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Supplementary Figure 1. Structural identity for each mutant obtained from randomly mutating a nucleotide in one of the other three.
Supplementary Figure 2. Difference in free energy between the WT and the MT with structural identity = 100%.
Supplementary Figure 3. Structural identity distributions for the viral (A) and non-viral (B) IRES sequences.
Supplementary Figure 4. Enrichment of known ITAFs in IRES interactions. A. ITAF enrichment calculated at different thresholds of RBPs ranked by catRAPID score compared to 10 random interactomes. B. Distribution of catRAPID binding propensity score of the 2064 RBPs binding to VEGF and IGF2 IRESs.
Supplementary Figure 5. Frequency of mutations of one nucleotide into another as beneficial mutations selected with filters on structural and  free energy change.
Supplementary Figure 6. Presence of beneficial mutations in the 5’ (first 50 nt) and 3’ (last 50 nt) of IRES sequences.
Supplementary Figure 7.  GO enrichment of the 50 highest-ranked RBPs by change in binding propensity (MutA/MutD sequences vs WT).
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Supplementary Tables

Supplementary Table 1. Characteristics of the MutA and D sequences identified in our dataset. Average structural content and free energy for the MT and the WT are reported in the Table.
[bookmark: _9i46ejnz57yz]Supplementary Table 2. Number of species for 22 ITAFs with sequence conservation at 90-100% according to UniRef clustering.
[bookmark: _bgnhff1j03ku]Supplementary Table 3. Number of beneficial mutations increasing the binding with known ITAFs 2-fold (2x), 5-fold (5x), 10-fold (10x) compared to the WT. The % is related to the overall number of beneficial mutations.
