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Objectives:

On morphogenesis in plants and animals, it has been clarified the importance of the memory
followed up the past development (record of the life) and of the positional information of each cell
(hereafter referred to as “cellular memory”). In higher plants of which the cells are surrounded by
hard cell walls, the morphogenesis occurs by the way of laying bricks. Thus in higher plants, the
cellular memory is thought to be the most important factors for the morphogenesis. For example,
somatic embryos that are induced directly from somatic cells without fertilization can easily be
induced from immature zygotic embryos, but become more difficult from leaves and roots of the
plants as longer the growing period after the germination. In other words, the ability of somatic

embryogenesis is lost depending on aging and more progressed tissue differentiation. In another
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example, it is well known that phyllotaxis (leaf arrangement) is determined by the positional
information of cells in a meristematic region. However, it remains to be clarified how to accumulate
the memory in cells, which mechanisms involve in the induction of morphogenesis based on the
cellular memory, which mechanisms determine the positional information, and what are the
substances for mediating the positional information to surrounding cells. More recently, some
advanced studies focused on the subjects are carrying out. In this project, members who are
carrying such researches and guest speakers who are carrying the related studies in plants and
animals, gather and discuss enough for advancing the research in the related field, especially to
construct new ideas and concepts for understanding deeply the mechanisms of plant
morphogenesis.
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Achievement:
2007 fiscal year:

At first we discussed on the meanings of the words, cellular memory, positional information of
cells and others. We decided to search something in common or differences in animals and plants,
with reviewing the recent research on the relating issues. As the 1st example, the “genome
imprinting” phenomenon was picked up and we discussed enough the similarity and/or difference of
the phenomenon in animals and plants. DNA methylation as a regulation mechanism is common in
both animals and plants, but it was clarified that biological meanings of the “genome imprinting”
and its roles in evolution are quite different in animals and plants. As the 2nd example, we discussed

the similarity and difference in animals and plants on the mechanisms that determine sequentially
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the positional information of cells during cell, tissue and organ differentiation, and the mediating
molecules. In comparison between animal limb formation and plant xylem formation, it was
clarified the large difference of the functional substances and the mechanisms determining the
position where the primordium is formed. As the 3rd example, on the mechanism(s) determining the
boundary between different tissues and/or organs, the most advanced research on Cuc genes which
are the main factors for the boundary determination in higher plants were discussed. It was
clarified that the strictness of the boundary determination and the regulating factors are quite
different in animals and plants. On the other hand, as one of the recent topics on the positional
information of cells, the mechanism determining the niche of reproductive cells in animals
(Drosophila) was reported and we discussed deeply on the ideas of “niche” for cell to cell interaction,

the similarity and difference in plants and animals.

2008 fiscal year:

Standing on the discussion in the first year, we discussed the similarity and/or differences
between animals and plants on the mechanisms determining cell/tissue/organ differentiation by
chromatin remodeling factors and protein-protein or protein-RNA interactions.

On the segment formation in mouse, segments are formed periodically and repeatedly in a
certain place along the antero-posterior axis by interactions among some major factors (mainly
proteins). On this phenomenon, it was reported that the accumulated positions and contents of
functional proteins which are caused by instability of the corresponding mRNAs and proteins are
important for determining the position of segment formation and the periodicity can be explained
by the waving change of the contents of the functional proteins in a certain area (wave-front model).
In the lateral root formation of plants (Arabidopsis), it was reported that the change of
protein-protein interactions which is caused by protein instability (degradation) of the major factors
is important for the expression of physiological functions. This mechanism caused by the protein
instability is similar to those in animals mentioned above. Concerning to the axis determination
mechanism such as animal-plant axis, anterior-posterior axis and dorso-ventral axis in animals,
recent advances on the research in mice were reported. On the mechanism, it was reported that the
attachment position of egg cells to the mother body during egg formation and the polarized
distribution of maternal factors incorporated into egg cells have the primarily important role for the
subsequent determination of the axis, and the polarized distribution of the maternal factors induces
the following polarized distribution of other factors. It was concluded that the successive
maintenance of the polarized distribution produces the well-ordered pattern formation during the
animal development and that indeterminate factors should be concerned during the process. It was
also reported the recent research progress on the mechanisms determining cell/tissue/organ
differentiation and axis determination in the moss Physcomitrella. Then we discussed about the
similarity of the axis determination mechanism in animals and plants, and the evolutional
meanings, though the different factors are involved in the axis determination of plants and animals.
On the other hand, by using an example of self-incompatibility in Brassica plants, the regulation
mechanism of gene expression through DNA methylation based on the allele-interaction and the
spatial and temporal dynamic changes of DNA methylation on the entire genome were explained.
On the mechanism, it was reported that non-coding small RNA having dominance nature
determines the DNA methylation at the specific region of the corresponding genes. Through the
discussion, important suggestions for the establishment of the concept of cellular memory were

obtained.



2009 fiscal year:

We discussed mainly about the similarity and/or difference between animals and plants on the
axis (polarity) determination in a whole body and the consecutive positional determination. In
angiosperms, the relative position of an unfertilized egg against mother tissues is important for the
primary polarity determination and after fertilization the polarity is fixed along the direction
between the position attached to mother tissues and the opposite position. After that, intracellular
polarized distribution of specific transcription factors is determined based on the fixed polarity,
then the upper-lower axis (polarity) is consecutively fixed in the daughter cells even after cell
division. While in animals, there are many cases like Drosophila in which the primary polarity is
determined at the stage of unfertilized egg formation by the relative position to mother tissues.
However, there are some cases like mouse in which the fertilized egg shows uniformity without
unbalanced distribution of anything and the cavities formed in the egg cell during cleavage gather
together at the position of the lowest physical pressure, then this event triggers the determination
of the primary polarity. As considering these facts, in many cases irrespective of the difference
between animals and plants, the primary axis (polarity) is determined by the relative position of
egg cells to mother tissues. On the other hand, it was presented that in the case of indetermination
at the egg cell stage like mouse, physical and/or chemical accidental event determines the polarity
during the early stage of embryogenesis.

On the positional information, we discussed about the molecular mechanism for recognition
between long-distantly separate cells and tissues and for germ cell recognition, in addition to
adjacent cell recognition. It was clarified that, especially in plant, peptide factors are important on
the mechanism and the same molecules are also involved in germ cell recognition in different
species. Finally it was indicated the importance of further studies on gene evolution of the related

molecules.
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Whole Achievement:
“Cellular memory”, which includes the memory followed up the past development (record of

the life) and of the positional information of each cell, is assumed to be important as a regulation
mechanism controlling morphogenesis and ontogeny in multi-cellular animals and plants, but the
real substance and the mechanism remain to be clarified. In this research, for breaking new
research area concerning to the cellular memory, animal and plant researchers working on the
related subjects assembled and discussed deeply about the cellular memory, to construct new ideas
and concepts for understanding deeply the mechanism of cellular memory. To achieve this purpose,
researchers who are carrying the pioneer work related to the cellular memory are invited as project
members and the researchers working on the related subjects are also invited as speakers at any
time, and all members/speakers discussed enough and deeply on the recent research results. By the
discussion during 3 years on various biological phenomena, it is clarified that in many
multi-cellular organisms, the primary polarity is determined by the relative position of egg cells to
mother tissues, then the polarity is consecutively maintained as axis, and finally the axis induces
position- and time-dependent cell differentiation and morphogenesis by the relative positional
information of related cells. Although functional molecules like transcription factors and inducers
are different depending on species and phenomena, this mechanism is common in many animals
and plants. On the other hand, in the case like mouse, the polarity is not determined at the
unfertilized egg stage, and the primary polarity is determined by the accidental occurrence of
physical and/or chemical inequality in egg cell during cleavage. Thus, to think about cellular
memory, it is necessary to consider biological diversity and evolutional aspect.

The axis once determined makes uneven distribution of functional molecules like
transcription factors and morphogenesis-inducing factors in cells and the uneven distribution is
maintained as axis through the further cell differentiation. Furthermore it is clarified that on the
particular cell/tissue/organ differentiation, the accumulated positions/contents and the
time-dependent change of functional molecules which are caused by instability of specific mRNAs
and proteins and/or their interaction are important for the successive pattern formation. Moreover
it was demonstrated the possibility that the functional molecules showing uneven distribution are
coupled with the chromatin remodeling mechanism, then induce DNA methylation and/or histone
modification on particular position of chromosome, and the structural changes of chromosome are

fixed as cellular memory in each cell and act as the controlling mechanism for consecutive cell
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differentiation, followed by normal development of organisms including positional information.

Recently, in the research field of biological sciences, it has been gradually clarified that cell
differentiation and morphogenesis are controlled by epigenetic mechanism in addition to
transcription factors, and the most important one is the chromatin remodeling mechanism. Thus, it
is expected that by introduction of the achievement of this project to many researchers through
wide distribution of the project report on cellular memory which is thought as an important
mechanism controlling development and differentiation, the most important subject in biological
sciences, the new research field in biology should be open, and new research activity for
investigating the mechanism of long range cellular memory of which the real content remains to be
clarified should be done by young researchers. As generally say, 21st century is the era for realizing
the achievement of biological research in daily life of humans. On the viewpoint, it is expected that
the achievement of this project should contribute to sustainable and harmonized development of
human beings, through supporting the research on development and differentiation, the most
closely related subjects to human life including health, foods, energy, and others.
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