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Abstract

Mangroves occupy estuarine ecosystems in the tropical regions of the world. Despite their highly
productive nature and the protective roles they play in the coastal region, the ecosystem as a whole is
under severe threat due to various climatic and anthropogenic factors. Therefore, the need for
conservation of mangroves is widely emphasised. However, information on existing genetic diversity
based on which a strategy for genetic conservation is to be drawn is not available for mangroves. This is
primarily because conventional genetic analysis is difficult in these species for various reasons.
Therefore, as an aid to our on-going conservation programme, efforts were made to assess the nature
and extent of diversity in a number of mangrove species of the Indian coast using molecular markers.
The nature and extent of intra-population diversity in sixteen mangrove species and detailed analysis of
inter-population genetic polymorphism in four species, Acanthus ilicifolius, Excoecaria agallocha,
Avicennia spp and Rhizophora (species and hybrid), is reported in the present communication.

1. INTRODUCTION

1.1. Coastal ecosystem: problems and prospects

The coastal ecosystem, that suffers from the twin problems of low productivity and
uncertain yield, is an important part of the natural base of our country. Since these regions
form vital bridges between the terrestrial and aquatic ecosystems, their preservation is essential
to maintain the ecological balance and biodiversity. Despite their ecological and economic
significance, the effects of current resource use practices evident both in the inland and coastal
areas have rendered various forms of stresses on the coastal ecosystem. Increasing soil erosion
and water pollution caused by intensive farm practices in the inland areas that gets transported
through the river and canal systems are quite adversely affecting the coastal systems.
Moreover, the sea water intrusion and the attendant soil and water quality problems caused by
the ground water depletion have already started threatening the very sustainability of
agricultural systems in the Saurashtra region of Gujarat and Tanjavur region of TamilNadu. At
the same time, it is anticipated that by the year 2000, the human population living within 60 km
of the shoreline will grow by over 50 per cent. Many of the world's poor are crowded in the
coastal area and coastal resources are vital for the security of their livelihood. Above all, the
problem of a rise in sea level, expected to be on the order of 8-29 cms due to global warming
by 2025, makes the need to take concrete steps to ensure the sustainable management of the
coastal ecosystem all the more urgent.

1.2. Mangroves

The coastal ecosystems are characterised with various physical, climatic and
anthropogenic pressures. The most productive vegetation in the coastal regions are a group of
specialised tree species, the mangroves, growing in the inter tidal and estuarine areas and are
subject to high physical stress conditions such as high salinity and water logging. It is one of
the most productive ecosystems of the world. It supports various micro-organisms and other
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invertebrate species. They are the primary nursery ground for a number of commercial shrimp,
crab and fish species. The total fish catch in the mangrove swamps account for about 68 per
cent of total world production. They also stabilise shoreline and provide protection from tidal
bores, ocean currents and storm surges. In addition, these plant species possess valuable
characters for potential use in developing novel genetic material for adaptation to the ever
fluctuating climatic extremes of the coastal zone.

Mangroves are very specialised forest ecosystems of the tropical and subtropical coastal
regions of the world bordering the sheltered seacoasts and estuaries. Mangrove forests have
valuable natural resources with high productivity and, hence, are often over-exploited for
various purposes. The magnitude of the threat to this ecosystem is on the rise as more and
more mangrove forests throughout the world are being used for agriculture, wood resources
and forest products [1]. The increasing dependency of the local population on the mangrove
species for various products and usage further threatens the sustainability of the system.
Constant environmental and anthropogenic pressures on the ecosystem have led to a rapid
decline of many natural populations of different species. This is evident from the fact that the
once widely prevalent mangrove genus Rhizophora is now at the verge of extinction [2].

India, with a coastline of about 7500 km, represents 8 per cent of the world mangrove
area [3]. However, in terms of species composition, it is represented by 60 species belonging
to 42 genera and 29 families which are predominantly distributed along the eastern coast of
India and that account for about 82% of Indian mangroves [4]. An alarming rate of depletion
in the mangrove areas is being seriously felt in India; it has been reported that there has been
about a 25% reduction in the mangrove forest cover along the Indian region during the last 25
years. This necessitates effective action plans to conserve and restore this valuable ecosystem.

Given the ecological and economic importance of the mangrove vegetation, and the
considerable threat both in terms of increasing population pressure in the coastal areas and the
exposure to anticipated climatic changes in the region, a concerted and well visualised action
plan must be undertaken for the conservation, restoration, exploitation for useful traits and the
rational use of these unique genetic resources.

1.3. Mangroves: current status and new approach

Despite the economic and ecological significance of the mangroves, experimental studies
in this group of plant species have almost been completely neglected for a long time. Available
reports on mangroves are highly fragmentary and no worthwhile information is available to
account for species identity, relationship and evolution among the mangrove species. Based on
the available information it is not possible to partition the observed variation into
environmental and heritable components. As is well known, the phenotype is the result of
intricate interaction of the genotype and the environment. The highly fluctuating environmental
conditions in the coastal region inhabited by the mangroves influence, to a large extent, the
phenotypic variation within and between the species. Hence, species identification and
delimitation, based on quantitative characters and phenotypic markers, have resulted in the
confusing taxonomic status of the mangrove species. It was in this context, that molecular
marker based analyses of genetic material (DNA/RNA) or gene products (proteins/isoenzymes)
were considered as the best means for studies related to identification, assessment of diversity,
elucidating species relationship and depicting phylogenetic trends within and between the
mangrove species of Indian region.
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Unlike morphological markers, molecular markers are stable and are not prone to
environmental influences and precisely portray the genetic relationship between plant groups
[5,6,7,8] and hence are widely used in genetic resource characterisation and conservation.
There are several marker systems available now, including the random amplified polymorphic
DNA (RAPD) [9], restriction fragment length polymorphism (RFLP) and DNA fingerprinting,
that have proved to be of invaluable assistance in molecular genetics, applications to plant
breeding, phylogenetic analysis and marker-aided selection of traits. It is hoped that the
advances in the field of molecular biology will contribute immensely to the genetic
improvement of major crop and non-crop species, thereby, ensuring better productivity to meet
the challenges of the growing population.

TABLE I. GEOGRAPHIC LOCATION AND PHYSICAL CHARACTERISTICS OF THE
STUDY SITES

Name of the
study site

Gulf of
Mannar
Muthupet

Pichavaram

Ennore

Coringa

Bhitarkanika

Calicut

Goa

Ratnagiri

Bombay

Karaikal

Adyar

Pondicherry

Location

Eastern
Coast

Eastern
Coast

Eastern
Coast

Eastern
Coast

Eastern
Coast

Eastern
Coast

Western
Coast

Western
Coast

Western
Coast

Western
Coast

Eastern
Coast

Eastern
Coast

Eastern
Coast

Latitude &
longitude

8° 47'N
79° 14'E
10° 46'N
79° 52'E
11°27'N
79° 47>E

13° 30'N
80° 15'E
16° 30'N
82° 20'E
20° 40'N
86° 52'E
11°55'N
75°81'E
17° 08'N
73° 52'E

17° 08'N
73° 19'E

19° 25'N
73° 05'E
10° 78'E

13° 00'N
80°15'E
12° 08'N
79° 52'E

Annual
rainfall
(mm)

900

1280

1300

1200

1150

1125

1380

890

946

700

1300

1250

1250

Salinity
(PPt)

7.0-17.0

6.0-18.0

3.0-27.0

5.3-13.4

5.0-30.0

2.0-21.0

6.0-18.0

2.0-35.0

10.0-24.0

6.0-15.0

12-21

6.1-19.5

10-25

Soil
pH

6.0-7.5

5.9-7.3

6.2-8.0

6.2-7.7

7.5-8.4

6.7-7.8

6.2-7.4

6.8-7.7

5.2-7.6

7.7-8.3

6.1-7.5

6.6-7.3

5.8-7.6

Dominant
soil type

Sandy

Fine sand
and clay

Fine
sandy-

clay
Sandy-silt

Clayey-silt

Fine silt/
clay

Sandy and
clayey soil
Lateritic
rock and

clay
Lateritic
rock with
gray soil

Sandy-clay

Clayey,
dry and
compact

Fine sand
and silt

Fine sand
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1.4. Species under investigations

Mangroves are the most diverse group of species with preferential adaptation to varying
climatic and edaphic conditions. Therefore, species composition and relative abundance varies
to a large extent in a given population. They are wide spread all along the coast line of the
Indian region. Populations for the present study were collected from both eastern and western
coasts of India. Samples of individual species were collected depending on their occurrence. In
addition, some of the associated species and epiphytes were also included in the present study.
A detailed account of the geographical location and physical characteristics of the study sites
are given in Table I.

1.5. Intra-specific genetic variation

A preliminary study on the quantification of intra-specific variation in terms of
polymorphic RAPD loci was conducted in a number mangroves species (Table II). The details
of the species investigated for intra-specific genetic polymorphism using RAPD markers is
given in Table II. Among theses species, Acanthus ilicifolius, Excoecaria agallocha and
Avicennia marina were chosen for detailed analysis of the nature and extent of genetic
polymorphism in different populations of the species collected from different parts of the
Indian coast. These genotypes were analysed with both RAPD and RFLP. A detailed
population study on Rhizophora species was done earlier [10] and the parentage of a
Rhizophora hybrid found in India has been established using RAPD markers and RFLP analysis
of the mitochondrial genome using maternal DNA specific probes [11].

TABLE H. EXTENT OF GENETIC POLYMORPHISM BASED ON RAPD
PROFILES

Species

Acanthus ilicifolius
Bruguiera cylindrica
Ceriops decandra
Excoecaria agallocha
Lumnitzera racemosa
Rhizophora apiculata
Rhizophora mucronata
Avicennia marina
A. officinalis
A. alba
Heretiera fames
Xylocarpus granatum
Sesuvium portulacastrum
Sueda maritima
Nypafruitcans
Salicornia bracheata

No. of
populations

analysed

8
1
1
6
1
1
1

10
1
1
1
1
1
1
1
1

No.
of

plants

48
16
15
36
17
20
25
200
20
12
12
15
10
15
10
20

No. of
primers

18
7
6
16
8
12
12
17
16
12
12
16
12
10
10
12

No. of
ampli-
fication

products

86
58
66
149
48
67
75
172
115
111
96
82
46
74
112
96

Per cent
polymor-

phism

7.3
10.6
11.6
65.0
11.2
11.1
12.3
76.7
32.3
37.8
23.5
12.6
9.6
12.6
14.3
12.6
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2. MATERIALS AND METHODS

DNA isolation and PCR amplification for RAPD were carried out according to the
methods detailed earlier [12]. DNA extraction for all the investigated species were done using
the leaf tissues, except for Rhizophora, for which petals were used. Southern transfer and
hybridization were done according to the methods in Sambrook et al. [13]. Statistical
interpretation was carried out using Nei's index [14] and unweighted pair group method with
arithmetic averages (UPGMA) analysis [15].

3. RESULTS

3.1. Acanthus ilicifolius

Acanthus is the only genus in the family Acanthaceae that has representatives in
mangrove communities. A. ilicifolius is typically a low woody herb that owes its ability for
vegetative spread to its reclining stems so that it forms large patches by vegetative means. The
epidermal glands in the leaves secretes salt which enable the plant to thrive in water with above
normal salt concentration.

Plant samples from eight distinct populations along the eastern (Pichavaram, Karaikal,
Pondicherry, Muthupet & Bhitarakanika) and western (Goa, Ratnagiri & Calicut) coasts of
India were collected and assayed for RAPD and RFLP markers. Six randomly selected
genotypes from each population were included in the present study. Geographical location and
physical charactereistics of these populations are given in Table I. The samples were initially
screened for intra-population variation using RAPD markers generated by 15-18 primers. In
total, 69 to 78 RAPD loci were scored in each population. Pair wise comparison within the
populations using dissimilarity index and clustering by UPGMA was carried out. Based on this
preliminary anlysis using RAPD markers, one representative genotype from each population
was selected. Thirteen random primers amplified 73 fragments, of which 22 were polymorphic
in at least one pair wise comparison. The RAPD profiles of one representative sample from
each population is given in Fig. 1. Two primers gave monomorphic banding pattern. Other
primers produced a number of fragments common to all the genotypes. However, population
specific bands were also observed enabling identification of the genotype from individual
populations with one or two primers [16].

For RFLP analysis within populations, the same genotypes were digested with three
restriction enzymes, Eco RI, EcdKV and HindiH, and hybridised with two PCR amplified
fragments and three pUCWPstl genomic DNA library clones of A. ilicifolius as probes.
Polymorphism in RFLP within populations ranged narrowly between 3.1 (Pichavaram) and 9.1
(Karaikal) per cent. Since the level of intra-population variation was less, five out of the eight
populations were selected for inter-population study. One genotype from each of the five
populations was selected at random and the DNA was digested with the three enzymes used
for intra-population study and probed with the same probes. A total of 96 RFLP fragment
were observed and of which 44 were polymorphic. The relationship between the populations
was analysed using the 22 polymorphic RAPDs and 44 RFLPs. The two eastern populations
formed a distinct cluster separated at a dissimilarity coefficient (DC) of 0.28, and the three
populations from the weatern coast were separated from this cluster at a DC of 0.36, 0.39 and
0.42 [16].
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FIG. 1. Interpopulation RAPD profile in Acanthus ilicifolius

3.2. Excoecaria agallocha

Among the 5000 odd species of the family Euphorbiaceae, only Excoecaria agallocha is
found in the mangrove habitats. This species is generally considered as a mangrove associate
with landward habitation where there is low salinity. However, this species was also observed
well inside the mangrove forest along with Avicennia marina which is a widely saline tolerant
mangrove species. It is a dioecioous species and thus cross-fertilization is the rule.

Six different populations of this species (Pichavaram, Pondicherry, Bhitarakanika, Adyar,
Ratnagiri & Goa) were sampled to assess the extent of genetic polymorphism using RAPD
markers. The geographical location and physical characteristics of the populations are given in
Table I. Six genotypes from each population were selected at random and leaf samples were
collected for the present study. Total genomic DNA was isolated and a single primer assay was
done with 16 primers. Out of 149 amplified DNA fragments, 97 were polymorphic (65%) in at
least one pair-wise comparison. One genotype from each population was selected at random
and RFLP anlaysis was done in 15 enzyme-probe combinations using the genomic clones from
other mangrove species like Avicennia marina as probes. Seventy-four per cent of the RFLPs
was found be polymorphic across the six populations. The high degree of polymorphism
encountered in this species could be attributed to its outbreeding nature.

Male and female plants from each population were subjected to RAPD analysis using 20
primers to find out whether the polymorphism was dependant on sexual differences. No
discrete differences were observed in the amplification products of male and female plants
amplified by as many as sixteen primers. Although differences in the profiles were observed for
the other four primers, in all, about 92% of the amplified fragments were common to both male
and female genotypes.
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In addition, the usefulness of two primer assay in genetic analysis of mangroves was
examined in E. agallocha. Six primers were assayed individually, and then in all possible
combinations of two primers. It was observed that the two primer assay products were the
simple addition of those observed in the two corresponding single primer assays. Neither
additional bands nor loss of bands were observed in the two primer assay. However, additional
numbers of primers and combinations have to be done before reaching any firm conclusion.

3.2. Avicennia spp

Avicennia L. is a pantropical, exclusive mangrove genus of eight species, occupying
diverse mangrove habitats. The genus was initially included in the family Verbenaceae but its
plaement as a separate family, Avicenniaceae, is now generally accepted. We have almost no
knowledge of intra-specific variations in any of the Avicennia species based on non-
morphological characters like biochemical and molecular markers. Therefore, the nature and
extent of intra-specific variation was analysed in three species of Avicennia, A marina, A.
officinalis and A. alba, and the inter-specific relationship between them was established using
DNA markers (RAPD and RFLP).

Ten ecogeographically distinct locations, along the eastern (Gulf of Mannar, Muthupet,
Pichavaram, Ennore, Coringa & Bhitarkanika) and western coast (Calicut, Goa, Ratnagiri &
Bombay) of India were chosen (Table I) and twenty individuals of A. marina from each
location, eighteen individuals of A. officinalis from Pichavaram and ten individuals of A. alba
from Coringa were selected at random for molecular analysis. Intra-population analysis in A.
marina revealed varying degrees of genetic polymorphism in their RAPD profiles.
Polymorphism was highest in the Muthupet population (38.9%) followed by Bhitarkanika,
Pichavaram, Goa, Gulf of Mannar and Coringa populations. The Ennore population exhibited
the lowest polymorphism of 17.8 per cent. This population represents back water mangrove
comprised of patches of A. marina. When clustering was done, all the populations formed two
distinct clusters with varying numbers of individuals.

Therefore, for inter-population study, one genotype from each cluster of individual
populations (i.e. two individuals from each population and twenty individuals in total) was
selected at random, and subjected to RAPD and RFLP analyses. Variation in RAPDs was
studied using fifteen primers. For RFLP analysis DNA from the various genotypes was
digested with EcdRl and Hindlll and probed with twelve genomic clones. The genomic clones
were obtained from aPM/pUC genomic library of A. marina and A. officinalis. In total 172
RAPDs were amplified, out of which 132 were polymorphic (76.7%). RFLP analysis of the
same genotypes showed 66 per cent polymorphism. This indicated higher genetic divergence
between the populations than within the populations [17]. The cluster diagram for inter-
population relationship is shown in Fig. 2. RAPD analysis of 18 genotypes of A. officinalis and
11 genotypes of A. alba revealed 32.3 and 37.8 per cent polymorphism respectively. Clustering
based on dissimilarity coefficient showed two distinct clusters in both the species. The cluster
diagram for A. officinalis is shown in Fig. 2.

For inter-specific study, one individual from the major cluster of A. officinalis
(Pichavaram), A. alba (Coringa) and A. marina (Pichavaram) was randomly selected to
represent the respective species. RAPD analysis of the three samples was done using all the
primers used for the inter-population study in A. marina. For RFLP analysis, the samples were
digested with £coRI, Hindill, Taql and Sau3AL and probed with 24 genomic clones. Genetic
distance as measured by similarity percentage in RAPDs and RFLPs showed that the widely
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distributed A. marina is more closely related to A. alba than to A. officinalis, as shown in Fig.
2.
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FIG. 2. a) Intra-population dendrogram constructed based on 31 variable RAPDs of 18 genotypes of
A. officinalis collected from Pichavaram population; b) Inter-population dendrogram constructed
based on 132 RAPDs and 62 RFLPs of A. marina. The populations sampled were from Gulf of
Mannar, Gm; Muthupet, M; Pichavaram, Ennore, E; Coringa, Co; Bhitarkanika, B; Calicut, C; Goa,
Go; Ratnagiri, R; and Bombay, Bo. © Figure drawn on arbitrary scale based on genetic distance
showing the inter-specific relationship among A. marina, A officinalis andA.alba.

3.4. Rhizophora

There are six species and three putative hybrids reported in Rhizophora [18]. Rhizophora
xlamarckii Montr, is one of the putative hybrids between R. apiculata and R. stylosa Griff,
found in New Caledonia, Papua Guinea and Queensland [18,19,20], Initially, the Rhizophora
hybrid found in the Pichavaram Mangrove Forest has been identified as R. xlamarckii [21,22]
based on morphological features and co-occurence of the putative parents. However, parent-
age of this hybrid was disputed for the reasons that R. stylosa does not occur in the
Pichavaram Mangrove Forest and morphological features of the R. xlamarckii described by
Duke and Bunt [20] differed with that of the hybrid present in this area [23]. In this regard, the
molecular markers can establish not only the parentage, but also the maternal parent, which is
almost impossible with morphological markers.

In the present study, RAPD patterns of genomic DNA (using 25 primers) and RFLPs of
mitochondrial DNA (digested with three enzymes) using a mitochondrial genome specific
probe, atp 6 (from maize), were used to identify the parentage of the Rhizophora hybrid. The
combined RAPD profiles of two species, Rhizophora apiculata and R. mucronata had 96.5 per
cent similarity with that of the hybrid, indicating that these two species are the probable
parents. RFLPs for the mitochondria! genome were readily observed, and the RFLP profile of
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R. apiculata was exactly similar to that of the hybrid, establishing its maternal status for the
hybrid [11].

From the results, it was concluded that the Rhizophora hybrid found in the Pichavaram
Mangrove Forest is a cross between R. apiculata and R. mucronata and that the former was
the female parent of the hybrid under study. Based on the results, using the RAPD fingerprints
of the Rhizophora species and the hybrid established in the present study as a reference, the
DNA isolated from the self-sown seedlings of Rhizophora are being analysed to identify the
hybrid genotypes for in situ conservation. RAPD analysis which is simple, fast and easy to
perform on large numbers of samples was found to be more useful than other marker systems
for this purpose.

4. SPECIES DIVERSITY

The origin and distribution of mangrove is well documented. They occupy the latitudinal
range between 32N and 38S, and are found mostly on the eastern boarder of continents. This
restricted distribution is due to sensitivity of mangroves to frost and cold temperature [24],
The two distinct patterns of geological distribution is said to have been caused by continental
rearrangements and plate tectonics.

Mangroves consist mostly of taxonomicaUy unrelated plant species, nevertheless have
similar physiognomy, and physiological and structural adaptation to the essential characteristics
of the habitat as a result of convergent evolution [25]. As already mentioned, the eastern coast
of India (including the Andaman and Nicobar islands) accounts for about 82% of the mangrove
area in this country. The number of species found in major mangrove formations of the eastern
coast also varies to a greater extent. For example, while greater numbers of diverse species are
present in places like Pichvaram, Bitarkanika and Sunderbans, relatively few species are found
in Coringa, and pure stands ofAvicennia are observed in Muthupet (Tamil Nadu).

Therefore, understanding the intra-specific diversity in individual species (as described
above for a few species), the physical distribution range of the species, their association with
mangroves and mangrove associates, the genetic relatedness among these taxonomicaUy
related species and the causative genetic and environmental factors limiting the species richness
are essential to design an effective long-term conservation strategy for the mangrove
ecosystem as a whole. Yet, the study will not be complete without looking into the micro-
organisms and the faunal community of the ecosystem. Studies on these aspects will be
reported elsewhere.

To start with, a detailed study using molecular marker was taken up to establish the
genetic relatedness among the major mangove genera. Initially 21 different species belonging
to fourteen genera were analysed. It was observed that different species of the same genus did
not show much variation, and formed discrete clusters. Therefore, the study was extended to
include additional genera by utilising only one species in a genus. In total, 22 genera including
three monocots (two mangrove genera and one non-mangrove genus) two mangrove
epiphytes, 4 mangrove associates and Lycopersicon as an out group were analysed. The
genotypes were analysed for RAPDs using fifteen primers and for RFLPs in 21 probe-enzyme
combinations. Details of the species relationships shall be reported at a later date.
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5. CONCLUSIONS AND FUTURE PERSPECTIVES

The present analyses were carried out as a part of our ongoing anticipatory research
programme to consolidate genotypes capable of adapting to the ever-fluctuating climatic
conditions in the coastal region. The results have undoubtedly helped us to understand the
nature and extent of diversity in the Indian mangrove species both at the intra-population and
inter-population levels. This has helped in selecting priority areas and sampling strategies for
conservation and improvement. Molecular marker based analysis has also contributed
immensely in elucidating confusing taxonomic status and establishing phylogenetic trends in
mangroves. These analyses have opened up new avenues of research in utilising potential
genetic material for combating present and anticipated problems in the coastal region. Isolation
and characterisation of salt tolerant genes and their transfer to economically important species
of the coastal region is among the utmost priorities.
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