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Struktura prednasky

* Prirozené obranné mechanismy rostlin

* Mapovani a vyuziti rezistence ve slechténi
e Dulezitost diverzity pro rezistenci

* Transgenose (GMO) a rezistence
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Na rozdil od Zivocichd, ktefi mohou pred nevhodnymi podminkami

do jisté miry utéci, jsou rostliny pevné spjaty s mistem svého rustu,

a proto musi byt jejich genetickd vybava natolik plastickd, aby si s
touto nevyhodou poradily.
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Abiotické stresy

Nizka a vysoka teplota — chladové a heat shock proteiny
sucho a vodni deficit — fysiologické adaptace, dehydriny
iontovy a osmoticky stres, odolnost rostlin k zasoleni

Zaplaveni a anaerobioza, nedostatek kysliku - hypoxie a
anoxie

Toxicky efekt tézkych kovu a pH prostredi

Oxidacni stres, kyslikovy stres, vznik reaktivnich forem
kysliku

Zareni UV, svételné
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Evoluce obrannych mechanismu

* Viburnum lesquereuxii leaf with insect damage;

Dakota Sandstone (Cretaceous)

Follen and
Eary leaf eating nectar

el el L eaf mining consuming

P ollination

simple plant
piercing

Plant diversity

Detrivory

~ Camoniferous - Tnassic ~ Cretaceous |
Devonian Permian Jurassic Tertiary
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Genetické zalozeni rezistence

Konstitutivhi mechanizmy rezistence

Produkty (toxiny) konstitutivnich genu rezistence
|ze zjistit i bez pritomnosti patogena.

Induktivni mechanizmy rezistence

Produkty adaptabilnich genu (fytoalexiny, R-
geny) vznikaji az v interakci s patogenem.
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Proces infekce

Biologicka specializace byla pouzita jako zaklad pro
taxonomickou klasifikaci hostitelu a parazitu a tvori ¢ast
procesu koevoluce mezi patogenem a jeho hostitelem.

RUst a reprodukce patogena se odehrava bud’ uvnitr,
nebo na povrchu infikované rostliny. Napriklad
ektoparazitické houby (padli travni) produkuji vsechny
vegetativni a reprodukcni organy, kromé haustoria, na
povrchu rostlin.
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Podle zpusobu jejich vyzivy mluzeme
patogeny rostlin rozdélit na:

ee /

biotrofni - ziskavaji ziviny z zijicich bunék
(padli travni Blumeria graminis a rzi)
nekrotrofni - usmrcuji bunky hostitele a
ziskavaji ziviny z odumrelych pletiv
(Fusarium solani)

hemibiotrofni - maji zpocatku biotrofni
zpusob vyzivy, ale po kratké dobé prechazej
do nekrotrofni faze, kdy usmrcuji své
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Nékteri houbovi puvodci chorob, jako napf. rzi maji dva ruzné
hostitele:

,primarniho hostitele - hostitele” a ,alternativniho hostitele -
mezihostitele”.

Napriklad u rzi travni (Puccinia graminis), ktera napada obilniny a
travy, je primarnim hostitelem psSenice nebo rtizné druhy trav a
mezihostitelem je dristal.

U rzi pSeniéné je mezihostitelem rod Zlutucha (Thalictrum spp.).
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Vliv vnéjsiho prostiedi / ontogeneze
na vznik a rozvoj chorob

zemepisna Sirka, nadmorska vyska, oblasti péstovani,
pro které jsou charakteristické faktory pocasi, jako jsou
teplota, srazky, slunecni zareni, vitr, apod.

Dulezité je také vyvojova faze rostliny.
Teplota prostredi ovlivhuje nejen
intenzitu rozvoje choroby,

ale i vnimavost rostlin.

Conducive
- Environment
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Rezistence rostlin k chorobam a
skudcum
Mechanismy rezistence

Struktury a obsahové latky existujici pred napadenim rostliny
* pokozka

* bunécna sténa

e antimikrobialni latky - metabolity (glukosidy, saponiny)

e antimikrobialni proteiny

* inhibitory enzymu (proteazy)

* enzymy rozkladajici toxiny produkované patogeny

* receptory reagujici na pritomnost patogena a aktivujici

obranné mechanismy
... IR <n
4 fond v CR
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Mechanicka obrana

Produkované latky tvori obrannou vnéjsi vrstvu — pryskyrice, latex, vosk,
lignin, vnéjsi lepkavé stavy — gumové klejotoky apod.
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Thigmonastie
Mimosa pudica, reakce listl na dotek a jiné podnéty

Rostliny takto ukazuji spise ,,zvadly” neatraktivni fenotyp pro
herbivory, tato reakce muze také primo fyzicky odmrstit maly
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Mimikry a kamuflaz

Listy mucenky (Passiflora) maiji vyrastky imitujici nakladena
vajicka hmyzu, coz odrazuje dalsi od klazeni (ovidepozice).
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Neprima obrana

Obrana pomoci poskytnuti Utocisté neprateliim svym vlastnich
nepratel - mutualismus

,hepritel mého nepfitele je miij pritel,,.

Nékteré druhy Acacia maji trny poskytujici Ukryt mravenciim na
navic produkuji pro né nektar na bazi svych listt
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Chemické latky produkované konstitutivné
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Druhy chemickych obrannych latek / toxin( 1
Alkaloidy - derivaty aminokyselin

nicotin, caffein, morphin, colchicin, ergolin, strychnin, and
quinin. Inhibuji nebo aktivuji enzymy, nebo méni zasobni cukry a
tuky inhibici tvorby fosfodiesterovych vazeb. Vazi se na nukleové
kyseliny a inhibuji syntézu proteint a ovliviuji opravu DNA. Méni
také funkci bunécnych membran a cytoskelu.

Kyanogenni glykosidy — ulozeny v neaktivni formé ve vakuole.
Jejich toxicity je spousténa narusenim stény, po kontaktu s
cytoplasmatickymi enzymy kdy dochazi k uvolnéni kyanovodiku,
ktery blokuje bunécnou respiraci.

Terpenoidy - organické latky pribuzné terpenum.
Monoterpenoidy, se 2 isoprenimi jednotkami jsou tékavé olejové
latky- citronel, limonen, menthol, camphor, and pinen.
Diterpenoidy, 4 isoprenimi jednotkami, jsou obsazenv Y Iatexu
and pryskyricich. Ef e | B
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Druhy chemickych obrannych latek 2

* Fenolické latky — majici aromatickeé jadro se 6 uhliky spojené
hydroxy skupinou. Siroké spektrum latek od jednoduchych
taniny ke slozitéjsim flavonoidim

* Napt. lignin, silymarin a cannabinoidy, kondensované taniny,
polymery slozené ze 2 az 50 flavonovych molekul, inhibujici
traveni herbivoru vazbou na proteiny, inhibici travicich
enzymu.

* Silikaty a ligniny, obrusujici kusadla hmyzu

INVESTICE DO ROZVOJE VZDELAVANI



Vyuziti endofytickych hub v
obrané

Endofytické houby mohou pomoci
rostlinam prostrednictvim toxinu
inhibujicich dalsi organismy.
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Allelopatie

biologicky fenomén, kdy organismus
produkuje chemické latky ovliviujici rust,
zivotaschopnost a reprodukeci jiného
organismu.

Allelochemikalie jsou sekundarni
metabolity, které nejsou potrebné pro
vlastni organismus (rdst, vyvoj a
reprodukci).

Mohou mit kladny (positive allelopathy)
nebo negativni (negative allelopathy) vliv
na cilovy organismus.
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Juglon

vodorozpustny hnedy pigment
ve stromu vazan ve formeé netoxického glykosidu

pritomen nejenom v korenech, ale i listech
a slupkach plodu

detekovatelny jesté v hloubce 8 m
a vzdalenosti az 27 m od kmene

toxicita vUci ostatnim rostlinam

zabranuje kliceni semen jinych rostlin
(100 % inhibice u semen salatu
pri davce 0,002 %)

nekteré rostliny jsou schopny
allelopathické toxiny tolerovat
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Dalsi zajimavé latky produkované rostlinami a inhibujici

kliceni semen Ci rust jinych rostlin 0 \
N
HO \ W
HO — N
)N
® o

kyselina salicylova

dub (Quercus) kofein

* ma autotoxicky efekt
* pravdepodobné autoregulace

/\ /\ / \ hustoty porostu

S S S  pfirodni stfidani vegetace na
a-terthienyl jedné lokalité

aksamitnik (Tagetes) e udrzeni biodiversity

Allelopatické latky jsou prirodnim modelem pro syntetické herbicidy.
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Allelopatie

Table 1: Allelochemicals of some important crops

Crops Scientific name Allelochemicals Referrences
Rice Oryza sativa L. Phenolic acids Rimando et al., 2001
Wheat Triticum aestivum L. Hydroxamic acids Niemeyer, 1988
Cucumber Cucumis sativus L. Benzoic and Yu and Matsui, 1994
Cinnamic acids
Black mustard Brassica nigra L. Allyl isothiocyanate Weston, 1996
Buck wheat Fagopyrium esculentum L. Fatty acids Weston, 1996
Clovers and Trifolium spp. Isoflavonoids and
Sweet clover Melilotus spp. Phenolics Weston, 1996
Qat Avena sativa L Phenolic acids
& Scopoletin Weston, 1996
Cereals - Hydroxamic acids Weston, 1996
Sudangrass Phenolic acids Weston, 1996
and Dhurrin
Sorghum Sorghum bicolor L. Sorgoleone Netzley and Butler
(1986)
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Ryze versus jezatka (Echinochloa crusgalli)

Fig. 1: Photomicrographs of Echinochloa crus-galli roots grown together with (a) non-allelopathic
rice "Aus 196' or (b) allelopathic rice 'IR 64'. Secondary root growth is inhibited by the
allelopathic rice cultivar (Source: Olofsdotter et al., 2002)
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Chemické latky produkované

po napadeni patogenem
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Obranné mechanismy indukované po napadeni/infekci

e zesileni bunécné stény: kalosa, lignin, suberin, proteins

* antimikrobialni slouceniny: reactive oxygen species
hydrogen peroxide, or peroxynitrite,
phytoalexiny — genistein, camalexin

* antimikrobialni proteiny : defensiny, thioniny

* antimikrobialni enzymy: chitinasy, beta-glukanasy,
peroxidasy

* hypersensitivni reakce — rychla bunécna odezva pomoci
R-genu

 pomoc endofytl: exudace sloucenin pritahujici baktérie
ucinnych proti patogennim organismum

evropsky
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Fytoalexiny a fytotoxiny

* interakce mezi rostlinami a mikroorganismy

* plané rostouci druhy rostlin jsou obvykle
prirozené rezistentni vuci chorobam
zpusobenym mikroorganismy
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HO

HO katechol, prohibitin z odolnych odrud cibule

strukturni zaklad anthokyanu (barviva), pritomnych
v ruznych rostlinach a majicich fungicidni ucinky

isoflavonoidy a flavonoidy jsou ucinnymi fungicidy;
vyskytuji se napf. v rostlinach rodu Lupinus

O"\O berberin
korfeny mahonie, dristalu

OCH,
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N,

klady fytoalexinu

phaseollin, jeden z prvnich
identifikovanych fytoalexin(;
fazol obecny (Phaseollus vulgaris)

ipomeamaron (batata, Jpomea)

rishitin
(brambory, Solanum tuberosum)

*
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Tékavé slouceniny

slouzici ke komunikaci
mezi organismy.

Alleloslouceniny -
allomony, majici
obrannou roli v
mezidruhové komunikaci

kairomony, vyuzivané
druhy vyssich trofickych
vztahu k nalezeni
potravnich zdroju
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| obrana néco stoji
aneb cena za ochranu a vyhody

Obranné struktury a chemické latky jsou
nakladné a vyzadujici energii, ktera by se jinak
mohla investovat do maximalizace rustu a
reprodukce.

E=mc*

Albert Einstein, 1905.
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Mezi rostlinou a jejim patogenem se odehrava evolucni souboj.

Efektory potlacCujici vrozenou imunitu mohou byt rozpoznany NB-
LRR receptory rostliny, které spusti dalsi obranné mechanismy.

Patogen se pak vyhne rozpoznani modifikaci efektoru nebo jeho
nahradou za jiny, a tak se interakce mezi rostlinou a patogenem
neustale presouva od nachylnosti k rezistenci a zpét.

,Cik-cak model” (JONES A DANGL 2006).
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Genotype of host plant

Produktem genu
rezistence je
specificky proteinovy
RECEPTOR na

Rix1 rer2 rir1 R2&z2
Product of Agenes
(putative spectfic receptors)
Genotype of Product of
pathogen awgenes
(specific elicitors)
7\ =N
I(HR) C(no HR)
~ ufm wfm” wfm

AN

« uiim wie

" C(no HR)

==

rostlinném povrchu

a produktem genu
avirulence specifické
glykoproteinové

I(HR)

Fig. 1. Diagram illustrating the gene-for-gene hypothesis for aur (avirulence’) and | M O I e ku Iy _E LI C ITO R

R (‘resistance’) genes. The designation xI indicates that this allele can be either R1

or rl; x2 indicates that this allele can be either R2 or r2. Abbreviations: I, incom-
na povrchu houby.

patible interaction associated with the hypersensitive response (plant is resistant);
C, compatible interaction not associated with the hypersensitive response (plant is

susceptible); HR, hypersensitive response.
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Genetika virulence patogena a rezistence hostitele
Koncepce gen proti genu (gene-for-gene)

H.H. Flor, 1947

Linum usitatissimum— Melampsora lini

Vznikl koncept ,,gen proti genu”

Podle néj existuje ke kazdému genu
rezistence korespondujici gen
avirulence v genomu patogena.
Pokud se setka rostlina nesouci gen
rezistence s patogenem nesoucim
prislusny gen avirulence, dojde k
inkompatibilni interakci, patogen je
rozpoznan a spusténim obrannych
mechanizmu je mu zabranéno v
kolonizaci rostliny.

Plant

Resistant Susceptible

Parasite

Avirulent

Virulent

Jeji aplikace umoznuje stanovit
pravdépodobny pocet genl rezistence a
virulence a jejich kombinaci ve studovanych
systémech hostitel- patogen a usnadnuje
genetickou analyzu faktor( rezistence.
Moznost vyuziti v transgenosi.
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Geny rezistence (R-Geny)

Jsou geny zodpovidajici za rezistence rostlin vic¢i patogentim Hlavni skupinou téchto
proteinu jsou - nucleotide binding domain (NB) a leucine rich repeat (LRR) domain = (NB-
LRR) R-genes.

NB doména vaze ATP nebo GTP. LRR doména Casto zodpovida za protein-protein interackci
a vazbu liganu.

A ; R LRR
NE1-NI2-NB-ARC-LRA-TAP 1 .- Apoplast
TAP-N2-NB-ARC-LRA 2 24
TAPLAR 3 i PM ™ ™ ﬂ
oA O «in O cc []
TAPNS S 5.
TAP-NB-ARC 6. { .- NE TIR CC
N1 NB-ARC-TAP 7. m 2e Nucleus TR
Nt 2 8 w2 ' : ;
s @ - NBS NBS
w2 10
' S DNA LRR LRR
6 C \\l
ta b 2 3 4 5 6 7 8 9 g) NLS
150 hDa _ 5 %
' e il 1 100kDs ™ - g K WRKY
e - . 3
1 \~ % kDa - -
; B e i w1200 ﬁ RRS1-R
: o ol i Cytoplasm

oli-1.2 oA

TRENDS in Plant Science

JelikoZ R geny zodpovidaji za resistenci vici specifickym patogenlim, je mozné je prenést z

jednoho druhu rostliny na jiny a navodit tak rezistenci.
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Resistance muze byt zprostiredkovana
radou mechanismu:

R protein se vaze primo na Avr gen
(Avirulence gene) produkovany
patogenem

* R protein ochranuje jiné proteiny které
jsou jinak degradovany Avr genem

* R protein muze detekovat Pathogen-
Associated Molecular Pattern nebo

PAMP (alternatively called MAMP for V rostlinném genomu jsou stovky

microbe-associated molecular pattern). teChvtO geny, , )
napf. Arabidopsis thaliana ma kolem

700 NBS-LRR gen0

* R protein kdduje enzym degradujici toxin
produkovany patogenem.
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Hypersensitivni reakce (HR)

- R proteins

W W U
V tomto rostlinou fizeném procesu P11 | T
odumiraji bunky v bezprostredni . Gomplox F-goe oo .
blizkosti patogena a vytvareji se b b
tak mikroskopické az okem ? > d
viditelné ostruvky nekrotického iyl ;gfeﬁigg;b'e SAR{Q;:;;?;EQ@
pletiva, ve kterych zustava i 1 Saicyicaca %

increase
AA L

patogen uvézneén.
Z tohoto dlivodu je
hypersenzitivni reakce ucinna
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mechanismus vyuiivat ve SVCIj zmeéena koncentrace Ca2+ v cytosolu.
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Kyselina salicylova a systémové ziskana rezistence

Kyselina salicylova (SA) je v rostlinach indukovana zejména pri napadeni
biotrofnimi patogeny a exogenni aplikace SA zvysuje rezistenci rostlin proti
této skupiné patogenu. SA je v rostlinach syntetizovana z isochorismatu,
jehoz syntéza je katalyzovana enzymem isochorismat syntazou.

S kyselinou salicylovou je primo spojen i fenomén systémove ziskané
rezistence. Praveé pri jejim studiu byla SA objevena. Rostliny po inokulaci
zpravidla avirulentnim patogenem, mohou i v ¢astech vzdalenych od mista
inokulace vykazovat zna¢nou miru rezistence k virulentnim patogentm.
Takova rezistence pak muze v rostlinach pretrvdvat po dlouhou dobu.

Kyselina jasmonova (JA) je indukovana predevsim nekrotrofnimi patogeny a
herbivory. Prekurzorem JA je kyselina a-linolenova, ktera vznika hydrolyzou
membranovych fosfolipid( katalyzovanou fosfolipazou A.

Plyn etylén je povazovan za hormon, ktery pfi obrannych reakcich rostliny
kooperuje s JA a spoleCné antagonizuji signalni drahu SA
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Imunitni systém rostlin a signalizacni drahy rostlin

Jiz Bohumil Némec a Silvestr Prat ve svych pokusech s inokulovanymi listy
rostlin zeli bakterii Pseudomonas aeruginosa pozorovali, ze pfi nasledné
inokulaci vzdalené casti listu byly rostliny k infekci odolné.

Imunitni systém rostlin odrazejici utoky mikrobl je zaloZzen na receptorech
umisténych na povrchu bunék. Tyto receptory rozpoznavaji konzervované
molekuly patogenli oznacované obecné jako MAMPs (microbe-associated
molecular patterns).

Imunita vyvolana MAPMs je zodpoveédna za likvidaci vétSiny potencialnich
parazitl. Patogeni jsou charakteristicti tim, ze ji dokazi prekonat. Rostliny
nesouci mutace v genech receptorit MAMPs a proteint naslednych signalnich
kaskad jsou ¢asto nachylné k celé radé patogend, pro které jsou za normalnich
okolnosti nehostitelskeé.

Mezi nejlépe popsané MAMPs patri chitin jakozto hlavni slozka bunécné stény
hub a flagelin, peptid utvareji bicik mnoha fytopatogennich bakterii.
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Koevoluce hostitele a patogena — narusena clovéekem

Msicka révokaz
Daktulosphaira vitifoliae, Phylloxera
vitifoliae

ZavlecCena do Evropy diky botanickym
sbérl severoamerickych druh révy
(1850) — devastace evropskych
neodolnych druh révy (V. vinifera)
Nutnost roubovani na podnoz
americkych druht Vitis aestivalis,

V. rupestris, a V. riparia
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OPEN aACCESS Fraaly available onlina = PLOS ONne

The Prehistory of Potyviruses: Their Initial Radiation Was
during the Dawn of Agriculture

Adrian J. Gibbs'*, Kazusato Ohshima®, Matthew J. Phillips®, Mark J. Gibbs®

Table 5. Estimates of the date of the major radiation of potyviruses.

N
Rate of evolution Length of branch from [stimate\ of radiation Calibration node  Accuracy”: radiation years

Virus' (x10 * ns/s/yr) radiation (ns/s) date (YB date® (YBP) per node decade.

PPV 1.40 06354 4532 100 453

Australian potyvinuses 1.173 0.7452 6353 75 847

American CAbMVs 1.397 0778 5565 500 111

American PRSVs 1.25 0.747 5976 300 198

Mean of viruses #2-4 1.273 0.7567 65 - -
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Vyznam genetické diversity
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Disledek zelené revoluce
pSenice x rez travni (Puccinia graminis)

POSSIBLE MIGRATION ROUTES OF WHEAT RUST Ug99

. Based on prevailing winds and areas of wheat production, route A via the Arabian peninsula is
. considered the more likely route for the continuing advance of the disease

1 } Route A
} Route A

SAUDI
ARABIA

SUDAN

INDIA
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Genové banky - zdroj alelickych forem genu rezistence
Priklad Pm3 genu rezistence psSenice k padli
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Vyuziti rezistence ve slechténi rostlin

Classical plant brem Gecular biology
@Asmted Breedmg

Marker Assisted Breeding/Selection (MAS)
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Laboratorni, sklenikové, polni
testovani fenotypu

inokulace péstovani

hodnoceni
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Kvalitativni znaky

QUALITATIVE VARIATION

n® of F2 plants
)
S
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-

3:1

Parental 1 Parental 2 E‘f =

INVESTICE DO ROZVOJE VZDELAVANI



Padli hrachu (Erysiphe pisi)

: M
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Vazba markeru se znakem - neprimy marker
]

& N
< >

GEN (napf. rezistence)

] —r

5 cM (vzdalenost) Spolehlivost pfi selekci : 95%

Spolehlivost pfi selekci: 99,5%

Vysledek selekce s pouzitim nepfimeho markeru
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Viruses - the crop devastating agents

e 73 recognized plant virus genera

* Crop losses around 30- 50% of yield (FAO)

* Potyvirus (family Potyviridae) contain over
15% of species
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Potyviruses

infect species of most angiosperm taxa in all
temperate and tropical climes

they are transmitted by aphids, especially species
of Aphidinae

some are also transmitted in seeds to the progeny
of infected plants.

agriculture may have triggered the prehistoric
emergence of potyviruses and fostered their
speciation
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Crop (pea) protection

Agricultural:

control of vectors - aphids - pesticides
certified seeds
crop rotation

Genetical - breeding:

source of plant (host) resistance gene/-s

Biotechnological - genetic engineering:

transgenic (6GMO) crop
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Eukaryotic translation initiation factor 4E

Cellular mRNA

' ¥, : Met-tRNAI

* cap-dependent protein synthesis
* nuclear export
* translation of uncapped viral mRNAs
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Plant eIF4E and viral VPg interaction

A

All potyvirus resistance mutation sites

Monzingo et al. 2007
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Pea seed borne mosaic virus
(PSbMV)

Hostitelské rostliny (47 druhti):
* hrach (Pisum sativum)

* cCocka (Lens culinaris)

» cizrna (Cicer arietinum)

* bob (Vicia faba)

Symptomy:
* rolovani listl

e Zloutnuti zilek

e zkracovani internodii Prenos:

e zakrslost e miicemi

 deformace semen * semeny
* mechanicky
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ing the breeding process

Classical testing of phenotype
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Schéma eIF4E genu vybranych zastupcu

Fabaceae
We2L AA73-74DD 6107 N169K
Ps A A 278 | A 166 128 65 86 §1§§E§
91 89 1201/1151 84
mt l 269 I 166 129 71 - r 51 1,937 bp
95 104 964 88
Lj 287 166 126 66 48 | 1,714bp
129 109 691 92
Gm | 293 166 128 65 50 | 1,758bp
490 336 105
elFAE/ ]

sbm1
gf S
L4
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Genové specificky (idedlni) marker

Gen

1,201

Marker — varianta A

DNA

Intron 3
Detected .
W62L |AA73-74DD| S78 | G107R| N169K | size
elF4E allele

SBM-1 wW G N
SBM-1 W G N 1,201
SBM-1 W G N 1,201
SBM-1 W G N 1,201
sbm-1 W G N 1,201
sbm-1 W G N 1,201
sbm-1 wW G N
sbm-1 W G N
sbm-1 L R K 1,151
sbm-1 L R K 1,151
sbm-1 L R K 1,151
sbm-1 L R K 1,151

Marker — varianta B

E%

Selekcni spolehlivost

100 %
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75% spolehlivost fenotypového hodnoceni
VErSuUS
100% DNA testovani

priklad rezistence (elF4E) hrachu k PSbMV viru
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Geographical distribution of eIF4E£ alleles
in 2803 pea accessions

-h"._.-'l

mA allele

' @B allele

bt | } Eur mC Allele

_ L “"i:::_i' @S Allele
‘/_'\\1 Africa ﬁ A
)

USA-Canada South America AustrﬁNew%ahnd

Konecna et al. 2014

P. Smykal, Palacky University in Olomouc, CZ



New eIF4E alleles found
within cultivated pea germplasm

Pt b bk ok o i 0 T Y o 0 )

[=lials RN TE FN AT S P -l

elF4E_S
elF4E_S1
elF4E_S2
elF4E_S3
elF4E_S4
elF4E S5
. elF4E_SB
. elF4E_S7
elF4E_ A1
. elF4E_A2
. elF4E_A3
. elF4E_A4
. elF4E_AS
. elF4E_AB
. elF4E_AT
. elF4E_B1
.elF4E_B2
. elF4E_B3
.elF4E_C1
. alF4E_G2

Konecnd et al. 2014

P. Smykal, Palacky University in Olomouc, CZ

EDD 1000 1200 1400 1600 2262
|
| I |
| ] |
] | 11 =01 | | mm 4 1M
I 1 IIEH -1 10 I | e 1 1
(1 I 1 IEH | L B n o n =111 e u [ ]
1 1 nni | | HE
I —
I —
| —_—
] _—
| —_—
H 1
= 1
] H - E=E0 HE mm 1 N I |
] =31 g i - —-E HE 1 LI |
] = — AR Hu oo o0
|
23 34 62* 73-74* 77 86 107* 108 115 207 218-219
s allele
elF4E S E s A L Y] LD
elF4E 52 E s A L Y] LD
elF4E5° A s A L Y] LD
elF4E 5 E s A L LD
elF4E 5® E s A ™M LD
elF4E5® E s A L ™M LD
elF4ES7 E c A L ™M LD
A allele
elF4E A E s R A L M LD
elF4E~? E s R A L M LD
elF4E"? E s R A L M LD
elF4E " A E s R A L M LD
elF4E~® A s R P L M LD
elF4E"® E s A L Y] LD
elF4E™T E s A L Y] LD
B allele
elF4E® E s A
elF4E 52 E s A
elF4E &2 E s A
Callele
elF4E ©* E s A LD
elF4E &2 E S A LD




Evolution of resistance alleles

elF4EA2
J11546

e”:4EB-3 JI2643
JI1090
2
elF4EB-2 3 PI347434 2 elF4EA-1
J|137
3 elF4E®-! .
ATC7134 eIF4ES-2
@, , PI347328 11787

ATC7140

elF4E+4
J11632

4

elF4Es1 2

elF4Es7
112646

Haplotype network of elF4E cDNA (ORF) VIR1589
Using median-joining network algorithm, implemented in  /pgpc2
NETWORK 4.5.1.6 (Bandelt et al., 1999)

Based on total 42 SNP characters, with indicated number

of mutated positions (in red)

! o eIF4EC!
111109

Konecnd et al. 2014

elF4EA+
PI378158

Resistance alleles find only
in cultivated genepool

NOT in wild
elF4EA5
P1269818
elF4EA7
P1269774

P. Smykal, Palacky University in Olomouc, CZ



Number of plants

Kvantitativni znaky (QTLs)

Potreby:
* Mapovaci populace (min F2:3, ale spise F8)
* Markery (desitky, stovky, |épe pak tisice)
* Fenotypovy popis
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Fusarium oxysporum f.sp. pisi

25 pm 25 pum

1 [

F. oxysporum (A: macroconidia, B: microconidia, C: chlamydospores, D: monophialide

(Leslie et Summerell, 2006)

NS Fusarium solani
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FUZéf’iOVé spéla (Fusarium solani)

Fuzariové vadnuti

(Fusarium oxysporum f.sp. pisi)
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Inokulacni testy- hodnoceni fenotypu rekombinantnich linii a vybranych
polozek kolekce k infekci Fusarium solani v kontrolovanych laboratornich

F. solani (FSVG4 isolat)

genotypy DSP a 90 2131

D> pouzité k tvorbé RIL populace

testech
Genotyp DI (FS) |kontrola
1 Terno 2,27 0
2 Prophet 3,31 0
3 Slovan 2,00 0
4 Sully 2,40 0
5 Starter 1,92 0
6 Velvet 2,58 0
7 Atlas 2,66 0
8 Audit 1,95 0
9 Avantgarde(LAN 4180) 3,04 0
10 Salamanca 2,95 0
11|kontrola Fallon 1,82 0
12|kon B99/118 L350 0
13 Gambit 2,67
Y SG-L 4794 —
15 SG-L 5190 2,64 0
16 LN 4206 2,03 0
17 LN 1109 2,10 0
18|AGT210/2 Terno x Starling 2,08 0
19|AGT210/3 GA93P127 x SCHW978935 2,44 0
20|AGT210/4 Kamelot x Mozart 3,00 0
21|AGT210/5 Kamelot x Lifter 3,50 0
22|AGT210/6 SG-L74(06)(SG-L4753) x CDC Gold{ 2,28 0
23|kontrola Fallon 2,16 0
24|kontrola B99/118 3,63 0
25 [DSP 367 |—— |
26 90-2131 1,50 -
27 P1 180693 1,70 -
28 Baccara 3,50 -
29 linie 260 1,63 -
30| kontrola Fallon 2,20 0
31|kontrola B99-118 3,78 0
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Lokalizace pl39 genu na LG Il

] ' > 90-2131
. . -
Genetic map DSP x 90-213
FRR QTL detected - -
2004 field data 140 linked markers — 991 cM Kos
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12 PSADST é 545430042 1t PSADGR 11 PSAA200
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e 30l
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Lokalizace plI39 na LG Ill vazebnou skupinu
do mista FRR2 QTL lokusu
a potvrzeni tohoto kandidatniho genu

pl'1W§ci3|\1(:|5

www.elsevier.com/locate/ plantsci

molluse nsect mammal

E | ‘)|‘\4 | I“R Plant Sciznce 163 (2002) 855-864

HNP-3  HBD-2  RTD-1
Human Human  Macaque

Analysis of the DRR230 family of pea defensins: gene expression

B ; . C e
; i - pattern and evidence of broad host-range antifungal activity*
Rs-AFP1: QKLCERPSGTWSGVCGNNNA(_KNQCINLEKARHGSCNYVFPAHKCICYFPC
o e _5____________}_}}}- _____ > D Fang-Ming Lai', Catherine DeLong, Kangfeng Mei, Tracy Wignes, Pierre R. Fobert *
lTO 2T0 310 46 510 National Research Council Canada, Plant Biotechnology Institute, 110 Gymnasiun Place, Saskatoon, Sask., Canada STN JW9

Jedna se o malou genovou rodinu defensinl (Chiang and Hadwiger 1991, Lai et al.
2002), s expresi indukovanou po infekci houbovym (Ascochyta pinodes) i bakterialnim
patogenem (Pseudomonas syringae) a predevsim pak cilovym organlsmem tohoto
projektu Fusarium solani (Chiang and Hadwiger 199: Ef
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Exprese pl39/DRR230 genti Homologni Medicago Mt defensin 2.1
inhibuje rust Fusarium sp.
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DRR230-a .M B .'. - o ‘ 10 ppm 25 pom pm

F-M. Lai et al | Plant Science 163 {2002) 855864

Exprese pl39/DRR230 genti po infekci F. solani
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Ziskani rezistentnich plodin
infrogrese a transgenose
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Transgenose (GMO)
mezi védou, etikou a politikou

Bt Gene is
insertad
into crop

bacillus
Hhuringiansis

Crop is infected by Pest dies when feading on

European com borer any plant part
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Péstovani GMO rostlin

I Genetically modified crops
2010 RS .
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Péstovani GMO rostlin

Séja 69 miliont hektart  79%
Bavinik 25 miliond hektard  49%
Kukufice 55 miliont hektard  31%
Repka 7 miliént hektart  25%
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PlanT Genewic Engingering

with Qo robo.c.j,p)gm

1959 Agrobacterium tvorba nadoru
1973 prvni GMO organismus E.coli

1976 Ti plasmid (Mary-Dell Chilton)

1980 Ti plasmid jako vektor cizorodé DNA o AR ol
of A %mgm um Fomefacios

1983 prvni GMO rostlina s vyuzitim T-DNA

1994 FlavrSavr rajée (USA)

2009 11 transgenich plodin péstovdno na 150
milionech hektart ve 25 zemich

plodiny
D08 byla

\Yh
predstavuje nardist
) 4 roku 20
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T-DNA transgenose
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8.0
7.0
6.0
5.0

3.0

1

T-DNA

« selekéni marker - NPTII/BAR
* reporterovy gen - GUS/GFP

* uzitny gen

* promotory




Biolisticka metoda
transformace
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Pocet testovanych transgennich rostlin v USA (1987 - 2009)

Grape 2%
2 H Beet 1% )
X houbam Barley 3% Corron 19 X virum Others <1%-8% Maize 2%
FK wthers <1%-13% Creeping bentgrass 4% Wheat 3%
Grape 3% Melon 11%
Tomato 9%
Wheat 11% Papaya 3%
Pea 2%
| Peanut 2%
i Tobacco 8%
Tomato 5% Maize 24%

Tobacco 3%/ Sugarcane 4%

Sunflower 2%
Sugarbeet 3%

Peanut 2%
Soybean 12% Potato 33%

Potato 14% Soybean 2%

Rice 1%

Raspberries 1%
" Others <1%-3% Distribution of transgenic crops with fungal (FR
X bakteriim  wanua= Anthurium 4% : & P 05 ( : )
G viral (VR), and bacteria (BR) disease resistance in
Tomato 16% Citrus 5% the U.S. field trials application from 1987 to 2009.

In total, there have been 15,850 field test release
applications for transgenic crops in the United

Tobacco 2% Grape 13% )
\ \// States. Out of these, 2003 occurrences deal with

Sugarcane 3% . . .
disease resistance: 853 for fungal, 983 for virus, and

Soybean 5% 167 for bacterial resistance.

Maize 5%

Pelargonium 1%

Rice 8% Petunia 2%
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Fungus resistant GM plants

Genetic engineering enables new ways of managing fungal infections. Several
approaches have been taken:

* Introducing genes from other plants or bacteria encoding enzymes like chitinase
or glucanase: These enzymes break down chitin or glucan, respectively, which are
essential components of fungal cell walls.

* Introducing plant genes to enhance innate plant defense mechanisms (e.g.
activing phytoalexins, proteinase inhibitors, or toxic proteins).

* Invoking the hypersensitive reaction: Plants varieties that are naturally resistant to
specific types of fungal diseases are often programmed to have individual cells
quickly die at the site of fungal infection. This response, known as the
hypersensitive reaction, effectively stops an infection in its tracks. Genetic
engineering can help plant cells 'know' when a fungus is attacking.

No commercial cultivars available today use these approaches.


http://www.gmo-compass.org/eng/glossary/59.chitinase.html
http://www.gmo-compass.org/eng/glossary/88.glucanase.html

Virus resistant GM plants

In some cases, biotechnology can be used to make virus resistant crops. The most
common way of doing this is by giving a plant a viral gene encoding the virus' 'coat
protein'. The plant can then produce this viral protein before the virus infects the
plant. If the virus arrives, it is not able to reproduce.

The explanation for this is called co-suppression. The plant has ways of knowing that
the viral coat protein should not be produced, and it has ways of eventually shutting
down the protein's expression. When the virus tries to infect the plant, the production
of its essential coat protein is already blocked.

All genetically modified virus resistant plants on the market (e.g. papayas and squash)
have coat protein mediated resistance. It may also be possible to confer resistance by
taking a resistance gene naturally found in one plant and then transferring it to an
important crop.



http://www.gmo-compass.org/eng/glossary/115.genetically_modified_organism_gmo.html

Table I The most common genes used for transgenic disease-resistant crops in U.S. field trials application
Gene/trait Description Donor(s) Examples of transgenic crop
Fungal disease resistance
Polygalacturonase Inhibitor of Bean, pear Grape, raspberry, tomato

inhibitor protein polygalacturonase
Protein kinase Resistance gene Soybean Soybean

R-gene

Resistance gene

Barley (Rpgl), rice (Pi9), Solanum
bulbocastanum (RB2), soybean
(Rpsl-k)

Barley, festuca, potato, soybean

Cell death regulator

Cell death regulator

Baculovirus, chicken, nematode

Wheat

Toxin detoxifier

Fusarium toxin
detoxifier

Fusarium spovotrichioides
(Deoxynivalenol acetyltransferase,
3-hydroxyl trichoecene

Barley, wheat

acetyltransferase)
PR proteins Pathogenesis-related Alfalfa (PR-2), Arabidopsis (PR-2), Cotton, barley, grape, peanut, potato,
proteins grape (PR-5), pea (PR-2), rice rice, sweet potato, sorghum, tobacco,
(PR-5), tobacco (PR-1) wheat
Chitinase Chitin degradation Alfalfa, barley, bean, petunia, rice, Alfalfa, apple, carrot, cotton, melon,

tobacco

onion, papaya, peanut, rice, squash,
tobacco, tomato, wheat

Ozxalate oxidase

Reactive oxygen

Barley, wheat

Cowpea, bean, letruce, peanut, potato,

production soybean, sunflower, tobacco
Thionin Plant defensin Barley, tobacco Barley, potato, rice
Antimicrobial Antimicrobial proteins | African clawed frog (Xenopus laevis) Cotton, grape, plum, poplar, tobacco,
peptde (magainin), cow (lactoferrin), wheat
Gastrodia elata (mannose-binding
lectin, gastrodianin), Ustilage maydis
(KP4), wheat (PGL)
Cecropin Antimicrobial proteins Giant silk moths (Hyalophora cecropia) | Cotton, maize, papaya

Sdlbene synthase Polyphenol Grape Potato, tobacco
Antimicrobial Antimicrobial Pea (lignan biosynthesis protein), Grape, potato, strawberry, tobacco
metabolite metabolite tomato (coenzymeA reductase,

divinyl ether synthase)




Viral disease resistance

G5

Single-stranded DNA
binding protein

Bacteriophage M13

Cassava

Movement protein

Viral movement

Raspberry bushy dwarf virus, tomato

Raspberry, tomato

protein Mosaic virus
Ribonuclease RNA degradaton Yeast (Schizosaccharomyces pombe) Pea, potato, wheat
Replicase RNA replicaton Cauliflower mosaic virus, papaya Cassava, papaya, potato, tomato

ringspot virus, potato leaf roll virus,
tomato yellow leaf curl virus

Nuclear inclusion
protein

Nuclear located protein

Papaya rinspot virus, potato virus Y,
wheat streak mosaic virus

Melon, potato, squash, wheat

Coat protein

Capsid protein

More than 30 different plant viruses

Alfalfa, barley, beet, grape, lettuce,
maize, melon, papaya, pea, peanut,
pepper, pineapple, plum, potato,
raspberry, soybean, squash, sugarcane,
tobacco, tomato, wheat

Gene/trait Description Donor(s) Examples of transgenic crop
Bacterial disease resistance

Attacin Antbacterial proteins Giant silk moths (Hyalophora cecropia) | Apple

Cecropin Antdmicrobial proteins | Giant silk moths (Hyalophora cecropia) | Apple, papaya, pear, potato, sugarcane
Hordothionin Antdmicrobial proteins | Barley Rice, tomato

Indolicidin Antibacterial proteins Cow Tobacco

Lysozyme Antibacterial proteins Cow, chicken Citrus, potato, sugarcane

Magainin Antimicrobial proteins | African clawed frog (Xenopus laevis) Grape

Protein kinase

Resistance gene

Rice, tomato

Rice, tomato

R-gene

Resistance gene

Pepper, tomato, rice

Tomato

Transcription factor

Promote resistance

Rice, tomato

Tomato




Bt kukurice (MON 810)
- komercni story by MoONSANTO

B. thuringiensis
objeveno v roce 1901 v Japonsku
1911 v Némecku

Ernst Berliner nemoc housenek motyli (Schlaffsucht)
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RUzné varianty cry proteinu

Monsanto

YieldGuard Corn Borer | Cry 1Ab Leps

YieldGuard Rootworm | Cry 3Bbl Corn rootworms

YieldGuard Plus Cry 1Ab and Cry 3Bbl Leps & corn
rootworms

Dow / Pioneer

Herculex I Cry 1F Leps

Herculex RW Cry 34Ab1 + Cry 35 Ab1l | Corn rootworms

Herculex Xtra Cry 1F + Cry 34Ab1 + Leps & corn

Cry 35 Abl rootworms

INVESTICE DO ROZVOJE VZDELAVANI




Bt kukurice a zavijec kukufri¢ny

r ! L
pod rOPSky w; z
socialni o Vi OP Vzdélavani

fondvCR EVROPSKA UNIE ik f pro Konkurenceschopnost
INVESTICE DO ROZVOJE VZDELAVANI




Jak zamezit vzniku rezistence na Bt toxin
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Roundup Ready ®
- glyphosate S'I'or'y P —
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Roundup Ready ®

glyphosate story by MONSANTO

0 G ni Ss%tates
R
HO ~ ’t”'GH
OH
Glyphosate

United State
Brazil

inhibuje enzyme (EPSPS)
v biosyntéze aminokyselin
tyrosinu, tryptofanu a
fenylalaninu.

Rezistence :
EPSPS z Bacillus licheniformis
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RNA silencing and virus resistence

Post-trascriptional gene silencing (PTGS=RNA interference) is a
mechanism of adaptative defence against viruses and mobile
genetic elements ubiquitary in eukaryotes.

Engineered RNA ﬁ ),Brbm'dsRNA
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A Viruses © O Q

RNA silencing 06
and

plant disease

resistence

Viral genome

SANA-RISC

MIRNA precursof amiRNA Silencing amplification

Hairpin RNA
Plasmid

Bacterium Plant Plant Cell

Silence. 2012; 3: 5.
doi: 10.1186/1758-907X-3-5 %
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siRNAs Degradation
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Hairpin RNA

siRNA-RISC insect genome
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Rostliny GM hrachu po mechanické inokulaci virem PEMV

|

GM hrdach Kontrola \ m Kontrola
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Papayas papaya cultivation is being threatened by Papaya Ringspot-Virus, a disease
that is sharply lowering yields.

Nl A' z 0 . -

In the late 1980s, the University of Hawaii began developing
a papaya cultivar resistant to Papaya Ringspot Virus. To do
this, certain viral genes encoding capsid proteins were
transferred to the papaya genome. These viral capsid
proteins elicit something similar to an "immune response"”
from the papaya plant. These new, genetically modified
papaya plants are no longer susceptible to infection, allowing
farmers to cultivate the fruit even when the virus is
widespread.

The first virus resistant papayas were commercially grown in
Hawaii in 1999. Transgenic papayas now cover about one
thousand hectares, or three quarters of the total Hawaiian

papaya crop.

Genetically modified papayas are approved for consumption
both in the US and in Canada. Several Asian countries are
currently developing transgenic papaya varieties resistant to

local viral strains.
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Lactoferrin-Derived Resistance against Plant Pathogens in
Transgenic Plants
Dilip K. Lakshman,*"r Savithiry Natarajan,i' Sudhamoy Mandal,§ and Amitava Mitra®*

"Floral and Nursery Plants Research Unit and Sustainable Agricultural Systems Laboratory, Soybean Genomics and Improvement
Laboratory, Agricultural Research Service, U.S. Department of Agriculture, Beltsville, Maryland 20708, United States

§Depa.rtment of Plant Pathology, University of Nebraska, Lincoln, Nebraska 68583, United States

B LACTOFERRIN: A MILK PROTEIN WITH MULTIPLE
ANTIMICROBIAL PEPTIDES

Lactoferrin is a protein present in milk, tears, saliva, and mucus
membrane of most mammals, and it plays a major role in the

immune system of newborns.®® LF is a cationic iron-binding

glycoprotein of 80 kDa belonging to the transferrin family. LF
may have a role in iron absorption and/or excretion and in

gastric health of newboms.”” It has anti-inflammatory and
wound-healing pmgerties and detoxicant, antioxidant, and
3% Another prominent property of LF is

its potent activity against a wide range of microorganisms
including both Grmn-ne%aﬁve and Gram-positive bacteria, as
” LF consists of two globular domains,

anticancer activities.

well as fungi and viruses.’
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Transgenic

Figure 2. Detached leaf assay of the fourth leaf of transgenic tobacco
seedlings inoculated with R. solani. A S mm mycelial disk was placed in

Transgenic Control

Figure 3. Seedling damping-off bioassay. Twelve-day-old seedlings of
two BLF—Arabidopsis transgenic lines (top and bottom left) and two
vector-only control Arabidopsis lines (top and bottom right) were
inoculated with R. solani inoculum mixed with (0.75% w/w)



V CR se mUZe péstovat pouze Bt-kukufice typu MON810, ktera je odolnd va¢éi
zavijeCi kukuricnému.

Na trhu se tyto hybridy také oznacuji zkratkou YG (z angl. yield guard — doslova
,hlidac vynos“).

Oddélovani produkce

Pro péstovani Bt-kukuFice a obecné jakékoliv GM plodiny v CR plati specificka
pravidla, vyplyvajici z nutnosti oznacovat v EU produkci GM plodin jako GMO,
a tedy i oddélovat od produkce klasické, pripadné s oznacenim Bio.

V CR vznikla pro tento Ucel tzv. pravidla koexistence, tedy pravidla pro
soubéznou existenci GM plodin s jinymi typy zemédeélské produkce (klasicka,
ekologickd). Tato pravidla jsou obsazena zejména v zdkoné ¢. 252/1997 Sb., o
zemédélstvi, v platném znéni (péstovani GM plodin v novelach ¢. 441/2005 Sb.
a €. 291/2009 Sb.). V ndvaznosti na zakon o zemédélstvi je aktualizovana i
provadéci vyhlaska ¢. 89/2006 Sb., o blizSich podminkach péstovani geneticky
modifikované odridy (naposledy vyhlaskou ¢. 58/2010 Sb.). Provadéci
vyhlaska specifikuje konkrétni pravidla koexistence pro péstovani GM

kukufice, GM brambor a GM sdji v CR. Ef NG
|
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Péstitelé spatfuji vyhody zejména v samotné technologii péstovani Bt-hybridd — od
jednoduchosti a spolehlivosti ochrany proti zavijeci, pres sniZzeni vstupu do porostl az
po vysledny efekt pri sklizni (nepolamané, nepolehlé rostliny).

Lze také konstatovat, Ze pri péstovani Bt-kukurice péstitelé v priméru dosahuji vyssich
vynosl neZz pri péstovani konvencénich hybrid( a sklizeny produkt je kvalitnéjsi
vzhledem k nizSimu zaplisnéni houbami rodu Fusarium.

K zdkladnim poznatkim dale patfi, Ze Bt-kukufice je nejen ekonomickym prinosem
pro péstitele, ale prinasi i pozitivni aspekty pro zivotni prostredi (alternativa k pouziti
pesticid( proti zavijeci a snizend potfeba mechanizace).

Co se tykd casto diskutovanych vedlejSich negativnich vlivi na Zivotni prostfedi (napfriklad
ovlivnéni necilovych, uziteCnych organismda, pripadné jiné negativni zmény lokalni fauny a flory),
nebyly ze strany péstitell zaznamenany.

Na druhé strané, péstovani Bt--kukurice s sebou prinasi urcité nevyhody, kdy vyrazné prevlada
nespokojenost péstitell s legislativné-administrativnim pozadim, které k péstovani, a obecné k
jakémukoliv uzivani GMO v EU, neodmyslitelné patfi. Z ekonomického pohledu péstitelé
identifikuji vicendklady na vstupech produkce (drazsi osivo Bt-hybrid() i problémy na vystupu
produkce, kdy stale pretrvavaji obavy a neochota odbératell kukuri¢cného zrna i produktd zvirat,
ktera byla krmena Bt-kukufici. Tyto problémy souviseji obecné s negativnim vnimanim GMO v EU.

e-AGRI (www.eagri.cz, polozka ,Zemédélstvi“, polozka ,,GMO - Geneticky modifikované

. «
organismy”“).
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Domestication bottleneck and how to broaden diversity

Wild species

Domestication

P. Smykal
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Introgression - exploration of wild crop relatives
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Introgression - exploration of wild crop relatives
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Genetic analysis of pod and seed resistance to pea weevil
in a Pisum sativum x P. fulvum interspecific cross
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Breeding Science 57 : 181=184 (2007)

Identification of a New Gene for Resistance to Powdery Mildew in Pisum fulvum,
a Wild Relative of Pea
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