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Bunéfn¢ mechanismy ontogeneze —
,,Jostlinna specifika*

» Rostlinne bunky maji pevnou sténu a
nemigruji.

o Klicoveé:
— Orientace bunécnéeho rustu a déleni

— Mezibunécna signalizace a transport



onion root



Uspoiradani MT béhem bunééného cyklu rostlinné bunky

Cortical
microtubules

o Two daughter
interphase cells




MEZIBUNECNA KOMUNIKACE

| APOPLAST A SYMPLAST I

Cytosol Plasmodesmata  Vacuole Cell wall  Intercellular space

1=




EMBRYOGENEZE za¢ina - DVOJITYM OPLOZENIM

Central cell nuclel

Pylové zrno = samci
gametofyt.

Central
cell

ZarodeCny vak = samici
gametofyt.

Aperm .
nuclei

A f, Degerlgrated
synergid
(napr. Arabidopsis —
modelova semenna
rostlina)




Stadia embryogeneze Arabidopsis

Gm
Pd
EP
Hs . Fe
5
_ Mature
Preglobular Globular Transition embryo




V fizeni Casn¢ embryogeneze
hraji dulezitou ulohu regulatory
bunécne morfogeneze —

sekretoricka draha, cytoskelet a
. TAA

Embryogeneze (a nejen ona) je
algoritmicky proces



KNOLLE - knolle ma narusenou tvorbu bunéénych prepazek
a v dusledku toho orientaci bunéénych déleni




model for the role
of KNOLLE during
cell woll formation

Knolle je

SNARE
bilkovina




fass/tonneau

fass postrada preprofazicky pas mikrotubultl — pfes neusporadana
bunécna d€lni histogeneze probiha téméef normalné

TONZ2 je
PPasa2A
reg. podj.
kontrolujici
kortikalni
MTs.

wild type

and

fass

Arabidopsis seedlings

g




Rozhoduje o osudu bunky
GENEALOGIE
nebo
POZICNI INFORMACE




Korenovy meristém ,,dozrava* uz béhem embryogeneze

Gm
Pd
EP
Hs 7 £
5
ng]ﬂl.‘rl]:]r Globular Transition




DIFERENCIACE KORENOVEHO MERISTEMU

Pericycle and
vascular bundle

- Cortex and
endodermis initial

:. Cortex and

endodermis
- Epidermis

Lateral root cap

Columella

- Central cell=Klidové cent.
Funkci klidového centra je udrzovat sous. b. v zarode¢ném stavu.



Laserova mikrochirurgie inicial korenového meristému

(B)
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U rosElin pievlddd poziini
informwece.

Vyvojovy osud bunky neni uréen jejim plvodem,
ale polohou v celku rostlinného organismu.

Formativni asymetricke déleni

je zakladem mnoha diferenciaCnich kroku



Klidove centrum a 1nicialy

transkripcni faktory SHORT ROOT a SCARECROW (SCR)
a diferenciace endodermis a kortexu

Cell fate in the Aabidopsis ract menstem. (@l Cell types. (b1 Stem cells {initials] and their
direction of call division.



SCarecrow

(SCR)

... and
shortroot (SHR)

wi Txn factors AGAIN!



Srovnani histogenese korenovych
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Aktivita promotoru genu SCR a
SHR vizualizovana GFP

Left: SCARECROW promoter driving GFF expression in the Arabidopsis root meristem. Right: SHORTROOT promoter driving GFP
expression. ep-epidermis, co—cortex, en—endodermis, CEI-cortex endodermis initial, OC ~quiescent centre, st-stele.



SHR protein je transportovan ze stele do
sousedni bunééné vrstvy — endodermis,
inicial a klidového centra

many extra layers

5 i T P Gy g b
BeFE < NAE % of endodermal cells
} P g o’ L -L).“.‘

£

Left: SHORTROOT promoter driving expression of a SHORTROOT-GFP fusion protein. Inset: expression pattern of SHORTROOT
promoter. The SHORTROOT-GEP protein is capable of movement to adjacent cells in the endodermis, initials and quiescent centre.
Right: Ectopic expression of the SHORTROOT protein causes proliferation of the endodermis, marked by a fi-glucuronidase reporter
gene.



Dulezitym prvkem vyvoje a
celistvosti rostlinneho
organismu/poziCni informace
je komunikace sousednich bun¢k
na kratkou vzdalenost
mezibunéCnym transportem
bilkovin

symplastem.



A co na dlouhou vzdalenost?

AUXIN - kyselina indolyloctova — IAA

- dominantni nizkomolekularni morfogen
rostlin. Je transportovan m.|. take
apoplastem a pusobi na velke
vzdalenosti.

Koncentracni gradient auxinu a jeho
bilkovinnych efektoru je dulezitou slozkou
pozicni informace.

Pusobi na a vzajemné se reguluje s cytokininy.
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Rostlinny morfogen
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The polar flux of auxin is required for the proper organisation of cell fates in the Arabidopsis
root meristem.

Autoregulacni polarizované strukturované toky
auxinu celou rostlinou jsou klicovou slozkou
pozicni informace u rostlin a koordinuji celkovou
morfogenezi organismu.



Chemiosmoticka teorie transportu
auxinu
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PIN vytokové prenaSeCe IAA jsou polarizované
lokalizovany v plasmalemé¢




Fig. 1. PIN1 localization in early embryogenesis. (A to D, I) Wild-type, (E to H, J) gnom, and (K to
M) monopteros. Stages of embryogenesis (25): (A and E) early-globular, (B, F, K) mid-globular, (C,
D, G, H, L, M) mid-heart, and (I and J) early/mid-torpedo. Asterisk (B) and arrows (insets in C and
G) mark polar localization of PIN1. (A to C, E to G, | to L) Internal optical sections; (D, H, M) surface
views; apical end of embryo is up. Bars, 20 j.m. Images were obtained by confocal microscopy (26).



PIN1 accumulates
at the apex of
(D epidermal cells in

PIN1 uniformly PIN1 accumulates at

distributed relative basal end of specific Wl /the cotyledans
to the longitudinal cells '

axis \

~—PIN1 accumulates
at the base of
procambial cells

Suspensor

16-cell embryo Mid-globular Heart-shaped
stage embryo embryo

Fig. 4.6 The polarization of PIN1 distribution in the Arabidopsis embryo. The position of the
PINI protein is indicated in red. (Adapted from Steinmann et a/.. 1999 )



1. PINY polarization
2. PIN1 polarization
—»

MP ™Xn factor

DR5 reporter
- PIN1

PIN7
~»  AuXIn

flux

S o B

Current Opinion in Plant Biology

(Nawy et al. 2008)



CHrecHom and
gradient of
L&A mosemant

Coiier? Dgdnsn 15 e By

PINy jsou podobné prenasSeCiim
PGP jsou ABC transportery

- a  RECEPTORY
(napt. ABP1 v ER a
PM)

(Figure 1 Legend) A ravisad modsl of auxn fransport. (a) PIN-based model of auxin transpor. In the cumant, PIN-based modal of audn
transport, auxin enters the calls through bath diffusion and the awdn symparer AUXY, Auin then exdts from calls via 2 polary localzed efflux
complax that is characlerzed by PIN proteins, This modal is sufficient to explain awdn transpart in more mature tissues, in which the cells

ara longer and re-diffusion of awdn is not a factor, In menstematic regions, howaver, in which oalls are small and concentrations of awdn are
igh, re-diffusion of auin would inibit palar auxn transpar. In these cals, methametical models indicate that PIN-mediated affux is
insuficient to explain the rete of auxn transpart sean in viva, Amows indicste the direcbion and magnitude of awdn movament. [b) PGPs have
bean shown to play an essential rola in auxin transport, Mathematical models pradict that, in the smllar calls of menstematic ragions,

& transporter with apolar localization i necessary to explain the rates of awdn transpart seen in planta, ATP-depandant auxin efflux by apolarly
localized PGP fits the model and overcomes the problem of auxin re-diffusion. In knger calls, PGPs might alsa funchion to incraasa the rate
and dirctionalty of auxin transpor and might exhibit polar localization, Whera PGPs and PINS co-localize, interactions betwean PGPs and
Pl stabiize PIN proteins &t the PM and result in an increased specificty and rate of ransport, providing directionalty to awcn effiux. PGP and
PIN prataing bath have tssue-spaciic axpression pattems, and i is kaly that spacifc PIN-PGP painngs provida fissus-spacific raguiation

of auin transpart straams,



Receptorem auxinu je TIR1 a jeho
homology: F-box podjednotka SCF E3
ligazy.

auxin-regulated

low
aunxin ARF Fia.4. The SCF™! relieves Aux/IAA repression of activating ARFs. ( A)
AUTAA An activating ARF protein (green) binds an AwxR E promoter element via an

MN-terminal DNA binding domain (DBD). Under low-auxin conditions, an
AuxAA repressor (red) binds the activating ARF via heterodimerization
between Aux/TAA and ARF domains [IT and IV, (B) Auxin promotes Aux/
IAA domain II-TIR] association, bringing the AuxTAA protein to the
SCFT™ complex (purple) for ubiguitination (Ub) and subsequent
destruction by the 265 proteasome. The activating ARF, with a Gln-rich

O () middle domain, is then freed to promote auxin-induced gene expression.

auxin-regulated

high
auxin

proteasomal

SCFTIRI
degradation

auxin-regulated



De novo syntéza AUX/IAA represoru
umoznuje potlaceni signalu =
atenuaci.

Podobn¢ kinazy funguji jako prenasece
signalt jen diky proti-plisobicim

fosfatazam...

,,Jemne ladéni*






Auxin pozitivné reguluje sviij vlastni transport
Kanaliza¢ni hypotéza

. : i e coordinati local ing. Thomas Betleth and
Tsw1Sachs, Current Opmion m Plant Biology 4: 57«62 (2001).
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High auxin
concentration

Auxin
diffusion

-+

v

Low auxin
concentration

-l

Procambium

Fig. 6.15 The canalization hypothesis for auxin flow and vascular development in leaves. Auxin
levels are shown in red, and polar auxin transport is indicated by arrows. 1, Cells exposed to a
gradient of auxin begin net auxin transport in the direction of auxin diffusion. 2, 3, Positive
feedback results in the channelling of auxin into an increasingly narrow strand of increasingly
polarized cells. 4, Auxin concentration in the strand rises above the threshold required for
differentiation into procambium.



3. Arabidopss mutants with defects m aunin traffic or perception have a disrupted vasculature.

The expression of a reporter genes associated with vascular cell fate (denved from a
homeodomain transcnption factor, ATHB-2) 1s progressively refined dunng leaf development.
Thas may reflect a progressive refinement, or *canalisstiore of auun transport.

Konektivita vodivych pletiv listii zavisi na transportu IAA.

Autoregulacni polarizované strukturované toky auxinu celou rostlinou
jsou klicovou slozkou pozi¢ni informace u rostlin a koordinuji
celkovou morfogenezi organismu.



,,Realisticky* model fylotaxe
.zahrnuje toky IAA

|

Fig. 1. Conceptual model of the regulation of phyllotaxis by polar auxin
fluxesinthea shoot meristem. Adapted from ref. 10. (4) PIN1 orientation directs
auxin fluxes (arrows) in the L1 layer, leading to accurmulation of auxin (red
color) at the initiation site {I1) in the peripheral zone. This accurulation
eventually rasults in organ induction. (B) Later, basipatal PIN1 polarization
inside the bulging primordium {P1) drains auxin into inner layers, depleting
the neighboring L1 cells. As aconsequance, another auxin maximum iscreated
in the peripheral zone at position 11 removed from prirmordia P1 and P2

Pattern generation by the transport-based model. (A-D)
Pattern emergence in a sequence of 50 cells with
wraparound boundary conditions (the leftmost and the
rightmost cell are considered neighbors). Taller bars
(brighter green) indicate higher IAA concentration.
Simulation steps 30, 60, 70, and 80 are shown. A small
amount of noise is required to break symmetry. (E and
F) Pattern dependence on model parameters. Higher
values of the transport coefficient result in more peaks
(G) Pattern formed in a simulated cellular structure.
PIN1 is depicted in red.

(R.S. Smith et al., PNAS 2006)



Apikalni meristém dokoncuje
diferenciaci az po vykliceni

G

_ Mature
Preglobular Globular ; embryo




Domény apikalniho meristému




Mutanti s poruchami vyvoje apikalniho meristému shoot
meristemless (stm) a clavata (clv)

stm WT clvl,2,3

Agre 1. Actanme: ol Gl TeANm TiES e &0 SN0 00 ce Dt BN O SCOMUERON 20 CORNOOESS
Laft paned oo vew Of & INADIME EMSSEE ST M2t S NG THhe We Entr ynd (v (O ID00NE NG £XCANed DU N
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STM je homeobox-like TF, zatim co CLV1 je...




Lokus CLAVATA 1 koduje receptorovou kindzu interagujici
s peptidem Clavata 3

The CLAVATAI gene excodes a tive recepior Idnase that controls shoot and floral

meristem size in Arabidopsis. Clask, S E ; Wilhiams, R W | Meyerowitz E M. Cell, 89: 57585
(1997).
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Exprese transkripéniho faktoru WUSCHEL je iniciovana
polarné v 16ti bunééném stadiu globularniho embrya.

WUS udrzuje zarodeény charakter bunék v centru
apikalniho meristému a je tak odpovédny za
neukonceny rust rostliny.

WUS je potlacen mj. TF AGAMOUS az pri vyvoji kvétu.
TERMINACE MERISTEMU - KONEC VYVOJE.



Aktivita WUS udrzuje zarodecny charakter inicial

apikalniho meristému — stimuluje expresi genu CLV3, ale sam je
aktivitou gentt CLV 1nhibovan.

s

Frpes T Maged br Shour Monae Mamienancs




Defining the shoot apical meristem

wit wuschel

CLV1

WUS

clavata \

CLV3



Meristem jako sebeudrzujici
rovnovazny system

1. Udrzuje skupinu
delivych/zarodecnych
bunék v centralni oblasti.

2. Iniciuje diferenciacli

bunék a tvorbu organti v
periferni zon¢

3. Udrzuje dynamickou ‘ '
I'OVI]OVéhu mezi témlto MNach der Entfernung eines Keimblattes wird der

Spro3apex in dem reifen Embryo von Arabidopsis
thaliana sichtbar. Der Pfeil deutet den Bereich an,
prOCesy in dem sich das primare Sprameristem befindet.



Rozvrhovani postembryonalniho
vyvoje je determinovane jen z¢asti

Modely k demonstraci mechanismu:
vyvoj J1z zalozen¢ho listu

vyvo] kvétu
...pote co uz se rozhodlo o kveteni



pinhead/zwille

Defekt SAM ...

Fig. 2. Phenotypes associated with pnA mutants. (A) Abnormal embryo. The upper cells of the
suspensor have divided aberrantly (arrow): see Fig. 3B for wild-type appearance. (B) Seedling in which
a radially symmetric pin-like structure is in the position normally occupied by the SAM. After a delay,
new meristems arise in the axils of the cotyledons (arrow). (C) Seedling in which a trumpet-shaped leaf
is in the position normally occupied by the SAM. Adaxial tissue is on the inside of the ‘bell’. abaxial on
the outside. (D) Primary inflorescence axil showing barren axil phenotype. (E) Flower in which the
gynoecium is made up of several carpels. (F) Siliques from wild-type Ler (left). prh (center). and
ago/~+; prk/pnh plants. (G) Arrow points to ectopic carpels found interior to the normal fourth whorl
carpels. (H) Linear’ ovule. Bar, 25 um (A.H): | mm (B.C.E.G): and 250 um (D).



...a urceni adax/abax polarity

argonaute

AGO1:
RNA binding
some mutants defective root agol/agol pnh/+

patterning (extra ground tissue
layers)




cytoplasm

MIRNA gene
Pol Il
MIRNA
transcript
DCL1

@HEM

XRN4
HYL1 miRNA
= duplex
/§
7
miRNA e

duplex/f
AGO1 mRNA cleavage

M AAAAA

Biogenesis and action of microRNAs in plants
modified from Kidner et al. (2005)

(D. Weigel)



1 W.Goethe
1749-1832

1790 - Versuch die Metamorphose der Pflanzen zu erklaren




LEAFY - Ify je
dominantni
regulator/udrzovatel
identity kvétniho
meristému

A - mutant vytvari misto
kvétu listovité sekundarni
vyhony

B - 35S::.LFY exprimuje Lfy
konstitutivné a vytvari
kvéty misto sekundarnich
vyhonu z riZice.




(A) Floral whorls

— Developmental fields
coodls == Field 1
N S
222 Field 2
- - Whorl 2:
petals
‘ Field 3
Whorl 3:
\:! - stamens

Whorl 4:
\\_/’ carpels



Homeoticti kvetni mutanti I

(A) Wild type (B) Apetalal (C) Leary (D) Apetalad

(F) & U NOSY (G) Floricanls IH) Deficiens

analogie s homeotickymi mutanty r. Drosophila...



Prehled homeotickych kvétnich

mutantu
Sepal e 9 P P 2
@4 @@ 0
Carpel ™ e E‘? ~— =

Wild type apelala-2 apetala3-| pistillata-2 agamous- |



(B) Combination ABC model

I R R R

S T R

Genes A = C

Structure  Sepal ___Petal  Stamen  Carpel
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Ceratopreriz [CRM )
Antirrhinem (DEFICIENS)
A ralidopsis (AGL-15)
Consensus (Plants]

Vétsina z nich jsou - MADS box

transkripcni faktory

N—{ MADS I K

—c

MVRRKIK IKRIENATTR
MARGKIQ IKRIENGTHNR
MGRGKIE IKRIEN ANSR
MGRGKIE IKRIEN - THNR

OVTFSEREGG LLEKAHDLSY LCDAEVAVII
OVTYSKRRNG LFEKAHELSY LCDAKWSIIM
OVTFSEREAG LLEKAHELSY LCDAEVAVIV
OVTFSKRRNG LLEKAHELSY LCDAEVALII

FS5SKGEKLFQF
ISSTOQKLHEY
FSKSGEKLFEF
FSSRGKLFEF




Kvest €1 nekvest?
Prechod do generativni faze
uz neni naprogramovany ...

...Je ovlivnén fadou vnéjSich 1
vnitinich faktoru. Stafim rostliny,
teplotou, fotoperidou, dostupnosti

Z1vin.



Jarovizace je epigeneticky proces = demetylace DNA a modifikace
chromatinu

(A) (B)

0 days of 100 days of
vernalization at 4°C vernalization at 4°C



Prisn€ bunécné autonomni — pusobi pokles exprese

lokusu FLC.

Flowers

(a) Chill shoot

Remains

(b) Chill roots vegetative
Flowers

(c) Chill shoot apex

Remains
(d) Chill mature leaves vegetative

Leaf

cutting

) Flowers

Fig.8.10 T'hc etfects of vernalizing different regions of Thiaspi arvense (ficld pennyeress). 1hlasp:
arvense has an absolute vernalization requircment and will notr flower unless subject to a cold
period. Flowering can be induced by specifically chilling the whole shoot (a) or only the shoot
apex (<), but not by chilling only the roots (b)) or only mature leaves (d). However, a lcat curting
taken from a chilled leat will flower (d). These results suggest thar vernalization acts at a local
level in the plant.



Kontrola kveteni delkou dne

cry2, phyA

=t o\ =
|Gate closed —i Gate open ]

Subjective Subjective
day night

I Gate closed ]Gdt(_‘ open

Clock phase: Subjective Subjective
day night

_ Constans Fotoperiodicka reakce je

ol o - v S mozna jen kdyz funguji
OWENNGIOCUS 11— oo ,biologické hodiny*
Ir— -endogenni oscilator

Fig.7.12 A modcl for the photoperiodic regulation of flowering in Arabidopsis. The photoperi
odic response 1s induced by light absorbed by ery2 and phyA. When the circadian clock is in the
day phase, signal transduction between these photoreceprors and COis blocked. When the clock
is in the night phase, signal transduction is allowed, increasing CO expression and inducing,
flowering. Hence flowering is induced when night length is shorter than the period for which
the gate 1s open. Arrows accompanied by a ‘plus’ sign indicate positive regulation



Dalkovy prenos ,,florigenu‘ po rostlinném organismu.

Je mozné, Ze dalkove prenasenym signalem je nizkomolekuldrni
bilkovina.

"-:','!LE. ) . N ORI Naused
Nights too short Nights too short Nights too sheort
exceptfor part exceptforPlantB

of one leaf



(A)

Wild-type control 358::CO transformant
(ecotype Landsberg erecta)



Flowering locus T a Constans

CO sam o sob¢ neni florigen.

Je exprimovan a pusobi vyhradné v doprovodnych
bunikach floemu aktivaci FT.

FT je exprimovan v ruznych pletivech a aktivovan
ruznymi drahami.Je pravdépodobne, ze pusobi
bunééné neautonomé (23kDa). Je to
pravdepodobné dominantni slozka ,,florigenu .

CO pusobi jeste pres dalsi FT nezavislou drahu.



Fotomorfogenese: svetlo neni jen zdroj
energie, ale take morfogenni signal.




Deetiolated/constitutive photomorphogenesis
(det/cop) mutanti Arabidopsis
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COP9 complex/SIGNALOSOM

e strukturné podobny viku proteasomu

« podili se na regulaci degradace bilkovin
fizenim aktivity E3 ligdz neddylaci a
deneddylaci.



Uc¢inné vinové delky svétla fotosyntézy a
fotomorfogeneze se znaCné prekryvaji.
Dlouhovinne Cervene svétlo neni fotosyntet.
vyuzitelné a slouzi jako indikator
vegetaCniho zastinéni.

Rostlina reaguje na smér, intenzitu,
spektralni slozeni a trvani svétla.

Rostlina pro svuj rust a vyvoj integruje
ruzne druhy informace prinasene svétlem.
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Typicke jevy v ontogenezi

Rostliny Metazoa
« Bunky nemohou migrovat « Migraci bun€k brani tkanova
e Pfevazné poziéni determinace; kompartmentalizace (zavisla na
mechanismy tvorby usporadani mezibunééne adhezi)
zaloZeny na zpétnovazebnych  * N¢kdy genealogicka (,,lineage®)
obvodech, které zesiluji malé determinace.
rozdily. * Apoptoza pusobena nedostakem
e (Odd¢lene cesty ziskavani Zivin "prezivacich signali" od
(kofeny a listy) a energie okolnich bun¢k je dilezitym
(listy). rysem vyvoje zivocichi.

U zivocichu i rostlin hraje klicovou roli v ontogenezi specificka

represe genove exprese na arovni chromatinu (polycomb -
napr. FIE) a



Shrnuti

Pfes nezavisly evolucni osud ma vyvoj mnohobunécnych
rostlin a zivoCichu dulezZite spolecné rysy — na molekularni
urovni v urCovani bunéneho osudu a na ,,biokyberneticke*
urovni pi1 vzniku pravidelnych usporadani.

Podstatné rozdily vyplyvaji z odliSnosti ,,constrains® v
dusledku prisedlosti a autotrofie rostlin.

Nejdulezitéjsim rysem odliSujicim vyvoj rostlin a ZivocCichu
je kontinualni (celozivotni) organogeneze rostlin na rozdil
od omezen¢ terminalni organogeneze zivocichu.

Tim je umoznéna nesrovnatelné vétsi morfologicka
plasticita rostlin.
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