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ABSTRACT

In eukaryotes, proteins contain tandem repeats of numerous domains which are vital for providing a surface that promotes
or mediates in protein-protein interactions as well as ligand binding like DNA and RNA, which are required for biological
functions. In this study, we come across that most of the proteins domains in barley are classified as tandem repeats and
these domains are assigned to deal with adverse environmental conditions. About 100 to 377 such repeats like
pentatricopeptide repeats (PPRs), Leucine-rich repeats (LRRs), zf-RING 2, WD40, Myb_DNA-binding, F-box, and Ankyrin
(ANK 2) repeats, which are known for their critical functions in cell physiology, stress tolerance, and development. Based on
their functions we can say that barley is a naturally stress tolerant plant. Here, we explore the biological functions of the
protein domains of the barley genome through Pfam database, via systematically screening the Pfam domain on HMMER
(bio-sequence analysis using profile hidden Markov models), a fast and sensitive homology search that reveals the
distribution of protein domain. We recognized 2,872 unique domains in 13,797 proteins out of 24,211 protein sequences in
Hordeum vulgare. In the 13,797 sequences, 42 percent sequences are multi-domain proteins and 32 percent with multiple
occurrences of the same domains. And LRR-8 was identified as one of the largest repeats in the barley genome.
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et al., 2020). Abiotic stressors can significantly

INTRODUCTION reduce crop growth and production, and they are
Hordeum vulgare is a self-pollinating monocot a major limiting factor in crop yields around the
plant belonging to Poaceae, and commonly world (Han et al., 2021). Salt and water stress
known as barley. It has been domesticated and harm 10% of the world's agricultural land,
cultivated for at least 17,000 years. It is the fourth lowering crop yields by more than half, while
important cereal crop besides wheat, maize, and biotic stresses like pathogens and diseases also
rice in the world (Akar et al., 2004). It is also cause significant crop losses. Plants have
known for its natural tolerance towards salt, developed many regulatory mechanisms to
drought and fungal disease along with adaptation acquire and react to various stress signals to
to diverse environmental conditions (Dai et al., adapt to changing environmental conditions (Han
2012). et al., 2021). Whenever a plant is stressed, the

) ) ) relevant regulatory pathway is activated, and the
Plants are subjected to a variety of diverse . . . .
subsequent reactions aid the plant's survival (Lu
etal., 2020).

Direct structural and functional identification of

environmental circumstances during their
existence (Han et al., 2021). Stress is a term that
refers to a set of circumstances that are not o o )

each of an organism's proteins is excessively

favourable to plant growth and development (Lu .
costly and complex. Even if no actual
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experimentation on the organism has been done,
genome sequencing is valuable information for
studying its molecular biology using
bioinformatics tools. When you have an entire
genomic sequence, you can start asking broad
questions about an organism's metabolic
potential and molecular systems. In proteome
research, information transfer among associated
proteins is crucial. While comparing entire
sequence data is a valuable tool for identifying
near and direct links, it overlooks the more
nuanced correlations among proteins (Yeats et
al., 2003). The identification of a protein's domain
composition is a more complex way of analysing
it. So with the application of in-silico analysis and
tools, we can identify structural and functional
aspects of proteins architecture within a short

time (Azlan et al., 2021).

Proteins consist of evolutionarily conserved
domains (Lee and Lee, 2009 ). Protein domains
are more typically found in combination with
other domains in multi-domain proteins, but they
can also be found alone (Bjorklund et al., 2006).
On the basis of their structure and function,
domains are distinguished into two types i.e.,
functional domain and structural domain (Lee and
Lee, 2009). Chothia in 1992 discovered that
domains evolve independently and that the
mechanism of evolution shows that in large-scale
evolution, often unrelated proteins arise with
many conserved structural and functional
domains. Around 80% of proteins in eukaryotes
and two-thirds of proteins in prokaryotes are
2009).

is essential

multi-domain proteins (Lee and Lee,

Predicting protein domains for
understanding a protein function at the molecular
level, but without a reference genome sequence,
we cannot predict a protein domain. Protein
are categorized

sequences into family and
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domain using the Pfam database (Mistry et al.,
2021). In this study, we aim to explore the
biological functions of the protein domains of the
barley genome through Pfam database, and for
this, we have systematically screened the Pfam
HMMER,
homology search that reveals the distribution of

domain on a fast and sensitive
protein domains. In Table 1. we have summarized
the primary function of the reported protein

domains in the barley genome.

The literature revealed that in eukaryotes most of
the domains of the protein contain highly
expanded tandem repeats (TRs) in comparison to
the
organisms to deal with adverse environmental

prokaryotes, which acclimatize higher

conditions. In the case of plants, it was assumed
that the expansions of protein tandem repeats
are internal  tandem

progressed through

duplications and recombination of genetic
material (Sharma and Pandey, 2016). The basic
root of this evolution is the genetic alterations
that

recombination. DNA duplication is a random

include  mutation, duplication, and
process that may occur in any part of the coding
DNA segment, that leads to the simple sequence
1998). These

repeats later get translated into single amino acid

repeats (Pearson and Sinden,
repeats or tandem oligo-peptide repeats, and
finally lead to altered protein structure and
function (Katti et al., 2000). Based on length and
functions, tandem repeats are categorized into
the following types (Katti et al., 2000):

e Shorter oligopeptides repeat (approximately
2 to 20 amino acids), which are structurally or
functionally insufficient on their own, and
provide supplemental function during repeat
interactions.
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e Moderate oligopeptides are repeats of 20 to
40 amino acids that can form structurally
distinct units but not function independently.
In addition, several of them develop a three-
dimensional structure for communicating
protein-protein interactions.

e Oligopeptides repeat more than 100 amino
acids that are structurally and functionally

competent on their own.
MATERIALS AND METHODS
Protein sequence and analysis tools

Barley protein sequences (Hordeum vulgare,
UniProt: UP000011116 and Taxonomy ID:112509)
were obtained from reference proteome data
available at http://www.uniprot.org/downloads.
Pfam, a protein family and domain database that
is frequently used to explore emerging genomes,
as well as to drive experimental job on specific
the HHMER
automatically creates a Hidden Markov Models

protein and software, which
(HMM) from the seed alignment and searches it
against the pfamseq database (Mistry et al.,

2021) were used to identify proteins domains.
Protein domain identification and analysis

HMM of known domains were downloaded from
the
contained 24,211 protein sequences, which were

Pfam database. Reference proteome
searched against Pfam HMM database using
hmmscan program from HMMER package (Finn et
al., 2011). To consider the relevance of the
output sequence and the resulting hit, inclusion
thresholds of e-value <= 0.01 were utilized. Using
in-house Perl scripts, the output of the hmmscan
search was examined to extract the domain
architecture of each protein sequence. In 13,797

protein sequences, at least one domain was
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found. Gene ontology mapping to Pfam domains
was downloaded from

http://geneontology.org/external2go/pfam2go.
The data obtained from the above analysis were
Microsoft Excel

used in to generate the

histograms.
RESULTS AND DISCUSSION

To identify proteins domains in Hordeum vulgare
a reference proteome of the barley genome were
searched against the Pfam HMM database using
hmmscan program from the HMMER package,
with e-value <= 0.01. Using our approach, we
identified 2,872 unique domains in 13,797 out of
24,211 protein sequences in Hordeum vulgare.
The remaining 57 % sequences could not be
assigned to any known domain at our filtering
criteria. Out of 13,797 sequences, 42 percent of
sequences are multi-domain proteins (with two
or more domains), and 32 percent when proteins
with multiple occurrences of the same domains
are not counted. It indicates that approximately
10 percent of proteins harbor the same domains
multiple times. After the identification of a
myriad of protein domains in the barley genome,
we choose the most repeated and expanded
protein domains which play the key biological

functions in the barley genome. Based on
biological function and its distribution we
categorized our results into different

subheadings.

Expansion of Tandem Repeat Domain Families in
Barley Genome

Our analysis found that most of the protein
domains fall in the category of tandem repeats
which are variants in oligopeptides repeats and
functions. Researchers previously reported that
multicellular organisms have a lot of protein
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domain repeats (Ekman et al., 2005). However, it

is not the case that only multicellularity
determines the presence of multiple repeats,
small organisms like yeast and worms have the
same proportion of protein repeats. Furthermore,
some prokaryotes like Pseudomonas aeruginosa
and Escherichia coli also contains proteins with

repeats (Bjorklund et al., 2006).

Our study demonstrates that the barley genome
(TRs)
families such as pentatricopeptide repeats (PPRs),
Leucine-rich repeats (LRRs), zf-RING_2, WD40 and
Ankyrin (ANK_2) repeats those play a vital role in

contains well-featured tandem repeats

development and defence mechanisms, protein
domain frequency and its distribution are shown
in Fig. 1. The TRs belong to pentatricopeptide
repeats (PPRs) families having the length of 35
amino acids (Sharma and Pandey, 2016), and
during the study, we found that all the families of
PPR comprise of the diverse length of tandem
sequence repeats which vary in amino acid
sequences (308 protein domains of PPR_2, 156
PPR, and 84 PPR_1), families are found and they
are exclusively expanded in terrestrial plants, and
their expression is anticipated in mitochondrial
and chloroplast genes (Schmitz-Linneweber and
Small, 2008). Moreover, the least number of PPR
domains are noticed in some prokaryotes like
rhodobacter, simkania, ralstonia, and legionella
and it has been suggested that the genes get
transferred between eukaryotes and prokaryotes

through horizontal gene transfer (Schmitz-
Linneweber and Small, 2008).
Leucine-rich repeats (LRRs) proteins are

commonly well-explored signalling molecules in
plants. LRR-motifs are extracellular proteins that
are the key components of the plant receptor-like
kinase (LRR-RLK) include a major subfamily in
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plants (Sharma and Pandey, 2016). And it has a
length of 20—30 amino acids, and are universally
expanded protein domains. Three
(LRR_4, LRR_8, and LRRNT_2), are well
established in barley, out of which LRRNT_2 was
restricted in plants only. The LRR_8 domain was
spotted in 712 proteins, LRR_4 in 118 and
LRRNT_2 in 208 proteins. In our analysis LRR-8
was identified as one of the largest repeats in the

families

barley genome likewise, in arabidopsis LRR was
recognized as the biggest gene family (Sharma
and Pandey, 2016).

The Zn-RING_2 domains are the utmost rich
proteins domains in eukaryotic genomes. Zinc
finger domains are known for their diverse
functions like RNA packaging, DNA recognition,
transcriptional stimulation, folding of protein and
assemblage, and binding of lipid (Han et al.,
2021). Likewise in plants, zinc finger proteins are
active in scores of functions ranging from plant
growth development to numerous biotic and
abiotic stresses (Han et al., 2021). As their
functions Zinc fingers have diverse structures.
Literature reveals that C2H2 and CCCH (classified
based on the position of Cys and His residues),
Zinc finger proteins families are counted in plant
development activities, while C3HC4 families are
related to biotic and abiotic stresses (Han et al.,
2021). We identified 183 proteins of the Zn-
RING_2 domain in the barley genome (Fig. 1).

WD40 proteins are mostly involved in various

cellular processes like cell divisions, vesicle

formation, signal transduction, RNA processing
and remodelling of chromatin via modification of
histone proteins (Tan et al., 2021). Usually, WD40
repeats proteins are known for protein-protein
interactions via providing a scaffold, which
facilitates the

activity of protein-protein
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interaction (Tan et al.,, 2021). The interaction
between WDA40 repeat proteins, MYB and bHLH
transcription factors
studied
biosynthesis may be an excellent model for their
interactions (Nakatsuka et al., 2008). WD40
consists of around 44 to 60 amino acids (Tan et

have been extensively

in recent years, and flavonoid

al.,, 2021) in this investigation, we found 256
instances of WDA40 in 121 proteins, as well as 237
and 200 WD40
arabidopsis and Oryza sativa respectively were

repeat family members in

found by Ouyang et al. in 2012).

Ankyrin (ANK_2) which contains 33 amino acids
residues are evolutionarily conserved protein
domains that occur in a wide diversity of
prokaryote and eukaryotes and act as a mediator
for protein-protein interactions (Li et al., 2006).
ANK
arabidopsis, are involved in cell differentiation
and development (Zhang et al., 1992). BOP1, an
ANK protein is required for leaf morphogenesis

repeats, a light-dependent protein in

(Ha et al., 2004). Regulation of ethylene signalling
and biosynthesis are related to XBAT32 and
XBAT35 are ANK containing proteins (Lyzenga et
al.,, 2012). Recent studies have revealed that
numerous AKN repeats express their reactions in
response to biotic and abiotic stresses in plants.
Expression of rice OsBIANK1 gene, having coding
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ANK protein is changed in pathogen infested rice
seedling as related to normal or control, which
proposes its contribution in disease resistance
(zhang et al., 2010).

Results discussed above demonstrate that the
repeat domain families are remarkable in
numbers than non-repeat gene families in the
barley genome. Large numbers of TRs, in some
cases, assign their large-scale tandem gene
duplication or internal genetic duplication within
genes families as revealed by Ponting et al. in
1999. Despite of this uncertainty, still continues
the selection pressure fast the rate of TRs
gain/loss this rapid process create genetic
diversity, adjust the plant to adverse conditions
along with the changing environment (Richard et
2008). So that

conservation of protein sequences is a favourable

al., it was demonstrated
mechanism from an evolutionary point rather
than gaining/loss of TRs, because continuous
changes in sequence lengths cause instability in
protein structure and its activities (Schaper and
Anisimova, 2015), during the course of evolution
excessive distribution of TRs families in plants,
indicate its typical roles in development and
growth of the plant. Despite that its mechanism is

yet to be understood (Yang et al., 2010).

800
600
400
200

F-box-like

Total numbers in genome

Fig. 1 Distribution of protein domain and its expansion in the barley genome. Blue bar indicates the repetition of single
protein domain unit in the genome and orange line indicates the overall number of the protein domain in genome.
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Proteins Domains active in Plant Development
and Stress Response

Based on the findings of our analysis we

described the most repeated protein domains,

which are known for their roles in plant
development and stress responses. Repeated
sequence containing proteins are actively

involved in numerous biological functions like
cellular biosynthesis, signal transduction besides
that repeated proteins are involved in biotic and
abiotic stress stimuli (Schaper and Anisimova,
2015). In this manuscript, we have depicted the
functions of the most repeated and expanded
proteins domains in the barley genome.

Pentatricopeptide Repeat

In the barley genome, we identified many families
of pentatricopeptide repeat (PPR) proteins which
constitute one of the greatest gene families in
barley after LRR families. Generally, PPR families
are forecasted to be located in the mitochondria
Most of the PPR
families are distinguished for their role in plant

and chloroplast organelles.

development, EMB175 protein which consists of
14 PPR motifs plays a vital role in embryo
development in arabidopsis, cell division was
affected by mutation in emb175 which out turn in
morphological arrest. EMB175 is also projected to
be localized in the chloroplast. Many of the PPR
families are projected to be a restorer of
cytoplasmic male sterility (CMS) in plants. Rf
(Restorer of fertility) locus protein Rf-PPR592
which consists of 14 PPRs motif is distinguished as
mitochondrial housed protein, has the ability to
re-establish fertility to rf/rf CMS lines (Sharma
and Pandey, 2016). While in radish, Rfo is an

additional fertility restorer gene accompanied by
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many PPR, was cloned by using microsynteny
analysis, which suggested to have mitochondrial
targeting peptide signal. In B. napus (ogu) a CMS
mutant was recovered to male fertile plant by
transforming Rfo into Ogura (Desloire et al.,
2003). Much molecular identification forecast
PPRs roles in biotic and abiotic stresses. Recent
studies reveal that pentatricopeptide repeat
(PPR) protein for germination on NaCl (PGN) was
recognized as a regulator of biotic and abiotic
stress response in arabidopsis. Inactivation of
PGN

towards necrotrophic fungal pathogen as well as

in arabidopsis results in an encounter
to hypersensitivity to abscisic acid (ABA), glucose
and salinity (Laluk et al., 2011). SLG1 (slow growth
1) a mitochondrial PPR protein in arabidopsis,
mutant slgl cause slow growth and delayed
development along with increased response
towards ABA and tolerance to drought stress
(Sharma and Pandey, 2016). The role of (PPR40) a

mitochondrial PPR protein was assigned as a

possible connection between mitochondrial
electron transport, stress and hormone
regulatory control in arabidopsis. PPR40

deficiency leads to increased ROS generation,
enhanced the activity of superoxide dismutase
and lipid peroxidation, and alteration of multiple
stress-sensitive genes in arabidopsis, implying a
link between cellular respiration and stress
adaptation. In mitochondria, ABA excessively
(ABO5)

pentatricopeptide repeat protein necessary for

responsive 5 expresses a
splicing of nad2 (NADH dehydrogenase subunit 2)
intron 3. Plants with abo5 mutations had
decreased transcript levels of stress-inducible
genes like RD29A, COR47, and ABF2 (Sharma and
Pandey, 2016). PPR proteins are active in post-
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transcriptional control of chloroplast and
mitochondrial genes, such as RNA maturation,
intron splicing, editing and translation initiation,
according to many findings (Wang et al., 2021).
While PPR

proteins are distinguished to conduct various

many mitochondrial/chloroplast

roles in plant biotic and abiotic mechanisms, but
recently Jiang et al., 2015 characterized a nucleo-
cytoplasmic localized PPR protein SOAR1, which
negatively regulate ABA signalling during seed
germination and post-germination (liang et al.,,
2015). As a result of its involvement in a variety of
PPR has a
representation in the barley genome, as stated

critical biological activities, large

above.
LRR Repeats

LRR- containing proteins are recognized in all
kingdoms. In the barley genome, we identified
several families of LRR domains in which LRR_8
was observed 1181 times in 377 proteins. While
LRR-RLK
extracellular leucine-rich repeat motif includes

(plant receptor-like kinases) having
one of the largest subfamilies in plants, that LRR-
RLK was the most studied signalling molecule in
plants. The number of studies of this subfamily
justifies their role in numerous developmental
and defence-related activities such as cell
proliferation, stem cell development and host-
specific and non-specific defence action (Sharma
and Pandey, 2016). LRX1 and LRX2 are LRR
containing proteins, which has been distinguished
in cell wall formation. LRX is a leucine-rich repeat
having an N-terminal LRR domain and C-terminal
extensin domain, while the extension domain is
involved in crosslinking with cell wall constituents
(Draeger et al., 2015). ERECTA-family (ERL1 and
ERL2) leucine-rich-repeat receptor-like kinases

(LRR-RLKs) controls stomatal cell differentiation in
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arabidopsis (Sharma and Pandey, 2016). The
expression pattern of OsGIRL1 (Oryza sativa
gamma-ray induced LRR-RLK1) in rice was studied
under various abiotic stress and phytohormone
situations. Under salt, osmotic and heat stress
OsGIRL1
considerably increased. Treatment with salicylic
acid (SA) and abscisic acid (ABA) resulted in
similar

conditions, transcript levels were

inductions; however, treatment with
jasmonic acid resulted in a substantial decrease in
These
OsGIRL1 as a possible stress signal receptor in

plants (Sharma and Pandey, 2016).

OsGIRL1 expression. results point to

NB-ARC another vastly studied LRR sub-family,
which is expanded in bacteria and plant genomes
particularly in the Poaceae family and in barley
304 times NB-ARC domains were identified in 291
proteins. NB-ARC acts as the ATPase domain and
its nucleotide-binding state is suggested to
modulate the R protein action. In plants, R
proteins are key components in pathogen
recognition and are usually granted as the plant
innate immune system (Van QOoijen et al., 2008).
These R proteins demonstrate the general
domain network with central NBS at N-terminal
and LRR repeats at C-terminal (DeYoung et al.,
2006). So the massive presence and expansion of
LRR repeats in the barley genome is obvious from
its functional point of view, therefore, our
analysis reveals 1181 times of LRR_8 protein

domains in 113 proteins.
Ankyrin Repeats

Ankyrin repeats are found often in eukaryotes,
and in the barley genome, we found ANK 2
domain repeats. The sequence motif of Ankyrin-
studied
alignment to find out the conserved amino acid

repeats is via multiple sequence

residues which are necessary for folding and
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stability. Only a few amino acids in the ANK
repeating units are conserved as a feature of
degenerate repeats, while several hydrophobic
sites are maintained that are required to maintain
the
domains (AtANKTM) are known as the most

secondary structure. Transmembrane
abundant groups which consist of ANK protein
repeats (Sharma and Pandey, 2016). In animals,
numerous ANK transmembrane proteins have
been characterized. Arabidopsis Ankyrin Repeat
(AKR) was first characterized by ANK proteins in
plants and the gene expression of ANK is light-
dependent (Zhang et al., 1992). Consequently,
that AKRP

EMB506 are interacting protein partners and both

examination demonstrates and
possess five ANK repeats and both the partners of
the AKRP-EMB506 protein complex are vital for
morphogenesis and organogenesis during the life
cycle (Sharma and Pandey, 2016). TIP1 (TIP
growth defective 1) is another ANK protein that is
vital for cell differentiation and encode for S-
acyltransferase which is requisite for the usual
growth of cell and root hair development in
plants. Additionally, XBAT32 an ANK containing
ubiquitin-mediated protein which controls lateral
root growth in the arabidopsis plant (Sharma and
Pandey, 2016). Many studies are carried out to
explicate the function of ANK repeats protein
regarding plant growth and development,
response towards biotic and abiotic stresses
(Lopez-Ortiz et al., 2020). Few of them are
play
conditions. The AKT1, inward-rectifier K" channel

distinguished to roles under stress
which consists of five ANK repeats toward its C-
terminus and numerous transmembrane domains
and the AKT1 channel act as essential in root
potassium uptake (Alemdan et al., 2011). After
further studies, it was revealed that the mutant
of aktl

shows ABA hypersensitivity which
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improves drought-tolerant towards water-

deficient situations by enhancing stomatal
closure. AKT1 regulatory cipk23 mutant also
shows similar activity and it was proposed that
both proteins play the role of adverse controller
of plant drought response (Nieves-Cordones et
al., 2011). In plants concentrations of salicylic acid
are required to respond effectively to plant
pathogens for disease resistance. A defence
protein containing an ankyrin repeat, NPR1/NIM1
(Non-expressor of PR1/Non-inducible Immunity1)
are detect in plants (Sedgwick and Smerdon,
1999). Due to insufficient gene expression of PR-1
(pathogenesis-related) genes, plants lacking
NPR1/NIM1 are unable to respond to various
SAR-induction (Systemic Acquired Resistance) and
become prone to pathogen infection (Sharma and

Pandey, 2016).
WD40 Proteins

WD40 proteins domain are present across all
eukaryotes and in the barley genome we noticed
256 times in 121 proteins. They are the most
clustered interactor as indicated by various
and their

findings indicated that this feature results in their

interactome studies architectural
capability to interact with multiple proteins,
peptides by serving their rigid scaffold for protein
interaction (Tan et al., 2021). They are associated
with diverse functions like signal transduction,
cell cycle control, cell-cell communication and
apoptosis (Tan et al., 2021). In the arabidopsis,
they modulate biosynthesis of flavonoids by
creating proteins complexes with cooperation
with the MYB transcription factor which controls
the
anthocyanins and proanthocyanidins (Matsui et
al., 2008). Extensive CYP71
(CYCLOPHILIN71), a protein

expression of biosynthetic genes for

analysis  of

WD40 repeat
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proposed their involvement in chromatin-based
silencing of genes and therefore play a vital role
in the control of gene mechanism. Mutant cyp71
in plants displayed abnormal growth, like defects
in lateral organ growth development, abnormal
activity in the apical meristem and sessile root
growth. Association of CYP71 rightly with histone
H3, signifying its part in chromatin-mediated gene
silencing (Sharma and Pandey, 2016). In plants,
WDA40-repeat protein (HOS15) vital for gene
repression which is connected with abiotic stress
endurance via histone deacetylation. Loss of the
hosl5 gene cause plants to have cold
hypersensitivity. These results suggested that
HOS15 play a

activation/suppression through histone transition

vital  role in gene

in plant acclimation towards cold stress

circumstances (Zhu et al., 2008).

Others exclusively Proteins Domains found in
Barley Genomes

Besides repeat domain proteins we found various
other domain proteins, some of them are
exclusively expanded in plant genomes which are
S_locus_glycop domain, an exclusively expanded
in plant species and uniquely in the Poaceae
family. Out of 4857 S_locus_glycop protein
domains in the whole plant kingdom, the Poaceae
2014

(https://www.ebi.ac.uk/services).

family contains domains

Many higher

plants evolved a mechanism of self-
incompatibility that prevents self-fertilization or
inbreeding and thus endorse outcrossing. The
highly

examined in the Brassica plant and possibly finds

execution of self-incompatibility s

out the mechanism that, how
the
incompatibility mechanism is controlled by S

recognition

between pollen and stigma in self-

locus, which consists of three highly polymorphic
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genes, S-receptor kinase (SRK), S-locus protein 11
(SP11), also called S-locus cysteine-rich protein;
SCR and S-locus glycoprotein (SLG). The specificity
of S-haplotype stigma is determined by SRK
encoded a membrane-spanning serine/threonine
kinase and the specificity of S-haplotype pollen is
determined by SP11 encoded a small cysteine-
rich protein. During self-pollination, it s
hypothesized that SP11 is exuded from the pollen
coat which communicates with its related SRK of
the stigma papilla cell to trigger the self-
incompatibility response (Wang et al.,, 2019).
Both SLG and SRK are highly homologous to each
other and also secreted from the stigma but it is
not mandatory for S-haplotype specificity of the
the

incompatibility reaction, but the mechanism is

stigma, however, it intensifies self-

still contentious (Takayama et al., 2001).

Besides that LRRNT_2 and B3 are entirely
restricted to plant genomes and both the
in the
Poaceae family, while LRRNT_2 a leucine-rich

domains are tremendously expanded

repeats proteins which develop in the cell wall of
plants and defend the plant from microbial
pathogen and insects by inhibiting the pectin-
depolymerizing action of PGs which are secreted
by microbial pathogen and insects. Recent studies
in Phaseolus vulgaris reveals that four pgip genes
are linked with a diversified biochemical function
as well as the gaining of new recognition
specificities. The four pgip genes which differ in
different

inhibitory capabilities against the PGs of Botrytis

the number of amino acids reveal

cinerea, Colletotrichum gloeosporioides,

Stenocarpella maydis, Fusarium moniliforme,
and Aspergillus niger (Raiola et al., unpublished
work (Di Matteo et al., 2003). PGIPs also

promotes the development of
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oligogalacturonides (OGS) which evoke a variety
of defence responses (Kalunke et al., 2015).

Likewise, the B3 DNA binding domain (DBD) is
highly conserved found only in transcription
factors from higher plants including factors
involved in auxin-regulated and abscisic acid—
regulated transcription. Also, RAV1 and RAV2 are
characterized by DNA binding proteins from
Arabidopsis thaliana. AP2, a DNA-binding domain
conserved in arabidopsis APETALA2 and tobacco
EREBP exhibit homology with the N-terminal
regions of RAV1 and RAV2, while the C-terminal
possess homology with C-terminal B3 domain, of
VP1/ABI3 transcription factors (Kagaya et al.,

1999).

While Apetala 2 (AP2) domain is a huge family of
DNA binding protein, which is exclusively specific
to many groups of plants transcription factors,
(AP2/ERF) family which comprises other four
AP2, RAV, ERF
and dehydration-responsive element-binding

major subfamilies,
(DREB) protein. The domain was first seen in the
arabidopsis and found to play the roles of
transcription regulator to numerous
environmental biotic and abiotic stress signals like
salt, cold, and drought (Lin et al., 2008) and play a
vital role in the initiation of floral meristem and
floral organ tissue determination (Sharma et al.,
2020), the establishment of floral homeotic genes
for identifying sepals and petals. Also known as
the ABC model for flowering development in
2020). Previous
studies reveal that in barley, in addition to
AP2/ERF DNA binding domain, HVRAF (Hordeum
vulgare root abundant factor), a novel family of
(ERF) had been

identified from the early seedlings. It was found

arabidopsis (Sharma et al.,

ethylene response factor

that the expression of HVRAF was aroused in
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retaliation to diverse phytohormones like salicylic
acid, ethylene, and methyl jasmonate which,
defend plants during diverse environmental
stresses (Jung et al., 2007).

Universally expanded Protein Domain Families

Along with the plants restricted domains we
found many protein domains that are universally
expanded in all organisms and the barley genome
was not an exceptional one. Fig. 2, showing the
frequency of single-domain protein. From the top
30 core protein domains, most of the domains
are universally expanded protein domains in the
barley genome. Most of the protein domains are
involved in vital and conserved regulatory
mechanisms such as protein-protein interaction,
metabolism signalling pathways, synthesis of
signalling molecules, DNA/RNA binding proteins,
post-transcriptional

processing, plant defence

mechanisms,  protein  ubiquitination, and
degradation mechanisms. We found two families
of LRR domains (LRR_8 and LRR_4) while the
LRR_8 domain was observed 1181 times in 377
proteins. LRR are leucine-rich repeats which are
often involved in the protein-protein interactions
(Kobe and Deisenhofer, 1994). Several genes also
encode for the protein kinase domain which
phosphorylates proteins in signalling pathways.
Protein kinases involved in

are numerous

biological processes. Most notably, tyrosine
kinases are abundant in barley suggesting that
tyrosine phosphorylation plays a crucial role in its

signalling network (Lehti-Shiu and Shiu, 2012).

P450 domain was observed 247 times in 246
proteins in barley. Class Il P450s are involved in
the biosynthesis of all types of hormones in
plants, including oxygenation of fatty acids for
synthesis of cutins, almost every pathway of
secondary metabolisms such as lignification and
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the synthesis of flower pigments and defence
(which
antioxidants, phytoestrogens, xenobiotics
detoxification (Singpho and Sharma, 2021). P450s
play a role in the detoxification of hazardous

chemicals include aromas, flavours,

activated oxygen species (Singpho and Sharma,
2021) all these crucial functions justify the
numbers of P450 proteins in the barley genome.
While DEAD proteins also known as DEAD-box
helicase whose intend to unwind nucleic acids
and involve in a wide range of RNA metabolism,
mMRNA,
RNA decay, organellar

including splicing of pre nucleo-
cytoplasmic transport,
gene expression and translation (Aubourg et al.,
1999). Likewise in barley plant, a recent study
found HVD1 (Hordeum vulgare DEAD-box protein)
which presume to encode an ATP-dependent RNA
helicase, a member of which is also known as the
DEAD-box family but its C-terminal amino acid
sequence contain unique motifs, despite that its
presumed amino acids sequence, contain eight
consensus motifs which are usually spotted in the
membrane of the DEAD-box protein family. In
addition, it has five repeats of RGG, recognized as
an RNA-binding motif because its hydrophobic C-
terminus demonstrates a novel DEAD box protein
that is promoted by salt stress in plants. In barley
under salt stress conditions, HDV1 mRNA was
observed to be induced eight-fold higher than its
normal condition also others stress like water
(ABA)
treatment rise the expression of HDV1 mRNA.
HDV1 has first reported the DEAD-box gene in
plants whose mRNA was assembled during salt

stress (Nakamura et al., 2004).

stress, cold stress and abscisic acid

Zf-RING_2 domain s
proteins that contain 40 to 60 residues of Zn-

universally expanded

finger which binds two atoms of zinc and is
possibly involved in moderating protein-protein
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interactions which play vital roles in various
biological courses (Han et al., 2021). The zinc
finger is known as an important transcription
factor in eukaryotic organisms that regulate
genes expression through mainly interacting with
target DNA. Zinc finger proteins are classified into
several forms based on the position of Cys and
His residues, such as C2H2, C2HC, C2C2,
C2HCC2C2, C2C2C2C2 etc, while all of these C2H2
types are well characterized and widely exist in
animals, humans and plants. In the plant, they are
active in and

growth, development

environmental stress responses (Han et al., 2020).

In barley, we have observed 185 proteins of the
Myb_DNA-binding domain
domain of bHLH. And from a recent study, it was

and 99 proteins

revealed that in plants large fraction of coding
regions encode transcription factors (TFs) and
within them, MYBs and bHLHs (basic helix-loop-
helix) have typical intrinsic properties which are
specific to plants only. Both of these TFs families
proteins can act as hetero or homodimers, which
are associated with proteins of others proteins
families, or form a complex of MYB/bHLH which
distinct like
responses to biotic and abiotic stresses, cell
death,
hormone

modulates cellular  processes

cell wall synthesis, circadian clock,

signalling and  biosynthesis  of
specialized metabolites (Vailleau et al., 2002; Seo
and Mas, 2014). In many cases it has been
that MYB/bHLH

paralleled evolved and it has been linked with the

described complexes, are
diverse flexibility in developmental and metabolic

activities in higher plants (Feller et al., 2011).

One of several major protein families found in
eukaryotic cells such as yeast, animals and plants
is the F-box domain carrying proteins. In our
study, we found 140 F-box protein domains in the
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barley genome. According to current research,
there are at least 694 and 687 F-box genes in the
Arabidopsis thaliana and Oryza sativa genomes,
respectively (Gagne et al., 2002; Jain et al., 2007)
making the F-box super-family one of its largest in
plants. F-box genes are renowned for their

functions in  protein  ubiquitination and
degradation, but they have also been identified to
influence several important processes in plants,
hormonal

including embryogenesis, responses,

seedling development, floral organogenesis,
senescence, and disease resistance (Xu et al.,
2009; Jain et al.,

138 proteins domains of Peroxidase which act as

2007). Likewise, we observed

an antioxidant defence in plants that detoxify ROS

species in plants and have tissue-specific

functions like hydrogen detoxification system in
the chloroplast, ROS scavenging in the cytosol,
mitochondria,

and peroxisome. During harsh

environmental conditions, peroxidase activity is

ISSN 0973-7502

conditions the transcript level of the peroxisomal
APX gene (HVAPX1) increased significantly in
2012). Although the
Mito_carr domain is universally expanded, in the

barley (Caverzan et al.,
barley genome we observed 132 proteins
sequences. Mitochondrial carrier domains are
carrier proteins that facilitate the transport of
solutes, metabolism products, cofactors and
nucleotides from the inner mitochondrial matrix
to the cytoplasm which provides a link between
mitochondria and cytosol (Dolce et al., 2014).
Along with that, we observed 129 Uridine-5-
(UDPGT)

protein domains which catalyze the glycosylation

diphospho  glucuronosyltransferase
of the glycosyl group by utilizing UDP-sugar as a
donor and transferring different sugars to plant
products. It increases their solubility and stability
and make it easy for their storage in plant cells
and also, determine the nature of their bioactivity
(Wang 2009).

increased. It was found that under salt stress
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Fig. 2 Distribution of single protein domain in the barley genome.

CONCLUSION

Multi-domain protein repeats are involved in vital
biological processes. Our study shows that 42%
percent of sequences in the barley genome falls

162

under multi-domain proteins and numerous of
these domains contains around 100 to 712
protein domains units which are associated with
plant development and defence mechanism

against biotic and abiotic stresses. As from



J. Himalayan Ecol. Sustain. Dev. Vol. 16 (2021)

previous findings, the barley plant was known as
a natural tolerant plant in the Poaceae family so
going through their functions in this study we can
assume that nature endorses barley plants with
this trait. Despite the emerging technology of the
21% century, the exact mechanism of tandem
gene duplication is yet to be discovered. But
without losing our hope new advanced
like  CRISPR-Cas9 Next-

Generation single-cell sequencing will resolve

technologies and

such issues.
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