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Vsechny Zivé organizmy jsou vystaveny
uéinku ruznych ,stressort"
abiotickych Ci biotickych

+ .stres, je tedy Casty fyziologicky stav, akutni ¢i
chronicky

- mUZe navozovat zmény fyziologické i genetické

- muZe vést k prizplisobeni- aklimaci (fyziologické) nebo
adaptaci (genetické) a tim k preziti

- neprizplsobeni md za ndsledek SMRT buriky ¢i organizmu




Zakladni sebezachovné strategie:

utéci .. nepouzitelné pro rostliny

- vyhnout se stresu (avoidance) riiznou pasivni
ochranou (ochlupeni, kutikula, adaptace atd.)

- (inter) aktivni ochrana vuéi danému stresoru

programovana smrt bunék jako strategie pro
zdchranu celku




.

STRESOVA BIOLOGIE ROSTLIN

Sirokd Skdla fyziologickych AKLIMACT a genetickych ADAPTACT

pozor: nejsou to synonyma, strikine odlisovany evoluchimi biology i
Slechtiteli, intenzivni studium podilu genetickych a epigenetickych

mechanizmu I/

opakovany stres rovnéz také faktor fylogenetické selekce

dil¢i ,stresem indukované vychyleni z homeostaze *,
svymi mechanizmy postupne zaclenéno do ontogeneze a morfogeneze,

stdvd se NUTNOU POTREBOU (viz fotoperioda, vernalizace, desikace
semen, stepni pozary a p. )

prekroceni stresového maxima vede ke stavu
disfurbance/per"rurbance a smrti buﬁky/organizmu

zdvisi na typu stresoru, kombinaci stresort, aktudlni ddvce, délce
plsobeni x celkovém fyzmloguckem stavu




Souhrnnad tabulka stresort

mechanické linky vélru
i FVZIRALN S nadmérné zafeni (UV, viditelné)
extrémni teploty (horko, chlad, mraz)

ABIOTICKE FAKTORY - . nedostatek vody (sucho)

nedostatek kysliku (hypoxie, anoxie)
——— nedostatek Zivin v pudé

- nadbytek iontd soli a vodiku v plidé
toxické kovy a organické latky v pudé
{oxické plyny ve vzduchu

L —— CHEMICKE-

herbivorni ivolichové (spaséni, poranéni)

BIOTICKE FAKTORY — patogenn] mikroorganizmy (viry, mikrobi, houby)
vzéjemné ovliviiovani (alelopatie, parazitizmus)

Pfchled nejduleZitéjiich siresovych faktord, se kterymi se rostliny setkdvajf v pFirodg.




Stresory prirozené a civilizacni

Prirozene:

extremni teplota, pH, zasoleni, hypoxie Ci anoxie,
prirozend deposita tézkych kov{l , radioaktivita a p.

+ Civilizacni:

dané zménénou kvalitou, kvantitou, lokalizaci:
téZkych kovl, ropnych produkTu vybusnm
extremniho pH zasoleni, ozarenosti, globalnim
oteplenim, eutrofie, radioaktivita a p.




Cernobyl 1986

jako nepldanovanad laborator
muTageneze/ selekce/aklimace/ adapmce
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Schopnost PREZIT stresové podminky
RESISTENCE nebo TOLERANCE ?

*+ pojmy casto zaménovany, hddaji se i odborné kapacity

* z pohledu Slechtiteli: TOLERANCE jako jedna ze
strategii rostliny vedoucich k finalni RESISTENCT
odrudy (poZadovanad charakteristika, znak). Pokud
plodina toleruje pritomnost pusobem stresoru (viru,
mrazu) bez vyrazného sniZeni vynosovych znakd, je
povazovdna za resistentni.

+ SENSITIVITA (CITLIVOST) prospééné i nevyhodna.

V podobé HYPERSENSITIVITY provazené lokalni
apoptotickou reakci bunek a pletiv vede k finalni
ODOLNOSTI (RESISTENCI) organizmu ¢i odrudy




,Pasivni"(AVOIDANCE) x ,aktivni"(TOLERANCE)

- ,PASIVNTI" obrana - stress avoidance (LEVITT 1980)
vznikd evoluci, je geneticky fixovand a zdroven
.chronickd®, konstitutivné exprimovand, vyskytujici se
nezdvisle na aktudlnim pusobeni stresoru (priklad
halofytl, sukulentt, xerofyti a p.)

. AKTIVNI" obrana - stress tolerance
akutné reaguje na pritomnost stresoru.

Retézec zejména metabolickych a strukturdlnich zmén,
geneticky podminény, ale ,induktivné exprimovany"
(priklad: reakce na pritomnost tézkych kovu, akutniho
sucha, chladu a p.)

. STRIKTNI HRANICE NEEXISTUJI !l




STRESOVA REAKCE

normalni
stav
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Obecné pravidla:

- v prirodé mdlokdy pusobi jediny stresor,
casta je vazba: nizké pH x tézké kovy, teplota x

dostupnost vody, teplota x ozdrenost, kombinace
biotickych stresort

* mechanizmy tolerance/resistence vuci ruznym
stresorim se mohou kombinovat (kriZovd
resistence)

- prubéh odpovedi vuci diléim stresorim mize mit
obdobné etapy

+modelové podminky (kupf. /n vitro) jsou vyhodné
pro studium interakci




ABIOTICKY stres

Abiotic Stress
Tolerance in Plants

‘L o Toward the Improvement of
typy abiotickych stresoru Global fmitonment an Tood

Edited by

Ashwani K. Rai and Teruhiro Takabe

¢} Springer
£1 opring




TEPLOTNI STRES

. Extremné ZVYSENA teplota (HEAT STRESS)

+ Extremné SNIZENA teplota
CHLAD (COLD STRESS)
MRAZ (DEEP COLD STRESS, FROST STRESS)




AKUTNI TEPLOTNI STRES

+ 5-309 ftolerance stredni pdsmo

+ 60 -65°C az nekolik desitek minut preziji opuntie

- témér 1000C sinice, bakterie horkych pramend
TAQ polymeraza, praci enzymy

arktické rasy - vzestup ze 2 na 6°C je pro né stresem




Heat-killing
- temperature Time of
(C%) exposure

Nicotiana rustica (wild tobacco) 49-51 10 min
Cucurbita pepo (squash) 49-51 10 min
Zea mays (corn) ; 49-51 10 min
Brassica napus (rape) 49-51 10 min
Citrus aurantium (sour orange) 50.5 15-30 min
Opuntia (cactus) >65 —_ -
Sempervivum arachnoideum 57-61 —

(succulent)
Potato leaves 425 1 hour
Pine and spruce seedlings 54-55 5 min
Medicago seeds (alfalfa) 120 30 min
Grape (ripe fruit) 63 —
Tomato fruit 45 —_
Red pine pollen 1 hour
Various mosses '

Hydrated

Dehydrated

Source: After Table 11.2 in Levitt 1980.




Aktivni reakce na pusobeni stresoru:
syntéza stresovych proteind

proteiny teplotniho stresu

Heat Shock Proteins

fylogeneticky velmi konzervativni, obdoby u vSech
eukaryotnich organizmd, blizké u eukaryot

dloha jak v ochranné stresové reakci,
tak v odvozenych reakcich morfogennich




Akutni x chronicky chladovy stress

okurky, rajcata, papriky, meruriky, kukurice

* absolutni hodnota x délka pusobeni

listy okurky:
100°C ... tyden
80C ..3dny
39C .. hodiny

* Orgdnova specifita ... kvéty x listy

* Aklimace: chladové proteiny chrani membrany




Akutni x chronicky ,frost" stress

teploty pod bodem mrazu

* Vlysouseni, krystalizace ledu ... trhdni bunék, pletiv
* Vliv kryoprotektiv

* Vliv nukleacnich jader ... moznost podchlazeni
snizeni bodu tuhnuti

* Adaptace / otuzovani ... zkracovani dne x ndstup nizkych teplot,
u drevin uz od léta




VODNT STRES |
mdlo vody ..SUCHO x OSMOTICKY stres
hodné vody ..HYPOXIE x ANOXIE x ANAEROBIE

hydrofyta vodni rostliny

hygrofyta mokrady, velmi vlhkd stanovisté
mezofyta stredni ndrok

xerofyta sucha stanovisté

strukturdlni i metabolické adaptace:

mokradni rostliny : pneumofory, aerenchym
viz ddle PROGRAMOVANA BUNECNA SMRT

aktudlni zmény podminek:

sucha x povodné: nejen zaplaveni, ale také udusani pudy
vede k HYPOXII ¢i ANOXII




Metabolicky chaos vyvolany HYPOXII
(kdyZ se Stromovka topi..)

pri poklesu konc.O, v intercelularach pod 2-4%

* spusténa glykolyza, energetické vycerpani,
intoxikace etanolem

* hormondlni g:haos, klesa hladina auxint a
cytokininu, stoupd hladina ABA a etylénu

* indukce tvorby stresovych proteini

Smrt je postupna a pliziva,
hypoxie otevird branu pro dalsi stresory mj. biotické




Chronickeé sucho

* nejrozsirenéjsi stresor rostlinného svéta,

siroké spektrum strukturdlnich adaptaci
* nejruznéjsi adaptace metabolické

* pruduchova regulace, rostliny C4 a rostliny CAM,
nocni fotosyntéza

FAKULTATIVNT osmoticky stres jako
obligdtni MORFOGENNTI faktor

soucast maturace (konverze) zygotickych i somatickych embryi (Late
Embryogenic Abundant - LEA - proteins)




e )
BRIAN ATWELL

i “ TR TN Y

,"* PAUL KRIEDEMANN{E

'\\"aw\- e
ﬁco 3
)




Chladovy stres
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listy nékterych eukalyptl vzdoruji pod ledem si vétve ovocnych stroma
mirnému mrazu az 200 dni v roce udrzi teplotu 0°C

reakce plodl bandnu na teplotu + 4 C°




Plate 70 (a) Seed capsules of Hakes that have opened after an intense fire four weeks earlier. (b) Follicles
of Banksia sevata open after a long dry period, as seen here, or after fires. (¢) Recently burnt bushland
in the Blue Mountains near Sydney, showing regeneration of banksia and native grasses. See Figure 19.2

on page 596

(Sponsored by the Grains Research and Development Corporation)

Plate 71 Re-establishment of Cootamundra wattle (Acacia baileyana) after a fire near Canberra

years earlier, See Figure 19.3 on page 596

(Sponsored by the Grains Research and Development Corporation)

picormic growth of mallee eucalypts one year after a fire in western
Victoria. See Figure 19.4 on page 597

(Sponsored by the Grains Research and Development Corporation)

Plate 74 Acrial shoots appear from epicormic buds of a mature eucalypt
tree near Wollongong, New South Wales, after severe fire had destroyed the
entire leaf canopy. See Figure 19.6 on page 597

(Sponsored by the Grains Research and Development Corporation)

Plate 73 Resprouting of Banksia spp. in the season following a fire in the Royal
National Park, New South Wales. See Figure 19.5 on page 597

(Sponsored by the Grains Research and Development Corporation)

Plate 75 Stimulation of flowering in Xanthorvhoes spp. growing in John Forrest National Park,
Western Australia, after a fire nine months carlier. See Figure 19.7 on page 597

(Sponsored by the Division of Plant Science, Kings Park and Botanic Garden, Perth)




Fires often consume the large fuel
loads produced by cane grass at the
end of each dry season in Kakadu
National Park, Northern Tﬂl'l'lliﬂl.'}"

ously, leaving the sclerophyllous euca-
lypts blackened but alive and able to
regrow in the following season




Teplotni stres
jako morforegulacni faktor

* Stratifikace
* vernalizace/ jarovizace
* indukce pylové embryogeneze







ZASOLENI

* az 6% ,orné" pudy na svété zasoleno
* podil stoupd s civilizanimi zdsahy
* evoluci vzniklé halofyty jako opak glykofytu

* vysokad koncentrace Na** ... sodicita

* vysokd koncentrace dalsich iontl (Na,K,Mg,Ca,Cl,S..)
.. salinita

omezuji dostupnost vody
kompetuji s jinymi ionty v bufice




Salinity, like drought, remains as one of the world’s oldest and
maost serions environmental problems. Mistakes made by the

Sumerians in the Tigris and Euphrates basin of Mesopotarmia
over 4000 yeas ago are being repeated today...

Secondary salinisation near Ouyen, Vieteria, showing a lower slope discharge
wone for saline groundwater. Esrablished ewacalypts have died and salt is encroaching
upslope inte grazing land.




Aktivni ochrana vnitrniho prostredi
symplastu -apoplastu proti zasoleni

* Ukladani soli do vakuoly
* Aktivni vyluCovani
.Salt glands®... jitrocelovité

,salt hairs"... merlikovité

* Stabilisace vnitrobunécnych struktur pomoci
stresovych proteind

* Modifikace transportni funkce plasmodesmu




Extremné nizké pH pudy
.kyselé pudy"

* Evoluci vznikly druhy acidofilni (pH 3-6,4), neutrofilni,
bazifilni (pH 7,7-11)

* jen vzdcné plsobi sama .kyselost" (kupF. posun druhového
sloZeni pudni mikroflory - mykorhizza, symbioticka fixace dusiku)

* pH ovliviuje
- rozpusthost anorganickych soli jak biogennich tak
biotoxickych prvku (vznik nerozpustnych fosfdtd. Ca, K,

Mg, ale také Fe,Cu,Zn,Mn vytésnény z koloidnich pudmch
vazeb). Disledkem je minerdlni hladovéni

- vzestup pudni hladiny tézkych kovi (Pb, Hg, hlavné Al)




Resistence k tézkym kovum

mechanismy biotoxického Ucinku:

kompetice s .biogennimi kovy" v aktivnich centrech enzymu, v
signdlnich drahdch, v stabilité membran a cytoskeletu, v stabilité
DNA (programovand bunééna smrt vyvolana kadmiem) a p.

formy aktivni ochrany:
* zdbrana vstupu do orgdnd, pletiv, bunécnych povrchi, apoplastu

* zdbrana vstupu do symplastu, prichod membrdnami
* aktivni vylucovani (efflux)

* imobilizace/ sequestrace uvnitr bunék - nerozpustné soli organickych
kyselin, proteinove komplexy

METALLOTHIONEINY FYTOCHELATINY




Metallothioneiny

* primy genovy produkt (genové rodiny). Jaterni buniky kone,
houby, rasy, nékteré druhy vyssich rostlin (motylokvété)

* nizkomolekuldrni proteiny, vysoky obsah cysteinu,

kov vdzan SH-vazbami

* moznosti transgendze -GMO, hyperakumuldtory

Fytochelatiny:
* rostlinné peptidy, nevznikaji translaci specifické m-RNA, ale
primou syntézou z gama-glutamyl -cysteinyl zbytka
alternativa syntézy glutathionu ( prijem siry)

Fytochelatin (PC) syntaza: kontrolovdna aktuadlni koncentrace
kovu




Bio/fytoremediace

* Prirozeni hyperakumulanti
vazany kov mize predstavovat az 1% susiny,
vazba chelatacni (proteiny, peptidy) ¢i solna (org.kyseliny)

Thlaspi caerulescens, Arabidopsis halleri, Sedum alfredii
hyperakumulace Zn ¢i Cd: az 10 000 mg/kg naté, 60-70% ve vakuoldch
mesofylovych bunék, v rozpustné forme |

* Transgenni hyperakumulanti
hladina PC nemusi korelovat ani s aktudlni HM resistenci
ani s akumulacni schopnosti

MT problematicka regulace exprese




dalsi XENOBIOTIKA

SO,
neprimo - soucdst kyselého desté (okyseleni ptdy)
pFimo - deposice siry a siri¢itant v listech a jehlicich

inhibice RUBISCA

C4 odolnési nez C3. U C4 rostlin Calvin. cyklus chranén v
pochvdch cévnich svazkl dostatkem CO,,

PEP karboxylaza malo citliva k SO,

vdpnéni v praxi problematické - pleiotropni efekt




AKTIVNI formy kysliku

ROS (reactive oxide species)

O; ozon vznikd mj. fotolyzou NO ¢i NO,
singletovy O

O, superoxid

OH" hydroxylovy radikal

H,O,

téZ pri riznych poruchdch fotosyntézy,
vedou k senescenci, mutagenezi, PCD bunek

Alternativné: rané reakce obrany proti patogentm
Reparace: superoxiddizmutaza, kataldza, peroxiddza

alfa - tokoferol (vitamin A)
polyaminy, flavonoidy, karotenoidy




Abioticky x bioticky STRES
existuje presna hranice ?

* nékteré typy signdlt pouzivdany obecné

* Primdrne se abiotické signdly uplatiuji v hypersentitivnich
reakcich rostlin i vi&i patogentm

priklad: programovand buné¢na smrt ( Programmed Cell Death PCD)
aktivni formy kysliku jsou mediatory jejiho mechanizmu




Jak vypadd soucasné slechténi
,suchovzdornych plodin™ ?

Konvencni ... dosud povazovano za jedinou cestu k
vyhodnym zménam/kombinacim znaku kodovanych vice

geny
vychazi ze zkusenosti, Zze vétSinou

nneexistuje stribrna koule jediného genu”

GM technologie ... jiz v radé pripadu dokladaji opak,
jsou uspesne pouzity pri zmenach vlastnosti jednoduse
(nejlepe monogenne) podlozenych




PLODINY

SUCHOVZDORNE"

Kudy k nim ?2??




Prenosy genu kodujicich/regulujicich

~ tvorbu &i funkci antioxidantu
~ tvorbu ¢i funkci osmoprotektanti
ERD (early responses to dehydratation)
integritu bunéénych membran
iontovou homeostazi
vazebné proteiny vapniku

bezprostredni navaznost na problematiku
. slanuvzdornosti”




Suchovzdorna odruda kukurice

klasicky hybrid

Optimum AQUAmax

zvySeni produkce
za sucha

proti kontrole o
5%

mechanismus ?

DuPont - Pioneer Hi Bred
2011

Colorado, Kansas, Nebrasca, Texas




Svetova biotechnologicka trojka
Monsanto, Du Pont-Pioneer, Syngenta

Technologie zaloZend na prenosech bakterialnich
CHAPERONU (zejm. typu ,cold shock proteint -CSPs)

Modely: Arabidopsis, ryze
Plodiny : kukurice, bavinik
Péstovani :

zejména stredozdpad USA -

sezonni sucha
Kansas, Nebrasca




Editor’s Choice Series on the Next Generation of Biotech Crops

Bacterial RNA Chaperones Confer Abiotic Stress
Tolerance in Plants and Improved Grain Yield in
Maize under Water-Limited Conditions!"!

Paolo Castiglionil, Dave Warner, Robert J. Bensen, Don C. Anstrom, Jay Harrison, Martin Stoecker,
Mark Abad, Ganesh Kumar?, Sara Salvador, Robert D’Ordine, Santiago Navarro, Stephanie Back,
Mary Fernandes, Jayaprakash Targolli, Santanu Dasgupta®, Christopher Bonin,

Michael H. Luethy, and Jacqueline E, Heard*

Monsanto Company, Mystic Research, Mystic, Connecticut 06355 (P.C., D.W.,, R].B., DECA., CB,
M.H.L., ] E.H.); Monsanto Company, Chesterfield, Missouri 63017 (J.H., M.S,, M.A., R.D., S.N,,

S.B., M.I.); Monsanto Company, Malleswaram, Bangalore, 560003 India (G.K., J.T,, 5.D.); and
Monsanto Company, Cambridge, Massachusetts 02139 (S.5.)

Plant Physiology, June 2008, Vol. 147, pp. 446-455, www.pla

MONSANTO
2008

SCIENTIFIC
AMERICAN"

Energy & Sustainability Climalewire July 27, 2012 12 Comments Email

Drought-Tolerant Corn Efforts Show
Positive Early Results

Types of genetically modified corn could offer modest protection for drought tolerance and might
help individual farmers recoup yield losses in drought conditions

By Tiffany Stecker and

In the midst of the nation's worst drought in
50 years, two of the world's largest
agricultural companies are testing corn that
is bred and genetically engineered to

withstand low rainfall levels.

Monsanto's DroughtGard hybrid corn -- the
first-ever hybrid genetically engineered for
drought tolerance -- was planted this spring
in initial field trials. Sowed amid sufficient
rain and optimism for a record-breaking
crop yield, the company has encountered a
close to worst-case scenario to test its

product.

In addition, DuPont Pioneer's hybrid AQUAmax corn -- developed using advanced
breeding techniques rather than biotechnology -- debuted last year with five different
versions. This year, the company is launching six more with drought tolerance traits

combined with pest resistance and other high-yielding attributes.

But the drought ripping through the Midwest is persistent and widespread. Despite
positive feedback from farmers, the companies admit that cutting-edge technology

can only go so far.




MONSANTO
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cspB RNA chaperon protein

z Bacillus subtilis

Matt DilLeo

player_embedded&v=LZvJ1vJHiec




Polni pokusy firmy SYNGENTA
na Western Kentucky University

A

Sezonni sucho tésné pred kvetenim vyrazné sniZuje ndsadu
zrn v klasu . GM varieta (vpravo) tento stres toleruje.




Genetically Modified Plants To Resist Intense Drought

Divka s kukurici, pokusy s GM tabakem, cil ,suchovzdorna” bavina
tolerujici stridavé zavlazovani brakickou vodou (1/3 soli vody morske),
ale také odolna r'a jCata, cnr'ok ryZe

’h 11 f fJ

f‘\"’

Israeli agro-biotechnology company, Rosetta Green, has developed a new technology
to develop plants that are better able to withstand prolonged periods of severe
drought.
The company, based in Rehovot, Israel, experimented on tobacco plants that were
irrigated with seawater instead of freshwater. The genetically modified plants
created by the company were able to grow under seawater irrigation, as opposed to
the control group of plants.
GM technologie zaloZené na prenosech

gent kodujicich rizné micro-RNA




Karel Riha, Brno:  gjochtitelskd kachna 22?

*Véem prdteldm

preju vSe dobré a hodné setkani s prijemnymi lidmi, z nichZ se rozvinou
pratelé. A to vam preju - kolotoC pratel ....

A propo néco hezkého - je tu prvni vlastovka klasického slechténi

Britove vyslechtili rajcata plodici brambory
1.Fijna 2013

Novou ojedinélou odridu cherry rajéat, které zdroveh plodi i brambory,
predstavili britsti zahradnici.

Podle jejich slov na ni pracovali deset let, ale teprve ted se jim povedlo
dotdhnout Slechtitelske pokusy do findlniho stavu. cely clanek

http://video.idnes.cz/?c=A130930_134554_ hobby-
zahrada_bma&idVideo=V130930_103741_tv-zpravy_sha




FA COST Action FA1204

Vegetable Grafting to Improve Yield and Fruit Quality under Biotic and
Abiotic Stress Conditions
Descriptions are provided by the Actions directly via e-COST.
Due to limited availability of arable land, and water resources, the large use
of fertilizers, and the high market demand for vegetables, cucurbits and
solanaceous crops are frequently cultivated under unfavourable soil and
environmental conditions. These include soilborne pathogens, salinity, thermal
stress, drought, and heavy metals. These harmful conditions are magnified
by the changing environmental conditions and the restrictive policies of
agrochemical use. One way to avoid or reduce losses in production caused by
adverse conditions in vegetables would be to graft them onto rootstocks
capable of alleviating the effect of external stresses on the shoot. This
aims to stimulate cutting-edge multidisciplinary collaborative research
towards identifying and understanding how rootstock-mediated traits can
improve vegetable crop yield and quality under biotic and abiotic adverse
conditions. Sharing knowledge and enhancing scientific and technical
collaboration will surely fill knowledge gaps in the area of vegetable grafting.
This can also stimulate the wider commercial development and
exploitation of this technique in Europe. The knowledge gained will be
summarized in a book as a final output of this . Moreover, all data and
information of this will be disseminated to the public through a
dedicate website.




STRESU my se nebojime
Zit se v stresu naucime

i extrémy prestojime - ale vSeho moc Skodi




