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Abstract

This research is based on synonymous codon usage and its relation with the salt resistant genes. The codon
usage directly affects the level or even direction of changes in protein expression in responses to environmental
stimuli. Soil salinity is a major abiotic stress for plant agriculture. Sodium ions in saline soils are toxic to plants
because of their adverse effects on K+ nutrition, cytosolic enzyme activities, photosynthesis, and metabolism. In the
recent study codon usage biase (CUB) has been studied in Arabidopsis thaliana salt resistant and housekeeping genes
and their homologs in rice (Oryza sativa) to understand the salt stress and housekeeping genes relation with CUB.
Total five salt stress tolerant genes; Salt Overly sensitive (SOS1), basic lucien-Zipper Protein (bZIP), Calcinurin B
like binding 10 (CBL10), Mitogen Activated Protein Kinase-3 (MPK3) and Histidine Kinase-1 (HK1) were identified
in Arabidopsis thaliana. For the comparative study and removing the organism bias the orthologues of the five salt
stress tolerant genes were also identified in rice. Briefly, five salinity resistant and three housekeeping genes in
Arabidopsis thaliana and their orthologues in rice, were subjected to CUB analysis. The four salt resistant genes
(SOS1, CBL10, bZIP and HK1) showed more than 50% (71%, 57%, 67% and 57% respectively) similar codon usage
bias for Arabidopsis thaliana and rice. On the other hand fifth salt resistant gene (MPK3) showed less than 50%
(29%) similar codon usage bias for Arabidopsis thaliana and rice. The three housekeeping genes (Actin, Tubulin and
Ubiquitin) showed 76% similar codon usage bias for Arabidopsis thaliana and rice.this will help us to engineer the
salt resistant crops by adjusting the codon usage.
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Introduction eukaryotes species have non-random codon usage.

Codon Usage Bias (CUB) is defined as the The major factor in codon choice in many unicellular
non-uniform use of synonymous codons within a and multicellular organism is Darwinian selection
gene [1]. CUB has been extensively documented between synonymous; high expressed gene using a
across a wide range of organisms and varies greatly restricted set of codon [1, 2]. Most synonymous
both within and between genomes [2, 3]. codons differ by only one base at their 3” end, the so—

called third position base. Analysis of codon usage

Synonymous codon usage patterns can vary has been used to identify highly expressed gene.

significantly among genomes. In addition, one can

also observe differences in synonymous codon usage Soil salinity is a major abiotic stress for
among different genes within a single genome. For plant agriculture. Sodium ions in saline soils are toxic
prokaryotes and unicellular eukaryotes such as yeast, to plants because of their adverse effects on K+
the variation in codon usage within a genome is nutrition, cytosolic enzyme activities, photosynthesis,
thought to be due to natural selection acting to and metabolism [4]. Salinity limits both yield and the
optimize protein production. Specifically, the most expansion of agrlcultural_ plants. In the last 20 years
highly expressed genes use codons that are our b§3|c understanding of the _mechanls_ms
complementary to the most abundant tRNA underlying plant tolerance and adaptation to saline
anticodons. For multicellular eukaryotes, such as environments has greatly improved owing to active
Drosophila melanogaster and  Caenorhabditis development of advanced tools in molecular,
elegans, there is also some evidence that codon bias genomics, and bioinformatics analyses. However, the
might be caused by selection for translational full potential of investigative power has not been
efficiency. For the majority of multicellular fully exploited. The changes in expression of genes in
organisms, however, it has been difficult to explain response to salt stress are followed by increases in the
codon usage variation within a genome in terms of levels of hundreds of metabolites, some of which are
natural selection. This would mean that selection for known to have protective effects against the
gene high expression is the primary factor damaging effects of salt stress. The reprogramming
determining the codon usage bias in this case. of gene expression results in the accumulation not
Synonymous codon usage has long been known as a only of protective proteins but aIs:o of hundreds or
factor that affects average expression level of protein more of metabolites, some of which are known to
in an organism. The vast majority of prokaryotes and have protective effects [5, 6].
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Bioinformatics’ approaches are the well-known way
of research for nucleic acid (DNA and RNA)
sequence analyses to find new findings [7-9]. In this
particular study, five salt stress tolerant genes Salt
Overly sensitive (SOS1), basic lucien-Zipper Protein
(bZIP), Calcinurin B like binding 10 (CBL10),
Mitogen Activated Protein Kinase-3 (MPK3) and
Histidine Kinase-1 (HK1) and three housekeeping
genes (Actin, Tubulin and Ubiquitin) were selected
from Arabidopsis thaliana and rice (Oryza sativa)
and subjected to CUB analysis using bioinformatic’s
tools. The aim of the study is to find co-relation
between CUB and salt stress along with the
housekeeping genes in Arabidopsis thaliana and rice
(Oryza sativa).

Materials and Methods

Identification of Candidate Genes

The five salt resistant genes (SOS1, bZIP,
CBL10, MPK3 and HKZ1) and three housekeeping
genes (Actin, Tubulin and Ubiquitin) in Arabidopsis
thaliana and their homologs in Oryza sativa were
identified through literature survey.

Sequence Retrieval

The five salt resistant genes (SOS1, bZIP,
CBL10, MPK3 and HKZ1) and three housekeeping
genes (Actin, Tubulin and Ubiquitin) in Arabidopsis
thaliana and Oryza sativa were retrieved from the
NCBI nucleotide data base. The FASTA formats of
these sequences were saved and used for further
analysis.

Prediction of ORF (Open Reading Frame)

The ORF is a graphical analysis tool which
finds all open reading frames. The ORF finder is
helpful in preparing complete protein sequence for a
nucleotide sequence. The Arabidopsis thaliana and
Oryza sativa gene in FASTA format were subjected
to NCBI, ORF Finder and longest frame is selected
for downstream analysis and study.

Codon Usage Analysis

For codon usage analysis the FASTA format
sequences were subjected to genetic codon usage
analysis  program  publically  available at
www.geneinfinity.org. The codon usage analysis
program was used for analysis of amino acids
showing different codons. The results were saved.

The RSCU (Relative Synonymous

Codon Usage) values for each codon in the sequences
were determined with the help of following formula:

RSCU = (No. of codon used/Total No. of
codon) x No. of Amino Acids.

49

Barozai et al.,

Results and Discussion
Salt Resistant Genes and their ORF (Open
Reading Frame)

The five genes, SOS1, bZIP, CBL10, MPK3
and HK1 were identified as salt resistant genes in A.
thaliana and Oryza sativa. A number of researchers
reported these genes as salt resistant genes [10-12].
The ORF analysis (Table-1) reveals that the A.
thaliana (Ath)-SOSL1 prefers the frame +1, while the
O. sativa SOS1 showed preference to the frame +3.
The frame length in base pair and Amino acid in A.
thaliana and O. sativa is almost same. HK1 preferred
the frame +1 in both, but the frame length in base
pair and amino acid in A. thaliana is larger than the
frame length in O. sativa. Similarly the Ath-CBL10
prefer the frame +1 in A. thaliana and O. sativa
CBL10 also showed preference to the same frame
that is +1 respectively .The frame length in base pair
is larger in A. thaliana than O. sativa, while frame
length in Amino acid for CBL10 in A. thaliana is
shorter than the O. sativa. The Ath-MPK3 prefer the
frame +2 in A. thaliana while, O. sativa showed
preference to the frame +1. The frame length in base
pair and amino acid for MPK3 was observed in the
same length for A. thaliana and O. sativa. For the
housekeeping genes Actin and Tubulin showed
almost same frame length in base pair and amino
acids. For ubiquitin there is a significant difference in
the both frame lengths. The tubulin observed with the
same frame but actin and ubiquitin adopted different
frames in A. thaliana and O. sativa. The ORF role in
gene expression is reported for different organisms
[13, 14].

Table-1: The ORF features of the selected Cold Resistant
genes in A. thaliana (Ath) and their homologs in Oryza
sativa (Osa).

Gene name Nucleotide | Frame Length | Amino
base pairs acids
SOS1 Ath 3682 +1 3441 1146
SOS1 Osa 3660 +3 3447 1148
CBL10 Ath 1101 +1 616 204
CBL10 Osa 801 +1 801 266
AtHK1 Ath 4040 +1 3624 1207
HK1 Osa 1467 +1 1317 438
AtbZIP 17 Ath | 2467 +3 2166 721
OsbZIP Osa 1083 +1 1082 360
AtMPK3 Ath 1483 +2 1113 370
MPK3 Osa 1110 +1 1110 369

Codon Usage Bias (CUB) Analysis

The CUB analysis for the five salt stress
tolerant genes Salt Overly sensitive (SOS1), basic
lucien-Zipper Protein (bZIP), Calcinurin B like
binding 10 (CBL10), Mitogen Activated Protein
Kinase-3 (MPK3) and Histidine Kinase-1 (HK1) and
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Table-2: The RSCU Features of the selected Salt Resistant Genes in A. thaliana (ath) and their homologs in Oryza sativa (Osa).

Amino SOS1 CBL10 BZIP HK1 MPK3
acids Ath Os Ath Os Ath Os Ath Os Ath Os
Ala GCA GCA GCA GCC GCA GCT GCT GCA GCT GCG
(1.23%) | (1.88%) | (1.42%) | (1.28%) | (2.18%) | (1.52%) | (1.54%) | (1.86%) | (1.68%) | (2.26%)
Cys TGA TGC TGT TGC TGT TGC TGT TGC TGT TGC
(1.1%) (1.37%) | (1.2%) (1%) (1.14%) | (1.33%) | (1%) (1.11%) | (1.33%) | (1%)
Asp GAT GAT GAT GAT GAT GAT GAT GAT GAT GAC
(1.16%) | (1.1%) (1.2%) (1%) (1.33%) | (1.55%) | (1.45%) | (1.14%) | (1.17%) | (1.76%)
Glu GAA GAA GAG GAG GAG GAA GAA GAA GAA GAG
(1.25%) | (1.06%) | (1.6%) (1.21%) | (1%) (1.25%) | (1.09%) | (1.25%) | (1.57%) | (1.77%)
Phe TTT TTT TTT TTT TTT TTT TTT TTT TTT TTC
(1.10%) | (1.02%) | (1.14%) | (1.05%) | (1.03%) | (1.11%) | (1.29%) | (1%) (1.30%) | (1.88%)
Gly GGA GGC GGA GGG GGA GGA GGA GGC GGA GGC
(1.33%) | (1.05%) | (2.28%) | (1.5%) (2.34%) | (1.23%) | (2.16%) | (1.22%) | (293%) | (2%)
His CAC CAT CAT CAT CAT CAT CAC CAT CAT CAC
(1.2%) (1.05%) | (1.63%) | (0.5%) (1%) (1.6%) (1.31%) | (1.06%) | (1%) (1.69%)
lle ATC ATC ATT ATT ATT ATT ATT ATA ATC ATC
(1.28%) | (1.36%) | (1.12%) | (1.61%) | (1.13%) | (1.25%) | (1.3%) (1.09%) | (1.2%) (2.63%)
Lys AAA AAA AAG AAG AAG AAG AAG AAG AAA AAG
(1.43%) | (1.93%) | (1.2%) (1.41%) | (1.31%) | (1.2%) (1.08%) | (1.41%) | (1.22%) | (2%)
Leu CTC TTG TTG CTG CTA CTA CTT CTT CTC CTC
(1.53%) | (1.93%) | (2.03%) | (2.54%) | (1.16) (1.44%) | (1.81%) | (1.73%) | (1.56%) | (2.86%)
Met ATG ATG ATG ATG ATG ATG ATG ATG ATG ATG
(1%) (1%) (1%) (1%) (1%) (1%) (1%) (1%) (1%) (1%)
Asn AAT AAT AAT AAT AAT AAT AAT AAT AAT AAC
(1.52%) | (1.2%) (1.06%) | (1.14%) | (1.13%) | (1%) (1.01%) | (1.18%) | (1.6%) (2%)
Pro CCA CCA CCG CCG CCA CCA CCA CCA CCA CCG
(1.44%) | (1.5%) (1.6%) (2%) (1.6%) (L.77%) | (2.13%) | (1.9%) (1.6%) (2.5%)
GIn CAA CAA CAA CAA CAG CAG CAA CAG CAG CAG
(1.44%) | (1.33%) | (1.33%) | (1.42%) | (1%) (1.9%) (1.17%) | (1.12%) | (1%) (1.69%)
Arg AGA AGG AGA AGA AGA AGG AGA AGA AGA CGG
(1.83%) | (2.28%) | (2.60%) | (3.2%) (2.38%) | (257%) | (2.75%) | (1.86%) | (2.4%) (2%)
Ser TCT TCA TAT TCC TCA AGC TCT AGC TCA TCC
(1.61%) | (1.29%) | (1.46%) | (1.8%) (105%) (2%) (1.59%) | (1.6%) (1.68%) | (2.76%)
Thr ACA ACA ACT ACC ACG ACT ACT ACA ACT ACG
(1.76%) | (2.13%) | (1.33%) | (1.42%) | (1.3%) (1.83%) | (1.25%) | (1.36%) | (1.53%) | (2.5%)
val GTT GTG GTT GTG GTG GTG GTT GTT GTT GTG
(1.63%) | (2.10%) | (1.33%) | (1.55%) | (1.89%) | (1.5%) (1.63%) | (1.75%) | (1.84%) | (2.4%)
Trp TGG TGG TGG TGG TGG TGG TGG TGG TGG TGG
(1%) (1%) (1%) (1%) (1%) (1%) (1%) (1%) (1%) (1%)
Tyr TAT TAT TAT TAC TAT TAT TAC TAT TAT TAC
(1.2%) (1.6%) (1.6%) (1.33%) | (1.33%) | (1.2%) (1.02%) | (1.42%) | (1.03%) | (0.83%)
End TGA TGA TGA TAG TGA TAA TGA TGA TGA TAG
(1.08%) | (1.32%) | (1.85%) | (1%) (1.41%) | (3%) (1.66%) | (3%) (1.75%) | (3%)
three housekeeping genes (Actin, Tubulin and Mukhopadhyay et al., [15] reported similar CUB

Ubiquitin) in A. thaliana and rice (Oryza sativa)
showed very interesting result. The Table-2
summarized the most used codon usage bias (CUB)
calculated in term of RSCU (Relative synonymous
codon usage) for the five selected salt resistant genes
in Arabidopsis thaliana and rice (Oryza sativa) for
the 20 amino acids and stop codon.

The four salt resistant genes (SOS1, CBL10,
bZIP and HK1) showed more than 50% (71%, 57%,
67% and 57% respectively) similar codon usage bias
for Arabidopsis thaliana and rice. On the other hand
fifth salt resistant gene (MPK3) showed less than
50% (29%) similar codon usage bias for Arabidopsis
thaliana and rice. The three housekeeping genes
(Actin, Tubulin and Ubiquitin) showed 76% similar
codon usage bias for Arabidopsis thaliana and rice.
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analyses for tissue specific and housekeeping genes
in rice and A. thaliana. These findings suggest that
there is a clear unimodal distribution of codon usage
patterns for the salt resistant genes between the two
species of the dicot (A. thaliana) and monocot (rice)
plants. The 80% salt resistant and 100%
housekeeping genes showing >50% similarity,
suggests the straight co-relation between the CUB:
salt stress and CUB: housekeeping, irrespective of
the plant species. This finding indicating that plant
can be engineered for the cold stress resistant through
codon optimization. On the other hand the 20%
showing <50% similarity suggests the independence
of the salt stress and plant species. Similar findings
were reported for other plant species [15-17]. These
findings also confirm that applying bioinformatics’



tools novel interesting findings can be made [18-22].
Conclusions
From the current study it is concluded that
there is unimodal co-relation between the codon
usage bias (CUB) and salt stress resistant genes
among the plant species. For the housekeeping genes
unimodal co-relation with CUB is observed in dicot
and monocot plants. The plant stress resistant can be
improved by optimizing the codon usage.
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