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INTERAKCE ROSTLIN
S PATOGENY
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* Rostliny jsou prisedlé organismy

Rostliny ¢eli celé radé vyzev s

go®

* Rostliny hosti celou fadu nepatogennich a patogennich mikroorganismu

* Rostliny chrani mechanické bariéry a rozvinul se u nich mnohovrstvy imunitni systém

BIOTICKY STRES ABIOTICKY STRES

Hmyz — <«—— Teplotni stres (teplo, chlad, mraz)
Viry —> <+——— Sucho
Bakterie —_—>

<+—— Zaplavy
Oomycety —» <4— Zasoleni

Houby — > <+—— 0z6n

Poranéni e <+— Intenzivni svétlo

<+— Tézké kovy




Patogen, skudce, onemocnéni

* Rostlinny patogen — organismus, jehoz ¢ast zivotniho cyklu se odehrava uvnitr
rostliny

+ Skddce — herbivorni hmyz, nematoda savec nebo ptak Zivici se vegetativnimi ¢astmi
rostliny

* Plvod rostlinnych patogent
- predchlidce suchozemskych rostlin prinesl patogeny sebou z more
- po prechodu z more nékteré druhy presly k patogennimu zplisobu Zivota
- prichod suchozemskych rostlin poskytl nové utocisté jiz existujicim patogenim

* Pocatky zemédélstvi (pred cca. 10 tis. lety)

- novy vztah mezi domestikovanymi druhy a jejich sktidci a patogeny
- objeveni se geneticky identickych jedinci v monokulturach

- Slechténi za ucelem vynosu a specifickych vlastnosti
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Plisen bramborova - oomyceta Phytophthora infestans
- velky hladomor v Irsku (1840)

e Rez travni (Cernani stonkl) — houba Puccinia graminis
- kolaps péstitelli psenice (1950, USA)
- vySlechténi nové rezistentni variety
- v Africe (1999) se objevil novy virulentni kmen Ug99
- na Sicilii (2016) se objevil novy virulentni kmen TTTTF

 Cerna Sigatoka — askomyceta Mycosphaerella fijiensis
- ohrozuje péstovani kultivaru Cavendish (Musa acuminata Colla a
M. balbisiana Colla)
- az 50% ztrata vynosu — predcasné zrani plodt a hnédnuti listl

* Rez kavovniku — houba Hemileia vastatrix
- zdecimovala produkci kavovnikti na Sri Lance (1870)
- vedla ke konzumaci caje v Britanii misto kavy
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v minulosti hlavni kritéria pro slechténi — vynos, vzhled, velikost

* rezistence — nebyl bod zajmu = chemie to vyresi
* hlavni problém zemédélstvi = monokulturni plodiny

e GMO - v Evropé problematické
k zari 2016, 55 GMO plodin bylo schvaleno

* Molekularni kfizeni — QTL (Quantitative Trait Loci) mapovani

Solanum habrochaites

Solanum pimpinellifolium Solanum lycopersicum cv. Money maker
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Nekrotrofni:  patogen zabiji rostlinou burku

Biotrofni: rostlinna burika preziva

Hemibiotrofni: na pocatku infekce patogen udrzuje buriky zZivé, ale v
pozdejsi fazi infekce je zabiji

Patogen neni schopen rostlinu infikovat

* Rostlina obsahuje strukturni bariéry nebo toxické latky

» Aktivace obrannych mechanizmu

e Zmeéna okolnich podminek

Uspésna infekce patogenu

* Priznivé okolni podminky

* Rostlina neni schopna patogen rozpoznat

* Obranna odpovéd vlici patogenu je netcinna



Koncept Gen proti Gen (1971)

“for each gene conditioning rust reaction in the host there is a specific gene

conditioning pathogenicity in the parasite”

Harold Henry Flor, 1900-1991

Genotyp Genotyp hostitele

patogenu R1 r1
AVR1 - +
avrl + +

- nekompatibilni interakce vedouci k rezistenci
+ kompatibilni interakce vedouci k onemocnéni

e VsSechny patogeny majici vztah gen proti genu jsou po urcitou ¢ast zivota biotrofovée

e 1990 - Prvni Avr gen klonovan z Pseudomonas syringae (Staskawicz et al., 1990)

e 1993 — Naklonovan prislusny R gen (PTO) (Martin, G.B. et al.,1993)

e 1996 — Prokdzani fyzické interakce AvrPTO - PTO (Tang et. al, 1996 Scofield et al., 1996)

= Nekompatibilni

-=p  Kompatibilni



Cik-Cak Model (2006)

Prah pro Hypersenzitivni
Reakci (HR)
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Prah pro efektivni

O
0 <o @ @ rezistenci
MAMPs

MAMPs — Molekularni vzory spojené s mikroby (flagelin, chitin nebo oligogalakturonidy)

Nizka

PRRs — Receptory rozpoznavajici molekularni vzory

NBS-LRRs - intracelularni receptory obsahujici nukleotid vazajici misto a leucin bohaté repetice

MTI/ETI - MAMPs/Efektory vyvolana imunita
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* Programovana bunécna smrt
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 Slouzi k restrikci Sireni patogenu a jeho usmrceni

Spore_
Primary germ tube

Appressorial germ tube

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
Companion website: www.wiley.com/go/buchanan/biochem



LysM-RK/LysM-RP

LRR-RK LRR-RLP

Flagelin, EF-Tu Elicitiny Chitin

O

BAK1 FLS2 BAK1 CERK1

Exprese proteinid spojenych s patogenezi

0 g o [

Kindzova doména Leucine-richrepeat LysM doména Transmembranova doména

Proteiny spojené s patogenezi (PR)

Rodina Funkce

PR-1 Neznama

PR-2 B-1,3-glukanaza

PR-3 chitinaza

PR-4 chitinaza

PR-5 podobné thaumatinu
PR-6 inhibitory proteinaz
PR-7 endoproteinaza

PR-8 chitinaza

PR-9 peroxidaza

PR-10 podobné ribonukleaze
PR-11 chitinaza

PR-12 defensin

PR-13 thionin

PR-14 lipid-transfer protein
PR-15 oxalat oxidaza

PR-16 podobné oxalat oxidaze

PR-17

Neznama
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Callose PRR
deposition lon fluxes protein

-

Multiple intracellular
signaling events

Defense
regulated CDPKs %‘Z\%
TF‘ :I Defense
AT A _ ” responses

Host target

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
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Companion website: www.wiley.com/go/buchanan/biochem



-

ST o

&

* AvrPto/AvrPtoB — efektorové molekuly P. syringae

Pto — serin/threonin proteinova kinaza
Prf — NB-LRR protein
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* AvrRpm1/AvrB — efektorové molekuly P. syringae

* Rpm1l — NB-LRR protein

No PRF or PTO
{pef or pto plants) i
Increased virddencs HA
owing 1o AviPio and Less pathogen
AviP1oB activity on growth
A unknown targets

Cytosol

{rpm | plants)

Incraasod virulonts
owing to AvrRpm)
pctrvity on RING
B and other targets

Biochemistry ¢ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
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Spoel & Dong, Nature Reviews Immunology 12

SAR (Systémové navozena rezistence)

Slouzi k obrané rostliny pred biotrofnimi
patogeny
Je spojena s drahou kyseliny salicylové

Je spojena s akumulaci SA-responzivnich PR
proteind

ISR (Indukovana systémova rezistence)

Indukované symbiotickymi bakteriemi a houbami
korenového systému
Je spojena s drahou kyseliny jasmonové/ethylenu

Nedohdzi k akumulaci PR protein( ale po
napadeni patogenem je jejich exprese silné
akcelerovana

Je spojena s tzv. “Defence Priming” fenoménem



g £S5
YN
W8 &7
c'f‘:\! mﬂ’v”y
M‘k 'W Pathogenesis related
protoin inductsan in
MeSA distant tissues
o) OH (0] OH .
OH
Benzoic acid (BA) Salicylic acid (SA)
o} ;

0 0 WN— N -

-\\\\v// "“\I ” .

omic resist
o NH Sy acquired ance
HO
o) o -

OH / o =

Jasmonic acid
(JA)
H H
\ /
C=C
/ \
H H

Ethylene

Biochemistry ¢~ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.

® 2015 John Wiley & Sons, Ltd, Published 2015 by John Wiley & Sons, Lid.
Companion website: www.wiley.com/go/buchanan/biochem

Systemic wound response
peoteins and proteinase inhibitors
pocumulate in destant tissues

B Systemic proteinase inhibitor/wound response

No pathogeneses-celatod
proten induction i
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SAR (Systéemové navozena rezistence)

Pocatek infekce musi byt doprovazen nekrotickymi Iezeml
Silné indukovana ETI a slabé PTI

Aktivace kyselych forem PR proteint

aspirin k. isonikotinova benzothladlazole

Nutna pritomnost KYSELINY SALICYLOVE (INA, BTH)
Prokazana uloha DIR1 proteinu — apoplasticky Lipid Transfer Protein A D;; HO
Prokdazana role glycerol-3-fosfatu a kyseliny azaleové ‘:’6\

Klicovy protein v SAR je NPR1 (nonexpressor of pathogenesis-related genes) salicin
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e nprl mutantni rostliny neexprimuji PR proteiny, i kdyz akumuluji SA a vykazuji silnou HR

* NPR1 — pozitivni regulator SAR a negativni regulator efektory spousténé HR

* Ve zdravé rostliné je v oligomerni formé (inaktivni) - oligomeraci napomaha S-nitrosylace
* Po napadeni thioredoxin odstranuje S-nitrosylaci a uvolfuje so monomer

* Monomerni NPR1 aktivuje TGA transkripcni faktor (SA-responzivni elementy)

* Fosforylace NPR1 v jadre urychluje jeho degradaci proteasomem

e U Arabidopsis dva SA receptory — NPR3 nizkoafinitni a NPR4 vysokoafinitni

Infected area Noninfected area

Cell survival

l

Programmed cell death

l

Local defense Systemic defense



ISR (Systémove indukovana rezistence)

* Indukce mechanickym poranénim nebo ozerovym hmyzem

e U rajCete spojena s polypeptidem SYSTEMINEM (18 AK, ucinny ve femto-molarni koncentraci)

- syntéza odstépenim C-konce pro-systeminu (200 AK) v misté poranéni

- aktivuje signalni drahy k. jasmonové a ethylenu

* Pri napadeni syntéza proteinazovych inhibitoru
- serin, cystein a aspartyl inhibitory proteinaz
- interaguji s proteindazami v zaludku hmyzu/nematod

- inhibice jejich rozvoje/smrt

https://www.youtube.com/watch?v=5keqSZdPXpE
https://www.youtube.com/watch?v=TKQ-CIX9afA
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* Spojena s expresi defensinu
- malé 7 kDa bazické proteiny bohaté na cystein
- anti-mikrobialni aktivita
- strukturné podobné proteinu u ptaka, savcli a hmyzu

* JA-izoleucin dtilezZity derivat rozpoznavany F-box proteinem COI (Coronatin Insensitive 1)

* Klicovy regulator JA odpovédi — AtMYC2 transkripcni faktor a JAZ protein

A Insect defensin A MsDef1 B Water (control) MsDef1 (12 uM)
Drosomycin

Biochemistry ¢~ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Lid.
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Vztah mezi SA/JA/ethylenem

JALE JALE 4 ET SA

L e |-
| ORAS9 | | ERF1 | s

1 —_— -

MY C2
1 v
JAET v
JA inducible necrotroph SA inducible
genes inducible genes

genes
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* Dulezita role plasmodezmat v procesu vyvoje a patogeneze
- transport signalnich molekul do a z floému
- v procesu patogeneze rychlé uzavieni depozici kalézy (achilova pata obrany)

~6 hours
after infection

First hours
after infection

{
SAR sign
A) | DIR to phloem
to phloem
>
miR482
Wl
— AFB phasiRNAs ST
__ NLRphasiRNAs NLR phasiRNAs
=< 0000 00000
it e 8Sugg>rso e | J O SUQarso
Fungal sRNAs ) \ © OOOO Fungal sRNAs \ @ OOOO
Infected cell Uninfected cell Infected cell Uninfected cell

Current Opinion in Plant Biology
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Reaktivni formy kysliku (ROS)
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* Klicova role NADPH oxidazy a extracelularni peroxidazy

* NADPH oxidaza kodovana rboh genem

- pro produkci ROS jsou potreba proteiny rbohD a rbohF
- k aktivaci potreba fosforylacni kaskada a vapnik
- superoxidovy anion rychle konvertovan superoxid dismutazou

— Extracellular 2 .2 6 B

2 + 20
ROOR’ +2(@ +2(H")

peroxidase
oo

Cytosol




Anti-mikrobialni latky

Phytoalexiny
[ ] V 4 OH
Glukosinolaty
S-p-0-glu HO =
Preformed R—C
glucosinolates \\
NOSO, N

B
@ Myrosinase <«— Wounding increases N S

myrosinase activity

SH

Unstable / OH
aglycone R—C + D-glucose
intermediate \\NOS ~ O

2 \ O N OH

l HO
R—N=C==S R— N==C R— S—C=N
Isothiocyanate Nitrile Thiocyanate
HO 0
Various bioactive toxic compounds released O
=W,
OCH3

Capsidiol, a sesquiterpene
from pepper (Capsicum) and tobacco (Nicotiana tabacum)

Camalexin, a nitrogen- and sulfur-containing
compound from Arabidopsis

Resveratrol, a grape stilbene derived from
phenylpropanoid metabolism

Medicarpin, a Medicago isoflavonoid derived
from phenylpropanoid metabolism

Biochemistry ¢~ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
® 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Lid.
Companion website: www.wiley.com/go/buchanan/biochem
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Strategie Utoku Sekrece enzyml Tésny Intracelularni kontakt  Pocatecni biotrofni faze
degradujicich bunécnou s rostlinou burikou
sténu a/nebo toxind

Specifikum Zabit rostlinné pletivo a Rostlinna bunka zGstava ziva V pocatecni fazi infekce

interakce kolonizovat; vyrazny s minimalnim poskozenim z(stavaiji rostlinné buriky
rozklad patogenem Zivé, v pozdéjsi fazi znacné

poskozeni pletiva

Spektrum Siroké Uzké, pouze konkrétni druhy Stfedni

hostitel(

Priklady Bakterialni hniloba Houbové plisné a rzi, viry, Phytophthora infestans
(Erwinia spp.), houbova endoparazitické nematody, (plisern bramborova)

hniloba (Botrytis cinerea) bakterie Pseudomonas spp.



wig oomyeety B

* oomycety (fasovky) jsou fylogeneticky oddéleny od hub

* jsou to jedny z nejvice devastujicich rostlinnych patogenu

e v houbovych vldaknech (hyfy) témér chybi prepazky

V 4

* bunécna sténa neobsahuje chitin, pouze B-1,3, and B-1,6 glukany

 tvofi sporangia, ze kterych se uvoliuji zoospory (nemaji bunécnou sténu, umi plavat)

suchozemské rostliny

oomycety
zvirata /
huuby>\

&
=
-

archea ~ “bakterie

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
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https://www.youtube.com/watch?v=l9ikfDWZaT8
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 Oomycety rodu Pythium a houba Botrytis cinerea (plisen Seda) >_(o
L-Aeo (0}
NH HN
* Produkce enzym rozkladajicich bunéénou sténu OI M
NH N (0]
* Neékteré produkuji specialni toxiny O)—O
- HC toxin (Cochliobolus carbonum) inhibuje histon-deacetylazu)

- AAL toxin (Alternatria alternata) aktivuje PCD u rajcete
- Fusicoccin (Fusicoccum amygdali) inhibuje PM H*-ATPazu
- Kyselina stavelova (Sclerotinia sclerotiorum) potlacuje ox. vzplanuti

Defense proteins
and chemicals

Elicitors

> $— \A
Tranlscription \
OAc ) / factors
0 HO 5 OH HC-toxin \
Transcnptlon of '
HO S © | -‘V ' @ defense genes
0 0 “oAc ‘i ’

e | \
5 =2 £
\ N ¥ j/

O mduebso

OH OH OH OCH;
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Biotrofové/Hemibiotrofové

Vyuzivaji zivé bunky jako zdroj zivin
Béhem patogeneze prochazi tremi vyvojovymi stupni

- Bunécnou sténu penetruji pomoci appresoria
- Tvorba apresorialniho infekéniho lalt¢ku (penetration peg)

- Formace haustoria
Haustorium se tvori po invaginaci plazmatické membrany

Opouzdreni extrahaustorialni membranou (EHM)

Nékteri biotrofové netvori apresorium
- Cladosporium fulvum — prochazi pres pruduchy
- Roste v apoplastickém prostoru

Hemibiotrofové - prepnuti na nekrotrofni stadium

- vysoké naroky na ziviny
- asexualni reprodukce
- u P. infestans prepnuti po nékolika dnech infekce

Spore Plant cuticle

Appressorium ¥ Germ tube
Penetration peg J

Plant plasma . 1
membrane .

Funaal Cell wall of plant
ot epidermal cell

Fungal plasma ;
9% P haustorium

membrane
Extracellular

Plant plasma
membrane 4.7 haustorial matrix
A Plant cell cytoplasm

Biochemistry & Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones

© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
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MWENE Biotrofové/Hemibiotrofové

Infekce plisni Cladosporium fulvum Infekce houbou Mycosphaerella graminicola
(biotrof) (hemibiotrof)

Days after inoculation
4 6 7 8 9 10 1 12 13 4 16 17 18

Leaf  Stomatal Intercellular Spore Fungal hyphae Conidiophore emerging
surface opening space grow through the through a stomatal opening Epidermal
intercellular space _}_cell layer

Mesophyll
“cell layer

=
Vascular
T tissue

. \ L= L7 \’%_\ Xz =
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* vétsinou gram-negativni tycky rodli Pseudomonas, Agrobacterium, Xanthomonas nebo Erwinia

* vzacne penetruji pres bunécnou sténu
* Penetrace casto zprostredkovana hmyzem
* po vétsinu zivota v mezibunécném prostoru nebo xylému

» sekretuji toxiny, extracelularni polysacharidy (EPS) nebo enzymy degradujici bunécnou sténu

- nejsou zcela nutné pro patogenezi — pouze napomahaji

- coronathin —toxin P. syringae, mimikuje JA-lle — otevirani priduch, interference s SA odpovédi
- rozklad bunécné stény — polygalakturonidaza (hydrolaza), pektin lyaza (lyaza)

e casto ucast tzv. , kvorum detekéniho” mechanismu

- N-acyl homoserin lakton (Erwinia), protein Ax21 (Xanthomonas oryzae)
- faktory virulence spoustény az pri dostate¢ném naruUstu
- rychlé usmrceni bunky — predejiti aktivni obranné reakci rostliny

Béhem infekce pouziti sekrecniho systému typu lll pro doruceni efektoru do bunky
- strukturni komponenty kddovany v ramci hrp genoveého klastru
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Agrobakteriem zprostredkovana transformace — nastroj pro rostlinou transformaci

COO- - COO-  COOo-
‘ (I:OO i i Extracellular J
- C—HN~ H == Cm=HN #»C==H
H E: HIN ?--H ' I Ti plasmid
CH,  CH CHy M, (~200,000 bp)
[ [~ { Healthy cell of T-DNA
%HZ ?Hz (iH;z susceptible host plant integrated
CH ® at random
3 (I:Hz (EH2 site in host
N T-DNA complex g chromosomes
"i“"g | 2 import to nucleus
c C and integration
-~ § ” \\\ Single-stranded
HoN NH HN NH T-DNA
Nopaline Octopine intermediate

Vir proteins Opines
synthesize metabolized by I/
iggl;\::-stranded Agrobacterium ¥ Synthesvs Fnrst step in | [ Synthesis
of opmes cytokinin of auxin
synthesis @ Auxin and cytokinin
[ »| synthesis promotes
g | tumor formation
COCH, — in Agrobacterium-
@ Acetosyringone infected plant cells
activates
virulence CH,0 OCH, @ Wounded plant
genes OH < cell produces
acetosyringone Wounded cell
B Acetosyringone U




B Nematody (hlistice)

* VSechny nematody jsou obligatni biotrofové na korenech

* Ektoparasitické (vné) x endoparasitické (uvnitr) D Timale

* Mezi nejvice devastujici nematody pattfi:

- nematody tvofrici cysty (rody Heterodera a Globodera)
- nematody tvorici uzly (rod Meloidogyne)

« Zivotni cyklus:

- dormantni vajicko obdrzi rostlinny signal

- vylihnuti se juvenilni nematody

- migrace do pletiva za kofenovou Spickou

- napichnuti rostlinné bunky — modifikace metabolismu bunky
- tvorici cysty — tvorba nadorovych struktur

- tvorici uzly — tvorba obfich bunék

- vyvoj nematody = zrani vajicek

Nematode * = Giant cells

* Dulezity prvek — vyzivové vlakno
- soucast sosaku Hgaﬁ
- tvofi so pokazdé pri krmeni (hromadi se v burice) oge
- mOIekulovyl Cut—Off (20—40 kDa) Biochemistry ¢ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
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- velké poskozeni pletiv
- napadeni zavisi na vyvojovém stadiu

SAVY

o Vascular bundle penetrated
L, . , . by the insect feeding stylet
- minimalni poskozeni pletiv o
v 7 V4 p '
- pomoci sosaku nabodnou floém stylet —|
- muze vést k inhibici rlstu
* Pfenos celé rady patogent :
=
* Rostlina uvolnuje volatilni latky
- sloufZi k pfildkani/odlakani ty
- nejvétsi skupina terpenoidni latky =

- produkce (E)-B-farnesenu - ochrana

Biochemistry ¢ Molecular Biology of Plants, Second Edition. Edited by Bob B. Buchanan, Wilhelm Gruissem, and Russell L. Jones.
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 aktivace multi-genovych obranych mechanismti
poskytujicich dlouhotrvajici rezistenci BASAL STATE PRIMED STATE

7 i

g &

ROS
SAJJA  MPK3/6

* Spojen predevsim z rezistenci indukovanou
mykorrhiznimi houbami, poranénim nebo chemikaliemi
(beta-aminomaselna kyselina)

Pip
Azelaic

* Molekularni mechanismy spojené s timto fenoménem
jsou popsany pouze z casti

ZAKLADNI MOLEKULARNIi MECHANISMY

* Mitogen-aktivované protein kinazy
* Obohaceni plazmatické membrany receptory rozpoznavajici molekularni vzory

* Epigenetické zmény
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Chimeric plant-mammalian innate immunity cell
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