Meristémy
Korenovy meristém
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Klasifikace pletiv podle puvodu:
(Négeli 1858)

1. déliva (meristémy)

2. trvala
cytologie meristému
* parenchym (bunky izodiametrické, protdhlé, destickovité)
* nebo prosenchym (bunky protdhlé, na koncich zaspicatélé)

. buﬁky A typical meristematic tissue
* malé rozmeéry aaaas—_ .
- velké jddro a jadérko eceoleoee
* tenka bunécna sténa oo oee

* husta cytoplazma (pouze provakuoly)
* bez intercelular
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““apikalni‘meristém (vzrostny vrchol stonku)”
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Meristémy v pribéhu ontogeneze 111117 ¢ -

protomeristém = délivé pletivo v raném vyvoji embrya - déli se
vSechny bunky

pozdeji je déleni bunek omezeno pouze na malé oblasti, ve kterych
si bunky zachovdvaji schopnost déleni (apikdlni meristémy =
primdrni meristémy)

apikdlni meristémy zacinaji svou aktivitu po ukonceni embryondlniho
vyvoje, jejich ¢innosti vznikaji:

1. bunky, které po diferenciaci vytvareji rostlinné télo
(organogeneze)

2. bunky, které zajist'uji vlastni sebereprodukci

sekunddrni meristémy - kambium (produkce sekunddrniho xylému a
floému) a felogén (tvorba sekunddrnich krycich pletiv)
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Lokalizace primdrnich meristéma prytu

gl Vs O Leaf
Pl . »  primordia

podélny rez apexem
stonku Coleus

http://www.esb.utexas.edu/mauseth
/weblab/webchapbapmer/6.1-1.htm




Interkaldrni meristém ve stéble psenice
( Triticum)

o

: , , N O\
zony délivého pletiva vmezerené mezi pletiva trvala - napr.
interkalarni meristémy tésné nad kolénky trav

http://botany.upol.cz/atlasy/anatomie/anatomieCR15 pdf



Prytovy apikalni meristém
Coleus

patrny charakter meristematickych bunék




Primarni apikalni meristémy

/ #

Princip zachovani embryondlniho —(

-

charakteru meristému: VY - Vabh
¢ast bunék nenastoupi cestu [ ) () Q
N M Y4 . v ,__-Y ) Rl » —_—
diferenciace, ale zachovava si délivou  — - &
schopnost po celou dobu existence i N Q )_ X ©
- ‘;"-_‘ r"f -"'.l‘ ___—V £

vegetativniho meristému

—
&

1 Stem  Daughter Committed Differentiated
cell cells cells cells

kmenové bunky (stem cells)

= nediferencované burky; drive inicidly

Po rozdéleni si jedna dcerind burika zachovd charakter burky
kmenové a druhd nastoupi diferenciacni drdahu



ni meristém (RAM)

radialni cévni svazek
centralni cylindr

pericykl (perikambium)
odstupujici postranni kofen

Koren a korenovy apika

histogenova teorie: vypracovana v r. 1870
Hansteinem.

Oznacuje inicialy apikalniho meristému, ze
kterych vznikaji bunky diferencujici se
vylucné v urcité pletivo, jako histogeny.
Rozeznéva 3 hlavni

histogeny: dermatogen davajici

vznik pletiviim krycim, periblem, davajici
vznik pletiviim zékladnim a plerom, davajici
vznik pletiviim vodivym. V kofenu navic
rozliSuje kalyptrogen, davajici

vznik kofenové Cepicce. Vzhledem k tomu,
dermatogen Ze diferenciace pletiv vodivych a zakladnich
periblem probiha ve znacné vzdalenosti od inicial, je
plerom vymezeni histogend, zejména

skupina apikalnich inicial s u apikalnich meristémd stonku,
AR e r i)l Problematicke. V soucasne dobg se techto
kalyptrogen termin{ pouZiva pouze v nékterych pfipadech
kalyptra pro popis kofenovych meristém

Zona s piné
diferencovanymi
trvalymi pletivy, vznik
postrannich kofenu
vznikaji z pericyklu

endodermis

primarni kdra

kofenove vlaseni (absorpcni
trichomy, rhiziny)

Absorpcni zona

s korfenovym

viaSenim, poCatek
diferenciace primarnich
trvalych pletiv

rhizodermis

Elongacni zéna, prodluzovaci

rast bunék prokambium

Meristematicka zéna tvorena
primarnimi apikalnimi
meristémy

Kalyptra



vascular tissue

ground tissue

dermal tissue

root cap

protoderm

ground

periblem meristem

——— dermatogen/
calyptrogen
complex

vascular
cambium

plerome

Line drawing courtesy of Dr. David TEORI HISTOGEN periblem

dermatogen/

calyptrogen
complex

root cap




Diferenciace primarnich trvalych pletiv korene (» Primarni apikalni meristémy
korene - dermatogen, periblem, plerom, popf. kalyptrogen).

Podeélny rez vrcholkem korene

kaprade samce (Dryopteris filix-mas).

A dermatogen
‘ plerom
periblem

délici se terminala

kalyptrogen

kalyptra

Buniky primarnich meristémua vznikaji ve
spiralnim poradku na bocCnich plochach
tetraedrické terminaly.



.: ooh -:f Podélny rez apexem korene cesneku
lew ZE‘-_‘ o cibule (Allium cepa) s apikalnimi
'..:::::;:J @ meristemy a kalyptrou.
J:?éé?::j;:
we3susie oo

S

dermatogen

prokambium (zaklad vodivych pletiv)
plerom

periblem

$308 2 S e AT
ot TN {.i&"_ OETATRETS skupina inicial (s Q centrem)
\ & st st e 00“‘ [ on AP
R R S kalyptrogen

kalyptra (CepiCka)



RAM

* RAM (root apical meristem) tvori bunky ve dvou smérech (SAM pouze v
jednom): vlastni koren (ale bez postrannich pupenu) a bunky korenove
cepicky

* Inicialy = kmenové bunky tvori dve bunky — novou inicialu a dcefinou
bunku, ktera se dale vyviji

* |Inicialy obklopuiji skupinu nékolika (4 az 7 u Arabidopsis, 800 az 1200 u
kukurice) mitoticky méné aktivnich bunék, tzv. quiescent centre (QC)

* QC reguI,uLe_dife(enciag_i sousedicich bunek (inhibuje diferenciaci
sousednich inicial) a pri obcasném déleni doplnuje presunuté inicialy

* Spravna lokalizace a vnimani auxinového maxima jsou dulezité pro
organizaci RAM

* Vliv reaktivnich forem kysliku (ROS)
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TRENDS in Plant Science

Coudert et al. 2010



Transkripéni faktor WUSCHEL-RELATED HOMEOBOX5 (WOX5)

SHR
auxin ,l,

SN

PLT1 <%= WOX5

.cmq‘{ T \'cvcns;‘.'.
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P 80 a®

cytokinin

Arabidopsis meristemati
zone organization and
regulation of WOX5
expression in the QC.
(A) Schematic representatic
an Arabidopsis meristemati
zone. The stem cell niche
(outlined in black) contains
QC cells (red), the
cortex/endodermis initials
(green), stele initials (orang
lateral root cap/epidermis
initials (purple), and CSCs
(blue). ep, epidermis; c, cort
en, endodermis; LRC, latera
root cap; CC, columella cells
Gray dots indicate starch
granules. (B) Regulational
model highlighting the com
interplay of phytohormones
TFs and signaling peptides
on WOX5 expression levels
domain. Arrows indicate
positive, barred lines indica
negative regulations.

http://journal.frontiersin.org/article/10.3389/fpls.2015.00505/full



A .
Quiescent Centre Cell WOX5
WOXSs Pluripotency
>
‘\Ch;omatin
Adaptor CDF4
! WOX5 ! g r—>

Qtem Cell /
5 )

Differentiation

Differentiated Daughter Cell CDF4

http://phys.org/news/2015-05-biologists-roots-stem-cells.html

Where the concentration of WOX5 is high enough, the stem
cell niche is able to maintain pluripotent stem cells. Where the
concentration of WOX5 is too low, the concentration of CDF4
rises and the cells differentiate into root tissue.



Epidermis | Pericycle

Vascular
Cortex strand

Root hair

High cytokinin
Low auxin

AiJXin‘ ; /* LE:
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> RR1
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SHY2 ——| PINs
AT AT

\RR7// ¥/ ‘Cytokinin

High auxin
Low cytokinin

Oldroyd GED, et al. 2011.
Annu. Rev. Genet. 45:119-44

>\ ;.-—' . ?
\mﬂ 5 signaling

Root cap

auoz uonebuo|z au0Zz uonenuaIAYIa

WIJSLIdW |ewixold

aydiu
1122 wais

Lateral root initiation

PINs

|

\
s Localized
Cytokinin— high auxin ‘
| f‘ |
v |

| Auxl

The roles of auxin and cytokinin during root meristem develop
The root apical meristem is divided into the stem cell niche where t
quiescent center resides, the proximal meristem where cell divisior
the elongation zone where cells expand, and the differentiation zon
the specialized structures of cells emerge. As a result of auxin
transporters (PINs), auxin traverses down the root and accumulat
the tip in the region of the stem cell niche. A cycle of auxin flow is
apparent in the proximal meristem region but reduced in the elongze
zone, likely through cytokinin suppression of PINs. A gradient of
importance of cytokinin and auxin is established with high auxin at
stem cell niche and high cytokinin signaling at the transition zone b
the proximal meristem and the elongation zone. This gradient is
maintained at least in part through antagonisms between auxin anc
cytokinin that are facilitated by auxin induction of RR7 and RR15 (t
suppress cytokinin signaling) and cytokinin induction of SHY2 (that
PIN expression). In lateral roots, localized accumulations of auxin i
pericycle mark the site where the lateral root emerges. Cytokinin c:
suppress lateral root emergence by blocking the localized accumul
of auxin, probably through the suppression of PINs.




Lateral Root Cap

Epidermis

Cortex

Endodermis

Stele

Cortex’Endodermis Stem Cells
Quiescent centre

Columella

eart Stage Embryo

Perilli et al

MERISTEM GROWTH

3 dpg

Y e o S
Tan = - —_— o i - -
\"’"‘"G"ﬂr.;uu = = S -

D
CELL
DIVISION

CELL
RENTIATION

CELL

DIVISION

CELL

Arabidopsis root meristem development
and growth. Schematic illustration of
Nomarski differential contrast interference
images showing tissue organization in the
heart stage embryo and developing root
meristem of Arabidopsis. (Left) Embryonic
fate map highlighting the origin of the root
meristem. Different tissues are represented
in false colors, as indicated in the legend.

(Right) Diagram representing post-
embryonic root meristem growth over time.
At early stages of root development (3 days
post-germination, dpg), root meristem size
(represented by the white arrowhead) rapidly
increases because of a prevalence of cell
division over cell differentiation, thus allowing
growth of the root meristem. At 5 dpg, final
root meristem size (white arrowhead) is
achieved by an increase in the rate of cell
differentiation that equals the rate of cell
division. This balance will be maintained for
all the plant lifespan, ensuring continuous
root growth. SCN, stem cell niche; PM,
proximal meristem; EDZ,

DIFFERENTIATIONelongation/differentiation zone; TZ, transition
Current Opinion in Plant BiologZONE.



‘:’ Vascular Initials

. Cortex/ Endodermal Initials (CEI)

D Quiescent Center (QC)

o

‘:’ Epidermal/ Lateral Root Cap Initials

D Columella Initials

Current Opinion in Plant Biology

Sozzani and lyer-Pascuzzi 2014

Schematic of a longitudinal section of the
Arabidopsis root tip with each stem cell type
differentially colored. Inset: asymmetric cell
division of CEI. The combinatorial action of
auxin, SHR and SCR restrict ACD in space and
time by activating CYCDG6. Auxin acts
downstream of SHR and SCR in augmenting
CYCDG6 expression. CYCD6 together with a
heterodimeric partner cyclin-dependent kinase
(CDK), through phosphorylation, inhibits the
activity of RBR. RBR represses CEl division by
forming a ternary complex with SHR and SCR.



Korenové viasky

* VVznik z bunék rhizodermis =
trichoblastl (atrichoblasty = bunky, ze
kterych nevznikaji kofenoveé viasky

* Nejdriv viditelné jako malé ,,zdureni”
apikalni strany podlouhlé pokozkove
bunky

* Pak vrcholovy rust podobny rustu
pylové lacky
* Proces vyzaduje gradient Ca?*,

transport vacku GA a fuzi vacku s
plasmatickou membranou

[ Trichoblast
[] Cortex

(] Endodermis
[] stele



RE 5. Schematic representation of the cytoarchitecture within the growing root hair apex. The tip is

‘'with membrane-bound vesicles originating from the ER and Golgi apparatus delivering new cell wall material to

wing tip. Together with endocytotic vesicles that are formed at the extreme tip they display a reverse fountain .

ing. ROP proteins are predominantly localized to the tip, together with hyperpolarization-activated Ca2+-ATPases Balcerowicz et al. 2015
\DPH oxidases. The latter are responsible for the formation of a tip-focused calcium and ROS gradient (yellow

1t). A tip-focused pH gradient is also present. Microtubules (red lines) run along the length of the hair and control

I’'s growth direction, whereas actin cables (green) allow for polar vesicle trafficking.
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http://journal.frontiersin.org/article/10.3389/fpls.2015.01163/full

*< Endocytic vesicles



Tvorba lateralnich korenu

7 pericyklu (mezi endodermis a cévnimi svazky)

e Bunky pred xylémovymi poly (Pericycle Founder Cells, PFCs) jsou
blokovany v G2 fazi bunécného cyklu a pozdéji mohou znovu spustit
cyklus a tvorit postranni koreny

* Bunky pred floémovymi poly nejsou schopny tvorit postranni koreny

Lateral root development (LRD) is initiated when pericycle cells which > A A O m. Y
are adjacent xylem pole cells become primed to form founder ‘ :
cells, which have a different developmental fate from the parent cells. [ T E
This process takes place behind the root apical meristem (RAM) in the 1

basal meristem and is dependent on both temporal oscillations of

auxin and a mechanical stimulus.(Johnstone, 2011.Péret, Rybel et { H HH Ui

al, 2009 ' 11 U

Lateral r)oot primordia (LRP) develop through the endodermis 1

cortex and then epidermis in 8 conventional stages. In stage | ‘ l
event of LRD, 2 pericycle founder cells undergo simultaneous ' g ' % ' =

polarized asymmetric divisions, daughter cells continue to divide | L 1
accompanied by a series of mitotic divisions by flanking pericycle .
cell files. Following radial expansion, central daughter cells divide
periclinally, creating a primordium consisting of an inner and \
outer layer, this stage of development is termed stage Il. After " J {
stage ll, the root divides periclinally and anticlinally until a dome '
shape is formed and the primordium emerges. -
(Johnstone, 2011.Péret, Rybel et al, 2009) [l L




V0iv auxinu na tvorbu lateralnich korenu

I Stele

B Pericycle

Z Endodermis

B Cortex

E Epidermis

B Auxin maximum




Priklad zmeény cévnich svazku v

hypokotylu - diarchni radialni cevni
svazek korene se méni v kolateralni

cévni svazky stonku.

Priklady usporadani cévnich svazku v
koreni, hypokotylu a stonku
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Cévni svazekv koreni: tetrarchni diarchni

diarchni

tetrarchni




http://phys.org/news/2015-05-biologists-roots-stem-cells.html
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Biologists demonstrate how signals in plant roots determine the activity of stem cells

May 28, 2015, University of Freiburg
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