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Thesis Summary

Organismal transparency is highly beneficial for optical imaging with fluorescent proteins. Making
tissues transparent requires preventing light scattering and absorbance. Many tissue clearing agents
have developed in fixed specimens. Marine invertebrate ascidians, Ciona robusta and Halocynthia
roretzi have been used as model animals for studies of developmental biology. They possess relatively
opaque eggs and embryos, so Phallusia mammillata with transparent embryos has emerged as a new
model organism for bioimaging. However, this species habitats only in Europe, so globally distributed
species with transparent eggs is desired. In this study, | explored ascidian species with transparent
eggs and established a basis for elucidating organismal transparency mechanism in the view of evo-
devo. | developed a quantitative evaluation system for organismal transparency and, for the first time,
clarified the variety of ascidian egg transparencies in the context of evo-devo. | also established
quantitative measuring methods as a foundation for elucidating organismal transparency mechanism.
Chapter 1 is the introduction. The physical factors affecting transparency such as light absorption and
scattering, reagents to make tissue transparent, measurement methods for assessing organismal
transparency are described. Chapter 2 is described about the newly developed quantification method
for ascidian eggs transparency by hyperspectral imaging and the phylogenetic analysis of egg
transparency among ascidians. Hyperspectral imaging was used to construct a new measurement
method across a broad range of wavelengths. By comparing the transparencies of ascidian eggs
sampled in Japan, | found that the class Ascidiidae have remarkably high transparency. In particular,
Ascidiella aspersa showed approximately 90% transmittance in the visible spectrum and its high
transparency was maintained through the larval stage. Chapter 3 is described the measurement of
eggs transparency in response to environmental factors and the inhibition of physiological functions in
A. aspersa eggs. Transparency was negatively correlated with temperature and positively with salinity.
Inhibitors of cytoskeleton, translation, and ATPase were shown to reduce transparency. Principal
component analysis of the 125-band transmittance spectra and mapping onto two dimensions revealed
multiple mechanisms are involved in changes in transparency. Chapter 4 is the conclusion. Based on
the results of this study, hypothetical mechanisms acquiring or maintaining the organismal

transparency are discussed from the perspective of evo-devo. The future possibility of A. aspersa as

a new model organism for bioimaging are also discussed.
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