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The relative position of plant cells is fixed by their communal cell wall, making
the precise control of cell expansion direction and rate crucial for organ morphogenesis.
Cell expansion anisotropy is governed by the mechanical anisotropy of the cell wall,
which primarily consists of polysaccharides—namely, cellulose, hemicellulose, and
pectin. Modifying these polysaccharides or their interactions can modulate the
mechanical property of the cell wall, thereby serving as the targeting points of
mechanisms regulating cell expansion. In addition to the cell wall polysaccharides, the
common ancestor of land plants has developed a hydrophobic cuticle enveloping the
outer cell walls of aerial tissues. This cuticle layer is also subjected to tensile stress and
mechanically restricts cell and organ expansion. The restriction can be alleviated by
supplying new cuticular materials to the expanding surface. However, the molecular
machinery that deposits cuticle materials in the appropriate spatiotemporal manner to
accommodate cell and organ expansion remains elusive.

In this study, I have addressed this question through the functional analysis of
ATP-binding cassette (ABC) transporter B14 in the moss Physcomitrium patens (P.
patens). ABC transporters translocate substrates across the cell membrane in eukaryotes.
Most B-type ABC transporters (ABCB) in plants characterized to date appear to
function as auxin transporters, while some of them exhibit affinity for multiple
substrates, such as ABCB14 in Arabidopsis thaliana (AtABCB14). AtABCB14 was

reported to import malate to modulate stomatal conductance and has been shown to



export auxin when expressed in cultured cells. Present knowledge of ABCB14 clade
transporters is limited to flowering plants, hampering the understanding of its role in
plant development and evolution.

P. patens and flowering plants diverged from a common ancestor more than 400
million years ago. Phylogenetic analysis revealed two orthologs of AtABCBI4 in P.
patens: Pp3cl 34680 and Pp3c3 _5680. While I could not obtain gene deletion mutants
of Pp3c3 5680, 1 successfully deleted Pp3cl 34680 via homologous recombination and
designated it as PpABCBI14. Phenotyping revealed that Pp3cl 34680 mutant plants
formed gametophores with shrunken Ileaves, suggesting its function in leaf
morphogenesis.

Leaf development in P patens starts with an asymmetric division of the
tetrahedral apical stem cell of the gametophore, which self-renews and repeatedly yields
daughter cells. The daughter cell subsequently divides, giving rise to two cells: one that
contributes to the formation of the stem and the other that becomes a leaf apical stem
cell to initiate leaf development. To trace the localization of PpABCB14 during leaf
development, I inserted a gene encoding fluorescent protein mClover3 before the start
codon of native PpABCBI14 gene to generate mClover3-PpABCB14 transgenic lines and
observed its localization during leaf development. No mClover3-PpABCB14 signal was
detected in the gametophore apical stem cell, but fluorescence was evident on the distal
surface of the leaf apical stem cell, which expanded anisotropically. The fluorescence
from mClover3-PpABCB14 on the plasma membrane shifted dynamically, marking the
regions of active cell expansion, and its amounts positively correlated with the
expansion rate of the cell. The deletion mutants of PpABCBI14 produced rounder cells
compared with those of the wild-type plants. Furthermore, the induced expression of
mClover3-PpABCB14 led to altered leaf cell shapes. Taken together, these results
suggest that the optimal regulation of PpABCB14 is crucial for proper anisotropic cell

expansion.



The morphological resemblances observed in PpABCBI4 deletion mutants and
previously reported cuticle-deficient mutants in P. patens led me to investigate the
integrity of the cuticle, although the B-type ABC transporters have not been reported to
transport substrates for cuticle formation. Toluidine blue staining revealed that the
cuticles of deletion mutant gametophores were compromised, failing to prevent dye
penetration into the cells. Transmission electron microscopy further confirmed a
significant reduction in the cuticle proper of the mutants. Lipophilic dye FY-088
staining revealed a respective reduction and increase of surface lipids, compared with
wild-type plants, in PpABCBI14 deletion and overexpression plants. These results
collectively suggest the role of PpPABCB14 in translocating certain components to the
cell surface for cuticle formation. To identify potential lipid substrates of PpABCB14,
the lipid profiles of cutin monomers and cuticular waxes were quantified using gas
chromatography-mass spectrometry. The results showed a general reduction of cutin
monomers and waxes in the deletion mutant plants, suggesting a function of PpPABCB14
to export components that anchor the surface lipids to the cell wall.

Collectively, these findings indicate that PP ABCB14 contributes to plant cuticle
formation by transporting a yet-to-be-identified substrate to the cell surface as it
expands, and this action alleviates the cuticular constraints on cell expansion. This
cuticle-based regulatory mechanism complements cell wall polysaccharide-based
mechanisms to control cell expansion direction and ensures cuticle integrity, which is

critical for plant morphogenesis.
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