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Meiosis is a specialized cell division essential for sexual reproduction. It consists of
two successive rounds of chromosome segregation following a single round of DNA
replication. Prophase of the first meiotic division (pi‘ophase D) involves highly
complex series of events to establish the exchanges of genetic materials between
homologous chromosomes, so-called crossovers (COs). Synapsis is one of
characteristic events of prophase I, in which homologous chromosomes are tightly
connected along their entire length via a zipper-like proteinaceous structure, the
synaptonemal complex (SC). Transverse filament (TF) protein is a major component
of SC central region, which bridges the axes of homologous chromosomes. TF
protein is structurally conserved in various organisms and suggested to be
important for synapsis and CO formation, but the exact role and functional
conservation of TF proteins are still not completely understood. In most organisms,
meiotic COs are non-randomly distributed along chromosomes, such that they are
more widely spaced than predicted for a random distribution (so-called positive CO
interference), but it is poorly understood how this CO distribution is established. SC
has long been speculated to be involved in positive CO interference, but such
function of SC has yet been demonstrated

At the beginning of this study, none of the structural component of SC
central region was identified in monocot plants. Moreover, the Arabidopsis TF
protein ZYP1 was the only the component of SC central region identified in plant
kingdom, but its functions have been limitedly studied. In this thesis, I describe the
identification and functional characterization of OsZYPI, the rice (Oryza sativa)
ortholog of Arabidopsis ZYPl. OsZYPI gene encodes a long coiled-coil protein
showing a structural similarity to TF proteins of other organisms and is strongly
expressed in meiotic flowers. Immuno-localization study showed that OsZYP1
exhibits a thread-like localization along the length of synapsed chromosomes in
prophase I, consistent with a role as a structural component of SC. These results
strongly support the idea that OsZYP1 functions as the TF protein of rice. Analysis
of oszyp 1 null mutants revealed that OsZYP1 is essential for normal meiosis. In the
absence of OsZYP1l, SC is not formed and homologous chromosomes are not
synapsed. Despite the lack of synapsis in oszyp I, homologs are still loosely aligned
and COs are successfully formed between them, resulting in a normal number of
bivalents. Nevertheless, some chromosomes are abnormally segregated in the

following meiotic divisions, thereby resulting in partial sterility. I also found that
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OsZYP1 regulates the localization of a conserved HORMA domain protein PAIR2.
PAIR2 is localized along the length of chromosome axes before synapsis initiation
but is depleted from the axes where OsZYP1 is loaded as synapsis progresses. On
the contrary, PAIR2 is not depleted from chromosome axes in the oszypl mutant,
indicating that OsZYP1 directly or indirectly removes PAIR2 from the axes. A
mutation analysis of the gene for meiotic recombination protein OsMSH4 suggested
that COs in oszypl are formed through normal recombination pathway. Bivalent
number is severely reduced oszypl osmsh4 double mutant as in osmsh4 mutant,
indicating that many of COs in oszypIis OsMSH4-dependent COs as in wild-type. I
further analyzed the recombination in OsZYP1 by a genetic method using
polymorphic markers between two rice cultivars. This confirmed that OsZYP1 is
dispensable for CO formation, but intriguingly revealed that it is essential for
normal CO distribution. In the oszypl mutant, positive CO interference seen in
wild-type is completely abolished and instead COs tend to show negative
interference (a tendency of clustering of COs). This result suggests that OsZYP1
regulates CO distribution so that adjacent COs do not occur close to each other. The
findings of this study provide evidence for a link between SC and positive CO

interference.
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