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Comprendre les interactions blé/pathogenes

Premiére voie de défense chez la plante (PTI)

PAMP : Pathogen-Associated Molecular Patterns
PTI : PAM-Triggered Immunity



Comprendre les interactions blé/pathogenes

Adaptation du pathogéne aux premieres voies de défenses

noyau

Induction ou
répression de genes

(de sensibilité ?)

PAMP : Pathogen-Associated Molecular Patterns
PTI : PAM-Triggered Immunity

Effecteurs : cocktail de molécules de petites tailles, sécrétées, sans fonction connue



Comprendre les interactions blé/pathogenes

Deuxieéme voie de défense chez la plante (ETI)

noyau !
Induction ou
L\ répression de genes RES'STAN
\r
PAMP : Pathogen-Associated Molecular Patterns

PTI : PAM-Triggered Immunity
ETI : Effector-Triggered Immunity

Projet WEAB : Utilisation des effecteurs inducteurs de nécroses
(transition biotrophie / nécrotrophie) pour identifi er des nouvelles
résistances



Focus on fungal pathogens of wheat

Fusarium graminearum
Mycosphaerella graminicola

Stagonospora nodorum

M. graminicola S. nodorum




Strategy:
Using fungal toxic protein effectors to screen for

resistant/insensitive wheat cultivars: example S. nodorum

A Grow B Infiltrate wheat lines to identify parents for
ct;gures segregating population development
a
gollect Insensitive
filtrates

Sensitive

D Develop genetic linkage maps of
seqgregating population

C Develop segregating mapping population

Insensitive parent X sensitive parent

L L
1K}

F, plant

Recombinant or Doubled hapleoid
inbred population population

Eliminating toxin
susceptibility genes
should increase
disease resistance level

roimy |

Friesen and Faris (2012) Methods in Molecular Biology , vol. 835, p 197



WP1 Effectors from F. graminearum (Fg), M. graminicola, (Mg), S. nodorum
(Sn) genomes : Expression during infection, toxic domains
Deliverables: priority list for testing on wheat

WP2 Effector evolution in  F. graminearum and M. graminicola
Deliverables: refined priority list for testing on wheat

!

XX effectors from Fg, Mg, Sn

WP3 Identification of toxic effectors WP5 Wheat effector targets (WET)

Production and testing by Identification of effector targets in

infiltration in wheat leaves wheat and their mapping

Deliverables: toxic effectors Deliverables: WET genes linked to
resistance QTLs

WP4 Screening of wheat cultivars
for resistance to effectors. Mapping
resistance loci using GWA
Deliverables: resistance loci

novel resistance genes / QTLs to fungal pathogens




WP1/2 Selection of effectors from F. graminearum,
M. graminicola and S. nodorum

M. graminicola : No toxic effector found yet (may be some ?)

secreted proteins expressed during wheat leaves inf ~ ection

35

MgSSP13

30

25

TUB1to

MgTRP18 MgECP2-3

20

15

Expression relative

asymptomatic phase

J Confais, Bioger



WP1/2 Selection of effectors from F. graminearum,
M. graminicola and S. nodorum

Suivi de I'expression d’effecteurs potentiels au cours d’une cinétique d’infection in planta

Extraction des ARNm de grains infectés au cours d’une cinétique

HAI = Heures apres
infection

Phase non
symptomatique

TO = Inoculation

4 jours aprés inoculation

10 jours aprés

15 jours aprés

21 jours aprés

Spray ou injection dans cavité florale Premiers symptomes inoculation inoculation inoculation
Expression of the selected candidates in early stages of infection in wheat spikes 2 GG selected.candldates non in silico data
plant medium
0 hour after SIS AL CLLETES Gl 4 days post 10 days post 15 days post21 days post| PDA solid PDB liquid Germinating | Predicted
. . after after after after . . . . . . . . . R NLS
infection ., . . X . . . R infection infection infection infection medium medium spores PSS
infection infection infection infection

Candidat-1 o = + + + + + + + - = - + -
Candidat-2| - - - + - - - - - - - - + -
Candidat-3 o = = + + + + + + - = - + -
iCandidat-4 - + + + + + + + + - - + + +
Candidat-5 - o + + + + + + + - - - + +
Candidat-6 - = - + + + + + + - = + + +
Candidat-7 - - = = - - - + + = = - + -
Candidat-8 - - = + + + + + + - - - + =




WP1/2 Selection of effectors from F. graminearum,
M. graminicola and S. nodorum

F. graminearum toxic effectors

proteins secreted in infected leaves
Pathogenicity defect of Fgll mutant

Lipase Fgll
- Secreted in infected wheat tissues
- Required for full infection WT
- Inhibits callose synthase . spreads
(O]
. =
- Induces necrosis of wheat flowers o
buffer control FGL1 E Fg I 1
©
S mutant
O .
2 is
blocked in
Inoculated
| flower
)

No information on resistance / insensitivity of wheat cultivars to Fgll

Blumket et al. Plant Physiology, 2014, Vol. 165, pp. 1-13



WP3 Identification of toxic effectors
Production and testing by infiltration in wheat lea ves

Injection into

Candidate effectors wheat leaves

Gene synthetized Symptoms ?

and cloned in Pichia

expression vector —> Test on
differential

Production in Pichia cultivars and o-
French e AN

Purification commercial -
panel - N\

Marseille GWA mapping 4

Example SnToxA

Curtin University




WP4 Screening of wheat cultivars for resistance to effe ctors
Mapping resistance loci using GWA

Mapping Sn, Mg, Fg resistance QTLs of French wheat  cultivars
relative to toxin resistance / insensitivity loci

Loci conferring insensitivity Co-localization with QTLs conferring
to toxins (S nodorum) Resistance to the disease (S nodorum)

2D

Significance
threshokd Significance
threshoid

Friesen and Faris (2012) Methods in Molecular Biology , vol. 835, p 197



WP5 Wheat effector targets (WET)

|dentification of effector targets in wheat and the

Ir mapping

For few selected toxic effectors :
Screening for interactants in a wheat Y2H library

Successful example of such a screening in rice

Rice RGA5 = CC-NBC-LRR- c term domain
interacts with Pia CC-NBS-LRR

Mating control Selection
BD AD (DDO) (TDO)
AVR-CO39
Y2H
M. oryzae AVR-Pia
Effectors
Empty
AVR-CO39
AVR-Pia

T. Kroj, BGPI, France




Perspectives de WEAB

|dentification d’effecteurs toxiques de Fg / Zt
Essais sur feuille pour tester I'effet toxique des effecteurs

Identification de cultivars tolérants et/ou résistant S a ces effecteurs
toxiques

|dentification des protéines de blé ciblées par ces eff ecteurs toxiques
Cartographie des loci conférrant la réistance a ces eff ~ ecteurs toxiques

Evaluation des cultivars francais pour leur résistanc eaSn
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WP1/2 Selection of effectors from F. graminearum,
M. graminicola and S. nodorum

S. nodorum toxic effectors : v T
proteins secreted in infected leaves IN

ToxA » )
Length - ca g
22, 38 118 , I
@i:;; J
ToxABRY PR-1-5

£ TanT

aAISUasU|

w
@
-
m .
=
<
@

EGT1

LB SATISO ] m—

VOIS TONGT  [—

\ Eﬁwtnr-‘lrrtggnmd
Susceptibllity
% Curtin University k-_

Cuiffetti et al. New Phytologist (2010) 187: 911-919
Wang et al. 2014. Virulence 5:7, 1-11




WP1/2 Selection of effectors from F. graminearum,

M. graminicola and S. nodorum

S. nodorum toxic effectors
proteins secreted in infected leaves

cell target farget proteins Ziizeptlbmty
SnToxA [Chloroplasts ToxABP1,PR1 Tsnl (NBS-LRR)
SnTox1l |Chloroplasts Snnl (WAK)
SnTox3 |Unknown Snn3
SnTox4 |Chloroplasts Snn4
SnTox5 |Unknown Snn5

= | Curtin University




WP4 Screening of wheat cultivars for resistance to S. nodorum

Snod durum wheat SE13001 Snod bread wheat SE13004 Snod triticale SE14005
On Halberd Euclid On Halberd Euclid On Halberd Euclid




