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Background: Heat shock proteins (HSPs) play important roles in the responses to different environmental
stresses. In this study, the genomic and proteomic characteristics of three HSPs (HSP70, HSP90-a and
HSP90-b) in five even-toed ungulates (sheep, goats, water buffalo, Zebu cattle and cattle) were analyzed
using Multiple sequence alignment, SWISS modeling and phylogenetics analysis tools.
Results: The bioinformatic analysis revealed that the HSP70 gene in cattle, Zebu cattle, and goat is located
on chromosome 23, and is intronless, while in water buffalo and sheep it is located on chromosomes 2
and 20, respectively, and contains two exons linked by one intron. The HSP90-a gene is located on chro-
mosome 21 in cattle, Zebu cattle, and goat, while in water buffalo and sheep it is located on chromosomes
20 and 18, respectively. The HSP90-b gene is located on the same chromosome as the HSP70 gene and
contains 12 exons interspersed by 11 introns in all studied animals. In silico Expasy translate tool analysis
revealed that HSP70, HSP90-a and HSP90-b encode 641, 733, and 724 amino acids, respectively. The data
revealed that goat HSP70 protein has seven variable amino acid residues, while in both sheep and cattle
only one such amino acid was detected.
Conclusions: This study will be supportive in providing new insights into HSPs for adaptive machinery in
these studied animals and selection of target genes for molecular adaptation of livestock.
How to cite: Raza SHA, Hassanin AA, Dhshan AIM, et al. In silico genomic and proteomic analyses of
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Biotechnol 2021;53. https://doi.org/10.1016/j.ejbt.2021.07.002
� 2021 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Climate change has a wide range of effects, including reducing
both the quality and the quantity of pasture and water supplies,
intensifying the outbreak of new pests and diseases during drought
periods, and reducing the quality and quantity of products such as
milk and meat, ultimately leading to economic losses in the live-
stock industry [1,2,3]. Animals have adapted to adverse environ-
mental conditions by modifying their phenotypic and genotypic
features over long periods [3,4]. Animals exhibit many adaptive
mechanisms to survive unfavorable climatic conditions [5,6,7].
The adaptivity of animals is assessed in terms of their competence
to mate in addition to their ability to survive harsh climatic condi-
tions [8]. In terms of the adaptive ability of animals, this has been
reported to involve various mechanisms, such as anatomical, phys-
iological, behavioral, morphological, biochemical, cellular, and
molecular attributes, which enable the animal to survive in a speci-
fic environment [9,10].

It has been well documented from a broad range of studies that
heat stress (HS) has negative effects on animal productivity, such
as growth, milk production, feed intake, fertility, and health [11].
Recently, increased concerns have been raised around the effects
of HS given our growing understanding of the influence of global
warming on animal production systems [6,12]. However, how
and why stress has such negative effects on animals at the cellular
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Table 1
Genome size, GC% and protein count of five even-toed ungulate animals.

Organism Genome size
(Mb)

GC% Proteins
count

Bos taurus (Cattle) 2715.85 41.8685 42,497
Bubalus bubalis (Water

buffalo)
2836.17 41.9 58,204

Bos indicus (Zebu cattle) 2707.15 42.1399 35,992
Capra hircus (Goat) 2932.26 42.0742 42,687
Ovis aries (Sheep) 2767.82 42.2777 42,391
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and molecular levels has remained unclear. Identifying and under-
standing heat tolerance-related genes and the proteins they
encode could be effective for reducing the negative impact of HS
[13]. Furthermore, understanding genomic and proteomic varia-
tion could be fundamental to identifying and interpreting the
genetic components of complicated adaptive traits [14].

Heat shock proteins (HSPs) are a group of molecular chaperones
that avoid the aggregation of non-specific proteins and help cellu-
lar proteins to attain their native structure to maintain cellular
homeostasis [5,15]. HSPs are a large protein family, which allow
cells to adapt progressively to the changing environment, thereby
significantly impacting on thermal adaptation and stress tolerance
[16]. The cellular response to HS includes the activation of heat
shock factors, improved expression of HSPs, increased levels of
amino acid oxidation and glucose, reduced fatty acid metabolism,
and the stimulation of immune and endocrine systems through
the extracellular secretion of HSPs [5,9]. HSPs are ubiquitous pro-
teins in almost all prokaryotic and eukaryotic organisms. Among
those, HSP70s play housekeeping roles in protein quality control
and protein folding, leading to the prevention of protein accumula-
tion and repair of misfolded proteins [17]. The mammalian HSP90
family of proteins is a cluster of highly conserved molecules that
participate in various cellular activities [18]. Their distribution in
various cellular locations highlights their crucial roles in cellular
homeostasis. HSP90 and its co-chaperones orchestrate essential
physiological pathways such as cell cycle control, cell survival, hor-
mone homeostasis, autophagy, and apoptosis [19]. Additionally,
literature survey also shown that HSP gene expression in hair fol-
licles in beef calves [20], peripheral blood mononuclear cell in cat-
tle [21] provides accurate and precise facts for assessing HS and
can be considered a novel indicator of HS in cattle. It was supposed
that HSP genes may be expediently employed as biomarkers for
assessing stress response in cattle and buffalo and the expression
is species and breed-specific [21,22]. Besides, the variation in
expression of HSPs is related with heat resistance and adaptation
to different climatic conditions. It has been revealed that the differ-
ences in transcripts pattern of HSP70 family and other HSP genes
during various seasons may be mainly significant mechanism for
better adaptability in Indian zebu cattle [22].

Comparative genomics and proteomics of heat shock genes and
proteins between closely related animal species provide a chance
to understand the evolutionary relationship of HSPs and the selec-
tive pressures that control the evolution of these genes. This work
is a step towards understanding the genetic polymorphism
between some species of even-toed ungulates that have undergone
various types of adaptation to heat stress. This may facilitate future
improvement and help to understand how organisms respond to
environmental stresses.

2. Material and methods

2.1. Animal selection

To obtain a comprehensive overview of the diversity of HSP70,
HSP90-a and HSP90-b, the sequences of these three types of heat
shock protein for Bos taurus (cattle), Bubalus bubalis (water buf-
falo), Bos indicus (Zebu cattle), Capra hircus (goat), and Ovis aries
(sheep) were obtained from the NCBI database for bioinformatic
analysis (https://www.ncbi.nlm.nih.gov/genome/annotation_euk/
all/).

2.2. Genome size, median GC%, and median protein count of selected
animals

Information on the genomes of cattle, buffalo, Zebu cattle, goat,
and sheep was obtained from the NCBI database by selecting
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Eukaryotic Genome Annotation and then Even-toed ungulates
and whales (Cetartiodactyla) (Table 1).
2.3. Genomic locations of HSP genes

The genomic locations of HSP genes were determined using the
NCBI database by choosing the gene ID of a certain protein to view
the genomic and chromosomal position of the gene that encodes it
(Table 2).
2.4. Alignment and phylogenetic analysis

For further analysis, all HSP70, HSP90-a and HSP90-b protein
sequences were subjected to multiple alignment using the Clustal
Omegadatabase [CLUSTAL O (1.2.4)] (https://www.ebi.ac.uk/Tools/
msa/clustalo/) [23], assisted by some manual adjustments to indi-
cate the regions of similarity, identifying probably functional,
structural, and evolutionary relationships between sequences. A
phylogenetic tree was also generated using the UniProt database
(http://www.uniprot.org).
2.5. Protein modeling

Three-dimensional (3D) structures of HSP70, HSP90-a and
HSP90-b protein sequences were predicted after submitting the
protein sequence to an online tool (https://swissmodel.expasy.
org/interactive) [24].
2.6. Protein molecular weight calculation

The molecular weight of the three studied heat shock proteins
was calculated using an online tool (https://www.bioinformatics.
org/sms/prot_mw.html) that analyzes the sequence of a protein
and calculates its molecular weight by pasting the FASTA sequence
into the specific text area. We can also use this method of calculat-
ing the molecular weight of proteins to predict their locations on
gels in relation to a set of other proteins.
2.7. FASTA format conversion

Because most databases and programs accept only Fasta format,
we used the phylogeny.fr tool (http://phylogeny.lirmm.fr/phylo_
cgi/data_converter.cgi) to convert and unify the protein sequences
to Fasta format. This tool accepts both nucleotide and protein
sequences. (The format of the input file will be automatically
detected in most cases. If an error message appears stating that
the format cannot be recognized, the input format can be specified
instead of choosing ‘‘Automatic” or all blank spaces can be
removed from the sequence names).
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Table 2
Genomic and proteomic characterization of heat shock protein 70, heat shock protein 90-alpha and heat shock protein 90-beta of five even-toed ungulate animals.

Organism Genomic properties Proteomic properties

Protein type Genomic locus Gene ID Exons Introns Protein length (aa) Molecular weight (kDa) Accession No.

Cattle HSP70 Chromosome 23-NC_037350.1 282254 1 - 641 70.27 NP_976067.3
HSP90-alpha Chromosome 21-NC_037348.1 281832 11 10 733 84.74 NP_001012688.1
HSP90-beta Chromosome 23-NC_037350.1 767874 12 11 724 83.26 NP_001073105.1

Water buffalo HSP70 Chromosome 2-NC_037546.1 102409533 2 1 641 70.28 XP_006041955.2
HSP90-alpha Chromosome 20-NC_037564.1 102409833 11 10 733 84.76 XP_025127285.1
HSP90-beta Chromosome 2-NC_037546.1 102389823 12 11 724 83.26 XP_006069362.2

Zebu cattle HSP70 Chromosome 23-NC_032672.1 109577026 2 1 641 70.28 QGW08889.1
HSP90-alpha Chromosome 21-NC_032670.1 109575457 11 10 733 84.74 XP_019839158.1
HSP90-beta Chromosome 23-NC_032672.1 109577125 12 11 724 83.26 XP_019841450.1

Goat HSP70 Chromosome 23-NC_030830.1 100860849 1 – 641 70.37 AEX55800.1
HSP90-alpha Chromosome 21-NC_030828.1 100860851 11 10 733 84.74 XP_017921728.1
HSP90-beta Chromosome 23-NC_030830.1 100861006 12 11 724 83.26 XP_005696415.1

Sheep HSP70 Chromosome 20-NC_040271.1 100913152 1 – 641 70.31 NP_001254803.1
HSP90-alpha Chromosome 18-NC_040269.1 100127209 11 10 733 84.74 XP_027813217.1
HSP90-beta Chromosome 20-NC_040271.1 101117797 12 11 724 83.26 XP_004018903.1
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3. Results

3.1. Genome characteristics of even-toed ungulates

According to data published on the NCBI database, the genome
of Bos taurus (cattle) is 2715.85 Mbin size, distributed over 29 pairs
of somatic chromosomes and two sex chromosomes, with a med-
ian protein count of about 42,497 and a median GC% of 41.86%
(Table 1). The genome of Capra hircus (goat) is 2932.26 Mb in size,
distributed over 29 pairs of somatic chromosomes and two sex
chromosomes, with a median protein count of about 42,687 and
a median GC% of 42.0742% (Table 1). The genome of Ovis aries is
2767.82 Mb in size, organized in 26 somatic chromosomes and
two sex chromosomes, with a median protein count of about
42,391 and a median GC% of 42.27% (Table 1). The genome of Buba-
lus bubalis (water buffalo) is 2836.17 Mb in size, organized in 24
pairs of somatic chromosomes and two sex chromosomes, with a
median protein count of about 58,204 and a median GC% of
41.9% (Table 1). The genome of Bos indicus (Zebu cattle) is
2707.15 Mb in size, distributed over 29 pairs of somatic chromo-
somes and two sex chromosomes, with a median protein count
of about 35,992 and a median GC% of 42.1399% (Table 1).

3.2. Genomic analysis of HSP70, HSP90-a and HSP90-b genes

The genomic locations (Fig. 1) and numbers of exons and
introns were determined using bioinformatic tools in the five
Fig. 1. Genomic location of HSP70, HSP90-alpha and HSP90-beta genes
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studied even-toed ungulates (Table 2). The bioinformatic analysis
illustrated that the HSP70 gene in cattle, Zebu cattle, and goat is
located on chromosome 23 and lacks introns in cattle, goat, and
sheep, while this gene in water buffalo is located on chromosome
2 and contains two exons. The analysis also showed that the
HSP70 gene in sheep is located on chromosome 20 and lacks
introns.

Regarding HSP90-a, the bioinformatic analysis showed the
presence of 11 exons and 10 introns in all studied animals. The
HSP90-a gene is located on chromosome 21 in the case of cattle,
Zebu cattle, and goat, while it is located on chromosome 20 in
water buffalo and on chromosome 18 in sheep. Interestingly, the
HSP90-b gene is located on the same chromosome as the HSP70
gene, but contains one more exon (12 exons and 11 introns) in
all studied animals.

3.3. Proteomic analysis of HSP70, HSP90-a, and HSP90-b proteins

Proteomic analysis of the HSPs showed that all HSP70 proteins
consist of 641 amino acids in all of the studied even-toed ungu-
lates. The analysis showed that HSP70 proteins differ a little in their
molecular weight: 70.27, 70.28, 70.28, 70.37, and 70.31 kDa in cat-
tle, water buffalo, zebu cattle, goat, and sheep, respectively. This
variation in molecular weight results from variation in particular
amino acids, especially in goat, cattle, and sheep HSP70s (Table 2,
Fig. 2). Proteomic analysis of HSP90-a showed that all HSP90-a pro-
teins consist of 733 amino acids in all studied even-toed ungulates.
on autosomes 2, 18, 20, 21 and 23 of even-toed ungulate animals.
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The analysis showed that HSP90-a proteins have a molecular
weight of84.74 kDa, except for HSP90-a in water buffalo, which
has a molecular weight of 84.76 kDa because of the presence of
one more carbon atom in the variable amino acid glutamic acid
instead of aspartic acid (Table 2, Fig. 3). Moreover, the computa-
tional analysis of HSP90-b showed that all HSP90-b proteins consist
of 724 amino acids in all of the studied even-toed ungulates, with a
molecular weight of 83.26 kDa (Table 2, Fig. 4).
Fig. 2. Multiple sequence alignment of HSP70 protein in five Even-toed ungulate animals
of the references to color in this figure legend, the reader is referred to the web version
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3.4. Alignment and phylogenetic analysis

Heat shock proteins from the same family were aligned
together to determine the genetic polymorphism among the five
even-toed ungulates (Fig. 2). The alignment showed that all
HSP70 protein sequences had mostly conserved amino acid resi-
dues, along with some variable amino acids, especially in HSP70
of goat, sheep, and cattle. Goat HSP70 contains seven variable
indicating the conserved (green) and variable (red) amino acids. (For interpretation
of this article.)



Fig. 3. Multiple sequence alignment of HSP90-alpha protein in five even-toed ungulate animals indicating the conserved (green) and variable (red) amino acids. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. Multiple sequence alignment of HSP 90-beta protein in five even-toed ungulate animals indicating the conserved (green) amino acids. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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amino acids: valine at position 9 instead of isoleucine, glutamic
acid at position 100 instead of lysine, leucine at position 121
instead of serine, aspartic acid at position 184 instead of glycine,
histidine at position 186 instead of aspartic acid, methionine at
position 263 instead of leucine, and valine at position 569 instead
of lysine. HSP70 of sheep contains one variable amino acid: his-
tidine at position 186 instead of aspartic acid. Finally, HSP70 of cat-
tle contains one variable amino acid: glycine at position 626
instead of alanine (Fig. 2). All HSP90-a protein sequences showed
conserved amino acid residues with only one variable amino acid,
namely, glutamic acid at position 707 instead of aspartic acid in
HSP90-a of water buffalo (Fig. 3). All HSP90-b protein sequences
showed completely conserved amino acid residues (Fig. 4). Phylo-
genetic analysis of HSP70, HSP90-a, and HSP90-b was performed
based on the full length of protein sequences of Bos taurus, Bubalus
bubalis, Capra hircus, Ovis aries, and Bos indicus to investigate their
potential evolutionary relationships. Phylogenetic analysis based
on protein sequences of HSPs classified the total HSPs into three
families (Fig. 5A).
Fig. 5. Phylogenetic tree and modeled 3D structures of heat shock proteins of five even
protein 70, heat shock protein 90-alpha and heat shock protein 90-beta. B. The 3D struc
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3.5. Heat shock protein modeling

Three-dimensional (3D) structures of HSP70, HSP90-a, and
HSP90-b proteins were generated using the SWISS-MODEL data-
base. The three-dimensional (3D) structure of HSPs includes two
main domains: a domain that binds nucleotides located at the N-
terminal (NBD) and a domain that binds substrate located at the
C-terminal (SBD) (Fig. 5B). The NBD forms a V-shaped structure,
in the center of which nucleotides (ATP or ADP) are bound. The
SBD consists of a hydrophobic peptide and an a-helical sub-
domain (SBD-a) that regulates the binding of the substrate to the
SBD-b. Both the NBD and the SBD are bound by a conserved
hydrophobic linker.

4. Discussion

With the increasing temperature and scarcity of water
resources across the planet in the context of climate change,
farmers are searching for different livestock species with suitable
-toed ungulate animals. A. Phylogenetic tree based on the sequence of heat shock
ture of HSP70, HSP90-alpha and HSP90-beta proteins.
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genotypes that confer greater adaptability and higher productivity
despite the associated climatic stresses. The selection of animals
based on their genetic adaptability might improve sustainability
in livestock systems in order to secure a food supply that can cope
with the increasing global population [4,5]. In the present study,
we focused on animals making significant contributions to the food
supply globally, namely, cattle, Zebu cattle, buffalo, sheep, and
goat. Various attempts have been made to understand how these
animals adapt to and withstand dehydration, heat stress, and other
harsh environmental conditions [25,26]. At the anatomical level,
several adaptations have been identified in these animals [25].
However, in terms of molecular adaptation, there is a scarcity of
data regarding the molecular mechanisms behind the adaptation
in these animals. To obtain a clearer picture of this molecular adap-
tation, we selected key molecules (HSPs) that play a major role in
cellular stress resistance and are broadly expressed in many cell
and tissue types.

Based on the genomic screening of these animals, the present
analysis revealed that even-toed ungulates differ in their genome
size and GC content, which means that they may have variable
characteristics. A GC-rich genome is considered a good marker
for thermostable DNA. In eukaryotes, GC-rich regions are gene-
rich, thermostable, and actively transcribed. The substitution pres-
sure in the human genome is generally AT-biased [27,28], which
may explain why most of the genome is AT-rich. The analysis per-
formed here revealed that sheep has the highest GC content, while
water buffalo has the lowest; this may explain the wider spread of
sheep across a range of climatic and geographical conditions com-
pared with that of buffalo, which is widespread in swamps.
Recently, it has been confirmed that the thermostability of genes
in animals increases more slowly with increasing GC content than
that in random sequences, whereas their bendability increases fas-
ter [29].

An important finding of this study is that the HSP70 gene lacks
introns in all studied even-toed ungulates, except in water buffalo.
The absence of non-coding regions (introns) has been considered
as a typical characteristic for the majority of HSP genes, but some
exceptions to this have been reported [26]. As reported by Evgen’ev
et al. [26], because the mechanism of RNA splicing is affected by
various stresses, the transcripts of intron less HSP genes can easily
be transported from the nucleus through the nuclear membrane to
the cytoplasm without splicing, resulting in selection for intron
less genes over the course of evolution. In contrast, some studies
reported that the presence of introns in genes allowed greater
mRNA accumulation than their absence [30]. In this study, we
did not find introns in HSP70 genes in cattle, zebu cattle, goat,
and sheep, while we found that the HSP70 gene in buffalo had
one intron and the other HSP90-a and HSP90-b genes had 10–11
introns (Table 2). Although we have not explored the association
of genetic variants of the HSP genes with traits related to environ-
mental adaptability, based on in silico analysis, we can predict that
the polymorphism in HSP70 and HSP90-a protein sequences among
even-toed ungulates may reflect the self-protection mechanism
present in livestock under adverse environmental conditions. It
has been revealed that the differences in transcripts pattern of
HSP70 family and other HSP genes during various seasons may be
mainly significant mechanism for better adaptability in Indian
zebu cattle [22].

The alignment of HSP70 and HSP90-a proteins revealed that
there is complete conservation between these two proteins in zebu
cattle, which may explain why this species may have unique char-
acteristics in its adaptability to environmental conditions [22,31].
In addition, it has been proven that Bos indicus has unique thermo
tolerance in comparison to cattle breeds. Bos indicus is known to be
able to survive in arid areas and can adapt to a high temperature
and harsh climatic conditions [4,32,33]. The most important
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genetic adaptations that have developed over the course of Zebu
cattle evolution include the acquisition of genes for thermo toler-
ance. Cattle from Zebu breeds are better able to regulate their body
temperature in response to heat stress than are cattle from a vari-
ety of B. taurus breeds of European origin [25]. Moreover, the dif-
ferences in anatomy such as body size, color, number of sweat
glands, and physiological parameters, for example, skin, body tem-
peratures pulse and respiration rates in animals showed variable
response to environmental stressors [34,35,36]. It was reported
that adverse environmental conditions could induce mis- or
unfolded proteins in cells; however, HSPs can eliminate or limit
this. Hence, understanding the genetic architecture of HSPs in dif-
ferent animals could clarify the variation in adaptability and sur-
vivability under harsh conditions among species [16,18]. Here,
we demonstrated a small difference in the molecular weight of
HSP70 among all studied species. Variation in the HSP70 profile
among the studied animals might be responsible for their differ-
ences in thermo tolerance, especially in cattle, sheep, and goats
(Fig. 2).

Nellore cows derived from Bos indicus have unique characteris-
tics at the anatomical and molecular levels regarding heat loss
under heat stress conditions [32]. It has been demonstrated that
the efficiency of heat dissipation is principally related to sweating
capacity and the cellular adaptation was approved by the cellular
maintenance of HSP70 in Nellore cows [37]. Studies have revealed
that HSP70 is an important molecular chaperone for the develop-
ment of mammalian cells and protects cells upon exposure to cold
stress, which can denature proteins [16,18].

Two isoforms of HSP90 (HSP90-a and -b) were identified in all
studied animals in the present computational analysis. Regarding
the molecular weight of HSP90-a, the results revealed that
HSP90-a in the water buffalo (84.74 kDa) has a higher molecular
weight than that in the other animals. This variation is associated
with the presence of one more carbon atom in the variable amino
acid glutamic acid instead of aspartic acid (Fig. 3). It has been
reported that HSP90 is present in the cytoplasm of male germinal
cells and could protect them against the harmful effects of HS in
rabbits [38]. HSP90 has also been demonstrated to play a pivotal
role in providing heat tolerance to livestock [39]. In addition,
HSP90 modulates the cell response by being a key part of signal
transduction and interacting with protein kinases and transcrip-
tion factors [40].The dynamics of HSP90 involving its elevation
under stress conditions showed that it is involved in the first step
of protection of cells and the body [5,39]. It was also suggested that
HSP70 and HSP90 collaborate and undergo crosstalk in order to
protect against burdensome environmental conditions in cattle
[39]. In Nigerian zebu cattle Onasanya et al. [41] reported that
the heterozygotic SNP genotypes at distinct spots within the
nucleotide sequences of exon 3 of HSP 90 gene conceivably con-
tributed to the lower thermoregulatory response. Likewise, studies
shown that the genetic variability in cattle at HSP 90 has been
reported elsewhere [42].

Moreover, these results reveal the presumed impacts of selec-
tive selection (both artificial or natural selection) on the HSP70
gene to eventually favor animals with superior thermo tolerance,
and stress resilience. Our outcomes are in line with several studies
on buffalo that described evidence for the selection of genes asso-
ciated with digestive physiology, social behavior, and heat toler-
ance [43,44].

The present computational analysis of HSP90-b showed that all
HSP90-b proteins consist of 724 amino acids in all studied even-
toed ungulates, having a molecular weight of 83.26 kDa (Fig. 4).
This might reflect the insignificant role of the isoform HSP90-b in
the regulation and response of cells to adverse environmental
impacts. Buffaloes are native of tropical areas and it is accepted
that riverine buffalo (B. bubalis) is not particularly heat-tolerant.



Sayed Haidar Abbas Raza, A.A. Hassanin, Aya I.M. Dhshan et al. Electronic Journal of Biotechnology 53 (2021) 61–70
A wide range of research has indicated that physiological, produc-
tive, and reproductive features are decreased up on exposure to a
high environmental temperature in buffalo [10,34]. It has been
suggested that the relative susceptibility of buffalo to HS is due
to their dark skin and fewer hair follicles and sweat glands com-
pared with the levels in cattle [45]. It was observed that the
HSP90 gene family of buffalo had aliphatic index greater than 65,
demonstrating the stability of proteins at high temperatures [44].
This might be associated with the extent of thermostability of HSPs
in buffalo [46]. Furthermore, the genomic identification for HSPs of
buffalo, Nadeem et al. [44] found that a highly negative grand aver-
age of hydropathicity index values of HSP90 indicating the superior
hydrophilic nature of its members. It can assist to boost the func-
tional actions of protein oligomerization and binding. Results
regarding the functional properties of HSPS in different animals
need further investigation for enhancing our knowledge about
the molecular mechanisms to select the thermo-tolerance of ani-
mals against the upcoming climate change years. However, the
genetic mechanisms responsible for thermo tolerance and the
physiological structures resisting thermal stress remain incom-
pletely understood.

5. Conclusion

This study successfully identified and characterized three types
of heat shock protein (HSP70, HSP90-a, and HSP90-b in five even-
toed ungulates. The variation in HSP70 and HSP90-a proteins
observed in most studied animals, the presence or absence of
introns in HSP genes, and the GC content in their genomes may
correlate with and explain the distribution of some animals in dif-
ferent climatic and geographical conditions and/or provide an
advantage in response to the selective pressure imposed by partic-
ular environmental conditions. Building on the computational
analysis of these HSPs, there is a need for more in-depth explo-
ration of the mechanisms of molecular adaptation in these animals
in order to enhance the genetic breeding to counteract the negative
influences of elevated temperature associated with climate change.
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