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            Abstract
The success of genome-wide association studies (GWASs) has led to increasing interest in making predictions of complex trait phenotypes, including disease, from genotype data. Rigorous assessment of the value of predictors is crucial before implementation. Here we discuss some of the limitations and pitfalls of prediction analysis and show how naive implementations can lead to severe bias and misinterpretation of results.
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                    Figure 1: Flowchart of SNP-based prediction analysis.[image: ]


Figure 2: The overlap pitfall: non-independence of discovery and validation samples.[image: ]
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Glossary
	Ancestry principal components
	
                  Principal components derived from the genome relationship matrix that account for the genetic substructure of the data. In caseâ€“control studies, these principal components can reflect genotyping artefacts, such as plate, batch and genotyping centre, that could be confounded with caseâ€“control status.

                
	Conventionally unrelated
	
                  Individuals that are not closely related: for example, more distantly related than third cousins.

                
	Cross-validated
	
                  Cross-validation involves testing the validity of a prediction in the absence of an independent external validation sample. This is done by dividing the sample into k independent subsets (balanced with respect to caseâ€“control status in disease data). Each of the k subsets is used in turn as a validation sample for a predictor derived from the remaining kâ€“ 1 subsets.

                
	Cryptic relatedness
	
                  When a sample is thought to comprise unrelated individuals on the basis of recorded pedigree relationships but in fact includes close relatives: for example, second cousin or closer.

                
	Effective population size
	
                  The number of individuals in an idealized population with random mating and no selection that would lead to the same rate of inbreeding as observed in the real population.

                
	Estimated breeding values
	
                  Estimates of the additive genetic value for a particular trait that an individual will pass on to descendants.

                
	Heritability
	
                  The proportion of phenotypic variance attributable to additive genetic variation.

                
	Independent sample
	
                  In the context of risk prediction, this is a sample from the same population but excluding individuals that are closely related. It is necessary for the individuals in different samples from the same population to share common ancestors, and indeed this distant sharing underpins the efficacy of a risk predictor.

                
	Independent SNPs
	
                  Uncorrelated single-nucleotide polymorphisms (SNPs) in linkage equilibrium.

                
	Linkage disequilibrium
	
                  (LD). The nonrandom association of alleles at different loci.

                
	Polygenic prediction analysis
	
                  Any analysis method that predicts genetic risk or breeding values on the basis of the combined contribution of many loci.

                
	Profile scoring
	
                  A polygenic prediction method for prediction of genetic value or risk for each individual (a 'profile') in a validation sample generated from the sum of the alleles they carry weighted by the association effect size estimated in a discovery sample.
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