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FIGURE 1 | Predicted patterns of evolutionary history of gene
expression and sequence evolution for the five scenarios outlined
in the text. The left hand column shows the expected relative
variation in expression within morphs and hypothetical changes in
morph biased gene expression over time. White bars for morph 1
and gray bars for morph 2. The second column shows how average

evolutionary rates are predicted to change over time (p, purifying; n,
neutral; d, directional), and the third column shows how the patterns
would be seen in a phylogeny in a group where some species show
biased expression (B) for the gene in question, whereas others do
not (U). Solid line, neutral rate; hatched line, purifying selection; dotted
line, directional selection.

morph-biased, may suggest that few genes in fact are under
relaxed selection. However, if we assume that there is a general
correlation between expression level and strength of selection (Pál
et al., 2001; Lemos et al., 2005a; Meisel, 2011), or that genes
with a low expression level may be below a threshold value for
being functional, the logic holds for genes with non-zero expres-
sion. Consistent with these predictions, genes expressed in rarer
morphs of pea aphids appear to evolve faster due to relaxed

purifying selection than genes biased toward the more com-
mon morphs (Purandare et al., 2014). Furthermore, the findings
that both queen biased and worker biased genes evolve faster
than unbiased genes (Hunt et al., 2010, 2011) suggests that fast
evolution is not only due to reproductive genes (expressed in
queens) evolving fast, which is broadly consistent with the gen-
eral theory of relaxed selection. Nevertheless, widespread positive
selection on worker biased genes in honeybees (Harpur et al.,
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