Phenotypic and marker based analysis of multi-environment data

Identifying the genetic basis of GXE and responses to stress

Fred van Eeuwijk', Marcos Malosetti' & Ky Mathews®
! Wageningen University, Netherlands, > CSIRO, Australia

Breeding programmes use multi-environment trials (METS) to assess the responses of
genotypes in their dependence on the environment. The design of the individual trials within a
MET is often complicated by the large sets of genotypes that have to be evaluated under
heterogeneous conditions. Special types of designs have been developed that take into account
the restrictions imposed by such trials, which can be combined with powerful statistical
methodologies to improve the analysis of the data.

For the analysis of METs and the description of genotype by environment interaction (GXE)
various approaches exist. Well-known exploratory models for GXE are the Finlay-Wilkinson
model and AMMI models. Alternatively, factorial regression models allow the incorporation of
explicit genotypic and environmental covariables to describe GXE and therefore are able to
reflect better the underlying physiological processes creating GXE. The estimates for the
genotypic slopes in the factorial regression models have an interpretation as adaptability
parameters. For modelling genetic variances and correlations, mixed model methodology is
recommended. Genotypic stability and reliability parameters can be derived from the fit of
appropriate mixed models.

Factorial regression within a mixed model context provides a suitable framework for the
mapping of quantitative trait loci (QTLs), including extensions to QTL by environment
interaction (QTLXE). This modelling framework is equally applicable to the analysis of
segregating populations (traditional QTL analysis) and unstructured populations (linkage
disequilibrium (LD) analysis).

The objective of the course is to introduce the participants to the analysis of single trials,
the modelling of GXE for MET data, modelling of main effect QTLs and QTLXE, multi-trait
QTL modelling, and LD mapping. To achieve this objective, lectures will be combined with
computer demonstrations and exercises. We will use the statistical package Genstat for the
analyses. Genstat has extensive mixed model facilities and its so-called Discovery version is
free for non-profit organisations in the developing world (http://www.vsni.co.uk/
products/discovery/ ).

Schedule:
Day 1: Analysis of breeding trials (phenotypic);

Analysis of single and multiple environment trials
Models for GXE analysis in METs

Day 2: QTL mapping using mixed models

Single environment QTL mapping

Multiple environment QTL mapping, including the modelling of QTLXE
Multi-trait QTL mapping

LD mapping


http://www.vsni.co.uk/%20products/discovery/
http://www.vsni.co.uk/%20products/discovery/
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