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ABSTRACT

The neutral theory of molecular evolution predicts that regions of the genome that evolve at high
rates, as revealed by interspecific DNA sequence comparisons, will also exhibit high levels of
polymorphism within species. We present here a conservative statistical test of this prediction based
on a constant-rate neutral model. The test requires data from an interspecific comparison of at least
two regions of the genome and data on levels of intraspecific polymorphism in the same regions from
at least one species. The model is rejected for data from the region encompassing the Adh locus and
the 5’ flanking sequence of Drosophila melanogaster and Drosophila sechellia. The data depart from
the model in a direction that is consistent with the presence of balanced polymorphism in the coding

region.

NE of the appealing features of the neutral the-
ory of evolution is that it makes predictions not
only about properties of gene frequencies but also
about rates of molecular evolution. Indeed, as KIMURA
(1983) has stated, “Eventually, it will be found, if the
neutral theory is valid, that molecules or parts of one
molecule which are more important in function, and
which therefore evolve more slowly, will show a lower
level of heterozygosity.” This is because, under the
neutral model, the rate of fixation of mutations and
the level of standing variation within populations are
both increasing functions of the neutral mutation rate.
In fact, under the neutral theory, polymorphism is
regarded as a transient phase of molecular evolution.
Despite this feature of the theory, most attempts to
evaluate the neutral theory have focused on testing
only one aspect of the theory, either its predictions
about levels of polymorphism, primarily from allo-
zyme data, or its prediction about the mean and
variance of molecular divergences (e.g., WATTERSON
1978; NEI, FUERST and CHAKRABORTY 1976; LANG-
LEY and FrrcH 1974; KIMURA 1983; GILLESPIE 1986).
Exceptions are the studies of SKIBINSKI and WARD
(1982) and WARD and SKIBINSKI (1985). A lack of
interest in the development of tests based on the
combined predictions of the neutral theory has un-
doubtedly resulted from the difficulty inherent in
calibrating allozyme mobility differences with num-
bers of amino acid substitutions.
The advent of DNA sequence data now makes
possible a quantitative comparison of levels of nucleo-
tide polymorphism within populations and similar lev-
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els of sequence divergence between populations (spe-
cies). Thus it is now important to consider statistical
tests of the neutral theory that are based on both
kinds of data. For example, one might ask, given
different levels of nucleotide divergence between spe-
cies in two or more regions of DNA, whether the
levels of within-species polymorphism in the corre-
sponding regions differ in the appropriate way, as
predicted by the neutral theory.

In this paper, we present a conservative statistical
test of a neutral model based on its predictions about
the relationship between levels of nucleotide polymor-
phism within species and patterns of sequence diver-
gence between species. The test requires data from
an interspecific comparison of at least two regions of
the genome and data on levels of intraspecific poly-
morphism (as measured by the number of nucleotide
sites segregating in a sample) in the same regions from
at least one of the species. The statistic used to carry
out the test is a goodness-of-fit statistic that is de-
scribed in the next section. Also described in the next
section is the specific neutral model upon which the
test is based. The test is then applied to data from the
region encompassing the Adh locus and the 5’ flanking
sequence of the locus of Drosophila melanogaster and
Drosophila sechellia.

THE MODEL AND THE TEST STATISTIC

Consider data collected from two species, referred
to as species A and species B and from L (=2) regions
of the genome, referred to as locus 1 through locus
L. Assume that a random sample of n, gametes from
species A have been sequenced at all L loci and ng
gametes from species B have been sequenced at the
same loci. Let $¢ denote the number of nucleotide






