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Early papers on QTL mapping



}Staple food crop of 
semi - arid tropics

}Late 1960s male sterile 
lines developed

}1971: first of several 
devastating downy 
mildew epidemics

}Annual yield reduced 
from 13 to 3 mill. 
metric tonnes

}Little know about 
genetics - quantitative
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In Wales against Indian 

and African pathogen populations

In ICRISAT, India against local

pathogen populations



L
O

D
 S

C
O

R
E

LGD x ICMP 85410

2

4

6

LG3

2

4

6 LG5

0

2

4

6 LG6

0

2

4

6 LG7

0

2

4

6

8

10

12
LG4

0

2

4

6

8

10

12

India

LG1 LG2

NigeriaNiger Senegal

0 20

80 140 160

0 20 40

0 20 40

0 20 400 20 40 60

0 20 40 60
0

Map distance (cM)



0

2

4

6

8

10

LG1 LG2

80 140 1600 20 40 60

0

2

4
LG6

0 20 40

0

2

4

6
LG7

0 20

0.2

0.4

ICMP

LGD

0

The same QTLs are effective under differing 

disease pressures

0

0.2

0.4

ICMP
LGD

% disease incidence
20 30 40 50 60 70 80 90 100

ICMP

LGD

0

0.2

0.4

10

UK

UK

India



}Minor QTLs  due to the effects of modifier 
genes?

}Minor QTLs due to race - specific genes to  
pathogen avirulences at low frequency in 
the pathogen population



Thin layer agar 

in petri dish

Newly germinated 

seedlings

Generating single zoospore isolates

Inoculate root with droplet 

containing '1' zoospore

Incubate overnight 

Lift agar with seedlings into pot & cover

Look for infected plants

after two weeks
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