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Sex determination systems are central to the production of offspring and a
number of mechanisms have evolved in different organisms. In most organisms, sex is
determined by sex chromosomes, which are characterized as having sex determination
genes. While these genes are the most fundamental factor affecting gonad differentiation,
these genes vary between species. I studied the evolution of sex determination genes and
sex chromosomes in mammals, and hereby submit describe findings in this dissertation
entitled, “Origin and Evolution of Sex Determination Systems in Mammals”. In Chapter
1, I provide a general introduction to this study and describe the aims of this research.

In mammals, the sex-determining region Y (SRY) is a testis-determining gene
on the Y chromosome. Chapter 2 describes the molecular evolution of male-determining
SRY genes. By comparing marsupial and eutherian SRY genes, I attempt to elucidate how
SRY genes evolved and propose a new scenario for explaining how the specialized
function of male determination developed independently in marsupials and eutherians.
The results reveal that the functional differentiation of the marsupial SRY differs from that
of the eutherian. The lineage-specific changes that have been observed in the SRY and
other sex determination-related genes (SOX9 and Ad4BP/SF-1) imply that molecular
coevolution of genes has occurred in the sex determination system of eutherians.

In Chapter 3, I propose how therian (marsupial and eutherian) sex
chromosomes became differentiated. Essentially, the X and Y chromosomes of these taxa
originated from a pair of autosomes, with this differentiation of sex chromosomes being
attributable to the suppression of recombination. Although a previous hypothesis
proposed that X and Y differentiation in therian ancestors arose through a two-step
process (called “evolutionary strata 1 and 2”; Lahn and Page, Nature 1999), I posit that
this differentiation arose only once and the entire sex chromosome differentiated
simultaneously in the therian ancestor. However gene conversion in eutherians reduced
the nucleotide divergence between some gametologs, which meant that they could
subsequently be categorized as different strata. Based on these findings, 1 provide a new
scenario to explain the differentiation of mammalian sex chromosomes by considering the
effects of genomic rearrangements, such as chromosomal inversion, on the sex
chromosome. [These findings have been submitted to an international, peer-reviewed
journal where they are currently under revision (Katsura and Satta, Mollecular Biology

and Evolution, submitted).]
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Chapter 4 clarifies the genome structure and gene family of sex chromosomes. I
focused on segmental duplications (SDs) that produce tandem and/or inverted repeats
(>50 kb) in neighboring regions; 'compared to other chromosomes, the X chromosomes
of humans possess the highest number of these SDs. Comparisons of mammalian sex
chromosomes revealed that the pattern, number and/or size of SDs on the chromosomes
differed between each the species examined species (human, mous, opossum, and
platypus). In particular, the structural characteristics of these structures in the human and
mouse X chromosome are shown to be considerably more complicated than those
observed in the opossum and platypus. These findings imply that these SDs accumulated
in the X chromosomes of therian ancestors. I then discuss how the complexity of these
structures on the eutherian X chromosome may be correlated with the evolution of
multigene families, such as cancer testis antigens (CTAs).

In chapter 5, the molecular evolution and genome structure of the melanoma
antigen gene (MAGE) family, which encodes CTAs and is located on the X chromosome,
is examined in primate genomes. I propose that human-specific palindromic sequences,
such as the MAGE-A genes, are conserved by negative selection. Since the MAGE-A
genes encode epitopes of cancer cells, the binding capacity of the epitopes to highly
divergent human leukocyte antigen (HLA) molecules is preserved. This finding is
interesting because it can be used to better understand the significance of genomic
structure on the X chromosome. This study was published in an international, peer-
reviewed journal (Katsura and Satta, PLoS ONE 2011).

Chapter 6 provides a general discussion of the results presented in Chapters 2
to 5, including the evolutionary flexibility and stability of sex determination systems in
both mammalian and non-mammalian taxa. In Chapter 7, all of the chapters are
summarized and, based on all of the findings presented, 1 provide a generalized
description of the evolution of sex determination systems, and describe the biological
significance of such a system having the apparently contradictory characteristics of
evolutionary flexibility and stability. It is my hope that the various results and hypotheses
presented here will be tested and examined further using a variety of molecular biology
and evolutionary tools and that, in so doing, the question of why biological sex evolved,

will be resolved.
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