Co ovplyviiuje rast a vyvin rastlin?

1. Vnutorné chemické signaly (fytohormadny)
2. Vonkajsie faktory prostredia



Fytohormaony:
rastlinné regulatory rastu
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Formovanie a fungovanie mnohobunkového organizmu by nebolo mozné bez komunikacie medzi bunkami,

pletivami a organmi.

Vo vyssSich rastlinach je regulacia a koordinacia metabolizmu a rastu zavisla od chemickych signalov, ktoré
prepajaju jednotlivé Casti rastliny.

Tato myslienku prvykrat vyslovil nemecky botanik Julius von Sachs (1832 — 1897).




Fytohormony

chemické latky, ktoré maju schopnost’ menit’ ¢innost’ alebo metabolizmus inych buniek a organov
nie su zdrojom energie ani stavebnou latkou

maju regulacni funkciu, zabezpec€uju celistvost’ rastlinneho organizmu v priebehu rastu a ontogenezy
vznikaju predovsetkym v meristematickych pletivach

rozvadzaju sa vodivymi pletivami

nie su Specifickeé ako zivoCiSne hormony, rozsah ich pdsobenia je Siroky

vyskytuja sa vo vel'mi nizkych koncentraciach 10 ° M a mene;j



a) stimulatory
1. endogénne

2. exogenne

b) inhibitory

1. nativne

2. retardanty

Fytohormoény

povzbudzuju a urychl'uja rast
prirodzené - auxiny
- gibereliny
- cytokininy

synteticke - auxinoidy, kinetin

brzdia az zastavuju rast

prirodzené - ABA
- fenolické latky

syntetické - CCC chlorcholinchlorid (chlormequat)
- TIBA kyselina 2,3,5-trijodbenzoova



Fytohormoény

“*Vo vzajomnom vztahu m6zu hormoény posobit’ :

synergicky

antagonisticky




V rastlinnej vyrobe sa hormony Casto vyuzivaju ako rastlinné regulatory (auxiny napr. ako stimulatory pri
zakorenovani odrezkov), vo vysokych koncentraciach, naopak, ako herbicidy na ni¢enie burin (auxinoidy uz
nie — toxicke pre ZivoCichy; produkcia partenokarpickych plodov (aux + gibereliny); dozrievanie plodov
(etylén); zabranovanie senescencie (opad) listov (aux + cytokininy); pletivové kultury...




AUXINY

nazov odvodeny od latinského auxano = rast
kys. B-indolyloctova IAA - nativny auxin

O =
< P
c—c-cf il
| 7§ ThoH ||| T T~om
&
N H H 1y
H H
tryptofan kyselina B-idolyloctova

tvoria sa v meristematickych pletivach stonky, v najmladsich listoch, embryach a v peli, s vekom ich koncentracia klesa
su obsiahnuté tiez v 'udskych slinach a v mo¢i (rastlinna potrava), ¢innost'ou baktérii sa dostavaju aj do pody

syntetické auxiny: IBA (kys. indolyl-3-octova), 2,4-D (kys. 2,4-dichlorfenoxyoctova), NAA (kys. naftyloctova)



AUXINY

z vrcholovych meristémov sa transportuji do spodnych Casti rastliny (korene, hl'uzy atd. — 10 mm/hod.)
nepozname auxinoveho mutanta (su letalne)

spolu s cytokininmi st vo vysSich €1 nizSich mnoZstvach konStantne pritomne v rastlinnom tele (na rozdiel od
ostatnych hormonov, ktoré reguluju urcité procesy svojou pritomnost'ou €1 nepritomnostou)
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From experiments on
coleoptile phototropism,
Darwin concluded in 1880
that a growth stimulus is
produced in the coleoptile
tip and is transmitted to the
growth zone.

In 1913, P. Boysen-Jensen
discovered that the growth
stimulus passes through
gelatin but not through
water-impermeable barriers
such as mica.

In 1919, A. Paal provided
evidence that the growth-
promoting stimulus
produced in the tip was
chemical in nature.



Went (1926) In 1926, F.W. Went showed
that the active growth-
promoting substance can

diffuse into a gelatin block.
— ' He also devised a
coleoptile-bending assay for

quantitative auxin analysis.

Coleoptile tips Tips discarded; gelatin Each gelatin Coleoptile bends in
on gelatin cut up into smaller block placed on  total darkness; angle
blocks one side of of curvature can
coleoptile stump  be measured
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Vyznam auxinov

stimuluju predlZovaci rast buniek a bunkové delenie v kambiu (deuteroxylém)
stimuluja tvorbu adventivnych a postrannych korefiov

stimuluju diferenciaciu vodivych pletiv

inhibuju opadavanie listov a plodov

inhibuji vyvin postrannych pucikov (sposobuju apikalnu dominanciu)
ovplyviuju aktivitu enzymov (| 1 1)

umozinuju dozrievanie plodov



Vyznam auxinov

stimuluju tzv. proténovu pumpu, aby ¢erpala protony H" z cytoplazmy do bunkovej steny, co ma za nasledok
znizenie pH v celulozovej BS

Cell wall
Cross-linking enzymes
cell wall
polysaccharides
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Bazipetalny transport auxinov
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FIGURE 19.13 The chemiosmotic model for
polar auxin transport. Shown here is one cell
in a column of auxin-transporting cells.
(From Jacobs and Gilbert 1983.)



Auxiny stimuluju regulaciu tropizmov:

1. fototropizmus: zabezpeka optimalnej orientacie listov voci slneCnému ziareniu (fotosyntéza)

2. gravitropizmus: aby koren rastol ,,nadol* — do pody a vyhonok ,,nahor* (kriticke zvlast’ pre
prve stadia klicenia)

3. tigmotropizmus: rast s oh'adom na ,,dotyk* (koren rastie okolo skaly, vyhonky sa Splhaju po
opornych Struktirach)



Auxiny a ziarenie

e zahrna lateralny presun auxinov na neosvetlenu stranu

* nasledne sa aux. transportuju bazipetalne do elongacnej zony, kde stimuluju elongaciu =
zatienena strana rastie rychlejsie




IAA

(a) When sunlight (b) Once the sunlight (c) Cell elongation

is overhead, the IAA shines on the shoot at results in the
molecules an angle, the IAA bending of the shoot
produced by the molecules move to toward the light.
apical meristem are the farside and

distributed evenly  induce the elongation

in the shoot. of cells on that side.

Figure 30-22 A Brief Guide to Biology, 1/e
© 2007 Pearson Prentice Hall, Inc.



Auxiny a zemska pritazlivost

Pot plant before Pot plant after
it falls over it falls over

Auxin makes the Auxin makes the
roots grow down stem grow upwards




Ako bunky rastlin deteguju gravitaciu???

Vertical orientation
< Amyloplasts tend to

Vet 2= =) sediment in response to
== Q recrientation of the cell
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5’ 'l against the ER. When
- & . | the root is oriented
s L 5% { vertically, the pressure
exerted by the amylo-
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Uniform  equally distributed.
pressure
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In a horizontal orient-
» Root tip ation the pressure on
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vertical axis of the root.

Unequal
'\ pressure
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FIGURE 1930 The perception of gravity by statocytes of Arabidopsis. (A) Electron
micrograph of root tip, siowing apical meristern (M), columella (C), and periph-
eral (P) cells. (B) Enlarged view of a columella cell, showing the amyloplasts
resting on top of endoplasmic reticulum at the bottom of the cell. (C) Lj;i\agram of
the changes that occur during reorientation from the vertical to the horizontal
position. (A, B courtesy of Dr. John Kiss; C based on Sievers et al. 1996 and
Volkmann and Sievers 1979.)

Endoplasmic reticulum



(&) Vertical orientation

Cortey ——0H | A

Steleg |

Root cap cell
(enlarged)

Statodiths

1. 1A4 is synthesized
in the shoot and

FIGURE 19.33 FProposed model for the
redistribution of auxin during gravitro-

transportad to the pism in maize roots. {After Hasenstein
root in the stele. and Evans 1988.)
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(B} Horizomtal orisntation

&. The decreased auxin
concentration on the
upper side stimulates
the upper side to
grow. As a result, the
root bends dowm.

5. The high concentration
of auxin on the kwer
cide of the root imhibits

growwth.

4. The mapority of the
auxin in the cap B
then transported
basipetally in the
cortex on the lower
side of the root.

2. When the root is vertical, the
statoliths in the cap settle to the
basal ends of the cells. Auxin
transported acropetally in the root
via the stele is distributed equally on
all sides of the root cap. The |AAL is
then transported basipetally within
the cortex to the elongation zone,
where it regulates cell elongation.

3. In a horizontal root
the statoliths settle to
the side of the cap
cells, triggering polar
transport of LAA to the
loweer side of the cap.



(a) Shoot bends upward




Auxiny a dotyk

e pozitivny alebo negativny tigmotropizmus




Vyznam auxinov v ontogenéze

FIGURE 19.36 Auxin sup- (A) (B)
presses the growth of axillary
buds in bean (Phaseolus
, vulgaris) plants. (A) The axillary
1 1 1 ~ buds are suppressed in the

¢ A p I ka | n a d O m I n a n C I a intact planth}ecause of apical
dominance. (B) Removal of the
terminal bud releases the axil-
lary buds from apical domi-
nance (arrows). (C) Applying
[AA in lanolin paste (contained
in the gelatin capsule) to the cut
surface prevents the outgrowth
of the axillary buds.
(Photos ©M. B. Wilkins.)




(A) Normal fruit (B) Achenes (C) Achenes removed;
removed sprayed with auxin

Swollen
receptacle< 8

Achene

FIGURE 19.39 (A) The strawberry “fruit” is actually a swollen receptacle whose
growth is regulated by auxin produced by the “seeds,” which are actually achenes—
the true fruits. (B) When the achenes are removed, the receptacle fails to develop
normally. (C) Spraying the achene-less receptacle with IAA restores normal growth
and development. (After A. Galston 1994.)



Fytohormony sa navzajom ovplyvnuju
z hladiska ich biosyntézy

e auxiny indukuju biosyntézu etylénu
e auxiny indukuju biosyntézu giberelinov a naopak



GIBERELINY - regulatory vysky rastlin

patogen ryze Gibberella fujikuroi (bakanae): 30-te roky 20. st.

1958: prvykrat identifikované vo vysSich rastlinach
terpenoidné zluCeniny (cyklicke diterpény)

1iba nativne latky (125 znamych)

oznacenia GA, , GA, ...,

najznamejsi je GA; — Kyselina giberelova (huba)

vo vysSich rastlinach prevlada GA,



http://upload.wikimedia.org/wikipedia/commons/2/25/Gibberellin-452D.png

G|BERE|.iNY - regulatory vysky rastlin

tvoria sa v najmladSich listoch, v apexe vyhonku, v korenoch a v semenach
zostavaju v organizme dlhu dobu, nakol'’ko prechddzaji do inaktivnej formy
transportuju sa akropetalne aj bazipetalne - floémom



GlBERELiNY - regulatory vysky rastlin

e ich posobenie je spojené najma s rastom stonky, po ich aplikacii dosahuju rastliny vyrazne vyssi vzrast
e ich posobenie na predlzovaci rast vs. rovnhomerné hrubnutie rastlin je zavislé od ich koncentracie




Vyznam giberelinov

stimuluju bunkové delenie a predlZzovaci rast predovSetkym pri zakrpatenych mutantoch (bonsaje ): > konc.
stimuluju delenie buniek v kambiu (deuterofloém + deuteroxylém): J konc.

stimuluju vyvin plodov bez oplodnenia = partenokarpia

stimuluju tvorbu kvetov v podmienkach vernalizacie

narusaju dormanciu pucikov a semien:
aktivizuju enzymy endospermu pri kliceni (hydrolyza zasobnych latok)



http://www.garten.cz/ei/cz/00875-C2-javor-klen/
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FIGURE20.2 (Cabbage, a long-day plant, remains as a
rosette in short days, but it can be induced to bolt and
flower by applications of gibberellin. In the case illustrated,
iant flowering stalks were produced. (@ Sylvan
ittwer/ Visu Unlimiteds



S

Biosyntéza GA je regulovana svetelnym rezimom a teplotou

Klicenie semien: potrebné je svetlo = stipa hladina GA (exogénna aplikacia GA = klicenie v tme).
Kvitnutie dlhodennych rastlin: v kratkom dni — listova ruzica, dlha fotoperidoda = narast hladiny GA =
predlzovaci rast stonky + kvitnutie.

Tuberizacia zemiakov: prebieha v kratkom dni — aplikaciou GA je blokovana.

Stratifikacia: posobenie nizkej teploty umoznujucej klicenie semien a

vernalizacia: posobenie nizkej teploty na kvitnutie (GA nahradza posobenie teploty).

* rast rastliny vplyvom GA je vysledkom stimulovaného delenia a elongacie buniek



FIGURE 20.17 Tuberization of potatoes is
promoted by short days. Potato (Solanum
tuberosum spp. Andigena) plants were
grown under either long days or short
days. The formation of tubers in short
days is associated with a decline in GA,
levels (see Chapter 24). (Courtesy of 5.
Jackson.)

Long days

Short days



CYTOKININY
regulatory delenia buniek

zluceniny purinového charakteru odvodené od adeninu
tvorba: predovsetkym v mladych korenoch, menej v pucikoch
transport xylémom aj floémom: akropetalne + bazipetalne
vyskytuju sa tiez v zivoCichoch (imunitné hormaony)

medzi najznamejsie patri
zeatin
aminopurin — IPA
+ syntetické cytokininy (benzyladenopurin BAP, kinetin...)
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Syntetické latky napodobnujice posobenie cytokininov + antagonisti
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Cytokininy ovplyvnuju predovsetkym:

senescenciu listov

mobilizaciu zivin

apikalnu dominanciu

formovanie a aktivitu vyhonkového apikalneho meristému
vyvin kvetov

diferenciaciu chloroplastov



Vyznam cytokininov

stimuluju bunkové delenie = cytokinézu a predlzovaci rast
stimuluju tvorbu a rast postrannych pucikov

narusSuju dormanciu semien

stimuluju otvaranie prieduchov

spomal’uju starnutie organizmu brania poklesu obsahu DNA a bielkovin

Pomer auxiny/cytokininy reguluje
morfogenézu pletivovych in vitro kultur!!!


http://cs.wikipedia.org/wiki/Soubor:Cytokinesis.png

FIGURE 21.10 Cytokinin suppresses the growth of roots.
The cytokinin-deficient AfCKX1 roots (right) are larger than
those of the wild-type tobacco plant (left). (From Werner et

al. 2001.)



ETYLEN
H 4 plynny hormon
~ /
;C _C‘x
H H
je produkovany kazdym zivym organizmom
ma ucinky inhibicné aj stimulacné
tvori sa v meristematickych pletivach, kliciacich

semenach a dozrievajucich plodoch
K stimulacii jeho tvorby dochadza pri strese.


http://cs.wikipedia.org/wiki/Soubor:Ethene_structural.svg

Vyznam etylénu

urychl'uje starnutie organizmu

inhibuje odnozovanie, regeneraciu rastlinnych odrezkov a vetvenie stoniek
inhibuje transport auxinov

stimuluje opad listov a plodov

stimuluje dozrievanie plodov (juzné ovocie)

Etylén urychluje senescenciu listov

(+ ABA)
(antagonisticky tu posobia cytokininy).



Etylén indukuje formovanie adventivnych korenov na listoch a stonkach;
pozitivne tiez reguluje formovanie korenovych vlaskov.




The hormone_ethylene initiates the ripening response:

Unripe Fruit Hzigl ACHZ Ripe Fruit
- o
physical  chemical Enzyme
condition cause Produced
green chlorophylll hydrolase
hard pectin pectinase
sour acid kinase
mealy starch amylase

hydrolases




KYSELINA ABSCISOVA - ABA
dozrievanie semien, antistresovy signal

dormin
tvori sa predovSetkym v hl'uzach a pucikoch odkial’ sa transportuje do listov a plodov
z chemického hl'adiska je to izoprenoid

: . : CH
1zoprén (2-methyl-buta-1,3-dien) Ho CN 2 H 3C CH 3 CH 3
CHj,

podobné u€inky ma 1 kys. jasmonova




Vyznam kys. abscisovej

vyvolava dormanciu pucikov a dormanciu semien (antagonistami su gibereliny)
inhibuje klicenie semien a rast stoniek

stimuluje zatvaranie prieduchov (stres zo sucha)
inhibuje syntézu zasobnych proteinov
urychluje opad listov a plodov (sucho, | teploty)

Stres zo sucha

* hladina ABA mo6ze vzrast az 50-nasobne
* umozni zatvorenie prieduchov

e zvysSuje pomer korene/vyhonky



FENOLOVE LATKY

su antagonistami auxinov, odburavaju ich

inhibuju bunkové delenie a tvorbu adventivnych korenov
stimuluju vyvin bocnych pucikov (narusaju apikalnu dominanciu)
najvyznamnejsou latkou je kumarin
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