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Abstract Heat shock protein 70 (HSP70) is one of the most
abundant and best characterized heat shock protein family that
consists of highly conserved stress proteins, expressed in
response to stress, and plays crucial roles in environmental
stress tolerance and adaptation. The present study was
conducted to identify major types of genes under the HSP70
family and to quantify their expression pattern in heat- and
cold-adapted Indian goats (Capra hircus ) with respect to
different seasons. Five HSP70 gene homologues to HSPA8,
HSPA6, HSPA1A, HSPA1L, and HSPA2 were identified by
gene-specific primers. The cDNA sequences showed high

similarity to other mammals, and proteins have an estimated
molecular weight of around 70 kDa. The expression of HSP70
genes was observed during summer and winter. During sum-
mer, the higher expression of HSPA8, HSPA6, and HSPA1A
was observed, whereas the expression levels of HSPA1L and
HSPA2 were found to be lower. It was also observed that the
expression of HSPA1A and HSPA8 was higher during winter
in both heat- and cold-adapted goats but downregulates in
case of other HSPs. Therefore, both heat and cold stress
induced the overexpression of HSP70 genes. An interesting
finding that emerged from the study is the higher expression
of HSP70 genes in cold-adapted goats during summer and in
heat-adapted goats during winter. Altogether, the results indi-
cate that the expression pattern of HSP70 genes is species- and
breed-specific, most likely due to variations in thermal toler-
ance and adaptation to different climatic conditions.

Keywords Goat .Adaptation .Heat stress .Cold stress .Heat
shock protein (HSP) 70 . Gene expression

Introduction

Ambient temperature plays a crucial role in determining the
distribution and performance of animals. Despite having well-
developed mechanisms of thermoregulation, ruminants do not
maintain strict homeothermy under heat stress (Lu 1989).
Heat stress is the major constraint on animal productivity in
tropical climatic conditions. Growth, production, and repro-
duction are impaired as a result of the drastic changes in
biological functions caused by heat stress.

The ability to survive and adapt to thermal stress is a
fundamental requirement of cellular life. Thermal stresses trig-
ger a complex program of gene expression and biochemical
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adaptive responses (Fujita 1999; Lindquist 1986). Heat shock
proteins (HSPs), a large protein family, allow cells to adapt to
gradual environment changes and are considered to play
crucial roles in environmental stress tolerance and ther-
mal adaptation (Feder and Hofmann 1999; Frydenberg
et al. 2003; Hoffmann et al. 2003; Sørensen et al.
2003). These proteins are highly conserved across evo-
lutionary lines (Lindquist 1986; Parsell and Lindquist
1993) and represent between 2–15 % of total cellular
proteins expressed by all living organisms (Morimoto
et al. 1994). Their expression follows both constitutively
expressed and inducible patterns. Classified according to
their molecular weight (Kregel 2002), one of the most
abundant and the best characterized HSP is the 70-kDa
family (HSP70), which has both inducible (HSP72) and
cognate (HSP73) forms (Kiang and Tsokos 1998).
Changes in gene expression in response to heat shock
that are associated with acclimation include elevation of
the constitutive HSP system and reduced threshold for
systemic heat shock responses (Horowitz 2001). The
mechanism by which the HSPs confer stress tolerance
is not completely understood but may relate to the
important role of HSPs in the processing of stress-
denatured proteins (Mizzen and Welch 1988).

Goat, a small ruminant, is popularly known as the “poor
man's cow” because of their immense economic importance
(Mac Hugh and Bradley 2001). These animals are found in
almost every corner of the world as they are well adapted
under different geographical and environmental conditions
including extreme and harsh climates. In India and other
developing countries, goat is mainly reared by the small and
marginal farmers, including landless agricultural laborers
(Rekib 1998). Goats adapted to a harsh environment perform
better than other domesticated ruminants (Devendra 1990;
King 1983; Shkolnik and Silanikove 1981). These animals
have developed adaptive mechanisms that allow their survival
at very high temperatures (45 to 50 °C) as well as cold
temperatures (−20 to −40 °C). However, despite their extreme
tolerance (Al-Tamimi 2007), the productivity of these animals
often declines due to thermal stress. However, a large number
of information is available on physiological changes in heat
and cold stress, but information in cellular and genetic levels
are still very few. Elucidating the structure and expres-
sion profiling of major HSP70 genes might provide
some insight into the mechanisms underlying the heat
and cold adaptation in goats. The information generated
will be of immense value for understanding the adaptive
response of goats to heat and cold shock and also for
the development of therapeutics, since adaptation to one
stress often leads to cross protection. Therefore, the
present study was undertaken to identify the major
HSP70 genes and their expression pattern in heat- and
cold-adapted goats (Capra hircus ).

Materials and methods

Location, animals, and experimental protocol

All the experiments were carried out at the National Dairy
Research Institute, Karnal, India. Two heat-adapted (Sirohi
and Barbari) and two cold-adapted breeds (Gaddi and Chegu)
were selected for the study. Sirohi and Barbari goat breeds are
well adapted to the dry hot climatic conditions of Indian states
of Rajasthan, Uttar Pradesh, and Gujarat, whereas Gaddi and
Chegu breeds are found at high altitude and cold climatic
conditions of Himachal Pradesh state. Sampling from the
Sirohi and Barbari goat breeds was conducted at the Central
Institute for Research on Goats (Mathura, India; 27°10′N,
70°02′E) and from Gaddi and Chegu breeds at Himachal
Pradesh Krishi Viswavidyalaya (Palampur, India; 32.12°N,
76.53°E).

Twenty nonlactating and nongestating females (doe) from
each breed were randomly selected for this study. The goats
were 1.5 to 2 years old and had an average body wt of 25–
30 kg. All the animals were clinically healthy and free from
any physical or anatomical abnormalities. The experiments
were carried out during three distinct phases coinciding with
three seasons of the year, viz. winter (mid-December–mid-
February), spring (mid-February–mid-April), and summer
(mid-April–mid-June). All the animals were closely moni-
tored and were provided similar managemental inputs during
experimental period. The data on meteorological variables
(ambient temperature, relative humidity) were recorded by
weather station installed at CIRG, Mathura and HPKVV,
Palampur. Temperature humidity index (THI) was calculated
from dry and wet bulb temperature by using the following
formula (Johnson et al. 1963).

THI ¼ 0:72 DbtþWbtð Þ þ 40:6

where Dbt is the dry bulb temperature in degrees Celsius, and
Wbt is the wet bulb temperature in degrees Celsius.

Blood collection and RNA extraction

About 10ml of blood samples was collected from each animal
in lithium heparin-coated vacutainer tubes (BD Biosciences,
USA) under aseptic conditions and was immediately
transported to laboratory under refrigeration. A total 240
blood samples (20 animals from four breeds in three seasons)
were collected. Within a season (i.e., summer, winter, or
spring), blood sample collection from all the animals in a
breed was not possible in a single day, so samples were
collected in three consecutive days in each breed in a season,
and the environmental conditions in each date of collection
were recorded and considered during data analysis. Total
RNA from blood was extracted using Trizol method. The
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concentrations were measured in NanoDrop (Thermo
Scientific, USA), and purity was analyzed by agarose
(1.5 %) gel electrophoresis. To exclude any genomic DNA
contamination, total RNA was treated with RNase-free
DNAse I (Kappa Biosystem, USA).

cDNA synthesis, cloning, and sequencing of HSP70 genes

The primers for amplification of full-length cDNA of HSP70
genes (HSPA8, HSPA6, HSPA1A,HSPA1L, andHSPA2)were
designed on the basis of prior sequence information available at
National Center for Biotechnology Information (NCBI) on
other mammalian species (Table S1, Supplementary data).
First-strand cDNA was prepared using SuperScript III Kit
(Life Technology, USA). Gene-specific PCR amplifications
were carried out as per standard cycling parameters [95 °C for
2 min, (95 °C for 30 s, 56–58 °C for 30 s, and 72 °C for 1 min)
× 35 cycles, and 72 °C for 10 min], and the products were
analyzed by agarose (1.5 %) gel electrophoresis (Fig. 1).

Purified PCR products were inserted into the pGEM-T Easy
plasmids (Promega) and amplified by culturing in XL1-Blue
super competent cells. Plasmid DNA was then isolated and
sequenced using forward, reverse, and internal primers in auto-
mated ABI 377 Sequencer (PerkinElmer Applied Biosystem,
Foster City, CA, USA) by Xcelris Privet Limited (Ahmadabad,
India). The predicted protein was done by ExPASy Translate
Tool and BioEdit. The predicted molecular weight, isoelectric
points (pI), and charges of the translated HSP70 proteins were
estimated using Protein Calculator v3.3.

Phylogenetic analysis

For phylogenetic analysis, available sequences of the five
HSPs (HSPA8, HSPA6, HSPA1A, HSPA1L, and HSPA2) of
different mammalian species were obtained from the NCBI
protein database. Phylogenetic analyses were conducted in
MEGA5.1 (Tamura et al. 2011). The evolutionary history

was inferred using the maximum parsimony method
(Swofford 1998). The bootstrap consensus tree inferred from
1,000 replicates is taken to represent the evolutionary history
of the taxa analyzed (Felsenstein 1985). A test of the homo-
geneity of substitution patterns between sequences was
performed by disparity index test (Kumar and Gadagkar
2001). A Monte Carlo test (1,000 replicates) was used to
estimate the P values (North et al. 2002), and values smaller
than 0.05 were considered significant.

Real-time PCR (qPCR)

Relative expression level of mRNA transcripts of HSP70
genes was measured by quantitative real-time PCR (qPCR)
in Roche LC480 using the SYBRGreen I (Roche Diagnostics,
Switzerland) chemistry. The primers for qPCR were designed
on the basis of prior sequence information from other animals
(Table S2, Supplementary data). Along with the target genes
(HSPA8, HSPA6, HSPA1A, HSPA1L, and HSPA2), two
housekeeping (glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and β-actin) genes were amplified for relative
expression measurements (Fig. 2). Each sample had triple
replicates, and in all cases, samples of total RNA were used
as negative control. Two housekeeping genes, GAPDH andβ-
actin, were used in this study. Proper validation was done to
determine that its expression is unaffected by the experimental
treatments (heat and cold). The results indicated that, for our
study, β-actin was better than GAPDH. So expression data of
β-actin were used for analysis of relative expression data.
Relative quantification of a target gene was done by compar-
ing the expression levels of reference gene (β-actin), as per the
method of Livak and Schmittgen (2001).

Statistical analysis

All the experiments were replicated three times. Results were
expressed as the means ± SEM. A difference with value P <

a b c d eFig. 1 cDNA-amplified products
of HSP70 genes on agarose gel
(1.5 %). 1(a) cDNA-amplified
product of HSPA8. 1(b) cDNA-
amplified product of HSPA6.
1(c) cDNA-amplified product of
HSPA1A. 1(d) cDNA-amplified
product of HSPA1L. 1(a) cDNA-
amplified product of HSPA2
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0.05 was considered statistically significant. Data were ana-
lyzed by analysis of variance, and statistical differences be-
tween the various treatment group means were determined by
Duncan's multiple range test (DMRT) using the statistical
Product and Service Solutions, Version 17.0.1 software
(SPSS Inc., Chicago, IL, USA).

Results

Climatic conditions

The average climatic parameters recorded during the experi-
mental periods are presented in Table 1. In both the places
during spring, the THI was below 72, reflecting that the
animals were in thermoneutral condition. During summer,
THI was above 72, representing heat stress, whereas during
winter, THI was nearly 50 in both places, indicating cold
stress.

Identification of HSP70 gene homologues in goat

Five HSP70 cDNAs (HSPA8, HSPA6, HSPA1A, HSPA1L,
and HSPA2) were cloned and sequenced. HSPA8 cDNAwas
1,953 bp long and encoding 650 amino acids. The cDNA
sequence exhibited the highest identity and similarity to heat
shock 70-kDa protein 8 (HSPA8) from cattle (97 %), followed
by pig (92 %), horse (91 %), and human (90 %) as well as
substantial homology with 70-kDa heat shock proteins from

many other species (Table S3, Supplementary data). HSPA6
cDNAwas 1,912 bp long, encoded for 637 amino acids and
showed substantial identity and homology to 70-kDa heat
shock protein (HSPA6) from many different organisms, e.g.,
cattle (97 %), camel (92 %), horse (91), pig (90 %), human
(90 %), etc. (Table S3, Supplementary data). Similarly, other
three genes, i.e., HSPA1A, HSPA1L, and HSPA2 cDNA,
were 1,926, 1,926, and 1,911 bp long, encoded for 641, 641,
and 636 amino acids, respectively. The amino acid translation
of these fragments exhibited the highest identity and similarity
to heat shock 70-kDa protein 1A (HSPA1A), heat shock 70-
kDa protein 1-like (HSPA1L), and heat shock 70-kDa protein
2 (HSPA2), respectively, from the cattle, horse, pig, and
human as well as substantial homology with 70-kDa heat
shock proteins from many other animals (Table S3,
Supplementary data). The sequences of HSP70 genes
(HSPA8, HSPA6, HSPA1A, HSPA1L, and HSPA2) in goat
were submitted in NCBI GenBank with accession nos.
JN616380, JN616381, JN656104, JN656105, and
JN656106, respectively. The predicted molecular weights of
HSP70 proteins estimated from amino acid sequences by
using Protein Calculator v3.3 showed that the proteins have
an estimated molecular weight around 70 kDa and with pI
around 6.0 (Table S4, Supplementary data).

Phylogenetic analysis of mammalian HSPs (Fig. 3) showed
three different clusters with HSPA2 and HSPA8 in one group,
and HSP1A and HSPA6 in another. HSPIL formed a separate
cluster. All goat HSPs were found to be grouped with other
ruminants and porcine species, except HSPA6, where

Ladder

50bp

HSPA8 HSPA6 HSPA1A HSPA2 HSPA1L GAPDH BACT

155bp 197bp 103bp 145bp 127bp 176bp 247bp

Fig. 2 Real-time PCR-amplified
products of HSP70 genes
(HSPA8 , HSPA6, HSPA1A ,
HSPA2, and HSPA1L) and
housekeeping genes (GAPDH
and β-actin) on agarose gel (3 %)

Table 1 Environmental condi-
tion during the experimental
period

Winter (mid-December to mid-
February), spring (mid-February
to mid-April), summer (mid-April
to mid-June)

Place Season Average temperature (°C) Relative humidity (%) THI

Mathura Winter 11.98 63.5 51.38

Spring 22.8 59.4 69.78

Summer 42.10 45.0 93.81

Palampur Winter 9.84 59.0 48.87

Spring 19.6 52.2 64.91

Summer 32.10 60.5 83.13
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ruminants and porcine species were grouped differently.
Monte Carlo analysis for the test in homogeneity of substitu-
tion patterns revealed that the HSPA6, after its divergence
from other HSPs, has evolved independently in mammalians
(Table S5, Supplementary data). A similar trend was also
found for sheep and goat HSP1L that was found to evolve
differently than cattle (Bos taurus). The substitution patterns
of amino acids of other HSPs among different mammals were
found to be nonsignificant.

Relative expression profile of HSP70 genes

The expression of HSP70 genes (HSPA8, HSPA6, HSPA1A,
HSPA1L, and HSPA2) showed temperature sensitivity and
seasonal variation. Relative expression of HSP70 genes var-
ied markedly among the heat- and cold-adapted goat breeds
with a moderate variation between breeds and showed a good
response to increased or decreased ambient temperature
(Fig. 4). Statistical analysis revealed a significant variation
between different seasons (P <0.01) for all HSP70 gene ex-
pression. The expression of HSPA8, HSPA6, and HSPA1A
was higher, but the relative mRNA expression of HSPA1L
and HSPA2 was very low. Results indicated that the expres-
sion level of HSPA8 and HSPA1A was higher during both
winter and summer. The expression level of HSPA6 and
HSPA1L was higher only during summer. HSPA2 was ob-
served to be downregulated during the summer and winter
seasons. During summer, the relative expressions of all the
HSP70 genes were higher in cold-adapted breeds (Gaddi and
Chegu) than the heat-adapted breeds (Sirohi and Barbari)
(Fig. 4). In Chegu, i.e., a cold-adapted breed, the expression
of all the genes was higher as compared to the other cold-
adapted breed of goat, Gaddi, during summer. The HSPA8
and HSPA1A expression during winter in heat-adapted breeds
was observed to be higher than cold-adapted breeds.

Discussion

The cloning and sequencing of five full-length cDNAs
encoding the HSP70 family genes (HSPA8, HSPA6,
HSPA1A, HSPA1L, and HSPA2) in goat were carried out
for the first time. The BLAST results indicated that the goat
HSP70 gene sequences were highly conversed and shared a
high similarity (up to 91 %) with heat shock proteins of other
mammals. The highest nucleotide sequence identities of goat
HSP70 genes were observed with cow and pig followed by
horse, camel, and human, indicating a close evolutionary
relationship among HSP70 family genes. Similarly, high ho-
mology with other HSP70 genes has also been studied with
the HSP70 gene from goat (Gade et al. 2010), where maxi-
mum identity with cow HSP70 (97.8 %) was observed.

The phylogenetic analysis of mammalian HSPs indicated
that goat HSPs have close relationship with other ruminants
including cattle (Bos indicus and B . taurus ), buffalo, and
sheep. They share homology with pig, camel, and horse, but
are fairly distant from HSPs of human, chimpanzee,

Fig. 3 Phylogenetic relationship of five HSP70 (HSPA8, HSPA6,
HSPA1A, HSPA1L, and HSPA2) amino acid sequences from different
mammalian species obtained from the NCBI protein database using
MEGA5.1
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orangutan, dog, and mouse. The amino acid substitution pat-
tern of different HSPs indicated that HSPA6 and HSP1L have
evolved independently in mammalians compared to other
HSPs. It will be interesting to find the biological significance
of this divergence of HSP homologs in different mammalian
species.

During summer and winter, animals were exposed to am-
bient temperature beyond the comfort zone, so they were
under thermal stress in both the seasons. The findings of the
present study indicated that HSP70 genes were expressed in
both heat- and cold-adapted goats during summer as well as
winter. The expression level of HSP70 genes, except HSPA2,

was observed to be higher during summer in both heat- and
cold-adapted breeds than that of winter. Our findings are in
accordance with those of previous studies where heat stress-
induced HSP70 expression was observed in bovine lympho-
cytes (Lacetera et al. 2006; Patir and Upadhyay 2007, 2010).
Among all HSP70 genes studied, a significant increase was
observed with respect to HSPA1A, HSPA6, and HSPA8.
Similarly, heat stress-induced upregulation of HSPA8,
HSPA6, and HSPA1A gene expression was observed in hu-
man blood (Sonna et al. 2002, 2004). In Brown Swiss cattle,
increased HSP72 or HSPA1A mRNA levels in peripheral
blood mononuclear cells due to heat stress have also been
reported by Lacetera et al. (2006). Our results were also
supported by earlier studies in camel showing that temperature
elevation increases the level of constitutively expressed
HSP70 in camel (Garbuz et al. 2011; Ulmasov et al. 1993).

A nonsignificant upregulation of HSPA1A andHSPA8was
also observed in response to cold exposure during winter. It is
not surprising to see the HSP70 upregulation in response to
cold as the cold-induced denaturation of proteins is a general
phenomenon (Kostal and Tollarova -Borovanská 2009;
Privalov 1990; Tsai et al. 2002), and in turn, partially dena-
tured or misfolded proteins are potent triggers of rapid HSP70
accumulation (Feder and Hofmann 1999; Welch 1993). An
earlier study on Drosophila suggested that the induction of
HSPs following cold exposure (0 °C) was due to the shift from
0 °C back to the control temperature of 25 °C, i.e., due to heat
shock, rather than to the cold treatment itself (Burton et al.
1988). Other studies on mammalian species observed that the
induction of HSP70 gene expression after cold treatment
(4 °C) occurred upon recovery at control temperature
(37 °C). The magnitude and the kinetics of the response were,
however, related to the duration of cold stress (Liu et al. 1994).
However, HSPs have been implicated in cold survival, but this
link has not been established conclusively (Michaud and
Denlinger 2004). Therefore, further studies are highly re-
quired to differentiate between the cold exposure and the
subsequent recovery phase in order to establish the role of
HSPs during cold stress in goats. Low temperature affects
many different structures and processes simultaneously, and
therefore, cold tolerance is a highly complex adaptation and
must be explained as a combination of different mechanisms
(Danks 1996; Lee 1991; Murray et al. 2007). From the find-
ings of this study, we suggest that the HSP70 is closely related
to the cold tolerance in animals.

Increase of HSP70 gene expression during summer was
observed to be higher in cold-adapted goat breeds (Gaddi and
Chegu) as they experience higher stress during summer than
heat-adapted goats (Sirohi and Barbari). In contrast, during
winter, the expression of HSP70 genes was higher in heat-
adapted goats than the cold-adapted goats. In different species
of Drosophila , decreased HSP70 expression after acute heat
stress seems to be the evolutionary consequence if the lines are
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Fig. 4 Relative expression profile of HSP70 genes by real-time PCR
during winter and summer in comparison to spring in heat-adapted
(Sirohi and Barbari) and cold-adapted (Gaddi and Chegu) goats. Relative
quantities of mRNAwere normalized to beta actin. Values are the means
± SEM of three experiments performed. Columns with different super-
script letters (a , b , c) indicate significant difference (P<0.05). Statistical
differences between various treatment group means were determined by
Duncan's multiple range test
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exposed to chronically stressful high-temperature conditions
or originate from natural populations that inhabit warm envi-
ronments (Sørensen et al. 2003). The heat-adapted goats are
adapted to dry hot environment in Rajasthan and parts of the
U.P. region in India, while the cold-tolerant breeds are native
to the relatively cold and hilly regions (Jammu-Kashmir and
Himachal Pradesh) of India. Stress-induced HSP accumula-
tion has been observed to be associated with thermotolerance
and the ability to survive otherwise lethal heat stress. The
difference observed in relative expression of HSP70 genes in
cold-tolerant and heat-tolerant goats could be attributed to
breed difference and their adaptation to different environmen-
tal conditions. The ability of the HSPs to confer thermotoler-
ance in both cultured cells and in animals is well documented
(Li 1985; Weshler et al. 1984). Stress tolerance is a complex
characteristic, and the mechanism of stress tolerance by HSPs
is not yet completely understood, but according toMizzen and
Welch (1988), this may be related to the important role of
HSPs in the processing of stress-denatured proteins.

Among the two cold-adapted breeds, Chegu is more sus-
ceptible to heat stress than Gaddi breed because Chegu is
adapted to higher altitude and low temperature. Both heat-
adapted breeds, Sirohi and Barbari, showed almost similar
pattern of expression, but the expression level in Sirohi goat
was observed to be relatively lower. There is a growing body
of literature supporting the role for HSPs in the whole organ-
ism's adaptation to heat other than through thermotolerance. A
survey of lizard species inhabiting a variety of environments,
including highlands, forests, and deserts, demonstrated a re-
markable diversity of constitutive HSP70 levels that were
correlated with the lizard's environmental temperatures
(Ulmasov et al. 1992). The present study demonstrates that
though HSP70 genes are highly conserved across evolution-
ary lines, the HSP70 gene expression is species- and breed-
specific. The species-specific differences in HSP70 isoforms
are most likely due to variations in thermal tolerance
(Yamashita et al. 2004), and isoform expression may vary
with regard to thermotolerance (Hightower et al. 1999). The
role of HSP70 in thermal tolerance and adaptation to heat and
cold should be uncovered in the future by exploring various
cellular and animalmodels, enabling to directly investigate the
interactions between these vitally important genomic loci.

Conclusions

The sequences of HSP70 genes in goat are well conserved and
have similarities with other mammalian species. The major
findings that emerged from this study include the higher
expression of HSPA1A and HSPA8 and lower expression of
HSPA1L andHSPA2 during both winter and summer seasons,
whereas the expression of HSPA6 was higher only during
summer. The expression level of HSP70 genes was higher in

cold-adapted goats, and expression during winter was higher
in heat-adapted goats. Regardless of reasonably high evolu-
tionary conservation, the expression of HSP70 isoforms is
species-specific, most likely due to variations in thermal tol-
erance. HSP70 gene expression can be used as a marker for
thermal adaptation in different species, and information gen-
erated will have significant implications in the development of
strategy to cope up with the challenges of climate change.
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