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ABSTRACT

De novo root regeneration (DNRR) has wide applicationagniculture such as those related to
cutting technology. Detachefabidopsis thaliana leaf explants can regenerate adventitious roots
without added hormones. The regenerative abilityighly dependent on the developmental status
of the leaf. An immature leaf has a higher reganaraability, while a mature leaf is difficult to
regenerate. Using RNA-Seq analysis, we showed tiatexpression levels of many genes,
including those in the auxin network, changed dut@af maturation. Particularly, the expression
levels of manyYUCCA (YUC) genes in the auxin biosynthesis pathway are respe to leaf
maturation. Overexpression dJC1 in the yuc-1D dominant mutant rescued the rooting defect
caused by leaf maturation. In additioiJC4 expression levels were also affected by circadian
rhythms. The regenerative ability was reduced ithbomature and mature mutant leaf explants
from the newwuschel-related homeobox 11-3 (wox11-3) andwox12-3 mutant alleles created by the
CRISPR/Cas9 method. Overall, the transcriptome gedetic data, together with the auxin
concentration analysis, indicate that the abilityupregulate auxin levels upon detachment may be
reduced during leaf maturation. Thus, multiple depmental and environmental signals may
converge to control auxin accumulation, which afeihe efficiency of th&MOX11/12-mediated

DNRR fromleaf explants.

Keywords. De novo root regeneration'WOX11; Arabidopsis, Developmental status; Circadian

rhythms;YUCCA
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1. Introduction

De novo root regeneration (DNRR) gives rise to adventgioaots from injured plant tissues and
has been widely applied in many agricultural ted¢bgies, such as using cuttings in the vegetative
propagation of plants (De Klerk et al., 1999; DerKl 2002; Falasca and Altamura, 2003; da Costa
et al., 2013; Atkinson et al., 2014; Bellini et &014; Verstraeten et al., 2014; Xu and Huang4201
Birnbaum, 2016; Steffens and Rasmussen, 2016; 818)2 Successful applications of DNRR are
dependent on the developmental status of the exphdmnich impacts the regenerative ability to
form adventitious roots (Woo et al., 1994; Sancsieal., 1995; Swamy et al., 2002; Abarca et al.,
2014; Abu-Abied et al., 2014; Leakey, 2014; de Abfaeet al., 2015; Aumond et al., 2017). Usually,
mature or old organs have a lower regenerativeityhihan immature organs. However, the
mechanism behind the development-dependent carfttbé regenerative ability is largely unclear.

Adventitious rooting fromArabidopsis thaliana leaf explants is a simple system for the study
of DNRR (Chen et al., 2014). A preliminary framewaf the DNRR process has been established
based on this system (Xu, 2018). Many early signaisluding those from wounds, the
environment and the developmental status of théaakpcan be sensed by converter cells (i.e.,
mesophyll cells, leaf margin cells and some vasaéds) in the leaf explant. Guided by these early
signals, the converter cells produce auxin, whighthen transported from converter cells to
regeneration-competent cells (i.e., procambium sorde vascular parenchyma cells) to transition
into roots. In the regeneration-competent cellg é&xpression levels oMUSCHEL-RELATED
HOMEOBOX 11 (WOX11) andWOX12, which encode two homeodomain transcription fagtare
upregulated by auxinMOX11/12 can promote the transition of the regenerationmetent cells to
root founder cells, initiating the organogenesisad¥entitious roots (Liu et al., 2014; Hu and Xu,
2016; Sheng et al., 2017).

Auxin is the core hormone in DNRR (Thimann and Wa®34; Zimmerman and Wilcoxon,
1935; Hitchcock and Zimmerman, 1936). The levelaoiin produced in converter cells is
rigorously controlled by the combination of earigrals. For example, the developmental status of
the leaf explants has an impact on the regenerabigy. AmongArabidopsis rosette leaves, the
immature leaves have a great ability to regene@dtentitious roots, while fully mature leaves have
difficulty forming adventitious roots (Chen et a014). Auxin can partially rescue the rooting

defect caused by leaf maturation, suggesting that reduced auxin accumulation might be
3
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responsible for the reduced regenerative abilitfuity mature leaves (Chen et al., 2014). Currently
it is not clear how auxin accumulation is affectedchanges in the developmental status of leaf
explants.

In this study, we used the DNRR systemAofbidopsis leaf explants to analyze the effect of
leaf maturation on the regenerative ability. Weniwuhat the expression levels of many genes
changed during leaf maturation. In particular, ¢xgression levels of manfUCCA (YUC) genes,
which encode flavin-containing monooxygenases & dhxin biosynthesis pathway (Zhao et al.,
2001) and are critically involved in auxin prodoctiin converter cells during DNRR (Chen et al.,
2016), respond to leaf maturation. In additidC expression has multiple upstream regulators,
including wounding and circadian rhythms. The dfeof those early signals may eventually
converge to guide auxin production aMDX11/12-mediated rooting.

2. Results

2.1. Thedevelopmental status of leaf explants affects gene expression during DNRR

To analyze the molecular mechanism behind theioeksttip betweerrabidopsis leaf maturation
and DNRR, we first carried out an RNA-Seq analysisg detached first-pair rosette leaves before
culturing (time 0) and 1 day after culturing (DA@om 9-, 12- and 15-day-old wild-type
Columbia-0 (Col-0) seedlings, respectively (Fig—A. The leaves from 9-day-old seedlings were
in the immature stage, with short petioles and kblatles (Fig. 1A); the leaves from 12-day-old
seedlings were at the partially mature stage (H); the leaves from 15-day-old seedlings were at
the fully mature stage, with fully elongated pegmland expanded blades (Fig. 1C). The seedlings
were grown under a constant 24-h light conditioravoid the effects of light/dark transitions on
gene expression.

We first analyzed the gene expression levels inghees before detachment (at time 0) from
the three developmental states. Changes in germesskpn could be grouped into six clusters (Fig.
1D-F and Table S1). Many genes were upregulatedtésks 1 and 2; Fig. 1D) or downregulated
(clusters 3 and 4; Fig. 1E) during leaf maturatibiotably, the expression levels of many of the
genes involved in the auxin network were affectedrd) leaf maturation (Fig. 1D—F). For example,
TRYPTOPHAN AMINOTRANSFERASE OF ARABIDOPS S 1 (TAAL), YUC2 andYUCS6, which are
involved in the auxin biosynthesis pathway (Chenglg 2006; Stepanova et al., 2008; Tao et al.,

2008) and have been shown to be required in DNRRR teaf explants (Chen et al., 2016; Sun et
4
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al., 2016; our unpublished data), were downregdlalgring leaf maturation (Fig. 1E). gqRT-PCR
analysis confirmed the downregulationTéfAl, YUC2 andYUC6 during leaf maturation (Fig. 2).

Next, we analyzed the gene expression levels inlghE explants from 9- and 15-day-old
seedlings at 1 DAC and compared them with the gapeession levels at time 0. By comparing
up- or downregulated genes (1 DA€time 0) between leaves from 9- and 15-day-old lsegs]
we found that many of the genes were up- or downaegd only in immature leaves or only in
mature leaves at 1 DAC (clusters a to I; Fig. 1@~d Table S1). Many of the auxin network genes
were also included in these clusters. For examfi&;5, which functions in response to darkness
and wounding in DNRR from leaf explants (Chen et daD16), was upregulated during leaf
maturation (Fig. 1D); however, its expression lewekre downregulated at 1 DAC compared with
time 0 in mature leaf explants but not in immatleaf explants (Fig. 1G and [). In addition, the
expression levels ofUC8 and YUCY, which also act in response to darkness and wagrliring
DNRR (Chen et al., 2016), were downregulated atACxompared with time 0 in mature leaf
explants but not in immature leaf explants (Fig. d@l 1). These data suggest that immature and
mature leaf explants may have different responabiities to wounding.

Overall, gene expression patterns were not ongctdtl by leaf maturation before detachment,
but also by their different responses to woundifigerefore, the reduced ability of rooting in
mature leaves may result from the complex and coetbichanges in gene expression levels.
Further analysis of the genes involved in leaf matan will improve our understanding of the
effect of maturation on regeneration.

2.2. YUC1/4 expression levels areresponsive to leaf maturation

Auxin biosynthesis is critically required for DNRRBfter leaf explant detachment, and the
expression levels of auxin biosynthesis genes suelly affected by multiple signals (Chen et al.,
2016; Sun et al., 2016). Auxin concentration analySun et al., 2017; Sun et al., 2018) showed
that immature leaf explants were able to upregulageauxin level at 1 DAC, while fully mature
leaf explants barely had this competence for upadigm of the auxin level at 1 DAC (Fig. S1),
indicating that the auxin production ability afteletachment might be reduced during leaf
maturation.

The auxin biosynthesis gen€gdC1/4 are involved in auxin production in converter selt the

early stage of DNRR from leaf explants (Chen et2016). Becaus¥UC1/4 expression levels are
5
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relatively low in the RNA-Seq data, we carried autqRT-PCR analysis. We analyzed the
expression levels ofUC1/4 in regeneration using the first-pair leaves froml12- and 15-day-old
seedlings grown under 24-h light conditions to dvibie influence of circadian rhythms on gene
expression (see below). Time-0 and 1-DAC leaf aexglaultured on B5 medium in 24-h light
conditions were used for the gRT-PCR analysis (BAy.and B).YUC1 had very low expression
levels in time-O immature and partially mature kesvirom 9- and 12-day-old seedlings,
respectively, while its expression levels were detected in time-0 fully mature leaves from
15-day-old seedlings (Fig. 3A). AlthougfuC1 expression levels were upregulated after 1 day of
culturing on B5 medium in all leaf explants at eiffint developmental states, the upregulated levels
were more evident in mature leaf explants thannnmature leaf explants (Fig. 3AXUC4
expression levels were progressively downregulatetme-0 leaves during maturation (Fig. 3B).
YUC4 expression levels in immature leaf explants fronda9-old seedlings did not show
upregulation after 1 day of culturing on B5 mediwvhile its expression levels in the 1-DAC
partially and fully mature leaf explants from 12adal5-day-old seedlings, respectively, were
upregulated compared with the corresponding tineabexplants (Fig. 3B).

Next, we analyzed the adventitious rooting phenetypthe wild type (Col-0) and theic-1D
dominant mutant which has a highdyC1 expression and a higher auxin biosynthesis levieh¢Z
et al.,, 2001) (Fig. 3C-E). Using the first-pairvea from 9-, 12- and 15-day-old seedlings, we
found that the wild-type leaf explants had a reduc®oting ratio during leaf maturation. At 14
DAC, almost all (~99%) immature wild-type leaf eapts from 9-day-old seedlings produced roots;
many (~87%) of the leaf explants from 12-day-olddvwtype seedlings regenerated roots; only a
few (~24%) mature leaf explants from 15-day-olddatype seedlings had a rooting ability. The
yuc-1D leaf explants from 9- and 12-day-old seedlings &iadlar rooting ratios to the wild-type
leaf explants at 14 DAC. However, about 79% ofrtretureyuc-1D leaf explants from 15-day-old
seedlings produced roots at 14 DAC, showing a sogmt higher rooting ratio than the wild-type
mature leaf explants (Fig. 3 C—-E), suggesting éndianced¥UC1 expression could partially rescue
the rooting defect caused by leaf maturation. Iditawh, it is possible that some mechanisms
besides th&UC1-mediated auxin biosynthesis pathway may funcioDNRR in response to leaf
maturation, because enhancddC1 expression irnyuc-1D could not promote the rooting ratio in

partially mature leaves from 12-day-old seedlirgg.(3E).
6
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Thus, YUCL/4 expression levels are controlled by both leaf maditon (before culturing) and
wounding (after culturing). Before culturing (i.@t, time 0),YUCL1/4 expression levels are reduced
during leaf maturation, probably contributing teetheduced competence for auxin upregulation
upon detachment of mature leavas-1D had a higher auxin level in mature leaves, regylitina
relatively higher regenerative ability compared hwihe wild-type seedlings. Thus, the reduced
regenerative ability in mature leaves could bdeast partially, due to the reduction of the patnt
auxin biosynthesis ability upon detachment durisf imaturationYUC1/4 expression levels could
be increased in partially and fully mature leaflargs in response to wounding after culturing on
B5 medium (e.g., at 1 DAC). However, the upregalatf YUC1 did not appear to fully rescue the
rooting defects caused by leaf maturation, becdlisewild-type mature leaf explants still had
severe defects in root regeneration (Fig. 3C andai)oughYUCL/4 were upregulated to levels
even higher than those in immature leaf explanis@AC (Fig. 3A and B). One explanation is that
the expression levels of many other auxin-relatteg are still low in mature leaf explants (Fig. 1)
2.3. YUC4 expression is affected by circadian rhythms
The expression levels of maMJC genes are sensitive to environmental signals, asaark and
light conditions (Tao et al., 2008; Hornitschekatt, 2012; Chen et al., 2016). Previously, the
growth conditions of our seedlings included a 1&ht and 8-h dark period (Chen et al., 2014; Liu
et al., 2014; Chen et al., 2016). We tested whethsrcircadian condition affectddJC4 expression
by gRT-PCR using the first-pair leaves from 12-dég-seedlings grown in a 16-h light and 8-h
dark period.YUC4 is indeed regulated by circadian rhythms, showeigtively higher expression
levels in light-on conditions and relatively lowexpression levels during the night (light-off
conditions) (Fig. 4). ThereforeYUC4 appears to be regulated by multiple upstream Egna
including wounding, circadian rhythms, leaf devetmmtal status and probably many other signals.
The upregulation o¥UC4 after leaf explant detachment under 16-h light 8fddark conditions
(Chen et al., 2016) may be the combined resultufipbe upstream inducers, including wounding,
circadian rhythms and probably other signals. Hawew is still unclear how the upstream signals
regulateYUC expression and wheth¥lJC1/4 are direct or indirect targets of wounding.

2.4. wox11 and wox12 mutant alleles generated by CRISPR/Cas9
The auxin produced in the leaf explants is transgomto regeneration-competent cells for their

fate transition (Liu et al.,, 2014). Auxin promotethe first fate transition step from
7
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regeneration-competent cells to root founder céfiough the direct activation oWOX11
expression and probably also the expression opatsially redundant homologud/OX12. The
T-DNA insertion-derived single-mutant allelegx11-2 and wox12-1, and their double mutant,
showed relatively mild rooting defects. Because THBNA insertion sites in the two alleles both
caused disruptions in the C-terminal regions ofptegeins and did not affect the homeodomains, it
is likely that thewox11-2 andwox12-1 mutant alleles are weak alleles (Fig. 5A and By (&t al.,
2014).

To further analyze the roles WOX11 andWOX12 in DNRR, we designed new mutant alleles
using the CRISPR/Cas9 method (Figs. 5A, 5B and (82h et al., 2015). Thevox11-3 and
wox12-3 mutant alleles have an 11-bp deletion and 1-bgeriie® in the homeodomains,
respectively (Figs. 5A, 5B and S2). These alleblssed frameshift mutations in the homeodomains
of WOX11 andWOX12 and probably abolished the functions of the twatgins.

Next, we analyzed the adventitious rooting phemtypthe mutant leaf explants form the 9-,
12- and 15-day-oldvox11-3 and wox12-3 single-mutant andvox11-3 wox12-3 double-mutant
seedlings grown under 24-h light conditions. Thtadeed leaf explants were cultured under 24-h
light conditions on B5 medium. The&ox11-3 single mutant and thaox11-3 wox12-3 double
mutant were defective in rooting from all leaf exqtis compared with the wild-type seedlings (Fig.
5C). The data suggest that WX11/12 pathway is involved imooting from leaf explants with
different developmental states. However, we cotiltdfmd the effect of the leaf maturation on the
rooting ability of thewox11-3 wox12-3 double mutant, indicating that other pathways rhaye
partial redundant roles witWOX11/12 in DNRR.

3. Discussion

In this study, we showed that leaf maturation migatise a reduced auxin accumulation during
DNRR from leaf explants. This may explain why matakplants have more difficulty regenerating
roots than immature explants (Woo et al., 1994cBan et al., 1995; Swamy et al., 2002; Abarca et
al., 2014; Abu-Abied et al., 2014; Leakey, 2014;Admeida et al., 2015; Aumond et al., 2017).
Multiple early signals, including wounding, circadirhythms and leaf maturation, may converge to
regulate auxin biosynthesis. For example, the esgia levels oYUC1/2/4/6 and some othefUC
genes and auxin-related genes are associated vetdelvelopmental stages of leaf explants; the

YUCL1/4/5/8/9 genes could act in response to detachment (Chah,e2016); the expression of
8
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YUC4 and probably otheYUC genes could be affected by circadian; ¥dC5/8/9 expression
levels are also upregulated by darkness (Chen,é2(dl6). All of these early signals may affect the
level of auxin accumulation and influence tN¥OX11/12-mediated cell transition ability of
regeneration-competent cells (see a model in Fig. 6

4. Materials and methods

4.1. Plant materialsand culture conditions

Arabidopsis Col-0 was used as the wild type. THue-1D mutant was previously described (Zhao et
al., 2001).Arabidopsis seeds were sterilized with 75% alcohol and kept & for 2 days. The
seeds were then germinated on 1/2 MS medium (baifigth of MS basal medium with 1%
sucrose, 1% agar and 0.5 g/L MES, pH 5.7) (Muraslaigd Skoog, 1962) at 22 °C under 24-h
constant light conditions, except during the ciraadrhythm analysis in which seedlings were
grown under 16-h light and 8-h dark conditions. Tirst-pair rosette leaves were used for
regeneration in this study. Detached leaf explavdse cultured on B5 medium without sucrose
(Gamborg B5 basal medium with 0.5 g/L MES and 0&§ar, pH 5.7) (Gamborg et al., 1968) at
22 °C under 24-h light conditions.

4.2. wox11 and wox12 mutants generated by CRISPR/Cas9

To generate wox11-3 and  wox12-3 mutants, a WOX11-specific target
(5-CAGAACCGGTTCGGTCCCGA-3 and a WOX12-specific target
(5-CCGAACCAGTCCGGGCACGT-3 were selected as the targets for Cas9 to myiax11
and WOX12, respectively. Vector construction was performsdoeeviously described (Yan et al.,
2015). Briefly, the target sequences were firshetbinto the pBluescript-AtU6-26-sgRNA vector.
Then, the AtU6-26-WOX11-sgRNA or AtU6-26-WOX12-sgRNragment was digested and
inserted into the pCAMBIA1300-pYAO:hSpCas9 vector o t generate the
pCAMBIA1300-pYAO:hSpCas9-WOX11-sgRNA or
pCAMBIA1300-pYAO:hSpCas9-WOX12-sgRNA plasmid. Thiagmids were introduced into the
wild-type Arabidopsis by Agrobacterium-mediated floral dip transformation. The genomic
fragments covering the mutation sites were amplifiem the T transgenic plants by PCR and
then sequenced.

4.3. Determination of auxin concentrations

Thirty leaf explants from each sample were harested ground by liquid nitrogen. The powder
9
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was dissolved by 20QL PBS buffer for 10 min on ice and then centrifuged 2 min at 12000
r/min at 4 °C. We used 1l supernatant for each technical repeat of eleb#oucal detection of
auxin as previously described (Sun et al., 2017%; &wal., 2018).

4.4. qRT-PCR and RNA-Seq

RNA extraction, reverse transcription and qRT-PC&encarried out as described previously (He et
al., 2012). The qRT-PCR results represented ttaivelexpression levels, which were normalized
against those produced by tAETIN primers that had an arbitrarily fixed value of.1Rimers for
gRT-PCR are listed in Table S2.

For RNA-Seq analysis, RNA was extracted using TRI@avitrogen, USA). Library
construction and deep sequencing were carried eurtguthe lllumina HiSeq 3000 platform
following the manufacturer’s instructions by GenerBiotechnology (Shanghai, China). Raw
RNA-Seq reads were trimmed based on quality usrmgrmiomatic (Bolger et al., 2014), and paired
reads were mapped to theabidopsis genome (TAIR10) using STAR 2.5.3.a (Dobin et 2013)
with default settings. The returned alignments warengently filtered to remove ambiguously
mapped reads and read pairs with conflicting alignis. For the RNA-Seq data analysis, RSEM
v1.3.0 (Li and Dewey, 2011) was used to quantitietescript abundance and expression values of
individual genes, which are shown as the averagerasfscripts per million (TPM) in three
biological replicates. Differentially expressed gerwere detected by EBSeq (Leng et al., 2013)
based on the combined criteria: jfgld change)| > 1 and false discovery rates <.0l@scompare
expression dynamics between different genes, geassfiltered by combined criteria: the average
of TPM > 1 (in three developmental states) andfaoent of variation (CV) > the median CV of all
expression genes. Finally, TPM values of 8775 gemas z-score normalized and clustered into six
groups using the k-means clustering in R versidnl3https://www.R-project.org/). The RNA-Seq
data were deposited in Gene Expression Omnibus (GEQ//www.ncbi.nim.nih.gov/geo/) under

the accession number GSE108253. The analyzed mashawn in Table S1.
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Figurelegends

Fig. 1. Analysis of transcriptome during leaf maturatign-C: Wild-type 9- @A), 12- B8) and
15-day-old C) seedlings grown on 1/2 MS medium. Arrows indidhie first pair of rosette leaves.
c, cotyledon. Scale bar, 1 mm-F: RNA-Seq analysis of the first-pair leaves from 82- and
15-day-old seedlings. Changes of gene expressibarpa are grouped into six clusters (clusters 1
to 6), showing upregulatioD), downregulation&) or other changes$-{ of gene expression levels.
Auxin-related genes are listed in each clusteroAlse Table S1 for the gene lists of each cluster.
G-J: RNA-Seq analysis of changes in gene expressieidg1l DACvs time 0) of leaf explants
from 9- and 15-day-old seedlings. Twelve clustefs genes (clusters a to ) are shown.
Auxin-related genes are listed in each clusteroAlse Table S1 for the gene lists of each cluster.
All plants and leaf explants were grown and culiumader 24-h light conditions.

Fig. 2. Expression ofTAA1l, YUC2 and YUC6 in response to leaf maturatioA—C: gRT-PCR
analysis of the expression levelsTéAl (A), YUC2 (B) andYUCS6 (C) in time-0 leaf explants from
9-, 12- and 15-day-old seedlings. Bars show SEMatofeast three biological replicates. Each
biological replicate was performed with three tachhreplicates. *P < 0.05 and **P < 0.01 in
two-samplé-test compared with 9-day-old seedlings.

Fig. 3. YUCL/4 are expressed in response to leaf maturation andhang.A andB: gRT-PCR
analysis of the expression levelsYAJC1 (A) and YUC4 (B) in time-0 and 1-DAC leaf explants
from 9-, 12- and 15-day-old seedlings. Bars showMS& three biological replicates. Each
biological replicate was performed with three tachhreplicates. * < 0.05 and **P < 0.01 in
two-samplet-test.C andD: Leaf explants from 15-day-old wild-typ€) andyuc-1D (D) seedlings
were cultured on B5 medium at 14 DAC. Scale bamrh. E: Percentage of leaf explants with
regenerated adventitious roots at 14 DAC. Leaf aaxgl from 9-, 12- and 15-day-old wild-type
(Col-0) andyuc-1D seedlings were cultured on B5 medium. Bars showoBEhree biological
repeatsif = 30 per repeat). *P < 0.01 in two-samplétest compared with Col-0 control. k-E,

all plants and leaf explants were grown and cuttuneder 24-h light conditions.

Fig. 4. Circadian rhythms regulatdJC4 expression. qRT-PCR analysis of the expressiogidenf
YUC4 in the first-pair rosette leaves from 12-day-okkdlings in a 24-h circadian period (16-h
light and 8-h dark). The light was turned on at0%m the morning and turned off at 1:00 at night.
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Bars show SEM of three biological replicates. Ebogical replicate was performed with three
technical replicates.

Fig. 5. Analysis of adventitious rooting ability iwox11-3 and wox12-3 mutants.A and B:
Structural diagrams of th&OX11 (A) andWOX12 (B) genes, showing the T-DNA insertion alleles
wox11-2 andwox12-1 and the CRISPR/Cas9 allele®x11-3 andwox12-3. The sequencing results
of the CRISPR/Cas9 alleles are listed in the baegibns. HD, homeodomai&: Percentage of
leaf explants with regenerated adventitious rodtd4 DAC. Leaf explants from 9-, 12- and
15-day-old Col-0, thewox11-3 and wox12-3 single mutants and theox11-3 wox12-3 double
mutant were cultured on B5 medium for 14 days. Baev SD of three biological replicates=

30 per replicate). *P < 0.01 in two-sampletest compared with each Col-0 control. All plaatsl
leaf explants were grown and cultured under 24t Iconditions.

Fig. 6. Model of early signals in regulation of DNRR frdeaf explants. Multiple early signals may
regulate auxin production in converter cells (ixmesophyll cells, leaf margin cells and some
vascular cells), therefore influencing the effidgrof WOX11/12-mediated cell fate transition of
regeneration-competent cells. Currently it is nigiac whether circadian may have an effect on

DNRR.
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