K %

AL (HLHE)
¥R E S
%% 5 0 B ff

FUREGOEMH

F AL X EH

mXBEEEREER

£ H X E

it (E)

AT RFZE603 %

Tkl 44E3H22H
EMPENER BEFEK

FAFRAISE 4 555 1 LY

Evolutionary features of the central nervous systenm

revealed by the comparative approach of the gene

expression profiles

¥ & A
iz HIE
ENE 6 PhiE
i EH
Hiz RI7%

MW

B

& (REKF)
& (LR

—207-




The understanding of the evolutionary process of the central nervous
system (CNS), in particular a brain, is one of the challenging tasks in modern
biology. It is easily imaginable that biological complexity of the CNS is mainly due
to not only structural complexity but also complicated and elaborated network of
function. There is no doubt that functional network must be maintained by a
network of multiple gene interaction that are intriguingly maintained by gene
expression control. The extreme difficulty of studying the CNS might be due to a
lack of definite approach to understand multiple interaction of gene expression.
However, it is fortunate that the recent advancement of genome projects and cDNA
projects provided us with the molecular biological methods for identifying gene sets
and the degree of gene expression in a particular organ of a given species. When
we define a gene expression profile as an occurrence frequency of the expressed gene
species in a given organ, I thought that comparative studies of gene expression
profiles in the CNS among various organisms might give profound insight into the
understanding of evolutionary processes of the CNS. Here in my thesis, I proposed
a novel approach for the evolutionary study of CNS, focusing on the gene expression
profiles. Since an expression profile results from the transcriptional activities of
all genes involved in the networks, the expression profile should reflect the outcome
of transcriptional regulations of all genes expressed in a given organ. Thus, the
purpose of my thesis is to answer the question whether the evolutionary process of
CNSs can be understood from the gene expression profiles.

To attain the purpose, I examined the gene expression profiles at the
following levels; (1) a conservation pattern of the nervous system-related genes, (2)
the divergence of the gene expression profiles at the cell level, and (8) the
divergence of the gene expression profiles at the level of the organs such as a brain.
In particular, I examined if the correspondence is good between the species tree
conventionally obtained and the tree of gene expression profile invented in my
study.

This thesis is composed of five chapters. In chapter 1, I described the
outline of the present thesis, placing particular emphasis on the motivation and
purpose of my study. I also noted that the evolutionary study of the CNS, in
particular a brain, is of biological significance. In chapter 2, taking the planarian
CNS as an example, I, first, examined the evolutionary divergence of the genes that
were related to the nervous system, because the planarian is known to possess one
of the most primitive brains. To elucidate the evolutionary process of CNS, I then
conducted the comparative genomics studies of gene expression profiles in the CNS
among different organisms. We sequenced 5,433 5-ESTs from the cDNA library
that was derived from the head portions of planarians (Dugesia japonica), obtaining

—208-—



a total of 3,101 non-redundant EST clones.

To deal with the large amount of EST data, I have developed a computer
software package, FinEST, in which an information analysis of EST sequence data
including homology search can be done automatically. Conducting the homology
search in my software package, I found that 44% of the 3,101 clones had significant
similarity of amino acid sequences of gene products whose functions were
known. Among these genes, at least 116 genes were found to be homologous to the
CNS-related genes. I compared these 116 planarian gene sequences with all ORFs
of the complete genome sequences of human, fruit fry and nematode. I then found
that 110 genes were evolutionarily shared among all the bilateral animals examined,
although only the remaining six genes were shared among a limited number of
species. This feature of gene conservation can be considered as strong reflection of
the selective constraints against CNS-related genes, suggesting that these shared
genes are a part of the basic gene set of CNS which might have existed in the
common ancestral CNS of bilateral animals. Based on these findings, I proposed a
model of the evolutionary process of the CNS.

In chapter 3, with the aim of studying the diversity of the genes expressed
in different cell types, we took a comparative approach using the gene expression
profiles of single cells of ascidians (Ciona intestinalis). The swimming larval stage
of ascidian has two different sensory organs, called “ocellus” and “otolith”. These
organs exist in a cerebral vesicle, which is often called as a brain. It has been
reported that there are only two pigment cells in a total of about 2,600 cells that
form the swimming larva. One pigment cell is found in the ocellus and the other is
otolith. Thus, in this study, these pigment cells were called as ocellus cell and
otolith cell. To attain our purpose, we examined the expression profiles of the
ocellus cell and the otolith cell, and compared the expression profiles between these
two different types of cells. First, we sequenced 964 and 774 ESTs from the cDNA
libraries of the pigment cells of ocellus and otolith, respectively. As a result, we
obtained 485 and 505 non-redundant clones from the ocellus and otolith cells,
respectively. The composition of the highly expressed clones illustrated clear
difference from that of planarian head ESTs, showing that one of characteristic
features of the gene expression profiles in these single cells is less amount of the
cytoskeltal genes expressed. Comparing the gene expression profiles between
ocellus and otolith cells, we found that 60 clones were commonly expressed between
two pigment cells. The relative frequencies of these 60 clones showed obviously
distinct patterns between these two cells. This is the first report about the gene
expression profiles of the single cells that compose an organ, showing clear
characteristic features of the expression profiles at the single cell level.

In chapter 4, I made an attempt to understand the evolutionary process of
a brain from the viewpoint of gene expression profiles. To attain the purpose, I
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raised a question of whether the degree of the differences in the gene expression
profiles of a particular organ between different species corresponds proportionally
to the degree of the evolutionary divergence between the species. In practice, we
sequenced EST clones from the cDNA libraries of brains of chickens (Gallus gallus)
and lampreys (Lampetra japonica), the head of planarians (see above), and the
whole body of the jellyfish (Aureria aurita), obtaining over 2,000 clones from each
library. If difference of the gene expression profiles corresponds to the
evolutionary divergence of species, a topology of the tree based on the difference in
the gene expression profiles (designated as a gene expression tree) might
correspond to a topology of the species tree. To examine this statement, I
quantified the differences in the gene expression profiles between different species
by the Euclidean distance, and then constructed a gene expression tree. As a
result, the topology of the gene expression tree showed correspondence to that of the
species tree, though the current number of clones sequenced was still relatively
small. Thus, I concluded that the gene expression profiles of brains might reflect
‘the evolutionary process of the brain.

Finally, in chapter 5, I described the summary and conclusion of the
present study. I also discussed the future perspectives of this study. In conclusion,
this is the first attempt to conduct an evolutionary study by use of the gene
expression profiles, successfully showing that the evolutionary process of the CNS
can be traceable by use of the gene expression profiles.
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