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Abstract. The study aimed to investigate transcriptomic mechanisms underlying natural resistance
to avian leukosis virus subgroup | (ALV-]) in chickens by comparing resistant and susceptible
individuals using high-throughput RNA sequencing. The PRINA685043 RNA-Seq dataset available
on the FAANG data portal was used for analyses. The gene expression profiles of chicken liver tissues
from ALV-]J-resistant and ALV-J-susceptible birds (N = 6; 3 resistant and 3 susceptible) were analyzed
to identify differentially expressed genes (DEGs), differential transcript usage (DTU), and associated
molecular pathways that may contribute to viral resistance. Transcript quantification was performed
using kallisto, followed by differential gene expression (DGE) analysis with DESeq2 and DTU
evaluation using a combined DRIMSeq—DEXSeq—stageR workflow. Functional characterization and
interaction profiling were conducted using STRING and additional regulatory analyses. The analysis
identified 36 significant DEGS, including 32 upregulated and 4 downregulated genes in resistant
chickens. Key genes were associated with mitochondrial regulation, calcium signaling, DNA damage
response, and suppression of tumorigenesis. DTU analysis revealed 22 genes exhibiting significant
isoform switching, suggesting alternative splicing as an additional regulatory layer. Interaction network
assessment highlighted limited but meaningful relationships among DEGs and DTU genes, indicating

that multiple independent pathways may contribute collectively to resistance.

Introduction

Avianleukosis virussubgroup J (ALV-]) remains one
of the most economically important viral pathogens
affecting commercial poultry flocks worldwide. The
virus causes myelocytomas, immunosuppression,
reduced growth and increased mortality, posing
a serious threat to intensive chicken production
systems (Wessi, 2011; Payne and Nair, 2012).
ALV-] is an oncogenic retrovirus inducing tumor
formation in chickens via genome insertion thereby
dysregulating oncogenes and tumor suppressor genes
in chickens (Justice et al., 2015; Ren et al., 2018).
Despite concerted control efforts, ALV-] persists in
many regions because management measures and
culling alone are insufficient to protect genetically
susceptible birds (Nakamura and Nair, 2014).

Transcriptomic studies have shown that ALV-]
infection perturbs host gene expression and cellular
signaling, pointing to host-response variation as a
determinant of disease outcome (Raun et al., 2004;
Han et al., 2015). These investigations have reported
dysregulation of immune pathways, metabolic
functions and cell-cycle programs following infection,
and recent work highlights the additional role of
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alternative splicing and isoform-level regulation in
modulating antiviral responses (Zhang et al., 2025).
Such observations imply that differences in global
transcriptional responses could underlie why some
birds resist infection while others develop severe
disease.

While several studies have catalogued host
genes affected by ALV-], far fewer have compared
the constitutive transcriptomic architecture that
distinguishes inherently resistant lines from
susceptible ones. Identifying these baseline differences
is critical for discovering robust biomarkers and
molecular pathways that can be used in selective-
breeding strategies to reduce flock susceptibility (Mo
et al., 2022). A focused comparison of resistant and
susceptible chickens at the transcriptome and isoform
levels therefore provides a powerful route to reveal
candidate mechanisms of natural resistance.

Here, we performed an integrated analysis
combining differential gene expression (DGE),
differential transcript usage (DTU), and protein—
protein interaction mapping to compare liver tran-
scriptomes from genetically resistant and susceptible
chickens. Our goal was to detect consistent molecular
signatures associated with resistance and to nominate
genes and pathways for follow-up functional validation
and application in breeding programs.
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Materials and methods

Data collection

The PRJNA685043 dataset (GSE163135) was
obtained from the FAANG data portal at https://
data.faang.org/dataset/PRJNA685043. The
PRJNA685043 dataset is an RNA-Seq dataset of
liver tissue of ALV-] resistant and ALV-] susceptible
chickens consisting of three samples each. These
samples were sequenced on the Illumina HiSeq 4000
platform. The sequencing files were paired-end, i.e.,
both ends of DNA fragment sequenced, and were
in fastq.gz format. Sample collection, preparation,
sequencing are as outlined in Yan et al. (2021).

Quuality control of data

Quality of the sequencing FASTQ files was
assessed using FastQC tool (v0.12.1). FastQC
provides a simple way to perform quality control
checks on raw sequence data from high throughput
sequencing pipelines. It analyzes the sequencing
files so as to flag issues the analyst should be aware
of before further analysis. A report for each analyzed
sequencing file is generated including summary
graphs of multiple quality indicators such as base
quality, overrepresented sequences, adapter content
etc. After FastQC, reads were trimmed and adapters
removed using Trimmomatic (v0.39) (Bolger et al.,
2014).

The command used to remove adapters, leading
and trailing low-quality bases, and to drop reads below
the specified length was: “java -jar trimmomatic-0.39.
jar PE -phred33 {sequence-filel-forward.fastq.gz}
{sequence-filel-reverse.fastq.gz} ~ {sequence-filel-
forward_paired.fastq.gz}  {sequence-filel-forward_
unpaired.fastq.gz}  {sequence-filel-reverse_paired.
fastq.gz} {sequence-filel-reverse_unpaired.fastq.
gz} ILLUMINACLIP:TruSeq3-PE.fa:2:30:10
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15
MINLEN:36" ILLUMINACLIP:TruSeq3-PE.
fa:2:30:10 was used to remove adapters, LEADING:3
was used to remove leading low quality or N bases
(below quality three), TRAILING:3 was used to
remove trailing low quality or N bases (below quality
three), and MINLEN:36 was used to drop reads
below 36 bases long. To ensure all sequence reads
passed basic quality statistics, the trimmed and
paired sequence files were checked using FastQC.
The trimmed files were then used for transcript
quantification via pseudoalignment.

Transcript abundance quantification

Quantification of transcript abundance from the
RNA-Seq reads (the trimmed paired files) of the
samples was performed using kallisto (version 0.46.1)
via the pseudo alignment method (Bray et al., 2016).
Firstly, a transcriptome index was created using the
Gallus gallus transcriptome (cDNA) (release 113)
downloaded from Ensembl database (https://www.
ensembl.org/index.html). The corresponding GTF

annotation file was also downloaded from the Ensembl
database for use in downstream DTU analysis.
Abundance quantification of transcripts was thereafter
performed for the trimmed-paired sequencing files
and the quantification outputs exported to specified
folders for downstream use.

Differential gene expression

The transcript abundance estimates quantified were
imported into R (version 4.4.1) using tximport package
(Soneson et al., 2015). These estimates were imported
for use with Differential Gene Expression (DGE)
methods wusing the DESeqDataSetFromTximport
function from DESeq2 package (Love et al., 2014).
Genes with low expression across samples were
filtered to reduce noise. DGE analysis was performed
between the ALV-J-resistant and ALV-J-susceptible
groups using DESeq2. An adjusted P value < 0.05
and a lfcThreshold of 0.3 were set in the DGE analysis
to identify differentially expressed genes (DEGs).
Heatmap plotting and sample clustering using the
DEGs was thereafter performed with the pheatmap
package.

Differential transcript usage

Differential transcript usage (DTU) analysis was
performed following the workflow described in Love
et al. (2018). The transcript abundance estimates
quantified were imported into R using tximport
package (Soneson et al., 2015). The data object was
filtered to remove low expressed transcripts that may
affect parameter estimation and increase fitting speed
(Love et al., 2018). The filtering criteria included
retaining a transcript with a count of at least two in
at least three samples, having a relative abundance
proportion of at least 0.1 in at least two samples, and
the total count of the corresponding gene is at least two
in all six samples. The filtering retained 2733 genes
and 5981 transcripts. Thereafter, DRIMSeq (Nowicka
and Robinson, 2016), DEXSeq (Anders et al., 2012;
Reyes et al., 2013) and stageR (Van den Berge et al.,
2018) packages were used for the DTU analysis. An
alpha (o) value of 0.05 and adjusted P value < 0.05
were used as thresholds for the identification of genes
with significant differentially used transcripts.

Interaction and transcriptional regulatory

analysis

Protein-protein interaction analysis of the DEGs
and DTU genes identified was performed with
STRING (version 12.0) (Szklarczyk et al., 2021).
TRRUST (version 2) (Han et al., 2018), was used to
perform transcriptional regulatory analysis to reveal
the transcription factors regulating the identified
DEGs and DTU genes. The inputs into the TRRUST
database were the list of DEGs and the DTU genes
with the expected output being a tabular list of
transcription factors regulating the input genes.
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Results

Differential gene expression analysis

RNA-seq profiling generated expression data
for 17 068 annotated genes across all samples.
Comparative analysis of ALV-]J—resistant and ALV-]—
susceptible chickens identified a distinct set of 36

differentially expressed genes (DEGs), consisting of
both annotated genes and several uncharacterized
loci. These DEGs are summarized in Table 1.
Unsupervised  hierarchical  clustering using
the complete DEG set clearly separated resistant
birds from susceptible ones, reflecting substantial

Table 1. Information on the DEGs in ALV-] resistant samples compared with ALV-] susceptible samples. Shown are
gene symbol, gene names, log2FC, p-adjusted value and status. Genes without gene names are novel genes with no

gene name and symbol assigned on the Ensembl database

Symbol Gene Name Log2FC p-adj Status
ENSGALG00010003287 (novel gene) 10.454 4.09e-06 Up
MTMRY7 myotubularin related protein 7 10.103 2.29e-06 Up
TMEM104 transmembrane protein 104 9.307 0.00054 Up
SAMDS Sterile alpha motif domain containing 8 9.228 0.00511 Up
CINP cyclin dependent kinase 2 interacting protein 9.135 0.00788 Up
ADRB1 adrenoceptor beta 1 9.069 0.00788 Up
SSH2 slingshot protein phosphatase 2 9.044 0.00788 Up
ZNF341 zinc finger protein 341 8.861 0.0065 Up
ZNF362 zinc finger protein 362 8.849 0.00788 Up
IFT81 intraflagellar transport 81 8.789 0.00788 Up
TRPV3 transient receptor potential cation channel subfamily V 8.719 0.00832 Up

member 3
CASR calcium sensing receptor 8.715 0.02399 Up
LRAT lecithin retinol acyltransferase 8.587 0.01936 Up
BRAT1 BRCA1 associated ATM activator 1 8.577 0.03562 Up
ENSGALG00010023766 (novel gene) 8.574 0.02358 Up
CCRS C-C motif chemokine receptor 8 8.517 0.03714 Up
EARS2 glutamyl-tRNA synthetase 2, mitochondrial 8.506 0.02358 Up
PIGQ phosphatidylinositol glycan anchor biosynthesis class Q 8.476 0.02871 Up
MGME1 mitochondrial genome maintenance exonuclease 1 8.475 0.02523 Up
SMDT1 single-pass membrane protein with aspartate rich tail 1 8.475 0.04329 Up
CHEK1 checkpoint kinase 1 8.463 0.02399 Up
WDHD1 WD repeat and HMG-box DNA binding protein 1 8.4532 0.03956 Up
GAB3 GRB?2 associated binding protein 3 8.388 0.03562 Up
SLC25A43 solute carrier family 25member 43 8.117 0.00511 Up
DFFB DNA fragmentation factor subunit beta 7.972 0.00054 Up
ENSGALG00010012307 (Novel gene) 7.896 6.84e-05 Up
CKB creatine kinase B 7.833 0.02309 Up
CLECI14A C-type lectin domain containing 14A 6.393 0.00788 Up
TMOD2 tropomodulin 2 8.379 0.03714 Up
ENSGALG00010015655 (novel gene) 8.319 0.04991 Up
SNXI11 sorting nexin 11 8.319 0.04692 Up
NEK10 NIMA related kinase 10 6.136 0.00788 Up
CYP1A2 cytochrome P450, family 1, subfamily A, polypeptide 2 -1.895 0.00071 Down
SSPN Sarcospan -3.85 0.02309 Down
CHRM3 cholinergic receptor muscarinic 3 -4.201 0.02358 Down
GRIN2A glutamate ionotropic receptor NMDA type subunit 2A -8.377 3.21e-05 Down
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transcriptomic divergence between the phenotypes.
This grouping pattern is illustrated in Fig. 1, where
resistant samples consistently formed a distinct cluster
relative to susceptible individuals.

Differential transcript usage analysis

Differential transcript usage (DTU) analysis was
conducted on 13 566 expressed transcripts to identify
isoform-level regulatory differences between the two
groups. Several genes displayed significant shifts
in transcript proportions, indicating that isoform
regulation contributes to phenotypic variation in
ALV-] response. Examples of transcripts with notable
usage changes include isoforms of MAGI1, FGFR3,
RCN1, AKAP9, DYRKIA, and COQS8A, with
representative DTU plots shown in Figs. 2—-6.

The presence of DTU events in multiple
functionally relevant genes suggests that alternative
splicing may play an important role in modulating

antiviral or stress-response functions in resistant
chickens.

Interaction and transcriptional regulatory

network analysis

Integration of the DEGs and DTU-associated
genes into a protein—protein interaction (PPI)
framework revealed a condensed set of interconnected
molecules forming key regulatory clusters. Notable
nodes included AKAPY9, FGFR3, EML4, ARIDIB,
DYRKI1A, and VPS26C, many of which participate
in cellular signaling, transcriptional regulation, or
structural maintenance.

A comprehensive PPI map is presented in Fig. 7,
highlighting the central interacting genes while
omitting non-connected nodes for clarity. This
network emphasizes the biological coherence of the
transcriptomic signals identified through both DGE
and DTU analyses.
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Fig. 1. Heatmap and clustering of the susceptibility and resistance samples by the identified differentially
expressed genes
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Table 2. Information on the identified DTU genes (with adjusted P value < 0.05). Included are the gene symbols, gene

names, transcript IDs and P adjusted value (to 3 decimal places)

Symbol Gene name Transcript id P adj
DSCR3 VPS26 endosomal protein sorting factor C ENSGALT00010031585 0.038
SPATS2L spermatosis associated serine rich 2 like ENSGALT00010058702 0.038

ENSGALT00010007997 0.046
SPCS3 signal peptidase complex subunit 3

ENSGALT00010008013 0.046

ENSGALT00010009548 0.006
ARID1B AT-rich interaction domain 1B

ENSGALT00010009555 0.006

ENSGALT00010011356 0.029
AKAP9 A-kinase anchoring protein 9

ENSGALT00010011383 0.029

ENSGALT00010013650 0.024
PROSER2 proline and serine rich 2

ENSGALT00010013656 0.024

ENSGALT00010029418 0.047
MCTS1 MCTSI1, re-initiation and release factor

ENSGALT00010029420 0.047

ENSGALT00010030297 0.033
SCAMP1 secretory carrier membrane protein 1

ENSGALT00010029420 0.033

ENSGALT00010031626 0.007
DYRKI1A dual specificity tyrosine phosphorylation regulated kinase 1A

ENSGALT00010031632 0.007

ENSGALT00010031727 0.048
MRPS9 mitochondrial ribosomal protein S9

ENSGALT00010031729 0.048

ENSGALT00010036052 0.018
MANIA1 mannosidase alpha class 1A member 1

ENSGALT00010036068 0.018

ENSGALT00010040904 0.046
FGFR3 fibroblast growth factor receptor 3

ENSGALT00010040908 0.046

ENSGALT00010043588 0.013
COQ8A coenzyme Q8A

ENSGALT00010043592 0.013

ENSGALT00010045339 0.037
EML4 EMAP like 4

ENSGALT00010045344 0.037

ENSGALT00010047717 0.034
SUCLG2 succinate-CoA ligase GDP-forming beta subunit

ENSGALT00010047749 0.034

ENSGALT00010048939 0.021
MAGI1 membrane associated guanylate kinase 1

ENSGALT00010048945 0.021

ENSGALT00010057659 0.009
RCN1 reticulocalbin 1

ENSGALT00010057669 0.009

ENSGALT00010058708 0.033
GABARAPL1 | GABA type A receptor associated protein like 1

ENSGALT00010058714 0.033

ENSGALT00010059216 0.047
HIC2 HIC ZBTB transcriptional repressor 2

ENSGALT00010059236 0.047

ENSGALT00010068899 0.049
RIT1 Ras like without CAAX 1

ENSGALT00010068900 0.049

ENSGALT00010069080 0.049
SUGP1 SURP and G-patch domain containing 1

ENSGALT00010069081 0.049

ENSGALT00010071575 0.033
CASP1 caspase 1

ENSGALT00010071577 0.033
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Fig. 3. Plot of the estimated transcript proportions for ENSGALG00010023668 (RCN1)
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Fig. 4. Plot of the estimated transcript proportions for ENSGALG00010004841 (AKAP9)
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Discussion

The comparative transcriptomic analysis
conducted in this study shows that ALV-]J—resistant
chickens possess a distinct molecular profile relative
to susceptible birds. The consistent separation of
samples in clustering analyses, coupled with the
large fold changes observed in several differentially
expressed genes, indicates substantial biologically
meaningful variation between the two phenotypes.
This observation aligns with previous transcriptomic
investigations showing divergence in gene-expression
patterns between ALV-J—positive and uninfected
birds (Azamian et al., 2024; Zhang et al., 2025). The
additional detection of differential transcript usage
(DTU) further supports the idea that alternative
splicing contributes to antiviral responses, consistent
with findings from Zhang et al. (2025).

A notable feature of the resistant-group
expression profile was the strong enrichment of genes
associated with mitochondrial biology. Several highly
upregulated genes, including BRATI, SLC25A43,
EARS2, and MGM]I1, have established links to
mitochondrial homeostasis, stress responses, or
metabolic regulation. Mitochondria are central to
antiviral signaling, particularly through regulation
of cytokine production, interferon induction, and
apoptosis (Wu et al., 2023). Functional studies indicate
that BRAT1 influences mitochondrial integrity and
DNA-damage responses (Aglipay et al., 2006; So
and Ouchi, 2014), while SLC25A43 plays a role
in mitochondrial trafficking and cell-cycle control
(Gabrielson et al., 2016) and is also implicated as a
tumor suppressor (Lindqvist et al., 2012). EARS2
participates in mitochondrial protein translation
(Pelayo et al., 2024), whereas MGM1 contributes to
mitochondrial nucleic-acid metabolism (Yang et al.,
2018). Taken together, these findings suggest that
enhanced mitochondrial stability and signaling may
be an important determinant of ALV-] resistance.

Because mitochondria also serve as hubs
for calcium (Ca?") handling, the enrichment of
calcium-signaling genes in resistant birds is notable.
Numerous studies highlight the importance of Ca?*
flux in modulating viral entry, replication, and host
responses (Saurav et al.,, 2021), and mitochondrial
Ca?" balance is known to influence cell fate during
infection (Zhou et al., 2009; Chaudhuri et al., 2021).
The upregulation of SMDT1 (EMRE), a crucial
component of the mitochondrial calcium uniporter
(Bulthuis et al., 2023; Wang et al., 2020; Sancak et
al., 2013) suggests that ALV-J—resistant chickens may
regulate mitochondrial Ca?* uptake more efficiently,
potentially contributing to more controlled antiviral
responses.

The significance of Ca?" signaling in ALV-]
pathogenesis is further supported by the known
viral entry mechanism. ALV-] infects host cells
through interaction between its Env-] protein and
the chicken Na'/H" exchanger 1 (NHE1) receptor

in a pH-dependent manner (Chai and Bates, 2000).
NHE1 participates in ion transport and has been
shown to influence Ca2* regulation in other cell types
(Nakamura et al., 2008; Lee et al., 2016). Since NHE'1
is widely expressed across chicken breeds (Mo et al.,
2022), variations downstream of receptor signaling —
rather than receptor presence itself — may help explain
natural resistance.

The upregulation of CASR, a calcium-sensing
receptor, in resistant birds further reinforces the
role of Ca?"-dependent pathways. CASR modulates
cellular calcium influx and has been shown to
suppress replication of rotavirus, demonstrating
antiviral potential (Huang et al., 2022). It is plausible
that similar mechanisms influence ALV-] outcomes.

Beyond mitochondrial and Ca?" pathways, several
genes associated with tumor suppression, DNA-
damage checkpoint integrity, and proliferation
control were also upregulated in resistant chickens.
These include MTMR?7, CHEKI1, CKB, CINP, and
others. MTMR7 expression is reduced in colorectal
cancer and has tumor-suppressive activity (Weidner
et al., 2016; Weidner et al., 2024). CHEK1 supports
DNA-damage signaling via ATM/ATR pathways
(Jiang et al., 2024; Fernandez et al., 2025) and is
known to be downregulated by certain viral infections
(Akgiil et al., 2019). CKB inhibits AKT activation
and suppresses tumor progression (Wang et al.,
2021). CINP is critical for ATR-mediated replication
stress responses (Lovejoy et al., 2009). The induction
of these genes in resistant birds suggests a cellular
environment that more effectively limits uncontrolled
proliferation, which is a relevant observation given
ALV-]’s oncogenic properties.

Additionally, several immune-regulatory genes,
including ZNF341, GAB3, LRAT, and TMEM104,
were elevated in resistant chickens. ZNF341 regulates
STAT3, a central mediator of immune homeostasis
(Cekic et al., 2022; Frey-Jakobs et al., 2018). GAB3
participates in immune-cell signaling (Vaughan
et al., 2011) and is linked to malignancy in certain
contexts (Jia et al., 2017). LRAT is central to vitamin
A metabolism, which is tightly connected to antiviral
immunity (McGill et al., 2019; Zhang et al., 2023;
Stephensen and Lietz, 2021). TMEM104, previously
shown to be downregulated through promoter
methylation in ALV-J—positive chickens (Yan et
al., 2021), was upregulated in the resistant group,
supporting its potential protective role.

DTU analysis expanded these observations
by identifying isoform-level differences in genes
implicated in tumor suppression, signaling, and
mitochondrial dynamics, such as ARIDIB, HIC?2,
RIT1, MCT1, MAGII, and GABARAPLI. These
findings correspond with previous reports of
isoform dysregulation in cancer and viral infections
(Deogharkar et al., 2021; Luo et al., 2023; Khalil
and Nemer 2020; de Carvalho et al., 2021; Lake
et al.,, 2013). Notably, GABARAPL] is associated
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with autophagy, mitochondrial quality control, and
resistance to ferroptosis (Boyer-Guittaut et al., 2014;
Du et al., 2022), all of which are features that could
influence ALV-] disease progression.

While the results seem promising, some limitations
are observed. The sample sizes are small which may
limit the generalizability of the results identified.
Also, results of this study require validation in larger
sample groups and other animal cohorts. This will
illuminate and validate the results obtained in this
study and strengthen the potential role of the genes
identified as biomarkers.

Taken together, these results indicate that ALV-]
resistance  potentially arises from coordinated
regulation of several biological systems, including
mitochondrial function, Ca?" signaling, immune
modulation, and cell-cycle control. The concurrent
involvement of DGE and DTU mechanisms suggests
that both transcriptional and post-transcriptional
processes help shape the resistant phenotype. These
findings provide a robust foundation for future
functional validation studies and highlight several
genes that may serve as biomarkers for breeding
programs aimed at enhancing resistance to ALV-].

Conclusion

This study provides new insight into the molecular
features that distinguish ALV-J-resistant chickens
from susceptible ones. By integrating differential
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