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Genome-Wide Analysis and Expression Profiling of CalS Genes in Glycine max

Revealed their Role in Development and Salt Stress

Abstract

Abiotic Steess affects plants' growth and development. Soybean is an important crop

of the world, however, its production is affected by abiotichﬁssesIﬁlloseﬁ‘ynthase\

is the most crucial enzyme response to environmental and developmental signals.
However, in soybean, information on the callose Yyathase Zenes is limited. In this
study, we analyzed the calloseﬁtuthaseéene family of soybean at the genome-wide
scale. We also studied the genes| positions, gene structure, evolutionary relations,
miRNA: et sites, and expression of CalS genes. Resultantly 24 CalS genes were
found in soybean, with diverse chromosomal locations, cis-acting elements, conserved
motifs, and gene structures. Further, GmCa!Sﬁenes were divided into four
phylogenetic classes. The evolutionary classification of CalSs Was supported by the
motif and gene structure analyses. Phytohormones, abiotic Ssesses, and growth-

responsive elements were identified in the promoter of GmCalSs>¥a_addition, the

GmCa!Sk@mes higher expression in roots, leaves, flowers, and nodules m';|\

provided their significance in development. Furthermore, the higher expression of
GmCalS17 and GmCalS19 genes in response to salt stress indicated their importance
against salt stress. These findings will be helpful for further investigation of the CalS

genes in other crops.
Keywords. Callose Syaithase: Bxpression; Growth; Regulation; qRT-PCR; Salt.

Introduction

Callose is generally found in pollen tubes, grains, cell walls, and root hairs and is
essential for transporting intercellular water, cell differentiation, and development
(Chen and Kim, 2009; Nedukha, 2015). However, it is present in phloem sieve plates
and at cell plasmodesmata, where it can regulate the passage of molecules from one
cell to another (Ellinger and Voigt, 2014). Callnse\Sjmthase\Ts\the most crucial
enzyme in callose\b-iosynthesis, with numerous transmembrane\Segments and a
hydrophilic center loop. Furthermore, it responds to environmental and developmental

signals (Granato et al., 2019). Callose is produced in many distinct places inside the
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plants and functions as a phloem transport regulator, significantly influencing plants'
development and response to stress (Granato et al., 2019). Pollen formation, cold
stimulation, mechanical injury, fungal and bacterial infection, and insect infestation
alter the CalSs expression (Feng et al., 2021).

The CalSs Are. essential regulators in thf:| plant vegetative growth. Barratt et al. (2011)
examined in Arabidopsis growth retardation was due to ArCalS9, AtCalS10, and
AtCalS12 genes loss (Barratt et al., 2011). In addition, during the plant's vegetative
growth, the AtCalS7 mutant was responsible for the dwarf phenotype in A. thaliana
(Barratt et al., 2011). However, callose lining loss limits the efficiency of phloem
transport and stops the process of transportation assimilating, leading to the
development and growth retardation (Barratt et al., 2011). Shi et al. (2015)
investigated that ArCalS5 maintained normal callose formation during development of
pollen (Shi et al., 2015). Slewinski et al. (2012) reported that mutation in Tie-dyed?2
(ZmCalS) gene was responsible for yellow leaves in maize (Slewinski et al., 2012). It
was discovered that CalS/2 was responsible for synthesizing callose at pathogen
attack sites (Liu et al., 2018). In addition, Hyaloperonospora arabidopsis and salicylic
acid (SA) induce ArCalS1, AiCalS5, AtCalS9, AtCalS10, and ArCalS12 expression
(Dong et al., 2008). In Citrus limon CICalS1 gene silencing causes more susceptibility
to Xanthomonas citri (Enrique et al., 2011). Meanwhile, CalSs are, regulated in| several
signaling pathways. However, hormones and transcription factors participate in
different biological regulatory mechanisms. For example, ABA treatment boosts the
rice callose synthase activity, and plants resist brown planthopper (BPH) by
enhancing callose deposition (Liu et al., 2017). Feng et al. (2021) found CalSs
important role against drought, salt, heat, and, cold stress in cotton (Feng et al.,
2021).

The finding of the CalS gene family in many plants revealed their significance in
development and response to environmental stress. To date, 15 CalS genes have been
identified in Brassica rapa ,7 in Hordeum vulgare, 12 in Zea mays, 8 in Vitis vinifera,
32 in Brassica napus, 12 in Citrus sinensis, and 12 in Arabidopsis thaliana (Feng et
al., 2021). However, cad’(ose?ymhaxeéenes have not been well studied in soybean.
Soybeans (Glycine max) are important because of their economic and nutritional
worth. This oil and protein-rich plant contains essential amino acids for humans and
other animals. Salt and other environmental stresses pose a danger to soybean

production all over the world. Thus, soybean research is crucial for enhancing food
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security and increasing crop yields. This work investigated chromosomal location,
cis-acting elements, conserved motifs, gene structure, and miRNA perdition. In
addition, CalS genes expresst served in several tissues. Understanding how
th GmCa!SEB-nﬁ:s respond to salt stress is a foundation for investigating other CalS
genes in salt-affected crops.

Materials and Methods

Identification of CalS Genes

Soybean (Glycine max Wm82.a2.vl) CalS genes were found using BLASTP 2ad
HMM approaches. Soybean genome sequences were obtained from the Soybean
Genome Database (Schmutz et al., 2010). However, AtCalS dmijno acids were utilized
as a query in a BLASTP Search. The amino acid sequences ot AtCalSs were obtained
from TAIR (http://www.arabidopsis.org/) (Lamesch et al., 2012). Moreover, the
HMMER 3.13 program (El-Gebali et al., 2019) was also used to search CalS genes.
The HMM file for the CalS domain (PF02364) was obtained from the Pfam database.
A total of 24 GmCalSs were identified in the soybean genome after screening the
presence of the PF02364 domain in sequences. Data for the M. rrmuum(u}&uomc
was downloaded from the Phytozome ™, JGI 120 dataset
(http://phytozome.jgi.doe.gov/pz/portal .html).

Physicochemical Characteristics and Subcellular Localization

We predicted the physicochemical characteristics of the GmCalS protein using the

ProtParam program (https://web.expasy.org/protparam/) (Gasteiger et al., 2005).

CELLO (http://cello life.nctu.edu.tw/) version 2.5 was used to estimate the subcellular ™

localization of GmCalS Prateins. Using the TBtools Pragram, the figure of the exons-
introns configarar CalSs Wwas created. The MEME website was used to
identify thel conserved motifs of GrnCalS?equences. The TBtools\pmgram was used
to construct the motifs{distribution.

Genes Location and Phylogenetic Analysis

The soybean genome generic feature format (GFF) file was used to determine the
chromosomal position of the GmCalSs, ~Fhe genes| chromosomal locations were

determined with the use of TBTools.~&o better understand the evolutionary

relationships among CalSs . a~phylogenetic tree was built using ArCalSs, MdCalSs,™

and GmCalSs Trem the three different plant species. Multiple sequence alignment was

carried out using the MEGAX program (Kumar et al., 2018). In this analysis, the
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neighbor-joining (NJ) method was employed to build a phylogenetic tree with 1,000
bootstraps.

Syntenyhalysis and Ka/Ks Ratios

Circoletto Feol (tools. bat. infspire.org/circoletto/) was used for th s;-’nteny.?l,mlysisi
Additionally, the ratios of Ka/Ks were calculated with the help of thc| KaKs 2.0
Calculator (which may be found at https://sourceforge.net/projects/kakscalculator2/).
We computed the estimated divergence time for the duplicated gene pairs using the
formula t = Ks/2r' and r= 6.161029 x 10%) (Lynch and Conery, 2000).

Prediction of Cis-Regulatory Elements

The 2 kb sequences upstream of the start codons in the soybean genome were used to
determine the cis-regulatory elements in th (;'m(fa!S}snes pr 4-PlantCARE
website (Lescot, 2002) was used to analyze the promoter sequences of all GmCalS
genes, and TBtools software was used to generate the figure.

Prediction|of miRNAs ™

To predict miRNAs\ta;get sites, the complementary DNA sequences (CDS) of all
GmCalSs ™~ were submitted to the psRN ATargf:t\ website
(https://www zhaolab.org/psRNATarget/analysis?function=2) (Dai et al ., 2018).
Expression Profiling of GmCalS Genes

A publicly accessible database was used for th GmCaz’Ssﬁprcssion analysis in
different tissues. The transcriptome (tata of tissue expression was obtained from the
NCBI SRA website with accession number SRA012188.1. The expression data in the
roots, nodules, leaves, and flowers are present in Supplementary Table S6. Thel
fragments per kilobase “million (FPKM) were used to compute the transcript
abundance. We used the TBtools Software to generate an expression heat map.
gRT-PCR Analysis

The gene expression analysis was performed on Williamg 82 variety of soybean.
These seeds were germinated in a mixture of vermiculite and humus in pots for 15
days. Further, NaCl (250 mM) was applied to soybean plants for 0 hours, 1 hour, 2
hours, 4 hours, 8 hours, and 12 hours. Leaves after the treatment were put in liquid
nitrogen at -80 °C for future research. Total RNA was extracted from leaves using
Trizol reagent following the manufacturer's instructions (TIANGEN, Beijing, China).
Thel PrimeScriptm.\R\T Reagent Kit (TaKaRa, Shiga, Japan) was utilized for the
cDNA synthesis using 3|,ug RNA. In order to make the primers, we used Primer
Premier 5. The Actin gene (NC_016089) was used as an| internal control.




135  Supplementary Table S1 lists the primers used in this research, and qRT-PCR analysis

136 was performed in three biological replicates.
137 Results

138 Identification and Characterization of GmCalSs ™~

139 To identify genes belonging to the CalS family in soybean, BLASTP 3nd HMM
140  approaches were performed. Twelve AtCalS}T«oteins were used as queries for the
141 BLASTP 3earch. Consequently, 24 GmCalS Zsnes containing the CalS domain with
142 Pfam ID PF02364 were found. These genes were referred to as GmCalS1-GmCalS24.
143 Table 1 provides information on all 24 GmCa!S\gsncs. GmCa!S\gEncs varied in

144 length as the number of amino acids was from 813 (GmCalS23) to 1965 (GmCalS19).
145  The number of exons was from one (GmCalS5 and GmCalS17) to fifty-one
146  (GmCalS12 and GmCalS24) (Table 1). The highest number of introns (50) was found
147 in two genes (GmCalS12 and GmCalS24), while introns were absent from two genes
148  (GmCalS5 and GmCalS17) (Table 1). The 24 GmCalS\p'thf:ins were predicted with
149 molecular weights ranging from 92.76 kDa (GmCalS23) to 227.93 kDa (GmCalS22),
150  and their isoelectric\pﬂints ranged from 7.99 (GmCalS22) to 9.6 (GmCalS13). Based
151 on the in silico Swhcellular Tosalization findings, nine GmCalS?ereins were found on
152 the chloroplast, and 15 GmCal$ Were present in the nucleus (Table 1).

153 CalS Genes Phylogenetic Relationships

154 Here, we construct a phylogenetic tree to understand the evolutionary links between
155 the ArCalS. MyCalS ad Gm(_‘ah’s'éenes. A. thaliana toatains 12 CalS genes and M.
156 truncatulahas 15 CalS genes (Supplementary Table S2). The M. truncatula, A,
157 thaliana,»ad G. max CalS protein sequences were aligned to generate an unrooted
158 phylogenetic tree. The| 51 (_‘m’S.\Ebues from the three plant species were divided into
159 four groups (Figure 1). The 19 CalSsGroup A were as follows: 7 from A. thaliana, ™
160 5 from M. n'mu‘arm‘aﬁkfrom G. max. Group B included 7 G. max Ca!S,v,\dr\M.
161 rr'u;zc‘arulaMSs,\l\A. thaliana ClS. However, 1 CalSs Was found in A. rhaz’iana,\}m
162 M. rmmuml&,\md 5 in G. max in Group C. Furthermore, 3 CalSs Wwere found in A.
163 thaliana, 3~in M. truncatula,@sd 5 in G. max in Group D. CalSs Tnthe same group
164 may perform similar functions. Significantly, GmCalS\genes showed consistent
165 distribution across all groups. Group A and B had the highest number of GmCalSs [F,
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followed by C and D (5). It was also discovered that the GmCalSs have the strongest
evolutionary ties to thel M. rruncarula 3pecies.

Gene Structures and Conserved Moftifs Analysis

To understand the evolution of the soybean CalSs e examined the GmCalSs &xon-
intron structures. According to the findings, introns were between 0 and 50 and exons
from 1 and 51. Overall, there are two genes with a single exon and no intron; three
genes with two exons and a single intron; one gene with thirteen fourteen exons; one
gene with seventeen introns and eighteen exons; two genes with forty-one exons and
forty introns; eleven genes with forty-two exons and forty-one introns; and one gene
with forty-five exons and forty-four introns; one gene with fifty exons and forty-nine
introns; one gene with fifty-one exons and fifty introns (Figure 2B). In addition,
GmCalS ene members of the same Class had remarkably similar gene structures,
consistent with the phylogenetic groups to which they belonged. In addition, the
protein sequences were also analyzed to determine the] motifs. The CalS genes have a
conserved motif ranging from 4 to 10. Ten conserved motifs were found in this
research, and information on these motifs can be found in Supplementary Table S3.
Similar patterns of motif distribution were also seen within the group. Motifs 1,2, 3, 4,
5. 8, and 9 were found in the GmCalS6 gene, whereas motifs 4, 8, 6, and 9 were
found in the GmCalS23 gene. Furthermore, motifs 4,5,6, 8,9, and 10 were observed
in gene GmCalSI3 while gene GmCalS5 had 1, 2, 3,4, 5, 8, and 9 (Figure 2A).
However, the GmCalS14 gene contains 1,2,3,4,5,6,8,9, and 10 motifs. It was also
shown that all ten motifs were found in GmCalS!, GmCalS2, GmCalS3, GmCal$4,
GmCalS5, GmCalS7, GmCalS8, GmCalS9, GmCalS10, GmCalS11, GmCalSi2,
GmCalS15, GmCalS16 GmCalS17, GmCalS18, GmCalS19, GmCalS20, GmCalS21,
GmCalS§22, GmCal524 genes.

Chromosomal Locations and Synteny)‘llalysis

We determined the chromosomal position of 24 GmCaz’Sxéenes and found that only
ten chromosomes contained GmCaleéanes. Most chromosomes (Chr05, Chrl0, and
Chrl12) contained just a single gene, but Chr04 had two genes. Further, Chr06, Chrl3,
Chr15, and Chr18 each had three, and ChrO8 had five genes (Figure 3). In our results,
chromosomes Chr01, Chr02, Chr03, Chr07, Chr09, Chrl1, Chrl4, Chrl6, Chrl7, and
Chr19 were found without any GmCa(SEene. A study of the synteny}'nong G. max,

A. thaliana, and M. truncatula tevealed a connection with the expression of genes and
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their evolution, functions, duplications, and triplications\.\l&was discovered that the
sequences of numerous Cals genes found in M. rruncatula Showed synteny with the
CalS genes found in soybean. In addition, there were synteny\[hiks between the CalS
genes of soybean and A. rha!farza?’ﬁgure 4).

Ka/Ks Calculation

In order to calculate the molecular evolution rate, Ka/Ks for each duplicated gene pair
estimated. When the Ka/Ks ratio was more than 1, it was considered that purifying
selection was occurring among the duplicated genes; when it was less than 1, it was
supposed that neutral selection was occurring; and when it was equal to 1, it was
assumed that positive selection was occurring (Zaynab et al., 2021). Our results show
that purifying selection was applied to most GmCalS duplicated genes during
duplication. If the K{ values of GmCm’S@n&:s are higher than 0.52, the deviation time
may be more than 100 million years ago (MY A). More intriguingly, the Ksi value for
the duplicated gene pair (GmCalS5/GmCalSI3) was 0.632, indicating that the
duplication event happened at about 51.31 MYA (Table 2).

Predicti0n| of miRNAs ™

We discovered miRNAm}:geting (}mCa:‘SEanes to understand the miRNA -arbitrated
post-transcriptional modification of GmCalSs. Fhese miRNAs are part of different
families. Supplementary Table S4 has the data of all miRNA-targeted sites/genes.
According to the findings, gma-miR159 targeted a total of seven genes (GmCalS1,
GmCalS4, GmCalS12, GmCalS14, GmCalS17, GmCalS20, and GmCal§24). The
microRNAs “sma-miR 172 targeted five genes GmCalS12, GmCalS16, GmCalS19,
GmCalS20 "and GmCalS2] genes; gma-miR171 targeted GmCalS!, GmCalS3,
GmCalS4, GmCalS5, GmCalS7, GmCalS9, GmCalS10, GmCalS11,GmCalS14,
GmCalS16, GmCalS17, GmCalS19, GmCalS20, and GmCalS21 genes; gma-miR395
targeted GmCalSl1, and GmCalS22 genes; gma-miR394 targeted GmCalS7,
GmCalS11, and GmCalS18 genes; gma-miR167 targeted GmCalS3, and GmCalS8
genes; gma-miR169 targeted GmCalS2, GmCalS3 GmCalS4, GmCalS7, GmCalS8§,
GmCalS11, GmCalS12, GmCalS14, GmCalS16, GmCalS17, GmCalS19, GmCalS21,
GmCalS22 and GmCal§24 genes. It has been discovered that several common genes,
such as GmCalSi, GmCalS10, GmCalS12, GmCalSi4, and GmCalS20, are targeted
by mostly different miRNAs s
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Promoter Analysis of GmCalS\Genei

The cis-regulatory elements in the promoters of GmCm‘S\genes were studied to
understand their regulatory functions in response to abiotic Stsess and during soybean
growth. Supplementary Table S5 shows the GmCaz’S\genes| cis-elements details.
Overall, we observed abiotic Stess, phytohormones, and growth-responsive elements
(Figure 5). Several abiotic\t:ess-responsive components including anaerobic,
temperatures, light, and drought were found in GmCalS pramoters. These components
include the Box 4 motif, GT1 motif, GA motif, ARE motif, MBS motif, TC-rich
repeats, and LTR motif. Similarly, the TCA-element, P-box/GARE-motif, ABRE,
and TGACG-motif Are, responsible for the responses to five different phytohormones
(salicylic acid, auxin, gibberellin, methyl jasmonatc,\aﬂd abscisicM). It was found
that some of the elements are unique to certain genes and are distributed
inconsistently. In addition, we identified fourl elements associated with development,
including mcristcm| expression, endosperm expression, circadian regulation and zein
metabolism. These elements include the O2-site, circadian, CAT-box, and GCN

motif, which perform a dynamic role in the various phases of growth and
development of soybean. It is possible to conclude that differential gene expression

for GmCalSs tay occur during cliffcrcn[| phases of development, and abiotic Stress.

GmCalS Genes Expression in Various Tissues

This study utilized RNA-seq data to explore the (}m(_'a!S\;}mWiﬁnl-Mm,
leaves nodules and roots. The findings demonstrated that several genes had higher
expression in several tissues (Figure 6; Supplementary Table S6). The results revealed
that in ersiwﬂm& genes including GmCalS5, GmCalS7, GmCalS9, GmCalS10,
GmCalS11, GmCalSi12, GmCalS13, GmCalSi4, GmCalS15, GmCalS17, GmCalS18,
GmCalS19, GmCalS21, and GmCm’S241 display higher expression. However,
GmCalS3, GmCalS5, GmCalS7, GmCalS8, GmCalS9, GmCalS10, GmCalS11,
GmCalS12, GmCalS13, GmCalS14, GmCalS15, GmCalS16, GmCalS17, GmCalS18,
GmCalS§19, GmCalS21, and GmCalS24 genes display higher expression inl roots. In
nodule, GmCalS5, GmCalS7, GmCalS8, GmCalS9, GmCalSI10, GmCalSilI,
GmCalS12, GmCalS13, GmCalS14, GmCalS15, GmCalS16, GmCalS17, GmCalS18,
GmCalS19, GmCalS2] and GmCalS24 genes display higher expression. Several
genes showed higher expression in flower, such as GmCalS2, GmCalS5, GmCalS?7,
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GmCalSS, GmCalS9, GmCalS10, GmCalS11, GmCalSi2, GmCalS13, GmCalSI4,
GmCalS15, GmCalS16, GmCalS17, GmCalSI18, GmCalS19, GmCalS21 and
GmCalS24 (Figure 6; Supplementary Table S6). It was noted that certain genes
demonstrated modest expression levels in various tissues (Figure 6; Supplementary

Table S6). Most genes seem to have a potential role in the growth of soybean.
GmCalS Genes Expression Under Salt Stress Using RT-qPCR

In this study, (;'m(.‘a!.&'éeues X presst inst salt in was observed. The gRT-PCR
study was conducted to analyze (}m(_'alSiénes expresst inst salt stress at
various time intervals (Figure 7). According to the findings of the expression study,
GmCalS-17, and GmGmCalS-19 exhibited higher expression at the 12h. Further,
stress-induced expression patterns give essential information on the significance of

GmCa!S@ncs in dealing with abiotic Stress challenges.
Discussion

Plants have contact with their surroundings therefore subjected to abiotic and biotic
stresses. Abiotic stress factors affect plants' anatomy, physiology, biochemistry, and
morphology, significantly reducing their growth and development (Nadarajah, 2020).
Several studies have reported the function of callose in development of plant and
against stresses (PirSelova and Matusikova, 2013; Verma and Hong, 2001). Due to
calloseﬁg.nificance, ca!lmeﬁ}tmhase\h‘as been studied in several plants. Eight CalSs ™
were identified from Vitis vinifera, 15 CalSs Trem Chinese cabbage, 12 CalSs Tram
Arabidopsis thaliana, 7 CalSs Trem Hordeum vulgare, 32 CalSs Trem Brassica napus
and 12 CalSs inCitrus sinensis. The CalS genes in soybean have not been described.
The sequences availability of the soybean genome provides resources for identifying
CalS genes in the soybean genome (Schmutz et al., 2010). We found 24 GmCalS ™~
genes, which is higher than the number of CalS§ genes in Arabidopsis. This is evidence
of a genome duplication event in the evolutionary process of G. max. Gene structure
analysis demonstrated that genes from the same group had identical exon-intron
patterns. Exon counts varied from 1 to 51, and intron counts from 0 to 50. Feng et al.
(2021) reported a similar gene structure pattern in cotton, where the exons counts
ranged from 1 to 51 (Feng et al., 2021). Resultsi revealed that genes within samel group

had a similar structure. These results are consistent with findings in cotton (Feng et al.,




294  2021) and Brassica napus (Liu et al., 2018), demonstrating that similarities in the
295  structure of genes and motifs organization were found in the same class genes. Further,

296 (Em(".:a/’&?tmes UNCHomnsH response to environmental stress was revealed by the

297  prediction of cis-elements in their“promotersf We focus on three distinct cis-elementﬁi
298  classes: phytohormones, abiotic Stress, and plant growth and development-responsive
299 elements. Furthermore, abioticmd phyfohormonal Stesses are regulated by cis-
300 elements in the Gm(.’a!.&'ﬁanes.\ﬁev' us research had uncovered cis-regulatory
301 elements associated with abiotic Steepses and phytohormones. The promoters of
302 GmCalSs Wwere discovered to have nfany hormone-responsive elements, suggesting
303 their involvement in GmCalSs Tegufation. One of the plant's signal molecules was
304  salicylic acid (SA) (Loake "an

305  AtCal§1/5/9/10/12 in Arabidopsfs thaliana. The hormone abscisic acid (ABA),

Grant, 2007) increased the expression of

306  involved in callose synthesis, wag crucial in responding to multiple stresses (Liu et al.,
307 2017). Furthermore, ABA biosynthesis up-regulated PtCalS! expression and blocked
308  plasmodesmata to maintain thé dormant state of Populus tomentosa (Tylewicz et al.,
309  2018). Adding methyl jasm ate (MeJA) induced callose?ibposition in grape leaves.
310 Callose deposition was spefl up when Cationic peroxidase 3 (OCP3) expression was
311 suppressed (Repka et al.,
312 conclusion, cuIIose\lsp sition was governed by ABA, JA, and SA.\HQwever, the

313 presence of ABA, SA,

004). OCP3 functions negatively on the JA pathway. In

nd JA-responsive elements in GmCalSs Pramoters suggests

314  that these hormones r¢gulate the expression of CaL’s's\m\qoybean. The effects of salt

315 stress treatment werg also evaluated by analyzing the expression of (}n:(kn‘b'éenes.\
316 Higher expression was observed for a few genes against salt stresses. The previous
317 studies reported that CalS genes' expression was increased in response to stress. The
cotton was up-regulated in response to cold, NaCl, and polyethylene
319 glycol stress (Fgng et al., 2021). CalS! and CalS8 are significant genes in Arabidopsis
320  that regulate hiotic and abiotic stress responses (Cui and Lee, 2016). These findings
321  indicate that CalS genes significantly influence plant hormone signaling pathways and
322 abiotic ¥efs tolerance. Plants' ability to cope with stress is directly affected by
323 miRNAs

324 identified mRNAs Yacget GmCalS enes belonging to several families. Similarly,

Villanueva et al., 2016). According to the results of this study, the

325  miR15¢ functions under various abiotic stress conditions in numerous plant species

326  were reported (Arshad et al., 2017; Cui et al., 2016). miR 167 was discovered as a key
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grapevine, miRNA159 expression patterns were discovered. The findings revealed
that miRNA159 was participated in gibberellin-induced parthenocarpy (Wang et al.,
2018). According to Li et al. (2016), gma-miR172 overexpression in A. thaliana
displays enhanced tolerance against drought and salt (Li et al., 2016). Also, miRNA-
target genes eXpressi idation is important to understand their function in soybean.
This study analyzed the expression of 24 GmCalS genes in nodules, flowers, leaves,
and roots using RNA-seq data. However, the results indicate that CalS genes exhibit
distinct expression patterns in different developmental tissues. Tissue-specific
expression patterns in Brassica napus were studied by using qRT-PCR data. ™
According to the findings, BnCalS genes had elevated expression in the bud, silique,
flower, leaf, stem, and root (Liu et al., 2018). Transcriptome-based expression results
revealed that GhCalS genes had higher expression in various tissues (Feng et al.,
2021). Researchers examined tissue-specific expression in Pyrus bretschneideri and
found that the PbrCalS5 gene had higher expression in the pollen tube of pear (Cao et
al., 2022). These findings are consistent with the findings of present study, where
CalS genes displayed higher expression in the examined tissues (nodules, flowers,
leaves, and roots), indicating that CalS may have a significant role in the development

of soybean.

Conclusi0n|

We identified 24 CalS genes in the soybean genome. Furthermore, chromosomal
location, cis-acting elements, conserved motifs, gene structure, and miRNA perdition
were analyzed. We discussed the GmCaiSE&ne's expression in response to salt
stress. However, we find GmCalS17 and GmCaiS19 genes were enhanced by salt
stress. In.addition, several GmCalSéenes were highly expressed in various tissues
(roots, leaves, flowers, and nodules). These findings provide a foundation to
understand the mechanism of stress resistance in soybean and establish a base for
future investigation of thﬂ| GmCa!SEﬂes and its function against salt stress.
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