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ABSTRACT 

 Specific genes tightly control the laying hen’s oviduct's egg development process, and each 

section of the oviduct adds a distinct element to the final product. The aim of the study was to study 

the oval, and ocx32 genes in both laying and non-laying hens. A total of 38 adult hens were split into 

two groups; laying and non-laying hens were involved in this study. From the magnum, isthmus and 

uterus tissues RNA was isolated and transcripted to cDNA for gene expression study. In comparison 

to other places, the data indicated that oval was significantly increased in laying hens at the Magnum 

region as opposed to non-laying chickens. Compared to non-laying hens, laying hens' uterine and 

isthmus regions showed significantly higher levels of ocx32. Gene ontology study revealed that oval 

gene plays a key role in matrix protein regulation while ocx32 play a key role in eggshell quality via 

calcium and lipid metabolism. Moreover, gene analysis showed negative regulation of endopeptidase 

activity, regulation of proteolysis, and regulates the mineralization process and contributes to the 

structural integrity and antimicrobial properties of the eggshell. In conclusion, a common method for 

understanding high throughput molecular data and generating hypotheses about the biological 

mechanisms underlying investigations is Gene Ontology enrichment analysis. by providing a shared 

vocabulary for describing how genes function.
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INTRODUCTION 

The egg formation process in the laying 

hen's oviduct is strictly regulated, and each 

oviduct segment contributes a distinct 

component to the final product. A healthy egg 

is produced by a combination of genes and 

proteins. This suggests that the different 

oviductal segments exhibit variable gene and 

protein expression with time and tissue [1]. 

The oviduct is a long, tubular structure 

containing five functionally and 

histomorphologically distinct segments: the 

infundibulum, where fertilization takes place; 
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the magnum, which produces components of 

the egg white; the isthmus, which forms the 

membranes of the egg shell; the shell gland or 

uterus, which forms the calcified eggshell; and 

the vagina, where oviposition or egg laying 

takes place [2,3]. A variety of genes are 

expressed in different locations and times in 

the uterus for eggshell biomineralization, the 

isthmus for shell membrane synthesis, and the 

magnum for albumen synthesis and deposition 

around the yolk [4]. This research will focus on 

the genes oval and ocx32, which are essential 

for albumin synthesis and eggshell 

mineralization respectively. Ovalbumin is one 

of the key proteins in egg whites. With 386 

residues in its whole amino acid sequence, it is 

a monomeric phosphor glycoprotein [5]. 

Despite lacking any inhibitory qualities, it is a 

member of the serpin superfamily due to its 

structural similarity to serine protease 

inhibitors (Ser PIns). Poultry's ovalbumin gene 

is approximately 7.6 kb long, with 7 exons and 

6 introns. It codes for 1859 mRNA nucleotides 

[6]. OVAL mRNA expression peaks in the 

magnum of laying chickens 4–23 hours after 

ovulation. The process that releases the stored 

proteins is the mechanical distention of the 

magnum wall brought on by the egg's entrance 

[7]. One of these substances, relaxin (RLN3), 

triggers the release of proteins from the 

epithelial cells. In laying hens, the RLN3 is 

expressed in the magnum, a part of the oviduct 

that aids in albumen secretion and synthesis. 

According to research, RLN3 expression in the 

magnum is increased throughout egg 

development and contributes to regulating how 

long an egg remains in the magnum for 

efficient protein deposition. Furthermore, 

RLN3 contributes to the egg's oviduct transit 

[8]. The magnum of laying chickens expresses 

more RNL3 mRNA when there is an egg 

present [9]. This pathway involves the oval 

gene signaling system and protein secretion.  

During eggshell calcification, calcite 

crystals are known to be structured by matrix 

proteins like osteopontin, ovocleidins, and 

ovocalyxins [10]. Ovocalyxins are three major 

proteins that play a role in the mineralization 

of eggshells (OCX)[11]. In the calcification 

termination phase, the OCX-32 controls the 

structure of the calcite crystals and has a 

somewhat anti-mineralization function. While 

OCX-36 protects the egg from microbial 

invasion, it has not been demonstrated that it 

directly contributes to eggshell calcification 

[12]. The quality of eggshell formation is 

ensured by the favorable environment 

provided by OCX-21, another ovocalyxin [10]. 

Because it affects the composition of the shell 

and other characteristics of egg quality, the 

OCX-32 gene has become a prominent target. 

The OCX-32 gene, which is mostly expressed 

in the eggshell gland, gives this structure its 

shape and integrity [13]. Ovocalyxin-32 is a 

protein that is present in the cuticle and outer 

calcified layers of laying hens' eggshells [6]. 

This protein, which is 32 kDa in size, is 

involved in the structure and defense 

mechanisms of the eggshell. In the uterine 

portion of the oviduct, OCX-32 is produced, 

and as the eggshell forms, its expression 

increases [5]. During the active calcification 

phase of eggshell production, the protein is 

produced in the isthmus and the distal oviduct, 

more precisely in the uterus [14]. OCX32 is 

released into the uterine fluid and is believed 

to be involved in both the overall process of 

eggshell formation and the cessation of 

mineral deposition. Because of its correlation 

with a number of eggshell quality attributes, 

OCX32 is regarded as a candidate gene for 

selection in commercial chicken breeding 

programs [15]. OCX-32, may play a part in the 

mineralization and general structure of the 

shell. It's possible that OCX-32 has a role in 

stopping mineral deposition during eggshell 

production. The expression of the ovalbumin 

gene may provide amino acids to the 

developing embryo or facilitate 

biomineralization, but its primary function is 

in the production of egg whites. In this study, 
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the oval and ocx32 genes in the oviducts of 

laying and non-laying chickens will be 

examined.   

 

MATERIAL AND METHODS 

Ethics Statement 

All research involving animals was 

approved by the University of Mosul's 

Veterinary Medicine College's Animal Care 

and Use Committee (UM.VET.2024.013). The 

Laboratory Animal House and Scientific 

Unit/Veterinary Medicine College/University 

of Mosul's animal ethics guidelines were 

followed at every stage. 

Animals and Housing 

The white laying chickens utilized in this 

study were of the Meso breed from the College 

of Agriculture at the University of Mosul. A 

total of 38 laying chickens were used in the 

study strategy, and they were 24 weeks old 

when they laid their eggs. In this study, every 

chicken was fed the same food and housed in 

the same way until it was killed. To help them 

get used to their new surroundings, the hens 

were kept in ground cages for two weeks while 

their health was regularly checked. After being 

divided into two groups, the laying chickens 

(group A) (n = 28) and the non-laying hens 

(group B) (n = 10), were discovered to have 

dormant ovaries upon hen dissection following 

slaughter.    

Sample Collection   

Samples of healthy laying eggs have 

been obtained from the uterus, the white 

isthmus, and the magnum, three different 

locations inside the oviducts. Tissue samples 

were collected from laying hens for the whole 

egg-producing season. Prior to the extraction 

of RNA, tissue samples were rapidly frozen at 

-85 C. 

 

RNA Isolation and CDNA Synthesis 

Total RNA was isolated from all oviduct 

areas using the Addbio total RNA extraction 

kit (Korea). After extracting the RNA 

according to the manufacturer's 

recommendations, the RNA integrity was 

tested using the thermal scientific Nano drop 

ONE system (ThermoFisher, USA), which 

served as the first step in the PCR procedure. 

The isolated RNA was transcribed to cDNA 

using reverse transcriptase (RT), and the first 

and second strands of cDNA were produced 

using AddScript Rt Master (Addbio, Korea) in 

a thermal cycler involved priming at 25°C for 

10 minutes, reverse transcription at 50°C for 

60 minutes, RT inactivation at 80°C for 5 

minutes, and holding at 12°C. 

RT-PCR analysis 

The RT-PCR stages, which were carried 

out with the Step-One Applied Biosystems tool 

system, USA, included further evaluation of 

the cDNA samples for the oval and ocx32 

genes (Table 1). Each reaction required 25 µl, 

including 12.5 µl of Add SYBER Master 

Addbio, Korea, 5.5 µl of PCR-grade water, 0.5 

µmol of sense and antisense specific primers, 

and 5 µl of cDNA. To denaturize the template 

cDNA, it was pre-incubated at 95°C for three 

minutes. The amplification procedure was 

performed 40 times, with denaturation (15 

seconds at 95 °C), annealing (15 seconds at 60 

°C), and extension (30 seconds at 72 °C). 

Fluorescence was recorded after each cycle at 

72 °C. Every experiment included a negative 

control run where no cDNA template was 

used. Standard curves were generated by 

graphing the Ct values (cycle threshold) 

against the log cDNA dilution using the typical 

techniques for each target and monitoring 

gene. This enabled relative quantitation after 

PCR. To express the values, the relative 

mRNA level of control implants was set to 1. 

After retrieving the data as Ct values, we used 

the 2^-(∆∆Ct) technique to compute the fold 
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change.

RT-PCR ANALYSIS 

Table 1. Gene sequencing of studied genes 

Gene name Forward sequence Reverse sequence 
Gene 

ID 

β-actin* TATGTGCAAGGCCGGTTTC TGTCTTTCTGGCCCATACCAA 396526 

OVAL TTCCTGGGTAGAAAGTCAGACAAAT GACAATGGCATTAACCAGAACCA 396058 

OCX-32 GGACAGCACTGCACTACATCAA GGAATTTCGTGGAGCAAGACAA 395209 

 *  β-actin was used as a house-keeping gene 

Gene analysis 

The clean data's GC content and 

sequence duplication level were assessed after 

removing low-quality raw readings or utilizing 

an adapter and ploy-N. Q30. The Hisat2 

software was used to align these clean reads to 

the reference genome (Gallus gallus 5.0; 

http://asia.ensembl.org/index.html). The 

datasets used for function annotation were GO 

(Gene Ontology; http://geneontology.org), 

COG (Clusters of Orthologous Groups; 

http://www.ncbi.nlm.nih.gov/COG), and Nt 

(NCBI non-redundant nucleotide sequences; 

https://www.ncbi.nlm.nih.gov/). [16]. The 

Wallenius non-central hyper-geometric 

distribution based on the GOseq R packages 

was used to do GO analysis of expressed genes 

(FC > 1.5, FDR < 0.05) [17-19].  

Statistical Analysis 

All data were displayed as mean ± SE 

using IBM's SPSS program, version 26, USA. 

Gene expression was analyzed using a p-value 

of less than 0.05. An independent student t-test 

was used to compare laying and non-laying 

chickens. 

 

RESULTS  

The oval gene's fold change within the 

magnum region (3.7) (1.49) varied more in the 

laying and non-laying hen groups versus the 

white isthmus and uterus (p values 0.0031 and 

0.047, respectively), based to fold change 

analysis (Fig. 1)

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Oval fold change in laying and non-laying hens 
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Interestingly, ocx32 mRNA analysis in 

non-laying hens' oviduct regions revealed no 

variation in terms of gene expression and fold 

change analysis, while transcriptomic analysis 

of the uterus region revealed that ocx32 was 

highly significant (2.94) in laying hens 

compared to non-laying in terms of gene 

expression and fold change analysis with 

comparison to white isthmus and magnum 

regions 1.76, 0.58, respectively (Fig. 2).

 

 

 

 

 

 

 

 

 

 
Fig. 2. OCX32 fold change in laying and non-laying hens 

 

A total of 760828153 clean reads were 

generated from the 16 libraries that were split 

into two groups from the sample that was being 

studied. The Gallus gallus genome was 

uniquely mapped to roughly 355–405 × 106 

reads of laying and non-laying hens (88.21–

92.62%, 78.07-92.72%) all of the entire raw 

data. A reliable quality of RNA sequencing 

data was demonstrated by the libraries' GC 

contents, which varied between 48.38-50.44%, 

48.62-50.15%, and almost 50% of both laying 

and non-laying hens. Furthermore, 91.70% of 

the bases outperformed 93.09% with a quality 

score of > Q30.

 

Table 2. Sequence quality and alignment information of uterus in laying and non-laying hens 
laying hen group  Non-laying hen group 

Sample Total 

reads 

Mapped 

reads  

GC 

content 

Q30  Sample Total 

reads 

Mapped 

reads  

GC 

content 

Q30 

1 43507350 91.01% 48.38% 94.00%  1 53519126 78.07% 50.15% 91.59% 

2 45291354 88.81% 50.28% 93.93%  2 53019942 91.83% 48.64% 92.79% 

3 42874072 90.94% 49.94% 93.17%  3 49974265 91.95% 48.95% 90.86% 

4 43068518 90.30% 49.02% 92.53%  4 51507914 90.63% 48.90% 90.59% 

5 45015057 88.21% 50.44% 91.44%  5 46935009 90.63% 48.94% 90.41% 

6 43163504 91.51% 48.93% 93.36%  6 56402094 92.18% 48.93% 92.67% 

7 51639809 89.59% 50.09% 92.25%  7 43750975 91.89% 48.62% 92.36% 

8 40940558 92.62% 49.81% 94.00%  8 50218606 92.72% 48.69% 92.35% 

GC, guanine-cytosine; Q30, the proportion of bases with a Phred quality score greater than 30. Data are from 4 

replicates with 2 birds each of laying and non-laying hens. 

 

Gene Ontology (GO) Of Studied Genes 

Through functional annotation and 

pathway enrichment analysis of expressed 

genes (EGs) across two groups, the gene 

ontology (GO) of genes enrichment study was 

conducted to collect crucial information for 

functional prediction of EGs. The EGs were 

functionally classified across groups using the 

eight COG (Clusters of Orthologous Groups) 

categories: transport and metabolism of amino 

acids, transport and catabolism of secondary 

metabolites, posttranslational modification, 

protein turnover, cytoskeleton, and inorganic 

ion transport and metabolism. To annotate the 

EGs, three primary functional categories were 

employed: biological process, cellular 

component, and molecular function. The 
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biological process category had the most 

common terms: "cellular process," "single-

organism process," and "biological 

regulation.", and two EGs encoding matrix 

proteins and calcium transport proteins were 

suspected to play a role in eggshell formation, 

table 3 and table 4. 

 

Table 3. Gene oncology (GO) analysis of expressed genes (fold change > 1.5 at a false discovery rate < 0.05) 

in association with matrix protein, calcium transport 
GO Terms GO.ID  Potential function Fold change Annotation 

Biological Process 

cellular protein 

modification 

process 

GO:0006464 Matrix protein 3.7 Ovalbumin, regulate shell structure and 

present in eggshell 

protein 

modification by 

small protein 

conjugation or 

removal 

GO:0070647 Calcium transport  2.94 calcium and lipid metabolism in chicken 

uterine cells 

Cellular Component 

endosome GO:0005768    

extracellular 

matrix 

GO:0031012    

Molecular Function 

serine-type 

endopeptidase 

inhibitor activity 

GO:0042605    

endopeptidase 

inhibitor activity 

GO:0005509    

 

 

Table 4. Gene analysis by AmiGO2  

Gene name Transcript ID 

(Stable ID) 
Molecular 
function 

Biological 
process 

Cellular 
Component 

protein 
class 

Biotype 

 Ovalbumin (Oval) 

SERPINB14 
ENSGALT 

00010027940 
serine-type 

endopeptidase 

inhibitor 

activity 

calcium ion 

binding 

negative 

regulation of 

endopeptidase 

activity 

regulation of 

proteolysis 

extracellular 

space 

cytosol 

early 

endosome 

lumen 

phagolysosome 

protease 

inhibitor 
Protein 

coding 

Ovocalyxin-32 

OCX-32 

ENSGALT 

00010002737 

endopeptidase 

inhibitor 

activity 

regulates the 

mineralization 

process and 

contributes to 

the structural 

integrity and 

antimicrobial 

properties of 

the eggshell 

extracellular 

space 

protease 

inhibitor 

Protein 

coding 

 Oval: Exons: 8, Coding exons: 7, Transcript length: 1,875 bps, Translation length: 386 residues 

OCX32: Exons: 6, Coding exons: 6, Transcript length: 1,676 bps, Translation length: 275 residues 

DISCUSSION 

The ovary's ovulated yolk develops 

into an egg in the poultry oviduct, a very 

dynamic and intricate organ. However, oviduct 

tissues experience neovascularization, 

extracellular matrix remodeling, and massive 

proliferation of luminal and glandular 

epithelial cells during egg production. 

Understanding the oviductal proteins and 
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genes involved in egg production is therefore 

crucial [20]. A mature hen's oviduct receives 

the ovum from the ovary and provides the 

biological conditions required for the egg's 

development and potential fertilization [11]. 

During egg formation, albumin from the 

magnum is deposited around the yolk, and the 

egg is then wrapped by the eggshell 

membranes from the isthmus. As the yolk 

travels through the oviduct, the uterus deposits 

calcium on it, hardening the eggshell. The 

functional roles of the different portions of the 

oviduct have been found to influence the 

expression of several genes related to albumin 

deposition, eggshell membrane formation and 

shell calcification, and the protein secreted by 

the oviduct [21,22]. Certain sections of the 

oviduct, such as the magnum (where albumen 

is added) and the shell gland (where the shell 

is formed), express distinct gene sets.  Within 

a segment, several cell types (e.g., gland cells 

and epithelial cells) will have unique gene 

expression profiles linked to their specific 

functions [23]. While the magnum is primarily 

responsible for creating the proteins contained 

in egg whites, the shell gland (uterus) is 

necessary for the formation of eggshells [24]. 

While genes involved in the synthesis of egg 

white protein are significantly expressed in the 

magnum shortly after ovulation, genes linked 

to the formation of the eggshell are boosted as 

the egg travels through the shell gland. In 

current study, the oval mRNA expression was 

highly upregulated in the magnum region 

followed by isthmus and down regulated in the 

uterus which is mainly controls the albumin 

synthesis. Increased oval synthesis is triggered 

by the ovum's presence in the magnum through 

hormonal signaling and mechanical 

stimulation [25]. The magnum is the main 

location for oval synthesis, but other oviduct 

components, such as the uterus and isthmus, 

also affect its expression, which is connected 

to the development of eggshells [4]. The 

oviduct's magnum region is where oval, a key 

component of egg white, is generated. The 

oviduct wall's mechanical distension and 

signaling molecules like relaxin cause its 

expression to be elevated during ovulation and 

to increase when the egg is in the magnum. 

Oval expression in laying hens is upregulated 

rather than downregulated in non-laying hens 

due to low estrogen concentrations, which 

further explains why oval expression was low 

in non-laying hens. It may also be because the 

cells in the uterus and isthmus lacked estrogen 

receptors, which are crucial to this process. 

Hormonal control, such as estrogen, plays a 

significant role in albumin regulating gene 

expression. In order to control gene 

transcription, estrogen interacts to estrogen 

receptors (ERs), which then attach to DNA. 

There is a correlation between the amount of 

ovalbumin mRNA synthesis and the quantity 

of ER molecules attached to nuclei. This 

opinion is strongly agreed with [25], [26], [27], 

[28] that mention through transcriptional 

control, estrogen significantly affects the 

expression of the ovalbumin gene in the 

chicken oviduct. Ovalbumin mRNA, the 

template used to create the ovalbumin protein 

found in egg whites, is produced and 

concentrated more readily when estrogen is 

present. This regulation is evident when 

ovalbumin mRNA levels decrease with 

estrogen withdrawal and quickly increase with 

readministration, indicating a direct 

correlation between estrogen and gene 

transcription. Furthermore, our results 

indicating ERs play a crucial role in this 

process is supported by [29]. Following their 

attachment to ERs, estrogen causes the ERs to 

bind to DNA and regulate gene transcription. 

There is an association between the number of 

ER molecules affixed to nuclei and the amount 

of ovalbumin mRNA production. 

The OCX-32 gene, is the other gene 

that regulates eggshell proteins. It is crucial for 

the eggshell's quality. The cuticle and outer 

layers of the eggshell include a matrix protein 

that it encodes. Changes in the OCX-32 gene 
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have been connected to traits like eggshell 

thickness, strength, and color, according to 

research [30]. In current study we found that 

ocx32 expression was highly expressed in 

uterus of laying hens rather than non-laying 

hens also was downregulated in other parts of 

oviduct in laying hens. OCX32 contributes 

significantly to the organic matrix of the 

eggshell. During the last stages of eggshell 

formation, it is thought to play a role in the 

mineral deposition and eggshell completion 

processes. It encodes a matrix protein that is 

present in the cuticle and outer layers of the 

eggshell and is mainly expressed in the uterus, 

specifically in the eggshell gland. Given that it 

is secreted into uterine fluid, it may play a part 

in eggshell structure and mineral deposition. 

This opinion is agreement with [31-33] the 

OCX-32 gene has gained attention because to 

its role in shell composition and other aspects 

of egg quality and only the tissue of the uterus 

and isthmus exhibited high levels of ocx32 

expression. Therefore, ocx32 is identified as a 

novel protein generated in the distal oviduct, 

where hen eggshell formation occurs.  

Gene ontology study revealed that the 

structural molecule in the eggshell matrix is 

OCX-32's as main molecular function. Being a 

part of the organic matrix, it helps to maintain 

the shell's structural integrity. Numerous 

biological functions linked to the development 

of eggshells are mediated by OCX-32, 

including. The process of calcification 

contributes to the formation and arrangement 

of calcium carbonate crystals. Shell produced 

in the uterus and released to aid in the 

development of the eggshell. Assembly of the 

Proteinaceous Extracellular Matrix (ECM), 

being a matrix protein, OCX-32 affects how 

the eggshell's extracellular matrix is assembled 

and arranged. As cellular component, OCX-32 

is found in the extracellular space, more 

precisely in the cuticle and eggshell. The shell 

gland, where it is generated, also contains it. 

And according to its important function in 

eggshell quality, OCX-32 is regarded as a top 

candidate gene for poultry selective breeding 

[34,35]. Supporting our results, the molecular 

mechanisms and pathways involved in egg 

production can be discovered by using Gene 

Ontology (GO) analysis of differentially 

expressed genes (DEGs) in laying hens. DEGs 

are genes whose expression levels vary 

significantly between groups (e.g., high vs. 

poor egg-producing hens). Researchers can 

find enhanced biological processes, molecular 

activities, and cellular components linked to 

egg production by employing GO to analyze 

these DEGs. As well as, GO Enrichment 

Analysis offers a regulated, organized 

terminology to explain the roles of genes and 

gene products. GO enrichment analysis 

determines which GO terms, in comparison to 

a background gene set, are over-represented 

(enriched) in a list of DEGs [37], [38]. The 

biological processes, molecular processes, and 

cellular sites that are most pertinent to the 

observed variations in gene expression can 

thus be identified [39]. 

CONCLUSION  

The current research found that both 

oval and ocx32 are expressed gene in different 

parts of hen’s oviduct in both laying and non-

laying hens. Oval gene was highly upregulated 

in magnum region while ocx32 was highly 

upregulated in uterus and white isthmus tissues 

and mainly controlling albumin synthesis and 

biomineralization of eggshell. In 

transcriptomics research, gene ontology is a 

potent tool for examining gene function and 

regulation. GO gives researchers a common 

language to describe gene activities, which 

makes it easier to spot connections and 

patterns that might otherwise be hard to spot. 

GO is a crucial part of contemporary 

transcriptomics research, whether it is utilized 

for enrichment analysis, clustering and 

visualization, or integration with other omics 

data. 
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