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In Flanders FieldsIn Flanders Fields
Lieutenant Colonel John McCrae, MD (1872Lieutenant Colonel John McCrae, MD (1872 --1918)1918)

Canadian ArmyCanadian Army

In Flanders fields the poppies blowIn Flanders fields the poppies blow
Between the crosses row on row,Between the crosses row on row,

That mark our place; and in the skyThat mark our place; and in the sky
The larks, still bravely singing, flyThe larks, still bravely singing, fly

Scarce heard amid the guns below.Scarce heard amid the guns below.

We are the Dead. Short days agoWe are the Dead. Short days ago
We lived, felt dawn, saw sunset glow,We lived, felt dawn, saw sunset glow,
Loved and were loved, and now we lieLoved and were loved, and now we lie

In Flanders fields.In Flanders fields.

Take up our quarrel with the foe:Take up our quarrel with the foe:
To you from failing hands we throwTo you from failing hands we throw
The torch; be yours to hold it high.The torch; be yours to hold it high.

If ye break faith with us who dieIf ye break faith with us who die
We shall not sleep, though poppies growWe shall not sleep, though poppies grow

In Flanders fields.In Flanders fields.
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Generating and Maintaining Generating and Maintaining 
Diversity at the Elite LevelDiversity at the Elite Level

•• Background in Evolution/BreedingBackground in Evolution/Breeding

•• Origin of Elite linesOrigin of Elite lines

•• Role of Elite lines in breeding new cultivarsRole of Elite lines in breeding new cultivars

•• Improving Elite linesImproving Elite lines

•• Model for managing diversity in Elite linesModel for managing diversity in Elite lines



art, skill, talent,art, skill, talent, sciencescience

BreedingBreeding ::
manipulated evolutionmanipulated evolution

DarwinDarwin
MendelMendel

Hardy and WeinbergHardy and Weinberg
Watson, Crick, WilkinsWatson, Crick, Wilkins



Objective of BreedingObjective of Breeding

Create a phenotype which hasCreate a phenotype which has

desirable characteristics and desirable characteristics and 

which can be reproducedwhich can be reproduced

Clonally propagated genotypeClonally propagated genotype

Hybrid from crossing Hybrid from crossing inbredsinbreds

Inbred pure lineInbred pure line

OP populationOP population



Stages in Evolution/Natural Stages in Evolution/Natural 
SelectionSelection

1. Survive1. Survive

2. Thrive2. Thrive

3. Reproduce3. Reproduce

::result is improved fitness and ::result is improved fitness and 
adaptation adaptation 



Stages of a Breeding ProgramStages of a Breeding Program

1. Adaptation (Natural Selection)1. Adaptation (Natural Selection)

2. Defect elimination2. Defect elimination

::result is development of ::result is development of EliteElite lineslines



Selecting Selecting againstagainst defectsdefects
•• Generally visibleGenerally visible

•• Selectable on individual plant basisSelectable on individual plant basis

•• Moderate to high hModerate to high h22

•• Moderate Environmental effectsModerate Environmental effects

•• High Genotype effects High Genotype effects 

•• Rapid response to selectionRapid response to selection

•• Generally affect Generally affect YieldYield



Stages of a Breeding ProgramStages of a Breeding Program

1. Adaptation (Natural Selection)1. Adaptation (Natural Selection)

2. Defect elimination2. Defect elimination

::result is development of ::result is development of EliteElite lineslines

3. Trait enhancement (Yield)3. Trait enhancement (Yield)



Why Yield?Why Yield?

1. Yield1. Yield

2. Yield2. Yield

3. Yield 3. Yield 



Why Yield?Why Yield?

1. Yield potential1. Yield potential

2. Yield stability2. Yield stability

3. Yield of a quality product3. Yield of a quality product



Selecting Selecting forfor YieldYield
•• Quantitative traitQuantitative trait

•• Low hLow h22

•• High Environmental effectsHigh Environmental effects

•• High G x E effectsHigh G x E effects

•• Not visibleNot visible

•• Interaction of multiple physiological systems Interaction of multiple physiological systems 

•• Difficult to improve upon Difficult to improve upon status quostatus quo

•• Need large plots, replications, locations, Need large plots, replications, locations, 
years to identify and evaluateyears to identify and evaluate



Stages of a Breeding ProgramStages of a Breeding Program

1. Adaptation (Natural Selection)1. Adaptation (Natural Selection)

2. Defect elimination2. Defect elimination

3. Trait enhancement in 3. Trait enhancement in EliteElite lineslines



Role of Elite lines in BreedingRole of Elite lines in Breeding

•• Elite X EliteElite X Elite >> cultivar development 
– most desirable alleles already fixed in both 

parents

– quantitative traits improved through 
accumulation of + alleles

– recombination among repulsion loci important

– phenotypic yield evaluation based on field trials



Phenotype vs GenotypePhenotype vs Genotype

• P = G + E + G x E + error

• G = � (n x g) + 2n(gxg) + 3n(gxgxg) .....)
• E = � (geographic location + weather + soil + 

microclimate + biotic stresses......)
• G x E = � (all combinations of the above.......)



Phenotype vs GenotypePhenotype vs Genotype

• P = G + [E] + G x E + error

• G = � (n x g) + 2n(gxg) + 3n(gxgxg) .....)
• E = � (geographic location + weather + soil + 

microclimate + biotic stresses......)
• G x E = � (all combinations of the above.......)

•• Improved Statistical analysisImproved Statistical analysis can account for a 
significant portion of the Environmental effects



Phenotype vs GenotypePhenotype vs Genotype

• P = G + [E] + [G x E] + error

• G = � (n x g) + 2n(gxg) + 3n(gxgxg) .....)
• E = � (geographic location + weather + soil + 

microclimate + biotic stresses......)
• G x E = � (all combinations of the above.......)

•• EliteElite crosses are better adapted and therefore 
have a reduced G x E component



Phenotype vs GenotypePhenotype vs Genotype

• P =    G + [E] + [G x E] + error

• G = � (n x g) + 2n(gxg) + 3n(gxgxg) .....)
• E = � (geographic location + weather + soil + 

microclimate + biotic stresses......)
• G x E = � (all combinations of the above.......)
•• Fixing the GenotypeFixing the Genotype results in most of the 

variation being redistributed among lines (additive)
which increases h2, increases total phenotypic 
variation, and fixes epistasis



Phenotype vs GenotypePhenotype vs Genotype

•• PP =    G [+ E + G x E] + error

• G = � (n x g) + 2n(gxg) + 3n(gxgxg) .....)
• E = � (geographic location + weather + soil + 

microclimate + biotic stresses......) 
• G x E = � (all combinations of the above.......)

•• Result is good response to Phenotypic Result is good response to Phenotypic 
selection for yield in selection for yield in EliteElite populationspopulations



Role of Elite lines in BreedingRole of Elite lines in Breeding

•• Elite X EliteElite X Elite >> cultivar development 
– most desirable alleles already fixed in both 

parents

– quantitative traits improved through 
accumulation of + alleles

– recombination among repulsion loci important

– phenotypic yield evaluation based on field trials



+ + + 0 + + + 0 + + + 0 + + + 0 + + + 0+ + + 0 + + + 0 + + + 0 + + + 0 + + + 0 CC E1

+ 0 + + + 0 + + + 0 + + + 0 + + + 0 + ++ 0 + + + 0 + + + 0 + + + 0 + + + 0 + + CC E2

+ + + + + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + + + + + C Ln1

10 ++ in common between lines

0 00 in common between lines 

20 ++ alleles possible in progeny

Exploiting latent variation of 
Repulsion linkages in Elite breeding lines

15/20 ++

15/20 ++

Recurrent SelectionRecurrent Selection can release this latent variationcan release this latent variation

20 ++



Recurrent Selection for protein in Recurrent Selection for protein in 
Illinois maize populationIllinois maize population



•• ObjectiveObjective
–– Maximize overall genetic improvementMaximize overall genetic improvement

•• MethodsMethods
–– AlternatingAlternating recombinationrecombination with with fixation/selectionfixation/selection

–– All traits considered to be quantitativeAll traits considered to be quantitative

–– Moderate selection over multiple cyclesModerate selection over multiple cycles

•• Expected resultsExpected results
–– Increased probability of superior genotypes in Increased probability of superior genotypes in 

reasonable sized populationsreasonable sized populations

Population Plant BreedingPopulation Plant Breeding
Population = common gene poolPopulation = common gene pool



The RIPE SystemThe RIPE System
•• RRecurrentecurrent

•• IIntrogressiventrogressive

•• PPopulationopulation

•• EEnrichmentnrichment



The RIPE SystemThe RIPE System
•• RRecurrentecurrent

•• IIntrogressiventrogressive

•• PPopulationopulation

•• EEnrichmentnrichment
–– Set up in 1988 in barley with four varietiesSet up in 1988 in barley with four varieties

–– Genetic male sterility for crossing (Genetic male sterility for crossing (msg6msg6))
•• Coupled marker with xenia (Coupled marker with xenia (sex1sex1), ), robrob in repulsionin repulsion

–– Five generations in two year cycleFive generations in two year cycle
•• F3F3--4 yield trials, 4 yield trials, unreplicatedunreplicated

•• F5 as parents for next cycleF5 as parents for next cycle



The R I P E SystemThe R I P E System

P1P1(sexms) xx P2P2(oo)

F1 F1 SelfedSelfed

F2 bulksF2 bulks

F3F3--4 Yield Trial4 Yield Trial
SeptSept
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SeptSept

MayMay

Sex __ seed

oo seed
Y

ear 1
Y

ear 1

Y
ea

r 
2

Y
ea

r 
2

F5 Rep TrialsF5 Rep Trials
Yr 3Yr 3

F3 SPSF3 SPS

Year 3Year 3







The R I P E SystemThe R I P E System

EliteElite



Role of Elite lines in BreedingRole of Elite lines in Breeding
• Elite X Elite >> cultivar development

– most desirable alleles already fixed in both 
parents

– quantitative traits improved through 
accumulation of + alleles

– recombination among repulsion loci important
– phenotypic yield evaluation based on field trials

•• Elite X ExoticElite X Exotic >> germplasm developmentgermplasm development
– backcross to recover most of Elite background

– adding a few new + alleles to Elite background



IntroductionsIntroductions

The R I P E SystemThe R I P E System
IntrogressionIntrogression

EliteElite

CultivarsCultivars

msms

msms

msms

oooooooo

F1

F1/F2

94% E
94% E

6% 
6% In

tInt

msms

BaseBase
50% E50% E

IntermediateIntermediate
75% E75% E

High High (2 yrs)(2 yrs)
87% E87% E





Results with R I P EResults with R I P E
•• Agronomics improvedAgronomics improved

•• Disease resistance increasedDisease resistance increased
–– Powdery mildewPowdery mildew

–– Leaf rustLeaf rust

–– BYDVBYDV

•• Seed quality improvedSeed quality improved

•• Yield increasedYield increased

•• Adaptation broadened Adaptation broadened 

•• Diversity increasedDiversity increased



plots for diversity



Results with R I P EResults with R I P E

•• Commercially successful varietiesCommercially successful varieties

•• More than 50% of acreage More than 50% of acreage 

•• Top in official Performance TrialsTop in official Performance Trials
–– #1 for past 8 years#1 for past 8 years

–– 11/26 in 200611/26 in 2006

•• Rate of response for yield maintainedRate of response for yield maintained

•• Methodology being adoptedMethodology being adopted











5.85 t/ha

2 row

6 row



Generating and Maintaining Generating and Maintaining 
diversity at the Elite leveldiversity at the Elite level

•• Elite x Elite crosses give rise to Elite x Elite crosses give rise to transgressivetransgressive
segregates for most traitssegregates for most traits

•• Break up repulsion linkages within Elite linesBreak up repulsion linkages within Elite lines

•• Use team players rather than superstarsUse team players rather than superstars



•• Reduce disease susceptibility rather than Reduce disease susceptibility rather than 
adding Resistance to mask itadding Resistance to mask it

•• Introgress new genetic diversity into the Introgress new genetic diversity into the 
Elite population on a regular basisElite population on a regular basis

•• Keep the Keep the EliteElite EliteElite

Generating and Maintaining Generating and Maintaining 
diversity at the Elite leveldiversity at the Elite level



Breeding isn’t engineering 

Breeding isn’t rocket science

Breeding isn’t engineering

Breeding isn’t rocket science

Breeding is using basic 
biology for manipulating 
the evolutionary process

Breeding isn’t engineering 

Breeding isn’t rocket science

Breeding is using basic 
biology for manipulating 
the evolutionary process

Breeders need to
understand biologybiology better

and use it more 
effectively and efficiently

in crop improvement

SeptSept

JanJan

MayMay

SeptSept

MayMay



Old African ProverbOld African Proverb

“If you want to go fast, 
go alone;

if you want to go far, 
go with a group.”



to plant a seed is a noble deed

to plant a seed is a noble deed




