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Retroviruses belonging to Retroviridae family are classified into exogenous retroviruses
(exRVs) and endogenous retroviruses (ERVs). ERVs are known as DNA sequences comprising
approximately 6—-10% of cat, human, and mouse genome. ERVs are descendants of exRVs that
integrated into the germ line of the ancestral host lineage and are now transmitted vertically
from parents to offspring in a Mendelian inheritance pattern. ERVs are ubiquitously present
in all vertebrates. Most ERVs are inactivated but some still retain replication capacity to
produce infectious viruses in mice and cats. Interestingly, although most ERVs seem to
represent junk DNA, a few ERVs have been co-opted by their hosts to gain physiological
functions through “ERV domestication” such as antiviral factors, placenta formation ability,
innate immunity regulation, and so on. Thus, ERV domestication has contributed
dramatically to host evolution.

Feline endogenous retroviruses have been identified and grouped phylogenetically into
different classes. Endogenous retroviruses of domestic cats (ERV-DCs) are one of the
youngest feline ERV groups in domestic cats (Felis silvestris catus); some members are
replication-competent (ERV-DC10, ERV-DC18, and ERV-DC14), produce the anti-retroviral
soluble factor Refrex-1 (ERV-DC7 and ERV-DC16), or can generate recombinant feline
leukemia virus (FeLV). However, the evolution of ERV-DC in felis linage remains unclear.

In chapter one, I assessed the invasion by two distinct infectious ERV-DCs, ERV-DC10 and
ERV-DC14, in domestic cats. Of a total sample of 1646 cats, 568 animals (34.5%) were
positive for ERV-DC10 (heterozygous: 377; homozygous: 191), 68 animals (4.1%) were
positive for ERV-DC14 (heterozygous: 67; homozygous: 1), and 10 animals (0.6%) were
positive for both ERV-DC10 and ERV-DC14. ERV-DC10 and ERV-DC14 were detected in
domestic cats in Japan as well as in Tanzania, Sri Lanka, Vietnam, South Korea and Spain.
Breeding cats including Singapura, Norwegian Forest and Ragdoll cats showed high
frequencies of ERV-DC10 (60-100%). By contrast, ERV-DC14 was detected at low frequency
in breeding cats. These results suggest that ERV-DC10 is widely distributed while
ERV-DC14 is maintained in a minor population of cats. Thus, ERV-DC10 and ERV-DC14
have invaded cat populations independently.

In chapter two, I investigated ERV-DC in European wildcats (Felis silvestris silvestris) and
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detected four loci: ERV-DC6, ERV-DC7, ERV-DC14, and ERV-DC16. ERV-DC14 was detected
at a high frequency in European wildcats; however, it was replication-defective due to single
G—A nucleotide substitution resulting in an E148K substitution in ERV-DC14 envelope
(Env). This mutation results in a cleavage-defective Env that is not incorporated into viral
particles. Introduction of the same mutation into feline and murine infectious
gammaretroviruses resulted in similar Env dysfunction. Interestingly, the same mutation
was found in a FeLV from naturally-occurring thymic lymphoma and a mouse ERYV,
suggesting a common mechanism of virus inactivation. Refrex-1 was present in European
wildcats; however, ERV-DC16, but not ERV-DC7, was unfixed in European wildcats. Thus,
Refrex-1 has had an antiviral role throughout Felis evolution, pre-dating cat exposure to
feline retroviruses. ERV-DC sequence diversity was present across wild and domestic cats
but was locus-dependent. To sum up, ERVs have evolved species-specific phenotypes
through the interplay between ERVs and their hosts. The mechanism of viral inactivation
may be similar irrespective of the evolutionary history of retroviruses. The tracking of
ancestral retroviruses can shed light on their roles in pathogenesis and host-virus evolution.
In chapter three, I conducted analysis of ERV-DC in jungle cats (Felis chaus) showing
evolutionary lineage. Based on phylogenetic analysis, I found existence of ERV-DC/F. chaus
(endogenous retrovirus in jungle cat) like ERV-DC genotype III compared to three genotypes
identified in domestic cats previously. The integration time of ERV-DC/F. chaus was estimated
to be approximately 160,000 years ago. ERV-DC/F. chaus integration polymorphism was not
fixed in jungle cat. The sites of integration were different between Felis chaus and domestic
cats. ERV-DC/F. chaus integrated into Felis chaus have been inactivated due to gene
mutations and deletions, and have lost autonomous growth and infectivity. However,
existence of intact ERV-DC/F chaus env was found. Using pseudotyped viruses, this
ERV-DC/F. chaus env still retained infectious capacity suggesting that existence of infectious
ERV-DC/F. chaus proviruses in jungle cats. These results suggested that ERV-DC and
ERV-DC/F. chaus internalized in the Felis silvestris catus and Felis chaus have undergone
evolutionary route independently in the process of co-evolution with each host. Determination
and characterization of ERV-DC/F. chaus would be helpful for understanding virus evolution
and host-virus interaction.

In conclusion, my studies firstly reported the invasion of infectious endogenous retroviruses
in domestic cats, the inactivation of an infectious endogenous retrovirus via a single
nucleotide polymorphism, and the potential existence of infectious endogenous proviruses in
jungle cats. This information provided new insights into evolution of endogenous

retroviruses in felis lineage based on ERV-DCs.
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