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+ Radikula
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Osnova prednasky

Anatomicka stavba korene

+ Vrchol korene
5 Apikdlni meristém korene
- KoFenovad cepicka
+ Primdrni stavba korene
Pokozka a korenové vlasky
Primdrni kdra
» Endodermis
= Hypodermis a exedermis
Stredni vélec
= Pericykl
= Xylém
» Floém
+ Sekunddrni stavba korene
> Kambium a jeho derivaty
- Felogén a jeho derivaty
+ Prehled stavby korene dvoudeloznych rostlin
+ Prehled stavby korene jednodeloznych rostlin
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Osnova prednasky

Specializované typy kofend

+ Vzdusné koreny

+ Zdsobni koreny

+ Kontraktilni koreny

« Chadovité a tabulovité koreny
+ Pneumatofory

+ Proteoidni kereny

+ Mykorhizy

+ Korenové hlizky

+ Haustoria



Zakladni charakteristika korene

ukotveni rostlin v pudé (+ epifyty, lithofyty)
prijem vody a zivin

zasobni funkce

synteticka funkce (cytokininy, ABA, gibereliny)
cetné symbioticke interakce

monopodialni vetveni, endogenni zakladani
postrannich korenu v pericyklu

neclankovany organ
nikdy nenese listy
> pozitivhe gravitropicky



Zakladni typy kofenovych systému

Pteridophyta: primarni homorhizie

Pinophyta (Gymnospermae) + Magnoliopsida +
Rosopsida: alorhizie

Liliopsida: sekundarni homorhizie

vSechny vegetativhé rozmnozené rostliny: sekundarni
homorhizie

homorhizni korenové systemy— adventivni koreny:
koreny ktere vznikly v jiné Casti rostliny nez v mladych
oblastech primarniho kofene a z néj vyrustajicich
bocnich kofenu



rimarni homorhizie u Pteridophyta

Haploid
metophyte
Haploid
Spores

Sporangium Sorus
withim

SOrus



Alorhizni korenovy systém

cot deloha

hc hypokotyl

plu plumula
rad radikula

sSco osemeni

Podélny fez zralym
semenem kokosky
pastusi tobolky (Capsella
bursa-pastoris L.).
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Alorhizni korenovy system

pr primarni korfen

Primarni seminalni kofen vyruastajici z kliciciho
semene soji lustinaté (Glycine max (L.) Merr.).
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Alorhizni korenovy system

tr hlavni koren
Ir bo¢ni koren

Alorhizni kofenovy systém mladé rostliny fazolu
obecného (Phaseolus vulgaris L.).

radikula — seminalni (primarni) kofen —
hlavni (primarni) koren
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Alorhizni korenovy system

tr hlavni koren
Ir boc¢ni koren

Alorhizni kofenovy systém sesbanie (Sesbania
rostrata Bremek. & Oberm.). S podékovanim Hiroyuki
Daimon, Osaka Prefecture University, Japonsko.

Alorhizni kofenovy systém je tvoren
hlavnim kofenem, z néj vyrustajicimi
boCnimi (postrannimi, lateralnimi) kofeny, z
nichZ mohou postupné vyrastat bocni
kofeny nizSich fadu.

to Plant Anatomy
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Sekundarne homorhizni korenovy systém

crh koleorhiza
rad radikula
rc korenova ¢epicka

Radikula ve zralém embryu pSenice seté
(Triticum aestivum L.).
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Sekundarné homorhizni kofenovy systém

crh koleorhiza
rad radikula

Radikula v obilce kukufrice
(Zea mays L.).
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Sekundarné homorhizni kofenovy systém

pr primarni kofen
rh korfenovy viasek

Primarni seminalni kofen mladé rostliny
kukufice seté (Zea mays L.).
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Sekundarné homorhizni kofenovy systém

ar adventivni kofen
pr primarni kofen

Pocatecni faze vyvoje homorhizniho
kofenového systému, mlada rostlina kukufrice
seté (Zea mays L.).

Primarni koren posléze béhem zivota
rostliny zanika.
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Sekundarne homorhizni korenovy system

ar adventivni koren
Ir boc¢ni koren

PIné vyvinuty homorhizni kofenovy systém
dospélé rostliny kukufice seté (Zea mays L.).
Pfevzato z Wurtzelatlas (Kutschera 1960).
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Sekundarne homorhizni korenovy system —
vegetativne rozmnozene rostliny

ar adventivni koreny

Homorhizni kofenovy systém tvofici se
na stonkovém fizku pelargonie paskaté
(Pelargonium zonale (L.) L'Hér. ex Aiton).



../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm

Podelna zonace korenoveho apexu

Xylem Phloem

Endodermis
Rhizoderm

Procambium

z Lo Zone of cell < B &l = :
Zona b Zrani maturation C‘ﬁ o : &@ poot
6;::}__-_-____-- 2 % hairs
—k E ] g Cortex
4 Zone of cell — B g
zéna b. elongation E Protoderm
prodluzovani 5
W a— — Ground
g a meristem
ol =

ﬁr:v:-:-:]_

Zéna b délenl’ Zone of cell

division

Root apical
meristem

Quiescent
center

kofenova Cepicka Root cap ————

B Fig. 10.3 a Diagram of a root tip. The root cap and three zones of
differentiation (division, elongation, and maturation) are labeled to the left.
The four meristems (RAM, procambium, ground meristem, and protoderm) are
labeled to the lower right. The six mature tissues (cortex, root hairs, rhizoder- Anatomy
mis, endodermis, xylem, and phloem) are labeled to the top right. (Redrawn
from Crang and Vassilyev 2003)

b

Plant




Primarni anatomicka stavba korene —
apikalni meristem korene (RAM)

2 T | 3 » "4. - ! ‘ _—
| ‘ [ah = ) ac apikalni bufika
e ' gm zakladni meristém
pcam prokambium

ptd protoderm
rc korenova ¢epicka

Podélny fez stfedem vrcholu kofene
kapradiny rodu Azolla.

Vytrusné cévnaté rostliny:
>> jedna iniciala (apikalni
bunka), tetraedr
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Primarni anatomicka stavba korene —

otev

Fenytyp

RAM

gm zakladni meristém

pcam prokambium

perc hranicni bunky

ptd protoderm

rcb hranice korenove Cepicky
sg Skrobova zrna

Apikalni meristém kofene hrachu setého
(Pisum sativum L.) - otevieny typ
apikalniho meristému.

Neni zretelna hranice mezi vlastnim
kofenem a kofenovou Cepickou.

Semenné rostliny.
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Primarni anatomicka stavba korene —
uzavreny typ RAM

cal kalyptrogen

gm zakladni meristém
pcam prokambium
ptd protoderm

rc korenova Cepicka
rcb hranice korenove

cepicky

Podélny fez stfedem
_ vrcholu kofene
A 4]/ Kkukufice seté (Zea
A2, mays L.) - uzavieny
—~ typ apikalniho
meristému = zfetelné
oddeélena korfenova
Cepicka od vlastniho
kofene.

.
. s
. &
» : ]

Semenné rostliny.
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Primarni anatomicka stavba korene —
uzavreny typ RAM + QC (klidove centrum)

pcam . / cal kalyptrogen

gm zakladni
meristém

pcam prokambium
ptd protoderm

rc korenova Cepicka
qc klidoveé centrum

Podélny fez stfedem
vrcholu kofene
kukufice seté (Zea
mays L.) - uzavieny
typ apikalniho
meristému. Aktivné
mitoticky se délici
buriky jsou oznaceny
inkorporaci
radioaktivné
znaceného prekurzoru
DNA (Cerné zbarvena
jadra).
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Primarni anatomicka stavba korene —
korenova cepicka

mu mucigel
perc hranicni bunky

rc korenova Cepicka

Spicky seminalnich
kofenu kukufice seté
(Zea mays L.).
Kofenové CepiCky
produkuji mucigel a
oddéluji hrani€ni

. bunky.

Mucigel:
exocytozou, ze
sekrecnich
vezikli GA
(volného TGN).
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Primarni anatomicka stavba korene —
korenova cepicka

~ap amyloplast
cal kalyptrogen

clm sloupek
perc hranicni bunky

Podélny medianovy fez kofenovou Spickou lilku
rajCete (Solanum lycopersicum L.).

Sloupek tvofeny statocyty obsahujicicmi
statolity (velka Skrobova zrna) je mistem
zajistujicim pozitivné gravitropicky rist kofene.

ER — Ca?* - polarni transport auxinu PIN
proteiny — omezeni prodluzovani bunék kofene
v misté zvySené koncentraci auxinu
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Bot‘aﬁy American Journal of Botany 100(1): 126-142. 2013

GRAVITY SENSING AND SIGNAL TRANSDUCTION IN
VASCULAR PLANT PRIMARY ROOTS!

Karnerine L. BaLpwin, Avvison K. Stronm, anp Patrick H. Masson?

Laboratory of Genetics and Program of Cellular and Molecular Biology, University of Wisconsin-Madi
Madison, Wisconsin 53706 USA

n, 425G Henry Mall,

During gravitropism. the potential energy of gravity is converted into a biochemical signal. How this transfer occurs remains
one of the most exciting mysteries in plant cell biology. New experiments are filling in pieces of the puzzle. In this review, we
introduce gravitropism and give an overview of what we know about gravity sensing in roots of vascular plants, with special
light on recent papers ‘When plant roots are reoriented sideways, amyloplast resedimentation in the columella cells is a key initial
stepin gravity sensing. This process somehow leads to cytoplasmic alkalinization of these cells followed by relocalization of auxin
efflux carriers (PINs). This changes auxin flow throughout the root, generating a lateral gradient of auxin across the cap that upon
transmission to the elongation zone leads to differential cell elongation and gravibending. We will present the evidence for and
against the following players having a role in transferring the signal from the amyloplast sedimentation into the auxin signaling

cascade: mechanosensitive ion channels, actin, calcium ions, inositol trisphosphate, receptors/ligands, ARGI/ARL2, spermine,
and the TOC complex. We also oulline auxin transport and signaling during gravitropism.

Fig.2. Flow of events following gravistimulation of an Arabidapsis root. The top of the figure shows time zero when the scedling is rotated 90°. Note
that the time scale is nonlinear. The heat-map ribbons depict the degree of change of the listed parameters. The sources that inspired these generalizations
nce of the top amyloplast from the new bottom of the cell in Was Arabidopsis (Stanga et al., 2009; fig. 6C). (B) Columella cell

j sitive dye (Fasano et al., 2001: fig. SE). This cytoplasmic pH change is accompanied by an extracellular apoplastic
2001; Monshausen et al., 2011). (C) PIN3 or PINT was scored on its polar vs. nonpolar loc: jon from various
r\d by ﬁg 5 of Friml et OO"h] who used antibo

between the upper and lower si
fig. 7A). Note that the rate of root curvature

p angle was inspired by Lewis et

s. Root insets: Flow of auxin according 1o the ret J
fountain model (Swarup and Bennett, 2003) is shown in vermilion arrows. Thicker arrows indicate more flow. The ive auxin concentration in cells is
shown in orange. Columella cells of the root tip are shown in green. Amyloplasts are shown as black circles. The nuclei and ER are shown in lighter green.
The localization of PIN3 and PINT are diagrammed as a purple outline on the plasma membrane of the columella cells. The alkalinization of the cytoplasm
of the columella cells is diagrammed as blue.




Primarni anatomicka stavba korene —
diferencovana trvala pletiva

en endodermis

ep pokozka

ex exodermis
m-co stredni kortex
pe pericykl

vc stredni valec

Pficny fez adventivnim
kofenem Cesneku cibule
(Allium cepa L.).

zakladni zonace:
— kryci pletiva

( z protodermu)

— primarni kura
(ze zakladniho
meristému)

— stredni valec
(z prokambia)
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Primarni anatomicka stavba korene —
rhizodermis

A

rh korenoveé vlasky

Kofenoveé vlasky na seminalnim primarnim
kofeni pSenice seté (Triticum aestivum L.).

2 i gt

Kofenové vlasky — absorp¢€ni trichomy.

Rhizodermis, syn. kofenova epidermis.
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Primarni anatomicka stavba korene —
rhizodermis

ep pokozka
rh korenovy viasek

- rhizin

Formovani

(l » ak ‘/ N 4 s 7 o
rh /i’h . ___——u | kore’nvovych vlasku

: - prieS LN T ; pobliz vrcholu

ep \ PR et e korer)e’JabIone

- P Bt v S S L domaci (Malus
PP \ __ domestica Borkh.)

z trichoblastu.

. Atrichoblasty —
l' vznikaji z néj bunky
, rhizodermis
s ~ T netvorici kofenovy
' vlasek.



../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm

Primarni anatomicka stavba korene —
rhizodermis

rh korenoveé vilasky

Kofenové vilasky na
kofeni Fouquieria
splendens Engelm.
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Primarni anatomicka stavba korene —
velamen

ex exodermis
m-co stredni kortex

~ vel velamen

Vicevrstva pokozka
(velamen) na povrchu

. kofene femenatky
~ (Clivia nobilis Lindl.).
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Primarni anatomicka stavba korene —
primarni kura (kortex)

en endodermis

ep pokozka
m-co stredni kortex

mx metaxylem
ph floém
pX protoxylém

Pricny fez kofenem samorostliku
bilého (Actaea pachypoda Elliot).
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Zonace primarni kury (kortexu)

orientaCni stratifikace: vnéjsi, stfredni a vnitrni kortex
endodermis

hrani¢ni vrstva primarni kury, sousedi se stfednim valcem, vzdy jednovrstevna

diferencuje se zahy za apexem kofene — vyznamna fce v pfijmu latek —
endodermalni skok

|. (Casparyho prouzky), Il. (suberinové lamely) a lll. vyvojova faze (sekundarni
tloustnuti BS)

+ ochrana proti patogentiim

stredni kortex

typicky parenchymaticky Ci aerenchymaticky

hypodermis

na periferii kortexu, vicevrstevné mechanické pletivo (sklerifikujici!)
slozena hypodermis: hypodermis + exodermis

exodermis

vrstva bunék analogicka k endodermis, ovéem na periferii primarni kary



Primarni anatomicka stavba korene —
primarni kura (kortex)

N

Q=’Pe
~en
T

14
A\

m-Co

en endodermis
ep pokozka
ex exodermis
m-co stredni
kortex

p dren

pe pericykl

ph floem

X xylem

Pficny fez
adventivhim
kofenem
kukufice seté
(Zea mays L.).
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Primarni anatomicka stavba korene —
endodermis

)
1 S —
“1 VT‘ . epidermis

Il e = R
[ vascular J Sk s el
114 eylindar / SESEEEE,

a) apoplasticky transport

f] con b) symplazmicky transport

Casparian Endodermis wih
ﬁtl'ip' ; & Casparian § ]
E Pancycls

PATHWAY A: ALONG CELL WALLS
AND INTERCELLULAR SPACES
ARQUND PROTOPLASTS

Water flows; solules mowve with the

radial cell wall

PATHWAY B: THROUGH CELLULAR MEMBRANES AND
LIVING CELLS

e Water and solules can move
b rom cefl 1o call via plasmodesmata



Primarni anatomicka stavba korene —
endodermis v |. etape vyvinu

« Johann Xaver Robert Caspary 1865
— Casparyho prouzky/Casparian strips (bands)
« CP = 1. etapa vyvinu endodermis
« depozice lignosuberinu do primarni neztloustlé BS
« approx. 1/3 délky antiklinalnich BS
» plazmalema (PM) lokalné bez plazmodezmat
» odliSné domény PM na centralni (ke stélé prilehlé) a periferni strané

« CP oddéluji apoplasticky prostor ve stélé od apoplastického prostoru
kortexu (kofenovy vztlak, plnéni floému, odstrafiovani kavitace xylému)

« ochrana proti patogenum a herbivorim
» paskova plazmolyza

— ,ukotveni“ PM k BS v misté CP - “Casparian strip membrane domain - CSD” —
“zone of protein exclusion ”



Primarni anatomicka stavba korene — kortex
— endodermis, |. etapa, Casparyho prouzky

Cb Casparyho

rouzek
en endodermis

ex exodermis
m-co stredni kortex
vc stredni valec

Casparyho prouzky
- . etapa vyvoje jak
endodermis, tak
exodermis v koreni
horce tolitovitého
(Gentiana
asclepiadea L.).
Fluorescencni
mikroskopie.



../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm
../../../../anatomy disk zaloha/plant_anatomy/plant_organs/glossary/glossary_cz.htm

Primarni anatomicka stavba korene — kortex
— endodermis, |l. etapa, suberinove lamely

en endodermis
m-co stredni kortex
p dren

pe pericykl

ph floém

X Xxylém

Suberinové lamely -

Il. etapa vyvoje
endodermis v kofeni
okurky seté (Cucumis
sativus L.). Fluorescenéni
mikroskopie kombinovana
s technikou svétlého pole.
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Primarni anatomicka stavba korene — kortex
— endodermis, lll. etapa, U-forma

en endodermis
is mezibunécny
prostor

i-co vnitini kortex
p dren

 pe pericykl

ph floem

" X xylém

_ Sekundarni tloustnuti
bunécnych stén -

lll. etapa vyvoje (U-
forma) endodermis
v seminalnim koreni

. Ciroku obecného
" (Sorghum bicolor (L.)
Moench).
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Primarni anatomicka stavba korene — kortex
— endodermis, lll. etapa, O-forma

% en endodermis
~i=co vnitfni kortex
mx metaxylem

pe pericykl

pc propustna burka
ph floem

pX protoxylém

. sg skrobova zrna

Sekundarni tloustnuti
bunécénych stén -

lll. etapa (O-forma)
vyvoje endodermis

v kofeni pryskyrniku
prudkého (Ranunculus
acris L.).
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Primarni anatomicka stavba korene — kortex
— hypodermis

en endodermis

ep pokozka

h hypodermis
m-co stredni kortex

mx-e Casny
metaxylem
mx-l pozdni
metaxylem

p dren

ph floém

pe pericykl
px protoxylem

Pricny fez
adventivnim kofenem
troskutu prstnatého
(Cynodon

dactylon (L.) Pers.).
Autofluorescence.
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Primarni anatomicka stavba korene —
exodermis (l. faze)

Cb Casparyho
prouzek

ep pokozka
ex exodermis

m-co stredni kortex

Exodermis v periferni
Casti kofene Cesneku
cibule

(Allium cepa L).
Fluorescencni
mikroskopie.
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Primarni anatomicka stavba korene —
slozena hypodermis
. A T

ep pokozka
ex exodermis

h slozena hypodermis
0-co VnE&jSi kortex
scl sklerenchym

SloZena hypodermis v
periferni Casti
adventivniho kofene
rakosu obecného
(Phragmites

australis (Cav.)

Trin. ex Steud.).
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Primarni anatomicka stavba korene — ®
vrstva

en endodermis

ep pokozka

m-co stredni kortex
ph floém

phi fi-vrstva

X Xxylém

Pricny fez kofenem
treSné ptaci

' (Cerasus avium (L.)

Moench).
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Primarni anatomicka stavba korene — skl ve
vhitrnim kortexu

Pricny fez adventivhim kofenem monstery nadherné (Monstera deliciosa).



Primarni anatomicka stavba korene — skl ve
vhitrnim kortexu

Pricny fez adventivhim kofenem monstery nadherné (Monstera deliciosa).




Primarni anatomicka stavba korene — skl ve
vhitrnim kortexu

Pricny rez adventivnim korenem monstery nadherné (Monstera deliciosa, Liliopsida)



Primarni anatomicka stavba korene —
primarni kura

en endodermis

ep pokozka

ex exodermis

lac lakuna

m-co sitredni kortex
vec stfedni valec

Pficny fez
adventivhim
kofenem sitiny
rozkladité (Juncus
effusus L.).
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Hypodermis FIGURE 20.41 Aerenchyma formation in maize
roots in response to hypoxia. Roots were grown
under aerobic (A) and hypoxic (B) conditions. Under
low-oxygen conditions, cortical cells between the
endodermis and hypodermis undergo lysigeny fo
form air spaces that are continuous throughout the
root, allowing submerged roots to access atmospheric
gases obtained by above-ground tissues. Aerenchyma
formation is influenced by agonists and antagonists
of signal transduction pathways. The Ca** chelator
EGTA prevents aerenchyma in maize roots under
hypoxic conditions (C), whereas the G-protein
activator GTPy-S (D) and the protein phosphatase
inhibitor okadaic acid (E) induce aerenchyma
formation under aerobic conditions.

Source: (A-E) He et al. (1996). Plant Physiol.
112:463-472.

Endodermis

Aerenchyma

_ Normoxic +
Hypoxic + EGTA Normoxic + GTPyS okadaic acid

‘Lyzigenni aerenchym
*Etylén

BIOCHEMISTRY &
MOLECULAR BIOLOGY
OF PLANTS




Stredni valec
*pericykl
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Plant B Fig. 10.7 a-dImages of a a triarch stele in a buttercup (Ranunculus acris) root, b tetrarch buttercup stele, ¢ pentarch

buttercup stele, and d polyarch asparagus (Asparagus officinalis) stele with multiple individual groupings of xylem.
PX, protoxylem; MX, metaxylem. Scale bars = 100 pm in all panels. (a—d RR Wise)

Anatomy




Primarni anatomicka stavba korene —
stredni valec dvoudelozné rostliny

" en endodermis
- m-co stredni kortex

mx metaxylem

"

- pe pericykl
&k, ph floém
»ege

-
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pXx protoxylém
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Primarni anatomicka stavba korene —
stredni valec dvoudelozné rostliny

cmxv centralni

metaxylémova céva
en endodermis

ep pokozka

m-co siredni kortex
mx-l pozdni
metaxyléem

pc propustna bunka
pe pericykl

ph floem

px protoxylem

Pricny fez kofenem
okurky seté (Cucumis
sativus L.).
Fluorescencni
mikroskopie
kombinovana s
technikou svétlého
pole.
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Primarni anatomicka stavba korene —

Pricny fez seminalnim kofenem bobu setého (Vicia faba).




Primarni anatomicka stavba korene —
stredni valec jednodélozné rostliny
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e, (DTN en endodermis
\ ep pokozka

h hypodermis
m-co siredni kortex
mx-e rany

& metaxylém

A mx-l pozdni
metaxylem

p dren

pe pericykl

ph floém

px protoxylem

rh korenovy viasek
scl sklerenchym

Pricny fez

adventivhim
kofenem ¢iroku
obecného
(Sorghum
bicolor (L.)
Moench).
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