
LETTER TO THE EDITOR 

PROTEIN POLYMORPHISM AND THE SAS-CFF MODEL 

FUERST, CHAKRABORTY and NEI (1977) and CHAKRABORTY, FUERST and NEI 
(1978) have shown that the observed pattern of protein polymorphism within 
and between species can be explained reasonably well by the neutral mutation 
hypothesis, though this alone does not constitute the proof of the neutral muta- 
tion hypothesis. In a recent issue of GENETICS, GILLESPIE (1979) claimed that 
the observed pattern can also be explained by fluctuating selection in different 
generations or in heterogeneous environments. In my view, however, his claim 
is not warranted. 

GILLESPIE’S study is based on his SAS-CFF model of selection in a random 
environment. This model depends on the assumption that the population size is 
infinitely large, no mutation occurs, and the fitness for an allele at a locus fluc- 
tuates from generation to generation or from locality to locality, the mean and 
variance of the fitness being the same for all alleles. Under this assumption 
GILLESPIE (1977) derived a formula for the multidimensional distribution of 
allele frequencies, which takes a form identical with WRIGHT’S (1969) formula 
for neutral alleles, though the parameters involved are not the same. Because 
of this similarity, he claimed that his model and the neutral alleles model result 
in the same population consequences. His 1979 paper is an application of this 
formula. In practice, however, the situation to which the WRIGHT formula applies 
is quite different from that of GILLESPIE and depends on the assumption that the 
population size ( N )  is finite and mutation occurs in every generation with a 
certain probability (U). If we consider the same biological situation, the two 
models give entirely different results. For example, if we let N + CQ, keeping U 
constant, WRIGHT’S formula does not lead to GILLESPIE’S. Similarly, i f  we con- 
sider a finite population, GILLESPIE’S formula has to be changed drastically. 
Therefore, the similarity of the two formulae does not mean that the population 
dynamics of genes with fluctuating selection is the same as that for neutral genes. 
GILLESPIE (1979) made a brief comment on the effects of mutation and genetic 
drift in his model, but he did no formal mathematical analysis for the case of 
multiple alleles. 

There is a fundamental difference between the SAS-CFF model and WRIGHT’S 
neutral alleles model. In the latter model, the alleles existing in a population 
change from time to time because of mutation and genetic drift, and the number 
of existing alleles in the population shows a large variation over time. On the 
other hand, in the SAS-CFF model the number of existing alleles is fixed and 
there is no temporal change. In other words, there is no turnover of genes or gene 
substitution. I believe that this type of model is quite unrealistic in view of the 
current knowledge of molecular change of genes. He has shown that the genetic 
distance increases with time in his model; however, this increase occurs not 
because gene substitution proceeds as in my theory of genetic distance, but 
because the gene frequencies in different populations fluctuate independently. 



Actually, the allele frequency distribution (spectrum) for fluctuating selec- 
tion with the effects of mutation and random genetic drift have been studied by 
NEI and YOKOYAMA (1 976), using the so-called infinite-allele model. AS 
GILLESPIE indicated, NEI and YOKOYAMA certainly made an approximation about 
the variance of gene frequency change, but I do not think that this will lead to 
any serious error as long as realistic parameter values are considered, since the 
number of polymorphic alleles (electromorphs) at a locus in natural populations 
is generally small. Indeed, TAKAHATA and KIMURA’S (1979) more careful study 
has produced essentially (qualitatively) the same results as ours. (Compare 
their Figure 2 and our Figure 2.) These results indicate that the pattern of poly- 
morphism for genes with fluctuating selection is quite different from that for 
neutral alleles when realistic population sizes and mutation rates are considered, 
and thus do not support GILLESPIE’S conclusion. 

In mathematical modeling of this type of problem, it is important not to neg- 
lect any crucial biological factors. Once a realistic model is developed, subsequent 
mathematical approximations are generally of minor consequence. It should also 
be noted that there are many ways of modeling the genetic effect of fluctuating 
selection and slight differences in assumptions often lead to drastically different 
results (NEI and YOKOYAMA 1976). Indeed, if the mean and variance of fitness 
are not the same for all alleles in the SAS-CFF model, the allele frequency dis- 
tribution will no longer be as simple as that for  neutral alleles even if an infinite 
population size and no mutation are assumed. 

My final comment is concerned with his formula (12) for computing a, a 
measure of the strength of autocorrelation of fitness. When B = 1.1 and a = 0.06, 
this formula gives a = -0.0062, instead of a = 0.067 as he states. This formula, 
however, seems to be misprinted, and the correct form is apparently B =  
2(1 f a/a)/(2 - a) (GILLESPIE 1978). Yet, this supposedly correct formula does 
not give a = 0.067, but a = 0.0058. According to him, a = 0.0058 indicates a 
highly autocorrelated fitness, i.e., virtually nonff uctuating selection. Does this 
mean that all alleles are nearly neutral, since the mean fitness is the same for  
all alleles in his model? 
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