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Adaptation and selective constraint
throughout the Drosophila melanogaster life-cycle
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Motivation and Aim: Numerous studies have tried to test whether embryonic development
for morphological, gene expression and genomic metrics follows the von Baer [1] or
the hourglass [2] hypotheses of embryonic developmental evolution. Here we integrate
population genomics data with the developmental transcriptome to measure both
adaptation and selective constraint over the embryonic development and life cycle of the
species Drosophila melanogaster.

Methods: We gather gene expression data for each temporal stage from the modENCODE
database. We use three different methods combining genome polymorphism data in
D. melanogaster and divergence data between D. melanogaster and D. yakuba. In
addition, for each developmental stage, we estimate gene features such as codon usage
bias, intron length, expression bias, number of exons and number of transcripts.
Results: (1) Genes expressed in the pupa and adult male stages exhibit the highest levels
of adaptive substitutions. (ii) Genes expressed in mid and late embryonic development
stages show the highest sequence conservation and the most complex structure: they
are larger, with more exons, more transcripts and longer introns. This gene structure
complexity may account for the observed conservation. (iii) Earliest stages of embryonic
development are the most divergent, but in contrast with the adaptive explanation of pupa
and adult stages, this increased divergence seems to be due to the diminished efficiency
of natural selection on maternal genes and the simpler gene structure in these stages.
Conclusion: Considered over the whole life-cycle, D. melanogaster seems to fit the
hour-glass model of embryonic development evolution.
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