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Abstract: Heat Shock Protein (HSP) 90 gene is a member of HSPs sub-

family that act as molecular chaperons whenever animals come under thermal 

stress. The genes fulfill essential roles of providing cellular protection, 

immune response, protein synthesis, protein folding and unfolding, protection 

from cellular stress, inhibitory apoptosis and adaptation. This study was 

designed to analyze polymorphisms of HSP 90 and to evaluate their influence 

on heat tolerance among selected Nigerian zebu. The polymorphisms were also 

used to determine genetic relationship among the animals. About 450 bp of 

bovine HSP 90 including part of coding region in exon 3 was sequenced in 90 

DNA samples representing four Nigerian zebu namely White Fulani (WF), 

Sokoto Gudali (SG), Red Bororo (RB) and Ambala (AM). Sequencing was 

done using an automated ABI-DNA Sequencer. Editing was accomplished 

using chromatogram analyses on SeqMan Ngen Tool. Rooted phylogenetic tree 

was constructed using MEGA 5.2 software. In total, 11 genetic variants were 

determined. Five of these (PRP, RED, ORG, LMN and YLO) were major 

variants detected in over 70% of the samples. Six (6) were classified as minor 

variants detected in two breeds or less and in 29.1% of the samples. The GRN 

and NBL were only detected in RB and SG breeds respectively. We found a 

shared homology and common ancestral lineage among the breeds. 

Furthermore, the genetic structure of Nigerian zebu has a common clade 

architecture to those of goats, sheep, yak, buffalo, camel, horse and other 

taurines. The gene is conserved among wide range of animals and as such it can 

serve as one of bio-markers for selection and breeding programmes for thermo-

tolerance in wide range of livestock animals under thermal stress. The variant 

groups could be further interrogated for possible specific effects on thermo-

tolerance performance of zebu in hot tropical environments.  
 
Keywords: Bio-marker, Bos indicus, Genetic Variants, Phylogeny, Thermal 

Assault 
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Introduction 

The concern of Heat Stress (HS) has increased in 

recent years with the realisation of influence of global 

warming on the environment and subsequently on animal 

production (West, 2003). The HS has become a major 

issue in the era of climate change and it directly affects 

adaptability and survivability of livestock to thermal 

assault (Onasanya et al., 2019). It has been shown that 

animals can succumb to hyperthermia when they fail to 

abate the impact of HS load (Onasanya et al., 2019). The 

impact of HS must be ameliorated to maintain animal 

health status, adaptability, survivability and performance. 

Compared to caprine and ovis, bovines have lesser 

tolerance to HS and therefore understanding ways of 

solving this challenge is of great importance in the 

management of the latter group of animals (Kapila et al., 

2013). Increased HS in cattle and other bovine species in 

general has been linked to poor food intake and slow 

metabolism, thereby affecting growth, milk production 

and reproductive efficiency, consequently leading to 

economic loss. Several management strategies have 

helped to lower the stress in dairy and beef animals but to 

a limited extent (Kapila et al., 2013). Among the bovine, 

Bos (B.) taurus cattle and buffalos (Bubalus bubalis) have 

been reported to be affected more compared to Bos (B.) 

indicus. A study conducted by Hansen (2004) showed that 

zebu cattle were superior in adapting to the tropical 

climatic conditions compared to cattle introduced from the 

temperate countries. In different places including India, 

the zebu cattle have been reported to be naturally adapted 

to different hot agro-climatic conditions (Kapila et al., 

2013; Sodhi et al., 2013b). It is believed that better heat 

tolerance in zebu breeds could be due to their emergence 

and natural selection through generations. 

The Heat Shock Protein (HSP) genes including HSP 

70 and HSP 90 are members of HSPs sub-family 

(molecular chaperone families) known to be highly 

expressed under stressful environmental and physiological 

conditions. These facilitate responses to environmental 

heat loads above thermo-neutral zones in animals through 

intra and extracellular signals that coordinate cellular and 

whole animal metabolism (Collier et al., 2008). Also, the 

genes regulate cellular homeostasis and folding-unfolding 

of damaged proteins during thermal assault thereby 

conferring on stressed animals the adaptive capacity to cope 

under stressful environmental conditions (Kapila et al., 

2013). Through overexpression during HS, the HSP genes 

provide a mechanism for protecting the animal against 

hyperthermia, circulatory shock and cerebralischemia 

(Lee et al., 2006; Collier et al., 2008). In particular, the 

HSP 90 gene is essential for providing cellular protection 

(cyto-protection), immune response, protein synthesis, 

cyto-skeletal protection, protein translocation and 

regulation of steroid hormone receptors, transportation, 

re-folding of protein, protection proteins from cellular 

stress, inhibitory apoptosis and adaptation during and 

after thermal assault (Kapila et al., 2013; Sodhi et al., 

2013b). The bovine HSP genes have been extensively 

studied in various cattle breeds. For example, single 

nucleotide polymorphisms (SNPs) were identified in HSP 

70.1 locus and were linked to diseases susceptibility or HS 

tolerance in B. taurus cattle (Basiricò et al., 2011). The 

HSP 90 gene has been shown to provide genomic basis 

for thermo-tolerance selection among tropical animals 

under thermal assaults. Similarly, a novel SNP in the 

ATP1A1 gene was associated with heat tolerance traits 

in dairy cows (Li et al., 2011).  

Nigeria is a tropical country with severe influence of 

thermal stress that significantly affects production 

performance of livestock including cattle. According to 

Pagot (1992) and Babayemi et al. (2014), the most 

prominent autochthonous breeds of cattle in Nigeria 

include White Fulani (WF), Sokoto Gudali (SG), 

Adamawa Gudali (AG), Red Bororo (RB), Ambala 

(AM), Wadara (WA), Azawak (AZ), Muturu (MU), 

Keteku (KE), N’Dama (ND) and Kuri (KU). The WF 

Fulani cattle breed also known as Bunaji is the most 

widely spread local breed and most numerous 

comprising 37% of all cattle (Meghen et al., 1999; 

NNLRS, 1999; Alphonsus et al., 2012). Furthermore, 

they are valued for their genetic predisposition of 

hardiness and are superior to other breeds in terms of 

diseases resistance, heat tolerance, ability to thrive under 

varying thermal environment and adaptation to other 

local conditions (Blench et al., 1998; Alphonsus et al., 

2012). Regarding phenotypic characteristics of WF, the 

hump is large and well developed, navel flap is small, 

horns are of medium length, up curving and lyre shaped. 

With respect to socio-economic importance, these are 

kept for beef and milk production as well for draft power 

(Kubkomawa, 2017). The SG and AG are two distinct 

strains of the major group of Gudali animals estimated to 

form 32% of the national cattle herd (NNLRS, 1999). 

The SG also known as Bokolooji (in local language) are 

predominantly found in the north-western part of the 

country particularly in Sokoto and are mainly dual 

purpose animals. The RB (Rahaji) is another prominent 

B. indicus cattle breed and constitute 22% of total herd. 

The RB animals are larger zebu distinguished by deep 

burgundy/red-colour coat, pendulous ears and long-thick 

horns (Katie and Alistair, 1986; Williamson and Payne, 

1990). The RB cattle are adapted to arid and semi-arid 

regions, however they cannot tolerate humidity-related 

disease and poor nutrition (Blench et al., 1998; 

Kubkomawa, 2017). These animals are rarely found 

beyond Kaduna in North-Central in the wet season 

except for the isolated population on Mambila Plateau in 

the North-East of Nigeria (Meghen et al., 1999). 
In Nigeria, no feasible effort has been made to study 

the HSP genes in livestock especially cattle for possible 
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characterization of these candidate genes. Therefore, the 

goal of this study was to pioneer the evaluation of HSP 

genes for possible detection of polymorphisms and 

evaluation of genetic diversity in four selected Nigerian 

zebu cattle breeds. Our long-term interest is to establish 

scientific evidence for tolerance of these animals to HS, 

a valuable trait speculated by farmers in the country. We 

chose to analyze polymorphisms and quantify the HSP 

90 gene in four local zebu breeds (WF, SG, RB and AM) 

to provide scientific basis for future selection among 

these animals. Furthermore, detection of genetic variants 

of HSP 90 was used in the determination of genetic 

relationships among the animals. Moreover, results of 

the present study are intended to provide important 

information for developing future management and 

efficient resource utilization programmes for local cattle 

of Nigeria and elsewhere in the face of climate change, 

thereby leading to improved performance of various 

traits such fertility, milk production, feed intake, growth, 

conception rates and animal health. 

Materials and Methods 

Study Animals and Sampling Regions  

Four distinct local zebu cattle breeds of Nigeria namely 

WF, SG, RB and AM (Fig. 1) were involved in this study. 

Map of Nigeria showing northern parts of the country 

where random sampling was done (Fig. 2). Commonly in 

northern Nigeria, the animals are found in traditional herds 

and are reared under the extensive system where mainly 

grazing in natural pastures is practiced. Department of 

Agriculture and Livestock granted permission to sample the 

animals.  The natural pastures mainly comprise of Stylo 

(Stylosanthes gracilis), Leucaena (Leucaena leucocephala) 

and Guinea grass (Panicum maximum) as well as crop 

residues during harvesting. 

Skin tissue samples were taken from 90 adult bulls 

representing the four breeds (25 WF, 21 SG, 21 RB and 

23 AM) immediately after slaughter. The sampling was 

extended for 50 days and the age range of the animals was 

between 5 and 8 years. From each animal, about 200g of 

skin tissue was excised from the abdominal region after 

bleeding. The skin sample was quickly sliced into ≤0.5 cm 

(or 1 g in weight) and submerged into 0.5 ml Eppendorf 

tubes containing RNAlater. The tubes were packed in a 

dry iced-cool (about 4°C) box during sampling and were 

transported (under same conditions) to the laboratory at 

the Federal University Dutse, Jigawa State for storage 

within sampling day (between 3 and 10 hours depending 

on distance). In the laboratory, samples were stored at -

20°C for 2 to 3 weeks after which they were transferred to 

the Biotechnology Center, at Post Graduate Research 

Institute in Animal Science, Tamil Nadu University of 

Veterinary and Animal Sciences (TANUVAS) in 

Chennai, India where DNA extraction as well as all 

genomic analyses were conducted. 

 

 
 

Fig. 1: Local Nigerian zebu cattle representing the four breeds involved in the present study 

Sokoto Gudali (SG) zebu White Fulani (WF) zebu 

Ambala (AMB) zebu Red Bororo (RB) zebu 
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Fig. 2: Map of Nigeria showing the northern regions (red boxes) where sampling was done 
 

DNA Extraction  

The DNA was extracted from the skin tissue according 

to the procedure in HiPurA
TM
 Multi-Sample DNA 

Purification (MolBio
TM 

Himedia®, Mumbai, India). 

Briefly, from 1 g of skin tissue (skin samples) much smaller 

pieces (about ~ 25 mg) were excised and transferred into 2 

mL collection tube containing 180 uL of re-suspension 

buffer (MolBio
TM 

Himedia®, Mumbai, India) for digestion 

of the shredded skin tissue. Then, 20 uL of proteinase K 

solution was added to the tissue, vortexed to mix thoroughly 

and allow proper digestion and incubated on 

ACCUBLOCK
TM
 digital dry bath (Labnet International, 

Edison, New Jersey, USA) at 55°C between 2 and 4 h until 

the samples were completely digested (with no residues). 

Within incubation period, the samples were intermittently 

vortexed for 30 sec to further facilitate quick digestion. 

These steps were followed by addition 200 uL of lysis 

solution to tube, vortexing for 15 sec and re-incubation on 

ACCUBLOCK
TM
 at 70°C for 10 min to generate lysate. 

The lysate was washed by 200 uL of 100% ethanol, 

transferred into HiElute Miniprep spin column and 

centrifuged at 10000 rpm for 1 minute using Thermo 

Scientific Nanofuge (MCROCL 21/21R) micro-centrifuge 

(Waltham, USA). The flow–through liquid was discarded 

and column was placed into a new 2 mL collection tube, 

adding 500 uL of dilute pre-wash solution and was 

centrifuged at 10,000 rpm for 1 min. Then 500 uL of 

diluted wash solution was added to the column with the 

lysate, centrifuged at 13,000 rpm for 3 min, dried the 

column, spinning at 13,000 rpm for 1 min and mixture 

(lysate) was transferred into new 2 mL collection tube. 

Elution buffer (100 uL) was directly onto the column, 

incubating for 5 min at room temperature (15-25°C) 

followed by centrifugation at 10,000 rpm for 1 minute. 

Eluted DNA was incubated at 90°C to free the DNA from 

any contamination and was subsequently stored at -20°C 

until analyses. The quality (DNA purity) and quantity of 

DNA was estimated using Thermo Scientific-Nano Drop 

2000 Spectrophotometer (Shimadzu Co-operation, Kyoto, 

Japan) at absorbance ratio between OD260 and OD280 

(OD260/280). The DNA samples with absorbance ratio of 

1.6-1.9 were considered sufficient for further analyses.  

Polymerase Chain Reaction, Sequencing and 

Construction of Phylogenetic Tree 

Polymerase Chain Reaction (PCR) was carried out in a 

final volume of 15 µL containing 1.0 µL of template 

DNA, 1.0 µL of each of forward and reverse primers, 7.5 

µL of PCR Master Mix (2x) (GeNei
TM
 Red Dye PCR 

Master Mix, Bangalore, India) and 4.5 µL of nuclease free 

water (MolBio
TM 

Himedia®, Mumbai, India). Primers 

targeting 450 bp (826...1276) including the coding region 

in exon 3 of bovine HSP 90 were obtained from a report 

published by Kumar et al. (2015) and are shown in Table 

1. The primers were optimised for specificity to suit 

conditions of the current study. Amplification was 

performed in a TaKaRa Thermal Cycler Dice
TM 

version III 

(Takara Bio Inc., Shiga, Japan) and involved 45 cycles of 

94°C (60 sec) denaturation, annealing at 65°C for 45 

seconds, extension at 72°C for 1 min and final extension 
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at 72°C for 7 min. The initial heating of the DNA was 

done at 94°C for 5 min. The PCR products were digested 

on 2% agarose gel electrophoresis after staining with 1 

ug/mL ethidium bromide and were visualised under Bio-

Rad Gel Doc
TM
 XR+ Imaging System version 5.1 (Gel 

Documentation Molecular Imager, Bio-Rad Laboratories, 

Inc., California, USA). Subsequently, the PCR products 

were sequenced using an automated ABI DNA Sequencer 

(Eurofins Genomics Pvt. Ltd., Bangalore, India). 
The nucleotide sequences were visualized and edited by 

chromatogram analyses on a SeqMan Ngen Tool 

(DNASTAR®, Inc., Madison, Wisconsin, USA) and were 

used in evaluation of the degree of relatedness and ancestral 

evolution of the breeds (WF, SG, RB and AM) based on 

HSP 90 gene. To be able to do this, a rooted phylogenetic 

tree was constructed using MEGA 5.2 software according 
to Tamura et al. (2011). Then, the Nigerian animals were 

compared with selected mammalian species using 

nucleotide sequences obtained from GenBank (NCBI). 

Quantitative Real-Time PCR High Resolution 

Melting Analyses-Based Assay 

To carry out a quantitative real-time PCR (qRT-
PCR), 20 uL of products obtained from thermocycler 
PCR (after electrophoresis on 2% agarose gel and 
ethidium bromide staining) were carefully excised 
(particularly the DNA bands), placed into sterilised vials, 
then pestled and centrifuged for 5 min at 10,500 rpm. A 
layer of supernatant, the purified DNA was formed on 
the surface of the pestled gel. This was subsequently 
used as DNA template for qRT-PCR (high resolution 
melting, HRMA-based assays). The qRT-PCR was 
carried out on a final volume of 20 µL containing 1.0 µL 
of purified DNA fragment (template DNA), 1.0 µL of 
each of the primers in Table 1, 10.0 µL of SYBR green 
Master Mix (2x) and 7.0 µL of nuclease free water. The 
amplification was performed in a Roche LightCycler

® 
96 

software version 1.01.01.0050 (Roche Diagnostics, 
Mannheim, Germany). The amplification condition 
consisted of pre-incubation for 5 min, followed by 45 
cycles of denaturation at 95°C for 10 sec, annealing at 
65°C for 10 seconds and extension at 72°C for 10 sec. 
The first heating was 95°C for 60 sec followed by 
cooling to 37°C for 30 sec, heating to 65°C for 1 sec and 
then melting with continuous acquisition (15 
readings/°C) of florescence signal until 97°C. The gene 
(HSP 90) was differentiated into distinct genetic variants 
via HRM curve profiles (derivative HRM 
curve/dissociation curve, differential plot and normalised 
melt curves) depicted with distinct SYBR green (dye) 
fluorescence depicting distinct genetic variants; Purple 
(PRP), Red (RED), Orange (ORG), Green (GRN), 
Lemon (LMN), Brown (BRN), Chocolate (CHO), 
Yellow (YLO), Magenta (MGT), Blue (BLU), Army 
green (AGN) and Navy blue (NBL) as described earlier 
by Gori et al. (2012) and Yang et al. (2016). 

Table 1: Primers used during amplification and sequencing of 
HSP 90 gene in Nigerian zebu cattle 

 Primer Target Amplicon 

HSP 90 (5-3’) length region size 

F-GCGTCATCACGTGTCATCTT 20 Exon 3 450 bp 

R-CCTCCTTTGGGGTTCCAGT 19   

Source: Kumar et al. (2015) 

 

Results 

Genetic Variants in HSP 90 Gene in Four Nigerian 

Zebu Cattle Breeds Revealed by qReal-Time 

PCR/High Resolution Melting (HRM)-Based Assays 

We detected polymorphism at HSP 90 gene in the 

DNA samples from the four breeds of Nigerian zebu 

depicted by distinct SYBR green fluorescence dye and 

shown by HRM curve profiles (Fig. 3). 

Polymorphisms were detected in DNA samples from 

at least each breed making a total of 110 in all DNA 

samples. These were grouped into 11 fluorescence 

groups representing distinct genetic variants (Table 2). 

On the basis of occurrence in breeds, we classify these as 

major or minor HSP 90 genetic variants in Nigerian 

zebu. Therefore, five variants namely PRP, RED, ORG, 

LMN and YLO were detected in at least three breeds and 

were regarded as major variants and the remaining (six) 

were detected in DNAs of one or two breeds and were 

classified as minor variants. Combined, the major variants 

constituted 70.1% of all variants while the minor variants 

comprised 29.1%. We report the variants: GRN and NBL 

appeared once each detected in the RB and in SG breeds 

respectively. Number and percentage of individual 

variants are also shown in Table 2. 

We rearranged the genetic variants to show the 

occurrence (distribution) of HSP 90 gene in each breed 

and we found that, seven (7) of them were in WF, eight 

(8) each in SG and RB and five (5) in AM (Table 3). 

Phylogenetic Relationship Among Four Nigerian 

Zebu Cattle Breeds Based on HSP 90 Gene Loci 

To study genetic relationship among the Nigerian 

zebu breeds, a Neighbour-Joining (NJ) dendrogram was 

constructed from the nucleotide sequences of HSP 90. 

This relationship is presented in Fig. 4. We have shown 

that all four zebu breeds have a shared clade and may 

have belonged to a common ancestry. 

Phylogenetic Relationship Among Four Nigerian 

Zebu Cattle Breeds and Selected Mammalian Species 

Further, a second NJ dendrogram was between the 

four cattle breeds and selected mammalian species 

including goat, sheep, yak, buffalo, camel, horse and 

other taurines. We also found a shared cluster and 

homology between these groups and suspected that the 

HSP 90 gene is strongly conserved among mammalian 
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species. The NJ and the resulting relationships among the animals are shown in Fig. 5. 

 
Table 2: Genetic variants for HSP 90 gene detected in DNA samples from four Nigerian zebu cattle breeds 

Genetic variants Number Breed % of total variants 

PRP 26 WF, AM, SG, RB 23.6 

RED 20 WF, AM, SG, RB 18.2 

ORG 14 WF, AM, SG, RB 12.7 

GRN 6 RB 5.5 

LMN 10 WF, SG, RB 9.1 

BRN 6 AM, SG 5.5 

CHO 8 WF, RB 7.3 

YLO 8 AM, SG, RB 7.3 

MGT 6 WF, RB 5.5 

BLU 4 WF, SG 3.6 

NBL 2 SG 1.8 

Total 110  100.0 

SYBR green dye fluorescence (PRP: Purple, RED: Red, ORG: Orange, GRN: Green, LMN: Lemon, BRN: Brown, CHO: Chocolate, 
YLO: Yellow, MGT: Magenta, BLU: Blue, AGN: Army green, NBL: Navy blue); Cattle breeds (WF: White Fulani, SG: Sokoto 
Gudali, RB: Red Bororo, AM-Ambala)  

 

Table 3: Distribution of genetic variants of HSP 90 gene in four Nigerian zebu cattle 

Breed HSP 90 gene variants Number of variants per breed 

WF PRP, RED, ORG, LMN, CHO, MGT, BLU 7 

SG PRP, RED, ORG, LMN, BRN, YLO, BLU, NBL 8 

RB PRP, RED, ORG, GRN, LMN, CHO, YLO, MGT 8 

AM PRP, RED, ORG, BRN, YLO 5 

SYBR green dye fluorescence (PRP: Purple, RED: Red, ORG: Orange, GRN: Green, LMN: Lemon, BRN: Brown, CHO: Chocolate, 
YLO: Yellow, MGT: Magenta, BLU: Blue, AGN: Army green, NBL: Navy blue); Cattle breeds (WF: White Fulani, SG: Sokoto 
Gudali, RB: Red Bororo, AM-Ambala) 

 

 
 
Fig. 3: High Resolution Melting (HRM) curve profile for HSP 90 gene depicting the presence of polymorphism in four Nigerian 

zebu breeds of cattle. Delta Tm Discrimination is 50% and curve shape discrimination is 50% 
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Fig. 4: A Neighbour-Joining (NJ) tree showing genetic relationship among four Nigerian zebu breeds WF: White Fulani, SG: Sokoto 

Gudali, RB: Red Bororo, AM-Ambala 

 

 

 
Fig. 5: A neighbour-joining (NJ) tree showing genetic relationship among four Nigerian zebu breeds and selected mammalian 

species. WF: White Fulani, SG: Sokoto Gudali, RB: Red Bororo, AM: Ambala  
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Discussion 

We employed qReal-Time PCR HRM-based assays 

to genotype and subsequently differentiate genetic 

variants in particular single nucleotide mutations (SNPs) 

or mutations in four Nigerian zebu cattle breeds. To the 

best of our knowledge, the genetic evaluation of these 

genes in these and other local cattle in Nigeria have not 

been reported. The PCR HRM-based assays are 

strongly informative (Bester et al., 2012; Gori et al., 

2012; Yang et al., 2016) and have been used in the 

past few years to identify pathogens in humans and 

animals (Jeffery et al., 2007; Hewson et al., 2009; 

Wynyard et al., 2011), genotyping of drug-resistant 

bacteria isolates (Hoek et al., 2008; Castellanos et al., 

2010) and detecting human genetic variants linked to 

cancer (Krypuy et al., 2006; 2007). We obtained 11 

genetic variants in our animals, which are similar to the 

number reported for HSP 70 polymorphisms in Chinese 

Holstein cattle (Li et al., 2011). In China, Zhang et al. 

(2002a) detected polymorphism in HSP 70 gene in 

broiler chickens and Singh et al. (2006) reported 

polymorphism of the HSP 70 gene in humans. In pigs, 

Schwerin et al. (2001) and Schwerin et al. (2002) 

reported genetic diversity of HSP 70 gene. The genetic 

diversity of HSP 90 gene has been reported to confer a 

better thermo-tolerance, adaptability, survivability, 

longevity advantage and increased ability to respond to 

thermal stress in animals (Singh et al., 2006; Kapila et 

al., 2013; Sodhi et al., 2013b).  
The differences among various genetic variants of 

HSP 90 gene as revealed by differential plot is an 

evidence of the presence of genetic diversity detected 

within different genetic groups HSP 90 gene (Bester, 

2012; Gori et al., 2012; Yang et al., 2016). In the present 

study, the SG and RB breeds appeared to have more 

genetic variants at HSP 90 than WF and AM breeds 

showing a greater polymorphisms in the former’s than the 

latter. The detected genetic variants of HSP 90 gene could 

be interrogated as veritable genetic resource for 

improvement programme of thermo-tolerance, 

adaptability and survivability advantage to cope with wide 

range of thermal stress and environmental variations 

especially in the hot humid tropics (Schwerin et al., 

2002a; Kishore et al., 2013) as well as disease tolerance 

and drug resistance of animals under thermal stress 

(Zhang et al., 2002b; Aufricht, 2005; Singh et al., 2006). 

The rooted evolutionary study based on Neighbour-

joining dendrogram of HSP 90 sequences revealed a 

shared cluster among the four zebu breeds (WF, AM, SG 

and RB). Similarly, sequences of HSP 90 in four B. 

Indicus breeds and those of goat, sheep, yak, buffalo, 

camel, horse and other taurine demonstrated common 

clade architecture and therefore suggests evolution from 

a common ancestor (Gade et al., 2010). Other HSP genes 

or loci have been shown to be similar in mammalian 

species. For example, an earlier work of Gade et al. 

(2010) reported that HSP 70 gene of mammalian species 

showed high degree of relatedness. Pelham (1982) 

reported that HSP genes were highly conserved both in 

protein-coding sequence and in regulatory sequence with 

common homology. Gutierrez and Guerriero (1995) 

found that amino acid sequences of HSP70 gene were 

highly conserved among HSP sub-families. The degree 

of relatedness of nucleotide sequences of HSP 90 

established within the four zebu breeds and those of 

selected mammalian species suggested that HSP 90 

gene is conserved among wide range of animals 

(Pelham, 1982; Sodhi et al., 2013a; Kapila et al., 2013; 

Wang et al., 2015) and as such this gene can serve as a 

potential bio-marker for thermo-tolerance selection of 

animal under thermal assault during. 

Conclusion 

We detected 11 genetic variants of HSP 90 gene in 

four Nigerian zebu cattle detected by HRM based assays. 

These variants are detected in these animals for the first 

time and have been rarely reported in other animals 

including B. taurus. We tentatively associate these to the 

good thermo-tolerance traits in Nigerian indigenous 

including the four breeds evaluated in this study and we 

recommend further interrogation with respect to the 

thermo-regulatory functions of these novel genetic 

variants. Further, the genetic variants in Nigerian zebu 

breeds could be used as veritable genetic resource for 

selection and breeding programmes with regard to 

thermo-tolerance ability, adaptability and survivability 

to cope with wide range of thermal stress and 

environmental variations especially in the hot humid 

tropics. Moreover, the shared homology of HSP 90 in 

Nigerian zebu breeds is an implication of high 

nucleotide sequences similarity which is indicative of 

common ancestral lineage. Similarly, shared cluster 

architecture between HSP 90 in B. indicus and the 

selected mammalian species is suggestive of shared 

evolution and ancestry. These results may also indicate 

that the HSP 90 gene is conserved among wide range of 

animals and as such it can be used as bio-marker for 

marker assisted selection for thermo-tolerance in wide 

range of livestock animals under thermal assault. We 

recommend the qReal-Time PCR HRM-based 

technologies for evaluation of polymorphism in various 

genes in zebu cattle breeds. 
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