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ABSTRACT

The rates and patterns of molecular evolution in many eukaryotic organisms have been shown to
be influenced by the compartmentalization of their genomes into fractions of distinct base composition
and mutational properties. We have examined the Drosophila genome to explore relationships
between the nucleotide content of large chromosomal segments and the base composition and rate of
evolution of genes within those segments. Direct determination of the G + C contents of yeast artificial
chromosome clones containing inserts of Drosophila melanogaster DNA ranging from 140-340 kb
revealed significant heterogeneity in base composition. The G + C content of the large segments
studied ranged from 36.9% G + C for a clone containing the hunchback locus in polytene region 85,
t0 50.9% G + C for a clone that includes the rosy region in polytene region 87. Unlike other organisms,
however, there was no significant correlation between the base composition of large chromesomal
regions and the base composition at fourfold degenerate nucleotide sites of genes encompassed within
those regions. Despite the situation seen in mammals, there was also no significant association between
base composition and rate of nucleotide substitution. These results suggest that nucleotide sequence
evolution in Drosophila differs from that of many vertebrates and does not reflect distinct mutational
biases, as a function of base composition, in different genomic regions. Significant negative correlations
between codon-usage bias and rates of synonymous site divergence, however, provide strong support
for an argument that selection among alternative codons may be a major contributor to variability in

evolutionary rates within Drosophila genomes.

UCH of the information concerning the orga-
nization and evolution of the Drosophila ge-

nome has come from two sources: the banding pat-
terns of polytene chromosomes (ASHBURNER 1989)
and the examination of genetic polymorphisms, par-
ticularly those revealed by nucleotide sequencing and
protein electrophoresis (LEWONTIN 1985, 1991). Both
types of analysis have revealed a mosaic structure of
Drosophila chromosomes. The euchromatic portion
of the Drosophila genome comprises approximately
5000 polytene chromosome bands (SORsA 1988), and
the presence of these alternately dark- and light-stain-
ing regions indicates that segments of the chromo-
some are sufficiently heterogeneous to produce the
observed patterns of banding. In addition to cytolog-
ical features, rates of nucleotide sequence evolution
display variation over the chromosome, and adjacent
regions may exhibit different patterns of change
(MARTIN and MEYEROWITZ 1988). Furthermore, com-
parisons of homologous sequences from several spe-
cies of Drosophila show that substitution rates at syn-
onymous sites—those changes that do not alter the
amino acid composition of the protein and are typi-
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cally thought to reflect neutral mutations—vary con-
siderably among nuclear genes (RILEY 1989; SHARP
and L1 1989).

In mammals, the observed heterogeneity in chro-
mosome structure and evolutionary rates among
genes has been attributed to large-scale differences in
nucleotide content over the genome (BERNARDI 1989;
WOLFE, SHARP and L1 1989). Several lines of evidence
suggest that mammalian genomes are compartment-
alized into extensive regions of relatively homogene-
ous base composition, called “isochores” (BERNARDI ¢¢
al. 1985). Structure at the level of base composition
within the genomes of birds and mammals was origi-
nally detected by the heterogeneous distribution of
DNA fragments in buoyant density gradients (SCHILD-
KRAUT and Mar1o 1969; BERNARDI et al. 1985). The
metaphase banding patterns of mammals may reflect
this physical organization of chromosomes (CUNY et
al. 1981; IKEMURA and AoTA 1988; BERNARDI 1989)
in that giemsa-stained (G) bands of chromosomes cor-
respond to AT-rich, late-replicating DNA whereas the
reverse (R) bands are GC-rich, early replicating and
contain a majority of active genes (GOLDMAN ef al.
1984; BicKMORE and SUMNER 1989). Statistical anal-






