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ABSTRACT 
Analyses  of evolution and maintenance of quantitative genetic variation depend  on  the mutation 

models assumed. Currently two  polygenic mutation models  have been used  in theoretical analyses. 
One is the random walk mutation model and  the  other is the house-of-cards mutation model. Although 
in the  short  term  the two  models  give  similar results for  the evolution of neutral genetic variation 
within and between populations, the predictions of the changes of the variation are qualitatively 
different in the long term. In this paper a more general mutation model, called the regression 
mutation model, is proposed to bridge the gap of the two  models. The model regards  the regression 
coefficient, 7, of the effect of an allele after mutation on the effect of the allele before mutation as a 
parameter. When y = 1 or 0, the model  becomes the random walk model or the house-of-cards 
model, respectively. The additive genetic variances within and between populations are formulated 
for this mutation model, and some  insights are gained by looking at  the changes of the genetic 
variances  as 7 changes. The effects of 7 on  the statistical test of  selection for quantitative characters 
during macroevolution are also  discussed. The results suggest that  the random walk mutation model 
should not be interpreted as a null  hypothesis  of neutrality for testing against alternative hypotheses 
of  selection during macroevolution because it can potentially allocate too much variation for  the - 
change of population means under neutrality. 

T HERE has  been  considerable  interest in recent 
years in developing  neutral  theories  of  pheno- 

typic evolution  as a null  hypothesis  for  testing  for 
significance of  other  evolutionary  forces  such  as selec- 
tion, or as a basis for  estimating  genetic  parameters 
such  as  the  rate  of  new  genetic  variance  entering a 
population via mutation.  Developing a neutral  theory 
is essential for us to  understand  the  mechanisms  and 
processes of  evolution.  But  it is important  to  realize 
that  the  construction  of  the  null  hypothesis  of  neu- 
trality  depends  on  the  mutation  model  assumed. 

T h e  most  general  mutation  model  for  arbitrary k 
alleles is that  the  mutation  rate  from allele A, to  allele 
A, is simply denoted by uy. With  different specifica- 
tions  for uy, the  model  can be used  to  analyze  different 
situations.  This  general  model is however usually not 
manageable.  Instead,  for  many  genetic  analyses, sim- 
plified mutation  models are used,  among  them  two 
extreme polygenic  mutation  models  have  been  used 
extensively  in  recent  theoretical analyses. One  is the 
random walk mutation  model  which was first  used by 
CLAYTON and ROBERTSON (1955)  as  an  approxima- 
tion,  later  explicitly  proposed by CROW and KIMURA 
(1964)  and KIMURA (1965),  and  subsequently pop- 
ularized by LANDE (1975).  This  model  assumes  that 
each  mutation yields a new allele (an  infinite  allele 
model)  and  that  mutation  transforms  an allele of  effect 
x into  an allele of  effect x ’  with 

x ’ = x + [  (1) 
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where [ is a random variable  defined by the  density 
functionf([)  with  mean zero and  variance a:. In this 
case the  rate  of  mutation  from  an allele  with  effect xi 
to   an allele  with  effect x, is specified by u g  = uf([)d[ 
where [ = xj - xi ,  f ( [ ) d [  specifies the  probability  of 
finding [ in  the  range ([,[ + d [ )  and u is the  mutation 
rate.  Because  mutation  does  not  change  the  mean  of 
allelic effects  and  the  increase  of  the  genetic  variance 
is expected  to be constant,  the  model is also  called the 
constant  variance  model.  This  model  has  the  appeal 
of  relating  various  evolutionary  quantities  to  the pa- 
rameter V,, the  rate  of  input  of new  genetic  variance 
by polygenic  mutation,  which is estimable  from  diver- 
gence  and selection  experiments  under  certain as- 
sumptions (LYNCH 1988). T h e  model  has  some  prob- 
lems  however.  Since the  model  does  not  produce a 
bound  on  the  genetic  variance in an  infinite  popula- 
tion in the  absence  of  selection, it is subject  to  the 
restrictions  that  the  genetic  variance in  a population 
is not  near  saturation (LANDE 1975)  and  that  the 
population  mean is not very far away from  the initial 
value,  because in  reality there  must  be a limit to  the 
range  of allelic effects  and  hence  the  genetic  variance 
at  a locus. T h e  observations  that  the  between-popu- 
lation  genetic  variance (CHAKRABORTY and NEI 1982; 
LYNCH and HILL 1986),  and  that  the  cumulative se- 
lection  response  from  mutation (HILL 1982) asymp- 
totically  increase  linearly with time  without  bound by 
using  this  mutation  model,  reflect  these  problems. 




