“What have biometricians
ever done for us?”

!'_ With apologies to ‘The Life of Brian’!

Mike Kearsey
University of Birmingham.



i Challenges facing breeders.

Population growth.

Climate change.

Water, salinity, diseases
Sustainable agriculture.

Competing needs of food v energy.
Focus on yield in developing world.

Private v public funding.
= Decreasing state funding world wide!



i Government science heads.

= In EU, only UK and Southern Ireland
Governments have chief scientists?

= USA has Eric Lander as co-chair on

‘The President’s Council of Advisors on
Science and Technology Executive’



+

Doom and Gloom:
2030 Predictions!

= World population rises to 8bn, up 33%

Demand for food will increase by 50%
Demand for wate. will increase by 30%
Demand for energy will increase by 50%

Demand for more animal protein in Asia
and Africa by 20%.
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What Is needed to aid Asia
i and Africa?

= ldentify and distribute best suited
existing plant materials.

= Need a quantum shift in speed of
generating improved germplasm.

= Review breeding targets.

= Have different breeding strategies
suitable for developing world.



i Opportunities

= New genomic technologies.
= Bioinformatics.
= Improved access to data sources.

= Bilomathematics.



i What do we need to know?

= Understand genetic basis of traits.
= Number, location and effects of genes.
= Nature of polygenic variation.

= ldentify sources of useful alleles.

= How to increase rate of genetic gain.
=« Conventional and MAS (+genomic selection).

= Understand and exploit heterosis.
= How to cope with GxE.

= Control recombination and homologous
transformation.



i Biometrics in Plant Breeding

s SO what has biometrics contributed
In the past

and

s What can i1t offer in the future?



‘_h Response to Selection

R=ih?0p
Or
R=1ho,

(Because h = GA/ GP)
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i Contributions of biometricians

= Considerable work over last 50y.
= Wide range of FS and HS experiments.

s Estimation of additive, dominance,
epistatic variances, heritability.

= We know h? low for ‘fitness’ traits and
higher for the rest.
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i What can we change?

= /can be mod

Ifled but has costs.

= 0, IS a fixed

oroperty of the trait in a

given environment. No change here.
= /7may be altered if we find something

that predicts
heritability.

the trait but has a higher
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i Trait dissection.

Dissecting traits is an old idea.
= Yield — grain wgt*nos grains*nos tillers etc.

Components individually more heritable?
Offers easy gains BUT
Combining traits is not a good predictor of

yield because none correlate better with yield

than yield itself.
You always lose something!
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i Marker assisted selection.

= Much theoretical progress.
= €.¢9. Lande &Thompson; Hospital et al.

s Similar issues as for trait dissection.
= Marker heritability ~1 if co-domimant.

s Genetic correlation between markers

and trait genes must > h, .
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i Marker assisted selection.

= Depends on accuracy of markers and
number of trait genes etc.

= Clearly effective with few genes and
traits like resistance, stress tolerance.

= But yield?
= Great for selecting recurrent genome.
= Lack of recombination helps here.
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% donor chromosome

LINKAGE DRAG IN BXs
without MAS

Linkage drag

BX Generation

16



i Genomic Selection

= Uses whole genome information.

s Like MAS allows selection without trait
Info.

But!

= Like MAS, benefits will depend on
training data quality and GxE.

s Beware offers of free meals!
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i Selfing methods before SSD

= Start with F, or BX.

= Allow to self on mass.

= Harvest all seed together.
= Repeat for F;, F, etc.

= Looked straightforward, BUT!
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i SSD

Early message from Poisson:

= Consider taking N seeds per generation

= With random sampling, not all F2 contribute to next
generation.

= 1stitem in Poisson gives the Probability of zero
iIndividuals in a family being sampled

= el1=0.37

= Thus 37% of F, plants leave no progeny for the F,.
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Selfing without SSD
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i SSD

So SSD took off in 1960s after much
persuasion and is now taken for
granted!
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i Hybrid Vigour then.

= ldeas of 50+ years ago:
= Over-dominant alleles.

» Dispersed dominant alleles.

= Epistasis.

= What has changed?
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i Hybrid Vigour now.

= Some very limited evidence from QTL studies
of single gene over-dominance.

= Probably <5%

= Mainly dispersed dominants and epistasis
even in maize!

= Very little evidence of predictive possibilities.
= Trial and error.
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Distribution of QTL mode of inheritance for tomato traits

Semel Y et al. PNAS 2006;103:12981-12986
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i Question

= Why so much interest recently in mid-
parent heterosis?

= It Is scale specific. Now you see It now
you don’t!
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tiE

= Very considerable research developments.

= Contrast breeding and growing
environments, particularly in developing
countries.

= Does current GXE modelling lead to
conclusions that are robust to novel
situations?

26



i Marker mapping software

= General statistical principles before 1940s
(Fisher, Haldane, Mather).

= Extension to multiple markers in 1980s.

= Principal current software used for diploid
plants:

= Joinmap
= Mapmaker
= But many others.

= Tetrasomic mapping.
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i Virtues of software

= Very user friendly Windows interfaces
= Wide range of menu facilities
= Comprehensive
= Point and click
= Great credit to their developers
BUT
= Require knowledge to use successfully!
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i Cautions

= All maps are wrong! (The late Mike
Gale).

= But some are more wrong than others!!

= Early maps were too long

=« Data quality
= Genotyping errors expand map

= Disconnect with link between melosis and
recombination.
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i Recombination

s 1 chiasma at meiosis — 50cM

= Typical chromosome has — 2 to 2.5
chiasmata at meliosis on average

s Therefore = 100 to 125 cM

= Barley has ~14.3 chiasmata across 7
chromosomes (Gale & Rees, 1970)

= SO0 map should be ~700cM
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i Actual data

= Current maps —1.4 times as long.

= Causes:
= Missing chiasmata?

= Map inflation due to errors or mapping
function?

= Chiasma localisation. Large regions with
very few chiasmata:

= Centromeric and telomeric regions
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Crossovers per chromosome

i per gamete (Barley)
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i QTL Analysis

= Initial Marker technologies in 1980s

= Rapid progression from single marker
analyses to sophisticated software.

= Extensively used to identify trait QTL.

s Yield, biotic/abiotic stress resistance
etc.

= Gene expression; genetical genomics.
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i Cis- v trans-eQTL

= Evidence that ~95% of eQTL involve
polymorphism In cis-regulators
(promoters?).

= Indicative of QTL Iin general?

= Can show tissue specificity.
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Tissue-specific detection of
i 2,081 eQTLs in barley

A) 52% B) 30% C) 18%

1H 2H 3H 4H SH 6H 7H 1H 2H 3H 4H 5H 6H 7H 1H 2H 3H 4H 5H 6H 7H
| | |

1H 2H 3H 4H 5H 6H 7H 1H 2H 3H 4H 5H 6H 7H 1H 2H 3H 4H 5H 6H 7H

(Potokina et al 2008) 35




Limited pleiotropy of cis-regulation:
Barley Steptoe/Morex cross. |
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Limited pleiotropy of cis-regulation:
Barley Steptoe/Morex cross. Il
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i Caution with QTL analyses.

Need to be sure that there is genetic
variation and how much Is present.

Biased estimates of effects.
Problems adjusting for FPs.

Cautionary tale:

= QTL for recombination frequency among
DH lines!
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i DH lines: normal use.

F

Cametes QQQQQ .........
XS SIS RIS
Phenotype for
someva ) (1)(7)(T)(T.)

in field trial.
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Test for genetic variation
i among DHLs

= Trial with replicated lines.

= Test for genetic variation and estimate
0%; and 0%

= Perform QTL analysis If significant
genetic variance.
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i DH lines; using crossovers

Fy

Gametes QQ QQ Q ......... @

Phenotype =
X-overs 1 O 0 O 2 0

Found 12 QTL across 4 DH populations!
Also found 18 QTL across 5 RIL pops.
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i Problems here are:

= X-overs occurred in the F, so variation
among DHLs 1S NOT genetic.

BUT

= Can not replicate lines so can not
estimate 0%,. True for RILs also.

= Must have set FP rates too high but not
realised It!

= Many data biases can create FPs!

42



Association Analysis

+

= Considerable theoretical and practical
developments Iin last few years.

= Multi-parent Advanced Generation Inter-
cross (MAGIC) populations.

= Wheat and Arabidopsis
= Can now genotype large populations.

= Access to considerable legacy data of
existing lines (AGOUEB Link programme).
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i Association Analysis

= Coping with population substructure.
= Need large samples of lines.

= Complement conventional QTL
analyses.

= Wide range of alleles.
s Can benefit from rare recombinants.

44



i Where are we now?

Much progress in last 20 yrs.
Biometrics has played major role.

BUT need to move fast in next 20 yrs!

Unlikely to learn much that is both new and
useful about QTL and Heterosis soon.

Or GXE?

No obvious Quick Fixes!
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i Major problems.

= Conventional breeding slow.

= Assisted by markers.
« Limited by generation time.

= Lack of recombination.
= Limits gene discovery
= Limits allele replacement.

= Public unacceptablility of GM.
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i Immediate future.

= Have excellent technologies and
associated biomathematics.

= All applications impeded by lack of
recombination.

= Urgently need research into control of
recombination.

= Forward (QTL) and reverse genetics.
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i Immediate future.

= Great opportunities for genomics and
biomaths developments

BUT

= must have a focus on practical and
meaningful application to breeding!
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Thanks and good luck.
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