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Background

In animal embryos, gene regulatory networks, which are encoded in genomes,
spatially and temporally control gene expression. Although spatial controls of gene expression
have been extensively studied and well understood, temporal controls of gene expression has
not been understood sufficiently. In the present study, I explored how gene expression is
temporally controlled in early embryos of the ascidian Ciona intestinalis with two different
approaches.

In Chapter 1, I focused on two regulatory genes, Foxa.a and Zic-r.b. In Ciona
embryos, Foxa.a and Zic-r.b are required for specification of the notochord and the brain, which
are derived from distinct cell lineages. In the notochord lineage, Foxa.a and Zic-r.b are
expressed simultaneously and activate Brachyury expression, which is essential for notochord
fate specification. In the brain lineage, Foxa.a and Zic-r.b are expressed with no temporal
overlaps; Foxa.a expression begins at the 8-cell stage and is terminated at the 32-cell stage, and
Zic-r.b expression begins at the early gastrula stage. This Zic-r.b expression begins immediately
after bi-potential progenitors of the brain and palps divide into brain progenitors and palp
progenitors at the early gastrula stage. Although this expression depends on Fgf signaling, Fgf
signaling is activated in the bi-potential brain/palp progenitors continuously from the 32-cell
stage. It was not uncovered how Zic-r.b expression is not activated at the 32-cell stage and starts
at the early gastrula stage.

In Chapter 2, I examined temporal dynamics of RNA polymerase II in early embryos
in a genome-wide scale. Zygotic gene activation (ZGA) in most animal embryos occurs in
several hours after fertilization. In Ciona embryos, it has been considered that the ZGA occurs
between the 8- and 16-cell stages, because zygotic transcription of 34 genes begins at the 8- and
16-cell stages and no genes have been reported to be expressed before the 8-cell stage. However,
there is no global view on how RNA polymerase Il is recruited to genes during the ZGA, and

how many genes begin to be transcribed.



Methods

In Chapter 1, to analyze temporal control of Foxa.a and Zic-r.b expression, |
performed gene knock-down and overexpression experiments by microinjecting specific
morpholino antisense oligonucleotides, mRNAs or DNA constructs into Ciona embryos. Then, I
analyzed effects of such perturbations on spatial and temporal gene expression by in situ
hybridization or reverse-transcription followed by quantitative PCR (RT-qPCR).

In Chapter 2, to comprehensively understand temporal dynamics of transcription
genome-wide in early Ciona embryos, I performed chromatin immunoprecipitation followed by
deep-sequencing (ChIP-seq) using an antibody against RNA Polymerase I1. Zygotic
transcription of several genes, which was identified by the ChIP-seq experiment, was confirmed

by RT-qPCR.

Results

In Chapter 1, I found that three transcriptional repressors, Prdm1-r.a, Prdm1-r.b and
Hes.a, temporally regulated the expression of Foxa.a and Zic-r.b in the brain lineage. Prmd1-r.a,
Prdm1-r.b and Hes.a prevented Zic-r.b from being expressed before the division of bi-potential
brain/palp progenitors. Without this repression, not only the brain progenitors but also the palp
progenitors were specified to the brain fate. This delay of initiation of Zic-r.b expression was
essential for Zic-r.b to be expressed only in the brain progenitors, but not in the bi-potential
brain/palp progenitors or palp progenitors.

Prdmi-r.a also repressed Foxa.a expression. This repression is required for
terminating Foxa.a expression at the 32-cell stage, which began at the 8-cell stage.
Consequently, in the brain lineage of triple morphants of PrdmI-r.a, PrdmI-r.b and Hes.a,
Foxa.a and Zic-r.b were expressed simultaneously, which led to ectopic activation of Brachyury
and its downstream pathways for notochord differentiation.

In Chapter 2, by ChIP-seq analysis using an antibody against RNA Polymerase I, I
revealed a global view on how RNA polymerase Il is recruited to genes during the ZGA in early
embryos. It showed that no genes were transcribed at the 1- and 4-cell stages, and 239 genes
start to be transcribed from the 8- and 16-cell stages. RNA polymerase Il was found to be bound
to the transcription start sites (TSSs) of a majority (71%) of these genes before their
transcription begins. My results are the first instance that determined such dynamics of Pol II in
early chordate embryos. The dynamics was very different from that in Drosophila in which

similar studies have been performed.



Discussion

The results shown in Chapter 1 raised two important points. First, my finding
indicates that addition of these repressors to the gene regulatory network responsible for brain
formation might represent a key event in the acquisition of the primitive palps/placodes in an
ancestral animal. Second, because temporal controls by transcriptional repressors are essential
for specifying the two distinct fates of brain and notochord by Foxa.a and Zic-r.b, such a
mechanism might enable the repeated use of a limited repertoire of transcription factors in
developmental gene regulatory networks. In Chapter 2, I showed that the dynamics of RNA
polymerase II during ZGA in Ciona embryos is different from the dynamics in Drosophila
melanogaster embryos . These results shed new light on gene regulatory network analysis;

temporal changes of gene expression might have played important roles in animal evolution.



