
LETTER TO THE EDITOR-A REPLY 

STATISTICAL STUDIES OF PROTEIN POLYMORPHISM 

PHILLIPS and MAYO critize four aspects of our studies of protein polymorphism 
(FUERST, CHAKRABORTY and NEI 1977; CHAKRABORTY, FUERST and NEI 1978, 
1980; NEI, FUERST and CHAKRABORTY 1978). As mentioned below, we believe 
that most of the criticisms are based on a misunderstanding of our papers. 

hadequate testing of hypotheses: PHILLIPS and MAYO criticize that, in Figure 
6 of FUERST, CHAKRABORTY and NEI (1977), a curve was fitted over the range 
(0,l.O) when there were no data over half this range. Actually, we neither 
fitted a curve to the data nor extrapolated it. We simply presented the theoretical 
curve for the mutation-drift hypothesis, together with the data, and compared 
observed values with the theoretical values. Nothing can be done in the range 
of H ( h  in their notation) where data do not exist. They also state that even the 
binomial variance [ H (  1 - H ) ]  fit the data in the range of H studied. This is 
not true, as stated in our paper (p. 461). When H is small, this variance is 
approximately H ;  whereas, the variance, V (  h )  , for neutral alleles is approxi- 
mately H/3.  The data agree with the latter line much better than with the 
former. “Similar difficulties” they felt with Figures 7, 8 and 9 of our 1977 paper 
and Figures 1 (probably Figure 3 since Figure 1 does not include any data) 
and 5 of (CHAKRABORTY, FUERST and NEI (1978) are apparently based on a 
similar misunderstanding. 

They further criticize our study of the correlation between the number of 
rare alleles and heterozygosity in Figure 5 of CHAKRABORTY, FUERST and NEI 
(1980). This study was motivated by EANES and KOEHN’S (1977) claim that 
this correlation is greater than the expected correlation under the mutation-drift 
hypothesis and that intracistronic recombination is probably responsible for the 
difference. In  our paper, we showed that the correlation has a large stochastic 
variance unless a large number of loci are examined, and that when data from 
many Drosophila species are combined. the average observed correlation (0.38) 
is very close to the expected correlation (0.40) for the so-called infinite-allele 
model. We were aware that the power of this method as a test of the mutation- 
drift hypothesis is low, but we could refute EANES and KOEHN’S claim. One of 
the purposes of our Figure 5 was to show that, in the presence of stochastic 
factors, the correlation based on 20 - 30 loci is not reliable. PHILLIPS and MAYO 
apparently misunderstand this important point. This point was emphasized by 
NEI, FUERST and CHAKRABORTY (1978). 

Empirical and problematic simulation studies: One of the purposes of CHAKRA- 
BORTY, FUERST and NEI (1980) was to establish the theoretical relationships 
among various observable parameters. Since many of these relationships were 



difficult to study analytically, we used extensive computer simulations. Based 
on the results of our simulations, PHILLIPS and MAYO now suggest that non- 
parametric tests are better than our parametric tests. They specifically suggest 
that the relationship between correlation and average heterozygosity be tested 
by rank correlation. We do not think that such a test is powerful, since the data 
available are quite limited. Furthermore, when parametric tests are practicable, 
they are generally more powerful and informative than nonparametric tests. 

An unusual identity: Our method of obtaining the correlation identity 
pcz - pTg pv2 was to use the regression equation X = (Y 4- BY -I- E and equate the 
covariance ( uZz) between X and 2 to PuvZ, assuming that E is not correlated with 
Z. Here, X, Y and 2 denote heterozygosity, mutation rate and molecular weight, 
respectively. Since P = uzV/ui, where U: is the variance of Y ,  this immediately 
leads to our correlation identity. This identity, however, depends on a number 
of assumptions, such as the independence of E and 2, and in general it is not 
true. as PHILLIPS and MAYO indicate. We used this identity only for getting a 
rough idea of the expected relationship between X and 2. Our conclusion about 
the mutation-drift hypothesis remains unaffected, whether or not this identity 
is correct. 

Data selection: We did not omit 30/125 loci in our study of the dependence 
of variance of heterozygosity on average heterozygosity. As we mentioned in 
our paper, we did not show the results €or 30 loci in Figure 6, because they 
showed very small values of the mean (<0.02) and variance of heterozygosity, 
and we could not draw all the points in the already crowded figure. However, 
we described the properties of these loci in the text. Our conclusion was derived 
by taking into account all the results. PHILLIPS and MAYO also distort our con- 
clusion about AYALA’S data. Our conclusion was: “more data must be collected 
to study this problem before any definite conclusion is drawn.” Our procedure 
of choosing three populations at random for a species was a standard one and 
was to use random numbers. 

In their final paragraph, PHILLIPS and MAYO list five requirements that they 
think are important for a valid analysis. Three of them (1 ,2  and 4) are taken 
care of in our papers, and due caution is given to the others. Furthermore, under 
the mutation-drift hypothesis, the rate of amino acid substitution is equal to the 
mutation rate, so that, for testing the null hypothesis of neutral mutations, we 
can use the substitution rate as an estimate of mutation rate. We have used this 
strategy extensively in our statistical studies. 

FUERST, CHAKRABORTY and NEI (1977) stated: “Agreement between data and 
theory is not itself proof of the mutation-drift hypothesis, since the same data 
might also be explained by some combination of various selective genes. . . . 
However, testing many different predictions of the mutation-drift hypothesis 
will increase the probability of rejecting the hypothesis, if it is truly incorrect.” 
We have then examined many neutral predictions, but have not been able to 
reject the hypothesis, except in some special sets of data. Jt is interesting to note 
that a large portion of our data come from the papers of which the original 
authors felt on intuitive grounds that their data were incompatible with the 
mutation-drift hypothesis. Our objective statistical analyses did not support their 
feelings. Our inability of rejecting the null hypothesis is partly due to the fact 

- 



that the power of many statistical tests is low in the presence of a large effect 
of stochastic factors. However, this also implies that the mechanism of main- 
tenance of protein polymorphism is close to that of neutral mutations, whether 
there is selection or not. 

Recently extensive theoretical studies have been made on the infinite-allele 
model with selection (e.g., WATTERSON 1977; LI 1978; MARUYAMA and NEI 
198 1 ) . Comparison of observed data with predictions from these theories indi- 
cates that available data are more compatible with the mutation-drift hypothesis 
than with the alternative hypotheses of selection, particularly when the long- 
term changes of genes are taken into account (NEI 1980). It seems that stochastic 
factors play a more important role than deterministic factors in the maintenance 
of protein polymorphism. 
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