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ABSTRACT

Majority of the genes are evolving under the neutral mutation
pressure. However, some genes are evolving through positive selection.
Blood types were originally distinguished by the different molecular
structure on erythrocytes. Therefore these products of blood group
genes may cause interactions with other organisms, and there is
possibility of positive selection on those genes. Because the Rh blood
group gene products are membrane proteins, these products of blood
group genes seemed to be affected by interactions with other organisms
or cells on surface regions. Itis known that the Rh blood group genes
have homologous genes named Rh50, and hominoids have two or three
Rh blood group genes. Therefore the Rh blood group genes and their
related genes experienced a series of gene duplication events. Analyses
of gene duplication events are also important to elucidate evolutionary
rates and patterns of these genes. I thus analyzed the Rh blood group
genes and their related genes from primates to fish to clarify the tempo
and mode of evolution of these genes.

The human Rh blood type is one of the major blood group systems,
and plays important roles in transfusion and clinical medicine, including
haemolytic diseases of newborns, autoimmune diseases, and mild
haemolytic anemia. Landsteiner and Wiener detected an antibody that
agglutinates blood cells from rhesus macaques, and it was named Rh.
Nucleotide sequences of Rh blood group genes in some primates were
reported, and the phylogenetic relationship of primate Rh blood group
genes have been conducted. However, the phylogenetic relationship of
primate Rh blood group genes from these studies is not compatible with
each other. Because hominoids have two or three loci of Rh blood group
genes by gene duplication, gene conversion events (or some kind of
convergent effects) may prevent to determine the true gene tree.

I examined the evolution of the Rh blood group genes of primates.
Because we don’t know the actual gene tree topology of primate Rh
blood group genes, I assumed two plausible trees from nucleotide
sequence data by using phylogenetic networks. I used the site by site
reconstruction method under the maximum likelihood estimates to
identify regions of gene conversion events assuming the two trees, and
detected 9 or 11 converted regions. After eliminating the effect of gene
conversions, I estimated numbers of nonsynonymous and synonymous
substitutions for each branch of the both trees. Whichever we selected
gene trees, the branch connecting hominoids and Old World monkeys
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showed significantly higher nonsynonymous than synonymous
substitutions, that is, indication of positive selection by using a
statistical test. Many other branches also showed higher nonsynonymous
than synonymous substitutions, and this suggests that the Rh genes have
experienced some kind of positive selection. In any case, we should be
very careful when we analyse the evolutionary history of tandemly
duplicated genes, for there is always possibility of gene conversions.

To examine evolutionary patterns of other mammalian Rh blood
group genes, I determined complete coding regions of Rh blood group
genes of five mouse subspecies and rat, and Rh50 genes of five mouse
subspecies, rat, and crab-eating macaque, and examined these genes.
Nucleotide and amino acid sequence similarities between Rh genes and
Rh50 genes are 47.2-48.9 % and 34.4-37.8 %, respectively. Comparison
of synonymous and nonsynonymous substitutions for the Rh50 gene also
revealed a possibility of existence of positive selection for this gene in
primates. Because primates showed more clear sign of positive selection
than rodents both for Rh and Rh50 genes, it is possible that the pattern
of host-parasite interaction is different between primates and rodents.
Phylogenetic analyses of Rh and Rh50 amino acid sequences indicate that
the Rh50 gene has been evolving about two times more slowly than the
Rh blood group gene both in primates and rodents. This conservative
nature of the Rh50 gene suggests its relative importance to the Rh blood
group gene. From the comparison of synonymous substitutions between
Rh and Rh50 genes, it is suggested that the mutation rate of rodents is
about three times higher than that of primates, and the divergence time
between mouse and rat is estimated to be ca. 30 million years ago.

I also determined the Rh50-like genes of Xenopus and Japanese
medaka and examined the long-term evolution of Rh, Rh50, and their
related genes. The phylogenetic tree shows four clusters in this tree;
Rh50 genes of mammals and the Xenopus Rh50-like gene, Rh genes of
mammals, the Rh50-like gene of Japanese medaka, and two genes of C.
elegans. Therefore, the Xenopus Rh50-like gene is probably
orthologous to the Rh50 genes of mammals.

The topology of the phylogenetic tree suggests that the gene
duplication of Rh and Rh50 genes occurred just before or after the
divergence of teleost fish and other vertebrates. The branch lengths of
Rh50 genes are much shorter than those of Rh genes, indicating a lower
evolutionary rate in the Rh50 gene than in the Rh gene. Because its
evolutionary rate is lower than that for the Rh protein gene, the Rh50

protein may be closer to the ancestral form before the gene duplication of
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Rh and Rh50 genes. The time of gene duplication that produced the Rh
and Rh50 genes was estimated to be about 450-480 million years ago.
This period roughly corresponds to the early Paleozoic, around the
divergence between tetrapods and teleost fish lineages.

From database searches, it is suggested that the Rh blood group
genes and their related genes are related to ammonium transporter genes
of many organisms, especially trans-membrane domains. The
phylogenetic tree for ammonium transporter proteins indicated two major
groups for ammonium transporter proteins. I propose to call these two
groups of ammonium transporter genes as o and B groups, and the Rh
genesi group is more similar to the amt B group than to the amt o group.
It is suggested that the Rh blood group genes and their related genes
have probably been existing as essential membrane proteins in many

animal phyla.
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