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ABSTRACT: The segregation of chromosomes during meiosis is complicated by a unique obstacle not
shared with mitosis – homologous chromosomes must find one another and form a stable association that
persists until anaphase I. Throughout meiotic prophase in budding yeast, Saccharomyces cerevisiae,
chromosomes interact in a number of ways at the centromere. First, in early prophase, centromeres
interact with non-homologous partner centromeres through a phenomenon called centromere coupling.
The second type of centromere-centromere interaction typically occurs between homologous chromosome
centromeres. This unique and conserved phenomenon, termed centromere pairing, has been found to be
important for segregation of chromosomes, especially those that fail to form a crossover (termed
achiasmate chromosomes). Both of these centromere-centromere tetherings are mediated by a
functionally-conserved structural protein, Zip1. The focus of this work is the examination of the role Zip1
plays in these centromere associations in prophase, and by what mechanism Zip1 is moderated to assume
its many different roles, in synchrony with the rest of meiotic progression. To tackle these questions, we
implemented the use of many different variations of the ZIP1 gene – including a phosphomimetic mutant
incapable of centromere coupling, a series of nine in-frame deletion mutants, and a series of short
truncated portions of Zip1 fused to a fluorescent protein. From this work, we have been able to find
sufficient evidence to conclude centromere coupling and pairing are distinct mechanisms, controlled by
separate processes, both mediated by Zip1. Portions of the N- and C-termini of Zip1 have been identified as
critical for centromere coupling, while a different portion of the N-terminus of Zip1 has been identified to
be critical for centromere pairing and achiasmate chromosome segregation. In addition, we have begun to
shed light on the aspects of the mechanism, distinct from centromere pairing itself, which promotes
achiasmate segregation. Zip4 and Shugoshin 1 are two proteins implicated in this mechanism. Possible
models for how centromere pairing leads to proper chromosomes segregation are discussed.

