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ABSTRACT 

             In the current work, the genetic variety of Gallus gallus from four 

sites was evaluated using large mitochondrial rRNA (16S rRNA). Samples 

were gathered from four different places within the Egyptian Governorate of 

Qena; Naga Hammadi City, Qena City, El-Taramsa Village and Qus City. 

The nucleotide lengths obtained from sequencing 16S rRNA gene of the 

mitochondria in the four sites varied from 547 base pairs (bp) to 565 bp. The 

16S rRNA partial nucleotide sequences were entered into GenBank with 

accession numbers (PP422403 - PP422410). The findings show that the 547 

bp nucleotide sequences found in Naga Hammadi City are the shortest. 569 

bp made up the final alignments; of them, 566, three, and two were conserved 

sites, variable sites, and parsimony informative sites, respectively. Compared 

to the C+G content, the average A+T content was higher at 52.98%. Low 

genetic similarity was observed between Naga Hammadi and Qena Cities, 

this may be due to many factors like geographical and ecological conditions.   

  

    INTRODUCTION 

 

             Chicken is one of the most economically valuable domesticated animals in the 

world (Lawal and Hanotte, 2021). Four species make up the genus Gallus (family 

Phasianidae, order Galliformes); Ceylon Jungle Fowl (G. lafayettei), Green Jungle Fowl (G. 

varius), Grey Jungle Fowl (G. sonneratii) and Red Jungle Fowl (Gallus gallus) (Peters, 

1976). 

   As DNA polymorphism and molecular studies have grown more widely available, 

so too have the techniques for measuring this polymorphism (Ould Ahmed et al., 2010). 

Partial or comprehensive mtDNA sequence variation analysis can give important insights 

into the population structure, demographic history, and human-mediated spread outside of 

the domestication core (Di Lorenzo et al., 2015). 

  A great deal of research has been done on mitochondrial sequences to determine the 

ancestry of domestic chickens. It has been proposed that domestic chickens have a 

monophyletic origin, deriving mostly from the Red Jungle Fowl (RJF) subspecies found in 

Southeast Asia (Fumihito et al., 1996 and Eltanany and Hemeda, 2016).  
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  16S rRNA gene is widely used in phylogenetic, evolutionary, and taxonomic 

research and is regarded as the perfect molecular clock. Clear classification resulted from 

the abundance of appropriate primers and the abundance of incomplete sequences of the 

16S gene in the various databases (Sokefun, 2017). This work's main goal was to utilize 16S 

rRNA sequences to provide a broad understanding of the spatially distributed genetic 

variability of Gallus gallus across four locations within the Egyptian Governorate of Qena. 

 

    MATERIAS AND METHODS 

 

Collecting Samples And Extracting DNA:   

    Eight samples were gathered from four different places within the Egyptian 

Governorate of Qena; Naga Hammadi City, Qena City, El-Taramsa Village and Qus City. 

The specimens' tissues were kept at -20 °C till the genomic DNA was extracted. The 

manufacturer's instructions were followed in order to extract the genomic DNA from the 

frozen tissues using the QIAamp DNA Mini kit (Qiagen, Hidden, Germany) DNA 

extraction method. 

Polymerase Chain Reaction (PCR) Conditions: 

    Primers forward and reverse were employed to amplify (16S rRNA) gene, as 

previously reported by (Simon et al., 1991). 1 μL of each forward and reverse primer, 25 

μL of PCR master mix, and 1 μL of genomic DNA are included in a total reaction volume 

of 50 μL for the PCR reactions. The PCR program was made up of the following steps: (I) 

a four-minute initial denaturation at 94°C; (II) 35 cycles of denaturation, annealing, and 

extension for 60 seconds at 94°C, 49°C, and 72°C, respectively; (III) a final extension 

lasting seven minutes at 72°C. For the purpose of separating the amplified products, 

ethidium bromide-containing agarose gel (1.5%) was utilized. 

PCR Product Sequencing and Phylogenetic Tree: 

     Macrogen completed all DNA sequencing (Seoul, South Korea). In order to 

receive accession numbers, the sequences were submitted to (GenBank/NCBI). BLAST/N 

at the NCBI was used to sequence the large mitochondrial rRNA (16S rRNA) gene for the 

four sites. MUSCLE (Edgar, 2004)  was used to align the sequences using its default 

settings. Phylogenetic tree studies were carried out using MEGA version 11.0.11 (Tamura 

et al., 2021), 1000 bootstrap iterations (Felsenstein, 1985), and the Minimum-Evolution 

(ME) and Neighbor-Joining (NJ) techniques of tree construction. Kimura two-parameter 

distances were used to calculate sequence divergences (Kimura, 1980). Paleontological 

statistics (PAST) software version 2.17c (Hammer et al., 2001) was used to calculate the 

genetic similarity and dendrogram. 

 

    RESULTS 

 

   The nucleotide lengths obtained from sequencing the 16S rRNA gene of the 

mitochondria in the four places varied from 547 base pairs (bp) to 565 bp. The 16S rRNA 

partial nucleotide sequences have been inserted into GenBank with accession numbers 

(PP422403 - PP422410). The findings show that the 547 bp nucleotide sequences found in 

the Naga Hammadi City are the shortest. 569 bp made up the final alignments; of them, 566, 

three, and two were conserved sites, variable sites, and parsimony informative sites, 

respectively. Adenine (A), guanine (G), cytosine (C), and thymine (T) had average 

nucleotide frequencies of 31.36, 20,09, 26.93, and 21.62%, respectively. Compared to the 

C+G content, the average A+T content was higher at 52.98%. Additional information 

regarding the averages of the nucleotide frequencies and A+T contents was provided in 

(Table 1).  
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Table 1. Nucleotide rates and its average of 16S rRNA sequences in the four places. 

 

   The four places' 16S rRNA sequencing data were used to account for the genetic 

similarities. Using the genetic similarity shown in (Table 2) and Dendrogram (Fig. 1 and 2), 

the genetic relationship amongst the four places was established and showed that there was 

little genetic resemblance within Naga Hammadi and Qena Cities. The dendrogram 

included two primary clusters; (A) contained the samples from Naga Hammadi site, and (B) 

contained the rest samples. The (B) cluster contains two branches; the first contains samples 

from Qena City and the second contains samples from El-Taramsa Village and Qus City.  

 

Table 2. Genetic similarity amongst the four places. 
No. Site 1 2 3 4 5 6 7 8 

1 Naga Hammadi City -1 1 1 0.93673 0.93673 0.96637 0.96814 0.96637 0.96637 

2 Naga Hammadi City -2 1 1 0.93673 0.93673 0.96637 0.96814 0.96637 0.96637 

3 Qena City -1 0.93673 0.93673 1 1 0.97007 0.96837 0.97007 0.97007 

4 Qena City -2 0.93673 0.93673 1 1 0.97007 0.96837 0.97007 0.97007 

5 El-Taramsa Village -1  0.96637 0.96637 0.97007 0.97007 1 0.99823 0.99646 0.99646 

6 El-Taramsa Village -2 0.96814 0.96814 0.96837 0.96837 0.99823 1 0.99823 0.99823 

7 Qus City -1 0.96637 0.96637 0.97007 0.97007 0.99646 0.99823 1 1 

8 Qus City -2 0.96637 0.96637 0.97007 0.97007 0.99646 0.99823 1 1 
 

 

 
Fig. 1. Dendrogram revealing links amongst the four places depending on the sequenced 

regions of 16S rRNA. Where, 1 and 2 were the samples of Naga Hammadi City, 3 and 4 were the 

samples of Qena City, 5 and 6 were the samples of El-Taramsa Village and 7 and 8 were the samples of Qus 

City. 

No. Site Base pair 

length 

Nucleotide Number % A+T 

Content (%) T% C % A% G% 

1- Naga Hammadi City -1 547 21.57 26.87 31.81 19.74 53.38 

2- Naga Hammadi City -2 547 21.57 26.87 31.81 19.74 53.38 

3- Qena City -1 555 21.80 26.85 31.17 20.18 52.97 

4- Qena City -2 555 21.80 26.85 31.17 20.18 52.97 

5- El-Taramsa Village -1  565 21.77 26.90 31.33 20.00 53.1 

6- El-Taramsa Village -2 565 21.59 26.90 31.33 20.18 52.92 

7- Qus City -1 565 21.42 27.08 31.15 20.35 52.57 

8- Qus City -2 565 21.42 27.08 31.15 20.35 52.57 

 Average % - 21.62 26.93 31.36 20.09 52.98 
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Fig. 2. Heatmap visualization of the genetic similarity amongst the four places based on the 

sequenced regions of 16S rRNA. Where, 1 and 2 were the samples of Naga Hammadi City, 

3 and 4 were the samples of Qena City, 5 and 6 were the samples of El-Taramsa Village, 

and 7 and 8 were the samples of Qus City. 

 
Phylogenetic Analysis: 

    Using phylogenetic reconstruction, two approaches; Minimum-Evolution and 

Neighbor-Joining, were used to compare places' harmony. Similar results were obtained by 

the two phylogenetic approaches with minor adjustments to the support parameters. 

Monophyly and Genetic Similarity In The Four Places:  

According to the findings of the (16S rRNA) sequencing, samples from each site were 

categorized by site (Fig. 3 and 4). Additionally, every site—aside from site three-had 

comparable genetic similarities. 
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Fig. 3. Minimum-Evolution tree amongst 

the four places. Where, 1 and 2 were the 

samples of Naga Hammadi City, 3 and 4 

were the samples of Qena City, 5 and 6 

were the samples of El-Taramsa Village, 

and 7 and 8 were the samples of Qus City. 

 
Fig. 4. Neighbor-Joining tree amongst the 

four places. Where, 1 and 2 were the 

samples of Naga Hammadi City, 3 and 4 

were the samples of Qena City, 5 and 6 

were the samples of El-Taramsa Village, 

and 7 and 8 were the samples of Qus City 

 

 

      DISCUSSION 

 

              Native chicken breeds are vital to the lifestyle and culture of rural households in 

underdeveloped and developing nations, primarily in Asia and Africa. They are a valuable 

source of animal protein, a source of cash income, and an integral part of the sociocultural 

life of the rural community (Padhi, 2016). 

            Information from genomic studies of livestock domestication may be used to support 

the preservation of the genetic variety of farm animals  (Bruford et al. 2003). Genetic variety 

within a species can enhance its capacity to adapt to severe conditions and fend off disease 

(Gao et al., 2017). The two main metrics used to assess genetic variation are haplotype and 

nucleotide diversities, where larger values reflect increased genetic diversity (Chen and 

Zhang, 2006). 

             Because the mitochondrial genome is easy to isolate from the nuclear genome, 

contains many copies within the cell, is small, and accumulates mutations quickly, it has 

gained popularity in evolutionary and population genetics research (Moritz et al., 1987; 

Sotelo et al., 1993 and Unseld et al., 1995). For phylogenetic, population genetic, and 

phylogeographic investigations, mitochondrial DNA is a commonly employed method 

(Bhuiyan et al., 2013). 

              In this study, different genetic variations were found amongst the four sites ranging 

from 0.93673 to 0.99823. The lowes genetic similarity was observed between 
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Naga Hammadi and Qena Cities This may be due to many factors like geographical and 

ecological conditions. Rahimi et al. (2005) reported that an essential requirement for a 

species' preservation and continued genetic advancement is the estimation of its genetic 

variability. Numerous factors, including geographical and ecological ones that might lead 

to population variance and division, contribute to the genetic diversity of a population. 

Furthermore, population genetic structure might also be the product of gene flow, genetic 

drift, and balance (Abdel-Kafy et al., 2016 and Oseni and Oke, 2012).  

              Compared to other mtDNA genes, 16S rRNA has a slower rate of mutation and 

lower rates of substitution, making it beneficial for research on species, populations, and 

families (Garland and Zimmer, 2002). When compared to G+C, the entire 16S rRNA gene 

exhibits A+T richness (Bo et al., 2013). In this study, all understudied species display a 

greater proportion of A+T than C+G. This was in corroboration with many studies. The 16S 

rRNA sequence alignment was 569 bp. Most of them 566 were conserved locations. This 

was in line with (Saikia et al., 2016; van der Kuyl et al., 1995) who reported that highly 

conserved mitochondrial genes were found in a variety of animal species, which aided in 

the creation of universal primers for the amplification of mitochondrial genes. 

               Gallus gallus was the subject of numerous investigations employing a variety of 

molecular markers. Nishibori et al. (2005) conducted research using mtDNA and nuclear 

sequences to ascertain the genetic links between the four species of junglefowl and the 

position of the chicken in those relationships. For the chicken population, genetic variation 

and maternal origin have previously been investigated using partial mtDNA displacement-

loop sequences  (Berthouly-Salazar et al., 2010, Cuc et al., 2011, Do et al., 2019 and 

Nguyen et al., 2022). Siriwadee et al. (2023) conducted research to look at the molecular 

identification of various local Thai chicken breeds using mtDNA barcodes. 

Conclusion: 

     Large mitochondrial rRNA sequences were utilized in this study to evaluate the 

geographic genetic diversity of Gallus gallus from four places. Low genetic similarity was 

observed between Naga Hammadi and Qena Cities, this may be due to geographical and 

ecological conditions. 16S rRNA genes appear to be beneficial in revealing the geographic 

genetic relationships of Gallus gallus. 
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