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Abstract

Most species switch their reproductive mode from asexual to sexual, and vice-versa. The switching is
likely an effective strategy to achieve both advantages in response to varying circumstances. Though the
mechanism underlying reproductive strategy regulation is a fundamental principle underpinning the
continuation, evolution, and diversity of organisms, it is not understood in metazoans. This study aims to
investigate the reproductive mode regulation.

In Chapter 1, background knowledge from previous study was summarized. On this basis I described a
concept of this research purpose. Planarians are comprised of populations with different reproductive
strategies within a species: exclusively innately asexual (AS), exclusively innately sexual (InS), and
seasonally switching. Moreover, AS worms can be experimentally sexualized by feeding them with sexual
worms; we termed the resulting animals ‘‘acquired sexual’’ (AgS) worms. In contrast, InS worms initiate
the sexual state spontaneously. It is unknown whether AqS worms acquire endogenous
sexualizing capability like InS worms or not. Comparison between InS and AqS worms are
expected to provide important clues to the poorly understood mechanism underlying the
reproductive mode regulation.

In Chapter 2, we compared endogenous sexualizing activity between InS and AqS worms
by small fragment regeneration assay. The result indicated that AqS worms do not acquire the
autonomous sexualizing capability. I proposed a 2-step model of sexual state regulation and
neoblast-autonomous sexual mode determination. To examine these hypotheses, I performed
neoblast transplantation in the following chapters.

In Chapter 3, neoblast fractions were transplanted into X-ray-irradiated recipients. The rescue effect
was evaluated. Furthermore, I traced donor-derived cells in the transplant by using microsatellite marker and
genome ploidy. The temporal changes in the ratio were quantified, revealing that transplanted cells engrafted
into lethally irradiated recipient and ultimately replaced all recipient cells. By contrast, transplantation into
non-lethally irradiated recipients showed stable chimerism between donor and recipient.

In Chapter 4, neoblasts obtained from InS and AqgS donors were characterized by transplantation into
lethally irradiated AS recipients. The recipients of InS worm neoblasts, but not those of AqS worms, became
sexual, clearly showing that there is a neoblast-autonomous determination of reproductive strategy in
planarians. The neoblasts from AqS donors did not show autonomous sexualization, showing that
experimental sexualization does not change the stem cell level determination of innate reproductive mode.

In Chapter 5, chimeric planarians composed of AS- and InS-derived cells were generated. The chimera
became sexual, revealing that InS neoblasts can initiate the sexual state even under conditions of coexistence
with AS neoblasts. Furthermore, induced ovarian morphology between the chimera and the entirely
donor-derived transplant was apparently different, suggesting that responsibility to sexualizing substances
differs between InS and AS worms with respect to the regulation of ovary number and size.

On the basis of these findings and other preliminary data, in Chapter 6 1 discussed the planarian
reproductive mode regulation in both stem cell and individual level.




