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Functional analysis of an AP2/ERF transcription factor STEMIN1 that induces
reprogramming of gametophore leaf cells to chloronema apical stem cells in the
moss Physcomitrella patens

Epigenetic modifications including histone modifications, stabilize cell-specific gene
expression programs to maintain cell identities in both land plants and metazoans.
Notwithstanding the existence of these stable cell states, in land plants, differentiated
cells are changed to stem cells during post-embryonic development and regeneration,
indicating that land plants have an intrinsic ability to regulate epigenetic memory to
initiate a new gene regulatory network. A repressive chromatin mark, trimethylation at
lysine 27 of histone H3 (H3K27me3) at specific loci, contributes to determination of
tissue-specific gene expression and maintenance of differentiated states. Therefore,
locus-specific reprogramming of H3K27me3 should be required for the rewriting of
gene regulatory networks during plant development and regeneration, which could be
one of the intrinsic mechanisms underlying stem cell formation. However, it remains to
be elucidated what factors regulate chromatin modifications at specific loci to induce
stem cell formation.

In this study, I have addressed this question using the moss Physcomitrella
pdtens (Physcomitrella). After germination from spores, hypha-like bodies, called
protonemata, and subsequently shoot-like bodies, called gametophores are formed.
Protonemata comprise two cell types: chloronema and caulonema cells. A single stem
cell is situated at the tips of chloronema and caulonema filaments, which is named
chloronema and caulonema apical stem cell, respectively. Since protonemata are

filamentous tissues and gametophore leaves are formed as a single cell layer, cellular



changes arée easily observed. In particular, when a gametophore leaf is cut and
incubated on culture medium without exogenous phytohormones, leaf cells facing the
cut edge are reprogrammed to chloronema apical stem cells. Moreover, it had been
found that ectopic induction of an AP2/ERF transcription factor, STEM

CELL-IND UCING FACTOR 1 (STEMIN]j, in gametophores induces cellular changes
from leaf cells to chloronema apical stem cells without leaf excision. This finding
provided a tractable system to investigate the mechanisms underlying reprogramming
of differentiated cells to stem cells.

The phylogenetic analysis of STEMIN-related proteins had identified two other
genes closely related to STEMINI, designated STEMIN2 and STEMIN3. First, I
examined whether these genes also function in initiation of stem cell formation in
gametophores. However, I found that STEMIN2 and STEMIN3 lack the ability of
STEMINI1 to change intact leaf cells into stem cells, although they have functions
overlapping those of STEMIN/ during stem cell formation in cut leaves. Therefore, I
focused on elucidation of molecular mechanisms of reprogramming by the STEMIN1
induction in intact gametophores.

In this thesis, STEMINI targeted genes were identified using a combination of
RNA-sequencing (RNA-seq) and chromatin immunoprecipitation-sequencing
(ChIP-seq). I generated a transgenic line in which STEMINI1-Myc fusion protein is
inducible by B-estradiol treatment (GX6:STEMIN1-Myc), and cultivated gametophores
of GX6:STEMIN1-Myc with or without B-estradiol for 24 hours. The RNA-seq
analysis demonstrated that transcript levels of 2,871 and 3,890 genes increased and
decreased, respectively. The ChIP-seq analyses using anti-Myc antibbdy identified
6,733 putative directly targeted genes, in which STEMIN1-Myc proteins were
significantly enriched in their promoter regions. In the up- and down-regulated genes,
1,416 and 716 genes were directly targeted by STEMIN1-Myc, respectively.

I next examined the changes in the H3K27me3 levels after STEMIN1 induction



in gametophores with ChIP-seq using anti-histone H3 and H3K27me3 antibodies.
Among the 2,871 upregulated genes, H3K27me3 levels of 1,416 targeted genes were
higher than those of 1,455 non-targeted genes before the STEMIN1 induction. After
STEMINI induction, H3K27me3 levels decreased more conspicuously in
STEMiNl-targeted genes than in non-targeted ones. Transcript levels of 1,.416
upregulated targeted genes were more highly correlated to the decrease of H3K27me3
levels than those of 1,455 upregulated non-targeted genes were. CYCD; ] and
EXPANSIN genes that have previously shown to function in stem cell formation was
found in the 1,416 genes. Therefore, STEMINI induction functions to decrease
H3K27me3 levels at certain target genes and thereby increase the abundance of their
transcripts, at least some of which are involved in stem cell formation.

When differentiatea cells are reprogrammed, levels of chromatin modifications
are decreased via cell divisions. In Arabidopsis thaliana, H3K27me3 levels are diluted
by repeated cell divisions during the change from vegetative meristem to reproductive
meristem. On the other hand, ectopic induction of STEMIN1 decreased H3K27me3 on
its direct target genes before a cell division, indicating that chromatin modifications by
STEMINI1 induction is independent of a cell division. Thus, STEMIN1 functions to
induce a part of its targeted genes with reduction of H3K27me3 and triggers stem cell
formation including tip growth and cell cycle reentry. Since other land plants have
orthologs of the STEMIN genes, further studies of this gene family should provide .

insights into whether this is a general mechanism for reprogramming in land plants.
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