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 The polymorphisms of native chicken insulin-like growth factor 2 gene (IGF2) in West 

Azerbaijan province of Iran was investigated. Blood samples were collected from a 

number of 100 birds. Genomic DNA was extracted by rapid salt-extraction method. 
1146 bp fragments of the gene were amplified using polymerase chain reaction (PCR). 

The amplified fragments were subjected to restriction enzyme digestion by HinfI 

endonuclease enzyme, and then the digested products were run on 2% agarose gel. The 
results revealed the existence of two alleles A and B for the target locus with 

frequencies of 73.3% and 26.7% respectively. A number of three different genotype 
variants including AA, AB, BB were identified with genotype frequencies of 59.1%, 

28.4% and 12.5% respectively. The chi square test on the basis of observed and 

expected frequencies of different genotypic variances of IGF2 gene showed that 
deviation from Hardy-Weinberg equilibrium was not significant for West Azerbaijan 

native chicken (p<0.01). It was also revealed that birds with genotype AB had higher 

body weight at 8th week old and higher weight at their sexual maturation time 
comparing with birds having AA and BB genotypes. It was concluded that IGF2 gene 

had the high degree of polymorphism which could be considered as a candidate genetic 

marker in selection and breeding programs in poultry. 
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INTRODUCTION 

 

 IGF2 is a mitogenic polypeptide with insulin-like structure modulating primary growth in chickens. Insulin-

like growth factor genes in chickens’ cells are located on chromosome 5 which is composed of two intron and 

three exon zones [6,24]. Introns and exons of chicken IGF2 gene is structurally similar to mouse and human 

being IGF2 genes, [6]. Being composed of 187 amino-acids, including 24 signal peptides, 67 IGF2 peptides, and 

96 amino-acids for its C-terminal part, chicken IGF2 is similar to its rat counterpart in 33 amino-acids as well as 

its human counterpart in 82 amino-acids [6]. Many researches on different mammals have demonstrated broad 

impact of IGF-1 on growth [18]. The general function of IGF system in chickens is similar to mammals [18,10]. 

Insulin-like growth factors cause growth and differentiation of chickens’ tissues. These factors mainly affect 

protein synthesis speed, DNA synthesis, and substrate transition. Insulin-like growth factors can also affect rates 

of ovulation and extension of ovarian follicles in addition to modulating body and muscle growth in chickens 

[10]. The gene besides acts among insulin-like receptors and causes decrease in blood glucose [12]. Gene 

expression in chicken embryo demonstrated that there are much lower levels of IGF2 peptides comparing with 

embryonic IGF2 gene transcripts [21].  

 In mammals, there are 10 types of binding proteins to IGF1, two types of which are highly expressed in 

chickens. In vitro studies have demonstrated that chicken embryo myoblasts and satellite cells secrete binding 

proteins [9]. Chicken insulin-like growth factors 1, 2 are polypeptide hormones contributing their role through 

binding to specific type 1 receptors [25]. There is evidence in some placental mammals that IGF2 gene heredity 

is paternal [8,15]. IGF2 affects growth rate, body composition, and lipid metabolism of chickens [18,4,20].  

 Insulin-like growth factors also have great impact on embryonic growth and differentiation of various 

animals. Researches have also indicated that the IGF is the principal gene affecting chickens overweight 

[10,17]. IGFs act according to the body paracrine system [14]. The system of IGFs is a complex system 
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composed of peptide hormones, cell surface receptors, and binding proteins. IGF-1 & IGF2 hormones are bound 

to insulin-like growth factors receptor 1 and insulin receptor, respectively, and activate tyrosine kinas principal 

and intrinsic activities [1].  

 It is also revealed that IGF2 has an impact on wasted muscles of rat, pigs, and cows as well as lipid 

metabolism in poultry [13]. IGF2 as the principal gene affecting chickens overweight is a molecular marker of 

selecting chickens with low abdominal fat [17]. 

 In this research the polymorphism of the promoter region of Insulin-like growth factor was investigated 

using PCR-RFLP method in west Azerbaijan native chickens, and determination of allele and genotype 

frequency as well as the association of these polymorphisms with chicken’s growth traits were studied. 

 

MATERIALS AND METHODS 

 

Blood sample collection and DNA extraction: 

 A number of 100 native chicken were randomly chosen from native chicken breeding center of west 

Azerbaijan. The performance trait records of selected chickens including their weight in week 8
th

 and 12
th

 of 

their age were obtained from the breeding center.  An amount of 1.5 ml blood were collected from wing vein of 

chickens and stored in sterile tubes coated with EDTA. The collected blood samples were transferred to central 

laboratory, faculty of veterinary medicine. An amount of 200 µl of blood sample was used for genomic DNA 

extraction. DNA was extracted according to the rapid salt-extraction method described by Aljanabi and 

Martinez [2].  

 

Amplification of IGF2 gene: 

 A primer pair including,(IGF2-F) 5'-CCA GTG GGA CGA AAT AAC AGG AGG A -3' and (IGF2-R) 5'- 

TTC CTG GGG GCC GGT CGC TTC A-3' was used for amplification of 1146 bp fragment of IGF2 gene 

(Amills et al. 2003). The PCR was crried out in 25 µl reaction volume containing 50 mM each of dATP, dTTP, 

dCTP and dGTP, 0.5 mM each primers, 2.5 µl of 10X PCR buffer (Cinnagen, Tehran, Iran), 2 mM magnesium 

chloride, 2.5 U Taq DNA polymerase (Cinnagen) and 50 ng extracted DNA as template. The amplification was 

performed in 35 cycles including denaturation at 94◦C for 1 minute, annealing at 67◦C for 3 minutes, elongation 

at 72◦C
 
for 3 minutes, and final extension at 72 ◦C

 
for 5 minutes. The resultant PCR products were separated in a 

1.5% agarose gel and the gel photographed using ultraviolet trans-illumination. 

 

Restriction Fragment Length Polymorphism (RFLP): 

 PCR products were digested with the HinfI restriction endonuclease. Digestion reaction was carried out in 

15 µl mixtures containing 5 µl of PCR product, 5U Hinf I endonuclease (Cinnagen) and 1.5 µl Hinf I buffer. The 

mixtures were incubated at 37 °C for 2 hours. After that, the digested DNA fragments were run on the 1.5% 

agarose gel and photographed using UV trans-illumination. 

 

Data analysis: 

 The allelic and genotypic frequencies and observed and expected Nei’s heterozygosities were estimated 

using PopGene32 version 1.31 [23]. PopGene 32 was also used to perform the Hardy-Weinberg equilibrium 

test. Homozygosity and heterozygosity percentages were defined.  

 

Results: 

IGF2 gene amplification: 

 PCR products of 1146 bp in size were successfully amplified using described primers. All extracted 

genomic DNAs from chicken blood samples yielded a specific, single-band PCR product without nonspecific 

bands. Therefore, the PCR products were directly used for RFLP analysis. 

 

RFLP: 

 RFLP patterns produced from IGF2 gene PCR products by digestion with HinfI are shown in figure 1. Two 

alleles A and B with frequencies of 73.3% and 26.7%, respectively and three genotypes including AA, AB and 

BB with frequencies of 59.1%, 28.4% and 12.5% respectively were observed (Table 1). It was revealed that the 

AA homozygous genotype was the most frequent genotype.  

 
 

Table 1: Genetic diversity of exon 2 and 3 of IGF-2 gene in native chicken of West Azerbaijan, Iran. 
Genetic diversity statistics Value Allele frequencies Value Genotype Frequencies Value 

NA 2 A 0.733 AA 0.591 

NE 1.4 B 0.260 AB 0.284 

Observed homozygosity 0.7159   BB 0.125 

Observed heterozygosity 0.2841     
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Expected homozygosity 0.6063     

Expected heterozygosity 0.3937     

Average heterozygosity 0.3915     

Nei Heterozygosity 0.3915     

NA = observed number of alleles, NE = effective number of alleles (Kimura and Crow, 1964). 
 

 
 

Fig. 1: It illustrates RFLP patterns produced by Hinf1 enzyme cutting, electrophoresed on 2% agarose gel. Sink 

1 is the molecular marker of German Fermentas (50 bp plus), sinks 2, 3, 4, 5, 6, 9, 11, 12, 13, 14 are AA 

genotype, sinks 8, 10 are AB genotype, and sinks 7, 16, 17 are BB genotype. 

 

 Allele heterozygosity and allele effective size were 0.39 and 1.64, respectively. Chi square test expressed 

lack of Hardy-Weinberg equation (P<0.01), indicating the presence of allele and genotype frequency 

transformers among generations. 

 

Association of observed genotypes with performance traits: 

 The association of studied chicken IGF-2 genotypes with registered record of growth traits [8th week 

weight and puberty (12
th

 week) weight] is showed in table 2. It was revealed that among the genotypes of the 

studied population, BB genotype significantly excelled AA and AB in terms of 8th week weight and puberty 

weight. 

 
Table 2: Association of IGF2 gene genotypes with values of growth traits as well as 8th and 12th week weight trait in the whole study 

population. 

BB genotype AB genotype AA genotype Study traits 
873.33 844.71 842.33 8th weight 

1700.00 1573.75 1607.86 12th weight 

 

Discussion: 

 Growth trait is in among of important economic traits in poultry and recognizing genetic data of growth-

related genes in domestic animals are so valuable for genetic selection and improvement via marker assisted 

selection. IGF system stimulates liver glycogenesis and also increases DNA synthesis and tissue growth in 

chickens [18]. Affecting division and differentiation of embryonic cells, IGF2 is a polypeptide hormone which 

is of high importance in embryonic development. During development, the gene is expressed in many species. 

IGF2 gene transcription activity is persistent during the primary embryonic phase, then decreases in many 

tissues till puberty in which has influence on growth [22].  

 Using candidate genes is a powerful method for studying associations between gene polymorphism and 

important economic features of domestic animals [19]. In this study the polymorphism of IGF2 gene and its 

association with growth trait in native chicken of West Azerbaijan province is investigated. It’s revealed that 

IGF2 gene can be a candidate gene for growth and body features, and its genotype is associated with phenotype, 

indicating it’s high influence on growth and development, which is confirmed previously [22].  

 The results of our research also confirm Amills et al. [3] study, in which they didn’t find any significant 

association between the single nucleotide polymorphism of IGF2 gene and growth and feeding trait in Black 

Penedesenca breed. In the other hand, they found a significant association between these polymorphism and 

average daily gain at a specific age. In another study by Li et al., [17] polymorphism was detected in exon 2 

region of the chicken IGF2 gene using PCR-RFLP and DNA sequencing. We demonstrated that BB genotype 

had better growth records of 8th week and puberty weight traits, comparing to chickens with AA and AB 

genotypes. Therefore, the present study and previous researches demonstrated that IGF2 could be a principal 

gene affecting chickens overweight and might be used as a genetic marker in selection process. 
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Conclusion: 

 On the basis of PCR-RFLP method, it was concluded that exons 2 and 3 regions of IGF2 gene are highly 

polymorph. Although there’s not significant association between identified polymorphisms and growth traits, 

however, there is a strong correlation between these polymorphisms and daily weight gain at puberty age. 

Therefore the IGF2 gene can be used as an appropriate selection marker in order to improvement of economical 

traits in carcass. 
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