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Abstract: Poultry farming faces significant challenges due to viral diseases, which lead to high
mortality and economic losses. Long noncoding RNAs (IncRNAs) have emerged as crucial
regulators in the host immune response to viral infections. This review explores the multifaceted
roles of IncRNAs in chicken viral diseases, including avian leukosis, Marek’s disease, infectious
bursal disease, avian influenza, infectious bronchitis, and Newcastle disease. LncRNAs influence
gene expression at various levels, such as chromatin remodeling, transcriptional regulation, and
post-transcriptional modifications. They interact with viral and host genes, modulating immune
responses and viral replication processes. Specific IncRNAs, such as ERL IncRNA, linc-GALMD3,
and 1oc107051710, have been identified as key players in the pathogenesis and immune response to
these viral infections. Understanding the mechanisms of IncRNA action provides insights into
potential diagnostic and therapeutic strategies to enhance disease resistance in poultry. This review
highlights the importance of IncRNAs in the complex interplay between host and virus, paving the
way for future research and applications in poultry health management.
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1. Introduction

Poultry meat has become the most consumed livestock commodity in the world especially in the
developing countries. Due to the increase in demand for poultry meat, there has been an increase in
global imports during the period from 2001 to 2021. Poultry meat import is going to be the most in
the next ten years and most of the nations raised their domestic poultry production to match this
need. Major exporters of poultry meat are Brazil, the United States, the European Union, and
Thailand. The world’s leading poultry exporter, Brazil is going to remain in the top position through
2031 (USDA, 2022).

The main obstacle to modern poultry farming is viral diseases in the birds. Poultry birds are
frequently the prey of viral diseases (some of which include zoonotic diseases), which result in high
mortality and morbidity. These diseases are caused by a variety of factors, including the environment,
stress, nutritional and immune-suppressive additives in poultry feed, antimicrobial resistance,
irregular vaccination, and a lack of proper biosecurity. This in turn has an impact on the economics
of poultry production, increasing losses and decreasing gains. Viruses are microorganisms that are
inert particles and can only survive in living organisms. In order to avoid being recognized and
eliminated by the host immune system, it must take advantage of the host immune system. However,
in response to a virus's entry, the host immune system will use a variety of immunoregulation
mechanisms to remove the virus from the host. Viruses create a variety of proteins that resemble
crucial host-specific components in order to evade the host immune system (Mohandas et al., 2018).
Reticulo-endotheliosis virus, Lymphoid Leukosis (LL), Infectious Bursal Disease Virus (IBDV), Avian
Influenza Virus (AIV), Newcastle Disease Virus (NDV), Marek's Disease Virus (MDV), and Chicken
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Infectious Anaemia Virus (CIAV) are some of the avian viruses that significantly cause
immunosuppression (Balamurugan and Kataria, 2006).Co-infection of one or more viruses can
worsen immunosuppression and accelerate the progression of the disease in birds, resulting in
symptoms such as decreased feed conversion ratio (FCR) and weight gain, incapability to eat,
lethargy, and eventually death.

2. Long Non-Coding RNA (IncRNA)

The diseases caused by viruses pose a great challenge to human health, the development of
which has been driven by the imbalanced host immune response. Host innate immunity is an
evolutionary defense system that is critical for the elimination of the virus. The overactive innate
immune response can also lead to inflammatory autoimmune diseases, which require precise control
of innate antiviral response for maintaining immune homeostasis. Innate immunity is the first and
most rapid line of defense against the invasion of microbial pathogens (Wang et al., 2020). Non-coding
RNAs with a length of at least 200 nucleotides are referred to as IncRNAs (Braconiet al., 2011).The
conventional IncRNAs are divided into five classes based on their position in relation to protein-
coding genes (P-CGs): (i) long intergenic transcripts; (ii) intronic IncRNAs (located within the intron
of P-CGes); (iii) bidirectional IncRNAs (transcribed in opposite directions with the promoter of P-CGs);
(iv) antisense IncRNAs (transcribed across the exons of a P-CGs from the opposite direction); and (v)
pseudogene-type IncRNAs (transcribed from a gene without the ability to produce proteins)(Zhang
etal.,2016;Ma et al., 2013). Protein interactors of IncRNAs, such as conventional and non-conventional
RNA-binding proteins (RBPs), are critical to the achievement of IncRNA functions (Yao et al., 2019;
Zhang et al., 2016, Li et al., 2014; Chaudhury et al., 2020; Garcia- Moreno et al., 2018; Hentze et al., 2018;
Lin et al., 2019). Many IncRNAs are gradually being recognised as key components of virus-host
interaction, mainly through antiviral response-independent and -dependent mechanisms.

It is known that different transcript products of the genome, including enhancers, pseudogenes,
intronic transcripts, antisense transcripts, intergenic transcripts, and retrotransposons, can give rise
to IncRNA (Guttman et al., 2013; Beermann et al., 2016). Thus, there are antisense, divergent, intron,
intergenic, enhancer, promoter, and transcription start site-associated IncRNAs in the cluster of
IncRNAs, depending on the relative positions of the IncRNA and the encoded gene (Tahira et al.,
2014). Normally, during pre-transcriptional, transcriptional, and post-transcriptional processing,
IncRNAs function as cis-acting elements or trans-acting factors to control gene expression. LncRNA
can take part in X chromosome inactivation through interactions with various proteins (Wang and
Cheng, 2011),genomic imprinting (Lee, 2012; Chaumeil et al., 2006; Gebert et al., 2009; Brown et al.,
1992), chromatin modifications (Werven et al., 2012; Redon et al., 2010; Martens et al., 2016), DNA
methylation (Baniushin, 2005; Bao et al., 2014; O’Leary et al., 2005), mRNA degradation (Wilusz et al.,
2009; Wang et al., 2013). LncRNA also plays the role of regulating innate immune response either by
adsorbing miRNA through the sponge effect or directly binding to the component of innate immune
molecules (Zeng et al., 2021). Furthermore, it controls mRNA splicing (Beltran et al., 2008). LncRNAs
use transcriptional interference to control the splicing of genes (Latos et al., 2004), and some IncRNAs
possess ORFs and use coding of one or more micro-peptides to demonstrate their unique regulatory
roles (Jackson et al., 2004).

After more than ten years of research, scientists have connected the molecular mechanisms of
IncRNAs to significant regulatory molecules that are functional in a range of biological and
pathological processes (Smith and Chang, 2016). First, IncRNAs have the ability to control chromatin
modifications. Rinn et al. (2007) found that IncRNA HOTAIR interacts directly with polycomb
repressive complex 2 (PRC2) and further modifies chromatin silencing mediated by PRC2. Besides
regulating transcription, IncRNAs can also interact with proteins to control crucial signalling
cascades and post-transcriptional processes. Additionally, IncRNAs can function as ceRNAs to
"sponge" or absorb miRNAs and stop the miRNAs' inhibitory effect on the genes they target. Wang
et al. (2016), for instance, reported that IncRNA NRF could bind hsa-miR-873, upregulate
RIPK1/RIPK3, and enhance necrosis. Finally, it is possible that IncRNAs can influence the stability
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and translation of mRNA in the cytoplasm and play a role in controlling processes that are dependent
on cells, including apoptosis, migration/invasion, and growth (Wang et al., 2019; Zhao et al., 2018).

2.1. Role of IncRNAs in Gene Expression

RNA polymerase II (Pol II) is responsible for the transcription of IncRNAs, and they share a
similar biogenesis with mRNAs due to their polyadenylation and 5'-cap formation. Although their
exon count and splicing efficiency are typically lower than those of mRNAs, IncRNAs frequently
undergo splicing(Zuckerman and Ulitsky, 2019; Tilgner, 2012; Mele et al., 2017; Hezroniet al., 2015).
LncRNAs control gene expression on a number of levels. LncRNAs can influence chromatin structure
and function, the transcription of nearby and distant genes, RNA splicing, stability, and translation,
and more by interacting with proteins, DNA, and RNA. Moreover, IncRNAs have a role in the
synthesis and control of nuclear condensates and organelles.

2.1.1. Chromatin Structure Regulation:

RNA-chromatin association detection and chromatin conformation capture techniques reveal
complex regulation of chromatin architecture and gene expression in IncRNA. RNA has inherent
regulatory potential, as its negative charge can neutralize histone tails, leading to chromatin de-
compaction (Chu et al., 2011; Li ef al., 2017; Bonetti et al., 2020). Nuclear IncRNAs interact with DNA
to alter the chromatin environment, either indirectly through affinity for proteins or by binding to
specific DNA sequence. Protein-assisted long-range chromatin interactions can facilitate direct
IncRNA transcriptional effects on target genes (Saldana-Meyer et al., 2019). LncRNAs can create
hybrid structures with DNA, influencing chromatin accessibility. These interactions can take the form
of triple helices or R-loops, which are considered threats to genome stability (Tang Wong et al., 2019;
Niehrs et al., 2020). However, recent findings suggest that this can be effective regulators of gene
expression and coordinators of DNA repair, with IncRNAs interacting with these structures (Schmitz
et al., 2010; Martianov et al., 2005; O’Leary et al., 2015; Mondal et al., 2015; Grope et al., 2013).

2.1.2. Regulation of Transcription by IncRNA:

One of the main factors influencing the regulatory interaction between a IncRNA and its
neighbouring genes is their relative position. Given that bidirectional and extensive antisense
IncRNA transcription has been shown to be evolutionarily conserved (Seila et al., 2008), the non-
random genomic distribution of IncRNAs may indicate that genes have evolved to regulate their own
expression in a context-specific way. For example, divergent IncRNAs' genomic organization is
essential for cis-gene regulation. Two primary, non-exclusive methods can mediate this regulation:
either the IncRNA transcript regulates the neighbouring loci, or the transcription or splicing process
of the IncRNA results in a chromatin state or steric hindrance that affects the expression of
neighbouring genes (Luo et al., 2016). By interfering with the transcription machinery, IncRNAs can
decrease the expression of genes through modifying the recruitment of transcription factors or Pol II
to the blocked promoter (Latos et al., 2012), altering histone modifications (Stojic et al., 2016), and
decreasing chromatin accessibility(Thebault et al., 2011).The conserved IncRNA CHD2 adjacent,
suppressive regulatory RNA (CHASERR), which is situated upstream of the chromatin remodeller
Chd2 gene, exemplifies an additional way that IncRNAs can utilize to control extensive
transcriptional inhibition. It was discovered that accessibility at the Chd2 promoter and numerous
additional promoters—all of which were controlled by CHD2 —was enhanced by Chaserr depletion
(Rom et al., 2019). Membrane less RNA—protein compartments called nuclear condensates are
essential for numerous biological activities. Various abundant IncRNAs have scaffolding or
regulatory functions that are necessary for the building and operation of multiple nuclear
condensates (Banani ef al., 2017).
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2.1.3. Role of IncRNA in Post-Transcriptional Regulation:

By binding to RNA sequence motifs or structures, proteins can be sequestered by IncRNAs and
form specific IncRNA-protein complexes (IncRNPs). This results in an altered mRNA splicing and
turnover, the modulation of signalling pathways in certain biological contexts. LncRNAs regulate
many other aspects of gene expression in addition to their involvement in nuclear organisation and
transcription regulation. Some IncRNAs are even translated into functional peptides (Hartford and
Lal, 2020). trans-acting IncRNAs establish distinct structural motifs or engage in sequence-based
interactions with RBPs. Pyrimidine-rich non-coding transcript (PNCTR) inhibits PTBP1-mediated
mRNA splicing elsewhere in the nucleoplasm by confining pyrimidine tract-binding protein 1
(PTBP1) to the perinucleolar compartment (PNC) (Yap et al., 2018). Non-coding RNA triggered by
DNA damage (NORAD), which is extensively produced in the cytoplasm after DNA damage,
sequesters Pumilio (PUM) proteins to preserve genomic stability. PUM RBPs are sequestered in the
cytoplasm by NORAD, which represses the translation and stability of the mRNAs it binds to (Lee et
al., 2016; Tichon et al., 2018;Wang et al., 2002). Through base pairing, these trans-acting IncRNAs
interface directly with other RNAs.

2.2. Role of IncRNA in Innate Antiviral Response

Proinflammatory activation and an antiviral response are brought on by the activity of host
immune system, which plays a crucial role in the defense against viral infection (Altfeld and Gale,
2015; Takeuchi and Akira, 2009). Upon viral infection, pathogen-associated molecular patterns
(PAMPs) on viruses are recognized by pathogen recognition receptors (PRRs), including toll-like
receptors (TLRs), which in turn initiate the innate immune response (Xu and Zhong, 2016; Coccia and
Battistini, 2016). According to Carnero et al., IncRNA EGOT induced by TLR4/TLR7 amplifies viral
replication and antagonizes the antiviral response (Carnero et al, 2016). Furthermore, IncRNA EGOT
may be involved in a number of processes during viral infection, given the critical roles played by
TLR4 and TLR7 in host immunity and their crosstalk with transduction signalling pathways like NF-
kB and IFN pathways (Zhang et al., 2007; Velloso et al., 2015; Schultheiss and Thimme, 2007). Further
research is necessary to fully understand the precise downstream mechanisms of IncRNAs/TLRs in
the antiviral immune response, even though the TLR-induced viral response causes the upregulation
of IncRNAs that modulate the innate immunity.

Interferons are the primary immunomodulatory and pro-inflammatory cytokines in the antiviral
immune response, and they also aid in the induction of IncRNA activity (Doyle et al., 2015). An
example can be taken from the work of Kotzin, wherein he established that early on in both acute
and chronic lymphocytic choriomeningitis virus infections, T-cell receptor (TCR) and type I IFN
activation induce the IncRNA known as Morrbid. LncRNA Morrbid works by suppressing the
PI3K/AKT pathway and inducing the pro-apoptotic gene BCL2L11, which in turn helps to regulate
CDS8 T-cell survival and differentiation, thus helping in immune response (Kotzin et al., 2019).

Not only are IncRNAs stimulated by the viral immune system but can also modulate the immune
response by regulating important immune molecules like cytokines. According to Li ef al. (2014),
TNFa and hnRNPL related immune-regulatory lincRNA THRIL is necessary for TNFa expression.
THRIL regulates TNFa downstream targets and interacts with hnRNPL directly. THRIL induces
other cytokines and chemokines, including IL-8, CXCL10, and CSF1, but further research is needed
to determine the mechanisms.

According to newly available research, IncRNAs have the ability to transcriptionally control
gene expression, which can alter viral replication and the immune response (Zhou et al., 2019; Ouyang
et al., 2017;Salerno et al., 2016). First, the transcription of innate immune genes like IFN and ISGs can
be activated or repressed by IncRNAs through the recruitment of transcription factors (TFs) (Liu and
Ding, 2017).It was demonstrated by Ma and colleagues that the Hantaan virus (HTNV) induces the
IncRNA NEAT1. The SFPQ is relocated to paraspeckles by induced NEAT1, which also reverses the
transcriptional inhibition of RIG-I and DDX60. The IFN response induced by RIG-1 is facilitated and
endogenous RIG-I expression is promoted by restored DDX60. As a result, NEAT1 has the ability to

d0i:10.20944/preprints202410.2537.v1


https://doi.org/10.20944/preprints202410.2537.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 October 2024 d0i:10.20944/preprints202410.2537.v1

influence the innate immune response and activate IFN signalling, providing negative feedback
against the HTNV viral infection (Ma et al., 2017).

dsRNA-binding proteins are important components of the antiviral innate immune system and
play a crucial role in repressing viral replication by causing various changes in cellular and viral RNA
processes (Cadena and Hur, 2017). Exogenous circRNAs can initiate an innate immune response that
provides protection against viral infection, according to research by Chen ef al.(2017). The authors
found that in various cell lines, circRNAs potently induced the expression of multiple innate immune
system regulatory genes, such as retinoic acid-inducible gene-I (RIG-I), protein kinase R (PKR),
melanoma-differentiation-associated gene 5 (MDADJ5), 2'-5' oligoadenylate synthase 1 (OAS1), and
OAS-like protein (OASL).

2.3. Role of IncRNA In Virus Pathogenesis

Given how pleiotropic their functions are, it is not surprising that IncRNAs could play a role in
virus replication. It has been discovered that viruses with low coding capacity control the expression
and function of both host and viral genes by means of cellular IncRNA. Various animal viruses have
been demonstrated to dysregulate host IncRNA expression, including avian leukemia virus (Tam et
al., 1997), herpes simplex virus (Sonkoly et al., 2005), Marek's disease virus (Ahanda et al., 2006),
human immunodeficiency virus (HIV) (Zhang et al., 2013), hepatitis B virus (HBV) (Braconi et al.,
2011) and severe acute respiratory syndrome coronavirus (SARS-CoV) (Peng et al., 2010). Subsequent
research has demonstrated that viral genes control the level of cellular IncRNAs, which in turn
controls the expression of genes encoding proteins and ultimately promotes viral infection (Yi ef al.,
2019).

2.3.1. LncRNA In Viral Gene Expression:

The viral genome controls the expression of "late" proteins, which are required to assemble the
capsid and package the viral genome, and "early" proteins, which allow genome replication, once the
virus enters the proper cell compartment. Moon et al. (2012) reported that sub-genomic flavivirus
RNA (sfRNA), a IncRNA partially degraded from the viral genomic RNA, most likely by the cellular
5'-3' exoribonuclease XRN1, inhibits XRN1 activity and modifies host mRNA stability in cells infected
with the dengue or Kunjin viruses. This effect might interfere with the control of host cell gene
expression and help stabilize viral transcripts. According to a study by Rosetto et al. (2013),
polyadenylated nuclear (PAN) RNA, a IncRNA encoded by the genome of the Kaposi's sarcoma-
associated herpesvirus (KSHV), can physically interact with the KSHV genome to transcriptionally
activate the expression of the KSHV gene. Another study conducted in 2013 by Lisnic and colleagues
demonstrated that PAN RNA can alleviate gene suppression by binding to the host poly(A)-binding
protein C1 (PABPC1) to regulate mRNA stability and translation efficiency. This serves as a molecular
scaffold for chromatin modifying enzymes to remove the H3K27me3 mark, which is necessary for
the production of late viral proteins.

2.3.2. LncRNA In Viral Replication:

Whereas RNA viruses copy their genomes directly to RNA, DNA viruses copy their genomes
straight to DNA. On the other hand, certain RNA viruses and certain DNA viruses use DNA and
RNA intermediates to copy their genomes (Wang et al., 2017).

RNA-RNA interaction and RNA-protein interaction are two ways that virus-encoded IncRNAs
control viral replication. Numerous secondary stem-loop II structures can be found in the 3'
untranslated region (UTR) of flavivirus RNA genome. These structures prevent the nuclease XRN1
from breaking them down, which produces the functional IncRNA, i.e., sfRNA (Funk et al., 2010). It
was reported that the regulation of the efficiency of flavivirus genome replication was significantly
influenced by sfRNA. The host's innate immune response has the ability to produce miRNA and
eliminate the viral genomic RNA during a flavivirus infection. But in order to protect viral genomic
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RNA, sfRNA bound to the miRNAs and caused their degradation, which allowed the virus to
replicate in the host cell (Pijlman ef al., 2008).

2.3.3. LncRNA In Viral Assembly and Release:

Once the newly generated viral genomes and proteins are adequately prepared within the host
cells, they are packaged, assembled, and released. Additionally, these processes involve HBoV1
BocaSR viral IncRNAs (Wang et al., 2017). According to findings, the Japanese Encephalitis virus
(JEV) sfRNA is a trans-acting riboswitch that promotes genomic RNA synthesis, packaging, and
virion release while inhibiting the translation of JAV and host antigenomic genes. It is found in the
late stages of the viral replication cycle (Pijlman et al., 2008). Thus, these results indicate that IncRNAs
produced by viruses are probably involved in controlling the entire viral life cycle, which includes
viral genome replication, gene expression, assembly, and release of virions.

2.4. Methods of Detecting IncRNA

Based on sequence similarity and the existence of long open reading frames (ORFs), it is possible
to anticipate protein-coding gene transcripts and several families of non-coding RNAs (tRNAs and
rRNAs) with a fair degree of accuracy (Lander et al., 2001). The following is a list of some of the
techniques.

2.4.1. Full- Length cDNA Sequencing;:

Creating a whole cDNA sequence is the best way to create precise transcript models. The
Functional Annotation of The Mammalian Genome project (FANTOM) was the first effort to
characterize the entire coding capacity of the mammalian genome. Cap-analysis of gene expression
(CAGE) tag sequences (FANTOM3) was used to identify transcriptional start sites (TSSs) for future
FANTOM data releases. Using this technique, approximately 30 percent of all transcripts analysed
were categorized as non-coding RNAs (Carninci et al., 2005).

2.4.2. Chromatin State Maps:

Histone alterations are conserved among mammalian species, and their associations with
transcriptional activity justify their use as indicators of various regulatory components [Bernstein et
al., 2005]. Particularly, extensive investigations using chromatin immunoprecipitation in conjunction
with hybridization to microarray tiling arrays (ChIP-chip) have demonstrated that certain histone
marks are suggestive of particular regulatory elements (Bernstein et al., 2005; Heintzmann et al., 2007).
Guttman and colleagues found around 1250 potential IncRNA loci in various mouse cell lines using
the K4-K36 mark (Guttmann et al., 2009). After analysing expression data from four mouse cell lines,
embryonic development over time, and multiple adult tissues, the researchers concluded that these
identified IncRNAs may play a role in various biological processes, such as ESC pluripotency,
neuronal development, and immune function. This study successfully uncovered numerous
IncRNAs by leveraging knowledge of the connection between chromatin state and transcriptional
activity, although it had some limitations.

2.4.3. RNA Sequencing:

RNA-seq deep sequencing provides a more straightforward method for evaluating
transcriptomes compared to the analysis of chromatin markers. By sequencing short cDNA
fragments, it is possible to effectively reconstruct the entire transcriptome, delivering a broader
dynamic range than microarrays. This technique also enables the identification of novel loci and
transcripts, in addition to quantifying the prevalence of alternatively spliced variants. (Doerr, 2012).
The lack of evidence for transcripts that extend across adjacent protein-coding genes and IncRNA loci
serves as an additional criterion for differentiating the two. Consequently, researchers aiming to
identify functional IncRNAs within their specific systems consider RNA-seq to be highly beneficial
(Nicholas and Ponting, 2013) as shown in Figure 1.
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The subsequent computer reconstruction of transcriptomes has made it possible to identify a
number of IncRNA primary characteristics. For instance, the locations of IncRNA loci and protein-
coding genes are not always the same; their transcripts can be in intergenic sequence, within the
introns of protein-coding genes, or overlap them on the same or opposite strand. Only RNA-seq (or
cDNA sequencing) can provide the possibility of classifying IncRNAs other than intergenic non-
coding RNAs. This observation was based on research conducted in 2013 by Pauli and his colleagues
using RNA-seq during the embryogenesis to identify long noncoding RNAs expressed in zebrafish
embryo in a systematic manner. They identified 1133 noncoding multi-exonic transcripts expressed
during development. These consist of precursors for small RNAs (sRNAs), intronic overlapping
IncRNAs, exonic antisense overlapping IncRNAs, and long intergenic ncRNAs (lincRNAs). They
noticed that the temporal expression profile of IncRNAs disclosed two novel characteristics: they
were selectively enriched in early-stage embryos and were expressed within smaller time windows
compared to protein-coding genes. Moreover, a number of IncRNAs exhibited unique subcellular
localization patterns and tissue-specific expression.

RNA isolation Library preparation Next generation sequencing
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-Remove coding transcripts
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IncRNA transcript set

Figure 1. Protocol of RNA sequencing technique (N.E. Ilott, C.P. Ponting, Methods,2013).

2.5. Role of IncRNAs in Specific Chicken Viral Diseases

Long non-coding RNAs have a significant impact on regulating gene expression in addition to
genes, which are essential in determining the host immune response. Extended non-coding RNAs
impact genes at various phases, such as chromatin remodelling-induced activation or inactivation,
transcription activation or suppression through binding to transcription factors, translation inhibition
and splicing modulation through transcript binding, and mRNA degradation through microRNA
regulation. It has also been reported that long non-coding RNAs have an impact at the protein level
(Statello et al., 2021).
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2.5.1. Avian Leucosis:

Infection with the avian leukosis virus ] (ALV]) causes hemangioma and hematopoietic
malignancy in myeloid leukemia in chickens. On the other hand, nothing is known about the
mechanisms underlying the distinct pathophysiology of ALV]. Research on the differentially
expressed IncRNAs (DE IncRNAs) between non-infected and infected tissues (Lan et al., 2017; Qiu et
al., 2018), chick embryo fibroblast cells (Hue et al., 2018), or primary monocyte-derived macrophages
from chickens (Dai et al., 2019) was found to have the potential to interact with immune-related
miRNAs and genes to demonstrate the role of DEIncRNAs in disease processes. A number of
IncRNAs (XLOC_672329, ALDBGALG0000001429, XLOC_016500, and ALDBGALGO0000000253)
were hypothesized to cis-regulate cholesterol 25-hydroxylase [(CH25H)/cytokine inducible SH2
containing protein (CISH)/interleukin 1 beta (IL-1$3)/CD80 molecule (CD80)] in order to take part in
host antiviral responses, according to Dai et al. (2019).

Hu and colleagues (2018) utilised RNA-Seq to conduct a systematic review of the IncRNAs in
CEF cells and analyzed the gene expression profiles of ALV]-infected chicken cells. Target prediction
analysis showed that five IncRNAs- MG066601, MG066617, MG066602, MG066618 and MG066603
may act in cis or frans and affect the expression of genes involved in the anti-viral innate immune
responses. They found 36 differentially expressed IncRNAs and 91 genes, and the results showed that
the JAK-STAT signalling pathway, toll-like receptor, RIG-I receptor, and NOD-like receptor were all
enriched.

2.5.2. Marek’s Disease:

MDYV is a member of the a-Herpesvirinae family of Herpesviruses, with linear dsDNA and
which causes tissue hyperplasia and neoplasia along with a highly contagious phymatosis. The
pathophysiological mechanism of MD is prompted by proteins encoded by the virulent genes of the
MDYV. There are three serotypes of MDV; namely serum type 1 (MDV-1) or Gallid herpesvirus
(GaHV-2), serum type 2 (MDV-2) or Gallid herpesvirus 3 (GaHV-3), and serum type 3 (MDV-3), that
is also known as Meleagrid herpesvirus I (MeHV-1) (Davison et al., 2009). Three different types of
IncRNAs—ERL IncRNA, linc-GALMD3, and linc-stab1 are involved in the MDV infectivity process.

Figueroa et al. (2016) reported that the ERL IncRNA is a naturally occurring antisense transcript
of the MDV carcinogen, with a length of 7.5 kbp. It is connected to the adenosine to inosine acting on
RNA (ADART1) protein. During the lytic and latent phases of viral infection and reactivation, ERL
IncRNA is expressed. In chickens, the JAK/STAT (Janus kinase/signal transducer and activator of
transcription) and IFN-response pathway controls the expression of ADARI via an inducible
promoter containing IFN-stimulated response elements.

According to research by Burnside ef al. (2008) and Zhao et al. (2015), the unedited ERL IncRNA
has a long half-life because stable introns have been removed and the expression of most of the
miRNA MDV-miR-M4 and lytic-associated miRNA MDV-miR-M1 has been inhibited.

gga-miR-223 is a downstream non-coding RNA whose expression is regulated by the long
intergenic non-coding RNA linc-GALMD?3. The expression of the gga-miR-223 gene was markedly
reduced by a lincGALMD3 knockdown in the MDCC-MSBI1 cells, while the expression of other genes
was increased (Zhang et al., 2021). According to Han and colleagues (2017), linc-GLAMD3 trans-
regulates the expression of other genes in the chicken genome and cis-regulates the expression of
gga-miR-223. Using RNA-Seq and qRT-PCR, they discovered and confirmed that MDV-infected
CD4+T cells had high expression of linc-GALMD3. After linc-GALMD3 function was lost by shRNA,
RNA-Seq analysis in MDCC-MSBI cells revealed that linc-GALMD3 could positively cis-regulate the
expression of its downstream gga-miR-223 gene. Although there is not any experimental support for
the gga-miR-223, it targets the insulin-like growth factor 1 receptor (IGF1R), which controls MD
lymphoma (Yao et al., 2009).

A particular kind of lincRNA called linc-SATB1 controls the MD resistance gene SATBI. It
stimulates the growth and metastasis of cancer cells and has a positive correlation with SATB1 (He et
al., 2015). In addition, SATBI1 activates cell-mediated immunity and immune response genes to kill
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MDV-infected cells. SATB1 is also regulated by miR-21-5p, according to Zhao et al. (2018). Further
research is necessary to fully understand the other roles that linc-satb1 plays.

LncRNA may interact with both host MDYV susceptible and resistant genes to actually participate
in MDV. According to Bacon (2002), model animals for the investigation of responsible biomarkers
or clinical diagnosis during MDV infection are chicken MD resistant line 63 and chicken MD
susceptible line 72. Chickens with and without MDV infection had linc-GALMD], a DE lincRNA. The
expression of immunoglobulin lambda-like polypeptide 1 (IGLL1) varies from line 65 to line 7-.
Following MDYV infection, it expresses more in line 72 chickens than in line 63 chickens, suggesting
that IGLL1 may be a line-specific or susceptible gene in response to MD (He et al., 2019).

2.5.3. Infectious Bursal Disease (Gumboro Disease):

Within the family Birnaviridae, the non-enveloped double-stranded RNA virus known as
Infectious Bursal Disease Virus (IBDV) can cause acute, highly contagious, and immunosuppressive
disease in chickens as early as 3-6 weeks of age. This can result in a significant economic increase in
mortality as well as losses. The profound immunosuppression of broilers and egg-laying hens, as
well as their heightened susceptibility to other illnesses and vaccination failure, are the primary
causes of indirect losses in Gumboro disease (Sharma, 2000).

Studies have been conducted to analyse the effect the of IncRNAs on IBDV infection, during
which the host innate immune system produces dendritic cells (DCs), which play a unique role in
both the innate and acquired immune systems during virus infection (Banchereau and Steinman,
1998). A microarray study conducted by Lin et al. (2016) on DCs stimulated with IBDV and non-
stimulated DCs showed that 965 mRNA, 18 miRNAs, and 114 IncRNAs were expressed differently
after IBDV stimulation. They also came to the conclusion that functional annotation of the DE IncRNA
genes revealed relationships with the RNA biosynthesis process, protein localization, cellular
response to starvation, and other concepts. According to a pathway analysis, these were involved in
the JAK- STAT/MAPK/mTOR/neurotrophin/CCR5/Interleukin-17 (IL-17) signalling pathways.

A study on the antiviral activity of long non-coding RNA 1oc107051710 during infectious bursal
disease virus infection owing to increased interferon production was conducted by Huang and his
colleagues in 2019. Following an investigation of the relationship between the 1oc107051710 and IRF8,
type I IENs, STATs, and ISGs, IBDV infection was induced in cultured DF-1 cells. RNA-seq was used
to analyse the expression of mRNAs and IncRNAs in order to determine the antiviral activity of
loc107051710. The findings demonstrated that 1oc107051710 positively controls IRF8 expression.
Furthermore, the researchers discovered that the locus107051710 functions as a positive
transcriptional regulator of the antiviral genes Mx1, PKR, STAT1, STAT2, IFN-a, and IFN-§3.

2.5.4. Avian Influenza:

Over the past ten years, there has been a notable surge in IncRNA research, leading to an
exploration of the critical roles played by IncRNAs in the regulation of influenza virus infection. Few
IncRNAs have been found to interact with viral components, while the majority of IncRNAs have
been found to regulate type I IFN signalling and IFN-stimulated genes (ISGs) (Wang and Cen, 2020).
Taking an example is the identification and analysis of IncRNAs in duck (Anas platyrhynchos) in
response to H5N1 influenza viruses was done by Lu et al. (2019). After examining the characteristics
of 62,447 IncRNAs from zebrafish, chicken, human, mouse, and elegans, the researchers created a
pipeline to identify IncRNAs by incorporating the features with transcriptomic data. They annotated
4094 duck IncRNAs using 151,970 assembled transcripts from RNA-Seq data of 21 individuals across
three tissues. Results indicated that 619 IncRNAs and 3586 (87.6%) IncRNAs located in intergenic
regions had differential expression in H5N1-infected ducks when compared to duck protein-coding
transcripts. Researchers verified that eight IncRNAs, following H5N1 virus infection, exhibited
remarkably different expression in vitro (in duck embryo fibroblast cells, DEF cells) and in vivo (in
duck individuals), suggesting that IncRNAsmay have significant roles in the antiviral immune
response to influenza A virus infection.
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By blocking various stages of the host immune response, IncRNAs can also function as positive
regulators of viral infection (Ma et al,2016). One study by Ouyang and colleagues (2014) that
demonstrated how IncRNA NRAV is significantly downregulated during IAV infection shows
evidence. NRAV likely inhibits the initial transcription of various significant ISGs, such as MxA and
IFITMS3, by altering the histone modifications H3K4me3 and H3K27me3 in these genes. This, in turn,
can promote IAV replication. Few such examples, with IncRNA acting as positive regulator for viral
replication, are mentioned in the Table 1 (Wang and Cen, 2020).

Table 1. LncRNAs positively regulation viral replication.

1lul
LncRNA Influenza strain Mechanism Subc'e u ar References
localization

Suppresses the initial transcription of a
NRAV A/WSN/1933 (HIN1) number of important ISGs, including Nucleus Ouyang et al. (2014)
MxA, IFITM3, OASL, IFIT2, and IFIT3.
IOASL, I1SG20, IFIT1, IFITM1, and other
anti-IAV ISGs are negatively regulated,

TSPOAP1-AS1 Nucleus WangQet al. (2019)

which suppresses IAV-triggered type I
A/Puerto Rico/8/1934 [EN signalling.

(HIN1) Blocks the overproduction of type A
IFNs and inhibits RIG-I activation by
competing with viral RNAs for the

Lnc-Lsm3b Cytoplasm Jiang et al. (2018)

binding of RIG-I monomers.
Enhances the stability of the viral PB1
by forming an association that Cytoplasm/ Nucleus

IPAN A/WSN/1933 (HIN1) Wang et al. (2019)

[promotes IAV transcription and Cytoplasm/ Nucleus
replication.

Increases viral RNA polymerase
LncRNA-PAAN |A/WSN/1933 (HIN1) activity by facilitating the assembly of Nucleus Nucleus Wang ] et al. (2018)

the RARp complex.
A/Puerto Rico/8/1934 Increases Increases the synthesis of Cvtoplasm
LncRNA-ACOD1 metabolites and the catalytic activity of yiop Wang P et al. (2017)
(HIN1) Cytoplasm
GOT2.
VIN A/WSN/1933 (HIN1) [Unknown Unknown Nucleus Nucleus [Winterling ef al. (2014)

2.5.5. Infectious Bronchitis:

The avian infectious bronchitis virus (IBV), a member of the Gamma-coronavirus genus, affects
the kidneys, reproductive system, and upper respiratory tract of chickens (Cavanagh et al., 1997).

According to research published in 2019 by An and his co-workers, the coronavirus infectious
bronchitis virus (IBV) causes virus-infected cells to produce a unique non-coding RNA (ncRNA).
With the exception of a poly(A) tail from the 3' untranslated region of the IBV genome and a 63-nt
terminal leader sequence from the 5 end of the viral genome, this ncRNA was composed of 563
nucleotides. This non-coding RNA was discovered to be a sub-genomic RNA produced by a
discontinuous transcription mechanism, and it was revealed through the use of mutagenesis and
reverse genetics techniques. In the IBV-infected cells, they have discovered the presence of a novel
sgRNA that is primarily derived from the 3" UTR of IBV. A truncated core sequence,
27104UAACA27108, which was identical to nucleotides 3-7 of the IBV core sequence, facilitated the
synthesis of this sgRNA. which contributes at least three nucleotides (A27105, A27106, and C27107)
to the efficient production of sgRNAs, further supporting the idea that non-canonical transcriptional
signals are employed in the synthesis of coronavirus sgRNAs. Using mRNA, miRNA, and IncRNA
microarray analysis, Lin et al. (2019) investigated the host responses against IBV. The study offered
details on the molecular pathophysiology and interactions between the virus and the host, avian bone
marrow-derived dendritic cells (BMDCs).

2.5.6. Newcastle Disease:

The differentially expressed genes and IncRNAs during NDV challenge were discovered by
Vanamamalai and his colleagues in 2023, and these findings may have some bearing on the observed
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differential resistance pattern. It was discovered that there were 1580 IncRNAs and 552 genes with
differential expression. 52 annotated genes and a greater number of positively correlating IncRNAs
were found to be downregulated, according to pathway analysis and gene ontology.

Sha et al. (2024) utilized RNA sequencing to explore the transcriptional profiles of the visceral
tissues of chicken embryos (CEVTs) subjected to infection by either the virulent NA-1 strain or the
avirulent LaSota strain, assessing samples at 24 and 36 hours post-infection. The analysis of long non-
coding RNAs (IncRNAs) indicated that the significant pathological alterations and clinical
manifestations resulting from virulent Newcastle disease virus (NDV) infection could be, in part,
linked to associated target genes that are modulated by differentially expressed IncRNAs, including
MSTRG.1545.5, MSTRG.14601.6, MSTRG.7150.1, and MSTRG.4481.1. The findings reveal that
virulent NDV infection capitalizes on the host's metabolic resources and modifies the host's metabolic
functions, which is associated with a heightened activation of the immune response.

Conclusion

One of the spin-offs of the ENCODE project is the identification of non-coding RNAs, especially
IncRNAs. Since then, several IncRNAs have been reported as the regulators of gene expressions, viral
diseases, cancer development, and many more pathological conditions. The abovementioned
discussion on IncNRAs in chicken viral diseases has provided an assessment of the current state of
knowledge regarding their locations, functions, and mechanisms. Host IncRNAs are considered to
have a role in protecting the host from viral invasion. On the other hand, the viruses utilize some
IncRNAs to infect and replicate itself. When combined, these results have strongly suggested that
IncRNAs play a crucial role in viral pathogenicity and function as important regulators of host-virus
interaction. Although the reported IncRNAs in conjunction with the chicken viral diseases are less it
is evident that these IncRNAs have been involved in the regulation of host antiviral responses. These
findings pave the way for using the serum from the chickens to use it as a diagnostic tool to assess
the viral disease progression in a flock. Moreover, the role of IncRNAs in modulating the host's innate
immune response to viral infections may lead to future research toward developing tools such as
genome editing to increase host disease resistance. LncRNAs have a lot of potential for usage as
therapeutic targets and indicators to achieve an antiviral state because of their proviral and antiviral
properties. Hence, more evidence on IncRNAs in regulating viral diseases may help to identify
potential disease diagnostic tools and disease control strategies in the future.
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