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Abstract

The molecular evolutionary analyses have been conducted to clarify the
evolutionary mode and history of pathogenic viruses. The evolutionary mode
and history include (1) the phylogenetic relationships, (2) the rates of nucleotide
substitutions, (3) the divergence times, (4) the patterns of nucleotide substitutions,
and (5) the natural selection.

In Chapter I, the significances of analyzing the above subjects are
summarized. (1) The investigation of the phylogenetic relationships among virus
strains is known as the molecular epidemiology. Once the phylogenetic |
relationships among virus strains are established, it is possible to identify the
transmission routes of the virus within human population. The identification of
the transmission route is then useful té infer the possible transmission mode of
viruses. The investigation of the phylogenetic relationships among virus strains
is also useful to clarify the geographical origin of viruses. Moreover, the
comparison of the phylogenetic relationships among virus strains obtained from
various host species with the phylogenetic relationships among the host species
may indicate the possible occurrence of interspecies transmissions.

(2) The studies of the rate of nucleotide substitutions for various viruses
clarified that the RNA viruses can be divided into two categories, according to their
rates of nucleotide substitutions. The first category consists of the rapidly evolving
RNA viruses with the rate of nucleotide substitutions of the order of 10° to 10 per
site per year. The second category includes the slowly evolving RNA viruses with
the rate of nucleotide substitutions of the order of 10° to 107. It implies that the

evolutionary theories so far proposed can be tested experimentally using rapidly
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evolving RNA viruses. The evolutionary rate of viruses is also useful to predict
the possibility of developing effective vaccines against viruses.

(3) Applying the rate of nucleotide substitutions to the phylogenetic tree
reconstructed for virus strains, the divergence times among virus strains can be
estimated. The comparison of the divergence times among virus strains with the
divergence times among their host species indicates the possible interspecies
transmissién of viruses.

(4) In general, the exact knowledge of the pattern of nucleotide substitutions
for a particular organism is important to choose appropriate nucleotide substitution
models in the molecular evolutionary analyses for that organism. The study for
the pattern of nucleotide substitutions for viruses is also useful for developing new
drugs, particularly nucleotide analogues, against virus infections.

(5) The factors determining the mode of molecular evolution include the
mutation rate, the random genetic drift, and the natural selection. The mutation
rates for the rapidly evolving RNA viruses seem to be more than million times
faster than the mutation rate for humans, as is the case for the rate of nucleotide
substitutions. According to the neutral theory of molecular evolution, the great
majority of evolutionary changes at the molecular level are caused not by positive
selection but by random drift of selectively neutral or nearly neutral mutants.
However, positive selection operating at the amino acid sequence level has been
detected on many protein coding genes of viruses.

In Chapter II, studies on human T-cell lymphotropic virus types I (HTLV-I)
and II (HTLV-II) are briefly reviewed from the viewpoint of molecular evolution,
with special reference to the evolutionary rate and evolutionary relationships

among different isolates of these viruses. In particular, it appears that, in contrast
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to the low level of variability of HTLV-I among different isolates, individual isolates
form quasispecies structures. Elucidating the underlying mechanisms of these two
phenomena will be one of the future problems in the study of the molecular
evolution of HTLV-I and HTLV-IL.

In Chapter III, with the aim of elucidating evolutionary features of GB virus
C/hepatitis G virus (GBV-C/HGV), molecular evolutionary analyses were

conducted using the entire coding region of this virus. In particular, the rate of
nucleotide substitutions for this virus was estimated to be less than 9.0 x 106 per site

per year, which was much slower than those for other RNA viruses. The
phylogenetic tree reconstructed for GBV-C/HGYV, by using GB virus A (GBV-A) as
outgroup, indicated that there were three major clusters (the HG, GB, and Asian
types) in GBV-C/HGYV, and the divergence between the ancestor of GB and Asian
type strains and that of HG type strains first took place more than 7,000-10,000 years
ago. The slow evolutionary rate for GBV-C/HGV suggested that this virus cannot
escape from the immune response of the host by means of producing escape
mutants, implying that it may have evolved other systems for persistent infection.
In Chapter IV, molecular evolutionary analyses for Ebola and Marburg
viruses were conducted with the aim of elucidating evoluti;)nary features of these

viruses. In particular, the rate of nonsynonymous substitutions for the
glycoprotein (GP) gene of Ebola virus was estimated to be, on the average, 3.6 X 105
per site per year. Marburg virus was also suggested to be evolving at a similar rate.
Those rates were a hundred times slower than those of retroviruses and human
influenza A virus, but were of the same order of magnitude as that of hepatitis B
virus. When these rates were applied to the degree of sequence divergence, the

divergence time between Ebola and Marburg viruses was estimated to be more than
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several thousand years ago. Moreover, most of the nucleotide substitutions were
transitional and synonymous for Marburg virus. This observation suggests that
purifying selection has operated on Marburg virus during evolution.

In Chapter V, a method was developed for detecting the selective force at
single amino acid sites, given a multiple alignment - of protein coding sequences.
The phylogenetic tree was reconstructed using the number of synonymous
substitutions. Then, the neutrality was tested for each codon site using the
numbers of synonymous and nonsynonymous changes throughout the
phylogenetic tree. Computer simulation showed that this method estimated
accurately the numbers of synonymous and nonsynonymous substitutions per site,
as long as the substitution number on each branch was relatively small. The false
positive rate for detecting the selective force was generally low. On the other hand,
the true positive rate for detecting the selective force depended upon the parameter
values. Within the range of parameter values used in the simulation, the true
positive rate increased as the strength of the selective force and the total branch
length, namely the total number of synonymous substitutions per site, in the
phylogenetic tree increased. In particular, most of the positively selected codon
sites, with the relative rate of nonsynonymous substitution to synonymous
substitution being 5.0, were correctly detected when the total branch length in the
phylogenetic tree was 2.5 or more. When this method was applied to the human
leukocyte antigen (HLA) gene, which included antigen recognition sites (ARSs),
positive selection was detected mainly on ARSs. This finding confirmed the
effectiveness of the present method with actual data. Moreover, two amino acid
sites were newly identified as positively selected in non-ARSs. Three-dimensional

structure of the HLA molecule indicated that these sites might be involved in
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antigen recognition. Positively selected amino acid sites were also identified in the
envelope protein of human immunodeficiency virus and the influenza virus
hemagglutinin protein. This method is helpful for predicting functions of amino
acid sites in proteins, especially in the present situation that sequence data is

accumulating at an enormous speed.
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