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Vascular system is one of critical tissues for vascular plants to transport water and
photosynthetic product. In the case of xylem cells, which function in water conduction and
supporting, thick lignified cell walls, called secondary cell walls (SCWs) are generated. SCWs
provide stiffness and strength as well as waterproofness to plant cells, and thus the regulation
of SCW biosynthesis is a vital issue for vascular plants. Previous screening of Arabidopsis
© transgenic lines overexpressing xylem vessel element differentiation-related genes identified
two Dof genes, named VASCULAR-RELATED DOFI1 (VDOF1I) and VDOF2, as novel factors
to increase glucose yields from stem samples by enzymatic saccharification treatment,
suggesting that VDOF1 and VDOF2 regulate SCW properties associated with saccharification
efficiency. In this thesis work, the applicant focused on molecular functional analysis of these
VDOF transcription factors, to reveal their roles in regulating vascular cell differentiation.
Transient expression analysis suggested that VDOF2 has transcription repressor domain.
Expression pattern analysis of VDOF1/2 using YFP and GUS reporters indicated that they are
expressed in vascular tissues. Generated VDOFI and VDOF2 overexpressors (VDOFIox and
VDOF20x) showed growth variations in the 14-day-old seedlings, however the growth defects
recovered during subsequent growth period, resulted in comparative plant sizes compare to the
wild-type at 40-day-old. Natably, the vein patterning in 7-day-old and 14-day-old cotyledons
was affected in VDOFIlox, VDOF2ox and vdofl vdof2, and the data suggested the vein
formation was enhanced in vdofI vdof2. Histochemical staining indicated that lignin deposition
was enhanced in the young regions of 40-day-old vdof1 vdof2 inflorescence stems, while
VDOFIox showed the reduction of lignin signals in the middle regions of stems. Total lignin
contents demonstrated that total lignin amounts in the bottom regions of stems were
significantly increased in VDOFlox and vdofI vdof2 compared to the wild typé, whereas the
VDOF2o0x stems showed a slight reduction. The RNA-seq analysis using inducible VDOF
overexpression lines suggested that genes for cell wall biosynthesis, including lignin
biosynthetic genes were significantly enriched in the list of common target genes. In
inflorescence stems of VDOF1ox, VDOF20x, and vdof1 vdof2, the expression patterns of these
lignin-related genes were changed, cofrelating to the observations of lignin deposition
phenotype.
~ Taken together, the applicant concluded that VDOF1 and VDOF2 are novel regulators of
vascular cell differentiation. Future utilization of these VDOF genes can become a new

biotechnological strategy to design SCW property by lignin modification.
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