Supplementary results for constraints on gene loss-of-function in zebrafish

Relative to the results for essential genes, we expected similar results for genes inducing phenotypes reported as “abnormal” when non functional. These would be in the large majority of cases counter-selected in nature. As enough data were available for this category of genes, we investigated an eventual methodological bias by plotting separately the main categories of mutants described for zebrafish: transgenic insertion, point mutation, sequence variant, and morpholino knock-down. The median expression profiles are shown in Figure S4, with again non-annotated genes for reference. For abnormal phenotypes reported after a transgenic insertion, genes are globally more expressed than the other categories. This is consistent with observations that this type of mutations is biased towards transcriptionally active genes [1]. For all types of mutants, the pattern is similar to that of essential genes (Figure S5): the largest difference to reference genes is early in development, followed by a progressive decrease of the difference; the minimum is reached for the larval stage. No specific trend is seen around the phylotypic stage.

Supplementary results for constraints on gene duplication
The trends of Figures 5, 6, S1 and S2, are also apparent using the clusters based on gene expression in zebrafish (Figure 3), with genes whose expression is highest in early development less often kept in duplicate than genes with highest expression in late development, for both the fish specific genome duplication (4.7 % vs. 8.9%) and 2R (4.4 % vs. 5.5%).

Duplicate genes can arise from other sources than whole genome duplications. But we do not observe any significant trends for single gene duplicates in the zebrafish and mouse lineages (not shown). In this case, bias in retention may be masked by other mechanisms, such as bias in generation or fixation of duplicates [2,3].
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