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Xylem vessels are 1mportant tissues that function in water conduction in vascular plants
To function, xylem vessel cells must form a strong: lignified secondary wall cell (SCW) and
undergo programmed cell death (PCD) during cell differentiation. These two events are known
to be initiated by specific group of NAC transcription factors named - VASCULAR-RELATED
NAC DOMAINI (VNDI) to VND7 in Arabidopsis, which can upregulate the gene sets required
for SCW formation and PCD. Because of relatively strong activities of VND6 and VND7 to
induce ectopic xylem vessel cell differentiation, the functional analysis has been extensively -
focused on VND6 and VND7, and physiological roles for VND1 to 5 have not fully understood. -
It has been reported that VNDI to 5 have the potential to upregulate VND7 expression, and
each VND gene have distinct gene expression patterns. These data suggested functional
diversity among VND proteins; however, no critical evidence has been shown yet.

In vitro induction systems for xylem vessel cells have proven to be powerful tools to
understand molecular mechanisms of xylem cell differentiation. To investigate potential
functional diversity of VND proteins, I established a novel invitro system named the KDB
system, in which xylem vessel cells can be induced ectopically in cotyledons by the application
of three phytohormones, cytokinin (Kinetin), auxin (2,4-D) and brassinosteroid (Brassinolide).

~* The advantages of KDB system are 1) simple and repeatable material preparation, as excised
cotyledons are readily available 6-days after germination of Arabidopsis seedlings and 2) the =

ease of application of this system to the rich Arabldopsrs resources mcludmg mutant lmes and
reporter marker lines. o

Using this KDB system, tlme -course mRNA-seq analysis was performed to obtain global
transcriptome profiling during xylem vessel cell differentiation. All of the VND genes were. . .
upregulated in the KDB system, however, comparing their gene expression with known
vascular-related genes, each VND gene was separated into different gene clusters, suggesting
differential responses to the KDB treatment by VND gene. Mutant analysis of VND family
genes showed that ectopic xylem vessel cell differentiation in the KDB system is largely
dependent on VND2 activity, and that vudl vnd2 double and vndl vnd2 vnd3 triple mutants
showed additive reductions of cell differentiation efficiencies. Therefore, VND1 and VND3
- also contribute~-with VND2 to the cell differentiation in this system. In contrast, ectopic xylem -
~vessel cells phenotypes of vnd6 vnd7 mutants was less dramatic. Taken together, VNDI to 3,

but not VND6 and VND7, would be main contributors to the differentiation of ectopic xylem
vessel cells in cotyledons induced by the KDB system.

The KDB system also showed that the cell differentiation was not observed under
continuous dark conditions, indicating the importance of light to induce xylem vessel cell
formation in cotyledons Base on this observation, I checked the vein formation in cotyledons
~ under continuous light or dark conditions in vadI, vnd2, vnd3, vnd6 and vad7 mutants, as well

as double and triple mutant of them. The results demonstrated that VNDI1 to 3, but not VND6.
and VND7, are required for xylem vessel cell differentiation in secondary vein of cotyledons
grown under continuous dark condition. Interestingly, secondary venation was not inhibited in
vndl vnd2 vnd3 cotyledons under continuous light condition, although VND expressions in
vndl vnd2 vnd3 cotyledons were not different by the light conditions. These suggested that
distinct roles for VND1 to 3 proteins in vein formation in cotyledon under dark condition.

Put all into together, I successfully disclosed specific roles for VND1, VND2 and VND3,
in xylem vessel cell differentiation of cotyledons. My results also showed the possibility that
the light signals can replace such specific roles for VND1 to 3 in xylem vessel cell
differentiation, further suggestmg novel connection between envrronmental srgnals and VND
functions.
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