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Rice blast disease caused by the fungus Magnaporthe oryzae

Introduction: Rice blast symptoms



After Romain Berruyer, CIRAD

Dissemination
Germination, penetration

12 to 24h

Plant reaction
(susceptible or resistant)

Invasion
2 days

Colonisation of foliar tissues
3 days

Sporulation
7 days

Symptoms
5 days

Spore

Foliar epidermis

Apressorium

Magnaporthe oryzae
haploid Ascomycete fungus

asexual reproduction

Introduction: Rice blast cycle



Rice -rice blast interactions
follows the Gene for Gene theory

R/R or R/s s/s

AVR

vir

Plant

Pathogen

Introduction: specific interactions

Silué et al, 1992, Phytopathology



Introduction: Resistance Breakdown

Varieties 69 70 71 72 73 74 75 76 77 78 79 80 81 82
IR8 O X
Cica4 O X
IR22 O X
Cica6 O X
Cica7 O X
Cica9 O X
Cica8 O X
Metica1 O X

O release, X resistance breakdown
F. CORREA, CIAT, Colombia

Resistance breakdown common and rapid



Introduction: Population evolution

Virulent strains emerge
Different mechanisms (lab studies)

Point mutation, insertion, deletion,
recombination 

Few examples in natural populations
R

AVR

AVR
AVR

AVR

AVR

AVR

VIR

R
VIR

How virulent strains appear and spread in the field?

Understanding Resistance breakdown

Identify and characterize alleles of avirulence genes
in natural populations



ACE1/Pi33 : our model system for specific interactions

Pi33 pi33
ACE1

ace1

Plant

Pathogen

Böhnert et al. Plant Cell 2004

Avirulence gene ACE1 cloned

Functional studies
ACE1 is specific of the infection
ACE1 encodes a big, non secreted protein
ACE1 is a PKS/NRPS, 2ary metabolite biosynthesis enzyme

Pi33O O
OH

2ary metabolite

ACE1



ACE1/Pi33 : our model system for specific interactions

Pi33 pi33
ACE1

ace1

Plant

Pathogen

Fudal et al. in preparation

Avirulence gene ACE1 cloned

Population studies
Identification and characterization of ACE1 alleles
in a worldwide collection (55 countries, 3,500 strains)
by RFLP, then PCR
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ACE1: rare emergence and long distance migration
Identification and characterization of ACE1 alleles

3 virulent genotypes with 2 dominant
1 complex event (duplication/deletion)
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ACE1: rare emergence and long distance migration
Identification and characterization of ACE1 alleles

3 virulent genotypes with 2 dominant
1 complex event (duplication/deletion)
1 unique apparition event
intercontinental distribution ← migration

Mediterranean countries

West Africa

East Africa

Central and South America

North-East Asia
(North China, Japan,

Korea)USA

South-East Asia
(South China, Thailand,

Vietnam)

Himalaya (India,
Nepal,

Bengladesh)

South Asia (Indonesia,
The Philippines)

Avirulent genotype

CM28 genotype

PH14 genotype

0 genotype
Fudal et al. in preparation
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ACE1: rare emergence and long distance migration
Identification and characterization of ACE1 alleles

3 virulent genotypes with 2 dominant
1 complex event (duplication/deletion)
1 unique apparition event
intercontinental distribution ← migration

CM
28

G
uy

11
PH

14

2 kb

ACE1 probe

Fudal et al. in preparation

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

- emergence of ACE1 Vir. is rare in the field
- intercontinental migration of Vir. strains occured



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

World population structure confirms migration

Host adaptation: indica and japonica groups
No obvious geographic structure
     confirms long distance migrations

Africa
Asia

South + Central America
North America

Mediterranean countries



Evaluating migration

What is the quantitative importance of migration at different scales?

Pop. Genetics: measure migration = measure gene flow
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 TEL1   
 ms355-356 42 2067 

 z42-4-F  

 z2-9-G  

 ms63-64  99 2196

 ms193-194 99 2196

 z33-8-H  

 A12D9   
 z11    
 ms261-262 20 1673

 ms181-182 20 1663

 ms265-266 20 1663

 MAGGYb  

 Z40-12-H 

 CH4-116H 

 z3-5-E  

 z21    
 G34R   
 z4-145  

 G137R   
 LDH3   
 z4-163  

 ms135-136 2 268
 cos231  
 z50    

 z3-12-F  
 z4-54   

 ms97-98  

 ms87-88  16 1509

 z3-9-H  

 ms109-110 13 1312

 z1-7-C  
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 ms145-146 13 1353

 ms39-40  13 1353

 z1.2H   

 CH5-120H 
 z44-10-G 

 avRC039  

 ms357-358 45 2081
 ms273-274 45 2080

 ms207-208 45 2079

 ms591-592 17 1580

 ms589-590 17 1578

 z5-10-F  
 zA11D9  
 z55-4-C  

 ms583-584 17 1571
 ms33-34  17 1571

 z13-9-A  

 z38-7-A- 
 ms515-516 17 1545

 ms513-514 17 1533
 TEL2   

 TEL3   

 RDNA   

 MAGGYF  

 A15C10  
 z35-12-A 

 ms303-304 3 413
 ms311-312 3 448

 ms305-306 3 421
 z9-3-H  
 BUF1   

 ms539-540 3 449
 CH3-24H  
 ms541-542 3 453

 z16-1-B  

 cos122  

 ms543-544 3 475

 ms435-436 3 478

 ms437-438 3 505
 ms439-440 3 511
 ms441-442 12 1234

 ms443-444 12 1240
 ms445-446 12 1250
 z4-157  

 z4-10   
 z4-22   
 z52    

 z4-89   
 ms107-108 12 1285
 ms237-238 39 2048

 ms353-354 39 2046
 ms197-198 36 2018
 ms203-204 36 2027

 ms351-352 36 2024
 CH2-54H1 
 cos229b  

 ms299-300 20 1681
 CH4-112H 
 CH4-137H 

 CH2-29H  
 ms319-320 28 1898
 ms251-252 28 1896

 ms175-176 28 1896
 ms93-94  28 1895
 ms83-84  28 1895

 ms199-200 28 1895
 ms253-254 28 1894
 z13-4-A  

 z43-6-G- 
 cos246  
 CH3-87HR 

 CH3-2H  
 z64R   
 A12B5   

 CH2-90H  
 CH2-100H 

 z4-78   
 TEL4   

 TEL5   
 ms477-478 21 1718

 z23-9-GD 

 ms365-366 21 1732

 ms131-132 

 cos125  

 z46-12-C 

 CH3-77H  
 z4-3   

 A11G7   
 z7-12-A  

 z37-2-H  
 CH3-125H 
 G39R   

 z39-5-G  
 z31-6-G  
 z44-8-B  
 CH2-94HH 

 CH2-94HE 

 ms15-16  10 1146
 ms77-78  10 1135

 ms677-678 10 1117
 cos133R  
 A1A2   

 CH5-153H 
 CH3-73H  
 CH2-59H  

 ms559-560 31 1944
 A11F9   
 A14B9   

 A14D5   
 A16C12  
 ms61-62  

 A15F7   
 ms275-276 92 2186
 z37-10-G 

 CH5-67HR 
 CH5-196H 
 CH3-62H  

 CH3-109H 
 ms685-686 15 1444
 A12G1   

 ms687-688 15 1453
 z18    
 CH3-91H  

 ms359-360 58 2121
 ms681-682 5 640
 CH5-176H 

 ms597-598 15 1466
 ms115-116 15 1471
 ms603-604 15 1474

 ms607-608 47 2090

 TEL6   

 TEL7   
 z2-9-C  

 z4-194  
 z4-181  

 z55R   

 z40    

 z4-20   
 CH5-188H 

 ms59-60  7 864
 ms43-44  7 864

 ms393-394 7 876
 cos250  

 z4-183  
 G121R   
 z4-186R  

 z21-1-G  
 ms401-402 7 910
 ms281-282 50 2101
 ms399-400 7 904

 MAGGYa  

 z4-14   

 ms37-38  9 1054

 z20-7-H  

 cos104  

 LDH1   

 z22-9CDG 

 ms349-350 34 2000

 ms213-214 49 2099

 ms675-676 10 1121
 ms241-242 34 2005

 CH3-123H 
 cos114  

 z42-10-C 

 ms47-48  6 781

 ms411-412 6 741

 cos181  

 ms81-82 6 740

 z5-8-E  

 z4-041  

 ms409-410 6 730

 z22-4-C  

 CH3-67H  

 A14C4   

 ms177-178 41 2064

 z387ADG  
 TEL8   

 TEL9   
 ms419-420 26 1862

 z28-6-E  
 A2E8   
 z22-2-D  

 ms423-424 26 1868 
 z24-1-C  
 ms427-428 26 1877

 ms619-620 29 1910

 ms621-622 29 1919

 cos58   

 z7-3-B  

 ms297-298 30 1938

 TRP-1   

 ms689-690 15 1455

 ms99-100 5 718

 cos145  

 ms683-684 5 713

 CH3-108H 

 z4-178  

 A2D2   
 CH3-98H  
 ms433-434 18 1620

 ms529-530 18 1605
 ms531-532 18 1600
 CH3-33HR 

 ms633-634 18 1586

 MAGGYd  

 CH3-12H  
 ms635-636 18 1584
 ms179-180 40 2055

 ms233-234 40 2059
 TEL10   

 TEL11   
 ms605-606 43 2069

 ms289-290 98 2195
 ms295-296 77 2162
 cos229  

 z47-12-G 
 CH2-54H2 
 ms221-222 53 2112

 CH3-44H  

 ms267-268 66 2138
 z2-10-G  

 CH4-173H 

 ms391-392 1 92

 CH5-191H 

 CH4-121H 
 ms637-638 1 129
 ms489-490 1 119

 ms487-488 1 123
 ms493-494 1 89
 cos248  

 CH3-132H 
 CH4-133H 
 CH5-185H 

 CH4-131H 
 CH4-68HR 
 CH5-181H 

 CH5-98H  
 ms639-640 1 87
 ms389-390 1 74

 z4-48R  
 ms499-500 1 70
 CH2-57H  

 CH4-60H  
 CH4-161H 
 CH5-167H 

 CH3-113H 
 ms101-102 1 50
 ms647-648 1 49

 CH4-119H 
 z21-2-H  
 ms649-650 1 46

 ms387-388 1 42
 ms505-506 1 33
 ms655-656 1 30

 z37-11-F 
 CH5-61HR 
 CH4-5H  

 CH5-97H  
 CH3-122H 

 ms509-510 1 17

 cos218  
 z4-69   

 CH5-184H 
 TEL12   

 TEL13   

 ms363-364 101 2200

 G131R   

 cos209  

 ms45-46  
 CH5-177H 

 z23-4-D  

 ms369-370 37 2029
 z10-6-B  
 CH5-75HR 

 z33-2-B  

 ms67-68  25 1842

 ms385-386 21 1701
 ms467-468 21 1707
 z21-3-E  

 z4-146  
 z39    
 ms461-462 21 1708

 MAGGYc  
 cos156  
 ms473-474 4 521

 ms451-452 4 523

 ms147-148 4 523

 CH2-32H  

 ms475-476 4 529

 ms469-470 4 536
 ms7-8   4 557
 CH3-85H  

 CH4-537H 
 MAT    

 z32-8-A  

 z40-12-G 

 ms127-128 4 616

 ms483-484 21 1738 

 ms379-380 21 1746
 z55-1-E  

 ms271-272 32 1959
 ms377-378 32 1959

 ms347-348 32 1966
 ms293-294 32 1977

 CH5-58H  

 A14C9   

 TEL14   
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 CH3-98H  
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 ms633-634 18 1586

 MAGGYd  

 CH3-12H  
 ms635-636 18 1584
 ms179-180 40 2055

 ms233-234 40 2059
 TEL10   

 TEL11   
 ms605-606 43 2069

 ms289-290 98 2195
 ms295-296 77 2162
 cos229  
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 ms377-378 32 1959

 ms347-348 32 1966
 ms293-294 32 1977

 CH5-58H  

 A14C9   

 TEL14   

Migration High 0
Gene flow High 0
Populations identical 100% different
Differentiation No Yes
Fst value 0 1



Evaluating migration : development of new markers

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

- 300 primer pairs designed and tested
- 130 microsatellite markers mapped
- 18 markers chosen for pop.studies

Appropriate genetic markers required
- identification of alleles for each locus
- no null allele

 Development of new markers for rice blast
    Microsatellite markers commonly used for pop. genetics
    Genome sequence available

 ca 1,500 microsatellite sequences
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 TEL13   

 ms363-364 101 2200

 G131R   

 cos209  

 ms45-46  
 CH5-177H 

 z23-4-D  

 ms369-370 37 2029
 z10-6-B  
 CH5-75HR 

 z33-2-B  

 ms67-68  25 1842

 ms385-386 21 1701
 ms467-468 21 1707
 z21-3-E  

 z4-146  
 z39    
 ms461-462 21 1708

 MAGGYc  
 cos156  
 ms473-474 4 521

 ms451-452 4 523

 ms147-148 4 523

 CH2-32H  

 ms475-476 4 529

 ms469-470 4 536
 ms7-8   4 557
 CH3-85H  

 CH4-537H 
 MAT    

 z32-8-A  

 z40-12-G 

 ms127-128 4 616

 ms483-484 21 1738 

 ms379-380 21 1746
 z55-1-E  

 ms271-272 32 1959
 ms377-378 32 1959

 ms347-348 32 1966
 ms293-294 32 1977

 CH5-58H  

 A14C9   

 TEL14   

1 2 3 4 5 6 7
 TEL1   
 ms355-356 42 2067 

 z42-4-F  

 z2-9-G  

 ms63-64  99 2196

 ms193-194 99 2196

 z33-8-H  

 A12D9   
 z11    
 ms261-262 20 1673

 ms181-182 20 1663

 ms265-266 20 1663

 MAGGYb  

 Z40-12-H 

 CH4-116H 

 z3-5-E  

 z21    
 G34R   
 z4-145  

 G137R   
 LDH3   
 z4-163  

 ms135-136 2 268
 cos231  
 z50    

 z3-12-F  
 z4-54   

 ms97-98  

 ms87-88  16 1509

 z3-9-H  

 ms109-110 13 1312

 z1-7-C  
 CH5-131H 

 ms145-146 13 1353

 ms39-40  13 1353

 z1.2H   

 CH5-120H 
 z44-10-G 

 avRC039  

 ms357-358 45 2081
 ms273-274 45 2080

 ms207-208 45 2079

 ms591-592 17 1580

 ms589-590 17 1578

 z5-10-F  
 zA11D9  
 z55-4-C  

 ms583-584 17 1571
 ms33-34  17 1571

 z13-9-A  

 z38-7-A- 
 ms515-516 17 1545

 ms513-514 17 1533
 TEL2   

 TEL3   

 RDNA   

 MAGGYF  

 A15C10  
 z35-12-A 

 ms303-304 3 413
 ms311-312 3 448

 ms305-306 3 421
 z9-3-H  
 BUF1   

 ms539-540 3 449
 CH3-24H  
 ms541-542 3 453

 z16-1-B  

 cos122  

 ms543-544 3 475

 ms435-436 3 478

 ms437-438 3 505
 ms439-440 3 511
 ms441-442 12 1234

 ms443-444 12 1240
 ms445-446 12 1250
 z4-157  

 z4-10   
 z4-22   
 z52    

 z4-89   
 ms107-108 12 1285
 ms237-238 39 2048

 ms353-354 39 2046
 ms197-198 36 2018
 ms203-204 36 2027

 ms351-352 36 2024
 CH2-54H1 
 cos229b  

 ms299-300 20 1681
 CH4-112H 
 CH4-137H 

 CH2-29H  
 ms319-320 28 1898
 ms251-252 28 1896

 ms175-176 28 1896
 ms93-94  28 1895
 ms83-84  28 1895

 ms199-200 28 1895
 ms253-254 28 1894
 z13-4-A  

 z43-6-G- 
 cos246  
 CH3-87HR 

 CH3-2H  
 z64R   
 A12B5   

 CH2-90H  
 CH2-100H 

 z4-78   
 TEL4   

 TEL5   
 ms477-478 21 1718

 z23-9-GD 

 ms365-366 21 1732

 ms131-132 

 cos125  

 z46-12-C 

 CH3-77H  
 z4-3   

 A11G7   
 z7-12-A  

 z37-2-H  
 CH3-125H 
 G39R   

 z39-5-G  
 z31-6-G  
 z44-8-B  
 CH2-94HH 

 CH2-94HE 

 ms15-16  10 1146
 ms77-78  10 1135

 ms677-678 10 1117
 cos133R  
 A1A2   

 CH5-153H 
 CH3-73H  
 CH2-59H  

 ms559-560 31 1944
 A11F9   
 A14B9   

 A14D5   
 A16C12  
 ms61-62  

 A15F7   
 ms275-276 92 2186
 z37-10-G 

 CH5-67HR 
 CH5-196H 
 CH3-62H  

 CH3-109H 
 ms685-686 15 1444
 A12G1   

 ms687-688 15 1453
 z18    
 CH3-91H  

 ms359-360 58 2121
 ms681-682 5 640
 CH5-176H 

 ms597-598 15 1466
 ms115-116 15 1471
 ms603-604 15 1474

 ms607-608 47 2090

 TEL6   

 TEL7   
 z2-9-C  

 z4-194  
 z4-181  

 z55R   

 z40    

 z4-20   
 CH5-188H 

 ms59-60  7 864
 ms43-44  7 864

 ms393-394 7 876
 cos250  

 z4-183  
 G121R   
 z4-186R  

 z21-1-G  
 ms401-402 7 910
 ms281-282 50 2101
 ms399-400 7 904

 MAGGYa  

 z4-14   

 ms37-38  9 1054

 z20-7-H  

 cos104  

 LDH1   

 z22-9CDG 

 ms349-350 34 2000

 ms213-214 49 2099

 ms675-676 10 1121
 ms241-242 34 2005

 CH3-123H 
 cos114  

 z42-10-C 

 ms47-48  6 781

 ms411-412 6 741

 cos181  

 ms81-82 6 740

 z5-8-E  

 z4-041  

 ms409-410 6 730

 z22-4-C  

 CH3-67H  

 A14C4   

 ms177-178 41 2064

 z387ADG  
 TEL8   

 TEL9   
 ms419-420 26 1862

 z28-6-E  
 A2E8   
 z22-2-D  

 ms423-424 26 1868 
 z24-1-C  
 ms427-428 26 1877

 ms619-620 29 1910

 ms621-622 29 1919

 cos58   

 z7-3-B  

 ms297-298 30 1938

 TRP-1   

 ms689-690 15 1455

 ms99-100 5 718

 cos145  

 ms683-684 5 713

 CH3-108H 

 z4-178  

 A2D2   
 CH3-98H  
 ms433-434 18 1620

 ms529-530 18 1605
 ms531-532 18 1600
 CH3-33HR 

 ms633-634 18 1586

 MAGGYd  

 CH3-12H  
 ms635-636 18 1584
 ms179-180 40 2055

 ms233-234 40 2059
 TEL10   

 TEL11   
 ms605-606 43 2069

 ms289-290 98 2195
 ms295-296 77 2162
 cos229  

 z47-12-G 
 CH2-54H2 
 ms221-222 53 2112

 CH3-44H  

 ms267-268 66 2138
 z2-10-G  

 CH4-173H 

 ms391-392 1 92

 CH5-191H 

 CH4-121H 
 ms637-638 1 129
 ms489-490 1 119

 ms487-488 1 123
 ms493-494 1 89
 cos248  

 CH3-132H 
 CH4-133H 
 CH5-185H 

 CH4-131H 
 CH4-68HR 
 CH5-181H 

 CH5-98H  
 ms639-640 1 87
 ms389-390 1 74

 z4-48R  
 ms499-500 1 70
 CH2-57H  

 CH4-60H  
 CH4-161H 
 CH5-167H 

 CH3-113H 
 ms101-102 1 50
 ms647-648 1 49

 CH4-119H 
 z21-2-H  
 ms649-650 1 46

 ms387-388 1 42
 ms505-506 1 33
 ms655-656 1 30

 z37-11-F 
 CH5-61HR 
 CH4-5H  

 CH5-97H  
 CH3-122H 

 ms509-510 1 17

 cos218  
 z4-69   

 CH5-184H 
 TEL12   

 TEL13   

 ms363-364 101 2200

 G131R   

 cos209  

 ms45-46  
 CH5-177H 

 z23-4-D  

 ms369-370 37 2029
 z10-6-B  
 CH5-75HR 

 z33-2-B  

 ms67-68  25 1842

 ms385-386 21 1701
 ms467-468 21 1707
 z21-3-E  

 z4-146  
 z39    
 ms461-462 21 1708

 MAGGYc  
 cos156  
 ms473-474 4 521

 ms451-452 4 523

 ms147-148 4 523

 CH2-32H  

 ms475-476 4 529

 ms469-470 4 536
 ms7-8   4 557
 CH3-85H  

 CH4-537H 
 MAT    

 z32-8-A  

 z40-12-G 

 ms127-128 4 616

 ms483-484 21 1738 

 ms379-380 21 1746
 z55-1-E  

 ms271-272 32 1959
 ms377-378 32 1959

 ms347-348 32 1966
 ms293-294 32 1977

 CH5-58H  

 A14C9   

 TEL14   

MGR fingerprinting

ms marker



Evaluating migration : local scale
Differentiation at a local scale

4 sites in Madagascar
Distance between sites: < 20 km

Differenciation at local scale:
- evidence for short distance migration
- in agreement with short distance spore dispersal (1-5 m)

7 km
20 kmFurane Vigne Gd Manusclat

Furane 0.590 0.094
Vigne S 0.603
Gd Manusclat NS S

3 sites in France
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 0
L / U = Lowland / Upland agrosystems



Evaluating migration : effect of selection?

Differentiation at local scale  = limited migration + selection

lowland

upland
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 MD398 MD802 MD803 MD804 MD1025 MD728 MD730 MD731 MD751 MD1030 MD1032 MD791 MD798 MD801 MD989 MD990 MD994 MD997 MD1004 MD1007 MD1010 MD1013 MD1016

Daniéla R . . S R R R R MR R R S S S S S S S S R S MR MR
Fofifa133 R R MR R R R R R S R MR S S S S S S S S S S S S
Fofifa154 R R MR R R R R R S R MR S S S S R S S MR S MR S S
Fofifa152 R R R R R R R R S R MR S S S S MR S S S S S S S
Fofifa159 R R R R R R R R MR R R S R S S R S S MR S MR R R
Fofifa161 R R R R R R R R MR R R R R S S R S S S S S MR MR
Fofifa62 R R . R R R R R S R R S S S S S S S S MR R S MR
Fukunishiki MR MR R R MR R R MR S S MR S S S S S S S S S S S S
K3 R MR MR R MR MR R R S R R R R R S S S R R R S S R
Nerica4 R R R R R R R R MR R MR S MR S S MR S S MR MR MR MR MR



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

Differentiation at regional and intercontinetal scales 
are also in agreement with limited migrations

Contradiction with ACE1 results ?



Summary

Differentiation evaluations indicate limited migration (consistent with short
distance movement of spores)

But :

- long distance migration is possible, probably by transportation of infected
seeds
-in absence of recombination, selection by host resistance can also generate
differentiation at local scale

Single-step invasion

Rare dispersal events

Gradual expansion

Frequent dispersal events

Conidia Infected plant materials

Plant       plantation        locality             country    continent      globe

Q

d

0.300.200.10Fst : 0.0

Populations structure and dispersal modes

After Jean Carlier, CIRAD

+ selection

Single-step invasion

Rare dispersal events

Gradual expansion

Frequent dispersal events

Conidia Infected plant materials

Plant       plantation        locality             country    continent      globe

Q

d

0.300.200.10Fst : 0.0

Populations structure and dispersal modes

After Jean Carlier, CIRAD

+ selection



Prospects

To confirm preliminary studies on differentiation and migration with more
populations

To trace intercontinental migrations with “phylogenetic” markers

To measure migration at local scale by epidemiological studies in the field

To measure the relative importance of migration and selection on
differentiation
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