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ABSTRACT

Conventional taxonomy is limited with delineating species and controversies arise with DNA
barcoding based identifications. Hence, an alternative supporting approach is very much needed to identify
species and differentiate them within the species based on the genetic material. 18S rRNA genes have been
particularly helpful in analyzing phylogeny at the species level. In addition, bioinformatics which represents a
new, growing area of science uses computational approaches to answer biological questions. Salt tolerant
costal salt marsh plant of Suaeda maritima was selected for 18s rRNA sequencing to solve the ambiguity in its
species level identification. Similarity search of study species shared 99% similarity with 5 species of Atriplex
canescens clone s128, Atriplex torreyi var. griffithsii clone p508, Spinacia oleracea, Oenothera laciniata clone,
Beta vulgaris. Phylogenetic tree infer that S.maritima is closely related to Spinacia oleracea and Oenothera
laciniata. Atriplex canescens (fourwing saltbush), Atriplex torreyi and Phaulothamnus spinescens, Celosia
argentea found to be closely related and are in one group. Hence, this study result clearly shows thus study
species evaluated from angiosperm and provides key step in understanding the evolution of salt tolerance in

angiosperm.
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1.INTRODUCTION

Coastal habitats represent important
ecosystems in terms of biodiversity; they can be
broadly classified into four distinct types: salt
marshes and mangroves, sand dunes, vegetated
shingle and rocky cliffs. Of these, salt marshes are
particularly important habitats, in terms of their
ecosystem value. The plants that grow on coastal
marshes must be tolerant to the varying saline
conditions. Colonies areas characterized by regular
inundation, shifting sedimentation patterns and the
hydraulic power of waves such sites are typically
found behind sandbars and spits and in estuaries
(Little, 2000).

Halophytic plants are generally located in
coastal areas and they also exist as in land salt
marshes in appropriate geological and climatological
settings around the globe. Halophytes represent salt-
tolerant species that thrive in the inhospitable
habitats of inland and coastal salt marshes, dunes,
beaches, deserts and salt flats (Flowers et al., 1986,
W.H.0, 1990). Different physiological and anatomical
traits of halophytes vary between species to survive
in saline habitats. Anatomical structures of plant
organs, especially of leaves, thus enabling plant
adaptation to its environment. Many leaf traits have
been recognized to provide a protection against
various environmental conditions and stresses
including drought, high air, temperature and high
concentration of salt in soil. The morpho-anatomical

alterations of succulent halophytes include increase
of cell volume, especially of spongy and water
paenchma increase of leaf thickness and decrease in
number of stomata (Strogonov, 1973).

Recent advances in sequence analyses
methods and softwares have revolutionized the
phylogenetic  studies. Phylogeney is an
evololutionary tree that shows how species are
related to each other, and this model has greatly
facilitated the discussion and testing the hypotheses
also this technique considered as a powerful tool for
addressing many different evolutionary questions
(Elliott et al., 2006). The identification of one species
and its homologs in several species indicates that
these genes divergence from their common ancestor.
Because of the adaptive characteristics the salt
marsh plants have been extensively studied in terms
of morphology, pharmacology and cytology.

To date, traditional taxonomy relies mostly
on diagnostic morphological characters, requiring
expert knowledge to identify specimens. In this
regard, DNA sequencing and phylogenetic analysis
has proved to be a useful and alternative method for
rapid global biodiversity assessment providing an
accurate identification system for living organism.
But molecular and bioinformatics studies on the
vital coastal salt marsh are largly unexplored.
Therefore phylogenetic analysis was carried out to
study the homologs of study species with other
species. This can aid in our understanding of the
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evolution of species and could serve to develop
model systems for studying the species for future
analysis. The main goal of this study was to identify
the plant species and to predict the homologs with

other species through a phylogenetic analysis.

2. MATERIALS AND METHODS

2.1. Isolation of Genomic DNA

In the present study, samples for PCR
analysis (leaf tissue of Suaeda maritima) were
collected into a sterile eppendorf tube. The tissue
was softened for 15s at room temperature using a
sterile tip as grinder without any buffer, 500ul of
extraction buffer (200mM Tris-HCl (pH 7.5), 250mM
NaCl, 25mM EDTA, 0.5% SDS) (Edwards et al,, 1991)
was added to the tube and mixed for 5s. In order to
disrupt plant cells completely, the tube was placed in
a water bath at 602C for 30min. Subsequently, an
equal volume of chloroform:iso-amyl alcohol (24:1)
was added to the sample, which was then mixed and
centrifuged at 15,000g for 5min at 42C. The aqueous
supernatant was transferred to a new eppendorf
tube, to which an equal volume of isopropanol was
added, mixed and incubated at -20°2C for 30min.
Following centrifugation at 15,000g for 5min, the
pellet was dried and dissolved in 100pul DEPC water.
Finally, for precipitation of starch and other
insoluble polysaccharides, the tube was placed on
ice for 5min and centrifuged at 15000g for 2min; the
resulting white pellet was mostly starch (Deshmukh
et al, 2007). The supernatant containing the DNA
was stable at 4°C.

2.2. Quantitation and Quality Assessment of DNA

The DNA stock samples was quantified
using Nanodrop spectrophotometer at 260 and
280nm using the convention that one absorbance
unit at 260nm wavelength equals 50ug DNA per ml.
The Ultra violet (UV) absorbance was checked at
260 and 280nm for determination of DNA
concentration and purity. Purity of DNA was judged
on the basis of optical density ratio at 260:280 nm.
The DNA having ratio between 1.8 to 2.0 was
considered to be of good purity. Concentration of
DNA was estimated wusing the formula.
Concentration of DNA (mg/ml) = OD 260 x 50 x
Dilution factor Quality and purity of DNA were
checked by agarose gel electrophoresis. Agarose
0.8% (w/v) in 0.5X TAE (pH 8.0) buffer was used for
submarine gel electrophoresis. Ethidiumbromide
(1%) was added at 10ul /100ml. The wells were
charged with 5ul of DNA preparations mixed with
1l gel loading dye. Electrophoresis was carried out
at 80V for 30min at room temperature. DNA was

visualized under UV using UV transilluminator. The
DNA was further used for PCR analysis.

2.3. Polymerase Chain Reaction

18SrRNA gene fragment was amplified by
PCR from genomic DNA using 18S gene universal
primers: 1F:5'CTGGTGCCAGCAGCCGCGGYAA3' and
4R: 5'CKRAGGGCATYACWGACCTGTTAT3'. PCR was
carried out in a final reaction volume of 25ul in
200pl capacity thin wall PCR tube in Eppendorf
Thermal Cycler. Composition of reaction mixture for
PCR is given in Table 1. PCR tubes containing the
mixture were tapped gently and spin briefly at
10,000rpm. The PCR tubes with all the components
were transferred to thermal cycler. The PCR
protocol designed for 30 cycles for the primers used
is given in Table 2.

Table 1. Composition of reaction mixture for PCR

Componznh anl;f} “Fimal
“DNase RNase free water 750l
IX PCR master mix (MBI Fermentas) 1250 gl IX
Forward Primer (10 pmole/ul) 100 10 pesole
Reverse Primer (10 pmolepl) 100 ul 10 pmole
Diluted DNA (30ng/pl) 30ul
GRANDTOTAL 25.00 ul

Table 2. Steps and conditions of thermal cycling
for PCR

Steps Temperature Time Cycles

Tnitial 95°C 2 min |\
Denaturation

Final 94 30 See
Denaturation

Annealing 50°C 30 Sec 0

Extension n°C 90 See

Final N 10 min 1
Extension

2.4. Visualization of PCR Product

To confirm the targeted PCR amplification,
5ul of PCR product from each tube was mixed with
1ul of 6X gel loading dye and electrophoresed on
1.2% agarose gel containing ethidium bromide (1
per cent solution at 10ul /100ml) at constant 5V/cm
for 30min in 0.5X TAE buffer. The amplified product
was visualized as a single compact band of expected
size under UV light and documented by gel
documentation system (Biorad).

2.5. Purification of PCR product

Amplified PCR product was purified using
Qiagen Mini elute Gel extraction kit according to the
manufacture’s protocol.
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2.6. Sequencing of Purified 185 rRNA Gene Segment

The concentration of the purified DNA was
determined and was subjected to automated DNA
sequencing on ABI 3730x] Genetic Analyzer (Applied
Biosystems, USA). Sequencing was carried out using
BigDye® Terminator v3.1 Cycle sequencing Kkit
following manufacturer’s instructions.

2.7. Cycle Sequencing

Cycle sequencing was performed following
the instructions supplied along with BigDye®
Terminator v3.1 Cycle Sequencing Kit. The reaction
was carried out in a final reaction volume of 20ul
using 200pl capacity thin wall PCR tube. The cycling
protocol (Table 3) was designed for 25 cycles with
the thermal ramp rate of 1°C per second. After
cycling, the extension products were purified and
mixed well in 10pl of Hi-Di formamide. The contents
were mixed on shaker for 30min at 300xg. Eluted
PCR products were placed in a sample plate and
covered with the septa. Sample plate was heated at
95°C for 5min, snap chilled and loaded into
autosampler of the instrument.

Table 3. Cycling protocol for sequencing

1000 and 100 bootstrap replicates, respectively
(Tamura et al., 2011; Nei and Kumar, 2000).

2.11. Wet Lab methodology

Quantitation of DNA was estimated in two different
absorbances and the average was taken into
consideration. OD values with its average and the
concentration of the DNA in pg/ul and ng/ul is
shown in Table 4. The isolated genomic DNA of the
study species is shown in Fig 1.

Table 4: Quantitation of DNA

Sample Az60 Azs0 Azeo Conc. Conc.
[Azg0 | (ug/ul) | (ng/pl)

S.
maritima | 0435 | 0233 | 186 | 2175 | 2175

reaction
Step Temperature Time
Denaturation 96°C 10 sec
Annealing 50°C 5 sec
Extension 60°C 4 min

*Repeat step 1 to 3 for 25 cycles

2.8. Electrophoresis and Data Analysis

Electrophoresis and data analysis was
carried out on the ABI 3730xl Genetic Analyzer using
appropriate Module, Basecaller, Dyeset /Primer and
Matrix files.

2.9. Sequence analysis

The sequence was compared for detecting
homologous sequences found in databases using
Basic Local Alignment Search Tool (BLAST) (Altschul
etal, 1990). BLAST from NCBI was used to compare
the query sequence with the database sequence to
find its homologues.

2.10. Data analysis

To better present the diversity of the
isolates obtained in this study and to assess the
genetic relationship of the novel ones here to the
known ones, intraspecific phylogenies were
reconstructed with the neighbor-joining (NJ]) and
maximum likelihood (ML) methods in MEGA7.0
program. NJ and ML trees were constructed using

Fig. 1. Genomic DNA isolation of the study
species

2.12. Electrophoresing PCR amplicons

The PCR Products (5pl) was separated by
electrophoresis in 1.2% Agarose gels containing
ethidium bromide (1 per cent solution at 10pl
/100ml). Electropherogram  obtained  after
electrophoresis of the PCR amplicons is shown in Fig
2. The amplified product was visualized as a single
compact band of expected size against 100bp DNA
ladder (Fermentas make). No overlapping of the
band in the case of test organism was observed and
so the band was clear.

Fig. 2. The electropherogram obtained after
electrophoresis of the PCR
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2.13. Sequence analysis

The DNA sequence was analyzed with
bioinformatic tools and softwares with statistical
applications. Simultaneously the DNA sequences

were submitted to NCBI for obtaining the accession
number. The DNA sequence was aligned in FASTA
format and shown as follows

AGGTTGTTTGCAGTTAAAAAGCTCGTAGTTGGACCTTGGGGTGGTACGACCGGTCCGCCTCACGGTGTGCA
CCGGTCGTCTCGCCTCTTITCGCCGGCGATGCGCTCCTGGCCTTAACTGGCCCGGGTCGTGCCTCCGGCACT
GTTACTTTGAAGAAATTAGAGTGCTCAAAAGCAAGCCTACGCTCTGTATACATTAGCATGGGATAACATTATA
GGATTCCGGTCCTATTGTGTTGGCCTTCGGGATCGGAGTAATGATTAACAGGGACAGTCGGGGGCATTCGTA
TTTCATAGTCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGATGT
TTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATAAACG
ATGCCGACCAGGGATCGGCGGATGTTACTTTTAGGACGCCGCCGGCACCTTATGAGAAATCAAAGTTTITTIG
GGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTAG
CCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAG
AGCTCTTTCTTGATICTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTC
CGTTAACGAA

2.14. Dry lab methodologies

As a general rule, a top match with a
sequence similarity of at least 98% was used as a
criterion to  designate  potential species
identifications (Barbuto et al, 2010). The top
sequences producing similar and significant
alignments was identified for the study species

from BLAST and listed. Maximum identity of 99%
with a maximum score of 1291 and the identity
varied from 97-99% with the alignments derived
from NCBI. Family and their accession numbers of
sequences closely related to the test organisms
used in the analysis were given in.

= Descriptions

Species Accession Namber Family

j""“""m‘f"'f"_‘"w' Aolex conescens chine 124 PRI Amathaceas
b ) Atriplex torreyd var. griffishi elene p&03 RS (henzpodaces
Spinacl olemcos L4t Amazanthaest
? Oeastiars laciviete clome | D768 1 Onagacza
= Bett valgeris P70 Aacasthacta
, Pheslsthommus yineicoy HQga3 | Achamtagaceat
Crds grpeten AR Aizathaceat
. Mallago vencillan HEGG1 Mobugnactas
‘ Hlopiytion emaphingd R84 Fakghytasea
Fig. 3. Sequences Producing Significant Alignments from BLAST
2.16. Evolutionary relationships of taxa by

2.15. Multiple Sequence Alignment Neighborhood joining Method

The close phylogenetic relationships were 18srRNA partial sequence of study species

found within the samples. This was clear evidence
in both Multiple Sequence Alignments and
Molecular Phylogenetic analysis by Maximum
Likelihood and N]J methods. The alignment was
easy and clear because no gaps were found in our
sequence. Read lengths were about 724bp long,
although in some instances some base calls were
uncertain. No insertions, deletions or stop codons
were observed (Fig. 4).

shared 99% similarity with 5 species of Atriplex
canescens clone s128, Atriplex torreyi var.
griffithsii clone p508, Spinacia oleracea, Oenothera
laciniata clone, Beta vulgaris in genbank database.
In order to strenghthen the results, phylogenetic
analysis was included in the present study.
Phylogram of 18SrRNA gene was built with 9
closely related 18SrRNA sequences were collected
from Genbank by referring BLAST results. The
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evolutionary relationship was inferred using the
neighbor joining method (Saitou and Nei, 1987).
The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap
test (1000 replicates) is shown next to branches
(Felsenstein, 1985). The tree was drawn to scale
with branch lengths in the same units as those of
the evolutionary distances were computed using
the Maximum Likelihood method (Tamura et al,,
2004) and in the units of the number of base
substitutions per sites. All positions containing
gaps and missing data were eliminated from the
dataset (complete deletion options). Phylogenetic
analysis was conducted in MEGA 5 (Tamura, 2011).

Bt et BET)
Uit S Myt Wb S Dl B
DaRe Eapmy Ll BIEXY RE O ANNH

oA Se

OHECES | Tt P et

Fig 4. Multiple Sequence Alignment

75— FURITE43 1] Ateplex casestees

—
51 —_— f,l,‘,l |»\'£‘J RN
u[ |
. [ L2800 1| Spamacia oleraces
:r yi9eda martemy

|
3 JE05EE8 1 Ounathens lacriaty

l e HOBE33 1| Phackithimacs spmesciss
f—
3 AFI0GEE3 1] Celosa amgasien

PR 1] Bt wlgats

I—r‘&flm' 1| Mollego meticilata
1] S Ty L ytum sestghns

Fig. 5. Evolutionary relationships of taxa by N]J
Method

Phylogenetic tree infer that S.maritima is
closely related to Spinacia oleracea and Oenothera
laciniata. Along with these two species S.maritima

forming monophyletic group with Beta vulgaris (Sea
beet or Sub sp.maritima), Atriplex canescens
(fourwing saltbush), Atriplex torreyi, Phaulothamnus
spinescen and Celosia argentea found to be closely
related and were fallen in one group. Phylogram
showed distinct clade with Mollugo verticillata and
Halophytum ameghinoi (Succulant annual plant)
with strong bootstrap support value of 100%.

3. RESULTS AND DISCUSSION

Halophytes have evolved to cope with a
wide variety of climatic conditions, all around the
world, and they are found at varying altitudes,
although in greatest numbers at sea level. (Khan et
al, 2006a). The number of halophytic species is an
area of some debate and will remain so while there
are no highly specific definitions for levels of salinity
or for the mechanisms employed in salt tolerance.
Lieth et al, (2008) claimed the occurance of 1,560
terrestrial halophyte species. However, Khan et al,
(2006b) stated that, the number could be as high as
6,000 for 6 terrestrial halophytes (including tidal
zones). Flowers et al,, (1986) found that about one
third of all the angiosperm families contain
halophytic genera, but the glycophytes would have
lost salt-tolerance through evolutionary processes. It
is now accepted that there are approximately 20
significant families containing some 500 halophytic
genera. The most widespread and well-studied
family is one of the Dicotyledoneae:
Chenopodiaceae, which, according to Flowers et al.,
(1986) includes 44 halophytic genera with 312
halophytic species; these 44 genera represent 44%
of the family. Perhaps the most important genera
within the research community are Atriplex sp,
Salicornia sp and Suaeda sp; this last one is to play a
central part in salt tolerance research (Flowers et al,
1986).

Of the Suaeda genus, the current research
was focused particularly on Suaeda maritima (L.)
also known as sea blite, which is an annual obligate
halophyte that has the distinctive feature in that it
thrives in both coastal and inland salt marshes. It is a
model plant and its salt-tolerance has been
extensively investigated (Flowers et al, 1977; Yeo,
1981; Greenway and Munns, 1983; Hajibagheri et al.,
1985; Clipson, 1987). For molecular identification
salt marsh plant of S. maritima was selected for
18sDNA sequencing to solve the ambiguity in its
species level identification.

BLAST algorithm used to compare study
sequence with the sequences available in the
GenBank database. Maximum identity of 99% with a
maximum score of 1291 and the identity varied from
97-99% with the alignments derived from NCBI. On
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the contrary, currently there is no 18S sequence data
of S.maritima deposited in GenBank. Hence, this is
the first report of partial 18srRNA sequence of
Suaeda maritima. According to these intra generic
differences between molecular and morphological
results, this study extend to sequencing with distinct
markers to identify these isolates in future studies.
In addition, the absence of sequence data for Suaeda
maritima (only Suaeda maritima isolate 6, 7 and 8
internal transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed spacer
2, complete sequence; and 28S ribosomal RNA gene,
partial sequence available in GenBank) made our
molecular identification harder. Incase of similarity
search of study species shared 99% similarity with 5
species of Atriplex canescens clone s128, Atriplex
torreyi var. griffithsii clone p508, Spinacia oleracea,
Oenothera laciniata clone, Beta vulgaris are belongs
to angiosperm.

In order to classify and trace out
evolutionary path among related species, it is
important to investigate them at the molecular level
for better understanding of evolution of plants. 18S
gene is one of the useful phylogenetic marker which
one can use in understanding phylogenetics.
Phylogenetic tree infer that S.maritima is closely
related to Spinacia oleracea and Oenothera laciniata.
Along with these two species S.maritima forming
monophyletic group with Beta vulgaris (Sea beet or
Sub sp.maritima). Atriplex canescens (fourwing
saltbush), Atriplex torreyi and Phaulothamnus
spinescens, Celosia argentea found to be closely
related and are in one group. Phylogram showed
distinct clade with Mollugo verticillata and
Halophytum ameghinoi (Succulant annual plant)
with strong bootstrap support value of 100% (Fig:
5). Current study results clearly shows thus study
species evaluated from angiosperm. Flowers et al.,
(1977) and (2010) reported that, halophytes come
from a wide range of angiosperm lineages,
suggesting that the adaptations involved in salt
tolerance have arisen repeatedly during angiosperm
evolution. This result provides a key step in
understanding the evolution of salt tolerance in
angiosperm.

The results of the present study highlight
the identification of plant species by investigating
them at the molecular level with the use of
molecular markers for a better and wide

understanding of halophytic plants.
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