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Jsou FYTOHORMONY vibec HORMONY ?2??
| viz téz
OBECNA DEFINICE HORMONU (s omezenouriamosti: ~~ Uvodni lekce
HORMONY .... organické, vétSinou nizkomolekuldrni litky,

- syntetizované specializovanymi tkinémi/pletivy (p¥. Zldzy s vnitFni sekreci)

- transportované na misto svého véts. regulaéniho Géinku

- vyvolavaji relativné velmi specifickou fyziologickou odpovéd’

- jiz ve velmi nizké koncentraci ( vétSinou pod 10® =" M) a tizké koncentraéni
skale

- zahrnujici zejména ...zmény funkce membran, diferencovanou genovou

expresi, kaskady signali rizné povahy atd.

u Zivolichu steroidy, peptidy,bilkoviny, derivity AK aj.

plati tato definice pro fytohormony ??




ROSTLINNY HORMONALNI SYSTEM:

- postrada Zlzy s vnitni sekreci, synteticka schopnost ,,rozptylena, nejsou vétSinou

zrejmé hranice mezi produkénim a cilovym pletivem

- tyz fytohormon (FH) miiZe mit fadu riznych d¢inki (pleiotropni efekt)

- koncentraéni rozpéti pusobnosti az nékolik radd

- urcité a¢inky FH lze simulovat plisobenim non-hormonalnich faktori (ionty,
svétlo/teplota, cukerné signly, aminokyseliny, zmény pH, antibiotika, organické

kyseliny, polyaminy ) a samoziejmé synTETICKYMI ANALOGY

Jsou viibec FH ROSTLINNEHO pivodu ?

Predpoklad ,,GENE FLOW® mezi mikroorganizmy a rostlinami - jako nastroj ¢i
disledek interakei rostlina/patogen, rostlina/symbiont .

Moznost fylogeneze rostlinnych ONKOGENU prokaryotniho piivodu.




Hlavni skupiny FH

: zlata pétka

+ novi kandidati

NEJDULEZITEJSI LATKY VZOREC
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AUXIN

dstredni fytohormon
v biologickych reakcich rostlin

jeho tvorba,
aktudlni hladina, transport, gradient

jsou klicové pro signalni procesy




Nejprve trochu opakovdni

Po stopdch auxinu .. od Sachse k Wentovi

Prvni experimenty s fototropismem rostlin. Pou-
7astinéna 26 Spicka koleoptile je schopna vnimat smér svétla, Ale k ohyban rostli-
strana ny dochdzi az v urcité vzdélenosti pod ni. Proto musi existovat néjaky

S koleoptile  giona| ktery informaci o svétle prenese k cllovym burikam. Tento signal
Osvétiens e je schopen proniknout permeabilni barierou (Zelatinou), ale jiz ne bari-
strana (S erou ze slidy, coz nabizi hypotézu, Ze by signalem u fototropismu rostlin
koleoptile mohla byt mobilni chemické sloucenina.
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(i Odstranéna E f Spicka je 1 Splcka je F] | Baze rostliny 5} i Spicka H’uﬁ‘ Spicka oddélena
A Spicka | piekryta prekryta zakryta " y oddélena slidovou destickou
\\\} K Wruﬁmtnou | prusvltnou nepru swtny blokem |

5 Cepickou : fepickou rnatenalem zeiatmy “L

B T

Darwin a Darwin (1880} Boysen-Jensen (1913}




F.W. WENT
pokusy 1924 -28

mira zakriveni
= princip
.koleoptilového
Biotestu" na
Lauxiny”

Kontrola

% Oddélena spicka
= umisténa na agaru
e g

Auxin difuzi
pronika do agaru

Agar obsahujici
auxin stimuluje rist

Kontrola
(agar hgar posumdi
: _na bok zptsobuje

s

=~ zakiiveni rostliny =5



Syntéza auxinu IAA z tryptofanu -
hlavni predpokladand metabolickd drdha v rostlindch

transamination

CH, — CH— COOH —
\ [ or deamination
| NH,
o N -

H
tryptophan indcilepyruvic acid

CO, decarboxylation decarboxylation

oxidation and

| \ CH, — Chy,—NH, — > ;
q S

H
tryptamine indoleacetaldehyde

CH, — COOH

alternativy
u rostlin i
mikroorganizmdu




Hlavni typy ldtek s auxinovym dcinkem:
prirozeneé syntetické

A B

N CHy— COOH Gy

indole-3-acetic acid (IAA) a-naphthaleneacstiv acid
AN PSSP

0
~
CH,—¢cZ
D
NH ,
indoleacetaldehyde 2,4-dichlorophenoxyacetic acid (2,4-D)
AP INISIA P

NH

| _ ~  indolylmaselna
indoleacstonitrile indolebutyric acid
AANNNAANNS ANANAS AN

Misty se to prekryva - ¢im vice badame




Biotesty: pritomnost fytohormonu lze zjistit i mérit
specifickou rustovou odpovédi rostlinnych bunék/pletiv
Auxin stimuluje dlouZeni kousku koleoptile ovsa

(A) (B) roztok auxinu

FIGURE 19,2 Auxin stimulates the elongation of ocat coleoptile sections. These
coleoptile sections were incubated for 18 hours in either water (A) or auxin (B). The
vellow tissue inside the translucent coleoptile is the primary leaves. (Photos ©

M. B. Wilkins.)
To Zluté ve ,futrdlku z koleoptile jsou primarni listy Il




Ucinek je zavisly na koncentraci:
auxin muZe byt stimulatorem i herbicidem

2,4-D .."mitogen” in vitro, herbicid &i defoliant /in vivo
Orange Agent z vietnamské valky

Relative Rcsponse

konjugace
destrukce

Relative Concentration




APIKALNI
DOMINANCE

Jinterplay"

auxini s cytokininy
zdkladni

nastroj
meziorgdnovych
KORELACI

Boéni (axilarni)

. . - pupeny
cytokininy ovsem

nevznikaji pouze
v korenech

auxin zrejme
reprimuje expresi
ipt genu - a tim
syntézu
cytokinind -
primo v
internodiich

{a)

opet trochu opakovani

oti auxinu
anni pupeny




Jak jsou auxiny
Transpor'fovany
POLARNE

mimo , floemovy
proud , ?2??

Chemiosmicky
model

polarniho
(bazipetalniho)
transportu IAA

oo\

znann/Juz
ruzné typy
vnasecu"
i

¥ v O\
.vyhasecu

opet trochu opakovani

taucich

Aostiva vien

Buné&cna sténa

lonizavana
forma auxinu

Elektroneutralni
forma auxinu

Prateinowy

2]
]
) Protonova pumpa
@

pienagec auxinu 'x‘\ |.|4-

Cytoplazmaticka membrans |

Bunka

. molekula projde auxin

&) Kdyi se auxin setks
s kyselym prostiedim

I bunédné stény, molekula

e vodikawy iont, aby
se stala elektricky neutralni,
€ ako relativné mald, neutraini hlavne

lipofilni

cvtoplazmatickou membranou.

_ ) Uvnit bufiky je hodnata pH 7,

coZ vede k tomu, 2e auxin vodikowy
iont apét odevads (ionizace).
Vodik zde sloudil k pfencsu pres

| plazmatickou membranu, ktera

& Magnem MEnd propustng
proionty nei pro srovnatelns
velké neutralni castice,

. ﬂ Frotonove pumpy

fizeng ATP udrzuji

| razdil hodnot

pH uvnitd a vné bunky,

€ Auxin miize z bufiky vystupovat

- Jen na Dazdlnim konci, kde jsou
v plazmaticke mambriné

zabudovane proteinovd pienaiede,

0O erotonove pumipy
pfispiva kadtaku

auxinuy vwlvakenim
membranavého

potencialu {napatil,

kieré napomaha transportu

b aniontd ven z Budky.

Jednosmerny transport auxinu: chemiosmoticky model., V/ ros-

- - -I- i -
WENIDIICIC T |2 dLixr

transportovan wednim smérem

INSCNoL stany g v

, @ 1o od Spitky k bazi, Po
ceste tento hormon vstupuie do bunék na jejich apikalnim konch, ng bazalnim konei se

,difuzi pronikne pres stu puje do dalsi bunky.,




Opet trochu opakovdni - aneb jak se stopuyje hormon
pod mikroskopem

Fluoreskujici proteiny
puvodem z morskych meduz, kordlu a p.
barevné alternativy FP
pomdhaji stopovat transportni cesty

LA A




Prinosy a limity vyuziti
,G6FP" fuznich proteinu u rostlin

 moznost sledovat struktury a funkce viabilnich
bunek

* ndhrada slozitych mikrotechnickych pr'ocesu m.j.
nezbytnosti pFipravy Fezi, konfokalni mikroskopii
- u rostlin komplikuji ch:| buné&né sténa &i absence
kontaktni inhibice" bunék /n vitro

* nutnost zviadnout procesy transformace ¢/
transientni exprese

mensi Komercni nabidka specifickych Konstruktu
&7 sond - nutnost HOMEMADE pristupd




Transgenni kalusové kolonie




Transgenni bunécné suspense




Rostliny bramboru
transformované genem pro GFP

svéraci bunky praduch
transformované netransformované

zelena fluorescence







GFP-fimbrin




PINs and What ? rodina 7-8 ,  "..vynasece,

efflux carriery
orthology ZivociSnych
transportnich proteinu ...

Influx carriers, vnasece ..
AUX1. gravitropismus,
Auxin z floemu do korenové

Spicky

Foto Jifi Friml, ZMBP Tibingen




Auxinoveé
PIN
transportéry
a pohyb
vacku

vyznamna role
Zzejmeéna
aktinového

ale téz
tubulinového
cytoskeletu

tym
Zazimalova,
Petrasek
UEB AV CR

Plasma
membrane\

: : g A e R T S AR i
.

ENDOSOMAL
COMPARTMENT |

dependent
cycling
[ Vesicle ) {  Vesice |

\ _ %gf? A

7
H

PIN complex microfilament




PIN3 — Lateral Auxin Transport
PIN3 protein

DR5 - phototropism pPin3 phototropism

Atpin3




PIN2 — Root Gravitropism
PIN2 protein
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Vliv auxinu na rust a dlouzeni bunék

Jak to tam vevnitr asi ,beha" ?2??

Activation hypothesis:
Auin binds to an auxin-
binding protein (ABP1) : H*
located either on the cell
surface or in the gytosol.
ABRT-1AA then interacts e ——— T o -
directly with plasma ATP I ATP
membrane HY-ATPase to

stimulate proton pumping Activation |

{step 1). Second hypothesis
messengers, such as
calcium or intracellular pH,
could also be involyed,

Synthesis hypothesis: Second
IaA-induced second MESSEngers
messengers activate the
expression of genes (step
2} that encode the plasma
mermbrane H-ATPase : i ;
{step 3} The protein is : A ' Protein
synthesized on the rough e processing
endoplasmic reticulum

(step 4) and targeted via Fromoter H*-ATPase

the secretary pathway to i gene: -

the plasma membrana

{steps 5 and &), The

increase in proton

extrusion results from an Synithesis
increase in the number of hypothesis

pmt::l;m pumgs an the in vasicle membrane
mermbrane, oot . T T R T

Rough ER Golgi body

MUCLELS

Plasma H*

membrane CELLWALL Expansin Activation -

* L4 L4 L4
FIGURE 19.25 Current models for IAA-induced H* extrusion. In many plants, both GC|d|f|kaCe

of these mechanisms may operate. Regardless of how H* pumping is increased, * H
acid-induced wall loosening is thought to be mediated by expansins. expan5|ny




zaklady l“YCh'é rustové reakce: EXPANZINY

cilené rozvolnéni bunécné s‘rény + aktivni prijem vody

1

Uu
R SRR

1

Cytoplazmaticka
membrana

U

Bunéina
sténa

_\]

L Aktivuje

Mu}lekula
celulgzy

Cytaglazma

Livolnavani struktury celulooy: bunka mize rist

Obrazek 39.7 - Auxinem stimulovany rust bunék: acid growth hypothesis

*,,aktivni prijem vody".. potvrzeno zatim jen, Ze auxin bud’ aktivituje
preexistujici H+ATPazy nebo aktivuje syntézu novych.

Nardstajici membrdnovy potencial zplsobuje zvySeni prijmu iontl do buriky,

coz vede ke zvySenému osmotickému prijmu vody..

Neni znama prima U¢ast auxinu kupr. v regulaci selektivnich iontovych kanal
(viz analogie s u¢inkem ABA na svéraci buriky priducht) éi aquaporinovych kanali




AQUAPORINY

rodina malych proteinu,selektivnich ,prenasecu" vody

Water movement across biological membranes occurs
Model for water flow through a single-file, multiple-  through both the lipid bilayer and the pores formed
occupancy aquaporin. by water channels.




Déalkovy hormonalni

TRANSPORT

v pripadé AUXINU je proces specifického polarniho
transportu uvnitr bunék ¢i mezi bunkami (viz auxinové
prenasece) vyrazné doplnén dalkovym transportem
zvlasté prostrednictvim ,floemového proudu”

v pripadé CYTOKININU .Xylemovy proud“z korenu do
nadzemni casti, jinak difuse. Specificti prenaseci
dosud nejsou znami




Klidové centrum ( quiescent center ) korene:
bunky KC/QC se vétsinou nedéli, jsou ,reservou”
pro pripadné poskozeny korenovy apikdlni meristém,

Maturation zone

ale také preferencnimi producenty

Endodermis
with Casparian
strip

Epidermis

Elongation zone

regionot WA NEBER CH | | All the tissues in the Arabidopsis root are derived from a
A ¢ | small number of stem cells in the root apical meristem. (A) Longitudinal
quiescent O IS AR |, section through the center of a root. The promeristem containing the
o e, AT R stem cells that give rise to all the tissues of the root is outlined in green.
e | |4 N (B) Diagram of the promeristem region outlined in A. Only two of the
) - <% : four quiescent-center cells are depicted in this section. The black lines
Q{Iﬁ:;g\e‘ L e indicate the cell division planes that occur in the stem cells. White lines
fi s indicate the secondary cell divisions that occur in the cortical-endoder-
) mal and lateral root cap-epidermal stem cells. (From Schiefelbein et al.
1997, courtesy of J. Schiefelbein, © the American Society of Plant
Biologists, reprinted with permission.) '

Meristematic
zone

5 - Quiescent
(B) Stele  center cell
Cortex  stem cell Pericycle
< Endodermis

Epidermis Cortical

endodermal
stern cell

Epidermis

Lateral
root cap

Colimella Colu;ella of
stermn cell

root cap

Root cap-
epidermal
stem cell




Inhibitory transportu auxinu:
syntetickeé prirozené

fytotropiny...NPA .. _kyselina alfa naftyftalamova

Naturally occurring auxin
Auxin transport inhibiters not found in plants transport inhibitors

MNH

Q
0O
HO | |

NPA (1-N-naphthylphthalamic acid) TIBA (2,3,5-triiodobenzeic acid)

O0—CH.—COCH

1-NOA (1-naphthoxyacetic acid) Genistein

FIGURE 19.16 Structures of auxin transport inhibitors.




Auxin x genova aktivace :

auxin aktivuje celou Fadu gent, soucasné vSak reguluje svoji vlastni
aktivitu vazbou na specifické proteiny rodiny TIR1 aktivuje jadernou
degradaci Aux/IAA transkripénich faktoru proteasomovou cestou

( )

IAA

prenos signalu —® aktivace ubikvitinové
ligazy v jadfe

volny ARF
se vaze jako dimer na
promotor &asného genu

¢asného genu
AuxRE

transkripni v promotoru

faktor ARF
odbourani AUX/TAA je inaktivovén
oznaceného ubikvitinem AUX/TAA transkripce ¢asnych genii

na proteazomu S26 vede k fyziologické odpovédi
na signal [AA

Obr: 12.4. Jednoduché schéma regulace transkripce ¢asnych gentl auxinem. L — ubikvitinova ligdza, w ubikvitin. Dalsi podrob-
nosti v textu.




Auxinova aktivace gent

1. In the absence
of IAA, the
transcription
factor, ARF, forms
inactive

heterodimers with m

AUX/IAA proteins. l

Signal
transduction

_ 7 Inactive ARF pathway

heterodimer

3. In the presence of
auxin, AUX/IAA
proteins are targeted
for destruction by an
activated ubiquitin
ligase.

Activation of

AUX/IAA and
other early genes

2. Inactive hetero-
dimers block the
transcription of the
early auxin genes.
There is no auxin
response.

FIGURE 19.41 A model for auxin regulation of transcriptional activation of early

ubiquitin ligase

4. The AUX/IAA
proteins are tagged
with ubiquitin and
degraded by the
26S proteasome.

T Proteasome

response genes by auxin. (After Gray et al. 2001.)

5. I1AA-induced
degradation of the
AUX/IAA proteins
allows active ARF
homodimers to
form.

Active ARF

.rychlé odpovédi®

homodimer

. i
Palindromic AuxRE

v

AUX/IAA and

6. The active ARF
homodimers bind to
palindromic AuxREs in
the promoters of the
early genes, activating
transcription.

)

other early genes

|

Auxin-mediated
growth/development

7. Transcription of
the early genes
initiates the auxin
response.

8. The stimulation
of AUX/IAA genes
introduces a
negative feedback
loop.




Zpet k Bohumilu Nemcovi
auxin a statolitova teorie gravitropismu

Vertical orientation
Amyloplasts tend to
sediment in response to
reorientation of the cell
and to remain resting
against the ER. When
the root is oriented
vertically, the pressure
exerted by the amylo-
" plasts on the ER i'sd
nitorm  equally distributed.
Amyloplast pressure o
on ER

Root tip
Statolith

Horizontal orientation

In a horizontal orient-
s Rootti ation the pressure on
v the ER is unequal on
either side of the
vertical axis of the root.

Unegual

ressure
Statolith e

FIGURE 19.30 The perception of gravity by statocytes of Arabidopsis. (A) Electron
micrograph of root tip, showing 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) Diagram 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

opet trochu opakovadni




Auxin a moderni biotechnologie

Parthenokarpie -
jeden z mnoha prakticky vyuzZitelnych Gcinkd auxint

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

Swollen
receptacle <

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.)

Odstranime vlastni plody - tedy ,seminka"
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Seedling beds are not placed on-the grou
by hooks on the construction system of the greenhouse by using a

hanging gutter system which is the first in Europe and Turkey.

Heating, ventilation, watering, misting, shading and
carbondioxide systems of the greenhouse are controlled by
computers with the data transmitted by sensors, located indoor

and outdoor.

Instead of soil, we use cocopeat consisting of a mixture of perlit, peatmoss
and rockwool. The nutritions needed by the seedlings just in the amount

and radiation that is required with dripping system.

pouze bambusové véelky

dné syntetické HORMONY (2,4-D)

T,

voduction

i

gt

Hormones are never used throughout our
!
production; Bambus Terrestris bees are used for

pollination.

Biggbgical controlling methods and organic preparations not containing
poisons are used for fighting against harmful insects, therefore our
products do not contain remnants of any agricultural compounds that

might be harmful for humans,

e use LPG in heating of our greenhouses. LPG burners are ignited in the daytime.
Therpfhl heat screening during night time and curtaining system during daytime for shading

are also used in the greenhouses.

a také zadné GMO




Zvysenad tvorba
prirozeného
auxinu (TAA)

v semenicich
transgennich
jahod:

Plody cetné,velké,

vonavé a
.biofortifikovane"
ochrannymi
antioxidanty

B. Mezzeti 2004

GMO jako
alternativa

Neni nad kvalitni ,BERRIES"

BMC Biotechnology 2004, 4 hitp:ftwww biomedeentral.com! 4725750044

Figure 4

Strawberry and raspberry fruits from contral and Defi#-inaM plants. ¥Wild scrawberry F. vesca fruits {panel a): contral plang,
fruits in the top row; DefHF-oaM live 1, fruits in the middle row; DefHP-ioaM fine 2, fruits in the bottom raw, Cultivated straw-
berry F. % ananassa (panel b): control plant (left fruit) and DefH%-ioaM (right fruit), Raspberry R, idoeus fruits (panel cj: control
plant (the three fruits in the bottam raw) and DrefH$-ioaM (the three fruits in the top row). Annctatian: C = untransfarmad
contral; L = wransgenic line.

Table |: Fruit parameters: sige {average height and average diarncter), welght, total sugsr content from cantral and DofHTaaM
transgenic Bves of strawberry (F. vescaoand F. x amanassa) cultivated in greenhouse and raspberry (R idoeur) cultivated in epen fickd

Frult sze Fruit walght Tatal Sugar

Heigha (rm) Diameter (mm) z "Brisc

F. veser — greenhouse

11,90+ 00% ¢ 116% &£ 044 ¢ 0.T6 £ 0l c Nas 54
13,14 £ 010D 1305 £ 08T b 070+ 001 b 1172+ 04] 2
12923 20.10a 13,80 £ 047 a 039 £ 00k a 1134 £ 0.4% 2

£ % enanasso — greehouse

TFT L0 b JIF£0TFTh TG £ 068 b TET 20024
ITES & |02 a 00 2069 1255078 a Al 0152

R idomus — epen feld

Cantral 1982+ 12 & 1180 LIDb LI%£005 b 173+ 0082
DrefHS-izaM | 1IB9 2 1.30a 24302 [.10a 25040072 13500132
Vabses are means + 5E ealculated an o least 30 fruits for sach production cycle {s== mmethods for detils]. For each trai, fmeans followad by at leass

one camman letter 409 not sigriicantly dfferent acearding no Durar’s Mulciple Range Tass {p = @01), $E = Scandard Errer,




AUXIN

‘Déleni bunék ..morfogeneze
‘Diferenciace bunék .. morfogeneze
-DlouZeni bunék ... dlouzivy rist

‘Embryogeneze
Organogeneze ..apikalni dominance, vétveni
stonku, zakorenovani a vétveni korenu,tvorba

hliz, cibuli, tvorba kvéti, tvorba plodi

-Pohyby organi




Cytokininy

od cytokinese k bunécné diferenciaci

od juvenilizace k
programované bunécné smrti




Nahoda preje pripravenym-
explantatova analogie Flemingova objevu
od kokosového mléka k cytokininim

* SKOOG, MILLER et al. 1954

pouze ,zkaZene" vzorky DNA sledé maji rdstové
regulac ni UCinek. Dren tabdku Wisconsin 38 po

f(lCh pridavku do media nejen proliferuje, ale
€ regeneruje de novo

aktivni latkou je 6-furfurylaminopurin ... KINETIN,
ze skupiny cytokinind

pomer TAA : kinetin je urcujici pro tvorbu kalusu,
korent Ci pupent
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Folke Skoog (1908~ ). Leading member of the group that discovered kinetin. He,
together with Carlos Miller, discovered the interaction between auxin and cytokinin for the
control of organogenesis.




Zdakladni typy cytokininu -
jiz vSechny ,prirozené"”

trans-zeatin 1zopentenyladenin

isopr'enoidni aromatické

H H H
N
T

HN— CHS CHg

AN

dihydrozeatin

CH20H




Skoog a Miller (1965)

pomér auxind a cytokinini uréuje morfogenni
odpoved’




Cytokininy

jako klicové
induktory
vzniku
rostlinnych
nadord

zde

~crown gall”
tumory
Agrobacterium
fumefaciens

FIGURE 21.1  Tumor that formed on a tomato stem infected
with the crown gall bacterium, Agrobacterivm fumefaciens. Two
months before this photo was taken the stem was wounded
and inoculated with a virulent strain of the crown gall bac-
terium. (From Aloni et al. 1998, courtesy of R. Aloni.)




Cytokininy ...nejen v rostlindch, ale i v bakteriich
tvorba ,crown galls™ , Agrobacterium

oA wirulent bacterium carries a Ti plasmid
in addition to its own chromosomal DNA,
The plasmids T-DRNA enters a cell and
integrates into the cell's chromosomal DA,
’ Chromosomal
T-DA DA

P
52T
[

l::':":rr:rrr*:r:m_—'.-nr:rmz"'lF

Agrobacterium
tumefaciens

Transformed

1. The tumor is initiated plant cell

when bacteria enter a
lesion and attach
themselves to cells.

3. Transformed cells
proliferate to form a
crown gall tumor

& Tumaor tissue can be "cured” of

bacteria by incubation at 42°C,

The bacteria-free tumor can be

cultured indefinitely in the

absence of hormones,

FIGURE 21.4 Tumor induction by Agrebaclerium tumefaciens, [(After Chilton 1983,)




Mutace ,hormondlnich genu™ méni fenotyp nadord
Skoog-Miller schema funguje takeé /in vivo

Gene for Gene for
Genes for cytokinin Genes for octopine
auxin biosynthesis biosynthesis tumor growth synthase

Mutation or deletion
of these regions gives
Ti plasmids that — |
initiate tumors with
specific characteristics:

*

Shooty tumors Rooty tumors produced Large, undifferentiated tumors
produced by tms by tmr mutations or produced by tm/ mutations or
mutations or deletions deletions deletions

FIGURE 21.14 Map of the T-DNA from an Agrobacterium Ti cytokinin biosynthesis enzyme. Mutations in these genes
plasmid, showing the effects of T-DNA mutations on crown produce the phenotypes illustrated. (From Morris 1986,
gall tumor morphology. Genes 1 and 2 encode the two courtesy of R. Morris.)

enzymes involved in auxin biosynthesis; gene 4 encodes a




Cytokininy: aé se tvori v klidovém centru" korenové $picky,

zvySeni jejich hladiny blokuje aktivitu korenovych meristémi a naopak:

fenotyp mutantl A+CKX1 se snizenou hladinou cytokinint

FIGURE 21.10 Cytokinin suppresses the growth of roots. FIGURE 21.11  Cytokinin suppresses the size and cell divi-
The cytokinin-deficient AtCKXT roots (right) are larger than sion activity of roots. (A) Wild type. (B) AtCKX1. These
those of the wild-type tobacco plant (left). (From Werner et roots were stained with the fluorescent dye, 4’, 6-

al. 2001.) diamidino-2-phenylindole, which stains the nucleus. (From

Werner et al. 2001.)




Cytokininy:

zmeéna hladiny
v kulturach
protonemat mechd

ovliviuje vétveni
i indukuje tvorbu
pupend

FIGURE 21.16 Cytokinin stimulates bud development in
Funaria. (A) Control protonemal filaments. (B) Protonemal
filaments treated with benzyladenine. (Courtesy of H.
Kende.)




Genetické tumory:

fyziologicka rovnovaha
fytohormoni

miZe byt narusena
.nevhodnou hybridizaci"

v urcitych kombinacich
tribl

Nicotiana glauca x
Nicotiana langsdorfii

tvori hybridni rostliny
spontdnné

tumory

zejména v dusledku
nadprodukce

cytokinini (prip. i auxint)

FIGURE 21.17 Expression of genetic tumors in the hybrid
Nicotiana langsdorffii x N. glauca. (From Smith 1988.)




Cytokininy
X senescence:

nadprodukce
cytokininu

pt

v transgennich
tabdcich

'

udrzuje mladi:
zelené,
fotosynteticky
aktivni listy

Plant expressing ipt
gene remains green
and photosynthetic

Age-matched control:
advanced senescence,

no photosynthesis

Transgenni

nesmrtelny
tabdk ??

produkce /pt

pod senescencnim
promotorem
opakované navozuje
~omlazovaci proces"




CYTOKININY

-Déleni bunék..morfogeneze
‘Diferenciace bunék... morfogeneze
- .antisenescence” bunék/organel/pletiv/organizmu

-induktor programované bunécné smrti ?

‘embryogeneze

-organogeneze ...

-"antagonista”apikalni dominance
-inhibice zakorerovani a vétveni korent
‘tvorba hliz



NOV A

synteticka analoga prirodnich cytokinin
tym prof. Strnada, UEB AVER/UJEP Olomouc

olomoucin, topolin, roscovitin

nepusobi jen jako ,rostlinné morforequlatory", ale téz
jako univerzalni CY"'OS"'C(TII(O

Vyzkum procesi PROGRAMOVANE BUNECNE SMRTI




o EXTRACELULARNI
ISOPROTERENOL P”"“O"?Aanaloga

Reorganizace cytoskeletu

INTRACELULARNI STRNAD et dl




Priklad konkrétniho experimentdlniho zadani:

* rlznd nova ,cytokininova analoga" ruzné ovliviuji
aktivitu tzv. ,cyklin-dependentnich kindz" (klicovych
enzymu bunééného cyklu) ...CDK 1,2,4,7,9

* (Cinek dan typem analoga a koncentraci,mize

koncit smrti ovlivnéné burky

* pozadavek: ovérit UcCinek,zjistit, zda smrt je typu
PCD - a jakého

* cil: terapie nddorovych onemocnéni




GIBERELINY

fytohormony z ryZzovych poli pod Fudjijamou ....

Gibberella fujikorii a vdlka v Pacifiku




Z Japonska do zbytku védeckého svéta az v padesatych letech

Gibereliny netvori jen houba,
ale jsou také prirozenyni
rostlinnymi fytohormony

~Nemoc §:’Ien3?.-:h semendcka” na ryzi.

Wytahlé rostlinky na prave strané jsou infikovany houbou
rlldll Gibberella. Patogen produkuje gibereliny, stimulatc ory
Ty wznikaji pfi & i v neinfikevanych rostlinach

tlevol, oviern v daleko mensi mire, - ;
' any roztokem s 5 pg giberelinu,




Prvy znamy dcinek
prvych giberelini

—

* postupné zndma stovka dalsich

* (¢inky od regulace kveteni
pres tvorbu hliz po kliceni
semen

‘interakce s hormondlnimi
i non-hormondlnimi signdly

B
£
P s
-
2
G}

Lag period

} Intercalary =

meristem

|
Node GA3 added
/ to internode

section

\

Control internode section
(no GA3 added)

Excision of internode
/section
| 1 I I | |

|

1 3 4 5 6
Time (hours) after internode excised from plant

7




Gibereliny syntetizovany zejména v mladych
pletivech stonku a listl

CHy CO0OH

Gibberellic acid (GA3)

COOH
Gibberellin A; (GA,)

FIGURE 20.11 Gibberellin is synthesized mainly in the shoot
apex and in young developing leaves. This false color image
shows light emitted by transgenic Arabidopsis plants express-
ing the firefly luciferase coding sequence coupled to the
GA20ox gene promoter. The emitted light was recorded by a
CCD camera after the rosette was spraved with the substrate
luciferin. The image was then color-coded for intensity and
superimposed on a photograph of the same plant. The red
and yellow regions correspond to the highest light intensity.
(Courtesy of Jeremy P. Coles, Andrew L. Phillips, and Peter
Hedden, IACR-Long Ashton Research Station.)




GA 1 aktivuje amylazy v klicici

Funkce giberelina pfi mobilizaci zédsobnich latek
v obilce. V embryu se tvoii gibereliny, které jsou lransportovi-
ny do aleuronové vrsivy (Zivé buiiky, kreré obklopuji mumifi-
kovany endosperm). Gibereliny (GA, ) v bufikidch aleuronové
vrstvy aktivuji syntézu amyldz a dalSich hydrolaz i jejich tran-
sport do endospermu. Litky vzniklé hydrolyzou Jjsou transpor-
toviany do embrya, kde slouZi jako zdroj energie a dalfich me-
tabolith nezbyinvych k rmstu. a — embryo, b — koleopiile,
€ — prvni list, d — stonkovy apikdlni meristém, e — kofeny.
f — Stitek (scurellum), g — transport giberelinti do aleuronové
vrstvy, h — osemeni srostlé s oplodim (testa), i — aleuronova
vrstva, j — endosperm. (Podle Taiz L., Zieger E.: Plant Physio-

logy. — Sinauer Associates, Inc., Publishers, Sunderland, Mas-
sachsetts 2002, Upraveno.).

Saini— 3, Aleurone layer cells an
H ind uced to synthesize am

obilce

Structure of a barley grain and the functions
of various tissues during fmmaﬁm (A). Microscope pho-
tos of the barley aleurone l):.'r (E) and barley aleurone pro-
toplasts at an early (C) and late stage (D) of amylase pro-
duction. Protein storage vesicles (PSV) can be seen in each
cell G = phytin globoid; N = nucleus. (Photos from Bethke
et al. L997, courtesy of P, Bethke,)

jeden z prvych prikladu specifické genové aktivace fytohormony




Embryondini GA jednak spousti transkripci ,amyldzového genu”,
jednak sekreci alfa-amylazy z bunky aleuronové vrstvy
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Starch degradation in endosperm




Z jednoduseneé buniénd sténa
a Cesky

ze skript
Pavlové 2005

cesta zavisld na Ca® plazalema

sloZka pirenaiejici

men GA-MYE
wanskripce \
mRNA GA-MYB ——— ¥ rranslace
| v

< >
¥
gen c-amyldza / GA-MYB
ranskripéni faktor
transkripce /

mRMNA ¢-amyliza ~
-

i hrubé ER '

} diktvozom

sekrece *

Jednoduché schéma prenosu signdlu giberelind v bufkich aleuronové vrstvy. Jedna cesta vede k odstranéni represe
genl kodujicich faktory nezbytné pro transkripei genu pro c-amyldzu. Druhd cesta, v niZ plsobi Ca™ a kalmodulin, ovliviiuje se-

kreci ¢-amyldazy do endospermu. {(Podle Taiz L., Zieger E.: Plant Physiology. — Sinauer Associates, Inc., Publishers, Sunderland,
Massachsetts 2002. Upraveno.).




Giber'eliny: terpenoidni latky, tvorené z isoprenovych jednotek

* prekursor ent-kauren,ent- kauren syntdza je ovlivnitelnd riznymi
inhibitory. Dusledkem je sniZeni hladin giberelini a tim i inhibice
procesu jimi stimulovanych

* pouze nékolik pFirozenych giberelinii (GA1,3,4) ze znémé ,stovky"
je bezprostredné fyziologicky dcinnych, ostatni jsou jejich metabolity
Ci prekurzory

* aktudlni fyziologicky u¢inek je odrazem interakci ruznych signalnich
faktora:

- o vychozi isoprenoidy soutézi metabolické drahy giberelini,
cytokininl i brasinosteroidu,

- transkripci genl pro enzymy biosyntetické GA drahy ovliviuji
fotoperioda, teplota, hladina auxinu - i sama hladina giberelinu

* GA zrejmé obdobné pusobi na syntézu transkripénich faktort
retardujicich rdst i na transkripci alfa amylazy




Tvorba hliz u bramboru

gibereliny stimuluji dlouZivy rist stolon
ale striktné blokuji tvorbu hliz

tolik obvykla teorie,
podrobnosti si povime
pozdéji ...

FIGURE 20.17 Tuberization of potatoes is
promoted by short days. Potato (Selanum
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 S,

Jackson.) Long days Short days




GIBERELINY v zemédélské a zahradnické praxi:

zmény sexuality kvétl, ndsada x velikost plodu

FIGURE 20.4 Gibberellin induces growth in Thompson’s

Obrazek 39.11 - Pisobeni giberelinu na bezsemen- seedless grapes. The bunch on the left is an untreated con-
trol. The bunch on the right was sprayed with gibberellin

nou révu. Bézné osetfované hrozny na levé strané slouzf Fuitie it devel _ 51

jako kontrola. Rostlina vpravo byla béhem vyvoje plodd uring fruit development. (© Sylvan Wittwer/Visuals
s, ; o Unlimited.)

stfikana roztokem giberelinQ.




ANTIGIBERELINY:

paclobutrazol (PBZ), ancymidol
cilena zakrslost, zkraceni juvenilni faze vyvoje

Poinsettia: kontrola strikano PBZ




GIBERELINY

*dlouzeni a diferenciace bunék, regulace polarity
*organogeneze ... kliceni semen (naruseni dormance,
stratifikace),
% T4 v é Vv o
utvareni korenu,
*regulace kveteni (jarovizace,vlastni kveteni,
determinace sexuality kvéti)
% e & o
tvorba a zrani plodu,
*tvorba hliz
*Uloha v pohybech organu
*interakce s auxiny




KYSELINA ABSCISOVA

aneb:
proC bavlniku pred¢asné opadavaji tobolky
a stromum listy ?

Jsou dorminy abscisiny ?

Wareing 1965: izoldt z listli dormantniho javoru
inhibuje rust koleoptili ... "DORMIN"

Addicott et al. 1968 ...obdobné pusobi frakce z
opadlych mladych plodd baviniku ... "ABSCISIN"




DORMINY = ABSCISINY

aktivni slozka = kyselina abscisova

(S) N : (R)

aktivni forma Inaktivni
forma

(S)-cis-ABA (R)-cis-ABA
(naturally occurring (inactive in stomatal closure)
active form)

CHs
H3C

(5)-2-trans-ABA (inactive, but
interconvertible with active
[cis] form)

FIGURE 23.1 The chemical structures of the S (counterclock-
wise array) and R (clockwise array) forms of cis-ABA, and
the (5)-2-trans form of ABA. The numbers in the diagram of
(5)-cis-ABA identify the carbon atoms.




ABA

Obrizek 39,12 - Predéasné kliceni semen na mutant-
ni rostling kukufice. Kyselina abscisova zplsobuje dor-

naVOZUJe manci semen. Je-li tento proces b
s s kdy mutace ovliviiuje p

Zrani

embryi

a

udrzuje

dormanci

semen




SUCHO:

.Xylem sap" se alkalizuje, ABAH disociuje,difunduje listem
hromadi se zejména ve svéracich burikach praduchd,
spousti ,stresovou reakci"

& i " @ A .-;: S / : ; .-" :.: / ",.?',.; '-’J 1 T,-J'_'; ',_» . 1 R /
7 il 7 X lem -
Mesophyll<—+"" \ ' y \ D
cells A4 Well-watered condltuons ._ Water stress
- LA g )
i *,,, 3

During water stress, the

. o J sl slightly alkaline xylem sap
Acidic xylem sap favors i S b &/, w2y | - favors the dissociation of
uptake of the undis- o 3 N ) __ ABAH to ABA™.
sociated form of ABA ' o 5 Y 7 77
(ABAH) by the mesophyll
cells.

Lower
epidermis —| | .




B ROS pathway 1Py, cADPR pathways
.

v podminkdch SUCHA

uzavira pruduchy | 0\
*dvé cesty zvySeni Ca [ = 2" =
v cytoplasmé [ lncese
*blokovany kandly pro el el
vstup K do cytosolu,
stimulovan vystup anionti
(Cl, malat) do apoplastu,
bunka ztraci vodu,objem

klesa,zavira priduch

Obr. 12.11. Zjednodufené schéma signdlnich cest plsobeni kyseliny abscisové (ABA) pii zavirini priduchd. Obé cesty vedou ke
zvyieni koncentrace Cal* v cytoplazmié, 1 — ABA se viZe na receptor v plazmatické membring. Vazba ABA na receptor vyvold
vznik H,0, a superoxidu — cesta A. Tyto slofky pfenosu signdlu aktivuji kandly pro vstup Ca* do eytosolu, kieré jsou lokalizo-
vané v plazmatické membréné (2). Vzestup Ca® v eytosolu aktiveje dalsi kandly pro vstup Ca® do cytosolu, kieré jsou lokalizo-
viny v tonoplastu (4). K aktivaci kandlf v tonoplasty, jimiZ Ca® vstupuje do cytosolu, vede i druhd cesta B, jejimiz slozkami jsou
[P, a cyklickd ADPribtza (cADPR) (3). Zvyiend hladina Ca* blokuje kandly pro vstup K* do cytosolu (5) a stimuluje otevieni
kandli pro vystup aniontd Cl- (a maldw® - neznafen) do apoplastu (6). Zvyiend hladina Ca® inhibuje také protonové pumpy
(H*ATPazy) (7). Vysledkem téchto procesil je depolarizace plazmatické membrany, kierd aktivuje kandly pro vistup K* do apo-
plastu {8). lonty opoustEjici protoplast se uvoliiuji ze zdsob ve vakuole (%). SniZeny obsah jontl vede ke 2irdi€ vody 2 mnplw
tu a zmendeni jeho objemu — priduch se zavird. Vedle téchto cest, kieré vyuZivaji jako drubého posla Ca®, existuji dalii signdini
cesty ABA, které mechanizmus piisobeni Ca®* pfi zavirdni priduchid nezahmuji. (Podle Taiz L., Zieger E.: Flant Physiology. — 5i-
nauer Associates, Inc., Publishers, Sunderland, Massachsetts 2002. Upraveno.).




SUCHO
trva jiz
nékolik dni

klesa vodni potencidl
vodivost priduchd
stoupd hladina ABA

véasna zalivka
obnovuje plvodni
stav
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FIGURE 23.5 Changes in water potential, stomatal resis-
tance (the inverse of stomatal conductance), and ABA con-
tent in maize in response to water stress. As the soil dried
out, the water potential of the leaf decreased, and the ABA
content and stomatal resistance increased. The process was
reversed by rewatering. (After Beardsell and Cohen 1975.)




ABA spousti proces

.maturace” (zrani) somatickych embryi
smrku v kulture /i vitro
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AB®B)A

* inhibice prodluZovaciho riustu, bunééného déleni a

diferenciace
* embryogeneze .. zrdni embryi a semen

* dormance semen
* dloha v senescenci, opad (abscise) listu, kvétu,plodu
* . stresovy hormon™ - zvlasté reakce na ,water stres™ -

zavirani pruduchu

*antagonista/konkurent cytokinint, giberelind,auxinu ?
*interakce zejména s gibereliny, ale také s etylenem a

brasinosteroidy




Smrtici (svitiplyn)

AN

nejen abscisova kyselina reguluje opaddvani listt, kvétd, plodd, jejich
zrani Ci starnuti

Dimitrij Neljubov, 1901, student Botanického institutu v
Petrohrade:

viktorianské plynové lampy v ulicich
urychluji opad listi

Jriple reaction” temnostnich semenacku v laboratori




Etylén ovliviuje objemovy riist bunék a jeho polaritu
indukuje laterdlni rist bunék,ohyby stonku, tloustnuti organi

0.0 .20 (RN
Koncentrace etylenu {v miliontinach)

Obrazek 39.13 - Etylen zpisobuje u semenacki hra-
chu tzv, trojitou odpovéd. Jak pii umilém dodavani ety-
lerw, tak pfi jeho pfirozené produkei wyvolané mechanic-
kyrn stresern dochazi u Micicich semendcki ke toji adpa-
vedi — zpornaleni ristu, ztlusténi stonku a k harzontalnimu
rastu. Tato rilstovd reakee pomdha kligicim rostlindm wvy-
hnout se prekaZce, na kterow mohou pii ristu v plidé nara-
2it. Na obrazku vidime reakce semendckd pii rizrych kon-
centracich etylenu,

Dodan
Dodan irhibitor
K.{:r:trﬂla Btylen
;;._sm"% ﬁ;a%%ﬁ% e
_.%-. %ﬁ%&%ﬁ % i i =

Béina rostlina 2 “‘w

| %iié'“ 1 ; gﬁm P
gant -l . 1
negitlivy %gﬁﬁﬁﬁ % -}‘? r @% 3*‘33-5 =
ketylenu (gin) ’ﬁééﬁ?ﬁ = w; i

et 6
3‘"1% *Eﬁ E

Mutant
s nadproduke
etylenu (etol

e il 1
i , . ﬁ%ﬁ%@ﬁm
u'[-&q.tliﬂ'l mﬁ@ﬁzm wg &f&ﬁ:@fﬁ E?gﬁé
W nepnmmnustl i

etylenu je o
spubténa drdha
prenosw
etylencvého
signalu

Obrazek 39.15 - Podle reakce na pokusny zasah mi-
zeme rozlisit jednotlivé mutace, ovliviujici etyleno-
vou drahu prenosu signalu




Obrazek 39.14 - Mutantni rostliny s abnormalitami v trojité
reakci vyvolané etylenem

(a) ein mutanti. U rostlin necitlivych na etylen po (b) ctr mutanti. U téchto rostlin k trojité reakci dochazi i za nepfitomnosti
jeho dodani k trojité reakci nedojde. etylenu.
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FIGURE 22.9 During the formation of the abscission layer, in this case that of
jewelweed (Impatiens), two or three rows of cells in the abscission zone (A)
undergo cell wall breakdown because of an increase in cell wall-hydrolyzing
enzymes (B). The resulting protoplasts round up and increase in volume,
pushing apart the xylem tracheary cells, and facilitating the separation of the
leaf from the stem. (From Sexton et al. 1984.)

Ochranng Vrstva
vritva apadovych
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unék FIGURE 22.10 Effect of ethylene on abscis-

sion in birch (Betaul pendula). The plant on
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n’hr&:ﬁk 39'16 Dpad |f5tl.l Javﬂru. Dpad “fll-“ J{' TIZen righl’L\vn:. transfurrrieﬂtwithsmutkated“h
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Hormonalni interakce

pokles prirozené hladiny auxinu zvysuje produkci etylénu
a citlivost ,oddélovaci vrstvy" k opadu

Leaf maintenance phase

High auxin from leaf reduces
ethylene sensitivity of abscission
zone and prevents leaf shedding.

Shedding induction phase

A reduction in auxin from the
leaf increases ethylene production
and ethylene sensitivity in the
abscission zone, which triggers
the shedding phase.

Separation layer
digested
Yellowing

Shedding phase

Synthesis of enzymes that
hydrolyze the cell wall
polysaccharides, resulting in cell
separation and leaf abscission.




Blokadou syntézy nebo blokadou receptord (Ag)
|ze inhibovat procesy etylenem vyvolavané

endoplazmatické
retikulum

transkripéni
faktory

exprese dalSich genti

fyziologicka
odpovéd’

ZjednoduSené schéma signalni cesty etylénu. Receptor etylénu ETR1 (dimer) mé charakter dvoukomponentni histi-
dinové kinazy a je vazdn v membrané endoplazmatického retikula. Neni-li na néj vizdna molekula etylénu, receptor aktivuje ce-
stu, kterd blokuje odpovédi na etylén. Na pocatku cesty je kindza CTR1, daliimi sloZkami jsou patrné MAPKK. Blokovana je ak-
tivita sloZky EIN2 (transmembrinovy protein), kterd umoZni aktivaci transkrip&nich faktori EIN3 a ERF1 v jadru. Je-li na
receptor vazana molekula etylénu, neni kindza CTR1 aktivovina a blokada je odstranéna. Receptor pro etylén v bufice ma néko-
lik izoforem, viechny sloZky signdlnich cest ani viechny mechanizmy plsobeni identifikovanych sloZek nejsou zatim znamy.




ETYLEN

* tloustnuti bunék..morfogeneze
starnuti bunék a pletiv,
programovana bunécna smrt

organogeneze... utvareni korenovych vlasku,

reqgulace zrani a starnuti kvétu a plodi,
jejich opad

naruseni dormance a kliceni hliz

dloha v pohybech organt

inferakce s auxiny a ABA




Dalsi
.minoritni” fytohormony

BRASSINOSTEROIDY
glucobrassicin (mj. doc. Kutacek, 60-ta léta )
campesterol, castasteron
recentné vice nez 40 forem — i u niZsich, navozuji hlavné dlouzivy
rust (organy, lacky), vyvojové zmény, maji vliv na xylogenezi
(navozuji PCD pri diferenciaci tracheid u Zinnia elegans), stimuluji
produkei etylénu, méni orientaci celuloznich mikrofibril,
....podoba k herbicidum triazolového typu (uniconazol,
paclobutrazol, anycymidol 7?7, brassinazol )
pusobi jen prostrednictvim inhibice syntézy GA nebo i jinak ?
vztah k ecdysteroidum (svlékaci hormony hmyzu?) a dal§im
Zivocisnym steroidum ?7?




BRASINOSTEROIDY

.brasinolid” prvni rostlinny sterol
s regulacnimi ucinky (1979)

ve stimulaci dlouzivého rustu Gcéinnéjsi
nez auxiny




Brasinosteroidy

* lipidy - odvozené od isoprenoidi
- kompetice metabolickych drah mezi BS,cytokininy,gibereliny
* sitosterol,sigmasterol,campesterol, cholesterol
= lisi se obsahem a biologickou aktivitou
Vyvolavaji:
* mutanty defektni v embryogenezi i dalSim vyvaji,
* poruchy polarity bunécné expanze i déleni,
* poruchy bunécné diferenciace i histogeneze
* ovlivnéni funkce membran, transportu vackd,
* konformace proteinu
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TREMNDS in Flant Sciemnce

Simplified representation of the sterol biosynthetic pathway in plants, showing three ‘biosynthetic domains’ (A, B and C) representing the upper pathway (A), the
itostercl and stigmasterol branch {B) and the BR precursor branch (C). Mutants defective in enzymatic steps are indicated in purple. The analysis of sterol mutants such as
mitl, hyd1 and fackel, In which downstream products {e.9. cholesterol for sl and campesterol for 2yd T and facke!) accumulate to high levels in spite of reduced levels of
pparent precuraors, shows that the pathway is not linear.




Cpinion TRENDS i Plant Science  Vol.8 No.11 Novemnber 2003

Importance of plant sterols in pattern
formation and hormone signalling

Keith Lindsey, Margaret L. Pullen and Jennifer F. Topping

The Integrative Cell Biology Laboratory, School of Biological and Biomedical Science, University of Durham, South Road,
Durham, UK DH1 3LE

Figure 2. The phenatypes of two sterol mutant seedlings of Arabidopsis: (a) hydra1 [with wild type (WT) on the left] and (b) the hydra2 allele of facke!. Vascular patterning
of (e} a wild-type Arabidopsis cotyladon and of (d) & hydra2 cotyledon, revealed by PINT2GUS histachemistry. Note the disrupted vascular strands and defective cellular
nroduced, with permission, from Ref. (6],




SERK geny
v somatické embryogenezi
bramboru ?

Referancas

Srarma, B0, & Millarm, 5, 2004, Somatc embryconiass

I SoEnun s L a histological examination of key
covzopmanlzl stages. Plant Cal Heports 28, 115-118,
sharmg, SHK,, Mibam, S Hein, |, & Bryan, &), 2008, g,
mciscular charactarisation and transchptiona) snabas ol &
SUMATIC EMBERYOGENESIS RECEPTOR-LIKE KINASE genc
trown Solgeum tuberosuem | Flantz (in press).

&
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Somatic
embryogenesis in
potato

Sanjeev Kumar Sharma, Steve Millam, Pete
Hedley, Ingo Hein, Jim McNicol & Glenn Bryan

Potato, the world fourth most important food arop, 15
largey propagated via tubers from the pravious crop,
Tissue oulture techniques, mainly Micropopagation,
have substantially augmented the supply of potata
plarting material, the demand for which iz rapidy rising,
chivien by increasing markets in China and Ingia ana the
develooment of specialist cultivars for the home market,
Micropropagaticn can reduce the time reguired for the
ralease of new culthvars from more than a cecads to

as lillle as thres years and has a vital role in any plant
breeding pre e m the raged pulking of acvanced
breeding material. Clonal in wiro propagation metnods
net only maintain crop uniformity, but alse pres:

health status as the planting material has reduce
axposure to sol-borne and other diseases, principally
wruses, YWa have recently developed an afficient
somatic embryogenasis (SE) system for patate (Sharma
& Millam 2004), which has considerable promise for
raped propagation of polate matenal. In this process
fissue culture material is used 10 ncuce the fomeation of
ambryonic structures from callus tissue, oy a senes of
manipulations of the growth cenditions.

Despite the advantage of rapid propagation (up to 40
limes laster in the early stages than microprozanation)
cone concern ahout 3E, and indesd all clonal
propagation methods, relates 1o the level of gonatic
stability of the material generated. IUis of fundamaental
imgortance that micropropagated plants, irespective
of thair deveiopmeant through aither organcgenesis ar
amondoganess, raman ‘true-to-parantal’ type. Potato
S Knewn 1o Be subject to low levels of somaclonal
variation, which can be dus to both genetic and
apiganetic causes. In our studies, Desires plants
atained througn difterent propagation routes [SE,
axillany bud proliteration. microtubers] wers evaluated

lor samaclonal vasation using phenatypic, oyiologizal
and molecular (amelifics frogment length polymerphism.
AFLP) approaches, In our study, no phanotypic or
oylological differences ware observod, Howaver, low
lerels of AFLP variation eon for SE {0.66% bands
polymorphict ane microtuer grown plants ((L.44%),
and intriguingly, this variation was only observed when
oo using methylation sensitiva
suggests a pozsible role for
methylation in the generation of somaclanal variation,

Kinaze }-X

Figure 1 a. Protograph of germinating potato somatic
embyryo cortalnad in sodiul & bead,

L. Generalized structure of StSERKT, "SF' donotaa signal
peptide, '21P Zip domain, 'LRR' Laucing Rich Repeats,
'BPE"Proling rich domain contaning SPP {Ser-Pro-Fro)
metif, T alaning-rich hydreohobic trans-membrane
domin, Kingse! serine-threonine kinase domains.




PLANTA
July 2008, Volume 228, Issue 2, pp 319-330

Cloning and molecular characterisation of a
potato SERK gene transcriptionally induced
during initiation of somatic embryogenesis

Sanjeev Kumar Sharma
Steve Millam
Ingo Hein
Glenn J. Bryan




Plant Signal Behav. 2009 December; 4(12): 1111-
1113.
PMCID: PMC2819433

Role of SERK genes in plant environmental

response

Marcelo O Santos and Francisco J.L Aragdo




signalling
molecules

synthesis

auxin,
other PRG?7?7

Brassinosteroid regulated promoters of
stress- and development-regulated genes




Dalsi

.minoritni” fytohormony
??

POLYAMINY
putrescin, spermin, spermidin
cadaverin
hypersensitivni reakce, zrani, senescence, vyvoj plodu,
kvétenstvi, embryogenese
uloha v regulaci bunecného cyklu ?
interakce s dalsimi ,,majoritnimi* fytohormony

regulace PCD




Dalsi ,minoritni” fytohormony
29

SALICYLOVA kyselina
vrbova kira x antipyretické acinky
vice nez 200 let znama jako analgetikum
funkcéni antagonista giberelinu...muzZe navodit kveteni (endogenni
floral inducing signal ..Lemna, Wolffia
- ucast v SAR (systemic acquiared resistance), vznikajici béhem
nékolika dni proti uréitym (bakterialnim, houbovym i virovym)
patogenum
- wucast v hypersensitivni reakci
tvofi se pét i vice rodin , patogen-related” (PR) proteini, myj.
chitinas, pektinaz, celulaz
moznost prenosu na dlouhé vzdalenosti (roubovani), nejen:
methyl salicylat je tékava latka .... mozZnost vzdusného Sireni
~poplasného signalu®, jenz navozuje i ,,imunitni reakci*

OLIGOSACHARIDY — OLIGOSACHARINY
syringin a dalsi derivaty
morfogeneze, bunééna diferenciace, interakce s patogenem




KYSELINA JASMONOVA

a jeji estery jasmondty: metylester MeJa

vyznamna uloha v interakcich hostitel x patogen

(viz fyziologie stresu)




Nehormonalni chemicka signalizace
od sacharidu po elicitory

Sacharidy nejen jako energeticky
zdroj, ale také jako SIGNAL




A co novinky po roce 2010 ?

priklad :

KARRIKINOLIDS

v kouri stepnich Ci lesnich pozard

frakce ze studeného koure ovliviuji

klicivost semen
odolnost k patogenum ?
klicivost pylu
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Doplnkové priklady
k fytohormonum




Rizeni

tuberizace bramboru

jako komplexni ,SIGNALNI SYSTEM"

Dr. Lukas Fischer




Tvorba hliz u bramboru

preména stolonu v hlizu




Ani p FiliS pozd e ani p FiliS brzy!!!
Neindukovana rostlina = r ust prytu a ko rfenu

==

Vysoké oslunéni S Tk e ) VySSi teplota

Velikost rostliny Dostatek dusiku

Dlouha noc t\ 277777

Indukovana rostlina = v étSina asimilat 0 ukladana do hliz




O tvorb é hliz rozhoduje pryt (listy)

Neindukovany
roub

Indukovana
podnoz

Indukovany roub

Neindukovana
podnoz




Slozkou induk €niho signalu je
sachardza

svetlo

s

sacharoza




Tvorba hliz je inhibovana gibereliny

— gibereliny ==gibereliny




LISTY ‘ Velikost rostliny ‘ LISTY

‘Vysoké oslun éni ‘ ‘ Dlouha noc (Fytochrom B) ‘

N ¥

- Ca2+/CaM
stolon
= GA’ @
sachardza

‘Niiél’ teplota ‘ ‘Nedostatek dusiku ‘




mutantni/GMO brambor jako model studia tvorby hliz

F
3

'

-
i
3 { A - p T
f o, e By B R W
3 ._‘\|| I} -- .l
J ;
T i,y 1 I
I
ko
4 _' k!
% - T
= o .
Sy ¥ I
K oy '




Hormon (y) KVETENT:

tecou z listu do vrcholku ??

FLORIGEN
ANTHESIN ..

J.SACHS 1860 ..
M.CH.CAJLACHJAN 1937
HUANG et al. 2005
CORBESIER et al. 2007
GYLLENSTRAND et
al.2007

MATHIEU et al.2007
CONTI + BRADLEY 2007

Jistové™ geny CONSTANS
FLOWERING LOCUS T
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