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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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Genetic Research of Plant PIP5K Genes

Phosphatidylinositol (4,5)-bisphosphate [PtdIns(4,5)
P2], a phosphoinositide serving as a lipid signal interacting 
with its effector proteins, modulates various cellular pro-
cesses including cytoskeletal organization, membrane 
trafficking, and signal transduction for gene expression. 
Although the metabolic pathways of phosphoinositides are 
elaborately linked to one another, phosphatidylinositol 
4-phosphate 5-kinase (PIP5K), which produces PtdIns(4,5)
P2 by phosphorylating PtdIns(4)P, is thought to be a key 
enzyme responsible for the spatiotemporal pattern of 
PtdIns(4,5)P2 in higher plant cells. Higher plants encode a 
large number of PIP5Ks compared with animals and fungi. 
The model plant Arabidopsis thaliana encodes eleven 
PIP5Ks. Of these, nine can be classified into three subgroups 
– PIP5K1–3, PIP5K4–6, and PIP5K7–9 – belonging to dif-
ferent type B clades while PIP5K10 and PIP5K11 are clas-
sified as type A PIP5Ks. Genetic and molecular biological 
studies have revealed that the PIP5K4–6, PIP5K7–9 and 
PIP5K10–11 subgroup genes redundantly function in pol-
len tube growth, cell adaptation to stressful conditions, re-
spectively, while PIP5K10 and PIP5K11 are exclusively 
expressed in pollen and thought to be redundantly involved 
in actin cytoskeletal reorganization during pollen tube growth.

With regard to the PIP5K1–3 subgroup genes, a common 
function to all genes has not been found so far. The loss of 
PIP5K2 function affects auxin-related phenomena includ-
ing root gravitropism and lateral root development. The 
pip5k1pip5k2 double mutation causes sever dwarfism ac-

companied by sieve-element defects. In contrast, PIP5K3, 
which produces a protein localized to the plasma mem-
brane at elongating root hair apices and sites where root 
hair bulges are about to form, is involved in root hair elon-
gation. Although PIP5K3 belongs to a clade closely related 
with but distinct from that of PIP5K1 and PIP5K2 in the 
molecular phylogenetic tree of plant PIP5Ks, it is unknown 
how the PIP5K1–3 subgroup genes differ in their expres-
sion patterns and protein functions.

We performed comparative analyses of the PIP5K1–3 
subgroup genes to determine their conserved and/or differ-
entiated functions. Genetic analysis revealed that PIP5K1 
and PIP5K3 have distinct functions – total plant growth 
and root hair elongation, respectively – whereas PIP5K2 
redundantly has both functions. This pattern of functional 
redundancy well coincides with the overlapping pattern of 
their promoter activities. In transformation rescue experi-
ments with promoter-swapped transgenes, PIP5K1 could 
completely substitute for PIP5K3 in terms of protein func-
tions (Figure 1), but only partial substitution could be 
achieved in the reverse case (Figure 2). Phylogenetic anal-
ysis of angiosperm type B PIP5Ks revealed that PIP5K3 
orthologs have evolved faster than have PIP5K1/2 ortho-
logs. These findings suggest that during the evolution of 
the PIP5K1–3 subgroup genes, PIP5K3 differentiated to 
specialize in promoting root hair elongation and lost some 
of the ancestral protein-encoded functions conserved in 
PIP5K1 and PIP5K2, whereas PIP5K1 and PIP5K2 differ-
entiated from each other only in their promoter-directed 
expression patterns.
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Figure 1. Rescue of the short-root-hair phenotype in pip5k3 by PIP5K3p-
PIP5K1-YFP. (a) Structures of the transgene PIP5K3p-PIP5K3-YFP and 
the promoter-swapped transgene PIP5K3p-PIP5K1-YFP are schematical-
ly illustrated. (b) Primary roots at 5 days after germination are shown for 
the wild type (WT), pip5k3, and the transformation lines harboring 
PIP5K3p-PIP5K3-YFP (lines #9 and #14) or PIP5K3p-PIP5K1-YFP 
(lines #1 and #8) in the pip5k3 background. Bars = 1 mm

WT
pip5k1
pip5k2

PIP5K1p
-PIP5K1
-YFP #7
/pip5k1
pip5k2

PIP5K1p
-PIP5K3
-YFP #2
/pip5k1
pip5k2

PIP5K1p
-PIP5K1
-YFP #8
/pip5k1
pip5k2

PIP5K1p
-PIP5K3
-YFP #4
/pip5k1
pip5k2

PIP5K1promoter YFP

PIP5K1promoter YFP

PIP5K1

PIP5K3

a

b

Figure 2. Partial rescue of the severe dwarf phenotype in pip5k1pip5k2 
by the promoter-swapped transgene PIP5K1p-PIP5K3-YFP. (a) Struc-
tures of the transgene PIP5K1p-PIP5K1-YFP and the promoter-swapped 
transgene PIP5K1p-PIP5K3-YFP are schematically illustrated. (b) Seed-
lings at 10 days after germination are shown for the wild type (WT), 
pip5k1pip5k2, and the transformation lines harboring PIP5K1p-PIP5K1-
YFP (lines #8 and #7) or PIP5K1p-PIP5K3-YFP (lines #2 and #4) in the 
pip5k1pip5k2 background. Bars = 1 mm


