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Proteins and mRNAs that are loaded into an unfertilized egg are called “maternal factors”. Maternal factors are
expressed during oogenesis and loaded into the oocyte cytoplasm. Maternal factors play important roles during embryogenesis
because it controls fertilization, and regulate embryonic cell fate specification and embryonic axis establishment. In this study,
I identified and characterized maternal factors by using Oikopleura dioica (O. dioica), which is a model organism belonging to
chordate. O. dioica has a unique ovary organization, and it provide us with advantages for analysis of maternal factors. In an
immature ovary, oocytes share their cytoplasm as a syncytial coenocyte. An ovary is surrounded by thin and transparent ovary
epithelium, so one can microinject the ovary with solutions and observe oogenesis stage under microscope. Taking advantages
of the unique organization, I carried out three research projects.

First, I carried out functional screening of maternal factors. Although some essential maternal factors have been
predicted by conventional micromanipulation approaches, most of them have not yet been identified because knockdown of
maternal protein that has been already translated during oogenesis by RNA interference in spawned eggs is not feasible. In
contrast, one can inject any solutions into immature syncytial ovary in O. dioica. So ovary microinjection was a powerful tool
for depletion of maternal factors expressed during oogenesis. Convenient and less-expensive gene knockdown method called
“DNAI” has been developed in O. dioica. This method was suitable for large-scale functional screening. Using DNAi and
ovary microinjection, we carried out large-scale functional screening for maternal factors. 3000 clones from ovary-enriched
cDNA library were randomly screened. Seven maternal mRNAs that are essential for early embryogenesis and one maternal
mRNA that is required for meiotic arrest before fertilization were identified.

Second, mechanisms of the meiotic arrest were investigated in O. dioica oocytes. Unfertilized eggs of most animals
including O. dioica are arrested at a certain point in the meiotic cell cycles. Reinitiation of meiosis and the start of
embryogenesis are triggered by fertilization. However, in the above-mentioned functional screening of maternal factors, I
found a specimen that show interesting phenotype. Knockdown (KD) of the maternal protein phosphatase 2A (PP2A) caused
unfertilized eggs to spontaneously release polar bodies after spawning, and then start pseudo-cleavages without fertilization,
namely, parthenogenesis. Activation of the KD oocytes was triggered by possible rise of ambient and intracellular pH upon
their release from the gonad into seawater at spawning. Furthermore, live recording of intracellular calcium level and
pharmacological treatment by calcium signal inhibitors showed that PP2A is essential for maintenance of meiotic arrest and
prevention of parthenogenesis by suppressing the aberrant calcium burst at spawning.

In the third project, spatiotemporal analysis of localized maternal mRNAs was carried out. Maternal mRNAs localized
during early embryogenesis play important roles in determination of embryonic axis establishment and cell fate specification.
For example, in ascidians, maternal mRNAs called “postplasmic/PEM RNAs” are localized to vegetal-posterior region. Fate
map of O. dioica in the vegetal hemisphere also differs between the anterior and posterior region, so similar involvement of
maternally localized mRNA has been expected. However, homologs of the ascidian postplasmic/PEM RNAs in O. dioica were
not localized within the eggs. Identification of maternal mRNAs localized in larvacean unfertilized egg was elusive. Therefore,
I listed vegetal-enriched maternal mRNAs from RNA-seq data, in which the animal and vegetal hemispheres were isolated and
separated at the 8-cell stage. Spatiotemporal localization was examined in 9 candidate mRNAs by whole-mount in situ
hybridization. 5 mRNAs were found to be localized to the vegetal/posterior region of the 8-cell stage. One mRNA was already
localized to the vegetal pole of unfertilized egg. These result would enable observation of the processes of localization of the

maternal mRNAs during oogenesis using ovary section in situ hybridization.
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