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Abstract of Thesis

Segmental aneuploidy is one of prominent genome rearrangements and is associated with both adverse
and beneficial effects in different organisms. An interesting question is whether, and if so, how segmental
aneuploidy is related to phenotypic alterations. However, study of segmental aneuploids is restricted by the
difficulty of creating them in a designed manner. This prompted us to design a new approach to overcome this
problem. In this study, a new genome engineering technology for generation of segmental aneuploidy in a
designed way was established which was named PCR-mediated chromosomal segmental duplication (PCDup)
technology. The method like PCDup has never been reported in any kind of organisms. PCDup technology could
duplicate any selected chromosomal regions by means of a PCR, followed by a single transformation. Sizes of
duplicated regions were up to 300 kb. Moreover, those newly generated chromosomes were stable during several
rounds of mitosis. To study the biological significance of segmental aneuploidy, construction of a complete library
of segmental duplication of approximately 100-kb to 200-kb region that covered the whole S. cerevisiae genome
was attempted. The result showed that 53 out of 62 designated regions were duplicated with desired karyotype in
a proportion of 3% to 100% of analyzed transformants. Nine regions in the genome could not be duplicated. Next,
the phenotypes of segmental aneuploid strains in stressful environments were investigated as this might provide
insights into the function of the duplicated region. The result revealed that some of segmental aneuploids
displayed tolerance to stresses such as high temperature, high ethanol content and strong acidic pH, while in
others segmental aneuploid showed stress sensitivity. In the majority of cases, a removal of the duplicated
chromosome resulted in back to the parental phenotype, suggesting that the changes in phenotype in segmental
aneuploids were associated with the duplicated chromosomal regions. Since duplication of only single specific
gene on the duplicated regions is not reported to confer phenotypic alterations observed in this study, phenotypic
changes are presumably the result of the combination of simultaneous increases in dosages of multiple genes
located on the duplicated region. It should be emphasized that this new collection of S. cerevisiae haploid yeast
strains with designed duplication of specific chromosomal regions should be valuable resources for studying the
association of segmental aneuploidy with particular traits. In conclusion, the PCDup technology is a simple,
efficient, rapid and economic tool for creation of segmental aneuploidy with defined region in S. cerevisiae to
broaden the knowledge about segmental aneuploidy and its consequences. It can be used as a technology not only

for studying basic bioscience but also breeding novel yeast strains with desired properties for industrial purposes.
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