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Evolutionary analysis of the relationship between sperm length and male-female

mutation bias
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Under the assumption that errors in DNA replication are the major source of mutations that
contribute to molecular evolution, male serves as a major generator of mutations, because the
number of cell division in spermatogenesis generally exceeds greatly that in oogenesis. This
provides the theoretical basis for the male-driven evolution theory. There are some difficulties in
the direct comparison of the numbers of cell division or mutation rates during gametogenesis in
males and females, but in 1987, Miyata et al. proposed a simple model which allows an
estimation of male-to-female mutation bias (am) from mutation ratio between autosomes and sex
chromosomes.

Great variation in sperm length is identified among Drosophila species, some of which have
giant sperms longer than their body lengths. I examined the association between sperm length
and om, which was estimated from the ratio of synonymous substitution rates in genes on
autosome, X chromosome, and Y chromosome. The estimated values of am in short and long
sperm species were all close to 1.0: almost no male-to-female mutation bias was observed in the
genus Drosophila. This result suggests that the number of sperms prepared in Drosophila

species with giant sperm is comparable with that in other Drosophila species.
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Table 1. Synonymous substitution rates and male-to-female mutation ratio om in Drosophila species with
relatively short sperms.

Synonymous substitution rate
Sperm length,

Species (=S.D.) [No. of Genes] Olm
mm
Autosome X chromosome
D. 0.0323
0.36 0.0329 (+0.0228)
pseudoobscura (+0.0215) 0.89
[2837]
D. persimilis 0.32 [5269]
D.
1.91 0.132 (+£0.046) 0.136 (+0.057)
melanogaster 0.83
[8729] [1287]

D. simulans 1.14
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Fig.1 Distribution of synonymous substitution rates between D. melanogaster and D. simulans in genes
on autosomes, X chromosome, and Y chromosome. Bars show the number of genes on autosomes (dark
gray bars) and X chromosome (light gray bars) within each bin. Synonymous substitution rates in seven
genes on Y chromosome are indicated at the top of the graph by closed circles. The values shown are
means + SD.
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