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Figure S1. Investigating the conservation of amino acid substitutions in missense mutations. Mean 

BLOSUM62 (Henikoff & Henikoff, 1992) scores of quasi-wildtype (QW, yellow), edgetic (E, orange), and 

quasi-null (QN, bright red) mutations within datasets of (A) dbSNP non-pathogenic and (B) ClinVar 

Mendelian disease-causing missense mutations affecting proteins in the HI-union-SI (unhatched bars) and 

IntAct-SI (hatched bars). 
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Figure S2. Investigating the connection between the fold differences (between ClinVar and dbSNP 

quasi-null fractions) and the relative solvent accessibility (RSA) values of the mutations in the 

structural proteome. Plot displaying the quadratic/exponential correlation between fold differences and 

RSA cutoffs ranging from 1.0 (mutation is completely exposed) to 0.0 (mutation is completely buried), for 

two possible alternative definitions of quasi-null mutations: (A) missense mutations that induce folding 

instability (folding ΔΔG ≥ 2 kcal/mol) and satisfy a particular RSA threshold and (B) all missense mutations 

that meet a certain RSA cutoff, without considering folding ΔΔG values. 
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Figure S3. Comparing the structural and mutation edgotype predictions between MODELLER and 

AlphaFold3 models of 10 randomly selected dimers. 10 dimers (consisting of 20 unique monomers) 

present in both our HI-union-SI and IntAct-SI and comprising mutations across all 3 edgotypes (quasi-

wildtype, edgetic, and quasi-null) were randomly selected for AlphaFold3 (Abramson et al., 2024) dimer 

structure predictions. (A) Table illustrating the MODELLER and AlphaFold3 prediction metrics of the 10 

dimers modelled, the RMSDs (Å) between the 10 dimers (and their corresponding 20 monomers) modelled 

by MODELLER and their respective counterparts predicted by AlphaFold3, and the number of ClinVar and 

dbSNP mutations in each dimer. (B) Table comparing the differences in the predicted edgotypes of missense 
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mutations in MODELLER versus AlphaFold3-constructed structural PPI models. ‘E→NE’ represents a 

missense mutation that disrupted the corresponding interaction (binding ΔΔG > 0.8 kcal/mol) in the 

MODELLER model but not (binding ΔΔG ≤ 0.8 kcal/mol) in the AlphaFold3 model. ‘QN→QW’ represents 

a missense mutation that disrupted the stability of the corresponding monomer (folding ΔΔG ≥ 2 kcal/mol) 

in the MODELLER model but not (folding ΔΔG < 2 kcal/mol) in the AlphaFold3 model. ‘QW→QN’ 

represents a missense mutation that did not disrupt the stability of the corresponding monomer (folding 

ΔΔG < 2 kcal/mol) in the MODELLER model but did (folding ΔΔG ≥ 2 kcal/mol) in the AlphaFold3 model.  
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Table S1. Table depicting the number of exposed-NE mutations that affect folding stability due to 

aromatic-arginine stacking interactions. Both parallel and T-stacking aromatic-arginine interactions 

were considered. Exposed-NE mutations are defined as missense mutations that are exposed on the surface 

of the protein and do not affect the protein’s interactions (non-edgetic). The number of exposed-NE 

mutations with folding ΔΔG ≥ 2 kcal/mol that also have aromatic-arginine stacking interactions in the 

protein is shown in parentheses and represented by a *. 
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Figure S4. Investigating the distribution of quasi-null and nonsense mutations in the first 5% and 

last 5% of proteins in the HI-union-SI (blue) and IntAct-SI (green). (A) Table showing the numbers 

and percentages of dbSNP and ClinVar missense mutations in the first 5%, last 5%, and entire protein that 

result in quasi-null mutations. (B) Table displaying the numbers and percentages of dbSNP and ClinVar 

quasi-null and nonsense mutations distributed in the first 5% and last 5% of proteins. 
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Figure S5. Investigating the edgotypes of missense mutations and enrichment of nonsense mutations 

in transcription factor (TF) and non-transcription factor (non-TF) proteins in the HI-union-SI 

(hatched) and IntAct-SI (unhatched). TF proteins were obtained using the ‘DNA-binding transcription 

factor activity (GO:0003700)’ annotation on UniProtKB (The UniProt Consortium, 2023). Edgotypes of 

missense mutations include quasi-wildtype (QW, yellow), edgetic (E, orange), and quasi-null (QN, bright 

red) mutations. Nonsense mutations are shown in dark red. Piecharts displaying the (A) edgotypes of 

missense mutations and (B) enrichment of nonsense mutations in TFs, as well as (C) edgotypes of missense 

mutations and (D) enrichment of nonsense mutations in non-TFs.   
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Figure S6. Investigating the edgotypes of missense mutations and enrichment of nonsense mutations 

in housekeeping and non-housekeeping proteins in the HI-union-SI (hatched) and IntAct-SI 

(unhatched). Housekeeping proteins were obtained from the Human Protein Atlas (Uhlén et al., 2015). 

Edgotypes of missense mutations include quasi-wildtype (QW, yellow), edgetic (E, orange), and quasi-null 

(QN, bright red) mutations. Nonsense mutations are shown in dark red. Piecharts displaying the (A) 

edgotypes of missense mutations and (B) enrichment of nonsense mutations in housekeeping proteins, as 

well as (C) edgotypes of missense mutations and (D) enrichment of nonsense mutations in non-

housekeeping proteins.   
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Figure S7. Investigating the fold differences of quasi-null and nonsense mutations in proteins with 

different functional categories across the HI-union-SI and IntAct-SI. Fold differences (between 

ClinVar and dbSNP quasi-null or nonsense fractions shown in Figures S5 and S6) for node-removal 

mutations in (A) transcription factor and non-transcription proteins and (B) housekeeping and non-

housekeeping proteins. The ‘Overall’ column shows the estimated fold differences derived from the HI-

union-SI and IntAct-SI. 
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Figure S8. Assessing the relationship between the fold difference and folding instability of quasi-null 

mutations mapped onto transcription factor (TF) and non-transcription factor (non-TF) proteins in 

the structural proteome. (A) Table depicting the numbers of dbSNP and ClinVar nonsense and missense 

mutations in TF and non-TF proteins. Plots portraying the relationship between the fold differences and 

folding ΔΔG cutoffs (1 to 8 kcal/mol for TFs and 1 to 45 kcal/mol for non-TFs) for quasi-null mutations in 

TFs and non-TFs, using two different definitions of quasi-null mutations in which the level of burial of the 

mutations (RSA ≤ 0.25) is either considered (B, D) or not (C, E).  

  

                                       

  

                                                       

                                             

            

                        
        

                    
    

                        
        

                    
    

                                      

                                          

 



11 

 

 

Figure S9. Assessing the relationship between the fold difference and folding instability of quasi-null 

mutations mapped onto housekeeping and non-housekeeping proteins in the structural proteome. (A) 

Table depicting the numbers of dbSNP and ClinVar nonsense and missense mutations in housekeeping and 

non-housekeeping proteins. Plots portraying the relationship between the fold differences and folding ΔΔG 

cutoffs (1 to 28 kcal/mol) for quasi-null mutations in housekeeping and non-housekeeping proteins, using 

two different definitions of quasi-null mutations in which the level of burial of the mutations (RSA ≤ 0.25) 

is either considered (B, D) or not (C, E). 
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Figure S10. Distinguishing edgetic mutations based on the temporal nature or tissue-specific nature 

of the protein-protein interactions (PPIs) disrupted in the HI-union-SI (hatched) and IntAct-SI 

(unhatched). Two types of PPI categorizations were investigated: transient versus permanent, and tissue-

specific versus non-tissue-specific. PPI categorizations were obtained from a recent study (Ghadie & Xia, 

2022) using human gene expression data across different time courses (Barrett et al., 2013) and tissues 

(Illumina, Inc., 2011). Piecharts and table depicting the fractions of missense mutations that (A) disrupt 

only transient PPIs (E1), only permanent PPIs (E2), or PPIs that are not clearly defined as either transient 

or permanent (E3), as well as (B) disrupt only tissue-specific PPIs (E1), only non-tissue-specific PPIs (E2), 

or PPIs that are not clearly defined as either tissue-specific or non-tissue-specific (E3). 
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