Comparative Expression of HSP70 and HSP90 Genes Reveals Breed-Specific Thermotolerance Mechanisms in Indigenous and Commercial Chickens under Acute Heat Stress
ABSTRACT
[bookmark: _GoBack]	The experiment was conducted during November 2023 at Madras Veterinary College, Chennai. Heat stress was a major constraint in poultry production, particularly in tropical regions, as it impaired growth, feed efficiency, immunity, and overall performance. This study evaluated the expression of HSP70 and HSP90 genes in four chicken genotypes namely, indigenous Siruvidai, TANUVAS Aseel, White Leghorn, and commercial broiler subjected to acute heat stress (38 ± 1 °C for 1 h). Heat shock proteins (HSPs) were essential molecular chaperones that protected cells by stabilizing misfolded proteins and preventing aggregation under stress. Liver tissues were collected from six heat-treated and three control birds per group. Total RNA was extracted, reverse transcribed to cDNA, and analyzed by quantitative real-time PCR using β-actin as a reference gene. Relative expression was calculated using the ΔΔCt method. Results showed that HSP70 expression was upregulated in indigenous Siruvidai (1.42-fold), TANUVAS Aseel (1.19-fold), and White Leghorn (7.57-fold), but downregulated in broilers (0.40-fold) compared to their respective controls. In contrast, HSP90 was strongly upregulated in indigenous Siruvidai (4.76-fold), but downregulated in TANUVAS Aseel (0.63-fold), White Leghorn (0.17-fold), and broilers (0.18-fold). These findings suggested that indigenous breeds exhibited a balanced and adaptive thermotolerance strategy with moderate HSP induction, whereas White Leghorns mount an exaggerated HSP70 response and broilers showed a blunted chaperone response, reflecting their thermal susceptibility. Overall, the results highlighted the genetic potential of native breeds for heat resilience and supported the use of HSP70 and HSP90 expression profiles as molecular markers in breeding programs to enhance thermotolerance in commercial poultry.
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1.0    INTRODUCTION
	In poultry production, environmental stressors such as high ambient temperature, transportation, vaccination, handling, and disease challenges frequently induce cellular stress, leading to impaired growth, reduced feed efficiency, compromised immunity, and decreased overall productivity. To counter these adverse effects, HSP70 and HSP90 are rapidly synthesized and act as a defense mechanism by stabilizing unfolded or misfolded proteins, preventing protein aggregation, and facilitating protein refolding. Heat shock proteins (HSPs) are a family of highly conserved molecular chaperones that play a central role in maintaining cellular homeostasis under stress. Among them, HSP70 and HSP90 are the most widely studied in poultry due to their involvement in protein folding, stabilization, and protection against heat-induced denaturation (Lindquist and Craig, 1988). Exposure to high ambient temperatures, a common challenge in tropical poultry production, induces the expression of these proteins, enabling birds to survive otherwise lethal conditions. HSP70 is a rapidly inducible stress protein that prevents aggregation of misfolded proteins and assists in their refolding, thereby acting as a “first responder” during acute heat stress (Morimoto, 1993). It has been reported that indigenous chicken breeds generally exhibit higher basal levels of HSP70, which confer them with inherent thermotolerance (Cedraz et al., 2017; Nawaz et al., 2023). In contrast, exotic and commercial strains often show either exaggerated induction, as in White Leghorns, or suppression, as in fast-growing broilers, reflecting their reduced adaptability (Siddiqui, 2020). HSP90, while also stress-inducible, plays a more specialized role in stabilizing steroid hormone receptors, kinases, and transcription factors, thereby contributing to long-term stress adaptation and cellular signaling stability (Picard, 2002). Studies have shown that its expression is higher in heat-tolerant native breeds compared to commercial lines, suggesting an evolutionary advantage under tropical environments (Cedraz et al., 2017). Among the breeds considered in this study, indigenous Siruvidai is an indigenous ecotype of Tamil Nadu (Churchil et al., 2024), while TANUVAS Aseel is a strain of Aseel developed for backyard rearing under hot and humid conditions. Their stress resilience has been linked to efficient HSP gene expression patterns. In contrast, White Leghorn, an exotic layer breed, is highly productive but less heat tolerant, showing sharp inducible responses of HSP70 under stress. Commercial broilers, bred for rapid growth, are particularly vulnerable to heat due to low or suppressed expression of HSP genes, compromising their survivability under thermal challenge. Understanding the comparative expression of HSP70 and HSP90 in native versus exotic breeds provides valuable insight into the molecular basis of thermotolerance. This knowledge is crucial for developing breeding and management strategies aimed at improving heat resilience in poultry production systems. Although there is currently no direct research on HSP70 and HSP90 in indigenous Siruvidai chicken, drawing on findings from other indigenous breeds offers a strong conceptual foundation. The indigenous Siruvidai ecotype, known locally for its adaptability and unique traits, may similarly rely on elevated HSP expression for stress resilience. As such, investigating HSP pathways in indigenous Siruvidai chickens might reveal valuable insights relevant to improving productivity under environmental stress. As part of the ongoing efforts to characterize native poultry breeds in Tamil Nadu, the present study aimed to elucidate the heat shock protein (HSP 70 and HSP 90 profiles of the indigenous Siruvidai breed and compared them with those of TANUVAS Aseel White Leghorn and commercial broiler
2.0.    MATERIALS AND METHODS
The experiment was conducted during November 2023 at Madras Veterinary College, Chennai 
2.1.   Sample Collection for Gene Expression
The HSP70 and HSP90 genes were studied to assess the stress response of birds. At 45 weeks of age, birds were subjected to acute heat stress at 38 ± 1 °C for 1 h. Following exposure, six birds each from indigenous Siruvidai, TANUVAS Aseel, White Leghorn, and commercial broiler groups were humanely sacrificed, and liver samples were collected. Additionally, three birds from each genetic group were maintained as controls without heat treatment, and their liver samples were also collected for HSP70 and HSP90 gene expression analysis.
2.1.2.   Processing of Tissue Samples for RNA Isolation
 Approximately 20 mg of liver tissue was homogenized in 1 ml of 1× sterile PBS using a pestle and mortar. The homogenate was transferred to a 2 ml microcentrifuge tube and centrifuged at 10,000 rpm for 10 min at 4 °C. The resulting supernatant was collected and used for RNA isolation.
2.1.3.    RNA Isolation
For RNA isolation, 750 µl of Trizol reagent (Sigma) was added to approximately 200 µl of supernatant. The mixture was agitated 10–15 times and incubated at room temperature for 5 min. Subsequently, 200 µl of chloroform was added, the mixture was shaken thoroughly, and incubated again at room temperature for 5 min. Centrifugation was then carried out at 12,000 rpm for 15 min at 4 °C. The upper aqueous layer was carefully collected and transferred to a fresh 1.5 ml microcentrifuge tube, avoiding disturbance of the interphase. An equal volume of ice-cold 70% isopropanol was added, and the mixture was incubated at –20 °C for 10 min. After centrifugation at 12,000 rpm for 20 min at 4 °C, the supernatant was discarded. The pellet was washed with 1 ml of 70% ice-cold ethanol and centrifuged at 10,000 rpm for 5 min at 4 °C. The supernatant was discarded, and the pellet was allowed to air dry. Finally, the pellet was resuspended in 10 µl of nuclease-free water (NFW), and RNA concentration was determined using spectrophotometry.
2.1.4.    cDNA Synthesis 
cDNA synthesis was performed using the Bio-Rad iScript™ cDNA Synthesis Kit, following the manufacturer’s instructions. 20 µl reaction mixture contained 4 µl of 5× reverse transcriptase reaction mix, 1 µl of iScript reverse transcriptase, 5 µl of nuclease-free water (NFW), and 10 µl of RNA (500 ng). Thermal cycling conditions were: 25 °C for 5 min (priming), 46 °C for 20 min (reverse transcription), 95 °C for 1 min (inactivation), and a final hold at 4 °C. The synthesized cDNA was stored at −20 °C until further use.
2.1.5.   Real-Time PCR for Liver Sample 
The β-actin gene (Table 1) was used as the housekeeping reference in the real-time PCR analysis of heat shock protein gene expression. Primer sequences used in the study were listed in Table 1. Gene expression was quantified using the CFX Opus 96 Real-Time PCR System (Bio-Rad). The thermal cycling conditions were as follows: initial denaturation at 95 °C for 3 min, followed by 40 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s, and extension at 72 °C for 45 s. A melting curve analysis was performed from 65 to 95 °C to confirm the specificity of amplified products.
Relative quantification (R) of target genes was calculated using the Pfaffl (2001) method. Cycle threshold (Ct) values were obtained for both the reference (β-actin) and target genes. The Ct represents the number of cycles required to reach the threshold of amplification; lower Ct values correspond to higher initial transcript abundance. The formula for calculating the relative quantification of gene expression is R=2-ΔΔct. Where the value of Δct was obtained by deducting the reference ct from the target ct.

	Table 1: Primer sequences used for Quantitative real time PCR (Q-PCR)

	Target Gene
	Primers
	Sequence (5’ – 3’)
	Product size (bp)
	References

	HSP70
	FP
	AGCGTAACACCACCATTCC
	372
	Kumbhar et al., 2018

	
	RP
	TGGCTCCCACCCTATCTC
	
	

	HSP90
	FP
	TCAGACTTGATAACGGTGAACCT
	283
	Liu et al., 2014

	
	RP
	TGTCTTCTCCTCCTTCTCCTCTT
	
	

	
	RP
	CACCAGCTTCTGTAAGATGC
	
	

	β actin
	FP
	CTGACAGAGAGAGGCTACA
	106
	Jamima et al., 2018

	
	RP
	CATCTCCTGCTCGAAATC
	
	



[bookmark: _Hlk187414935]2.2.   Statistical Analysis
A two-way analysis of variance (ANOVA) was performed to evaluate the effects of genetic group (indigenous Siruvidai, TANUVAS Aseel, White Leghorn, and commercial broiler) and treatment (heat stress vs. control) on gene expression. Statistical significance was considered at p<0.05. All analyses were carried out using the SPSS statistical software package.
3.0   RESULTS AND DISCUSSION
3.1   Expression of Heat Shock Proteins (HSPS 70 gene)
In the present study, HSP70 gene expression exhibited distinct breed-specific responses to acute heat stress (38 ±1 °C for 1 h). Relative to their respective controls, HSP70 expression was upregulated 1.42-fold in heat-stressed indigenous Siruvidai, 1.19-fold in TANUVAS Aseel, and markedly upregulated (7.57-fold) in White Leghorn birds. In contrast, commercial broilers exhibited significant downregulation (0.4-fold) of HSP70 following heat exposure. (Table 2 and Figure 1)
The moderate upregulation observed in indigenous Siruvidai and TANUVAS Aseel suggested that indigenous breeds possess constitutively higher basal expression of HSP70, enabling them to maintain cellular homeostasis under heat stress with minimal transcriptional induction. This finding aligns with Cedraz et al. (2017), who reported higher basal HSP70 levels in Brazilian native chickens (Peloco, Caneluda) with correspondingly lower fold-change upon thermal challenge, indicating that these birds are “pre-conditioned” for hot climates. Similarly, Budi et al. (2024) identified HSP70 polymorphisms in Thai native and jungle fowl populations that confer enhanced constitutive expression, suggesting genetic adaptation to tropical environments. Recent reports also confirm the role of constitutive HSP70 expression as a molecular mechanism underlying thermotolerance in indigenous chickens (Rashamol et al., 2023a; Khan et al., 2021).



The pronounced 7.57-fold increase in HSP70 expression in White Leghorn indicates a strong acute stress response. As commercial layer lines, White Leghorns were primarily selected for egg production under controlled environments and likely have lower baseline HSP70 expression. Upon exposure to heat, they mount a vigorous 



 
	Table 2: Ct & 2–∆∆Ct values of Heat shock protein expression in the liver tissue of indigenous Siruvidai, TANUVAS Aseel, White Leghorn and commercial broiler

	Gene
	Indigenous Siruvidai
	TANUVAS Aseel
	White Leghorn
	Commercial Broiler

	 
	Control
(n=6)
Ct value
	Treatment
(n=6)
 Ct value 
 
 
 
	Fold change
[bookmark: _Hlk169878262]2–∆∆Ct
	Control
(n=6)
 Ct value
	Treatment
(n=6)
 Ct value
	Fold change
2–∆∆Ct
	Control
(n=6)
 Ct value
	Treatment
(n=6)
 Ct value
	Fold change
2–∆∆Ct
	Control
(n=6)
 Ct value
	Treatment
(n=6)
Ct value 
	Fold change
2–∆∆Ct

	HSP70
	23.2
	22.16
	1.42
	23.54
	22.86
	1.19
	23.24
	19.22
	7.57
	25.78
	28.49
	0.40

	HSP90
	22.9
	20.12
	4.76
	25.45
	25.68
	0.63
	24.22
	25.64
	0.17
	25.72
	35.54
	0.19





Figure 1: Fold change in expression of HSP 70 and HSP 90 genes in the liver during heat treatment
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transcriptional response as an emergency protective mechanism. Nawaz et al. (2023) also reported higher inducible HSP70 expression in thermosensitive breeds compared to thermotolerant ones, suggesting that greater fold induction reflected heightened stress perception rather than superior resilience. This observation was in agreement with more recent findings that commercial strains exhibited a reactive rather than adaptive thermotolerance strategy (Zhang et al., 2022).
Commercial broilers in the present study displayed significant HSP70 downregulation post-heat stress, which might indicate impaired cellular stress response pathways or energy trade-offs favouring production over thermoprotection. Such suppression of protective genes could increase susceptibility to heat-induced cellular damage and compromise animal welfare. Siddiqui (2020) reported time-dependent variations in HSP70 expression across different intestinal sections of Ross 308 broilers under acute heat stress, suggesting that expression dynamics might vary not only by genetic line but also by tissue type and exposure duration. Further evidence suggested that broilers were especially vulnerable to thermal stress due to low HSP expression and compromised cellular defense mechanisms Nawaz et al. (2023). 
Overall, the present findings reinforce that indigenous breeds (indigenous Siruvidai and TANUVAS Aseel) exhibit a more stable, adaptive thermotolerance strategy with moderate HSP70 induction, whereas White Leghorn layers displayed a heightened, reactive stress response. Commercial broilers, with their downregulated HSP70 expression, appear particularly vulnerable to thermal challenges. These results underscored the importance of incorporating thermotolerance traits into breeding programs for commercial poultry to improve resilience under climate change scenarios.
3.2.   Expression of Heat Shock Proteins (HSP 90 Gene)
The expression analysis of HSP90 revealed a marked breed-dependent response to acute heat stress (38±1 °C for 1 h). Among the four genetic groups, indigenous Siruvidai birds exhibited a strong upregulation of HSP90 (4.76-fold) relative to their untreated controls, whereas TANUVAS Aseel (0.63-fold), White Leghorn (0.17-fold), and commercial broilers (0.18-fold) showed significant downregulation following heat treatment. (Table 2 and Figure 1)
The robust HSP90 induction observed in indigenous Siruvidai suggested an active and sustained chaperone-mediated cytoprotection under thermal stress. HSP90 was known to stabilize key client proteins such as steroid hormone receptors, kinases, and transcription factors, thereby ensuring proper cellular signaling and protein refolding during prolonged stress. These findings were in agreement with Cedraz et al. (2017), who reported higher HSP90 expression in native Brazilian breeds compared with commercial lines during thermal challenge, highlighting the adaptive advantage of indigenous birds. Recent studies further supported that HSP90 expression in tropical native chickens played a critical role in long-term stress adaptation (Al-Zhgoul et al., 2021; Rashamol et al., 2023b).
In contrast, TANUVAS Aseel showed mild downregulation (0.63-fold), which might represent a tissue-specific regulatory response, as this hardy native breed might rely more on constitutive antioxidant mechanisms and less on inducible HSP90 upregulation for thermotolerance. This observation was consistent with Nawaz et al. (2023), who found no significant changes in HSP90 expression in Dwarf Yellow chickens under heat stress, suggesting that certain native breeds maintain cellular protection through alternative pathways rather than robust HSP90 induction. 
White Leghorns demonstrated a sharp contrast between their strong HSP70 induction (7.57-fold) and marked HSP90 downregulation (0.17-fold). This might reflect a preferential activation of rapid stress-response pathways (HSP70) over long-term chaperone stabilization (HSP90) in commercial layer lines. Similar patterns were reported by Xie et al. (2014), who observed lower HSP90 induction in layers compared with native breeds under thermal stress. This differential pathway prioritization has also been highlighted in recent molecular studies showing that White Leghorns rely more heavily on inducible HSP70 while suppressing HSP90 during prolonged stress (Zhang et al., 2022). Such selective pathway activation might render White Leghorns more vulnerable to chronic or repeated heat stress, as their reliance on short-term HSP70 responses might not fully protect against prolonged protein denaturation. 
Commercial broilers exhibited the most pronounced suppression of HSP90 (0.18-fold), indicating impaired stress signaling and a blunted molecular chaperone response. This observation was consistent with Zhou et al. (2019), who reported reduced HSP90 expression in broilers under heat stress, likely due to metabolic trade-offs prioritizing rapid growth over cellular resilience. The lack of adequate HSP90 induction could predispose broilers to higher levels of protein misfolding and cellular damage under heat stress, compromising both performance and welfare. Recent transcriptomic studies further confirm that broilers show widespread downregulation of chaperone genes, including HSP90, under high ambient temperatures (Li et al., 2021).
Collectively, these results highlight that HSP90 expression was strongly inducible in heat-tolerant native breeds such as indigenous Siruvidai, whereas exotic and commercial lines either fail to upregulate or actively downregulate this critical chaperone under thermal challenge. This underscored the importance of incorporating HSP90-related thermotolerance markers in genetic selection and breeding programs aimed at improving heat resilience in commercial poultry populations.
4.0.   CONCLUSION
Siruvidai birds showed balanced HSP70 induction and strong HSP90 upregulation, indicating efficient adaptive thermotolerance. TANUVAS Aseel exhibited minimal HSP modulation, suggesting inherent stability. White Leghorns displayed high HSP70 but low HSP90 expression, reflecting a reactive stress response. Broilers downregulated both genes, indicating poor stress resilience. These findings emphasized the thermotolerance superiority of native breeds and the value of HSP markers in breeding programs for climate-resilient poultry production.
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