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Summary. In conjunction with a theoretical calculation, a distribution of 
heterozygosity (more precisely, 2x(l - x), where x is the allele frequency) 
was examined with special reference to the neutrality hypothesis of protein 
polymorphisms. Data of some 400 polymorphic proteins collectively are 
consistent with the theoretical expectation based on the neutrality hypothesis, 
although other possibilities are not ruled out. 
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Kimura & Ohta (1971) have argued that protein polymorphisms are mainly a 

consequence of mutation and random drift of selectively neutral alleles. Their 

hypothesis has received considerable attention. Some have provided favorable 

evidence, while others have criticized it. Yet the issue is by no means 

settled. This Letter examines one aspect of the neutrality hypothesis relevant 

to its validity. In conjunction with a theoretical calculation, we examine 

all available data collectively. The sources of the data are listed at the 

end of the Letter. 

The distribution of neutral alleles for this model with finite, randomly- 

mating populations is known (Kimura & Crow, 1964), and from it we can calculate 

the distribution of the amount of heterozygosity. If we let N be the population 

size and u be the mutation rate, the number of alleles whose frequency is in 
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-I x)4Nu-1 
the interval x ± 6x/2 is proportional to x (I - , (see also Crow & 

Kimura, 1970, p.455; Ewens, 1969, p.69; Wright, 1969, p.398). Therefore, if 

we multiply this formula by 2x(l - x), we get the amount of heterozygosity. 

Namely, 

4Nu 
(I) 2(I - x) 

which is proportional to the sum of the heterozygotes whose gene frequency 

is in the interval x + ~x/2. It is worth noting that in this model of in- 

finite alleles we need not to distinguish mutants from wild types. Therefore 

it is not necessary to fold the scale at x = 0.5 as was done in the earlier 

papers. 

From the literature, we have collected 1053 alleles (over 400 loci), involv- 

ing many genera and species. Each of the IO53 alleles represents the gene 

frequency of a subspecies as a whole. All alleles were classified according 

to their frequency into twenty equally spaced classes: 0 - 0.05, 0.05 - O.l, 

..., 0.95 - I. Then the heterozygosity was calculated from the allele 

frequency, and the values were summed. For example, if Xl, x2, ... are 

alleles whose frequencies are between O and 0.05, the total heterozygosity of 

that class is ~ xi(l - xi). Each sum represents the value of the heterozy- 
i 

gosity of that class. The absolute values are irrelevant here, we are 

interested in the relative amount and their comparison with the theoretical 

expectation given in formula (I). 

To determine the theoretical expectation, we need to know the value of 4Nu 

in formula (I). Kimura & Crow (1964) have shown that if f is the probability 

that two randomly chosen genes are identical by descent, I/f = I + 4Nu. The 

value of f is rather invariant over a wide range of organisms, but it varies 

among different loci. The estimated valuesof 4Nu for some loci are close to 

zero, while those for other loci are as high as 0.5, which is about the 

highest we found. Therefore, we present in Fig. 1 the curves given by (I) 

for two extreme values of the parameter, 4Nu = 0.5 and O together with 

observations. The data appear to be consistent with the theoretical ex- 

pectation. Expectations based on other assumptions have different patterns. 

For example, that based on the assumption that the majority of polymorphisms 

are maintained by some sort of balancing selection with equilibrium frequency 

uniformly distributed has a high peak at the neighborhood of x = I/n, where 

n is the number of alleles maintained in the population. Therefore, this 

result supports the neutrality hypothesis that the genetic drift plays the 

main role in the maintenance of protein polymorphisms in natural populations. 
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Fig. l. The curves indicate the 
theoretical expectations based on 
neutral hypothesis. The dots in- 
dicate the observed results. The 
amount of heterozygosity is 
normalized so that the total area 
under each curve and the dots is 
one 

Our theory assumes that every mutant is detectable, whereas in the actual 

data mutants that do not change the electrophoretic pattern are 

indistinguishable. The qualitative effect is that our method overestimates 

the mutant frequency; the true data points would be higher at the left end 

of the figure and lower at the right. This makes an explanation based on 

balancing selection still less likely. A second difficulty with the present 

publication is that the theory is no longer invariant with respect to 

population structure, and it is necessary to assume panmixia. The data have 

been recalculated using only Drosophila, where the allele frequencies are 

approximately the same in different populations, and this is found not to 

change the pattern. 

We have previously done a similar analysis by taking the geographical 

structure of a population into account and by assuming that 4Nu is small 

(Yamazaki & Maruyama, 1972, 1974). In the present study, we ignored the 

population structure, but the value of 4Nu is allowed to vary. The results 

of both analyses are consistent with the neutrality hypothesis. Although the 

data points appear to be more consistent with neutral polymorphism than with 

transient polymorphism caused by favorable mutants on their way to fixation 

or polymorphism due to selective balance the argument is weakened by the 

necessity to assume equilibrium under random mating. Furthermore, it is 

always possible to explain the data points by a mixture of different kinds 

of selection. 

Acknowledgements. Thanks to Professor J.F. Crow and referees for valuable 
comments and suggestions. 
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