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Supplementary Text: dxy/pi as a measure of population differentiation.

We use dxy/pi as a second measure of population differentiation between hybridizing populations
in addition to Fst. To explain this further, in hybrid zones with frequent hybrids between adjacent
populations, nucleotide diversity (pi) can decrease for at least two reasons: First, selection can
reduce pi as less fit haplotypes are purified from the population. Second, where a locus does not
pass freely through a hybrid zone, effective population size will decrease relative to sites with
uninhibited gene flow due to splitting of the two populations. The loss of effective population size
due to population segregation will result in a decline in nucleotide diversity. With gene flow at a
locus and assuming that most nucleotide polymorphisms are neutral variants, we expect that dxy
would track similarly to pi--as pi declines, there are fewer pairwise differences, but these
polymorphisms are shared freely between populations (see Fig. S5A) and dx/pi should be
approximately 1. Put another way, pairwise divergence between populations should equal
pairwise differences within each population when loci admix, independent of the local nucleotide
diversity. Where a selected locus is also a barrier to gene flow, both selection and population
separation will reduce pi. In this scenario, however, dxy could be initially reduced as nucleotide
diversity declines while simultaneously increased over time by the lack of gene flow between
populations. Thus, we would expect that the relative loss of nucleotide diversity would be greater
than any potential reduction in dxy, and dx/pi would be greater than 1. More intuitively, the
available nucleotide diversity at a locus (pi), should flow freely between populations without a
barrier to gene flow and differ between loci that do not admix. This effect can be clearly seen at
the dome/wash color patterning locus. Placed on a ratio scale for clarity, elevated dxy/pi around
dome/wash is seen as the increased loss of nucleotide diversity relative to the reduction in
population divergence (Fig. S5B).
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Figure S1. Optix peaks and Hi-C interactions. (A) Plot showing the number of ChIP
peaks used for whole genome analysis of selection and the count of genome-wide
significant Optix peak to TSS interactions. (B) Histogram showing the number of
significant TSS interactions with Optix ChIP peaks. (C) Virtual 4C plot showing Hi-C reads
(in 3kb bins) at the adaptive hub shown in Figure 2. Significant TSS interactions drawn
below.
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Figure S2. Chromosomes associated with red color pattern evolution and detailed
gene function annotations. (A) CLR plot for every chromosome with bars below
indicating the species (red for H. melpomene, orange for H. erato) and chromosomes
found to significantly associate with red color patterns in three studies of quantitative
variation within a population or between hybridizing populations. (B) Plots showing the
number of genes categorized as pigment associated, signaling, and other for loci with
strong signals of selection and adaptive hub genes.
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Figure S3. Population differentiation and divergence. Boxplots for (A) Fst and (B)
dxy/pi including values for all ATAC peaks in H. erato wings at 3 days post-pupation.
Boxplots for all windows and values at ATAC peaks are not significantly different.
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Figure S4. Correlation between CLR and both Fst and dxy/pi. Scatterplots showing
regression fit line and r-squared (spearman) for CLR against (A) Fst and (B) dxy/pi. A
single outlier locus (dome/wash) was removed from both plots. Neither Fst nor dxy/pi is
strongly correlated with CLR values, suggesting that observations of differentiation and
divergence between populations are not solely the product of selection.
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Figure S5. Relationship between dxy and pi along a Heliconius hybrid zone. (A) dxy
between Postman and Radiate morphs correlates very strongly with pi in the Radiate
metapopulation. (B) dxy/pi. dxy, and pi at the dome/wash locus.
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