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 Introduction 
 

The domestic chicken (Gallus gallus domesticus) 
plays a crucial role in global food security, yet its genome 
reveals a narrative of ancient conflicts with retroviruses. 
A considerable segment of its DNA consists of Long 
Terminal Repeat (LTR) retrotransposons, which serve as 
the genomic remnants of historical retroviral infections. 
In some previous studies, only about 1.35% of the chicken 
genome was described as LTR retrotransposon sequence 
(ICGSC, 2004; Wicker et al., 2005; Mason et al., 2016).  

However, in a more recent study that utilized a 
novel, iterative pipeline known as LocaTR (Mason et al., 
2016), which incorporated previously built search 
algorithms (McCarthy and McDonald, 2003; Ellinghaus 
et al., 2008; Rho et al., 2007; Smit et al., 2013), a total of 
34.8Mb of the Gallus_gallus 5.0 assembly was identified 
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as LTR retrotransposon, accounting for 2.8% of the 
chicken genome, although when compared to 
Gallus_gallus 4.0 assembly, it yielded 3.0% of the 
genomic content (Warren et al., 2017). The word 
'retrovirus' technically refers to any retrotransposon 
capable of exiting a host cell and infecting other cells 
through effective integration (Llorens et al., 2011). It 
should be noted that both retroviruses and LTR 
retroposons employ reverse transcription for 
replication; however, they are functionally and 
taxonomically distinct. Retrovirus is a term that only 
applies to members of the Retroviridae family that have 
an envelope (env) gene. This gene allows these viruses 
to make infectious particles that can spread outside of 
cells and infect new host cells (Eickbush and Malik, 
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Abstract 
 
The chicken genome is a living archive, preserving the history of ancient viral 
encounters within its DNA. Among these genetic relics, the Avian Leukosis Virus 
Endogenous (ALVE) family of LTR (Long Terminal Repeats) retrotransposons stands 
out not as a mere fossil, but as a dynamic and influential force in modern poultry 
science. While often silent, these endogenous retroviruses can awaken, casting a long 
shadow over poultry health and profitability. This comprehensive narrative review 
delves into the complex duality of ALVE elements, synthesizing recent evidence that 
reveals their staggering diversity, with over a thousand unique insertion sites now 
identified across global chicken populations. We explore the multifaceted 
mechanisms-from insertional mutagenesis to viral protein interference and 
immunosuppression-by which these elements exert their effects. This review critically 
appraises their tangible economic toll, detailing associations with detrimental 
impacts on vital production traits such as egg laying and growth, while also 
considering the paradoxical role of endogenous retroviruses as potential contributors 
to genetic diversity. Finally, we confront the pressing challenges posed by novel ALVE 
insertions and viral recombination events, arguing that the path to sustainable, 
resilient poultry production lies in harnessing advanced genomics and innovative 
breeding strategies to navigate this intricate endogenous retroviral landscape.  
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2002). On the contrary LTR retrotransposons usually do 
not have a functioning env gene. As a result, their life 
cycle is confined to the intracellular milieu, where they 
replicate through an RNA intermediate that is reverse-
transcribed and reintegrated into the same host 
genome (Boeke and Stoye, 1997). Some 
retrotransposon lineages have acquired env-like 
sequences horizontally, which makes them "virus-like." 
However, a true retrovirus is defined biologically by its 
ability to spread between cells on its own (Llorens et al., 
2011). These retroviruses can induce varied effects on 
their hosts through a series of mechanisms ranging from 
epigenetic silencing to mutagenesis and even positively 
or negatively influencing gene expression. In chickens, 
retroviruses are generally classified by their mode of 
transmission into exogenous (infectious, 
horizontal/vertical transmission) and endogenous 
(heritable, integrated into the germline) categories. A 
notable example that demonstrates both activities is the 
Avian Leukosis Virus (ALV) (Borysenko et al., 2008; 
Payne and Nair, 2012). ALV is a type of C-type retrovirus 
that mainly lives in birds. It belongs to the genus 
Alpharetrovirus.  In the literature, the wider species 
complex is often called Avian Sarcoma Leukosis Virus 
(ASLV) because different viral subgroups can cause a 
wide range of clinical symptoms, from lymphoid leukosis 
to sarcomas (Weiss and Vogt, 2011). These viruses are a 
big problem for farmers because they affect a lot of birds 
in the order Galliformes, causing both neoplastic 
diseases and subclinical production losses (Mason et al., 
2018). However, the endogenous family of ALV is 
common only to the domestic chicken and its direct 
ancestor, the red jungle fowl (Frisby et al., 1979; 
Venugopal, 1999). Avian leukosis/sarcoma viruses cause 
leukoses that impact the lymphoid, myeloid, and 
erythroid lineages of hematopoietic cells as well as 
various cancers and tumors (Beard, 1980; Purchase, 
1987; Payne and Fadly, 1997). While the exogenous 
viruses in the ALV family include the subgroups A, B, C, 
D, J, and K, the endogenous group E is the only group 
that exists in all chicken breeds, but with no known 
pathogenicity (Adkins et al., 2001; Rutherford et al., 
2016). The ALVE (Avian Leukosis Virus Endogenous) 
family serves as a direct connection to exogenous ALV. 
The avian genome also contains many families of 
endogenous retroviruses (ERVs) such as ALVE (with ev 
loci), CR1 (chicken repeat-1), EAV (endogenous avian 
retrovirus) and ART-CH (avian retrotransposon from 
chicken genome) (Crittenden, 1991; Payne, 2001). Some 
of these elements such as EAV and CR1 were found in 
line 0 chickens (which lack ev loci) through low-
stringency hybridization (Boyce-Jacino et al., 1989). 
While CR1 is composed of numerous repetitive 
retrotransposon elements, EAVs consist of moderately 
repeated ALV-like elements. From an evolutionary point 
of view, the CR1 elements seem to be the oldest, 
whereas the ev genes containing retrotransposons, the 
most recent (Crittenden, 1991). Moreover, the 

functional roles of the CR1 and EAV sequences are yet to 
be determined completely. 

Furthermore, about 11 novel families of ERVs 
occupying more than 21 million base pairs, nearly 2% of 
the chicken genome, were characterized by Huda and 
colleagues (2008). The identified ERVs included GGERV 
10, GGERV 29, GGERV 12, GGERV 20, GGERV 28, GGERV 
30, GGERV 21, GGERV 11, GGERV 23, GGERV 22, and 
GGERV 24, with the most recent insertions spanning 0-3 
million years ago being GGERV 10 and the oldest being 
GGERV 24 at 136.5-143.9 million years old. According to 
this, GGERV 10 family can be used as a molecular marker 
for identifying modern chicken breeds, and although 
they are not retrotranspositionally inactivated in the 
genome, they could potentially regulate the expression 
of neighbouring genes because they contain 23 
transcription binding sites (Lee et al., 2017). Generally, 
even though ERVs are associated with several traits like 
blue shelled egg phenotype (Wang et al., 2013; Wragg et 
al., 2013), recessive white feather phenotype and slow 
feathering (Chang et al., 2006; Elferink et al., 2008; 
Takenouchi et al., 2018), immunological and 
immunosuppressive roles (Chiu et al., 2021; Aswad et al., 
2012; Mason et al., 2020) and decline in several 
productive and economic traits (Gavora et al., 1991; Iraqi 
et al., 1994; Fulton et al., 2021), they can contribute to 
the genetic diversity and potential adaptation of 
indigenous chickens thereby supporting development of 
conservative and breeding strategies for a more 
sustainable poultry production (Ishihara et al., 2025).  

Although numerous ALVE elements have 
deteriorated over time, a portion still exists in an intact 
state and can be activated, serving as a continuous 
genetic risk. This review seeks to connect recent 
molecular findings with practical applications in poultry 
science, concentrating on research that elucidates the 
impact of ALVE elements on economically significant 
traits. Grasping this connection is essential for improving 
the sustainability and profitability of poultry production. 

 
Endogenous retroviruses in chickens 
 
The principal origin of Endogenous Retroviruses 

(ERVs) is the integration of exogenous retroviruses 
(XRVs) into the host DNA. The XRV integration 
mechanism into the host genome comprises four 
essential steps, which are viral infection, reverse 
transcription, nuclear transport of proviral DNA, and 
genomic integration (Jiang et al., 2025). Reverse 
transcriptase (RT) transcribes viral RNA into DNA, 
thereby facilitating genomic integration via integrase (IN) 
to create proviruses. ERVs have a genome structure or 
sequence that is comparable to those of exogenous 
retroviruses. They create a proviral sequence that is 
usually 5-10 kb long on the host's genome by reverse 
transcription and integration. This sequence usually has 
gag, pro, pol, and env genes, as well as long terminal 
repeats (LTRs) at both ends. The LTRs act as promoters of  
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proviral expression, regulatory elements, and cis-acting 
domains that are needed for integration (Qi et al., 2025). 
The gag gene makes the structural proteins of the viral 
particle, such as the matrix protein, capsid protein, and 
nucleocapsid protein, which are very important for the 
viral particle stability and assembly. The pol gene codes 
for important enzymes that help viruses replicate, such as 
reverse transcriptase and integrase. The env gene 
encodes the envelope protein (Env) on the viral 
membrane, which is important for the virus to get into 
host cells because it helps the viral envelope fuse with the 
host cell membrane. A complete ERV element usually has 
two long terminal repeats (LTRs) at the ends of the 
genome, one at the 5′ end and one at the 3′ end (Jiang et 
al., 2025). Subgroup E (ALVEs; historically known as ev 
genes (Crittenden, 1991) is found in the domestic chicken 
and its wild ancestor. The designation "ev genes" 
traditionally refers to the specific loci where endogenous 
avian leukosis virus sequences are inserted and 
integrated into the chicken (host) genome, serving as 
stable genetic markers that follow Mendelian 
inheritance. While early nomenclature focused on their 
role as phenotypic modifiers or viral reservoirs, recent 
high-resolution pangenome mapping has reclassified 
these elements as highly polymorphic structural variants 
that continue to influence host immune response and 
genome architecture (Edwards et al., 2025). 

Apart from the ALVE, endogenous avian 
retroviruses (EAVs), which are characterized by similar 
structural semblance, are present in all Gallus spp., 
including chicken. However, other ALV endogenous 
subgroups (ALV-F and ALV-G) are also present in the 
Galliformes (Fandiño et al., 2024). EAVs such as EAV-0, 
EAV-33, EAV-51, EAV-15I, EAV-HP, as well as ART-CH, 
which are chimeric defective ERVs comprising portions 
of EAV-51 and EAV-HP (Sacco and Nair, 2014), as 
opposed to authentic retrotransposons (Gudkov et al., 
1992), have been characterized. One very well-
researched ERV in poultry is the EAV-HP. This 
retrotransposon is thought to be a source of ALV-J (also 
known as ev/J), an exogenous retrovirus from 
recombinations with an exogenous ALV (Sacco et al., 
2004). ALV subgroup J infections typically lead to 
suppression of the immune system, causing cancers or 
tumors, which can have detrimental effects on both 
poultry health and economics. A more recent study by 
Liang and colleagues (2017) on 10 chicken breeds in 
China demonstrated that the exogenous ALVs that 
infected the breeds were more closely related to the 
subgroup J ALV prototype strain HPRS-103 based on 
phylogenetic tree analysis on the env gene of the ev/J 
endogenous retroviral sequences. This highlights a very 
important aspect of endogenous retroviral research, as 
these retroviruses could be sources of further 
recombination with other exogenous ALV subgroups.  

 
ALVE family 
 
While exclusively exogenous ALVs (subgroups A-

D, J, and K) provoke leukoid tumors in Galliformes, 
endogenous ALVs can also spread horizontally within a  

 

population, albeit with a species-specific range. 
Subgroup E (the ALVEs) is present in red jungle fowl and 
domestic chickens, but not in other Gallus species. 
Subgroups F and G are found in pheasants, subgroup H 
in partridges, and subgroup I in quail (Frisby et al., 1979; 
Venugopal, 1999). A recent study revealed the presence 
of endogenous retroviral sequences in the genomes of a 
minimum of 12 Galliformes (Fandiño et al., 2024). A 
separate study analyzed whole-genome resequencing 
data from 407 non-commercial, indigenous chickens 
from Ethiopia, Iraq, and Nigeria. Using an advanced 
bioinformatics pipeline, obSERVer, researchers found a 
total of 974 different ALVE insertions, 837 of which were 
new (Mason et al., 2020). A different investigation 
looked at ALVE elements in 7 Chinese domestic breeds 
and 4 standard breeds. It found a total of 37 ALVE 
insertion sites, 23 of which were new. There were some 
ALVE sites that were only found in certain breeds. For 
example, 16 out of 23 new ALVEs were only found in one 
breed of Chinese domestic chicken. The discovered 
ALVE insertions were found to be very similar to ALVE1 
after being confirmed by PCR and Sanger sequencing 
(Wang et al., 2023). Currently, the recognized diversity 
of ALVE encompasses over 1300 distinct integration 
sites. (Rutherford et al., 2016; Mason et al., 2018; 
Mason et al., 2020).  

ALVE insertions are both new and common 
because there is a lot of variation in the elements 
between chicken populations, the number of copies of 
each element is low, and the overall structure is usually 
strong. In fact, almost half of the twenty-three ALVEs 
found in different White Leghorn lines can make virions 
that are competent for replication (Benkel, 1998; 
Borisenko, 2003). The virion surface protein gp85, which 
is encoded by the envelope gene (env), defines ALV 
subgroups. This is because it defines the specific TV 
(tumor virus) cell entry receptor (Mason et al., 2018). 
For instance, ALV-A enters through the TVA receptor, 
ALV-C through the TVC receptor, and subgroups B, D, 
and E through the TVB receptor. Researchers have found 
two TVB alleles (TVB*S3 and TVB*R) that make cells 
resistant to ALVE entry. However, these alleles are both 
recessive to and much less common than the wildtype 
TVB*S1, which is susceptible to all three subgroups 
(Hunt et al., 2008; Yu et al., 2008; Kaya, 2018). There are 
no recorded instances of ALVEs harboring accessory 
oncogenes, and their expression is two to three orders 
of magnitude lower than that of exogenous ALV, 
attributable to the deletion of enhancers in the ALVE LTR 
U3 domain (Coffin et al., 1983; Norton and Coffin, 1987; 
Conklin, 1991). ALVE LTRs typically possess a singular 
enhancer, in contrast to the tandem enhancer cassette 
found in exogenous ALV (Ruddell, 1995). As a result, 
ALVEs infrequently provoke tumorigenesis; however, 
the existence of these loci within the host genome can 
influence the infection dynamics of exogenous ALV (Yu 
et al., 2008; Kanda et al., 2013; Justice and Beemon, 
2013; Liang et al., 2017; Fandiño et al., 2024). Numerous 
previously identified ALVE elements have been detected  
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in both commercial and indigenous chickens (Mason et  
al., 2020; Benkel et al., 1998; Rutherford et al., 2016). A 
number of other ALVE elements have also been 
reported to be involved in several other economically 
significant traits, particularly production traits, which 
will be addressed in the subsequent subheading. 
 

Economic impact of ERV elements 
 

It is well known through research that endogenous 
retroviruses generally negatively affect production 
traits, especially through their interaction with 
exogenous ALV (Liang et al., 2017; Mason et al., 2018), 
impact the expression of certain genes (Ishihara et al., 
2025), and also directly infect the host if expressed in its 
pathogenic form (Gavora et al., 1991). ALVE has been 
associated with performance traits in layers. Fulton et 
al. tested the association of ALVE with 18 different layer 
performance traits in their 2021 study on 8 Hyline elite 
layer lines. Out of these traits, 15 exhibited significant 
associations with at least one trait in at least one line. 
There were instances where a single ALVE type had 
varying impacts on the same trait in different lines. 
Conversely, the same ALVE insertions could have a 
positive effect on a particular trait in one line but an 
opposite effect in another (Fulton et al., 2021). For 
instance, ALVE 15 is noted to have a negative effect on 
albumen height in one line of White Leghorn but not in 
another. ALVE can also associate significantly with 
multiple traits (Fulton et al., 2021). These outcomes 
evince the complex variability of ALVE in associating 
with various traits while eliciting several effects on 
production traits even within the same line. One of the 
economically important production traits for poultry 
farmers is egg production. ALVE 3 is shown to 
detrimentally impact this trait (Gavora et al., 1991). 
However, in one White Leghorn line (WL3), a positive 
impact was realized. (Fulton et al., 2021). Meanwhile, 
consistent with previous studies on the detrimental 
effects of ALVEs, about six ALVE types in Fulton et al.’s 
experiment had an exclusively negative impact on egg 
production traits. Of the known ALVEs, ALVE 21 is the 
most common among breeds that are of economic 
importance. ALVE 21 is situated approximately 650 base 
pairs downstream of a CR1 (Chicken Repeats 1) element 
within a substantially duplicated genomic segment (Iraqi 
and Smith, 1995). ALVE21/Slow feathering complex has 
been characterized as a replication-competent provirus 
linked to sex-linked slow feathering in the K locus (Tixier-
Boichard et al., 1997; Elferink et al., 2008; Bu et al., 
2013). Apart from ALVE, other endogenous retroviruses 
are of economic importance, especially ev/J, which by 
itself is non-infectious but can recombine with 
exogenous ALVs to form the more oncogenic ALVJ 
retrovirus. ALVJ can cause leucosis in different bird 
species (Nikzad et al., 2025), and symptoms could 
include paleness, weight loss, and even reduced egg 
production in laying hens, which are economically 
important traits (Liang et al., 2017; Eid et al., 2019).  

ALVK, also a newly discovered low-pathogenic 
retrovirus (Cui et al., 2014), is said to be endemic in 
domestic chickens in China (Dong et al., 2015), and 
recombination of this retrovirus with other ALV 
subgroups has also been shown to increase its 
pathogenicity (Lv et al., 2019; Li et al., 2022). This poses 
a risk for the emergence of new recombinant ALVs and 
challenges control efforts towards eradicating ALVs 
from the chicken genome (Zhang et al., 2024). In recent 
research, the ability of endogenous retrovirus 
insertions in influencing the expression of nearby 
genes was investigated in Japanese indigenous 
chickens (Ishihara et al., 2025). 172 ERV loci were 
identified in their experiment, with a focus on genes 
located close to these loci. It was observed that out of 
75 genes located near these ERV loci, there were 
significant differences in the expression of GTP/ATP 
binding carboxypeptidase 1 (AGTPBP-1), N-acetylated 
alpha-linked acidic dipeptidase 2 (NAALAD2), and 
phosphoribosylaminoimidazolesuccinocarb-oxamide 
ynthase (PAICS). While PAICS expression was 
increased, NAALAD2 had decreased expression. These 
results support previous postulations that ERV 
insertions within or near genes affect their expression. 

Although ALVE-free lines have been successfully 
introduced (Astrin et al., 1979; Zhang et al., 2008), in 
recent times, novel insertions and recombinations 
seem to dampen efforts to control and eradicate ALVs, 
especially in the non-commercial poultry industry (Li et 
al., 2025). With the call to and rise of sustainable 
livestock production, especially with the use of local 
breeds, efforts could be seriously hampered by these 
retroviral elements. Therefore, in order to compensate 
for these novel additions, new detection analysis 
techniques, vaccines, and breeding strategies need to 
be developed. 
 
Conclusion 
 

The story of ALVE elements in the chicken genome 
is one of enduring conflict and unexpected complexity. 
Far from being inert passengers, these endogenous 
retroviruses are active participants in the biology of the 
host, capable of undermining economic gains through 
their direct and indirect effects on health and 
productivity. The discovery of vast ALVE diversity in both 
commercial and indigenous flocks, coupled with their 
potential for recombination with exogenous viruses, 
underscores a persistent and evolving threat.  

However, this challenge is not insurmountable. 
The same genomic tools that have illuminated the scale 
of the problem also light the path toward solutions. The 
development of ALVE-free lines was a landmark 
achievement, yet the dynamic nature of these elements 
demands a more nuanced and continuous approach. 
The future of ALVE management lies in the utilization of 
the pan-genome-wide association studies, including 
integration of high-resolution pan-genome maps, 
advanced diagnostic assays, and precise breeding 
programs using marker-assisted selection capable of  

 
 
 
 



Poultry Studies, 23(1), xx-xx                                                                                                                                              xx 

    

 

selecting against detrimental insertions without 
eroding the valuable genetic diversity found in local 
breeds. Also, the possible use of CRISPR/Cas9 to cut 
out proviral sequences could lead to a precision 
genome editing method for managing ALVE. This would 
allow highly productive lines to be cleansed of viral 
reservoirs without the generational lag or linkage drag 
that comes with traditional backcrossing. There are still 
technical and legal problems with off-target effects 
and GMO laws, but the ability to remove viral 
reservoirs without the generational lag of backcrossing 
is a big step forward for elite line conservation. As the 
industry moves towards more sustainable, enhanced 
resilience, and robust production systems, a deep and 
proactive understanding of the endogenous retrovirus 
nexus will be paramount. By moving from observation 
to intervention, we can begin to rewrite the narrative, 
transforming these ancient viral foes from economic 
liabilities into manageable elements of the chicken's 
rich genetic heritage. 
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