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ABSTRACT Global warming-induced heat stress decreases productivity and reduces the survivability of poultry, causing
substantial economic losses in the poultry industry. As poultry lack sweat glands, their thermoregulatory capacity is limited,
making them highly vulnerable to heat stress. Although Korean native chickens (KNCs) represent an important indigenous
genetic resource, research on their heat tolerance remains limited. In this study, we selected 19 heat tolerance-related candidate
genes based on previous research and extracted their single nucleotide polymorphisms (SNPs) from next-generation sequencing
(NGS) data obtained from 129 individuals, including KNCs, tropical native chickens, and commercial breeds. These SNPs were
then used to evaluate genetic diversity and population structure. Principal component analysis (PCA) revealed a clear separation
between KNCs and the other populations, indicating distinct genetic differentiation among groups. Although differentiation
among KNC lines was relatively low, the overall genetic diversity of KNCs was markedly higher than that of the other
populations. This pattern of separation between groups was also confirmed in the results of Fsr and phylogenetic tree analyses.
Overall, our results reveal a distinct genomic profile associated with heat tolerance in KNCs, offering essential information for
understanding their unique genetic characteristics compared with other chicken populations. This analysis provides a foundation
for future research aimed at enhancing heat tolerance in Korean native chickens.

(Key words: Korean native chicken, tropical native chicken, commercial chicken, heat tolerance, genetic diversity)
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Table 1. Chicken populations and number of samples used in this

study
Category Population No. of sample

KNC Gray-brown 10

Korean KNC Black 10
native KNC Red-brown 10
chicken KNC Yellow-brown 10
ENO) KNC White 10
KNC Yeonsan Ogye 10

Indonesia local chicken 15

Tropical Bangladesh local chicken 15
native Sri Lanka local chicken 7
chicken Thailand local chicken 6
Vietnam local chicken 7

Italian White Leghorn 13

Commercial Iran commercial broiler 4
chicken USA Rhode Island Red 1
USA White Plymouth Rock 1
Total 129

o] 7]l sdshs & 19719 FH Tr%ixl(socsz, HSPHI,
ARPP21, RBICCI, HSFI, PLCB4, CITED2, HSF3, TSHR,
HSP90AAI, HSP70, SIRTI, NFKB2, BAG3, HSP60, PRKCA,
HSP25, CDC37, LPAR2) W $IX|3H= SNP Wlo|E F=3|]
Al o] &sialet 2 fraate] Al H= Table 201 AA]
3t =9 SNP Wo|& beftools(v1.10.2; Danecek et al.,
2021) softwareE o]-&3to] & 9 AFtst A A H
Hiele] & A7) f14 vl B A 72 S0 28
ahick

SNP HHolo| t3gt #4 #2](quality control, QC)+= PLINK 2.0
(Chang et al., 2015) 22X EgAE ARl =331t QC 7]
T2 Hardy-Weinberg equilibrium (HWE) P-value<l x 1077
(-hwe le-7 midp), A8 2=E 10% BT (—geno 0. 1)
minor allele frequency (MAF)>0.05 (—-maf 0.05)22 A%
o, o2gt 211 FE3 SNPYHE: o] § 4] AME-313]
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Table 2. List of heat tolerance-related genes, their functions and physical location in Ensembl database
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Gene

Full name

Main function

Physical position

Reference

SOCS2

HSPHI

ARPP2]

RBICCI

HSF1

PLCB4

CITED2

HSF3

TSHR

Suppressor of
cytokine signaling 2

Heat shock protein
family H (Hsp110)
member 1

cAMP regulated
phosphoprotein 21

RBI1 inducible
coiled-coil 1

Heat shock factor 1

Phospholipase C
beta 4

CBP/p300-interacting
transactivator with
ED-rich tail 2

Heat shock factor 3

Thyroid stimulating
hormone receptor

Heat shock protein

HSP904A41 90 kDa alpha, class A

HSP70

SIRTI

NFKB2

BAG3

HSP60

PRKCA

HSP25

CDC37

LPAR2

member 1

Heat shock
protein 70

Sirtuin 1

Nuclear factor kappa
B subunit 2

BCL2-associated
athanogene 3

Heat shock
protein 60

Protein kinase C alpha

Heat shock
protein 25

Cell division
cycle 37

Lysophosphatidic
acid receptor 2

Cytokine-signaling suppressor detected as a selection
signal in heat-adapted populations

Co-chaperone that regulates HSP70 activity, showing
increased expression after heat stress

RNA-binding protein involved in cellular heat response
through stress-granule formation and post-transcriptional
regulation under heat stress

Upregulated after heat stress and involved in the inhibition
of apoptosis and the regulation of programmed cell death

Key transcription factor activated under heat stress to
induce HSP expression

Involved in immune defense, energy metabolism, and
oxidative stress response, and identified as a selection
signal in heat-adapted populations

Transcriptional co-activator that protects cells from heat
stress by inhibiting hypoxia-induced apoptosis

Key heat-responsive transcription factor activated by
severe heat stress to induce HSP expression

Regulates energy metabolism and thermoregulation
through thyroid hormone signaling, and identified as a
selection signal in heat-adapted populations

Regulates protein folding and signaling stability, and
protects cells from heat stress

Heat-induced chaperone that maintains protein folding
and protects cells by inhibiting apoptosis

Regulation of oxidative stress and DNA stability
contributing to antioxidant-mediated cellular protection
under heat stress

Inflammation and ROS regulation for cellular protection
under stress

Co-chaperone modulating HSF1 interactions and
heat-induced nuclear shuttling for stress adaptation

Heat-induced upregulation supporting protein refolding,
mitochondrial stability and cellular stress protection

Kinase linked to heat tolerance through prolactin
signaling and oxidative stress regulation

Strongly heat-induced small chaperone mediating
aggresome dissociation and cellular protection

HSP90 co-chaperone involved in stabilizing and
refolding heat-denatured proteins and facilitating
damaged-protein clearance

Elevated after heat stress and associated with cell
survival and spermatogenesis signaling

1:44921695-44928309

1:176342009-176365543

2:45360038-45491204

2:109934195-110008988

2:130889350-130994715

3:14057963-14274875

3:54058268-54075055

4:281393-297917

5:40972483-41022453

5:49677834-49686470

5:53057329-53061067

6:7313578-7338123

6:17766967-17776582

6:31227774-31248047

7:10214905-10231730

18:7314263-7428828

19:4402072-4406049

30:168682-178823

30:1127965-1137777

Walugembe et al.

(2019)

Pritchett et al.
(2023)

Zhuang et al.
(2020)

Luo et al.
(2014)
Rachman et al.
(2024)
Asadollahpour

Nanaei et al.
(2022)

Wang et al.
(2015)

Kawazoe et al.
(1999)

Guo et al.
(2022)

Wang et al.
(2013)

Balakrishnan et
al. (2023)

Kishawy et al.
(2023)

Yao et al.
(2025)

Jin et al.
(2015)
Yan et al.
(2009)

Fleming et al.
(2016)
Wang et al.
(2013)

Rachman et al.
(2024)

Wang et al.
(2015)
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Fig. 1. PCA results of Korean native chickens, tropical native chickens, and commercial chickens. PCA, principal component analysis;

KNC, Korean native chicken.
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Fig. 2. Fsr heatmap of chicken populations used in this study based on 19 heat tolerance-related genes. KNC, Korean native chicken.
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