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The development of specialized cells for water conduction and mechanical support:

~is one of most critical evolutionary processes that facilitated the colonization of

terrestrial environments by plants. Recent studies revealed that a group of NAC
domain transcription factors, including VND1 to VND?7, NST1, and NST8/SND1 in
Arabidopsis thaliana, function as key regulators for d1fferent1at10n of xylem vessels
(water conduction) and. xylem fibers (mechanical support) in vascular plants,
respectively. However, it 1s still unclear how vascular plants developed those cells_
from their non-vascular ancestors.

In this research, the functlonsv of elght genes (PpVNSJ to PpVNSS) of

Physcomitrella patens, which are homologous to AtVND genes, were thoroughly

- analyzed. The. express1on analysis of PpVNS genes revealed that all genes (except =~
PpVNS3) are expressed in gametophores. (i.e. in the midrib of developing youngv

leaves, rhizoids, and stem), protonemata, and/or sporophore. - oL
A triple KO mutant of PpVNSI1, PpVNS6 and Pp VNS7 Wthh are
predominantly. expressed "in the developing midrib, exhlblted absence of

. water-conducting cells (hydr01ds) in leaves and abnormal supporting cells _

(stereids) with reduced wall thickness and retained cellular contents, leading to

- deficient water transport-in their leaves, with wilted leaves under lower relative
- humidity. The gametophore stems of PpVNS4 KO mutant harbored immature -

hydroids and failed to transport water, resulting in wilted leaves under lower
relative humidity. These results indicate critical roles of Pp VNS genes - 1n the -

development of hydroids and stereids in mosses.

To further investigate the functlon of PpVNS genes, an overexpressmn assay

‘was conducted. In A. thaliana, overexpression of PpVNS genes induced ectopic-

secondary cell wall (SCW) formation through the upregulation of AtVND7 and/or
AtNST3/SND1-downstream genes, such as AtMYB46, AtXCP1 (for programmed
cell death) and AtCesA4 (for SCW formation). In P patens, overexpression of
PpVNS genes induced rapid degradation of chloroplasts, shrinkage of protoplasm
and loss of plasma ‘membrane integrity, leading to programmed cell death.
Accordlngly, the expression of P patens genes homologous AtCesA and AtXCPwas

checked in the PpVINS7 overexpressor line, which showed that one P patens CesA
" gene and several XCP genes were statlstlcally upregulated. These findings suggest

that PpVNS genes are able to induce cell wall thlckemng and programmed cell

death by promotmg the express1on of correspondmg genes in both P patens and 4.

thaliana.
This research demonstrates that the PpVNS protelns are key sw1tches for the

- development of hydroids and stereids, acting to regulate programmed cell death or
_ autolysis of cellular contents and cell wall thickening in non-vascular mosses,
~suggesting that the VNS family regulates the differentiation of water conductlng

cells and supporting cells through a similar VNS-based gene regulatory network in

. 'land plants. Considering that hydroids and stereids occurred malnly in the

gametophytic generation whilst xylem vessels and fibers exist only in sporophytic

~generation, it could be supposed that the VNS-based gene regulatory network was
- recruited from the gametophytic generation and elaborated in the sporophytic

generation to form xylem vessels and fibers during plant evolution, suggestmg the .

| ‘contribution of VNS fam1ly to colon1zat10n of land by plants
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