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Producing roots?
\ PRIMARY ROOT

from the embryonic
radicle

ADVENTIVE ROOTS

LATERAL ROOTS

@R from percicyle

stage1 Stage2 Stage3 Staged Stages

+ endodermis (grasses)

from cells close to
vascular tissues

[ Primary root

Lateral root

(allorhizic)

W Primary root (PR) Lateral root (LR)

Bellini et al., 2014

(homorhizic)

| | Fibrous root system .

W seminal root (SR) Crown root (CR) W Brace root (BR)

Adventitious roots

Local auxin maxima

induce root production



The root structure
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PM : proximal meristem
(division)

TZ : transition zone (cells

start to elongate)

» Setting up a regular organization?

+ 15 cell types

Il Lateral root cap/epidermis initials [ Phloem pole pericycle

[ Lateral root cap

A Non-hair cell epidermis

I Hair cell epidermis

Il Cortex/endodermal initial (CEI)
I CEIl daughter (CEID)

[ Cortex

I Endodermis

I Quiescent center (QC)

[ Xylem pole pericycle

I Phloem (meta- and protophloem)
[ Phloem (companion cells)

] Procambium

[] Metaxylem

I Protoxylem

[ Columella initials

[ Columella

» Specifying cellular identities?

Cederholm et al., 2012
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The root meristem
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: i quiescent
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Tools to study root development
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» Setting up / maintaining a regular organization?

1.
Function of the
guiescent centre

Current Biology
Xylem and P NH and RH Quiescent
E. phloem - Cortoxinitial epidermis center
9 Cortex; Lateral root Columella
- Pericycle endodermis |:| cap root cap

Cell fate in the Arabidopsis root meristem. (a) Cell types. (b) Stem cells (initials) and their
direction of cell division.

Benfey, 2000

The function of the quiescent centre

Laser ablation experiments:

Elimination of
one cell of the
quiescent
centre...

...prevents cell division

» stimulation of adjacent initial cells division
» inhibition of adjacent initial cells differentiation
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The quiescent centre is an organizing
centre preventing stem cell differentiation

Van den Berg et al., Nature, 1997
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... allows differentiation
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» Diffusion of a short range signal




The function of the quiescent centre

WOX5 controls columella différentiation qu/C""]

WOX5 : Specific marker of the quiescent centre
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The quiescent centre functions through a
CLV/WUS type regulation loop

H
WOXS5
stem cell e (Uind
fate weagho’ Ul ¥
ALR44 RLK / signal peptide signalling module
' restricting WOX5 expression to the
CLE40 quiescent centre

» In the columella cells, CLE40/ACR4 inhibits WOX5 expression.

= WOX5: WUS RELATED HOMEOBOX transcription factor
= CLE40 : CLE peptide (CLV3/EMBRYO SURROUNDING REGION family)c——‘gew QC

= ACR4 : Receptor kinase L’)'\V\&%US Coltae &"Q@’J&“W (sea \ootew))

Stahl et al., Current Biol, 2009



The function of the quiescent centre

WOXG5 is regulated via a RLK / signal peptide signalling module
eCeptor,
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» Setting up / maintaining a regular organization?

1.

. Function of the 3% organizing centre

. uiescent centre
Positional control of a

the root mersitem
location

3.
Embryonic establishment
of the root meristem

Current Biology
Xylem and P NH and RH Quiescent
E. phloem - Cortoxinitial epidermis center
9 Cortex; Lateral root Columella
- Pericycle endodermis |:| cap root cap
Cell fate in the Arabidopsis root meristem. (a) Cell types. (b) Stem cells (initials) and their
direction of cell division. Benfey, 2000

2.
Positional control
of the root meristem



Laser ablation of the quiescent centre
Quiescent centre marker line V_&M LOJ.LQ\O—‘U.\’-\ ?U\.CSW"* Ut
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» Repositioning of the stem cell niche just above the
) affected zone
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Auxin and root patterning
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Control by auxin of the quiescent centre position

Auxin flux induces an auxin

—Before maximum
cut

Auxin flux

After cut DR5-GFP

pin3 pin4 pin7 .
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<> Polarized transport induced auxin flux in the root: « 8¢

* Localises a very stable auxin maxiumum ;
* Induces an auxin gradient.

stre
A
<> The auxin repartition in the root:

* localises the quiescent centre ;
* triggers a longitudinal zonation.

auxin

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

lUJ-A‘. A)(QVS Longitudinal zonation of the
—_— T

root

PLETHORA (PLT) regulators | oieenon

+*» AP2 type transcription factors
¢+ Multigenic family Elongation

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

» Control of the longitudinal zonation of
the root meristematic region

Translational fusion

Galinha et al., 2007



3.
Embryonic establishment
of the root meristem

Progressive specification of root tissues
in the embryo

Embryogenesis

v

. Procambium D Percycle
. mm Vascular
Ground meristem ..
D primordium
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Early embryonic root markers

SCR expression
(specification of the endodermis)
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hypophysis /

16-cell early globular late globular late heart

o e ©

<«— hypophysis

» Spécification of the hypophysis?

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

Auxin and root development during embryogenesis
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Armenta-Medina and Gillmor, 2019



» Setting up / maintaining a regular organization?

1.

5 Function of the > organizing centre

. uiescent centre
Positional control of 9

the root mersitem
location

3.
Embryonic establishment
of the root meristem

» mediated by

Current Biology
d qu n ﬂ uxes Xylem and P NH and RH Quiescent
E. phloem - Cortoxinitial epidermis center
9 Cortex; Lateral root Columella
.. Pericycle endodermis |:| cap root cap
Cell fate in the Arabidopsis root meristem. (a) Cell types. (b) Stem cells (initials) and their
direction of cell division. Benfey, 2000

» Specifying cellular identities?

4,
Cortex / Endodermis
specification



Cortex / endodermis specification

Asymmetric cell division pattern
of the cortex/endodermis initial

L
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1. Anticlinal division of the initial >
regenerative division

2. Periclinal division of the initial daughter >
proliferative division

CEJieza Ml corexinta covermie. coter
———— ol [ Latra oo Columela Under control of the quiescent
=Y endodermis cap root cap

centre

Cell fate in the Arabidopsis root meristem. (a) Cell types. (b) Stem cells (initials) and their
direction of cell division. Benfey, 2000

QC laser ablation...

... triggers early
periclinal division

shr-1 shr-3
|

1
T ¥ea
scarecrow and short-root mutants "

| |
& (f("' 0 HG 3()0 VO AU shr-2  shr-4

Ep F=r A " o en ‘v
. QA OBk o4 L o X BTV O
e > e \, B - et g
L, %728 ~co ¥ P29«
K=" ep}* o ep’ O 1
Dy WT wT shr

* Control of the division of the
cortex/endodermis initial by SCR

and SHR
Wildtype el P i * Control of the endodermis
Endodermal + Endodermal 'dent'ty by SCR
(cortex identity| identity lost
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\(\‘?"MY\A % GRAS transcription factors
Helariutta et al., Cell, 2000 ; Di Laurenzio et al., Cell, 1996 ;

site web de J. Haselhoff
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Cortex / endodermis specification ). & powoo-
chud
Expression of SHORT-ROOT and SCARECROW 1! o is
e xpressed

Scarecrow::GFP B Shortroot::GFP}

Shortroot::SHR-

~Cor P

CEI

T
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?Non cell autonomous
function of SHR:
migration to adjacent
ARN cells

[ ]scr [ |sHRr

Benfey, 2000 ; site web de J. Haselhoff, Petricka et al., 2008
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Cortex / endodermis specification
Expression of SHORT-ROOT under the control of SCR promotor
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Ectopic expression of SHORTROOT triggers the
production of extra layers of endodermis

Endodermis specific
marker line
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Helariutta et al., Cell, 2000 ; Nakajima et al., Nature, 2001




5.
Control of stele tissues
specification

Role of SHR and SCR in stele tissues specification

Xylem d|fferenC|at|on
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* SHR et SCR are necessary for proper Ql '
xylem differentiation AR
S 4P
* They act through the HD=ZIPII /&
transcription factor PHABULOSA (PHB)
. i LA o uQ"&“w';S They control the localised expresion of
m Jméo*’m PHB through the expression-of micro

PHB

SHR/SCR — > miR165/6
AR

RNA miR165/6 migrating into the stele

NS
Xylem » Non cell autonomous effect

differentiation
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» Setting up / maintaining a regular organization?

1.

S Function of the 3% organizing centre

o quiescent centre
Positional control of

the root mersitem
location

3.
Embryonic establishment
of the root meristem

4,
Endodermis / cortex
specification

» mediated by

Current Biology 5
i Xylem and - NH and RH Quiescent *
auxin ﬂ uxes ‘:. phloem - Cortoxinitial epidermis center Ste | e tiSS ues
. Cortex; — | Lateral root Columella
- Pericycle endodermis cap root cap

specification

Qell fate in the Arabidopsis root meristem. (a) Cell types. (b) Stem cells (initials) and their
direction of cell division. Benfey, 2000

» Specifying cellular identities?

» transcription factors cascades
» non cell autonomous effects



Specification of stem

cell niche
Act i SHORT-ROOT/SCARECROW
¢ Act upstream SHR/SCR

required for stem cell niche maintenace

SHR expressed in central stele
tissue (vasculate formation)

v

PLE:':T RA Moves to surrounding tissues
auxin-inducible TFs essential for root
stem cell niche maintenance Activates SCR expression by Feedback loop to
binding to SCR promoter rapidly upregulate
Dose dependent regulators: ¢ SCR expression &
Formation of SCR-SHR limit SHR

- Increase in PLTs concentration heterodimer to inhibit the binding of. movement

maintains QC and stem cell activity SHR to SCR promoter

- Intermediate levels of PLTs regulate
division and differentiation of transit
amplifying cells

- Low PLTs concentration causes the
differentiation

Expression of PLT genes requires auxin
response TFs, forms gradients that are
not direct readouts (mechnism still
unclear)

PLT gradient could be explained as follows:

PLT proteins in meristematic cells
When these divide they maintain PLTs from
mother, but are diluted
There is also a cel-to-cell movement of PLTs

PLT gradient of expression is PIN dependent
-> control of auxin mediated root patterning

- PIN proteins restrict PLT transcription in basal
embryo to initiate root primordium formation
- PLTs maintain transcription of P/Ns that stabilize
the position of stem cell niche



