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Abstract. Abinawanto, Sophian A, Lestari R, Bowolaksono A, Efendi PS, Afnan R. 2019. Analysis of IGF-1 gene in ayam ketawa
(Gallus gallus domesticus) with dangdut and slow type vocal characteristics. Biodiversitas 20: 2004-2010. Insulin-like growth factor 1
(IGF-1) is defined as an essential gene for growth. Therefore, this research aims to identify the polymorphism of the IGF-1 gene from
ayam ketawa with the dangdut and slow type vocal characteristics. Twenty male chickens were selected as an animal model. The sample
consisted of 10 chickens with the dangdut type and 10 chickens with the slow type. The chickens were all obtained from five areas of
the Pinrang district. The RFLP and HRM methods were selected to be used in this research. Results showed that the IGF-1 gene was 622
bp in length, while polymorphism analysis showed that the dangdut and slow type are homozygotic. The unrestricted DNA fragment
indicated it after reaction of the restriction enzyme Pst1. Moreover, it confirmed that ayam ketawa with the dangdut or slow type had a
similar sequence.
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INTRODUCTION
Restriction fragment length polymorphism (RFLP) and
high-resolution melting (HRM) are methods commonly
used for polymorphism analysis. These are fast and
straightforward techniques with high accuracy as compared
to DNA sequencing methods (Krypuy et al. 2006; Kawada
et al. 2008). RFLP is a general technique for identifying the
variation of nucleotides within a DNA fragment. The
analysis is conducted on the DNA fragment through an
amplification process. The fragment was restricted and then
confirmed by electrophoresis (Nakashima et al. 2003).
HRM analysis, on the other hand, is a method developed to
precisely identify the genetic variation and mutation within
a DNA sequence without employing a sequencing
technique.
Moreover, it could be used to determine the genetic
variation in a population (Kapa Biosystem 2007). HRM is
highly utilized for single nucleotide polymorphism (SNP)
genotyping, DNA methylation analysis, DNA fingerprints,
species identification, and DNA mutation (Corbett
Research 2006). The DNA characterization by HRM is
determined based on several characteristics – for instance,
length of the DNA sequence, guanine and cytosine base
content, and DNA complementary sequence. The HRM
method has high sensitivity and is able to detect the change
of a single nucleotide base within a DNA sequence.
Therefore, the minor mutation known as a dot mutation
will produce different patterns of HRM results (Wittwer
2009).

Insulin-like growth factor-1 (IGF-1) is a protein with an
insulin-like structure, and its main functions include
proliferation, differentiation, and metabolism in myogenic
cells (Duclos 2005). According to Curi et al. (2005) and
Tirapegui (1999), IGF-1 has an essential function for
muscle and bone development. The gene has a role similar
to insulin, but it is slightly better at inducing growth
(Jameson 2010). Gasparino et al. (2013) stated that IGF-1
induces the cell division process, bone development, and
protein synthesis. Moreover, it also has the function of
repairing the nervous system, brain, heart, and others by
inducing organ synthesis (Mangiola et al. 2014).
IGF-1 has a role in supporting the growth of somatic
cells, fibroblasts, muscle, and bone (Abbasi and Kazemi
2011). Therefore, this gene is also involved in chicken
growth. It consists of 70 amino acids (Giachetto et al.
2004). As mentioned by Smith et al. (2000), a chicken’s
growth hormone is coded by the 50 kb gene located in
chromosome 1, which is next to the centromere (Smith et
al. 2000). The IGF-1 in chicken is composed of seven areas
that contain a repeated element. Each element consists of
four exons and three introns, at more than 50 kb in size
(Laron 2001).
Based on the work of Nagaraja et al. (2000) and Sco et
al. (2001), the single nucleotide polymorphism within the
region of IGF-I in chicken can be detected by PCR-RFLP
with restriction enzyme Pst1. Amills et al. (2003) reported
that the SNP method could depict the variation of IGF-1
within a population. Previous research about polymorphism
in chickens had been conducted on the penedesenca black
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chicken (Amills et al. 2003), the broiler chicken (Hassani et
al. 2015), and the Egyptian chicken (Gouda and Essawy
2010). Identification considered the relation of genetic
variation and chicken weight. However, studies of the
connection between the polymorphism of IGF-1 and the
morphometric characteristics of the vocal cords in chickens
is still limited. Therefore, we have researched the variation
of IGF-1 and vocal cord morphometric features in chickens
with the dangdut or slow type. Research about
polymorphism to identify the genetic modification of ayam
ketawa is essential since the results of the study could be
used as the basis for conservation of genetic variation of
chickens originating from Indonesia.

MATERIALS AND METHODS
Place and time
The research was conducted from January 2018 to July
2018. Molecular biology analysis was conducted at the
Microbiology Laboratory, Balai Pengawas Obat dan
Makanan (BPOM) in Gorontalo, and the Molecular
Laboratory of PT. Genecraf. Macrogen did the sequencing
analysis.
Materials
The tools used in this research were Qiaqube automatic
extraction [Qiagen], PCR machine [Sensquest Lab Cyccle],
RT-PCR 5 Plex HRM [Qiagen], QIAxcel electrophoresis
[Qiagen], micro pipette 0.1-10 µL [Eppendorf], micro

pipette 0-200 µL [Eppendorf], micro pipette 100-1000 µL
[Eppendorf], vortex [Genie-2], centrifuge [Thermo], tube
for micro centrifuge [Eppendorf], test tube rack
[Eppendorf], and PCR cabinet [Biosan].
The blood sample was approximately 200 µL, and a
DNA isolation kit QIAamp of DNA Blood Mini Kit
(Qiagen), PCR kit, and RT-PCR type of HRM (Qiagen)
were used.
Procedures
An overview of the methodology in this research is as
presented in Figure 1.
Animal model
Twenty male chickens aged 12 months old were the
animal model in this research. This sample consisted of 10
chickens with the dangdut type vocal characteristics and 10
chickens with the slow type. The chickens were all
randomly obtained from various areas of the Pinrang
district, such as Kanie, Bullo, Macege, Rappang, and
Sidendreng. Two native chickens, male and female, were
selected as a control. Both chickens were selected using
purposive sampling.
Blood sample
A blood sample was isolated from the brachial artery
and placed into a tube containing EDTA to prevent blood
coagulation. The blood sample was kept −20 ºC.

Isolation of blood through brachial artery

200 µL of blood placed into 2 mL tube

DNA isolation kit
(Mini Blood Kit)

Purity and concentration assessment

Extraction tool (Qiaqube)

Isolated DNA

RFLP analysis

HRM analysis

PCR

RT-PCR

Electrophoresis
(QIAxcel)

Nanodrop

Figure 1. Research methodology overview
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DNA extraction
DNA isolation is commonly performed using the
phenol-chloroform extraction method (Sambrook et al.
1989). Blood extraction was conducted using a QIAamp
DNA Blood Mini Kit (Qiagen). The blood sample of
approximately 200 µL was placed into a microcentrifuge
tube containing 20 µL of proteinase K and then mixed. To
the mixture was added by 200 µL of buffer AL, which was
then homogenized by using a vortex for 15 seconds. Next,
it was spun down and incubated at 56 oC for 10 minutes.
The mixture was added by 200 µL of ethanol (96100%), and this was homogenized for 15 seconds. The
mixture sample was then placed into a microcentrifuge tube
with a spin column connected to the collection tube, and it
was centrifuged at 8,000 rpm at 25 °C for 1 minute. The
obtained filtrate in the collection tube was removed, and
the spin column was then placed back into the collection
tube.
About 500 µL of buffer AW1 was added to the spin
column and then centrifuged at 8,000 rpm at 25 °C for 1
minute. Similarly to the previous technique, the filtrate was
removed, and the spin column was put into the new
collection tube. Furthermore, 500 µL of buffer AW2 was
added and centrifuged again at 14,000 rpm at room
temperature for 3 minutes. The obtained filtrate was
eliminated, and the spin column was set back into the
microcentrifuge tube. Buffer AE of about 200 µL was
added and it was then incubated for 1 minute at room
temperature. It was then centrifuged at 8,000 rpm for 1
minute. The obtained solution was then underwent further
analysis by nanodrop due to the purity and concentration
analysis.
RFLP analysis
RFLP analysis was conducted as per previous research
by Mu’in et al. (2009). An IGF-1 primer with a length of
621 bp was used for this research. In detail, the sequence of
the IGF-1 primer was as follows:
IGF-1F: 5’-GAC-TAT-ACA-GAA-AGA-ACC-CAC-3’
IGF-1R: 5’-TAT-CAC-TCA-AGT-GGC-TCA-AGT-3’.
The PCR program was adjusted with an initial
denaturation stage at 94 oC for 5 minutes, followed by a
further process of 35 cycles. In brief, it consisted of a
denaturation stage at 94 oC for 45 seconds, an annealing
stage at 55 oC for 90 seconds, an extension stage at 72 oC
for 60 seconds, and a final extension stage at 72 oC for 10
minutes. The PCR result was confirmed using an automatic
electrophoresis QIAxcel (Qiagen).
The PCR result with the current molecule weight was
restricted at 37 oC for 16 hours by using the restriction
enzyme Pst1. The restriction result was then further
analyzed by automatic electrophoresis QIAxcel (Qiagen).
HRM analysis
HRM analysis was conducted using Real Time-PCR
Rotor-Gene Q 5plex HRM and supported by reagent Typeit HRM PCR Kit (Qiagen). The selected program was
adjusted on the PCR machine to obtain the optimum result.
PCR was conducted for 45 cycles. The initiation stage was

set at 95°C for 5 minutes, the denaturation stage was at
95°C for 10 seconds, the annealing stage was at 55°C for
30 seconds, and then polymerization was at 72°C for 10
seconds and the post-PCR stage was at 95°C for 2 seconds.
After that, it continued into melting DNA (HRM) at 65-95
°C, with a slight temperature increase of 0.1 °C/second.
Validation assessment
The SNP was analyzed by PCR-RFLP and RT-PCR
HRM and underwent validation assessment using
sequencing provided by Macrogen. MEGA7 was used to
analyze the data.

RESULTS AND DISCUSSION
Purity and concentration assessment of DNA
The purity and concentration assessment of DNA was
analyzed using nanodrop. Ayam ketawa with the dangdut
vocal characteristics exhibited an average DNA
concentration of about 64,58 (ng/ul), with a purity score of
1,93. The DNA concentration of ayam ketawa with the
slow type was 85,97 (ng/µL), with a purity of about 1.92
(Table 1).
Based on the results of the purity and concentration
assessment, it can be concluded that the DNA extraction is
in excellent condition. As mentioned in the previous result,
proper DNA extraction is defined by a purity score within
the range of 1.8-2 and with a concentration of above 20
(ng/µL) (Kirby 1990; Artama et al. 1992; Muladno 2002).
Therefore, this isolated DNA is good enough to be
subjected to further analysis such as PCR-RFLP or RTPCR.
PCR analysis
The amplification result by PCR showed that the IGF-1
gene of ayam ketawa is 632 bp in length (Figure 2). It is
similar to previous results which showed that the IGF-1
gene in chicken is 621 bp in length and located at the ‘5region.
However, there was a different amplification result for
the IGF-1 gene from domestic chicken. The local chicken
from Azerbaijan (Babayi et al. 2014) and the broiler
chicken (Kadlec et al. 2011) had an IGF-1 gene of 622 bp
in length, the domestic chicken from Korea (Kim et al.
2004), Pakistan (Ali et al. 2016), and Iran (Abbasi and
Kazemi 2011) had an IGF-1 gene of 621 bp in length.
According to those previous results, it is known that the
IGF-1 gene has various sizes, thus it proves the presence of
polymorphism. The various sizes of chicken also show the
further effect of polymorphism in this gene.
The IGF-1 gene is known for supporting the growth
process (Kadlec et al. 2011). Because of its essential
function for growth, the IGF-1 gene can be used for
polymorphism analysis. Therefore, it can be used to
identify mutation as a genetic variation within a population
(Nagaraja et al. 2000; Amills et al. 2003; Bennett et al.
2009).
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Figure 2. PCR profile of IGF-1 gene: ayam ketawa with dangdut type (D), ayam ketawa with slow type (S), female naïve chicken (K♀)
and male naïve chicken (K♂)
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Figure 3. Profile of the IGF-1 gene after being treated with the restriction enzyme Pst1 for 16 hours: (D) ayam ketawa with dangdut
type of length 632 bp, (S) ayam ketawa with slow type of length 632 bp, (K♀) female naïve chicken at 372 bp and 260 bp, (K♂) male
naïve chicken at 632 bp, 372 bp, and 260 bp. Results showed that both ayam ketawa with dangdut and slow type had homozygote
alleles, while the naïve chicken showed heterozygote alleles

Figure 4. Result of high-resolution melting (HRM) analysis
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Figure 5. Results of phylogenetic tree analysis

PCR-RFLP analysis
The results of the PCR-RFLP analysis (Figure 3)
showed that both types of ayam ketawa, dangdut and slow
type, had homozygote alleles. It is demonstrated by the
unrestricted fragment using the restriction enzyme Pst1. It
is in line with previous results which stated that
unrestricted DNA fragments define homozygote alleles
(Nagaraja et al. 2000; Kim et al. 2004; Abbasi and Kazemi
2011; Kadlec et al. 2011; Ali et al. 2016). It also supported
by Mu’in et al. (2009), who reported that the restriction
enzyme would be unable to cut the DNA fragment within
homozygote alleles. Therefore, the size of the DNA
fragment will not change.
HRM analysis
The results of the HRM analysis demonstrated that both
ayam ketawa with the dangdut and slow type had the same
alleles. It was shown within the curve of HRM analysis,
which had a line without an intersection (Figure 4).
Based on the result of HRM analysis, the melting point
is stated at 77-83C, with a 90% confidence level. Both
types of ayam ketawa are settled at the same melting point,
determined as homozygote allele. It is supported by Taylor
et al. (2010), who stated that HRM analysis is unable to
decide on the homozygote and heterozygote alleles if the
melting point of the DNA target is linear. Moreover, HRM
analysis of SNP could be utilized to determine mutations in
the DNA sequence. Therefore, it could construct the
homozygote and heterozygote allele patterns (Frazer 2007).
However, several factors render HRM analysis to be
incapable of detecting the difference in alleles – for
example, a limited DNA template, degradation of the DNA
template and inhibitor existence. It should be noted that the
heterozygote allele is defined by the intersection present in
the pattern (Rouleau 2008).
Genetic distance
Genetic distance analysis is conducted using the
maximum composite likelihood method with MEGA7
software. Results demonstrated that genetic distance

between ayam ketawa with the dangdut type and the slow
type is 0.031, while the genetic distance between the ayam
ketawa with dangdut type and male and female naïve
chickens is 0.055 and 0.050, respectively. Moreover, the
genetic distance between the ayam ketawa with slow type
and the male and female naïve chickens was about 0.046
and 0.043, respectively. The male naïve chicken has a
0.034 score of genetic distance to the female naïve chicken
(Table 2).
According to the data, genetic distance analysis showed
that ayam ketawa and the naïve chicken had a close
relationship. Ayam ketawa with the dangdut type has a
closer relation to the slow type than to the male or female
naïve chicken. Those relations showed a genetic distance
score of about 0.031. This result is supported by previous
results which reported that ayam ketawa with the dangdut
and slow types had a genetic distance score of about 0.0110.89 (Abinawanto and Efendi 2017). However, different
results showed by Cristiana (pers. comm., 2019) suggested
that the genetic distance is between 0.025 and 1.872.
Table 1. The average results of purity and concentration of
isolated DNA
Type of chicken
Ayam ketawa dangdut
Ayam ketawa slow

Concentration
(ng/uL)
64.58
85.97

Purity
(A260-A280)
1.93
1.92

Table 2. The genetic distance result of ayam ketawa with dangdut
and slow type in the phylogenic tree
Type of chicken
Ayam ketawa dangdut
Ayam ketawa slow
Male naïve
Female naïve

Ketawa
Dangdut

Ketawa
Slow

Male
naïve

0.031
0.055
0.050

0.046
0.043

0.034

Female
naïve
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Phylogenic analysis
The phylogenic analysis is used to identify the relation
between ayam ketawa with the dangdut and slow types.
The phylogenic tree is created by the study conducted by
MEGA7 with neighbor-join tree and bootstrap methods
(Figure 5).
The maximum likelihood method is used to construct
the phylogenic tree. This method considers the number of
trees, sequence changes or mutations that arise in the
sequence variation (Dharmayanti 2012). Figure 5 showed
that ayam ketawa with the slow type has a bootstrap score
of 99% compared to the dangdut type. If the bootstrap
score is shown to be more than 50%, it can be defined as
valid (Gregory 2008).
To conclude, the results of SNP analysis using PCRRFLP or RT-PCR HRM demonstrated that ayam ketawa
with the dangdut and slow types have a similar genotype
with homozygote A.
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