Cytologie a anatomie pro pokrocilé
aneb
rostlinna embryologie
dvod

Zivotni cykly u rostlin
Rodozména
Semeno a jeho klic¢eni
Vyvoj kli¢ni rostlinky



Zaklad evolucni dspésnosti

schopnost vlastniho rozmnoZzovani



Rozmnozovani u rostlin
- Vegetativni rozmnozovani (Amixis)
» fragmentace
» cibulky, hlizky
* rhizomy

- Generativni rozmnozovani (Amfimixis) -
specializované struktury - vyvoj pohlavnich
bunék + mechanismus zajist'ujici jejich fuzi

- Apomixis - zvlastni varianty rozmnozovani-
.vegetativni mnoZeni z generativnich organu" -
semena jsou tvorena bez oplozeni



Faze zivotniho cyklu u rostlin

+ Sporofyt - 2n = diploidni generace produkujici
spory
+ Gametofyt - 1n = haploidni generace produkujici

samci nebo samici pohlavni burnky (gamety),
jejichz splynutim vznika zygota

- Zivotni cyklus = stridani fazi = rodozména



Rodozména u
mechorostu

Embryo i zraly sporofyt

jsou zdvislé na
fotosyntéze gametofytu
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Rodozména
u kapradin

Sporofyt i gametofyt je
schopny fotosyntézy
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Rodozmeéna u
krytosemennych
rostlin

Gametofyty jsou zavislé
na fotosyntéze sporofytu
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Podéiny rez semenem modrinu
Larix dexidua (L.)MILL.

hypokotyl

_—— embryo

haploidni
megagametofyt

zbytek 'RAM" (primarni endosperm)

nucelu

korenova cepicka

parafinovy rez, barveno Heidenheinovym Zelezitym hematoxylinem

(osemeni odstranéno pred procedurou)



Priklad semene s endospermem v dobé
zralosti embrya

Mon-micropylar
endosperm

Endosperm

Micropylar
endosperm

= Pt

Testa Radicle
(seed coat)

Schéma stavby semene Nicotiana rustica



Nicotiana tabacum L.- embryo v semeni

endosperm -
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Priklad semene s endospermem v dobé
zralosti embrya
Papaver somniferum L.




Priklad semene bez endospermu
v dobé zralosti embrya

Testa
(seed coat)

Hypocotyl” .-.

Radicula
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Cotyledons

Schéma podélného rezu semenem Arabidopsis thaliana
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Germination and Growth in the Seedling

Seeds have:

a multicellular embryo with meristematic tissues for the
first leaves and root already established

oils for high energy food storage and to help prevent decay

a seed coat to prevent desiccation and provide mechanical
protection

carbohydrates in cotyledons which when broken down will
supply the energy needed for rapid uptake of water for
germination.

Angiosperm seeds are an effective evolutionary adaptation
allowing plants to weather rough conditions. If they
germinate when the conditions are not right the species
could perish.



/

PoZzadavky pro klicent

quiescence
dormance

Dormance muze byt prekondna za podminek vhodnych pro rist.
vSechna semena potrebuiji:

primérenou zdsobu vody
vhodnou teplotu
pritomnost kysliku

Specidlni pozadavky pro kli¢eni :

zmrznuti - prispivd k otevreni osemeni

horko nebo kour z ohné

abrasive plsobeni pisku

hydrolyzacni plsobeni v zaZivacim traktuZivolicht



Klié ni rostlina x semenacek
seedling

In all seedlings a root develops first
and grows down into the soil.

Then the shoot must emerge from
the embryo and search out light Hypogeické kliceni
above the soil and leaf litter.
When stems and leaves emerge
above ground chloroplasts in them
rapidly mature turning the plant
green.

Although there are differences
from plant to plant the basic
pattern is the same.

Epigeicke kliceni




Charakteristika meristematickych
bunek

* malé, izodiametrdlni burky

+ tenka bunécéna sténa

+ velké jadro (jadro-plasmovy pomer)

+ velka hustota protoplastu - malé vakuoly



Lokalizace primarnich meristému
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podélny rez apexem
stonku Coleus



Stonkovy apikalni meristém
Coleus




Podélny rez SAM Coleus blumei

Central mother

Ca v b

Coambium - like"]

micrograph of a longitudinal section of the shooot
apex of Coleus blumei showing a four-layered tunica.
{Fahn p.65)

http://www-plb.ucdavis.edu/labs/rost/Rice/stems/meristem.html



3 zdkladni typy SAM

jedna apikadlni burika = nejprimitivnéjsi - rasy, Equisetum
cyto-histologickd zonace - Pinus, Ginkgo

- povrchové apikdlni inicidly

- centrdlni materské buriky

- prechodnad zéna

- Zebrovy meristém
tunika-korpus - u vSech krytosemennych a nejpokrocilejsich
nahosemennych rostlin - ¢etné apikadlni inicidly ve vrstvach -
jedna nebo vice vrstev povrchovych inicial = funika

(antiklindlni déleni bunék), korpus = spodni vrstvy meristému
(antiklindlni i periklindIni déleni bunék)



Jednobunécné apikalni meristémy

meristém
Cervené rasy
tvoreny jedinou
apikalni bunkou
(AC). stonkovy apikalni meristém Equisetum

jedna inicidla

www.els.net
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3 primarni pletiva

All plants have a special tissue that continues to
divide called apical meristem which is generally
found at the tip of roots or shoots. The apical
meristem in turn gives rise to just 3 types of
primary tissue which can divide and differentiate
into all the other plant tissues. These primary
meristems are:

* Protoderm
* Ground Meristem
* Procambium



Zonace meristému

(a) (b) tunica

déleni

ot déleni
:jnem? 2 meristému
o ot do vrstev

Traas et Vernoux 2002

. v , Phil. Trans. R. Soc. Lond. B (2002) 357, 731-147
fY|O'|'ClX€ v meristéemu kvétenstvi DOT 10.1098/rsth.2002.1091



A longitudinal section through the
Arabidopsis shoot apex

Differentiation
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The approximate outlines of
the central zone (CZ2),

peripheral zone (PZ)
and rib zone (RZ)

The CZ is identified by its relatively weak
cytoplasmic staining and low rate of cell
division.

adapted from

Laux and Schoof, 1997).



Begonia rex SAM

listova primordia

tunika __

kmenové bunky

periferni meristém korpus

Zebrovy meristéem — |




Primarni apikalni meristémy

Princip zachovdni embryondlniho ()
. ’ o o
charakteru meristému: Pl
Cast bungk nenastoupi cestu ' ) ) r,,_“:)
diferenciace, ale zachovavd si délivou  — -
schopnost po celou dobu existence g )

vegetativniho meristému

1 Stem  Daughter Committed Differentiated
cell cells cells cells

Kmenové buriky (stem cells)

Nediferencované buriky; drive inicidly

Po rozdéleni si jedna dcerinnd bunka zachova charakter buriky
kmenové a druha nastoupi diferenciaéni drdhu
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Srovndni SAM a RAM Arabidopsis

Laux 2003



SAM Zea

www.els.net



Vliv cytokinini na vyvoj SAM
Arabidopsis

kontrola

snizeni obsahu cytokinint
na 30- 40% kontroly)

Werner et al. 2003
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Protoderm a kryci pletiva

Protoderm matures to form epidermis. This flattened irregular
layer covers roots, shoots, and leaves.

Some epidermal cells specialize to become:

guard cells (always in pairs) to help in gas exchange, generally
found in the lower epidermis of leaves.

root hairs which emerge from the epidermal cells just above the
root tip help increase the absorptive surface area of the root.

Many epidermal cells produce a waxy water proofing, the cuticle of
a leaf for instance.

leaf epidermis produces a wax called cutin
stem and root epidermis make suberin

Where secondary growth occurs the epidermis within becomes a
special layer of cells called periderm. Periderm is responsible
for the production of a waterproofing material called suberin.



Ground meristem differentiates into
3 important tissues:

Parenchyma cells are generally spherical or slightly irregular in shape
with thin walls. Parenchyma forms a versatile tissue which can be used as
storage in the cortex region of roots or it may be loaded with plastids such
as chloroplasts in the spongy or palisade layers of leaves. Wounds are filled
with parenchyma cells.

Collenchyma with its thickened but flexible walls is primarily used for
support without preventing growth. Collenchyma cells lack the har'denin?
agent called lignin. They remain alive at maturity, their thick walls create a
supportive cylinder just inside the epidermis of young stems or within
vascular tissue of leaf veins.

Sclerenchyma has the ability to very the shape and thickness of its
cell walls. The mature cells are dead and can form either s‘rr'ong supporting
fibers or extremely hard stone cells (sclereids) common in seed coats and
nut shells. These cells contain lignin.



Arabidopsis
SAM a listova
primordia




Prokambium

gives rise to the following vascular tissue:
* primary xylem
* primary phloem

vascular cambium (important in secondary growth)



Primary xylem

has the dual roles of supBor‘r and water transport,
although the latter is by far the most important.
When mature the lifeless tracheids and vessel
elements form hollow, continuous, conduits from
root to leaf

All vascular plants contain tracheids, long slender
cells with tapered ends. Pits along the sides and at
the ends of these cells line up permitting water to
flow from cell to cell. The pits of pit pairs consist
of thin primary cell walls only.

Only Angiosperms have vessel elements. These
shorter, wider, cells align end to hollow end to
form uninterrupted pipelines. The cell wall at the
end of vessel elements is often missing, and pits
dot their sides for lateral movement of water.



Primary phloem

is living tissue which is involved in the active transport and
bulk movement of sugars and other nutrients. It is a
complex tissue that has two major components:

- sieve elements
- companion cells

The backbone of phloem function is carried out by sieve
tube members which when arranged end to end form sieve
elements. Because the end walls of sieve tubes have pores
materials dissolved in the cytoplasm can stream from cell

to cell.
Sieve tube members, while alive at maturity, lack a nucleus

so their energﬁ/ and metabolic needs are supg_lied by
companion cells which lie adjacent to them. Thus
companion cells also play a role in conduction of food



Stavba
hypokotylu

prechod od radidlniho
usporadani CS v koreni
ke kolaterdlnim CS ve
stonku a listech

Essau 1966

endarch xylem 7 cotyledons
cotyledon
i ‘

~-lateral bundle

% -L_epicotyl
="~ 7 protoxylem

median bundle

' 4
. *Llctercl bundle

I — protoxylem

| [d lateral bundle .

Y--1_two parts of median

F L7 ¥ bundle
~1 |ateral bundle

'_'_'_'.'I_‘_'I_-.\_\ Lol cpith
—— -1 _metaxylem

- —L— protoxylem

~| —exarch xylem

D



Schéma stavby listu

leaf wein or vascular bundle

bundle sheath
cells

cuticle

upper epidermis

— palizade parenchyina

alr space

spongy mesophyll
(parenchvima)
:é %ﬁlﬂl X }—— lower epidertnis

cuard cells
phloern



