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This laboratory aims at clarifying molecular bases of regulatory mechanisms for plant development, especially plant 
morphogenesis, with techniques of forward and reverse genetics, molecular biology, and biochemistry. Current major 
subjects are: 1) phospholipid signaling in cell morphogenesis, 2) the transcriptional network for cytokinin responses, 
3) COP9 signalosome modulating signal transduction in the nuclei, and 4) the endoreduplication cell cycle in cell dif-
ferentiation.
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Functions of Phosphatidylinositol  
4-Phosphate 5-Kinases and Its Product 
 Phosphatidylinositol 4,5-bisphosphate  
in Plant Cell Morphogenesis

Plants show us a lot of interesting shapes, which are 
determined by not only the architecture of cell propagation 
but also the morphology of each cell. In addition, each single 
cell often exhibits an elaborate shape serving its physiolog-
ical role (Figure 1). Since plant cell morphogenesis, a pro-
cess always accompanied with cell wall expansion, is irre-
versible, it should be progressed in a strictly regulated 
manner. How can plants regulate cell morphogenesis ap-
propriately? To elucidate molecular mechanisms regulating 
plant cell morphogenesis, we are studying on phospho-
inositide signaling, mainly that of Phosphatidylinositol 
4,5-bisphosphate [PIP(4,5)P2].

PIP(4,5)P2, a minor phospholipid component of eukary-
otic membranes, is involved in the regulation of various 
intracellular events. PIP(4,5)P2 physically interacts with 
regulatory proteins for actin cytoskeletal organization and 
membrane trafficking on the plasma membrane. In addi-
tion, its signaling pathways are frequently connected to 
those of small GTPases belonging to the Rho and Arf 
families in their upstream and downstream cascades. 
PI(4,5)P2 is expected to play a regulatory role in the polar-
ized expansion of plant cells. Indeed, PI(4,5)P2 exhibits 
polar localization patterns in various types of cells, includ-
ing root hairs, pollen tubes, stomatal guard cells and root 
epidermal cells (Figure 2). We are focusing on functions of 
PI(4,5)P2 and its producing enzymes, Phosphatidylinositol 
4-phosphate 5-kinases (PIP5Ks), in cell morphogeneis.

The model plant Arabidopsis thaliana encodes two 
type-A and nine type-B PIP5Ks (Figure 3). Of these, 
four clades of type-B PIP5Ks, I, II, III and IV, containing 
Arabidopsis PIP5K1-3, PIP5K4-6, PIP5K7-8, and PIP5K9, 
respectively, are conserved in angiosperms. Type-B PIP5Ks 
are thought to redundantly play pivotal roles in various 
processes of plant cells while type-A PIP5Ks are thought to 
function only in pollens. To elucidate functions of type-B 
PIP5Ks in cell morphogenesis, we performed genetic anal-
ysis using multiple mutants of their genes. As the result, we 
identified triple mutants with phenotypes that have not 
seen in single or double mutants of type-B PIP5K genes so 
far, including those of no root hairs, no pollen tubes, and 
hypersensitivity to high osmolality. Interestingly, the mutant 
genes in each triple mutant are not always limited to genes 
in a single clade, suggesting that type-B PIP5K genes have 
been evolutionally differentiated in a complicated manner.

Figure 1. The leaf surface of Arabidopsis thaliana (thale cress) (left) and 
the seed pod surface of Desmodium podocarpum (Japanese bush clover) 
(right) were observed by scanning electron microscopy. (left) The leaf epi-
dermis of Arabidopsis thaliana is covered with a branched spine-like struc-
ture called as trichome. Cells making a jigsaw puzzle-like pattern are leaf 
epidermal cells. (right) The seedpod epidermis of Desmodium podocarpum 
is covered with cells of a bead-like shape and a hook-like shape. The hook-
like cells are also trichomes.

Figure 2. Subcellular localization patterns of the PI(4,5)P2 marker, 
UBQ10 promoter-driven fluorescence protein fusion of 2xPHPLCδ, were 
observed in a root hair, a pollen tube, leaf epidermal cells, and root epider-
mal cells by confocal laser-scanning microscopy. Arrowheads indicate 
loci where the PI(4,5)P2 marker are preferentially localized.

Figure 3. Phylogenic tree of Arabidopsis thaliana type-A and type-B 
PIP5Ks are shown. Clades conserved in angiosperms are labeled as I, II, 
III, and IV.


