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The present study aims to confirm the molecular identification of Ruppia maritima L. from Chilika Lake, Odhisa using different molecular markers 
and find out the evolutionary lineage of Ruppia species.

For molecular identification, R. maritima was 
collected from Chilika Lake and the rbcL, matK, and ITS gene 
sequences were investigated and analyzed using BLAST to verify 
the gene fragment. Phylogenetic tree was constructed using MEGA 
X software following Neighbor joining (NJ) and Maximum parsimony 
(MP) methods.

The nucleotide (ITS) and plastid gene (rbcL and matK) 
sequences of Ruppia maritima were examined. The tree topology of 
R. maritima rbcL and matK gene sequences revealed a paraphyletic 
cluster at 99 and 100% bootstrap. The conserved region was high in 
matK (74.8%), followed by rbcL (45.2%) and ITS (19.1%) with 
seagrass and freshwater species. ITS had the most significant 
proportion of variable sites (79.7%), followed by rbcL (52.4%) and 
matK (25.2%). The ITS region showed less parsimonious-
informative character (66.1) than rbcL and matK region.

The study concludes that the R. maritima was 
identified through molecular markers, which was a closed lineage with 
seagrasses than freshwater species.

Key words: Chilika Lake, Phylogenetic identification, Ruppia 
maritima, Salt marsh, Seagrass
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(Storchova et al., 2000) for long-term storage. For further 
analysis, the preserved samples were transported to the Botany 
Department's laboratory at Periyar University, Salem, India.

DNA extraction and gene amplification: The genomic DNA 
was extracted from fresh leaves (200 mg) of Ruppia maritima L. 
based on the methodology supplied by the manufacturer of 
HipurA™ Super Plant DNA purification kit (Himedia, Code: 
MB571; Mumbai, India). For the molecular identification of R. 
maritima, rbcL, matK, and ITS gene sequences were investigated 
according to Lucas et al. (2012). The following primer pairs were 
uti l ized: 5`-GTAAAATCAAGTCCACCRCG-3` and 5`-
ATGTCACCACAAACAGAGACTAAAGC-3` (Kress and 
Erickson, 2007) for rbcL fragment of 599 bp; 5`-
T A A T T T A C G A T C A A T T C A T T C - 3 `  a n d  5 ` -
GTTCTAGCACAAGAAAGTCG-3` (Ford et al., 2009) for a matK 
gene of 945 bp; 5`-CCTTATCATTTAGAGGAAGGAG-3` (ITS5a) 
(Stanford et al., 2000; Kress et al., 2005) and 5`-
TCCTCCGCTTATTGATATGC-3` (ITS4) (White et al., 1990) for 
ITS of 900 bp. PCR reaction was performed in a PCR Thermal 
Cycler (Cyberlab, Smart PCR) with GoTaq G2 Green PCR master 
mix (Promega, Cat: M7822; Madison, USA) in a total volume of 1× 
concentration of 25 μl reaction mixture by adopting the following 
PCR program: 5 min 95 °C, 40 cycles of 60 s at 95 °C, 60 sec at 50 
°C, 120 sec at 72 °C, followed by 10 min of final extension at 72 
°C. PCR fragments of respective genes were sequenced by 
capillary electrophoresis using an ABI 3730xl DNA analyzer, and 
the gene sequence (Xcelris Labs, ISO certified: 9001 2015, 
Ahmedabad, India) was obtained.

Bioinformatic analysis: The obtained raw sequence data was 
edited with DNA Baser ver. 5.15. The sequence files obtained 
were assembled and analyzed using ClustalW algorithm. The 
assembled sequences were manually edited to obtain a 
consensus sequence. The consensus sequence of rbcL, matK 
and ITS were analyzed using BLAST to verify the gene fragment. 
Dendrogram was constructed using MEGA X (Kumar et al., 2018) 
software following neighbor joining (NJ) and maximum parsimony 
(MP) methods. The bootstrap consensus trees inferred from 500 
replicates were taken to represent the evolutionary history (Saitou 
and Nei, 1987) of the taxa analyzed. Branches with <50 % bootstrap 
replicates were collapsed and significant bootstrap values were 
shown next to the branches (Felsenstein, 1985). The evolutionary 
distances were estimated by Kimura 2-parameters (Kimura 1980) 
based on the number of base substitutions per site. The maximum 
parsimony trees were obtained using a close neighbor 
interchange algorithm (Nei and Kumar, 2000) with search level 
one, and the random addition of sequences (ten replicates) in 
which the initial trees were obtained.

Results and Discussion

Alismatales are found in various habitats, including fresh, 
brackish, marine environments, depending on the habitat of most 
species in a genus, and have evolved convergent traits as 
adaptations to the marine environment (Li and Zhou, 2009). 

Introduction

Ruppia maritima L. is a saline tolerant species distributed 
near freshwater to hypersaline condition (Lazar and Dawes, 
1991; Koch et al., 2007), which is generally restricted to shallow 
waters such as coastal lagoons and brackish water defined by 
fine texture sediments and high saline fluctuations (Mannino et 
al., 2015). Ruppia meadows in shallow habitats play a vital 
ecological role and provide shelter and food for benthic 
communities, fishes, and marine mammals (Hemminga and 
Durarte, 2000; Lopez-Calderon et al., 2010). The distribution of R. 
maritima population is confined to salinity zones and withstands 
abrupt saline variation (Koch et al., 2007). Ruppia maritima 
thrives in nutrient-rich environments, which may be stressful for 
other seagrass species (Burkholder et al., 1994).

Other seagrass species had previously inhabited the 
locations, but storms (Cho and May, 2008), salinity variations 
(Fourqurean et al., 2003), and other severe weather events 
caused R. maritima to recolonize (Johnson et al., 2003). Based 
on a bioregional model, R. maritima L. is expected to distribute 
in all the regions (Short et al., 2007). However, identifying 
Ruppia species has been confusing because of the simplified 
morphology and high phenotypic plasticity, which makes it 
challenging to name Ruppia species. Moreover, Ruppia 
maritima L. was commonly reported in the early nineteenth 
century from the tidal marshes around salt works from India 
(Hooker, 1894), and patchy distribution of the same was 
reported to very few localities (Jagtap, 1991).

Recently, Pattnaik et al. (2020) reported the distribution of 
R. maritima L. meadows in Chilika Lake. However, R. rostellata is 
considered a synonym for R. maritima (McCann, 1945), and R. 
rostellata was morphologically identified in the Gulf of Kutch 
(Rodrigues et al., 2009). These morphological characteristics 
often exhibit significant phenotypic variability across taxa, 
between taxon populations, and even within populations, leading 
to taxonomic uncertainty (Van Vierssen et al., 1981; Hara, 1983; 
Aedo and Fernandez Casado, 1988). These kinds of confusion over 
taxonomy and synonym of Ruppia species due to morphological 
variations in different geographical regions pave the way to the 
taxonomic study of the genus using molecular techniques (Mishra 
et al., 2017). In view of the above, the present study was 
conducted to confirm the molecular identification of Ruppia 
maritima L. from Chilika Lake, Odhisa using different molecular 
markers and find out the evolutionary lineage of Ruppia species.

Materials and Methods

Sample collection and preservation: The marine angiosperm 
Ruppia maritima L. was collected from the outer channel 
(19o41'35.71"N; 85o25'4.20"E) of Chilika Lake (Odhisa), India, 
from a depth of 1-2 m during March 2019. The plant materials 
were washed thoroughly in seawater to remove debris and 
sediments and rinsed with double distilled water. The whole leaf 
material was then cut and immersed in NaCl/CTAB solution 
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Sierens, 2014). In this study, the genomic DNA was extracted 
from R. maritima and optimized for PCR reactions. The 
recommended primer pairs of rbcL, matK and ITS (Lucas et al., 
2012) worked well after optimization. Thereafter, PCR 
amplification successfully produced 691 bp ITS, 606 bp rbcL, and 
860 bp matK, respectively. When Ruppia sequence was 
examined in blastn, it exhibited more similarity with seagrass 

According to Short et al. (2007), the bioregional model of 
seagrass distribution, R. maritima L. is predicted to exist in all 
biogeographical areas. However, due to the difficulties of 
correctly recognizing species and the traditional usage of R. 
maritima as a catch-all taxon, R. maritima distributional range 
may have been overestimated, and Ruppia species diversity may 
have been underestimated (den Hartog and Kuo, 2006; Triest and 

Table 1: Nucleotide sequence characteristic analyzed using Mega X.

Barcodes Aligned Conserve Variable Parsimony Conserve Variable Site Parsimony Total
Length Site Informative Informative Individual
(bp) character

ITS 826 158 658 546 19.1 79.7 66.1 20
matK 937 701 236 163 74.8 25.2 17.4 25
rbcL 699 316 366 52 45.2 52.4 7.44 19

Table 2: Vegetative and reproductive characters of freshwater and marine angiosperms. (Den Hartog, 1970; Den Hartog et al., 1987; Ramamurthy et al., 
1992; Kannan and Thangaradjou, 2008; Dilipan et al., 2020)

Species Leaf sheath Gamete type Inflorescence Pollen type Pollination Habitat

Vallisneria absent Dioecious Cymose, axillary Spherical Epihydrophily Fresh water
asiatica
Vallisneria Weakly correlated Dioecious Solitary, axillary Spherical Epihydrophily Fresh water
americana with leaf
Potamogeton Truncate, open Monoecious Spike, terminal Spherical Anemophily Fresh water
natans leaf sheath
Potamogeton Tubular sheath Monoecious Spike, terminal Spherical Anemophily Fresh water
pusillis
Potamogeton Stipular sheath, Monoecious Spike, terminal, Spherical Anemophily Fresh water
crispus obtuse apex
Cymodocea Auriculae acute, Dioecious Cymose, terminal Filiform Hypohydrophily Marine
serrulata broadly triangular
Cymodocea Obconical, auriculae Dioecious Cymose, terminal Filiform Hypohydrophily Marine
rotundata acute
Halodule Linear, convolute Dioecious Solitary, terminal Filiform Hypohydrophily Marine
pinifolia
Halodule Linear Dioecious Solitary, terminal Filiform Hypohydrophily Marine
uninervis
Halodule Linear, convolute Dioecious Solitary, terminal  Filiform Hypohydrophily Marine
wrightii
Syringodium Biauriculate Dioecious Cymose, terminal Filiform Hypohydrophily Marine
isoetifolium
Syringodium Biauriculate Dioecious Cymose, terminal Filiform Hypohydrophily Marine
filiforme
Posidonia Bicuspidate Monoecious Cymose, terminal Filiform Hypohydrophily Marine
oceanica
Posidonia Biauriculae, obtuse Monoecious Cymose, terminal Filiform Hypohydrophily Marine
australis
Phyllospadix Auriculae obtuse Dioecious Spadix, terminal Filiform Hypohydrophily Marine
iwatensis
Ruppia Acute-acuminate Monoecious Racemose Boomerang Anemophily Brackish 
maritiama water
Ruppia Basal Monoecious Racemose Boomerang Anemophily Brackish 
cirrhosa water
R. megacarpa Rounded auricles Monoecious Racemose Boomerang Anemophily Brackish 

water
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sequences (~99 percent) than freshwater species (~85 percent), 
since BLAST can be used as a rapid identification tool (von 
Crautlen et al., 2011). There are two possibilities of seagrass 
origin, either they have descended from a freshwater hydrophyte 
or from a primitive stock or a saltmarsh type (Dilipan et al., 2018). 
However, morphological and physiological evidence showed that 
salt and wave tolerance are shared between seagrasses and 
saltmarshes, supporting the saltmarsh type (Larkum and den 
Hartog, 1989). In this study, the nucleotide (ITS) and plastid gene 
(rbcL and matK) sequences of Ruppia maritima were analyzed, and 
the multiple sequence alignment with clustalW program results 
showed that 826 bp of ITS, 699 bp of rbcL, and 937 bp of matK.

The matK had the highest percentage of the conserved 
region (74.8%), followed by rbcL (45.2%) and ITS (19.1%) with 
seagrass and freshwater species (Table 1). However, the highest 
percentage of variable site was obtained by ITS (79.7%), followed 
by rbcL (52.4%) and matK (25.2%). Besides, ITS had the highest 
parsimony-informative character (66.1) than rbcL and matK 
region (Table 1). The data incongruence between DNA types 

obtained from the nuclear and plastid gene sequences concluded 
that the varied pattern might be due to hybridization (Triest and 
Sierens, 2013; Mishra et al., 2017). Morphological and 
phylogenetic reports revealed the complex evolutionary history of 
the genus Ruppia with polyploidization and hybridization (Ito et 
al., 2013; Triest and Sierens, 2014; Martinez-Garrido et al., 2017). 
Earlier research found that rbcL bootstrap value could not resolve 
Cymodoceaceae, Posidoniaceae, and Ruppiaceae and 
suggested that additional gene sequences be used in future 
studies to resolve these polytomies (Li and Zhou, 2009). We 
conducted molecular analysis on the nuclear (ITS) and plastid 
(rbcL and matK) genes, as well as six morphological characters 
(habitat, leaf sheath, gamete, inflorescence, pollen, and 
pollination) of each species (Table 2), in order to gain a better 
understanding of Ruppia maritima evolutionary lineages. 
Tomlinson (1982) reported that no unique morphological 
characteristics do not distinguish seagrasses from other aquatic 
plants, except pollen types such as filiform pollen (Zosteraceae, 
Posidoniaceae, and Cymodoceaceae), while others have strings 
of spherical pollen (Thalassia, Halophila). Besides, 

Fig. 1: Neighbor-joining and maximum parsimony dendrogram showing phylogenetic relationship of Internal Transcribed Spacer (ITS) sequences of 
Ruppia maritima L. with representative species of freshwater, and seagrasses from GenBank database. The numbers at nodes indicate levels of 
bootstrap support (%) of 500 resampled datasets; values (45 %) are shown.
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Ruppia maritima are already contained in the GenBank database 
provide a promising identification at least to a genus level with a 
database providing comparable data for nearly 90% of the 
considered seagrass taxa. The presently proposed DNA barcodes 
(rbcL and matK) can be used to initiate barcoding of all land and 
water plants, with some families as exceptions (Roy et al., 2010; 
Lucas et al., 2012). The recommended two-locus DNA barcode 
consisting of rbcL and matK (Hollingsworth et al., 2009) was 
suggested to be the best compromise compared to all other loci 
tested.

In this study, the tree topology of rbcL and matK gene 
sequences of R. maritima showed that the cluster was grouped in 
a paraphyletic manner (Fig. 2, 3) at 99% and 100% bootstrap, 
respectively. Besides, the phylogenetic tree analysis inferred 
from ITS, rbcL, and matK using NJ and MP methods revealed that 
all species generated a morphological group. In comparison with 
nuclear and plastid genes of R. maritima, the ITS region showed 

Cymodoceaceae, Zannichelliaceae, Posidoniaceae, and 
Zosteraceae were identified as distinct clades of seagrass, while 
Hydrocharitaceae was grouped with the other two (Ruppiaceae 
were merged with Potamogetonaceae). However, Ruppia 
species have a boomerang pollen type, which is distinct from 
marine and freshwater species. Moreover, the phylogenetic tree 
obtained from the molecular markers separated the Ruppia clade 
from other aquatic angiosperms. The present study revealed 
that the Ruppia species might have evolved as intermediatory 
species between marine and freshwater, which adapt to 
seasonal changes. The cladogram based on Internal 
Transcribed Spacer gene sequence analysis involved 20 
nucleotide sequences with a total length of 826 nucleotide 
positions in the alignment to construct neighbor-joining (NJ) 
and maximum parsimony method (Fig. 1), which supported the 
clusters at 78% and 99% bootstrap value with other Ruppia and 
seagrass species, respectively, based on the optimal tree with 
the sum of branch length 1.4. The matK and rbcL sequences of 

Fig. 2: Neighbor-joining and maximum parsimony dendrogram showing the phylogenetic relationship of rbcL sequences of Ruppia maritima L. with 
representative species of freshwater, and seagrasses from GenBank database. The numbers at nodes indicate levels of bootstrap support (%) of 500 
resampled datasets; values (45 %) are shown.
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high parsimony-informative than plastid genes; however, the 
plastid genes obtained high conserved region, which depicts that 
the chloroplast genes of Ruppia species are in close relationship 
with seagrass species than freshwater species. The rbcL and 
matK tree topology indicate it as the closest extant sister group as 
Potmogetonaceae and Posidonaceae (Les et al., 1997). The rbcL 
and matK data indicate a relatively high degree of molecular 
divergence separating the two clades, representing an argument 
against a taxonomic merger of these groups and further reflects 
the distinctness of seagrass families indicated previously by 
morphological phylogenetic studies (Dahlgren et al., 1985).

The present study reveals the results of different trees; a 
single locus cannot resolve the well-described species correctly, 
or the molecular marker is not robust using only a few specimens. 
However, a rapid system for identification close to species level is 
provided using rbcL and matK. The distribution of R. maritima 
species in Chilika Lake must be adapted to overcome local 
conditions such as intertidal areas, shallow turbid waters, 

eutrophic waters, etc., where the sampled location of R. maritima 
was visited by a large number of waterbirds, the leading migratory 
bird group in Chilka Lake (Sundaravadivelu et al., 2019). Ruppia 
species are known to be dispersed by seabirds and ocean 
currents (Figuerola et al., 2002; Triest and Sierens, 2013).

The study concludes that R. maritima was identified 
through molecular markers. It has a closed lineage with seagrasses 
than freshwater species; still, different markers needs  to be tested 
from a different population of Ruppia species to confirm the 
evolutionary lineage between marine and freshwater.
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