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Abstract  

NVIRONMENTAL stressor factors play an important role in shaping genetic diversity. The 

study aimed to assess the genetic diversity of IL genes and their association with disease 

resistance in six Egyptian goat populations. Blood samples were collected from six distinct goat 

populations to extract DNA. Data on of infectious diseases in animals were collected from owners. 

Polymerase chain reaction (PCR) amplification, sequencing, and bioinformatic analyses were 

conducted on four genes belonging to the IL family. The results revealed that the Interleukin 4 (IL4 

exon3) gene was conserved among the Egyptian goat populations. While three haplotypes were 

observed for the Interleukin IL2 (exons 1 and 2) genes across the six breeds, 8 haplotypes were 

detected for IL2 (exon 3) and 4 haplotypes for Interleukin 13 (exon 4) genes. The phylogeny of 

Egyptian goat IL genes revealed more informative data for determining genetic distances between the 

populations. Based on the different genotypes of the studied IL genes and their association with the 

diseases in goats, the results suggested that the Hape_1 and Hap_3 of IL2 (exons 1 and 2) could be 

considered as candidate molecular markers for selecting goats with disease resistance in Aswani and 

Saedi and in Baladi, Barki, Sharkawi, and Zaribi, respectively. In conclusion, the results of the 

genetic analysis showed diversity of the IL genes among the Egyptian goat populations that may be 

associated with adaptation of each population to a specific environmental stress, including possible 

disease resistance.  
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Introduction  

Diverse, locally adapted livestock breeds play an 

essential role in natural ecosystems. These breeds are 

impacted by random management practices as well 

as by the introduction of foreign breeds. Exotic 

breeds may have higher productivity; however, they 

may not be locally adapted to the environment [1]. In 

this context, the Food and Agriculture Organization 

of the United Nations (FAO) plays a major role in 

the genetic and phenotypic characterization of 

indigenous livestock breeds to ensure sustainable 

food production to promote healthy livelihoods and 

well-being for all [1]. 

One of the key objectives of livestock sustainable 

development is to minimize the depletion of animal 

genetic resources. One component is to compare the 

genetic variation within and between local breeds as 

well as to assess their adaptive traits in different 

climatic regions and diverse production systems. 

This type of data can provide new knowledge with 

regards to evolution, selection, and current and future 

conservation of animal genetic resources [2, 3]. 

Selection pressure on genes has been reported as an 

indicator of functional adaptation developed during 

the evolution of a breed to promote functional 

diversification [4]. The genes associated with the 

host’s immune system are subjected to constant 

selective pressure from pathogens and environmental 

stress [5, 6].  

The innate immune responses are the first line of 

defence against invading pathogens. Cytokines genes 

are responsible for communication with different 
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immune cells during both acquired and innate 

immune responses. They are secreted by specific 

cells in the immune system [7].  It is known that 

cytokines genes regulate cell growth and 

proliferation of neuronal tissue and modify host 

responses to infection, inflammation, injury, and 

diseases of uncertain aetiology [8]. Interleukins (IL) 

are cytokine group that is expressed by white blood 

cells (leukocytes). IL can be divided into four major 

groups based on distinguishing structural features 

[9]. 

Goats are known to show a high degree of 

adaptation to extremely diverse environments, 

including poor-grazing grasslands and semi-harsh 

regions. The IL molecular evolution is an ideal 

model to provide evidence of significant positive 

selection in goats [9-11].  

Previous studies reported that the positive 

selection of single-nucleotide polymorphism in IL32 

and IL33 genes has an important role in disease 

control by enhancing the immune system in goat 

breeds [9, 12-14]. Bressani [15] reported IL2 (exons 

1 and 2), IL2 (exon 3), and IL13 (exon 4) as 

candidate genes that could contribute to marker-

assisted selection in animal breeding programs. 

McCormick and Heller [10] observed that the IL4 

and IL13 genes have equal importance functions in 

the immune response to pathogenic infections.     

In Egypt, goat has a high cultural and socio-

economic significance in poor areas. The Egyptian 

environment has several geographic areas ranging 

from the Mediterranean climate in the north to 

tropical areas in the south. This contributes to 

differences in environmental stress and pathogen 

exposure of animals within and between the northern 

and southern regions. Three Egyptian goat 

populations are exposed to the agriculture 

Mediterranean climate (Baladi, Zaribi and Skarkawi), 

with the Barki exposed to the semi harsh 

Mediterranean climate, the Sadaei to the hot agro 

climate and the Aswani to the semi harsh hot climate 

[16].  

In this study, we aimed to assess the genetic 

diversity of four IL genes in six goat populations 

from different climatic regions and their association 

with the data of disease resistance for sustainable 

goat management and genetics resources 

conservation. 

Material and Methods 

Sampling and genomic DNA extraction 

Blood samples of six Egyptian goat populations 

aged from three months to four years (50 samples for 

each population) were collected in Ethylene 

diaminetetra acetic acid (EDTA) tubes from the 

different agro-climatic regions, the data related to 

history of infectious diseases in Egyptian goat 

populations were collected from owners (Table 1). 

DNA was extracted from whole blood as described 

by [11, 17,18]. 

IL genes amplification and sequencing 

Genetic diversity in the IL genes regions were 

analysed using sequences generated for IL2 (exons 1, 

2, & 3), IL4 (exon 3) and IL13 (exon 4).  The 

primers sequences according to Bressani [15] were 

used for PCR amplification. A PCR cocktail 

consisting of 2X power Taq PCR master mix 

(Bioteke Corporation, China), 1.0 µM of each primer 

and 100 ng of DNA. The reactions were run in a Coy 

Temp Cycler II (Bio Rad, USA). The cycling 

condition includes an initial denaturation step at 95 

°C for 3 min followed by 35 cycles of 50 sec at 

94°C, 50 sec at the annealing temperature (Table 2) 

and 1 min at 72°C. The final extension was 5 min at 

72°C. 2% agarose gels (with 100-bp DNA ladder) 

were used to loaded the PCR products to ensure 

successful PCR reactions.  

DNA sequencing 

The samples were prepared for sequencing using 

the standard protocol for the BigDye Terminator v3.1 

Cycle Sequencing Kit (Thermofisher Scientific, 

California, USA). The 3130 Genetic Analyzer 

(Thermofisher Scientific, California, USA) was used 

to visualize the sequences. Sequencing reactions 

were performed for both the forward and reverse 

directions. 

Statistical analysis 

GENEIOUS 6.0 software [19] was used for 

Sequences aligment, inspected and trimmed. Then 

exported in FASTA format. DnaSP ver6 [20] used to 

determine haplotype diversity (h) and to generate a 

haplotype file.  

The ARLEQUIN software Version 3.5.2.2 [21] 

was used to calculate the nucleotide diversity (π) and 

to extract information on the genetic and 

demographic features of the samples. The 

hierarchical distribution of total genetic diversity was 

determined using an analysis of molecular variance 

(AMOVA), as implemented in ARLEQUIN. 

Genetic diversity within populations was 

expressed as gene variation, which is equivalent to 

the expected heterozygosity for diploid data [22] 

Genetic differentiation between populations was 

calculated as FST (from ARLEQUIN) to determine 

the extent of population sub-structure due to drift or 

selection. 

The Network software [23] was used to construct 

the phylogeny tree to identify the relationships 

between the populations sampled. The phylogenetic 

network using the Median Joining method was 

implemented in the program NETWORK. This 

model-free method uses a parsimony approach, based 

on pairwise differences, to connect each sequence to 

its closest neighbour, and allows the creation of 
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internal nodes, which could be interpreted as un-

sampled or extinct ancestral genotypes to link the 

existing genotypes in the most parsimonious way. 

 The association of IL genes genotypes with the 

data of infectious diseases in Egyptian goat 

populations was calculated using mathematical 

formula: % change = (final value – initial 

value)/initial value x 100% [24]. 

Results 

Genetic diversity of IL genes in Egyptian goat 

populations 

Successful PCR amplification of IL genes 

revealed amplified fragments of 468 bp for IL2 

(exons 1 and 2), 406 bp for IL2 (exon 3), 393 bp for 

IL4 (exon3) and 595 bp for the IL13 (exon 4) gene. 

A total of 15 unique haplotypes (Table 3) were 

identified for IL2 (exons 1 and 2), IL2 (exon 3), and 

IL13 (exon 4). The GenBank database for haplotypes 

are accession numbers MN427994–MN427996 for 

IL2 (exons 1 and 2), MN427997- MN428004 for IL2 

(exon3), and MN428012-MN428015 for IL13 (exon 

4). Analysis of the sequences revealed that the IL4 

(exon 3) gene was conserved in all six Egyptian goat 

populations (accession numbers MN428006).  

Table 3 illustrates that absence of genetic 

variation in the IL2 (exons 1 and 2) was observed in 

the Zaribi population, whereas the remaining 

populations displayed two to three haplotypes with 

variable frequencies.  

The frequency of IL2 (exon3) alleles showed no 

genetic variation in Zaribi and Aswani goat 

populations while Barki goat population showed two 

haplotypes compared to three haplotypes for Baladi, 

Sharkawi and Saedi.   

The IL13 exon 4 gene showed no genetic 

variation in Barki while three haplotypes were 

observed for Zaribi and two haplotypes with variant 

frequencies for Baladi, Sharkawi, Aswani and Saedi.  

The inbreeding coefficient was 0.984, 0.995 and 

0.976 for IL2 (exons 1 and 2), IL2 (exon 3), and 

IL13 (exon 4), respectively.   

The gene variation and nucleotide diversity in 

Table 4 show that the Aswani, Saedi and Sharkawi 

populations recorded a high level of gene variation 

and nucleotide diversity in the IL2 (exons 1 and 2) 

compared to the other three populations. Barki 

population showed higher differences in gene 

variation (0.510) and nucleotide diversity (0.002) for 

IL2 (exon 3) while Baladi population showed a high 

level of gene variation (0.327) for IL13 (exon 4) 

compared to the other populations.  

Pairwise differentiation (FST) for IL2 (exons 1 

and 2) between different populations ranged from 0 

to 0.737 (Table 5). The pairwise distance values 

between Zaribi and the other populations were 

comparatively high (average = 0.423), and with 

significance values that support the hypothesis of 

significant differentiation at p<0.05. The pairwise 

distance values between Barki and other populations 

varied from 0.116 to 0.737 (average = 0.248) and 

were significant at p<0.05. In addition, the Saedi 

goat population was significantly different at p<0.05. 

 For IL2 (exon 3) pairwise differentiation (FST) 

between populations ranged from 0 to 0.276. The 

pairwise distances between Saedi and Aswani and 

the other goat populations were 0.012-0.035 and 0.0-

0.035, respectively and with values that support 

significant differentiation (p<0.05) in and between 

each other. Also, the pairwise distances were 

significantly different between Baladi and Barki and 

Sharkawi and Zaribi. The Pairwise differentiation 

(FST) of the IL13 (exon 4) between populations 

ranged from 0.005 to 0.076. The differentiation of 

the IL13 (exon 4) between Egyptian goat populations 

at p<0.05 was not significant.   

Genetic diversity of IL genes and their association 

with the infectious diseases in Egyptian goat 

populations. 

Table 6 illustrates the association of IL genes 

diversity to the data of infectious diseases in animals 

(bacterial, viral and parasitic diseases). The IL2 

(exons 1 and 2) gene variation showed that the 

Hap_1 recorded with high frequency for healthy goat 

in Aswani (40%) and Saedi (38%) populations while 

Hap_3 reported with high frequency for healthy goat 

in Baladi (56%), Barki (62%), Sharkawi (44%) and 

Zaribi (90%). Hap_2 showed with the infectious 

diseases in Baladi (42%) and Sharkawi (32%) goat.  

The IL2 (exon 3) gene showed eight haplotypes, 

however, there was no association between the 

haplotypes and the data of infectious diseases 

whereas the frequency of Hap_1 was recorded in 

almost all goats. The same result was observed for 

IL13 (exon 4), the frequency for Hap_1 ranged from 

46 to 76% compared to the other three haplotypes. 

Phylogenetic analysis 

The phylogram provided in Figure 1 shows the 

relationships between the Egyptian goat populations. 

The parsimony tree represents the preferred 

phylogenetic hypothesis of evolutionary changes 

among the Egyptian goat population from different 

agro-climatic regions depending on the sequences of 

the IL2 (exons 1 and 2), IL2 (exon 3) and IL13 (exon 

4). The tree shows the Egyptian goat populations 

shared the ancestral character with variable relations 

and three unique sequence genotypes (Figure 1A) 

while Figure 1C shows four unique sequence 

genotypes. 

Discussion 
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Many previous studies have shown the 

importance of characterizing the functional genes of 

local animals due to their adaptation to the 

surrounding environment and their resistance to 

diseases prevalent in the surrounding environment 

[1-6]. A recent study on the genotypes of sheep 

breeds using ovine 50K SNP chips to understand the 

genetic architecture and adaptability of native breeds 

revealed that a larger proportion of genetic variation 

was explained by developmental history and refined 

by geographical origin. The study emphasizes that 

local breeds’ unique adaptability to specific climatic 

zones makes them valuable genetic resources for 

developing breeds capable of adapting to climate 

change [25]. 

The genetic diversity results of IL genes 

understudy revealed that the Aswani population was 

genetically conserved in the IL2 (exon 3) gene while 

the allele frequencies, and nucleotide diversities for 

the IL2 (exons 1 and 2) and IL13 (exon 4) were 

different compared to the other goat populations. The 

Baladi, Sharkawi and Saedi populations observed 

different allele frequencies and nucleotide diversities 

for IL2 (exons 1 and 2), IL2 (exon 3) and IL13 (exon 

4) genes. The Zaribi population was genetically 

conserved in the IL2 (exons 1 and 2) and IL2 (exon 

3) while the IL13 (exon 4) gene showed with three 

haplotypes compared to other goat populations. Barki 

population was genetically conserved in IL13 (exon 

4) gene while the IL2 (exon 3) and IL2 (exons 1 and 

2) genes represented three haplotypes and two 

haplotypes, respectively. The IL4 (exon 3) gene was 

genetically conserved in all six Egyptian goat 

populations. These results revealed that the IL genes 

have different genetic diversity between Egyptian 

goat breeds within the different agro-climatic 

regions, indicating the influence of environmental 

factors on genetic diversity and gene flow. The 

results pointed to importance of determining the 

genetic diversity of adaptive functional genes 

between different goat breeds to monitor 

management practices and ensure sustainable 

conservation of local genetic resources is critical.  

The genetic diversity results showed polymorphic 

differences compared to Brazilian Saanen and 

Anglo-Nubian goats cross breeds [15] and Nigerian 

goats [26]. The differences could be related to the 

exposure of Egyptian goat breeds to different 

agroclimatic regions while the Brazilian and 

Nigerian goats are exposed to tropical weather. The 

Egyptian goat genotypes of the IL genes for each 

breed observed that the inbreeding coefficients and 

the pairwise differences (FST) among the six breeds 

confirmed the exposure of each breed to different 

environmental stresses and pathogens that caused 

gene variation. This is seen in the uniqueness of the 

Zaribi, Barki, Aswani, and Baladi, which showed 

significant pairwise divergence between populations.  

In cattle,  previous studies on the genetic 

diversity of IL genes reported no association was 

found between detected SNPs of IL12 and IL23 

genes and resistance to mastitis based on the 

estimated breeding values for somatic cell score 

(SCS) [27], while the IL8 gene (SNP-180, G/A 

transition) tended to associate with SCS [28] and was 

suggested to be marker-assisted selection for mastitis 

resistance with IL6 and IL17A genes [29, 30]. In 

Nigerian cattle, SNPs in exon 1 of the IL10 gene was 

associated with trypanotolerance [31]. 

In goat, the IL2, IL4, IL13, and IFNG genes 

sequences were analyzed to identify SNPs that might 

be associated with resistance to gastrointestinal 

endoparasites in Saanen and Anglo-Nubian goats. 

They found that the SNPs in intron 1 of IL2, intron 3 

of IL13 and exon 3 of IFNG were associated with 

gastrointestinal endoparasite resistance [32]. 

The obtained results of genetic diversity and their 

association with the data of infectious diseases 

reported that genetic diversity of IL2 (exons 1 and 2) 

gene Hape_1 in Aswani and Saedi and Hap_3 in 

Baladi, Barki, Sharkawi, and Zaribi were with high 

frequencies in in health goat compared to other 

genotypes. The IL2 (exon 3) and IL13 (exon 4) genes 

showed with no association between the haplotypes 

and the data of infectious diseases. The results 

suggested that the two haplotypes could be 

considered as candidate molecular markers for 

selecting the goat with a high immune response to 

pathogenic infections. The diversity in populations is 

related to the adaptation of each population to 

specific environmental stress including exposure to 

pathogens [25].  

The goat IL genes phylogeny is poorly described 

in scientific reports compared to the studies reported 

in other mammalian species [9]. A previous genetic 

study on the mtDNA D-loop of the same goat 

populations reported that most of the Egyptian goats 

representing different agro-climatic regions have a 

shared maternal origin [16]. However, the results 

obtained in this study showed that while the majority 

of the Egyptian goat populations have the same 

maternal origin (Haplogroup A), variable relations 

and three unique populations were observed. The 

results revealed that additional genetic analysis of the 

adaptive functional genes such as the immune genes 

is more informative for determining genetic distances 

between the populations. 

Conclusion 

This study demonstrated that analysis of adaptive 

functional genes reveals genetic diversity in the 

Interleukin genes among the six Egyptian goat 
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populations. These populations have a long history of 

selection, both natural and artificial with each 

population of goat adapting to environmental stress 

including exposure to pathogens. The importance of 

determining the genetic diversity of adaptive 

functional genes between different goat populations 

to monitor management practices and ensure 

sustainable conservation of local genetic resources is 

critical. The results suggested that the Hape_1 of IL2 

(exons 1 and 2) in Aswani and Saedi and Hap_3 of 

IL2 (exons 1 and 2) in Baladi, Barki, Sharkawi, and 

Zaribi could be considered as candidate molecular 

markers for selecting goats with disease resistance. 
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TABLE 1. The agro- climatic regions of the Egyptian goat populations and the data of infectious diseases 

Goat 

population 
Healthy 

Infectious diseases 

Agro-climatic region description 
Bacterial 

(corynebacteriu

m, brucellosis, 

mycoplasmosis) 

Viral 

(pox, PPR) 

Parasitic 

(coccidiosis, 

Faciolaiasis

, mange) 

Aswani 35 

(70%) 

5 

(10%) 

-------- 10 

(20%) 

Very hot climate, dry weather and 

semi-arid conditions 

Baladi 33 

(66%) 

5 

(10%) 

4 

(8%) 

8 

(16%) 

Moderate climate and intensive 

agriculture 

Barki 37 

(74%) 

 

4 

(8%) 

-------- 9 

(18%) 

North coast climate 

Saedi 30 

(60%) 

7 

(14%) 

-------- 13 

(26%) 

Hot climate with high humidity and 

intensive agriculture 

Sharkawi 34 

(68%) 

6 

(12%) 

5 

(10%) 

5 

(10%) 

Intensive agriculture and reclaimed 

land 

Zaribi 45 

(90%) 

5 

(10%) 

---------- ---------- Moderate climate with reference to 

cross b breed between Nubian and 

Jamnapari goat (Mason, 1984) 

 

 
TABLE 2. Primers used to amplify the IL genes in six populations of Egyptian goats 

Primers 

 
Sequences 5'–3' Location 

Annealing 

temperature (°C) 

IL2F1 

IL2R1 

GAA CTT CCT ATC TGC TTC TCT AA 

TGA AGT TAC TAT TTC TTC TCC TC 

Exons 1 

& 2 
55 

IL2F2 

IL2R2 

CGG GCA GCT AAA CTC TAA TTT TT 

CAA TGT TAA AAT GCC CTT CCA T 
Exon 3 55 

IL4F 

IL4R 

CCC CCT GGA AAG AAG AAA TC 

TCC CCA GTG CCT AGA ACA GT 
Exon 3 56 

IL13F2 

IL13R2 

TGC ACT CTG TCC TCA CAA GC 

CCC TCC CTA ACC CTC CTT TA 
Exon 4 53 
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TABLE 3. The presence and frequency of alleles and the Single Nucleotide Polymorphism (SNP) 

substitution for IL2 (exons 1 and 2), IL2 (exon 3) and IL13 (exon 4) in Egyptian goat 

populations 

Haplotype SNPs Aswani Balade Barki Saedi Sharkawi Zaribi 

IL2 (exons 1 and 2) 

Hap_1 A/T 0.2 0 0 0.1 0 0 

Hap_2 T/G 0.46 0.34 0.76 0.46 0.44 0 

Hap_3 G/T 0.34 0.66 0.24 0.44 0.56 1 

IL2 (exon 3) 

Hap_1 T/T 1 0.9 0.66 0.9 0.9 1 

Hap_2 A/T 0 0.1 0 0 0 0 

Hap_3 T/G 0 0 0 0.05 0 0 

Hap_4 A/T 0 0 0 0.05 0 0 

Hap_5 T/G 0 0 0 0 0.05 0 

Hap_6 A/T 0 0 0 0 0.05 0 

Hap_7 A/C 0 0 0.3 0 0 0 

Hap_8 A/T 0 0 0.04 0 0 0 

IL13 (exon 4) 

Hap_1 T/T 0.9 0.8 1 0.9 0.9 0.8 

Hap_2 C/T 0.1 0.2 0 0 0.1 0.12 

Hap_3 T/G 0 0 0 0.1 0 0 

Hap_4 A/G 0 0 0 0 0 0.08 

TABLE 4. Genetic diversity at IL2 (exons 1 and 2), IL2 (exon 3) and IL13 (exon 4) in six Egyptian goat 

populations, expressed as gene and nucleotide diversity 

 IL2 (exons 1 and 2) IL2 (exon 3) IL13 (exon 4) 

Goat 

population 

Gene variation Nucleotide 

diversity 

Gene 

variation 

Nucleotide 

diversity 

Gene 

variation 

Nucleotide 

diversity 

Aswani 0.668± 0.053 0.002±0.002 0.000 ± 0.000 0.000 ± 0.000 0.248 ±  0.130 0.001 ± 0.001 

Baladi 0.442± 0.087 0.001± 0.001 0.189± 0.108 0.001± 0.001 0.327± 0.153 0.001± 0.001 

Barki     0.394± 0.100 0.001± 0.001 0.510± 0.090 0.002± 0.002 0.000 ± 0.000 0.000± 0.000 

Saedi 0.616± 0.058 0.002± 0.002 0.195± 0.114 0.001± 0.001 0.143± 0.119 0.001± 0.001 

Sharkawi 0.521± 0.042 0.001± 0.001 0.195± 0.114 0.001± 0.001 0.154± 0.126 0.001± 0.001 

Zaribi 0.000 ± 0.000 0.000± 0.000 0.000± 0.000 0.000± 0.000 0.353± 0.123 0.0015±0.002 

 

TABLE 5. Pairwise difference (FST) between the six Egyptian goat populations for IL genes expressed as the average 

number of pairwise differences between populations (below the diagonal), with significance values (above 

the diagonal) 

IL2 (exons 1 and 2) 

 Aswani Baladi Barki Saedi Sharkawi Zaribi 

Aswani -- 0.216 0.018* 0.864 0.387 0.000* 

Baladi 0.044 -- 0.009* 0.324 0.432 0.009* 

Barki 0.136* 0.303* -- 0.063 0.144 0.000* 

Saedi 0.037 0.006 0.116* -- 0.864 0.000* 

Sharkawi 0.008 0.421* 0.128* 0.035* -- 0.000* 

Zaribi 0.340* 0.263* 0.737* 0.354* 0.003 -- 

IL2 (exon 3) 

 Aswani Baladi Barki Saedi Sharkawi Zaribi 

Aswani -- 0.396 0.276 0.035* 0.000* 0.000* 

Baladi 0.052 -- 0.009* 0.216 0.549 0.468 

Barki 0.276 0.232* -- 0.210 0.170 0.276 

Saedi 0.035* 0.042 0.211 -- 0.012* 0.035* 
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Sharkawi 0.000* 0.015 0.170 0.012* -- 0.000* 

Zaribi 0.000* 0.053 0.276 0.035* 0.000* -- 

IL13 (exon 4) 

 Aswani Baladi Barki Saedi Sharkawi Zaribi 

Aswani -- 0.990 0.450 0.504 0.990 0.990 

Baladi 0.076 -- 0.504 0.144 0.504 0.990 

Barki 0.012 0.059 -- 0.990 0.990 0.504 

Saedi 0.035 0.058 0.045 -- 0.711 0.144 

Sharkawi 0.059 0.038 0.042 0.002 -- 0.756 

Zaribi 0.052 0.064 0.005 0.043 0.037 -- 

 

TABLE 6. Genetic diversity of IL genes and their association with the data of infectious diseases 

Haplotype 

% 
 Aswani Baladi Barki Saedi Sharkawi Zaribi 

IL2 (exons 1 and 2) 

Hap_1 
Healthy 18 ------- ------- 3 -------- -------- 

Infectious diseases 2 ------- ------- 2 -------- -------- 

Hap_2 
Healthy 40 10  14 38 12 -------- 

Infectious diseases 6 24  10 8 32 -------- 

Hap_3 
Healthy 20 56 62 16 44 90 

Infectious diseases 14 10 14 28 12 10 

IL2 (exon 3) 

Hap_1 
Healthy 70 60 46 54 60 90 

Infectious diseases 30 30 20 36 30 10 

Hap_2 
Healthy -------- 6 -------- -------- -------- -------- 

Infectious diseases -------- 4 -------- --------   

Hap_3 
Healthy -------- -------- -------- 2 -------- -------- 

Infectious diseases -------- -------- -------- 2   

Hap_4 
Healthy -------- -------- -------- 2 -------- -------- 

Infectious diseases -------- -------- -------- 4 -------- -------- 

Hap_5 
Healthy -------- -------- -------- -------- 6 -------- 

Infectious diseases     2 -------- 

Hap_6 
Healthy -------- -------- -------- -------- 2 -------- 

Infectious diseases -------- -------- -------- -------- -------- -------- 

Hap_7 
Healthy -------- -------- 30 -------- -------- -------- 

Infectious diseases -------- -------- -------- -------- -------- -------- 

Hap_8 
Healthy -------- -------- -------- -------- -------- -------- 

Infectious diseases -------- -------- 4 -------- -------- -------- 

IL13 (exon 4) 

Hap_1 
Healthy 60 46 76 58 60 74 

Infectious diseases 30 34 24 32 30 6 

Hap_2 
Healthy 10 20 -------- -------- 6 10 

Infectious diseases -------- -------- -------- -------- 4 2 

Hap_3 
Healthy -------- -------- -------- 2 -------- -------- 

Infectious diseases -------- -------- -------- 8 -------- -------- 

Hap_4 
Healthy -------- -------- -------- -------- -------- 6 

Infectious diseases -------- -------- -------- -------- -------- 2 
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Fig. 1. Median-joining phylogenetic network of the Egyptian goat populations.  This network includes all the most 

parsimonious trees linking the sequences of the (A) IL2 (exons 1 and 2), (B) IL2 (exon 3) and (C) IL13 (exon 4). 

Each unique sequence genotype is represented by a coloured circle sized relative to its frequency in the 

dataset. Genotypes are coloured according to the goat population from different locations.  Each branch 

contains the specific substitution SNPs. Nodes are coloured according the different goat population from 

different agro-climatic regions. Yellow (Zaribi), Blue (Saedi), red (Barki), pink (Sharkawi), green (Baladi) and 

yellowish green (Aswani). H= haplotype. 
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الحنوع الوراثي لجينات الإنحرلوكين في مجموعات الماعز المصرية من مناطق 

  وعلاقحه بمقاومة الأمراض ةمخحلف مناخية

 ³كوجزي طوانثوأن ¹، نعمة إبراهيم علي¹دايص، رضا إسماعيل ال²فب، آنا إس كرو¹النححة ر أحمذحس
 .انحُىَخ، انًشكز انقىيٍ نهجحىس، انجُزح، يصشقُُبد ، يؼهذ ثحىس انزثُىنىجُب انخهُخقسى  1
 .، جُىة أفشَقُب0001، ثشَزىسَب، 454ة  .جُىة أفشَقُب، صانًؼهذ انىطٍُ نهزُىع انجُىنىجٍ فٍ  2
 .، جُىة أفشَقُب3300، ثهىيفىَزٍُ، 333قسى ػهى انىساثخ، جبيؼخ فشٌ سزُذ، ص.ة.  3

 

 الملخص

ب فٍ رشكُم انزُىع انىساثٍ. هذف ًً انذساسخ إنً رقُُى انزُىع انىساثٍ نجُُبد  ذرهؼت ػىايم الإجهبد انجُئٍ دوسًا يه

. رى جًغ ػُُبد يٍ يُبطق يُبخُخ يخزهقخ الإَزشنىكٍُ وػلاقزه ثًقبويخ الأيشاض فٍ سذ يجًىػبد يٍ انًبػز انًصشٌ

و كزنك  خانحُىَ خ، ورحهُم انًؼهىيبرُ(PCR)انًزسهسم  انجهًشح رحهُملاجشاء  ًبػز لاسزخلاص انحًط انُىوٌنهانذو 

كًب رى جًغ ثُبَبد حىل الأيشاض انًؼذَخ فٍ رُزًٍ إنً ػبئهخ الإَزشنىكٍُ. جُُبد لاسثؼخ  خشجشح انزطىس انىساثُ رحهُم

 نكم ثُئخ.انحُىاَبد 

فٍ حٍُ نىحع خ انًخزهفخ. انًبػز انًصشَ را ًَط وساثٍ واحذ فً سلالاد (exon3) 4كشفذ انُزبئج أٌ جٍُ الإَزشنىكٍُ 

و اسثؼخ اًَبط ،  IL2 (exon 3) نجٍُثًبَُخ اًَبط وساثُخ و ،IL2 (exons 1 and 2) نجٍُ وجىد ثلاثخ أًَبط وساثُخ 

 (exon 4). 13نجٍُ الإَزشنىكٍُ  وساثُخ

نجُُبد الإَزشنىكٍُ فٍ انًبػز  خشجشح انزطىس انىساثُ رحهُمكشف  فٍ انسلالاد انًخزهفخثُبءً ػهً الأًَبط انجُُُخ 

 3و  1انًُطٍُ انىساثٍُُ انُزبئج أٌ  و اظهشد أكثش نزحذَذ انًسبفبد انىساثُخ ثٍُ انًجًىػبد. ، ػٍ ثُبَبدانًصشٌ 

وساثُخ جزَئُخ يششحخ لاخزُبس انًبػز انًقبويخ نلأيشاض فٍ  كؼلايبد ًبًَكٍ اػزجبسه IL2 (exons 1 and 2) نجٍُ 

انُزبئج أٌ انزُىع فٍ  كًب اوظحذ. انزساَجًششقبوٌ، وان، انجشقً، انجهذيؼُذٌ، ثبلإظبفخ إنً صسىاٍَ وانالأ سلالاد

، ثًب فٍ رنك يقبويخ انًحُطخجُئُخ ان انظشوفيغ  سلانخيشرجطً ثزكُف كم ي انًبػز انًصش نسلالادجُُبد الإَزشنىكٍُ 

 الأيشاض انًحزًهخ.

  .ػُخ، انًُبػخ انفطشَخجُُبد الإَزشنىكٍُ، سلالاد انًبػز، انزجبٍَ انىساثٍ، انًُبخبد انزسا الكلمات الذالة:


