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Plant Anatomy Laboratory
Micrographs of plant cells and tissues,
with explanatory text.
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Objective:

This web site is being developed as
supplemental material for people
studying plant anatomy. I'ts objective
is to provide light micrographs of the
types of cells and tissues that
students typically examine in a plant
anatomy course. All micrographs are
accompanied by figure legends to
help the viewer interpret and
understand the structures presented.

http://www.sbs .-u'rexas.edu/ mauseth/weblab/



Funkce korene

Koren zajist'uje:

- rust (korenovy apikdlni meristém)

- penetraci do pudy (korenova ¢epicka a oblast
elongace korene)

+ absorpci vody a minerdlnich latek (korenové
vldSeni v zéné diferenciace a mykorrhiza)

v ¢ . o v
* upevneni rostliny v pudé



Struktura korene - radialni

podobnd jako u stonku, ale jednodussi
(koren netvori internodia a listy)

primarni stavba korene na pricném rezu
- rhizodermis
- primdrni klra, endodermis
- stredni vdlec
- pericykl stele —
» cévni svazky (radidlni)
- ve stredu nékdy dreh
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élozné rostliny
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detail stredniho vdlce

tetrarchni CS, Ranunculus



Pricny rez korenem jednodélozné rostliny

polyarchni CS

http://schoolnet.gov.mt/liceohamrun/resources/TransportinPlants.pps



Terminologie

apikalni ¢ast korene
- korenovad cepicka
- vlastni koren
korenovy (sub)apikalni meristém
- vhitrni ¢ast Cepicky

- vrchol vlastniho korene

vnejsi ¢ast korenové Cepicky tvori burniky dozrdlé



Primarni rust korene a stavba korene
- na podélném rezu

zony:
- meristematicka
- prechodnad
- zdna elongace bunék (prodluzovaci)
- zona diferenciace bunék



Prof. B. Némec - autor statolithove
teorie




Struktura korene Arabidopsis
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Zakladani korenového meristému v embryogenezi Arabidopsis
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Protomeristem
Arabidopsis

Scheres et al.
Development 120,
1994



Protomeristém Arabidopsis

—— 1% division
oooooooo 2*Cdivision

Radisl division

Scheres et al.
Development 120,
1994




Vizualizace jaderného déleni v koreni Arabidopsis

[3H]thymidine-labelled root 3 days after

6 germination. Silver grains marking labelled
} huclei are visible as black dots.
5 B0
| _— w 40 . .
:' g - ! -
‘ = 30 .
4 ~ T -
E 204 1§ r
.: ] ——— E -‘ - - L 2
:' S, =10 -!— .
:?;’i:f‘ 3 0 —— ’ T
IER o 1 2 3 4 5 6
SR zone
‘%‘E}__‘;i"}', — Scheres et al. Development 120, 1994
£
Lamr| 2
] M . Indigogenni
a2 A : vizualizace
e wh | cyklinu B
bR . .
: CYCB::uidA
£7




Typy korenovych meristému
Guttenberg

- otevreny (opened) - vSechna pletiva korenové
spi¢ky maji spole¢né inicidly (kapradiny, Pinus,
Picea, Elodea)

* uzavreny (closed) - vSechna pletiva maji prislusné
inicidly a korenova ¢epicka je jednoznaéne
oddélena od vlastniho korene (Brassicaceae,
Solanaceae, Cyperaceae, Poaceae)



Podélny rez korenovou Spickou kapradiny
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inicialni burikou (Sipky)

www.sbs.utexas.edu/mauseth/weblab/webchapé6apmer/web6.8-1a. jpg



Uzavreny korenovy apikalni meristém
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ny korenovy apikalni meristém
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Brassica Arabidopsis



Korenovy apikalni meristém




Uzavreny korenovy apikalni meristém
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Protoderm Typha .
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The prominent row of flat, brick-
shaped cells is the protoderm

E-J ot s T S O

e
i
e

#
.'l

-
B
sl e el

(between arrows), and for the entire ""'_",T-: : r} t 5

distance here, it is a uniform layer, : - ﬁ;h'i kY B
distinct from the root cap. \ - :# 1';,.3:&’53}&'!’ o] “
S5 &, E '
Because it is so distinct, this is a A ll:?{h‘agkil a3
closed root apical meristem. The cells ’E,-:"“l b Lhatt
of the root proper have been dividing =AU
h that th ill small WPl R AEE e

so much that they are still small, RS BN
despite the fact that they have also 7--“' ,_Ek ([ i X3 ;-:{
been enlarging, whereas the cells in 3 % 5 v B e s G
-ﬁi‘.'-il*, "'"h_i‘.' Mg
the root cap have undergone many 11 -ﬁ'ﬁ'!ﬂ;ﬁ:f‘;"‘! e NS .
fewer divisions, so they are much 2 E.ﬂ :iﬁ’f‘?? . B R
larger "ﬂ 1 i* p S
9 . b ’ : :‘{v‘:&j \ # TE E
W .-!_1' W b ] S 5
http://www.sbs.utexas.edu/mauseth/weblab/ : o B R
AL g 4 y i}'



Bunécné typy v RAM Arabidopsis

A

Malamy et Benfey
Development, 124, 1997

B Epidarmig Ysculature

[ ] Gortex B Cortex/Endodermal Inhial
] Endodarmis I EpidermalAoot Cap Inifial
| Pericycls Quisscent Canter

] RootCap



Bunécné typy v RAM Arabidopsis

Scheres et al. 2002
stele The Arabidopsis Book

Pattern formation relies on
consistent division of initial
cells

b8

lateral

root cap
quiescent
center
(QC)

columella

endodermis
initial



Stavba RAM u Arabidopsis

p -pericykl
pp — protofloém

[ companion celis

[ Procambium ceis
B Pericycle

] Quiescent center
Phioem/procambium [__] Outer cell layers

initials D Peripheral rootcap

Helariutta et a/. 2000



Formovani RAM u Arabidopsis

SR aAHR 'WER, GL2, CPC

transkripéni faktory
SCARECROW Benfey et Scheres
SHORT-ROOT



Transkripcni faktor SCARECROW (SCR)

je soucasti informace o pozici kmenovych bunék u korenového
meristemu Arabidopsis Exprese SCR-GFP o5 ocas

: b &
Sabatini et a/. 2003 ¥
wi o
f
Defects in QC identity
and columella stem cell ot

activity in the scr-1
mutant

SCR poprvé identifikovan diky jeho roli pri radidlnim utvareni korene
(.radial patterning™), je nutny pro distdlni specifikaci QC, jez naopak
reguluje osud kmenovych bunék obklopujicich QC



Polarni lokalizace PIN proteinu

PIN2:GFP PINT:GFP

Feraru et Friml
2008

Stele
Columalia

Quiescent center W
PIN1:GFP PIMN4:GFP




Gradient auxinu a rychlost déleni bunék

100-200 h

Z0-30 h Jiang et Feldman 2005



Regulace
korenoveho
meristéemu
Arabidopsis

exogenni aplikace cytokininii
sniZovala pocet bunék meristému

Toio et a/l. 2008
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Regulace korenového meristému

EDZ
ARR1
e e . Cell
Cytokining ————= AHK3 - differentiation
T2 T AT
ARR12 7~ *
. . . e
cytokininy reguluji -
velikost korenového RBR
meristému kontrolou
diferenciace bunék P4
SCR
SHR
3
Auxin _ PLT1 = Ce
' FLT2 division

STN

Toio et a/. 2008




Vyvoj korenového vldseni

TIP GROWTH
TIPi, SCNI, COWI, REDS,
CENi, CEN2, CENY, BST1

TRANSITION TO TIP GROWTH
RHDZ, SHVi, SHVE, SHVS,

TIPi, BSTi, RHDS, CENi,

CENE, CENS, SCN

SWELLING FORMATION
TIPi, RHDI

HATR INITIATTON
BAVSE, CENE RADY, SCN1,
TIPi

Foreman e Dolan 2001



Zakladani laterdlnich korent

+ U korenu neexistuji zdklady laterdlnich organd
(narozdil od axildrnich meristému pryta)

laterdlni kofeny se musi vyvijet z meristémd
aktivovanych v diferencovaném pletivu -
pericyklu (latentni meristém)



Stadia vyvoje laterdlniho korene u Arabidopsis

Stage I. Stage III.

Arrows point to new cell A periclinal division has divided A periclinal division in OL
walls indicating anticlinal the LRP into two layers, outer has created a total of
divisions in the pericycle. layer (OL) and inner layer (IL). three layers.

Malamy et Benfey
Development, 124, 1997



Stadia vyvoje laterdlniho korene u Arabidopsis

Stage IV.

A periclinal division in IL
creates a fourth layer.

Malamy et Benfey
Development, 124, 1997

Stage Va.
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Arrow indicates a single
anticlinal division in the
center cells of OL1 and OL2.

Stage Vb.

Arrows indicate two additional anticlinal
divisions in OL1 and OL2.

The short arrow indicates the region in
which cells of the IL2 undergo expansion
and division, distorting the shape of IL1
and OL2. Cells in the outermost layer are
numbered to indicate the constant
organization at this stage.



Stadia vyvoje laterdlniho korene u Arabidopsis
Stage VIb. Stage VII.

Stage Vla.

. L Four central cells in OL1 divide All the cells in the OL1 have
A periclinal division in all but periclinally to create another undergone anticlinal divisions, as
the center cells of OL2 creates  pey tier at the tip of the evidenced by the cell shape and
a new tier of cells (arrows). primordium (arrow). Numbering the increased
The two tiers are designated shows that there are now four cells  number of cells in this layer. This
OL2a and OL2b. in OL1 on either side of four divided gives the characteristic 8-8-8

central cells. The OL1 is considered  cell pattern, as indicated by cell
to be the inner of these two layers  numbering.
of divided central cells.

Malamy et Benfey
Development, 124, 1997



Stadia vyvoje laterdlniho korene u Arabidopsis

(J.K) Emerging LRP. Note that the cells in the OL1 are enlarged. The number of cells near the apex
has increased slightly, potentially indicating the first divisions of meristematic initials. (L) Fully
emerged LR. Note the gross increase in size that has occured in the basal cells of the OL1. Cell
numbering indicates that there are now more cells in this layer near the root tip, consistent with the
presence of an active lateral root apical meristem.

Malamy et Benfey Bar= 50 um.
Development, 124, 1997



Distribuce auxinu a vyvoj primordia
laterdlniho korene u Arabidopsis
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Benkova et al.,
Cell, 2003

«

Vliiv 2,4-D NPA Imunolokalizace IAA



Lateralni koren

Zea mays
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