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Bazalni plavuné i Euphyllophyta bez korenu
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k v Y. ® Figure 12.2. A. Psilophyton dawsonii. Restoration of aerial axis with sterile and fertile branches. B. Highly magnified
ro St ln portion of scalariform tracheid from metaxylem of P. dawsonii. Note pitlike apertures between scalariform bars. C.
B eZ Orene Transverse section aerial axis of P. dawsonii showing centrarch protostele. Protoxylem, black; metaxylem, cellular.
A-~C: Uppermost Lower Devonian. (A—C redrawn from Banks, LeClercq, and Hueber, 1975.) D. P. crenulatum.
Restoration showing vegetative and fertile axes. Lower Devonian. (Redrawn from Doran, 1980.)

Rbhynia, Psilophyton
A\




Kofenové vlasky jsou sdileny znak

RSL-I gen mechu

ROOT-HAIR DEFECTIVE 6

Reguluje vlasky i gemy

Mutace u jatrovky lze
komplementovat
ryZovym genem

Proust (2016) CurrBiol
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Kofen plavuni
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Regulace meristému: Pryt
Organizacni centrum — produkuji protein WUSCHEL

Populace kmenovych bunék = produkuji CLAVATA3
- zpétna inhibice tvorby WUS

i | S [ miR394
| . = I ., ) ----""'T'___L__

LCR —

Central zone

Peripheral Peripheral
zone _ Orga ) zone

Vasculature

Quiescent < NS N/ ACR#and CLV1 l -l

centre N & T

CLE40

Columella

MNature Reviews | Genetics



Regulace meristému: Kofen

Klidové centrum = produkuje homologicky protein WOX5
Systém v koreni je homologicky k pryta + vyznamna role auxinu

Ty __— [ miR394
4 - . = _..----""'___L_ .
Central zone LCR —

Peripheral Peripheral
zone _ Orga ) zone

Vasculature

Quiescent —— s P ACR%and CLV1 l -l

centre A T

Columella | . _ CLE40

MNature Reviews | Genetics



WOX5 epigeneticky blokuje diferenciaci

quiescent center cell -

WOX5 zprostredkovava . Pluripotency
vazbu TOPLESS
inhibitoru na DNA

Histone deacetylation

HDA19

(.m
TPL/ \7 T
CDF4

Tim se blokuje diferenciace /IR; /_l——)

bunék v okoli klidového — =<

centra v koreni
columella stem cell

Differentiation

columella cell

Pi (2015)



Yadav (2011) B

Migrace proteinu WUS

Migrace WUS a vazba na promotor CLAVATA3 genu

Mutace v promotoru
blokuji vazbu

CLV3 -1080 CLV3 -1080

protein
WT WT M1 M2 M3 M4

# 0+ + + = £ ST WUSEGFPWUS lM
_— - L1

CLV3 +970
CLV3 +997
CLV3 -1080
CLV3 -1080
CLV3 -1080
CLV3 -1080
CLV3 -1080

6GFP antisense probe" -



WUSCHEL related
homeobox geny (WOX)

« Homeobox geny skupiny ZIP
o Jednobunécné fasy (2), mechy (3),
vyssi rostliny (~10)

e Diversifikace:
1) cévnaté
2) krytosemenné Lian (2014)

Eud (Ath)
Mon (Osa)

Gym (Pta)

Bry (Ppa)

Green algae

= WS clade
Intermediate clade
= Ancient clade




Variabilita struktury WOX gent

WOX-box je nezbytny pro interakci s TOPLESS inhibitorem

Homeodoména zajistuje interakci s DNA Dolzblasz (2016)

A

WOX1/2/3 —

WOX4 =
WOXS5 —

WOX6 —

woxs/9 Nl
wox12 P}
WOX13——




Moderni WOX

WUS (WUSCHEL)
—reguluje SAM prytu

WOX5
—homologicka funkce v RAM korene

WOX4

— kambium, zdklad cév

WOX1a3

— listové zaklady a rostouci okraje

WOX2
— vyvoj apikilni bunky po déleni embrya

Divergence WUS a WOXS5 probéhla az u

semennych!

Nardmann (2013)

N.ES(0.9E)

0.aT(1)

(.58

€.52(0.88

WOX4

GEWOXY

WOX11

WOX9

£ FWDmWOKB
SmWOXil




Moderni WOX

WOX1 je nutny pro srastani okvétnich
platka i blizen u petunie

Van den Bussche (2009)

J K1




Moderni WOX

WOX1+3 zajistuji expanzi listovych
organu

OFét funguji jako inhibitory bunécéné

diferenciace

WT WOXT PIS e

D

wr Van den Bussche (2009)

wox1 prs




Moderni WOX u smrku

WOX3 se exprimuje v expandujicich
orginech a RNAi 1nh1buje Jejlch rist

Alvarez (2015)



Piavod WOX5/WUS duplikaci na bazi

semennych rostlin

Duplication

Grwus

VVWUS
AtWUS
OsWUS

GbWUS
GgWUS
PaWUS

GrwOX5

VvWOX5
AtWOX5

OsWOX5
PsWOX5
PaWOX5

———CrWUL

L————CvWUL

Angiosperms

Gymnosperms|

Angiosperms

Gymnosperms

Ferns

| Mosses

Green algae

Zhang (2017)



Moderni WOX nelze nahradit starodavnymi

Mutaci wus a wox5 u Arabidopsis 1ze komplementovat smrkovym i

jinanovym WUS i WOXS5, ale nikoliv homology z fas a kapradin

Moderni WOX v kofeni a prytu jsou zaménné, pokud se exprimuji
pod spravnym promotorem

Zhang (2017)

pWUS:: OtWOX pWUS::CrWUL  pWUS::PaWUS
/wus-1 /wus-1




ofeo Zhang (2017)
Mobilita WUS pWUS:ER-GFP

L

JS se exprimuje v .3 a migruje do L1 a 1.2 L2 = .
Kapradinovy WUL neni schopem migrace L -

pWUS AIWUS-GFP  pWUS::PaWUS-GFP




Inovace modernich WOX spo¢iva v migraci

Zkricena verze kapradinového WUL migrujedoL1al.2a

komplementuje mutaci wus u Arabidopsis

Kapradinovy WUL exprimovany ]pod CLV3 promotorem se

exprimuje v L1 a L2 a také komplementuje mutaci !!!

pWUS::Mini-Cr'WUL-GFP

pCLV3::CrWUL-GFF/
pWUS::.CrWUL-GFP

Zhang (2017)

WUS mRNAIn OC

B /S protein
B CLV3 mRNA




“Intermediate” WOX

WOX9 aW0OX11
— vyvoj zygoty a embrya

paralog uz u kapradin

€.52(0.88

« Overexprese WOX11 spousti tvorbu

adventivnich kofend u topolu

Xu (2015)

N.ES(0.9E)

WOX4

GEWOXY

0.97(1) M

WOX9

\ - £ rWDmWOlE
! - SmWOXil




Kapradinové WOX

WOX13 - starobyly
WOXA,B - intermediatni
WUL - moderni

Identifikovany
v meristematickych bunkach

Struktura meristemu naprosto

odlisna od semennych — maji
pouze jednu klidovou bunku

Nardmann (2012)




Meristém kapradin
obsahuje jedinou

apikalni bunku

Fiqure 7.7

A. Diagram showing an apical cell of leptosporangiate
fern and its derivatives that are formed in helical
succession. The new cells are numbered as 1 & 2
B. Diagram showing a packet of cells formed by an apical
cell by division and subdivision.

APICAL CELL

T Dividing m:tc[eug_ .

Fig. 36.1. Apical maristems. A, shoot apex with apical cell of Eguisetum shoot; B, shoot apex ol Ptamdium.




“Ancient” WOX

WOX13
— role pri udrzovani kmenovych bunék
fasy, mechy CwORg
E WOX5
Wus
q
NES(0.98) wux4
.......... o
WOoxXg
e
pWOX13:erYFP pWOX14:erYFP




WOX13 u mechu rediferencuje bunky

WOX13 se exprimuje v meristematickych regionech a v poranénych
pletivech, udéla z vegetativni bunnky kmenovou!

Sakakibara (2014)




WOX13 reguluje prvni déleni zygoty

Mutace obou paralogﬁ WOX13 blokuje vyvoj sporofytu u mechu

Sakakibara (2014)
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RMO9

Efekt WOX13 mutace -t

Mutace obou paralogi WOX13
blokuje pouze expanzi bunék, nikoliv
samotné bunécné déleni...

I u mutanti se exprimuje marker

chloronematu RIM(09

Mutace snizuje expresi XET gent pro |2
proteiny rozvolnujicich bunéénou
sténu

Overexprese XET1é¢i wox13 mutaci

Mutace WOX13+14 nema vliv na
regenaraci u drabidopsis...

Sakakibara (2014)



Z.alozeni kofenu u Arabidopsis

e Dominantni role intermetiatnich WOX

« Kofenovy meristém vznikne z apikalni bunky suspenzoru,
nikoliv z vlastniho embrya!

Early Late
globular globular




Nasledna regulace kofenového pélu

« Faktory SCRARECROW (SCR) a SHORT ROOT (SHR)

« WOX5 jako dominantni regulitor klidového centra
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SHR/
SCR

CYCD6
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ume aler sowing (n)

SCR/SHR

« Monofyleticka skupina
patfici do rodiny GRAS
transkripénich faktora

« DELLA represory
giberrelinovych gent

« SCRaSHR majialevliviv

nadzemnich éastech!

LISCL

At SCL9

At SCL33a
AtSCL14

At SCL31

At SCL33b

At SCL30

At SCL11

At SCL29
At SCL32

At SHR

At SCL38

At SCL1

Os CIGR1
At SCL13
Os CIGR2
At SCLS5

At PAT1

At SCL21

At SCL7

At SCL4

At SCL28

Os MOCI

At LAS/SCL18
LelLS

At SCL26
At SCL23

Zm SCR

At SCR

At SCL3

~ Ta GAI
Hv GAI/SLN1

Os GAI/SLR1

At RGL2

shr WT scr
48
100
200 | o > ®
@
300 | L.
400 ‘5. %

At RGL3
At RGL1
At RGA

L AtGAl

At SCL15 7

PhHAM
At SCL27
At SCL22
At SCL6

J\

-

—

—

Hs SRC

SCL9-
branch

SHR-
branch

PAT1-
branch

HAM-
branch

SCL4/7

Ls-
branch

SCR-
branch

“DELLA”-
proteins




Radiace GRAS predchizela prechod

Spirogyra GRAS)

—

—

ScL14 [Jlmbl'dnp,;”

CULM1 mqflm_ i
LATERAL :SP'PRESSM {Lycopersicani




Shrnuti

Kofen vznikl nezavisle u riznych linii rostlin

« Korenové vlaseni se zaklada stejnym zptisobem u vsech rostlin

Primadrni kofen je novinka semennych

Genetickd regulace meristém kofene je homologicka s regulaci prytu
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