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THE CHROMOSOMAL MODE of sex deter-
mination is generally characterized
by an X chromosome that does not
cross over with the Y, and a Y
chromosome that is largely inert
and/or lacks homology with the X at
most loci. This leads to a trichctomy
in the mode of chromosomal in-
heritance in diploid sexual species:
autosomal versus X-linked versus Y-
linked. In autosomal inheritance, in-
dividuals carry a maternally and a
paternally derived allele at each pair
of homologous loci. Hence the num-
ber of allelic genes within a popula-
tion’s gene pool is twice the number
of individuals (2N). X-linked genes
are similarly paired in the homo-
gametic sex, but are represented by
a single maternally inherited allele in
the heterogametic sex (assumed to
be male for brevity). The number of
X-linked alleles within a_population
is therefore reduced to N, assum-

ing here and throughout that the sex
ratio is 1:1. Y-linked genes are pres-
ent in only single dose and transmit-
ted exclusively from father to son.
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The number of Y-linked alleles within
a population totals oniy 1/2 N. What
are the evolutionary consequences
of this trichotomy?

This question has received spor-
adic attention dating back to
the modern synthesis'-14. A recent
article by Charlesworth, Coyne and
Barton's is one of the most thorough
analyses to date of the conse-

quences of linkage to the sex
chromosomes. They model gene
substitution during progressive,

purifying and stochastic evolution at
an arbitrary locus {or group of loci}
that is placed on an autosomal, X or
Y chromosome. They show that the
rate of gene substitution may be
either increased or decreased as a
consequence of linkage to a sex
chromosome.

Why might genes on sex chromo-
somes evolve at different rates than
those on autocsomes? First, there is a
differential production of new muta-
tions at loci located on the three
chromosome types. This occurs be-
cause the ratio of gene pool sizes for
an arbitrary locus located on an auto-
somal, X and Y chromosome is
4:3:1. Since the number of new
mutations produced each generation
is equal to the per locus mutation

rate multiplied by the number of alle-
lic genes in the population, the rate
at which newly mutated alleles enter
the gene pool at an autosomal locus
is quadruple that of a Y-linked locus,
and 33% higher than that of an X-
linked locus. This asymmetry acts to
slow the rate of evolution of a locus
linked to a sex chromosome.

Second, X linkage enhances the
rate of expression of rare beneficial
genes that are incompletely domi-
nant. Consider a random-mating
population with a rare gene, of fre-
quency p, that increases fitness by
an increment As(0 < h < 1) when
heterozygous and s when homo-
zygous or hemizygous. If the gene is
autosomal, the average increment to
the fitness of its carrier is:

Aw = pls) + (1—p)lhs)

{note that p is also the proportion of
carriers that are homozygous, 1—p
the proportion that are hetero-
zygous). Because p is assumed to be
small, this average increment is
approximately hs. Thus a recessive,
or nearly recessive, beneficial gene
which is recurrently introduced by
mutation will experience little or no
selective advantage when linked to
an autosome.

With X linkage, Aw is approxi-
mated by

hs + s{1—-h)/2

{the second term represents the in-
creased expression of the beneficial
gene when hemizygous in the
heterogametic sex}, assuming sorme
mechanism of dosage compensa-
tion and equal gene frequencies in
the two sexes. Thus for any level of
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