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Rice blast disease caused by the fungus Magnaporthe oryzae




Introduction: Rice blast cycle

Magnaporthe oryzae
haploid Ascomycete fungus

Spore

4 Germination, penetration
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Apressorium
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Foliar epidermis

Plant reaction
susceptible or resistant)
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Colonisation of foliar tissues

3 days After Romain Berruyer, CIRAD



Introduction: specific interactions

Rice -rice blast interactions
follows the Gene for Gene theory
Plant

R/R or R/s s/s

AVR

Pathogen

Silué et al, 1992, Phytopathology



Introduction: Resistance Breakdown

Resistance breakdown common and rapid

Varieties 69 70 71 72 73 74 75 76 77 78 79 80 81 82

IR8 O X

Cicad o X O release, X resistance breakdown
IR22 o X F. CORREA, CIAT, Colombia
Cica6 O X

Cica7 O X

Cica9 O X

Cica8 O X

Metical O X



Introduction: Population evolution

Virulent strains emerge

Different mechanisms (lab studies)
Point mutation, insertion, deletion,
recombination

Few examples in natural populations

Identify and characterize alleles of avirulence genes
in natural populations



ACEI1/Pi33 : our model system for specific interactions
’lan

ACE1
Pathogen

acel
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OH @ Avirulence gene ACE1 cloned

Functional studies

* ACE1 is specific of the infection
ACE1 encodes a big, non secreted protein
m ACE1 is a PKS/NRPS, 29 metabolite biosynthesis enzyme
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Bshnert et al. Plant Cell 2004
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ACE1 probe

ACEI1/Pi33 : our model system for specific interactions
’lan

ACE1
Pathogen

acel

Avirulence gene ACE1 cloned

Population studies
Identification and characterization of ACE1 alleles
in a worldwide collection (65 countries, 3,500 strains)

by RFLP, then PCR

Fudal et al. in preparation



ACEL rare emergence and long distance migration

Identification and characterization of ACE! alleles

3 virulent genotypes with 2 dominant
1 complex event (duplication/deletion) sty

ACE1 probe



ACEL rare emergence and long distance migration

Identification and characterization of ACE! alleles

3 virulent genotypes with 2 dominant

1 complex event (duplication/deletion)

1 unique apparition event

intercontinental distribution <— migration
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ACEL rare emergence and long distance migration

Identification and characterization of ACE! alleles

N

S ¥
3 virulent genotypes with 2 dominant © Q
1 complex event (duplication/deletion)

1 unique apparition event

intercontinental distribution <— migration

ACE1 probe

Fudal et al. in preparation

Couch et al. Genetics 2005 Fudal et al. Fungal Genetics and Biology 2005



World population structure confirms migration

World population structure preliminary study
500 isolates (reference isolates = maximum genetic diversity)
15 ms markers
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Evaluating migration

What is the quantitative importance of migration at different scales?

Pop. Genetics: measure migration = measure gene flow

Migration High 0

Gene flow High 0

Populations identical 100% different
Differentiation No Yes

Fst value 0 1



iting migration : development of new markers

MGR fingerprinting
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Appropriate genetic markers required
- identification of alleles for each locus
- no null allele
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-> Development of new markers for rice blast
Microsatellite markers commonly used for pop. genetics
Genome sequence available

- ca 1,500 microsatellite sequences

ms marker

- 300 primer pairs designed and tested 4 dad it didole -
- 130 microsatellite markers mapped &SR O W e

- 18 markers chosen for pop.studies

Kaye et al Fung. Genet. Biol. 2003
Adreit et al Mol. Ecol. Notes 2007 Kaye et al. in preparation



Evaluating migration : local scale

Differentiation at a local scale

4 sites in Madagascar
Distance between sites: < 20 km

L L U U
Mangalaza Manandona Belazao Andrano
L Mangalaza 0.01 0.04 0.30
L Manandona NS 0.09 0.30
U Belazao S S 0.26
U Andrano S S S

NS / S = Fst value not significantly/significantly different of O
L /U = Lowland / Upland agrosystems

3 sites in France
Distance between sites: < 20 km

Furane Vigne Gd Manusclat
Furane 0.590 0.094
Vigne S 0.603
Gd Manusclat NS S




Evaluating migration : effect of selection?

Two agrosystems: lowland vs upland
One site in Madagascar

2004 2005
Fst value 0.13 0.04
S S

STRAINS
From lowland From upland

CULTIVARS | mMp398 MD802 MD803 MD804 MD1025 MD728 MD730 MD731 MD751 MD1030 MD1032| MD791 MD798 MD801 MD989 MD990 MD994 MD997 MD1004 MD1007 MD1010 MD1013 MD1016
Daniéla R . — e R R R R MR R

Fofifal33 R R MR R R R R R R

Fofifal54 R R MR R R R R R R

Fofifal52 R R R R R R R R R

Fofifal59 R R R R R R R R MR R

Fofifal61 R R R R R R R R MR R

Fofifa62 R R . R R R R R R

Fukunishiki MR MR R R MR R R MR

K3 R MR MR R MR MR R R R

Nerica4 R R R R R R R R MR R




Evaluating migration : Regional and intercontinental

Differentiation at different scales
Regional 2 sites in Indonesia (Indramayu and Sukabumi)
Distance between sites: 200 km

Fst = 0.19 S

Intercontinental

Europe Asia Africa
France + Spain Indonesia Madagascar
Europe 0.45 0.60
Asia S 0.41

Africa S S




Gradual expansion Single-step invasion
Frequent dispersal events Rare dispersal events
+ selection
Conidia Infected plant materials

0.0 0.10 0.20 0.30
After Jean Carlier, CIRAD
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