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Analysis of Individual Mechanisms for Growth of Leaf
Blade and Petiole during Photomorphogenesis in

Arabidopsis thaliana
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Analysis of individual mechanisms for growth of leaf blade and petiole during photomorphogenesis

in Arabidopsis thaliana

In many species of dicotyledonous plant, a leaf consists of a leaf blade and a petiole. For
adaptation to a neighboring shade condition, leaf-blade expansion is suppressed and petiole
elongation is enhanced. In the present study, I examined the roles of photoreceptors, sugar and
phytohormones on the differential growth of the leaf blade and petiole in the shade conditions.
Under the conditions examined, cell expansion, not cell division, played a major role in the
differential leaf growth. The enhanced cell expansion in the leaf blade is associated with an increase
in the ploidy level, whereas cell elongation was stimulated in the petiole in dark conditions without
an increase in the ploidy level. Analysis of phytochrome, cryptochrome, and phototropin mutants
revealed that phytochromes and cryptochromes specifically regulate the growth of the leaf blade and
petiole. In addition, examinations of the effects of photo-assimilated sugar and sugar-response
mutants on the growth of the leaf blade and petiole revealed that growth promotional effects of
sucrose showed differences between leaf blade and petiole and strongly dependent on the light
conditions. These results suggest that both the regulation of light signals and the modulation of
responses to sugar are important in the control of the differential photomorphogenesis of the leaf
blade and petiole.

Next, I showed that the individual pathway regulating petiole photomorphogenesis is different
from that of leaf blade. The ROT3 protein is involved in brassinosteroids biosynthesis. The petiole
elongation in the ror3 mutant was strongly inhibited and altered in response to light conditions. In
contrast, in leaf-blade expansion, the ror3 mutant showed almost normal response to light conditions.
In the phyB deficient background, the long petiole elongation in red light was strongly suppressed
by the rot3 mutation. These results suggest that ROT3 is required for of phyB-regulated petiole
elongation. On the other hand, the doc/ mutant has been known as a defect in BIG, encoding a
calossin-like protein, which is thought to be involved in the polar auxin transport. leaf phenotypes of
the docl mutant are similar to those of the ror3 mutant. Transcriptional analysis showed that the
phytochrome-regulated expression of auxin-inducible genes, such as JAAI, [AA3, IAA]9 and GH3-5,
showed an organ-specific manner with petioles having higher expression levels than leaf blades. In
addition, these trends of IAAs and GH3-5 genes were affected by the ror3 and the docl mutations.
Further analysis of the rot3docl double mutant suggested the genetic interaction between ROT3 and
DOCI/BIG genes. These results suggest the genetic mechanism that the phytochrome signals are
specifically modulated by the crosstalk of brassinosteroids biosynthesis and auxin transport for
controlling the petiole elongation during shade-avoidance response. On the basis of these studies, I
proposed a model in which petiole-specific photomorphogenesis is modulated by integrating
phytochrome signals and petiole-intrinsic mechanism, such as BRs biosynthesis and polar auxin
transport.
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