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Leaf development relies on cell proliferation, post-mitotic cell expansion and the coordination of
these processes. In several mutants of Arabidopsis thaliana impaired in cell proliferation, such as
angustifolia3 (an3), leaf cells at their maturity are larger than those in wild-type leaves. Similar
phenotypes have been reported in several mutants or transgenic plants in Oryza sativa and
Nicotiana tabacum. These reports have suggested that magnitude of cell expansion is affected by
cell proliferation activity during leaf development. This phenomenon, compensation, suggests the
presence of coordination between cell proliferation and post-mitotic cell expansion during leaf
development. However, knowledge about the compensation was superficial and the
mechanism(s) underlying compensation was unclear. The aim of his Ph.D. thesis is to elucidate
the genetic framework that mediates compensation. To this end, he focused on an3 as a model
case of compensation, since an3 is one of the best characterized -compensation-exhibiting
mutants. |

Since compensation consists of two different events, namely, the reduction in cell
number and the increase in cell size, he hypothesized that compensation can be theoretically
separated into two distinct processes based on developmental processes; the induction process,
which involves the reduction of cell proliferation; and the response process, during which cell
expansion is enhanced. The originality in his Ph.D. thesis is that he investigated separately these
two processes: induction and response of combensation. He adopted a strategy to genetically
dissect the compensation syndrome using knowledge on anatomy of leaf development. Namely,
to address how aberrant cell enlargement is induced and how cell expansion system responds to
the inductive condition during compensation, he planned to combine mutants which have a
specific defect in each process. However, in many reports about dwarf mutants, histological
analysis revealing number and size of cells within the leaves has been insufficient. Thus, the
primary defect(s) contributing to changes in organ size in those dwarf mutants remained unclear.
Therefore, he analyzed the cell number and size within leaves in several known dwarf mutants.
As a result, unexpectedly, most of the well-known dwarf mutants had defects in both cell
proliferation and cell expansion and they were wrongly reported from very limited, fragmental
observations. Thus, he found that it is necessary to newly isolate cell-number or —size specific
mutants to analyze the induction and response processes of compensation. From a large
collection of leaf-size mutants established in the laboratory he belongs, he successfully isolated
several mutant lines with a specific defect in leaf cell number or size. ;

‘ Then, he utilized these mutants to analyze the induction or response process of
compensation. In the analysis of "induction" process of compensation, he selected six lines of
mutants from the above-mentioned mutants isolated, named oligocellula (oli), which had a
specific decrease in cell number. Although the induction of compensation is thought to be closely
linked to a decrease in cell number, oli mutants did not exhibit compensation. Thus, he thought
that the induction of compensation requires not only a decrease in cell number but also some
special conditions. But before this study, nothing was known for the condition required for
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induction of compensation. To clarify conditions, he produced double mutants among o/i mutants
in which the extent of decrease in cell number is variable. As a result, when the leaf cell number in
oli double mutant was significantly decreased than each parental single oli mutant, the leaf cell
size was strongly increased. This result indicates a possibility that the induction of compensation
depends on a decrease in cell number in a threshold-dependent manner.

To further address whether a further decrease in cell number affects cell size, next,
he constructed double mutants between the an3 and the ofi mutants. As a result, most of oli an3
double mutants had much fewer and significantly larger leaf cells than the an3. Exceptionally, oli1
an3 double mutant had a similar number and size of leaf cells to an3. These results indicated that
the further decrease in cell number induces an additional and proportional cell enlargement, when
cell number fall below a threshold level. It also revealed that the OL/7 and AN3 genes have a
function in cell proliferation in the same genetic pathway. ‘

Some researchers have regarded compensation as a result of uncoupling of cell
division from cell growth. If compensation results from an uncoupling of cell growth and cell
division, cell size should be larger in proportion to any decreases in cell number. However,
identification of threshold ruled out this possibility. These findings demonstrate that compensation
is not a mere uncoupling of cell cycling and cell enlargement and suggest the existence of yet
unknown genetic network between cell proliferation and cell expansion in leaf organogenesis.

For the analysis of "response" process of compensation, he isolated and utilized ten
lines of mutant, that he named extra-small sisters (xs), which have a specific defect in cell
expansion but have normal cell numbers in leaves. In the xs single mutants, the palisade cell
sizes in mature leaves are about 20 to 50% smaller than wild-type cells. Then, he produced
double mutants between xs mutants and an3 to genetically dissect the cell expansion system(s)
underlying compensation in the an3 mutant. As a result, phenotypes of the palisade cell sizes in
all combinations of xs an3 double mutants fall into three classes. In the first class, the
- compensation was significantly suppressed. Conversely, in the second class, the defective cell
expansion conferred by the xs mutations was significantly suppressed by thé an3 mutation, and
the cell sizes were close to that in the an3 single mutant. The residual xs mutations had effects
additive to those of the an3 mutation on cell expansion. The endopolyploidy levels in the first class
of mutants were decreased, unaffected, or increased, as compared to those in wild type,
suggesting that the abnormally enhanced cell expansion observed in an3 is mediated, at least in
part, by ploidy-independent mechanisms. Altogether, these results suggest that a defect in cell
proliferation in leaf primordia enhances a part of the cell expansion system required for normal
cell expansion.

Taken all together, the present study has revealed important clues of leaf size control:
the induction process of compensation depends on a decrease in cell number in a
threshold-dependent manner; the response process of compensation depends on a specific
enhancement of normal processes of cell expansion control; and component of genetic networks
for the control of leaf cell proliferation and cell expansion.
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