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Evolutionary features of RNA viruses with special

reference to mutation rates and transmission modes
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It is known that many kinds of diseases are caused by viruses having RNA as
their genetic materials. In general, RNA viruses evolve by evolutionary factors
including mutation and selection. ~Selection against RNA viruses is mainly caused by
the interaction with the host species, because RNA viruses can survive only as parasites
of the host species. Therefore, it is of particular importance to investigate the
interactions between RNA viruses and the host for studying the evolution of RNA
viruses. In this thesis, I focused on the following three interacting features with the
host; 1) modes of viral infection to the host, 2) viral adaptation to a single host and 3)
exchanging genomic regions between RNA viruses and the host.

In chapter 1, first, I defined the virus as an organism that could survive and
grow only in the living cell, and that contained a protein coat surrounding a nucleic acid
core but having no semipermeable membrane. In addition to the definitions, I outlined
the taxonomy and evolutionary mechanisms of RNA viruses.

In chapter 2, I estimated the rates of synonymous substitution for 46 species of
RNA viruses and found a large amount of variation in the rates (the difference in the 3rd
orders of magnitude). On the other hand, through constancy in the rate of replication
error among RNA viruses examined, I concluded that the main factor for the variation
of the substitution rates was the differences in the replication frequency. This is
because we can assume that the rate of synonymous substitution is determined by the
rate of replication error and the replication frequency. Moreover, I examined
relationships between the rates of synonymous substitution and several modes of viral
infections to the host including the transmission modes. The results obtained indicate

that the rate of synonymous substitution was strongly related to the difference in the
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modes of viral infection to the host. The reason was speculated as that the modes of
viral infection to the host altered the replication frequency.

In chapter 3, using porcine reproductive and respiratory syndrome virus
(PRRSV) whose synonymous substitution rate was the highest among the 46 species of
RNA viruses, I conducted evolutionary analyses in order to understand the evolutionary
process of PRRSV. The virus is a recently emerged pathogen in domesticated swines.
Epidemiological data suggest that the divergence time of PRRSV is about 15 years ago.
For confirming the rapidness of the synonymous substitution rate in PRRSV, I first
estimated the divergence time of PRRSV by molecular evolutionary analysis, and
compared it with that inferred from the epidemiological data. As a result, the
divergence time estimated by the evolutionary analysis well corresponded to that
estimated by the epidemiological data. This correspondence ensured the rapidness of
the rate in PRRSV. Second, I studied the envelope regions as an important element for
viral adaptation to the host. In particular, positively selected sites were detected in the
envelope gene by my computer analysis. Interestingly, the sites were located not only
in the regions attacked by the host immune system but also in the transmembrane
regions including a signal peptide. The positively selected sites in the transmembrane
regions were considered to be irrelevant for escaping the immune system, because no
amino acid substitutions were observed in the transmembrane regions of the sequences
isolated from piglets that were experimentally infected by PRRSV. In other words, the
transmembrane regions and the signal peptide are thought to be specific to a given
membrane. Therefore, I think that the positively selected sites of the membrane
regions are important not for the viral adaptation to the host immune system but for the

viral attachment to the membrane of the new host cell, because PRRSV emerged
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recently as mentioned above.

In chapter 4, I searched for eukaryotic genomic regions homologous to RNA
viruses to find how often the exchange of a genomic sequence has occurred between
RNA viruses including retro and non-retro viruses and 6 eukaryotic genomes such as
Homo sapiens, Mus musculus, Drosophila melanogaster, Caenorhabdifis elegans,
Arabidopsis thaliana, and Saccharomyces cerevisiae. The evolutionary origin of the
homologous regions was studied by phylogenetic analysis.

For the non-retrovirus RNA viruses, I obtained two major results: First, a part
of the Borna virus genome (nucleocapsid protein gene) was shown for the first time to
be derived from mammalian genomes. Second, the 6 eukaryotic genomes did not have
any part of the virus genome.

In the case of the retroviruses and the two mammalian species, Homo sapiens
and Mus musculus, 1 obtained four results. First, retrovirus-like regions occupied
about 0.1 % of each of the whole genomes of the two species. Second, physical maps
indicating the locations of the retrovirus-like regions were constructed for both genomes.
Third, the retrovirus-like regions were not randomly distributed in both complete
genomes at a significant level (P<0.01). Forth, there exists a positive correlation
between the GC content of retrovirus-like regions and that of the flanking regions for
both species. From these results, I have concluded that retroviruses have been
integrated into the host genome where the GC content was similar to each other.

The present study will give a insight not only into the evolutionary origin and
process of RNA viruses but also the interacting features between RNA viruses and their

hosts.
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TEHEE. RNA TA)VAD 1 FETHS PRRSV (Porcine reproductive and respiratory
syndrome virus) OECHEENEFICENWRICEBLE, TOHEEENDDEZDIT. T—
FR—=ZAHO (I5R 39 BICAEIND) 46D RNA VANV ZICDWT, HERFIOFZE
BHLOMTZT\\, ARBERHEELZRDEZ, TOHEE. FTREBDELEET PRRSY TH
S EBES (FHDEETIFED 10D, boEHBVHD (Simian foamy virus) 1Ttk
NTETFHED RN EDRDM oz, RRERRBHEEURO LS —REBHBEEOETES
NBEN, TI—RBPBRBEOIAINATREESRVWIENASNTWEO T, ELHEED
REBEBVWZECHBEBEEICERTS2EEA6NE, 35610, BEBEERY 1L DBSR
BRACEKEFELTEED, ZRBRCPROBRATHEMNBAERZRT DOIIEEEENS
< EZFER L TEREUEBROBEFXZRTHOIRMEVWERBEELZRT. £ —§
BEmZBE S ML,

KRICIEHE IS G % PRRSV 1T D . BREMICRI I N A N ADEERESF—4
IR L CREB 2R U7z, R & BREUE & OBEEM S PRRSV 1 1980 £/ T HHfE
ELTRBELAEZEZHASMC U, ZORRIZPRRSY 2N 1987 ST 7 AU I THIO THRE
SNTENIEFHNEELORSFET S, £7=. PRRSV @ envelope B FIC DWW TR
SIEFRBEBEREBFT L. EBE T L Tpositive selection (PS) EETWA YA FE2FEE
L7z PSOMBRERETF LD 16 B0 MIESN., T b—fEE & transmembrane fEHE.
PUFINVEFIERICTY 3Nz, TEN—THEEETFHEEBDORERETH DN, B F
DEBEIZOTVANZANHEE L TAEUEBRICBRREEZ2MOBY NS T IV ICEE Lk
RTHADIEMELZ, S5, BHERINSDTF—YHETOEBRERZERVICHEND S
72DIT, THRRBICPRRSY U AN A ERBPEEEDRERZITH> /-, BB 1? 5 EMHEEL
A INWAR, LRET—FHBITICE o TREINEZPS ERACNBTOAEREBERZET D
AUk,

BIOMET—~ &L T, BEBHOY /) LETLINAEDOBEBICERL, B/
AT LI RNA UV ADBEEFNZHRLE, TOFKE, EF (XTR) 7 AFIC
W retrovirus BAAA @ RNA DA VA DEFNITE o< RHE NI &, retrovirus 2378
ETLCBARMETZEERIZEFEELWL 0 FEZ2HDY /) ABEBICAD Z E2HMC
L7,

UED& Sz, FEHEIE RNA AN AW DWTORNEIZEEZITL., EBEHES L0
FRBEANORT, WOBOFRNDHBRBMRZHENILZDOT, BEHIXELT
SAEDLVHMXTHD EHEL =,
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