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I. INTRODUCTION

Epistasis is the interaction of alleles at different loci. The value of an allele
or genotype at one locus depends on the genotype at other epistatically
interacting loci, complicating the picture of gene action. A seemingly
“favorable” allele at one locus may be an “unfavorable” allele in a dif-
ferent genetic background. There are well-defined cases of interactions
occurring at the molecular level between gene products, but the rela-
tionship between molecular interactions and complex phenotypes is
often not clear. Classical quantitative genetics methods relate observable
phenotypic measures to the aggregate statistical effects of alleles and
allelic combinations in specific populations. Genetic components of vari-
ance are population-dependent, often poorly estimated, and do not nec-
essarily reflect the relative importance of different modes of gene action.
DNA markers have simplified the direct estimation of gene action effects,
and recent QTL and population genetics studies have revealed that epista-
tic gene action is more important for plant yield and fitness than was pre-
viously evident. Implications of strong epistasis for plant breeding
include: (1) epistatic variance can shift to additive variance under drift
or inbreeding; (2) epistatic variance contributes to “temporary” response
to selection in outcrossing populations that can be captured as a form of
heterosis using appropriate breeding procedures but may be otherwise
squandered; and (3) fitness or yield is not a simple function of allele fre-
quencies, resulting in rugged adaptive landscapes filled with local fitness
optima on which breeding populations can become stranded. If epista-
sis is important, then genomics tools can be used to identify the nature
and components of interacting genic systems and marker-assisted selec-
tion schemes can be designed to exploit epistasis.

The literature on theory of and empirical evidence for epistasis in
crops is reviewed here. Explicit formulations for additive, dominance,
and epistatic genetic effects and variances; inbreeding depression; het-
erosis; and response to selection are presented to unify the discussion





