year during the 
2000–2005 periods [3]. Mangroves habitat loss 
has put at least 40% of the animal species which 
are restricted to mangrove habitat globally at an 
elevated risk of extinction. Considering 
fundamental roles attributed to genetic diversity in 
evolutionary processes and in the present 
biodiversity, understanding genetic structures of 
mangroves is important both for evolutionary and 
conservation biology. The knowledge of genetic 
diversity within and among populations is 
important for conservation management [27]. To 
ensure the optimal conservation of the mangrove 
forests in any region, it is essential to explore the 
genetic diversity of the remnant populations [28]. 
Population genetic studies of mangroves are also 
essential for evaluating afforestation, 
domestication and breeding programs. It is in this 
context; this review aims to present how the 
phylogenetic studies in mangroves have provided 
new insights into population genetics, 
conservation issues and molecular taxonomy of 
mangroves. 
[II] ORIGIN AND EVOLUTION OF 
MANGROVES 
The word ‘mangrove’ dates its origin as 1613 and 
it is derived from Portuguese word ‘mangue’ and 
the English word ‘grove’.  However, mangrove 
plants do not exhibit very primitive plant 
characteristics.  It is believed that the first 
appearance of mangroves as early as 80 million 
years ago, possibly arising just after the first 
angiosperms [29]. Avicennia and Rhizophora were 
probably the first genera to evolve, appearing near 
the end of the Cretaceous period [30]. The origin 
of mangrove is still under debate. It is not clear 
whether the origin and spread of mangroves are 
from the Malaysian peninsular and spread to a 
region between Australia and Papua New Guinea, 
and or between Malaysia and Northern Australia. 
The process of continental drift appears to have 
played a pivotal role in determining both the 
diversity and type of mangroves found today, as 
well as their current global distributions. Evidence 
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for an adaptive radiation in the mangrove habitat 
comes from the age and location of fossils, and 
from phylogenetic reconstruction of ancestral 
habitats. The oldest fossil evidence for a modern 
mangrove genus (the palm Nypa) is from the Late 
Cretaceous, but most groups arose during the 
Palaeocene and diverse mangrove forests were 
established by the Early Eocene [31, 32]. The 
mangrove plants consist of about 70 species 

worldwide, comprising trees, shrubs and ferns that 
belong to 21 family-level lineages each 
independently derived from non-mangrove 
ancestors [31, 33]. They provide an impressive 
instance of trait evolution and a combination of 
diverse morphological and physiological 
adaptations. There has been much interest in the 
historical biogeography of mangroves, in 
particular attempting to explain why their diversity 
is strongly focused near the center of the Indo-
West Pacific (IWP) region. This has been called 
the ‘mangrove biodiversity anomaly’, [31, 33] 
although it is not anomalous in the context of the 
similar pattern displayed by many marine animal 
groups. Molecular phylogenetic evidence suggests 
that most mangrove lineages originated in the Old 
World [33] and diversified within the IWP [34, 
35], although there are no molecular phylogenetic 
studies at species-level of entire mangrove clades, 
even for the more species rich and widespread 

groups such as Avicenniaceae and 
Rhizophoraceae. Of the 40 species of true 
mangroves, 30 species are known to occur in the 
Indian sub-continent. The phylogenetic 
relationships among and within the tribes, 
however, are in need of detailed studies [8]. The 
distribution and independent origin of several 
mangrove lineages within angiosperms is 
illustrated in Fig.1.  

Fig.1. The phylogenetic distribution and independent 
origin of several mangrove lineages within 
angiosperms. Independent mangrove lineages are 
shown in the extreme right. Monophyletic groups are 
represented in box. Ordinal classification of 
angiosperms is adapted from Angiosperm Phylogeny 
Group (APG-III, 2009) [102] and Schwarzbach and 
Ricklefs [103]. 
 

[III] BIODIVERSITY OF MANGROVES 
Biodiversity can be defined at genetic, species and 
community levels of biological organization.  
Even though genetic diversity is at the lowest 
hierarchy, without genetic diversity, a population 
cannot evolve and adapt to environmental 
changes. Diversity of mangroves is low as 
compared to that of tropical rainforests. Mangrove 
habitats include diversified habitats, such as core 
forests, litter-forest floors, mudflats, water bodies 
(rivers, bays, intertidal creeks, channels and 
backwaters), adjacent coral reefs and seagrass 
ecosystems [6]. These diversified habitats support 
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a wide variety of flora and fauna of marine, 
freshwater and terrestrial species and make the 
mangrove system biologically diverse. There are 
65 species of mangroves globally, of which about 
40 species exist in Southeast Asia, 15 in Africa 
and 10 occur in the Americas. Mangrove do 
harbours unique microbial diversity but there is 
paucity of information regarding the association of 
rhizobacteria with mangroves [36]. Although, 
mangroves and their components have been 
studied extensively but as far as their biodiversity 
is concerned it still remains poorly understood 
[37]. 
 

[IV] DISTRIBUTION OF MANGROVES 
Mangrove forests are distributed in the intertidal 
region between the sea and the land in the tropical 
and subtropical regions of the world 
approximately between 30° N and 30° S latitude 
[38]. Northern extensions of this limit occur in 
Japan (31°22' N) and Bermuda (32°20' N); 
southern extensions are in New Zealand (38°03' 
S), Australia (38°45' S) and on the east coast of 
South Africa (32°59' S) [39]. Mangroves find it 
difficult to colonize the coastal zone with waves of 
high energy and hence they normally establish 
themselves in sheltered shorelines [1]. The 
distributions of mangroves are very complex. 
There are approximately one-third fewer taxa in 
the Atlantic East Pacific (AEP) [34], even though 
there is an equivalent area of mangrove habitat in 
each region [39]. Despite important studies and 
review articles on the 
systematics, 
biogeography and 
evolution of 
mangroves [14, 31, 
40, 41] progress is 
slow. For instance, 
we still know little 
about the so-called 
‘centres’ of mangrove 
evolution and we are 
still unclear about 
how or whether these 
relate to centres of extant diversity. However, a 
dearth of primary data has meant that alternatives 

have not been properly explored. Climatic factors 
such as temperature and moisture affect mangrove 
distribution [29, 42]. World-wide, species 
diversity, height and biomass are the lowest in the 
northern and southern extremes and increase 
toward the tropics. The largest extent of 
mangroves is found in Asia (42%) followed by 
Africa (20%), North and Central America (15%), 
Oceania (12%) and South America (11%) [3]. The 
Indo-Malaysian region has 48 mangrove species 
[34], the highest species diversity anywhere in the 
world. Although the exact reasons for species 
diversity can be debated, the conservation and 
sustainable management of this diversity are 
critical. Important questions remain 
unreciprocated, like why is the diversity of 
mangrove taxa greater in the Indo West Pacific 
(IWP) than in the Atlantic East Pacific (AEP). 
Distributions of mangroves are complicated. In the 
AEP, the American continents currently separate 
East-Pacific and West-Atlantic coastlines. 
Similarly, the Atlantic separates East-America 
from West-Africa and the ocean distance between 
(comparable with the East-Pacific barrier) 
suggests there is little, if any, genetic exchange 
between these sub-regions currently (Fig. 2). 
Current distribution patterns in the AEP, therefore, 
cannot be explained by existing dispersal routes 
and geological conditions. There is an urgent need 
to promote greater understanding by collecting 
detailed new observations and appropriate data. 

Fig. 2. World distributions of the Indo West Pacific 
Rhizophora species [104]. There are 17 taxa in the IWP 
and three taxa in AEP. Six dispersal barriers include 
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two land barriers and variously effective water barriers 
[105]. The red marked coastlines indicates the 
distribution of all mangroves. (Note: The east coast of 
Africa and Americas has more extent of mangroves 
than their west coasts and this pattern can be attributed 
to the warmer currents tending towards Polar region in 
the east coast and colder currents from Polar region in 
the west coast). 

[V] MANGROVES DNA EXTRACTION - 
CONSTRAINTS AND REMEDIES 
One prerequisite to reliable molecular biology 
work is the isolation of pure, intact and high 
quality DNA. DNA based methods are highly 
specific, reproductive and sensitive and 
characterized by high discriminatory power, rapid 
processing time with low costs. However, the 
methods are strongly limited by the presence of 
inhibitors in plant tissues [43]. Mangroves contain 
high levels of polysaccharides, polyphenols, 
pigments and other secondary metabolites which 
make DNA unusable for downstream work in 
molecular biology research [44, 45]. 
Polysaccharides and polyphenols are particularly 
abundant in mangrove leaves and are not 
completely removed during classical extraction 
protocols; they remain as contaminants in the 
DNA preparations. Polysaccharides make DNA 
viscous, glue like and non-amplifiable in the PCR 
reaction by inhibiting the activity of restriction 
enzymes and Taq DNA polymerase [46]. The 
oxidized forms of polyphenols covalently bind to 
DNA, giving a brown colour and reduce their 
maintenance time, making it useless for molecular 
studies [47]. Polysaccharides do interfere with 
biological enzymes such as restriction 
endonucleases and ligases, resulting in 
unsuccessful amplification [45]. In order to 
overcome the above said constraints, a number of 
methods for DNA isolation from plants containing 
high levels of secondary metabolites have been 
developed [43, 45, 46, 48, 49, 50]. 
Polyvinylpolypyrrolidone (PVPP) or its water-
soluble counterpart polyvinylpyrrolidone (PVP) is 
used to extract genomic DNA from polyphenol-
rich plants [51, 52]. PVP forms complex with latex 
lactones, actucin and other phenolics and they 
accumulate at the interface between the organic 

and the aqueous phases by centrifugation after 
addition of chloroform. Similarly, Cetyl Trimethyl 
ammonium bromide (CTAB) binds to fructans and 
other polysaccharides and forms complexes that 
are removed during subsequent chloroform 
extraction [45, 53]. Recently, a rapid CTAB 
method has been developed for extracting DNA 
especially from mangroves and salt marsh species 
without using liquid nitrogen and phenols [54]. 
[VI] MOLECULAR TECHNIQUES 
With the advent of the PCR (polymerase chain 
reaction) technologies, an ample of techniques are 
available for identifying genetic differences 
between organisms. There are mainly three types 
of markers namely morphological, biochemical 
and DNA based molecular markers. These DNA 
based markers are further differentiated into non-
PCR-based (RFLP) and PCR-based markers 
(RAPD, AFLP, microsatellites, etc.). The choice 
of technique depends upon the material being 
studied and the nature of the questions being 
addressed. Table 1 shows a comparative detailed 
analysis of major molecular tools with their 
advantages and disadvantages. 
6.1 Biochemical marker 
Allozyme 
Allozymes have been widely used to address 
phylogenetic relationships and to estimate 
population parameters such as gene flow, local 
differentiation and migration pathways. Allozyme 
phenotypes also have been described in several 
mangrove genera including Avicennia Bruguiera, 
Kandelia, Rhizophora and Sonneratia [55, 56]. 
However, none of these studies provided more 
powerful means of interpreting the gene flow 
among populations and the breeding systems of 
mangrove species. Allozyme markers have also 
been used to quantify gene flow and infer dispersal 
within and between the populations of Avicennia 
[34]. They demonstrate that gaps in geographical 
distribution represent significant barriers to gene 
flow, revealing a limited long-distance dispersal 
capacity in Avicennia. Critical studies on the 
genetic structure of Ceriops, have shown that 
Ceriops tagal var. tagal and C. tagal var. australis 
are completely reproductively isolated [57]. 
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Allozymes and intersimple sequence repeats have 
also been used to study the reproductive biology 
and genetic diversity of Aegiceras corniculatum 
[58]. These studies indicate that molecular 
markers may be extremely useful to solve the 
problems related to population genetics where 
normal taxonomical markers are not able to throw 
light. Even though, proteins are used for molecular 
taxonomic analyses, applications involving the 
protein are far fewer than those with DNA markers 
due to meager level of protein polymorphism. 
Proteins are also often differentially expressed 
both in space (tissue specificity) and time 
(developmental regulation), which limit 
availability of the proteins. Also, proteins are 
difficult to store in non-denatured condition than 
DNA under field conditions. 
6.2. Molecular markers 
6.2.1. Non-PCR-based techniques 
Restriction Fragment Length Polymorphism 
(RFLP)  
RFLP is a non-PCR-based indirect method which 
is used as a major tool to identify the genetic 
diversity within and between species [59]. 
Polymorphism is detected where there is an 
addition or loss of restriction site, or if a length 
polymorphism exists between two restriction 
endonuclease sites due to insertion or deletion of 
nucleotide sequences. RFLP has been used to 
study the genomic relations among 24 mangroves 
and its associates [14, 15]. These studies provide 
molecular data favouring the separation of 
Avicennia species from the Verbenaceae to create 
a monotypic family the Avicenniaceae. Using 
RFLP and RAPD based markers it has been 
demonstrated that considerable intra-population 
and inter-population genetic variations exist in 
Excoecaria agallocha, and that lack of genetic 
variation is not the reason for the morphological 
uniformity observed across the range of the 
species [60]. They have not found any marker for 
differentiating sex of the plant. The mitochondrial 
genome is known to have evolved at a slower rate 
and the evolution rates differ between lineages 
over long evolutionary time periods [61].  
 

6.2.2. PCR-based techniques 
Random Amplified Polymorphic DNA (RAPD) 
RAPD is another extensively utilized indirect 
molecular approach for genotypic differentiation 
and molecular taxonomy among different 
mangrove species [62]. This method is based on 
polymerase chain reaction (PCR) where short 
sequences of DNA fragments are randomly 
amplified using decamer oligonucleotide 
sequences. Recently, genetic variability among 
male populations of Excoecaria agallocha has 
been studied by using DNA markers [63]. 
Mangroves do have inter and intra-generic 
relations, as proved by RAPD [17].  The RAPD 
markers alone or along with other molecular 
markers have extensively been used to study 
genetic variations in mangrove species such as, 
Avicennia, Excoecaria, Acanthus and Bruguiera. 
RAPD markers have been helpful to study the 
parentage analysis in Rhizophora hybrid [13]. Two 
non-mangrove species of Rhizophoraceae has 
been successfully separated from nine mangrove 
species using RAPD markers along with AFLP 
(amplified fragment length polymorphism) 
markers [16]. Similar result does not hold true 
when genomic relations among 31 species have 
been studied using RAPD and AFLP markers. 
RAPD markers together with cytological evidence 
provide an effective tool to access the interspecific 
genetic polymorphism in mangrove species, to 
solve the taxonomic problems and to design their 
conservation strategy [64]. Using RAPD markers, 
eight ecotypes of Xylocarpus granatum has been 
distinguished in an Indian mangrove forest 
(Bhitarkanika) which is one among the two 
mangrove genetic paradises in the world [65]. 
Mangrove species display greater variation within 
their population than across [13, 14, 66, 67]. High 
levels of polymorphism observed in mangrove 
species such as Avicennia marina [13] and 
Excoecaria agallocha [66] may also be indicative 
of the high microsite variation within a given 
population and in contrast to the high levels of 
inter-specific variation, the levels of intra-specific 
variation are very low. However, RAPD is often 
criticized for its lack of reproducibility [68]. 
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Amplified Polymorphic Length Polymorphism 
(AFLP)  
AFLP is a PCR-based approach to DNA 
fingerprinting [69] which provides high levels of 
resolution to delineate complex genetic structures. 
These markers have a very high diversity index, 
resulting in a limited number of primer 
combinations required to screen a whole genome 
and is applied to develop a system for the 
fingerprinting [70]. In contrast to the restriction 
fragment length polymorphism (RFLP), the AFLP 
technique generates an unlimited number of DNA 
fragments from nanogram amounts of genomic 
DNA. AFLP markers have been used to study the 
genomic relations in three species of Heritiera and 
the results have revealed a clear-cut segregation of 
true mangrove species H. fomes from mangrove 
associate H. littoralis and also land race species H. 
macrophylla [16]. Similar result has also been 
reported in the Rhizophoraceae group where two 
non-mangrove species are separated out from the 
rest nine mangrove species [16]. The reliability of 
the RFLP technique is combined with the power of 
the PCR technique in AFLP. In comparison to the 
random amplified polymorphic DNA (RAPD) 
approach, the AFLP technique uses more stringent 
conditions which give better reproducibility. 
Furthermore, this technique is quantitative and 
AFLP can be used as co-dominant markers [71]. 
Microsatellites 
Microsatellites, also known as simple sequence 
repeats (SSRs), are an important class of markers 
because of their abundance and hyper-variability. 
The regions flanking the microsatellites are 
generally conserved and PCR primers relative to 
the flanking regions are used to amplify SSR- 
containing DNA fragments. The length of the 
amplified fragment varies according to the number 
of repeated residues. Although this marker 
possesses extremely high levels of polymorphism, 
it has come very late into usage for understanding 
the genetic variations of mangroves [72, 73, 74, 
75]. These codominant and highly informative 
markers have been used in population genetic 
studies in many plants, including mangroves [72, 
76, 77]. Polymorphism is higher with SSRs than 

with other markers in many studies related to a 
variety of plant species [78, 79]. Among dominant 
markers, ISSRs (inter-simple sequence repeats) are 
superior to RAPDs in terms of higher 
polymorphism and reliability [80]. SSRs have 
been used in population genetic studies in 
mangroves [58, 81, 82]. Cross-priming studies has 
revealed polymorphic nature of all the loci in 
Kandelia candel and Rhizophora stylosa and 
proved that the microsatellite markers are ideal for 
population studies [74]. Recently, genetic 
relationship in three species of Rhizophora (R. 
annamalayana, R. apiculata and R. mucronata) 
have been studied by using microsatellite marker. 
This study reveals that R. annamalayana and R. 
mucronata are genetically much closer (0.006) 
than R. apiculata (0.008) [83]. The optimization of 
PCR conditions is a matter of necessity for cross-
amplification tests. Despite their extremely fast 
rates of repeats, evolution of many microsatellite 
loci is quite conservative in their flanking regions 
and hence they can persist for long evolutionary 
time and they are much unchanged. Due to this, 
primers developed for a species from the flanking 
regions of a microsatellite locus can be used to 
amplify the same locus in other related species. 
Generally, the designing of microsatellite primers, 
specific to new species is expensive and time 
consuming, but the cross priming can be 
alternative and attractive option as it is cheap and 
fast. 
[VII] DNA BARCODING OF MANGROVES 
Mangroves are highly productive, but extremely 
sensitive and fragile [1]. Lack of adequate genetic 
studies impairs conservation practices of 
mangrove genetic resources. To date, traditional 
taxonomy relies mostly on diagnostic 
morphological characters, requiring expert 
knowledge to identify specimens. In this regard, 
DNA barcoding has proved to be a useful 
alternative method for rapid global biodiversity 
assessment, providing an accurate identification 
system for living organisms[84]. Thus, there is a 
demanding need for taxonomic expertise in a 
broad range of taxa. DNA barcoding has proved to 
be a powerful alternative method to traditional 
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morphological approaches, which allows to 
complement the identification techniques for 
living organisms. The two-locus combination of 
rbcL + matK has been recommended as the plant 
barcode [85, 86] and has been approved by 
Consortium for the Barcode of Life (CBOL) in 
2009. Therefore in this context we have discussed 
about the two proposed standard plant barcode 
genes for their possible application in mangrove 
DNA barcoding. 
7.1. matK (Maturase kinase) gene 
The matK gene formerly known as orfK is 
emerging as a valuable gene to study mangrove 
molecular systematics and evolution, because of 
its reasonable size, high substitution rate, evenly 
distributed codon position variation, low transition 
and transversion ratio, and the easiness of 
amplification due to its two flanking coding trnK 
exons [87]. The 1500 bp matK gene is named 
according to its possible maturase function and its 
location within the trnK gene encoding the 
tRNALys (UUU). The gene also exhibits a 
relatively high proportion of transversions, with 
the transition/transversion ratio (ti/tv) approaching 
unity [88]. Recent studies have substantiated the 
use of matK gene for resolving phylogenetic 
relationships in a broad taxonomic range [87, 88]. 
Although substitution rates in plastid DNA are 
generally low compared to nuclear DNA, and thus 
may not have high resolution for population level 
studies, the substitution rate of the matK gene is 
among the highest in plastid genes [89]. On the 
one hand, slow evolving coding regions (e.g. 
genes for photosynthesis, ribosomal subunits, etc.) 
have a high likelihood of alignability across a wide 
set of land plant lineages, but often fail to resolve 
rapidly radiated lineages [90]. On the other hand, 
non-coding and fast evolving coding markers are 
more troublesome in terms of primary homology 
assessment and thus less frequently they are used. 
However, once the rather time consuming 
alignment has been performed, fast evolving 
regions, especially matK not only tend to provide 
the highest phylogenetic structure, they also offer 
the desired phylogenetic information [91, 92]. In 
order to use the matK gene sequence at various 

taxonomic levels, more detailed information on its 
pattern of variation, phylogenetic signal 
distribution, and transition and transversion ratios 
will be of immense help.   
7.2. Ribulose-bisphosphate carboxylase large 
subunit (rbcL) gene 
rbcL gene, located on the chloroplast genome, is 
an appropriate choice for inference of 
phylogenetic relationships at higher taxonomic 
levels [93]. It is a 1350 bp gene which is one of 
the most widely and best-investigated chloroplast 
DNA genes by means of molecular techniques, 
and is known to exhibit extensive variation above 
the species level [94]. The origin of angiosperms, 
relationship of dicotyledons and monocotyledons, 
and phylogenetic reconstruction at class, order, 
family and genus levels has been studied using the 
rbcL gene sequence data [93]. The chloroplast 
genes have a very slow rate of nuclear substitution 
thereby having a slower rate of evolution than the 
nuclear genes [95]. In a molecular phylogenetic 
analysis of Myrtales based on rbcL sequence data, 
two mangrove genera of Rhizophoraceae namely 
Bruguiera and Rhizophora were positioned in the 
genera outside Myrtales, instead forming a 
common clade with Euphorbiaceae, Humiriaceae, 
and Malpighiaceae in a “rosid” clade [96]. The 
cpDNA of some mangrove and mangrove-
associate species have been investigated by PCR 
amplification of two specific regions, trnS-psbC 
and rbcL, followed by restriction digestion with a 
four base restriction enzyme, Hae III [15]. 
Analysis of polymorphism in the restriction 
fragments (PCR-RFLP) has revealed 18 classes of 
restriction banding pattern in trnS-psbC region, 
which provides molecular evidence for diversity in 
the mangrove floral component above-species 
level. The molecular phylogeny of 
Rhizophoraceae based on rbcL gene sequences 
supports monophyly of Rhizophoraceae [97]. 
Similarly, the tribal and generic relationships 
within Rhizophoraceae have been evaluated with a 
combination of six molecular data sets (rbcL, 
atpB-rbcL intergenic spacer, trnL-trnF intergenic 
pacer, ITS1, ITS2, and 5.8S) along with 
morphological data sets [98]. This work suggests 
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that how DNA sequence data can resolve 
systematic relationships that are difficult to infer 
from analysis of morphological data alone due to 
extensive homoplasy. The study also rejects 
previously suggested close relationships of the 
Rhizophoraceae with Celastraceae or 
Elaeocarpaceae and identifies the Erythroxylaceae 
as sister group to the Rhizophoraceae. Molecular 
phylogenetic analysis of mangroves for evolution 
studies of vivipary and salt secretion has been 
studied by analysing and sequencing the 18S 
rRNA, rbcL, and matR genes of large and 
representative samples across mangroves [99]. 
This work suggests the multiple origins for both 
vivipary and salt secretion in mangroves. 
   

[VIII] MOLECULAR PHYLOGENETIC 
SOFTWARE 
Biological diversity of mangroves needs to be 
organized and catalogued effectively and 
efficiently. Molecular phylogenetics applies a 
combination of molecular and statistical 
techniques to infer evolutionary relationships 
among organisms or genes. Recent advances in 
sequence analyses methods and software have 
revolutionized the phylogenetics studies. 
Mangrove geneticists across the globe routinely 
employ molecular phylogenetic methods in their 
research. Phylogeny is an evolutionary tree that 
shows how species are related to each other. Table 
2 describes a compilation of some most commonly 
used free and commercial phylogenetics software 
for constructing phylogenetic trees, and Table 3 
presents a concise list of online software and 
applications used for phylogenetic tree 
visualization  
IX] CONCLUSION 
The present work overviews about the molecular 
tools that are widely used in plants especially 
mangroves. Allozyme was used for many years as 
the standard tool in genetic studies of mangroves, 
but in the recent years, it has been replaced by 
DNA markers. A major drawback for the methods 
relying on unspecific primers and produce 
multilocus band patterns (i.e. RAPD, AFLP and 
ISSR), is that the investigated loci are biallelic (a 
band is present or absent). It is also difficult to 

distinguish heterozygotes from homozygotes 
based on band intensity. Mangroves are fast 
disappearing globally resulting in loss of genetic 
diversity and ecosystem functions [3]. The loss of 
mangrove species will have devastating economic 
and environmental consequences especially in 
those areas with low mangrove diversity. Across 
the globe, mangrove species found in estuarine 
areas are most threatened because they are most 
frequently cleared for development of aquaculture 
and agriculture [100]. It is necessary to collate 
comprehensive species-specific and site-specific 
information for the mangroves. In absence of 
which, it is difficult for the identification and 
implementation of conservation priorities. To 
overcome these losses, conservation and 
sustainable management of mangrove resources, is 
a major priority in the coastal areas of many 
countries. Population genetic studies of mangroves 
are, therefore, aimed at providing the information 
needed for restoration and conservation of genetic 
resources. Thus, to develop a simple, rapid and 
economical DNA extraction method from plants 
especially from mangroves is of dire need. 
Extensive studies on mangrove population 
genetics will be useful for designing conservation 
and breeding programs. Such studies also will help 
in identification of sites with high genetic diversity 
leading to establishment of in-situ mangrove 
genetic resource centers for preservation and 
protection of fast disappearing mangrove species. 
The genetic diversity of few mangrove species 
cannot be increased by merely enlarging their 
population size through artificial breeding. 
Artificial introduction must be done carefully, 
because the genetic divergence may also result in 
genetic pollution [101]. The risk of genetic 
pollution must be considered if individuals from 
populations with a relatively high level of genetic 
diversity (e.g., Thailand population) are introduced 
into populations with low-level genetic diversity 
(e.g., populations in China) for the purpose of 
enhancing genetic diversity. The most commonly 
used standardized mangrove DNA extraction 
methods that use toxic and hazardous chemicals 
such as phenol and chloroform require special 
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equipment to minimize exposure and limit their 
usage. Although, commercial DNA extraction kits 
do exist and are convenient and usually safe, but 
their high cost is a limiting factor. A future 
challenge for DNA barcoding in plants is to 
increase the efforts for identifications of unique 
species. Specific primers for the potential barcode 
locus of matK and rbcL should be developed to 
speed up the process of DNA barcoding in 
mangroves. Cytological and molecular 
phylogenetic research has mainly focused on the 
analysis of genomes of different plant taxa, but the 
detailed studies on the cytological, cytochemical 
and molecular aspects of mangroves are lacking. 
However, chromosome and cytophotometric 
studies are difficult in the mangrove species due to 
the accumulation of a high amount of secondary 
metabolites and their relatively small 
chromosomes. DNA sequencing has emerged as 
one of the most utilized of the molecular 
approaches for inferring phylogenies because of 
the direct comparison of the nucleotide sequences 
and the relative ease of interpreting the sequence 
information. Molecular characterization can play a 
role in uncovering the history, and estimating the 
diversity, distinctiveness and population structure. 
Awareness of the level of genetic diversity and the 
proper management of genetic resources are 
important issues in modern scenario. New markers 
deriving from DNA technologies are valuable 
tools to study genetic variability for conservation 
purposes. In the near future, the advent of 
genomics will give an impressive tool for 
assessment of genetic resources. We need not only 
the willingness to conserve genetic diversity, but 
also the knowledge of how to do so, in addition to 
the ability to turn that knowledge into action.  
[X] Perspectives 
Genetic diversity or variation and its measurement 
have vital importance in interpretation, 
understanding and management of populations and 
individuals. The use of molecular tools and 
markers in plant studies has been increased during 
the last decade and such data are now being 
extensively applied to study mangroves. The surge 
in the application of molecular information to 

systematic and evolutionary questions has resulted 
in significant contributions to both plant and 
animal systematics and in the emergence of 
molecular systematics. In the past the ability to 
discriminate between varieties was heavily 
dependent on morphological traits. Lately, DNA 
markers have been employed as a promising 
method of finger printing. In the future, molecular 
methods will become accessible to a larger 
number of researchers and will certainly play a 
vital role in mangrove plant research. 
Characterization of the types, patterns, and rates of 
nucleotide divergence in a gene prior to its 
utilization in systematic and evolutionary studies 
may frequently be an important prerequisite for 
generating robust and reliable phylogenies. 
Geneticists desire distinct, uniform, stable and 
superior strains of mangrove plants to implement 
conservation strategies. We foresee a large impact 
especially for conservation and management 
issues where molecular tools can provide 
information about the population genetics, which 
in turn will help efforts to conserve and protect 
genetic variation. More emphasis should be given 
on sampling more taxa throughout the range 
worldwide, especially different inland genera. 
Many plant molecular biology techniques are 
toiling, costly and time consuming. This is 
particularly true for DNA extraction techniques. 
Reduction or elimination of toxic chemicals such 
as phenol and chloroform needs to be reduced 
during the process of DNA extraction and the 
overall extraction of intact and unsheared DNA is 
of utmost importance. Not only mangroves, 
molecular identification and diversity assessment 
of the flora and fauna, especially the 
microorganisms should also be encouraged. 
Sequences of more conserved genes should be 
employed for the molecular phylogenetic analyses. 
To solve the taxonomic disputes for species such 
as Acanthus, natural hybrids of Rhizophora and 
Sonneratia species by using potential and most 
suitable molecular marker is the need of the hour. 
Future work should be focused on gathering more 
matK and rbcL sequences of mangroves for 
improved primer development, as well as to 
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examine PCR amplification and sequencing 
quality. Apart from phylogenetic studies, scientists 
have long been intrigued by the remarkable ability 
of mangroves in salinity tolerance but this specific 
area of research is still at infancy. Excavating the 
novel genes from mangroves could possibly help 
to develop abiotic stress resistant plants. Most 
importantly molecular marker techniques should 
be applied to construct a physical map of the 
mangrove genome which will ultimately help in 
determining the association of the genetic distance 
to the physical distance between mangrove taxa. 
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Glossary 
Molecular marker: The DNA sequence used to 
‘mark’ or track a particular location (locus) on a 
particular chromosome, i.e. marker gene. 
Biodiversity: The number and variety of 
organisms found within a specified geographic 
region. 
Phylogeny: Evolutionary tree that shows how 
different species are related to each other. 
Molecular phylogeny: phylogeny based on 
molecular data (DNA sequence) 
Continental drift: The movement of the Earth's 
surface relative to each other by drifting across the 
ocean bed. 
Intertidal: The region between the high tide and 
the low tide mark. 
Polymerase chain reaction (PCR): A technique 
for amplifying DNA sequences in-vitro by 
separating the DNA into two strands and 
incubating it with oligonucleotide primers and 
DNA polymerase. 
Allozymes: The non-denatured proteins with 
different net charges and allelic forms 
DNA barcoding: It is a taxonomic method that 
uses a short genetic marker in an organism's DNA 
to identify it as belonging to a particular species 
 

REFERENCES 
1. Kathiresan K, and Bingham BL. [2001] Biology of 

mangroves and mangrove ecosystems. Adv. Mar. 
Bio. 40:81-251  

2. UNEP-WCMC [2006] In the Front Line: Shoreline 
Protection and Other Ecosystem Services from 
Mangroves and Coral Reefs (UNEP-WCMC) 33pp 
(Cambridge, UK,). 

3. FAO [2007]. Mangroves of Asia 1980–2005: 
country reports (Forest Resources Assessment 
Working paper No. 136).  

4. Tomlinson PB. [1986] The botany of mangroves. 
413 pp (Cambridge Uni- versity Press, 
Cambridge). 

5. Kathiresan K & Qasim SZ [2005] Biodiversity of 
Mangrove Ecosystems. 251 pp. (Hindustan Publ. 
Corp., New Delhi). 

6. Kathiresan K. [2011] Eco-biology of Mangroves. 
Mangroves: Ecology, Biology and Taxonomy (ed. 
James N.Metras, I. N.) 1-50 (Nova Science 
Publishers, New York). 

7. Valiela I, Bowen JL & York JK [2001] Mangrove 
forests: one of the world’s threatened major 
tropical environments. BioScience 51:807–815. 

8. Chang HT. [1995] Analysis of the mangrove flora 
in the world (Collection of Chang Hungta) 202–
211 (Zhong- shan Univ Press, Guangzhou). 

9. Templeton AR. [1993] Translocation as 
conservation tool. In: Biodiversity in mangrove 
landscapes, theory and practice (ed. Szaro R. I. N) 
(Oxford University Press). 

10. Waugh R & Powell W. [1992] Using RAPD 
markers for crop improvement. Trends Biotech. 10, 
186-191. 

11. Emmarold E M, Sinclair HM, & Mark B. [2001] 
Use of random amplified polymorphic DNA 
(RAPD) markers to reveal genetic diversity within 
and between populations of cashew (Anacardium 
occidentale L.). J. Hortic. Sci. Biotech. 76:375-
383. 

12. Newbury HJ & Ford-Lloyd BV. [1993] The use of 
RAPD for assessing variation in plants. Plant 
Growth Reg. 12:43-51. 

13. Parani M. et al. [1997] Molecular phylogeny of 
mangroves II. Intra and inter-specific variation in 
Avicennia revealed by RAPD and RFLP markers. 
Genome. 40:487-495. 

14. Parani M, Lakshmi M, Senthilkumar P, Ram N & 
Parida A. [1998] Molecular phylogeny of 
mangroves V. Analysis of genome relationships in 
mangrove species using RAPD and RFLP markers. 
Theor. Appl. Genet. 97:617-625. 

15. Parani M, et al.  [2000] Molecular phylogeny of 
mangroves VII. PCR-RFLP of trnS-psbC and rbcL 
gene regions in 24 mangrove and mangrove-
associate species. Theor. Appl. Genet. 100:454-
460. 

16. Mukherjee AK. et al. [2003] Molecular 
characterization of three Heritiera species using 
AFLP markers. Biol. Plant. 47:445-448. 

17. Lakshmi M, Parani M, Senthilkumar P & Parida A. 
[2002] Molecular phylogeny of mangroves VIII: 



MOLECULAR MARKERS: AN INTRICATE TOOL FOR NEW INSIGHTS IN MANGROVE GENETICS 

Sunil Kumar Sahu and Kandasamy Kathiresan                                                                               858 

 

Analysis of mitochondrial DNA variation for 
species identification and relationships in Indian 
mangrove Rhizophoraceae. Wetlands Ecology and 
Management. 10:355-362. 

18. Abeysinghe PD, Triest L, DeGreef B, Koedam N 
& Hettiarachi S. [2000] Genetic and geographic 
variation of the mangrove tree Bruguiera in Sri 
Lanka. Aquatic Bot. 67:131-141. 

19. Baldwin B. et al. [1995] The ITS region of nuclear 
ribosomal DNA: a valuable source of evidence on 
angiosperm phylogeny. Ann. Missouri Bot. Gard. 
82:247–277. 

20. Hilu KW & Liang H. [1997] The matK gene: 
Sequence variation and application in plant 
systematics. Am.J. Bot. 84:830–839. 

21. Mason-Gamer RJ & Kellogg EA. [1996] Testing 
for phylogenetic conflict among molecular data 
sets in the tribe Triticeae (Gramineae). Syst. Biol. 
45:524-545. 

22. Soltis DE, Johnson LA & Looney C. [1996] 
Discordance between ITS and chloroplast 
topologies in the Boykinia group. Syst. Bot. 
21:169-186. 

23. Sang T, Crawford DJ & Stuessy TF. [1997] 
Chloroplast DNA phylogeny, reticulate evolution, 
and biogeography of Paeonia (Paeoniaceae). Am. J. 
Bot. 84:1120–1136.  

24. Yang Z & Rannala B. [2012] Molecular 
phylogenetics: principles and practice. Nat Rev 
Genet 13:303-14. 

25. Clegg MT, Gaut BS., Learn GH & Morton BR. 
[1994] Rates and patterns of chloroplast DNA 
evolution. Proc Nat Acad Sci USA. 91:6795-6801. 

26. Duke NC. [2007] A world without mangroves? 
Science. 317:41–42. 

27. Hamrick JL & Godt MJW. [1996] Conservation 
genetics of endemic plant species (ed. Avise, J. C., 
Hamrick, J. L., Conservation Genetics) 281–304 
(Chapman and Hall, New York). 

28. Melville F & Burchett M. [2002] Genetic variation 
in Avicennia marina in three estuaries of Sydney 
(Australia) and implications for rehabilitation and 
management. Mar. Pollut. Bull. 44:469–479. 

29. Duke NC. [1992] 
Coastal and Estuarine studies: Tropical 
Mangrove Ecosystems (ed. Robertson, A. I. and 
Alongi, D. M.) 63 
100. (American Geophysical Union, Washington D
C., USA, 1992).  

30. Chapman VJ [1977] Wet coastal ecosystems. 
Elsevier 428 pp 

31. Ellison AM, Farnsworth EJ & Merkt RE. [1999] 
Origins of mangrove ecosystems and the mangrove 
biodiversity anomaly. Global Ecol. Biogeogr. 
8:95–115. 

32. Plaziat JC, Cavagnetto C, Koeniguer JC & Baltzer 
F. [2001] History and biogeography of the 
mangrove ecosystem, based on a critical 

reassessment of the paleontological record. Wetl. 
Ecol. Manage. 9:161–179. 

33. Ricklefs RE, Schwarzbach AE & Renner SS. 
[2006] Rate of lineage origin explains the diversity 
anomaly in the world’s mangrove vegetation. Am. 
Nat. 168:805– 810. 

34. Duke NC, Ball MC & Ellison JC. [1998] Factors 
influencing biodiversity and distributional 
gradients in mangroves. Global Ecology and 
Biogeography Letters, 7:27–47. 

35. Liao PC, Havanond S & Huang S. [2007] 
Phylogeography of Ceriops tagal 
(Rhizophoraceae) in Southeast Asia: the land 
barrier of the Malay Peninsula has caused 
population differentiation between the Indian 
Ocean and South China Sea. Conserv. Genet. 8:89–
98. 

36. Petra M, Crowley D & Yang CH. [2004] 
Development of specific rhizosphere bacterial 
communities in relation to plant species nutrition 
and soil type. Plant Soil. 261:199–208. 

37. Kathiresan K. [2010] Globally threatened 
mangrove species in India. Current Science. 
98:1551. 

38. Alongi DM. [2009] Introduction in the energetics 
of mangrove forests (ed. Springer Science) 
(Business Media BV, New York. 

39. Spalding MD, Blasco F & Field CD. [1997] World 
mangrove atlas (ed. The International Society for 
Mangrove Ecosystems, Okinawa. 

40. Duke NC. [1995] Genetic diversity, distributional 
barriers and rafting continents - more thoughts on 
the evolution of mangroves. Hydrobiologia,  
295:167-181.  

41. Saenger P. [1998] Mangrove vegetation: an 
evolutionary perspective. Marine and Freshwater 
Research. 49:277-286. 

42. Saenger P. & Snedaker SC.  [1993] Pantropical 
trends in mangrove above-ground biomass and 
annual litterfall. Oecologia. 96:293– 299. 

43. Qiang X, Xiaopoeng W & Xiuxin D. [2004] A 
simple protocol for isolating genomic DNA from 
chestnut rose (Rosa roxburghii tratt) for RFLP and 
PCR analysis. Plant Mol. Biol. Rep. 22:301-302. 

44. Levi A, Galau GA & Wetzstein HY. [1992] A 
rapid procedure for the isolation of RNA from 
high-phenolic-containing tissues of pecan. Hort 
science. 27:1316-1318. 

45. Michiels A, Vanden EW, Tucker M, Van RL & 
Van LA. [2003] Extraction of high quality genomic 
DNA from latex containing plants. Anal. Biochem. 
315:85-89. 

46. Porebski S, Bailey LG & Baum BR [1997] 
Modification of a CTAB DNA extraction protocol 
for plants containing high polysaccharide and 
polyphenol components. Plant Mol. Biol. Rep. 
15:8-15 (1997). 



MOLECULAR MARKERS: AN INTRICATE TOOL FOR NEW INSIGHTS IN MANGROVE GENETICS 

Sunil Kumar Sahu and Kandasamy Kathiresan                                                                               859 

 

47. Katterman FRH & Shattuck VI. [1983] An 
effective method of DNA isolation from the mature 
leaves of Gossypium species that contain large 
amounts of phenolic terpenoids and tannins. Prep. 
Biochem. 13:347-359. 

48. Van Driessche E, Beeckmans S, Dejagere R & 
Kanarek L. [1984] Thiourea: The antioxidant of 
choice for the purification of proteins from phenol-
rich tissues. Anal. Biochem. 141:184-188. 

49. Peterson DG, Boehm KS & Stack SM. [1997] 
Isolation of milligram quantities of nuclear DNA 
from tomato (Lycopersicon esculentum), a plant 
containing high level of poly phenolic compounds. 
Plant Mol. Biol. Rep. 15:148-153. 

50. Cheng XJ, Guo WW, Yi HL, Pang XM & Deng 
XX. [2003]  An efficient protocol for genomic 
DNA extraction from citrus species. Plant Mol. 
Biol. Rep. 21:177a-177g. 

51. Aljanabi SM, Forget L & Dookun A. [1999] An 
improved and rapid protocol for the isolation of 
polysaccharide- and polyphenol-free sugarcane 
DNA. Plant Mol. Biol. Rep.17:1-8. 

52. Kim CS, Lee CH, Shin JS, Chung YS & Hyung NI. 
[1997] A simple and rapid method for isolation of 
high quality genomic DNA from fruit trees and 
conifers using PVP. Nuc. Acid Res. 25:1085-1086. 

53. Jitu B & Kr KB. [2008] An efficient and reliable 
method of DNA extraction from Meyna spinosa – 
A traditional medicinal plant from North-East 
India. J. Plant Biochem. Biotech. 17:1.  

54. Sahu Sk, Thangaraj M and Kathiresan K. [2012] 
DNA Extraction Protocol for Plants with High 
Levels of SecondaryMetabolites and 
Polysaccharides without Using Liquid Nitrogen 
and Phenol. ISRN Molecular Biology 2012:1-6 

55. Baba S, Ogino K & Naksuga T. [1989] Isozyme 
patterns of six mangrove tree species in Okinawa. 
Galaxea. 8:79–83. 

56. Goodall JA & Stoddart JA. [1989] Techniques for 
the electrophoresis of mangrove tissue. Aquat. Bot. 
35: 197–207. 

57. Ballment ER, Smith TJ & Stoddaart JA. [1988] 
Sibling species in the mangrove genus Ceriops 
(Rhizophoraceae), detected using biochemical 
genetics. Aust. Syst. Bot. 1:39–397. 

58. Ge XJ & Sun M. [1999] Reproductive biology and 
genetic diversity of a cryptoviviparous mangrove 
Aegiceras corniculatum (Myrsinaceae) using 
allozyme and inter-simple sequence repeat (ISSR) 
analysis. Mol. Ecol. 8: 2061–2069. 

59. Old RW & Primrose SB. [1998] Principles of gene 
manipulation. An introduction to genetic 
engineering.  Fifth Edition (Blackwell Science 
Limited). 

60. Lakshmi M, Parani M, Ram N. & Parida A. [2000] 
Molecular phylogeny of mangroves VI. 
Intraspecific genetic variation in mangrove species 

Excoecaria agallocha L. (Euphorbiaceae). 
Genome. 43:110–115. 

61. Gillespie JH. [1986] Variation of evolutionary rates 
of DNA. Genetics. 112:1077-1091. 

62. Lin JJ. et al. [1996] Identification of molecular 
markers in soybean comparing RFLP, RAPD and 
AFLP DNA mapping techniques. Plant Mol. Biol. 
Rep. 14:156-169. 

63. Das AB, Jena S, Pradhan C & Chand PK. [2011] 
Genetic variability among male populations of a 
minor mangrove Excoecaria agallocha L. as 
evident by chromosome morphology and DNA 
markers. Nucleus 54:39–47. 

64. Sahoo P, Jena S, Mohanty S &  Das AB. [2007]  
Molecular phylogenetic relationships among the 
four species of Bruguiera L. of the family 
Rhizophoraceae as revealed by RAPD, genome 
size, karyotype, Isoenzyme and Protein 
polymorphism. Revista de Biologia Tropical. 
55:437-448. 

65. Das AB & Jena S. [2008] Chromosome stability 
and interpopulation genetic variability in a tree 
mangrove Xylocarpous granatum Koen. 
(Meliaceae) as revealed by RAPD markers. 
Cytologia 73:105-113 (2008). 

66. Parida A, Anuratha CS, Lakshmi M, Parani M & 
Kurjen J. [1995] Application of molecular markers 
in assessing genetic diversity in Indian mangroves. 
In Use of Induced Mutations and Molecular 
Techniques in Crop Improvement (FAO/IAEA, 
Vienna, Austria, 595-600). 

67. Lakshmi M, Rajalakshmi S, Parani M, Anuratha 
CS & Parida A. [1997] Molecular phylogeny of 
mangroves I. Use of molecular markers in assissing 
the intraspecific genetic variability in the mangrove 
species. Acanthus ilicifolius  Linn. (Acanthaceae). 
Theor. Appl. Genet. 94:1121-1127. 

68. Jones CJ et al. [1997] Reproducibility testing of 
RAPD, AFLP and SSR markers in plants by a 
network of European laboratories. Mol. Breed. 3, 
381-390). 

69. Zabeau M & Vos P. Selective restriction fragment 
amplification. [1993] A general method for DNA 
fingerprinting (European Patent Application No: 
92402629.7: Publication number EP0534858A1). 

70. Faccioli P, Pecchioni N, Stanca AM. & Terzi V. 
[1999] Amplified fragment length polymorphism 
(AFLP) markers for barley malt fingerprinting. J. 
Cereal Sci. 29:257-260.  

71. Van Eck HJ. et al. [1995] The inheritance and 
chromosomal location of AFLP markers in a non-
inbred potato offspring. Mol. Breed. 1:397–410. 

72. Arbelaez-Cortes E, Castillo-Cardenas MF, Toro-
Perea N & Cardenas-Henao H. [2007] Genetic 
structure of the red mangrove (Rhizophora mangle 
L.) on the Colombian Pacific detected by 
microsatellite molecular markers. Hydrobiologia. 
583:321–330. 



MOLECULAR MARKERS: AN INTRICATE TOOL FOR NEW INSIGHTS IN MANGROVE GENETICS 

Sunil Kumar Sahu and Kandasamy Kathiresan                                                                               860 

 

73. Takayama K, Mariko T, Yoichi T & Tadashi K. 
[2008] Isolation and characterization of 
microsatellite loci in the red mangrove Rhizophora 
mangle (Rhizophoraceae) and its related species. 
Conserv Genet. 9:1323-1325. 

74. Islam MS, Lian C, Geng Q, Kameyama N. & 
Hogetsu T. [2008] Chloroplast microsatellite 
markers for the mangrove tree species Bruguiera 
gymnorrhiza, Kandelia candel, and Rhizophora 
stylosa, and crossamplification in other mangrove 
species. Conserv. Genet.  9:989–993. 

75. Nettel A, Dodd RS, Cid-Becerra JA & Rosa-Velez 
JDL. [2008] Development of microsatellite 
markers for the white mangrove (Laguncularia 
recemosa C.F Gaertn, Combretaceae). Conserv. 
Genet. 9:1037-1038. 

76. Maguire TL, Saenger P, Baverstock P. & Henry R. 
[2000] Microsatellite analysis of genetic structure 
in the mangrove species Avicennia marina (Forsk.) 
Vierh. (Aveicenniaceae). Mol. Ecol. 9:1853–1862. 

77. Salas-Leiva DE, Mayor-Duran VM & Toro-Perea 
N. [2009] Genetic diversity of black mangrove 
(Avicennia germinans) in natural and reforested 
areas of Salamanca Island Parkway, Colombian 
Caribbean. Hydrobiologia. 620:17–24.  

78. Zhou HF, Xie ZW & Ge S. [2003] Microsatellite 
analysis of genetic diversity and population genetic 
structure of a wild rice (Oryza rufipogon Griff.) in 
China. Theor. Appl. Genet. 107:332–339. 

79. Yu GQ, Bao Y, Shi CH, Dong CQ & Ge S. [2005] 
Genetic diversity and population differentiation of 
Liaoning weedy rice detected by RAPD and SSR 
markers. Biochem. Genet. 43:5–6. 

80. Godwin ID, Aitken EAB & Smith LW. [1997] 
Application of inter simple sequence repeat (ISSR) 
markers to plant genetics. Electrophoresis. 
18:1524–1528. 

81. Jian SG, Tang T,  Zhong Y & Shi SH. [2004] 
Variation in inter simple sequence repeat (ISSR) in 
mangrove and non-mangrove populations of  
Heritiera littoralis (Sterculiaceae) from China and 
Australia. Aquat. Bot. 79:75–86. 

82. Su GH et al. [2007] Conservation genetics of 
Lumnitzera littorea (Combretaceae), an endangered 
mangrove, from the Indo-West Pacific. Mar. Biol. 
150:321–328. 

83. Kumar AB, Thangaraj M & Kathiresan K. [2011] 
Cross-species amplification of microsatellite loci in 
three mangrove species of India. Int. J. Adv. Biotec. 
Res. 2:240-243. 

84. Hebert PDN, Cywinska NA, Ball SL & deWaard 
JR. [2003] Biological identifications through DNA 
barcodes. Proc. Roy. Soc. B-Biol. Sci. 270:313–
321. 

85. Hollingsworth PM. et al.  [2009] A DNA barcode 
for land plants. Proc. Natl. Acad. Sci. USA. 
106:12794-12797.  

86. Kress WJ & Erickson DL. [2007] A two-locus 
global DNA barcode for land plants: The coding 
rbcL gene complements the non-coding trnH-psbA 
spacer region. PLoS ONE. 2, e508. 

87. Johnson LA & Soltis DE. [1995] Phylogenetic 
inference in Saxifragaceae s. str. and Gilia 
(Polemoniaceae) using matK sequences. Ann. Mo. 
Bot. Gard. 82:149–175. 

88. Hilu KW. et al. [2003] Angiosperm phylogeny 
based on matK sequence information. Am J Bot. 
90:1758–1776. 

89. Olmstead RG & Palmer JD. [1994] Chloroplast 
DNA systematics: a review of methods and data 
analysis. Am J Bot. 81:1205–1124. 

90. Wanke S. et al. [2007] Evolution of the Piperales – 
matK and trnK intron sequence data reveals a 
lineage specific resolution contrast. Molecular 
Phylogenetics and Evolution. 42:477-497. 

91. Muller KF, Borsch T & Hilu KW. [2006] 
Phylogenetic utility of rapidly evolving DNA at 
high taxonomical levels: contrasting matK, trnT-F 
and rbcL in basal angiosperms. Molecular 
Phylogeny and Evolution. 41:99-117. 

92. Borsch T & Quandt D. [2009] Mutational 
dynamics and phylogenetic utility of non-coding 
chloroplast DNA. Plant Systematics and Evolution. 
282:169-199. 

93. Chase MW. [1993] Phylogenetics of seed plants: 
an analysis of nucleotide sequences from the 
plastid gene rbcL. Annals of the Missouri Botanic 
Garden. 80:528-580. 

94. Bousquet J, Strauss ST, Doerksen AH & Price RA. 
[1992] Extensive variation in the evolutionary rate 
of rbcL gene sequences among seed plants. Proc 
Natl Acad Sci USA. 89:7844-7848. 

95. Clegg MT, Gaut BS, Learn GH & Morton BR. 
[1994] Rates and patterns of chloroplast DNA 
evolution. Proc. Natl. Acad. Sci. USA. 91:6795–
6801. 

96. Conti E, Litt A & Sytsma KJ. [1996] 
Circumscription of Myrtales and their relationships 
to other Rosids: evidence from rbcL sequence data. 
Amer. J. Bot. 83:221-233. 

97. Setoguchi H, Kosuge K & Tobe H. [1999] 
Molecular phylogeny of Rhizophoraceae based on 
rbcL gene sequences.  J. Plant Res. 112:443–455. 

98. Schwarzbach AE & Ricklefs RE. [2000] 
Systematic affinities of Rhizophoraceae and 
Anisophylleaceae, and intergeneric relationships 
within Rhizophoraceae, based on chloroplast DNA, 
nuclear ribosomal DNA, and morphology. Am. J. 
Bot. 87:547–564. 

99. Shi S. et al. [2006] Molecular phylogenetic 
analysis of mangroves: independent evolutionary 
origins of vivipary and salt secretion. Molecular 
Phylogenetics and Evolution. 40:298-304. 



MOLECULAR MARKERS: AN INTRICATE TOOL FOR NEW INSIGHTS IN MANGROVE GENETICS 

Sunil Kumar Sahu and Kandasamy Kathiresan                                                                               861 

 

100. Polidoro BA. et. al. [2010] The loss of species: 
mangrove extinction risk and geographic areas of 
global concern. PLoS ONE. 5, e10095. 

101. Frankel OH, Brown AHD & Burdon JJ. [1995] The 
Conservation of Plant Biodiversity. (Cambridge 
University Press, UK). 

102. Bremer B, Bremer K, Chase M, Fay M, Reveal J, 
Soltis D et al. [2009]. An update of the 
Angiosperm Phylogeny Group classification for the 
orders and families of flowering plants: APG III. 
Botanical Journal of the Linnean Society. 

103. Schwarzbach AE & Ricklefs RE. [2001] The use of 

molecular markers in mangrove plant research. 

Wetlands Ecology and Management. 9:195-201. 

104. Duke NC. [2006] Rhizophora apiculata, R. 
mucronata, R. stylosa, R. × annamalai, R. × 
lamarckii (Indo-West Pacific stilt mangrove), 
version 2.1. In (ed. Elevitch C. R., Species profiles 
for Pacific Island agroforestry) Permanent 
Agriculture Resources (PAR) (Holualoa, Hawaii, 
USA). 

105. Duke NC, Lo EYY & Sun M. [2002] Global 
distribution and discontinuities of mangroves – 
emerging patterns in the evolution of Rhizophora. 
Trees. 16:65–79. 

106. Lowe A, Harris S & Ashton P. [2004] Ecological 
Genetics Design, Analysis and Applications 
(Blackwell, Oxford). 

107. Frankham R, Ballou J & Briscoe D. [2002] 
Introduction to Conservation Genetics (Cambridge 
University Press, Cambridge). 

108. Triest L. [2008] Molecular ecology and 
biogeography of mangrove trees towards 
conceptual insights on gene flow and barriers: a 
review. Aqua Bot. 89:138-154. 

109. Suchard MA & Redelings BD. [2006] BAli-Phy: 
simultaneous Bayesian inference of alignment and 
phylogeny. Bioinformatics. 22:2047-2048. 

110. Pagel M & Meade A. [2006] Bayesian analysis of 
correlated evolution of discrete characters by 
reversible-jump Markov chain Monte Carlo. 
American Naturalist. 167:808-825. 

111. Drummond AJ, Ho SYW, Phillips MJ & 
Rambaut A. [2006] Relaxed phylogenetics and 
dating with confidence. PLoS Biol. 4, e88. 

112. Chenna, R. [2003] Multiple sequence alignment 
with the Clustal series of programs. Nucleic Acids 
Res. 31:3497–3500. 

113. Drummond, AJ. et. al. Geneious v5.4. 
 
 
 
 
 
 
 
 

114. Tamura K. et. al. [2011] MEGA5: molecular 
evolutionary genetics analysis using maximum 
likelihood, evolutionary distance, and 
maximum parsimony methods. Mol.  Biol. 
Evol. 28:2731–2739.  

115. Huelsenbeck JP & Ronquist F. [2001] MRBAYES: 
Bayesian inference of phylogeny. Bioinformatics. 
17:754-755. 

116. Guindon S & Gascuel O. [2003] PhyML: A simple, 
fast, and accurate algorithm to estimate large 
phylogenies by maximum likelihood. Syst Bio. 
52:696-704 (2003). 

117. Swofford DL. PAUP. [2003] Phylogenetic Analysis 
Using Parsimony (Version 4. Sinauer Associates, 
Sunderland, Massachusetts). (There are a number 
of beta and test versions of the program)  

118. Felsenstein J.  [1989] PHYLIP - Phylogeny 
Inference Package (Version 3.2). Cladistics. 5:164-
166. 

119.  Goloboff PA, Farris JS & Nixon K.  [2008] TNT: 
Tree Analysis Using New Technology, vers. 1.1 
(Willi Hennig Society Edition). 

120. Letunic I & Bork P. [2007] Interactive Tree Of 
Life (iTOL): an online tool for phylogenetic tree 
display and annotation. Bioinformatics. 23:127–
128.  

121. Pethica R, Barker G, Kovacs T & Gough J. [2010] 
TreeVector: scalable, interactive, phylogenetic 
trees for the web. PLoS ONE. 5, e8934. 

122. Ranwez V. et al. [2009] PhyloExplorer: a web 
server to validate, explore and query phylogenetic 
trees. BMC Evol Bio. 9:108. 

123. Jordan EG & Piel WH. [2008] PhyloWidget: web-
based visualizations for the tree of life. 
Bioinformatics. 24:1641–1642. 

124. Fernandez A & Gomez S. [2008] Solving Non-
uniqueness in Agglomerative Hierarchical 
Clustering Using Multidendrograms. Journal of 
Classification. 25:43–65. 

125.  Page RDM. [1996] Tree View: An application to 
display phylogenetic trees on personal computers. 
Computer Applications in the Biosciences. 12:357–
358 (1996). 

 

 

 

 

 

 

 



MOLECULAR MARKERS: AN INTRICATE TOOL FOR NEW INSIGHTS IN MANGROVE GENETICS 

Sunil Kumar Sahu and Kandasamy Kathiresan                                                                               862 

 

Table 1 . Characteristics of molecular marker techniques used 
in mangrove genetic research 

(+++) excellent; (++) good; (+) moderate; (+) has been used; (-) unlikely 

to be used or useless; 

a  Adapted from Lowe et al. (2004) [106] 

b  Adapted from Frankham et al. (2002) [107] 

c  Adapted from Triest (2008) [108] 

d  Added in this review 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
Table 2. List of most widely used software for 
phylogenetic studies 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The listed software are compatible to run on 
Windows, Mac OSX and Unix or Linux platforms. All 
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the software are freely downloadable, except Geneious* 
and PAUP*. 
 

Table 3.  A compiled list of online software and 
applications used for phylogenetic tree visualization 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Online software 
b Applications (downloadable) 
* The listed software and applications are free and 
compatible to run on any platforms. 
 

 

 
 

 

 
 
 
 
 
 
 


