


REVI EWS •reprod~ive success (for example, the reduced survival 
The variance of traitvalues that of babies with high or low birth weights'), it is usually 
can be ascribed 10 seneli<: hard to know whether the fitness differences are actual
ditf.,.nc.. between individuals. 

GEN£l1CVARlANCE 

ly caused by the observed traits. A plausible alternative 
is that deleterious alleles have pleiotropic effects on 

SfAllIUZING SELECTION 
Intermediate phenotype. haw quantitative traits, so that unfit individuals tend to have 
greater fitness than extreme extreme phenotypes. Moreover, a recent survey" shows 
phenotypes. that aithough there is evidence for DIRECTIONALSELEC'l10N 

I~~ection relaxed I 
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Figure 11 ExamplH of long-term seleotlon response. a Iyool '6 took a largeoutbred 
population of fruItlTl8S, and selected six replicate Ones tor increased numbers of abdominal 
bristles: the top 20% of the population (50 pairs) was selected every generation. All six Rnes 
responded; by generation 85, the average number of bristles had Increased by 16 phenctypic 
standElI'd deviations. Sharp jumps were attributed to selection of recessive lethals; these added 
up to 11 bristles...nen heterozygous. IV. the end, when selection was relaxed (black triangles). 
mean bristle score fell rapidly In those ioes that carry lethals". However, not all of the response 
was due to lethals: one Une (US) carried none, but responded. Moreover. genetic variance aid 
not decrease appreciably over the exper1ment. even after dlscountlng the contribution from 
high·1Tequency lethalsl!'. b IWeberl• selected on abiity to fly upwind In a wind tunnel. The 
apparatus allowed very large numbers to be selected with high intensity: the 4.5% strongest 
fliers were selected. and EFfECTIVE POPULATION SIZE was kept at 500-1.000. Mean flying speed 
incfeased 1Torn 2 em s-' to 170 em s-' over 100 generations. at about the same rate In two 
replicates. There was no detectable bss of fitness. and when selection was relaxed (black 
triangles). the mean did not decline significantly. The smooth curve is fltted to the mean of the 
two repUcate fines. 
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in nature, there is, overall, no more evidence for stabi
lizing selection than for DISRUPTIVE SELECTION. 

Nevertheless, the slow rates of change seen in the fossil 
record, together with pervasive genetic variation, 
require that traits with even a slight effect on fitness 
must, in the long run, be under stabilizing selection 
towards a constant optimum. 

The issue at stake, then, is the nature of the evolu
tionary forces that maintain genetic variation. This issue 
is important in itself, but also has practical relevance. 
For example, the feasibility of using markers to assist 
artificial selection, or to assess the risk of disease, 
depends on the nature of the underlying genetic vari
ants. The purpose ofthis article is, therefore, to consider 
the genetics of quantitative traits from an evolutionary 
perspective. In the next section, we review some ofthe 
evidence from artificial selection experiments that 
shows how much genetic variation is present, and then 
go on to consider the nature of that variation. We also 
consider how these differences are generated and, final
ly, turn to the more difficult issue of how selection 
shapes the genetic architecture of quantitative traits. 

SUstained ....pon... to artificial selection 
High heritabilities allow rapid responses to artificial 
selection and, with few exceptions, such responses are 
seen' (FIG. I). Moreover, change can be sustained for 100 
or more generations. which leads to remarkable changes 
in phenotype. The most obvious explanation is that 
trait variation is based on very many genes ofvery small 
effect, an assumption known as the INFINITESIMALMODIiLIO• 

So, selection causes no appreciable change in the fre
quency ofany particular allele, and does not erode heri •
table variation, which allows the response to selection to 
continue. However, Qn oflarge effect are frequently 
identified in mapping experiments, and this makes 
steady and sustained selection responses puzzling: alle
les oflarge eirect should be fixed rapidly, after which no 
further response would be seen. Two mctors might help 
to explain this apparent paradox. First. Qn-mapping 
experiments underestimate the numbers of Qnand 
overestimate their effects (BOX I). Second, mutation gen
erates alleles of large effect, which can be picked up 
quickly enough by selection to sustain a continuing 
selection response I , - a possibility that we examine in 
more detail below. 

In explaining sustained responses to artificial selec
tion, of the type seen in FIG. t, the key genetic questions 
are whether the response is due to alleles oflarge or of 
small effect, and whether these alleles were present at the 
start or arose by mutation during the course of selection. 
Any alleles of large effect in the base population will 
quicldy be either fixed or lost, and their contribution dis
sipated. They will contribute longest if they are initially 
rare and are recessive, but even if they increase from just 
one copy, such alleles will be fixed in relativelyfewgener
ations. Specifically, a response to strong selection based 
on additive alleles that increase the trait by around half a 
phenotypic standard deviation can last no longer than 
-20 generations; more generally, the time span is 
inversely proportional to the size of the effect (FIG. 2.). 
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