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Extended Abstract

Background: Rapid growth of broilers leads to insufficient cardiac output, cardiac hypertrophy,
and finally sudden death. When livestock are exposed to hot environments, they often try to
dissipate heat by increasing blood flow to the skin. This physiological response is a way for
animals to adapt to long-term thermal conditions. However, this thermoregulatory mechanism has
its limitations. While different animals have varying degrees of tolerance to heat stress, the
cardiovascular system can only compensate within a certain range before it starts to impact food
production. Domestic poultry, such as chickens, lack sweat glands, which is a key mechanism for
body cooling in many other animals. This deficiency forces the cardiovascular system to work
harder, sending more blood to the skin to help regulate body temperature. Broilers, in particular,
have a narrow thermoneutral zone (the range of temperatures where an animal can maintain its
body temperature without expending extra energy) and a high metabolic rate, which places an
even greater burden on their cardiac function. Therefore, it is an appropriate model for studying
cardiac disease. Heat stress is among the stressors affecting cardiac performance. In accordance
with the cardiac system susceptibility of poultry to heat stress, especially broilers because of their
fast growth rate, to enhance the ability of modern broiler chickens to withstand heat stress through
selective breeding, we need to identify the crucial genes and biological processes that lead to
unbalanced heart development and the high incidence of heat-induced heart problems. Thus, the
aim was to consider the gene expression of cardiac contractility proteins under heat stress
conditions during the growing period of broilers.

Methods: Ross 708 broilers were subjected to heat stress (HS) of 35-37 °C for 8 hours daily for
21 days post-hatch. Initially, male broilers had unrestricted access to feed and water in spacious
colony houses maintained at 33 °C, with the temperature gradually decreasing by 3 °C per week
until it reached 24 °C by the day 21 post-hatch. At the conclusion of the growth period, the broilers
were euthanized, and their left ventricles were isolated for mMRNA extraction. RNA-seq data were
obtained from NCBI’s with the accession number SRP082125. All the expressions of
deferentially expressed genes (DEGs) were determined and analyzed by DAVID online
bioinformatics tools. Gene ontology qualification, including biological processes (BP), cellular
component (CC), and molecular role (MF), were achieved from DAVID. Heat stress induction
was from days 21-42 for 8 hours every day for 21 days until to end of the growing period.
Results: Gene expression changes were related to 35 genes of the muscular cardiocyte of the left
ventricle. From seven genes related to the protein of troponin, TNN and TNNI1 genes, declined
significantly, with an increase in the TNNT3 gene expression (P< 0.05). Of five genes related to
the tropomyosin protein, the TPM1 gene showed a significant increase in expression (P < 0.05).
Of the two genes related to the ryanodine receptor, RYR3 had significant gene upregulation (P <
0.05). From the ten genes related to DHPR, only CACNA2D2 had significant downregulation (P
< 0.05). Among four calmodulin-related genes, CAMKK1 and CAMK1D showed significant
downregulation, and CAMSAP2 revealed upregulation (P< 0.05). Significant reductions occurred
in the expression of five associated genes of heavy-chain myosin (P< 0.05).

Conclusion: Heat stress reduced gene expression of ryanodine, DHPR, and troponin, those
related to calcium release into the cell cytosol. Furthermore, it prevents cardiac hypertrophy by
decreasing the expression of genes related to the heavy chain of myosin. Thus, the vulnerability
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of modern broilers to heart problems, when exposed to high temperatures, may be linked to their
heart's reduced capacity, which is likely due to their relatively smaller heart size. According to
genetic analysis, the smaller heart size in broilers under heat stress than those in a comfortable
temperature environment is likely caused by slower cell growth and division. This research
identifies specific genes and biological pathways that could be targeted through breeding to
develop broilers that are more resistant to heat stress and have healthier hearts. This study has
identified specific genes and biological processes linked to the reduction in heart size observed in
broiler chickens subjected to heat stress. These insights provide new opportunities for developing
targeted breeding strategies to address this issue. The findings indicate that selective breeding, by
focusing on the identified genes and pathways, may enable the development of broiler chickens
that are more resistant to heat stress and have healthier hearts. By concentrating on these genetic
factors, breeders can work toward creating broiler populations that are more resilient to high

temperatures and less susceptible to heart problems.
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Table 1. Gene expression contractility system in left heart of broiler under chronic heat stress condition.

0F gbs gaw O3 ole e S e s oj b
FDR Fold Change P-value Feature ID
0.302524 -4.75 0.022974 TNN
0.378693 2.416667 0.038188 TNNT3
0.875375 -2.66667 0.337999 TNNC2
0.207002 -1.85159 9.71x10%8 TNNI1
0.536474 -1.46565 0.090653 TNNI3K
1 -1.44444 0.571387 TNNT1
0.608066 -1.3203 0.125595 TNNT2
0.616536 -1.39286 0.129286 TPMT
1 -1.06913 0.881753 TPM4

1 1.007742 0.592076 TPM3
0.553823 1.164307 0.099852 TPM2
0.408519 1.392339 0.045068 TPM1
0.161847 1.733728 5.62x10%% RYR3
0.887983 -1.10543 0.356025 RYR2
0.828212 -1.66785 0.28896 SLC8A1
1 -1.06788 0.886477 PLN

1 -1.53135 0.551518 CACNA1C

1 -1.48485 0.706828 CACNA1H

1 -1.15385 0.673324 CACNALG

1 -1.13043 1 CACNAI1S
0.672993 1.047971 0.167318 CACNA2D1
1 1.25 0.883104 CACNA1E

1 1.277778 0.750409 CACNA1D

1 2 1 CACNA1B
0.034147 -3.55892 2.27x10 CACNA2D2
1 -2 1 CACNA2D3

1 -1.24543 0.82068 CAMSAP1
0.302137 1.152714 0.022643 CAMSAP2
0.238115 -4.03659 0.013106 CAMKI1D
0.108616 -2.21401 2.30x10Y¢ CAMKK1
1.99x10°% -346.057 1.80x10° MYH7
0.022078 -17.8776 9.81x10% MYH1F
0.035284 -15.5905 2.40x10%* MYH1D
0.356597 -13.6667 0.032241 MYH1A
0.221396 -8 0.011058 MYH1B
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Table 2. Indexs of Gene network analysis of effective Genes on heart contractility system of broiler under heat stress.

b5 bls)l e

b Co 35 Coj 45 pb
Gene interaction number B;?v;eeness)jc)gre C‘-I’i;e:ess gcgé:e Gen:)s;mbol
25 50.77 0.83 RYR3
25 101.88 0.857 TNNC2
25 43.29 0.83 RYR2
23 51.6 0.81 TNNT2
20 22.94 0.73 SLC8A1
19 19.91 0.71 CACNAI1S
18 24.95 0.69 CACNA1B
18 9.03 0.69 TNNT3
18 14.29 0.69 MYH7
18 22.50 0.71 TNNI1
17 13.07 0.68 CACNAILC
15 4.30 0.65 MYH1B
15 16.7 0.65 CACNA1G
15 4.79 0.65 CACNAI1D
15 18.11 0.66 MYH1D
14 6.66 0.63 TPM4
13 3.40 0.62 CACNALE
13 3046 0.62 MYH1A
13 6.34 0.62 TPM1
13 5.40 0.62 TPM3
12 14.08 0.58 CACNA2D1
12 213 0.61 MYH1F
11 0.84 0.56 CACNA2D2
10 0.569 0.56 CACNA2D3
10 8.29 0.57 PLN
7 6.82 0.54 CAMK1D
6 58.39 0.52 TNNI3K
3 13 0.5 CAMKK1
1 0 0.34 TNN
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Table 3. Gene ontology of heart contraction related genes of broiler treated with cyclic-chronic-heat stress condition.

Seidon e s 3 OF SbE eSS S ire ghaw 0f gl a3l o) pb
GO term Fold enrichment P value FDR Name of genes
calcium ion transmembrane transport
via high voltage-gated calcium channel > 100 2.18x1005 2.97x1005 CCAA(?I\'J\‘AAZlgl
e 5 S (538, JUS
transition between fast and slow fiber > 100 3.67%1097 6.53EX10% TNNTL TNNIL MYH7
a9 38 ALl Joudly glo i pudone : : : ,
positive regulation of the force of heart
~_contraction >100 4.57x10% 6.08x10%3 RYR2, SLC8AL
A8 2L €08 Cae i3
regulation of the force of heart
contraction >100 1.11x10°97 2.18x1095 PLN, ’%AIYC'-S‘;&FYRZ’
b oLl g9y walas
membrane depolarization during CACNA2D1, CACNALG
cardiac muscle cell action potential >100 1.42x10°10 6.17x10°08 CACNAIC,‘CACNAID,’
Jes Jeslty Jobo o slid 5,5 055, LC8AL
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GO annotations provide biological knowledge about genes and their protein products.
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