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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
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+ 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 interkace

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: homorhizie

homorhizni korenové systemy— adventivni koreny:
koreny vznikajici na 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
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Psilotales
Ophioglossales
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Equisetopsida
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Annual Plant Reviews (2013) 45, 115-140 http: // onlinelibrary.wiley.com
doi: 10.1002/9781118305881.ch4

Reviews

EVOLUTIONARY MORPHOLOGY
OF FERNS (MONILOPHYTES)

Harald Schneider

Department of Botany, Natural History Museum, London, UK

Figure 4.4 Evolution of embryos in vascular plants, plotted onto a phylogenetic
hypothesis proposed by Pryer et al. (2001). The graphics have been redrawn from
descriptions of fern embryos obtained in studies carried out in the nineteenth and
twenty-first centuries (Guttenberg 1965; Bierhorst 1971). The examples were chosen to
represent the variation among lineages of vascular plants. In lineages with considerable
variation such as Ophioglossales, the chosen example represents the majority of embryos
described so far. As an example, in the Ophioglossales embryos of closely related species
may differ in the absence/presence of a suspensor, size of the foot, and the geometry of
the embryo. In other lineages, for example, Polypodiopsida, the variation among
described embryos is limited and embryo shown likely represents the ancestral state of
the lineage. The bipolar embryo of seed plants is unique and characterized by the
absence of a foot, which likely coincides with the evolution of seeds. Among seed plants,
the embryo structure can be very different but the bipolar structure is one of the
apomorphic characters of the seed plant lineage. Note: the embryos are not shown at the
same stage of their development and are not shown proportionately.

Figure 4.4 (Continued) It is important to note the high level of variation supporting the
notion of limited conservation of embryology in the early diversification of ferns. It is
interesting to note the distinctive embryos of the Equisetopsida and Psilotales, suggesting
substantial changes in their early ontogeny that likely contributes to their distinct body
plans. Putative shared synapomorphies are plotted on some deeper nodes. Roots
originated either before the split of lycophytes and trimerophytes or evolved at least
twice. Lycophylls and euphylls are two independent events in the evolution of vascular
plants. SAM, black star—shoot apical meristem; RAM, open star—root apical meristem; F,
foot; S, suspensor; dark central area of embryos—vascular tissue—embryo axis. Simple
arrows indicate lineages, open arrows indicate putative origins of structures.



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.
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Sekundérné 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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Homorhizni korenovy system — vegetativne
rozmnozeneé rostliny

ar adventivni koreny

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

Endodermis
c——t ? =——— Rhizoderm
Zone of cell < Q_—ﬂi o : -
maturation R:E -
( 8 : Cortex
-
Zone of cell — B
elongation o Protoderm
[ 5 Ground
8 meristem
B Procambium
Zone of cell 5
division (
Root apical
\ TS meristem
Quiescent
Root cap center
S

D 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 Plant
labeled to the lower right. The six mature tissues (cortex, root hairs, rhizoder-
mis, endodermis, xylem, and phloem) are labeled to the top right. (Redrawn
from Crang and Vassilyev 2003)

Anatomy




Primarni anatomicka stavba korene —
apikalni meristem korene (RAM)

“\ 3 > ) e . 4 —
| “ RS SN  ac apikalni buiika
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),
tetragonalni tvar
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Primarni anatomicka stavba korene —
apikalni meristem korene (RAM)

7 _,1' Structures of fern and lycophyte root
apical meristems (RAMs)

Like SAMs, root apical meristem types also vary across vascu-
lar plants. However, RAMs show a wider variety of structures
than SAMSs. Median longitudinal sections of a fern, Hypolepis
punctata (Thunb.) Mett. ex Kuhn (Dennstaedtiaceae), and a
lycophyte, Huperzia serrata (Thunb.) Trevis. (Lycopodiaceae),
are shown in A and B, respectively.

In Hypolepis punctata RAM, the tetrahedral apical cell is
very apparent, and merophytes of different size are regularly
arranged around the apical cell, indicating that all cells of the
root, including root cap cells are derived from the apical cell
(A). In contrast, Huperzia serrata RAM have a layered
organization rather than a single apical cell (B). It appears
that the epidermis, cortex, central cylinder, and root cap
have independent initial cells.

Atlas
of Plant Cell
Structure




Primarni anatomicka stavba korene —
apikalni meristem korene (RAM)

Structures of fern and lycophyte root
apical meristems (RAMs)

Like SAMSs, root apical meristem types also vary across vascu-

—{ lar plants. However, RAMSs show a wider variety of structures
~ 4 than SAMSs. Median longitudinal sections of a fern, Hypolepis
punctata (Thunb.) Mett. ex Kuhn (Dennstaedtiaceae), and a
lycophyte, Huperzia serrata (Thunb.) Trevis. (Lycopodiaceae),
are shown in A and B, respectively.

In Hypolepis punctata RAM, the tetrahedral apical cell is
very apparent, and merophytes of different size are regularly
arranged around the apical cell, indicating that all cells of the
root, including root cap cells are derived from the apical cell
(A). In contrast, Huperzia serrata RAM have a layered
organization rather than a single apical cell (B). It appears
that the epidermis, cortex, central cylinder, and root cap
.~ have independent initial cells.

Atlas
of Plant Cell
Structure




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.
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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
kukufice seté (Zea
mays L.) - uzavieny
typ apikalniho
meristému = zfetelné
oddélena kofenova
Cepicka od vlastniho
korene.
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Primarni anatomicka stavba korene —
uzavieny typ RAM + QC
. | b

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). S
podékovanim L.
Feldman, UC Davis,
Berkeley, USA.
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FIGURE 11.27 Mitotic activities in the root apical meristem. (A) A longitudinal section through the root apex of Arabidopsis, as viewed by
light microscopy. Patterns of mitotic activity are visualized by the activity of a CYCLIN-GUS fusion protein produced exclusively in mitotic
cells. (B) Patterns of DNA synthesis in growing Arabidopsis roots. Roots were grown in a solution of radioactive thymidine, which was
incorporated into the newly synthesized DNA. The longitudinal section was exposed to a photographic emulsion, and white spots represent cells
with newly synthesized DNA. Reduced cell proliferation can be seen in the quiescent center (QC), the dark void in the center of the root. (C) A
promoter:GFP reporter line highlighting cells of the root QC (green). (D) Organization of the root stem cell niche. Arrows indicate how stem cell
division produces regular vertical files of cells. Above and around the QC are the stem cells for the root tissues: lateral root cap (Lrc, purple) and

epidermis (Epi, purple), cortex (Cort, green) and endodermis (End, green), pericycle (dark brown) and vascular tissue (light brown). Below are the

stem cells for the central portion of the root cap (pink). WoLECULAR BoL0GY
Source: (A) Colon-Carmona et al. (1999). Plant J. 20:503-508. (B) O'Brien & McCully (1969). Plant Structure and Development-A Pictoral N
and Physiological Approach. Macmillan, New York.




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.

Exocytdzou z
vezikli GA.
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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 je mistem zajistujicim pozitivné
gravitropicky rast kofene.

ER — Ca?* - polarni transport auxinu PIN
proteiny — omezeni prodluzovani bunék kofene
v misté zvySené koncentraci auxinu
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B t“m  JOURSAL C American Journal of Botany 100(1): 126-142. 2013,

GRAVITY SENSING AND SIGNAL TRANSDUCTION IN
VASCULAR PLANT PRIMARY ROOTS'

Ko
=
.

10 sec

nzation

Karering L. BaLowin, Acvison K. Stronm, anp Parrick H. Masson?

20 sec Laboratory of Genetics and Program of Cellular and Molecular Biology, University of Wisconsin-Madison. 425G Henry Mall,

Madison, Wisconsin 53706 USA

Root Tip Angle

During gravitropism. the potential energy of gravity is converted into a biochemical signal. How this transfer occurs remains
one of the most exciling mysteries in plant cell biology. New experiments are filling in picces of the puzle. In this review, we
introduce gravitropism and give an overview of what we know about gravity sensing in roots of vascular plants, with special high-
light on recent papers. When plant roots are reoriented sideways, amyloplast resedimentation in the columella cells is a key i
step in gravity sensing. This process somehow leads to cytoplasmic alkalinization of these cells followed by relocalization of auxin

30 sec

Amyloplast falling
Lateral Auxin Ratio

40 sec

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, ARG1/ARL2, spermine,
and the TOC complex. We also outline auxin transport and signaling during gravitropism

50 sec

1 min

—  2min

Polar localization of PINs in columella

— 3 min

Columella cell cytoplasmic alka

4 min
5 min

—  Bmin

—  Tmin
8 min
9 min

10 min

20 min —

30 min

40 min —

50 min

1 hour

(‘_ ) 2 hour,

3 hour

Fig. 2. Flow of events following gravistimulation of an Arabidopsis 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
are cited: (A) Distance of the top amyloplast from the new bottom of the cell in Wassilewskija Arabidapsis (Stanga et al., 2009 fig. 6C). (B) Columella cell
pH as visualized by injection of a pH sensitive dye (Fasano et al., 2001; fig. SE). This cytoplasmic pH change is ied by an ct ic
pH change not shown here (Fasano et al., 2001; Monshausen et al., 2011). (C) PIN3 or PIN7 was scored on its polar vs. nonpolar localization from various
sources. The early time points were inspired by fig. 5 of Friml et al., 2002b), who used antibodies to localize PIN3. The later points were inspired by fig. 1
of Kleine-Vehn et al. (2010) ons (o PIN3 and PIN7, and also by fig. 3 of Harrison and Masson, 2008hb), who u:
Auxin concentration w g the DII-VENUS reporter from Band et al. (2012). The heat ribbon il
imulated root as shown in fig. 3B of Band et al. (2012). Root tip angle was inspired by Lewis et al
fig. TA). Note that the rate of root curvature is extremely variable depending on experimental conditions. Root insets: Flow of auxin according to the reverse
fountain model (Swarup and Bennett, 2003) is shown in vermilion arrows. Thicker arrows indicate more flow. The relative 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.

he | tion of PIN3 and PIN7 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.

4 hour

5 hour



Primarni anatomicka stavba korene —
diferencovana trvala pletiva

peE 8 0
[ ~ A ‘ 9
S

(<0

en endodermis

ep pokozka

ex exodermis
m-co stredni kortex
pe pericykl

vc stredni valec

Pfi¢ny fez adventivhim
kofenem Cesneku cibule
(Allium cepa L.).

zakladni zonace:
kryci pletiva —
primarni kdira —
stredni valec
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Primarni anatomicka stavba korene —
rhizodermis

-

rh korenoveé vlasky

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

Primarni anatomicka stavba korene —

ep pokozka
rh korenovy viasek

Formovani
kofenovych vlasku

. pobliz vrcholu

kofene jabloné
domaci (Malus
domestica Borkh.).
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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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Primarni anatomicka stavba korene —
primarni kura (kortex)

N

Q=’Pe
~en
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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

)
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- '[_._______J" I|| / FIGURE 15.10 Pathways of xylem loading of nutrients and water.

(A) Stylized transverse section of a root showing root hair, epidermis,
cortex, endodermis (End.) and stele. Pathways of nutrient and water
Root EC movement across the root are indicated as well as key transport steps
hair through plasmodesmata and plasma membranes. At the endodermis,
XPC Casparian bands block apoplastic nutrient transport. Hence nutrient
. movement must cross plasma membranes of each endodermal cell
(EC) and pass to the stele via the symplasm or transcellularly, or once
* TE effluxed from endodermal cells via the apoplast. (B) Xylem parenchyma
cells (XPC) load xylem tracheary elements (TE) through half-bordered
pits where there is a concentration of membrane transporters.
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Primarni anatomicka stavba korene —
endodermis v |. etape vyvinu

Johann Xaver Robert Caspary 1865

— Casparyho prouzky/Casparian strip (band)
« 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 apopl. 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 ”

— CASP1-5 (Casparian Strip membrane domain Protein) — pfesna lokalizace do
CSD, rany marker tvorby CSD a CP



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 -
l. etapa vyvoje jak
endodermis, tak
exodermis v koreni
horce tolitovitého
(Gentiana
asclepiadea L.).
Fluorescencni
mikroskopie.
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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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TABLE 8.5 Monomer composition of cutin and suberin.

Monomer
Glycerol 10-50% of monomers 20-60% of monomers
Unmodified fatty acids Minor (C -C_) Minor (C,-C_)
a,w-Dicarboxylic fatty acids Minor® Common and substantial (C..~vC_)
w-Hydroxy fatty acids Major (C, ~C. ) Common and substantial (C._-C_)
Mid-chain modified w-hydroxy Major Minor®
fatty acids (C-C..)
Fatty alcohols Rare and minor (C, -C_) Common and substantial (C_-C_)
Ferulate Low High

*C,—C,, dicarboxylates are major monomers in Arabidopsis and Brassica napus cutin (>50%).

oIn some cases Is substantial. Substituted dicarboxylic acids are also frequently found in suberins.
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FIGURE 8.54 Mechanisms and cellular locations of cutin and suberin assembly and deposition. The enzymes of monomer synthesis, including
acylglycerol synthesis, are thought to be localized to the ER. Polyester synthases (PS) are broadly defined as enzymes catalyzing the formation of
ester bonds between monomers, and also between putative polyester oligomers or domains. Additional enzymes may also anchor the polymers

to the cell wall (CW). Four possible mechanisms and associated routes leading from the ER to the external face of the plasma membrane are
shown (A-D). In addition, two possible mechanisms of passage of lipaphilic precursors from the plasma membrane (PM) through the apoplast to
the final site of assembly and deposition are depicted for the case of cutin synthesis (i and ii). Similar mechanisms may be operating for suberin
assembly and deposition, but are not shown. The mechanisms are not necessarily mutually exclusive, and not every possibility is shown. (A) PM-
anchoring ER domain. This could involve a spatial coupling of monomer synthesis and transport across PM. Transport may be accomplished via
an ABC transporter (ABC). (B) Cytoplasmic carrier protein. (C) Oleophilic droplets. Osmophilic particles have been observed in the outer CW
of rapidly expanding epidermis and could constitute oleophilic droplets on their way to the cuticle. These droplets could originate from ER, in a
way similar to the budding process proposed for the ontogeny of seed oil-bodies. (D) Golgi-mediated secretion vesicle mechanism. This would be a
likely possibility if polyester domains or polymers were formed in the ER or if polyesters were attached to polysaccharides inside the cell. It is also — e
possible that a polyester attachment site is added intracellularly to CW polysaccharides. Mechanisms (A) and (B) would most likely accommodate WoLECULAT BOLOGY
transport of monomers or oligomers. By contrast, mechanisms (C) and (D) could also accommodate polymer domains. (1) Unchaperoned N
movement of lipidic precursors or oleophilic droplets across the apoplast. (2) Movement of monomers, oligomers of polymers bound fo a protein )
carrier (e.g., lipid transfer proteins) or after attachment to a carrier such as a CW polysaccharide.




Primarni anatomicka stavba korene — kortex
— endodermis, lll. etapa, U-forma

en endodermis
is mezibunécny
prostor

i-co vnitini kortex
p dren

. pe pericykl

ph floém

" X xylém

_ Sekundarni tloustnuti
bunécnych stén -

lll. etapa vyvoje
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 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

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 —
(slozena hypodermis) vicevrstva exodermis

Fig. 3 Phragmites: exodermis and endodermis. (a,b) Transverse sections taken 25 mm (a) and 50 mm (b) from the tip of root grown in
well-aerated soil (root length, 80 mm; laterals emerged at 70 mm from tip), showing the relationship of the development of exodermis and
endodermis, stained with berberine - aniline blue and viewed with blue light to show Casparian bands fluorescing yellow-green. In distal region
exodermis impregnation was prominent showing Y-shaped Casparian bands (arrow) while no signs of impregnation were detected in
endodermis. The same developmental pattern was found also in roots from the water culture (bar, 100 pm).

© New Phytologist (2002) 153: 277-287 www.newphytologist.com




Primarni anatomicka stavba korene — ®
vrstva

en endodermis

ep pokozka

m-co stredni kortex
ph floem

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

AA_ 3 ‘
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 — skl ve
vhitrnim kortexu

en endodermis

mx metaxylem

par parenchym

pc propustna bunka
ph floem

pX protoxylém

scl sklerenchym

Pricny fez stfedni Casti kofene
Calibanus hookeri Trel.
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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
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Stredni valec — pocet px
polt
sjednodélozné vs.
nahosemenné a

dvoudélozné
rostliny

Exarchni zalozeni
xylému v korenech
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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)



Primarni anatomicka stavba korene —
stredni valec dvoudelozné rostliny

" en endodermis
- m-co stredni kortex
mx metaxylem
pe pericykl
ph floem
px protoxylem
vca kambium

Pricny fez kofenem
¥, hvézdnatce zubatého
b (Hacquetia

epipactis (Scop.)
DC.).
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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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kofenem ¢iroku
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Moench).
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Primarni anatomicka stavba korene —

stredni valec jednod

tliny

eélozneé ros

cmxv centralni
metaxylémova

céva

en endodermis

ep pokozka

m-co stredni

kortex

pe pericykl

floém
xylém

ph
X

PriCny fez

primarnim

seminalnim
korenem

jeCmene setého
(Hordeum

vulgare L.).
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Primarni anatomicka stavba korene —
pericykl (perikambium): latentni meristem

Pricny rez seminalnim kofenem kukurice seté (Zea mays).




Primarni anatomicka stavba korene —
pericykl — bocCni (lateralni koreny)

en endodermis
. Irp primordium
bocéniho kofene
m-co stredni kortex
mx-e rany
metaxylém
mx-l pozdni
metaxylém

pe pericykl

ph floem

px protoxylém

Pficny fez
adventivhim
kofenem ¢esneku
cibule

(Allium cepa L.).
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Primarni anatomicka stavba korene —
pericykl — bocCni (lateralni koreny)

Obrazowy priivodce
anatomil rostlin
Visual Guide

to Plant Anatomy

cmxv centralni
metaxylémova
ceva

en endodermis
ep pokozka

o h hypodermis
& Ir bocni kofen
m-co stredni

kortex

mx-e ranny

metaxylém

pe pericykl

ph floem

px protoxylem
scl sklerenchym

A Pricny fez
seminalnim
kofenem ryze
seté (Oryza

4 sativa L.)

s primordiem
boc¢niho korene.
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lateral roots arising from the central vascular

(Salix sp.)

illow

—-g A sequence of light micrographs of w

stele. Scale bar = 0.5 mm. (c—g RR Wise)
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B Fig. 10.8 h-j Root development in black willow (Salix nigra). h Very early stage in lateral root development. Two
pericycle cells (in red circle) opposite the xylem (X) arm are dividing in a periclinal plane. The endodermis (E) lies to the
outside of the pericycle. i At a later stage, the root tip is about halfway through the cortex and has developed a root cap
two cell layers thick (between arrows). j After pushing through the rhizodermis (R), the hole in the parent root is sealed
by a collar of corky cells (arrows). Scale bars =25 pm in h, 50 pmin i, and 100 pm in j. (h—j RR Wise)



Primarni anatomicka stavba korene —

sklerifikovany pericykil

en endodermis
i-co vnitfni kortex
pe pericykl

p dren

ph floém

X Xxylém

Pricny fez kofenem
bezkolence modrého
(Molinia caerulea (L.)
Moench).
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Prim. + sek. anatomicka stavba korene —
pericykl — kambium

en endodermis
m-co stredni kortex

mx metaxylem
pe pericykl

ph floém

pX protoxylém
sg Skrobova zrna

L PFiény fez kofenem

pryskyrniku prudkého
(Ranunculus acris L.).
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Primarni + sekundarni anatomicka stavba
korene — kambium

' _ 2N ) % Ry v » [TRe
- ! i - ' en endodermis
y ' S 4 LT » - ‘ (1 m-co stredni kortex
' . - “ ' ; c209Te e s <) : mx metaxylém
’“ ’ ‘o A e e YT ® ph floém
’ 7 " o 5L YA ¢ o X X px protoxylém
' Y 58 GO s ’ sg Skrobové zrno
T HARUPX B ' pe pericykl
. DGe vca kambium

, S5PhLAIT)- #¢ 4 Piicny fez kofenem
pa L G2l @ » S & v ' blatouchu bahenniho
FAS ' (Caltha palustris L.).
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Primarni + sekundarni anatomicka stavba
korene — kambium

| ppf vlakna
primarniho

A floému

=/ sph sekundarni
| floém

sx sekundarni

| xylem
. vca kambium

Pricny fez
kofenem hrachu
setého (Pisum
sativum L.).
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Primarni + sekundarni anatomicka stavba
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p dren

ph floém

prx primarni xylém
sx sekundarni
xylém

veca kambium

Pricny fez kofenem
povijnice jedlé
(Ipomoea

batatas (L.) Poir.).
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Primarni + sekundarni anatomicka stavba
korene — kambium

ep pokozka
en endodermis

m-co stredni kortex
ph floém

X Xxylém

vca kambium

» Pricny fez kofenem
slunecnice roCni
(Helianthus
annuus L.).
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Primarni + sekundarni anatomicka stavba
korene — kambium

en endodermis
m-co stredni kortex
ph floém

phi phi vrstva

vca kambium

X Xylém

Pocatek sekundarniho
tloustnuti kofene hrusné
obecné (Pyrus
communis L.).
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Sekundarni anatomicka stavba korene —
kambium + felogén

cca felogen

prph primarni floém

sph sekundarni floém
sX sekundarni xylém
vca kambium

Pricny fez sekundarné ztloustlym
kofenem FebFi¢ku chlumniho (Achilea
collina J. Becker ex Rchb.). Objem
primarni kary je zvétSovan dilata€nim
ristem doprovazenym antiklinalnimi
délenimi ve vSech vrstvach primarni
kdry.
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Sekundarni anatomicka stavba korene —
kambium + felogén

cca felogéen
co primarni ktra

phe korek

sph sekundarni floém
sx sekundarni xylém
veca kambium

Pficny fez sekundarné ztloustlym
kofenem dubu letniho (Quercus
roburL.).
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Sekundarni anatomicka stavba korene —
kambium + felogén

pd periderm
r parenchymatic

Ky paprsek

sph sekundarni
floém

sx sekundarni
xylém

vca kambium

Pozdéjsi stadium
sekundarniho
tloustnuti kofene
hrusné obecné
(Pyrus
communis L.).

Visual Guide
to Plant Anator
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ekundarni anatomicka stavba korene —

kambium + felogén

cca felogen
pd periderm

sph sekundarni floém
sX sekundarni xylém
vca kambium

Pricny fez sekundarné
ztloustlym kofenem vrby jivy
(Salix caprea L.).

Obrazowy priivodee

anatomil rostlin
Visual Guide
to Plant Anatomy
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Koreny dvoudeloznych rostlin - review

en endodermis

ep pokozka

m-co stredni kortex
mx metaxylem

pe pericykl

ph floém

pX protoxylém

Pricny fez
diferencovanou oblasti
kofene husenicku
rolniho (Arabidopsis
thaliana (L.) Heynh.).
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Koreny dvoudeloznych rostlin - review

en endodermis

ep pokozka
m-co stredni kortex

pe pericykl
ph floem

X Xylém

Pficny fez adventivnhim
kofenem febricku
chlumniho (Achillea
collina J. Becker

ex. Rchb.).



../../../../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

Koreny dvoudeloznych rostlin - review

cca felogen
phe korek

sph sekundarni floém
sx sekundarni xylém
vca kambium

Pricny fez sekundarné ztloustlym
kofenem kypreje vrbice (Lythrum
salicaria L.).
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Koreny jednodeloznych rostlin - review

en endodermis
ep pokozka

h hypodermis
~ m-co stredni

kortex

p dren

ph floém

X Xylém

. Pfi¢ny fez
adventivhim
kofenem kosatce
némeckeého (Iris x
germanica L.).
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Koreny jednodeloznych rostlin - review

en endodermis

ep pokozka

m-co stredni kortex
p dren

ph floém

X xylém

vrv

Pricny fez adventivnim kofenem
prestupu bylinného (Smilax
herbacea L.).
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Koreny jednodeloznych rostlin - review

en endodermis

ep pokozka

h hypodermis
lac lakuna

Ir bo¢ni koren
m-co stredni kortex
vc stredni valec

Pricny Fez adventivnim
kofenem rakosu
obecného (Phragmites
australis (Cav.) Trin. ex
Steud.). Fluorescenéni
mikroskopie.

Obrazowy priivodee
anatomil rostlin
Visual Guide

to Plant Anatomy
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Specializované typy korenu — vzdusné
absorpcni koreny

aer vzdusné koreny

Vzdusné korfeny
epifytické orchideje
Oncidium sp.
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Specializované typy korenu — vzdusné
absorpcni koreny

en endodermis

ex exodermis
m-co stredni kortex
p dren

ph floém

vel velamen

X xylém
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to Plant Anatomy
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Specializované typy korenu — vzdusne

(neabsorpcni!) koreny
o F z }\1\#*
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Pricny rez vzdusnym korenem monstery nadherné (Monstera deliciosa, Liliopsida).



Specializované typy korenu — vzdusné
(neabsorpcni!) koreny
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Pricny rez vzdusnym korenem monstery nadherné (Monstera deliciosa, Liliopsida).



pecializované typy korenu — zasobni
koreny

ph floem

X Xylém
vca kambium

Pricny fez zasobnim
kofenem fepy (Beta
sp.).

Visual Guide
to Plant Anatomy
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Specializované typy korenu — zasobni
koreny

par parenchym
sph sekundarni

floém

stm Clanek
sitkovice

sx sekundarni
xylém

vca kambium
vm cevni clanek

PFicny fez
zasobnim
kofenem mrkve
obecné (Daucus
carota L.).
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Specializované typy korenu — zasobni
koreny

fsr zduznatély
zasobni koren

Zasobni kofen
povijnice jedlé
(Ipomoea

batatas (L.) Poir.).
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Special
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sph sekundarni floém
sx sekundarni xylém
vca kambium

par

lanek
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vm cevni ¢
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kofenem povijnice je
(Ipomoea batatas (

v

FiCny fez zaso

vrv

P

dié
L.)

Poir.). Kolem cév se
nachazeji anomalni

kruhovita kambia.
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Specializované typy korenu — kontraktilni
koreny

{ cr kontraktilni kofeny

Kontraktilni kofeny ladonky sibifské (Scilla
tubergeniana Hoog & Stearn).
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Specializované typy korenu — kontraktilni

ep pokozka
co primarni kira
scl sklerenchym

X xylém

Podélny fez kontraktilnim
kofenem modfence
hroznatého (Muscari
racemosum (L.) Mill.).
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Specializované typy korenu — chudovité a
tabulovitée koreny

sr chudovity koren

ar adventivni koreny

mu mucigel
Adventivni kofeny kukufice seté

(Zea mays L.), produkujici mucigel.

Chudovité kofeny pandanu (Pandanus
sp.).
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Specializované typy kofenu — chudovité a
tabulovitée koreny

en endodermis
f sklerenchymati
cka vlakna

h hypodermis
m-co stredni
kortex

vec stredni valec

PFicny fez
chudovitym
kofenem
pandanu
(Pandanus sp.).
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Specializované typy korenu — pneumatofory

pn pneumatofor

Mangrove
(Avicennia marina
(Forssk.) Vierh.)
na jihoafrickém
pobrezi.
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Specializované typy korenu — pneumatofory

cca felogén
m-co stredni kortex

vc stredni valec

Pficny fez kofenem Avicennia sp.
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Specializované typy korenu — proteoidni
koreny

co primarni klira
Ir bo¢ni koren
vc stredni valec

Proteoidni kofeny vyrustajici z matefského kofene vi¢iho bobu (Lupinus sp.).
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Specializované typy kofenu — arbuskularni
mykorhiza

Houba z oddéleni
‘ Glomeromycotina
e R———— e : tvorici arbuskularni
{ - ; mykorhizu v koreni
f " . | jahodniku obecného
‘ - - (Fragaria vesca).

Arbuskularni mykorhiza; cca 70% druhu vysSich rostlin; >> mutualismus,
symbioticka vyména Pi za C latky



Spemahzovane typy korenu — orchldeO|dn| mykorhiza

en endodermis

ep epidermis
ex exodermis

hy hyfy
vc stredni valec

Pricny fez
kofenem tofiCe
brvitého (Ophrys
speculum Link) s
Klubicky hyf
mykorhiznich
hub ve stfednim
kortexu.

Orchideoidni mykorhlza vyhradne Celed Orchldaceae pelotony = klubiCka hyf;
inicialni mykoheterotrofie, symbiotické kontinuum parazitismus az mutualismus
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Specializované typy kofenu — orchideoidni
mykorhiza

hy hyfové pelotony

Pelotony hyf v
primarni kare
adventivniho korene
vemeniku dvoulistého
(Platanthera

bifolia (L.) Rich.).
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Specializované typy korenu — ektomykorhiza
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Figure 1. Diagram of ectomycorrhiza in longitudinal section illustrating the major features that occur in angiosperms (top
half) and conifers (bottom half). Both have a mantle (m), Hartig net (arrowheads), and extraradical mycelium (arrows). The
main difference between these two systems is that the Hartig net in angiosperms is usually confined to the epidermis whereas
in conifers it forms around both epidermal and cortical cells.




Specializované typy korenu — ektomykorhiza

‘ P4 . 0\ Figures 32-38. Mantle features of various ectomycorrhizas.

Figure 32. Unknown morphotype on mature Pseudotsuga menziesii. Mantle exhibits long
straight cystidia; a basal clamp connection (arrowhead) is evident. (Differential interference
contrast (DIC) microscopy).

Figure 33. Unknown morphotype on mature Pseudotsuga menziesii. Curling cystidia with thick
walls emanate from the mantle surface (DIC microscopy).

Figure 34. Unknown morphotype (possibly a member of the Russulaceae) on mature
Pseudotsuga menziesii. The mantle surface has numerous ampoule-shaped cystidia, some vis-

ible in transverse section. (DIC microscopy).

Figure 35. Unknown dark brown morphotype on Pseudotsuga menziesii sapling. The mantle
has clusters of raised round cells and emanating hyphae.

Figure 36. Typical stellate pattern of the mantle of Cenococcum on Pinus sylvestris.

Figure 37. Outer mantle of unknown fungal species (possibly a member of the Russulaceae) on
hybrid spruce showing interlocking irregular synenchyma.

Figure 38. Mantle surface showing angular regular synenchyma of a Tomentella-like morpho-
type on hybrid spruce.
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Fig.1 Pie chart showing the taxonomic diversity of plants with different types of mycorrhizas, nonmycorrhizal (NM) roots, or inconsistent mycorrhizas
(arbuscular mycorrhiza (AM-NM)). Exploded pie segments show plantsassigned to the categories NM and NM-AM, which are combined and then reallocated
to groups based on mineral nutrition or habitat specializations. These specialized plants are assigned to categories at the family level, based on the most
important strategy for each family (families often indude several of these strategies). Note that these specialized habitats also include many mycorrhizal plants,

but NM and NM-AM plants are much more common than elsewhere. Inset photos show mycorrhizal structures (right side) or examples of specialized plants
(left side). Data are from Brundrett (2017b).

New Phytologist (2018)
doi: 10.111 1!nph.14976



Specializované typy korenu — korenové
hlizky

Ir boc¢ni koren
no korenova hlizka
vc stredni valec

Prafez kofenem a kofenovou hlizkou
sesbanie (Sesbania rostrata Bremek.
& Oberm.). S podékovanim Hiroyuki
Daimon, Osaka Prefecture University,
Japonsko.
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Specializované typy korenu — korenové
hlizky

bac bunky s
bakteroidy

co primarni kdra
mc meristematické

bunky

Korenova hlizka na
kofeni bobu
obecného (Vicia
faba L.).
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Specializované typy korenu — haustoria

- v—
» T = o

ha haustorium

Kokotice
(Cuscuta sp.)
prichycena
ke svému
hostiteli.
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Specializované typy korenu — haustoria

ha haustorium
X xylem

host hostitel
parasite parazit

Kokotice
(Cuscuta sp.)
parazitujici

na stonku jetele
(Trifolium sp.).
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Srovnani anatomicko — morfologickych znakt korene a stonku u krytosemennych rostlin

Anatomicky
(morfologicky) znak

Koren

Stonek

Morfologické ¢lenéni organu

Neclankovany.

Clankovany.

Piitomnost lista

Nikdy nenese listy.

Nese listy.

Smeér rustu

Nejcasteji pozitivneé gravitropicky.

Nejcasteji negativne gravitropicky.

Stavba rustového vrcholu

Primarni apikalni meristémy uspotradany nejcastéji
podle histogenové teorie (dermatogen, periblem,
plerom, kalyptrogen).

Rustovy vrchol kryje kalyptra.

Primarni apikalni meristémy rozliSeny nejcasté€ji na
tuniku a korpus.
Rustovy vrchol bez kalyptry.

Vznik postrannich organt

Postranni organy vznikaji v urcité vzdalenosti od
rustového vrcholu, endogenné — z pericyklu.

Postranni organy organy vznikaji exogenn¢ —
z periferniho primarniho apikdlniho meristému.

Uspotadani primarniho
xylému

Protoxylém exarchni, metaxylém se zaklada
centripetalné od protoxylému.

Protoxylém endarchni, metaxylém se zaklada
centrifugalné od protoxylému.

Zpusob zakladani kambia

Kambium vznika z pericyklu piiléhajictho z vnéjsi
strany k primarnimu xylému a z nediferencovanych
bunek priléhajicich z vnitini strany k primarnimu
floému.

Kambium vznika spojenim pruht dediferencovanych
bunék drenovych paprska, které ziskaly schopnost
déleni, s pruhy prokambia.

Struktura sekundarniho
xylému

Hranice letokruhti mén¢ vyrazné, vétSinou vyssi
pocet a vétsi Sitka vodivych element, vice
dfevniho parenchymu a parenchymu paprskii,

mén¢ mechanickych pletiv.

Hranice letokruhti vyrazngjsi, vétsinou mén¢ vodivych
elementtl, vodiveé elementy uzsi, méné parenchymu,
vice mechanickych pletiv.

Vzajemna poloha
protoxylému, metaxylému a
deuteroxylému

Centripetaln¢ (dostredivé) od kambia lezi
deuteroxylém, protoxylém a metaxylém.

Centripetalné (dostiedive) od kambia lezi
deuteroxylém, metaxylém a protoxylém.

Mechanicka pletiva

Pouze sklerenchym.

Sklerenchym i kolenchym.

Piitomnost kofenového vlaseni

Bunky rhizodermis vétsiny rostlin vytvaieji
kofenové vlaseni.

Burky epidermis stonku netvoii kofenové vlaseni.

Ptitomnost stomat
v primarnich krycich pletivech

Stomata v rhizodermis chybi (vyjime¢né mohou
byt pfitomna).

Stomata v epidermis pfitomna (vyjime¢né mohou

chybét).




