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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 phospholipid signalings in cell morphogenesis, the transcriptional network for cytokinin responses, COP9 
signalosome modulating signal transduction in the nuclei, and the endoreduplication cell cycle in cell differentiation.
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Roles of Phospholipid Signalings  
in Plant Cell Morphogenesis

Phospholipids are not only major components of the 
eukaryotic plasma membrane but also signaling molecules 
leading to a wide variety of cellular responses. Because 
phospholipids function as site-specific signals on mem-
branes, they likely play pivotal roles in localizing exocy-
tosis and the fine F-actin configuration to regions of cell 
expansion, such as the tips of growing root hairs. Root 
hairs are cellular protuberances resulting from highly 
polarized cell growth of specific root epidermal cells. The 
process of root hair growth is called tip growth, because 
all of the growth events including cell wall deposition and 
plasma membrane expansion are limited to the tip. Root 
hairs have been intensively studied as a model system 
for the molecular processes involved in plant cell morpho-
genesis, owing to the dispensability under laboratory 
conditions and accessibility for experimental observation 
of root hairs.

Among phospholipid signaling factors involved in plant 
cell morphogenesis, we focused on phosphatidylinositol 
4,5-bisphosphate [PtdIns(4,5)P2] and its producing enzyme 
phosphatidylinositol 4-phosphate 5-kinase (PIP5K). The 
localization of PtdIns(4,5)P2 to apices of growing root 
hairs suggests that it is involved in tip growth. However, it 
is unclear how the spatiotemporal pattern of PtdIns(4,5)P2 
is established at the tip and which aspect of tip growth it 
regulates. We found that the Arabidopsis thaliana PIP5K3 
gene encodes PIP5K, and is expressed preferentially in 
root hair cells. All the T-DNA insertion mutations that we 
examined exhibited significantly shorter root hairs than 
in the wild type. Reciprocally, its overexpression caused 
longer root hairs in addition to multiple protruding sites 
on a single root hair cell. A yellow fluorescence protein 
fusion of PIP5K3 (PIP5K3-YFP), directed by the PIP5K3 

promoter, complemented the short root hair phenotype of 
the mutants, and localized intensively at the plasma 
membrane of elongating root hair apices, at growing root 
hair bulges, and notably, at sites expected to form root 
hair bulges. PIP5K3-YFP accumulated most in apices of 
root hairs elongating rapidly. These results provide evidence 
that PIP5K3 is involved in the localization of PtdIns(4,5)P2 
to the elongating root hair apex and acts as a key regulatory 
component of the machinery initiating and promoting root 
hair tip growth.
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Figure 1. Localization pattern of PIP5K3-YFP in root hairs. Left: 
PIP5K3-YFP (green color) localized at elongating root hair apices. 
Right: The intensity of the PIP5K3-YFP fluorescence (index colors) is 
tightly correlated with the rate of root hair elongation.


