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ABSTRACT

Sucrose non-fermenting 1 related protein kinases (SnRK) are well known for their crucial roles in
responding to biotic and abiotic stresses through activating protein phosphorylation pathways in
plants. So far, members of this important gene family have already been cloned and characterized
and well-studied in different plant species. However, there is still a lack of comprehensive genomic
information about SnRK gene family in wheat (Triticum aestivum L.) on genome-scale. It is vital to
perform genome-wide identification and characterization of TaSnRK gene family in the wheat for
an opportunity to improve the variety that have more and more abiotic resistance. In the present
study, total of 5097 TaSnRK genes were identified in wheat genome using BLAST algorithm against
the fully annotated reference genome available in Ensemble Plants 42.0 using AtSnRK2.1 protein
from Arabidopsis thaliana as a query. Sequence analysis revealed that the coding sequence (CDS)
length of inferred TaSnRK genes ranged from 210 to 7721bp, and corresponding protein length
ranged from 69 to 2448aa. All the 5097 genes were studied for the stability of their proteins.
Out of them 18 TaSnRK genes located on 11 different chromosomes with an uneven distribution
were finally inferred to have a stable protein structure based on different parameters. The genes
are classified into 9 subgroups on the basis of phylogenetic analysis. According to gene structure
and motif analysis through MEME, the TaSnRKs showed obvious divergence among subgroups.
Finally, the expression analysis revealed differential responses among the TaSnRK genes to
osmotic stress. Overall, the present genomic and in silico analyses of TaSnRK genes offer a solid
foundation for further investigation of functions of these identified genes, leading to improved
variety of wheat against abiotic/osmotic stress.

Key words: Sucrose non-fermentation-related protein kinase (SnRK) Wheat, Functional annotation,
Expression profiling, Abiotic Stress, Osmotic stress.
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The sucrose non-fermentation-related protein kinase
(SnRK) is a Ser/Thr protein kinase that regulates the
interconnection of a wide range of signalling pathways
by phosphorylating the target protein during plant
stress responses.!! The SnRK gene family has three

SCAN QR CODE TO VIEW ONLINE

[=]

www.ajbls.com

[x]

I

=]

DOI: 10.5530/ajbls.2022.11.15

Asian Journal of Biological and Life Sciences, Vol 11, Issue 1, Jan-Apr, 2022

subfamilies in Arabidopsis thaliana: SnRK1, SnRK2, and
SnRK3.” The functional member of this important
gene family, namely, SnRK1 has been found to be
associated with higher nitrogen stress tolerance as well
as energy sensing and gene regulation in plants.”* Two
genes, SnRK2 and SnRK3 have been found to play a
part in signalling pathways that control plant responses
to nutritional deficiency, drought, cold, salt, and osmotic
stress.!

The SnRK2 family of setrine/threonine kinases atre
plant-specific  serine/threonine kinases implicated
in abiotic stress response and ABA-dependent plant
development.”! SnRK2 is involved in the ABA signalling

system, as well as osmotic stress and sugar metabolism.
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Eight of the ten SnRK2 genes in 4. thaliana can be
triggered by hyperosmotic and salt stress, while five can
be activated by ABA. In particular, stomatal closure and
ABA-mediated gene expression in the ABA regulatory
pathway of AtSnRK2.6.I Furthermore, overexpression
of AtSnRK2.8 results in increased drought tolerance.”
This subfamily has been investigated extensively in
several plants, including Oryza sativa'" Zea mays!"
Ghycine max;'3 Gossypinm  hirsutum L. Brachypodinm
distachyon,"" and Hevea brasiliensis.'' Abiotic stresses,
particulatly salt and osmotic stress, cause all SnRK2
members to be activated, overexpression of SAPK
and NtSnRK2.1 boosted salt tolerance of transgenic
plants.'">'l Plant responses to salt stress are positively
regulated by PtSnRK2.5 and PtSnRK2.7.I" AtSnRK2.3,
AtSnRK2.4, AtSnRK2.7, and AtSnRK2.8 overexpression
in A. thaliana has been shown to improve plant
tolerance to salt and other stressors.™*! TaSnRK2.9
has been proven in recent research to improve salt
and drought stress tolerance by detoxifying reactive
oxygen species (ROS).P” Furthermore, overexpression
of GhCIPKG greatly improved transgenic A. thaliana
tolerance to salt, dehydration, and ABA stress.*!
The salt stress signal transduction route is positively
regulated by ZmSnRK2.8, whereas the drought stress
signal transduction pathway is negatively regulated
by ZmSnRK2.11.” Various findings like these at
various times have proved that members of the SnRK2
subfamily are involved in salt and osmotic stress with
other abiotic stress responses.

Wheat (Iriticum aestivum 1..) is one of the most important
cereal crops in the world, yet abiotic stresses have a
substantial impact on its growth and development,
resulting in a significant drop in grain output.® The
SnRK2 family of Arabidopsis contains 10 members
and, with the exception of SnRK2.9, all of them
are activated by saline stress.) Furthermore, over-
expression of one member of the family, SnRK2.8,
has been shown to increase drought tolerance and
up-regulate stress-induced genes.”) Activation of SnRK2
in response to hyperosmotic treatments depends on
phosphorylation of a specific serine residue located in
the activation loop, although some other sites may also
be phosphorylated.*** Other plant species also have
members of the SnRK2 family that have been shown
to be involved in salt signalling. In rice, for example,
the entire SnRK2 family has been shown to be activated
by hyperosmotic stress and this activation involves
phosphorylaton.'” Interestingly, not all members
of the family are activated similarly in response to
various salt concentrations. Activation of one member,
SAPK1, for example, has been observed at NaCl

concentrations higher than 300 mM, whereas another,
SAPK2, becomes active at lower concentrations.
Domain exchange experiments have revealed that the
C-terminal domain is responsible for these responses.'”
The C-terminal domain of SnRKZ2s is short and
contains a characteristic acidic patch. Paradoxically, for
understanding the evolution of the family, the acidic
patch is highly aspartic acid-rich in some SnRK2s but
glutamic acid-rich in others.”

Members of the soybean SnRK2 family, SPK1 and
SPK2, have also been shown to be activated by NaCl
when expressed in yeast, although concentrations
higher than 0.5 M are required, and to phosphorylate
a soybean phosphatidylinositol transfer protein (Sshilp)
in response to saline stress. Ssh1p might be involved in
phosphoinositide metabolism, playing an essential role
in hyperosmotic signalling.”” In wheat, three SnRK2
family members have been shown to be induced by
saline treatments. Expression of PKABAT, W55a, and
TaSnRK2.4 is stimulated by high salt treatment and
expression of W55a and AtSnRK2.4 in Arabidopsis has
been shown to enhance salt tolerance.”" In the present
study, we have identified and annotated the members
of SnRK2 subfamily with utilizing wheat reference
genome data available in public domain

Experimental Procedure

The whole work is done in different steps sequentially
as mentioned below.

Identification of SnRK genes in the wheat genome

The BLAST method was used to identify all possible
SnRK domain containing genes in wheat genome.
Using the amino acid sequence of 16 SnRK domain-
containing protein from A. thaliana AtSnRK2.1, a
BLASTP search was performed against the fully
annotated reference genome [IWGSC| available in
EnsemblPlants 42.0 (https://plants.ensembl.org/index.
html).F'"3 We looked at and gathered all sequences
with an E-value of less than 1.0. Pfam was used to
confirm the presence of other domains in SnRK genes
discovered by BLAST seatches, in addition to the SnRK
domain.” Gene features ¢.g.,, composition and position
of exons and introns etc. were investigated through
Gene Structure Display Server (GSDS).P

Homology modelling, structure evaluation and structure
alignment

The protein’s 3D structure is more conserved than
amino acid sequences, and vital for cellular functions
e.g., gene regulation and differentiation. However, many
plant SnRK proteins have yet to be solved crystal and
NMR structures, according to the Protein Data Bank
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(PDB) repository (rcsb.org). Furthermore, structural
biologists face a difficult problem in molecular
modelling of SnRK proteins, so homology modelling
(also known as comparative modelling) is used in the
current study to estimate the 3D structure of wheat
SnRK proteins based on the resolved structure of
homologous proteins.?!

Using the position-specific iterated BLAST algorithm
(PSI -BLAST) against the PDB, the best homologs
template structures were found based on a high score
and a low e¢-value.’® For wheat SnRK proteins, the
automated Swiss-Model server was employed to predict
the necessary 3D structures.”’ Furthermore, using
PSVS (http://psvs-1 5-dev.nesg.org), Ramachandran
plots of modelled wheat SnRK proteins were generated,
assessing phi (@) and psi (¥) torsion angles and covalent
bond quality, most favoured regions etc. The quality
of protein 3D structure was assessed using ERRAT
(http:/ /saves.mbi.ucla.edu), a so-called “overall quality
factor” for non-bonded atomic interactions.”” A higher
score denotes a greater level of quality. Projected models
of wheat SnRK proteins were extracted in various 3D
locations using UCSF CHIMERA 1.10.1*

Physiochemical properties and subcellular localization

Physiochemical properties such as molecular weight
(MW), isoelectric point (pl), aliphatic index (AI),
and grand average of hydropathicity (GRAVY) were
determined using the ProtParam tool on the Expasy
website (https://web.expasy.org/protparam/).1*!
Subcellular localization of TaSnRK proteins was
predicted using a novel integrated web-server called
BUSCAM™ and Plant-mPLoc.*’

Analysis of motifs

The MEME Suite is a comprehensive web-based toolkit
for analysing sequence motifs in proteins, DNA, and
RNA. Many biological functions are encoded by such
motifs, and their identification, characterization is
very critical in the study of molecular interactions in
cells, including gene expression regulation.* Many
biological functions are encoded by such motifs, and
their identification, characterization is very critical in
the study of molecular interactions in cells, including
gene expression regulation. In the present study,
TBtools, a bioinformatics software, was used for
comparative analyses, of conserved motifs and their
phylogenetic relationships which is important to reveal
the conservation and differences among members of a

gene family.[*’

Analysis of evolutionary relation among TaSnRK under
study

To confirm the evolutionary relationship among
TaSnRK proteins in plants, we used MEGA 6.01
and ClustalW ver. 2.1 for multiple sequence alignment
(MSA) of the full length deduced amino acid
sequences of TaSnRK domain-containing proteins
in T. aestivum*" Subsequently, a phylogenetic tree
was build using the neighbor-joining approach with
the Poisson substitution model, uniform rates, and
pairwise deletion,*! with bootstrap values computed
for a percentage of 1000 iterations.*! The evolutionary
relation among TaSnRK between Arabidopsis thaliana,
Oryza sativa, and Triticum aestivum confirmed from
ClustalW ver 2.1 and MEGAG.0 was displayed with
help of ITOL (Interactive Tree Of Life) z.c., a web-
based application for viewing, manipulating, and

annotating phylogenetic trees.")

Expression profiling

Expression profile of the TaSnRK genes, identified
in this study, was examined using Wheat Expression
Browser (http://www.wheatexpression.com/), which is
powered by the expression Visualization and Integration
Platform (expVIP) to retrieve RNA-seq expression
dataPYand Plant-mPLoc.*’

RESULTS

Identification of TaSnRK gene family in wheat

In the present study, initially a total of 5097 different
loci encoding TaSnRK proteins in wheat have been
identified using genome-wide approach. Thus, identified
proteins were filtered, duplicate redundant sequences
and various transcripts of the same gene were removed
from the identified TaSnRK. The amino acid sequences
of all 5097 proteins were checked for the existence of
the conserved TaSnRK domain and other associated
domains using the InterPro and PROSITE databases
to further verify the reliability of these TaSnRK
genes. The identified 5097 TaSnRK genes were named
TaSnRK1 -1A to TaSnRK5097 -7D according to their
chromosomal positions.

As revealed by sequence analysis, the length of inferred
SnRK genes ranged from 210bp (TaSnRK1644-3A)
to 7721bp (TaSnRK2559-4A), with corresponding
protein lengths ranging from (69aa (TaSnRK1644-3A)
to 2448aa (TaSnRK2120-3B).

Out of the 5097 different wheat loci encoding SnRK
proteins, the gene ID, length, corresponding protein
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Table 1: List of some SnRKgenes identified in wheat genome in the study along with their length,

corresponding protein length, chromosome location.

Gene EnsemblPlants ID Chromosome Coordinates LT:S; L L?:g)t 1 v:r”)i:‘r::s
TaSnRK97-1A TraesCS1A02G203400 1A 365064927-365071233 2160 524 2
TaSnRK302-1B TraesCS1B02G217500 1B 394405839-394411967 2111 526 2
TaSnRK623-1D TraesCS1D02G450800 1D 493025001-493027243 1296 340 -
TaSnRK1261-2D TraesCS2D02G020100 2D 9625899-9629201 1962 653 -
TaSnRK2024-3B TraesCS3B02G334400 3B 540490811-540498364 2616 604 2
TaSnRK2687-4B TraesCS4B02G053500 4B 42161234-42163491 1977 658 -
TaSnRK2792-4B TraesCS4B02G328400 4B 619363496-619367707 2352 686 -
TaSnRK2949-4D TraesCS4D02G325200 4D 485520708-485526115 2310 521 -
TaSnRK2950-4D TraesCS4D02G325500 4D 485536885-485539970 2608 675 -
TaSnRK2979-5A TraesCS5A02G052400 5A 32705951-32708571 2346 781 -
TaSnRK3163-5A TraesCS5A02G487000 5A 657481959-657486706 1858 490 S
TaSnRK3170-5A TraesCS5A02G500000 5A 666301440-666306856 2162 524 -
TaSnRK3209-5B TraesCS5B02G056000 5B 62027233-62029396 2076 691 -
TaSnRK3222-5B TraesCS5B02G064400 5B 72097141-72099708 2568 704 -
TaSnRK3419-5B TraesCS5B02G500800 5B 668186318-668191395 2339 490 2
TaSnRK3488-5D TraesCS5D02G063800 5D 59043061-59045181 2121 706 -
TaSnRK3694-5D TraesCS5D02G501100 5D 529346790-529351653 2189 490 -
TaSnRK4746-7B TraesCS7B02G324500 7B 578716034-578717257 759 252 -
(-) means no splice variants
B i . ‘ Py B < R i
Figure 1: Gene features of TaSnRK genes as visualized with el M by | s |
GSDS server. Y o v 8 s Jomom jns " s g T kS
' - . : ‘ - . _‘ I - h e
length, chromosome location, splice variants, and G _ ! =
coordinates of some selected TaSnRK, which found m— = | — ——
important in further investigations are listed in Table 1. s & -' [ ' L
The Gene features of some important genes as “' . . i i "' 4
visualized with GSDS is shown in Figure 1. e o
Homology modelling, structure evaluation and structure | - L33 B . oy

alignment

All the 5097 simulated SnRK proteins encoded by the
identified wheat loci were studied for their homology
with typical SnRKs. When superimposed on homolog
templates, the simulated 3D structures of typical TaSnRIK
proteins indicate less than 1 RMSD. Ramachandran
plots for phi (®) and psi (W) torsion angles study
demonstrated that the simulated 3D structures of

Figure 2: Ramachandran plots of modelled wheat bZIP
proteins were computed using PSVS tool.

representative proteins have excellent geometry
(Figure 2). The simulated structure revealed that up to
94.1 percent of residues fell in the most favored regionas

seen in the plots (Table 2). A good quality model,
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Table 2: List of 18 of the total 5097 identified TaSnRK genes in wheat genome along with the results of other

studies e.g., homology modelling, %similarity, corresponding SMTL ID, properties of Ramachandran plot and

ERRAT score (representing overall structure quality), with 0 Error.

Percent Most .
Gene SMTL ID Identity Favot_;red Errat Verify 3D Prove Procheck
Region

TaSnRK97-1A 4i94.1.A 68.42% 92.10% 97.41 P W 8 eval, E:0, W:5, P:3
TaSnRK302-1B 4i93.1.A 68.35% 92.80% 98.14 P W 8 eval, E:0, W:6, P:2
TaSnRK623-1D 5waw.2.A 56.01% 90.70% 96.00 P w 8 eval, E:0, W:6, P:2
TaSnRK1261-2D 6¢th.1.A 60.80% 92.00% 96.47 P W 8 eval, E:0, W:5, P:3
TaSnRK2024-3B 3tl8.2.A 66.46% 94.10% 93.92 P W 9 eval, E:0, W:7, P:2
TaSnRK2687-4B 6cth.1.A 61.13% 90.70% 94.34 P w 8 eval, E:0, W:6, P:2
TaSnRK2792-4B 6¢cth.1.A 58.86% 91.90% 94.22 P W 9 eval, E:0, W:6, P:3
TaSnRK2949-4D 4i92.1.A 68.71% 92.70% 96.28 P W 8 eval, E:0, W:5, P:3
TaSnRK2950-4D 6¢cth.1.A 58.72% 91.50% 91.54 P W 8 eval, E:0, W:5, P:3
TaSnRK2979-5A 6cth.1.A 61.20% 91.20% 97.00 P W 8 eval, E:0, W:6, P:2
TaSnRK3163-5A 4i94.2.A 72.47% 92.50% 98.92 P W 8 eval, E:0, W:6, P:2
TaSnRK3170-5A 4i93.1.A 69.06% 92.30% 95.62 P W 8 eval, E:0, W:6, P:2
TaSnRK3209-5B 6¢th.1.A 62.21% 91.80% 92.28 P W 8 eval, E:0, W:6, P:2
TaSnRK3222-5B 6cth.1.A 61.54% 91.10% 95.91 P w 8 eval, E:0, W:6, P:2
TaSnRK3419-5B 4i94.2.A 72.47% 92.50% 98.92 P W 8 eval, E:0, W:6, P:2
TaSnRK3488-5D 6¢cth.1.A 61.54% 90.70% 95.91 P W 8 eval, E:0, W:6, P:2
TaSnRK3694-5D 4i94.1.A 72.82% 92.90% 98.19 P W 8 eval, E:0, W:5, P:3
TaSnRK4746-7B 3t18.2.A 65.02% 93.90% 95.10 P W 9 eval, E:0, W:7, P:2

P stand for Pass, W- stand for warning, Eval- Evaluations, E- Errors
Protein  structures, modelled through homology

éf&ﬁ % R @‘Qf CSJ?;EL % ﬁiiﬁﬁ‘

TaSNRK2024-38

TaSNRKS7-1A 0

m g{}?‘”* ?}}%‘» &ﬁ«h‘;

40 TaSNRK2979-54

TasNRK2687-48

TaSNRK3163-54

TaSNRK3149-58

&J . -
TaSNRK3170-5A

Figure 3: 3D structure images of TaSnRK proteins, as gener-

ated using the UCSF Chimera program from the resource for

Biocomputing, Visualization, and Informatics (http://www.cgl.
ucsf.edu/ chimera).

according to the PROCHECK algorithm, should have
over 90% residues in the most favoured regions.” The
Ramachandran plot is a very well recognized stage in the
three-dimensional structure verification of proteins.>>
Modelled 3D structures of wheat TaSnRK proteins
provides a structural foundation for understanding
the complex mechanism of TaSnRKs. A total of 544
TaSnRK protein were investigated in the study to have a
similarity of 50% or more.

modelling using automated Swiss-Model server that
were having a most favoured region and ERRAT
score more than 90, were further visualized in CPK by
UCSF CHIMERA are shown in Figure 3. The structure
generated using CHIMERA is found comparable to the
established SnRKs.

Physiochemical properties and subcellular localization

The selected TaSnRKSs’ physicochemical parameters and
subcellular localization as determined by the ProtParam
tool and BUSCA, respectively are listed in Table 3.
Almost all the proteins under study are discovered to
be subcellularly localised in the nucleus, as indicated by
studies using ProtParam and BUSCA, which supports
the assumption that they have role to play in signal

transduction.
Analysis of motifs

10 motifs were found among the gene (SnRK) being
shared among _Arabidopsis thaliana, Oryza sativa, and
Triticum aestivum.
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Table 3: Predicted physicochemical properties and subcellular localization of TaSnRK proteins.

Protein Molecular weight Isoelectric point Aliphatic index GRAVY |_Soucba?§|al:i|§;

TaSnRK97-1A 58571.49 6.26 70.86 -0.510 N
TaSnRK302-1B 58556.44 6.30 70.59 -0.509 N
TaSnRK623-1D 38958.28 6.93 73.18 0.532 N
TaSnRK1261-2D 72131.70 5.81 91.45 -0.032 N
TaSnRK2024-3B 66876.20 5.37 98.11 -0.154 Memb
TaSnRK2687-4B 72370.65 7.45 87.02 0.091 N
TaSnRK2792-4B 75933.32 6.92 81.63 -0.234 Cyt\N
TaSnRK2949-4D 57921.72 6.26 69.42 -0.472 N
TaSnRK2950-4D 73386.11 6.05 79.19 -0.205 N/ Chl/ Cyt
TaSnRK2979-5A 75370.57 7.83 81.93 -0.128 N
TaSnRK3163-5A 53872.93 5.83 81.49 -0.271 N
TaSnRK3170-5A 58431.28 6.19 68.45 -0.511 N
TaSnRK3209-5B 133069.82 6.44 79.25 -0.261 N/ Chl
TaSnRK3222-5B 75316.87 714 83.31 -0.058 N / Memb
TaSnRK3419-5B 53872.93 5.83 81.49 -0.271 N
TaSnRK3488-5D 75801.38 8.34 81.84 -0.132 N / Memb
TaSnRK3694-5D 53828.83 5.75 81.69 -0.265 N
TaSnRK4746-7B 69138.88 6.71 95.26 -0.073 Memb

* N — stands for Nucleus, Memb- Cell Membrane, Chl- for Chloroplast, Cyt- for Cytoplasm

As shown in the Figure 4, Motif 2 is shared by 39
v genes in total, among which 17 belongs to T. aestivum,
12 belongs to A. thaliana while 10 belongs to O. sativa.
Motif 9 is shared by 36 genes in total, among which 15
belongs to T. aestivum, 11 belongs to A. thaliana while
10 belongs to O. sativa. Motif 6 is shared by 30 genes in
total, among which 10 belongs to T. aestivum, 10 belongs
to O. sativa, while 10 belongs to A. thaliana. Motif 7 is
shared by 29 genes in total, among which 9 belongs to
T. aestivum, 10 belongs to O. sativa, while 10 belongs to
- A. thaliana. Motif 1 is shared by 22 genes in total, among
which 17 belongs to I. aestivun, 10 belongs to O. sativa,
while 12 belongs to A. thaliana. Motif 3 is shared by
20 genes in total, among which 10 belongs to O. sativa,
while 10 belongs to A. thaliana, Motif 3 is not found
in genes of T. aestivum. Motif 4 is shared by 20 genes
in total, among which 10 belongs to O. sativa, while 10
belongs to A. thaliana, Motif 4 is not found in genes of
T. aestivum. Motif 5 is shared by 19 genes in total, among
which 17 belongs to T. aestivum while 2 belongs to
A. thaliana. Motif 8 and Motif 10 is shared by 10 genes
5 ¥ and 7 genes of I. aestivum only respectively.

TEERERERE RN R R R LT

RREEGS

EEEEERE R,

Figure 4: Motifs shared by the genes among Arabidopsis
thaliana, Oryza sativa, and Triticum aestivum and indicating
their evolutionary relations.

Evolutionary relation among TaSnRKs of A. thaliana,
T. aestivum and O. sativa
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Figure 5: Evolutionary relationship among TaSnRKs, based
on the sequence alignment of the different TaSnRKs proteins
of A. thaliana, T. aestivum and O. sativa.

A phylogenetic tree was constructed to confirm
the evolutionary relationship between 1. aestivum,
A. thaliana, and O. sativa. The unrooted phylogeny
tree was generated using ClustalW 2.1 and MEGA 6.0
program and displayed with iTOL (Figure 5). TaSnRKs
were mainly classified into 9 subgroups. Subgroups
A has 9 genes in total, among which 7 belongs to T.
aestivumr and 2 belongs to A. thaliana. Subgroups B
has 10 genes belongs to I. aestivum. Subgroups C has
5 genes in total, among which 4 belongs to O. safiva
and 1 belongs to A. thaliana. Subgroups D has 5 genes
in total, among which 4 belongs to .A. thaliana and 1
belongs to O. sativa. Subgroups E has 4 genes in total,
among which 2 belongs to O. sativa and 2 belongs to
A. thaliana. Subgroups F has 4 genes in total, among
which 3 belongs to O. sativa and 1 belongs to A. thaliana.
Subgroups G has 5 genes in total, among which 4
belongs to A. thaliana 10 genes 1 gene belongs to
T. aestivum. Subgroups H has 1 gene which 4 belongs to
A. thaliana. Subgroups 1 has 2 genes which 4 belongs
to A. thaliana. Phylogeny analysis revealed presence
of divergent sub-groups of SnRK candidate genes in
T aestivum and on comparison exhibited similarity with
A. thaliana and O. sativa. So, indicating that the SnRK
candidate genes encoding proteins are derived from
common ancestor A. thaliana and O. sativa.

Expression profile

The expression profile under osmotic stress revealed
the expression of seven genes TaSnRK2024-3B,
TaSnRK2792-4B, TaSnRK2949-4D, TaSnRK2950-4D,
TaSnRK302-1B, TaSnRK3170-5A, and TaSnRK97-1A
(Figure 6). Mainly TaSnRIK2024-3B, TaSnRK302-1B
and TaSnRK97-1A exhibited the higher expression

and GEP of SnRK Gene Family in Wheat

Figure 6: Expression profiles of TaSnRK genes. The heatmap
was constructed using the expVIP, and the FPKM (fragments
per kilobase of transcript per million fragments) value of
TaSnRK genes were transformed by log2. The yellow and
blue colours represent the lower and higher relative
abundance of the transcript, respectively.

under stress condition as revealed by the higher relative
abundance of the transcript.

Studies on management of abiotic stress has been
documented to increase wheat production,” in the
present study TaSnRIK2024-3B, TaSnRK302-1B and
TaSnRK97-1A are supposed to play most important role
in signal transduction of abiotic stress among the total
of 5097 loci identified through genome wide search.

DISCUSSION

As mentioned eatlier in introduction, the sucrose non-
fermentation-related protein kinase (SnRK) is a Set/
Thr protein kinase that regulates the interconnection of
a wide range of signalling pathways by phosphorylating
the target protein during plant stress responses.!! In
Arabidopsis thaliana: SnRK gene family has been well
studied and found to have three subfamilies SnRK1,
SnRK2, and SnRK3.” Before our study, there had been
no genome-wide, in-depth study of the SnRK family
reported in wheat.

In this study 18 TaSnRK genes located on 11 different
chromosomes with an uneven distribution were finally
inferred to have a stable protein structure based on
different parameters using tools and parameters used
by different workers in past.’'">* We also identified
instances of both the conservation and divergence of
the gene expression, and protein evolution in wheat.
Expression data analysis revealed wheat SnRK genes
are potentially intricate participants in regulating
the pathways of abiotic stress. The genome-wide
identification and characterization of SnRK gene in
wheat is an essential starting point for further exploring
the function of this gene in depth. It is believed that,
as the accumulation and extension of data on genomes
and transcriptomes continues, there will be a much
better understanding of the SnRK gene in wheat.
Further the protein’s 3D structure is more conserved
than amino acid sequences, and vital for cellular
functions e.g, gene regulation and differentiation.
However, many plant SnRK proteins have yet to be
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solved crystal and NMR structures, according to the
Protein Data Bank (PDB) repository (rcsb.otrg). The best
homologs template structures were discovered based on
a high score and a low ¢-value.’ The automated Swiss-
Model server was used to anticipate the essential 3D
structures for wheat SnRK proteins.P™

Furthermore, Ramachandran plots of modelled wheat
SnRK proteins were created and highly favourable areas
were assessed. The quality of protein 3D structure for
non-bonded atomic interactions is assessed.” Projected
models of wheat SnRK proteins were extracted in
various 3D locations.*” Up to 94.1 percent of residues
fell in the most favourable locations, according to the
modelled structure. The study looked at a total of 544
TaSnRK proteins to see if they were comparable by
50% or more. The molecular weight (MW), isoelectric
point (pl), aliphatic index (Al), and grand average of
hydropathicity (GRAVY) were determined."!! Subcellular
localization of TaSnRK proteins was predicted.!*!
Almost all the proteins under study are discovered to
be subcellularly localised in the nucleus, which supports
the assumption that they have role to play in signal
transduction.

Biological motifs encode a wide range of biological
functions, and their identification and definition are
crucial in the study of molecular interactions in cells,
including gene expression regulation.!! There were
ten motifs shared by Arabidopsis thaliana, Oryza sativa,
and Triticum aestivum in the gene (SnRK). The deduced
amino acid sequences of TaSnRK domain-containing
proteins in T. aestivum, Arabidopsis thaliana, and Oryza
sativa were used to confirm the evolutionary link among
TaSnRK proteins in plants. In T. aestivum, phylogeny
analysis revealed the presence of divergent 9 subgroups
of SnRK candidate genes, which were compared to
A. thaliana and O. sativa and found to be identical. As a
result, the SnRK candidate genes that encode proteins
are descended from A. thaliana and O. sativa’s common
ancestor. To collect RNA-seq expression data, the
expression profile of the TaSnRK genes identified
in this work was evaluated.®" In the current study,
TaSnRK2024-3B, TaSnRK302-1B, and TaSnRK97-1A
are assumed to play the most essential role in signal
transduction of abiotic stress among the total of 5097
loci identified through genome wide search.

CONCLUSION

Though certain SnRK2 genes of _Arabidopsis and rice
has been well defined and their function has clearly
been demonstrated, SnRK genes in wheat are still
subtle. In the present study, a genome-wide study

using bioinformatics-based techniques and algorithms,
provides a systematic identification and functional
annotation of the wheat SnRK gene family (TaSnRK).
Total 18 TaSnRK genes were inferred to have a stable
protein structure based on different parameters, located
on different chromosome with an uneven distribution,
out of a total of 5097 TaSnRK loci initially found in
the wheat genome. Finally, the expression analysis
revealed differential responses among the TaSnRK
genes to osmotic stress. Overall, the present extensive
bioinformatics analysis of TaSnRK genes offer a solid
foundation for further investigation of TaSnRK2 gene
functions, leading to development of wheat cultivars
resistant to abiotic stress.
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