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Breeding programmes
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Breeding for resistance

Understanding “good” combinations 

for disease resistance

Select for resistance using 

single seed descent (SSD) Select for 

resistance in field 

using phenotype 

and in lab using 

genotype

Pre-breeding 

programmes

Market

Introducing new resistance



Working with elite material

• Already adapted

• Resistance to most diseases already present

• Genetics behind resistance still poorly understood



Resistance genes/QTL in elite material

Bi-parental populations GWAS Bulk segregate analysis
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NILs for monitoring resistances

Resistant NIL Susceptible NIL

Resistant parent

Susceptible parent



Understanding gene/QTL interactions

Combination 1

Neither work or 

one suppresses 

effect of the other

Combination 2

Both or one still works 

but the relationship is 

not additive 

Combination 3

Both work together to 

enhance resistance

Resistance gene a Resistance gene b Resistance gene c 



Negative genes/QTL

Susceptibility factors Suppressors

Examples:-

MLO

Resistant gene

No suppressor
Resistant gene

Suppressor

Tox-A – Tsn1



Genetic resources



Genomic selection – the way forward?

Training 

population 
(genotype + phenotype)

Breeding population

Parent A x Parent B

Market



New phenotyping opportunities 



Multispectral imaging

UV-VIS-NIR
Multispectral imaging 
analyser from Analytik ltd 



Blue highlights indicate 
the  take-all infections
throughout the wheat 
root system

Jess Spong (PhD student)
Gail Canning
Kim Hammond-Kosack 

Root system in a 9 cm petri dish

Multispectral imaging

UV-VIS-NIR
Multispectral imaging 
analyser from Analytik ltd 



Hyperspectral imaging

Polder Gerrit, Blok Pieter M., de Villiers Hendrik A. C., van der 

Wolf Jan M., Kamp Jan, 'Potato Virus Y Detection in Seed 

Potatoes Using Deep Learning on Hyperspectral Images', 2019, 

Frontiers in Plant Science, Vol. 10.



AI and machine learning

Megan Long

James Brown

Richard Morris



Precision agriculture

Phenospex – John Innes 



Introducing new diversity

Introducing new diversity:-

Main 

breeding 

programme

Market

Pre-breeding 

programmes

Choosing the right donors

Choosing the right elite 

parent to cross  in the trait

Choosing the right novel traits

Tracking the novel traits 

once in the elite programme



New sources of resistance

• The Focused Identification of Germplasm Strategy (FIGS)

• Increased genotyping

• Increased phenotyping



Breeder’s Observation Panel

Watkins lines - JIC
Landraces from around the world

Wheat synthetics -

NIAB

Wheat wild relative 

introgressions -

Nottingham

BBSRC Designing Future Wheat
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Cadenza TILLING population

Fiona Doohan

Thalia Christodoulou

Forward genetics:-

Reverse genetics:-



Introgression tracking

Relay 

1B/1R 

+ Yr9



Durability

• Stb16 originated from a synthetic wheat

• Broad spectrum of resistance to multiple isolates

• Located on chromosome 3D

• The gene was introduced into some French elites

• Only recently made it to market

• Broke down last year

3DS-6

3DS-3

3DL-2

3DL-3

Xcfd9
Xbarc71

Xgwm383

Xgdm8

Xcfd152

Xcfd4

Xgwm183
Xcfd64
Xgwm2

Xgwm52
Xcfd201
Xbarc42

LOD
0 20 30 40 5010 60

88018_N
88018_P
95036_N
95036_P

26.

2

5.

23.

67.

92.

76.

0
15.

1
2.

54.

64.

50.

014.

2
6.

53.

10.

03.

63.

67.

02.

30.

03.

64.

20.

83.

85.

96.

36.

16.

02.

93.

15.

220.

1
4.

04.

40.

73.

9

Xgwm18

3

Xbarc

6Xcfd6

4Xgwm

2Xwmc52

9Xcfd7

2Xgdm7

2

Xgdm128

zzXcfd21

9Xcfd

4Xgdm

8Xgwm5

2
Xgwm64

5Xcfd20

1Xgwm64

4Xwmc65

6Xgwm38

3Xcfd15

2Xcfd19_

3Xgwm31

4XSTS

7Xcfd223

zzXSTS

9Xcfd21

1XSTS1

1Xgwm

3Xcnl2_1

_1Xwmc552

.1XSTS1

5Xwmc63

1zXbarc3

23Xcfd9_

1
Xgwm1

14Xbarc7

1WTC2

7XSTS2

3XSTS2

5

Cyrille Saintenac - INRA



Acknowledgments

Cyrille Saintenac 

(INRA)

James Brown

Richard Morris

Megan Long

Fiona Doohan

Thalia Christodoulou

Chris Burt

Jess Spong

Gail Canning

Kim Hammond-Kosack


