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1. Background
Soybean is an important crop with several applications 
and is a source of protein and vegetable oil for human 
consumption as well as for the animal food industry. 

Background: Soybean is an important oilseed crop that its development and production are affected by environmental 
stresses (such as saline-alkaline and water deficit).
Objectives: This experiment was performed with the aim of identifying candidate genes in saline-alkaline stress and water-
deficit stress conditions using transcriptome analysis and to investigate the expression of these genes under water deficit 
stress conditions using RTqPCR.
Materials and Methods: In this experiment, soybean transcriptome data under saline-alkaline and water-deficit stress 
were downloaded from the NCBI website, and then the co-expression modules were determined for them and the gene 
network was plotted for each module, and finally, the hub genes were identified. To compare the expression of genes in 
saline-alkaline and water deficit conditions, soybean plants were subjected to water deficit stress and their gene expression 
was determined using RTqPCR.
Results: The filtered (Log FC above +2 and below -2) genes of soybean were grouped under saline-alkaline stress in 15 
modules and under water-deficit stress in 2 different modules. Within each module, the interaction of genes was identified 
using the gene network, then three genes of ann11, cyp450 and zfp selected as hub genes. These hub genes are highly co-
expression with other network genes, which not only display differential expression but also differential co-expression. 
The results of RT-PCR indicated that cyp450 gene expression was not significantly different from the control, while ann11 
gene expression significantly increased under water deficit stress, but zfp gene expression decreased significantly under 
water deficit stress.
Conclusions: We identified three genes, ann11, cyp450 and zfp, as hub genes. According to our results, ann11 gene had a 
significant increase in expression under water deficit stress, which can indicate the importance of this gene under drought 
conditions. Therefore, according to the results of this experiment as well as other researchers, we introduce this gene as a 
key gene in water deficit tolerance and recommend its use in genetic engineering to increase the tolerance of other plants.
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However, the quality and yield of soybean are affected 
by different stresses. Temperature, drought, salinity, 
and heavy metal stress affect the growth and yield 
of plants (1). These stresses are related to each other 
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and may occur in the form of osmotic stress, ion 
distribution defect, and homeostasis in plant cells (2). 
The growth and production of plants are influenced by 
a response generated by a group of genes by changing 
their expression patterns. So, identifying responsive 
genes against abiotic stresses is necessary to understand 
the abiotic stress response mechanisms in crop plants. 
Plants can adapt to these stress conditions by the 
expression regulation of large sets of stress-related 
genes (3). Transcriptome data analysis will shed light 
on the transcriptional regulatory effect of abiotic and 
biotic stresses on gene expression in the cell. Gene 
expression microarray technology is an early developed 
but still utilized in biotechnological researches in which 
the genome-wide transcription information can be 
obtained for existing species with genome sequences 
or transcriptional loci (4). There are various methods 
for the identification of hub genes in transcriptomics 
data, one of which is the use of co-expression modules. 
Since most of the biological pathways involve 
coordinated regulation of dozens-to-hundreds of 
genes, known as co-expressed genes, so identification 
of these co-expressed genes or modules provides 
useful information for the characterization of key 
genes via systems-level approaches (5). Modules can 
be used to identify regulators, functional enrichment, 
and hub genes. These modules often demonstrate 
biological processes and can be a specific phenotype 
(6). Gene co-expression network analysis is one of 
the most powerful computational tools to identify the 
co-expressed gene modules and hub genes that play 
preponderant roles in constructed networks. Gene co-
expression networks can be used for different aims, 
such as candidate gene prioritization, functional gene 
annotation, and identification of regulatory genes. Gene 
sets in the same co-expression modules are likely to be 
in the same functional category, participate in similar 
biological processes, or be part of the same pathway 
(7). Co-expression modules are often large and contain 
a large number of genes, so it is important to identify 
which gene in each module performs the main function. 
A widely used approach is to identify highly connected 
genes in a co-expression network (hub genes). Hubs 
are frequently more relevant to the functionality of 
networks than other nodes (8). 
Many salt-inducible hub genes are also induced by 
drought stress and cold, which suggests the existence of 
similar mechanisms of stress responses (9). These hub 

genes can be used for the production of stress-tolerant 
plants either by genetic engineering or by molecular 
breeding. Several types of research on drought and salt 
stress using microarrays and transcriptome sequencing 
have identified stress-related genes involved in ion 
transport (annexin, zinc-finger proteins), cellular 
membrane integrity (annexin), scavenging of free 
oxygen radicals (cytochrome P450, zinc-finger proteins, 
annexin), and protecting macromolecules (cytochrome 
P450 and annexin) (10). Examination of transcriptome 
data and gene expression pattern in soybean in response 
to abiotic stresses can lead to the identification of genes 
effective in stress resistance in this plant.

This experiment was performed with the aim of 
identifying candidate genes in saline-alkaline stress 
and water-deficit stress conditions using transcriptome 
analysis and to investigate the expression of these genes 
under water deficit stress conditions using RTqPCR.
Identification of these genes helps us to improve and 
strengthen soybean plants under stress condition.

3. Material and Methods

3.1. Designation of Candidate Genes
Transcriptome profiles of wild soybean (Glycine soja) 
under NaHCO3 treatment (Three week old Glycine soja 
seedling roots from 3 cm root apex were harvested in 
two independent biological replicates after 0, 0.5, 1, 
3, 6, 12 and 24h treatment with 50mmol/L NaHCO3 
stress for RNA extraction and hybridization on 
Affymetrix microarrays.) and water deficits treatment 
(The expression of soybean genes in different root 
regions after 5 and 48 hours water stress treatment, 
and three biological replicates for each sample, using 
the Affymetrix Soybean GeneChip were examined.) 
were obtained from GEO DataSets, accession number 
GSE17883 (11) and GSE102749, respectively. The data 
with a P-value ≤ 0.01 were analyzed by the GEO2R 
program and the expression of treated genes compared 
to control genes was calculated and specified by logFC. 
Next, the files of all treatments were merged by R 
software to keep the genes common in all treatments. 
Then, the probes with logFC above +2 and below -2 
were selected and saved. Gene names were determined 
by DAVID 6.8 program. The functional category of 

2. Objectives
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genes was performed by ShinyGO v0.61 program (12). 
Gene groups’ participation was determined by Venny 
2.1 website (13). In the next step, data analysis was done 
using R, GeneNet package (14). First, co-expression 
gene modules were determined for all genes, within 
each module were placed genes with similar gene 
expression. Second, the co-expression diagrams and 
gene networks were plotted for each module. Finally, 
the networks were compared, and the genes with the 
high replication and interaction were selected.

3.2. Plant Material and Stress Treatment
Soybean seeds (Glycine max, cultivar Talar) were 
prepared from the Seed and Plant Improvement 
Institute, Karaj, Iran. The pot experiment was performed 
with two treatments (water deficit stress and control) 
and three replications. The soil composition of pots 
consisted of 1/3 clay, 1/3 sand, and 1/3 leaf composts. 
Three seeds were sown in pots (20 cm in diameter) at 
a depth of 3cm and then irrigated every two days. All 
pots were maintained at 25 °C with a photoperiod of 
16 h and humidity of 50% (Fig. 1). After plant growth 
and establishment, water deficit was used to the stress 
treatment plants, in which the plants were placed under 
water deficit stress (no water) for 2 days, while the 
control treatment was irrigated as before (15). Then, 
the plants were separated from the soil surface and 
wrapped in sterile foil and placed in the -80 °C freezer.

Figure 1. Overview of soybean pots in the greenhouse under controlled conditions

3.3. Gene Expression Analysis
Hub genes were selected and their nucleotide sequences 
were received from the PLEXdb database and then 
BLAST was done at the NCBI website. Sequences 
that were highly similar were then selected to align 
with T-Coffee software. Primer design was performed 
from conserved regions (near the end of polyadenine). 
The PCR product (amplicon) length was between 200 
to 250 bp. Homodimer, heterodimer, stem-loop, % 
GC, and Tm temperature of primers were calculated 
using Vector NTI (16) and Oligo7 software (17). The 
primer sequences of candidate and HKG genes along 
with their other characteristics are shown in Table 1. 
Total RNA was isolated from fresh roots using a total 
RNA kit (RB1001, RNA, Iran), and DNase I enzyme 
(RB125A, RNA, Iran) was used to remove genomic 
DNA contamination. Then, the first-strand cDNA 
was synthesized (RB125A, RNA, Iran) based on the 
manufacturer’s instructions. qPCR with primers was 
performed to evaluate the performance and specificity 
as well as the setting of the primers. qPCR amplification 
was done with an Applied Biosystems™ StepOne™ 
qPCR System (Applied Biosystems, CA, USA) using 
SYBR® Green qPCR Master Mix (RB120, RNA, Iran). 
PCR reactions were provided in a final volume of 20 μL 
containing 1 μL of synthesized cDNA, 10 μL 2×SYBR, 
2μL of each forward and reverce primers, and 7 μL 
distilled water. The reactions included a primary step 

Ghanbari Moheb Seraj R et al.



113Iran. J. Biotechnol. October 2022;20(4): e3124

of 95 °C for 5 min, then 45 cycles at 95 °C (1 min) for 
denaturation, and 55 °C (1 min) for primer annealing 
(for all genes).  Subsequently, the melting curves was 
plotted from range 55 °C to 95 °C in each reaction to 
check the specificity of the amplicons. Three biological 
replicates of samples (fresh roots) were employed for 
the  RT-qPCR analysis, and three technical replicates 
were investigated for each biological replicate. 2-△△Ct 
method was used for calculation of threshold cycle 
(Ct). Efficiency and Ct values were computed using the 
LinRegPCR quantitative PCR data analysis program 
(18), and relative expression values were analysed by 
REST method (19).

3.4. Statistical Analysis
Statistical analysis for logFC data of qPCR was done 
by R version 3.5.3 (14) and RStudio version 1.1.463 
(20) softwares. Analysis of variance of the obtained 
data was performed in a completely randomized design. 
The mean comparison was done using the Duncan 
test method by R software and agricolae package at a 
significance level of 5%.

4. Results 

4.1. Bioinformatics Analysis and Identification of 
Candidate Genes

4.1.1. Dataset of GSE17883 Under NaHCO3 Treatment
The number of probes received from the GEO was 
61170, which after filtering, their number was reduced 
to 321. These filtered genes (Differential Expression 
Genes (DEGs)) were investigated by ontological 

Gene accession number Primer Name Primer Sequence Primer 
Length(bp)

Annealing 
temperature 

(°C)

Amplicon 
size

Primer 
efficiency

AFFX-r2-Bs-dap-3_at ann11-F (5’3’) AGAAATCGCTTACTCGTGTCG 21 56 ~350bp 2.03

ann11-R (3’5’) GCAAGAAATCCTTGTAGCTC 20

GmaAffx.93133.1.S1_s_at cyp450-F (5’3’) CTGTCTTCAGATGGATCAAG 20 56 ~230bp 2.10

cyp450-R (3’5’) GAGCATGAGTATAGGTTGGAG 21

Gma.17986.2.A1_at zfp-F (5’3’) TGCCTCACAAACTACAGC 18 54 ~250bp 1.86

zfp-R (3’5’) GGACGCCTCATTGTTGGT 18

AH001749.2 18SrRNA-F(5’3’) ATGATAACTCGACGGATCGC 20 57 ~170bp 1.98

18SrRNA-R(3’5’) CTTGGATGTGGTAGCCGTTT 20

Table1. Primer sequences of candidate and housekeeping genes.

analysis and were classified based on function. The 
circular diagram of function classification indicated that 
these filtered genes are involved in various biological 
processes, such as response to stress, regulation 
of the metabolic process, cellular response to the 
stimulus, response to chemical, signaling, localization, 
developmental process, and reproduction. According 
to Figure 2A, a higher percentage of genes (69.28%) 
are devoted to the abiotic stress response. The plant 
response to environmental stress includes many genes 
and mechanisms, such as biochemical and molecular 
responses. 
The results of the venny diagram also showed that out 
of 61170 genes received from NCBI, 321 genes had 
over-expression. Among the over-expressed genes, 19 
genes were involved in response to stress and among 
the responsive genes, 3 hub genes were selected (Fig. 
3A). 

4.2. Dataset of GSE102749 Under Water Deficits 
Treatment
The number of 61169 probes were received from the 
GEO dataset and 7683 probes remained after filtering. 
Functional classification showed that the highest 
percentage of filtered genes (15%) were involved in 
stress response (Fig. 2B). In addition, 13% are involved 
in the organization of cellular components, 11% in the 
establishment of localization, 10% in the regulation 
of biological processes, 8% in the cellular response 
to stimuli, and the rest of the genes in other pathways 
listed in the pie chart (Fig. 2B). According to the results 
of Venny diagram, out of 61169 probes received from 
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Figure 2. Ontological analysis of genes with differential expression in soybean, A) under NaHCO3 treatment, B) 
under water deficits treatment

A) B)

Figure 3. Venny diagram of several steps of soybean hub genes selection, A) under NaHCO3 treatment, B) under 
water deficits treatment.

A) B)
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the GEO, 7683 genes had differential expression. Of 
these, 818 were involved in stress response and 3 of 
these stress-responsive genes were selected as hub 
genes and examined (Fig. 3B).

4.3. Identification Co-Expression Modules Under both 
NaHCO3 and Water Deficit Treatments
The stress-responsive genes were grouped into 
different gene modules so that each module contained 
highly correlated genes. Pearson method and 
correlation coefficient of 0.01 were used to determine 
the correlation of genes. The mean of correlation in the 
genes inside each module under NaHCO3 treatment 
is 98% and under water deficit treatment is 100%. 
Differential co-expression analysis can be used to 
recognize modules that behave differently under 
different conditions. 
Generally, in NaHCO3 treatment, the filtered genes were 
divided into 15 modules, of which 11 modules interacted 
with each other. Next, the co-expression diagram was 
plotted for the genes within these modules. As shown 
in Supplementary. 1A, the genes within each module 
showed similar expression under different treatments, 
but the pattern of gene expression was different in the 
several modules. In modules 1, 41, 53, 78, 241, 261, 304, 
309, 327, 341, 376, and 381, approximately 3 h after 
saline-alkaline stress, gene expression was increased 
and then decreased drastically, but in gene modules 19 
and 107, gene expression was strongly decreased in the 
early hours of stress but increased significantly at 24 
hours after stress. Next, the gene name and expression 
of genes within each module were recorded in different 
treatments in Supplementary 2, in which the up-regulate 
and down-regulated genes are shown in green and red 
color, respectively. As is clear, the expression results of 
the genes in Supplementary 2 are in accordance with 
the results of the co-expression diagram (Fig. 3B) in 
related modules. 
In water-deficit treatment, the filtered genes were placed 
in two modules that did not interact with each other. The 
co-expression diagram of these two modules showed 
that in module 1 the genes expression slightly decreased 
and in module 2 slightly increased (Supplementary. 
1B). Next, the expression of genes within each module 
in different treatments was recorded in Supplementary 
3. Up-regulated genes are green and down-regulated 
genes are red color. The results of Supplementary 3 
correspond to the results of the co-expression diagram.

4.4. Co-Expression Gene Networks Analysis for Soybean 
Under both NaHCO3 and Water Deficit Treatments
The gene network was plotted for the genes within 
each module (Fig. 4). The interaction between the 
genes was determined by two-way arrows and the 
non-interaction genes were deleted. Three genes were 
selected as candidate genes, including cytochrome 
P450 (cyp450: GmaAffx.93133.1.S1_s_at), zinc 
finger proteins (zfp: Gma.17986.2.A1_at), and 
annexin 11 (ann11: AFFX-r2-Bs-dap-3_at), which 
are represented by red, green, and orange colors, 
respectively. As can be seen in Supplementary 2 and 
3, these three genes are visible with the mentioned 
colors and their number, full name of the gene and 
their exact identifier are also known. As the functional 
classification results have shown, these three genes 
are involved in abiotic stress tolerance. In the next 
step, the expression of three hub genes was examined 
under water deficit stress conditions.  

4.5. Gene Expression Analysis
Gene expression analysis using qPCR showed that 
cyp450 gene expression under water deficit was not 
significantly different from control (LogFC=0.63). 
As shown in Supplementary 2, the expression 
of cyp450 gene under conditions of water deficit 
decreased and is not consistent with the results of our 
experiment. According to Supplementary 3, cyp450 
gene expression increased significantly 6 hours after 
stress, and then showed a significant decrease 12 
to 24 hours after stress. Unlike  the cyp450 gene, in 
our experiment the expression of the  zfp gene was 
reduced  (LogFC=0.0004). The expression of this gene 
was increased under water deficit treatment, but under 
NaHCO3 treatment, zfp gene expression decreased 
up to 12h after stress and then increased. The ann11 
gene had an increase in expression in our experiment 
(LogFC=3.62). In the NaHCO3 treatment, ann11 gene 
expression increased 3h after stress and then decreased, 
but in the water deficit treatment, no significant difference 
was observed in the expression of ann11 gene (Fig. 5).

5. Discussion
Soybean production is greatly influenced by abiotic 
stresses imposed by environmental factors such as 
drought, salt, and alkaline. In general, in this study, 
dataset GSE17883 under saline-alkaline treatment and 
dataset GSE102749 under treatment were examined. 
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B)

1 2

Figure 5.  Expression ratio of three hub genes in soybean to the reference gene under drought stress.

Among the differential expression genes, three genes 
cyp450, zfp and ann11 were selected as hub genes and 
their expression in soybean was studied under water 
deficit. The expression of these genes in soybean and 
other plants is widely studied. An ancient enzymatic 
system, is a diverse gene superfamily with extensive 
distribution in plants and animals (21). CYPs, as 
versatile catalysts, have vital roles in higher plants, 
in terms of compounds and metabolites biosynthesis, 
such as phytohormones, antioxidants, signal molecules, 
and structural polymers (22). The cytochrome P450 
(cyp450) superfamily plays an important role in the 
plant’s growth and development and plants protect 
from stresses through multiple biosynthetic and 
detoxification pathways (23).

In soybean, the cyp450 gene family is including of 
322 genes and 378 pseudogenes that their biological 
functions mostly have not been determined (24). 
Analysis of microarray data under NaHCO3 treatment 
(GSE17883) showed that CYP450 gene expression 
increased up to 6 hours after saline-alkaline induction 
and then decreased sharply but the results of experiment 
GSE102749 showed that the expression of cyp450 gene 
decreased under water-deficit stress. Our experimental 
results indicated that the expression of this gene under 
water deficit stress did not change significantly. Due to 
the high number of genes in the cyp450 family, the genes 
examined in our experiment may be different from the 
genes in experiments GSE17883 and GSE102749, 
which will subsequently have different expressions.

Ghanbari Moheb Seraj R et al.

Figure 4. Gene networks of the module’s genes. The numbers of each network is related to module group 
number. A) NaHCO3 treatment,  B) Water defi cit treatment. 
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Cytochrome P450 families in different plant species 
play an important role in increasing drought and salt 
tolerance (25). The plants have a relatively large 
number of cyp450 genes and their extension in plants 
has created the largest family of enzymes in plant 
metabolism (26). According to supplementary 2 and 3, 
our results also indicated a high abundance of this gene 
and regulation of its expression under stress conditions. 
Wang et al (2016) reported that ptcyp714a3, a member 
of the cytochrome P450 gene family, is involved in salt 
resistance in rice (27). Li and Wei (2020) showed that 
under dehydration, 82 and 39 genes of cyp450 family 
were identified in wheat and corn, respectively, which 
had significant expression (28). These genes may play a 
role in protecting plants from drought damage. In total, 
1415 cytochrome gene sequences have been identified 
in plants of Populus trichocarpa, Carica papaya, 
Arabidopsis thaliana, Oryza sativa, Physcomitrella 
patens and Vitis vinifera (29). The expansion of this 
gene family in land plants has led to the production 
of the largest family of enzymes in plant metabolism 
(30). Numerous experiments have shown that cyp450 
plays an important role in plant adaptation to various 
abiotic stresses. In transgenic Arabidopsis plants, 
overexpression of cyp709b3 genes increased salinity 
stress tolerance (31). In addition, overexpression of 
pgcyp736b gene increases salinity stress tolerance by 
reducing H2O2 accumulation, increasing carotenoid 
levels and expression of abscisic acid biosynthesis gene 
(25).
ZFP play essential roles in various organisms and their 
expression responses to different abiotic stresses (32). 
ZFPs are involved in ROS scavenging resulting from 
environmental stress and they adjusted the expression 
of stress-activated genes in plants via ROS signaling 
to resist salt, drought, or oxidative stress (33). In silico 
analysis in GSE17883 showed that zfp expression 
decreased up to 12 hours after induction of saline-alkaline 
stress but after 24 hours, zfp expression increased. Also, 
zfp expression in GSE102749 dataset under water-
deficit treatment was increased. Our results indicated 
that, in water deficit conditions, gene expression was 
decreased after two days. Recent studies have shown 
that zinc finger proteins play important roles in plant 
development and also, plant tolerance to harmful stress 
(34). So far, many zfp genes have been cloned and 
studied in model plants such as Arabidopsis, wheat, 
soybeans and rice (33). These genes encode proteins 

that play a major role in growth and stress tolerance 
(35). Zinc finger proteins also improve salinity tolerance 
by increasing the concentration of osmotic regulators. 
zfp252 and zfp179 improve salinity tolerance in rice by 
increasing the content of free proline and soluble sugars, 
as well as by up-regulating various genes involved 
in the biosynthesis of osmotic substances, including 
osdreb2a, osp5cs, osprot, and oslea3 (36). Zinc finger 
proteins increase the plant’s drought resistance by 
increasing the level of osmotic regulators. Rice plants 
that overexpress zfp252 have higher survival rates than 
wild-type and antisense-zfp252 plants under drought 
stress (36). Excessive expression of osmsr15 and zfp3 
in transgenic Arabidopsis plants increases drought 
tolerance by maintaining higher proline content, 
reducing electrolyte leakage, and increasing stress-
responsive gene expression (37). These proteins also 
improve drought resistance by increasing the capacity 
to scavenge ROS. zfp245 improves drought resistance 
in rice by increasing the activity of ROS scavenging 
enzymes, including sod and pod, and by increasing 
resistance to H2O2 (38).
ann11 are a multigene, multifunctional family of Ca2+-
dependent membrane-binding proteins found in both 
animal and plant cells, where they serve as important 
components of Ca2+ signaling pathways (39). They play 
a role in the organization of membrane protein networks 
and interaction with signaling pathway components 
and so they are linked to a wide range of cellular and 
developmental processes (40). Transcriptome analysis 
demonstrated that, under saline-alkaline stress, up to 
3 hours after stress induction, the expression of ann11 
gene increased and then decreased, whereas, under 
water deficit treatment, no significant difference was 
observed in ann11 expression. On the other hand, in 
our experimental conditions, the expression of this 
gene under drought stress was increased significantly 
compared to control. The role of annexins in abiotic 
stress tolerance has been extensively analyzed and 
multiple transgenic studies have indicated a positive 
impact of the expression of annexin genes on plant 
stress tolerance (41). Ijaz et al. (2017) reported 
that tomato plants with high annsp2 expression 
increase drought tolerance and salinity. Transgenic 
tobacco plants that express the annbj1 gene have a 
higher tolerance to abiotic stresses (42). Excessive 
expression of ghann1 in cotton causes the plant to be 
more tolerant of environmental stresses (43). Aleem 

Ghanbari Moheb Seraj R et al.



119Iran. J. Biotechnol. October 2022;20(4): e3124

et al. (2020) examined stress tolerance genes in wild 
soybean using RNA-seq method. Their results showed 
that many genes related to Ca2+ signaling in plants such 
as annexin had higher expression in drought tolerant 
genotypes than sensitive genotypes (44). Numerous 
experiments have shown the role of ann genes in the 
function of plant hormones such as abscisic acid, 
gibberellic acid, jasmonic acid and salicylic acid (43). 
ABA regulates ann expression in a wide range of plant 
species (45). Drought and salinity stress significantly 
increases the level of abscisic acid, which in turn 
causes the expression of many genes involved in 
stress (46). Researchers’ reports indicate that gsrlck, 
gmgras37 and gsgst expression was induced by ABA, 
salt and drought stresses (47). According to Sun et 
al. (2013), overexpression of gsrlck reduces ABA 
sensitivity and alters the expression levels of ABA-
responsive genes. Gene expression is one of the 
sensitive analyses that may be different in two plants 
under the same conditions. These changes may be 
due to environmental conditions including humidity, 
light, soil type, etc. In some conditions, high stress 
may be applied to the plant and in some conditions, 
low stress. In addition to environmental conditions, 
gene expression levels correlate with multiple aspects 
of gene sequence and structure including synonymous 
codon usage (48).
Most of the analysis of this study was performed using 
the R program. R, a free software environment, is a 
unified set of software facilities for data manipulation, 
calculation, and visualization. Therefore, data analysis 
with this method is free, fast, and accurate, besides, it 
provides many options for subsequent analysis. 

6. Conclusion
In this study, we used the co-expression analysis 
method to recognize stress-responsive genes. Gene co-
expression network analysis separated DEG sets into 
numerous modules that display high co-expression 
and determined stress-related hub genes with a high 
connection. Our hub genes in this experiment are ann11, 
cyp450, and zfp genes. Our results and other researchers 
showed that these three genes play a key role in 
abiotic stress tolerance. In this study, we compared the 
expression of these genes in saline-alkaline and drought 
conditions. In general, the results showed that the gene 
expression of cyp450 gene did not differ significantly 
from control, while ann11 gene increased under 

water deficit stress, but zfp gene expression decreased 
significantly under water deficit stress.
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