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The genetics of longevity: simple or complex?
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Box 1: QTL mapping
In model organisms such as Drosophila and mice, all one requires are two inbred strains in which different alleles at loci
affecting variation in the trait of interest are fixed, and a polymorphic molecular marker linkage map. Then one creates a
mapping population of back-cross, F2, recombinant inbred (RI) or other segregating generations derived from the
parental strains, and determines the phenotype (e.g., longevity) and multilocus genotype of each of the individuals in the
mapping population. At its simplest, QTL mapping involves going through the genome, one marker at a time, dividing
the individuals into marker genotype classes, and doing a statistical test to determine whether there is a significant dif-
ference in mean life span between the marker genotype classes. If there is such a difference, then the QTL is linked to
the marker. 
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Box 2
Linkage disequilibrium (LD) is technically a measure of the correlation in gene frequency between two polymorphic loci.
Imagine that a new mutation affecting longevity occurs at some time in the dim and distant past. Initially, this mutant
allele is associated (in LD with) all alleles present in the genome of the individual in which the mutation occurred. Over
time, however, recombination between the original mutant and other polymorphic alleles restores ‘linkage equilibrium’:
the observed two-locus genotype frequency is equal to the product of the genotype frequencies expected from each of
the two loci separately, assuming random mating and no selection at either locus. Whether the gene frequencies at two
loci are in LD thus depends on how recently the mutation occurred, the recombination distance between the loci, and
the population size. In large randomly mating populations, only very closely linked loci will be in LD. Therefore, if one
observes a difference in mean phenotype (length of life) between marker locus genotypes, one could infer that (in an
ideal population satisfying all of the population genetic assumptions) the marker locus is closely linked to the polymor-
phism causing the life span effect. In other words, observing LD between a marker locus and a trait phenotype is exactly
equivalent to QTL mapping, but on a much finer scale. LD mapping provides a means for fine-mapping QTLs, as well as
evaluating the effects of candidate genes on quantitative traits, including longevity. 
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