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Overview 

§  Introduction 
§ Wheat 
§ Wheat rusts 
§ Resistance 
§ Conventional breeding 

§  Wheat pre-breeding 
§  Case study 
§  Current and future work 
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§  Global wheat production needs to increase 
§  Stabilize/Increase crop productivity under: 
§   Increasingly unstable climate; 
§   Less hectares; and 
§   Under increase biotic and abiotic stresses 

§  Breeding and agronomic practices important 
§  Abiotic: drought, salinity and heat 
§  Biotic: Fungal diseases most important biotic 

stressors 

Wheat 
Introduction/ 
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Wheat rusts 
Introduction/ 

§  Wheat rust pathogens 
§ Puccinia graminis f. sp. tritici 
§ Puccinia triticina 
§ Puccinia striiformis f. sp. tritici 

§  Causes big crop losses in some seasons 
§  Breeding for resistance will help in sustaining 

wheat farming 
§  Less fungicide application 
§ Lowers production costs 
§ Decreases environmental impact of production 
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§  Vertical resistance 
§   Race specific resistance, 

major gene resistance 
§   Gene-for-gene  
§   Pathotypes evolve quicker 

to overcome the resistance 
§  Horizontal resistance 

§   Race non specific , minor 
gene resistance or durable 
resistance  

§  Minor genes with 
accumulating effect 

§  Resistance more complex 
for pathotypes to overcome  
 

Resistance breeding 
Introduction/  

Race- specific resistance 
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§  Vertical resistance 
§   Race specific resistance, 

major gene resistance 
§   Gene-for-gene  
§   Pathotypes evolve quicker 

to overcome the resistance 
§  Horizontal resistance 

§   Race non specific , minor 
gene resistance or durable 
resistance  

§  Minor genes with 
accumulating effect 

§  Resistance more complex 
for pathotypes to overcome  

 

Resistance breeding 
Introduction/  

Adult plant resistance 
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§  Vertical resistance 
§   Race specific resistance, 

major gene resistance 
§   Gene-for-gene  
§   Pathotypes evolve quicker 

to overcome the resistance 
§  Horizontal resistance 

§   Race non specific , minor 
gene resistance or durable 
resistance  

§  Minor genes with 
accumulating effect 

§  Resistance more complex 
for pathotypes to overcome  

 

Resistance breeding 
Introduction/  

Race- specific resistance 
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Resistance breeding 
Introduction/  
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Initial crosses 
(year 1) 

Testing of 
segregating material  

(year 2 – 6) 

Junior Trials 
(Year 7) 

Senior Trials 
(Year 8) 

Elite Trials 
(Year 9 – 11) 
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Release/
Registration 

(year 12) 

Breeder’s seed 
(year 13) 

Base seed 
(Year 14) 

Commercial seed 
(Year 15) 

Farmer 
(Year 16) 
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Pre-breeding  
(Year (-1) – (-10+)   

Initial crosses 
(year 1) 

Testing of 
segregating material  

(year 2 – 6) 

Junior Trials 
(Year 7) 

Senior Trials 
(Year 8) 

Elite Trials 
(Year 9 – 11) 
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Overview 

§  Introduction 
§  Wheat pre-breeding 
§ MS-MARS 
§ Doubled haploids 
§ MAS  

§  Case study 
§  Current and future work 
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Introduction 
Wheat pre-breeding/ 

§  MS-MARS 
§  Since 1998 
§  WCT funding  
§  Concentrate mainly on rust resistance 
§ Specific genes via MAS 
§ APR 

§  Distribute rust resistance material 
§ Nurseries (since 2006) 
§ Lines together with molecular info and phenotype info 
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Overview 
/General 

§  SU-PBL 
§  Wheat breeding 
§  Wheat rusts 
§  MS-MARS 
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§  Doubled haploid production is the most time efficient route to 
homozygosity in plants. 

§   There are three reasons for using this technology in SA 
context:  
§ Most efficient route of fixing desirable traits into specific lines 
§  Facilitates hybrid breeding 
§ Doubled haploids can be applied in MAS 

§  There are three methods of doubled haploid production in 
wheat  
§ Wide crosses 
§ Anther culture 
§ Microspore culture 

Doubled haploids 
Wheat pre-breeding/ 
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Pathways for doubled haploid induction. 

Doubled haploids 
Wheat pre-breeding/ 
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Pathways for doubled haploid induction. 

Wide-crossing 
Wheat pre-breeding/Doubled haploids 
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Pollination by 

genetically distant 
male pollinator at 

uni-nucleated stage   

Eg. Maize pollinating 
wheat 

Fundamental 
genetic 

incompatibility 

Elimination of the 
male genetic 

material  

 Haploid embryos 
that are produced 

are rescued 

Cultured in vitro to 
produce haploid 

plants 

Acclimated to ex 
vivo environment 

Colchicine 
treatments 

Doubled haploid 
seeds produced 

Wide-crossing 
Wheat pre-breeding/Doubled haploids 
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Pathways for doubled haploid induction. 

Anther culture 
Wheat pre-breeding/Doubled haploids 
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Pretreatment of 
anthers 

Isolation of 
anthers 

Induction of 
callus growth 

ELS Regeneration 

Green/Albino 
plants 

Tillering and 
rooting 

Acclimatization Ploidy level 
determination 

Colchicine 
treatments 

Doubled 
haploid seeds 
production 

Anther culture 
Wheat pre-breeding/Doubled haploids 
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Pathways for doubled haploid induction. 

Microspores 
Wheat pre-breeding/Doubled haploids 
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Spike collection  

Pretreatment 

Isolation-Mid to late 
uninucleated/early 

binucleate 
microspore stage  

Induction- 
Embryogenic 
microspores  

Regeneration- 
derived developing 
embryoids cultured 

in liquid media  

 Continuous 
production of 

mature embryoids   

Rooting- 
Germination of 

embryoids on solid 
media in Petri-dish  

Acclimatization Ploidy level 
determination 

Colchicine 
treatments 

 Doubled-haploid 
plants  

Microspores 
Wheat pre-breeding/Doubled haploids 
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§  Lr24/Sr24 
§   Transferred from Agropyron 

elongatum 
§   On chromosome 3D 
§  Virulence in South Africa 

§  Sr31/Lr26/Yr9 
§   Transferred from Rye 
§   On chromosome 1B 
§  Virulence in South Africa 

§  Lr37/Sr38/Yr17 
§  Transferred from Triticum 

ventricosum 
§  On chromosome 2AS 
§  Virulence in South Africa 

 
 

Resistance genes & MAS 
Wheat pre-breeding/ 

§  Sr2  
§  Transferred from tetraploid emmer 

wheat  
§  On chromosome 3BL 
§  Gene provides durable resistance 

to all stem rust pathotypes.  
§  Need to be accompanied by other 

resistance genes to provide 
sufficient resistance 

§  Lr34/Yr18 
§  On chromosome 7DS 
§  Provides durable resistance to all 

leaf and stripe rust pathotypes. 
§  Need to be accompanied by other 

resistance genes to provide 
sufficient resistance 
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Novel Wild-species Resistance sources 
Wheat pre-breeding/ 

§  Wild-species good source of novel resistance genes 
§  Transfer between wheat and wild-specie relatives possible 

Wheat 

Resistance gene 

Wild-specie 
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T. kotschyi: Lr54/Yr37 (2DL) 
Wheat pre-breeding/Novel Wild-species Resistance sources 
 
 

Materials and Methods 
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T. sharonense: Lr56/Yr38 (6A) 
Wheat pre-breeding/Novel Wild-species Resistance sources 

Materials and Methods 
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T. peregrinum (UUSS): Lr59 
Wheat pre-breeding/Novel Wild-species Resistance sources 

Materials and Methods 
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T. neglecta: Lr62/Yr42 (6A) 
Wheat pre-breeding/Novel Wild-species Resistance sources 

Materials and Methods 
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MAS 
Wheat pre-breeding/Novel Wild-species Resistance sources  
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Distribution of resistant material 
Wheat pre-breeding/ 
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Distribution of resistant material 
Wheat pre-breeding/ 
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Distribution of resistant material 
Wheat pre-breeding/ 
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Overview 

§  Introduction 
§  Wheat pre-breeding 
§  Case study 
§ MAS 
§ DH and seed multiplication 
§ Field evaluation 
§ Baking quality evaluation 
§ Rust screening 
§ Data analysis 

§  Current and future work 
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Female parents 
Ms3, Lr24/Sr24 and Lr37/

Sr38/Yr17 
Male parents 
Sr31/Lr26/Yr9 

Random crossings via hydroponic tiller 
scheme 

MAS material out of existing MS-MARS 

Develop DH lines out of MAS selected lines 

Field evaluation of DH lines for rust resistant 
and agronomical characteristics as well as 

quality evaluation for industrial bread making 
quality 

MS-MARS 
(Marais & 

Botes, 
2003) 

DH and seed 
multiplication 

Extensive Field 
evaluation 

Select lines with rust resistance genes 

Seed multiplication 

Genotype profile of each inbred line 

Selecting the best crossing parents to 
reincorporate into MS-MARS scheme Selection 

Typing 
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Multi environment yield and 
quality evaluation 
Results 
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Quality evaluation 
Case Study/ 

Flour quality Rheological quality Baking quality 
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Name 
Deviation from 

SST806 
Quality Quality deviations 

MS-MARS-15 0 Above Average No deviation from SST806 

MS-MARS-19 0 Above Average No deviation from SST806 

MS-MARS-08 1 Average Problem with VOL 

MS-MARS-09 1 Average -Problem with HLM 

MS-MARS-18 1 Average Problem with EX 

MS-MARS-20 1 Average Problem with HLM 

MS-MARS-13 2 Average Very good EX and PROT. Problem with FL 
and ABS 

Quality evaluation 
Case Study/ 
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*SST056

SST047*

*SST806

*SST867

US 1010*

MSMARS-06

MSMARS-07

MSMARS-08

MSMARS-09

MSMARS-10

MSMARS-11

MSMARS-12

MSMARS-13

MSMARS-14

MSMARS-15

MSMARS-16

MSMARS-17

MSMARS-18

MSMARS-19

MSMARS-20

HARTSVALLEI

LANGGEWENS

TYGERHOEK

WELGEVALLEN

IV I 

III II 

AMMI-Biplot 
Case Study/ 
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Group Name Adaptability and stability characteristic 

1 

SST056 

Very well adapted to low and high potential environments in South Africa MS-MARS-11 
MS-MARS-12 
MS-MARS-15 

2 

SST867 

Adapted to low and high potential environments in South Africa SST806 
MS-MARS-07 
MS-MARS-14 

3 MS-MARS-13 Very well adapted to the dryland high potential  environments in South Africa 

4 
MS-MARS-08 

Adapted only to high potential environments in South Africa MS-MARS-17 
MS-MARS-18 

5 MS-MARS-10 Adapted to low potential environments in South Africa MS-MARS-20 
6 MS-MARS-09 Adapted only to high potential irrigation environment in South Africa 
7 US1010 Stable 

8 

SST047 

Poor performing and not very well adapted or stable MS-MARS-06 
MS-MARS-16 
MS-MARS-19 

MLFT 
Case Study/ 
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Field rust screening 
Case study/ 

§  Each of the lines were 
screened for adult plant 
resistance against the following 
rust pathotypes: 
§ Stem rust – UVPgt60 
§ Virulent for Sr24, Sr31 and Sr38 

§ Leaf rust – UVPrt13 
§ Virulent for Lr24 and Lr26 

§ Stripe rust – 6E22A- 
§ Virulent for Yr17 
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Field rust screening 
Results 
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Field rust screening 
Case study/ 

Stripe rust Leaf rust Stem rust 

R R-MR MR MS S R R-MR MR MS S R R-MR MR MS S 
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Field rust screening 
Case study/ 

Group Name Sr2 Lr34/Yr18 Sr24/Lr24 Sr31/Lr26/Yr9 Sr38/Lr37/Yr17 
1 SST 047 - - - 

2 
SST 806 - - - - - 
SST 867 - - - - - 
US 1010 - - - - - 

3 MS-MARS-06 - - - - 
4 MS-MARS-08 - 

5 

MS-MARS-07 - - 
MS-MARS-10 - - 
MS-MARS-14 - - 
MS-MARS-20 - - 

6 MS-MARS-09 - - - 
MS-MARS-17 - - - 

7 
SST 056 - - 

MS-MARS-11 - - 
MS-MARS-15 - - 

8 
MS-MARS-12 - - - 
MS-MARS-13 - - - 
MS-MARS-16 - - - 

9 MS-MARS-18 - - - - 
MS-MARS-19 - - - - 
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Conclusion 
Case study/  
 

Evaluation Specific characteristic MS-MARS lines 

General yield 

adaptability 

and stability 

Low and high potential MS-MARS-07, 11, 12, 14 & 15 

Low potential MS-MARS-13 

Bread quality 
Above average MS-MARS-15 & 19 

Average MS-MARS-08, 09, 13, 18 & 20 

Rust 

resistance 

Minor genes for the three rust 

pathogens 
MS-MARS-15 & 18 

Minor genes for two rust 

pathogens 
MS-MARS-07 & 09 
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Conclusions 
Case study/ 

§  Breeding strategy relies on: 
§  Mode of reproduction  
§  Traits to be improved 
§  Time available  
§  Resources 

§  MS-MARS scheme applied to most crops and traits 
regardless of the mode of reproduction or nature of the traits 
(qualitative and quantitative) to be improved 

§  DHs assist in shortening the generations needed for 
obtaining pure breeding material (one vs. six generations).  

§  Requires costly resources in the form of highly skilled labour 
and equipment  

§  Innovative approach to combine MAS and a biotechnology 
tool such as DHs 
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Salinity tolerance 
Current activities/ 
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Salinity tolerance 
Current activities/ 
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Physiological traits 
Future activities/ 

§  Expanding current MS-MARS 
based pre-breeding activities to 
national platform 

§  Funded by GrainSA, DST and 
industry 

§  All of the SA wheat breeding 
programs involved 

§  Primary aim is improvement of 
yield 

§  Physiological traits of primary 
interest 

§  UAV based high throughput 
phenotyping to be implimented 

§  Move towards phenomics 
approach 
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