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Introduction: In recent years, highly pathogenicity avian influenza (HPAI), especially HSN1, has emerged as a
major global health concern due to its potential as a zoonotic disease and its devastating impact on poultry
populations. Identifying the molecular mechanisms of response to HPAI infection is critical to control, treat, and
prevent the risk of a potential pandemic. Microarray technology is becoming a standard technology used in
research laboratories all across the world and it is considered as one of the centers of research in cellular processes
related to the level and manner of gene expression, including gene function and cell differentiation mechanisms.
By using microarray technology, it is possible to obtain a detailed view of the interaction function of genes while
simultaneously studying how the genome is expressed. Using microarrays provides the analysis of gene
expression in response to viral infections such as influenza, etc., the study of host-pathogen interactions, and also
the identification of the effectiveness of drugs and vaccines. This study aimed to analyze the microarray data of
HSNI avian influenza to compare the gene network and analyze the functional pathway in chickens and ducks.
Materials and methods: Data mining and searching of microarray data related to Highly Pathogenic Avian
Influenza infection was done in the GEO gene expression database (https://www.ncbi.nlm.nih.gov/geo). The
microarray data set with accession number GSE33389 based on the GPL3213 platform was selected which
contained lung tissue samples challenged with HSN1 virus in chickens and ducks. Normalization of selected
microarray data was done using R software, and samples were grouped to compare between infected and control
samples. Limma, Biobase, and GEOquery software packages in R software were used to determine the expression
level of genes and to investigate the differentially expressed genes (DEGs) between healthy and HSN1 influenza
virus-infected lung tissue samples in chickens and ducks. The criterion for selecting significant DEGs was
considered as [logFC[>2 and P<0.05. DAVID online tool (https://david.ncifcrf.gov) was used to investigate
biological pathways, structural and functional characteristics of genes with different expressions, and functional
interpretation of upregulated and downregulated DEGs. It was evaluated and visualized separately based on
biological processes (BP), molecular functions (MF), and cellular components (CC). KEGG tool
(http://www.genome.jp/kegg) was used to evaluate and study metabolic pathway enrichment. To reveal
interactions between proteins and analyze them, STRING database and Cytoscape software were used. While
using the Cytohubba plugin to identify and display key genes, the main modules affecting the interaction of genes
and proteins were also identified by the MCODE plugin.

Results and discussion: Gene expression analysis revealed 2062 and 565 differentially expressed genes between
normal and infected tissue in chickens and ducks, respectively (P<0.05 and [logFC[>2). The results of
bioinformatics analysis and protein-protein interaction network analysis showed BUB1, NDC80, CDC20, PLK1,
PRCI, KIF11, and AURKA genes as hub genes in chicken and also COL6A3, COL3A1, COL4A3, COLI8AI,

" Corresponding author: ghovvati@guilan.ac.ir



Golpasand et al.: Unraveling the H5N1 influenza infection response: A comparative gene... 2

PLOD2, PLODI1, and P4HA?2 as highly effective genes in duck (P< 0.05). The results of the ontology comparison
of DEGs proved that most of these genes in chickens are involved in the innate immune response and
inflammatory resistance of the host, and the most effective genes in ducks play a role in lipid metabolism and
energy production to meet the host's resistance to disease. The results of comparative gene network analysis
between chickens and ducks are promising to increase our understanding of the host response to HSN1 influenza
infection and the factors affecting virus pathogenesis in different avian species. Differentially expressed genes in
response to HSN1 infection in chickens and ducks play critical roles in various biological processes, including
immune response, inflammation, viral replication, and host-pathogen interactions. In general, gene network
analysis showed that chickens and ducks use different genetic strategies to respond to avian influenza virus
infection.

Conclusions: The present research was conducted to discover the response to HSN1 HPAI infection in chickens
and ducks through comparative gene network analysis. It is important to note that the gene network analysis
presented in this research is an initial step towards discovering the response mode of HPAI (HSN1) infection in
chickens and ducks, and further functional studies, validation experiments, and integration with other omics data
are needed to confirm the role of genes, pathways and hub genes in the host response to HSN1 virus. Therefore,
the results of comparative gene network analysis in chickens and ducks obtained from this research can provide
valuable insight into the underlying molecular mechanisms of host response to HSN1 influenza infection. Thus,
by identifying differentially expressed genes, functional modules, and hub genes in this research, it can be stated
that potential targets for future research have been highlighted to some extent. Undoubtedly, further studies in this
field will improve our knowledge about the pathogenesis of avian influenza and will help to develop strategies
for effective control and prevention of HSN1 influenza outbreaks.
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Table 1. The specifications of the lung tissue samples related to HPAI HSN1. Information about accession
number, platform type, and host organisms is displayed

Samples Accession Number Host Organism Platform GEO accession
Chicken H5N1 GSM825786

Chicken H5N1 GSM825787

Chicken HS5N1 GSM825788 Gall 1

Chicken H5N1 GSM825789 ~ratus gatus

Chicken control GSM825790 Affymetrix

Chicken control GSM825791 Chicken

Duck H5N1 GSM825794 Genome GSE33389
Duck H5N1 GSM825795 Array

Duck H5N1 GSM825796 Anasplatyrhynchos

Duck H5N1 GSM825797

Duck control GSM825798

Duck control GSM825799
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Table 2. Gene ontology pathways enriched by differentially expressed genes in duck

Genes Count P-value Terms Category DEGs
Up-regulated
DRAMI, TP53INP1, Regulation of
MTMRS, RABSA 4 6.41E-03 autophagy o
4.29E-02 . . Biological process
CPTIA, CROT 2 Carnitine metabolic
process
GPSM2,
DYRK3,RABGAPI,
XRCCA, FMR1, GPSI, 24 1.06E-03 Cytosol
PLA2GA4A, ...
SETD3, USP10, Cellular component
GPS1, IREB2,
CITED4, PARN, 33 1.21E-02 Cytoplasm
FNBPIL, HIF 1A,
FOXO1, ...
Transferase
CPTIA, CPT2, FASN, 4 1.45E-02 activity,transferring  Molecular function
CROT
acyl groups
IREB2, ACO1 2 4.12E-02 Iron-responsive
element binding
Down-regulated
SLC13A1, Sodium ion
ATP1B4, BMII, 4 2.31E-04 transport Biological process
ATPIBI
Sodium:potassium-
ATP1B4, ATPIB1 2 3.60E-02 exchanging ATPase
complex
SLC34A2, OSBPLS6, Cellular component
SULF1, BESTS3, Plasma membrane
ADCY7, PRKCZ, 13 3-84E-02
PPP2CA, ...
8.10E-02
ARMTI, HDC, 4 Lyase activity Molecular function

HSD17B4, ADCY7
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Fig. 1. Box plot related to duck (a) and chicken (b) samples after normalization. Blue color represents the
control samples and green color represents the challenged samples
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Fig. 2. Volcano plot of differential expression genes in duck (a) and chicken (b). Red points indicate up-regulated
DEGs and blue points indicate down-regulated DEGs. The distribution of genes and the examination of their
multiple changes show that in both organisms, the sum of genes with decreased expression is more than the sum
of genes with increased expression
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Table 3. Gene ontology pathways enriched by differentially expressed genes in chicken

Genes Count P-value Terms Category DEGs
Up-regulated
FGEFS, KIF2A, FGF18, Regulatin of cell
THY1 4 342E-03 migration
FGFS, CHD7, MDM2 3 6.47E-03 Blood vessel
remodeling
ILSL2, CCL4 2 1.01E-02 lymphocyte:
chemotaxis . .
Mon. Biological process
IL8L2, CCL4 2 1 29E-02 onocyte
chemotaxis
Positive
regulation of
FGF8, CCL4, FGF18 4 3.64E-02 ERKI and ERK2
cascade
GREMI1, OLFM1, Extracellular
IL6, IL8L2, CCLA4, ... 12 2.22E-02 space Cellular
NARF, KIF2A, CHD7, component
FGFIS.... 7 2.95E-02 Nucleolus
IL6, IL8L2, FGF8, FGF18, Growth
PDGEFB, ... 7 3.80E-04 factor activity
GREMI, IL6, IL8L2, Cytokine .
INHBB, INHBA 5 1.12E-02 activity Molecular function
IL8L2, CCL4 3 2 07E-02 Chemol_(lr.le
activity
Down-regulated
TOP2A, EPB41,NCAPG o
SMC2, CCNB3, .. 33 4.51E-07 Cell division sl
EPB41, SMC5, BRCA1, Cell cycle Biological process
SMC4, GNAIL, ... 28 8.96E-07
CBLB, EPRS, ACTB,
NUBP2, LONPI, ... 205 6.60E-11 Cytosol Cellular
GPSM2, PCNA, VPS4B, component
SSNAL, SLCIAG4, ... 41 2.42E-07 Centrosome
lsjl\]ilééD& EIF4A3, SMC5, 142 2.46E-11 ATP binding
. Molecular function
RNF20, HACEI, 48 4.26E-10 ATPase activity
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Fig. 3. Enrichment of metabolic pathways in duck (a) and chicken (b). The red color represents the terms related to the up-
regulated DEGs and the blue color represents the terms related to the down-regulated DEGs
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Fig. 5. Identification of key modules of host response to infection in duck. The scores of modules 1, 2 and 3
were estimated as 7, 5.25 and 4.75, respectively, using MCODE plugin of Cytjoscape software
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