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Abstract

Comprehensive characterization of  networks of  gene expression regulators is key challenge of  functional
genomics. Soybean genomic sequences can be used to frame model for binding sites of  fundamental transcription
factors, and RNA seq data. It has been manifested that the reverse genetics approach can reveal gene regulator
networks in soybean, which explains regulatory mechanisms for salt response from expression of  gene patterns.
In this study, the sequences of  protein is functionally validated salt tractable genes is used to key out soybean
orthologous with the help of  ‘blastP’ search against Glycine max genome database. Thirty- eight salt responsive
genes allocate among 39 cis-acting elements of soybean is elucidated by the ‘PlantCARE’ database. Gene promoter
analysis of  salt tractable genes indicated the presence of  biotic and abiotic stress responsive, light, hormone,
plant tissues specific and gene specific cis-regulatory elements in soybean. A total, 38 salt tractable genes in
soybean is entrusted for GO terms based on the ‘Ensembl Plants’ database. These GO terms are sum up into the
three main categories (biological process, cellular component, and molecular function) and 62 sub-categories.
These GO annotations comprise a general profile signature of  gene expression for salt tractable genes in soybean.
Our results explained about the identified soybean salt tractable genes differentially respond in plant growth,
development and gene regulation during biotic and abiotic stress conditions. The data obtained from this study
contribute to a better enlightening of the role of  the regulatory and functional pathway of  salt tolerant genes in
soybean.

Key words: Soybean, In silico identification, Salt stress, Cis-regulatory elements 

Abbreviations: ABA: Abscisic acid, GA: Gibberellic acid, ABAREs: Abscisic acid responsive elements, GBREs:
Gibberellins-responsive element, AUREs: Auxin responsive elements, SalREs: Salicylic acid responsive elements,
MeJAREs: Methyl jasmonate responsive elements, TID: Transcript ID, pI: Isoelectric point, Mw: Molecular
weight, Da: Dalton, CREs: Cis-regulatory elements, TFB: Transcription factor binding sites, HRE: Hormone
responsive element, LRE: Light responsive element

Introduction

Salt stress is one of the most prominent abiotic
stresses around the globe. It has pernicious effects
on survival, yield and life cycle crop (Zhu, 2016).
Breeding of  salt stress tolerant crop genotypes is
the best practical way of  curtailing such problems.
There are two types of  approaches followed for
salinity tolerance breeding; (i) elevating yield of
salt endurable cultivars, and (ii) transfer of  salt

bearable genes to prominent genotypes (Singh J
et al., 2018, 2019a, b; Singh V et al., 2018. In the
first case, traditional cultivars of  salinity affected
areas are improved for increasing productivity
without affecting their salt endurance ability while
the other approach accompany to transfer salt
tolerance genes from locally adapted (salt tolerant)
cultivars to high yielding one (Kumawat et al.,
2020; Singh et al., 2014; Singh et al., 2018).
Therefore, the physio-molecular mechanisms viz.,
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salt responsive genes, network and their regulatory
pathways, through which plants adapt better for
salinity stress, need further investigation to pace
up the improvements in crop productivity
worldwide, especially on saline land (Singh et al.,
2020; Singh et al., 2019, 2020)

A large number of  transcription factors
including promoters are notable to control the
expression of  targeted genes in various signal
transduction cascades in plants (Venter and Botha,
2004). The TFBs or cis-regulatory elements are
determined the conspicuous timing and location
of  transcriptional activity. The TFBs are found
notably in the long non-coding sequence upstream
of  a gene (Chaboute et al., 2002). These regulatory
motifs unified into distinct cis-regulatory modules
are obligatory for a specific expression pattern
(Babu et al., 2004). CREs is part of  noncoding
DNA that regulate the transcription of  genes
nearby. These are crucial components of genetic
regulatory networks by controlling various aspects
of developmental biology. Thus, the discerning of
regulatory motifs and their confederation is an
important step to better understanding of
expression and regulation of  gene.

The sortilege of  cis-regulatory sites in a non-
coding DNA sequence is developed by many
databases such as PlantCARE (Lescot et al., 2002)
and PLACE (Higo et al., 1999). The promoter
regions of candidate CREs can be distinguished
by searching against the known elements in the
databases. Therewith, unique CREs could also be
detected with unknown transcription factor
binding sites using the representative sequence of
the promoters of  co-expressed genes (Helden,
2003). In consequence, the analysis of  in silico
promoter with the help of  bioinformatics has
become more attractive and feasible (Chareerat et
al., 2009).

Materials and Methods

Genome-wide identiûcation of salt perceptive
genes in soybean

Protein sequences of  salt responsive genes are
identified in different crops such as Arabidopsis
thaliana, durum wheat (Triticum turgidum ssp.
durum), Nicotiana tabacum, Oryza sativa, Triticum

aestivum, Solanum lycopersicum, and Glycine max
were downloaded from NCBI (https://www.
ncbi.nlm.nih.gov) and UniProt (http://
www.uniprot.org) database. These protein
sequences are used as query and blast search is
performed against soybean (G. max) genome
database using Ensembl Plants (http://
plants.ensembl.org/Glycine_max/Tools/Blast/
Results?tl=JQdmOrzWNyaer45o-19627944). The
ExPASy tool (https://web.expasy.org/compute_pi/)
used to compute soybean homologs sequence,
TID, pI, Mw and amino acid length of  salt
responsive genes. Then, the biological process,
cellular component and molecular function of the
salt responsive genes are predicted through
‘Ensembl Plants’ (http://plants.ensembl.org/
Glyc ine_max/Gene/Onto log i e s/c e l lu la r_c
omponent?db=core;g=GLYMA_09G218600;r=
9:44167828-44170729;t=KRH39775). The sub-
cellular localization of  the salt responsive genes
was predicted through TargetP 1.1 server (http://
www.cbs.dtu.dk/services/TargetP/) and Cell-PLoc 2.0
(http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/).

Cis-acting regulatory element prediction in
promoter regions of thirty eight salt tractable
genes

The promoter sequence consists of 1000 bp
upstream sequences of  a total of  38 salt responsive
genes are downloaded from the soybean (G. max)
genome database. The sequences put in to
PlantCARE database program (http://bio
informatics.psb.ugent.be/webtools/plantcare/html/)
disclosed the phenomena of  a large number of
different CREs in upstream sequences of salt
responsive genes, which have different functions
in sessile plants which are usually exposed to
various biotic and abiotic stress conditions.
PlantCARE database can provide locations for
known CREs, enhancers and repressors and also
provide tools for in silico analysis of  promoter
sequences (Lescot et al., 2002).

Results and Discussion

Genome-wide identiûcation of salt perceptive
genes in soybean

The elucidated soybean salt perceptive genes with
their TID, pI, Mw, protein size, sub-cellular
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revealed the occurrence of  a large number of
different cis-motifs in upstream sequences of salt
responsive genes, which have different functions
in sessile plants, and are usually exposed to various
biotic and abiotic stresses. The cis-motifs occurred
differentially in all the predicted 38 soybean genes
(Fig. 2). The cis-motifs CAAT-box and TATA- Box
were found at high frequency (38 times) in the
most of  the salt responsive genes whereas, other
cis-motifs; Box 4 (35 times); ERE (29 times); TCT-
motif (23 times); ARE (22 times); ABRE and G-
Box (20 times); GT1 motif  (18 times); TGACG-
motif  (12 times); CGTCA-motif  (11 times); I-box,
GCN4-motif  and TCA-element (10 times) were
also predominantly found in the promoter region
of  these predicted genes.

Based on the cis-motif in the upstream region
of  the salt responsive genes, the sequences were
categorized into elements of HRE, condition
specific, LRE, plant tissues specific, regulation
specific, promoter and enhancer regions element,
and transcription element. The functions of these
cis-motifs were predicted (Table 2). TATA box and
CAAT box are common elements found in all the
promoters which have importance in the initiation
of  the transcription process. The HREs composed
of five subgroups viz., ABAREs, GBREs, AUREs,
SalREs and MeJAREs. The condition specific
element was composed of  four subgroups:
drought-inducibility responsive element, defense
and stress responsiveness element, low-
temperature responsiveness element and
anaerobic induction element. The plant tissues
specific element was composed of  two subgroups;

Fig. 2. Distribution of cis-motifs in the upstream sequences of  salt responsive genes retrieved from PlantCARE database

localization, biological process, cellular
component and molecular function are given in
Table 1. There are large variations obtained in
molecular weight, 5763.35 Da (GmASR1) to
119025.18 Da (GmSOS1); while pI ranged 3.9
(GmOsHRD) to 9.56 (GmCaM4) and protein size
51 amino acids (GmASR1) to 1073 amino acids
(GmSOS1). These genes are predicted to localize
in different sub-cellular compartments viz., cell
membrane, cell membrane & nucleus, chloroplast,
chloroplast & nucleus, cytoplasm, endoplasmic
reticulum, nucleus and vacuole (Fig. 1).

Fig. 1. Radar diagram showing the number of predicted soybean
salt responsive genes and their localization in different sub-
cellular compartments

The promoter regions of  predicted soybean
salt perceptive genes comprised of  1000 bp
upstream of  the translation start site. The
sequences submitted to PlantCARE database
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Table 2. The function of  cis-motifs in the promoter of  salt responsive genes retrieved from PlantCARE

Types of  motif Sequence Function

Hormone responsive element
ABRE ACGTG cis-acting element involved in the abscisic acid responsiveness
TATC-box TATCCCA cis-acting element involved in gibberellins responsiveness
TGA-element AACGAC Auxin responsive element
TCA-element CCATCTTTTT cis-acting element involved in salicylic acid responsiveness
CGTCA-motif CGTCA cis-acting regulatory element involved in the MeJA responsiveness
TGACG-motif TGACG cis-acting regulatory element involved in the MeJA responsiveness
Condition specific element
MBS CAACTG MYB binding site involved in drought-inducibility
TC-rich repeats ATTCTCTAAC cis-acting element involved in defense and stress responsiveness
LTR CCGAAA cis-acting element involved in low-temperature responsiveness
ARE AAACCA cis-acting regulatory element essential for the anaerobic induction
Light responsive element
GT1-motif GGTTAA light responsive element
I-box CCATATCCAAT light responsive element
3-AF1 binding site TAAGAGAGGAA light responsive element
 Sp1 GGGCGG light responsive element
MRE AACCTAA MYB binding site involved in light responsiveness
TCCC-motif TCTCCCT part of  a light responsive element
TCT-motif TCTTAC part of  a light responsive element
LAMP-element CTTTATCA part of  a light responsive element
GATA-motif AAGATAAGATT part of  a light responsive element
chs-CMA2a TCACTTGA part of  a light responsive element
LS7 CAGATTTATTTTTA part of  a light responsive element
chs-CMA1a TTACTTAA part of  a light responsive element
GA-motif ATAGATAA part of  a light responsive element
Gap-box CAAATGAA(A/G)A part of  a light responsive element
AT1-motif AATTATTTTTTATT part of  a light responsive module
AE-box AGAAACAA part of  a module for light response
Box 4 ATTAAT part of  a conserved DNA module involved in light responsiveness
ATC-motif AGTAATCT part of  a conserved DNA module involved in light responsiveness
ATCT-motif AATCTAATCC part of  a conserved DNA module involved in light responsiveness
Plant tissues specific element
CAT-box GCCACT cis-acting regulatory element related to meristem expression
GCN4_motif TGAGTCA cis-regulatory element involved in endosperm expression
Regulation specific element
O2-site GATGACATGG cis-acting regulatory element involved in zein metabolism regulation
RY-element CATGCATG cis-acting regulatory element involved in seed-specific regulation
MSA-like T/C)C(T/C)AACGG (T/C)(T/C)A cis-acting element involved in cell cycle regulation
Promoter and enhancer regions element
CAAT-box CAAAT common cis-acting element in promoter and enhancer regions
Transcription element
TATA-box TATAA core promoter element around 30 of  transcription start

meristem responsive element and endosperm
expression responsive element. However, the
regulation specific element was composed of three
subgroups; zein metabolism responsive element,
seed-specific regulation element and cell cycle
regulation element.

Comprehensive genome-wide analysis of
soybean salt perceptive genes manifested the
abiotic stress particular expression pattern,
analyzed the conserved cis-acting elements in the
promoter region. These genes were localized in
different sub-cellular compartments (Table 1),
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thereby suggested a wider cellular localization and
function. In this paper, 38 salt responsive genes
have been identified and the promoter analysis
showed the presence of conserved CREs regulating
the expression of  the salt perceptive gene in
response to light, abiotic and biotic stresses.

These cis-acting elements responsible for
molecular switches in response to environmental
stress signals due to biotic and abiotic stress on
plants. Light is a most prominent factor which
controls varied life processes such as growth,
development and stress responses in plants. In the
present study, it has been interpreted that all the
upstream sequences of  four salt perceptive genes
have light-responsive cis-elements which could
have some preface in defense mechanism and
control overexpression. Four genes (GmbZIP132,
GmANAC055, GmANAC072 and GmCaM4) were
involved in the light response. The amount of
absorbed light energy by plants is used for
photosynthetic metabolism and the remaining
energy called excess excitation energy have several
major functions such as optimization of  energy
status, minimization of  reactive oxygen species
and as a source of  information about seasonal
changes (Karpinski et al., 2003).

Categorization of cis-motifs in the upstream
regions of salt responsive genes

Cis-motifs in the upstream regions of salt
responsive genes, retrieved from PlantCARE
database were categorized based on their
regulatory function (Fig. 3). The cis-motifs AE-
box, Box 4, I-box and TCT-motif  were found in
the regulatory regions of  GmbZIP132,
GmANAC055, GmANAC072 and GmCaM4 genes
that are associated with the light response. Cis-
motif  ABRE was found in the regulatory regions
of  GmbZIP132, GmCYP707A, GmCLC1, GmOLPa,
GmSBP65, GmZLDE-2, GmNHX3, GmANAC019,
GmANAC055, GmANAC072, GmGSK1,
GmOsiSAP8, GmSnac1, GmASR1, GmNAC2a,
GmSRHP, GmWRKY2, GmSOD, GmDhn1 and
GmASR1 genes that are associated to the abscisic
acid-responsive element. Cis-motif  MBS was
found in the regulatory regions of  GmCYP707A,
GmNHX4, GmHRD, GmSIP, GmANAC055,
GmANAC072, GmASR1 and GmASR1 genes that
are associated to the drought-inducibility
responsive element. Cis-motif  TC-rich repeats was
found in the regulatory regions of  GmAKT1,
GmCLC1, GmFDL19, GmNHX3, GmOsiSAP8,
GmSRHP and GmWRKY19 genes that are

Fig. 3. Categorization of cis-motifs in the predicted salt responsive genes with specific functions
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associated with the defense and stress
responsiveness element.

Cis-motif  LTR was found in the regulatory
regions of  GmNHX2, GmANAC019, GmMYB3R2,
GmSnac1 and GmNAC2 genes that are associated
to the low-temperature responsiveness element.
Cis-motif  TATC-box was found in the regulatory
regions of  GmCaM4, TaHPS and TaWRKY19
genes that are associated to the gibberellins-
responsive element. The CAT-box was found in
the regulatory regions of  GmCLC1, GmFDL19,
GmASR1 and GmASR1 genes that are associated
to the meristem expression responsive element
while, TCA-element was found in the regulatory
regions ofGmbZIP132, GmCaM4, GmOLPa,
GmSBP65, GmNHX5, GmHRD, GmANAC055,
GmANAC072, GmOsiSAP8 and GmSOD genes that
are associated to the salicylic acid responsive
element.

The CAAT-box were found in the regulatory
regions of GmbZIP132, GmCYP707A, GmAKT1,
GmCaM4, GmCLC1, GmOLPa, GmSOS1,
GmSBP65, GmZLDE-2, GmFDL19, GmNHX1,
GmNHX2, GmNHX3, GmNHX4, GmNHX5,
GmNHX6, GmHRD, GmSIP, GmANAC019,
GmANAC055, GmANAC072, GmGSK1,
GmMYB3R2,GmCIPK, GmDREB1, GmOsiSAP8,
GmSnac1, GmHKT1, GmASR1, GmHPS,
GmNAC2a, GmSnRK2.4, GmSRHP, GmWRKY19,
GmWRKY2, GmSOD, GmDhn1 and GmASR1
genes that are associated to the promoter and
enhancer regions element. Cis-motif  TGA was
found in the regulatory regions of  GmAKT1,
GmCaM4, GmHRD, GmANAC019, GmOsiSAP8,
GmSnac1, GmWRKY19 and GmWRKY2 genes that
are associated to the auxin response. The
GCN4_motif  was found in the regulatory regions
of GmbZIP132, GmSOS1, GmSBP65, GmNHX1,
GmNHX2, GmNHX3, GmANAC019 and
GmANAC055, GmANAC072 and GmSnac1 genes
that are associated to the endosperm expression
responsive element.

The O2-site was found in the regulatory regions
of  GmCLC1, GmNHX3, GmANAC055,
GmANAC072, GmCIPK, GmDREB1, GmSnRK2.4
and GmSRHP genes that are associated with the
Zein metabolism responsive element. Cis-motifs
CGTCA and TGACG were found in the

regulatory regions of  GmCYP707A, GmCLC,
GmOLPa, GmSOS1, GmSBP65, GmGSK1,
GmOsiSAP8, GmASR1, GmSRHP, GmSOD and
GmASR1 genes that are associated to the MeJA
responsive element. The cis-motif  ARE was found
in the regulatory regions of  GmCLC1, GmOLPa,
GmZLDE-2, GmNHX1, GmNHX3, GmNHX4,
GmNHX5, GmHRD, GmANAC019, GmANAC055,
GmANAC072, GmCIPK, GmOsiSAP8, GmSnac1,
GmHKT1, GmASR1, GmHPS, GmSnRK2.4,
GmWRKY19, GmWRKY2, GmSOD and GmASR1
genes that are associated with the anaerobic
induction element. Cis-motif  MSA-like was found
in the regulatory regions of  GmWRKY19 genes
that are associated to the cell cycle regulation
element. The RY-element was found in the
regulatory regions of  GmCaM4, GmHKT1, and
GmDhn1 genes that are associated with the seed-
specific regulation element.

In the salt stress response, MBS core sequence
assists in modulation of  MYB motif  and plays a
coupled role in controlling drought and salt stress
induction. MYB protein performs a prime role in
transcriptional inducement of  ABA-inducible
gene under regulation in higher salt
concentrations. The gene GmMYB76 from G. max;
AtMYB2 and AtMYB7 genes from A. thaliana are
popular to manage salt stress (Abe et al., 2003;
Yanhui et al., 2006; Liao et al., 2008). The cis-motif
O2 site encoding bZIP transcription factor imparts
significant role in salt stress regulation in A.
thaliana via ABF3 gene (Choi et al., 2000). Plant
hormone gibberellins are involved in controlling
various aspects of  plant growth, including the
germination of  seeds, stem growth, leaf  growth,
flowering and fruit ripening. GmCaM4, TaHPS and
TaWRKY19 genes are associated to the GAREs
however, abscisic acid, conditioning plant
developmental processes, including seed and
bud dormancy, organ size and stomatal closure
and are very important for plants in response
to environmental stresses like drought, salinity,
cold, freezing, heat and heavy metal ion tolerance.
Our predicted genes include GmbZIP132,
GmCYP707A, GmCLC1, GmOLPa, GmSBP65,
GmZLDE-2, GmNHX3, GmANAC019,
GmANAC055, GmANAC072, GmGSK1,
GmOsiSAP8, GmSnac1, GmASR1, GmNAC2a,
GmSRHP, GmWRKY2, GmSOD, GmDhn1 and
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GmASR1 are associated to the ABAREs. These
also regulate the expression of  many genes that
might function in dehydration tolerance in both
vegetative tissues and seeds with ABA-dependent
/independent gene expression, respectively, in
osmotic and cold stress responses. Drought and
high salinity cause plants to produce high levels
of  ABA (Pandey et al., 2015).

GO (Gene Ontology) assignments

The gene ontology is widely used to standardize
representation of  genes across species and provide
a controlled vocabulary of  terms describing gene
products. In present investigation, 38 salt
responsive genes predicted in soybean for GO
terms based on the Ensembl Plants database have
been assigned. These GO terms were summarized
into the three main categories; i) biological

process; ii) cellular component, and iii) molecular
function; and 62 subcategories (Fig. 4). The
number of  genes in each category and assigned
function could be described as:-

(i) The biological process comprised of  DNA
templates (11 genes) and transcription
regulation (9 genes), and were the most
dominant subcategories. Further, the
biological process subcategorized into cation
transport (6 genes), response to salt stress (5
genes), proton trans-membrane transport (5
genes), and regulation of  pH (5 genes).

(ii) The cellular component comprised of nucleus
(14 genes), integral component of  membrane
(10 genes), plasma membrane (8 genes) and
membrane (8 genes), were the most highly
represented subcategories.

(c) Molecular function

Fig. 4 Distribution of  gene ontology of  salt responsive genes in soybean according to (a) biological process; (b) cellular component
and (c) molecular function retrieved from ‘Ensembl Plants’ database

(a) Biological process (b) Cellular component
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(iii) The molecular function was comprised
mainly DNA binding function (12 genes),
DNA binding transcription factor activity (7
genes), antiporter activity (7 genes),
potassium: proton antiporter activity (5
genes), sodium: proton antiporter activity (5
genes) and solute: proton antiporter activity
(5 genes). These GO annotations represent a
general gene expression profile signature for
salt responsive genes in soybean.

The TGA-element was obtained in the
regulatory regions of  GmAKT1, GmCaM4,
GmHRD, GmANAC019, GmOsiSAP8, GmSnac1,
GmWRKY19 and GmWRKY2 genes connected
with the auxin response. Auxin is very important
for root formation, apical dominance, tropism,
and senescence (Yazaki et al., 2003). The estimated
genes GmbZIP132, GmCaM4, GmOLPa, GmSBP65,
GmNHX5, GmHRD, GmANAC055, GmANAC072,
GmOsiSAP8 and GmSOD are associated to the
salicylic acid response. Role of SA in plant growth
and development is evidenced from the fact that
this hormone regulates processes such as seed
germination, vegetative growth, photosynthesis,
respiration, thermogenesis, flower formation, seed
production, and senescence (Vicente and
Plasencia, 2011). Salicylic acid regulates signal
mediating plant response to abiotic stresses such
as drought (Munné-Bosch and Peñuelas, 2003;
Chini et al., 2004), chilling (Janda et al.,
1999; Kang and Saltveit, 2002) heavy metal
tolerance (Metwally et al., 2003; Yang et al., 2003;
Freeman et al., 2005) heat (Larkindale and Knight,
2002; Larkindale et al., 2005) and osmotic stress
(Borsani et al., 2001). GmCaM4, GmHKT1 and
GmDhn1 genes are found to be associated with
the seed-specific regulation of salt stress response
in soybean. Seed-specific promoters isolated from
genes with restricted or enhanced expression
during seed development are the most often
reported spatiotemporal promoters (Rao et al.,
2014; Tsai, 2003). These promoters have a wide
range of  applications including tissue-specific
targeting of  industrial and pharmaceutical
compounds, and development of  transgenic seeds
with improved nutritional quality and better
functional quality of  soybean and production of
recombinant proteins (Kawakatsu and Takaiwa,
2010).

Conclusions

The present results revealed that the identified
soybean salt perceptive genes perform distinct
functions in plant growth development and
regulation of  gene expression during biotic and
abiotic stress conditions. The data obtained from
this study contribute to a better understanding of
the salt responsive genes in soybean, and provide
the basis for further studies to dissect the
regulatory network and function of  these genes
during plant growth and development as well as
in response to environmental stimuli. It is evident
that the cis-element based gene finding approach
is effective and has high prediction accuracy and
is applicable to different organisms and different
type of  genes. With more information on genes
available in the different database, we expect this
cost-effective and accurate approach to be widely
applied to various targeted gene finding problems
in the future.
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