Plant Science Research 40 (1&2) : 37-46, 2018 37

] PLANT
Plant Science Research SCIENCE

RESEARCH

ISSN 0972-8546

Assessment of genetic diversity and phylogeny of the seagrasses of Odisha
coast using molecular markers

Subrat Kumar Kar, Pramod Kumar Tripathy, Soumendra Kumar Naik and Pratap Chandra Panda®

' Taxonomy & Conservation Division, Regional Plant Resource Centre, Bhubaneswar 751 015, Odisha
2 Department of Botany & Biotechnology, Ravenshaw University, Cuttack 753003, Odisha

ARTICLE INFO

ABSTRACT

Article history:

Received : 7 November 2018
Revised : 29 November 2018
Accepted : 10 December 2018

Keywords:

Seagrasses,
genetic diversity,
RAPD,

ISSR,
identification,
phylogeny

Seagrasses are submerged marine flowering plants belonging to four core families
Cymodoceaceae, Hydrocharitaceae, Posidoniaceae and Zosteraceae of the monocot order
Alismatales, which form critical habitats in the tidal and sub-tidal zones of shallow and sheltered
localities of seas, backwaters, lagoons and estuaries. In the present work, the inter and intra-
species genetic diversity of six species of seagrass namely, Halophila ovalis, Halophila ovata,
Halophila beccarii (Hydrocharitaceae), Halodule pinifolia, Halodule uninervis and Cymodocea
serrulata (Cymodoceaceae) occurring in Chilika lagoon of Odisha coast were assessed using
RAPD and ISSR molecular markers. With 10 RAPD primers, 79 loci were amplified, out of
which 50 (63%) were polymorphic in nature. Similarly, 54 out of 84 bands (64%) generated with
11 ISSR primers, were found to be polymorphic. The dendrogram constructed using combined
RAPD and ISSR data separated members of Cymodoceaceae (C. serrulata, H. pinifolia and H.
uninervis) and Hydrocharitaceae (H. ovalis, H. ovata and H. beccarii) into two distinct clusters
justifying their inclusion in distinct botanical families based on morphological traits. All the
accessions of a particular species also formed distinct groups with varying levels of similarities.
The present study revealed that RAPD and ISSR markers can be effectively used for species

identification of seagrasses even at juvenile and non-flowering stage.

© 2018 Orissa Botanical Society

1. Introduction

Seagrasses are submerged marine flowering plants
belonging to four core families Cymodoceaceae,
Hydrocharitaceae, Posidoniaceae and Zosteraceae of the
monocot order Alismatales, which form critical habitats in
the tidal and sub-tidal zones of shallow and sheltered
localities of seas, backwaters, lagoons and estuaries. Though
these marine plants grow in coastal waters of all continents
except Antarctica and survive most diverse environmental
conditions, the species diversity of seagrasses is relatively
low and only 72 species are recognized till date (Short et
al.,2011). Seagrasses are considered a ‘biological group’ as
they have not evolved from a single lineage, but from four
independent evolutionary events between 35 to 65 million
years ago and hence form a paraphyletic group including
four core angiosperm families and this grouping is based on
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their shared traits, which allow them to complete their life
cycle under submerged conditions in the marine environment
(den Hartog, 1970, Les ef al., 1997, Jannsen & Bremer,
2004).

The seagrasses represent an important component of
the seascape’s natural history, playing a critical role in
sediment accumulation and carbon storage. Seagrass
meadows support high rates of secondary productivity; they
host algae that support diverse and productive food webs
for fishes and birds (Orth et al., 1984), and directly provide
food for many marine herbivores including the endangered
green sea turtle, manatee and dugong (Green and Short,
2003; Larkum et al., 2006; Short et al., 2007). These
meadows also support coral reef ecosystems by filtering
and precipitating pollutants. They serve as nursery ground
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for many fish and invertebrate species too (Beck et al.,
2001). Besides, some seagrass species produce highly
valuable secondary compounds such as phenolic acids
(rosmarinic acid, zosteric acid etc.) used in traditional
medicine and biotechnological purposes (Newby et al., 2006;
Lucas et al., 2012). Paradoxically, however, the valuable
seagrass resources are declining rapidly throughout the world
largely because of eutrophication and high turbidity due to
natural and human influences.

Although on a global scale, seagrasses represent less
than 0.1% of the angiosperm taxa, the taxonomical ambiguity
in species delineation is high and thus, the taxonomy of
several genera is unsolved. While seagrasses are capable of
performing both, sexual and asexual reproduction, vegetative
reproduction is common and sexual progenies are always
short lived and epimeral in nature. This makes species
differentiation often difficult, since the flower as a distinct
morphological trait is missing. Besides, seagrasses, in
general, have fewer morphological and anatomical features
for species identification than their terrestrial counterparts
(Kuo & McComb, 1989). Short living reproductive organs
of seagrasses due to high wave and tide action and high
seasonal appearance make them not regularly available for
identification. This necessitates the development of molecular
markers as an alternative tool for identification and to derive
phylogeny of seagrass species.

The genetic diversity and phylogenetic relationships
among and within genera and species of seagrass have been
studied using a variety of biochemical and molecular markers
such as isozymes (McMillan & Williams, 1980; McMillan,
1981, 1982; Laushman, 1993; Capiomont et al., 1996;
Reusch, 2001), RAPD (De Heij & Nienhuis, 1992; Kirsten
et al., 1998; Procaccini et al., 1999; Angel, 2002; Jover et
al., 2003; Micheli et al., 2005), AFLP (Waycott & Barnes,
2001) and microsatellites (Randall ez al., 1994; Davis et al.,
1999; Reusch, 2002; Reynolds et al., 2012). However, most
of the molecular studies done so far involved species of
Zostera, Thalassia and Posidonia and only few publications
are available dealing with some Indian species of Halophila,
Halodule and Cymodocea (Waycott et al., 2002; Pharmawati
et al., 2016 and Suhardi & Susandarini, 2017). In recent
years, many other molecular markers have been used for
analysis of genetic variability and phylogenetic studies of
Indian seagrasses such as rbcL/matK, trnH/psbA (Lucas et
al., 2012) and ITS sequence data (Nguyen et al., 2015,
Dillipan et al., 2016) but there is no generally agreed
consensus yet on conserved molecular regions useful for
seagrass taxonomy and evolutionary history. Considering
the non-availability of data on molecular study of seagrasses
of Chilika lagoon, Odisha, India, the present investigation

was undertaken to assess the intra and inter-species genetic
variability of six seagrasses species occurring in Chilika
lagoon (Pattnaik ef al, 2008) and to identify species of
Halodule and Halophila at juvenile stage using RAPD and
ISSR markers, which is difficult to discriminate
morphologically.

2. Materials and methods
2.1. Study site

Studded like a zircon on the golden stretch of eastern
seacoast of Odisha in India, Chilika lagoon is a unique
assemblage of marine, brackish and fresh water eco-system
with estuarine characters. The lagoon is situated between
19° 28" and 19° 54' “N” latitudes and 85° 05' and 85° 38' “E”
longitude and the water-spread area varies between 11652
km during monsoon to 906> km in summer. The lagoon is
connected to the sea through a long constricted inlet channel
with a comparatively smaller inlet. A 32 km long narrow
outer channel connects the main lagoon to the Bay of Bengal
near village Arakhakuda. It also receives fresh water from
52 rivers and rivulets, which attribute to its brackish and
estuarine character. The lagoon is an avian wonderland and
a staging and wintering ground for a large number of bird
species. The lagoon has been broadly divided in to four
ecological zones, (i) the southern zone, (ii) the central zone,
(iii) the northern zone and (iv) the outer channel. Chilika
has a typical physiographic feature experiencing the dynamics
of the coastal processes along with the riverine interface.
Wave, current and tide, along with storms are the coastal
processes, responsible for shoreline characteristics and
coastal morphology. Chilika can be classified in to different
geomorphic units like structural hills, denudated hills and
pediments dominated by khondalite, charnockite, gneisses;
buried pediment, piedmont zone, deltaic plain, mud flat,
coastal plain, barrier spit and coastal sand dunes.

2.2. Plant materials

Six seagrass species namely, Halophila ovalis,
Halophila ovata, Halophila beccarii, Halodule pinifolia,
Halodule uninervis and Cymodocea serrulata were collected
from 20 identified stations of Chilika lagoon. Plant samples
were cleaned by repeated washing in lagoon water, removing
clays, sands and other epiphytic organisms growing on leaf
blades. The plant samples were brought to the laboratory in
zip lock polypack with the lagoon water to prevent
dehydration. The samples were then washed thoroughly with
tap water to remove sands and debris, if any. The leaves
were removed manually and soaked in blotting paper to
remove extra water and finally 2 grams of leaves of each
species were weighed and kept separate for genomic DNA
extraction.
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2.3. Genomic DNA isolation and quantification

Tender leaves were collected from fully-grown plants
and stored at -80°C prior to use. Total genomic DNA was
extracted by using the protocol described by Doyle and
Doyle (1990) with required modifications. The quality and
concentration of DNA was examined by ethidium bromide-
stained agarose gel electrophoresis and spectrophotometric
analysis. The quantification was done in comparison with
the known standard (é-DNA). After quantification, the DNA
was diluted with T, E, buffer to a working concentration of

25ng/pul of PCR analysis.
2.4.  Random amplified polymorphic DNA (RAPD) analysis

Eighteen random decamer oligonucleotide Operon
primers from A, C, D and N series were used for RAPD
analysis. Out of these, ten primers responded well and gave
very good amplification. The RAPD analysis was performed
as per the methodology described by Williams ez al. (1990).
Each amplification reaction mixture of 25 ml volume
contained 2.5 ml of 10X assay buffer (100 mM Tris-Cl, pH
8.3, 500 mM KCI, 15 mM MgCl, and 0.1% gelatin), 200
mM of each dNTPs (dATP, dCTP, dGTP and dTTP) (MBI
Fermantas, Lithuania) 15 ng of primer, 0.5 unit of Taqg DNA
polymerase (Bangalore Genei Pvt. Ltd, Bangalore, India)
and 25 ng of template DNA. The amplification reaction was
carried out in GeneAmp PCR System 9700 (Applied
Biosystems, Germany). The amplification was performed in
three step PCR. Initial denaturation of the template DNA
was carried out at 94 °C for 5 min for one cycle. The second
step was carried out for 42 cycles and each cycle consisted
of three temperature steps i.e. one min at 92 °C for
denaturation of template, one min at 37°C for primer
annealing followed by two min at 72°C for primer extension.
The final step consisted of only one cycle i.e. 7 min at 72
°C for complete polymerization. The soak temperature was
4°C. After the completion of the PCR 2.5 ml of 6X loading
dye (MBI Fermentas, Lithuania) was added and amplification
products were detected using 1.5% agarose gel stained with
0.5 ig/ml ethidium bromide at 65V for 2 hours.

2.5. Inter simple sequence repeat (ISSR) analysis

Inter Simple Sequence Repeats were used for PCR
amplification. Twenty anchored and non-anchored
microsatellites were used as primers. These simple sequence
repeats were synthesized and procured from Genei
(Bangalore Genei Pvt. Ltd, Bangalore, India). Out of twenty
ISSR primers, eleven primers showed reproducibility. The
ISSR analysis was performed as per the methodology given
by Zietkiewicz et al. (1994). Each amplification reaction
mixture of 25 ml contained 20ng of template DNA, 2.5ml
of 10X assay buffer (100mM Tris-HCI pH 8.3, 0.5M KClI

and 0.01%gelatin), 1.5mM MgCIl,, 200mm each of dNTPs,
44ng of primer and 0.5U Taq DNA polymerase. The
amplification was carried out in a Thermal Cycler. The first
cycle consisted of denaturation of template DNA at 94°C
for 5 min, primer annealing at specific temperature for
particular primer (as indicated in the Table 2) for 1 min and
primer extension at 72 °C for 2 min. In the subsequent 42
cycles, the period of denaturation was reduced to 1 min
while the primer annealing and primer extension time was
the same as in the first cycle. The last cycle consisted of
only primer extension at 72°C for 7 min. the amplified
products were resolved in 2% agarose gel stained with
ethidium bromide.

2.6. Data analysis and construction of phylogenetic tree

The presence/absence of bands in RAPD/ISSR analysis
was recorded in binary (0, 1) form. All the bands
(polymorphic and monomorphic) were taken into account
for calculation of similarity with a view to avoid over-/
underestimation of the distance (Gherardi er al., 1998).
Jaccard’s coefficient of similarity (Jaccard, 1908) was
measured and a dendrogram based on similarity coefficients
generated by the un-weighted pair group method using
arithmetic averages (UPGMA) (Sneath and Sokal, 1973)
and SHAN clustering. The statistical analysis was done using
the computer package nNTSYS-PC (Rohlf, 1997). Resolving
power (Rp) of the RAPD primer was calculated according
to Prevost and Wilkinson (1999): Rp = X.IB, where IB (band
informativeness) = 1 D [2\ (0.5 D P)], P being the proportion
of the 5 species containing the band.

3.  Results
3.1. DNA isolation

The modified CTAB protocol yielded good quality of
DNA as revealed by Agarose Gel Electrophoresis (Fig.-1).
The concentration of whole genomic DNA isolated from 30
samples varied from 60 ng pl'! to 1.5 pg pl.

3.2. RAPD analysis

All the 30 samples produced distinct reproducible
amplifications with 10 selected RAPD primers out of 18
primers tried. The banding pattern with RAPD primers are
represented in Fig. 2 & 3. All the primers amplified wide
range of fragments ranging from 100 bp to >3000 bp. With
these primers, a total of 79 loci were amplified. The highest
numbers of bands (11) were amplified by the primers OPN4
and lowest by the primer OPNG6 (3). The highest Resolving
Power (RP) was 16.72 for the primer OPN4 and highest
PIC (0.37) for OPD20. The details of RAPD analysis are
presented in Table-1.
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Fig.l: Qualitative and quantitative analysis of total genomic DNA by 0.8* agarose gel. M, uncut phage DNA (600ng); 1 to 5. H.ovalis.
lanes 6 to 10. H. ovata. lanes 11-15, H.beccarii. lanes 16-20. H. uninervis. lanes 21-25, H.pinifolia. and lanes 26-30, C. serrulata

Table 1

List of primers used for RAPD amplification, total number of loci, level of polymorphism, resolving power and PIC value

Primer Primer sequence Annealing Total no. NPL (%) PPL  No. of Rp PIC
(5°-3%) Temperature  of loci fragments
amplified
OPA4 AATCGGGCTG 37 9 7 77.7 513 16.52 0.14
OPALIl CAATCGCCGT 37 10 7 70 499 16.08 0.29
OPA18 AGGTGACCGT 37 9 6 66.6 438 14.1 0.32
OPA3 AGTCAGCCAC 37 10 8 80 601 19.4 0.05
OPA20 GTTGCGATCC 37 6 1 16.6 362 11.68 0.05
OPD18 GAGAGCCAAC 37 7 3 42.8 428 13.78 0.04
OPD20 ACCCGGTCAC 37 7 5 71.4 325 10.46 0.37
OPN6 GAGACGCACA 37 3 0 0 186 6 0
OPN16 AAGCGACCTG 37 7 5 71.4 426 13.74 0.04
OPN4 GACCGACCCA 37 11 8 72.7 519 16.72 0.34

NPL: No. of polymorphic loci; PPL: Percentage of polymorphic loci; Rp: Resolving power; PIC: polymorphic loci information

content

The dendrogram (Fig. 4) divided the members of two
families (Hydrocharitaceaec and Cymodoaceaceae) into two
distinct clusters, each group with three species. The cluster
Halophila ovata, H. ovalis and H. beccarii shared a common
node with Cymodocea serrulata-Halodule pinifolia-Halodule
uninervis at a similarity level of 23%. Each cluster was
further divided into sub-clusters in the dendrogram. While
Haophila ovata and Halophila beccarii came together,
Halophila ovalis got separated from them. Similarly,
Halodule uninervis and Cymodocea serrulata were
segregated from Halodule pinifolia at 27% level of similarity.
Of all accessions, two genotypes of Halophila ovalis (Ho3
and Ho4) were found to exhibit similarity of as high as
99%. In general, all accessions of a particular species formed
compact group in the dendrogram.

3.3. ISSR analysis

Out of twenty ISSR primers, ten primers were found
to be responsive. A total of 84 bands were amplified, of

which 54 bands were polymorphic in nature (Table-2).
Therefore, the overall polymorphism was as high as 64.28%
(Fig. 5). The maximum numbers of bands (11) were amplified
in both (GA),T and (AG),T and minimum (6) with the primer
(AGG),. The maximum number of polymorphic bands
(90.9%), were amplified by the primer (AG),T. The resolving
power for the primer (AG) . was 22.12 and for the primer
(GACA), was 9.02. The primer index for the primer (AG),T
was 0.15 and for the primer (GAC), was 0.06.

Two distinct clusters were observed in the dendrogram
constructed using ISSR data with 31% similarity between
them (Fig. 6). Three species of Halophila of Hydrocharticeae
family were separated from members of Cymodoceaceae
represented by two species of Halodule and one species of
Cymodocea. Two accessions of Halophila ovata (Hv3 and
Hv4) were found to have maximum genetic similarity (99%)
between them followed by two genotypes of Halophila ovalis
(Ho3 and Ho4) with 97% similarity.
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Out of 38 primers (18 RAPD + 20 ISSR) used for

genetic diversity assessment of 30 accessions of 6 seagrass
species, 21 primers were responsible to produce scorable
bands. The dendrogram constructed using RAPD and ISSR
M 16 17 18 19 20" 21°22 23 24 25 26 27 2829 3C- markers in combination showed an average similarity of
63% among the species (Fig. 7).

1000bp
500bp

100bp

2000bp

1000bp

on, 3.5. Dendrogram showing clustering pattern
In the dendogram, the six seagrass species studied got
separated into two major clusters sharing a node at a 27%

similarity. One cluster comprised of three species of the

100bp

3000bp family Hydrocharitaceae (Halophila ovata, H. ovalis and
10006p H. beccarii) and the other with three species of
500bp , === == Cymodoceaceae (Halodule pinifolia, H. uninervis and

Cymodocea serrulata). Subsequently, all accessions of a
particular species formed clear clusters with varying levels
of similarity among them.
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4.  Discussion

Identification of seagrass species relied on
morphological characteristics till date. Seagrasses possess
Fig. 2 & 3. RAPD banding patterns of 30 accessions of three :‘im.i.lar mor.phological. and .physi0¥0gical features that

genera of sea grasses as revealed by the primer OPA-20. acilitate their survival in marine habitats (Les et al., 1993;
OPN-4; gene ruler (Medium range) 3kb, lanes 1 to 5.  Philbrick and Les, 1996). The possibility of convergent
H.ovalis lanes 6 to 10, H.ovata, lanes 11-15, H.beccarii, ~ evolution of morphological characters in this group of plants
lanes 16-20, H.uninervis, lanes 21-25 H.pinifolia and lanes  has Jed to a number of different hypotheses concerning their
26-30, C.serrulata origins, phylogenetic relationships and evolution (den Hartog,
1970; Larkum and den Hartog, 1989; Cox and Humpbhries,
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Fig. 4. Dendrogram showing the clustering pattern of 30 accessions of 6 species of seagrass as revealed from RAPD markers
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1993; Les and Haynes, 1995; Les et al., 1993, 1997,
Philbrick and Les, 1996; Waycott and Les, 1996). At times,
separation of different seagrass species becomes challenging,
even for a seagrass taxonomist. However, there was the
need for a fast, reliable, and cost-efficient system for
recognition and identification of seagrasses also by non-
experts. In addition, there are a number of questions by
ecologists concerning the composition of the seagrass
meadows where some unexpected species have been found
mingled with known species of the specific habitat. These
kinds of questions need to be answered using technically
simple molecular data in conjunction with morphological
characters. Seagrasses have both sexual and asexual
reproduction but the flower, as a distinct morphological trait,
is hardly ever found (Papenbrock, 2012). This makes
identification of seagrass species difficult. As observed by
Short et al. (2007), genetic analysis provides a tool to clarify
species identity, diversity and distribution.

In the present study, the genetic diversity and phylogeny
of three species of Hydrocharitaceae namely, Halophila

Table 2

ovata, Halophila ovalis and Halophila beccarii and three
species of Cymodoceaceae such as Halodule pinifolia, H.
uninervis and Cymodocea serrulata were investigated using
RAPD and ISSR markers. Very close genetic similarities
(84-95%) were found among accessions of each species
justifying their taxonomic identity as species. All the 15
accessions of three species of Halophila belonging to the
family Hydrocharitaceae and the other 15 accessions of two
species of Halodule and Cymodocea serrulata of family
Cymodoceaceae formed distinct phylogenetic clades in the
dendrograms constructed using RAPD, ISSR data and the
combination of the two sharing nodes sharing nodes at
similarity level of 27-31%. Similar segregation of seagrass
species from Lombok Island of Indonesia in to two clades
as per their family affiliation (Hydrocharitaceae and
Cymodoceaceae) in the phylogenetic tree construction based
on rbcLgene on has been reported by Suhardi & Susandarini
(2017). Lucas et al. (2012) on the basis of rbcL and matK
sequence analysis, divided the seagrasses into major clades
which represented Hydrocharitaceae, Zosteraceae and
Cymodoceaceae families.

List of primers used for ISSR amplification, total number of loci, the level of polymorphism, resolving power and PIC value

ISSR Primer sequence Annealing  Total no. NPL (%) PPL  No. of Rp PIC
Primer Tem. (°C)  of loci fragments

amplified
(AGG)6  AGGAGGAGGAGGAGGAGG 55 6 5 83.3 354 11.42 0.09
(GA)IT GAGAGAGAGAGAGAGAGAT 51 11 10 90.9 686 22.12 0.13
(GAC)S GACGACGACGACGAC 45 9 5 55.5 541 17.44 0.06
(GACA)A GACAGACAGACAGACA 43 5 3 60 279 9.02 0.12
(GTG)S GTGGTGGTGGTGGTG 45 7 5 71.4 414 13.34 0.09
(GTGC)4 GTGCGTGCGTGCGTGC 51 7 4 57.1 417 13.46 0.07
(CAA)S CAACAACAACAACAA 35 3 2 66.6 176 5.68 0.1
(GGAY4  GGAGGAGGAGGA 35 7 4 57.1 413 13.32 0.09
(AG)8T AGAGAGAGAGAGAGAGT 45 11 7 63.6 621 20.02 0.15
(GT)SA  GTGTGTGTGTGTGTGTA 45 8 5 62.5 463 14.92 0.12
T(GA)9 TGAGAGAGAGAGAGAGAGA 51 10 4 40 590 19.04 0.09

Among the three species of Halophila, H. ovata and
H. beccarii were found to be genetically close to each other
with maximum similarity of 38% and H. ovalis was distantly
placed. Analysis of ITS sequence data also supported
segregation of H. beccarii and H. ovalis (Waycott et al.,
2002). Within Cymodoceaceae family, there was no clear
grouping of species according to their generic affiliation.
The two species of Halodule (H. pinifolia and H. uninervis)

never got together in the cladogram. While Cymodocea
serrulata formed a cluster with Halodule uninervis in the
dendrogarm constructed with RAPD data, it came together
with Halodule pinifolia in the cladogram generated with
ISSR data. Using ITS sequences, Halodule and Cymodocea
were grouped in different clades (Nguyen et al. 2015), a
view supported by Pharmawati ef al. (2016), who used matK
sequences for this study. However, using 18S rDNA sequence
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Fig. 5: ISSR banding patterns of 30 Accessions of three genera of
sea grasses as revealed by the primar (AGG),, (GTG), and
(AG), T:gene rules (Medium range) Skb. lanes 1 to 5.
H.ovalis, lanes 6 to 10, H.ovata, lanes 11-15. H.beccarii,
lines 16-20, H.uninervis, lanes 21- 25. H.pinifolia and
lanes 26-30, C.serrulata.

43

data, Dilipan et al. (2016) found that H. pinifolia is
monophyletic and H. uninervis might have originated from
H. pinifolia. However, Nguyen et al. (2015) and Peterson et
al. (2014) suggested that Cymodoceaceae might be a non-
monophyletic group. As suggested by them, sequences from
nuclear, chloroplast and mitochondrial DNA need to be
carefully combined to further clarify whether Cymodoceaceae
is a monophyletic or non-monophyletic group.

The present paper is the first of its kind demonstrating
the successful application of RAPD and ISSR markers to
characterize the genetic diversity of seagrasses of Eastern
Indian coast. These techniques can me fruitfully utilized for
identification of species of Halodule and Halophila occurring
in Chilika lake at vegetative or juvenile stage, which are
otherwise difficult to identify using morphological characters.
However, use of other markers like rbcL, matK and trnK
with conserved sequences may throw more light on the
taxonomy and plasticity of phenotypes of the seagrasses.

Coefficient

Fig. 6. Dendrogram showing the clustering pattern of 30 accessions of 6 species of seagrass as revealed from ISSR markers



44 Subrat Kumar Kar, Pramod Kumar Tripathy, Soumendra Kumar Naik and Pratap Chandra Panda

HO1
HO2

HO3
H !HO4
HO5

HV1
HV2

HV3
LE HVS
HV4
HBI

HB2
HB3

HB4
HBS

HP1
E—_
HP3

HP4
HP5

CS1
CS3
‘ s
CS5

HU1
—
HU3

HU4

r T T T T T T T T T T
027 045 08

Coeffivient

|I-[US

T T T T T
081 0%

Fig. 7. Dendrogram showing the clustering pattern of 30 accessions of 6 species of seagrass as revealed from combination of RAPD

and ISSR markers

Acknowledgements

The authors are thankful to the Project Director,
Integrated Coastal Zone Management Project, Odisha and
the Chief Executive, Chilika Development Authority,
Bhubaneswar for financial support and Chief Executive,
Regional Plant Resource Centre, Bhubaneswar for providing
necessary laboratory facilities.

References

Angel, R. (2002). Genetic diversity in Halodule wrightii
using Random Amplified Polymorphic DNA. Aquatic
Botany; 74:165-174.

Beck, M. W,, Heck, K. L., Able, K. W., Childers, D. L. et
al. (2001). The identification, conservation and
management of estuarine and marine nurseries for fish
and invertebrates. BioScience: 51(8):633—641.

Capiomont, A., Sandmeier, M., Caye, G. and Meinesz, A.
(1996). Enzyme polymorphism in Posidonia oceanica,
a seagrass endemic to the Mediterranean. Aqua. Bot.
54:265-277.

Cox, P. A. and Humphries, C. J. (1993). Hydrophilous
pollination and breeding system evolution in
seagrasses: A phylogenetic approach to the evolutionary
ecology of the Cymodoceaceae. Bot. J. Linn. Soc.
113:217-226.

Davis, J. L., Childers, D. L. and Kuhn, D.N. (1999). Clonal
variation in a Florida Bay Thalassia testudinum meadow:
molecular genetic assessment of population structure.

Marine Ecological Progress Series 186:127-136.

De Heij, H. and Nienhuis, P. H. (1992). Intraspecific variation
on isozyme patterns of phenotypically separated
populations of Zostera marina L. in the south-western
Netherlands. J. Exp. Marine Biol. Ecol. 161:1-14.

den Hartog, C. (1970). Sea-grasses of the World. North
Holland Publishing Company, Amsterdam; pp 275.

Dilipan, E., Lucas, C., Papenbrock, J., Thangaradjou, T.
(2016). Tracking the phylogeny of seagrasses: Inferred
from 18S rRNA gene and ancestral state reconstruction
of morphological data. Proc. Natl. Acad. Sci., India,
Sect. B Biol. Sci. DOI 10.1007/s40011-016-0780-5.

Gherardi, M., Mangin, B., Goffinet, B., Bonnet, D.and
Huguet, T. (1998). A method to measure genetic
distance between allogamous populations of alfalfa
(Medicago sativa) using RAPD molecular markers.
Theor. Appl. Genet. 96:406-412.

Green, E. P. and Short, F. T. (2003). World Atlas of
Seagrasses. Univ Cal Press, Berkeley.

Jaccard, P. (1908). Nouvelles recherches sur la distribution
florale. Bulletin de la Societe Vaudense des Scinses
Naturelles 44:223-270.

Jannsen, T. and Bremer, K. (2004).The age of major monocot
groups inferred from 800+ rbcL sequences. Bot. J.
Linn. Soc. 146:385-398.

Jover, M. A., Del Castillo-Agudo, L., Garcia-Carrascosa,
M. and Segura, J. (2003). Random amplified
polymorphic DNA assessment of diversity in western



Genetic diversity of seagrasses of Odisha coast 45

Mediterranean populations of the seagrass Posidonia
oceanica. Amer. J. Bot. 90:364-369.

Kirsten, J. H., Dawes, C. J. and Cochrane, B. J. (1998).
Randomly amplified polymorphism detection (RAPD)
reveals high genetic diversity in Thalassia testudinum
Banks ex Ko nig (Turtlegrass). Aquat. Bot. 61:269-287.

Kuo, J. and McComb, A. J. (1989). Seagrass taxonomy,
structure and development. /n: Larkum A.W.D.,
McComb, A. J., Shepherd, S. A. (eds) Biology of
Seagrasses: A treatise on the biology of seagrasses
with special reference to the Australian region. Elsevier,
Amsterdam, pp 6-73.

Larkum, A. W. D. and den Hartog, C. (1989). Evolution and
biogeography of seagrasses, /n: Larkum, A. W. D.,
McComb, A. J., Sheperd, S. A., (Ed.), Biology of
Seagrasses, Elsevier, Amsterdam; pp. 112-156.

Larkum, T., Orth, R. J. and Duarte, C. M. (Eds.). (2006).
Seagrasses: Biology, Ecology and Conservation.
Springer, The Netherlands.

Laushman R. H. (1993). Population genetics of hydrophilous
angiosperms. Aquatic Botany; 44:147-158.

Les, D. H. and Haynes, R. R. (1995). Systematics of subclass
Alismatidae: A synthesis of approaches. /n: Rudall, P.
J., Cribb, P. J., Cutler, D. F., Humphries, C. J. (Ed.).
Monocotyledons: Systematics and Evolution, Royal
Botanic Gardens, Kew, UK; pp. 353-377.

Les, D. H., Cleland, M. A. and Waycott, M. (1997).
Phylogenetic studies in Alismatidae, II: Evolution of
marine angiosperms (seagrasses) and hydrophily. Syst
Bot: 22:443-463.

Les, D.H., Garvin, D.K. and Wimpee, C.F. (1993).
Phylogenetic studies in the monocot subclass
Alismatidae: Evidence for a reappraisal of the aquatic
order Najadales. Mol. Phylogenet. Evol.:2: 304-314.

Lucas, C., Thangaradjou, T. and Papenbrock, J. (2012).
Development of a DNA barcoding system for
seagrasses: successful but not simple. PLoS ONE; 7:
1-12.

McMillan, C. (1981). Morphological variation and isozymes
under laboratory conditions in Cymodocea serrulata.
Aquat. Bot. 10:356-370.

McMillan, C. (1982). Isozymes in seagrasses. Aquat. Bot.
14:231-243.

McMillan, C. and Williams, S. C. (1980). Systematic
implications of isozymes in Halophila section
Halophila. Aquat. Bot. 9:21-31.

Micheli, C., Paganin, P., Peirano, A., Caye, G., Meinesz, A.
and Bianchi, C. N. (2005). Genetic variability of
Posidonia oceanica (L.) Delile in relation to local
factors and biogeographic patterns. Aquat. Bot. 82:

210-221.

Newby, B. M. Z., Cutright, T., Barrios, C. A. & Xu, Q. W.
(2006). Zosteric acid - An effective antifoulant for
reducing fresh water bacterial attachment on coatings.
J. Coat. Technol. Res. 3:69-76.

Nguyen, X. V., Hofler, S., Glasenapp, Y., Thangaradjou, T.,
Lucas, C. & Papenbrock, J. (2015). New insights into
the DNA barcoding of seagrasses. Syst. Biodivers.
13(5):496-508. doi:10.1080/14772000.2015.1046408.

Orth, R. J., and van Montfrans, J. (1984). Epiphyte—scagrass
relationships with an emphasis on the role of
micrograzing: a review. Aquat. Bot.18: 43—-69.

Papenbrock, J. (2012). Highlights in Seagrasses’ Phylogeny,
physiology and metabolism: What makes them
special?. ISRN Botany 2012: Article ID 103892, p.
15. https://doi.org/10.5402/2012/103892.

Pattnaik, A.K., Panda, P.C. & Patnaik, S.N. (2008). The
diversity, distribution and taxonomy of seagrasses of
Chilika Lagoon, Odisha-the largest brackish water
lagoon of India. J.Econ. Tax. Botany 33(2):381-392.

Petersen, G., Seberg, O., Short, F. T. and Fortes, M. D.
(2014). Complete genomic congruence but non-
monophyly of Cymodocea (Cymodoceaceae), a small
group of seagrasses. Taxon 63:3-8. (doi: 10.12705/
631.2.)

Pharmawati, M., Nurkamila, U. S. and Stevanus. (2016).
RAPD fingerprinting key and phylogenetic of nine
seagrass species from Sanur coastal water, Bali,
Indonesia using matK sequences. Biodiversitas
17(2):687-693.

Philbrick, C. T. and Les, D. H. (1996). Evolution of aquatic
angiosperm reproductive systems. BioScience 46(11):
813-826.

Prevost, A. and Wilkinson. M. J. (1999). A new system of
comparing PCR primers applied to ISSR fingerprinting
of potato cultivars, Theor. Appl. Genet. 98: 661-668.

Procaccini, G., Mazzella, L., Alberte, R. S. and Les, D. H.
(1999). Chloroplast t RNA Leu (UAA) intron
sequences provide phylogenetic resolution of seagrass
relationships. Aquat. Bot. 62:269-283.

Randall, S. A., Suba, G. K., Procaccini, G., Zimmerman, R.
C. and Fain, S. R. (1994). Assessment of genetic
diversity of seagrass population using DNA
fingerprinting: implication for population stability and
management. Proc. Nat. Acad. USA. 91: 1049-1053.

Reusch, T. B. H. (2001). Fitness-consequences of
geitonogamous selfing in a clonal marine angiosperm
(Zostera marina). J. Evol. Biol. 14:129-138.

Reusch, T. B. H. (2002). Microsatellites reveal high
population connectivity in eelgrass (Zostera marina)



46 Subrat Kumar Kar, Pramod Kumar Tripathy, Soumendra Kumar Naik and Pratap Chandra Panda

in two contrasting coastal areas. Limnol. Oceanogr.
47:78-85.

Reynolds, L. K., Waycott, M., McGlathery, K. J., Orth, R.
J. and Zieman, J. C. (2012). Eelgrass restoration by seed
maintains genetic diversity: case study from a coastal
bay system. Mar. Ecol. Prog. Ser. 448: 223-233.

Rohlf, F. J. (1997). NTSYS-pc Numerical taxonomy and
multivariate analysis system. Version 2.02e. Exeter
Software, Setauket, New York.

Short, F. T., Carruthers, T. J. B, Dennison, W. C. and Waycott,
M. (2007). Global seagrass distribution and diversity.
J. Exp. Biol. Ecol. 350:3-20.

Short, F. T., Polidoro, B., Livingstone, S. R., Carpenter, K.
E., Bandeira, S., Bujang, J. S., Calumpong, H. P.,
Carruthers, T. J. B., Coles, R. G,, Dennison, W. C.,
Erftemeijer, P. L. A., Fortes, M. D., Freeman, A. S.,
Jagtap, T. G., Kamal, A. H. M., Kendrick, G. A.,
Kenworthy, W. J., La Nafie, Y. A., Nasution, I. M.,
Orth, R. J., Prathep, A., Sanciangco, J. C., van
Tussenbroek, B., Vergara, S. G.,, Waycott, M. and
Zieman, J. C. (2011). Extinction risk assessment of the
world’s seagrass species. Biol. Conserv. 144:1961-1971.

Sneath, P. H. A. and Sokal, R. R. (1973). Numerical
taxonomy, Freeman, San Francisco, California, pp. 573.

Suhardi, R. M. and Susandarini, R. (2017). Species diversity

and phylogenetic relationship of seagrass from
intertidal zone of Ekas, Lombok. Proc. 109" The IIER
International Conference, Pattaya, Thailand.

Waycott, M. and Barnes, P. A. G. (2001). AFLP diversity
within and between populations of the Caribbean
seagrass Thalassia testudinum (Hydrocharitaceae).
Marine Biol. 139:1021-1028.

Waycott, M. and Les, D.H. (1996). An integrated approach
to the evolutionary study of seagrasses, In: Kuo, J,
Phillips, R.C., Walker, D.I., Kirkman, H., (Eds.),
Seagrass Biology: Proc. Int. Workshop, Rottnest Island,
Western Australia; pp. 71-78.

Waycott, M., Freshwater, D. W., York, R. A., Calladine, A.
and Kenworthy, W. J. (2002). Evolutionary trends in
the seagrass genus Halophila (Thouars): Insights from
molecular phylogeny. Bull. Mar. Sci. 71:1299-1308.

Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J.
A. and Tingey, S. V. (1990), DNA polymorphisms
amplified by arbitrary primers are useful as genetic
markers. Nucleic Acids Res.18:6531-6535.

Zietkiewicz, E., Rafalski, A. and Labuda, D. (1994). Genome
fingerprinting by simple sequence repeat (SSR)-
anchored polymerase chain reaction amplification.
Genomics: 20:176-183.





