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Abstract: The ability to increase salt tolerance in crop plants is a major breeding objective in many areas where
saline and sodic soils limit crop production and in areas that experience significant fluctuations in soil salinity,
including estuaries and intertidal zones. The Salt Overly Sensitive 1 ( SOS1) gene encodes a plasma membrane
Na+/H+  antiporter  that  plays  an important role in germination and growth of plants in saline environments.
This study presents the in silico and phylogenetic analysis of SOS1 gene in different species based on coding
sequences  (complete  cDNA.  The results revealed the lengths of cDNA in 4 species (Aegilops tauschii,
Triticum monococcum, Triticum aestivum and Aegilops speltoides ) are completely equal (3429 bp) that are
belonging to the Gramineae family. Moreover, analysis of phylogenetic tree showed  that  species classified
into three group, group 1 consists of 5 plants (Aegilops tauschii, Triticum monococcum, Triticum aestivum,
Aegilops speltoides and Oryza sativa), group 2 includes 4 plants (Lycopersicon esculentum,
Mesembryanthemum crystallinum, Salicornia brachiate and Vitis vinifera) and group 3 consists of only 1
plant (Arabidopsis thaliana). The phylogenetic tree generated by cDNA sequences has served to clarify
significantly the evolutionary relationships between these species.
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INTRODUCTION plasma membrane Na+/H+ antiporter that plays an

The productivity of over one-third of all arable land saline environments. Genetic analysis of the salt sensitive
worldwide is affected by soil salinity [1]. The ability to plants identified several alleles of the Salt Overly
increase salt tolerance in crop plants is a major breeding Sensitive 1 (AtSOS1).
objective in many areas where saline and sodic soils limit Genes (Gen Bank accession No. NM126259) those
crop production and in areas that experience significant were responsible for sensitivity of the mutant plants to
fluctuations in soil salinity, including estuaries and high Na+ environments [5, 6, 7, 8].  Characterization  of
intertidal zones [2]. High Na+ concentrations in soil or two homoeologous  SOS1  loci (cqSOS1A  and  cqSOS1B)
water lead to high cytosolic Na+ concentration and from  Quinoa  (Chenopodium  quinoa Willd), including
subsequent plant death. The ability of plant cells to full-length cDNA sequences, genomic sequences, relative
maintain an optimal K+/ Na+ ratio in the cytosol is one of expression levels, FISH analysis and a phylogenetic
the key features of plant salt tolerance [3]. Very few genes analysis of SOS1 genes from 13 plant taxa showed that
have been shown to be required for plant salt tolerance. these sequences share a high level of similarity with SOS1
SOS1 (Salt Overly Sensitive 1) is a genetic locus that was homologs of other species [9]. Phylogenetic analysis is a
identified as essential for plant salt tolerance. SOS1 was powerful tool for addressing many different evolutionary
identified initially as a genetic locus required for salt questions [10]. The identification of one gene and its
tolerance in Arabidopsis [4]. The SOS1 gene encodes a homologs in several species indicates that these genes

important role in germination and growth of plants in
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divergence from their common ancestor. This can aid in Sequence Distance: Distance-matrix methods of
our understanding of the evolution of species and could phylogenetic analysis explicitly rely on a measure of
serve to develop model systems for studying gene genetic distance between the sequences being classified.
functions in the future. The main goal of this study was This analysis shows the divergence and percent identity
phylogenetic analysis of SOS1 gene in different species values of each sequence pair in the current alignment.
based on coding sequences. Sequence comparison between the SOS1

MATERIALS AND METHODS and Triticum aestivum are 99.9% identical at the

All sequences of SOS1 gene of different source species Triticum monococcum and Aegilops speltoides
organisms available in GenBank were downloaded from showed a high degree of sequence similarity to SOS1
NCBI database (www.ncbi.nlm.nih.gov/genbank) as Na+/H+ antiporters. The lowest similarity was for
shown in (Table 1). The program MegAlign Lycopersicum esculentum with Aegilops tauschii,
(www.dnastar.com/t-megalign.aspxý) was used for Triticum aestivum and Triticum monococcum.
multiple sequence alignment and the phylogenetic tree
construction. Multiple alignment done by Clustal W Phylogenetic Tree: This analysis can show evolutionary
method (http://www.genome.jp/tools/clustalw). relationships predicted from the multiple sequence

RESULTS AND DISCUSSION the distance between sequence pairs and the units at the

A total of 10 cDNA sequences of SOS1genes from events.
different source organisms were considered for in silico  Results of phylogenetic tree (Fig. 2) showed that
analysis. According to (Table 1) lengths of cDNA in 4 species classified into three groups, group 1 consists of
species (Aegilops tauschii, Triticum monococcum, 5 plants (Aegilops tauschii, Triticum monococcum,
Triticum aestivum and Aegilops speltoides) are Triticum aestivum, Aegilops speltoides and Oryza sativa)
completely equal (3429 bp) that are belonging to the that are belonging to the family Gramineae. group 2
family Gramineae. This feature showed that cDNA includes 4 plants (Lycopersicum esculentum,
sequences of SOS1 genes in these species remain Mesembryanthemum crystallinum, Salicornia brachiate
completely conserved during divergence from their and Vitis vinifera ), group 3 consists of only 1 plant
common ancestor. Moreover in the species Vitis vinifera, (Arabidopsis thaliana). Phylogenetic were constructed
Length of mRNA and Length of cDNA is equal which with SOS1 gene sequences from all species clarified the
represents sequence of SOS1 gene is an absolutely exon evolutionary relationships between these genes.
region in this species. In silico analysis of SOS1 gene Two cDNA sequences (Aegilops tauschii and
sequences and its comparison with its homoeologs in the Triticum aestivum) having in the subcluster were mostly
other species revealed the sequence-based similarity close that may be because of introgression between them
existing among different species and clustering in distinct during the evolution [11]. In other words, The close
groups based on its similarity. genetic distance noted between these two species in this

Alignment by Clustal W Method: Multiple sequence the D genome donor to hexaploid wheat [12]. Also
alignment of SOS 1 gene sequences showing maximum according to Maughan et al. [9], species of Oryza sativa
homology in different regions (Fig. 1). Result of cDNA and Triticum aestivum grouped together in the same
sequences alignment revealed that some sequences have cluster. The SOS1 sequence from Arabidopsis thaliana
a high similarity for this gene and only in some region was assigned into the most distal clade. The ability of the
have a point different that can environmental effect such SOS1 sequence to resolve phylogenetic relationships
as mutation. Finally, alignment of whole sequences between sequences from across different species is
showed highly conserved region to primer design for PCR noteworthy. Our comparative analysis on SOS 1 gene
reaction to study genetic diversity and identification gene provide a wealth of information that will be invaluable for
in plants. studing of evolution the mentioned species in the future.

homoeologs (Table 2.) indicated that Aegilops tauschii

nucleotide levels. Also the cDNA sequences from the

alignment. The length of each pair of branches represents

bottom of the tree indicate the number of substitution

study, also confirms previous results that Ae. tauschii is
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Table 1: Descriptions of SOS1 gene sequences from different species

Accession No. Length(bp)cDNA mRNA Length(bp) Family Species No. Sequence

FN356231 3429 3483 Gramineae Aegilops tauschii 1.seq
FN356229 3429 3480 Gramineae Triticum monococcum 2.seq
FN356232 3429 3483 Gramineae Triticum aestivum 3.seq
FN356230 3429 3483 Gramineae Aegilops speltoides 4.seq
AY785147 3447 3660 Gramineae Oryza sativa 5.seq
AJ717346 3456 3823 Solanaceae Lycopersicum esculentum 6.seq
AM746987 3456 3456 Aizoaceae Mesembryanthemum crystallinum 7.seq
EU879059 3480 3774 Amaranthaceae Salicornia brachiata 8.seq
GU004542 3426 3426 Vitaceae Vitis vinifera 9.seq
NM126259 3441 3682 Brassicaceae Arabidopsis thaliana 10.seq

Table 2: The distance matrix between sequence pairs

Fig. 1: Multiple sequence alignment cDNA in a part of SOS1 gene sequence in the studied species
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Fig. 2: Phylogenetic tree of SOS1 gene representing common source organisms
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