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Struktura prednasky

* Prirozené obranné mechanismy rostlin

* Dulezitost diverzity, vliv domestikace

* Mapovani a vyuziti rezistence ve slechténi
* 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
* jontovy a osmoticky stres, odolnost rostlin k zasoleni

e Zaplaveni a anaerobiodza, nedostatek kysliku - hypoxie a
anoxie

» Toxicky efekt tézkych kovu a pH prostredi
* Oxidacni stres, kyslikovy stres, vznik reaktivnich forem
kysliku

e Zareni UV, svételné
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Nedostatek vody

Pfirozené ekosystémy

Plenty
of fresh Water
water stress

[:l No appreciable flow

Plenty
of fresh Water
water stress

D No appreciable flow

Nature 467, 555-561 (30 September 2010) |
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http://www.nature.com/nature/journal/v467/n7315/full/nature09440.html
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Evoluce obrannych mechanismu

" Viburnum lesquereuxii leaf with insect damage;

Dakota Sandstone (Cretaceous)

Eardy leaf eating
il L eaf mining

simple plant
piercing

Detrivory

~ Camoniferous - Tnassic
Devonian Permian
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Genetické-biologické zalozeni rezistence

Konstitutivni 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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Podle zpusobu jejich vyZzivy muzZzeme patogeny
rostlin rozdélit na:

[V 4

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 zptsob
vyzivy, ale po kratké dobé prechazeji do
nekrotrofni faze, kdy usmrcuji své hostitele.
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Proces infekce

Biologicka specializace je pouzita jako zaklad pro
taxonomickou klasifikaci hostitelu a parazitt a tvofri ¢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, kromeé haustoria, na
povrchu rostlin. |
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Nékteri houbovi puvodci chorob, jako napf. rzi maji dva razné
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 (Berberis)

U rzi pSenicné 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

A | _,_’\1: n
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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
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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 ukazuiji spiSe ,zvadly” neatraktivni fenotyp pro
herbivory, tato reakce muze také primo fyzicky odmrstit maly
hmyz
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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 nepratelim svym vlastnich
nepratel - mutualismus

,hepritel mého nepfitele je miij pritel,,.

Nékteré druhy Acacia (A. chiapensis, A. collinsii, A. cornigera, A.
hindsii) maji trny poskytujici ukryt mravenclim na navic produkuji
pro né nektar na bazi svych listu
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Chemické latky produkované konstitutivné

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci @



Druhy chemickych obrannych latek / toxinG 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, imonen, menthol, camphor, and pinen.
Diterpenoidy, 4 isoprenimi jednotkami, jsou obsazeny v latexu
and pryskyricich.
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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
tanind 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
enzymd.

 Silikaty a ligniny, obrusujici kusadla hmyzu
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Chemickeé latky produkované konstitutivné

(A)

» Saponiny — avenacin
S pod povrchem kofenu
— glykosylované latky
— triterpenoidy, steroidy, steroidni
glykoalkaloidy

— Glykoalkaloid tomatin —
[v O ey rezistence k Fusarium u
pogut+ SO zelenych plodu rajéat

> Glukosinolaty

e, Tl — Glukosidy obsahujici siru
= B — &eled Brassicaceae

T e ———_ Pogkozeni kofene — jejich
hydrolyza a uvolnovani rady

1 e toxickych latek

R— N=C R—S$—C=N |
Isothiocyanate Nitrile Thiocyanate '
L
Various bioactive toxic compounds released
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Vyuziti interakci mezi organismy k ochraneé
rostlin
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Vyuziti endofytickych hub v
obrané

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

Allelopatie
P e L

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.

Eucalyptus

Palacky University
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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 vUcCi ostatnim rostlinam

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

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

kliceni semen Ci rust jinych rostlin O \

N
HO A

HO >: —
N
O o>/7 \

kyselina salicylova

dub (Quercus) kofein

* ma autotoxicky efekt
» pravdepodobné autoregulace

[\ / \ / \ hustoty porostu

S S S * prirodni stfidani vegetace na
a-terthienyl jedné lokalite

aksamitnik (Tagetes) * udrzeni biodiversity

Allelopatické latky jsou prirodnim modelem pro syntetické herbicidy.
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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)

Rice allelopathy and the possibility
| for weed management
| T.D.Khanh
0" T.D.Xuan
¢ .M. Chung

' https://doi.org/10.1111/j.1744-
7 7348.2007.00183.x
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INDUCTION OF ALLELOCHEMICALS
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*Inhibition of seed germimation

*Inhibition of shoot'root growth
*Inhibition of nutrient uptake

*May attack a naturally occunng symbiotic

*Cause microorganism-based transformation
*Alter suspectibility to pathological mfections
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PRODUCTION OF ALLELOCHEMICALS l

*Can be carried away in wind

*Can coat plant residues

*Soil moisture can spread the chemicals
*Roots of neighbouring plant absorb the
allelochemicals

ALLELOPATHIC RESPONSE

Allelopathy: Potential Role to Achieve New Milestones in Rice Cultivation>x

A.S.Ahluwalia

https://doi.org/10.1016/j.rsci.2016.06.001

TRANSPORT AND EXPOSURE
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Chemické latky produkované

po napadeni patogenem
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Obranné mechanismy indukované po napadeni/infekci

e zesileni bunécéné 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
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Fytoalexiny a fytotoxiny

* interakce mezi rostlinami a mikroorganismy

* plané rostouci druhy rostlin jsou obvykle
prirozeneé rezistentni vuci chorobam
zpusobenym mikroorganismy
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HO
HO katechol, prohibitin z odolnych odr(d cibule

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

* isoflavonoidy a flavonoidy jsou uc¢innymi fungicidy;
vyskytuji se napf. v rostlinach rodu Lupinus
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Pri

klady fytoalexinu

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

/\ O ipomeamaron (batata, Jpomea)

rishitin
(brambory, Solanum tuberosum)

Palacky Li‘l’h/'%versity
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PR pereind. faperes)

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

Palacky University
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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.
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Genetika virulence patogena a rezistence hostitele
Koncepce gen proti genu (gene-for-gene)

Plant

H.H. Flor, 1947
Linum usitatissimum— Melampsora lini  raosie

Resistant Susceptible

Avirulent

Vznikl koncept ,,gen proti genu”

ke kazdému genu rezistence existuje  viuent
koresponduijici gen avirulence v
genomu patogena.

Jeji aplikace umoznuje stanovit
pravdépodobny pocet genl rezistence a

Pokud se setka rostlina nesouci gen virulence a jejich kombinaci ve studovanych

rezistence s patogenem nesoucim systémech hostitel- patogen a usnadfiuje
prislusny gen avirulence, dojde k genetickou analyzu faktoru rezistence.
inkompatibilni interakci, patogen je MozZnost vyuZiti v transgenosi.

rozpoznan a spusténim obrannych
mechanizmu je mu zabranéno v
kolonizaci rostliny.

Palacky University
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Pathogen
genotype

Host plant genotype

R1

Avrl

%)

Avrl

No disease

R1 protein

(Plant and pathogen
are incompatible.)

r1
.*"
Avrl rl protein

Disease

(Plant and pathogen
are compatible.)

avrl

N\

avrl R1 protein

Disease

(Plant and pathogen
are compatible.)

S8

avrl rl protein

Disease

(Plant and pathogen
are compatible.)
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produktem genu rezistence
je specificky proteinovy
RECEPTOR na rostlinném
povrchu

a produktem genu
avirulence specifické
glykoproteinové molekuly —
ELICITOR

na povrchu patogena
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Mezi rostlinou a jejim patogenem se odehrava evolucni souboj.

Efektory potladujici 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)

2\

P e ®
. . C(no HR)
. C(no HR) I(HR)
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Ve2

L6, N

A

Cytoplasm
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Faze obranné reakce rostliny

Bezprostredni rekce v misté pruniku patogena
Tvorba volnych radikalu (kysliku)

Otevirani iontovych kanalu

Fosforylace a defosforylace proteinu
Preusporadani cytoskeletu

Hypersenzitivni reakce

Aktivace exprese genu

Pathogen

Lokalni reakce a aktivace genu

Zmeény v biosyntéze sekundarnich metabolitu
Zastaveni bunééného cyklu

Syntéza PR proteinu

Akumulace kyseliny salicylové 20x — 50x
Tvorba etylénu a kyseliny jasmonové

Tvorba ligninu v bunéénych sténach

Systémova reakce a aktivace genu
Glukanazy, Chitinazy
Peroxidazy

Syntéza dalSich PR proteinu

Palacky University
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Hypersensitivni reakce (HR)

A R proteins
W W O
V tomto rostlinou rizeném procesu T T T T
—] I ]
odumiraji bunky v bezprostredni Cormiplox -gens e
’ . IV es b Pathogen elicitor <
blizkosti patogena a vytvareji se
[ . 7 A4 o o
tak mikroskopické az okem v T d
.« g , ° . , ' ' SAR: - :
viditelné ostruvky nekrotického Compaibin incompatbis At |
pletiva, ve kterych z0stava . l Salicyic acid __’~,9,e e

patogen uveézneén.

Z tohoto dlivodu je
hypersenzitivni reakce ucinna
predevsim proti biotrofnim

M ’%,

.

‘<
I PCD £
B

~

Klicové regulacni prvky v tomto procesu

patogenﬁm. jsou predevsim reaktivni formy kysliku
Nekrotrofové mohou naopak cely  (ROS), oxid dusnaty, kyselina salicylova a
mechanismus vyuzZivat ve svij zmena koncentrace Ca2+ v cytosolu.
prospéech.
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Systémove 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 patogenim.
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.

Palacky University
Olomouc
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zesitovani a

[
Zpevneni

bunééné stény

oalexin

N

&iFeni rostlinou

kyselina salicylova

ziskana systemicka PR proteiny /

hypersenzitivni
odpovéd

pohyp iontd,
depolarizace
plazmalemy

ROS

cytoplazma
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Koevoluce hostitele a patogena — narusena clovéekem

béhem domestikace a predevsim pak globalizace
e > 7 ’pl::‘}
= ‘£ , N

Msicka révokaz
Daktulosphaira vitifoliae, Phylloxera
vitifoliae
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Domestikace a vybér

Mumber observed SHFs

Neutral Gene Domestication Gene
Teosintes
B0 O Cigendsd [n one popusion
O St [ v prapuisiomn.
450 B Obiserad in thres populalions
m Ciaerasd inal popadalions
400 Landraces
5]
300
250
Modern Inbreds
204 T2
T
150 T
104
50
a
G. zoja Landraces M. Am. Anceslors Elite Cultivars

Péstované formy/druhy

Improvement Gene

P, salivum other

70% diverzity
planych druht

P elalius
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Vyznam genetické diversity

versity
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Dusledek zelené revoluce
pSenice x rez travni (Puccinia graminis)

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci

| POSSIBLE MIGRATION ROUTES OF WHEAT RUST Ug99

| P Router

Based on prevailing winds and areas of wheat production, route A via the Arabian peninsula is

X considered the more likely route for the continuing advance of the disease

) Route A

SAUDI
ARABIA

SUDAN

INDIA

SOMALIA 4

Palacky University
Olomouc
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Vyuziti rezistence ve slechténi rostlin

Classical plant brem mecu]ar biology

@Assisted B@

Marker Assisted Breeding/Selection (MAS)
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inokulace

P. Smykal, Katedr

Laboratorni, sklenikové, polni

testovani fenotypu

g'Palackého v Olomouci

péstovani

hodnoceni
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Kvalitativni znaky

QUALITATIVE VARIATION

3:1

Parental 1 Parental 2

n® of F2 plants
)
o

O
-
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Vazba markeru se znakem - neprimy marker
]

& N
< >

GEN (napft. rezistence)

] o

5 cM (vzdalenost) Spolehlivost pfi selekci : 95%

Spolehlivost pfri selekci: 99,5%

X

& N
& N
< 7> >

5 cM (vzdalenost) 5cM

Rezistentni Rezistentni Rezistentni Rezistentni Rezistentni

Palacky University
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Viruses - the crop devastating agents

e 73 recognized plant virus genera

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

15% of species

* Potyvirus (family Potyviridae) contain over

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci @



OPEN @ ACCESS Fraely available online “"PLoS one

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.

panN
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 1173 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 1273 0.7567 65

Palacky University
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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

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci @



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 (6MO) crop

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci




Eukaryotic translation initiation factor 4E

Cellular mRNA

* cap-dependent protein synthesis
* nuclear export
* translation of uncapped viral mRNAs

Palacky University
Olomouc

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci @



Pea seed borne mosaic virus
(PSbMV)

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

* cCocka (Lens culinaris)

* cizrna (Cicer arietinum)

* bob (Vicia faba)

Symptomy:
* rolovani list(

e Zloutnuti zilek

e zkracovani internodii Prenos:

* zakrslost . méicemi

 deformace semen * semeny
* mechanicky

Palacky University
Olomouc
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Classical testing of phenotype
during the breeding process

Time, space
and
resources
cohsuming
process

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci
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W62L AA73-74DD G107R N169K
2,188 bp

Ps A A 273 Q‘L 128 65 86 | 2138bp

91 89 1201/1151 84
vt 166 129 71 51 1237 be
95 104 964 88
L | 287 | 166 126 | 66 | [ 48 | 1714bp
129 109 691 92
6m |___ 293 | | 166 128 | 65 | 50 | 1,758bp
1 336 105

I_F’haseafus

Lotus >

Faba bean
Lentil
Chickpea
Lupin
Groundnut

* Smykal et al. 2010 Mol Breeding

| Soybean
|

Hologalegoids

After Wojciechowski M.F. (2003). Advances in Legume Systematics, part 10

Palacky University
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Genové specificky (idedlni) marker

Gen

1,201 DNA

Marker — varianta A

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

Selekcni spolehlivost
100 %

R R R

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci
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75% spolehlivost fenotypového hodnoceni
VErSuUS
100% DNA testovani

priklad rezistence (elF4E) hrachu k PSbMV viru

MW1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ELCOST S —

ELISA  + -
17 18 19 20 2122 23 24 25 26 27 282930 3132

{_---bkks---- L

ELISA
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

alPEPLLCEELCCEE

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci W
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Geographical distribution of eIF4E alleles
in 2803 pea accessions

A-Canada

&

ﬂfrica@j
\/"\Jl)k

South America

5

A

0, rjﬁ
‘% Austra?(a-;\l;w?ea'rand

O

mA allele
OB allele
mC Allele
@s Allele

Konecna et al. 2014
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Evolution of resistance alleles

A-2
“libge  elF4Es?
elF4EB-3 112643 P1 193584
111090 elF4EAS
2 AN . Pl 347492
S 3 PI347494 5 SIFaEn
JI137 3
3 elF4EB-1 .
ATC7134 eIF4E5-2
‘ , PI347328 111787
ATC7140 elF4Es4
11632
4 elF4E53
! PI347484
o IFAES
IF4ES7 1 1
e elF4EC1
112646 111109

Haplotype network of e/F4E 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

o . Konec¢na et al. 2014
of mutated positions (in red)

elF4EA-4
PI1378158

Resistance alleles find only
in cultivated genepool

NOT in wild
elF4EA¢
P1269818
elF4EA7
P1269774

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci
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Kvantitativni znaky (QTLs)

Potreby: H” < Il e
* Mapovaci populace (min F2:3, ale spise F8)
* Markery (desitky, stovky, |épe pak tisice) ” |
* Fenotypovy popis
/4
35f Vot ok e
€ 7 Resistant Susceptible | Vi
= <79 i ¢ ' > il
_ > il i
5 : | |l
15 Markers
E 10
5
Z Df AA
0 _ ,/ﬁ\ N
43 46 49 52 55 58 61 A 0 )

Resistances, production, efc.... £ | i
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Kvantitativni znaky (QTLs)

Spociva v analyze statisticke
zavislosti mezi kvantitativnimi
znaky a genetickymi markery

Marker
Green Arrow

PRIL?-01
PRILY-02

3
4
5
B [Pl 179449
7
B
g

PRIL7-03
10 |PRIL7-04
11 |PRIL7-05
12 |PRILY-06
13 |PRIL?-O07
14 |PRIL7-05
15 |PRILY-08
16 |PRIL7-10
17 |PRILT-11
18 |PRIL7-12
19 |PRIL7-13
20 |PRIL-14
21 |PRIL?-15
22 |PRIL?-1B
23 |PRILF17
24 |PRIL?-18
25 |PRIL?-19
26 |PRIL?-20
27 |PRILF-21
28 |PRILF-22
29 |PRILF-23
30 |PRIL?-24
3 |PRIL?-25

LOD  FRRPron4
11

QTL1:

LOD=6.1
R2=22%
74 a=14.9
(90-2131)
| OTL2:

LOD=4.1 ( )TL3 .
R2=10% LOD=3.3
5 a=10.7 R2=8%
(90-2131) a=-9.3
(DSP)

3
?

L)

ZiwwSd
oogkld

TEIEWEd

00Lawsde

e
TLEWWSEd

32 |PRIL?-2B
33 |PRIL?-27

OFFPOO0FPFO0O0FRFFEFEFFPO00O0OFFEF00DOE DD Fwl Fwe

M OFFOOFODDEFEDREEFDDDREDDDDEDDRERE 280 ACAC
FPPFPOFFPOIDDFODFDMERFEFDDEEEDEDEoDoDER210 ACAC
PO OFPOrFPrOEFFEOODEEEOODEEEEEEooDER 195 ACAC
PP O0FPFPO00OFODEDOFOMEDODREERDEDEDDRERE B ACAC
FPFPO0FFOO0OD0FPO0FOFO0O0FODDDREDED OO DR 180 ACAC
PO ODONOFPODFFOODETDDEFEFDODDDDEDERDERE140 ACA C
fmie = m M= mom e e e e e T B M MO e e M e e e 128 JACA:
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Fusarium oxysporum f.sp. pisi

25 pm

Y [

25 pm

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

(Leslie et Summerell, 2006)

\:}Cﬁ‘\

WINNINIS Fusarium solani




Fuzariové vadnuti

(Fusarium oxysporum f.sp. pisi)

FUZéf‘iOVé spéla (Fusarium solani)

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci
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Inokulacni testy- hodnoceni fenotypu rekombinantnich linii a vybranych
polozek kolekce k infekci Fusarium solani v kontrolovanych laboratornich

genotypy DSP a 90 2131

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 B99/18 350 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 IDSP - 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

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci

F. solani (FSVG4 isolat)

D> pouzité k tvorbé RIL populace
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Lokalizace pl39 genu na LG IlI
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Unsufficient covering in the middle of LGII and LGIII
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Lokalizace plI39 na LG Ill vazebnou skupinu
do mista FRR2 QTL lokusu
a potvrzeni tohoto kandidatniho genu

mammal

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

O-type

B
. | —
Rs-AFP1: QKLCERPSGTWSGVCGNNNACKNQCINLEKARHGSCNYVFPAHKCICYFPC
= A\ B >
RS-AFP2;: ===nQ=cmrmsmem———————— R i
t t t t t
10 20 30 40 50

EVIER

plANgctNCE

www.elsevier.com/locate/plantsci

Plant Science 163 (2002) B55-864

Analysis of the DRR230 family of pea defensins: gene expression
pattern and evidence of broad host-range antifungal activity*

Fang-Ming Lai', Catherine DeLong, Kangfeng Mei, Tracy Wignes, Pierre R. Fobert *

National Research Council Canada, Plant Biotechnology Instine, 110 Gymnasium Place, Saskatoon, Sask., Canada STN OW9

Jedna se o malou genovou rodinu defensini (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 organismem tohoto
projektu Fusarium solani (Chiang and Hadwiger 1991, Hadwiger 2008).

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci
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Vyuziti transkriptomiky pro studium rezistance

.
s

.

Yanli Toyonoka Sachinoka Benihoppe
B Cc
14c 100
§ 10 2 -
O o )
= o
2 - 8 = #ox
£ 2 e
&0
’Qf)’ “0 5 A L J
ok N
0 0 a
Yanli lo»onoka bauhmoka Bumhoppc Yanli Toyonoka Sachinoka Benihoppe

ORIGINAL RESEARCH
published: 15 May 2017
doi: 10.3388/Tpls 201 7.00779

Palacky University
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Comparative Transcriptomics

Reveals Differential Gene Expression

Related to Colletotrichum

gloeosporioides Resistance in the

Octoploid Strawberry R1/R2 B S1/S2

Feng Wang'", Feng Zhang*", Mengmeng Chen', Zhiheng Liu’, Zhihong Zhang?,
Junfan Fu' and Yue Ma™2*

1395 1593
R T 1050 531 545 1234
' 234 136
1387 2473 1010 1269 1218 1039
R1/R3 ‘ R2/R3 S1/S3 ‘ S2/83
C. g-responsive genes C. g-responsive genes
c
C. g-responsive genes C. g-responsive genes
in ‘Yanli’ in ‘Benihoppe’

FIGURE 3 | Global changes in C. gloeosporioides-responsive genes in resistant and susceptible strawberry cultivars. (A) The number of common and
specific DEGs in “Yank.' (B) The number of common and specific DEGs n ‘Benihoppe.” (C) The number of common and specific C. glososponioidss-responsive
genes in 'Yanli' and 'Benihoppe.’
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Vyuziti in vitro selekce — rezistence k houbovym

Plants

Agronomic traits

patogeniim

References

Arabidopsis thaliana
Sugarcane

Herbicide resistance:
Wheat
Tobacco

Brassica
Maize, barley

Sugarbeet

Disease resistance

Tomato

Gladiolus x
grandifiorus

Tobacco
Potato

Strawberry

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci

Valine resistance
Ametryn

atrazine, difenzoquat, picloram
atrazine, amitrole, paraquat,
chlorsulfuron

atrazine, phenmedipham
glyphosate

chlorsulfuron

Clavibacter michiganense
Fusarium lycopersici,
FPhytophthora infestans
Fusaric acid

Alternaria alternata
Fusarium solani,

F. oxysporum, Phytophthora
infestans, Alternaria solani

potato leafroll luteovirus

Phytophthora cactorum,
Rhizoctonia fragariae

Botrytis cinera

Gaj et al., 1999
Zambrano et al., 1999

5 3 2 1

Figure 1. Representative example of visual scoring scale for leaf and root condition under in vitro salinity conditions. (A) Visual

Tow JOIT T Oy © T

see Jain et al.,, 1998

Cristinzeo & Testa, 1999

Kawchuk et al., 1997
Battistini & Rosati, 1991;

Jain, 1997h; see Remotti, 1998
Orlando et al., 1997
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Pyramidovdni genu - Breeding by design
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Ziskani rezistentnich plodin
infrogrese a transgenose

a b
X o pa—

Elite Wild Transformation  Transgenic
varialy speacies varety construct

w 3 generations of salf-fertilization
and selection for transgena
expression in independent
transformants

Ilzllte variety  Fy F‘ry’b’id]
Backoross l

!

Backeross and marker-assisted selection for
B generations and salf-fertilization for 2 mose

i E:ije Trm1§1ﬁrmed
Litraary of introgressad lines (IL) vaey ine
Chromosomes 1 2 3 4 5 ] ‘
( Backeross selected transgenic
IL1-1 lines to an elite variety for 6

generations, and solact for
transgens exprassion and field
o — performanca. Follow with 2
genarations of self-fartilization

: : Transformant

- 0000000 33 00 0

!

IL1-2
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phenotypes and do replicated field trials assesament of food safaty

Mature Reviews | Genotics

Palacky University
P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci Olomouc



Transgenose (GMO)
mezi védou, etikou a politikou

Bt Gene is
inserted
into crop

bacillus
fhuringiansis

Crop is infected by Pest dies when feading on
European corm borer any plant part
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1959 Agrobacterium tvorba nadoru

1973 prvni GMO organismus E.coli

1976 Ti plasmid (Mary-Dell Chilton)

1980 Ti plasmid jako vektor cizorodé DNA

1983 prvni GMO rostlina s vyuzitim T-DNA

1994 FlavrSavr rajée (USA)

2009 11 transgenich plodin péstovano na 150
milionech hektart ve 25 zemich
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Péstovani GMO rostlin

I Genetically modified crops
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Péstovani GMO rostlin

Sdja 69 miliént hektardt  79%
Bavinik 25 miliond hektard  49%
Kukurice 55 miliénd hektard  31%
Repka 7 miliént hektart  25%
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T-DNA transgenose
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T-DNA

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

* uzitny gen

* promotory
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Biolisticka metoda
transformace
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Table 1 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 (Rpg1), rice (Pi9), Solanum
bulbocastanum (RB2), soybean
(Rpsl-k)

Barley, festuca, potato, soybean

Cell death regulator

Cell death regulator

Baculovirus, chicken, nematade

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

Oxalate oxidase

Reactive oxygen

Barley, wheat

Cowpea, bean, lettuce, 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,
peptide (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
Stlbene synthase Polyphenol Grape Potato, tobacco
Antimicrobial Antimicrobial Pea (lignan biosynthesis protein), Grape, potato, strawberry, tobacco
metabolite metabolite tomato (coenzymeA reductase,

divinyl ether synthase)

Palacky University
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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 degradation Yeast (Schizosaccharomryces 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

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

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

Indolicidin Antbacterial proteins Cow Tobacco

Lysozyme Antbacterial proteins Cow, chicken Citrus, potato, sugarcane

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

Protein kinase

Resistance gene

Rice, tomato

Rice, tomato

R-gene

Resistance gene

Pepper, tomato, rice

Tomato

Transcripton factor

Promote resistance

Rice, tomato

Tomato
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Bt kukurice (MON 810)
- komercni story by MoONSANTO

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

Ernst Berliner nemoc housenek motyll (Schlaffsucht)

cry gen - protein

StarLink ® kukufice (Aventis crop Science) 2002

Palacky University
Olomouc
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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
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Bt kukurice a zavijec kukufri¢ny
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Jak zamezit vzniku rezistence na Bt toxin

IRM: High Dose and Refuge
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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 ),D{bm'dsRNA
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A Viruses © O Q
RNA silencing ©o
and
plant disease

resistence

Viral genome

siRNAs SRNA-RISC

MIRNA pracursor amiRNA Silencing amplification

Plant Plant Cell Click on image to zoom

B Viruses 0 6

Hairpin RNA
Plasmid

Bacterium Plant Plant Cell

Silence. 2012; 3: 5. 2 iy o
doi: 10.1186/1758-907X-3-5 ’ rea 2

ey 331

Hairpin RNA

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

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

‘ A"q& i : . .. V4 ' 4 S Jae
ol y bt

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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FOO D C H EMI STRY pubs.acs.org/JAFC

Lactoferrin-Derived Resistance against Plant Pathogens in
Transgenic Plants
Dilip K. Lakshman,*" Savithiry Natarajaﬂ,-‘t 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 20705, United States

§'Dep;\rtrnent of Plant Pathology, University of Nebraska, Lincoln, Nebraska 68583, United States

M 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

. 30 . ORI LI Fi 2. Detached leaf assay of the fourth leaf of transgenic tobacco
immune system of newborns.”™ LF is a cationic iron-bindin SeRe y g
Y & seedlings inoculated with R. solani. A S mm mycelial disk was placed in

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 prngerties and detoxicant, antioxidant, and
anticancer activities.”>>* Another prominent property of LF is
its potent activity against a wide range of microorganisms
including both Gram-ne%aﬁve and Gram-positive bactera, as
well as fungi and viruses. LF consists of two globular domains,

Transgenic

Control

Figure 3. Seedling damping-off bioassay. Twelve-day-old seedlings of

two BLF—Arabidopsis transgenic lines (top and bottom left) and two

i . . . i . vector-only control Arabidopsis lines (top and bottom right) were

P. Smykal, Katedra botaniky, Univerzita Palackého v Olomouci inoculated with R. solani inoculum mixed with (0.75% w/w)



When is a GM plant not a GM plant?

A bumper crop of genome-edited plants

Challenging older forms of genetic modification, four recently developed genome-editing methods—meganucleases, zinc finger nucleases (ZFNs), TALENSs,

and CRISPR—have produced many plant varieties with useful new traits, some highlighted below. A few are in field trials already.

Genome-editing methods

— ja
RV RRY R RVRVRYA ZFNs

Meganucleases

Yield, storage, or
processing improvement

@ Altered growth

rCorn

Zeamays

DuPont Pioneer plans a CRISPR-
altered version of its “waxy corn”
variety; Dow AgroSciences is
using ZFN technology to make
com simultaneously healthier
and herbicide resistant.
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Gobacco

Nicotiana spp

®
-

Inthe 1990s, researchers used
enzymes called meganucleases

to edit tobacco's genome; TALENS
have now helped make a tobacco
relative that can synthesize human
therapeutic proteins.

1II
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PANNALARNASANN AN

Calyxt's TALEN®-edited soybeans
may help food companies reduce
trans fatsin their products by
2018, as required by the United
States for health reasons.
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The plant engineer
Elizabeth Pennisi (September 15, 2016)
Science 353 (6305), 1220-1224 _ [do1:

10.1126/science 3 5@07.1223]
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(a) Zinc finger domains
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Figure 2 Schematic representation of various genome-editing platforms. (a) Zinc finger nucleases (ZFNs) are composed of DNA recognition domains and
Fokl nuclease catalytic domain fusions. Each zinc finger in the DMA recognition domains binds three nucleotides. On average three to four zinc fingers are
fused to recognize 9-12 nucleotides. Two ZFNs are required to produce double-strand breaks (DSB) as the Fok! domain requires dimerization to be
catalytically active. (b) Transcription activator-like effector nucleases (TALENS) are composed of TAL central DNA-binding repeat domain and Foki catalytic
domain fusions. DNA-binding specificity is determined by the 12th and 13th hypervariable residues of each repeat [repeat variable diresidue (RVD)].
Similarly, two TALENs heterodimer binding in a tail-to-tail orientation with proper spacer length to allow dimerization of the Fokl domains are required for
activity and DSB formation. (c) Clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 mediates D5Bs formation. Cas® s guided to the
20 nt DNA target by a synthetic single guide RMA (gRNA) molecule composed of crRNA and tracrRMA. Cas9 recognizes a specific protospacer associated
motif (FAM) sequence on the DNA (NGG—marked in red) and performs a complete cut with the two active nuclease domains RuvC and HNH.
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nature
biotechnology

Simultaneous editing of three homoeoalleles in
hexaploid bread wheat confers heritable resistance
to powdery mildew

Yanpeng Wang!3, Xi Cheng??, Qiwei Shan!, Yi Zhang!, Jinxing Liu!, Caixia: &  Wheat MLO genes

. = = aan 5 o 5 a5 a2 a

Conserved region in genomes A, B and D

sgMLO-A1
TaMLO-A1: TcGCTGCTGCTCGIECGTCACGCAGGACLCAATCTCOGGGATATGCATCTCCCA
TaMLO-B1: TCGCTGCTGCTCGCCGTGACGCA CCATCTCCGGGATATGCATCTCCGA
TaMLO-D1."l‘(Z(i(:’l‘(:’(:'l'(%(l’."(I(i(l(l(i'l‘\5}’«(5!’.5(1!\ ACCCAATCTCCGGGATATGCATCTCCGA
Avall

A 2 0 DN &
QD SIS /\Q«Q XS (S USUI SIS I 1S é\@
MLO-A1

MLO-D1

Figure 1 Targeted knockout of TaMLO genes using the TALEN and
CRISPR-Cas9 systems. (a) Sites within a conserved region of exon 2

of wheat TaMLO homoeologs targeted by the TALEN and CRISPR-Cas9
systems. The TALEN-targeted sequences in MLO-A1, MLO-B1 and
MLO-D1 are underlined, and the Avall restriction site in the spacer is
blue. Of the three SNPs highlighted in red, two are in the spacer region
and one lies near the far right of the TALEN binding site. The CRISPR-
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Figure 2 Loss of TaMLO function confers
resistance of bread wheat to powdery mildew
disease. (a) Percentage of microcolonies formed
from the total number of germinated spores of C RS d WT AT
Blumeria graminis f. sp. tritici (Bgt) inoculated
on the leaves of wild-type (WT) and various tamlo
mutants. At least 2,000 germinated spores per
genotype per experiment were examined 72 h
after inoculation with virulent Bgt isolate EO9.
Values are the mean =+ s.d. of four independent
experiments. **P < 0.01 (t-test). (b) Micrographs
of microcolony formation of Bgt on the surfaces of
leaves of the indicated genotypes 3 d
postinoculation. Powdery mildew spores and
colonies were stained with Coomassie blue. Scale bars, 200 um. (c¢) Macroscopic infection phenotypes of representative leaves of WT and the indicated
mlo mutants 7 d after inoculation of detached leaves with Bgt. Scale bar, 1 cm. (d) Disease symptoms of wild-type (WT) and tamlo-aabbdd mutant
plants. The photograph was taken 7 d after inoculation in planta. Scale bars, 2 cm.

NATURE BIOTECHNOLOGY VOLUME 32 NUMBER 9 SEPTEMBER 2014 949
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Domestication bottleneck and how to broaden diversity

P ol 13 G2

Wild species

Domestication
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Introgression - exploration of wild crop relatives

CSIRO PUBLISHING

www . publish.esiro.au/joumnals/ajar Australian Jouwrnal of Agricultural Research, 2008, 59, 854862

Genetic analysis of pod and seed resistance to pea weevil
in a Pisum sativum x P. fulvum interspecific cross

O. M. Byrne™“P, D. C. Hardie®, T. N. Khan®, |. Speijers®, and G. Yan™

Breeding Science 57 @ 181=184 (2007)
Note

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

Sara Fondevilla*!?, Ana Maria Torres", Maria Teresa Moreno" and Diego Rubiales®
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Introgression - exploration of wild crop relatives
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Crop - wild relatives
introgression

Species A

Species B

Generations
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