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ABSTRACT 
 

The glutathione peroxidase (GPX) gene family plays a crucial role in maintaining cellular redox 

homeostasis and protecting against oxidative stress. In this study, we performed a comprehensive 

comparative analysis of GPX genes in three galliform species: Gallus gallus (chicken), Meleagris 

gallopavo (turkey), and Coturnix japonica (Japanese quail). Genomic structure, chromosomal 

localization, phylogenetic relationships, conserved motifs, subcellular localization, synteny, and 

selection pressure analyses were conducted to investigate the evolutionary conservation and 

functional divergence of the GPX family. Our findings revealed strong conservation of gene 

structure and chromosomal positioning, particularly for GPX1, GPX2, GPX3, and GPX7, as well 

as species-specific expansions and alternative splicing events in genes such as GPX4 and GPX8. 

Phylogenetic and Ka/Ks analyses indicated that most GPX genes are under purifying selection, 

with notable instances of positive selection suggesting adaptive functional divergence. Conserved 

motifs and subcellular localization patterns further supported the core redox-protective roles of 

GPX proteins, while highlighting their compartment-specific and extracellular functions. Overall, 

this study enhances our understanding of the evolutionary and functional landscape of the GPX 

gene family in birds and provides a foundation for future research into avian oxidative stress 

adaptation and redox signaling. 
 

Keywords: Glutathione Peroxidases, Synteny, Galliform species, Phylogenetic, Chromosomal 

localization. 
 

 

INTRODUCTION 
 

Oxidative stress results from an 

imbalance between the production of reactive  
 

 

Corresponding author: Ahmed M. Hashem 

E-mail address: ahmedhashem@azhar.edu.eg 

 Present address: Biotechnology Department, Faculty 

of Agriculture, Al-Azhar University, Nasr City, Cairo 

11651. Egypt.  

oxygen  species  (ROS) and   the capacity   of 

antioxidant defense systems, posing a 

significant threat to cellular integrity and 

overall organism health. Among the primary 

enzymatic antioxidants, glutathione 

peroxidases (GPXs) play a pivotal role in 

detoxifying hydrogen peroxide and lipid 

hydroperoxides, thereby protecting cells from 

oxidative damage (Prabhakar et al., 2005; 

Lubos et al., 2011; Pizzino et al., 2017). These 
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selenoproteins are crucial for maintaining 

redox homeostasis and are involved in diverse 

physiological processes, including immune 

function, reproduction, and development. 

Given their central biological roles, the 

evolutionary dynamics of GPX genes have 

garnered increasing interest, particularly in 

exploring how these genes have adapted to 

varied physiological demands and 

environmental pressures across species (Bae et 

al., 2009; Ufer & Wang, 2011; Tian et al., 

2021; Dai et al., 2023; Pei et al., 2023). 

 

Birds represent a highly diverse and 

ecologically versatile clade, making them 

excellent models for exploring the 

evolutionary dynamics of antioxidant defense 

mechanisms (Saino et al., 2011; Castiglione et 

al., 2020; McWilliams et al., 2021). Within 

this group, galliform birds, namely chickens 

(Gallus gallus), turkeys (Meleagris 

gallopavo), and Japanese quail (Coturnix 

japonica), are particularly valuable due to their 

agricultural significance, well-annotated 

genomes, and distinct ecological adaptations 

(Barros et al., 2022; Haqani et al., 2023; 

Degalez et al., 2024; Hajibarat et al., 2024). 

Despite their close phylogenetic relationships, 

these species experience different 

environmental pressures and physiological 

demands, providing a unique opportunity to 

study how GPX gene families have diversified 

and adapted (Wang et al., 2012; Wu et al., 

2018; Morris et al., 2020; Eleiwa et al., 2024). 

 

Understanding the evolution of GPX genes in 

galliforms has broader implications for 

elucidating the molecular underpinnings of 

stress resilience in vertebrates. Domesticated 

birds, in particular, frequently encounter 

environmental challenges such as temperature 

extremes, hypoxia, and pathogen exposure, 

conditions that elevate oxidative stress and 

may drive adaptive changes in antioxidant 

gene networks (Bae et al., 2009; Costantini & 

Verhulst, 2009; Abbasi et al., 2017; Akinyemi 

& Adewole, 2021; Tian et al., 2021; Oke et al., 

2024). Comparative analyses can reveal 

evolutionary mechanisms, such as gene 

duplication, alternative splicing, or positive 

selection that enhance GPX functionality in 

response to these challenges (Kondrashov, 

2012; Song et al., 2021; Pei et al., 2023). Such 

insights have potential applications in selective 

breeding programs aimed at improving 

oxidative stress resistance in poultry, with 

relevance to both agricultural sustainability 

and avian conservation (Tizard et al., 2019; 

Oleforuh-Okoleh et al., 2023; Lin & Chen, 

2024; Nawaz et al., 2024). 

 

This study presents a comprehensive 

comparative analysis of the GPX gene family 

in three economically and biologically 

important galliform species: Gallus gallus, 

Meleagris gallopavo, and Coturnix japonica. 

Through an integrated approach combining 

genomic characterization, phylogenetic 

reconstruction, chromosomal localization, 

synteny mapping, conserved motif analysis, 

and selection pressure estimation, we 

investigate the evolutionary conservation and 

functional diversification of GPX genes in 

these birds. Special emphasis is placed on gene 

structure variability, alternative isoform 

expression, and subcellular localization 

patterns. Our findings offer novel insights into 

the evolutionary forces shaping antioxidant 

gene families in avian species and enhance our 

understanding of how molecular defense 

mechanisms adapt to environmental and 

physiological challenges. 

 

MATERIALS AND METHODS 
 

Database Mining and Sequence Retrieval  

To identify GPX gene sequences, a genome-

wide search was conducted on the protein 

datasets of chicken, turkey, and Japanese quail 

using HMMER3 (version 3.3.1) 

(http://hmmer.org/) on a Linux platform. The 

Hidden Markov Model (HMM) profile 

corresponding to the glutathione peroxidase 

domain (PF00255) was downloaded from the 

PFAM database (http://pfam.xfam.org/ ) and 

used as a query. The hmmsearch tool in 

HMMER3 (http://hmmer.org/) was employed 

to scan each species' protein database against 

the HMM profile using BlastP methods with a 

cut-off E-value <10−5. For each candidate 

http://hmmer.org/
http://pfam.xfam.org/
http://hmmer.org/
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gene, detailed genomic annotations were 

compiled from multiple database sources, 

including the NCBI database 

(https://www.ncbi.nlm.nih.gov/) and the 

Ensembl database (https://www.ensembl. 

org/index.html). This multi-platform approach 

ensured comprehensive characterization of 

conserved and variant GPX isoforms across 

the studied avian species. 

 
Comparative Phylogenetic Analysis of GPX 

Proteins 

Multiple sequence alignment of full-length 

GPX protein sequences from the three species 

and Mus musculus (house mouse) was 

performed using the MUSCLE algorithm. A 

maximum likelihood (ML) phylogenetic tree 

was constructed using MEGA 11.0 with 1000 

bootstrap replicates to assess the statistical 

reliability of the branching patterns. The Mus 

musculus GPX sequences were used as an 

outgroup. Clustering patterns and bootstrap 

support values were analyzed to infer 

evolutionary relationships among GPX family 

members. 

 
Chromosomal Mapping, Synteny, and 

Ka/Ks of GPX Analysis 

The genomic characteristics of GPX genes, 

including gene size, coding sequence (CDS) 

length, protein length, and exon count, were 

analyzed across three avian species. 

Chromosomal positions of GPX genes were 

determined using the MG2C online tool 

(http://mg2c.iask.in/mg2c_v2.1/), while syn-

tenic relationships were assessed by comparing 

gene arrangements among species. 

Additionally, structural variations, such as 

alternative splicing events, were examined in 

different isoforms. 

   
For synteny analysis, MCScanX in TBtools 

was used to detect gene duplication events and 

conserved genomic regions. Genome data, 

including chromosomal lengths and sequences 

(in GFF3 and FASTA formats), were retrieved 

from the NCBI genome database 

(https://www.ncbi.nlm.nih.gov/datasets/geno

me/) accessed on 15 January 2025. The results 

were visualized using the TBtools Dual 

Synteny Plot function to identify conserved 

blocks and gene pairs across chicken, turkey, 

and Japanese quail genomes. 

 
The ratio of nonsynonymous (Ka) to 

synonymous (Ks) substitution rates was 

calculated to evaluate the evolutionary 

selection pressures acting on GPX genes, a 

widely recognized indicator of selection 

pressure on protein-coding genes (Hanada et 

al., 2007). Protein-coding sequences of GPX 

paralogs were aligned, and Ka/Ks ratios were 

computed using the Neighboring method 

implemented in MEGA 11.0. Paralog pairs 

with Ka/Ks > 1 were considered under positive 

selection, while those with Ka/Ks < 1 were 

considered under purifying selection.  

 
Identification of Conserved Motifs and 

Prediction of GPX Proteins Subcellular 

Localization  

To identify conserved motifs within the GPX 

protein sequences, a MEME (Multiple EM for 

Motif Elicitation) analysis was performed 

using the MEME Suite (version 

5.5.7; http://meme-suite.org/tools/meme) 

(Bailey et al., 2009). Parameters were set to 

detect motifs with a width of 6 to 50 amino 

acids, and the maximum number of motifs to 

be identified was set to 10. The analysis 

yielded a series of conserved motifs 

represented as colored boxes aligned with the 

protein sequences. The position information 

and motif sequences were used to assess 

conserved functional regions across the 

species. The results were visualized using 

TBtools (Chen et al., 2020). The subcellular 

location of each wheat protein was predicted 

using WoLF PSORT with default built-in 

parameters (https://wolfpsort.hgc.jp/) (Horton 

et al., 2007). Prediction consensus was 

predicted based on the majority of the result 

probabilities. 

  

https://www.ensembl/
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RESULTS 

Genomic Analysis of GPX Genes in 

Chickens, Turkeys, and Quail 

A comparative overview of the genomic 

features of GPX genes identified in the three 

species is summarized in Table (1). This 

dataset includes detailed information such as 

gene symbols, reference sequence IDs, protein 

IDs, chromosomal locations, exon counts, 

genomic start and end positions, gene sizes, 

coding sequence (CDS) lengths, and 

corresponding protein lengths (in amino 

acids). 
 

GPX Genes identified a high degree of 

conservation in gene structure across the three 

avian species. For instance, the Gpx1 gene is 

characterized by similar CDS lengths (588 bp 

in G. gallus and M. gallopavo, 597 bp in C. 

japonica), resulting in proteins of comparable 

lengths (195, 195, and 198 amino acids, 

respectively). The chromosomal locations of 

GPX genes are consistent among species, with 

genes such as Gpx8 being mapped to the Z 

chromosome in all cases (Table 1). 
 

Gene size and CDS length variations are 

evident among isoforms of Gpx4 and Gpx8. In 

G. gallus, Gpx4_v1 and Gpx4_v2 differ in CDS 

length (585 bp and 609 bp) and protein size 

(194 and 202 amino acids), highlighting the 

presence of alternative splicing. Similarly, 

Gpx8_v1 and Gpx8_v2 in all species exhibit 

substantial differences in CDS lengths (633 bp 

and 276 bp) and protein sizes (210 and 91 

amino acids), reflecting isoform-specific 

characteristics. 
 

Among the three species, C. japonica exhibits 

some of the largest gene sizes, such as Gpx7 

(3080 bp) and Gpx8_v1 (1283 bp), compared 

to their counterparts in G. gallus and M. 

gallopavo. These differences may be attributed 

to variations in intronic or non-coding regions. 

Exon counts range from 2 in Gpx1 and Gpx2 to 

7 in Gpx4 and 6 in Gpx7 across species, 

indicating conserved gene architecture (Table 

1). 

 

The proteins encoded by GPX genes vary 

slightly in length across species, with most 

differences arising from alternative splicing or 

subtle variations in CDS. For example, Gpx3 

encodes a protein of 219 amino acids in all 

species, demonstrating strong evolutionary 

conservation in this enzyme structure. 

However, isoforms like Gpx8_v2 encode 

shorter proteins (91 amino acids), possibly 

reflecting specialized functions. 
 

Comparative Phylogenetic Analysis of GPX 

Proteins 

The phylogenetic analysis of full-length 

glutathione peroxidase (GPX) protein 

sequences from Gallus gallus, Meleagris 

gallopavo, Coturnix japonica, and Mus 

musculus was performed using a maximum 

likelihood (ML) approach with 1000 bootstrap 

replicates. Multiple sequence alignment was 

conducted using MUSCLE, and the 

phylogenetic tree was constructed using 

MEGA 11.0. The resulting tree (Figure 1) 

revealed distinct clustering patterns among the 

GPX protein sequences, with each GPX family 

member forming well-defined clades. 
 

The tree reveals that GPX proteins cluster 

primarily by subfamily (GPX1-8) rather than 

by species, indicating that functional 

divergence of these antioxidant enzymes 

preceded the speciation events separating these 

organisms. The color-coded branches (green 

for GPX8, light blue for GPX7, red for GPX4, 

blue for GPX3/5/6, and yellow for GPX1/2) 

highlight distinct evolutionary lineages. At the 

same time, the high bootstrap values (many 

exceeding 90%) demonstrate strong statistical 

support for the major branch points. Within 

each GPX subfamily, avian proteins typically 

cluster together separately from mouse 

homologs, reflecting expected evolutionary 

relationships, while multiple variants (v1, v2, 

v3) of specific GPX proteins suggest gene 

duplication events. This pattern of 

organization emphasizes that the functional 

conservation of these critical antioxidant 

enzymes outweighs species-specific 

adaptations, characteristic of proteins serving 

essential biological functions across diverse 

organisms. 
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Table 1: Genomic Features of GPX Genes Identified in Chicken, Turkey, and Japanese quail  

 
Gene 

Symbol 
RefSeq_ID Protein_ID 

Chrom

osome 

No of 

Exons 
start End 

Gene

_size 

CDS_

Size 

Protein

(a) 

Gg_Gpx1 
NM_00127785

3.3 

NP_00126

4782.3 
12 2 3029728 3030641 837 588 195 

Gg_Gpx2 
NM_00127785

4.3 

NP_00126

4783.2 
5 2 530082 530888 736 576 191 

Gg_Gpx3 
NM_00116323

2.3 

NP_00115

6704.1 
13 5 12661488 12663434 981 660 219 

Gg_Gpx4_

v1 

NM_204220

.3 

NP_989551.

2 
28 7 3370734 3372272 817 585 194 

Gg_Gpx4_

v2 

NM_001346

449.2 

NP_0013333

78.1 
28 7 3370734 3372272 841 609 202 

Gg_Gpx7 
NM_001163

245.2 

NP_0011567

17.1 
8 3 24131723 24140316 1257 633 210 

Gg_Gpx8_

v1 

XM_423834

.8 

XP_423834.

1 
Z 3 17236443 17239616 1234 633 210 

Gg_Gpx8_

v2 

XM_015277

569.4 

XP_0151330

55.1 
Z 3 17236443 17239616 972 276 91 

Mg_Gpx1 
NM_001308

652.1 

NP_0012955

81.1 
14 2 2377076 2377998 853 588 195 

Mg_Gpx2 
XM_010710

801.3 

XP_0107091

03.2 
5 2 4863657 4864493 768 576 191 

Mg_Gpx3 
NM_001308

655.1 

NP_0012955

84.1 
15 4 13423927 13425131 829 580 219 

Mg_Gpx4 
NM_001308

651.1 

NP_0012955

80.1 
30 6 2216471 2217828 736 504 192 

Mg_Gpx7 
XM_003208

870.4 

XP_0032089

18.1 
10 3 22901172 22909103 1179 633 210 

Mg_Gpx8

_v1 

XM_010725

414.2 

XP_0107237

16.1 
Z 3 15294539 15298910 1269 633 210 

Mg_Gpx8

_v2 

XM_019610

395.2 

XP_0194659

40.1 
Z 3 15294539 15298910 1010 276 91 

Cj_Gpx1 
XM_015874

588.1 

XP_0157300

74.1 
12 2 1695958 1696951 911 597 198 

Cj_Gpx2 
XM_015863

087.2 

XP_0157185

73.1 
5 2 493794 494637 773 576 191 

Cj_Gpx3 
XM_015875

840.1 

XP_0157313

26.1 
13 5 5011535 5013460 1017 660 219 

Cj_Gpx7 
XM_015870

585.2 

XP_0157260

71.1 
8 3 21819761 21828816 3080 633 210 

Cj_Gpx8_

v1 

XM_015848

738.2 

XP_0157042

24.1 
Z 3 18248182 18252372 1283 633 210 

Cj_Gpx8_

v2 

XM_015848

739.2 

XP_0157042

25.1 
Z 3 18248182 18252372 1036 276 91 
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Figure 1: Phylogenetic analysis of full-length GPX protein sequences from Gallus gallus, Meleagris 

gallopavo, Coturnix japonica, and Mus musculus.  

 

Chromosomal Localization and 

Evolutionary Conservation of GPX Genes  

The chromosomal localization of glutathione 

peroxidase (GPX) gene family members was 

comprehensively mapped across three avian 

species: Gallus gallus, Meleagris gallopavo, 

and Coturnix japonica (Figure 2). 

 

Notably, the GPX gene family exhibited 

distinct chromosomal distribution patterns in 

each species, varying lengths and positions 

across different chromosomes. In Gallus 

gallus, GPX genes were distributed across 

several chromosomes: Gg_Gpx2 on 

chromosome 5, Gg_Gpx1 on chromosome 12, 

Gg_Gpx3 on chromosome 13, Gg_Gpx4 on 

chromosome 28, and Gg_Gpx8 on 

chromosome Z.  

Additionally, Gg_Gpx7 was observed on 

chromosome 8. In Meleagris gallopavo, a 

similar distribution pattern was observed with 

Mg_Gpx2 on chromosome 5, Mg_Gpx7 on 

chromosome 10, Mg_Gpx1 on chromosome 

14, Mg_Gpx3 on chromosome 15, Mg_Gpx4 

on chromosome 30, and Mg_Gpx8 on 

chromosome Z. For Coturnix japonica, the 

distribution included Cj_Gpx2 on chromosome 

5, Cj_Gpx7 on chromosome 8, Cj_Gpx1 on 

chromosome 12, Cj_Gpx3 on chromosome 13, 

and Cj_Gpx8 on chromosome Z. The 

chromosomal positions ranged from 

approximately 0 to 90 Mb in length across all 

species, with precise positions marked in green 

adjacent to their respective chromosomes. 
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Figure 2: Chromosomal localization of the GPX gene family members of Gallus gallus, Meleagris gallopavo, 

and Coturnix japonica chromosomes. The blue bars represent the chromosomes. Chromosome 

numbers are shown on the top. Camelus GPX genes are marked green to the right of the 

chromosomes. The scale bar on the left indicates the length of the chromosome.  

 

Syntenic Conservation of GPX Gene Family 

Members Across Three Species 

Synteny analysis was conducted to investigate 

the evolutionary relationship of GPX genes 

among three avian species: Chicken, Turkey, 

and Japanese quail (Figure 3). The study 

revealed significant conservation of GPX gene 

syntenic relationships across the species 

examined. In particular, syntenic blocks 

containing GPX genes were identified and 

depicted as gray lines connecting aligned 

genomic regions between the paired genomes. 

In contrast, red lines clearly distinguished the 

syntenic GPX gene pairs.
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Figure 3:  Synteny analysis of Meleagris gallopavo and Coturnix japonica with Gallus gallus. The gray lines 

represent aligned blocks between the paired genomes, and the red lines indicate syntenic GPX gene 

pairs. 

 

In the comparison between Meleagris 

gallopavo and Gallus gallus (upper panel), 

syntenic relationships were observed for 

multiple GPX genes: Mg_Gpx2 on 

chromosome 5 showed synteny with Gg_Gpx2 

on the same chromosome, Mg_Gpx7 on 

chromosome 7 aligned with Gg_Gpx7 on 

chromosome 8, Mg_Gpx4 on chromosome 30 

displayed synteny with Gg_Gpx4 on 

chromosome 28, and Mg_Gpx8 on 

chromosome Z exhibited syntenic relationship 

with Gg_Gpx8 on the same sex chromosome. 

Similarly, the synteny analysis between 

Coturnix japonica and Gallus gallus (lower 

panel) demonstrated conserved syntenic 

blocks for Cj_Gpx2 on chromosome 5 with 

Gg_Gpx2, Cj_Gpx7 on chromosome 8 with 

Gg_Gpx7, Cj_Gpx3 on chromosome 13 with 

Gg_Gpx3, Cj_Gpx1 on chromosome 12 with 

Gg_Gpx1, and Cj_Gpx8 on chromosome Z 

with Gg_Gpx8. The syntenic blocks, 

represented by gray lines, showed varying 

degrees of genomic rearrangements while 

maintaining the positional conservation of 

GPX genes. 

Ka/Ks Analysis of GPX Gene Evolution in 

the Three Species 

The evolutionary selection pressures acting on 

glutathione peroxidase (GPX) genes were 

analyzed in three avian species: Chicken, 

Turkey, and Japanese quail. The analysis 

employed the ratio of non-synonymous 

substitution rates (Ka) to synonymous 

substitution rates (Ks), a widely recognized 

indicator of selection pressure on protein-

coding genes.  

 

In Turkey, analysis of six paralog pairs 

revealed a predominantly purifying selection, 

with Ka/Ks ratios below 1 for four pairs 

(66.7%). Two paralog pairs exhibited 

positive/diversifying  selection: Gpx4-Gpx3 

(Ka/Ks =1.87) and Gpx3-Gpx2 (Ka/Ks 

=1.05). The strongest purifying selection was 

observed between Gpx4-Gpx1 (Ka/Ks =0.52), 

indicating strong functional constraint 

 

In chicken, analysis of eight GPX paralog pairs 

revealed that five pairs (62.5%) evolved under 

purifying selection (Ka/Ks <1), indicating 

strong functional constraint (Table 2). 
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Purifying selection occurred in Gpx7-

Gpx4 (Ka/Ks = 0.27) and Gpx7-Gpx3 (Ka/Ks 

= 0.35), suggesting critical conserved roles. 

Three pairs (37.5%) exhibited positive 

selection (Ka/Ks ≥ 1), with the strongest signal 

in Gpx4-Gpx3 (Ka/Ks =1.63) and Gpx3-

Gpx2 (Ka/Ks =1.34), implying potential 

functional divergence. The Gpx3-Gpx1 pair 

(Ka/Ks = 1.05) showed weak positive or near-

neutral evolution. Moderate purifying 

selection was observed in Gpx4-Gpx2 (Ka/Ks 

=0.68), Gpx4-Gpx1 (Ka/Ks =0.66), and Gpx2-

Gpx1 (Ka/Ks =0.46), reflecting varying 

degrees of evolutionary constraint among these 

paralogs.

 

Table 2: Ka/Ks calculation and the type of mutation for the duplicated GPX Gene pairs 

Paralog1 Paralog 2 Ks Ka Ka/Ks Type of mutation or Evoluation 

Mg_Gpx4 Mg_Gpx3 0.510 0.954 1.869955637 Positive or Diversifying 

Mg_Gpx4 Mg_Gpx2 0.737 0.631 0.855990507 Negative or purifying 

Mg_Gpx4 Mg_Gpx1 1.323 0.688 0.519579252 Negative or purifying 

Mg_Gpx3 Mg_Gpx2 0.724 0.759 1.048280572 Positive or Diversifying 

Mg_Gpx3 Mg_Gpx1 0.870 0.821 0.943625609 Negative or purifying 

Mg_Gpx2 Mg_Gpx1 1.062 0.568 0.534713879 Negative or purifying 

Gg_Gpx7 Gg_Gpx4 2.151 0.591 0.274979245 Negative or purifying 

Gg_Gpx7 Gg_Gpx3 2.283 0.798 0.349613781 Negative or purifying 

Gg_Gpx4 Gg_Gpx3 0.565 0.923 1.631370933 Positive or Diversifying 

Gg_Gpx4 Gg_Gpx2 0.947 0.648 0.684166095 Negative or purifying 

Gg_Gpx4 Gg_Gpx1 1.194 0.792 0.663158067 Negative or purifying 

Gg_Gpx3 Gg_Gpx2 0.555 0.746 1.342894251 Positive or Diversifying 

Gg_Gpx3 Gg_Gpx1 0.744 0.781 1.049998206 Positive or Diversifying 

Gg_Gpx2 Gg_Gpx1 1.080 0.502 0.464484535 Negative or purifying 

Cj_Gpx7 Cj_Gpx3 2.675 0.784 0.293091779 Negative or purifying 

Cj_Gpx3 Cj_Gpx2 0.773 0.798 1.032671982 Positive or Diversifying 

Cj_Gpx3 Cj_Gpx1 0.914 0.837 0.915386694 Negative or purifying 

Cj_Gpx2 Cj_Gpx1 1.102 0.497 0.450861439 Negative or purifying 

In Japanese quail, analysis of four GPX 

paralog pairs revealed that three pairs (75%) 

evolved under purifying selection (Ka/Ks < 1), 

indicating functional conservation. The 

strongest purifying selection was observed 

in Gpx7-Gpx3 (Ka/Ks = 0.29), suggesting 

critical structural or functional constraints. 

One pair (Gpx3-Gpx2, Ka/Ks = 1.03) 

exhibited weak positive or near-neutral 

selection, potentially reflecting relaxed 

functional constraints or minor adaptive 

divergence. The remaining purifying selection 

signals were moderate, with Gpx3-

Gpx1 (Ka/Ks = 0.92) and Gpx2-Gpx1 (Ka/Ks 

= 0.45) further supporting evolutionary 

conservation across these paralogs. 

Conserved Motifs and Subcellular 

Localization of GPX Proteins  

Using a MEME analysis (Figure 1), we 

analyzed the conserved protein motifs 

identified in GPX proteins across three 

galliform species: chicken, turkey, and 

Japanese quail. The motifs are represented as 

colored boxes aligned along each protein 

sequence (Figure 1 and supplementary data), 

indicating their positions within the amino acid 

chains. Several motifs, such as Motifs 1, 2, 3, 

and 7, are consistently present across all 

species, suggesting conserved functional 

regions essential for GPX activity. 
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Figure 4: Alignment of conserved motifs identified in GPX protein sequences across the three species. Gg for 

Gallus gallus, Mg for Meleagris gallopavo, and Cj for Coturnix japonica via MEME analysis. The 

sequences are shown with their respective motif numbers and amino acid positions. The motifs are 

represented as colored boxes labeled with their motif number, with the corresponding amino acid 

sequences provided for each motif at the right. The numbers at the beginning of each row indicate the 

E-value of each protein sequence.  

 

Interestingly, the GPX8-v1 protein sequence in 

the Japanese quail showed a slightly different 

motif structure than Gallus gallus and 

Meleagris gallopavo. Similarly, the GPX4 

protein in Turkey exhibited a slightly different 

motif arrangement. Variations in the presence 

and position of other motifs highlight potential 

divergence among isoforms or species-specific 

adaptations. At the same time, the overall 

shared pattern underscores the evolutionary 

conservation of key regions within the GPX 

family. 

 

The predicted subcellular localizations of GPX 

proteins from Gallus gallus (Gg), Meleagris 

gallopavo (Mg), and Coturnix japonica (Cj) 

were assessed using WoLF PSORT. GPX1 

proteins in all three species showed high scores 

for mitochondrial and cytoplasmic 

localization, with additional minor predictions 

for extracellular and peroxisomal 

compartments. GPX2 isoforms were 

predominantly localized to the cytoplasm (21–

21.5), with notable secondary predictions for 

nuclear and cytoplasmic/nuclear localization, 

indicating potential dual localization. GPX3 

was strongly predicted to be extracellular in all 

species, with minor cytoplasmic and lysosomal 

signals, consistent with its classification as an 

extracellular protein. 
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Figure 5: Predicted subcellular localization of GPX protein isoforms in chicken (Gg), turkey (Mg), and 

Japanese quail (Cj) using WoLF PSORT. The table displays the localization scores across different 

cellular compartments, including extracellular space, mitochondria, cytoplasm, nucleus, peroxisome, 

lysosome, endoplasmic reticulum (ER), plasma membrane, and Golgi apparatus. Higher scores 

indicate stronger localization predictions. These data highlight potential functional divergence and 

compartmental specialization among GPX isoforms across species. 

 

GPX4 variants (Gg-GPX4_V1/V2 and Mg-

GPX4) were primarily predicted to localize to 

the mitochondria, with secondary predictions 

for extracellular, peroxisomal, and 

cytoplasmic compartments. GPX7 proteins 

across species exhibited dominant 

extracellular localization scores (31), 

accompanied by low ER-associated scores. 

Both GPX8_V1 and GPX8_V2 variants 

displayed complex localization profiles. In all 

species, these variants were most strongly 

predicted to be extracellular and associated 

with plasma membranes. Additional 

predictions included the Golgi apparatus, 

lysosomes, mitochondria, and, to a lesser 

extent, the cytoplasm. 

 

DISCUSSION 
 

The comparative genomic and evolutionary 

analysis of the glutathione peroxidase (GPX) 

gene family across Gallus gallus, Meleagris 

gallopavo, and Coturnix japonica reveals a 

complex yet highly conserved gene 

architecture, underscoring the critical 

antioxidant functions preserved across avian 

lineages. The strong conservation of exon-

intron structures and protein lengths, 

particularly in core isoforms such as GPX1 and 

GPX3, suggests these genes have been subject 

to purifying selection to maintain essential 

redox-regulatory roles (Griffin et al., 2008; 

Betts et al., 2001; Movassat et al., 2019). This 

evolutionary constraint is further supported by 

conserved chromosomal synteny and the 

localization of key genes, such as GPX8 on the 

Z chromosome, implicating potential roles in 

sex-linked physiological traits and avian 

genomic stability (Sazanov et al., 2006; 

O’Connor et al., 2024). 

 

Gene structure analysis revealed notable 

diversification, particularly in GPX4 and 
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GPX8, where alternative splicing generates 

multiple isoforms. These variations may 

enable tissue-specific or developmentally 

regulated functions, as observed in mammals 

(Yang et al., 2016; Kliesmete et al., 2023). For 

instance, the size and coding differences 

between Gpx4_v1 and Gpx4_v2 in chickens 

may reflect subcellular specialization, 

potentially aligning with roles in lipid peroxide 

detoxification or spermatogenesis (Zhong et 

al., 2021; Maiorino et al., 2018). Furthermore, 

the presence of truncated isoforms like 

Gpx8_v2 (91 aa) invites speculation about their 

substrate specificity and enzymatic efficiency, 

which might be tailored to specific oxidative 

stress contexts (Yap & Makeyev, 2016). 

 

Species-specific differences in GPX gene size, 

especially in C. japonica, likely stem from 

intronic expansions or regulatory sequence 

divergence. These regions often host 

transcriptional enhancers or splicing signals, 

which could mediate adaptive responses to 

environmental pressures or physiological 

demands (Rose, 2018; Dai et al., 2022). 

Despite such differences, synteny analysis 

revealed consistent gene order and positioning 

for GPX2, GPX7, and GPX8, underscoring the 

evolutionary pressure to preserve functionally 

essential genomic configurations (Barros et al., 

2022; Skinner et al., 2009). Minor syntactic 

block rearrangements suggest lineage-specific 

genomic adaptations without disrupting core 

gene functions (Castiglione et al., 2020). 

 

Phylogenetic reconstruction grouped GPX 

genes into functionally coherent clades, 

reaffirming evolutionary relationships among 

paralogs. High bootstrap support for GPX1, 

GPX2, GPX7, and GPX8 clades suggests 

robust divergence and functional 

specialization within the GPX family. 

Interestingly, GPX3 and GPX6 exhibited close 

phylogenetic clustering, while GPX4 branched 

independently but closely, supporting its 

intermediary evolutionary status between 

peroxidase classes (Bae et al., 2009; Trenz et 

al., 2021). These patterns align with the 

established roles of GPX4 in membrane lipid 

protection, particularly within reproductive 

and neuronal tissues (Li et al., 2020; Ma et al., 

2022). 

 

Selection pressure analysis (Ka/Ks) further 

supports the functional importance of these 

genes. Most GPX paralog pairs showed 

evidence of strong purifying selection (Ka/Ks 

< 1), particularly GPX7, emphasizing its vital 

role in ER protein quality control and cellular 

redox balance (Yoboue et al., 2018). However, 

instances of positive selection, such as between 

GPX3 and GPX2, suggest adaptive divergence, 

possibly reflecting differences in tissue 

expression or physiological function (Pei et al., 

2023). The elevated Ka/Ks ratio observed in 

the GPX4–GPX3 pair in G. gallus (1.63) may 

result from artificial selection during 

domestication, particularly in traits linked to 

fertility and oxidative stress resilience 

(Schmidt et al., 2023; Abdel-Hafez 

Elnoomany et al., 2023). Moderate purifying 

selection in GPX1 further supports its role as a 

ubiquitously expressed cytosolic enzyme, 

essential for basal antioxidant defense (Hou et 

al., 2020). 

 

The conserved motif analysis provided 

additional insight into the structural and 

functional preservation of GPX enzymes. 

Motifs 1, 2, 3, and 7 were universally 

conserved across species, likely corresponding 

to key catalytic and stabilizing regions 

(Brigelius-Flohé & Maiorino, 2013). 

Nevertheless, species- and isoform-specific 

divergence—such as in GPX8_v1 of C. 

japonica and GPX4 in M. gallopavo—

indicates subtle lineage-specific adaptations 

that may optimize function in distinct 

oxidative niches. 

 

Finally, subcellular localization predictions 

revealed conserved and divergent patterns that 

likely reflect functional diversification. GPX1 

and GPX4 were primarily cytosolic and 

mitochondrial, consistent with their roles in 

detoxifying intracellular ROS. In contrast, 

GPX2 showed dual cytoplasmic and nuclear 

localization, possibly mediating oxidative 

protection and redox signaling (Lubos et al., 

2011). Extracellular predictions for GPX3, 
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GPX7, and GPX8 reinforce their roles in 

extracellular fluid protection, with GPX8 also 

showing membrane localization, suggesting 

involvement in ER stress response and protein 

folding (Kanemura et al., 2020; Buday and 

Conrad, 2021). The diversity in subcellular 

targeting underscores the functional 

specialization of GPX isoforms, likely shaped 

by cellular demands and evolutionary 

pressures unique to avian species. 

 

In conclusion, the integrative genomic, 

phylogenetic, and functional analyses of GPX 

genes across galliform birds underscore a 

dynamic interplay between evolutionary 

conservation and functional innovation. While 

core redox functions remain tightly preserved, 

isoform variation, positive selection, and 

subcellular localization patterns highlight 

adaptive refinements that may enhance 

organismal resilience to oxidative stress in 

species-specific ecological contexts. These 

findings establish a foundation for future 

functional studies and comparative genomics 

in avian antioxidant defense systems. 

 

CONCLUSION 

 
This study presents an integrated genomic and 

evolutionary analysis of the glutathione 

peroxidase (GPX) gene family across three 

economically and biologically significant 

galliform species. The findings reveal a high 

degree of evolutionary conservation in gene 

structure, motif composition, and 

chromosomal localization, particularly among 

core isoforms implicated in both intracellular 

and extracellular antioxidant defense. Notably, 

the consistent localization of GPX8 on the Z 

chromosome across species suggests a 

conserved role in sex-linked regulatory 

mechanisms. While overall patterns reflect 

purifying selection and phylogenetic 

clustering, variation in isoform structure and 

genomic positioning—especially in GPX4 and 

GPX8—indicates functional diversification 

potentially shaped by tissue-specific 

requirements and ecological adaptation. 

Moreover, signals of positive selection in 

specific gene pairs suggest ongoing functional 

innovation, possibly influenced by 

domestication pressures or environmental 

stressors. Collectively, these results provide 

valuable insights into the evolution of avian 

antioxidant systems and establish a foundation 

for future functional studies of GPX isoforms 

in oxidative stress responses, with implications 

for avian health, breeding, and resilience to 

environmental change. 

 

Authors, contribution 

The authors contributed equally to the present 

investigation. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

REFERENCES  

Abbasi, N.A.; Arukwe, A.; Jaspers, V.L.B.; 

Eulaers, I.; Mennilo, E.; Ibor, O.R.; 

Frantz, A.; Covaci, A. and Malik, R.N. 

(2017): Oxidative stress responses in 

relationship to persistent organic 

pollutant levels in feathers and blood of 

two predatory bird species from 

Pakistan. Sci. Total Environ., 580, 26-33. 

Abdel-Hafez Elnoomany, H.; Enab, A.A.; 

Soltan, M.E. and Abdou, F.H. (2023): 

Genetic Studies on Some Egg 

Production Traits in Chickens. Menoufia 

Journal of Animal Poultry and Fish 

Production, 7, 47-48. 

Akinyemi, F. and Adewole, D. (2021): 

Environmental Stress in Chickens and 

the Potential Effectiveness of Dietary 

Vitamin Supplementation. Frontiers in 

Animal Science, 2. 

Backström, N.; Brandström, M.; Gustafsson, 

L.; Qvarnström, A.; Cheng, H. and 

Ellegren, H. (2006): Genetic mapping in 

a natural population of collared 

flycatchers (Ficedula albicollis): 

conserved synteny but gene order 

rearrangements on the avian Z 

chromosome. Genetics, 174, 377-86. 

Bae, Y.A.; Cai, G.B.; Kim, S.H.; Zo, Y.G. and 

Kong, Y. (2009): Modular evolution of 

glutathione peroxidase genes in 

association with different biochemical 



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

174 

properties of their encoded proteins in 

invertebrate animals. BMC Evol. Biol., 9, 

72. 

Bailey, T.L., Boden, M., Buske, F.A., Frith, M., 

Grant, C.E., Clementi, L., Ren, J., Li, 

W.W. and Noble, W.S. (2009): MEME 

SUITE: tools for motif discovery and 

searching. Nucleic Acids Res., 37, 

W202-8. 

Barros, C.P.; Derks, M.F.L.; Mohr, J.; Wood, 

B.J.; Crooijmans, R.; Megens, H.J.; 

Bink, M. and Groenen, M.A.M. (2022):A 

new haplotype-resolved turkey genome 

to enable turkey genetics and genomics 

research. Gigascience, 12. 

Betts, M.J.; Guigó, R.; Agarwal, P. and 

Russell, R.B. (2001): Exon structure 

conservation despite low sequence 

similarity: a relic of dramatic events in 

evolution? EMBO J., 20, 5354-60. 

Borodin, А.; Alekseev, Y.I.; Gerasimov, K.E., 

Konovalova, N.V.; Тerentjeva, E.V., 

Efimov, D.N.; Emanuilova, Z.V., 

Tuchemskiy, L.I.; Komarov, A.A. and 

Fisinin, V.I. (2020): Chickens 

productivity selection affects immune 

system genes. Vavilovskii Zhurnal Genet 

Selektsii, 24, 755-760. 

Boulesteix, M., Weiss, M. and Biémont, C. 

(2005): Differences in Genome Size 

Between Closely Related Species: The 

Drosophila melanogaster Species 

Subgroup. Mol. Biol. Evol., 23, 162-167. 

Brigelius-Flohé, R. and Flohé, L. (2020). 

Regulatory Phenomena in the 

Glutathione Peroxidase Superfamily. 

Antioxid. Redox Signal., 33, 498-516. 

Brigelius-Flohé, R. and Maiorino, M. (2013). 

Glutathione peroxidases. Biochim. 

Biophys. Acta, 1830, 3289-303. 

Buday, K. and Conrad, M. (2021): Emerging 

roles for non-selenium containing ER-

resident glutathione peroxidases in cell 

signaling and disease. Biol. Chem., 402, 

271-287. 

Castiglione, G.M.; Xu, Z.; Zhou, L. and Duh, 

E.J. (2020). Adaptation of the master 

antioxidant response connects 

metabolism, lifespan and feather 

development pathways in birds. Nature 

Communications, 11, 2476. 

Chen, C.; Chen, H.; Zhang, Y.; Thomas, H. R.; 

Frank, M.H.; He, Y. and Xia, R. (2020). 

TBtools: An Integrative Toolkit 

Developed for Interactive Analyses of 

Big Biological Data. Mol Plant, 13, 

1194-1202. 

Claeys, J.; Romanov, M.N. and Griffin, D. K. 

(2023): Integrative comparative analysis 

of avian chromosome evolution by in-

silico mapping of the gene ontology of 

homologous synteny blocks and 

evolutionary breakpoint regions. 

Genetica, 151, 167-178. 

Cossette, M.-L.; Stewart, D.T. and Shafer, 

A.B.A. (2024): Comparative Genomics 

of the World's Smallest Mammals 

Reveals Links to Echolocation, 

Metabolism, and Body Size Plasticity. 

Genome Biology and Evolution, 16. 

Costantini, D. and Verhulst, S. (2009): Does 

high antioxidant capacity indicate low 

oxidative stress? Funct. Ecol., 23, 506-

509. 

Cueto-Ureña, C.; Ramírez-Expósito, M.J.; 

Mayas, M.D.; Carrera-González, M.P.; 

Godoy-Hurtado, A. and Martínez-

Martos, J.M. (2023): Glutathione 

Peroxidase gpx1 to gpx8 Genes 

Expression in Experimental Brain 

Tumors Reveals Gender-Dependent 

Patterns. 14, 1674. 

Dai, M.; Xu, Y.; Gong, G. and Zhang, Y. 

(2023): Roles of immune 

microenvironment in the female 

reproductive maintenance and 

regulation: novel insights into the 

crosstalk of immune cells. Front 

Immunol, 14, 1109122. 

Dai, S.F.; Zhu, X.G.; Hutang, G.R.; Li, J.Y.; 

Tian, J.Q.; Jiang, X.H.; Zhang, D. and 

Gao, L.Z. (2022): Genome Size 

Variation and Evolution Driven by 

Transposable Elements in the Genus 

Oryza. Front Plant Sci, 13, 921937. 

Degalez, F.; Bardou, P. and Lagarrigue, S. 

(2024): GEGA (Gallus Enriched Gene 

Annotation): an online tool providing 

genomics and functional information 



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

175 

across 47 tissues for a chicken gene-

enriched atlas gathering Ensembl and 

Refseq genome annotations. NAR 

Genom Bioinform, 6, lqae101. 

Eleiwa, A.; Nadal, J.; Vilaprinyo, E., Marin-

Sanguino, A.; Sorribas, A., Basallo, O.; 

Lucido, A.; Richart, C.; Pena, R.N.; Ros-

Freixedes, R.; Usie, A. and Alves, R. 

(2024): Hybrid assembly and 

comparative genomics unveil insights 

into the evolution and biology of the red-

legged partridge. Scientific Reports, 14, 

19531. 

Farré, X.; Molina, R.; Barteri, F.; Timmers, 

P.; Joshi, P.K.; Oliva, B.; Acosta, S.; 

Esteve-Altava, B.; Navarro, A. and 

Muntané, G. (2021): Comparative 

Analysis of Mammal Genomes Unveils 

Key Genomic Variability for Human 

Life Span. Mol. Biol. Evol., 38, 4948-

4961. 

Flohé, L.; Toppo, S. and Orian, L. (2022): The 

glutathione peroxidase family: 

Discoveries and mechanism. Free Radic 

Biol Med, 187, 113-122. 

Griffin, D.K.; Robertson, L.B.; Tempest, H.G.; 

Vignal, A.; Fillon, V.; Crooijmans, 

R.P.M.A.; Groenen, M.A.M.; 

Deryusheva, S.; Gaginskaya, E.; Carré, 

W.; Waddington, D.; Talbot, R.; Völker, 

M.; Masabanda, J.S. and Burt, D. W. 

(2008): Whole genome comparative 

studies between chicken and turkey and 

their implications for avian genome 

evolution. BMC Genomics, 9, 168. 

Hajibarat, Z.; Saidi, A.; Zeinalabedini, 

M.;Mardi, M. and Ghaffari, M.R. 

(2024): Determining the Relationships 

Between Genotype and Phenotype Using 

Molecular Genetic Tools in Chickens. 

Jentashapir Journal of Cellular 

Molecular Biology, 15. 

Hanada, K.; Shiu, S.-H. and Li, W.-H. (2007): 

The Nonsynonymous/Synonymous 

Substitution Rate Ratio versus the 

Radical/Conservative Replacement Rate 

Ratio in the Evolution of Mammalian 

Genes. Mol. Biol. Evol., 24, 2235-2241. 

Haqani, M.I. Nakano, M.; Nagano, A.J.; 

Nakamura, Y. and Tsudzuki, M. (2023): 

Association analysis of production traits 

of Japanese quail (Coturnix japonica) 

using restriction-site associated DNA 

sequencing. Sci Rep, 13, 21307. 

Horton, P.; Park, K.J.; Obayashi, T., Fujita, 

N.; Harada, H.; Adams-Collier, C.J. and 

Nakai, K. (2007): WoLF PSORT: 

protein localization predictor. Nucleic 

Acids Res., 35, W585-7. 

Hou, Y.; Qi, F.;Bai, X.; Ren, T.; Shen, X.; Chu, 

Q.; Zhang, X. and Lu, X. (2020). 

Genome-wide analysis reveals 

molecular convergence underlying 

domestication in 7 bird and mammals. 

BMC Genomics, 21, 204. 

Huang, Z.; De, O.F.I.; Liu, J.; Peona, V.; 

Gomes, A.J.B.; Cen, W.; Huang, H.; 

Zhang, Y.; Chen, D.; Xue, T.; Zhang, Q.; 

Yue, Z.; Wang, Q.; Yu, L.; Chen, Y.; Suh, 

A.; De Oliveira, E.H.C. and Xu, L. 

(2022): Recurrent chromosome 

reshuffling and the evolution of neo-sex 

chromosomes in parrots. Nat Commun, 

13, 944. 

Imai, H.; Hakkaku, N.; Iwamoto, R.; Suzuki, J.; 

Suzuki, T.; Tajima, Y.; Konishi, K., 

Minami, S.; Ichinose, S., Ishizaka, K., 

Shioda, S.; Arata, S.; Nishimura, M.; 

Naito, S. and Nakagawa, Y. (2009): 

Depletion of selenoprotein GPx4 in 

spermatocytes causes male infertility in 

mice. J. Biol. Chem., 284, 32522-32. 

Jaiswal, S.K.; Gupta, A.; Shafer, A.B.A., P. K, 

V.P., Vijay, N. and Sharma, V.K. 

(2021). Genomic Insights Into the 

Molecular Basis of Sexual Selection in 

Birds. Frontiers in Ecology and 

Evolution, 9. 

Kanemura, S.; Sofia, E.F.; Hirai, N.; 

Okumura, M.; Kadokura, H. and Inaba, 

K. (2020): Characterization of the 

endoplasmic reticulum-resident 

peroxidases GPx7 and GPx8 shows the 

higher oxidative activity of GPx7 and its 

linkage to oxidative protein folding. J. 

Biol. Chem., 295, 12772-12785. 

Kayang, B.B.; Fillon, V.; Inoue-Murayama, 

M.; Miwa, M.; Leroux, S.; Fève, K.; 

Monvoisin, J.L.; Pitel, F.; Vignoles, M.; 

Mouilhayrat, C.; Beaumont, C.; Ito, S.; 



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

176 

Minvielle, F. and Vignal, A. (2006): 

Integrated maps in quail (Coturnix 

japonica) confirm the high degree of 

synteny conservation with chicken 

(Gallus gallus) despite 35 million years 

of divergence. BMC Genomics, 7, 101. 

Kliesmete, Z.; Wange, L.E.; Vieth, B.; Esgleas, 

M.; Radmer, J.; Hülsmann, M.; Geuder, 

J.; Richter, D.; Ohnuki, M.; Götz, M.; 

Hellmann, I. and Enard, W. (2023): 

Regulatory and coding sequences of 

TRNP1 co-evolve with brain size and 

cortical folding in mammals. eLife, 12, 

e83593. 

Kondrashov, F.A. (2012): Gene duplication as 

a mechanism of genomic adaptation to a 

changing environment. Proceedings of 

the Royal Society B: Biological Sciences, 

279, 5048-5057. 

Leroy, T.; Anselmetti, Y.; Tilak, M.-K.; Bérard, 

S.; Csukonyi, L.; Gabrielli, M.; 

Scornavacca, C.; Milá, B.; Thébaud, C. 

and Nabholz, B.J.P.C.J. (2021): A bird’s 

white-eye view on avian sex 

chromosome evolution. Peer 

Community Journal, 1. 

Li, J.; Cao, F.; Yin, H.-L.; Huang, Z.-J.; Lin, 

Z.-T.; Mao, N.; Sun, B. and Wang, G. 

(2020): Ferroptosis: past, present and 

future. Cell Death and Disease, 11, 88. 

Lin, X. and Chen, H. (2024): Genetic 

Strategies in Poultry to Combat 

Environmental Stress: An Analysis 

Based on GWAS. Animal Molecular 

Breeding, 14. 

Lubos, E.; Loscalzo, J. and Handy, D.E. 

(2011): Glutathione peroxidase-1 in 

health and disease: from molecular 

mechanisms to therapeutic 

opportunities. Antioxid. Redox Signal., 

15, 1957-97. 

Ma, T.; Du, J.; Zhang, Y.; Wang, Y.; Wang, B. 

and Zhang, T. (2022): GPX4-

independent ferroptosis—a new strategy 

in disease’s therapy. Cell Death 

Discovery, 8, 434. 

Maiorino, M.; Conrad, M. and Ursini, F. 

(2018): GPx4, Lipid Peroxidation, and 

Cell Death: Discoveries, Rediscoveries, 

and Open Issues. Antioxid. Redox 

Signal., 29, 61-74. 

Margis, R.; Dunand, C.; Teixeira, F.K. and 

Margis-Pinheiro, M. (2008): 

Glutathione peroxidase family - an 

evolutionary overview. FEBS J., 275, 

3959-70. 

McWilliams, S.; Carter, W.; Cooper-Mullin, 

C.; DeMoranville, K.; Frawley, A. 

Pierce, B. and Skrip, M. (2021): How 

Birds During Migration Maintain 

(Oxidative) Balance. Frontiers in 

Ecology and Evolution, 9. 

Morris, K.M.; Hindle, M.M.; Boitard, S.; Burt, 

D.W.; Danner, A.F.; Eory, L.; Forrest, 

H. L.; Gourichon, D.; Gros, J.; Hillier, 

L.W.; Jaffredo, T.; Khoury, H.; 

Lansford, R.; Leterrier, C.; Loudon, A.; 

Mason, A.S.; Meddle, S.L.; Minvielle, F.; 

Minx, P.; Pitel, F.; Seiler, J.P.; 

Shimmura, T.; Tomlinson, C.; Vignal, 

A.; Webster, R.G.; Yoshimura, T.; 

Warren, W.C. and Smith, J. (2020): The 

quail genome: insights into social 

behaviour, seasonal biology and 

infectious disease response. BMC Biol., 

18, 14. 

Movassat, M., Forouzmand, E., Reese, F. and 

Hertel, K. J. (2019). Exon size and 

sequence conservation improves 

identification of splice-altering 

nucleotides. RNA, 25, 1793-1805. 

Nawaz, A.H.; Setthaya, P. and Feng, C. 

(2024): Exploring Evolutionary 

Adaptations and Genomic 

Advancements to Improve Heat 

Tolerance in Chickens. Animals, 14, 

2215. 

Nie, W.; O'Brien, P.C.; Ng, B.L.; Fu, B.; 

Volobouev, V.; Carter, N.P.; Ferguson-

Smith, M.A. and Yang, F. (2009): Avian 

comparative genomics: reciprocal 

chromosome painting between domestic 

chicken (Gallus gallus) and the stone 

curlew (Burhinus oedicnemus, 

Charadriiformes)--an atypical species 

with low diploid number. Chromosome 

Res, 17, 99-113. 

O'Connor, R.E.; Kretschmer, R.; Romanov, 

M.N. and Griffin, D.K. (2024): A Bird's-



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

177 

Eye View of Chromosomic Evolution in 

the Class Aves. Cells, 13. 

Oke, O.E.; Akosile, O.A.; Oni, A.I.; Opowoye, 

I.O.,;Ishola, C.A.; Adebiyi, J.O., 

Odeyemi, A.J.; Adjei-Mensah, B.; 

Uyanga, V.A. and Abioja, M.O. (2024). 

Oxidative stress in poultry production. 

Poult Sci, 103, 104003. 

Oleforuh-Okoleh, V.U.; Sikiru, A.B.; Kakulu, 

II; Fakae, B.B.; Obianwuna, U.E.; 

Shoyombo, A. J., Adeolu, A. I., Ollor, O. 

A. and Emeka, O. C. (2023). Improving 

hydrocarbon toxicity tolerance in 

poultry: role of genes and antioxidants. 

Front Genet, 14, 1060138. 

Paxton, H.; Anthony, N.B.; Corr, S.A. and 

Hutchinson, J.R. (2010): The effects of 

selective breeding on the architectural 

properties of the pelvic limb in broiler 

chickens: a comparative study across 

modern and ancestral populations. J. 

Anat., 217, 153-66. 

Pei, J.; Pan, X.; Wei, G. and Hua, Y. (2023): 

Research progress of glutathione 

peroxidase family (GPX) in 

redoxidation. Front Pharmacol, 14, 

1147414. 

Pizzino, G.; Irrera, N.; Cucinotta, M.; Pallio, 

G.; Mannino, F.; Arcoraci, V.; 

Squadrito, F.; Altavilla, D. and Bitto, A. 

(2017): Oxidative Stress: Harms and 

Benefits for Human Health. Oxid Med 

Cell Longev, 2017, 8416763. 

Pozo, F.; Martinez-Gomez, L.; Walsh, T.A.; 

Rodriguez, J.M.; Di Domenico, T.; 

Abascal, F.; Vazquez, J. and Tress, M.L. 

(2021): Assessing the functional 

relevance of splice isoforms. NAR 

Genomics and Bioinformatics, 3. 

Prabhakar, R., Vreven, T., Morokuma, K. and 

Musaev, D. G. (2005). Elucidation of the 

mechanism of selenoprotein glutathione 

peroxidase (GPx)-catalyzed hydrogen 

peroxide reduction by two glutathione 

molecules: a density functional study. 

Biochemistry, 44, 11864-71. 

Rose, A.B. (2018): Introns as Gene Regulators: 

A Brick on the Accelerator. Front Genet, 

9, 672. 

Saino, N.;Caprioli, M.; Romano, M.: 

Boncoraglio, G.; Rubolini, D.: 

Ambrosini, R.; Bonisoli-Alquati, A. and 

Romano, A. (2011): Antioxidant 

Defenses Predict Long-Term Survival in 

a Passerine Bird. PLOS ONE, 6, e19593. 

Sazanov, A.A.; Sazanova, A.L.; Stekolnikova, 

V., Trukhina, A.; Kozyreva, A.A.; 

Smirnov, A.F.; Romanov, M.N.; 

Handley, L.-J.; Malewski, T. and 

Dodgson, J.B. (2006): Chromosomal 

localization of the UBAP2Z and 

UBAP2W genes in chicken. Anim. 

Genet., 37. 

Schmidt, C.J.; Kim, D.K.; Pendarvis, G.K.; 

Abasht, B. and McCarthy, F.M. (2023): 

Proteomic insight into human directed 

selection of the domesticated chicken 

Gallus gallus. PLoS One, 18, e0289648. 

Shultz, A.J. and Sackton, T.B. (2019): Immune 

genes are hotspots of shared positive 

selection across birds and mammals. 

Elife, 8. 

Skinner, B.M. and Griffin, D.K. (2012): 

Intrachromosomal rearrangements in 

avian genome evolution: evidence for 

regions prone to breakpoints. Heredity, 

108, 37-41. 

Skinner, B.M.; Robertson, L.B. Tempest, H.G.; 

Langley, E.J.; Ioannou, D.; Fowler, 

K.E.; Crooijmans, R.P.; Hall, A.D.; 

Griffin, D.K. and Völker, M. (2009): 

Comparative genomics in chicken and 

Pekin duck using FISH mapping and 

microarray analysis. BMC Genomics, 10, 

357. 

Song, W.; Xin, S.; He, M.; Pfeiffer, S.; Cao, A.; 

Li, H.; Schick, J.A. and Jin, X. (2021): 

Evolutionary and functional analyses 

demonstrate conserved ferroptosis 

protection by Arabidopsis GPXs in 

mammalian cells. FASEB J., 35, e21550. 

Sulakhe, D.; D'Souza, M.; Wang, S.; 

Balasubramanian, S.; Athri, P.; Xie, B.; 

Canzar, S.; Agam, G.; Gilliam, T.C. and 

Maltsev, N. (2019): Exploring the 

functional impact of alternative splicing 

on human protein isoforms using 

available annotation sources. Brief 

Bioinform, 20, 1754-1768. 



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

178 

Surai, P.F.; Kochish, II.; Fisinin, V.I. and 

Kidd, M.T. (2019): Antioxidant Defence 

Systems and Oxidative Stress in Poultry 

Biology: An Update. Antioxidants 

(Basel), 8. 

Tian, R.; Geng, Y.; Yang, Y.; Seim, I. and Yang, 

G. (2021): Oxidative stress drives 

divergent evolution of the glutathione 

peroxidase (GPX) gene family in 

mammals. Integr Zool, 16, 696-711. 

Tizard, M.L.; Jenkins, K.A.; Cooper, C.A.; 

Woodcock, M.E.; Challagulla, A. and 

Doran, T.J. (2019): Potential benefits of 

gene editing for the future of poultry 

farming. Transgenic Res., 28, 87-92. 

Trenz, T.S.; Delaix, C.L.; Turchetto-Zolet, 

A.C.; Zamocky, M.; Lazzarotto, F. and 

Margis-Pinheiro, M. (2021): Going 

Forward and Back: The Complex 

Evolutionary History of the GPx. 

Biology (Basel), 10. 

Ufer, C. and Wang, C.C. (2011): The Roles of 

Glutathione Peroxidases during Embryo 

Development. Front Mol Neurosci, 4, 

12. 

Varesi, A.; Chirumbolo, S.; Campagnoli, L.I. 

M.; Pierella, E.; Piccini, G.B.; Carrara, 

A.; Ricevuti, G.; Scassellati, C.; 

Bonvicini, C. and Pascale, A. (2022): 

The Role of Antioxidants in the Interplay 

between Oxidative Stress and 

Senescence. Antioxidants, 11, 1224. 

Voelker, R.B. and Berglund, J.A. (2007): A 

comprehensive computational 

characterization of conserved 

mammalian intronic sequences reveals 

conserved motifs associated with 

constitutive and alternative splicing. 

Genome Res., 17, 1023-33. 

Vogt, G. (2022): Environmental Adaptation of 

Genetically Uniform Organisms with the 

Help of Epigenetic Mechanisms-An 

Insightful Perspective on 

Ecoepigenetics. Epigenomes, 7. 

Wang, B.; Ekblom, R.; Strand, T.M.; Portela-

Bens, S. and Höglund, J. (2012): 

Sequencing of the core MHC region of 

black grouse (Tetrao tetrix) and 

comparative genomics of the galliform 

MHC. BMC Genomics, 13, 553. 

Wu, Y.; Zhang, Y.; Hou, Z.; Fan, G.; Pi, J.; 

Sun, S.; Chen, J.; Liu, H.; Du, X.;Shen, 

J.; Hu, G.; Chen, W.; Pan, A.; Yin, P.; 

Chen, X.; Pu, Y.; Zhang, H.; Liang, Z., 

Jian, J.; Zhang, H.; Wu, B.; Sun, J.; 

Chen, J.; Tao, H.; Yang, T.; Xiao, H.; 

Yang, H., Zheng, C.; Bai, M.; Fang, X.; 

Burt, D.W.; Wang, W.; Li, Q.; Xu, X.; Li, 

C.; Yang, H.; Wang, J.; Yang, N.; Liu, X. 

and Du, J. (2018): Population genomic 

data reveal genes related to important 

traits of quail. GigaScience, 7. 

Xu, L. and Zhou, Q. (2020): The Female-

Specific W Chromosomes of Birds Have 

Conserved Gene Contents but Are Not 

Feminized. Genes, 11, 1126. 

Yang, X.; Coulombe-Huntington, J.; Kang, S.; 

Sheynkman, G.M.; Hao, T.; Richardson, 

A.; Sun, S.; Yang, F.; Shen, Y.A.; 

Murray, R.R.; Spirohn, K., Begg, B.E.; 

Duran-Frigola, M.; MacWilliams, A.; 

Pevzner, S.J.; Zhong, Q.; Wanamaker, 

S.A.; Tam, S., Ghamsari, L.; Sahni, N.; 

Yi, S.; Rodriguez, M.D.; Balcha, D.; Tan, 

G.; Costanzo, M.; Andrews, B.; Boone, 

C.; Zhou, X.J.; Salehi-Ashtiani, K.; 

Charloteaux, B.; Chen, A.A.; 

Calderwood, M.A.; Aloy, P.; Roth, F.P.; 

Hill, D.E.; Iakoucheva, L.M.; Xia, Y. and 

Vidal, M. (2016): Widespread 

Expansion of Protein Interaction 

Capabilities by Alternative Splicing. 

Cell, 164, 805-17. 

Yap, K. and Makeyev, Eugene V. (2016); 

Functional impact of splice isoform 

diversity in individual cells. Biochem. 

Soc. Trans., 44, 1079-1085. 

Yoboue, E.D.; Sitia, R. and Simmen, T. (2018): 

Redox crosstalk at endoplasmic 

reticulum (ER) membrane contact sites 

(MCS) uses toxic waste to deliver 

messages. Cell Death Dis, 9, 331. 

Yuan, W.; Sun, Z.; Ji, G. and Hu, H. (2023): 

Emerging roles of ferroptosis in male 

reproductive diseases. Cell Death 

Discovery, 9, 358. 

Zhang, N.; Liao, H.; Lin, Z. and Tang, Q. 

(2024): Insights into the Role of 

Glutathione Peroxidase 3 in Non-



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

179 

Neoplastic Diseases. Biomolecules, 14, 

689. 

Zhong, X.; Lundberg, M. and Råberg, L. 

(2021): Divergence in Coding Sequence 

and Expression of Different Functional 

Categories of Immune Genes between 

Two Wild Rodent Species. Genome 

Biology and Evolution, 13.

 

 

  



 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 161-180 

 

180 

 (GPX) الحفظ التطوري والإختلاف الوظيفي لجينات بيروكسيداز الجلوتاثيون

 ،   (Meleagris gallopavo) ، الديك الرومي  (Gallus gallus) في الدجاج 

   (Coturnix japonica)  والسّمان الياباني

 

 الحسينى بصيله ، أحمد شهاب ، أحمد أبو الوفا ، محمد البحيرى ، وليد محمد ، أحمد هاشم 
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دورًا حيويا في الحفاظ على التوازن التأكسدي داخل الخلية والحماية   (GPX) تلعب عائلة جينات جلوتاثيون بيروكسيديز

في ثلًثة أنواع من الطيور والتى تتبع  GPX من الإجهاد التأكسدي. في هذه الدراسة، أجرينا تحليلًً مقارنًا شاملًً لجينات

الدجاجيات طيور  الدجاج   (Galliformes) رتبة  الرومي (Gallus gallus) ومنها  والديك   ،  (Meleagris 

gallopavo)الياباني والسمان   ،(Coturnix japonica) علي واماكنها  الجينومية،  للخريطة  تحليلًت  إجراء  تم   .

والتماثل  الفرعي،  الخلوي  والتوطين  للبروتينات،  المحفوظة  الانماط   وتسلسل  التطورية،  والعلًقات  الكروموسومات، 

عائلة جلوتاثيون  الجيني، والتاثيرالانتقائى وذلك من اجل البحث والتحقيق في العلًقة التطورية المحفوظة  والتباين الوظيفي ل

.أظهرت النتائج وجود تشابه تطوري ملحوظ في بنية الجينات ومواقعها الكروموسومية، وبالأخص  (GPX) بيروكسيديز

ع علًوة على ذلك، كشفت الدراسة عن توسعات جينية خاصة بالأنواGPX7 .، وGPX3، وGPX2، وGPX1 الجينات 

 Ka/Ks وقد أوضحت التحليلًت التطورية وتحليلًت نسبة   GPX8و GPX4 وأحداث طرز بديلة في جينات أخرى مثل

تخضع للتأثيرالانتقائى، مع وجود حالات ملحوظة من الانتقاء الإيجابي تشير إلى تباين وظيفي  GPX أن غالبية جينات

في الحماية من  GPX تكيفي. دعمت أنماط البروتينات المحفوظة والتموضع الخلوي الفرعي الأدوار الأساسية لبروتينات

الأكسدة مع تسليط الضوء على وظائفها الخاصة بالعضيات الخلوية ووظائفها خارج الخلوية. بشكل عام، تعزز هذه الدراسة 

لعائلة جينات التطوري والوظيفي  للمشهد  المستقبلية في GPX فهمنا  للبحوث  الدجاجيات وتوفر أساسًا  مجال تكيف    في 

 .الطيور مع الإجهاد التأكسدي وإشارات التوازن التأكسدي
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