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Abstract: Calcineurin B-like (CBL) proteins, as calcium sensors, serve roles in plant
responses to varied abiotic stressors and in growth and development through

Date interaction with CBL-interacting protein kinases (CIPKs). However, information on the
Received: 7 June 2022 roles and development of CBLs in sweet orange plants is limited. We surveyed the
Accepted: 4 January 2023 whole Citrus sinensis genome and found eight CBL genes. Domains features, position
Published: 12 January 2024 and distribution, and conserved motif revealed that the EF-hands domain was

conserved across the eight CsCBLs. CsCBL proteins are classed as acidic CBL, and five
Correspondence myristoylation sites and six palmitoylation sites were predicted. Eight CsCBLs were
distributed across chromosomes Chr01, Chr02, Chr04, and Chr05 and contig chrNW-
shr.hashemi@sanru.ac.ir; 006257104.1. In chromosome 05, tandem duplications likely gave rise to two CsCBL4
irahamidreza@yahoo.com and CsCBL5 genes. The phylogeny tree of 37 CBL proteins from different plant species
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including Arabidopsis thaliana, Oryza sativa, Sesamum indicum, and C. sinensis showed
that these CBLs are closely related. A meta-analysis of the CsCBL gene family's
Citation expression in different tissues/stresses revealed that CsCBL genes expressed differently

in tissues, which could be evidence for CsCBL tissue/stress-specific expression. The
Hashemipetroudi, S.H., Ghorbani, H.,

Sohrevardi, F. and Arab, M. (2022).

Identification and comprehensive analyses of

results of this study highlight the functional properties of the CsCBL gene family and
provide crucial data for future research on their functional activities.

the CBL gene family in sweet orange (Citrus
sinensis). | Plant Mol Breed 10(2): 76-91.
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Introduction

There are many biological systems that depend on
the calcium ion to regulate basic growth and
development processes and respond to diverse
environmental challenges (Luan, 2009; Ma et al.,
2020). Depending on the kind of cell, the
concentration of Ca? might range from nM to mM
(Tuteja and Mahajan, 2007; Mohanta and Sinha,
2016). Several Ca? sensors, including calcium-
dependent protein kinases (CDPKs), calcium
modulin, and calcineurin B-like proteins (CBLs),
detect the Ca?* signals, which are then sent to
downstream destinations, triggering a variety of
physiological reactions in the cell (Kanchiswamy et
al., 2013; Sarwat et al., 2013). Each CBL contains at
least three EF domains and Ca?*-binding sites (Mao
et al., 2016). By interacting with the CBL-interacting
protein kinases (CIPKs), CBLs transfer Ca?* signals
(Ma et al., 2020; Tang et al., 2020). CBLs contain EF-
hands and myristoylation sites, which are both
conserved domains (Kolukisaoglu et al., 2004). The
EF-hands are calcium sensors that may be identified
by the presence of a conserved Asp (D) or Glu (E)
residue (Kanchiswamy et al.,, 2013). Additionally,
each of the themes has a helix-loop-helix structure
with a total of 36 amino acid residues. Calmodulines
and CBLs, in contrast to CDPKs, are small proteins
that do not have an effector kinase domain.

Plant responses to environmental stressors such as
drought, salinity, and lack or excess of nutrients can
be controlled by CBL-CIPK (Sanyal et al., 2015;
Thoday-Kennedy et al., 2015). In addition to this, it
regulates the growth and development of plants, as
well as the absorption and/or transport of nitrate,
ammonium, and iron; the maintenance of H*
homeostasis; and the transduction of signals
involving reactive oxygen species (Li et al., 2016;
Mao et al., 2016). Ten genes related to CBL proteins
(CBL1-10) have been found in Arabidopsis with
similar structural domains but minor differences in
coding region length (Kolukisaoglu et al., 2004).
CBL1 and CBL9 were shown to control the
transmission of K+, nitrate, and ammonium, as well
as the development of stomatal opening and closing
and ROS signaling (Li et al., 2006; Xu et al., 2006; Lu
etal., 2017; Yin et al., 2017). Pollen germination and
tube expansion are controlled by CBL2 and CBLS3,
which sequester Mg?* (Steinhorst et al., 2015).
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Additionally, CBL3 is responsible for the
distribution and translocation of K* (Liu et al., 2013).
CBL10 is involved in fruit growth and quality, as
well as salt tolerance, K* absorption, and GTPase
activity modification (Kim et al., 2007; Chow et al,,
2016).

CBL gene family members have been discovered at
the genome-wide level in rice, maize, wheat, and
other plants in recent years. CBLs are also critical
regulators of plant responses to diverse abiotic
stresses, as well as growth and development (Yu et
al, 2014; Thoday-Kennedy et al., 2015). Cotton
(Gossypium hirsutum) fiber elongation appears to be
modulated by GhCBL2 and GhCBL3 (Gao et al,,
2008). Ten OsCBL genes in rice have been reported
to respond to diverse stress conditions [sodium
chloride (NaCl), polyethylene glycol (PEG), and
cold] and are expressed in several organs in the
adult stage. In addition, OsCBL8 overexpressing
transgenic rice seedlings exhibited greater salt
tolerance than non-transgenic seedlings (Gu et al.,
2008). Cellular adaption responses to sodium
carbonate stress in S. bicolor are assumed to be
controlled by CBL genes, which are known to
govern plant growth and development patterns
(Zhang et al., 2011). Under abiotic stress, the
transcripts of seven CBL members (PeCBL1 to
PeCBL10) were found to play key roles in the
response of Populus euphratica to certain external
stimuli (Zhang et al., 2008). In their comprehensive
study on the calcium sensor families in the
halophyte plant Aeluropus littoralis, Arab et al. (2023)
revealed the responses of the CBL-CIPK network to
salt stress. In the current study, the CBL gene family
in sweet orange was identified and characterized
based on the newly released genome of Citrus
sinensis (Wu et al, 2018). Genome-wide
characterization of CiCBL was analyzed using the
available bioinformatics tools, which included gene
structure, protein domain, phylogenetic and
evolutionary approaches, and gene expression
profiling, to better understand the evolutionary
history of CBL genes.

Materials and Methods

CsCBL searching and characteristics
The complete genome assembly of citrus (C. sinensis
‘Valencia’) was downloaded from the Citrus
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Genome Database (www.citrusgenomedb.org; C.
sinensis genome v2.0). Ten CBL protein sequences
from A. thaliana (AtCBLs) were obtained from the
Arabidopsis Information Resource (TAIR) database
(www.arabidopsis.org/). Candidate citrus CBL
protein sequences (CsCBLs) were selected by
blasting the AtCBLs as the query sequences in
proteome sequence of C. sinensis via local BLASTP.
The default statistical parameters used in the
BLASTP analysis were as follows: BLASTP-protein
query of the protein database; expected threshold
(E): -1, comparison matrix: BLOSUMS62; no. of
alignments to show: 100. Redundant proteins were
manually deleted based on their E-values and
identity. The identified CBLs were then checked
using the Pfam database (www.pfam.xfam.org),
and conserved EF-hand domains were validated for
all putative CBL proteins using the NCBI CD-Search
program. InterProScan (www.ebi.ac.uk/inter pro/)
was used to perform the domain analysis against
the protein database. ExPASy
(wwww.expasy.org/compute_pi/) was used to
calculate the candidate protein molecular weight
(MW) and isoelectric point (pI). The MEME website
(http://meme-suite.org/tools/meme) was used to
find conserved motifs with the following optimized
parameters: zero or one occurrence per sequence, a
maximum of 10 motifs, and an optimum motif
width of 6 to 50 residues. For all other parameters,
default values were applied.

Phylogenetic and gene structure analysis

The 37 CBL protein sequences from A. thaliana,
Oryza sativa, Sesamum indicum and C. sinensis were
aligned via muscle in MEGA version 7.0, with
default parameters (Tamura et al., 2013). In addition
to that, a tree constructed using the neighbor-
joining (NJ) algorithm was produced through
bootstrapping (1000 replicates). The structure of
CsCBLs was discovered using GFF information by
matching the coding sequences to the appropriate
genomic sequences. In addition, MEME program
was used to create an illustration of the CsCBL
protein  motifs, conserved domain, gene
architectures, and a phylogenetic tree. The
chromosome locations of the candidate CsCBL
genes were investigated by MCScanX (Wang et al.,
2012).
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Expression profiling of CsCBL genes based on
RNA-seq data

To examine the function and expression of the
CsCBL gene family, 427 RNA-seq samples from 18
bioprojects were gathered from publicly accessible
RNA-seq data associated with C. sinensis.
Transcriptome datasets were selected from various
treatments or genetic backgrounds, their accession
number were listed as follow: PRJNA741128,
PRJNA715742,  PRJNA704425, PRJNA703546,
PRINA674975, PRJNA612768, PRJNA566421,
PRJNA517400, PRJNA488876,  PRJNA471083,
PRJNA386941, PRJNA350382, PRJNA340305,
PRJNA339838, PRINA203307. TPM (transcripts per
million) had been utilized to measure transcript
expression levels.

Results

Eight distinct CsCBL were found in C. sinensis (Table
1 and Supplementary Table S1). All CsCBL have 7
introns and 8 exons, except SsCBL7, which has 8
introns and 9 exons. They all code for between 213
(CsCBL3) and 259 amino acid residues (CsCBLS).
For the most majority of CBLs, the theoretical
isoelectric point (pI) is low and less than five,
ranging from 4.67 (CsCBL3) to 5.07 (CsCBL3 and
CsCBL4). Because their pl value is less than 6, plant
CBL proteins are classed as acidic CBL proteins. The
range of molecular weight was between 24.421
(CsCBL3) to 29.671 KDa (CsCBL8). There were five
myristoylation sites and six palmitoylation sites
predicted in the CsCBLs. Besides, myristoylation
sites were not found on CsCBL2, CsCBL7, and
CsCBLS8, and palmitoylation sites were absent in
CsCBL7 and CsCBLS8 (Table 1). In the N-terminal
region of three CsCBLs (CsCBL3, CsCBL5, and
CsCBL6), conserved myristoylation and
palmitoylation sites (M-G-C-) can be found. These
sites play important roles in protein aggregation,
stability, and trafficking.

The proteins’ stability indexes are shown in Table 1.
According to the evidence presented, CsCBL3
(36.71), which provides the most unstable CsCBL,
and CsCBL2 (46.16), which provides the most stable
CsCBLs, respectively. A peptide's gravy value is
computed by multiplying the hydropathy values of
each residue by the length of the sequence. The
gravy of CsCBL8 (0.044) is more hydrophilic than
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the other CsCBLs, according to Table 1. CsCBL1 also
has a lower hydrophilicity than the other CsCBL.

Distribution of the CsCBL gene family members in
the C. sinensis genome

In this study, the chromosomal distributions of the
CBL genes were investigated in C. sinensis genome.
In total, there were eight CsCBLs on five
chromosomes (Chr01, Chr02, Chr04, Chr05 and
chrNW-006257104.1). Cschr05 included three
CsCBLs, while Cschr04 contained two CsCBLs.
Cschr01, Cschr02, and CschrNW-006257104.1 each
had one CsCBL. The positions of CsCBL gene family
on the chromosomes of C. sinensis are shown in
Figure 1. There were two CBL genes (CsCBL4 and
CsCBL5) identified in Cschr05 that were found to be
linked together in a chromosome. Tightly linked
genes are likely to have been created through
tandem duplications, according to these findings.
Both the duplication of genes and the divergence of
their functions play an important role in the
expansion of gene families and the development of
new activities.

Gene structure, domains and motifs arrangement
of the CsCBLs

CsCBLs were identified based on their EF-hand
sites and number of EF-hand domain. All of the CBL
members have been found to have EF-hand motifs,
which are responsible for binding to Ca?* ions and
transferring signals. All
contained four EF-hand motifs.

calcium sequences
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All CBL proteins contained EF-hand 7, and other
EF-hands were located on various CBL proteins
(Figure 2a). MEME motif search was used to
uncover conserved motifs in 8 CsCBL proteins
(Figure 2b) since CBL domains are critical for the
action of CBLs. The first two and third motifs were
the longest of the ten found motifs (Figure 3 and
Table 2). As shown in Figure 2b, motifs 1-5 were
found in all of the CsCBLs. In addition, when
compared to the other CsCBLs, CBL5 and CBLS8
were missing motif 9, whereas CBL1, CBL2, and
CBL8 were missing motif 7. Motifs 10 and 8 were
only present in CBL7 and CBLS, while motif 6 was
found in CBL1 and CBL2. As shown in Figure 2b,
motifs 1-5 were found in all of the CsCBLs. In
addition, when compared to the other CsCBLs,
CBL5 and CBL8 were missing motif 9, whereas
CBL1, CBL2, and CBL8 were missing motif 7.
Motifs 10 and 8 were only present in CBL7 and
CBL8, while motif 6 was found in CBL1 and
CBL2.The pattern with the maximum number of
motifs was found in CBL7, which did not have motif
6 (contains nine motifs), while the pattern with the
lowest number of motifs was found in CBL5, which
did not contain motif 6, 8 9, or 10 (six motifs)
(Figure 2b). CsCBL gene family had a different
number of introns (between 7 and 9), and the UTR-
CDS structure and the length of the coding regions
were different between CsCBLs (Figure 2c).

Table 1. Physicochemical characteristics of C. sinensis CBL gene family.

Gene Molecular Isoelectric  Instability  Aliphatic Grav N-Mvristovlation Palmitovlation
ID weight (KDa) point index index y ¥ ¥ y
****MVQCLDGLKHF
LDGLKHFCVVVVNCC
_ *
CsCBL1 26.057 4.70 39.86 90.97 0.265 MVQCLDGLKHFCVV FCVVVVNCCDADLYK
CVVVVNCCDADLYKQ
CsCBL2 25.668 4.81 46.16 90.94 -239 LFASLLQCCDTNPSR
CsCBL3 24.421 4.67 36.71 91.97 -0.114 e MGCFQSKVA **MGCFQSKVAK
*MNAFGRCFCMKKSK
_ A
CsCBL4 24.495 5.07 38.70 93.41 0.136 MNAFGRCFCMKK NAFGRCFCMKKSKOQI
*FMGCVCMKQRL
| EEEETs
CsCBL5 24.839 4.86 43.57 104.68 0.025 MGCVCMKQR **MGCVCMKQRLKS
CsCBL6 25.152 4.77 41.73 90.82 -0.187 #etMGCVLTKRT **MGCVLTKRTK
CsCBL7 29.000 4.58 38.08 87.18 -0.101 - -
CsCBL8 29.671 4.73 45.47 100.97 0.044 - -
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Figure 1. The chromosomal distribution of the CBL gene family in Citrus sinensis. The left side of each chromosome displays
the chromosome numbers and their respective approximate sizes.

Table 2. Sequence of identified motif in eight CBL family members of C. sinensis.

Motif ID Sequence WIDTH
MEME-1 [IDKTFEDADTKGDGKIDKEEWKEFVLRNPSLLKNMTLPYLKDITTAFPS 50
MEME-2 RNGVIEFEEFVRALSIFHPNAPIEDKIDFAFRLYDLRQTGFIEREEVKQM 50

MEME-3 EIEALYELFKK]JSSSIIDDGLIHKEEFQLALFKNSKKENLFADRVFDLFD 50
MEME-4 KQRPGYEDPVILAAETPESVS 21
MEME-5 VVALLKESEMKLSDD 15
MEME-6 MLQCJEGFKHFCVVLLNCCD 20
MEME-7 MGCECT 6
MEME-8 YWGSSSLQFGEKJCAVCIP 19
MEME-9 FVFHSEVD 8
MEME-10 MDSAAN 6
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Figure 2. Schematic presentation of CsCBL gene structure, their domains and motifs organization. (a) Phylogenetic tree of eight
predicted CsCBL as well as their EF-hands domain arrangement. (b) CsCBL motif distribution are shown in different colored
boxes. (c) Gene structure of CsCBL gene family, and intron and exon organization are pictured. 5 and 3' untranslated -regions
are marked by green boxes; the CDS is marked by yellow boxes; black lines denote introns. The bottom scale measures protein
length.
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Phylogenetic, conservative domains and motifs
analysis of the CsCBLs

Protein sequence alignment was used to construct a
phylogenetic tree, which was used to investigate the
evolutionary relation between A. thaliana, O. sativa,
S. indicum and C. sinensis. Three main groups (I to
III) based on 37 CBL protein from different plant
species could be seen in Figure 4. A total of seven,
thirteen, and seventeen members were found in
groups L, 1I, and III, respectively. In the first group,
there were CsCBL7 and CsCBLS, in the second,
CsCBL4, CsCBL5 and CsCBL6, and in the third,
there were CsCBL1, CsCBL2, and CsCBL3. There
was a disparity between the number of C. sinensis
and Arabidopsis CBLs in each group, while the
majority of the AtCBLs in group I clustered
together. Molecular evolution is often examined at
the gene or family level.

Protein families are sets of proteins that share at
least 50% of their amino acid sequences. However,
there are currently no models that can infer the
evolution of gene families in order to estimate the
ancestral  state. of
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relationships and evolutionary events can be
accomplished by using phylogenetic analysis.

Expression profiling of CsCBL

The RNA-seq data (TPM values) of CsCBL were
obtained from GEO DataSets to examine the
expression pattern in various sweet orange tissues,
such as fruit, leaf, root, seed, flower, and stem, in
order to comprehend the possible roles of the CsCBL
family members. The expression profile of CsCBL
genes in different bioprojects is shown in the
column graph (Supplementary Figure S1). With the
exception of CsCBL4, all seven CsCBL genes were
found to be expressed in at least one tissue (Figure
5). The remarkable expression in most tissues,
illustrating the critical functions of these CsCBL
during sweet orange development and growth. The
varied expression pattern of the A. littoralus CBL
gene family in root and leaf tissues was proposed by
s being associated with their functions in various
biological processes and molecular functions. In this
investigation, CsCBL1 and CsCBL8 were highly
expressed in seeds, and CsCBL5, CsCBL6 and
CsCBL7 was highly expressed in the stems.

E-value Sites width
1.8e-165 8 50
L]TeF 8
PIFETIFE
IEREEVKQM 4.8e-164 8 50
=L 2E
LR PR R
ADRVFDLFD 3.2e-143 8 50
L il %
AR Rl 4 B+
2.1e-022 8 21

3.8e-016 15

6.3e-003 20

Figure 3. Motif logo of CsCBL family were pictured by MEME program. MEME motifs are shown as stacks of letters. The X
and Y axes reflect the motif's width and the number of bits in each letter.
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Figure 4. Phylogenetic tree of the CBL family based on an alignment of the proteins found in Arabidopsis thaliana, Oryza sativa,
sesamum indicum and C. sinensis. Different CsCBL groups are represented by different-colored parts.

Tissue-specific expression was observed in the
CsCBL5 ortholog of the Arabidopsis SOS3 gene
(AT5G24270), with the highest levels of expression
observed in stems and leaves and the lowest levels
in fruit, root, seed, and flower tissues. It should be
noted that, the expression of CsCBL5, in comparison
to CsCBL1, CsCBL2, CsCBL3, and CsCBL4, was
extremely low (TPM <5) in all of the specified tissues
with the exception of leaves. This is likely due to the
fact that CsCBL5, similar to AtCBL4 (SOS3), serves
regulatory functions that do not always necessitate
high levels of expression.

Discussion

Abiotic and biotic stress responses are regulated by
Ca? signaling in plants (Cheong et al., 2007; Ma et
al., 2020). Furthermore, CDPKs, calmodulins, and
calcineurin B-like proteins (CBLs) are all implicated

in regulating Ca?-associated stress responses
(Wang et al, 2016; Kudla et al, 2018). The
availability of the C. sinensis genomic information
(Wu et al, 2018) made it possible to conduct a
genome-wide investigation of the CsCBL gene
family. Due to their ubiquity in signaling cascades,
Ca? sensor proteins have attracted increasing
attention in recent years.

It was discovered in this study that there are eight
CBL genes in C. sinensis that were found to be
located on four chromosomes (Chrl, Chr02, Chr04
and Chr05 and one contig (chrNW-006257104.1).
Like Arabidopsis, CBLs in rice are encoded by a
multigene family of at least ten members on
chromosomes 1, 2, 3, 5, 10 and 12. In this study, the
members of the CsCBL gene family share the same
genetic characteristics.
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Figure 5. Meta-analysis of the CBL gene family's expression pattern in six distinct tissues of the sesame plant. The box plot
displays expression levels in TPM (transcripts per million) format.
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Among these CsCBL genes, polypeptides ranging
from 24.42 to 29.67 kDa were predicted. The
findings are comparable to those obtained from A.
thaliana and O. sativa, where the majority of AtCBLs
and OsCBLs had a size ranging from 23.5 to 25.9
kDa (Kolukisaoglu et al., 2004).

The coding regions of CsCBL gene are composed of
either eight or nine exons. In other word, the
majority of CBL genes in C. sinensis had seven or
eight introns in their coding regions, which is very
comparable to the number of introns found in CBL
genes in Arabidopsis, rice, maize, canola, and
eggplant (Kolukisaoglu et al., 2004; Gu et al., 2008;
Zhang et al., 2014; Li et al., 2016; Zhang et al., 2016).
On the other hand, the number of exons can affect
the speed of gene induction and expression, and
genes with fewer exons are expressed faster
(Hashemipetroudi and Bakhshandeh, 2020;
Hashemipetroudi et al., 2023; Yaghobi and Heidari,
2023). The junctions between their introns and
exons follow the GT/AT rule (Mount, 1982). The
length and position of the exons are quite consistent
throughout the whole coding area. In addition to
this, the majority of the CsCBLs have either three or
two conserved EF hand domains in common with
one another. The structures of the CsCBL proteins
appear to be quite similar to one another, with each
one containing four EF-hand domains. It's
interesting to note that the linker region between the
EF-hand domains appears to be unique to this
family of calcium sensor proteins in terms of its
constant size. Consequently, alterations in the size
of CBL proteins are primarily associated with
extension or reduction of the N- or C- terminus
regions. As illustrated in Figure 2, the variation in
protein size of CsCBLs can be attributed to the
distinct dimensions of their amine-terminus (Gu et
al., 2008). But some EF-hands are very different
from  the  traditional = EF-hand  domain
(Sathyanarayanan and Poovaiah, 2004; Sanchez-
Barrena et al., 2005). AtCBL2 (Nagae et al., 2003) and
SOS3, AtCBL4 (Sanchez-Barrena et al., 2005) also
have sequences that differ significantly from the
standard EF-hand sequence. These variations in the
EF hand composition found in different CBLs can
result in calcium ion binding affinities that are
distinct from one another. Further, experimental
investigations are required to determine whether or
if these variations in calcium-binding affinity
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contribute to the decoding of the many calcium
signals that are produced in response to the myriad
of environmental stimuli (Gu et al., 2008).

Myristoylation of proteins and palmitoylation of
proteins are two critical processes that are necessary
for protein trafficking, stability, and aggregation
(Linder and Deschenes, 2007). According to
Smotrys and Linder (2004), the process of protein
myristoylation is initiated by the addition of
myristic acid to the N-terminal glycine (Gly) amino
acid, whereas the protein palmitoylation process is
initiated by the addition of palmitic acid to the N-
terminal cysteine (Cys) amino acid. The presence of
myristoylated and palmitoylated regions in
numerous CBLs may have facilitated the targeting
of CBL-CIPK complex to membranes. Arabidopsis,
rice, and other plants share many of these
characteristics as well (Kolukisaoglu et al., 2004;
Mohanta et al., 2015). It's possible that the highly
comparable modes of action and/or interactions that
these CBL family members share with their target
CIPKs are reflected in the highly conserved
structures of these CBL family members across
diverse plant species (Mohanta et al., 2015). MGCV
myristoylation sequence only found in CsCBL5 and
CsCBL6 (Ishitani et al., 2000). Ancestral CBLs may
have originated in this realm, according to a theory
(Kleist et al., 2014). In the vast majority of the
CsCBLs that have been investigated, the amino acid
Gly located at the N-terminus is essential for protein
myristoylation and is conserved at the second
position. It was discovered that the seventh position
in certain other CBL proteins contains a conserved
form of the amino acid Gly at the N-terminal end of
the protein. In a similar manner, the N-terminal Cys
amino acid is necessary for protein palmitoylation,
and it is conserved at the third position in CBL
proteins. Certain CBLs do not have any N-terminal
Cys amino acids in their structure. According to
Blaskovic et al. (2013), protein palmitoylation is an
ubiquitous alteration that is seen in membrane-
bound proteins. This modification is also observed
in transmembrane-spanning proteins that are
generated in soluble ribosomes. In general,
palmitoylation of proteins increases their ability to
bind to membranes, which in turn changes their
location and function. RasGTPase, Rho GTPase, and
CDPKs are proteins that undergo palmitoylation
(Mohanta et al., 2015). Except CsCBL3, CsCBL5, and
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CsCBI6, all other CsCBLs lack a second N-terminal
glycine. In addition, only CsCBL3, CsCBL5, and
CsCBL6 have the N-terminal Gly amino acid at the
second position in addition to having the cysteine
amino acid at the N-terminus. Only myristoylation
confers a modest affinity for membrane attachment,
but palmitoylation and myristoylation confer
extremely high affinity contacts (Martin and
Busconi, 2001).

Among the CsCBLs, CsCBL5 had the highest
aliphatic index and CsCBL7 the lowest. Alainine,
valine, isoleucine, and leucine all include aliphatic
side chains, and the aliphatic index of these amino
acids has been found to be correlated with their
respective proteins' thermostability (Ikai, 1980).
Enzymes that have a better thermostability could be
used in higher reaction temperatures, which would
result in an accelerated reaction rate (by decrease of
diffusional limitations). According to Sharafi et al.
(2017), the half-life of thermostable enzymes is often
longer than that of thermolabile enzymes. Stable
enzymes are of particular relevance since they can
be used in biocatalysis for longer periods of time
(Sharafi et al., 2017).

37 CBLs were divided into three main groups by the
phylogenetic tree produced from the protein
sequence alignment of four species including A.
thaliana, O. sativa, S. indicum and C. sinensis. The fact
that members of the group shared comparable
protein sequence lengths, motifs, and exon-intron
architectures hints at a strong connection between
them. Therefore, it is possible that CsCBLs and their
homolog AtCBLs in the same branch play similar
roles in plant-microbe interactions as well as in the
responses to abiotic stress. According to Mohanta et
al (2015), the sequence similarity of two genes
indicates structural similarity, and structural
similarity indicates functional similarity. As a
result, it is possible that AtCBL1 and OsCBL1
perform similar roles. The strong similarities that
exist between the CBL gene sequences suggest that
they originated very recently as a result of gene
duplication and may have functions that overlap
with one another or are comparable to one another.
Segmental duplication and tandem duplication are
critical in the generation of additional members
during the evolution of a gene family (Cannon et al.,
2004). Due to this, the likely mechanism of CsCBL
gene family evolution was examined by looking at
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both segmental and tandem duplication events.
New functions led to evolution of paralogous genes,
which are most likely to have a role in adaptation.
In evolutionary biology, gene duplication and
diversification are regarded to be the most
significant processes. If a gene is duplicated, its
second copy has less selective constraints and can
evolve to have a little altered function while the
original copy retains its original function.

In the majority of the tissues tested in the meta-
analysis, the expression of a certain gene was
extremely low. This is most likely because these
genes perform regulatory roles that do not always
demand high levels of expression. According to Liu
et al. (2000), the low expression levels of AtSOS2
and AfSOS3 are related with their regulatory
function in primary signal transduction. CBL
proteins may be able to perform similar roles in
distinct pathways due to their tissue-specific
expression patterns. For example, according to (Guo
et al., 2001), AtCBL4 is expressed specifically in
roots, whereas AtCBL10 is expressed exclusively in
shoot tissues (Kim et al., 2007).

Conclusion

The current study discovered eight CBL genes in the
C. sinensis genome, which were classified into three
groups based on phylogenetic analysis. Examining
gene structure and expression patterns of gene
families could provide useful information about
their activity. The utilization of RNA-seq data in the
meta-analysis of CsCBL gene expression indicated
that the expression pattern profiles of CsCBL genes
in the five tissues under investigation—roots,
leaves, fruits, and stems—were discrete. The result
of this study offers a unique opportunity to
investigate calcium-related sensor in C. sinensis. It
suggests that CsCBL can be utilized as a tool to
examine the involvement of calcium ions (Ca?") in
stress signaling, as well as to explore the various
interaction of CBL and CIPK proteins in CBL-CIPK
signaling network. More research into the
expression of these genes at different biotic and
abiotic sresses is needed to learn more about CsCBL
gene regulation in general, and how these genes are
controlled spatially and temporally in particular.
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