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Rostlinné "hormony"

= AuxIns

= Gibberellins

= Cytokinins

= Abscisic acid

= Ethylene

= Brassinosteroids

= JA, SA.... nové ..o 2008 objeveny
Strigolacton



Plant Hormones: Structure and Effects

Plant Hormones Chemical Structure Functions
auxins Apical bud dominance (retards growth of lateral buds
CH,—COOH immediately below); mediate growth response to light
direction; induce development of vascular tissue; promote
N activity of secondary meristems; induce formation of roots

| on cuttings; inhibit leaf and fruit drop; stimulate fruit

H
. - development; stimulate ethylene synthesis
indoleacetic acid (IAA)

cytokinins }|f CH Promote cell division in shoot and root meristems; influence
HN_CHE_(;:c/ : development of vascular tissues; delay leaf aging; promote
“SCH,0H development of shoots from undifferentiated tissue in lab culture
N= N
Ay
X
e
H
zeatin
ethylene Promotes ripening of some fruits; promotes leaf and flower
H,C==CH, aging and leaf and fruit drop from plants; affects cell elongation
and seed germination; helps plants perceive and respond to
ethylene -
pathogen attack and mechanical stress
abscisic acid Promotes transport of food from leaves to developing seeds;
promotes dormancy in seeds and buds of some plants; helps
H.C _CH, CH, plants respond to water stress emergencies; regulates gas
NN exchange at the surfaces of leaves
OH
O CH; COOH
abscisic acid

Table 12.1 (part 1) Plant Biology, 2/e © 2006 Pearson Education



gibberellins

gibberellic acid (GA)

Stimulate both cell division and cell enlargement during shoot
elongation; promote seed germination; stimulate flowering in
some plants

brassinosteroids

Stimulate shoot elongation; reduce plant stress caused by heat,

OH cold, drought, salt, and herbicide injury
OH
HO
HO 0
(6]
brassinolide
salicylic acid Helps plants perceive pathogen attack
COOH
OH
salicylic acid

Table 12.1 (part 2)

Plant Biology, 2/e

© 2006 Pearson Education



Plant Hormones

Chemical Structure

Functions

systemin o acids Signals that wounding has occurred
systemin
jasmonic acid Helps plants resist fungal infection and other stresses; induces
o plant production of protective secondary compounds (alkaloids)
- CH,
COOH
jasmonic acid
sugars HOCH, Helps regulate amounts of chlorophyll and other photosynthetic
0 components
H H
HO OH
H OH
glucose

Table 12.1 (part 3)

Plant Biology, 2/e

© 2006 Pearson Education
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Fia 4. Ribbon diagram showing the struciure of an ABPL dimer. The
f-sheeis are shown as broad arows, ABP1 iz N-glyveosylated and some
of the =ugar residues are shown & the top of ecach monomer, Three
C-terminal residucs were not resolved and would extend the o-helices a
the foot af the moleceles, The zinc iomis shown in green. Reproduced
from The EMBO) Jouwmal, Vol, 21 No, 12, pp. ZETT-2885, 20002, with
permizsion Froem Woo e ol (200020, Oxtond University Press,

Auxin Binding Proteinl byl objeven biochemicky je lokalizovan
prevazie do membrany ER, ale mala frakce "unika" a je akthani
povrchu buky. Pokus s blokovanim reakce protoplasa IAA protilat.
prokazal jeho podil na reakci na I1AA.



 F-BOX SCF-ES LIG.
KOMPLEXU TIR1 JE
RECEPTOREM
AUXINU .
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TRENDS in Mlant Soence

Figure 1. K=y steps in the pathweay of polyubigquitylation by SCF E3 ligese, which
targets substrate protein and leads to degradsation by the 265 protessome. (a) Ubi-
quitin {LU'b} is linked via & thioaster bond to the ubiguitin-sctivating enzyme {E1}.
Ubiguitin is transferred from E1 to the oysteine of the ubiquitin-conjugating
enzyms {E2). b} The SCF E3 ubiquitin ligesa {Skpd, cullin, F-box and Rbx? | cate-
I'vses the transfer of ubiquitin from E2 to & Iysine residue on the substrete protein

Formation of 8 polyubiquitin chain on the substrate protein targets it for degre-
dstion by the 265 protassome.
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Receptorem auxinu JelR1 a jeho
homology: F-boxpodjednotka SCF E3

ligazy.

L

embryogenesis

Figure 1. Aumn Signal Tranzduction Pathway

i Top panel) In plant cells exposed to ttle or ne avsn, AuxTA A transcrptional repressor proteins remain bound to the ARF {ausmn response factor) transcrption
factor, and target genes of ausin remein switched off (Bottom panel) When avxin (orange) binds to the TIE] auxin receptor, TIE1 {or its farmily members, the
AFEs:) strongly interacts with AumTA L proteins. TIE 1/AFE: are leucine-rich repeat F box proteins, which are patt of an SCF-type ES ubiquitin ligase, contathing
ARE 1 (Arabidopsis BEP1-Likely, CULT (Cullinl), and EBX1 (EING-box protem1). Once assembled, this protem complex recrutts an E2 ubiquitin-conjugating
enzyme, and their combined action adds ubiquitin melecules (1) to the AunTA L protems, which are subsequently degraded. When AuxnTA S proteins bind to

anzn-modified TIE 1/AFEs, the AFRF transcription factor 15 no longer reprezsed, resulting in the expression of target genes required for Arabidopsis embryogenesis
ivellow silhouettes).
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proleasomal
degradation

auxin-regulated

oene

Fig.4, The SCE™™! relieves Aux/IA A repression of activating ARFs, (A)
An activating ARF protein { green) binds an AwxR E promoter element viaan
N-terminal DINA binding domain (DBD). Under liw -auxin conditions, an
AuxAAA repressor (red) binds the activating ARF via heterodimernization
between Aux/TAA and ARF domains 11 and IV, (B} Auxin promotes Aux/
IAA domain II-TIRI association, bringing the Aux/TAA protein to the
SCFTH! complex (purple) for ubiguitination (Ub) and subsequent
destruction by the 265 proteasome. The activating ARF, with a Gln-rich
{0 ) middle domain. is then freed to promote auxin-induced gene expression.

Aktivita SCF/TIR1

je regulovanaake
signalosomem/CSN



Gibberelliny -
dedtky pribuznych rizné
aktivnich molekul

oH




Randy Moore, Dennez Clark, Darrel Vodopich, Botany Vizual Resowrce Library @& 1888 The MeGraw-Hill Companies. inc. A rights reserved.
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T
GA response GA response

Figure 1

Model of gibberellin signaling in rice. Under low GA concentrations, SLR1 represses the GA responses.
Under high GA concentrations, a soluble receptor, GID1, binds to GA; however, the binding is unstable
and easily dissociates from the other. The GID1-GA complex specifically interacts with SLR1 at the site
of DELLA and TVHYNP domains. The triple complex composed of GID1-GA-SLRI1 is stable and does
not easily dissociate. The triple complex is in turn targeted by the SCFGI complex and the SLR1
protein is degraded by the 265 proteosome, which releases the repressive state of GA responses.



Brassinosteroidy



Brassinosteroids

A steroddal compound found

m both vascular and non

vascular plants

I ffects mnclude:

® Increase stem and cell
elongation

® LUnrolling and bending of
STAGHCS

® H' activation

& Eihylene production

8 Photomorphogenesis?

Mutants show altered growth

and sensivaty to hght

S

Brassinosteroid-deficient mutants




Figurs 1. Companzon of brassinostersid-nasnaitive T (bRT)
ancl wild-type Arabiaoosiz thaiana phanotypss.

The two plants shown ars both Hight-grown and are of the same
age: the b mutant en the left shows characterstic extreme
chvarfizm and dark-green curled lsaves; br? mutants also
axhikit delayed senescance and flowanng, and are male sterils.



BRI1 je ReceptorLike Kinase
(RLK), ktera po aktivacl
Interaguje s dalsimi kinazami.
Pro dalsSi prenos signalu jsou
kli cove fosfatazy.



= Slgnal pepiide B 7 residue island
Louene mipper B3 Trensmembrane domain

Kinase domuain
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Cwsteme pairs

Fi1a . 3 Representation of BRI
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BRI1 je pgikladem dikladre "promutovanéholokusu. Proto jsou
dolre funkiné popsany subdomeny ékteré jednotlivé AA.
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genome contains =600 such members, which play important roles in plant growth, development, and defense responses.
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a EGF signalling b

BRI1signalling

vesicle

Q ? PCR/ Q
early endosome %
% Golgi
Gaolgi
? MVB/ .
late endosome / "

7 lysosome

| o
' EGFR y ? clathrin-
( \ 2] clathrin- dodied ol
_/ coated pit
; 7 clathrin-
clathrin- coatad
early endosome coated vesicle

Iytic vacuole

Fig.1 A comparison of receptor-mediated endocytosis in animal and plant cells. a Epi-
dermal growth factor (EGF) receptor is activated by the EGF and endocytosed mainly
through clathrin-coated pits. The activated receptor accumulates in early endosomes and
multivesicular bodies (MVBs). Ligand-free receptors are almost exclusively recycled to
the cell surface. Ligand-bound receptors are sorted to lysosomes for degradation with
an increased efficiency compared with that of the ligand-free receptors. EGF receptor re-
mains active in early endosomes and in MVBs, indicated by the presence of phosphate
groups. b Hypothetical model showing that brassinosteroid receptor complex including
BRI and AtSERK3 is internalised in FM4-64 positive compartments that are colabelled
with Rab5 plant homologues represented by ARA6 or ARA7, Homodimeric combina-
tions of BRIl and AtSERK3 are internalised and cycle back to the plasma membrane.
Heterodimeric combination of BRII and AtSERK3 is preferentially internalised for degra-
dation. We propose a general mechanism for degradation of the internalised receptors
retained in the early endosomes and MVB compartments that involve KAPP dephospho-
rylation followed by ubiquitination.

Signalni
endosom
Vv BR

draze.
Internalizovany
Aktivni
Receptor

V endosomu
Je aktivni
Dokud neni
Defosforylovan.
SERK3=BAK1



Eukaryotické
dvoukomponentni signalni
moduly v recepci a Fenosu

signahi cytokinina a ethylénu.
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Fig. 1a,b Basic features of the simple (a) and the multistep (b} two-
component signalling system. Signal perception by the histidine
kinase nduces autophosphorylation of the transmitter domain at a
conserved histidine residue (H). The phosphoryl group (P} 1s
relayed to a conserved Asp residue (£) that 1s localized either in the
receiver domain of the cognate response regulator (a) or, in the case

7 .
of hybrid histidine kinases, in an attached recerver domaim (b). In Kll covou I’O|I
the multistep two-component signalling system., histidine-contain- T .
mg phosphotranster { HPry domain protemns function as phosphor- hraje pﬁtOk
histidine intermediates between the hybnd histidine kinase and the
response regulator (by. Black vertical bars Transmembrane domain fOSfO ry|aCe .

(adapted from Kakimoto 2003)

Histidin . Aspartat a fip. jesSt jednou...



CRE1/AHKA
(or AHKZ/AHKSE)

AHPs

Other

+E--l\_,-|:ne ARRs
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1
I
B-type ARR |
regulated :
responses
1

Transeription |
1

1

1

ARR genes

” A-type ARRs

|
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IModulation of responses
to cytokinin, auxin, light,
stress, nutritional status

Zurrent Opinion in Plant Biology

A model for cytokinin signal transduction via a His-to-Asp phosphorelay. The structure of CRE1/AHES is shown as an example. Ligand binding induces
receptor dimerisation and autophosphorylation. Transfer of the phosphoryl group by activated receptors activates AHPs which transport the signal
from the cytoplasm to type-B ARRs in the nucleuws. Type-B response regulators transcribe target genes, among them type-A ARR genes. Type-A
response regulators may downregulate the primary cytokinin signal response via a negative feedback loop, modulate downstream activities of
cytokinins in a positive or negative fashion or modulate other signalling pathways through protein-protein interaction. & more complex regulation than

shown in the model may exist. Abbreviations: O, aspartate residue, H, histidine residue, P, phosphoryl group.




 ARR A-typu se podileji na negatign
zpetnovazebném potéani odpo¥di na
cytokininy.



Ethylen



Triple response of etiolated seedlings with ethylene

» short hypocotyl
» thick radial growth

-apical hook formation




Receptory etylénu
Jsou lokalizovany
nakER.

a interakci se tam lokalizuje také CTR1



Elhylene 1t
receplors = membrune

MAPKEKK
Mramp Llnknown
metal membrane

Lrans PL)['[ 2r

EIN3/MIL
lranscription EIN3
Tactors
1 »
ERF
lranscription @ @
Tactors
l ¥

Ethylene responses

Fro. 2. Model for ethvlene signal tansduction  that  incorporstes
biochemical feamres of the pathway compoanpenis. Soluble  protein
domumins are shown as circles and predicting  oansmembrane structures
are shown as lines. Confirmed compaonents of the pathway are shown
in blue: maore recently proposad components are shown in orange. In air,
ethylene receptors maintain CTRE in an active state thiat serves o
repress ethvlene responses. In ethyvlene, the remession is relieved.
Binding of ethylene inactivates the receptors, thereby inactivading CTRIL.
As oa resuly, EINZ s sctivated and o transcriptional cascade involving
the EINF/EIL and ERF transcriprtion factors is initisted. Both families
of transcription factors are invelved i regulating ethvlene responses.
The protein level of EIN3 is kower in the ahsence of ethvlene than
in the presence of ethyvlene, due o degradation b the wubiguitin-
protessoine pathway. The Bgure also incorpomies  oomponents  shout
which confiicting data has been reported, namely o MAPEK module
operating downstream of CTRL, and a two-component  signalling
pathway (AHFP and ARR) functioning independently of the CTRI-
medinted pathway.




Triple response of etiolated seedlings with ethylene

» short hypocotyl
» thick radial growth

-apical hook formation




Ethylzns

ETR

ElMS Jasmonats

2 s

L | v signalizaci etylénu

T T s hraje roli reg. degradace
it iyt S bilkovin (TF EIN3).

receptors (ETR). Ethylens binding is propossd to inhibit receptor
function. CTR1 = propossd 1o be sctivated by the unoccupisd
recepbors wia physical mlerac tion with hem, and is ohibitsd wpon
binding of sthyiens by the receplor. A MAPK moduls, congistng of
S K and SIMK, 3 propossd 1o act downstresm of CTR1, athowugh
the biochemical conasequence of this MAPK pathee ay 5 not svident.
Becauss many biolic and abiotic stamull activate the SIS
pathves sy, it to bed d whether ther sctivabion i=
dependent upon the functions of the athyens recepiors and CTHRI.
Downstream components n the elhyiens pathway nchlede seweral
positive reguiators ([EINZ, EIMS, EING and the transcr ption factors EINZ
and EIL1). The level of EIN3 protein is contralled by ethylene, possibly
wia the proteasoms (U 265, The primany sthyisns signaling pathreay
components {indicated n yellow) ar e required for all known ethnylens
responses and, to date, nons hawe been found to respond to signats
other than sthylens. Branch pomnts in the sthylense responss pathnecay
may lie downstream of EINZEILT. Several EREBP ramscription




STRIGOLACTON -
REGULUJE TRANSPORT
AUXINU

e Derivat karotenoid

« INHIBUJE VYVOJ POSTRANNICH
VYHON U = SPOLU S IAA SE IUASTNI
REGULACE APIKALNI DOMINANCE.



ABA



Existuji pravd épodobné dva typy
receptoru pro ABA -
membranovy a cytoplasmaticky.

Membranovy GCR2 neni
receptorem, ala podjednotkas-
prot. se dastni na ABA signalizaci.

Cytoplasmatick)'/- H podjednotka Mg-chelatazy



Vol 443119 October 2006 |doi:10.1038/ nature05176 nawure

ARTICLES

The Mg-chelatase H subunit is an abscisic
acid receptor

Yuan-Yue Shen'*, Xiao-Fang Wang'*, Fu-Qing Wu'* Shu-Yuan Du', Zheng Cao', Yi Shang', Xiu-Ling Wang',
Chang-Cao Peng', Xiang-Chun Yu', Sai-Yong Zhu', Ren-Chun Fan', Yan-Hong Xu' & Da-Peng Zhang'

Abscisic acid (ABA) is a vital phytohormone that regulates mainly stomatal aperture and seed development, but ABA
receptors involved in these processes have yet to be determined. We previously identified from broad bean an ABA-binding
protein (ABAR) potentially involved in stomatal signalling, the gene for which encodes the H subunit of Mg-chelatase
(CHLH), which is a key component in both chlorophyll biosynthesis and plastid-to-nucleus signalling. Here we show that
Arabidopsis ABAR/CHLH specifically binds ABA, and mediates ABA signalling as a positive regulator in seed germination,
post-germination growth and stomatal movement, showing that ABAR/CHLH is an ABA receptor. We show also that
ABAR/CHLH is a ubiquitous protein expressed in both green and non-green tissues, indicating that it might be able to
perceive the ABA signal at the whole-plant level.
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Divinyl protochlorophyllide a

Phytochromobilin

Monovinyl protochlorophyllide a
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Chlorophyllide a

Chlorophyll a

Chlorophyll b

Tetrapyrrole biosynthetic pathway. Steps inhibited by specific inhibitors are indicated in red. Mutants
with a g pl)cuotype are shown in blue, and mutants that do not show a e pheuot_vpe are indicated in
green. brs-1 and PC-1/¥-7 are C. veinbardtii mutants. PBD KO, T-DINA knockout of porphobilinogen
deaminase; fin2, lesion in coproporphyrinogen oxidase; CHLD KO, T-DNA knockout of D-subunit of
Mg-Chelatase; CHLH cos, cosuppression lines for H-subunit of Mg-Chelatase; CRD KO, T-DNA
knockout of one subunit of the cyclase complex. cr and cb42 are alleles of the I-subunit of Mg-Chelatase.
PORA-ox and PORB-ox indicate overexpression of Protochlorophyllide oxidoreductase A and B,

respectively.

Dipyridyl v Cyclase crRD1 KO

JE TREBA
DALE
OVERIT!?



REGULACE DORMANCE

Viviparni kuku rice VP1
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CpHBZ TRAB1
cument Opin in Plant Bidogy

Majar cis-ragulatory elamants and transcription factors of ABA-ragulatad gene axprassion. Tha transcriptional complax consists of HNA-
polmerasa |l {HNA Pal Il} in association with ganeral transcriptional regulators including the TATA-box binding protain. The transcriptional
machinary s contrallad by tha binding of regulatary TFs to promatar-spacihic cis alamants. Tha ABA-regulatary alamant (ABHE) s contactad by
dimaric bZIP TFs, such as ABIS of Arabidopsis, which associate with tha transcriptional regulators ABI3 imaze VIVIPAROUST WP1]) and 14-3-3
protain, The coupling alamant (CE) is targetad by AP2-typa TFs, such as ABK, which enhance ABA-regulated transcription. Tha HD-ZIP protains
AtHBS and AtHBG of Ambidopsis bind to AT-rich pssudopalindramic saguancas, HNA Pal Il is regulated by the phosphorylation of its carboxy-
tarminal domain {CTD). Daphosphorylation by a CTD-specific protein phosphatasa (CTD-PPasa), such as AtCLP3 of Arabidopsis, downragulatas the

ax prassion of ABA-inducible ganas.

INTEGRACE SIGNALU NA PROMOTORU



poznamka: ABA a cukry interaguji



Sugar Signalling

Sowurce Acfivity

B Suer 11 R

Phios vt hg s

Noutrient remabilization
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Figure 1. Difterential Effects of Sugars on Flant Source and Sink Activitiss.

Suc is transported from photosynthesizing source lsaves to sink organs such as roots, maristams, young leaveas, flavers, fruit, and developing
szad. Lowared (L) sugar levelks can incresss source activities, including photosynithesiz, nutient mobilization, and export. In contrast, higher (H)
sugar levels in gink tissuss stimulate growth and storags. Accumulation of higher H) sugar levels in source tissuss, however, is belisved to
downreglate photosyrithasis, ansuring the maintanancs of sugar homeastasis. The differantial source-sink sffacts allow the adaptation of car-
Eon metabolism to changing envircnmeantal conditicns and to the availakility of other nutrisnts.
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Figure 2. Peasible Sugar Signals and Sensing Sites in Plant Calls.

Gilc fand Fru) can b= transported into the cell by hexoss transporters or mobilized from cytosclic and vacuolar Suc and plastid starch. Glc then
entars metaboliem aftar HEK-catalyzed phosphorylation. The HEK sugar sensor, &8 a cytosolic proten or asscciated with mitochondria or other
argansallas (s=e teut), then could activates a sianaling cemcads throuoh HXK-intaracting proteing [HIPs) or affect transcription directly after nuclear
translocation. Possibly, diffarent HXK (and fructokinass [FRK] iscforms and HEK-like proteins have distinet metabalic and signaling functions.
Metabolic ntermedistes could trigger signal transduction by activating metabolite sensors (5. Magative regulation of SnRK activity by Glo-G-
phosphate, for ewampls, suggests that SnAKs might act as sensors of metabolic activity. Finally, sugars, including Suc and hewcses and non-
metabolizable sugars and sugar analogs, also could be sensed at the plasma membrans by sugar transporters or transporter-like proteins or by
specific sugar recaptors (R). Solid lnes represent fransport and enzymatic reactions involved in sugar sensing and signaling, and dashed lines
rapressnt putative interactions and translocations. ER, endoplesmic reticulum,



Hexokinaza (HXK volnacdi
vazana) katalyzuje aktiai
fosforylaci glukosy, ktera tak
vstupuje do metabolismu.
HXK funguje jako SENZOR

pratoku glukosy- sama vstupuije
do jadraci prostednictvim
interagujicich bilkovinKiIPs)
ovliviiuje genovou expresi.



Figure 3. ginZ Mutant Phenotype and Complementation by 3550
AtHXK1. '

F'|E|.I'I‘|:H WES Qrown on B'H Gle Murashige and Eib‘.uﬁg UMhmadmm
far 5 days under light. WT, wild typs.

GIN2 je AtHXK1

Glukosa u WT brzdi de-etiolaci.
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Reakce na por&ni a interakce s
patogeny
(Casto v soufe s kys. salicylovou -
SA)
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Figure 2. Maodel for the Biosynthesis of JAs.

(A} Abbreviations for enzyme names are underlined; abbreviations
for names of intermediates ar= in bold; pathway inputs and cutputs
are in italic.

(Bl Structure of =nl-0O-(12-cxophytodi=snoyli-esnz2-O-thexadecatri-
enoyvli-monogalactosyl diglyceride, a chloroplast membrans ceylipin
comtaining esterified OPDA.



PEPTIDY JAKO SIGNALY



Table 1. Plant signalling peptides

aH. ¥ang e &., un published.
bs  Casson e i, un publisheo.

Peptide class Species Functicn Refs
CLAVATAZ Arabidopsis Shoot mearistem organization [401]
EMO04A0 Legumes, rice Root nadulation [31-33]
Phytosuliokines Asparagus, rice, Arabidopsis Cell division [51,52].8
POLARIS Arabidopsis Cell expansion b

Rl [omato, tohacoo, alfalfa LInknown [56]

1 Brassicaceas Self-incompatibility [43,48, 49]
Systemin [omato, potato, black nightshade, bell pepper, tobacoo Systemic wound response [15,24, 29




* Nizkomolekularni bilkoviny hraji
klicovou roli take napriklad ve
sporofyticke pylove
inkompatibilite.



Fig. 4. The male
detenminant of self-
incoimpatibility in
Hrassicaisthe 5-locus
cysteine-rich protein
Farmily (50 R) of small

=8 klla) polypeptides,
SCRisproducedin
microspores ard
tapetum, and is lacalized
tathe pollen coat, SCRE
might nteract directly
with the S-locus receptor
kina=e (SRK) located in
the stigmatal papillas to
clistinguish sell- from
non-salf-pollan,

Stigmatal papilla

<

TRENDS in Flani Soence




® scr

inactive
SHE
active
SRK
SLG

SCR/SP11
Pollen Coat Protein

| SLG
acquapoarin SRK

stigmatic papilla

Figure 6. =l Signaling in Brassica.

Shown iz a model for the initial steps of Sl signaling in Brassica
(Franklin-Tong and Franklin, 2000). When pollen grains come in con-
tact with the papilla surface of the stigma, the polypeptide =signal,
SCH, interacts with the SLG-5RK receptor kinase complex to acti-
vate a signaling cascade that leads to the incompatible Sl response.
The complex results in the activation of the receptor kinase and the
phoephorylation of ARCI, which may lead to the activation of aqua-
poring to limit the access of water to the incompatible pollen. P,
phosphorylation.
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Current Opinion in Plant Biology

Interaction of GA with other hormones. Roles for hormaones other than GA are indicated only when they interact with GA functions. Large
arrows indicate changes in developmental stage. ltalic text indicates a developmental process that is affected by the indicated harmones.
T-bars denote inhibition of the indicated process, whereas black arrows dencte promotion. Gray amows denote a hypothesized role {(on the
basis of data from microarray analysis of transcripts in germinating seeds treated with GA). Two hormones showing synergistic interaction are
denoted by a “+' between them; this does not imply an orderdng of their activities. ABA, abscisic acid.



|AA spousti zvysenou
produkci GAs.

Naruseni transportu IAA
brzdi degradaci DELLA
represoil piasobenou GAs.
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Flgure 5. A Modsel of BR-Awin interaction

Anxin and BE sigrals arve likely integrated i i
fargsl genes. The modeis) of intersection betwesn amxn and BR
pathiways must be downstream of BES 1 and AodfTAAs amd apsiream
ol gene expression. One likely mechanism is via regulalion ol

trarscri P Haaral 4:1:-r.|||1lt':|:t5, simch as thaose 1:1:-r.|].air|in3 the ARFs
=140 H-'i"'l.'_i:l:-l:lrrl:d.pl:.i.-::- AHEHFEEE g5

BR a |IAA

Indukujiradu
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Hladiny auxinu a cytokininu koreluji.

412

iy
e b

.d" -
)
\ AUXIn 2 LAA Synthesis |

- ‘i #  and Tumaover |
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Mucleus

Cytoplesm

Fiot

cure 20 Auxin-cytokinin cross-talk in plant cells. Cytokinin and auxin regulate plant cell proliferation by (1) controlling the expression of
the cell cyele components ede2 and eyeD3 (John e al., 1993 Nogue ef al., 2000), whilst the size of cellular pools of auxin and cytokinin are
controlled via (2) hormone-regulated eneymes such as eytokinin oxidase (Cyt oxidase; Zhang er al, 1995).

Zvyseni cytokinini stimuluje syntézu IAA, ale
zvyseni IAA inhibuje hladinu cytokinin.



Ethylene Signal [AA Ethylene
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Figure 3. Auxin-ethylene aoss-talk in plant cells. Ethylene up-regulates HOORLESS! gene expression o facilitale apical hook formation by
regulating either (1) TAA levels (Lehman et af . 19960 or (2) auxin transport activity (Kieber, 1997). Auxin up-regulates ethylene biosynthesis
via (3) AXRI- and AXR2-dependent expression of the (4) ACC syatfere 4 (ACSE) gene (Abel eral, 1995).

Auxin stimuluje produkci etylenu stimulaci genu gsotézu ACC.
Etylen inhibuje polarni transport auxinu.



ABA Interaguje antagonisticky
s GAs | IAA. Ridani ABA
mize snizovat hladinu volné
|AA a zvysovat podil
neaktivnich konjugdt
ABA Interferuje se sig.
drahami GAs.



STM S KNATH

| GAs AUX1/PIN-genes |
synihesized create local 144
in 11 IMmaama
GA A4

I

| Differentiation of meristematic cells

Clrrent Cpinlen In Piant Bleiogy

Auxin gradients in the shoot apica manstam regulate phyllotaxis, Auwan reaches the menstam via aoropetal transport jupward pointing arrow). Tha
axizting kaal primordia (P1 and P2) act as auxin sinks that ceata 8 local auan makmum {arows) at the position of tha naxt incipiant laaf (1)
Homeobax genas (ST, KNATT) that are exprassad in the manstam inhibit the bicsynthasis of GA and promote cytokinin {CK) production. They as
not expressad at 11, lsading to GA-production in this position {dashad iine). Calis start to differartiate &t 11 in response to GA and awdn, and a
neaw aat is formad.



Zvysena hladina cytokini a
potlaceni GAsje konstitutivnim
parametrena¢liveho centra
apikalniho meristemu

Naopak prosyvoj listovych
primordii je podminkou
zvysena hladina GAs



Interaguje prakticky kazdy s
kazdym a to jak na urovni
prenosu

signahi/regulace genove exprese,
tak

také na urovni regulace biosyntézy -
inhibice ¢
aktivace akumulace partnerského
"fytohormonu".






MEZIBUNECNA
KOMUNIKACE A
INTEGRACE ROSTLINNEHO
ORGANISMU



Plasmodesmata
(PD)

rostlina jako symplasticka st
bunék (v siti apoplastu)



paracellular | apoplasmic

transcellular 1 apoplasmic 2 symplasmic

Figure 3. Schematic view of para- and transcellular solutes/flo
During paracellular solute flux in the aqueous w&lll space, the
apoplasm, solutes neither cross membranes, nartaeteells.
Transcellular solute movement is characterizediiial solute
influx into the cell. Further flux may include afft into the
apoplasm and subsequent reuptake by the neighlgatelhor
symplasmic movement.



Bunécéné autonomni= molekula
pusobi jen uvnit bunky.

Bunééné neautonomni= molekula
pusobi mezi bakami.



Bunécne neautonomni bilkoviny

« NCAPs — non-cell autonomous proteins



Tobacco plant expressing GFP protein
Infected with RNA virus with GFP gene
Virus infection travels through veins and PDs.



Systemické $eni RNA(i bilk.!
floemem
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Figure @, Dewslopmental Regulation through Phlcem-Mediated Translocation of mRMA Signals in Flants, as Demonstratad by Grafting Expsriments.



Wirnd Movemnant Prodains

-

Figure 4. PO Potentiate Salactive Cell-to-Cell Transport of YWiral MPsMIP-MNuclsic Acid Somplewes snd Endogenous Transcription Factors.

[A) and (B] Bright-fizld and fluorescent images, respectively, illustrating extensive cell-to-call movement of a FITC-lakslad viral MP after its injec-
tion into a Phesalus vuwigans (bean) measophyl | cell. Amows indicate injected cell. 1A, intercellular ar space. (Adapted from Mousiry st al., 1934}
(S A watation in this MP blocked its akility to move cut of the injected call. Amows ndicats injected cells. (Adapted from Mouesiry =t al., 19854.)
(D) Expregsion of TMVY-MP-GFP in a tobacco apidermal cell, after biclistic bombardment, leads to cell-to-cell movameant of this fluorescent
prob=. [Adaptsd from Crawdord ancl Zambryski, 2007 )

[E] Control GFP bombardmient secpsriment inwhich fres GFP (27 kDjwas produced in a tobacco epidermal csll {sourcs leaf). Limited GFP diffu-
=ion into adjacant cells likely reflects low-frecuancy trafficking of endogenous NCAPs . (Adapted from Kotlizkey st al, 2001.)

[F) Presencs of viral MP (vMP) or MP-nuclsic acid complesas (via-MP) microinjected or produced in the infectad cell} caussa the dilation of PD
microchannels, thereby permitting cell-to-cell movament of MP, MP-nuclkeic acid, and F-dextran'/GFF probes yellow circles). W, call wall; M,
nucleus.

[G] Ceall-to-call rafficking of a tetramethyirhodaming isocthiccyanate (TRMC Habslad NCAP (left) permittad the simultansous spread of an 11-kD
FITCHabealed dextran {centar); the yellow signal resulting from merged images (iaht) highlights the coupled natures of the TRITCS-MCAP and FITC-
dexiran mowvament. Armows indicate njectad cell. {Adapted from Kragler et al., 12860.)

[H} KN displays MCAP properties; microinjsction of KH1-FITGC {left] or KN1 plus 20-kD FITC-labelad dextran (center] resulted in the spresd of
fluorescencs sigral into the surrcunding mesophyll callz, but mowvemeant was blocked in the cass of the KME& KN1 mutant (right). Armows indicate
injgctad c=ll. (Adapted from Lucas =t al., 1995

{1} to (K] Biclistic bombardment experiments confirm the capacity of NCAPs to traffic through PD. {Acdapted from K et al., 2002.)

(1} Sanfineament to the targst cell of tha lucrescent signal ssscciated with expression of GFP-YFF {32 kO) in epidemal cells of Arabidopsis.

[J] Parallel sxparimeant to (I} damonstrating limited cel -to-csll movemeant of GFP-KRA (-G8 kD,

[K) Parallal experimant to (J) illustrating cell-to-cell movement of GFP-KM1 in onion rooct epidermal cells.

(L} Endogenously skpresssd or microinjactad MOAPs interact with PD to inducs microchannel dilation, thersby permitting their entry into the
net call aswell as the co-diffusion of F-dexiran/GFP probss (yallow circles). Gell-autonomous proteins (CAPS] lsc k this capacity to interact with
PO, W, cellwall; M, nucleus.

M and (M) Schematic illustrations of the pattems of MCAP cell-to-cell movement atter delivery by microinjection or plesmid boesmbardment, re-
spactively. In microinjection expariments, an NCAP generally spreacds through some fiee cells within 1 min; by 10 min it will haws mowved out in a
radial diraction through soms 10 cells. In bBombardment expariments, NCAP-GFP expression takes 24 to 48 hr before a fluocrescent signal can be
detected, and then radial movanent is often restrictasd to ones or bao cslls.

Bars S0 .

injekce FITC-MP bilkoviny;C nepoh. mutant

.r-m..!.:.f?\._.'
G — NCAP poméaha pohybu
Cot-Autcnomaus Frotaine dextranu.

PD=plasmodesma
NCAP = non cell
autonom. prot.



S transportem jsou spojeny
regulované zriény SEL (Size
Exclusion Limit) — pfichodnosti
PD.



Basic structure of a simple primary plasmomodesma formed at
cytokinesis. The figure presents one of a number of very similar
published models for the structure of a simple Pd. Cell wall {CW)
formation at cytokinesis traps components of the endoplasmic reticulum
(ER) that becomes appressed to form the central axial desmotubule
{DM) surrounded by the plasma membrane (PM) continuum between
adjacent cells. The DM is sometimes also referred to the "appressed ER'.
Molecular flux is proposed to occur through the cytoplasmic sleeve
between the PM and DM and to be regulated by callose deposition in the
neck region of the wall. The cytoplasmic sleeve is proposed to be
interrupted by components such as actin {red spheres) and other
undefined proteins (blue spheres and spokes). Figure modified from
[21™], under the terms of the Creative Commaons Attribution License 2.5,




Bilkoviny plasmodesmat

* Reversibili glycosylovany polypeptid
(RGP — naped Chara, pak i1 Arabidopsis).
e HSC70 (HSP70ib. chaperon - dtto)

 RNA helikazy (dtto) — mutant Arabidopsis
ISe2 ma \Ktvena plasmodesmata.

3-1,3-glukanaza (dtto)



3-1,3-glukanaza Arabidopsis
AtBG_ppap

e Ztratovy mutant ma snizeny metabolismus
kaldzy a s tim spojeny snizeny tok
plasmosematy.

o Kalozovy ,limec” pravd épodobné reguluje
SEL plasmodesmat.

 AtBG_ppap ma C’- term sign. pragipojeni GPI
kotvy, coz implikuje lokalizaci na povrchu PM.



Basic structure of a simple primary plasmomodesma formed at
cytokinesis. The figure presents one of a number of very similar
published models for the structure of a simple Pd. Cell wall {CW)
formation at cytokinesis traps components of the endoplasmic reticulum
(ER) that becomes appressed to form the central axial desmotubule
{DM) surrounded by the plasma membrane (PM) continuum between
adjacent cells. The DM is sometimes also referred to the "appressed ER'.
Molecular flux is proposed to occur through the cytoplasmic sleeve
between the PM and DM and to be regulated by callose deposition in the
neck region of the wall. The cytoplasmic sleeve is proposed to be
interrupted by components such as actin {red spheres) and other
undefined proteins (blue spheres and spokes). Figure modified from
[21™], under the terms of the Creative Commaons Attribution License 2.5,




dale byly identifikovany

Rodina transmembr. receptorovych
bilkovin(PLDLP1..8) — OX PLDLP1
snizovala plasmodesmovy transport

Rodina kaldézu vazicich polypepiid
(22kDa) s C"-GPI kotvou.



Bunécneé neautonomni biloviny

 (NCAPs — non-cell autonomous proteins)

* Nelze identifikovat signal-konsensus-
sekvenici AA pro cileni transportu do PD.
Je vyuzivandada tfiznych.
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Figure 1. Formation of Primary and Secondary PD.

Formation of primary and secondary PD, in conjunction with PD oc-
clusion and degradation, allows the plant to adjust the extent of the
symplasmic/supracellular pathway interconnecting the cells of a tis-
sue. CW, cell wall. (Adapted from Kragler et al., 1998a.)
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Figure 1. Formation of Primary and Secondary PD.

Formation of primary and secondary PD, in conjunction with PD oc-
clusion and degradation, allows the plant to adjust the extent of the
symplasmic/supracellular pathway interconnecting the cells of a tis-
sue. CW, cell wall. (Adapted from Kragler et al., 1998a.)
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Plasmodesmal biogenesis in the glandular trichome of Nicotiana. {a and b) Nicotiana leaf trichomes form as multicellular structures to support aerial
glands (red). Cell-cell interfaces are populated by many Pds, revealed here using TMV MP.GFP. As the trichomes grow the basal wall interface (white
amow) expands radially resulting in a redistribution of the randomly occurring Pds. (c) Labelling of Pds with TMV MP.GFP (green) and antibody to
calreticulin {red) reveals the radial distribution and the increase in size of Pd clusters to form pit fields at the outer edge of the interface. (d) Models of
secondary Pd formation. Upper panels —experimental observations from scanning electron microscopy of freeze fractured trichome basal wall show
single or twinned pores, sometimes separated (right) by new cell deposition. Lower panels —interpretive models describing the formation of complex
structures by longitudinal fission (A) or de novo pore formation (B). The fission model depicts insertion of a second DM with a shared pore orifice. The
DMs become separated by deposition of further wall material to create separate pores. Central cavities may or may not form between the two pores.
De novo pores may be inserted adjacent to an existing pore from either side of the wall, merging in the middle lamellar region to form a complex
structure. Figure adapted from, Figures 1, 4 and 6 in [39*] with permission.



Symplastické domény v ontogenezi

 Casné embryo tudjednu symplastickou
sit’, v dalsim vyvoji se vytv@|i roziiznené
regul&ni symplastické domeny (napr L1
— centralni vs. periferni zOna meristemu).
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Figure 2. Mon-Cell-Autonomous Signaling Molecules Mediate Control over Developmental Processes in the SANM.

{A) The dicot SAM is typically organized into three clonally distinet cell lavers, Cell division in the L1 (pink) and L2 fgreen) occurs almost exclu-
sively in the anticlinal plane, whereas cells of the L3 (purple) can divide in all planes. (Adapted from Bowman and Eshed, 2000.)

{B) Distribution of primary | —) and secondary () PD that interconnect the cells of the SAM. (Adapted from Lucas, 1995.)

(C) The possible intercellular pathways taken by non-cell- autonomous signaling molecules. Cell-cell signaling (left) takes place in the apoplasm
and involves receptor-ligand-mediated interactions. Secreted ligands (red circle, green square) diffuse through the apoplasm and bind to
plasma membrane—bound receptors, thereby activating downstream =ignaling cascades within the target cell. Cell-to-cell signaling (right) in-
volves PD-mediated trafficking of information macromaolecules. M, nucleus.

ell-to-cel signaling as exemplifie SEXPression In ITRIOLT, LAGK of FLL) SRpres.
sion causss the production of secondary 1M instead of flowers, The unstable fio-572 mutation was causaed by insertion of a tranzposable ele-
ment, Tam3, into the second intron of FLO. Spontaneous Tam3 excision can generate periclinal chimeras exhibiting revertant FLOD sectors in the
flio-613 background (Carpentsr and Coen, 19201, The deagres to which nomal floral development can be restored is here shown to depend on
the layer of the SAM inwhich FLO iz expressed. I:Adapted from Carpenter and Coen, 1920, 1995; Hantke et al., 1295.)

(= o 5]
creas=d prcductlcn of flaral organs fat bottom). (Adapted from Clark et al., 1993.)
{F) Cell-cell signaling in the ZAM by the CLY regulatory pathway. (Adapted from Bowman and Eshed, 2000.)




Floemem se #ikvétni signal —
bilkovinaFT

LY e o
moves to the apex to trigger lowering, FT protein
movement is the more likely hypothesis, since micro-
array results have shown that FT ENA is not detected

at the shool apex (Schmid et al., 2003). The possibility
of FT protein movement is further supported bv the

molecular size of the FT protein (23 kD), which is
below the size exclusion limit of plasmodesmata
(Imlau et al., 1999). The FT protein may thus freely
move to the shoot apex. However, this FI protein
movement should be precisely coordinated to induce
flowering since the size exclusion limit can change
during organ development (Imlau et al., 19949), Nev-



Rostlinny organismus
Jako nadbunéc¢na
Integrovana symplasticka
Sit’.
S92

Qgimj




RNA viruses can block expression of a transgene
If a copy of the transgene has been added

Tobacco plant expressing GFP protein
Infected with RNA virus with GFP gene
Virus infection travels through veins

GFP expression inhibited starting at veins.



Gene silencing and RNA viruses
share potential to produce ds RNA

Fire and Mello proved that ds RNA inhibits
expression of endogenous genes
homologous to that dsRNA (Nobelova cena

2006).
Ve skute €nosti prvni d ukaz byl podan u rostlin

(pr. v laborato ri Davida Baulcomba JIC, Norwich)



a RNA Interference:

A type of gene regulation
Involving small RNA molecules
and induced by double stranded RNA



MIRNA v regulaci genové exprese

e pisobi ovSem néastji bunécne
autonoma.



PHB 5’ UUGGGAUGAAGCCUGGUCCGG 3’

PHV UUGGGAUGAAGCCUGGUCCGG
REV CUGGGAUGAAGCCUGGUCCGG
ATHBS8 CUGGGAUGAAGCCUGGUCCGG
ATHB15 CUGGAAUGAAGCCUGGUCCGG

mir165 3* CCCCCUACUUCGGACCAGGCU 5° 2X

mir166 CCCCUUACUUCGGACCAGGCU %
DOl: 10.1371/journal.pgen.0020089.g003

Figure 3. MicroRNAs and Class Il HD-ZIP Target Sequences

Diagrammatic representation of the PHB gene. Exons are represented as
boxes and introns as lines. The three structural domains in the coding
sequence are the HD-ZIP (yellow-orange) and the START (red) domains.
Below them is the sequence of the microRNA binding site in the five
Class lll HD-ZIP genes and miR165 and miR166 sequences.

21 nukleotia
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Chromatin siIRNAS ta-siRNAs, transgene siRNAs

viral siRNAs

AEO1
RN

chromatin

Translation inhibition mRNA Degradation

Fig. 4. A model of RNA silencing pathways in Arabidapsis. One silencmg pathway (left) operates at the chromatin level and requires RNA
polymerase 1V, RDRI, DOCL? and sometimes factors invelved in RMA-directed DNA methylation including AGOM, DRM, DDMI, and METI. A
second pathway (middle) produces miENAz and requires Pol 11 transcription of miBMNA precursors that are processed by DCLL and feed into an
effector complex that i capable of meduting cleavage. A different effector complex in this pathway may direct translational inhibition. In a third
{right) pathway RDRA converts smglk stranded cytoplasmic RNA into dsR NA, which i then processed by DCL4 into 21 nt RNA that then gudes
cleavage, This pathway produces transacting sRMNAs, transgene sitRNAs and some viral siRNAs, A vanation of this pathway requiring R DR |
produces siRMA againat a different subsel of viruses.



(a)

(b)

Ad
(HD-Zip)

Ab '
(MIRNA
165/166)

Schematic top view of the shoot apical meristeroywshg the relation
between the meristem and adaxial-abaxial polaritgaf primordia.
Adaxial (ad) identity is specified by HD-Ziplll pteins; whereas in the
abaxial (ab) side of the primordium, mRNA cleavagé&ed by miRNAs
165/166 prevents expression of HD-Ziplll. (a) Prigdiam polarity may
be controlled by a signal that emanates from tiéreef the meristem.
Higher concentration of the signal in the regiocirig the meristem
results in adaxial identity. (b) Alternatively, prordia may emerge in a
region of the meristem where there is a centralpperal boundary of
gene expression. (Note that this should not beazortfed with the
histologically defined central and peripheral regi@f the meristem.)
This boundary can serve as the initial referencestablish the
adaxial-abaxial boundary in the developing primamdi



e PRIKLAD BUN ECNE
NEAUTONOMNIHO PUSOBENI
TRANSKRIPCNIHO FAKTORU SHRVE

VYVOJI KORENE.



Aktivita promotofi geni SCR a
SHR vizualizovana GFP

Left: NCARECROW promoter driving GFF expression in the Arabidopsis root meristem. Right: SHORTROOT pramoter driving GFP
cxpression. ep-epiderms, co-cortex, en—cndodermis, CE-cortex endoderns inttial, (0 - quiescent centre, si-stele.



SHR protein je transportovan ze stele do
sousedni bustne vrstvy — endodermis,
Inicial a klidoveho centra

POEA 7 Y b S T R T ] maany extra lavers
o

; ...:‘;l-.-"" .Ilml.}'\u: 5 .
43 ;, e 1;“'!/““"“““” mal cells
L AR

Left: SHORTROOT promoter driving expression of a SHORTROOT-GFP fasion protein. Inset: expression pattern of SHORTROOT
promater. The SHORTROOT-GEFP proiein is capable of movement 1o adiacent cells in the endodermis, initials and guiesceni cenire.
Rigit: Ectopic expression of the SHORTROOT protein causes proliferation of the endodermis, marked by a f-glucuronidase reporter
gene.









Stress Resoonse(s) & Gene Expression
(A) B

Saguaro Honey mesquite

e plants must

Abiotic

adapt to > stress
stresses L/\/\f
because of
their sedentar) Spinach
lifestyle \4
Acclimation
VvV VvV
Resistance

® Stress avoidance
¢ Stress tolerance

Fig. 22.2, Buchanan et al.



Regulace iontové homeostasy
béhem reakce na zasoleni.

- [sauﬂh i
‘__-w"“ H"'""“--i-’_l_‘ A Apoplast
Salt Plasma
?| sensor? _ o HKT1K_SOs1 membrane

[ca®1 \‘%

Regulation of gene
expression e.g.
s081

Fig. 1. Regulation of ion homeostasis by the SOS pathway during salt siress. Salt stress-induced Ca®™ signals are perceived by 5083 which
activates the 5052 kinase. The S0OS3-5052 kinase complex regulates cellular Na™ levels by stimulating Na™ transport out of the eytoplasm (e.g.
by increasing the expression and activity of S057) and conceivably by restricting Na™ entry into the cytosol (e.g. inhibiting HKT1 activity). An
additional target of the S0S2 kinase, NHX (vacuolar Na'/H" exchanger)., also contributes to Na™ ion homeostasis by transporting Na® from the

evtonlasm into the vacunle



Reakce na osmoticky stress a
ABA.

LR Y e f ) ﬂiyl o e FH LLEJ ,_Hﬂl na e

Osmuotic a\maas
ri -
f g s
F b W . e 1
.f Yy F Y

ABA—® |p, —— FRY1

F\EI’fMEIE —ll /

.|"
'
/ SCaBP5- ¢ s
J;’ PKS3 e
r L el I B %2
3 i ¥ N
DREB2 cBH MYC/MYE bZIP(ABI5/ABF/AEREB)

N/ .

# CRT/DRE H MYBIC RS H ABRE )— TATA e rosponsive—ps SireSS
genes tolerance

Fig. 2. Transcriptional regulation of stress-responsive genes in response to osmotic stress. Osmotic stress-induced DREB2 transcription factors
induce ABA-independent wmscription of stress responsive genes. ABA-dependent pathways regulate stress-responsive gene expression through
CBF4, MYC/MYB and bZIP-type transcription factors. which bind to the CRT/DRE. MYB/C Recognition Sequences (MY B/C RS) and ABA
Responsive Elements (ABRE) promaoter elements, |&s|)er:tn elv. ABA- der.-em]em abiotic stress s‘luullum is mediated in part through 1Py and Ca®.

FRY1 negatively regulates IP; levels. ABA-induced Ca™ wl_uullmb is negatively regulated by the ABI12 protein phosphatase 2Cs and the
SCaBP5-PKS3 complex.



Transkri@ni regulace v odpadi
na chlad

Low tem perature stress

, LY

LY
?.r'r b

+TFE‘ ,"J/\ ‘\‘u‘ >
Inactive ¥ (Hos -E3

— -

=
et
LY
Y
N

A

G-hox TAT.&4 CBF3 CBF1, CBF2
Freezing
TATA =mssmCOR —p
CRT/IDRE tolerance

Fig. 3. Regulation of a cold-stess-responsive franscriptome and freezing tolerance. ICEl is a constitutively expressed myec-like bHLH
transcription factor, which is inactive under non-stress conditions. Low temperature stress presumably activates ICEL, which binds to miye cis-
glements of the CBF3 promoter and induces CBF3 expression. CBFs binds to the CRT/DRE cis-elements on cold-stress-responsive (COR) genes
inchucing their expression and leading to acquired freezing tolerance. HOS1. a putative E3 ubiquitin-conjugating enzyme, appears to target a
positive regulator of CBFs for degradation.



e ~100, ~90, ~70, and ~60 kDa

 Low molecular weight (LMW) hsp: ~27, ~20-22,
~15-18 kDa

e all iInduced within 30 min.

e more LMW hsp in plants

 2-Dimensional gel electrophoresis and  molecular
cloning indicates most hsps are families of
related proteins, particularly hsp70 and the LMW
hsps




Homologues found in cytoplasm, ER lumen,
mitochondria, and chloroplasts

function in protein targeting and assembly in nalrm
(non-stressed) cells, hydrolyze ATP

Constitutive & heat-induced (cytoplasmic) forms

— the heat-induced form first appears in the nualedhen
goes to cytoplasm (may protect pre-ribosomes freat h
stress?)

Also, some hsp70s are light-induced; chloroplagtZ helps
protect PSII from light/heat damageQhlamy



highly heat-induced

4 nuclear gene families:

1. Class | cytoplasmic

2. Class Il cytoplasmic

3. Chloroplast localized

4. Endomembrane localized (ER)

found in organelles only in plants
function mostly unknown
aggregatein vivointo "heat shock granules”



 most work on LMW hsp in plants

 Induction is mainly transcriptional but
also translational control (hsp mMRNAs
preferentially translated)

e genes induced coordinately, but not
equally in all tissues

 light can also induce some LMW hsps



« HSE (heat shock elements) in the 5' regions:
— ~10-15 bpoartial palindromes
— multiple copies required
— also found in other HS genes (e.g., hsp 70)
— similar to HSEs in animals




studied mostly in animals and yeast
Binds to HSEs

Contains leucine zipper motifs
Binds DNA as a trimer

Activity Is induced by heat, and
phosphorylation

Activity Repressed by HSP70



Upon heat shock or other HSF trimers bind to the
forms of stress, HSF heat shock element in

In the unstressed cell,

HSF is maintained in assembles into a trimer. heat shock gene promoters
a monomeric, non-DNA- \
binding form through
its interactions with HSP70. / Transcnptlonal activation
of the heat shock genes
leads to increased levels
of HSP70.
Y
shocl Bound HSF becomes forll‘ﬂlfll;{lio
; phosphorylated.
I M) O
e ¥ NOOVOVOA0 v OO% W i
@ NnGAANNTTCnnGAAn
HSP70 @ @ 6|
HSF/HSP70 HSE/HSP70
5 dissociates from the complex forms
* DNA and is converted to the DNA.
to non-DNA-binding
monomers.

. $
O

Fig. 22.44, Buchanan et al.



Heat shock-induced gene

143 181 246 356 381 491
N @ DNA-binding domain

Trimerization domains (leucine zippers)

Arabidopsis thaliana heat shock factor

Fig. 22.43, Buchanan et al.






PCD rostlinne
bunky

a vakuola



DMNA H1 histone

? Mucleosome

Core of B Histone Molecules

Nucleosome

http:f fwww.accessexcellence.comfABfGG fnucleosome.gif
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« TUNEL assay (Terminal deoxynucleotidyl
Transferase BiotindUTP Nick End Labeling)

e uses terminal deoxynucleotidyl transferase (TdT)
to transfer biotin-dUTP to these strand breaks of
cleaved DNA. The biotirlabeled cleavage sites are
then detected by reaction with HRP conjugated
streptavidin and visualized by DAB showing
brown color.






Diilezitou roli hraj i
mitochondrie

e Leakage of cytochrome Grom
mitochondria into cytoplasm precedes death

a vytok cytochromu C z nich.



Zivocisnavs. rostlinnabuika = autofagie.



Iniciace PCD je regulovana
preteazamt kaspazami

« Regulated bycaspasescysteine proteases

* Very specific proteases knownusually no
more than 1 or 2 breaks substrate

 Orchestrates cell deatheg. Caspass3 an
executioner caspase that starts a cascade
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Hypersensitimi Reakce
hypersens. resp. (HR)

e A hallmark of resistance non-host, host
specific

 the rapid death of plant cells In
associlation with the restriction of
pathogen growth

o Effective against biotrophic fungi,
bacteria, and viruses

...Je nespecificka a Sirokospektra



JE HR FORMOU PCD ?

e Do plant cells show PCD or apoptotic
characteristics during infection?

 Ryerson and Heath 1998
showed TUNEL and DNA
laddering In resistant reaction
with soybean rust.

AN O



Review articles

RBOH
respir. burst. ox.

FIRM HEA 1WA 7
iniziorn ¥
proinaae —f probeases'caspases
rthidslors T
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vacuolar collapsa
el Lheyd Figure 2. Model of pland peogramened cell desih. Fo
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Rop GTPazyvsude —i1 vPCD

Cell Polarity/ Tip Growth

Actin Cytoskeleton

SIGNALING
- PATHWAYS Pathogen Defense

Secondary Wall Formation

Meristem Signaling

Fig. 2. ROP-mediated signaling pathways leading to diverse cellular
responses.



VPE - vakuolarni kaspazy
(CaspLikeProt.) u rostlin

T serine Enlargement
roteases N i =S1-nuclease
. Collapse of
the vacuole RNases
—_— S1-nuclease —_— /
RMases

Cysteine proteases
Arid phosphatase

Cﬁﬁ’iﬂ/l; proteases o™

SR ——— ppid phosphatase

~ Anian
transporter
Current Opinion in Plant Biclogy

enzymes to invade the cytoplasm and to attack various organelles,
resulting in the degradation of cell contents and part of the cell walls.
Finally, perforation of the wall causes TEs to lose all of their cell
contents and to form mature hollow tukes that are reinforced by
secondary walls, It takes 20 minutes to lose nuclear DMNA after the
collapse of the vacuole, Note that hydrolytic enzymes that are located
in the cytoplasm are also expressed in association with TE PCL.

[E PCD-specific hydrolytic enzymes, Brassinostercids (BRs) induce
PCD, as well as the formation of secondary walls. PCD-specific
hydrolytic enzymes, such as an 571 -nuclease, RMNases and cystaine
proteases, are synthesized and accumulate in the vacuole. The
transport of organic anions into the vacuole is inhibited, in association
with the enlargement of the vacuole, The enlarged vacuole bursts, then
shrinks and fragments. The collapse of the vacucle causes hydrolytic

VacuolarProcessing=nzyme {/PE) je vakuolarni cysteinova
proteaza, ktera &bi substraty specifické pro kaspazy.



Rostliny s potlaenou expresi
VPE majicaste&ne potlaten také
kolaps vakuoly i HR.

Ale PCD je celkem normalni
u kombinovanych mutafétez
VPE proteaz...






TRANSFORMACE
A GENOVE MANIPULACE U ROSTLIN

Hlavni nastroj geneticke
transformace rostlin je derivatem
biotické interakce mezi
rostlinami a Agrobakteriemi.



Genetic engineering of plants with

* A. tumefaciensused
extensively for genetic
engineering of plants.

e Contains T-DNA
(bacterial plasmid)

e Genes colud be integrateg
Into the plant
chromosomewhen the

_ Tumor induced by
T-DNA Is transferred. Bt refsciens

http://courses.washington.edu/z490/gmo/natural.html



Agrobacterinm

& opize

‘\Qw:u hn

phenolics
SLLpATS
acidity

opines
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plant cell

Figure 1. Simpified representa-
tion of T-DNA journey from
Agrobacteriuum to the plant cell.

LB and REB, left and right border re-
peats, respectively; NPC, nuclear
pore complecc See texd for the de
tails.



Agrobacterium
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Figure 1. Schematic structure of the Agrobacterium Ti-plasmid snd mobile snd integrated T-ONA molecules. (al The Ti plasmid containg the T-ONA region, which iz defined
by it fight border (RB, in blue) snd left border (LB, in purplel, @ trans 1o the virulencs [wd reglon jorangs). (b The T-DNA borders sre 25-bp repeats snd semve 83 targsts
for the VirDE-VirD1 endonuelesse comples, which nicks betwsen the third and the fourth nuelsotides of each of the border ssquenees [15,71,72]. (e) The mabile copy of the
T-DMA is released g8 single-stranded (22] DNA molscule | T-strand | with 8 single VirD2 moleculs sttached 1o s 5-end. The regidusl seguences of the T-DNA borders, which
no longer have blological function, are often used as reference poims for T-DMA onentation snd integrity in the plant cell. T-DNA typically integrates imo the host genome
(d} #58 single fulHlength or (&) trunssted molscule in sddition to (f)multiple molscules lgated to esch other in varous onentations.



BINARNI VEKTORY

* Vir oblast je na zvlastnim vektoru/plasmidu
- 1.

« T-DNA s R a L hranici zbavenaipodni
genove vybavy a nesouci nami zvoleny
ektopicky gen je na dalSim
vektoru/plasmidul., jehoz hostitelem je
nejenAgrobacterium, ale takée.cali.



U Arabidopsis je mozna vysoce
uc¢innatransformace porfenim
mladych k¥tenstvi do suspenze
Agrobacteria. Dochazi posléze k
transformaci zarodaych vak a
vzniku heterozygotnich
transformant po opyleni.
Uginnost je kol. 2%.



POZNAMKY A OTAZKY K
ROSTLINNYM
BIOTECHNOLOGIIM
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