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The human immunodeficiency virus (HIV) is an etiological agent of acquired
immunodeficiency syndrome (AIDS). The genome of HIV evolves approximately
a million times faster than human genes. Because of this high mutation rate, the
genomic sequences of HIVs within a single host are not homogeneous, but
heterogeneous in which all members are closely related to each other. In many
genes of HIV-1, preponderance of synonymous substitution over nonsynonymous
substitution was observed as well as in other RNA viruses and this observation is
in accordance with the neutral theory of molecular evolution. However, the third
variable envelope (V3) region, one of the major epitopes of HIV-1 may be a
specific site such as an antigenic site, which makes it possible to escape from the
host immune system.

In this thesis, I discussed molecular evolution of HIV focusing on the
following two areas;

(1) phylogenetic relationships among HIVs and related SIVs, and
(2) molecular evolution of HIV within the human body.

The origin and molecular epidemiology of human immunodeficiency virus are
discussed. HIVs and SIVs (simian immunodeficiency viruses) form one group of
primate lentiviruses. However, there has been a controversy over the origin of
HIV and SIV. Ireviewed this problem by conducting phylogenetic analyses. My
phylogenetic tree clearly suggests that evolution of HIV and SIV did not follow
the evolution of their host species, confirming that interspecies transmission of
the virus might have occurred in the past.

Human immunodeficiency virus type 1 (HIV-1) which possibly originated in
Africa is now found all over the world. Previous phylogenetic analyses showed
that almost all of HIV-1 isolates from Haiti, USA and western Europe form a
distinct cluster known as "subtype B." These studies suggested that one type of
HIV-1 variants in Africa might have been introduced to Haiti, USA and western
Europe. However, there is not much information about how HIV-1 was
transmitted to India, Thailand, Romania, and Russia where the epidemiological
features were reported very recently. Thus, I intended to elucidate more detailed
routes of transmission of HIV-1 by phylogenetic analyses. For this purpose 1
collected all the available nucleotide sequences for part of the envelope
glycoprotein of HIV-1 from the international DNA data bases, and I constructed
phylogenetic trees using the amino acid sequences translated. I have found that
HIV-1 isolates from Russia and Romania respectively form new clusters. This
finding suggests that transmission of HIV-1 into Russia and Romania might have
been independent of that into most developed countries such as USA and western
Europe, and that geographical closeness is not necessarily correlated with
similarity among the virus strains. The phylogenetic tree also supports the view
that HIV-1 might have been introduced to India and Thailand directly from
Africa. My phylogenetic analysis suggested that divergence of HIV-1 from Africa
to India and Thailand might have started at the almost same time.
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I conducted molecular evolutionary analyses of evolution of the epitope region
of HIV within a single host. The third variable envelope region (V3) of HIV is
known as one of the major epitopes and a determinant of the viral phenotypes of
HIV. It has been suggested that positive selection may be operating on the V3
region. To elucidate the evolutionary mechanism of HIV, it is important to
understand population dynamics of HIV variants within a human body. In order
to understand population dynamics of HIV of the V3 region host, I analyzed the
nucleotide sequence data for the V3 region of HIV clones sampled periodically
from each of six patients studied. I constructed phylogenetic trees for viral
variants within the human body. My phylogenetic analysis predicted particular
variants that might survive AZT treatment.

I traced the change of genetic variation of the V3 region within a human body.

My results also showed that genetic variations of HIV within a human body do
not increase monotonically, supporting Nowak et al. 's prediction that there is a
threshold in degrees of genetic diversity when the human immune system is
activated to affect the dynamics of the viral population.

Moreover, I estimated the rate of nucleotide substitution using the nucleotide
sequence data of HIV variants periodically sampled. Then I found that there was
a certain time period after infection when the rate of nonsynonymous substitution
was significantly higher than that of synonymous substitution within a human
body. However, I also noticed that for other periods, the rate of synonymous
substitution was higher than that of nonsynonymous substitution. Thus, the type
of selection and its intensity may not be constant all the time in viral evolution
within the human body.

I analyzed the patterns of amino acid substitutions at each amino acid site for
the V3 region. As a result, I found that amino acid substitutions occurred
predominantly at five specific amino acid sites where the substitution is known to
be responsible for production of antigenic variation and determination of viral
phenotypes. These findings indicate a strong possibility that positive selection is
taking place in the V3 region of HIV during a particular time period after
infection.

My analyses showed that highly variable amino acid sites are responsible not
only for antigenicity but also for cell tropism. This indicates that positive
selection may also operate on mutations that alter viral cell tropism and
replication rates. Many of the amino acid substitutions occurring in the V3 region
might enable the virus to escape from recognition by the host immune system or
cause a successful increase in population frequencies by changing viral
phenotypes. In particular, during the periods of time when nonsynonymous
substitutions predominate, HIV may change its antigenicity or phenotype
associated with virulence.
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