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ICAP: Contexte et questions scientifiques

éliciteurs généraux
ex chitine)

récepteurs
défense basale

—_—>
protéine R l
,Physiologie Systemes
Développement de défense

Résistance

—
Environnement abiotique

Sensibilité

Comment le pouvoir pathogene
se construit-il?

Axe 1: Effecteurs et cibles

- Quels effecteurs fongiques?

- Quelle contribution a I'agressivité?
- Quelles fonctions dans la plante?

Axe 2: Mécanismes de résistance
- Comment les effecteurs sont-ils
reconnus?

-Quels régulateurs en aval?

Axe 3: Effets de I'environnement
abiotique

Comment I'environnement affecte-t-il le
fonctionnement de ces systemes?



Transfert de savoir-faire
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Archipelago wheat

Wheat affymetrix data

Puccinia striiformis

Published regulators
converted into

Magnaporthe grisea Affym et riX p ro bes
Puccinia triticina m
148/2/36 Triticum 28
Rice 101
Barley 28
Maize 4
total 161

Blumeria graminis

Fusarium graminearum

» 6800 wheat genes differentially expressed during infection
» 179 genes likely involved in basal defense (response to
several fungi)

» One TF responds to all fungi; wheat transgenic in progress
(Collab Biogemma)

Gobbato et al, submitted



hysical and genetical position of the cereal disease regulators

1A

TaPIMP1

OsPtil
OsSWEETM4
OsWRKY53
OsXb3

TamLO2
TaMLO6
OsLSD1
OsMAPK6
OsPLDB1
OsROX1
HVNEC1
HvRacD
HVRop6

1B

TaPIM P1
TaWRKY 53
OsPti1
OSSWEETH4
OSWRKY53
A osxb3
*
TamLO2
TamMLO6
OsLsD1
OsMAPK6
P ospLOp1
OsROX1
HVNEC1
HvRacD
HVROp6

TaPIMP1

OsPtil
OsSWEETM4
OsWRKY53
OsXb3

TamMLO2
TaMLOB
OsLsD1
OsMAPK6
9 ospLOB1
OsROX1
HVNEC1
HVRacD
HVRop6

CL1XD s

2A

TaJAl

TaM LOS
TawRKY78
OsCBT
OsCDR1
OsERF3
OsGH3.1
OsHSP90
OsrTGA2.1
OsSpl7
OsWAK1
HvPrx8

P osBiDKL

OsBIPP2C2a
OsCDPK12
Oschill
OsGAP1
OsRAR1
HvPrx7
HRAR1

TalAl
TaMLOS
TawRKY 78
OsCBT
OsCDR1
0sGH3.1
OsHSP9O

P osrTGAz.1
OsSpl7
OsWAK1L
H/Prx8

P oseiDKL
OsBIPP2C2a
OsCDPK12
Oschill
OsFLS2

P oscapL
OsRAR1
HVPrx7
HVRAR1

CIICIDJICID =

TaJAl
TaMLO5
TaWRKY78
OsCBT
OsCDR1
OsGH3.1
OsHSP90
OsITGA2.1
Osspl7
OSWAK1
HVPrx8

TaERF3
OsBIDK1
OsBIPP2C2a

OsCDPK12
Oschill

OsERF3
OsGAP1L
OsRAR1
HRAR1

OsRacl
OsRacB

OsXb11

HvRacl

TaMca4
OsC3H12
OsM PK8
OsNAC4

'> OsRackl
OsSBP
OsSGT1
Ossnlé
OsSnRKI1A
OsSPL28

OsTPC1
OsXB24

HYCAX1

HCM 1

HYNAC6E

HvSGT1

TaMca4
OsC3H12
OsM PK8
OsNAC4

OsRacl

OsRacB

-» OsRackl

OsSBP
P osseT1
Ossnl6
OsSnRKIA
OssPL28
osTPC1
OSWRKY 13
Osxb1l
OsxB24
HVCM 1
HNAC6
HvRacl
HVSGT1

OsNAC4
OsRacl

OsRacB
OsXb11
HvRacl

TaMca4
OsC3H12
OsM PK8

OsSBP

OsSGT1

OsSnRKIA
OsSPL28

OsTPC1
OsXB24

HCAX1

HCM 1
HNAC6
HVSGT1

3A

3B

L

3D

OsAOS2
OsNAC6
HvASa2
HvICS
ZmUROD

TaDAD2
TaGLP2b
TaLr34
TaM LO4
TaPIEP1
TaRhtD1
HYGER4d
HvLOX2

TamM LO4
TaRhtD1
OsNAC6
HVLOX2

ZmD8

TaGLP2b
TaM LO1
OsACDR1
OsAOS2
OsBIRH1
OsCEBIiP
HvASa2
HVCEBIP
HVGER4d
HvICS
ZmUROD

TamM LO4
TaRhtD1
OsNAC6
HVLOX2

ZmD8

TaGLP2b
OsACDR1
OsAO0S2
OsBIRH1
OsCEBIP
HvA Sa2
HVCEBIP
HVGER4d
HvICS
ZmUROD

4A

%
a

OsBIHD1
OsSpl11
TamMLO1
Osspli8
OsbHLH148
OsCCR1
OsCEBIiP
OsCIPK14
OsCIPK15
OssslI2
OsSTR1
OsWRKY 28
OsWRKY 62
OsWRKY 76
HVARFAb/c
TaPERO
OsBIHD1
OsSplil
Osspl18
OsbHLH48
OsCCR1
OsCIPK14
OsCIPK15
OsSsI2
OsSTR1
OsWRKY28
OsWRKY 62
OsWRKY 76
HVARFAb/c
HvPEN1
HVRRP46
OsBIHD1
OsSpl11
Osspli8
OsbHLH148
OsCCR1
OsCIPK14
OsCIPK15
Osssi2
OsSTR1
OsWRKY28
OsWRKY62
OsWRKY 76
HvARFAb/c
HVRRP46

6A

TaMLO7
TmCAD
OsWRKY 71
HvaCCL
HBI1
HRACB
HWRKY 1

TaPAL

OsCERK1

OsEREBP-1
HvRac3

TaMmLO7
TmCAD
HvaCCL

HBI1
HRACB
TaPAL
OsCERK1
OsEREBP-1
HvRac3

TaM LO7

TmCAD
OsWRKY 71
Hv4CCL
HvBI1
HWRKY 1
TaPAL
OsCERK1
OsEREBP-1
HvRac3
HYRACB

7A

P OsBIRF1

OsBISCPLL

OsNHL

0sSGT1
HVRop4
HVSNAP34.

TmCAOMT
OsBWM K1
OsROX2
OsXb1lP-2
HYWRKY 2

78

OsBIRF1
OsBISCPLL
0sSGT1
HvRop4
OsBWMKL
OsROX2
OsXb1P-2
HYWRKY 2

D

TamLO3
OsBIRF1
OsBISCPLL
OsNHL
0sSGT1
HVRop4
HVSNAP34
TMCAOMT
OSBWMK1
OsROX2
OsXb11P-2
HYWRKY 2

Anchored on genome

Triticum 28 25

101 85

Barley 28 25

Maize 4 4

161 139 (86%)

+ Genetic position of SNPs
corresponding

to 25 published disease regulators
(confirms in silico mapping)

Collab. GDEC Clermont



Association genetics in wheat using disease regulators

Table 2. Genetic association between disease regulators candidates and FHB resistance

FHB resistance evalution®

Original rice Field, Nethouse,
accession Rice alias Function ESTTIGR SNP and mapping position 2008 2010
(3 traits) (6 traits)
0s10g38060  OsPLDB1 Phospholipase D TA78332_4565 LSNP mapped on 18 0 0
1SNP mapped on 1D 0 0
0s02922130 OsGAPL GTPase-activating protein TA74523_4565 1 mapped on 2B 0 0
0305927730| OsWRKY53 Transcription factor TA72784_4565 2 mapped on 1B 8 2
adaptor complexes medium 0 1
Os01g50770 SPL28 ® s:t?uni ¢ TA78791_4565 3 mapped on 3B 0 0
0 0
i leoti indi 1 ed on 3B
0s01g49290 Rackl Guanine nucl eot ide-binding TAS3975 4565 mapp 0 0
protein - 1mapped on 3A 0 0
0s07g48820 IMGA21 Transcription factor TA61854_4565 2mapped on 2B 8 8
0s06g49430  BWMK1 MAPkinase TA68380_4565 1 mapped on 7A 8 8
Os03g04110 CEBiP Chitin-binding protein TA57258 4565 2mapped on 5A ; 8
0 0
. . 2 mapped on 2B

0Os04g54200 OsBIDK1 diacylglycerol kinase TA67450_4565 0 0
1 mapped on 2A 0 0
0s02g50930 OsBIRF1 RING-H2 finger protein CD889510_4565 1 mapped on 7A 0 0
0Os01g43540 OsSGT1 co-chaperone TA59812_4565 2 mapped on 3B ; i

1: The values represent the number of significant associations (P<0.01) foundbetween the SNP and the 3 or 6 disease resistance traits ev:

collab Biogemma, unpublished



Defense induction in wheat by chitin

A B 120%
Uy 100%
ja
g 80% —
2 Mock treatment
46; 60% 1 M chitin 100 ug/mL
% 40% 1— M chitin 1000 ug/ml
20% —
=l
MOCk 1000 Susceptible Resistant
chitin (ug/mL)
C.
4 4 4
2
0 0
ohpi  8hpi  24hpi ohpi  8hpi  24hpi ohpi  8hpi  24hpi
Endochitinase Precursor PR4 B 13 Glucanase
(Ta.21342.1.S1_x_at) (Ta.9226.1.51_at) (Ta.223.1.51_at)
4 4 4
2
0 0
2hpi  8hpi  24hpi ohpi  8hpi  24hpi ohpi  8hpi  24hpi
Chitinase | PEROX Noduline
(Ta.2784.1.A1_at) (Ta.22564.1.51_at) (Ta.27299.1.S1_x_at)

Gobbato et al, submitted



Selected chitin-regulated wheat genes

Rice
Log10 Ratio (Chitin vs Mock) pvalue I;lumper of homplog known to.be involved  homolog

ungi that in disease resistance known to be

regulate regulated by
probeset_id Annotation 2 hat 8 hat 2 hat 8 hat expression Wheat or Barley Rice chitin (Kaku

et al 2006)

Pathogenesis-related
Ta.223.1.S1_at Beta-1,3-glucanase. 1.44 2.37 0.125 0.007 5 no
Ta.30501.1.S1_at Chitinase II. 1.59 222 0.022 0.004 4 no
Ta.21342.1.S1_x_at Endochitinase precursor. 2.07 1.95 0.097 0.021 4 chill yes
Ta.169.1.S1 x at Germin-like protein precursor. 131 2.06 0.041 0.024 3 HvGER4d yes
Ta.27477.1.51_at Oxalate oxidase GF-2.8 precursor (Germin GF-2.8) -1.23 122 0.175 0.044 2 TaOXOX nd
Ta.97.2.51_x_at TaPERO (peroxidase) 1.70 271 0.072 0.006 4 TaPERO nd
Ta.22564.1.S1 at peroxidase precursor, putative, expressed 2.63 311 0.025 0.002 3 HvPrx8 no
Ta.959.1.S1 at Thaumatin-like protein. 0.42 1.75 0.272 0.019 4 no
Ta.3133.1.S1_x_at WIR1A protein. 1.63 2.96 0.098 0.019 4 nd
Secondary metabolism
Ta.7022.1.S1_s_at Phenylalanine ammonia-lyase (EC 4.3.1.5). 2.82 1.89 0.021 0.140 3 TaPAL no
Ta.28562.1.A1_at Cinnamyl alcohol dehydrogenase (EC 1.1.1.195) (CAD) 1.34 0.46 0.037 0.323 3 TmCAD yes
Transcription
Ta.4725.1.S1 at TaWRKY53 0.98 2.58 0.128 0.002 1 TaWRKY53 OsWRKY53 no
TaAffx.23458.1.S1_at WRKY28 0.73 2.95 0.463 0.007 1 OsWRKY28 yes
Ta.4678.1.S1_x_at WRKYT71, expressed 0.94 2.20 0.171 0.002 1 HWRKY1 OsWRKY71 no
Ta.8614.1.S1_at WRKY45 transcription factor. -0.86 -1.50 0.043 0.016 2 OsWRKY45 no
Transporters
Ta.19898.1.51_s_at white-brown complex homolog protein 16 -1.17 -0.21 0.001 0.460 0 STR1 nd
Ta.3869.1.S1_at Putative histidine amino acid transporter 2.58 0.89 0.007 0.054 4 no
Ta.27329.1.S1_at Putative sugar transporter. 1.58 0.99 0.018 0.002 4 no
Miscellaneous
Ta.4936.1.S1_at CAMK_KIN1/SNF1/Nim1_like.4 0.00 1.05 0.981 0.010 0 OsCIPK15 no
Ta.14898.1.S1_at OsWAK25 - OsWAK receptor-like protein kinase, expre 1.09 0.45 0.038 0.123 1 WAK25 WAK25 yes
TaAffx.12271.1.S1 _at Ankyrin-like protein 0.99 1.74 0.050 0.016 2 OsNPR4 no
Ta.7991.1.S1_x_at C2 domain-containing protein-like 1.10 0.64 0.035 0.015 0 OsGAP1 OsGAP1 yes
Ta.21335.2.A1 x_at Luminal-binding protein 3 precursor (BiP3) 147 0.50 0.043 0.037 1 BiP3 no
Ta.29930.1.S1 _at SNAP-34./SNAP1 1.01 1.48 0.093 0.000 1 HVSNAP34 yes

Gobbato et al, submitted



P. triticina M. oryzae
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Defense genes and preformed defense

Wargrer o ol BMC Pland Sbiagy 2000, 10308 .
Il Pt DCeTaib ol C cem ATN- 2239 1 20 @c

Plamt Blology
RESEARCH ARTICLE Open Access
Preformed expression of defense is a hallmark of

partial resistance to rice blast fungal pathogen
Magnaporthe oryzae

Emillia Vargna', ¥aviar Grand', Bla Balini®, Véanonique Chatvon®, P Ssindenan’ O Thamsn®, HL Notéghem?
F& Moret
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Preformed defense system



Defense gene expression in durum wheat EPO population

179 basal defense
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gene expression patterns
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Exploiting available data in wheat (Panel Biotech)

Fusarium disease data Microarray before and after infection

| e

Correlation analysis
(disease index X gene expression)

\’
365 wheat ID
< Rice information
(Archipelago+ unpublished)
Defense gene Susceptibility gene
(positive regulator ) (negative regulator )
200 - : 200
g 150 - e g 150 ¢
%100 ‘ % 100 N
% 50 - / ‘ % 50 *
go’/‘ .go * ¢
o [ I [
50 0 2 4 6 8 59 0 5 10
constitutive expression constitutive expression
Over-expression ! RNAI

collab Biogemma, unpublished Evaluation of resistance



Modification of preformed defense in wheat

wwwwww

inutive expression

Candidate Defense gene Candidate Susceptibility gene
(the more R, (the more S,
the more constitutively expressed) the more constitutively expressed)
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OE in rice slightly more R KO inrice under analysis

Preliminary results
US patent WO2012/004401 Collab BIOGEMMA



Transfert de fonctions




Drought evaluation in the field of NAC lines
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FT 2 RNAi rice plants are more tolerant to drought and blast

RNAI plants controls

Droughtin =
the field (CIAT :

Yield (g/plant)
under drought
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Khong et al, under revision Plant Physiol -l s
US patent N° 61/410074



FT2 RNAi wheat plants are more resistant to blast

RNAi 1 FT2

control 1

RNAi 2 FT2

control 2

Collaboration BIOGEMMA
US patent N° 61/410074



Transfert to wheat

Receptor Basal defense OE more R to blast No effect of OE on blast
rice resistance?

Transcription factor 1  Basal defense OE more R to blast but S to No effect of OE on blast
rice drought resistance?

Transporter Basal defense KO more resistant to blast? OE in progress

rice and wheat

Transcription factor Basal defense NA OE in progress
wheat/chitin

New PR gene Preformed OE slightly more R to blast OE more R to blast
defense rice

New S gene Preformed ND RNAI plants are more R to blast
defense wheat

Transcription factor 2 Development RNAi are more R to blast, RNAi are more R to blast
more tolerant to drought,
have higher yield under non
stress condition



The ICAP group in Montpellier

Montpellier
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