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ABSTRACT. Heat stress is one of the main problems in modern 
aviculture, since it affects birds especially in the final phase of rearing, 
causing bird mortality and economic losses to the aviculturist. The 
quail, as most birds, has difficulties in dissipating heat. However, little is 
known about the mechanism that controls the responses of the organism 
to stressor agents. Therefore, the study of heat shock proteins (HSPs) 
in these birds is important. A 960-bp portion of HSP70 was amplified 
using oligonucleotide primers specific for chickens. The fragment was 
sequenced, since it was the same protein, although some modifications 
have been observed. It showed 98% homology with HSP70 stress 
protein in Gallus gallus and 99% homology with Numida meleageris.
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Introduction

Quails are small birds that have a fast growth process and a meat with excellent qual-
ity and high level of proteins (Corradello, 1990), besides being docile and easy to handle. In 
Brazil, the domestic quail (Coturnix japonica) was introduced in the beginning of the 1960s 
(Murakami and Ariki, 1998; Oliveira, 2001).

Raising quail has been characterized as an activity that needs lower start-up invest-
ment, the use of small areas and little labor force, not to mention that it has a short reproductive 
cycle, regular posture, and good fertility and sexual precocity (Oliveira et al., 2002). Its com-
mercialization is recent in Brazil, compared to other countries (Corradello, 1990).

Heat stress in birds is one of the main concerns in the aviculturist industry, since it causes 
high mortality and/or low productivity, especially during the warmest seasons (Mazzi et al., 2003).

In response to thermal stress in the tissues of living animals, cells synthesize proteins of 
low molecular weight that have specific functions on cell growth and in reversing or preventing 
damage caused by stress. These proteins, whose synthesis is increased when the cell is submit-
ted to a stressful condition, are called heat shock proteins or HSPs (Hernandes et al., 2002).

The response of various organisms to thermal shock is one of the most highly 
conserved genetic systems known to date. Although stress proteins are not among the 
most abundant, they include one of the most conserved protein families found in different 
organisms (Parsell and Lindquist, 1993). 

According to the authors cited above, the acquisition of thermal tolerance is related to 
increased levels of the HSP70 protein. The exposure of individuals to hyperthermia leads to 
quick and transient responses at transcriptional and translational levels, which Burdon (1986) 
considered to be the mechanism responsible for cell survival during the stress period. Among 
the HSPs, HSP70 is the one that shows the highest levels under stressful situations.

The 70-kDa HSP assists the folding of other proteins. It binds to nascent peptide 
chains on ribosomes, protecting the hydrophobic surface that would normally be exposed to 
solvent, thus preventing aberrant folding or aggregation, until the whole peptide chain is syn-
thesized and proper folding occurs (Alberts et al., 2004).

The HSP70 family is the most phylogenetically conserved. Its structure in humans is 72% 
homologous with that of drosophila (Hunt and Morimoto, 1985), and HSP70 gene of the chicken is 
71% identical to that of drosophila and 80% identical to the human gene (Morimoto et al., 1986).

The quail, as most birds, has difficulties dissipating heat. However, almost nothing is 
known about these proteins in quails and their involvement with stressor agents. 

There have been many studies in commercial birds trying to relate the levels of ex-
pression of stress proteins with heat tolerance, where the detection of polymorphism in the 
DNA sequence of stress proteins (HSPs) and its association with heat resistance is one of the 
challenges of new studies.

The purpose of this study was to analyze a portion of the HSP70 gene in a quail lineage 
selected for posture, in the quail breeding program at the State University of Maringá, UEM. 

Material and Methods 

Ten posture quails (C. japonica), belonging to the Breeding Program in the Animal 
Science course at the State University of Maringá, were chosen randomly for the study.
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About 100 µl blood was drawn from each selected bird by venipuncture of the bron-
chial vein, and collected directly into microtubes with 100 µL sodium citrate (0.6 M), which 
were kept at 4°C and sent to the Molecular Biology Laboratory (UEM) for DNA extraction. 

DNA was extracted according to Sambrook et al. (1989), with modifications. After the 
extraction, the material was analyzed by spectrophotometry at wavelengths of 260 and 280 nm 
to determine the protein and DNA concentration in the samples, and their purity was assessed 
by the 260/280 nm absorbance ratio. The integrity of the DNA was checked by electrophoresis 
on 0.8% agar gels, run at 100 V for 1 h in a horizontal cube, 20 x 20 cm (Scie Plas), using 
1X TBE buffer (500 mM Tris-HCl, 60 mM boric acid and 83 mM EDTA), developed in an 
ethidium bromide bath (30 µL/L) and the image captured with an EDAS UV transilluminator 
system (Kodak 1D Image Analysis 3.5). Afterward, the samples were standardized at a 50-ng/
µL DNA concentration and then stored at -20°C.

The chicken gene was used to amplify the HSP70 portion (Genbank access number 
J02579; http:/www.ncbi.nlm.nih.gov), which produces a fragment of around 960 bp (Table 1). 

Primer	 Sequence	 Position in the sequence reference

Hsp70-P1	 5’ ATGACTGCTCTCATCAAGCGTAA 3’	 1629
Hsp70-P2	 5’ TGGTGAGCTGACAACGTCAACT 3’	 2588

Table 1. Oligonucleotides used in the polymerase chain reaction amplifications of the HSP70 gene in Japanese 
quails.

Genomic DNA was amplified in a reaction volume of 20 µL containing 1X Tris-KCl 
buffer (20 mM Tris-HCl, pH 8.4, and 50 mM KCl), 25 ng specific oligonucleotides (forward and 
reverse) (50 ng/µL), 0.2 mM dNTPs, 1 unit Taq DNA polymerase (Invitrogen) and 50 ng DNA 
and 1.5 mM MgCl2. Each reaction included a negative control to detect possible contamination.

The amplification was as follows: an initial denaturation at 95°C for 4 min and 36 
cycles at 95°C for 30 s, annealing at 60°C for 2 min and extension at 72°C for 1.5 min (exten-
sion by Taq DNA polymerase) and a final extension at 72°C for 4 min.

Visualization of the polymerase chain reaction (PCR) product was performed using 
1.5% agar gels. Electrophoresis was conducted at 100 V for 1 h. 

A 15.0-µL aliquot of the PCR product was applied to the gel wells, diluted in 2 µL of 
running buffer, along with a 100-bp DNA ladder as molecular weight reference for identifica-
tion of the amplified fragment.

The gels were stained with ethidium bromide (30 µL/L) and visualized in a UV transil-
luminator. The image was obtained using an EDAS system (Kodak 1D Image Analysis 3.5).

In order to get a sufficient quantity of amplified DNA for later purification and se-
quencing, amplification was carried out 10 times for sample, using the above PCR protocol.

The PCR products were purified (Invitrogen PureLink Kit) and quantified. About 150 
ng of this purified DNA was used for sequencing with the MEGA BACE 1000 Sequencer 
(Amersham Life Science - USA). The sequences obtained were compared to the gene se-
quence for the HSP70 protein of chickens, available at GenBank (www.ncbi.nlm.nih.gov), 
under the access number J02579 (Morimoto et al., 1986). Sequence alignment was performed 
using BLAST 2 (NCBI) (www.ncbi.nlm.nih.gov).
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results and Discussion

DNA extracted from blood cells shows a 260/280 nm absorbance ratio varying from 1.6 
to 2.3, values near those recommended by Ferreira and Grattapaglia (1995) and Barbosa (1998), 
indicating that it does not contain excess protein that could interfere in the amplification. 

According to agar gel analysis, the DNA showed high-molecular weight quality with-
out signs of degradation in all of the samples. 

With the utilization of oligonucleotides specifically designed to amplify a gene 
region of the 70-kDa stress protein in chicken (Gallus gallus) (HSP70g), it was possible 
to amplify the stress protein gene in quail (Coturnix japonica) (HSP70c). Figure 1 dis-
plays the HSP70g gene sequence (GenBank access number J02579), the oligonucleotides 
used and the amplified region in the quail gene.

Figure 1. A fragment from the chicken HSP70 sequence, described by Morimoto et al. (1986). Underlined region - 
P1 and P2 oligonucleotides; shaded part - amplified region; region in bold - BccI enzyme restriction sites.

With the utilization of P1 and P2 oligonucleotides, it was possible to amplify a portion 
of around 960 bp. All animals used demonstrated a positive amplification, using as a reference 
the process in the chicken. 

The amplified fragment sequence of quail HSP70 has shown a 98% homology with the 
chicken HSP70 sequence (GenBank access J02579) and 99% with the helmeted Guinea fowl 
HSP70 sequence (Numida meleagris) (GenBank access AB096696). Therefore, it was dem-
onstrated that it is practically the same gene, although some alterations have been observed in 
the DNA sequence. The appearance of transitions and transversions has been demonstrated in 
the HSP70c fragment, if we consider chicken HSP70 as an ancestral gene.



137

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 7 (1): 133-139 (2008)

Genetic evaluation of the HSP70 protein in Coturnix japonica

In the mutations observed, the transitions appear in higher numbers, being responsible for 
75% of the alterations. The point mutations (15 transitions and 4 transversions) were confirmed 
with the alignment of the chicken gene HSP70 sequence with two sequences of the quail HSP70 
gene, that is, the posture quail individuals that showed a positive amplification were sequenced 
and the sequences aligned with the chicken HSP70 sequence, which was used as reference. 

By examining the chromatograms, it was possible to determine if the alterations pointed 
out above are confirmed on the sequences among the quail that had the fragment sequenced.

In the chicken sequence, where there is an adenine we can see clearly that in the 
quail HSP70 sequence (Figure 2) it becomes a guanine, and where the chicken has a guanine 
there is an adenine in the quail sequence. For this sequenced segment, we can state, as for 
the other observed transitions and transversions, that there is no doubt with regard to these 
alterations, since the sequencing was carried out in the absence of impurities. None of the 
observed alterations produced stop codons.

With the quail gene sequence alignment, an intraspecies alteration was observed. It was 
shown that for the individual examined, there was a change from a guanine to an adenine and a 
thymine to a cytosine. This may be an intraspecific polymorphism associated or not with some 
characteristic of interest, especially the ones related to resistance to different kinds of stress.

An online search was performed to find restriction enzymes capable of digesting the 
target sequence to detect possible alleles (www.restrictionmapper.org) (Figure 2). For the thy-
mine change to cytosine, the BccI enzyme was found, whose cutting point coincidentally occurs 
in the target sequence 5’- CCATC -3’. Thus, if the amplified fragment has a thymine opposite to 
a cytosine, the enzyme will not recognize the sequence and will not digest the fragment.

Figure 2. Quail (Coturnix japonica) HSP70 sequenced fragment. The observed alterations on alignment with the 
chicken HSP70 sequence are highlighted. G can be A, and C can be T. In bold are indicated the possible alleles 
found in the quail sequence. The enzyme BccI restriction site is underlined.
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The restriction analyses need to be carried out in a larger group of birds in order to 
determine if these variations were casual between the two individuals analyzed or if it really 
does represent a variation within the population. 

Peptide sequence 

With the utilization of the BLAST algorithm available at www.ncbi.nlm.nih.gov, the 
edited DNA sequence was submitted to virtual translation and the peptide sequence aligned 
with the amino acid sequence deposited in the database at the above website. 

The alignment of the amino acid sequence of the stress protein in quail with that of 
the database confirmed that it was HSP70, besides confirming that the base substitutions 
are silent mutations. 

The aligned amino acid sequences of the quail and chicken (Gallus gallus) protein has 
demonstrated an identity of 98%. On this alignment, there are two observed changes in amino 
acids, a glutamic acid (E) for an aspartic acid (D) and a glutamine (Q) for an arginine (R).

The quail HSP70 amino acid sequence shows 99% homology with the helmeted guinea 
fowl HSP70 sequence, verifying only one alteration point, namely, one change of arginine (R) 
for cysteine (S). It is interesting to observe that in both the helmeted guinea fowl and chicken, 
the identity observed was high, which shows the high degree of conservation in this protein.

Sequence homology has been demonstrated only in this bird, chicken and helmeted 
guinea fowl, probably because sequences for this gene in other birds have not been deposited 
in GenBank. Still, even in mammals such as domestic goat or bovines, 84% homology has 
been observed in relation to quails. 

Conclusions 

The amplification of a quail HSP70 fragment was possible using specific oligonucle-
otides. The results revealed alterations in the DNA sequence with the appearance of a possible 
polymorphism that needs to be studied to determine any association with heat resistance. 
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