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INTRODUCTION

Indonesia has a high diversity of local chicken 
breeds, which have the potential to be developed as 
a national food security source, but their utilizations 
are not optimal. So far, 31 breeds of local chickens 
have been identified (Nataamijaya, 2010). Indonesian 
local chickens, aside from being kept as broilers and 
egg-laying hens, are also kept as domestic companions, 
serving as yard decorators, the source of neighborly 
complaints, and the provider of ritual needs, or merely 
to provide gratification through melodious voices 
(Sartika et al., 2016). One of Indonesia’s local chickens is 
the Walik chicken having curly body feathers (frizzle). 
Adult Walik chickens are quite resistant to weather 
changes. However, Walik chickens have a rather lim-
ited population, existing only in certain regions, and are, 
therefore, rare local chickens that need to be further ex-
plored (Sartika et al., 2016). In addition to local chickens, 
Kampung Unggul Balitbangtan (KUB) chickens, which 
are the result of six generations of selection using female 
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ABSTRACT

Our research was designed to identify the sequence variations of heat shock protein 70 (HSP70) 
gene in three breeds of native Indonesian chickens, Kampung Unggul Balitbangtan (KUB) chicken, 
Walik chicken, and Kate Walik chicken. Total DNA was isolated from the whole blood using a 
DNeasy blood and tissue kit. The HSP70 gene was amplified and sequenced from 94 chickens using 
PCR. The amplification product was 787 bp long, consisting of a 210 bp promoter region, a 112 bp long 
5′untranslated region (UTR), and a 465 bp protein coding region. Our KUB, Walik, and Kate Walik 
chicken HSP70 gene sequence alignments express genetic diversity in the promoter region (insertions 
and deletions), 5′UTR (deletions and nucleotide substitutions), and at the beginning of the coding 
region (nucleotide substitutions). Four haplotypes, H1, H2, H3, and H4, were identified in the HSP70 
gene protein coding region. The haplotype H2 was found in all three chickens, while H4 was only 
found in Walik chicken. The H4 is a novel haplotype which never reported before. Based on a median-
joining network analysis, H4 is a haplotype produced by mutations at two specific sites (g.370A>G 
and g.388C>G) in the protein coding region of the HSP70 gene of the chicken. It could be concluded 
that Walik chicken can be used as a standard for heat stress genotyping in Indonesian local chickens, 
because it has complete HSP70 gene haplotypes.
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chickens from Cianjur, Depok, Majalengka, and Bogor 
regions, have several advantages. These include the high 
egg production and the majority do not brood (Minister 
of Agriculture Decree No. 274/Kpts/SR.120/2/2014).

Poultry does not have sweat glands, and almost all 
of the poultry body is covered by feathers. Therefore, 
dissipation of body heat to the environment is difficult, 
and poultry is quite susceptible to heat stress (Tamzil, 
2014). High environmental temperature has negative 
impacts on physiological conditions (metabolic and 
hormonal activity, and body temperature control) and 
chicken productivity. Heat stress is a primary poultry 
problem worldwide, especially in broiler and egg-laying 
chickens. Heat stress can occur anytime when ambient 
temperature exceeds the limit of comfort zone (>28 °C). 
Heat stress in chickens can cause growth disruption, 
decreased egg quality, and death.

Heat shock protein 70 (HSP70), among others, is 
produced by organisms to overcome heat stress. The 
HSP70 gene works as a chaperone, the duty of which 
is to regulate the refolding of proteins properly, to 
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help protect cells from damage caused by heat stress 
(Tkáčová & Angelovičová, 2012). The HSP70 gene in 
chicken, Gallus gallus, is located in the fifth chromosome 
and consists of only one exon with a coding-region 
length of 1,905 bp (Morimoto et al., 1986). The complete 
sequence of the chicken HSP70 gene is available in 
GenBank (J02579). Research on the polymorphisms of 
HSP70 gene between breeds of chickens has progressed 
based on the sequence of HSP70 gene of chickens. 
One such study identified polymorphisms in the cod-
ing region of the HSP70 genes in broiler chickens of 
different breeds at positions g.370A>G (identical to 
g.258A>G from the start codon) and g.388C>G (identi-
cal to g.276C>G from the start codon). Three of the 
detected alleles (hsp70-1, hsp70-2, and hsp70-3) were 
associated with the nature of resistance to heat stress, 
and therefore, it’s potential to be used as a candidate 
gene for heat stress (Mazzi et al., 2003). The results of 
this study have encouraged additional research in the 
other chickens: Indonesian local chicken (Tamzil et al., 
2013a), Taiwanese local chicken (Liang et al., 2016), and 
Thailand local chicken (Duangjinda et al., 2017).

The purpose of this study was to obtain data on the 
diversity of HSP70 genes in Indonesian local chickens: 
KUB, Walik, and Kate Walik chickens. We identified the 
genetic variability of the chicken HSP70 gene promoter, 
5’UTR, and coding region. These data are essential, both 
as an informational database, especially in response to a 
high environmental temperature during summer, and 
as a basis for the development of heat-resistant chicken 
strains. In this study, we used two different feather 
structures. KUB chicken has a normal feather, but Walik 
chicken and Kate Walik chicken have frizzle feathers. 
The frizzle (F) is an autosomal and incompletely domi-
nant gene, which has a nonframeshift deletion in KRT75 
(Ng et al. 2012). The F gene may reduce the heat insu-
lation of feathers by curling and reducing their sizes. 
Many reports have proved that frizzle (F) and naked 
neck (Na) are well known as major marker genes affect-
ing heat stress tolerance, resistant to diseases, and better 

immune system (Fathi et al. 2013, 2014). Several tropical 
countries have introduced these genes in breeding 
programs to improve performance and adaptability of 
chickens to hot ambient temperatures (Fathi et al. 2013, 
2014; Carabańo et al. 2019). Recently, supplementation of 
vitamin and mineral are used as antioxidants to reduce 
the negative effects of heat stress (Rayani et al. 2017; 
Mohamed et al. 2019).

MATERIALS AND METHODS

Sample Collection and DNA Isolation

In this study, we used  94 chickens from three 
breeds of native Indonesian chickens: KUB, Walik, 
and Kate Walik chickens (Table 1). Specifically, the 
KUB chicken sampling fulfilled the requirements of 
the Balitbangtan ethics code, registration number 
Balitbangtan/Balitnak/A/01/2018 in 2018. Chicken DNA 
material comes from the whole blood taken from the 
wing vein (± 0.5–1.0 mL). Genome DNA extraction and 
purification were carried out using a DNeasy blood and 
tissue kit based on the spin column procedure (Qiagen, 
Venlo, Netherlands).

Amplification and Sequencing

DNA amplification was performed using the 
polymerase chain reaction (PCR) with a primary pair 
of forward, 5′-CGATCTGGCTGCAATCTACG-3′ (Gan 
et al., 2015) and reverse, 5′-CTGGGAGTCGTTGAAGT 
AAGCG-3′ (Mazzi et al., 2003) primers based on the 
chicken HSP70 gene (Morimoto et al., 1986). The 
amplified PCR target product is 787 bp long, consisting 
of a 210 bp promoter region, a 112 bp 5′ untranslated 
region (UTR), and a 465 bp coding region (Figure 
1). The PCR mixture consisted of 12.5 μL of GoTaq 
Green Master Mix (Promega, Madison, Wisconsin) 
containing 2x GoTaq Green reaction buffer, 400 μM 
of each of four deoxynucleoside triphosphates, and 

Table 1. Number of chicken samples analyzed

Breed n Male Female Management system Source
Kampung Unggul 
Balitbangtan (KUB) 

50 20 30 Intensive (battery cage) Indonesian Research Institute for Animal 
Production, Bogor

Walik 41 4 37 Semi Intensive Private collection
Kate Walik 3 1 2 Semi Intensive Private collection

Figure 1.	Amplification target of the HSP70 gene in chicken (J02579) as a reference. The arrow shows the attachment of the primer: the 
forward primer attaches at position −210 (promoter region), and the reverse primer attaches at position +577 (protein coding 
region) of the HSP70 gene of chicken.
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3 mM MgCl2, 1 μL of each primer HSP70 forward 
and HSP70 reverse (10 μM), 1 uL DNA template 
(100 ng), and nuclease-free water to final volume 
of 25 µL. The PCR program consisted of an initial 
denaturing at 95°C for 5 minutes, followed by 35 cycles 
of denaturation at 95°C for 30 seconds, annealing 
at 58°C for 45 seconds, and elongation at 72°C for 1 
minute. The amplification process was terminated by 
extension at 72°C for 5 minutes. PCR products were 
analyzed by electrophoresis on an agarose gel, stained 
with ethidium bromide, and then sequenced with 
ABI® PRISM bigdye terminator cycle sequencing kit 
v3.1 by First BASE Laboratories (Selangor, Malaysia).

Data Analysis

Chromatogram nucleotide sequencing results, both 
forward and reverse, were edited using Bioedit (Hall, 
2011). The edited nucleotides were then aligned with 
the reference chicken HSP70 gene from National Center 
for Biotechnology Information (NCBI) GenBank using 
Clustal W implemented in Molecular Evolutionary 
Genetic Analysis (MEGA) version 6 software (Tamura 
et al., 2013). Similarity searching with our HSP70 gene 
coding sequences was performed with the Basic Local 
Alignment Search Tool-nucleotide application (BLASTn) 
at NCBI. Reconstruction of haplotype networks was 
made to explore further evolutionary relationships 
between nucleotide substitutions using Population 
Analysis with Reticulate Trees (PopART) software 
(Leigh & Bryant, 2015). Analysis of potential CpG island 
in the chicken HSP70 gene was detected by MethPrimer 
(http://www.urogene.org/methprimer).

RESULTS

Amplification of the Chicken HSP70 Gene

Partial amplification of HSP70 gene in KUB, Walik, 
and Kate Walik chickens produced 787 bp DNA frag-
ments, as expected (Figure 2). The sequenced DNA frag-
ments, after being aligned with the reference chicken 
HSP70 gene, were found to consist of a 210 bp promoter 
region, a 112 bp 5′UTR, and a 465 bp coding region.

Analysis of the Chicken HSP70 Gene 

Promoter Region. The results of sequencing analysis 
showed that nucleotide variations were found at posi-

tions −103, −99, −11, −6, and −5 in the promoter region 
of the KUB, Walik, and Kate Walik chicken HSP70 genes 
compared to reference chicken (Table 2). However, the 
KUB, Walik, and Kate Walik chickens had identical 
nucleotide sequences of promoter region of HSP70 gene. 
Two deletions and three insertions were found in the 
KUB, Walik, and Kate Walik chicken HSP70 gene partial 
promoter region sequence alignment, regarding to 
chicken HSP70 gene (Figure 3). The deletions indicated 
the loss of a guanine (G) base at position −103, and the 
loss of a cytosine (C) base at location −99. In addition to 
these deletions, there were the insertions of two G bases 
at positions −11 and −6, and the inclusion of one C base 
at position −5. 

The promoter region of chicken HSP70 gene 
showed consensus-motif sequences consisted of a 
TATA box, Heat Shock Elements 1 and 2 (HSE 1 and 
HSE 2), Specificity Protein 1 (SP 1), and CAAT box 
(Figure 3). The primary recognition element in the 
promoter region of the chicken HSP70 gene was a 
TATA box consisted of the sequence 5′-TATAAA-3′, 
found at position −24 through −19. Another recogni-
tion element in the promoter region of chicken HSP70 
gene was HSE, consisted of HSE 1 with a sequence 
of 5′-CTGGCAGGTTCCAG-3′, and the HSE 2 with a 
sequence of 5′-CCTTAGCGTTCTGGC-3′. The two heat 
shock elements overlapped at positions −55 through −42 
in HSE 1 and at locations −65 through −51 in HSE 2. The 
other recognition elements found in the promoter region 
of chicken HSP70 gene was SP 1 (a type of GC box), with 
the sequence of 5′-GGGCGG-3′, located at position −135 
through −130. There were two CAAT box elements with 
complementary nucleotide sequences of 5’-ATTG-3’ 
found at location -152 through -149, and -71 through -68.

5’UTR. Our sequencing and alignment of the 5′UTR of 
HSP70 gene in KUB, Walik, and Kate Walik chickens 

Figure 2.	Visualization of the HSP70 gene PCR products in KUB chicken (a) and Walik chick-
en (b). M= 1 Kb of DNA Ladder, 1–6= PCR product.
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Table 2. 	 Nucleotide variation in the promoter region of the 
HSP70 gene in Kampung Unggul Balitbangtan (KUB), 
Walik, and Kate Walik chickens with respect to the 
chicken reference sequence

Breed code n
Nucleotide position

-103 -99 -11 -6 -5
Ref. chicken 1 G C - - -
KUB 50 - - G G C
Walik 41 - - G G C
Kate Walik 3 - - G G C
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Figure 3.	Promoter region sequences of the HSP70 gene in Kampung Unggul Balitbangtan (KUB), Walik, and Kate 
Walik chickens aligned to the chicken reference sequence. Underlined: forward primer site; bold: consensus 
motif sequences of CAAT, SP 1, HSEs, and a TATA box (Morimoto et al., 1986); hyphens: nucleotide base 
deletions.
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Figure 4. 	Alignment of two haplotypes in 5′UTR of the HSP70 gene in Kampung Unggul Balitbangtan (KUB), Walik, 
and Kate Walik chickens with the chicken reference sequence. Hyphens: nucleotide base deletions; in box: 
transversion.
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with reference to chicken HSP70 gene sequence showed 
two deletions and one transition (Figure 4). Two A 
bases were deleted, one at position +32 and the other 
at +97. Aside from these deletions, one transition A to 
G was found at location +44. These nucleotide varia-
tions, found at positions +32, +44, and +97 in the 5′UTR, 
produced two haplotypes (Table 3). The first haplotype 
was found in KUB (n= 48), Walik (n= 38), and Kate Walik 
chickens (n= 3), while the second haplotype was only 
found in KUB (n= 2) and Walik chickens (n= 3). One 
of these specific nucleotide substitutions in the 5′UTR 
(g.44A>G) was only found in two KUB chickens and 
three Walik chickens.

Protein coding region. Four mutations could be seen in 
our coding region alignment (465 bp) at positions +370, 
+388, +533, and +537. The four mutations consisted of 
one transition and three transversions (Table 4). The 
transition occurred at position g.370A>G (identical to 

position g.258A>G from the start codon). The three 
transversions occurred at positions g.388C>G (identical 
to position g.276C>G from the start codon), g.533G>C 
(identical to position g.421G>C from the start codon), 
and g.537C>A (identical to position g.425C>A from the 
start codon).

Based on the two mutations (g.370A>G and 
g.388C>G) found in the HSP70 coding region of KUB, 
Walik, and Kate Walik chickens, four haplotypes were 
proposed (Figure 5). We named the four haplotypes 
Haplotype 1 (H1), Haplotype 2 (H2), Haplotype 3 (H3), 
and Haplotype 4 (H4). All four haplotypes were oc-
curred in Walik chickens. KUB chickens had three of the 
haplotypes (H1, H2, and H3), while Kate Walik chickens 
only had one haplotype (H2). H2 was the most com-
mon haplotype and was found in KUB (n= 27), Walik 
(n= 22), and Kate Walik chickens (n= 3). H1 was found 
in KUB (n= 7) and Walik chickens (n= 12), while H3 was 
also found in KUB (n= 16) and Walik chickens (n= 3). 
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Table 4. 	Haplotypes and mutations in the HSP70 gene pro-
tein coding region of Kampung Unggul Balitbangtan 
(KUB), Walik, and Kate Walik chickens compared with 
the chicken reference sequence

Breed N
Nucleotide position

Haplotype
+370 +388 +533 +537

Ref. chicken 1 A C G C -
KUB 7 A C C A 1

27 A G C A 2
16 G C C A 3

Walik 12 A C C A 1
22 A G C A 2
3 G C C A 3
4 G G C A 4

Kate Walik 3 A G C A 2

Conversely, H4 was only found in Walik chickens (n= 
4). 	

We found that the wild haplotype of HSP70 gene in 
KUB and Walik chickens was H1, based on our HSP70 
haplotype reconstruction using an Median-Joining 
network (Figure 6). The mutation at position g.388C>G 
produced H2, while the mutation at position g.370A>G 
produced H3. The new haplotype, H4, was only found 
in Walik chickens (n= 4), produced by the mutations at 
two specific coding regions at positions g.370A>G and 
g.388C>G of the chicken HSP70 gene.

CpG island. The existence of CpG island could be 
identified by using MethPrimer. The CpG island was 
mostly found in the promoter and the first parts of exon 
in several genes, especially in the housekeeping gene. 
Only one CpG island with 33 CpG sites was found in 
the HSP70 gene promoter and exon of KUB, Walik, and 
Kate Walik chickens (Figure 7).  CpG island had 376 bp 
long, and 61.7% of G+C (Table 5).

DISCUSSION

The promoter region of chicken HSP70 gene is 
upstream (5′-flanking) of the protein coding sequence 
and controls the regulation of the transcription process 
through the binding to various transcription factors that 
recognize specific DNA motif, i.e. TATA box, HSE, and 
SP 1 (Morimoto et al., 1986; Mazzi et al., 2003). The TATA 
box (Goldberg-Hogness box) is generally located around 
30 nucleotides upstream of the initiation of transcrip-
tion within the promoter region in eukaryotic cells, and 
plays a role in directing RNA polymerase II during tran-
scription. HSE is a specific DNA sequence responsible 
for the activation of HSP70 gene transcription (Pelham, 
1982). HSE elements are binding sites for heat shock 
[transcription] factors (HSFs) (Pelham, 1982).

The HSP70 gene is considered as an ideal biological 
marker for heat stress in livestock (Archana et al., 2017). 
The induction of HSP70 gene expression occurs when 
stress induces and activates transcription factors, such 
HSF, to bind to HSE. The binding of HSF to HSE allows 
the transcription of the HSP70 gene by RNA polymerase 
II (Akerfelt et al., 2010). Vertebrates have four transcrip-
tion factors for heat shock gene i.e., HSF1, HSF2, HSF3, 
and HSF4. Aves have three HSFs, with HSF1 and HSF2 
being homologous to transcription factors counterparts 

in mammals, whereas HSF3 is a specific transcription 
factor to aves (Fujimoto & Nakai, 2010). The expression 
of chicken HSF3 transcription factor is nearly stable 
throughout the development of various tissues in chick-
en. HSF2 and HSF4 are present in normal, unstressed 
cells, playing key roles in response to various biological 
processes, including immune activation and cell dif-
ferentiation (Akerfelt et al., 2010). Therefore, HSF1 and 
HSF3 are likely involved in heat stress response.

In the present study, the analysis of the HSP70 gene 
in KUB, Walik, and Kate Walik chickens showed the 
heterogeneity in the promoter region. Nucleotide varia-
tions found in the promoter region of the HSP70 gene 
are caused by the insertions and deletions of nucleotides 
at positions −103, −99, −11, −6, and −5 that are also found 
in broiler and naked neck chickens (Mazzi et al., 2003). 

The analysis of the 5′UTR of HSP70 gene in KUB, 
Walik, and Kate Walik chickens detected nucleotide 
variations occurred at positions +32, +44, and +97. One 
specific nucleotide substitution in the 5′UTR (g.44A>G) 
is only found in two KUB chickens and three Walik 
Chickens (Table 3). When combined with the specific 
nucleotide substitutions in the protein coding region, 
these nucleotide substitutions are included in our 
Haplotype 1 (H1).

Research on the genetic effect of  nucleotide sub-
stitution in g.69A>G, SNP (single nucleotide polymor-
phism) in the 5′-flanking region and its association with 
thermotolerance trait show that only one genotype (GG) 
proved useful as a marker of heat stress resistance in lo-
cal Chinese chickens (Gan et al., 2015; Chen et al., 2016). 
The nucleotide g.69A>G transition reported by Gan et al. 
(2015) and Chen et al. (2016) is identical to the position 
of g.44A>G transition in the 5′ UTR of the HSP70 gene of 
chicken (Morimoto et al., 1986). It is because the number 
reported by Gan et al. (2015) and Chen et al. (2016) is 
based on translational start and the number reported by 
Morimoto et al. (1986) is based on transcriptional start. 

A 5′UTR is upstream of the protein-coding se-
quence in many proteins and is important in regulating 
gene expression (Araujo et al., 2012; Leppek et al. 2018). 
Several polymorphisms have been reported in the 5′UTR 
of the bovine HSP70 (bHSP70) gene in Pasundan cattle. 
Only two of these SNPs, g.1117G>A and g.1125A>C, 

Table 3. 	Haplotypes and nucleotide site variation in the 5′UTR 
of HSP70 gene in Kampung Unggul Balitbangtan 
(KUB), Walik, and Kate Walik chickens aligned to the 
chicken reference sequence

 Breed n
Nucleotide position

Haplotype
+32 +44 +97

Ref. chicken 1 A A A -
KUB 48 - A - 1

2 - G - 2
Walik 38 - A - 1

3 - G - 2
Kate Walik 3 - A - 1
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Figure 6. 	Median-Joining network HSP70 gene haplotypes in Kampung Unggul Balitbangtan (KUB, ), Walik ( ), and 
Kate Walik ( ) chickens. Haplotype 1 (H1), haplotype 2 (H2), haplotype 3 (H3), and haplotype 4 (H4) are 
occurred based on mutations at positions g.370A>G and g.388C>G.
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Figure 5. Alignment of four haplotypes in coding region of the HSP70 gene in Kampung Unggul Balitbangtan (KUB), 
Walik, and Kate Walik chickens with the chicken reference sequence. Bold: start codon; hyphens: nucleotide 
base deletions; in box: transition and transvertions.
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  ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  523 
     10         20         30         40         50         60  524 
Ref. chicken ATGTCTGGCA AAGGGCCGGC CATCGGCATC GATCTGGGCA CCACGTATTC TTGCGTGGGT  525 
Haplotype 1 ATGTCTGGCA AAGGGCCGGC CATCGGCATC GATCTGGGCA CCACGTATTC TTGCGTGGGT  526 
Haplotype 2 ATGTCTGGCA AAGGGCCGGC CATCGGCATC GATCTGGGCA CCACGTATTC TTGCGTGGGT  527 
Haplotype 3 ATGTCTGGCA AAGGGCCGGC CATCGGCATC GATCTGGGCA CCACGTATTC TTGCGTGGGT  528 
Haplotype 4 ATGTCTGGCA AAGGGCCGGC CATCGGCATC GATCTGGGCA CCACGTATTC TTGCGTGGGT  529 
 530 
  ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  531 
     70         80         90        100        110        120  532 
Ref. chicken GTCTTCCAGC ATGGCAAAGT GGAGATCATT GCCAACGACC AGGGGAACCG CACCACACCC  533 
Haplotype 1 GTCTTCCAGC ATGGCAAAGT GGAGATCATT GCCAACGACC AGGGGAACCG CACCACACCC  534 
Haplotype 2 GTCTTCCAGC ATGGCAAAGT GGAGATCATT GCCAACGACC AGGGGAACCG CACCACACCC  535 
Haplotype 3 GTCTTCCAGC ATGGCAAAGT GGAGATCATT GCCAACGACC AGGGGAACCG CACCACACCC  536 
Haplotype 4 GTCTTCCAGC ATGGCAAAGT GGAGATCATT GCCAACGACC AGGGGAACCG CACCACACCC  537 
 538 
  ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  539 
    130        140        150        160        170        180  540 
Ref. chicken AGCTATGTGG CCTTCACCGA TACAGAGCGC CTCATCGGGG ATGCTGCCAA GAACCAAGTG  541 
Haplotype 1 AGCTATGTGG CCTTCACCGA TACAGAGCGC CTCATCGGGG ATGCTGCCAA GAACCAAGTG  542 
Haplotype 2 AGCTATGTGG CCTTCACCGA TACAGAGCGC CTCATCGGGG ATGCTGCCAA GAACCAAGTG  543 
Haplotype 3    AGCTATGTGG CCTTCACCGA TACAGAGCGC CTCATCGGGG ATGCTGCCAA GAACCAAGTG  544 
Haplotype 4    AGCTATGTGG CCTTCACCGA TACAGAGCGC CTCATCGGGG ATGCTGCCAA GAACCAAGTG  545 
 546 
  ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  547 
    190        200        210        220        230        240  548 
Ref. chicken GCAATGAACC CCACCAACAC CATCTTTGAT GCCAAGCGTC TCATCGGCCG CAAGTATGAT  549 
Haplotype 1 GCAATGAACC CCACCAACAC CATCTTTGAT GCCAAGCGTC TCATCGGCCG CAAGTATGAT  550 
Haplotype 2 GCAATGAACC CCACCAACAC CATCTTTGAT GCCAAGCGTC TCATCGGCCG CAAGTATGAT  551 
Haplotype 3 GCAATGAACC CCACCAACAC CATCTTTGAT GCCAAGCGTC TCATCGGCCG CAAGTATGAT  552 
Haplotype 4 GCAATGAACC CCACCAACAC CATCTTTGAT GCCAAGCGTC TCATCGGCCG CAAGTATGAT  553 
 554 
  ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  555 
    250        260        270        280        290        300  556 
Ref. chicken GACCCCACAG TGCAGTCAGA CATGAAGCAC TGGCCCTTCC GTGTGGTGAA CGAGGGTGGC  557 
Haplotype 1 GACCCCACAG TGCAGTCAGA CATGAAGCAC TGGCCCTTCC GTGTGGTGAA CGAGGGTGGC  558 
Haplotype 2    GACCCCACAG TGCAGTCAGA CATGAAGCAC TGGCCGTTCC GTGTGGTGAA CGAGGGTGGC  559 
Haplotype 3    GACCCCACAG TGCAGTCGGA CATGAAGCAC TGGCCCTTCC GTGTGGTGAA CGAGGGTGGC  560 
Haplotype 4    GACCCCACAG TGCAGTCGGA CATGAAGCAC TGGCCGTTCC GTGTGGTGAA CGAGGGTGGC  561 
 562 
  ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  563 
    310        320        330        340        350        360  564 
Ref. chicken   AAGCCCAAGG TGCAGGTGGA GTACAAGGGT GAGATGAAGA CCTTCTTCCC AGAGGAGATC  565 
Haplotype 1 AAGCCCAAGG TGCAGGTGGA GTACAAGGGT GAGATGAAGA CCTTCTTCCC AGAGGAGATC  566 
Haplotype 2 AAGCCCAAGG TGCAGGTGGA GTACAAGGGT GAGATGAAGA CCTTCTTCCC AGAGGAGATC  567 
Haplotype 3 AAGCCCAAGG TGCAGGTGGA GTACAAGGGT GAGATGAAGA CCTTCTTCCC AGAGGAGATC  568 
Haplotype 4 AAGCCCAAGG TGCAGGTGGA GTACAAGGGT GAGATGAAGA CCTTCTTCCC AGAGGAGATC  569 
 570 
              ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  571 
                      370        380        390        400        410        420   572 
Ref. chicken AGCTCTATGG TGCTCACCAA GATGAAGGAG ATTGCTGAGG CCTATCTGGG AAAAAAGGTA  573 
Haplotype 1 AGCTCTATGG TGCTCACCAA GATGAAGGAG ATTGCTGAGG CCTATCTGGG AAAAAAGGTA  574 
Haplotype 2    AGCTCTATGG TGCTCACCAA GATGAAGGAG ATTGCTGAGG CCTATCTGGG AAAAAAGGTA  575 
Haplotype 3    AGCTCTATGG TGCTCACCAA GATGAAGGAG ATTGCTGAGG CCTATCTGGG AAAAAAGGTA  576 
Haplotype 4    AGCTCTATGG TGCTCACCAA GATGAAGGAG ATTGCTGAGG CCTATCTGGG AAAAAAGGTA  577 
 578 
  ....|....| ....|....| ....|....| ....|....| ....| 579 
    430        440        450        460               580 
Ref. chicken GAGACTGCTG TTATCACAGT GCCCGCTTAC TTCAACGACT CCCAG 581 
Haplotype 1 CAGAATGCTG TTATCACAGT GCCCGCTTAC TTCAACGACT CCCAG 582 
Haplotype 2 CAGAATGCTG TTATCACAGT GCCCGCTTAC TTCAACGACT CCCAG 583 
Haplotype 3 CAGAATGCTG TTATCACAGT GCCCGCTTAC TTCAACGACT CCCAG 584 
Haplotype 4 CAGAATGCTG TTATCACAGT GCCCGCTTAC TTCAACGACT CCCAG 585 
 586 
Figure 5. Alignment of four haplotypes in coding region of the HSP70 gene in KUB, 587 

Walik, and Kate Walik chickens with the chicken reference sequence. Bold: 588 
start codon; hyphens: nucleotide base deletions; in box: transition and 589 
transvertions 590 

 591 
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have potential to be used for marker-assisted selection 
(MAS) of reproductive traits in Pasundan cattle (Said & 
Putra, 2018). 

In most organisms, the HSP70 gene does not usu-
ally have introns, is quite conserved, and, in many 
avian species, the protein coding regions have the same 
length i.e., 1,905 bp (Morimoto et al., 1986; Mazzi et al., 
2003; Xia et al., 2013; Zhang et al., 2015). The complete 
coding-region sequences of HSP70 gene are available at 
NCBI for a number of avian species, including chicken 
(G. gallus, with accession numbers of J02579, AY143691, 
AY143692, and AY143693), guinea fowl (Numida me-
leagris, with accession number of AB096696), Japanese 
quail (Coturnix japonica, with accession number of 

AB259847), duck (Anas platyrhynchos, with accession 
number of EU678246), and goose (Anser cygnoides, with 
accession number EU680475). The coding region of 
avian HSP70 gene generally starts with the standard 
start codon of ATG, ends with the stop codon of TAA, 
and codes for 633 amino acids.

Based on our analysis of the protein coding region 
(465 bp) of HSP70 genes in KUB, Walik, and Kate Walik 
chickens, four haplotypes were detected (Table 4). Mazzi 
et al. (2003) show that three hsp70 alleles (hsp70-1, 
hsp70-2, and hsp70-3) are found based on the polymor-
phisms at positions g.370A>G (identical to g.258A>G) 
and g.388C>G (identical to g.276C>G) in the protein cod-
ing region of the HSP70 genes of broiler and naked neck 

Table 5.	Sequence base composition of HSP70 gene promoter and exon, and CpG island in Kampung Unggul Balitbangtan (KUB), 
Walik, and Kate Walik chickens

Breed Sequence promoter 
and exon (bp)

Base composition (%)
A T G C A+T G+C

Ref. chicken 787 23.8 18.2 32.7 25.3 42.0 58.0
KUB

Haplotype 1 786 23.8 18.2 32.7 25.3 42.0 58.0
Haplotype 2 786 23.8 18.2 32.8 25.2 42.0 58.0
Haplotype 3 786 23.7 18.2 32.8 25.3 41.9 58.1

Walik
Haplotype 1 786 23.8 18.2 32.7 25.3 42.0 58.0
Haplotype 2 786 23.8 18.2 32.8 25.2 42.0 58.0
Haplotype 3 786 23.7 18.2 32.8 25.3 41.9 58.1
Haplotype 4 786 23.7 18.2 32.9 25.2 41.9 58.1

Kate Walik
Haplotype 2 786 23.8 18.2 32.8 25.2 42.0 58.0

CpG island 1 376 20.5 17.8 38.6 23.1 38.3 61.7

Figure 7. 	CpG island of HSP70 gene promoter and exon in Kampung Unggul Balitbangtan (KUB), Walik, and Kate 
Walik chickens
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chickens. We recognize that our H1 is 100% identical to 
the hsp70-3 allele in Pescoco Pelado 1 (with accession 
number of AY143692), H2 is 100% similar to the hsp70-
2 allele in Hubbard Pettersen (with accession number 
of AY143693), and H3 is 100% identical to the hsp70-1 
allele in Pescoco Pelado 1 (with accession number of 
AY143691). We find a new haplotype, H4, that is only 
found in Walik chickens in this study. 

The mutation that is occurred at position g.370A>G 
produces the amino acid serine, while the mutation at 
position g.388C>G produces the amino acid proline. The 
two mutations have no changes to the original amino 
acid sequence of the HSP70 and are so-called silent mu-
tations (Mazzi et al., 2003). The silent mutations occurred 
in the coding region of the chicken HSP70 gene have 
been used as molecular markers for determining heat re-
sistance in chickens (Mazzi et al., 2003). Polymorphisms 
in the chicken HSP70 gene are detected by the PCR 
single-strand conformation polymorphism (PCR-SSCP) 
method (Tamzil et al., 2013a; Liang et al., 2016) and PCR 
restriction fragment length polymorphism (PCR-RFLP) 
analysis (Duangjinda et al., 2017). Research on the 
HSP70 gene using the PCR-SSCP method has succeeded 
in identifying seven genotypes in Kampung Lombok 
chickens (AA, AB, AC, CC, AD, DD, and BC), six 
genotypes in Arabian chickens (AA, AB, AC, CC, AD, 
and BC), but only one genotype (DD) in commercial 
laying chickens (Tamzil et al., 2013a). Based on the as-
sociations observed between chicken breeds and HSP70 
gene genotypes and heat stress, native chickens appear 
to have the best heat resistance, while the most highly 
heat-tolerant genotype is AD (Tamzil et al., 2013b). Liang 
et al. (2016) have shown the association between HSP70 
gene polymorphisms detected by PCR-SSCP method 
with the acute temperature tolerance, growth, and egg 
production in Taiwanese local chickens. Only AA geno-
type (g.258A>G) shows a high tolerance level to acute 
temperatures (at 40 °C for 1 hour), without affecting 
the growth performance and egg production (Liang et 
al., 2016). Thailand local and broiler chickens produce 
C and M loci, based on PCR-RFLP analysis with the 
restriction enzymes of CfrI and MmeI (New England 
Biolabs, Ipswich, MA) in coding region of the HSP70 
gene, but only C1C1 and C1C2 genotypes  that can be 
used as heat stress markers (Duangjinda et al., 2017).

CpG is shorthand for 5’-C-phosphate-G-3’. CpG 
islands are regions with high frequency of CpG sites. 
The usual formal definition of CpG islands is a region 
with at least 200 bp, a GC percentage of greater than 
50%, and observed-to-expected CpG ratio greater than 
60% (Gardiner-Garden & Frommer, 1987). Many genes 
have CpG islands associated with the start of the gene 
(promoter regions). Methylation of CpG sites in the 
promoter of a gene may inhibit gene expression. In 
vertebrate, CpG islands are typically occurred at or near 
the transcription start site of genes. A cytosine base (C) 
followed immediately by a guanine base (G) is rare in 
vertebrate DNA, because the cytosines in such arrange-
ment tend to be methylated. CpG islands are important 
because they represent areas of the genomes that have 
for some reasons been protected from mutating proper-
ties by methylation occurred through evolutionary time.

In our study, two of 33 CpG sites are found in the 
consensus promoter element of chicken HSP70 gene: SP 
1 and HSEs (Figure 7). Gan et al (2013) detect methyla-
tion levels of core promoter transcription sites (SP 1 and 
HSEs). The results indicate that there is no correlation 
between the DNA methylation of the transcription fac-
tor CpG and HSP70 expression.

CONCLUSION

Haplotype 4 is a novel haplotype that is only found 
in Walik chicken. The appearance of H4 is caused by the 
mutation received in two specific sites (g.370A>G and 
g.388C>G). Walik chicken has a complete haplotype of 
HSP70 gene so that it can be used as a standard for heat 
stress genotyping in Indonesia local chickens.
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