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Characterization of leaf movement in Arabidopsis
thaliana.
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Overall architecture of plants is determined not only by shape and size of each organ but also by
relative positional relationship among individual organs. This aspect of growth control is intimately
associated with environmental stimuli, such as light, temperature, nutritional conditions, and gravity.
Such environmental response is exhibited as nastic movement and tropism, and different organs
exhibit different responses to given environmental stimuli. Previous studies showed that the stems,
roots and hypocotyls adjust their growth according to envirommental stimuli. Like other organs,
leaves are also considered to respond to various environments, but our knowledge about the
positioning of leaves is lacking. To elucidate the mechanisms that determine the positioning of
leaves in response to changes in environmental stimuli, I carried out physiological and genetic
analyses of leaf movement using a model plant, Arabidopsis thaliana (hereafter, Arabidopsis). The
radial pattern of leaf arrangement was unrelated to the direction of gravity under white light. On the
other hand, the leaves bent up under darkness, demonstrating that light environments influence leaf
position. To test the involvement of gravitropism in this movement, seedlings were placed upside-
down in the dark. In this condition, leaves bent against the direction of gravity, but extent of
movement was smaller than that seen in normal Aposition. These results suggest that the dark-induced
bent-up movement was caused by the combined actions of the shoot axis-dependent movement
(nastic movement) and gravity-dependent movement (negative gravitropism). Furthermore, I found
that in the proximal region of petiole, amyloplasts in the I;resumptive endodermal layer of petiole
were sedimented according to the direction of gravity, but such a pattern was not observed in
graviresponse mutants, phosphoglucomutase and shoot gravitropism 2-1. While these two mutants
failed to respond normally to the gravity vector, they were still able to do nastic movement in the
dark condition, further providing evidence for the involvement of nastic movement and gravitropism

in the dark-induced bend up movement. Based on the above findings, I analyzed the movement of

rosette leaves under various light conditions at normal and upside-down positions. My detailed
analyses revealed that blue light suppressed the negative gravitropism and enhanced nastic
movement, whereas red light controlled nastic movement so that leaves are arranged at a wider angle
relative to the shoot axis. The effect of red light was found to be cancelled by far-red light irradiation,
suggesting involvement of phytochromes in the red-light-mediated leaf bositioning. To examine this
possibility in detail, I analyzed relationship between red light. and movement' of leaves in the
phytochrome mutants (phyA and phyB). As results, I found that phyA and phyB were involved not
only in the red-light-mediated induction of nastic movement but also suppression of gravitropism,
suggesting link between nastic movement and gravitropism by phytochromes.

In summary, my study revealed that how rosette form of radial leaf arrangement in Arabidopsis
is determined in different light environments. While red light controls nastic movement so that
leaves more away from the axis of shoot, blue light suppresses negative gravitropism. In the gravity
perception, the sedimenting amyloplasts play an important role in the leaf, demonstrating that leaves
use common components of gravitropism as in roots and stems. The positioning of rosette leaves is
thought to be determined by combining two different types of movement, i.e. nastic movement and

negative gravitropism according to light quality.
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