Part I. Variation in evolutionary rates

across the genome

Spontaneous point mutations arise from errors in DNA replication (that are left
uncorrected) and occasionally on exposure to mutagenic chemicals and radiation (Maki
2002). Were these the only factors that dictate the rate of point mutation, one might
expect the mutation rate to be uniform across the genome.

To test whether this is true, one assays the rate of nucleotide substitution at
sites that are presumed to evolve neutrally. There are advantages and disadvantages to
using any class of site (Ellegren, Smith & Webster 2003). In mammals, it has long been
assumed that synonymous sites are neutral (Sharp et al. 1995; Duret 2002) and are
thus good candidates for representing the mutation rate (Kumar & Subramanian
2002).

Kumar and Subramanian (2002) argued that reports (Wolfe, Sharp & Li 1989;
Matassi, Sharp & Gautier 1999; Lercher, Williams & Hurst 2001) that the underlying
mutation rate differs among genomic regions (Filipski 1988; Ellegren, Smith & Webster
2003) were unreliable, for several reasons. Most notably, they suggested that regional
variation along autosomes (and its corollary, local similarity) is an artefact of the
analysis of gene pairs where there is “disparity” in the substitution patterns
experienced by each orthologue. Such patterns can result from a gene moving to a new
chromosomal region, whereby there may be “amelioration” of its nucleotide content to
that of its new genomic location. Consequently, the authors suggested that all genes
experience the same underlying mutation rate, that synonymous sites evolve neutrally
and that all between-gene variation in evolutionary rate is attributable to estimation
error owing to differences in length of sequence.

In Chapter 2, I first ask whether local similarity in rates of evolution is owing to
the inclusion of disparate gene pairs. Using both four-fold sites and introns, I find that
this is not the case. Even allowing for disparity, neighbouring genes have more similar
synonymous rates of evolution than expected by chance. Introns from the same gene
also show correlated evolution, including in the rate of insertions/deletions (indels),
which should not be susceptible to disparity. That introns from the same gene evolve at
similar rates is consistent with investigations of regional variation derived from other
forms of non-coding DNA (Chen & Li 2001; Ebersberger et al. 2002; Smith, Webster &
Ellegren 2002; Waterston et al. 2002; Hardison et al. 2003; Malcom, Wyckoff & Lahn
2003). The discrepancy with the results of Kumar and Subramanian (2002) appear to
be due to their use of a method that is not powerful enough to detect the weak effects of

local similarity.
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Following the rejection of the notion that local similarity is an artefact, I then go
on to investigate the cause of the effect. It does not appear to be due to the observed
clustering of genes expressed in the germline, but at least for the rate of synonymous
evolution, may be due to the mutagenic effects of meiotic recombination (Perry &
Ashworth 1999; Lercher & Hurst 2002; Filatov & Gerrard 2003; Hellmann et al. 2003).

Note that autosomes and sex chromosomes spend different amounts of time in
the male and female germlines (Shimmin, Chang & Li 1993) and hence are affected by
different mutational forces (e.g. McVean & Hurst 1997; Ebersberger et al. 2002).

Consequently, Chapter 2 is only concerned with analysing autosomes.
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