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Abstract: The objectives of this study were to determine the genetic variation and phylogenetic
relationships of Holstein Friesian, Jersey and Ayrshire crossbred dairy cows and Zebu cattle reared
in the humid coastal region of Tanzania based on the HSF1 and HSPA6 genes responsible for heat
tolerance. The animals used in the study were obtained from Tanzania Livestock Research Institute
(TALIRI) - Tanga and Livestock Training Agency (LITA) Buhuri dairy farms located in Tanga districts
and Mruazi Heifer Breeding Unit dairy farm located in Korogwe district. Sixty - five blood samples
were collected from Holstein Friesian (23), Ayrshire (15), Jersey (12) crosses, and pure Zebu (15). For
each animal, 10 ml of blood was collected by Jugular vein puncture. Total genomic DNA was
extracted and amplification performed following manufacturer’s instructions. The polymorphic sites,
haplotype diversity (Hd), nucleotide diversity (), expected heterozygosity (He) and neutrality (FU’s
FS and Tajima’s D) tests were calculated. The He was 0.23 + 0.13, 0.22 + 0.14, 0.16 + 0.13, and 0.00 +
0.00 in Zebu, Holstein Friesian crosses, Jersey crosses and Ayrshire crosses, respectively. The zebu
had the highest Hd (0.47 + 0.08) followed by Holstein Friesian (0.34 + 0.14), and Jersey (0.33 + 0.21),
while the lowest Hd was observed in Ayrshire crosses (0.00 + 0.00). The average 7 was 0.23 + 0.14,
0.22+0.13,0.16 £ 0.11, and 0.00 + 0.00 for Zebu, Holstein Friesian crosses, Jersey crosses and Ayrshire
crosses, respectively. Dairy cattle breeds were grouped in one and three clusters based on HSPA6
and HSF1 genes, respectively. There is low genetic diversity and no significant genetic differentiation
among the four dairy cattle breeds, an indication of a single panmictic population.

Keywords: dairy cattle breeds; heat tolerance; HSF1 gene; HSPA6 gene; haplotype diversity; genetic
diversity; phylogenetic relationship
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1. Introduction

In Tanzania, dairy cattle consist 2.6% of cow population and are basically the crossbred of
indigenous East African Shorthorn Zebu (EASZ) and exotic dairy breeds composed of Holstein Friesian,
Jersey, and Ayrshire that were imported from western countries and advanced by the government in
the 1980s [1,2,3]. These crossbred dairy cattle are reared in the smallholder farms and have been used
for natural and artificial selection for production parameters including milk production and
composition, growth performance, and reproduction traits [2]. These crossbred dairy cows, however,
are relatively susceptible to heat stress (HS) as they are less adapted to tropical climatic conditions [4].
The eastern coastal lowlands in the Tanga region of Tanzania are considered as a HS stress production
system for dairy cattle. The production environment in this region is characterized by extreme
humidity, low altitude, extreme wind speed, and high temperatures with a temperature-humidity
index (THI) ranging between 72 and 79. These conditions lead to mild or moderate HS levels in dairy
cows [5,6]. HS leads into negative consequences on health, behavioral changes, and reproduction
performance of dairy cows, leading to higher production deprivation globally [7].

The tropical Zebu cattle (Bos indicus) breeds are relatively more tolerant to environmental HS
due to their long-term exposure in the tropical climatic conditions compared with Bos taurus dairy
breeds [4,8,9]. The zebu cattle are highly adaptable and reproduce in extreme climatic conditions
owing to physiological and genetic acclimation [10]. On the other hand, Bos taurus dairy breeds such
as Holstein Friesian, Jersey, and Ayrshire that are predominantly reared in the coastal region of
Tanzania are highly susceptible to HS compared to Bos indicus breeds [8]. Because of the limitation
of EASZ milk producing ability and the lack of adaptability of the imported temperate dairy breeds,
efforts have been made in the country to produce crossbred dairy cattle by crossing the pure dairy
breeds with the EASZ. The crossbreds tend to have better productive performance than the
indigenous EASZ breed and at the same time they are more tolerant to the harsh environment,
including HS, compared to pure dairy breeds. The higher tolerance to HS in the crossbred population
may be due to the combination of heat-tolerance genes from the EASZ.

In Tanzania, dairy cattle used for milk production are mainly crosses of Friesian and EASZ,
Ayrshire and EASZ and Jersey and EASZ. Assessing the genetic diversity of these crosses is essential
for determining crossbred animals capable of adapting to HS situations and this can help in effective
management of genetic resources [11]. The genetic variation pertains to the heritable variation
perceived among the populations, and stipulates the level of differentiation among any species or
livestock breeds [12]. Thus, molecular characterization of animals applying genetic markers such as
microsatellites and single nucleotide polymorphisms (SNPs) permits the determination of genetic
diversity and phylogenetic relationships between livestock populations [1]. Thus, enable to
genetically evaluate the variations and determine potential genomic features of crossbred dairy cows
[1]. Cheruiyot et al. [2] performed analysis of selection signatures in admixed crossbred dairy cows
reared in the southern and northern highlands (i.e.,, Rungwe and Lushoto districts of Tanzania) and
identified potential candidate genes underlying production and adaptation processes. However,
limited studies have been conducted to assess the genetic diversity of genes responsible for HS
tolerance in crossbred dairy cows reared in the eastern coastal lowlands of Tanzania where the
environment is very hot year-round.

Dairy cows express large number of heat shock proteins (HSPs) and respond to heat during
acute and persistent stimulation by extreme temperatures [13]. The HSPs are chaperones mediating
the cellular response to stress, controlling complicated molecular processes that happen during the
stress response, thus considered as candidate genes for heat tolerance in dairy cows [4,14,15]. A raise
in the level of these HSPs in threatened cells devotes to protein restore and preservation of cell
survival as they prevent cell deterioration [9,16]. Based on their heat tolerance function, HSPs are
divided into HSP110, HSP90, HSP70, HSP60 and HSP40 families as well as other small HSPs
[15,16,17]. Among these HSPs, HSP70 is the most widely studied protein as it is a conserved protein
[15, 18], and is a biomarker for the degree of HS, especially HS accounted by the livestock breed [19].
The HSP70 gene plays a crucial role in cell protection against damage and is highly sensitive to HS
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in immune cells compared to other HSPs genes in heat-stressed dairy cows [20]. Amid of the HSP70
family genes, the heat shock 70 kDa protein 6 (HSPA6) gene that encrypts for the HSP70 family of
protein 6 has been found to have a superior degree of utterance in goats exposed to HS environments
[9]. This might be the reason that the HSPA6 gene maintains important functions during extreme HS
conditions [9,18]. Besides HSP70, the heat shock family (HSF) is also an important controller of
transcription in threatened cells through regulation of transcription of HSP genes that are found on
chromosome 14 in cows and is implicated in several physiological actions [8]. The HSF consists of
HSF1, HSF2, HSF3, and HSF4 genes [8]. Among these genes, HSF1 and HSF2 are perceived in
vertebrate animals while HSF3 and HSF4 are involved in avian and mammalian animals [8]. The
HSF1 controls genes which encrypt transcription factors, cell cycle basis and translation elements in
threatened cells [8,17,21]. The HSF1 is triggered amidst HS and is highly related with the initiation of
HSP70 gene utterance [9].

It is known that individual animals have different abilities to withstand HS. Therefore, it is
expected that there is genetic variation in HSPs genes among crossbred dairy cows reared in the
eastern coastal lowland of Tanzania. Previous studies have strived to genetically portray the
Tanzanian indigenous cows using either microsatellites, random amplified polymorphic DNA
(RAPD) or high-density markers such as SNPs [1]. However, no studies have been conducted to
assess the genetic diversity and phylogenetic relationship of crossbred dairy cattle in Tanzania based
on the candidate genes responsible for heat tolerance. Therefore, the main objective of this study was
to determine the genetic diversity and phylogenetic relationship of crosses of Holstein-Friesian,
Jersey and Ayrshire with zebu reared in the coastal region of Tanzania using the HSF1 and HSPA6
genes responsible for tolerance to HS in dairy cattle breeds. It is expected that the findings of this
study will contribute to the genetic selection and breeding of heat tolerant dairy cattle in the coastal
region of Tanzania and other countries with different environmental conditions. This will have
crucial implications for the management of dairy breeds and the permanent sustainability of the dairy
sector as the incidence of high temperatures and humidity increases in many tropical regions [7].

2. Results

2.1. Genetic Diversity Within Populations

The HSF1 and HSPA6 genes assessed in the present study correspond to nucleotide positions of
the cow reference sequences (GenBank accession number: NC_037341.1 for HSF1 and NC_037330.1
for HSPA6). From the 54 consensus sequences generated for the HSF1 gene, four polymorphic sites
were detected. The polymorphic sites portrayed three haplotypes (Hapl:TG, Hap2:CG, and
Hap3:CC) in all populations from the Tanga region. The number of polymorphic sites were 2, 0, 1,
and 1, respectively, for Holstein Friesian crosses, Ayrshire crosses, Jersey crosses, and Zebu cattle
breeds (Table 1). From 112 consensus sequences for the HSPA6 gene, one polymorphic site was
identified. No genetic diversity indices were estimated for the HSPA6 gene. Additionally, the
haplotypes were built for every breed and only 3 haplotypes were attained. The total number of
haplotypes from all breeds was 3, of which 3, 2, 2, and 1 were observed from Holstein Friesian crosses,
Jersey crosses, zebu, and Ayrshire crosses, respectively. Holstein Friesian crossbred dairy cattle
shared with Jersey crosses and Zebu two haplotypes (Hap 1 and Hap 2), and one haplotype (Hap 1)
with Ayrshire crosses.
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Table 1. Number of haplotypes, polymorphic sites, haplotype diversity, and average nucleotide diversity of
three commercial dairy cattle and Zebu cattle.

Population N Haplotypes Polymorphic Sites Hd + SD n+SD

Holstein-Friesian crosses 8 3 2 0.34+0.14 0.22+£0.23
Ayrshire crosses 7 1 0 0.00 + 0.00 0.00 £ 0.00
Jersey crosses 3 2 1 0.33+0.21 0.16 +0.21
Zebu 9 2 1 0.47 +0.08 0.23+0.24

*N= sample size, Hd= haplotype diversity, 7t = average nucleotide diversity, SD= standard deviation.

Furthermore, Jersey crosses and Zebu shared two haplotypes (Hap 1 and Hap 2) whilst Ayrshire
shared only one haplotype (Hap 1) with all breeds. This shared presence of identical haplotypes among
the breeds indicates gene flow and admixture likely due to crossbreeding practices. The polymorphic
sites’ number that indicates the number of usable loci that display higher than one allele per locus was
also assessed. The polymorphic information content (PIC) value for HSF1 showed that all dairy cattle
breeds used in this study have low haplotype diversity (Hd) = 0.31 and Hd = 0.00, respectively for the
HSF1 and HSPA6 genes. The haplotype diversity of Zebu was highest (0.47) while Ayrshire showed the
lowest haplotype diversity (0.00). Gene diversity ranged from 0.47 to 0.00 in Zebu cattle and Ayrshire
crosses, respectively. The highest nucleotide diversity (7t + SD) was observed in Zebu (0.23 + 0.14) while
Ayrshire showed the lowest nucleotide diversity (0.00 + 0.00) (Table 1).

The genetic variation within populations was calculated using mean number of alleles (MNA)
and expected heterozygosity (H.) (Table 2). The highest MNA (2.00 + 0.00) was observed in Holstein
Friesian crosses population while the lowest (1.00 + 0.00) was observed in Ayrshire crosses
population. On the other hand, Zebu dairy cattle breeds showed the highest expected heterozygosity
(He) while Ayrshire showed the lowest (Table 2). Additionally, the Holstein Friesian crosses showed
the highest average nucleotide difference (0.797) while Ayrshire crosses showed the lowest (0.000).
On the other hand, Zebu dairy cattle breeds showed the highest expected heterozygosity (H.) while
Ayrshire showed the lowest (Table 2).

Table 2. Mean number of alleles and expected heterozygosity of three commercial dairy cattle and Zebu cattle.

Population N MNA He +SD K

Holstein Friesian crosses 8 2.00£0.00 022+0.14 0.797
Jersey crosses 3 1.50 +0.70 0.16 £0.23 0.592
Ayrshire crosses 7 1.00 + 0.00 0.00 £0.00 0.000
Zebu 9 1.50 + 0.70 0.23+0.33 0.331

N= number of samples, MNA= mean number of alleles, He+SD= expected heterozygosity, K = average of

nucleotide differences.

The highest MNA (2.00 + 0.00) was observed in Holstein Friesian crosses population while the
lowest (1.00 +0.00) was observed in Ayrshire crosses population. On the other hand, Zebu dairy cattle
breeds showed the highest expected heterozygosity (H.) while Ayrshire showed the lowest (Table 1).

2.2. Analysis of Molecular Variance, Genetic Differentiation and Phylogenetic Relationship Among the
Populations

2.2.1. Analysis of Molecular Variance

The analysis of molecular variance (AMOVA) indicated that about 6.28% of the total genetic
variation was observed among the populations while the variation within populations was 93.72%
(Table 3). Such a pattern indicates a possible effect of genetic admixture or panmictic population.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Analysis of molecular variance and fixation indices for HSF1 gene.
Source of Variation = Degrees of Freedom Sum OfVariation Perc.en.tage OfP-Value
Squares Variation
Among populations 3 0.921 0.01101 6.28 0.37830
Within populations 50 8.208 0.16417 93.72 0.37830
Total 53 9.130 0.17517

2.2.2. Genetic Differentiations

The differentiation coefficient (Fsr) was used as the measure of the amount of genetic diversity
between pairs of the populations. The Fsr was highest (0.261) between Ayrshire and Zebu and the
lowest (-0.503) was observed between Jersey and Zebu cattle population. The biggest genetic distance
(0.025) was observed between Ayrshire and Holstein Friesian while the smallest distance (-0.037) was
found between Jersey and Holstein Friesian dairy cattle populations (Table 4). Negative or near —
zero Fsrvalues imply no significant population structure, supporting the notion of extensive genetic
mixing between the breeds.

Table 4. Population pairwise Fsr genetic differentiation (below diagonal) and pairwise genetic distances (above

diagonal) among crossbreds of three commercial dairy cattle breeds and Zebu cattle.

Breed Ayrshire Jersey Holstein Friesian Zebu
Ayrshire - 0.000** 0.025** 0.098**
Jersey 0.153** - -0.037** -0.013**
Holstein Friesian 0.086** -0.116** - -0.001**
Zebu 0.261* -0.050** -0.004** -

*: significant at P <0.05, **: not significant at P <0.05.

2.2.3. Phylogenetic Relationships Among the Populations

The phylogenetic relationship was determined through the maximum likelihood tree. The
phylogenetic tree constructed pertaining to the HSF1 gene sequences (Figure 3) revealed three
haplotypes while HSPA6 (Figure 4) revealed one haplotype in which all dairy cattle breed clustered.
The analysis of phylogenetic relationships at the HSF1 gene grouped all dairy cattle crosses into three
clusters, but the breeds were intermixed and there was no breed specific cluster, while for the HSPA6
gene all breeds were grouped in one cluster. There was no clear clustering pattern in the population
as all breeds were grouped within one haplotype for the HSPA6 gene (Figure 4). This lack of breed —
specific grouping suggests high genetic relatedness and mixing likely from uncorrelated
crossbreeding over time.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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HF 50% TALIRI 4

HF 50% TALIRI 3
Ayrshire 50% Buhuri 4
HF 50% Mruazi 3
Jersey 50% TALIRI 2
Zebu 100% TALIRI 2
Ayrshire 50% Buhuri 3
Zebu 100% TALIRI 13
Ayrshire 50% Mruazi 3
Zebu 100% TALIRI 12
Zebu 100% TALIRI 11
HF 75% Buhuri 11

HF 50% Buhuri 10
Zebu 100% TALIRI 8
HF 50% Buhiri 9
Ayrshire Mruazi 3
Ayrshire 50% Mruazi 2
Ayrshire 50% Buhuri 2
Jersey 50% Mruazi 2
HF 75% Buhuri 10

HF 75% Buhuri 9
HSF1 reference
HF 50% TALIRI 5

Zebu 100% TALIRI 7
Zebu 100% TALIRI 9
Zebu 100% TALIRI 10
HF 50% Mruazi 2
HF 50% TALIRI 4

Figure 3. Maximum likelihood (ML) phylogenetic tree of 65 individual animals from the four breeds and the reference
sequences of cow (NC_037341.1) constructed based on HSF1 gene; Note: HF means Holstein Friesian breed.
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Figure 4. Maximum likelihood (ML) phylogenetic tree of 56 cows and the reference sequences of cow
(NC_037330) constructed based on HSPA6 gene; Note: HF means Holstein Friesian breed.

2.2.4. Demographic History

Past expansion events of cattle breeds were derived pertaining to the neutrality tests (Table 5).
The Fu’s Fs values obtained were negative and statistically non-significant (P > 0.05) for Holstein
Friesian (-0.571) and Jersey (-0.0027). Besides, Zebu showed a positive and non-significant Fu’s Fs
(1.214). Similarly, the Tajima’s D values obtained, also showed a negative and statistically non-
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significant (P > 0.05) for Holstein Friesian (-0.648) and Jersey (-0.933). Zebu showed a positive and
non-significant Tajima’s D of 1.166. However, both selective tests of neutrality could not be computed
on a single locus for Ayrshire (Table 5).

Table 5. Neutrality tests in dairy cattle breeds for HSF1 gene.

Population Sample Size Fu’s Fs Tajima’s D
Holstein Friesian crosses 8 -0.571" -0.648"
Jersey crosses 3 -0.002" -0.933"
Ayrshire crosses 7 - -

Zebu 9 1.214" 1.166"

*: Not significant (ns) p > 0.05.

3. Discussion

Knowledge regarding the genetic variation and population structure between cattle breeds is
crucial for genetic enhancement, perception of climatic adaptation, usage and preservation of
livestock animals [25]. Furthermore, identifying and selecting heat tolerant dairy cows is a potential
option for decreasing the negative consequences of HS on dairy cow performance [21]. Heat shock
transcription factor 1 (HSF1) and heat shock 70kDa protein 6 (HSPA6) genes have been observed as
candidate genes responsible for thermo-tolerance in cows [9,26]. The present study assessed the
genetic variation and phylogenetic relationship between Holstein Friesian, Jersey and Ayrshire
crossbred dairy cows and Zebu cattle reared in the eastern coastal lowlands of Tanzania based on the
HSF1 and HSPAG6 genes which are the candidate genes associated with thermo- tolerance in livestock.

3.1. Genetic Diversity Within Populations

In the present study, the Holstein Friesian crossbred cows showed the highest MNA while the
Ayrshire crosses had the lowest value. The lower MNA values observed in this study might be due
to the small number of breeds used in this study. Moreover, the lower MNA values indicate the lack
of diversity in the studied crossbred dairy cows. Also, it might be due to inbreeding which increases
homozygosity and in the long run may result in genetic disorders and decreased animal fitness [27].
In this study, the MNA for each breed are lower than those reported by Bora et al. [28] in Ethiopian
Bonga, Jimma and Kerayu breeds. Furthermore, the MNA observed in this study are lower than the
MNA 0f4.9722 reported by Mao et al. [29] in Chinese Holstein cows. The difference can be attributed
to the fact that in both studies, they used microsatellite markers to genetically characterize the cattle
populations [28,29]. Microsatellite markers have higher polymorphism compared to other genetic
markers, and this is the main reason for the lower MNA observed in this study in comparison with
the previous studies. Limited studies have assessed the MNA in crossbred dairy cows using HSF1
gene, thus becomes highly difficult to compare the findings of the present study.

The Zebu cattle breed revealed higher He compared to Holstein Friesian, Jersey and Ayrshire
crosses. Zebu cattle breeds have advanced for many years and indicate a wide phenotypic and genetic
variation, and this has enabled them to evolve special adaptive attributes to withstand shortage of feed,
extreme temperatures and relative humidities, extreme disease occurrence including internal and
external parasites compared to the commercial breeds [30]. Moreover, Zebu cattle breeds are mainly
kept in the traditional production systems where they are exposed to natural and non - systematic
artificial selection for production traits in comparison with the commercial breeds [30]. The He values
obtained in the present study concur with those reported by Rong et al. [21] who assessed the association
of HSF1 genetic variation with heat tolerance in Chinese cattle. The small number of individuals
sampled per population studied might be the main reason for the lower value of He. This low level of
heterozygosity might be the result of many factors including null alleles, small effective population size,
positive assortative mating, unintentional selection opposed with heterozygotes, many periods of
inbreeding along with few contacts with other cattle breeds [28,31]. Moreover, the lower He values
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indicate the need for increasing genetic diversity in these breeds through the use of exchange bulls from
the different genetic pools [25]. Ning et al. [32] investigated the genetic variation of MTOR gene
responsible for heat resistance in Chinese cattle breeds and found that the He ranged between 0.0783 to
0.4950, an indication that these cows have not been subjected to high intensity of selection and had rich
genetic diversity. These findings are not in agreement with the results of this study as the markers used
were different with the markers used in the present study.

Zebu cattle breed also showed the highest Hd whilst Ayrshire crosses showed the lowest. All
dairy cattle breeds shared two haplotypes, except Ayrshire crosses which shared only one haplotype
with the other breeds. The Hd values reported in the present study are lower than those observed by
Tarekegn et al. [33] who assessed the variation in the mitochondrial cytochrome b region in Ethiopian
indigenous cattle populations. In their study, they found that the Hd in Holstein Friesian 50% blood
level was 0.672 + 0.123 which is greater than that obtained in the present study. This could be the
result of greater gene pool of maternal origins in Ethiopian cattle in comparison with the crossbred
dairy cows in the current study. Limited studies have reported the Hd in crossbred dairy cows using
the HSF1 gene, making it difficult to compare the findings of the present study. However, Strucken
et al. [34] reported that a number of breeds that phenotypically resemble as pure indicine may hold
greater correlation with Bos taurus origin. The low haplotype diversities observed in this study could
be due to the traditional breeding practices of sharing very few superior bulls [35] in the Tanga region.
The mixture of moderate haplotype diversity and low nucleotide diversity reported in the current
study, implied little differences amidst haplotypes and might be an indication of quick population
growth from a little effective population size [36]. It should be noted that the limited number of
samples in our study affected the population analysis and may be the reason for the reduced
haplotype diversity, especially in Ayrshire cattle breeds.

Furthermore, Zebu cattle breed showed the highest m whereas Ayrshire showed the lowest. The
lowest 1t observed in Ayrshire crossbred cows might be the result of sampling bias whereby majority
of animals used in this study (n = 7) could have been collected from animals with alike haplotype
origin and consequently very few haplotypes were detected in this study [33]. The absence of genetic
variation observed amidst the Ayrshire crosses and Jersey crosses could be due to small population
size. The highest He, Hd, and m observed in Zebu cattle population shows that Zebu cattle are highly
genetically variable at HSF1 locus in comparison with other crossbreds. It is also perceived that owing
to their genetic adaptation to tropical climates, Bos indicus (Zebu) cattle have higher thermotolerant
capacity compared to Bos taurus (Holstein Friesian, Jersey, and Ayrshire) cattle [21,34]. Zebu (Bos
indicus) cattle have naturally developed adaptive traits like disease resistance and heat tolerance due
to prolonged exposure to these stresses, and this might have contributed to maintaining higher
genetic diversity. Furthermore, Zebu cattle are native to tropical climatic conditions and have evolved
under high heat and humidity conditions, this likely has led to the retention of genetic variants that
confer heat tolerance. This adaptive evolution contributed to their higher genetic diversity,
particularly for the HSF1 and HSPA6 genes associated with HS response. The 7t values reported in
the current study are lower than those observed by Meseret et al. [37] in Ethiopia for Holstein Friesian
(7t =0.308) and Jersey (7= 0.264). On the other hand, the 7 values reported in this study are greater
than those observed by Tarekegn et al. [33] who found m = 0.0009 + 0.0003 in Holstein Friesian 50%
blood level. However, the findings of this study are consistent with those reported by Bhuiyan et al.
[38] in indicine Bangladesh cattle population who found nucleotide diversity values ranging between
0.22 and 0.23.

3.2. Genetic Differentiation and Phylogenetic Relations Among the Populations

The genetic differentiation (Fsr) values describe the amount of genetic differentiation and
relatedness among populations [34]. In this study, the highest Fsr values were observed between
Ayrshire crosses and Zebu, followed by that between Ayrshire crosses and Jersey crosses. The high
level of genetic differentiation between these breeds can be attributed to reproductive isolation
originating from being located in dissimilar geographical environment [38,39] as Zebu breed was
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reared in a specific farm at TALIRI Tanga whilst Jersey and Ayrshire breeds were reared in other
dairy cattle farms in the Tanga region. The estimated Fsr values in this study are lower than that
found among the Ethiopian cattle breeds (0.129). Furthermore, the Fsr values obtained in this study
are lower than those reported in South African cattle breeds [25]. However, our findings are higher
than those reported by Bhuiyan et al. [38] with a Fsr value of 0.07.

Fixation index of amidst 0 and 0.05 indicate absence of genetic differentiation, while values
amidst 0.05 to 0.15 shows a moderate differentiation [24]. The negative Fsr values observed between
Jersey and Holstein Friesian, Jersey and Zebu as well as between Zebu and Holstein Friesian indicate
that there is no population subdivision at this locus. This also suggests that these crossbred dairy
cows reared in the Tanga region are not highly differentiated [39]. Moreover, these negative Fsr values
observed between the crossbred dairy cows reflect the close relationship of the breeds to each other
or no occurrence of genetic differentiation between populations [40]. Furthermore, the low Fsr values
observed in this study might be the outcome of latest similar ancestral origin, multiple introgressions
along with greater genetic exchange between the crossbreds’ dairy cows reared in the Tanga region
[33]. The promotion of crossbreeding between Bos taurus dairy breeds and indigenous Zebu cattle
in the Tanga region could have resulted into genetic admixture, hence, lowering the Fsrvalues than
that might be expected if pure breeds were compared. The lower genetic distance observed among
dairy cattle breeds in this study suggests that the dairy cattle raised in the Tanga region are not
genetically differentiated as independent breeds, which could be due to their similar ancestral origin
and exchange of genetic material in the recent past [37,38]. This could also be the result of possible
gene flow between every pair of animals as a result of common geographical location and lack of
controlled breeding in the farms where the dairy cows were sampled [31]. This scenario is also
supported from the phylogenetic results where the HSPA6 gene grouped all dairy cattle population
in a single cluster suggesting strong gene flow among the breeds. The lack of breed specific clusters
observed in this study, suggests high gene flow between commercial and Zebu dairy cattle
populations. In this study, the lowest genetic distance was observed between Ayrshire and Holstein
Friesian crosses. Similarly, the lowest genetic distance was observed between Ayrshire crosses and
Zebu cattle. The genetic distance values between the pairs of breeds were close to zero indicating that
these breeds shared their genetic material through breeding [11]. It is perceived that in the semi-
intensive management system rehearsed in the coastal lowlands and farms where the cows were
sampled, occasional interbreeding between these breeds have occurred for long period, hence, the
low level of genetic variation between these breeds [31].

Analysis of molecular variance between Zebu along with commercial breeds (Holstein Friesian,
Jersey, and Ayrshire) indicated that about 93.72% of the genetic diversity occurred within the
populations, an indication of high gene exchange or low genetic differentiation between the dairy
cattle populations. Such a pattern reflects high within-population variation and low differentiation,
a common outcome of genetic admixture or panmictic population. The similar trend of genetic
admixture in Tanzania dairy cattle breeds was also reported in previous studies [2,41] conducted in
Lushoto and Rungwe Districts. In their study, they reported that the range of admixture in Tanzania
dairy cattle is quite high given the spectrum of taurine introgression observed [41]. Furthermore,
similar high genetic variation (90%) within population has been reported in South Africa [25].
However, the variation within populations observed in this study is slightly lower than the value
of 94.45% reported by Tarekegn et al.[33] in the Ethiopian indigenous cattle population and Holsten
Friesian 50% blood level. The results for genetic variation among the populations revealed that only
6.28% of the total variation was found between the populations. This observation reflects substantial
degree of isolation and this is likely to happen in breeds kept in research institutions [31]. This can be
attributed to absence of selective breeding and random mating among the breeds. Moreover, the
reported little genetic diversity between the populations can be correlated with limited gene flow
amidst the dairy cattle breeds (Holstein Friesian, Jersey, and Ayrshire). It can also be attributed to the
small sample size used in the present study.
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Visualization of breed relationship was performed by constructing a neighbor joining tree
pertaining with the genetic distance of Tamura-Nei. The phylogenetic analysis pertaining with the
HSF1 gene indicated that all dairy cattle breeds were grouped into three clusters while the analysis
of the HSPA6 gene grouped the breeds in one cluster. This confirms the closer relationship among
Zebu and Bos taurus dairy breeds. The observed relationship of breeds indicated in the current study
shows high level of interbreeding [31]. Moreover, the observed close relationship between the dairy
cattle breeds studied may be attributed to the small sample size [25]. It will be crucial to enlarge this
breed degree assessment in upcoming studies through incorporation of other dairy cattle breeds from
other coastal region of Tanzania in order to better understand the genetic correlation between the
dairy cattle breeds reared in coastal region of Tanzania.

3.3. Demographic History Within the Populations

Neutrality tests of the breeds were carried out using Fu's Fs and Tajima’s D statistics to
investigate the signatures of latest historical demographic occurrence. Tajima’s D test pertains on
comparison of the allelic frequency of segregating nucleotide sites whilst the Fu’s Fs test pertains on
the alleles or haplotype distributions [36]. In this study, the Fu’s Fs and Tajima’s D tests showed that
Holstein Friesian crosses and Jersey crosses were neutral. Similar findings have been reported in
Ethiopian indigenous cattle breeds by Mandefro et al. [42]. The negative Fu’s Fs and Tajima’s D values
observed on Holstein Friesian and Jersey dairy cattle population portrays the affirmation of an extra
number of alleles and can be the result from a latest population growth or genetic hitchhiking [36,42].
The negative values of neutrality observed between Holstein Friesian and Jersey dairy cows also
indicate a natural selection pressure in the populations resulting from an extra rare allele [33]. In
another study by Tarekegn et al. [33] in Ethiopia, they also reported an overall negative neutrality test
(Tajima’s D = -1.0312 + 0.484) which concur with the results of the present study. However, the
positive Fu’s Fs and Tajima’s D values observed in Zebu cattle population suggest a deficiency of
alleles, that could be the result of a latest population bottleneck or balancing selection [36].
Furthermore, breeds kept in highly stressful environmental conditions are required to evolve
adaptive immunity through the principles of natural selection and hence, diversifications of immune-
related genes might occur [43]. This suggests the presence of greater polymorphic sites and higher
number of total mutation rates in the Zebu cattle population.

4. Materials and Methods

4.1. Ethics Statement

This study was conducted following the approval by the research ethics committee of Sokoine
University of Agriculture (SUA), and given the research clearance (reference number:
SUA/ADM/R.1/8/843) by the Vice — Chancellor of SUA on behalf of the Tanzania Commission for
Science and Technology (COSTECH). The study was performed in accordance to the good scientific
practices approved by the institution. During blood sampling the cows were repressed by expert
veterinarians and all animal welfare concerns were addressed to minimize discomfort.

4.2. Study Site

The animals used in this study were obtained from three different dairy farms namely, Tanzania
Livestock Research Institute (TALIRI) - Tanga and Livestock Training Agency (LITA) Buhuri campus
located in Tanga district and Mruazi Heifer Breeding Unit dairy farm located in Korogwe district.
Both districts are located in the Tanga region. It is based in the eastern coastal lowland of Tanzania.
The province comprises 26,680 km? and belongs amid of latitude 4.965088° S and 5.5743° S and
longitude 38.2744° E and 38.7787 © E [6]. The eastern coastal lowland is known for its extreme
temperatures, humidities, and increased heat load with the temperature-humidity index (THI)
reaching over 77.29 in the hot season [5]. Additionally, perennial rainfall in the region spans through
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1230 to 1400 mm, dipping in two seasons through which peaks occur amid of April-May and October-
November. The average temperature in cold period (May - August) ranges from 20 — 24 -C and 23 —
28 »C amidst the night and day, successively. During the hot period, the average temperature spans
from 26°C to 33°C, of which January and February are the yearly warmest months. The humidity of
the area spans from 65% to 100% [22].

4.3. Animal Breeds and Blood Sampling

In order to determine the diversity of the candidate genes responsible for heat tolerance in dairy
cattle reared in Tanga region, crossbreds of Holstein-Friesian, Ayrshire, and Jersey with EASZ were
sampled. Only crossbred animals with 50% and 75% blood level of the mentioned dairy breeds were
sampled. In addition, pure zebu breed (Bos indicus) found in Tanga was included as a reference breed.
The zebu breed was used owing to its adaptation to harsh climatic environments such as extreme
temperatures, relative humidity, wind speed, and solar radiation and high burden of parasites
whereas Holstein-Friesian, Jersey, and Ayrshire (Bos taurus) are known to have the low ability to
tolerate HS compared to the zebu breed. Zebu breed has many genes associated with thermotolerance
[21]. Studies have shown that a sample size of between three and 20 animals is sufficient to estimate
genetic diversity of breeds [23]. Therefore, blood samples were collected from Holstein-Friesian (23),
Ayrshire (15), Jersey (12) crossbred dairy cows and pure zebu cows (15) cows reared in the Tanga
region. For each breed, only unrelated animals were sampled. About 10 ml of blood was collected
from each animal by Jugular vein puncture and placed into the vacutainer tube, anti-coagulated with
EDTA. Each tube was labeled with the animal identification number (ear tag number) and the blood
samples were stored in a cool box packed with ice and then shipped to a laboratory at the Tanzania
Livestock and Research Institute (TALIRI)-Tanga within six hours and kept at 4°C. On the next day,
blood samples were shipped to the molecular biology laboratory at SUA for further analysis.

4.4. DNA Extraction

Total genomic DNA was extracted in the whole blood samples employing the genomic DNA
min extraction kit (Quick-gDNA™ MiniPrep plus) (Zymo Research Corp.) based on the
manufacturer’s instructions. Gel electrophoresis was assessed using 1.5% agarose gel to assess the
integrity of DNA. A total of 5 pL of DNA sample was loaded on the agarose gel and gel
electrophoresis was run at 100 V at about 1 hour. The gel was dyed with gel red and observed through
UV light gel documentation machine.

4.5. DNA Quantification

To determine the purity and concentration of obtained DNA, the DNA samples were assessed
employing Nanodrop Spectrophotometry (Thermo Scientific, Marlborough, England, UK). The
quality of DNA was verified by determining the DNA concentration through the elute, by measuring
the absorbance at 260 nm. The A260/A280 ratio of all DNA samples ranged from 1.712 to 2.188. The
DNA concentration for every sample was later accustomed to 50 ng/pL.

4.6. DNA Amplification and Gel Electrophoresis of PCR Products

In this study, HSF1 and HSPA6 genes from HSPs family that are known as HS resilient genes in
cattle were targeted. The forward primer targeting the amplified fragments of PCR products for the
HSF1 gene was 5-AGCAAATCCCATGCCGAGG-3' while the reverse primer was 5'-
CGACCACCCTTATTGACTCCA-3. The forward primer for the HSPA6 gene was 5'-
GAAACCACAACCATGTCCGC-3' whilst the reverse primer was 5'-
AGTCGTTGAAGTAGGCAGGC-3". The targeted loci for these genes were amplified using Bio-Rad
T100 Thermal cycler following the manufacturer’s instructions. Briefly, the PCR amplification
protocol for HSF1 and HSPA6 genes were the same, except that annealing for HSPA6 genes was set
at 57°C for 45 sec whilst for HSF1 gene was set at 62°C for 45 sec. The PCR amplification for HSF1 and

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2052.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 May 2025

12 of 17

HSPAG6 genes were carried out in a 50 pL tube holding 1 pL bovine genomic DNA (20 ng/uL), 1 uL
forward primer (10 pM), 1 pL reverse primer (10 pM), 12.5 pL of PCR Master Mix (2X) (fermentas)
and 8.5uL of water. The reaction conditions for HSF1 were set at 95 °C for 5 min for initial
denaturation, followed by 35 cycles of denaturation at 95 °C for 30 sec; annealing at 62 °C for 45 sec
and extension at 72 °C for 45 sec and final extension at 72 °C for 10 min, followed by cooling at -20
°C. The amplification conditions for the HSPA6 gene were as follows: the denaturation process began
with 5 min at 95°C, then 35 cycles at 95°C for 30 sec, annealing at 57°C for 45 sec with extension at
72°C for 45 and a final extension at 72°C for 10 min in a Bio-Rad T100 Thermal cycler. To assess the
success of amplification for HSF1 and HSPA6 genes, the PCR products were electrophoresed on 1.5%
agarose gel. The gel was assembled by dissolving 1.5 g of agarose powder in 100 ml 1X TAE buffer,
and the gel was stained with gel red. A total of 5 uL of the PCR products for every gene was filled on
a 1.5 % agarose gel red. Electrophoresis was performed at 80 V for 1:00 h. Following gel
electrophoresis, the gel pictures (Figures 1 and 2) were held amid UV Tran’s illuminator through
Biodoc analysis using a digital cannon camera. Out of 65 DNA samples, only 56 sampled amplified
well and were sequenced for HSPA6 gene whilst for HSF1 only 53 amplified and sequenced.

Figure 1. PCR products of HSF1 gene for selected dairy cattle breeds reared in the Tanga region.
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Figure 2. PCR products of HSPA6 gene for selected dairy cattle breeds reared in the Tanga region.

4.7. PCR Purification and Sequencing

The PCR products were purified employing the Gel Extraction Kit (Zymo research, South
Africa). Thereafter, PCR products were sequenced employing Big Dye® Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher, South San Francisco, CA, USA) using the same primers as those used
during amplification process. Sequencing was performed for the amplified products with a size of
257 base pairs for HSF1 gene and 475 base pairs for HSPA6 gene. Forward and reverse sequences
were sequenced from amplified fragments employing Big Dye® Terminator v3.1 Cycle Sequencing
Kit (Thermo Fisher, South San Francisco, CA, USA). The fragments were analyzed on an ABI
PRISM™ 3100 Genetic Analyzer (Applied Biosytems). The FASTA files for sequences of HSF1 and
HSPAG6 genes were obtained after sequencing these genes.

4.8. Data Analysis

BLASTn was used to identify sequence similarity with other related sequences. Out of 53
sequences for the HSF1 gene, 27 samples had good quality sequences for further analysis. Thus, a total
of 26 samples were removed from the analysis because of bad sequences. On the other hand, all 56
samples that were sequenced for the HSPA6 gene had good quality sequences. The analysis of
homology was performed through the BLAST program found at http://ncbi.nlm.nih.gov/BLAST.
Thereafter, the sequences were quality checked, trimmed, and edited using Chromas version 2.5.1
software. Moreover, SeqMan ultra version 17.2.0 was used to align the sequences with reference gene
sequences of the HSF1 and HSPA6 genes to derive the consensus sequences for each gene. Reference
sequences of cattle for the HSF1 and HSPA6 genes were used during alignment. Multiple sequence
alignment was carried out employing Multiple Sequence Comparison by Log Expectation (MUSCLE)
version 3.8.31 [24] within a Seaview version 3.2 software. Haplotypes were counted manually and
validated employing DnaSP version 6 [24], and population genetic diversity indices [polymorphic sites,
haplotype diversity (Hd), nucleotide diversity (1), expected heterozygosity (He) and mean number of
alleles (MNA)] were calculated using Arlequin version 3.5.2.2 software for the HSFI1 gene.
Determination of the genetic differentiation within the populations, an analysis of molecular variance
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(AMOVA) was computed employing Arlequin version 3.5.2.2 software for HSF1 haplotypes. To
determine the pairwise fixation index (Fsr), Fsr genetic distances, and neutrality (FU’s FS and Tajima’s
D) tests, we also used Arlequin version 3.5.2.2 software. The phylogenetic relationship was computed
through the use of the maximum likelihood algorithm implemented in Molecular Evolutionary Genetic
Analysis (MEGA) 11. Bootstraps of 1000 replications and Tamura-Nei joining network were used.

5. Conclusions

In the present study, the genetic variation and phylogenetic relationship of dairy cattle breeds
reared in the Tanga and Korogwe districts in Tanzania were assessed using the HSF1 and HSPA6
genes. The results showed that there is low haplotype diversity and low nucleotide diversity in the
dairy cattle breeds reared in the Tanga region as portrayed by the HSF1 gene. Results of neutrality
tests of commercial dairy cattle populations indicate negative results, suggesting an excess of rare
nucleotide variants and rare haplotypes for dairy cattle breeds reared in Tanga region. Moreover, the
study indicated absence of significant genetic differentiation between the dairy cattle breeds from the
three sampling locations in Tanga, suggesting that the populations are panmictic. However, the
Ayrshire dairy cattle breeds appear to be slightly differentiated from the other two dairy cattle breeds.
Thus, the dairy cattle breeds from the three dairy farms sampled can be regarded as a single stock
unit for genetic improvement purposes. Knowledge produced from this work can form the
foundation for future management and genetic improvement of these dairy cattle breeds.
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