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Plant Hormones: Structure and Effects

Plant Hormones Chemical Structure Functions
auxins Apical bud deminance (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

i development; stimulate ethylene synthesis
indoleacetic acid (IAA)

cytokinins f‘f CH Promote cell division in shoot and root meristems; influence
HN-—CHz—-CZC/ 3 development of vascular tissues; delay leaf aging; promote
“SCH,0H development of shoots from undifferentiated tissue in lab culture
N= N
e,
=™
i
H
zealin
ethylene Promotes ripening of some fruits; promotes leaf and flower
H,C=CH, aging and leaf and fruit drop from plants; affects cell elongation
sthvlene and seed germination; helps plants perceive and respond to
Y 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
NS exchange at the surfaces of leaves
OH
O CH,4 COOH
abscisic acid

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



gibberellins

gibberelic 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
O
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 i aids 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
components
H
HO

Table 12.1 (part 3) Plant Biology, 2/e © 2006 Pearson Education
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Fig 4. Ribhon diagram showing the structure of an ABP1 dimer. The
fi-sheets are shown as broad arrows. ABPL is N-glycosylated and some
of the sugar residues are shown at the top of cach monomer. Three
C-terminal residues were not resolved and would extend the w-helices at
the foot of the moleceles. The zinc ion is shown in green. Reproduced
from The EMBQO Jourmal, Vol 21 Noo 12, pp. ZETT-2HES, 2002, with
permizssion from Woo er al (2002), Oxtord University Press.

Auxin Binding Proteinl byl objeven biochemicky je lokalizovan
pievazné do membrany ER, ale mala frakce "unika" a je aktivni na
povrchu bunky. Pokus s blokovanim reakce protoplasti na IAA protilat.
prokazal jeho podil na reakci na TAA.



* F-BOX SCF-E3 LIG.
KOMPLEXU TIR1 JE
RECEPTOREM
AUXINU.



TRENDE in Plani Soence

Figure 1. Key staps in the pathwsay of polyubiquitylstion by SCF E3 ligass, which
targets substrate protein and leads to degradsation by the 265 protessoms. [a) Ubi-
quitin (b} is linked via & thioestar bond to the ubiquitin-activeting enzyme {E1}.
Ubiquitin is transferred from E1 to the oysteine of the ubiquitin-conjugating
enzyme (E2}. (b} The SCF E3 ubiquitin ligase {Skp1, cullin, F-box and Bbx1} cats-
lvses the transfer of ubiquitin from E2 to & lysine residue on the substrete protein.
Farmation of & polyubiquitin chain on the substrete protein targets it for degra-

dation by the 265 protezsome.
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Receptorem auxinu je TIR1 a jeho
homology: F-box podjednotka SCF E3
ligazy.

Figure 1. Zwon Signal Transduction Pathway

Top patel) In plant cells exposed to little of no aumin, SueTA L transcriptional repressor proteins remain bound to the ARF (aumn response factor) transcription
factor, and target genes of ausin remain switched off (Bottom panel) When ausin {orange) binds to the TIR 1 awsan receptor, TIR 1 (or its family members, the
ATFEs) strongly nteracts with AusmTA S protems. TIE 1/AFEs are leucine-rich repeat F box proteins, which are part of an 2CF-type E3 ubiquitin igase, containing
ASE 1 (Arabidopsis SKP1-Likel), CTUL1 {Culinl}, and EBX1 (EING-box protem1). Once azsembled, thiz protemn comples recrits an E2 ubigquitin-conjugating
enzyme, and ther combined action adds ubigquitin molecules (b} to the AuTA S protems, which are subsequently degraded. When AvuxTA S protems bind to
auzmin-modified TIE 1 AFBs, the AFF transcription factor iz no longer repressed, resulting in the expression of target genes required for Arabidopsis embryogenesis
(vellew sihousttes).
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gene

Fia.4. The SCF™! relieves Aux/IAA repression of activating ARFs. (A)
An activating ARF protein (green) binds an AuxR E promoter element viaan
N-terminal DNA binding domain (DBD). Under low-auxin conditions, an
Aux/IAA repressor (red) binds the activating ARF via heterodimenzation
between Aux/TAA and ARF domains Il and IV, (B) Auxin promotes Aux/
IAA domain 11 TIRI association, bringing the Aux/IAA protein to the
SCE™™! complex (purple) for ubiquitination (Ub) and subsequent
destruction by the 268 proteasome. The activating ARF, with a Gln rich
(Q) middle domain. is then freed o promote auxin-induced gene expression.

Aktivita SCF/TIR1

je regulovana take
signalosomem/CSN



Gibberelliny -
desitky pribuznych ruzné
aktivnich molekul




Randy Moore, Dennis Clark, Darrel Vodopich, Botany Visual Resowrce Library © 1888 The McGraw-Hill Companies, inc. AH rights reserved.
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Figure 1
Model of gil)bcrcllin signn]ing in rice. Under low GA concentrations, SLR1 represses the GA responses.

Under high GA concentrations, a soluble receptor, GIDI, binds to GA; however, the binding is unstable

and easily dissociates from the other. The GIDI1-GA complex specifically interacts with SLR1 at the site

of DELLA and TVHYNP domains. The triple complex composed of GID1-GA-SLR1 is stable and does
not easily dissociate. The triple complex is in turn targeted by the SCFS™P? complex and the SLR1

A0 .

protein is degraded by the 265 proteosome, which releases the repressive state of GA responses.



Brassinosteroidy



Brassinosteroids

A steroidal compound found
i1 both vascular and non
vascular plants

L ffects mclude: . !
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Wild type

Figure 1. Companson of brassinosteroid-masnaitive T (baT)
ancl wild-type Arabvdopsis thaliana phanotypes.

The two plants shown ars baoth light-grown and are of the same
agie: the bt mutant on the left shows charactenstic extreme
chwarfizm and dark-greaen curled lsaves; bl mutants also
exhikit clelayed senescance and flowsnng, and are male sterils.



BRI1 je Receptor Like Kinase
(RLK), ktera po aktivaci
interaguje s dalSimi kinazami.
Pro dalsi prenos signalu jsou
klicové fosfatazy.
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peptide bri1-3
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Figure 1

{ Comtinsed an Rext page’)

BRI je prikladem dikladné "promutovaneho" lokusu. Proto jsou
dobie funkéné popsany subdomeny 1 nékteré jednotlivé AA.
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. — Receptorlike kinases (ALKs) belong to the large RLK/Pelle gene family, and it is known that the Arabidopsis thaliana
genome contains >600 such members, which play important roles in plant growth, development, and defense responses.
= — Surprisingly, we found that rice (Oryza sativa) has nearly twice as many RLK/Pelle members as Arabidopsis does, and it is
—— not simply a consequence of a larger predicted gene number in fice. From the inferred phylogeny of al Arabidopsis and rice
iy, m—— RLK/Pelle members, we estimated that the common ancestor of Arabidopsis and rice had =440 RLEK/Pelles and that large-
e scale expansions of certain RLK/Pelle members and fusions of novel domains have occurred in both the Arabidopsis and
i — rice lineages since their divergence. In addition, the extracellular domains have higher nonsynonymous substitution ates
o —a than the intracellular domains, consistent with the role of extracellular domains in sensing diverse signals. The lineage-
[ — specdific expansions in Arabidopsis can be atfributed to both tandem and large-scale duplications, whemas tandem
Sy — duplication seems to be the major mechanism for recent expansions in rice. Interestingly, although the RLKs that are
involved in development seem to have rarely been duplicated after the Arabidopsis—rice split, those that are involved in
e — defensefdisease resistance apparenfly have undergone many duplication events. These findings led us to hypothesize that
L most of the recent expansions of the RLK/Pelle family have involved defensefresistance-related genes.
 —
——
: The Plant Cell, Vol. 16, 12201 234, May 2004, weww plantosilorg 90 2004 American Socisty of Plant Biologists
iy — . ]
—=—— Comparative Analysis of the Receptor-Like Kinase Family

in Arabidopsis and Rice™

Shin-Han Shiu,» Wojciech M. Karlowski,* Runsun Pan,22Y un-Hueai Tzeng,° Klaus F. X. Mayer, ™
and Wen-Hsung Li=-"



a EGF signalling b BRI1signalling
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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
BRI1 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 BRI1 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
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draze.
Internalizovany
Aktivni
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V endosomu
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Dokud neni
Defosforylovan.
SERK3=BAK1



Eukaryotické
dvoukomponentni signalni
moduly v recepci a prenosu

signalu cytokininu 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 mduces autophosphorylation of the transmitter domain at a
conserved histidine residue (H). The phosphoryl group (F) is
relayed to a conserved Asp residue (D} that is localized either in the
receiver domain of the cognate response regulator (a) or. in the case

r v .
of hybrid histidine kinases, in an attached receiver domain (b). In KhCOVOU I'Oll
the multiste ep two-component signalling system. histidine-contain- T "
ing phosphotransfer ( HPr) domain proteins function as phosphor- hraje pl‘utok
histidine intermediates between the hybnd histidine kinase and the
response regulator (by. Black vertical bars Transmembrane domain fOSfOleace.

(adapted from Kakimoto 2003)

Histidin » Aspartat a prip. jesté jednou...
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CRE1/AHK4
(or AHKZ/AHKS)
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Current Opinian in Plant Biology

A model for cytokinin signal transduction via a His-to-Asp phospharelay. The structure of CRE1/AHK4 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 nucleus. 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. A more complex regulation than
shown in the model may exist. Abbreviations: D, aspartate residue, H, histidine residue, P, phosphoryl group.



* ARR A-typu se podileji na negativné
zpétnovazebném potlaceni odpovedi na
cytokininy.






Triple response of etiolated seedlings with ethylene

» short hypocotyl
* thick radial growth

-apical hook formation




Receptory etylenu
jsou lokalizovany
na BER.

a interakci se tam lokalizuje také CTR1



MAPKEK

Ethylene IR
receplors =
ETR1
ETR2
ERS]
ERS2
l‘ EIMN4

o ARG
MNramp Unknown
metal membrane
Ha g
ll'Lll'Jﬁ[)(Jl'l [

factors

ERF
transcription
factors

EIMN3/EIL -
transcription EIN3
1 w
l |

Ethylene responses

Fic. 2. Model for ethylene signal wansduction that incorporates
biochemical feamres of the pathway components. Soluble protein
domains are shown as circles and predicting ransmembrane structures
are shown as lines. Confirmed components of the pathway are shown
in blue: more recently proposed components are shown in orange. In air,
ethyvlene receptors maintain CTRIL in an active state that serves o
repress ethyvlene responses. In ethylene, the repression
Binding of ethyvlene inactivates the receptors, thereby inactivating CTRI1.
As o result, EIN2 is activated and a wanscriptional cascade involving
the EING/EIL and ERF transcription factors is initiated. Both families
of transcription factors are involved in regulating ethyvlene responses.
The protein level of EIN3G is lower in the sence of ethvlene than
in the presence of ethvlene, due o degradation by  the ubiquitin-
proteasome pathway., The figure also incorpomtes components about
which conflicting data has been reported, namely a MAPK module
operating  downstream of CTRIL, and a two-component signalling
pathway (AFF and ARR) functioning  independently of the CTRI-
mediated pathway.




Triple response of etiolated seedlings with ethylene

» short hypocotyl
* thick radial growth

-apical hook formation




Ethylens

ETR

Jasmonate
— 7 —

L
TF?

PDF1.2
Defansa Differential
responses call growth

Currant Opinian in Plant Biskgy

A model for the etindens response pathway in the regulation of gens
expreasion. Ethylens gas s perceived by a family of ER-associated
receptors [ETR). Etindens binding is proposed to inhibit receptor
function. CTR1 i3 proposed to be activated by the wnoccupisd
receptors via physical interac tion with them, and is nhibited wpon
binding of sthylens by the receptor. A MAPK moduls, consisting of
BIMKK and SIME, is propossd to act downstream of CTR1, although
the biochemical consequence of this MAPK patheay 5 not evident.
Becauss many biotic and abiotic stimuli activate the SMMEKFSRAK
pathws sy, it remans to be detesmined whether ther activation is
dependent upon the functions of the ethyiene receplors and CTRI.
Dovwnsiream components in the sthylens pathway inclede ssveral
positive regulators (EINZ, EINS, EING and the tramscri ption factors EIN3
and EIL1). The level of EINS protsin is controlled by sthylens, poasibhy
wia the proteasome (Ub/2E8). The primary sthylens signaling patiheay
components (indicated in yellow) are required for all known sthylens
responses and, to date, none have bean found to respond to signals
ather than sthylens. Branch points in the sthylens responss patheway
may lie downstream of EINZ/EILY. Ssveral EREBF tram scription

[ v signalizaci etylénu
hraje roli reg. degradace
bilkovin (TF EIN3).



STRIGOLACTON

e Derivat karotenoidu

- INHIBUJE VYVOJ POSTRANNICH
VYHONU — SPOLU SIAA SE UCASTNI
REGULACE APIKALNI DOMINANCE.



ABA



Existuji pravdépodobné dva typy
receptoru pro ABA -
membranovy a cytoplasmaticky.

Membranovy GCR2 neni

receptorem, ale a podjednotka G-
prot. se ucastni na ABA signalizaci.

Cytoplasmatick)'f - H podjednotka Mg-chelatazy



Vol 44319 October 2006 |doi:10.1038/nature05176 nature

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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REGULACE DORMANCE

Viviparni kukuiice VP1




Ganeral transeriptional

CAATMATTG  cftACGTgge GC-rich

HO-ZIP: bZP: APZ: CTC-PPase:
AtHES ARG ABl4 ACPL
AtHEG AREB=/ABFs ImABHM MCPL3
OisHaox EmBEP1 DBF1/DBF2

CpHBZ TRAB1
cumrent Opnion In Plant Bloiogy

Majar cls-regulatory alamants and transoription factors of ABA-regulatad gane axprassion. Tha transcrplional complax consists of HNA-
pohymarasa || {ENA Pal ll) in assaciation with ganaral transcriptional megulators including the TATA-box binding protain. The transcrptianal
machinay is controlled by tha binding of regulatory TFs to promotar-spacific cis alamants. The ABA-regulatory slamant (ABHE) = contactad by
dimaric BZIP TFs, such as ABIS of Arabidopsis, which associate with the transcriptional regulators ABI3 {maiza VIVIPAROUST VP1]) and 14-3-3
protain. Tha coupling elament {CE) is targeted by AP2-typa TFs, such as ABK, which enhance ABA-ragulatad transcription. The HD-ZIP protains
AtHBS and AtHBS of Ambidopsis bind to AT-rnich pssudopalindromic saguancas. HNA Pal Il s regulated by the phosphorylation of its carboxy-
terminal domain {CTD). Dephosphorylation by a CTD-specific protain phosphatasa (CTD-PPasa), such as MCLP3 of Arabidopsis, downragulatas tha

axprassion of ABA-inducibla ganas.

INTEGRACE SIGNALU NA PROMOTORU



poznamka: ABA a cukry interaguji



Sugar Signalling
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Figure 1. Differential Effects of Sugars on Flant Source and Sink Activitiss.

Sue is transported from photosynthesizing source leaves to sink organs such as roots, meristams, young lsaves, flowers, fruit, and developing
s=al. Lowersd (L) sugar lewels can incresse source activities, inclding photosynthesis, nutrisnt mabilization, and export. In contrast, highier (H)
sugar levels in sink tissuss stimulate growth and storage. Accumulation of higher [H) sugar lavels in source tissuss, howsver, is baliswed to
downregulate photosynithesis, snsuring the maintenance of sugar homeostasis. The differential source-sink effects allow the adaptation of car-
Eon metabolism to changing environmeantal conditions and to the availakility of other nutriants.
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Figure 2. Poasible Sugar Signals and Se=nsing Sitas in Plant Cells.

Glz fand Fru) can b= fransportsd into the cell by hexoss fransporters or mobilized from cytesolic and vacuolar Suc and plastid starch. Gle then
antars metaboliam after HXK-catalyzed phosphorylation. The HEK sugar sensor, 8 a cytosolic protein or sssociated with mitochondria or other
orgjanallas (see texd), then could activats a signaling cascads through HXK-interacting proteins [HIPs) or affect transcription diractly after nuclaar
translocation. Possibly, differant HXK {@nd fructokinass [FRK] isoforms and HEK-like proteins have distinet metabolic and signaling functions.
Metakolic ntermediates could trigger signal fransduction by activating metabolite sensors (5). Megative regulation of SnRK activity by Glc-5-
phosphats, for exampls, suggests that SnRKs might act as ssnsors of metabolic activity. Finally, sugars, including Suc and hexceess and non-
mietabolizable sugars and sugar analogs, also could be sensed at the plasma membrane by sugar fransporters or transporter-like proteins or by
spacific sugar recaptors (R). Solid lnes represant transport and anzymeatic reactions invohed in sugar sensing and signaling, and dashed lines
represent putative interactions and translccations. ER, endoplaamic reticulum.



Hexokinaza (HXK volna ¢1

vazana) katalyzuje aktivaCni

fostforylaci glukosy, ktera tak
vstupuje do metabolismu.

HXK funguje jako SENZOR

prutoku glukosy - sama vstupuje
do jadra ¢1 prostrednictvim
interagujicich bilkovin (HIPs)
ovliviluje genovou expresi.



Figure 3. gind Mutant Phenctyps and Complamentation by 355
AtHXKT.

Plants weare grown on 6% Glo Murashige and Skoog (12652) meadium
for & day= undear light. WT, wild type.

GIN2 je AtHXKI

Glukosa u WT brzdi de-etiolaci.



(met)JA

Kyselina
(met)jasmonova



Reakce na poranéni a interakce s
patogeny
(Casto v souhrte 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 ars in bold; pathway inputs and ocutputs
are in italic.

(B Structure of =2n1-0-(12-cxophytodienoyl)- en2-O-lhexadecatr-
enovli-monogalactosy| diglyceride, a chloroplast membrans ceylipin
containing esterified OPDA,



PEPTIDY JAKO SIGNALY



Table 1. Plant signalling peptides

sH. ¥ang et &, unpublished.
bs | Casson & ai, unpublished.

Paptide class Species Funetion Refs
CLAVETAZ Arabidopsis Shoot meristem organization [461]
EMOO40 Legumes, rice Root nodulaticn [31-33]
Phytos ulfokines Asparaqus, rice, Arabidopsis Cell division [51,52].8
POLARIS Arabidopsis Cell expansion b

Rl lamato, tohacoo, alfalfa LInknonsn [56]

SCR Brassicaceas Self-incompatibility [4348, 49]
Swstamin lomato, potato, black nightshade, bell pepper, tobacoo Systemic wound response [15, 24, 249]




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



Fig. 4. The male
determinant of self-
incompatibility in
Hrassicaisthe 5-locus
cysteine-rich protein
farnily (SCR) of small

(=8 kDa) polypeptides.
SCRisproducedin
microspores and
tapetum, and is localized
to the pollen coat. SCR
might interact directly
with the S-locus receptor
kinase (SRK) located in
the stigmatal papillas to
distinguish self- from
non-salf-pollen.

kin.

Follen grain

=tigmatal papilla

TRENDS in Mlant Soence
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Figure 6. 3l Signaling in Brassica.

Shown is a model for the initial steps of Sl signaling in Brassica
(Franklin-Tong and Frankling 2000). When pollen grains come in con-
tact with the papilla surface of the stigma, the polypeptide signal,
SCR, interacts with the SLG-5RK receptor kinase complex to acti-
vate a signaling cascade that [=ads to the incompatible Sl response.
The complex results in the activation of the receptor kinaze and the
phosphorylation 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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Auxin and ethylene

Priklady: N
Integrace

[ II|-,:I--||- Aot

regulaci LT
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dalSimi PR

,fytohorm e U e

ony" =

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. Lamge
arrows indicate changes in developmental stage. ltalic text indicates a developmental process that is affected by the indicated hormones.
T-bars dencte inhibition of the indicated process, whereas black arrows denote promotion. Gray arows denote a hypothesized mole (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 ordering of their activities. ABA, abscisic acid.



IAA spousti zvySenou
produkci GAs.

NarusSeni transportu IAA
brzdi degradacit DELLA
represoru pusobenou GAs.



‘ Aux/IAAs

?

BES1/BZR1
A ™ AR

X

gene expression

BR-auxin response
(e.g. cell expansion)

Figure 5. A Mode! of BR-Awin Interaction

Auxin ami BR sigmals are likely integrated an_promoeters of shared
Gargel genes. The node(s) of intersection between auxin and BR
Tt ways mast be downstream of BES1 and AuxIAAs and opstream
of gene expression. One likely mechanism s via regulation ol
transeriptional complexes, such as those containing the ARFs.

DO AT Lo urnal phiodRE2E5E #H5

BR aIAA

Indukuyi fadu
identickych mRNA.



Hladiny auxinu a cytokininu koreluji.

413

T
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Figure 2. Auxin-cytokinin cross-lalk in plant cells. Cytokinin and auxin regulate plant cell proliferation by (1) controlling the expression of
the cell eyele components ede2 and eyeD3 (John er af., 1993; Nogue e of., 20007, whilst the size of cellular pools of auxin and cytokinin are
controlled via (2) hormone-regulated eneymes such as cytokinin oxidase (Cyl oxidase; Zhang ef al., 1995).

Zvyseni cytokininu stimuluje syntézu IAA, ale
zvySeni TAA inhibuje hladinu cytokininu.



Ethylene Signal [IAA Ethylene
Trans%uctian Transport Synthesis

Wy [T Ty

l'_\'ll'pls:n

Figure 3. Auxin-ethylene aoss-talk in plant cells. Ethylene up-regulates HOOKLESST gene expression o facilitate apical hook formation by
regulating either (13 TAA levels (Lehman ef al, 1996) or (2) auxin transport adivity (Kieber, 1997). Auxin up-regulates ethylene biosynthesis
via (3) AXRI- and AXR2-dependent expression of the (4) ACC svathase 4 (ACSE) gene (Abel er all, 1995).

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



ABA 1nteraguje antagonisticky
s GAs 1 IAA. Pridani ABA
muze snizovat hladinu volné
IAA a zvySovat podil
neaktivnich konjugatu;
ABA 1nterferuje se sig.
drahami GA:s.
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Differentiation of merisiematic cells

Current Cpinien In 2ar: Bloiogy

Auxin gradients in the shoot apical manstemn regulate phyliotaxis. Awan reachas the menstem via acropetal transport (upward pointing arrow). The
axsting leaf primardia (P1 and P2) act as auxin sinks that create a local auxin maxemum (arows) at the postion of the naxt incipient leaf (11).
Homeobox genas (ST, KNATT) that are expressed in the manstem inhibit the biosynthesis of GA and promote oytokinn (CK) production. They are

not expressad at 17, leading to GA-production in this postion (dashad fng). Calls stard to differantiate at 11 in response to GA and auxin, and a
naw laaf iz formad.




ZvySena hladina cytokinu a
potlaceni GAs je konstitutivnim
parametrem déliveho centra
apikalniho meristému.

Naopak pro vyvoj listovych
primordii je podminkou
zvySena hladina GAs.



Interaguje prakticky kazdy s
kazdym a to jak na urovni
prenosu

signali/regulace genové exprese,
tak

také na drovni regulace biosyntézy -
inhibice Ci
aktivace akumulace partnerskéeho
"fytohormonu".






Plasmodesmata
(PD)

rostlina jako symplasticka sit’
bunék (v siti apoplastu)



paracellular / apoplasmic

2
el 1 e amm— ey
S ——

transcellular 1 apoplasmic 2 symplasmic

Figure 3. Schematic view of para- and transcellular solute flow.
During paracellular solute flux in the aqueous cell wall space, the
apoplasm, solutes neither cross membranes, nor enter the cells.
Transcellular solute movement is characterized by initial solute
influx into the cell. Further flux may include efflux into the
apoplasm and subsequent reuptake by the neighbouring cell or
symplasmic movement.



Bunécéné autonomni = molekula
pusobi jen uvniti bunky.

Bunécéné neautonomni = molekula
pusobi mezi1 bunikami.



Bunécné 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.
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Figure &. Dewslopmental Regulation through Phloem-Madiatad Translccation of mRMNA Signals in Flants, as Demaonstratad by Grafting Experiments



injekce FITC-MP bilkoviny;C nepoh. mutant

G — NCAP pomaha pohybu
dextranu.

A
AT

AR

o~

PD=plasmodesma
NCAP = non cell
autonom. prot.

Figure 4. PD Potentiate Salactive Sell-to-Cell Transport of Wiral MPsMAP-Mucleic Acid Somiplewss and Endogenous Transcription Factors.

(Al and (B] Bright-fizld and fluorescent imagess, respectively, illustrating estensive cell-to-cell movement of a FITG-laksled viral MP after its injec-
tion into a Phesaivs valgans (bean) mesophbyd| call. Amows indicate injected cellks. 1AS, intercellular ar space. (Adapted from Mousiny et al., 1984.)
() A mutation in this MP blocked its akility to mowve out of the injectad cell. Amrows ndicate injected cells. (Adapted from Nouairy =t al., 1984.)
(D) Expression of TMY-MP-GFF in a tobacco epidermal cell, after biolistic bombardment, leads to csll-to-cell movement of this fluorescent
proks. (Adapted from Crawdord and Zambryski, 2001 )

[El Control GFP bombardment estperiment inwhich fres GFP (27 kD) was produced in a tobacco epidermal cell (source leaf. Limited GFP diffu-
=ion into adjacent cells likely reflects low-fregquency trafficking of endogencus NCAPs. (Adapted from Kotlizlgy et al., 2001.)

[Fi Presenc= of viral MP (whMP') or MP—nucleic acid complexes (via-M Pj imicroinjected or produced in the infected cell causss the dilation of PD
microchannsls, thereky permitting cell-to-cell movement of MP, MP—huckic acid, and F-dextran’GFF probes (yellow cireles). W, call wall; N,
nucleus.

[G) Cell-to-cell rafficking of a tetramethylrhodamineg isothiccyanate (TRMC Habeled NCAP (left) permitted the simultansous spread of an 11-kD
FITCabeled dextran {center); the yellow signal resulting from meerged images fright) highlights the coupled nature of the TRITC-MNCAP and FITC-
dewtran movament. Arrows indicate njected cell. (Adapted from Kragler st al., 193580.)

[H} KM1 displays MCAP properties; microinjection of KM1-FITC {leff) or KN1 plus 20-kD FITC-labeled dextran (center) resulted in the spread of
fluorescencs sigral into the surrcunding mesophyll cells, but movemsant was blocked in the cass of the ME& KN1 mutant right). Ammoews indicats
injected cell. (Adapted from Lucas =t al., 1955,

(I} to (K} Biclistic bombardment experimants confirm the capacity of MNCAPs to traffic through PD. (Adapted from K et al., 2002 )

(I} Confineament to the target call of the flucrescent signal associated with expression of GFP-YFF (52 kD) in epidermal calls of Arabidopsis.

[J) Parallzl swparimant to (I} demonstrating limited celk-to-cell movameant of GFP-KMA (~-69 kO,

(K} Parallal experement to (J) illustrating cell-to-call movemeant of GFP-KM1 in onion root epidermal calls.

(L} Endogenously swprassed or microinjectad MCAPs interact with PD to induce microchannsl dilation, therseby permitting their entry into the
necit o=l aswell as the co-diffusion of F-dextran/GFFP probes (yellow circles). Call-autonomous protains (SAPs) lack this capacity to interact with
PC. OW, callwall; M, nucleus .

(M) and (M) Schematic illustrations of the pattems of NCAP call-to-call movement after dalivery by microinjection or pleamid bombardmient, re-
spactivaely. In microinjection exparimants, an NCAP genserally spreads through some five caells within 1 mim; by 10 mein it will hawvs mowved out in a
radlial diraction through some 10 calls. In bombardment experiments, MCAP-GFP expression takes 24 to 48 hr before a fluorescent signal can be
detectadd, and than radial movameant is often restrictsd to one or tawo calls.

Bars — 50 .



S transportem jsou spojeny
regulovane zmény SEL (Size
Exclusion Limit) — pruchodnosti

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*7], under the terms of the Creative Commons Attribution License 2.5.




Bilkoviny plasmodesmat

» Reversibilné glycosylovany polypeptid
(RGP — napred Chara, pak 1 Arabidopsis).

« HSC70 (HSP70 ptib. chaperon - dtto)

 RNA helikazy (dtto) — mutant Arabidopsis
ise2 ma vétvena plasmodesmata.

1 B-1,3-glukanaza (dtto)



B-1,3-glukanaza Arabidopsis
AtBG ppap

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

« Kalozovy ,,limec“ pravdépodobné reguluje
SEL plasmodesmat.

 AtBG ppap ma C’- term sign. pro piipojeni 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*7], under the terms of the Creative Commons Attribution License 2.5.




dale byly i1dentifikovany

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

Rodina kalozu vazicich polypeptidu
(22kDa) s C’-GPI kotvou.



Bunécné neautonomni biloviny

* (NCAPs — non-cell autonomous proteins)

* Nelze 1dentifikovat signal-konsensus-
sekvenicit AA pro cileni transportu do PD.
Je vyuzivana tada ruznych.



Symplasticka konektivita
je dynamicka, regulovana!

Plasmodesmy vznikaji pfi
bunééném déleni 1 de novo
a mohou byt regulované
uzaviena.

endoplasmic

reliculum
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el ) cell plate
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vasiclas
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Modification rormatian
Closure of cell contacts:
Occlusion and degradation
wiall degraded
AQpOSion plasmodesmata

Figure 1. Formation of Primary and Secondary PL.

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, cellwall. (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
arrow) 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.



» Casné embryo tvoii jednu symplastickou
sit’, v dalSim vyvoj1 se vytvareji rozruznéne
regulacni symplastickeé domény (napt. v L1
— centralni vs. periferni zona meristemu).



i

Figure 2. Mon-Cell-Autonomous Signaling Molecules Mediate Control cver Developmental Processes in the SAM.

(A} The dicot SAM is typically organized into three clonally distinet cell layers. Cell division in the L1 (pink) and L2 {green) occurs almost exclu-
sively in the anticlinal plane, whersas cells of the L3 (purple) can divide in all planes. (Adapted fram 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-cel-autonomous signaling molecules. Cell-cell signaling (left) takes place in the apoplasm
and involves receptordigand-mediated interactions. Secreted ligands (red circle, green square) diffuse through the apoplasm and bind to
plasma membrane—bound receptors, thereby activating downstream signaling cascades within the target cell. Cell-to-cell signaling (right) in-
volves PD-mediated trafficking of information macromolecules. M, nucleus.

ell-to-cell signaling as exemplifie = eftects on floral developmen expression in the TTnanT. Lack of FLO Exres-
sion causes the production of secondary IM instead of flowers. The unstable flo-513 mutation was caused by insertion of a transposable ele-
ment, Tam3, into the second intron of FLO. Spontanecus Tam3 excision can generate periclinal chimeras exhibiting revertant FLO sectors in the
flo-613 background (Carpenter and Coen, 1990). The degrees to which nomal floral development can be restored is here shown to depend on
the layer of the SAM inwhich FLO iz expressed. (Adapted from Campenter and Cosn, 1290, 1995; Hantks et al., 1995.)

ETIOLY s OF WO Ly e L) anic] Chw T LA A aniopss PIEns, Loss o ERI eSSl TesuUlls N an e O A5 well as -

creasad production of floral organs (at bottom). (Adapted from Clark et al., 1923.)
{F) Cell-cell signaling in the SAM by the CLY regulatory pathway. (Adapted from Bowman and Eshed, 2000.)
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Floemem se Sifi kvétni signal —
bilkovina FT

moves to the apex to trigger E'lm-jeang. FT protein
movement is the more likely hypothesis, since micro-
array results have shown that FT ENA is not detected
at the shoot apex (Schmid et al, 2(03). The possibility
of FT protein movement is further supported by the

molecular size of the FT protein (23 kD), which is
beloww the size exclusion limit of plasmodesmata
(Imlau et al., 1999). The FT prokein may thus freely
move to the shoot apex. However, this FT 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 nadbunécna
integrovana symplasticka
sit’.
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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
20006).

Ve skute¢nosti prvni dukaz byl podan u rostlin
(pr. v laboratori Davida Baulcomba JIC, Norwich)



a RNA interference:

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









Stress Responses & Gene Expression
(A) (B)

Saguaro Honey mesquite

* plants must |
Abiotic

adapt to S

stresses

because of

their sedentary Spinach
lifestyle

Acclimation

I

N

Resistance
e Stress avoidance
e Stress tolerance

Fig. 22.2, Buchanan et al.



Regulace 1ontoveé homeostasy
béhem reakce na zasoleni.

.- tsam} Na*
o =2 _H'_"'“---p-'_L f Apoplast
Plasma
HKT1 F S0S51 )
| ¥ Cytoplasm

Regulation of gene b
expression e.g.
5081 A
Ma*
Vacuole

Fig. 1. Regulation of ion homeostasis by the SOS pathway during salt stress. Salt stress-induced Ca®™ signals are perceived by S053 which
activates the S052 kinase. The SOS3-50852 kinase complex regulates cellular Na™ levels by stimulating Na™ transport out of the cytoplasm (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
cvtonlasm into the vacninle



Reakce na osmoticky stress a
ABA.

Osmotic a\m:aas
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Fig. 2. Transcriptional regulation of stress-responsive genes in response to osmotic stress. Osmotic stress-induced DREB2 transcription factors
induce ABA-independent ranscription 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 (MYB/C RS) and ABA
Responsive Elements (ABRE) promoter elements, |e\|'.-ectn ely. ABA- d:‘-|'.-:'-|hjent abiotic stress signalling is mediated in part through IP; and Ca™.

FRY1 negatively regulates IP; levels. ABA-induced Ca™* \Luullum is negatively regulated by the ABIIZ protein phosphatase 2Cs and the
SCaBPS-PKS3 complex.



Transkripcni regulace v odpovéedi
na chlad

Low tem perature stress
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Fig. 3. Regulation of a cold-stess-responsive transcriptome and freezing tolerance. ICE1 is a constitutively expressed myc-like bHLH
transcription factor, which is inactive under non-stress conditions. Low temperature stress presumably sctivates ICE1L, which binds to mye cis-
elements of the CBF promoter and induces CBFF expression. CBFs binds to the CRT/DRE cis-elements on cold-siress-responsive (COR) genes
inducing their expression and leading to acquired freezing tolerance. HOS1, a putative E3 ubiguitin-conjugating enzyme, appears to target a
positive regulator of CBFs for degradation.



« ~100, ~90, ~70, and ~60 kDa

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

e all induced within 30 min.

 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 1n protein targeting and assembly in normal
(non-stressed) cells, hydrolyze ATP

Constitutive & heat-induced (cytoplasmic) forms

— the heat-induced form first appears in the nucleolus, then
goes to cytoplasm (may protect pre-ribosomes from heat
stress?)

Also, some hsp70s are light-induced; chloroplast hsp70 helps
protect PSII from light/heat damage in Chlamy



highly heat-induced

4 nuclear gene families:

1. Class I cytoplasmic

2. Class II cytoplasmic

3. Chloroplast localized

4. Endomembrane localized (ER)

found 1n organelles only 1n plants
function mostly unknown
aggregate in vivo into "heat shock granules"



most work on LMW hsp 1n plants

induction is mainly transcriptional but
also translational control (hsp mRNAs
preferentially translated)

genes 1nduced coordinately, but not
equally 1n all tissues

light can also induce some LMW hsps



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

— similar to HSEs in animals



studied mostly 1in animals and yeast
Binds to HSEs
Contains leucine zipper motifs

Binds DNA as a trimer

Activity 1s induced by heat, and
phosphorylation

Activity Repressed by HSP70



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.



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 . 5
its interactions with HSP70. /”_—b Transcriptional activation
of the heat shock genes
leads to increased levels
of HSP70.
\ m R'NA
Bound HSF becomes
for HSP70
phosphorylated.

H ¥ NOQOVOIOVOVOON.?

(,D NnGAANNTTCnnGAAR

HSP70 6, N a )

A _ HSF/HSP70 HSF/HSP70 Q ©
s dissociates from the complex forms
* DNA and is converted to the DNA.
to non-DNA-binding
mMOoNomers,

Fig. 22.44, Buchanan et al.






PCD rostlinné
bunky

a vakuola



DMA H1 histone

2 MNucleosome

Core of B Histone Molecules

Nucleosome

http:f fwrww. accessexcellence.comfAB /GG nucleosome.qif






« TUNEL assay- (Terminal deoxynucleotidyl
Transferase Biotin-dUTP Nick End Labeling)

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






Dulezitou roli hraii
mitochondrie

* Leakage of cytochrome C from
mitochondria into cytoplasm precedes death

a vytok cytochromu C z nich.



Z1vocisna vs. rostlinna bunka = autofagie.



Iniciace PCD je regulovana
preteazami - kaspazami

« Regulated by caspases- cysteine proteases

* Very specific proteases known- usually no
more than 1 or 2 breaks substrate

* Orchestrates cell death- eg. Caspase-3 an
executioner caspase that starts a cascade
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Hypersensitivnl Reakce
hypersens. resp. (HR)
* A hallmark of resistance- non-host, host
specific

* the rapid death of plant cells in
association with the restriction of
pathogen growth

« Effective against biotrophic fungi,
bacteria, and viruses

...Je nespecificka a Sirokospektra



JE HR FORMOU PCD ?

* 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.

ANO



Review articles
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Rop GTPazy vSude —iv PCD

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
(Casp.LikeProt.) u rostlin

BR Serine
profeases
—_— S1-nuclease
RMases

Cvsteine proteases
Acid phosphatase

< Anien
transporter

Enlargement,
Collapse of
the vacuola

Cysteine proteases

=% ™ ——— Apid phosphatase

Current Opinion in Plant Biclogy

TE PCD-specific hydrolytic enzymes, Brassinosteroids (BRs) induce
PO, as well as the formation of secondary walls. PCD-specific
hydrolytic enzymes, such as an 5'1-nuclease, RMases and cysteine
proteases, are synthesized and accumulate in the vacuole, The
transport of organic anions into the vacuole is inhikited, in association
with the enlargement of the vacucle, The enlarged vacucle bursts, then
shrinks and fragments, The collapse of the vacucle causes hydrolytic

enzymes to imvade 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 tubes that are reinforced by
secondary walls. It takes 20 minutes to lose nuclear DNA after the
collapse of the vacucle, Nate that hydrolytic enzymes that are located
in the cytoplasm are also expressed in association with TE PCD,

Vacuolar Processing Enzyme (VPE) je vakuolarni cysteinova
proteaza, ktera Stépi substraty specificke pro kaspazy.




Rostliny s potlaCenou expresi
VPE maji CasteCné potlaCen take
kolaps vakuoly pr1 HR.

Ale PCD je celkem normalni
u kombinovanych mutantu bez
VPE proteaz...






TRANSFORMACE
A GENOVE MANIPULACE U ROSTLIN

Hlavni nastroj genetické
transformace rostlin je derivatem
bioticke interakce mezi
rostlinami a Agrobakteriemi.



Genetic engineering of plants with

* A. tumefaciens: used
extensively for genetic
engineering of plants.

 Contains T-DNA
(bacterial plasmid)

* Genes colud be integrated
into the plant
chromosomes when the
T-DNA 1s transferred.

Tumor induced by
A. tumefaciens

!

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



Agrobacterinm

opie

@I‘Qjm b s

wed B GO

phenolics
SUArS
acidity

opines

phidhcrmose

syndha e

plant cell

: -
T-DNA ——

Figure 1. Simpified representa-
tiomn of T-DNA journey from
Agrobacterium to the plant cell.

LE and RE, left and right border re-
peats, respectively; NPC, nuclear
pore complec See text for the de
tails.
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Figure 1. Schematie structure of the Agrobacterin Ti-plaamid and mobile and integrated T-0OMA molscules. (a) The Ti plasmid contsing the T-DMA region, which is definsd
by its right border (RB, in blue} snd left border (LB, in purplel, @ trams to the virdlence [ region (orangel. (b} The T-DMNA borders are 35-bp repests and serve a3 targets
far the VirDE-VirD1 endonuel ssse comples, which nicks betwsen the thind and the fourth nusleotides of sach of the border sequences [15,71,72]. (&) The maobile copy of the
T-DMA is releaasd ag aingle-strandsd (s3] DA molssuls | T-gtrand | with 8 single VirD2 moleculs stiached to e 8-end. The reaidusl ssquences of the T-0OMA bordsrs, which
no longer have biologiesl function, areoften used as reference points for T-OMA orlentation snd integrity in the plant cell. T-DNA typleally integrates into the host genome
{d} &5 & single fulHlength o (e} truncated molecule in sdditbon to () mualtiple molecules lgated to esch otherin varous origntations,



BINARNI VEKTORY

* Vir oblast je na zvlastnim vektoru/plasmidu
L.

 T-DNA s R a L hranici zbavena puvodni
genove vybavy a nesouci nami zvoleny
ektopicky gen je na dalSim
vektoru/plasmidu I1., jehoz hostitelem je
nejen Agrobacterium, ale take E.coll.



U Arabidopsis j¢ mozna vysoce
ucinna transformace ponorenim
mladych kvétenstvi do suspenze
Agrobacteria. Dochazi posleze k
transformaci zarodeCnych vaku a
vzniku heterozygotnich
transformantu po opyleni.
U¢innost je kol. 2%.



POZNAMKY A OTAZKY K
ROSTLINNYM
BIOTECHNOLOGIIM






