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Summary

• Root branching in plants relies on the de novo formation of lateral roots (LRs). 

These are initiated from founder cells, triggering new formative divisions that 

generate lateral root primordia (LRP). The LRP size and shape depends on the 

balance between positive and negative signals that control cell proliferation.

• The mechanisms controlling proliferation potential of LRP cells remains poorly 

understood. We found that Arabidopsis thaliana MYB36, which have been 

previously shown to regulate genes required for Casparian strip formation and 

the transition from proliferation to differentiation in the primary root, plays a 

new role in controlling LRP development at later stages.

• We found that MYB36 is a novel component of LR development at later stages. 

MYB36 was expressed in the cells surrounding LRP where it controls a set of 
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peroxidase genes, which maintain ROS balance. This was required to define the 

transition between proliferating and arrested cells inside the LRP, coinciding 

with the change from flat to dome-shaped primordia. Reducing the levels of 

hydrogen peroxide (H2O2) in myb36-5 significantly rescues the mutant 

phenotype.

• Our results uncover a role for MYB36 outside the endodermis during LRP 

development through a mechanism analogous to regulating the proliferation/

differentiation transition in the root meristem.
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Introduction

The post-embryonic mode of organogenesis in plants, unlike animals, involves the formation 

of new organs throughout adult life. This entails a continuous recruitment of cells to form 

organ primordia (Gutierrez, 2005; Scheres, 2007). Development of lateral roots is one 

example of de novo organogenesis that is particularly relevant for root architecture. Lateral 

root primordia (LRPs) arise from the pericycle cell layer where, at roughly regular intervals, 

a few cells become competent to divide in an auxin-dependent manner (De Smet et al., 2007; 

De Rybel et al., 2010; Moreno-Risueno et al., 2010). Thus, LRPs are initiated from founder 

cells, by triggering new formative divisions that increase cell number within the LRP.

Initiation and progression of LRPs require a number of divisions of the LR founder cells in 

the pericycle (De Smet et al., 2008; Dubrovsky et al., 2008; Petricka et al., 2012; Lucas et 
al., 2013; Van Norman et al., 2013; Wachsman et al., 2015; von Wangenheim et al., 2016). 

In the initial stages I–II, LRP founder cells divide anticlinally to increase the width of the 

LRP, a process restricted by ACR4 (De Smet et al., 2008). Later, cells continue dividing to 

produce new cell layers within the LRP. Several mechanisms contribute to the growth of 

LRP including a defined auxin transport (Marhavy et al., 2016). LRP emergence through the 

outer root cell layers involves active crosstalk with overlying layers such as the endodermis 

and cortex (Swarup et al., 2008; Marhavy et al., 2013; Porco et al., 2016). In addition, 

reactive oxygen species (ROS) have recently implicated in LR development, although the 

complex gene network is still largely unknown (Manzano et al., 2014; Reyt et al., 2015; 

Orman-Ligeza et al., 2016). The final LRP size depends on the balance between positive and 

negative signals that regulate cell proliferation. However, the mechanisms controlling the 

proliferation potential of LRP cells at these stages remain poorly understood.

MYB36 is known to regulate the genes required for Casparian strip formation (Kamiya et 
al., 2015; Liberman et al., 2015) and the transition from proliferation to differentiation in the 

primary root (Liberman et al., 2015). Here we identified MYB36 as a novel component of 

later stages of LR development. myb36-5 seedlings have misshaped LPRs, accumulation of 

LRPs at stages IV–V and fewer emerged lateral roots than wild-type seedlings. MYB36 is 

expressed in the cells surrounding LRP where it controls a set of peroxidase genes, which 
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maintain the ROS balance at the LRP boundary, required for the transition from flat to 

dome-shaped primordia. Reducing the levels of hydrogen peroxide (H2O2) in myb36-5 
significantly rescues the mutant LRP developmental phenotype. Our results uncover a role 

for MYB36 outside the endodermis in setting the outer boundary in LRP development 

through a mechanism analogous to setting the proliferation/differentiation transition in the 

root meristem.

Materials and Methods

Plant materials and growth conditions

The Arabidopsis thaliana (L.) Heynh. accession Col-0 was used [Author, please confirm 
inserted text ‘(L.) Heynh.’ is correct]. Two β-estradiol-inducible TRANSPLANTA lines 

(Coego et al., 2014); N2102512-283A and N2102513-283B) correspond to the MYB36 

overexpression lines. A point mutation myb36-5 and a T-DNA insertion allele myb36-6 
(WiscDsLox442H5) (Iyer-Pascuzzi et al., 2011) have been described (Kamiya et al., 2015; 

Liberman et al., 2015). The myb36-2 (GK-543B11 line) was obtained from the Nottingham 

Arabidopsis Stock Centre (NASC). Detection of MYB36 protein and identification of its 

targets was carried out using the recombineering rMYB36:GFP (GFP, Green Fluorescent 
Protein) and the pMYB36::MYB36:GR (GR, glucocorticoid receptor) lines (Liberman et al., 
2015). CASP1 expression was analyzed using the reporter line pCASP1:mCherry (Roppolo 

et al., 2011). Primers used are listed in Supporting Information Table S1.

For plant growth, seeds were surface-sterilized in 20% sodium hypochlorite and 0.1% 

Tween-20 for 8 min and washed four times in sterile water. Seeds were stratified for 3 d at 

4°C and then sowed on ½ Murashige and Skoog (MS) medium solidified with 1% (wt/vol) 

agar and supplemented with 1% sucrose (wt/vol). Plates were placed vertically in a 

controlled-environmental growth chamber (50–60% humidity, 22°C, 16 h : 8 h, light : dark 

photoperiod). For β-estradiol induction, 3-d-old seedlings were transferred to MS medium 

containing 5 μM β-estradiol (Sigma-Aldrich; E8875) for 3 d. Primary root length was 

measured in a minimum of 30 seedlings using the software analysis package Fiji (Schindelin 

et al., 2012). For the quantification of total LRPs and emerged LRs seeds were grown for 8 

and 10 d, respectively. LR density was scored as the LR number cm−1 of primary root and 

was calculated by dividing the number of lateral roots by the primary root length for each 

seedling (70–100 seedlings were analyzed).

Microscopy

For GFP detection, we used confocal laser scanning microscopy on an inverted Zeiss LSM 

510 confocal microscope (excitation source: argon ion laser at 488 nm and detection filters 

between 500 and 600 nm). To measure root cell size 7 d post sowing (dps) seedlings were 

fixed in 50% methanol and 10% acetic acid. After fixation, roots were incubated for 30 min 

in 1% periodic acid and then staining in pseudo-Schiff-propidium iodide for 1 h. Roots were 

cleared in chloral hydrate for 5 min and mounted in Hoyer’s solution. Confocal images were 

obtained with an upright Zeiss LSM 510 confocal microscope using filters settings for 

propidium iodide staining. Cell length was measured on a minimum of 10–15 roots per 

genotype using Fiji software. For visualization of LRP phenotype, roots were cleared as 
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described and observed in an upright Axioskop2 plus (Zeiss) microscope and digital 

Coolsnap FX color (Roper Scientific). For detailed visualization of LRPs, roots were fixed 

in 4% paraformaldehyde, stained with DAPI [Author, please insert expansion for ‘DAPI’] 
and observed in a Zeiss LSM 710 confocal microscopy.

GUS staining

β-glucuronidase (GUS) staining of pMYB36:GUS plants was performed as previously 

described (Jefferson et al., 1987).

Quantitative RT-PCR Analysis

Total RNA from Col-0 and myb36 mutant, roots and the root region enriched in LRPs, 

(discarding the apical 0.8–1.0 cm and the differentiated root zone that already contained 

emerged LRs) was extracted using TRIzol reagent (Thermo-Fisher). One microgram of 

DNase-treated total RNA was used to generate cDNA with SuperScript III (Invitrogen) and 

diluted 1 : 9 for the assay. Primers were designed (Primer3 software) and tested for 

amplification efficiency. qRT-PCR [Author, please insert expansion for ‘qRT-PCR’] was 

carried out with GoTaq qPCR Master Mix (Promega) according to the manufacturer’s 

instructions on an ABI PRISM 7900HT Fast Real-time PCR system (Applied Biosystems). 

Standard curves were generated for each primer pair and values were normalized against an 

endogenous control gene (ACT8). Primers used are listed in Table S1.

Identification of direct targets of MYB36

To identify direct targets of MYB36 we used the inducible pMYB36::MYB36:GR line 

(Liberman et al., 2015) grown for 7 d and then transferred to MS medium containing 10 μM 

dex, with and without the protein synthesis inhibitor cycloheximide (10 μM). The relative 

expression of putative MYB36 targets in the LRP region was analyzed by qRT-PCR.

Results

Identification of MYB36 as a regulator of root architecture

To identify novel components of the gene network controlling LR development we used of 

the TRANSPLANTA collection of Arabidopsis lines expressing individual transcription 

factors (TFs) under a β-estradiol inducible promoter (Coego et al., 2014). We screened for 

changes in root architecture at 3 d post induction. A line expressing MYB36 (At5g57620), 

which is expressed in root (Brady et al., 2007), produced a dramatic alteration of root 

architecture. High levels of MYB36 produced a significant shortening of the primary root 

(Fig. S1a,b) (Li et al., 2013; Liberman et al., 2015). To further investigate the role of 

MYB36 in root development we used three alleles: myb36-5, an EMS (ethyl-methane 

sulfonate) mutant isolated in a genetic screen for regulators of CASP expression in the 

endodermis (Liberman et al., 2015), myb36-2, GK-543B11 (Kamiya et al., 2015) and 

myb36-6, WiscDsLox442H5 (Iyer-Pascuzzi et al., 2011). All three alleles have longer 

primary roots (Fig. 1a). We examined MYB36 expression using a rMYB36-GFP 
translational fusion obtained by recombineering that complements both the Casparian strip 

formation phenotype (Liberman et al., 2015) and the primary root length phenotype of 

myb36-5. We found that MYB36 protein expressed from the rMYB36-GFP construct 
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accumulates exclusively in the endodermis in the root tip (Fig. 1b), confirming previous 

observations using a different MYB36-GFP expressing line (Kamiya et al., 2015). 

Consistent with this expression pattern and the proposed role of MYB36 as a promoter of 

endodermal differentiation (Kamiya et al., 2015; Liberman et al., 2015), all myb36 alleles 

showed longer root meristems. We determined that this phenotype was due to an increase in 

meristem cell number (Figs 1, S1c,d). The balance of ROS is known to regulate root 

meristem size. We also found that myb36 mutants show alterations in the ROS balance 

associated with modifications in the root meristem boundaries (Tsukagoshi et al., 2010) 

(Fig. S1e; see Methods S1).

MYB36 is expressed in pericycle cells at the LRP boundary

Here we uncovered a novel role of MYB36 in LR development based on the observation that 

all myb36 mutant alleles, except myb36-6, have reduced LR density (Fig. 1c). We wanted to 

complement this analysis using the MYB36 overexpression lines but the lignin and perhaps 

suberin deposited ectopically in the endodermis, cortex and epidermis (Kamiya et al., 2015) 

likely precluded the emergence of LR.

MYB36 was not expressed in the endodermal cells in contact with the LRPs but within the 

LRP itself. MYB36 is not detected until stage V of LR development, at which time it 

appears in the LRP boundary (LRPB) cells (Fig. 1d–j). These outermost LRPB cells 

constitute an oval of cells that surrounds the emerging LRP (Fig. 1h,j; Movies S1, S2). To 

determine if MYB36 mRNA is produced in the LRPB cells we generated plants expressing 

the transcriptional reporter proMYB36:GUS. Expression from this construct fully matched 

rMYB36-GFP localization from stage V onwards (Fig. 1k), when the growing LRP 

compresses the overlying cortical cell layer. The oval of MYB36-expressing cells at the base 

of the LRP is also observed in the GUS marker lines (Fig. 1l,m). This indicates that the 

expression is cell-autonomous and that it is unlikely that MYB36 protein moves from the 

endodermis.

MYB36 defines the LRP boundary

To establish the functional requirement of MYB36 for LR formation we carried out a 

temporal analysis of LR development in the myb36 background (Malamy & Benfey, 1997). 

At early stages, wild type and mutant appear similar, but at stage IV–V, the LRP of myb36 
plants has a flat appearance, as if they have problems emerging through the cortex (Fig. 2a). 

Quantification of developmental stages indicated a statistically significant overabundance of 

stage IV primordia (Fig. 2b) revealing a defect in the transition from flat- to dome-shaped 

LRP. Importantly, the rMYB36:GFP construct was able to complement the myb36-5 mutant 

phenotype (Fig. 2b).

Stage IV during LRP development corresponds to the emergence of the growing LRP 

through the outer cell layers (Vermeer et al., 2014), concomitant with the cessation of cell 

divisions. To evaluate possible effects of the myb36 mutation on cell division we measured 

the LRP width by counting cell number in the middle plane of the LRP along the innermost 

cell layer. This revealed that the myb36-5 mutant, which has the strongest phenotype of the 
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allele tested, contains more cells than the wild type (Fig. 2c). This together with the 

expression pattern suggests that MYB36 could control LRP width.

CASP1 has been recently reported as a direct target of MYB36 (Kamiya et al., 2015). Since 

MYB36 is not expressed in the endodermal cells overlying the LRP, it seemed unlikely that 

it plays a direct role in regulating Casparian strip remodeling at the site of LRP emergence. 

In support of this hypothesis, we did not detect expression of CASP1-mCherry in the LRPB 

cells at the time when MYB36 is expressed (Fig. S2a). Another possibility is that MYB36 

may function to alter the lignin composition of LRPB cells. However, we found that lignin 

deposition in the LRPB cell walls was undetectable (Fig. S2b; see Methods S2).

MYB36 regulates expression of a subset of genes controlling ROS balance in LRPs

UPBEAT1 (UPB1) is a bHLH transcription factor that controls the balance of proliferation 

and differentiation in the RAM (root apical meristem) acting on ROS homeostasis through a 

subset of peroxidases, for example PER39 (AT4g11290), PER40 (AT4g16270) and PER57 

(AT5g17820) (Tsukagoshi et al., 2010). UPB1 is coexpressed with several peroxidase genes 

also during LR development (Manzano et al., 2014). Furthermore, MYB36 is upregulated in 

upb1 mutants and downregulated in UPB1-overexpression plants (Tsukagoshi et al., 2010; 

Manzano et al., 2014). Finally, UPB1 is expressed in LRPB cells at stage III–IV (Manzano 

et al., 2014), suggesting the possibility of an UPB1-MYB36-PER pathway in LRP 

formation. Consistent with this hypothesis, a subset of UPB1-regulated PER genes showed 

altered expression in myb36 mutants (Kamiya et al., 2015; Liberman et al., 2015).

To determine if MYB36 regulates these PER genes, we analyzed mRNA levels in whole 

roots by RT-qPCR and found that PER39, PER40, PER57 and PER7 do not change 

significantly in myb36 (Fig. 3a). However, expression of PER9 (AT1G44970) and PER64 
(AT5G42180), which were reported to have altered expression in myb36-5 endodermis 

(Kamiya et al., 2015; Liberman et al., 2015), are drastically reduced in whole roots of all 

three myb36 alleles studied (Fig. 3a). Since MYB36 is expressed in only a few cells within 

the LRP and to identify LRP-specific effects of MYB36 we determined the mRNA levels of 

PER9 and PER64 in the root region after removal of both the apex (0.5–1.0 cm) and the 

mature zone of the root that contains already emerged LRs (Fig. 3b). This strategy yielded a 

sample highly enriched in roots containing non-emerged LRPs that allowed us to find that 

PER64 and PER9 were very strongly downregulated in myb36-5 (Fig. 3c). PER64 was 

reported to be reduced in the esb1 mutant (Lee et al., 2013). To determine if these PER 

genes are direct MYB36 targets in the LRP region, we used a GR-based version of MYB36 

(pMYB36::MYB36:GR) that localizes to the nuclei after treatment with dexamethasone 

(Dex) in combination with the protein synthesis inhibitor cycloheximide, as described 

previously (Hou et al., 2008). The results indicated that both PER64 and PER9 are 

secondary MYB36 targets, as their expression was not upregulated in the presence of 

cycloheximide in a MYB36-dependent manner (Fig. 3d). Other PER genes, for example 

PER11 and PER22, which showed an increased expression in the root meristem of myb36-5 
mutant (Liberman et al., 2015), were not upregulated in the Dex-inducible MYB36 plants in 

the LRP region (not shown). Together, these experiments suggest that MYB36 functions at 
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stage V–VI of LRP development by affecting the ROS balance, at least partially through 

regulation of PER9 and PER64.

MYB36 restricts cell proliferation by maintaining ROS homeostasis in LRP

Our results support the hypothesis that defects in LRP development in myb36 may be the 

consequence of altered ROS balance. According to this hypothesis, increased levels of 

H2O2, due to a reduction of PER9 (and possibly other peroxidases) activity, could act in the 

LRPB cells in a manner analogous to the role of MYB36 at the proliferation/differentiation 

transition in the primary root meristem (Liberman et al., 2015). We tried to detect ROS at the 

cellular level inside the LRP of myb36 mutants but these experiments were not possible due 

to the inability of reagents to penetrate inside the LRPs in the mutants, likely due to the 

increased suberization in endodermal cells (Kamiya et al., 2015). As an alternative, we 

tested this hypothesis directly by treating roots with potassium iodide, a H2O2 scavenger 

reported to rescue the reduction of root meristem size by H2O2 excess in UPB1 

overexpression lines (Tsukagoshi et al., 2010). We found that although this treatment had a 

measurable increase in the wild-type seedlings with stage IV–V LRP, the defect in LRP 

development of myb36 mutants leading to accumulation at stage IV–V, was largely rescued 

by KI application [Author, if appropriate, please insert expansion for ‘KI’] (Fig. 4a). 

This is consistent with a MYB36-PER module maintaining the correct ROS balance during 

LRP development. As already mentioned, the additional emergence problems of MYB36 

overexpression lines precluded the study of their phenotype after H2O2 treatment.

Discussion

In the primary root, MYB36 is expressed in the endodermis from the root apical meristem 

up to the differentiation zone, where it is involved in the Casparian strip biogenesis (Kamiya 

et al., 2015) and the transition from proliferation to differentiation (Liberman et al., 2015). 

Here we found that MYB36 is also expressed in a small group of cells that surround the 

LRPs at their base, suggesting an additional role during LRP development. Our data show 

that MYB36 expression in the LRP boundary cells, both at the mRNA and protein level, is 

cell-autonomous. This is different from the cross-signaling between LRP founder cells and 

the overlying endodermal cells is important for the SHY2-mediated auxin response during 

LRP development (Marhavy et al., 2013; Vermeer et al., 2014). LR emergence through the 

outer cell layers of the primary root depends on mechanical pressure of the endodermis 

(Lucas et al., 2013; von Wangenheim et al., 2016). In the case of myb36 mutants, the flat 

shape of their LRPs appears to be produced by the abnormal and ectopic deposition of 

lignin, also observed in the MYB36 overexpression lines (Kamiya et al., 2015; this work).

Various hormonal and developmental signals contribute to activate and maintain cell division 

from the early to late stages of LRP growth (Petricka et al., 2012; Atkinson et al., 2014; 

Vilches-Barro & Maizel, 2015). However, the final size of the organ also requires signals 

that inhibit cell proliferation in a localized manner to determine organ size. For example, the 

receptor kinase ACR4 acts at the very early stages of LRP formation to restrict anticlinal 

divisions of competent pericycle cells (De Smet et al., 2008). It also works in the root apical 

meristem to control formative cell divisions (Yue et al., 2016).
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In addition, we found that the myb36-5 mutant LRPs contain more cells at the base as if 

MYB36 is necessary to the control the proliferative span of cells inside the LRP that 

determine the transition between proliferating and arrested pericycle cells. This is 

reminiscent of the role of MYB36 to maintain ROS balance in the root meristem where PER 
expression is necessary at the transition zone to limit the size of the meristematic zone 

(Tsukagoshi et al., 2010; Liberman et al., 2015).

We propose a model in which MYB36 is necessary to activate expression of PER9, and 

perhaps other peroxidases, which reduce the H2O2 levels that contribute to setting the outer 

boundary of the growing LRP (Fig. 4b). Thus, MYB36 is necessary before the transition 

from a flat to dome LRP, coinciding with the arrest of cell division to set the final width of 

the LRP. A highly localized expression domain in the LRP, similar to that of MYB36, has 

been reported for other genes such as PIN6, an intracellular auxin transporter (Benkova et 
al., 2003; Simon et al., 2016) and PUCHI, an auxin-regulated AP2/EREB transcription 

factor (Hirota et al., 2007) and several members of the RBOH family of oxidases (Orman-

Ligeza et al., 2016). However, these genes are expressed earlier in LRP development and are 

likely not directly implicated in the flat LRP phenotype of myb36 mutants that we describe 

here.

Our results show that MYB36 plays a critical role in restricting cell division at later stages of 

LRP development by regulating a subset of PER genes, and perhaps other genes, that 

modulate ROS balance and cell proliferation potential. Other subsets of PER genes are 

implicated in regulating genes required for Casparian strip formation and in emergence of 

LRPs. Notably, MYB36 works in the root apical meristem by an analogous mechanism 

(Tsukagoshi et al., 2010; Liberman et al., 2015). These findings reinforce the importance of 

an adequate balance of factors acting positively and negatively to define developmental 

boundaries and determine the proliferation and differentiation potential during development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Arabidopsis thaliana MYB36 is expressed in the lateral root primordia (LRP) boundary cells 

at mid stages of lateral root development. (a) Images showing the length of primary root of 6 

and 10 d post sowing (dps) Col-0, myb36-5, myb36-2 and myb36-6 mutants. (b) 

Localization of MYB36, using a rMYB36:GFP fusion protein, in the nuclei of root meristem 

endodermal cells. (c) Emerged lateral root density in Col-0, myb36-5, myb36-2 and 

myb36-6. Measurements were taken 10 dps on Murashige and Skoog (MS) agar plates. 

Lateral root (LR) density was calculated by dividing the number of lateral roots by the 

primary root length for each seedling (70–100 seedlings). The density is reported as the 

number of lateral roots per centimetre of primary root ± SD. Statistical significance: ***, P 
< 0.01. (d–g, j) Midplane and (h, i) front views of LRP at different developmental stages 

showing that rMYB36:GFP fusion protein localized specifically to the LRP boundary 

(LRPB) cells that delimit the primordia. Small white arrowheads point to the nuclei labelled 

with MYB36-GFP. (k) MYB36 expression determined with a transcriptional pMYB36:GUS 
fusion revealed that MYB36 is expressed inside the LRP, not in the endodermis, from stages 

V onwards, and during emergence of lateral roots. P, pericycle; En, endodermis; C, cortex; 

Ep, epidermis. (l, m) Midplane and front views, respectively, of LRPB cells of plants 

expressing pMYB36:GUS.
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Fig. 2. 
Role of Arabidopsis thaliana MYB36 in mid stage of lateral root primordia (LRP) 

development. (a) Representative images of myb36-5, myb36-2 and myb36-6 mutants. The 

lack of MYB36 produces a flat LRP phenotype, but not at early developmental stages. (b) 

Quantification of total number of LRP at different developmental stages of Col-0, myb36-5, 

myb36-2 and myb36-6 mutant roots. The complementing line expressing rMYB36:GFP in 

the myb36-5 mutant background was used as a control. For each genotype, 10 different roots 

and a total of c. 100 LRPs were scored. (c) Detail of DAPI-stained [Author, please insert 
expansion for ‘DAPI’] wild type (Col-0) and myb36-5 LRPs indicating the position of cells 

at their base (left panel) and quantification of cell number at different stages, as indicated 

(right panel). Differences for stages IV–V were statistically significant (***, P ≤ 0.01).
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Fig. 3. 
Role of Arabidopsis thaliana MYB36 in lateral root primordia (LRP) development through 

various PER genes. (a) Relative expression of the indicated PER genes in roots of Col-0 and 

myb36 mutant plants. The only cases where differences were statistically significant and 

consistent in all mutants analyzed were PER9 and PER64 (P ≤ 0.01). (b) Representative 

image of the root highlighting the lateral root primordia region (LRPR) of the root. The 

LRPR of the root comprises the stages of LRP development where MYB36 is expressed 

(before LR emergence). (c) Abundance of PER9 and PER64 transcript levels in Col-0 and 

myb36-5 LRPR. Differences were statistically significant (P ≤ 0.01). (d) PER9 and PER64 
mRNA levels in pMYB36::MYB36:GR in myb36-5 seedlings treated with dexamethasone 

(dex) in the absence or presence of cycloheximide (chx). Error bars indicate ± SD.
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Fig. 4. 
Mechanism of action of Arabidopsis thaliana MYB36 at the lateral root boundaries. (a) 

Quantification of total number of lateral root primordia (LRP) at stages IV and V of Col-0 

and myb36-5 roots after 3 d in the absence or presence of potassium iodide (KI). Error bars 

indicate ± SD. Statistical significance: ***, P < 0.01. (b) Schematic diagram describing a 

model for MYB36 function in LRP boundary (LRPB) cells. Inset: image of a LRP showing 

expression of pMYB36:GUS in the lateral root primordia (LRP) boundary cells. En, 

endodermis; Co, cortex; Ep, epidermis.
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