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Objectives & Outputs

Data quality protocols
Genotypic data

Phenotypic data

Methodology for studying diversity / correcting for false positives
Identifying population structure

Estimating genetic relations

Methodology for designing LD studies
Measures for LD and representations of LD decay

Protocol for choosing numbers of markers & marker spacing 

Assessment of power to detect associations

Methodology for analysis of LD studies
Mixed models with facilities for QTLxE and within trial variation

Documents, software, course material, website



Assessing null situation

One day workshop, Thursday 19 June 2008, with 

presentations of invited speakers/groups

Subsequent discussion session, morning Friday 20 June 

2008, to define the current situation and to identify 

research topics in relation to LD design and analysis 

protocols for GCP crops



Participating groups null-meeting (Presentations & Discussion)

University of Hohenheim
Hans Peter Piepho, Hans Peter Maurer

Leiden University Medical Center
Jeanine Houwing-Duistermaat, Hae Won Uh

NIAB/ Imperial College
David Balding, Ian Mackay 

SCRI / BIOSS
Christine Hackett, Katrin Mackenzie

WU-Animal Breeding and Genomics Center
John Bastiaansen, Henk Bovenhuis

WUR-Biometris
Fred van Eeuwijk, Marcos Malosetti, Hans Jansen

+ 75 participants



Data quality: Problems

Outliers & Suspicious values
Genotypes 
�Single and multiple phenotypic traits

�Allelic information for single and multiple loci

Marker loci

Environments & Traits

Pedigree and genetic relationships
Genotypes & Markers

Missing data
Imputation &Tests for patterns



Data quality: Solutions

Outliers and suspicious values
Visual inspection
� Scatter plots / scatter plot matrices / biplots (PCA, PCoA, MDS)

� Spreadsheets (conditionally formatted) & Graphical genotypes

� Histograms & Box plots

� Dendrograms

Statistical tests

Summary statistics
Means, SDs/Variances, Quantiles



Data quality: Solutions

Bar charts for genetic information
� Numbers of alleles per locus

� Missing values per genotype / marker

� Band and allele frequencies

� Heterozygosity/ gene diversity

� Hardy Weinberg

Pedigree

Graphical relationship representation - transmission

Compare marker based & pedigree relationships

Check Mendelian inheritance within families



Data quality check procedures 

Implemented in Genstat 12 QTL library 

(C.f. R/qtl) 



Studying and quantifying genetic relationships

Strategies for grouping genotypes and identifying sub-
populations 

STRUCTURE

Cluster analyses (UPGMA, NJ, Ward)

PCA = EIGENSTRAT (& PCoA, MDS, CA)

Breeding history/ origin

Methods for assessing genetic relatedness between genotypes

Pedigree

Marker based

� Malecot, Jacquard, Bernardo, Loiselle et al., Lynch and Ritland, Queller and 

Goodnight, Li et al., Wang

Pedigree & marker based

Phenotypic



LD measures

Measures for LD

r2, D, D’, Chi-square, …

Measures for LD should reflect tests for marker-trait association 

Model for marker-trait association

trait = marker + residual genotype 

variation residual genotype is structured by genetic relationship matrix

Model for marker-marker association

response_marker = predictor_marker + residual genotype

variation residual genotype is structured by genetic relationship matrix

for binary response_marker use mixed model logistic regression



LD decay for –log10( p) from mixed model logistic regression



Design of LD studies

Assess power to detect marker-trait 

associations using

Mixed model for marker-trait associations
�with structuring of residual genetic effects by genetic relationship 

matrix  

Observed LD decay patterns across genome

Chosen heritability/ effect size of QTL

Estimate for error (structure) 



Mixed model for marker-trait associations I

trait =
[marker(s) + 

marker(s).environment interaction] +
[residual genotype +

residual genotype.environment interaction] +
error

genotype & genotype.environment interaction are 
structured by selected genetic relationship matrix

protection against false positives by imposition of 
genetic relations on G and GxE effecten



Mixed model for marker-trait associations II

trait =
[principal components or clusters +

interactions of PCs or clusters with environments] +

[marker(s) + 

marker(s).environment interaction] +

[residual genotype +

residual genotype.environment interaction] +

error

protection against false positives by including PCs or 
cluster terms in random part mixed model



Website: entry



Website: course material (ppt)



Final remarks G4007.09, D&A LD

9/ 2009
methodology and Genstat scripts available for
� data quality checks 
� identification of substructure & estimation of genetic relationships
� assessment LD decay
� marker-trait association analysis

elementary website & course material (ppt)

12 / 2009 (Termination present project)
implementation of mixed model marker-trait association analysis under 
Windows in Genstat 12 as part of Genstat-Biometris QTL library 

written documentation

update website 

2010
Genstat module for design of association studies

development of R procedures  that parallel Genstat procedures

Workshop on Thursday



People and papers

Fred van Eeuwijk

Marcos Malosetti
Mixed models for LD 

Hans Jansen
Data quality

Dindo Tabanoa
LD in barley

Caroline Castro
LD in potato

Thomas Odong
Clustering

Joost van Heerwaarden
PCA

Paul Eilers
Haplotyping



First documentation


