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Abstract

Introduction: MicroRNAs (miRNAs) are short non-coding RNA molecules, typically 18-24 nucleotides in
length, that regulate gene expression post-transcriptionally by binding to complementary sequences in target
mRNAs. This interaction can lead to mRNA degradation or translational repression. miRNAs play essential roles
in various biological processes, including cell growth, differentiation, apoptosis, metabolism, and immune
responses. In poultry, miRNAs are particularly important in modulating immune responses to viral infections such
as avian influenza. These molecules can either enhance host defense mechanisms or be exploited by viruses to
facilitate infection. The discovery of miRNAs has revolutionized our understanding of gene regulatory networks
and opened new avenues for research in genomics, bioinformatics, and infectious disease biology. This study
aimed to identify and analyze key miRNAs involved in the immune response of chickens to avian influenza,
focusing on their predicted interactions with two ribosomal genes of RPS28 and RPL31.

Materials and methods: Two ribosomal genes (RPS28 and RPL31) were selected based on prior transcriptomic
analysis using microarray data (GSE96837) from the GEO/NCBI database. The reference genome Gallus gallus
GRCgo6ba (GenBank: GCA 000002315.5) was used for bioinformatic analyses. The tools4miRs platform was
employed to predict miRNA-mRNA interactions, integrating 10 algorithms including TargetSpy, miRanda,
RNAhybrid, TargetScan, DIANA-microT, MicroTar, miRMap, PITA, RNA22, and Guugle. These tools assess
binding potential based on parameters such as free energy, seed sequence complementarity, and evolutionary
conservation. Identified miRNAs were cross-referenced with the miRBase database to confirm their annotation
status.

Results and discussion: Eleven miRNAs (gga-miR-1593, gga-miR-1609, gga-miR-194, gga-miR-214, gga-miR-
3532-3p, gga-miR-6567-3p, gga-miR-6579-5p, gga-miR-6612-5p, gga-miR-6642-3p, gga-miR-7477-5p, and
gga-miR-708-5p) were analyzed for their interactions with RPS28 and RPL31. For RPL31, gga-miR-6642-3p and
gga-miR-3532-3p emerged as the strongest candidates, supported by four independent tools and possessing 15
and 12 binding sites, respectively. For RPS28, gga-miR-6567-3p, gga-miR-6642-3p, gga-miR-7477-5p, and gga-
miR-6579-5p were confirmed by five tools and had 8-10 binding sites, indicating strong regulatory potential.
Comparative analysis revealed that gga-miR-6642-3p had high regulatory potential for both genes, although
binding patterns varied due to gene-specific sequence and structural differences. These findings suggest specificity
and overlap in miRNA function across biological pathways. Experimental validation is essential to confirm these
bioinformatic predictions. Ribosomal gene expression changes have been linked to immune responses and stress
tolerance in poultry. During viral outbreaks such as avian influenza, ribosomal gene expression patterns shift,
influencing inflammatory and immune responses. Understanding these changes can aid in vaccine development
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and disease control strategies. Ribosomal genes are vital for protein synthesis and cellular function, directly
impacting poultry growth, development, and health. Located in nucleolus organizer regions (NORs), these genes
vary in copy number across poultry lines, correlating with phenotypic traits and breeding responses. For example,
white and brown laying hens exhibit different ribosomal gene profiles, affecting protein synthesis capacity and
physiological development. RPL3L has been identified as a key gene associated with muscle growth and body
weight, influencing skeletal muscle proliferation and differentiation. Mutations in this gene may serve as
molecular markers for breeding programs. Ribosomal genes also play roles in immune responses. Their expression
changes during infections such as avian influenza, offering insights into disease mechanisms and potential
therapeutic targets. Microbiota profiling using 16S rRNA sequencing has furthered our understanding of gut
health and its impact on poultry nutrition and productivity. Modern technologies like RNA-Seq and bioinformatic
network analysis have enhanced our ability to study ribosomal gene function across tissues and developmental
stages, contributing to improved breeding and production management.

Conclusions: This comprehensive in silico analysis highlights the regulatory potential of specific miRNAs in the
immune response of chickens to avian influenza. miRNAs such as gga-miR-214, gga-miR-194, gga-miR-7477-
5p, and gga-miR-6642-3p demonstrate strong interactions with RPS28 and RPL31 ribosomal genes, suggesting
roles in antiviral defense and cellular regulation. These findings provide a foundation for future experimental
validation and may contribute to the development of miRNA-based strategies for enhancing disease resistance
and improving poultry health. The integration of network analysis and bioinformatics offers a powerful model for
studying miRNA roles in other diseases and species, paving the way for innovative approaches in veterinary
medicine and bioelectronics. Further functional studies are recommended to evaluate the efficacy of epigenetic
interventions targeting these miRNAs in managing avian influenza infections.
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Table 1. Specifications of bioinformatics tools used in this study, including name, version, key parameters, and
URL
Including name Version Key parameters URL
TargetScan Release 8.0 Seed match, conservation, context++  https://www.targetscan.org/vert 80/
score
miRanda August 2010 Alignment score > 140, energy http://www.microrna.org/
threshold < -20 kcal/mol

RNAhybrid v2.2 Minimum free energy (MFE), helix https://bibiserv.cebitec.uni-
constraints bielefeld.de/rnahybrid

DIANA- v5.0 miTG score > 0.7, conservation filter http://diana.imis.athena-

microT innovation.gr/DianaTools/index.php?

r=microT_CDS/index
TargetSpy N/A (Web Machine learning-based prediction,  https://www.tools4mirs.org/targetspy
tool) seed pairing, accessibility
Tools4miRs 2023 release Meta-server integration of >170 https://www.tools4mirs.org
tools, multi-algorithm consensus
miRTarBase Release 9.0 Experimentally validated https://mirtarbase.cuhk.edu.cn
interactions, species-specific filters

miRDB v6.0 SVM-based prediction, functional https://mirdb.org
annotation

miRBase Release 22 miRNA sequences, nomenclature, https://www.mirbase.org

genomic coordinates

KEGG 2023 version Pathway mapping, functional https://www.genome.jp/kegg/
enrichment

Gene Ontology GO Biological process, molecular http://geneontology.org

Consortium function, cellular component

annotations
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Table 2. Identification of miRNAs in the miRBase database

miRNA

MIRBASE STATUS

gga-mir-1593
gga-mir-1609
gga-mir-214
gga-mir-3532-3p
gga-mir-6567-3p
gga-mir-6579-5p
gga-mir-6612-5p
gga-mir-6642-3p
gga-mir-194
gga-mir-7477-5p

Not available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase
Available in miRBase

Jelss oz do S5 ol i JLa ool i
Ao oo Hili8l |y LmiRNA -l se ey i g 28lg
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2021

ol gl (2 YVl iy 9 e ol e aile
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Table 3. List of chicken miRNAs identified in association with various diseases
REFERENCE BIOLOGICAL FUNCTION TARGET GENE/ ASSOCIATED miRNA
VIRAL SEGMENT DISEASE
Wang et al. (2018) Inhibits infection progression; enhances SOCS1, TANK Infectious Bursal gga-miR-155
IFN- expression Disease (IBD)
Fuetal. (2017) Inhibits infection; promotes IFN- SOCSS, IBDV Infectious Bursal gga-miR-130b
production segment A Disease (IBD)
Fuetal. (2018) Inhibits infection; promotes IFN- SOCS6, IBDV Infectious Bursal gga-miR-454
production segment B Disease (IBD)
Wang et al. (2013a) Suppresses infection; inhibits viral VP1 of IBDV Infectious Bursal gga-miR-21
translation Disease (IBD)
Ouyang et al. (2015) Enhances infection; suppresses interferon IRF2 Infectious Bursal gga-miR-9
response Disease (IBD)
Ouyang et al. (2017) Promotes infection; inhibits immune p53 Infectious Bursal gga-miR-2127
response Disease (IBD)
Ouyang et al. (2018) Promotes infection; suppresses immune chMDAS5 Infectious Bursal gga-miR-142-5p
signaling Disease (IBD)
Tian et al. (2012) Modulates tumor resistance or ATEF2 Marek’s Disease (MD) gga-miR-15b
susceptibility
Lietal. (2014b) Inhibits lymphoma cell growth NEK6 Marek’s Disease (MD) gga-miR-26a
Lian et al. (2015) Inhibits lymphoma cell proliferation MYBLI Marek’s Disease (MD) gga-miR-181a
Han et al. (2016) Suppresses lymphoma cell growth and HOXA3 Marek’s Disease (MD) gga-miR-130a
migration
Zhao et al. (2017a) Inhibits lymphoma cell growth, migration, BCL11B Marek’s Disease (MD) gga-miR-219b
and metastasis

Chi et al. (2015); Dang
etal. (2017)

Wang et al. (2017)
Ingle et al. (2015)
Lietal. (2014c)
Dai et al. (2015)
Wang et al. (2013b)
Lietal. (2015)
Lietal. (2017)
Chen et al. (2015)
Zhao et al. (2017¢)
Huet al. (2016)
Yuan et al. (2018)
Zhang et al. (2019)

Limet al. (2013)

Induces c-Myc expression; promotes
tumor growth; modulates immune
response
Suppresses viral replication

Inhibits viral replication; modulates
interferon response
Inhibits cell growth; promotes apoptosis

Promotes cell growth; suppresses
apoptosis
Inhibits viral replication

Enhances gp85 expression; promotes viral
replication
Promotes viral replication; increases env
expression and viral secretion
Inhibits fibroblast cell growth

Inhibits fibroblast cell growth
Activates NF-kB; promotes cell growth
Enhances fibroblast cell growth
Activates TLR6/MyD88/NF-«B pathway;
promotes cell growth

Regulates AvBD-11 expression; potential
role in ovarian cancer diagnosis

LTBP1, hnRNPAB,
GPMG6B, c-Myb

PB2 of HIN1 and
H5N1
PB1 of H5N1, host
RIG-1
YAP1
BMF
ALV-J genome
IRF1
MDAS5
EZH2
SMARCAS5
ZMYNDI11
PTEN
MMPI16

AvBD-11

Marek’s Disease (MD)

Avian Influenza (AI)
Avian Influenza (Al)

Avian Leukosis Virus
(ALV-))
Avian Leukosis Virus
(ALV-))
Avian Leukosis Virus
(ALV-))
Avian Leukosis Virus
(ALV-))
Avian Leukosis Virus
(ALV-))
Mycoplasma
gallisepticum (MG)
Mycoplasma
gallisepticum (MG)
Mycoplasma
gallisepticum (MG)
Mycoplasma
gallisepticum (MG)
Mycoplasma
gallisepticum (MG)
Ovarian Tumor

MDV1-miR-M4-
5p

gga-miR-1249
gga-miR-485
gga-miR-375
gga-miR-221/-
222
gga-miR-1650
gga-miR-23b
gga-miR-34b-5p
gga-miR-101-3p
gga-miR-99a
gga-miR-19a
gga-miR-130b-3p
gga-miR-146¢

gga-miR-1615
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Table 4. Predicted targeting results of miRNAs on mRNA with accession number NM_001302177.2 (RPS28)

mRNA miRNA  MicroTar  miRanda miRMap PITA RNAHybrid  TargetSpy ~ RNA22  Guugle Bls??cl:g legls
NM_001302177.2 %“g;’fg’;‘ TRUE TRUE TRUE TRUE TRUE FALSE  FALSE  FALSE 8 5
NM_001302177.2 %g’_g’;‘ TRUE TRUE TRUE TRUE TRUE FALSE  FALSE  FALSE 8 5
NM_001302177.2 ggl‘gg”;" FALSE FALSE FALSE TRUE FALSE FALSE FALSE  FALSE 1 1
NM_001302177.2 ggg'[’zi" FALSE FALSE FALSE TRUE FALSE FALSE FALSE  FALSE 1 1
NM_001302177.2 gg;;z’”;; TRUE FALSE FALSE TRUE FALSE FALSE ~ FALSE  FALSE 3 2
NM_001302177.2 g{f;‘;;”;; TRUE TRUE TRUE TRUE TRUE FALSE FALSE  FALSE 4 5
NM_001302177.2 g;%‘;;”;; TRUE TRUE TRUE TRUE TRUE FALSE FALSE  FALSE 10 5

RPL31)) NM_001030829.2 aslis L mRNA (g5, GMIRNA (5,500 oo i gl -0 Jgor
Table 5. Predicted targeting results of miRNAs on mRNA with accession number NM_001030829.2 (RPL31)

LRNA mRNA  MicroTar miRanda  miRMap  PITA targetspy % RNA22 Tflfiggit PoroBot  Gugle  BnmE Mo
0N31\(/)1§§312 gg]“;;'gr' FA FA FA TR FA FA FA FA FA FA 2 1
gxggglz ggfg;”;” TR TR FA TR FA FA FA FA FA FA 10 3
gxggglz gg‘;’g’zi" FA TR FA TR TR FA FA FA FA FA 10 3
gxggglz gg‘;}’zi" FA FA TR TR TR FA FA FA FA FA 8 3
0N31\(/)1§§312 é;%‘;,Zm;; TR TR FA TR TR FA FA FA FA FA 12 4
1(;131\&;)312 %ﬁ‘;’;’_’;;’ FA FA TR TR FA FA FA FA FA FA 4 2
gggggg %ﬁ‘;’g”_’;;' FA FA TR TR FA FA FA FA FA FA 4 2
0N31\(/)1§§312 %‘%‘}2’”;; FA TR TR TR FA FA FA FA FA FA 7 3
0N31\(/)1§g312 %%‘;}’t‘;’p’ TR TR TR TR FA FA FA FA FA FA 15 4
0N31\(/)1§§312 %f,‘;‘;f‘;';' FA FA TR TR FA FA FA FA FA FA 5 2

TR: TRUE; FA: FALSE
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mMIRNA Predictions for RPS28

McroTar

mRMap

Fig. 2. The Venn diagram illustrates the overlap of predicted interactions among the tools MicroTar, miRanda,
and miRMap for the gene RPS28. The shared regions in the diagram represent miRNAs identified by multiple
independent tools. Such overlaps enhance the credibility of the bioinformatic predictions.
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mMIRNA Predictions for RPL31

miRanda

MicroTar 1

miRMap

Fig. 3. The Venn diagram shows the overlap of predicted interactions among MicroTar, miRanda, and miRMap
for the gene RPL31. The intersection between tools reflects algorithmic consensus in predicting miRNA-mRNA
interactions and can serve as an indicator for selecting high-potential regulatory miRNAs in experimental
studies.
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Table 6. Biological roles and functional insights of selected miRNAs in fowls
miRNA Biological role/ Known effects
gga-miR-1609 Identified in inflammatory models and stress responses; may play a role in immune
regulation.

Associated with apoptosis, cancer, and cytokine regulation; involved in viral
infections.

gga-miR-214

gga-miR-3532-3p
gga-mir-6567-3p

gga-miR-6579-5p
gga-miR-6612-5p

gga-mir-6642-3p

Potentially involved in metabolic pathways and oxidative stress regulation.
Limited studies available; observed in miRNA—target networks in poultry.

Linked to regulation of cellular pathways and response to environmental factors.
Identified in poultry studies; exact biological function remains unclear.
May be involved in ribosomal gene regulation and translation processes.
gga-mir-194 Plays a role in cellular differentiation and metabolic regulation; observed in viral
infections.

gga-mir-7477-5p Regulates immune and inflammatory pathways; reported in poultry-related studies.

Table 7. Classification of selected miRNAs based on prior experimental evidence in avian influenza virus
(AIV) infection

Previous
miRNA experimental References (if available) Biological function
evidence

. Hong et al. (2021); Lee et Documented role in regulating apoptosis and innate
gga-mir-214 [Yes al. (2023) immune response in HSN1-infected chickens

. Modulates inflammatory cytokines and antiviral
gga-mir-194 Yes Hong et al. (2021) response in the lungs of resistant chickens

. Upregulated in AIV-resistant poultry; associated with
gga-mir-7477-3p Yes Leeetal. (2023) activation of interferon pathways

) Strong bioinformatic prediction (supported by 4—5
gga-mir-6642-3p No o tools), but no prior experimental studies in AIV

Moderate prediction (supported by 2-3 tools); potential
gga-mir-6579-5p No — role in immune pathways, but lacks direct evidence in
AV

. Predicted by 4 tools for RPL31; no reported role in
gga-mir-3532-3p Noj o wviral infection in current literature

. Strong prediction for RPS28; no prior experimental
gga-mir-6367-3p No o evidence in poultry or ATV

. Predicted by only 1-3 tools; no functional studies
gga-mir-1609 No o reported in the literature

. Not listed in miRBase; lacks any experimental
gga-mir-1593 No —

evidence and requires initial validation
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