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Abstract

While polyploidization is a common phenomenon among plants and some animals, and considered a
major speciation and evolution mechanisms, it often causes reproductive failure. Triploids in particular
have the problems of chromosomal pairing and segregation during meiosis, which may cause
aneuploid gametes and result in sterility. Thus, in generally triploids are considered to reproduce only
asexually. However, the previous studies suggested that triploid planarians are able to produce
gametes by meiosis and reproduce sexually. This study aims to elucidate the mechanisms of
specialized sexual reproduction in triploid planarian.

In Chapter 1, I summarized the background knowledge from previous studies on polyploids and on
planarians. Some planarians are comprised of populations with different reproductive strategies,
namely asexual, sexual, and seasonally switching, and exhibit various types of ploidy among
individuals of the same species. Populations with triploid karyotypes are normally found in nature as
both fissiparous and oviparous triploids. Fissiparous triploids can also be experimentally sexualized if
they are fed sexual planarians, and begin reproducing by copulation.

In Chapter 2, bisexual reproduction of triploid planarian was confirmed by genetic analysis using a
microsatellite marker. I examined the genotypes of the offspring obtained by breeding sexualized
triploids and found that the offspring inherited genes from both parents, indicating that the mixture of
genomes, which is a characteristic of sexual reproduction, had occurred.

In Chapter 3, in order to investigate the mechanisms of gametogenesis in triploid planarian,
chromosome behaviors in spermatocytes and oocytes at meiotic prophase I were observed. The results
suggested that female germ-line cells remained triploid until prophase I, while male germ-line cells
appeared to become diploid before entry into meiosis. Most of the oocytes contained not only paired
bivalents but also unpaired univalents. Moreover, it was suggested that the univalents were involved
n the production of diploid eggs.

In Chapter 4, for further analysis of meiotic chromosome behavior, I focused on the rad57 gene
which is known to function in homologous recombination. The expression of rad51 mRNA was found
in neoblasts in asexual planarian and in germ cells in ovaries and testes in sexualized planarian. The
knockdown of rad51 during sexualization affected the formation of germinal genital organs. In rad57
(RNAi) oocytes chiasma formation was rarely observed while synapsis occurred normally, suggesting
that homologous recombination is not required for meiotic synapsis in planarian.

On the basis of these findings, Chapter 5 gives the conclusions of this dissertation.
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