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e Generation Challenge Program projects

— QTLXE (Wageningen University Research)
— Simulating MAS (CSIRO PI)
— Whole-plant modelling (CIRAD)

e DAIT results for IAT
e Some ideas for future of IAT research
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Eco-physiological models for QTLXE
Integrating statistical and physiological approaches

Ky Mathews, Scott Chapman (CSIRO, Australia)

Fred van Eeuwijk, Marcos Malosetti, Martin Boer, Marco Bink (WUR)
Matthew Reynolds, Jose Crossa, Jean-Marcel Ribaut (CIMMYT)
Mateo Vargas (Univ. Chapingo, MX)
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Develop a statistical methodology for modelling QTL
effects in mult-environment, multi-trait datasets.
Subsequently incorporate environment covariates to
explain QTL by environment interaction

Approach

built on factorial regression

flexible for incorporation of multi-QTLs, and multi-
environment

Implemented in standard statistical packages
being applied in maize and wheat
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Further work & other approaches !l,!,g!
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Further work
 Incorporate environmental covariates
e Extend to multi-trait

Malosetti M et al (2004) Euphytica 137:139-145
Other approaches

Verybla, Cullis and Thompson (2007) accepted by
TAG (under revision)

The full linkage map is included in a working model and outlier
techniques are used to select putative QTL
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Optimizing marker-assisted breeding systems for
drought tolerance in cereals through linkage of
physiological and genetic models

Scott Chapman, David Bonnett, Greg Rebetzke (CSIRO Plant Industry)
Jiankang Wang, Jonathan Crouch (CIMMYT)

Graeme Hammer, Mark Dieters (University of Queensland)

Francois Tardieu, Claude Welcker (INRA)

CGIAR plant breeders
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Exploring Landscapes with QU-Gene !'!.L!
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Models populations of
genotypes undergoing
recombination, crossing
and selection

* Project Aims

— develop software tools
to capture and use
molecular map data in R
simulation

* ‘map’ editor
* phenotype ‘plug-ins’
 Example simulations

— parent building

— MAS to increase
coleoptile length without
affecting height

e Contact for licence:

mark.dieters@ug.edu.au
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New interface to capture and select gene ‘::'

and marker information Liito
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Interface with Triticarte 4A chromosome ‘|::
for Cranbrook/Halberd Lare
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Interface with Triticarte 4A chromosome
for Cranbrook/Halberd
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chromosome
after selecting
QTL and only

flanking
markers



ke Maize Leaf QTL
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» Allows testing of module with inputs of weather and QTL
coefficients

« Currently testing various selection and QTL scenarios for
drought related traits



MAS for long coleoptiles ()
Results of 1000 simulations CoiRo
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» Coleoptile length — 2 major (height) QTL + 5 minor QTL
« Aim to retain large number of lines at end of selection

« Compared MAS, PS and combinations of MAS and PS at different
stages of selection (F2, DH etc)

* Found best strategies to maximise number of desired DH lines

B. Selection conducted with 400 DH lines derived from F2 individuals fixed at Rht8
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Wang et al. (2007) Application of Population Genetic Theory and Simulation Models to

Efficiently Pyramid Multiple Genes via Marker-assisted Selection. Crop Science (in
press)
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QUG file editor
— allows separate incorporation of genes (QTL); markers; and ‘noise’

— could be connected to databases of molecular marker locations,
and QTL locations and effect sizes

— allows simulation of value of markers in terms of potential genetic
gain rather than % variance explained

— (Cooper et al 2005, AJAR)
* Phenotype plug-ins
— allows phenotype to be provided by external module for infinite
expansion

— e.g. can have genes that control coleoptile length or leaf growth
directly, or control these processes via a combination of genes with
environment...
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02/2007 results
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PCA of DArT data (NAs set to 0.5) !l!.!m
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IAT — what next? ‘“'
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have established strong relationships between
Australian locations and CIMMYT testing locations

Window-on-Wheat can help identify potentially useful
germplasm from relevant nurseries (ESWYT,
HRWYT, SAWYT) and relevant locations

Can we identify potentially useful genomic regions
In a similar manner?

Analysis of CIMMYT nurseries using a ‘filter’ of
genetic correlations between Oz and world



LD mapping needs

- historical phenotype data; many markers; lots? of lines
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Methods for linkage disequilibrium

mapping in crops

lan Mackay and Wayne Powell

NIAE, Huntingdon Road, Cambridge, CE3 OLE, UK

Linkage disequilibrium (LD} mapping in plants detects
and locates quantitative trait loci (QATL) by the strength
of the correlation between a trait and a marker. It offers
greater precision in QTL lecation than family-based link-
age analysis and should therefore lead to more efficient
marker-assisted selection, facilitate gene discovery and
help te meet the challenge of connecling seguence
diversity with heritable phenotypic differences. Unlike
family-based linkage analysis, LD mapping does not
regquire family of pedigree information and can be
applied to a range of experimental and non-experimental
populations. However, care must be taken during
analysis to control for the increased rate of false positive
rasults arising from population structure and variety
interrelationships. In this review, we discuss how suit-
able the recently developed alternative methods of LD
mapping are for crops.

Copyright © 2004 by the Genetics Society of America
Di00: 1001584 genecics. 1 (4 026831

Linkage Disequﬂibrium Mapping of Yield and Yield Stahi]it}f in
Modern Spring Earle;: Cultivars

Arnold T. W. Kraakman, Rients E. Niks, Petra M. M. M. Van den Berg, Piet Stam
and Fred A, Van Eeuwijk'

Wageningen University and Resaarch Center, Laboratory of Plart Breeding, 6700 A] Wageningen, The Netherlands

Manuscripi received January 29, 2004
Accepted for publication May 18, 2004

ABSTRACT

Associations beween markers and complex quantitative traits were invesiigated in a collecion of 146
modern two-row spring barley cultivars, representing the ourrent comimercial germ plasm in Europe.
Uzing 256 AFLP markers, associations berween markers were found for markers as far apart as 10 oM.
Subsequently, for the 146 colivars the complex traits mean yield. adaptability (FinlawWilkinson slope),
and stability {deviations from regression) were estimated from the analysis of variety trial data. Regression
of those trais on individual marker data disclosed marker-rait associations for mean vield and yield
stability. Support for identified assodations was obtained from associadon profiles, fa, from plots of
Pyalues against chromosome positons. In addidon. many of the associated markers were located in regions
where earlier QTL were found for vield and yield components. To study the oligogenic genetic base of
the traits in more demil, multiple linear regression of the traits on markers was carried out, using stepwise
selection. By this procedure, 1820 markers that accounted for 40-58% of the variadon were selected.
Our results indicate that association mapping approaches can be a viable alternarive to classical QTL
approaches based on crosses between inbred lines, especially for complex raits with cosly measurements.
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