Figure 1: Classification of non-synonymous SNVs in different classes and their compositions. The schematic in SI Fig1A shows different classes in which each SNV utilized in this analysis were categorized. A given non-synonymous SNV in this study can be benign or diseased depending on their presence in different databases. Figure 1B indicates contribution of non-synonymous SNVs across data resources before mapping onto high resolution PDB structure. Similarly, Fig 1C shows percentage contribution of structurally mapable non-synonymous SNVs across different data resources.

Figure 2: An illustrative example of for case in which the change in frustration (∆F) is negative. The ∆F value is negative if the introduction of an SNV introduces a destabilizing effect. Shown here is the result of changing residue ID 31 in plastocyanin (pdb ID 3CVD) from the wild-type residue (Trp) to a mutated residue (Tyr). Shown at left is the protein in its wild-type form (in green), in which the tryptophan residue at position 31 is substantially more energetically favorable relative to the mean stability (<E>, designated by dashed line) conferred by all 20 amino acids at that position. This disparity is designated by <E> - Enat = Fnat > 0. In contrast, the introduction of the SNV at position 31 (which converts Trp to Tyr) results in an energy that is higher than the mean energy of all possible 20 amino acids at that position. This disparity is designated by <E> - Emut = Fmut < 0. The negative value associated with the disparity between the Fmut and Fnat values (Fmut - Fnat = ∆F <0) is indicates that the introduction of this SNV is locally unfavorable.

Figure 3: Effect of “benign” and disease-associated SNVs on the localized frustration of minimally frustrated residues in the native state. Violin plots showing frustration changes induced by 1000 genome, EXAC and HGMD variants affecting a) core (red) and surface (pink), b) core (light green) and surface (dark green) and c) core (dark blue) and surface (sky) residues in the native state, respectively.  Comparison of the frustration change distributions for core and surface residues of the 1000 genome and EXAC dataset indicate that favorable interactions of surface residues are highly disrupted compare core residues with significant p-value=2e-16 from two-sample Wilcoxon and KS tests. Furthermore, frustration changes in HGMD core residues were highly negative and statistically significant (p-value = for both two-sample Wilcoxon and KS tests) compared to 1KG and EXAC core variants.


Figure 4: Impact of common and rare variants on the localized frustration profile of minimally frustrated core and surface residues. Violin plot shows frustration change distributions induced by common and rare variants present in the 1KG and EXAC datasets, which affect minimally frustrated core and surface residues. Rare variants in both dataset leads to larger negative frustration change compared to common variants (Figure 4A1 & 4A2). Similarly, scatter plots for surface and core residues influenced by the 1KG and EXAC indicate larger frustration changes for SNVs with lower minor allele frequency (MAF).

Figure 5: Comparison of frustration changes introduced by “benign” and disease-associated variants on evolutionary conserved and variable residues. Violin plots depicting frustration changes introduced by the a) 1000 genome, b) EXAC and c) HGMD variants, respectively. a) Conserved core (red), variable core (brown), conserved surface (pink) and variable surface (salmon) residues, b) conserved core (light green), variable core (dark green), conserved surface and variable surface residues & c) conserved core (light blue), variable core (dark blue), conserved surface (sky blue) and variable surface (cyan) residues. Frustration change distributions induced by HGMD SNVs indicate larger disruption of the conserved core residues compared to variable residues, with p-values of 0.00031 and 8.146e-05 from two-sample Wilcoxon and KS tests, respectively (5C).

Figure 6: Changes in localized frustration of somatic SNVs influencing driver and passenger genes. Violin plots showing frustration changes introduced by somatic SNVs affecting non-cancer associated genes encoding a) Core (red) and surface (pink) residues, cancer-associated genes impacting b) core (light green) and surface (dark green) and driver genes influencing c) core (dark blue) and surface (sky) residues in the native state. Somatic SNVs in CAGs and non-CAGs disrupt favorable interactions of the surface residues to a larger extent compared to core residues with p-value of = 2.2e-16 and 2.2e-16 from two-sample Wilcoxon and KS tests, respectively. Somatic SNVs affecting core residues encoded by driver genes lead to a larger negative changes in the frustration index compared to CAG and non-CAG encoded core residues, with p-value of 2.2e-16 and 2.2e-16 from two-sample Wilcoxon and KS tests, respectively

Figure 7: Impact of non-synonymous SNVs on drier and passenger genes. Schematic figures portrays distinct mode of cancer progression for tumor suppressor genes and Oncogenes. SNVs in tumor suppressor genes disrupt the hydrophobic core of a protein and drive cancer progression through LOF mechanism (Figure 7A1). In contrast, SNVs in oncogenes facilitate non-specific binding through surface residues and drive cancer through GOF events (7B1). Violin plots in Figure 7A2 & 7B2 displays frustration change distribution for SNVs influencing tumor suppressor and oncogenes, respectively. Mutations in TSGs lead to larger disruption in favorable interactions for minimally frustrated core compared to surface residues with p-values of 8.15e-2 and 4.7e-3 from two-sample Wilcoxon and KS tests, respectively. However, SNVs affecting oncogenes induce larger frustration change for the surface residues compared to core residues, with p-value of 2.2e-16 and 1.91e-13 from two-sample Wilcoxon and KS tests, respectively.
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