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Interleukin-2 (IL2) is a powerful growth factor for a variety of cell types, 

including T-cells, and therefore plays a crucial role in immune system's functioning. 
Polymorphism of the Interleukin-2 gene in west Azerbaijan native turkey was 
investigated using PCR and single-stranded conformation polymorphism technique 
(SSCP). Genomic DNA of 185 turkey samples was isolated from whole blood. A 523-bp 
IL2 second exon with part of the third intron segment was amplified by standard PCR, 
using locus-specific primers. Three SSCP patterns, representing three different genotypes, 
were identified. The frequencies of the genotypes were 13.83%, 8.51% and 77.66 % for 
AA, BB and AB, respectively. Allele frequencies were 52.65% and 47.35 %for A and B 
respectively. Observed heterozygosity was 0.6196. There was a significant deviation from 
the Hardy-Weinberg equilibrium for this locus. Relationships between molecular 
polymorphism in the second exon with part of the third intron regions of Interleukin-2 
and number of eggs, average weight of eggs (g) and weight of egg mass production (g) 
were investigated. The results showed that the AA genotype was associated with the 
number of eggs and Weight of egg mass production (g) (P ≤ 0.01). No correlation 
between the second exon and part of the third intron Interleukin-2 variants with the 
average weight of eggs was found (g). We expect that this gene could be a candidate for 
the genetic improvement of some economic traits in turkey breeding programs 
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INTRODUCTION 
The capital of each country's national indigenous poultry are maintained as reserves and 

using them as the basis of the genetic material in breeding programs is essential (AFRAZ, 2001). 
Due to the genetic diversity of domesticated high livestock production are resistant to unfavorable 
conditions of use. After assuming that samples of all races are genetically different, and that 
maximum genetic diversity can be witnessed within one species. Since in comparison to other 
birds the turkeys have the lowest diversity (APPA RAO et al., 1996). Therefore protecting this 
diversity, especially against a variety of diseases becomes extremely important. In this direction, 
the immune system plays an important role in poultry against disease. In other words, Disease 
resistance in poultry with high concentrations of antibodies against specific pathogens depends. 
Thus, a further understanding of the mechanism of genetic control of antibody production provides 
an opportunity to identify candidate genes and a logical approach to understanding further the 
relationship of these genes and their mechanism to produce antibodies (ZHOU et al., 2001). Animal 
models for the study of cytokines that stimulate or modulate the inflammatory response, immunity 
and blood have been used extensively in constructing biological response modifiers Proteins that 
the cell-specific immune response to bacteria or other antigens are secreted by stimulating the 
growth or activity of lymphocytes, elimination of microbes or antigens provide. Although 
cytokines do not act against antigens specifically, they sometimes induce specific immune 
responses (HOSSEINI et al., 2001). Interleukin -2 (IL-2) is a hydrophobic glycoprotein with a 
molecular weight of 15.5 kDa  . One of the most important cytokine regulating immune responses 
in the body that lead concentrations Picomolar proliferation, differentiation and cell-cell activity is 
responsible for the secretion of antibodies (SUNDICK et al., 1997). It has been recognized that IL-2 
in stimulating natural killer cells (NK), by Lymphokine activated killer cells (LAK), monocytes, 
macrophages and neutrophils are important (BARTLETT, 1998; WU et al., 2000). It can also control 
some pathogens such as IBDV, Marek's disease virus, Newcastle disease virus, chicken anemia 
virus, an important role is. In addition to expenses of IL-2 immunotherapy, expenses of diagnostic 
kits used in the diagnosis of some autoimmune diseases should also be considered (TANIGUCHI et 

al., 1983). Studies have shown that IL-2 could increase when produced artificially with an added 
corresponding cDNA clone in cases of endogenous immune response against vaccine antigens, 
according to TANIGUCHI et al. (1983). Since in particular, the reduction of infectious diseases in 
poultry is important and oral antibiotics that are used to overcome infections in animals have 
increased the incidence of antibiotic resistance, rather than using oral antibiotics vaccination 
methods are of a better choice (HUGHES et al., 1992). In the last decade, extraction and 
identification of IL-2 has been studied in various animal species and metabolites from animals 
such as sheep, cattle and goats have been achieved by stimulating lymphocytes but few studies on 
the extraction of lymphocyte mitogen stimulation in poultry, including turkey has been conducted 
(RAM et al., 1987).The purpose of this study was to evaluate the genetic polymorphism of IL-2 
gene and its utilization in the increased resistance to various diseases and the likely impact on 
some economic traits of this bird. 
 

MATERIALS AND METHODS 
  Collecting egg production trait data and blood samples 

 185 native turkeys were randomly selected and their egg production trait data (number of 
eggs (number), average weight of eggs (g) and weight of egg mass production (g)) were obtained 
based on the national poultry recording system from the East Azerbaijan Native poultry, Tatar 
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Research Center, Iran. Blood samples from all selected native turkeys were collected. The whole 
blood was preserved in ethylenediamine tetra acetic acid (EDTA)-coated tubes and stored at –20 
°C. 
 

DNA extraction and amplification of exon 2 with a part of the third intron region of the 

Interleukin-2 gene 

Genomic DNA was extracted from 10 mL of blood by means of a genomic DNA 
extraction protocol using Pronase (BAILES et al., 2007) according to the manufacturer’s 
instructions. Quality and quantity of extracted DNA was measured on 0.8% agarose gel prepared 
in 0.5X TBE buffer (45 mM Tris base, 45 mM boric acid, 1 mM EDTA, pH 8.0), visualized with 
ethidium bromide (1.0 mg mL–1), and photographed under UV light using a Gel-Doc image 
analysis system (Gel Logic 212 PRO, USA). The amplification of the second exon with a part of 
the third intron region of the Interleukin-2 gene was achieved using primers IL-2-Forward 
(5´TGTGCAAAGTACTGATCTTCAGC-3´) and IL-2 Reverse 
(5´GGTATTACTTTCTTGGTCTGT-3´) targeting a fragment of 523 bp which was designed by 
the NCBI website. The Polymerase chain reactions were performed in a final volume of 25 µL 
containing 100 ng of template DNA, 0.6 µL of each primer, 2.5 µL of 10X PCR buffer, 4 µL of 
1.25 mM dNTP (BioFluxbiotech, http://biofluxbiotech.com), 2 µL of 50 mM MgCl2 (CinnaGen, 
Tehran, Iran), and 0.2 µL of Tag DNA polymerase (CinnaGen) using a 96-well Eppendorf 
Mastercycler Gradient (Type 5331, Eppendorf AG, Hamburg, Germany). The solution was 
initially denatured at 95 °C for 5 min followed by 35 cycles of denaturation at 95 °C for 30s, 
annealing at 56 °C for 45s, and extension at 72 °C for 60s, and a final extension at 72 °C for 10 
min. Five microliters of PCR products underwent electrophoresis on 2% agarose gels in order to 
check the quality and specificity of DNA fragment amplification. 
 

Polymorphism detection of Interleukin-2 gene using SSCP 

 PCR products were mixed with 8 µL denaturing loading dye [ 95% (w/v) deionized 
formamide, 0.05% (w/v) xylene cyanol, 0.05% (w/v) bromophenol blue, and 0.02 M  EDTA ] in a 
total volume of 15 µL. The mixture was denatured at 95°C for 5 min and then snap-chilled on ice 
(PIPALIA et al., 2004). The total volume uderwent electrophoresis on 8% polyacrylamide gel, as 
described by HERRING et al. (1982) The electrophoresis was performed in 0.5X TBE buffer at 
room temperature (18°C) and a constant 200 V for 3 hours. Polyacrylamide gels were stained 
using silver nitrate according to the protocol described by HERRING et al. (1982). 
 

Statistical analysis 

 The allele, genotype frequencies, observed and expected Nei’s heterozygosities (HE= 1 – 
∑ P2i, where Piis the frequency of allele i) were estimated using PopGene32 version 1.31 (YEH et 

al., 1997). Hardy–Weinberg equilibrium testing was performed for PopGene32. The association of 
genotypes with egg production traits (number of eggs (number), average weight of eggs (g) and 
weight of egg mass production (g)) was investigated using the GLM procedure of SAS 9.0 
software. The following linear equation was applied to analyze the genetic effects of IL2: 

Yijk= µ+ Gi + eijk                                                                                                                          
       'Yijk' measured the native turkey’s trait, 'µ ' the population mean, 'Gi' the fixed effect 

of the genotypes and ' eijk ' the random error. 
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RESULTS 
Genotype and Allele Frequencies 

The second exon with part of the third intron regions of the Interleukin-2 gene (a 
fragment of 523 bp in length) were successfully amplified in our first attempt by the specific 
primers.  All extracted DNAs from Turkey blood samples yielded a specific single-band PCR 
product without any nonspecific bands. Therefore, the PCR products were directly used for SSCP 
analysis. The allele variation in the Interleukin-2 gene was examined using a PCR-SSCP method. 
The non-denaturing gel electrophoresis allowed visualization of single-stranded DNA and SSCP 
band patterns. Three SSCP patterns were observed in the Turkeys (Figure 1).  

 

 
Figure 1. SSCP polymorphism of Turkey’s Interleukin-2 gene, three different PCR-SSCP patterns (genotype) 

were identified 

 
The frequencies of the observed genotypes were 13.83 %, 8.51% and 77.66 % for AA, 

AB and BB, respectively. Allele frequencies were 52.65 % and 47.35 % for A and B respectively 
(Table 1). The observed heterozygosity value was 0.3804. The chi-square test was significant (P ≤ 
0.01) in deviation from Hardy-Weinberg equilibrium for the locus under study in the Turkey’s 
population population. 

 
Table1. Study on Genetic Diversity of Interleukin-2 locus in Turkey Population 

Genetic diversity statistics Value Allele 
frequencies 

value Genotype 
frequencies 

Value 

NA  2 A %52.65 AA %13.83 
NE 1.98 B %47.35 BB %8.51 
I 0.68   AB %77.66 
Observed hemozygosity 0.38     
Observed hetorozygosity 0.61     
Expected hemozygosity           0.54     
Expected  heterozygosity 0.49     
Average heterozygosity 0.49     

NA= observed number of alleles  

NE= effective number of alleles  

 I = Shannon’s information index  

 
Association of the second exon with part of the third intron region gene polymorphism with egg 

performance 

General linear mixed models revealed that genotypes AA, BB and AB were associated 
with number of eggs trait and Weight of egg mass production trait in the Turkey’s population, in 
both traits those with AA genotype had a greater number of eggs than those with AB and BB 
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genotypes. The effect of the observed genotypes (AA, AB and BB) on average weight of eggs was 
non-significant (Table 2).  

 
Table 2. Effect of the Interleukin-2 Genotype on Birth and Weight Gain in Iranian Turkey Population 

Trait  Genotype  P-
Value 

 AA BB AB  

number of eggs 2.41±59.69a 1.51±49.66b 3.16±35.12c 0.01 
Average weight of eggs 
(g)   

0.56±77.10 0.35±76.60 0.74±76.96 NS 

Weight of egg mass 
production (g) 

187.04±4603.45 a 117.51±3800.20b 24.07±2712.52c 0.01 

 
DISSCUSSION  

In the present study, variation in the second exon with part of the third intron sequence of 
the Interleukin-2 locus was studied in west Azerbaijan native turkey turkey population by PCR-
SSCP analysis. Two alleles (A and B) and three genotypes (AA, AB and BB) were observed in the 
second exon with part of the third intron region of the Interleukin-2gene. Allele A and genotype 
AB were the most frequent, with frequencies of 47.35% and 77.66%, respectively. In study of 
FATHI et al. (2014) in native turkey of East Azerbaijan in the prolactin promoter region gene, three 
genotypes were found DD, DI, and II. The frequencies of genotype ID (0.571) and allele D 
(0.6711) were the highest, this result completely agreement with our results. Also the results of 
this study agree partly with those of LÜHKEN et al. (2000) who observed 2 (A and B) alleles and 3 
(AA, AB and BB) genotypes in the Interleukin-2 locus in the Merinolandschaf and Rhonschaf 
sheep breed and Iranian Turkey population. The frequency of allele A was 0.6 and 0.375 in 
Merinolandschaf and Rhonschaf sheep respectively. In the Indian Sahiwal X Holestian Fresian 
crossbreed cattle, three alleles (A, B and C) and three genotypes (AA, AB and AC) were identified 
using SSCP technique (PRAKASH et al., 2010). A single nucleotide difference in genomic DNA 
sequencing (T for C at  nt 64 of the published cDNA sequence), was identified in Chickens of 
various inbred White Leghorn lines, resulting in the substitution of a Thr at residue 15 of the signal 
sequence by a Met (KAISER et al., 1999). Genotyping using the PCR-RFLPs method was 
performed on the Fars native chicken population breeding center and it was  recommended  that  
an  allele  present  in  their Growth  hormone  (GH) might  be  linked  to  laying  performance 
(GORJI et al., 2013). The chi-square test showed significant (P ≤ 0.01) deviation from Hardy-
Weinberg equilibrium for the locus under study in the Turkey population. The results showed that 
most of the studied animals carry alleles A and a few carry allele B. Animals with genotype AA 
had significant differences (P ≤ 0.01) in number of eggs and weight of egg mass production traits 
as compared to other genotypes. The results of statistically significant association between the 
genotype frequencies with egg number, egg mass and mean egg weight showed that the II 
genotype had significant in egg number and egg mass than that of DD and DI genotypes (P < 
0.01). There were no significant association between prolactin promoter region gene 
polymorphism and mean egg weight (P >0.05) in their study (FATHI et al., 2014), similar to this 
research results.The effects of genetic variation in the IL2 gene's milk traits have been investigated 
in Hindi cattle hybrids and a statistically significant association between the genotype frequencies 
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with milk, daily milk production, lactation length and production peak (PRAKASH et al., 2010). The 
association between single nucleotide polymorphisms in 12 immune-related genes , including the 
IL-2 gene with growth traits , mortality, production and other traits in the environment with high 
hygiene (HH) and low health (LH) and three online courses reported by YE et al. (2006) were 
reviewed, and  IL-2 gene single nucleotide polymorphism A / C was reached. Instead of replacing 
allele A by allele C (A instead of C) in the IL-2 gene, the negative effects on growth and survival 
in the three (lines in the HH) and also the negative effects of rapid growth (body weight up to 7 
days) in both the environment and the line is Y. Allele A's negative had an effect on feed 
conversion ratio (FCR) in all three lines, but this effect was significant only in the Y line. 
Replacements of these negative effects on mortality before 14 days are observed in the HH and LH 
(YE et al., 2006). Considering the weight of egg mass production in each period equal the number 
of egg production in per period multiplied by the average weight of eggs, and since there are 
significant differences between observed genotypes at this loci in a number of egg productions and 
average of egg production, there is no significant difference between the genotypes and the weight 
of egg mass production in this loci. As the AA genotype in both traits of egg mass weight 
production (g) and number of eggs showed significant association, we concluded that genotype 
AA had a greater influence on the number of egg production and egg mass production. Since a 
significant difference was found between the AA genotype and AB, BB genotypes in number of 
eggs and weight of egg mass production, we conclude that allele A and  B were solely effective on 
these traits; in contrary, alleles A and B together were  not affected by traits. None of the 
genotypes identified in the present study had a relation with average weight of eggs. Therefore, it 
may be assumed that the second exon with part of the third intron gene affected egg production by 
regulating the activity of reproduction in turkeys. 

The work undertaken in the present study was the first attempt to examine the 
polymorphism of the IL-2 locus to understand genetic variability of Iranian west Azerbaijan 
Turkey population. Very little information is currently available at with which to compare various 
poultry breeds. Breeding programs in most research centers in Iran have been based solely on 
phenotypic characters. The current study confirmed the importance of molecular studies in 
addition to morphological data for the detection of genetic variation among individuals when 
selecting diverse parents with which to construct a new population. Additional research is needed 
to characterize completely the IL-2 gene variation across an extended region of the gene and in a 
large variety of turkey breeds from around the world. Of special interest are allele frequencies and 
the phenotypic effects of IL-2 in meat breeds. Further studies with numerous markers and genes in 
the turkey IL-2 region and other breeds will be required in order to understand IL-2 genetics in 
turkeys and clarify the genetic background of immunological influences on egg production traits. 

The aim of the present study was to determine any polymorphism of the second exon with 
part of the third intron regions of the Interleukin-2 gene and to evaluate their association with 
some important economic traits in native turkey of west Azerbaijan. The effect of polymorphism 
of PRL gene on economic traits was estimated. In the present study, we showed that 
polymorphism occurring in the second exon with part of the third intron regions of the Interleukin-
2 gene in native turkey population were association with egg performance and that PRL 
polymorphism could be used as a marker for improving egg production in turkey. Provided the 
major genes associated with reproduction are identified they can be utilized in breeding through 
marker-assisted selection (MAS). Reproductive traits are often suggested as prime targets for MAS 
for their low heritability and the fact that the trait can be measured only in one sex. In conclusion, 
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this study showed the presence of an association between prolactin gene polymorphisms and egg 
production in west Azerbaijan native turkeys, but further studies are needed to confirm this 
association. 
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Izvod 
Polimorfizam Interleukin – 2 gena kod nativnih ćurki u Zapadnom Azerbejdžanu je analiziran  
primenom PCR metoda i tehnike SSCP ( Single-stranded conformation). Uzorci DNK 185 ćurki su 
izolovani iz cele krvi. 523-bp IL2 drugi egzon sa delom  segmenta trećeg introna je standardno 
amplifikovan primenom PCR  korišćenjem lokus – specifičnih prajmera. Vršena su ispitivanja 
odnosa molekularnog polimorfizma u drugom egzonu sa delom regiona trećeg egzona interleukina 
– 2 i broja jaja, prosečne težine jaja i težine mase produkcije jaja. Dobijeni rezultati pokazuju da je 
AA genotip asociran sa brojem jaja i težine produkcije jaja (P ≤ 0.01). Nije nađena korelacija 
između drugog egzona i dela trećeg introna iInterleukin – 2 varijanti sa prosečnom težinom jaja. 
Očekuje se da ti geni mogu biti kandidati u  genetičkom poboljšanju nekih ekonomski značajnih 
osobina ćurke u programima oplemenjivanja. 
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