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o Outline of Lesson 7

Plant Embryogenesis

o Overview of the embryo formation in Arabidopsis

o Mechanism of the apical-basal axis formation

= female gametophyte prespecification, invariant cell division or
positional information?

= differential gene expression
= auxin gradients formation
= the role of auxin signalling

o0 Roor meristem formation
= auxin and hypophysis identity
= differential gene expression and root meristem patterning

= auxin-cytokinin interaction and the root meristem organization centre
formation
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o Outline of Lesson 7

Plant Embryogenesis

o Patterning of the apical embryo pole

generation of cotyledons and shoot apical meristem
proper spacing of lateral organs
adaxial-abaxial axis formation

o Radial embryo patterning

epidermal layer specification

separating vascular and ground tissue
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o Outline of Lesson 7

Plant Embryogenesis

o Overview of the embryo formation in Arabidopsis
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Hejatko et al., Mol Genet Genomics (2003)
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Capron et al., Arabidopsis Book (2009)
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Four out of eight
cells of the embryo
proper

Apical cell

Proembryo
Basal cell

Capron et al., Arabidopsis Book (2009) Proembryo stage
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Prospective ground
tissue/zakladni pletivo

Protoderm Prospective vascular
tissue

U/L tier
diffrentiation

Dermatogen stage Early globular stage Triangular embryo stage
Capron et al., Arabidopsis Book (2009)
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Heart stage Topedo stage Bended cotyledon stage
Capron et al., Arabidopsis Book (2009)
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Délozni listky
Cotyledons

SAM
:gts pective . i Zakladni pletivo
meristem Epidermis Ground tissue
(from (from Vodiva pletiva
i protoderm) Vascular tissue
hypophysis)
RAM

Capron et al., Arabidopsis Book (2009)
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o Outline of Lesson 7

Plant Embryogenesis

o Ov
o Mechanism of the apical-basal axis formation
= female gametophyte prespecification, invariant cell division or

positional information?
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Proximal <

Distal

Hejatko et al., Mol Genet Genomics (2003)

Proximal

A

Distal

Capron et al., Arabidopsis Book (2009)
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Torres-Ruiz and Jurgens, Development (1994)
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Torres-Ruiz and Jurgens, Development (1994)
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o Outline of Lesson 7

Plant Embryogenesis
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Differential expression of WUSCHEL-RELATED

HOMEOBOX (WOX) gene family
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Capron et al., Arabidopsis Book (2009)
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Capron et al., Arabidopsis Book (2009),

YODA (YDA)
mitogen-activated protein
kinase kinase (MAPKK)

SHORT SUSPENSOR (SSP)

interleukin-1 receptor—associated kinase
(IRAK)/Pelle-like kinase

* X %
# *
* ke
* *

* 4 Kk

EVROPSKA UNIE

i S

MINISTERSTVO SKOLSTVI,
MLADEZE A TELOVYCHOVY

\Q ERSI]\
I .o 3 é 1J,.

d T = 2
OP Vzdélévani 'P,:b @e
pro konkurenceschopnost ANA D

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
a statnim rozpoétem Ceské republiky



SSP mRNA in situ
localization

SSP-YFP

Bayer et al., Science (2009)
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Egg 55P mRNA

Elongation
R - —_— ) o
, Fertilization iy L || | 1 J

| 1
Sperm 55P mRNA Iygote Proembryo Embryo Seedling
Grossniklaus, Science (2009)
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myristoylation-deficient variant

Pro35S:SSP-YFP/WT Pro35S:ssp-YFP/WT Pro35S:SSP-YFP/yda

Bayer et al., Science (2009)
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o Outline of Lesson 7

Plant Embryogenesis
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DR5:GFP

Immunodetetcion of IAA

Production
of Auxin

Benkova et al., Cell (2003)

Dubova, Hejatko, Friml (2005)
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Early-glabular

Bowman et al., Annu. Rev. Plant. Biol (2008)
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Transition Early-heart

== PN = PN

==t Procliciect = a0 flow
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Bowman et al., Annu. Rev. Plant. Biol (2008)
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Ball-shaped embryo

CTRL + NPA

CTRL

+ BFA

octant stage globular stage
Friml, Nature (2003)
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Bilateral symetry via PIN1 localization

PIN1

PIN7

\

Capron et al., Arabidopsis Book (2009) Dermatogen stage
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Mutations affecting embryo patterning
are associated with changes in the
auxin maxima formation

Adenosyl ribosylation factor
Guanine nucleotide Exchange
Factor (ARF GEF),

™~

Friml et al., Nature (2003)
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Geldner et al., Cell (2003)

PIN1/GNOM
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Richter et al., E J Cell Biol (2010)
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A B

Adenosyl ribosylation factor
Guanine nucleotide Exchange
Factor (ARF GEF),

Donor Membrane

Eftectors

Coat proteins

activation

GTPase-activating

protein

Acceptor Membrane
Shin et al., J Biochem (2004)
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o Outline of Lesson 7

Plant Embryogenesis
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Auxin signalling and its role in the embryo patterning

BDL/IAA12

MP/ARF5

Capron et al., Arabidopsis Book (2009)
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Permisive conditions Non-permisive conditions auxin

Undlfferentlated peg l

A
|| BDL, MP ——TPL

_shoo shoot dentltx

root idllentity
TPL

Root-specific interaction of TPL
with bdI?

BDL, MP «<— auxin

Auxin H Auxin
. . ] Response Response
Auxin maxima in lens shaped cell Genes Genes

BOL

ARFSMP

Capron et al., Arabidopsis Book (2009) Szemenyei et al., Science (2008)
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o Outline of Lesson 7

Plant Embryogenesis
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Root apical meristem develops from the LT descendants

Sheres et al., Development (1994)
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Capron et al., Arabidopsis Book (2009)

Lens shaped cell
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auxin Auxin flow from 8
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Hypophysis L‘T Weijers et al., Dev Cell (2006)
Lens shaped cell

Globular stage Late globular-early triangular embryo stage
Capron et al., Arabidopsis Book (2009)
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Endodermis-inducin
signal \
Stabilization of tissue -
identity signal
S_tem cell-maintenance . Eml&* Stem cell niche
signal
I
Lateral root cap [] Columella root cap
[ Quiescent center L] Columella initials

L Auxin (reporter) maximum

Capron et al., Arabidopsis Book (2009)
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auxin response maximum displaced

Lateral root cap ] Columella root cap

Quiescent center

L 1 Columella initials

B Auxin (reporter) maximum

Capron et al., Arabidopsis Book (2009)
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o Outline of Lesson 7

Plant Embryogenesis
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differential gene expression and root meristem patterning
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Auxin-dependent and auxin-independent differential gene expression patterns
root meristem

H PLT — Auxin-dependent——) root-specific gene expresion
BSCR }

B 5SHR — Auxin-independent

« SHR protein

Capron et al., Arabidopsis Book (2009)
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o Outline of Lesson 7

Plant Embryogenesis

auxin-cytokinin interaction and the root meristem organization centre
formation
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o Signal Transduction via TCS

Recent Model of the CK Signaling via TCS Pathway

fg 100 =
g —o— ARRI6
8 757 —— ARRIS
— PM £ —O— ARRS
& P
P . B =i ARR4
AHK sensor histidine kinases *
« AHK2 g - #- ARR7
« AHK3 = 25 T—
« CRE1/AHK4/WOL % £
C Y

9\/ e

HPt Proteins —@D— Time following cytokinin application

« AHP1-6 D’Agostino et al., Plant Physiol, 2000
CK primary response genes

m ARR1-24
NUCLEUS a REGULATION OF TRANSCRIPTION
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TCSGFF TGS GFP ARRTGFF  ARR15:GFP DHS:GFF

@@@®®

Muller and Sheen., Nature (2008)
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TC5GFP JDJ'_ T?‘ W OX5
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arr15/ARR7

arr15/arr7

o

Auxin ARR7A5 Fhosphorelay  Root stem-cell
signalling SXpression signalling system

Muller and Sheen., Nature (2008)
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o Outline of Lesson 7

Plant Embryogenesis

o Patterning of the apical pole of the plant embryo

= generation of cotyledons and shoot apical meristem
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SAM specification

Apical region
8-cell e .

Basal region

16-cell

WUS expression
domain
32-cell
Capron et al., Arabidopsis Book (2009)
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Shoot meristem
Cotyledon * Cotyledon

Transition
stage

Capron et al., Arabidopsis Book (2009)
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Gene interactions during apical embryo pole patterning

Specification and maintenance of SAM

H

STM < CuC
Lateral organ differentiation vs. meristem main

tenance
\
4"

{I i
Capron et al., Arabidopsis Book (2009) cotyledons
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o Outline of Lesson 7

Plant Embryogenesis
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=  proper spacing of lateral organs

~ L SVERSZ, INVESTICE DO ROZVOJE VZDELAVANI
° o <&
%r . f ‘Jé Tato prezentace je spolufinancovana
7k % & Evropskym socialnim fondem
MINISTERSTVO SKOLSTV zdélavani %
EVROPSKA UNIE v ' ‘\_1\ ‘ ’rfTﬁ .T*’\ O\ }, :_'.-L:': ik pro kn‘:l::re:cleschopnost 4/"11\% 9"@

a statnim rozpoétem Ceské republiky



Auxin maxima are involved in lateral organ formation and acquiring of
billateral symmetry

Capron et al., Arabidopsis Book (2009)
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AUX1 and Concerted action of auxin transporters
PINs LAX1 (influx and efflux carriers)

Capron et al., Arabidopsis Book (2009)
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o Outline of Lesson 7

Plant Embryogenesis
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= adaxial-abaxial axis formation
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Incision in the
meristem

SAM-inducing positive feedback from the

adaxial pole \

developing
primordium

radial organ
formation

abaxial leaf
SAM-derived signals induce adaxial-abaxial side
diversification
adaxial leaf
Capron et al., Arabidopsis Book (2009) side
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Specificity in gene expression is involved in the adaxial-abaxial patterning

Cotyledon
growth

Capron et al., Arabidopsis Book (2009)
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o Outline of Lesson 7

Plant Embryogenesis

o Radial embryo patterning

= epidermal layer specification
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Epidermal layer specification

ectopic expression of
epidermal markers

Single morphogen model “Ouside-in” model

CabIon ot Bl Areidopsis Book (2000) knolle and keulle cytokinesis mutants

(incomplete CW)
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MERISTEM LAYER1 (AtML1) and
PROTODERMAL FACTOR 1 and 2 ProATML1:NLS-3xeGFP

ATML1 & PDF1 & PDF2
WUS

|
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Outline of Lesson 7

Plant Embryogenesis
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separating vascular and ground tissue
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Separation of vascular and ground tissue

Ear|y globular stage Cell divisons predominantly along the apical-basal
axis
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W PLT
BSCR

B SHR
« SHR protein
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o Key Concepts

Plant Embryogenesis

o  Similarly to animals, both embryonic and extraembryonic tissue forms during plant
embryogenesis

o In plant embryogenesis, positional information rather than invariant cell division is
decisive for the proper embryo patterning

o Auxin gradient formation provides positional information that together with
differential gene expression directs downstream developmental events during plant
embryogenesis

o Auxin transport machinery and auxin signalling are critical for the proper embryo
development

o Interaction of auxin with other growth regulators, e.g. cytokinins emerges as a
crucial regulatory factor for many developmental processes during plant embryo
formation

o Gene and protein interactions allow formation of distinct cell and tissue spatial
patterns and allow proper organogenesis

Bl L SVERSZ, INVESTICE DO ROZVOJE VZDELAVANI
* ™ A
%r . f ' Tato prezentace je spolufinancovana

0P Vadal ). Evropskym socialnim fondem
IINISTERSTVO SKOLSTVI zdélévani %, - “ XL :
HECE Bk P Remiresosecinvmoit “ANa® a statnim rozpo&tem Ceské republiky

.ﬁ‘@"’vl’\
%,
VEnsis+®

*
L

EVROPSKA UNIE il



