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Ø Setting up a regular organization? Ø Specifying cellular identities?
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The root meristem

Benfey, 2000
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Benfey, 2000

1.
Function of the 

quiescent centre

Ø Setting up / maintaining a regular organization?

Endodermis / cortex

The function of the quiescent centre 
Laser ablation experiments:

Ø stimulation of adjacent initial cells division
Ø inhibition of adjacent initial cells differentiation

Van den Berg et al., Nature, 1997

…prevents cell division … allows differentiation

Elimination of 
one cell of the 
quiescent 
centre…

The quiescent centre is an organizing
centre preventing stem cell differentiation

Ø Diffusion of a short range signal
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The function of the quiescent centre 
WOX5 controls columella différentiation 

Sarkar et al., 2007 

Ø WOX5 is sufficient to inhibtate differentiation of columella cells

WOX5 : Specific marker of the quiescent centre 

wox5 mutant 

Inducible over-expression of WOX5

Ø WOX5 inhibates, with SCR, differentiation  of initial cells for the stele

§ WOX5 : Transcription factor of the WOX (WUS RELATED HOMEOBOX) family

col= columella

WOX5 prevents stem cell 
differentiation

The function of the quiescent centre 

§ WOX5: WUS RELATED HOMEOBOX transcription factor
§ CLE40 : CLE peptide (CLV3/EMBRYO SURROUNDING REGION family) 
§ ACR4 : Receptor kinase

Stahl et al., Current Biol, 2009

The quiescent centre functions through a 
CLV/WUS type regulation loop

RLK / signal  peptide signalling module  
restricting WOX5 expression to the 
quiescent centre

Ø In the columella cells, CLE40/ACR4 inhibits WOX5 expression.
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The function of the quiescent centre 
WOX5 is regulated via a RLK / signal  peptide signalling module 

Stahl et al., 2009, 2012
§ WOX5 : Transcription factor of the WOX (WUS RELATED HOMEOBOX) family
§ CLE40 : peptide of the CLE family (CLV3/EMBRYO SURROUNDING REGION) 

pCLE40:CLE40-GFP 
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The function of the quiescent centre 
WOX5 is regulated via a RLK / signal  peptide signalling module 

Stahl et al., 2009, 2012

§ WOX5 : Transcription factor of the WOX (WUS RELATED HOMEOBOX) family
§ CLE40 : peptide of the CLE family (CLV3/EMBRYO SURROUNDING REGION) 
§ ACR4 : Receptor kinase

Mutants acr4 Expression of ACR4
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Ø Setting up / maintaining a regular organization?

1.
Function of the 

quiescent centre
Ø organizing centre2.

Positional control of 
the root mersitem

location

3.
Embryonic establishment 

of the root meristem

2.
Positional control 

of the root meristem



Laser ablation of the quiescent centre

Sabatini et al., 1999, Grieneisen et al., 2007 

Quiescent centre marker line

d0 d2

Response to auxin

Ø Repositioning of the stem cell niche just above the 
affected zone

Columella marker line

PromSCR:GFP (endodermis and quiescent cntre marker line)

Ø Relocalization of a new auxin maximum

Auxin and root patterning

+ NPA
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transport inhibitor)
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Control by auxin of the quiescent centre position

Petricka et al., 2008, Grieneisen et al., 2007 

² Polarized transport induced auxin flux in the root:
• Localises a very stable auxin maxiumum ; 
• Induces an auxin gradient.

Auxin flux

pin3 pin4 pin7

Auxin flux induces an auxin 
maximum

auxin ² The auxin repartition in the root:
• localises the quiescent centre ;
• triggers a longitudinal zonation.

PLETHORA (PLT) regulators

Galinha et al., 2007 

v AP2 type transcription factors
v Multigenic family

A gradient expression

Meristematic activity depends on PLT 
expression levels:

• Low level > differentiation
• Intermediate level > mitotic activity
• High level > identity and maintenance of 

stem cells

Ø Control of the longitudinal zonation of 
the root meristematic region

Transcriptional fusion

Translational fusion

PLT1 PLT2 PLT3 BBM
Méristem

Differentiation

Elongation

Longitudinal zonation of the 
root 
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3. 
Embryonic establishment 

of the root meristem

Progressive specification of root tissues 
in the embryo



Early embryonic root markers

SCR expression
(specification of the endodermis)

Sarkar et al. 2007 ; Wysocka-Diller et al., 2000

Ø Spécification of the hypophysis?

hypophysis

hypophysis

Auxin and root development during embryogenesis

Armenta-Medina and Gillmor, 2019

QC is the result of
the division of the
hypophysis

Qc willstain endodermis
ac during

wox 5 expressed embryo
developmen

globoidstage establishedvery
eandophant

NRMA
win

accumulation

SAM needs

cytokine response

sothis is blocked
in RAM



Benfey, 2000

Ø Setting up / maintaining a regular organization?

Ø Specifying cellular identities?

1.
Function of the 

quiescent centre
Ø organizing centre2.

Positional control of 
the root mersitem

location

3.
Embryonic establishment 

of the root meristem

Ø mediated by 
auxin fluxes

4. 
Cortex / Endodermis 

specification



Cortex / endodermis specification

Benfey, 2000

Asymmetric cell division pattern 
of the cortex/endodermis initial

1. Anticlinal division of the initial > 
regenerative division

2. Periclinal division of the initial daughter > 
proliferative division

QC laser ablation…

… triggers early 
periclinal division

Under control of the quiescent 
centre

Cortex / endodermis specification

Helariutta et al., Cell, 2000 ; Di Laurenzio et al.,  Cell, 1996 ; 
site web de J. Haselhoff

scarecrow and short-root mutants

• Control of the division of the  
cortex/endodermis initial by SCR 
and SHR

• Control of the endodermis 
identity by SCR

v GRAS transcription factors

WT shrWTscr

Endodermal 
identity lost

Endodermal + 
cortex  identity
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Cortex / endodermis specification
Expression of SHORT-ROOT and SCARECROW

ARN

Benfey, 2000 ; site web de J. Haselhoff, Petricka et al., 2008

Transcriptional fusions

SCR SHR
Translational fusion

SHR

Ø Non cell autonomous 
function of SHR: 
migration to adjacent 
cells

Cortex / endodermis specification
Expression of SHORT-ROOT under the control of SCR promotor

Helariutta et al., Cell, 2000 ; Nakajima et al., Nature, 2001

Endodermis specific 
marker line

ProSCR-GFP ProSCR-SHR in scr-1
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5.
Control of stele tissues 

specification

Role of SHR and SCR in stele tissues specification

Carlsbecker et al., Nature, 2012

Xylem differenciation

• They control the localised expresion of 
PHB through the expression of micro 
RNA miR165/6 migrating into the steleSHR/SCR miR165/6

Ø Non cell autonomous effect

• SHR et SCR are necessary for proper 
xylem differentiation

• They act through the HD-ZIP III 
transcription factor  PHABULOSA (PHB)

PHB
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differentiation
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2.
Positional control of 
the root mersitem

location

1.
Function of the 

quiescent centre

Ø Setting up / maintaining a regular organization?

4.
Endodermis / cortex

specification

5.
Stele tissues 
specification

Ø Specifying cellular identities?

3.
Embryonic establishment 

of the root meristem

Ø organizing centre

Ø transcription factors cascades
Ø non cell autonomous effects

Ø mediated by 
auxin fluxes




