
Frustra'on	Analysis	



Objective of the work 

Investigate the impact of non-synonymous single nucleotide 
polymorphism on the localized frustration profile of protein 
structures and its interactions.

Comparison of the localized frustration profile of SNPs 
mapping to protein structure from the 1000 Genome, 
EXAC,HGMD and Pancancer data.
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Nonsynonymous SNPs  

Benign SNPs  

Disease SNPs 

1KG phase3  

ExAC  

HGMD 

Pan Cancer 

Passenger 

Driver 

Non-CAG 

CAG 

Oncogenes 

TSG 

SNV datasets for frustration analysis  
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HOMOLOGY	
MODELLING	

Native Residue frustration Index 
(NRFI) 

Mutated Residue frustration Index 
(MRFI) 

 Δ Residue frustration = MRFI - NRFI 

Na've	structure	

Mutated	structure	

At the level of a single residue, a frustration index can be assigned to each residue via such a set
of mutations as

Fi =
ET ,N
i − kET ,U

i ′
l

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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i ′ l)2
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Here ET,N is the total energy of the protein in the native configuration, taken as
ET ,N =

∑N
k=i (Ei;k

contact + Ei;k
water) + Ei

burial, according to the tertiary interaction terms of the
associative memory Hamiltonean with water mediated interactions (AMW) energy function
(Papoian et al. 2003a). This energy considers all the interactions that residue i makes with residues
k, either in a direct contact, Ei;k

contact or in a water-mediated interaction, Ei;k
water and via a single-

body burial energy term, Ei
burial. The average energy of the decoys kET,U

i ′ l is computed by
mutating residue i to every other possible residue. As the 20 genetically coded amino acids are
not all equally probable, the decoy energy is calculated with weights according to the amino
acid composition of the chain. These mutations are evaluated from the sequence-specific contact
and burial terms from the AMW force field with parameters λi , ri,k ,ρi that correspond to the
amino acid identity, interaction distance, and density, respectively (Papoian et al. 2003a).
Similar recipes could be used for other coarse-grained energy functions.
In the case of pairs of residues, we ask: how favorable is the actual native pair relative to other

possible interactions? To compute the frustration index for interacting pairs of amino acids i,j
simultaneous mutations on residues i and j are made. We have proposed two related but comp-
lementary ways for localizing frustration at the pairwise contact level. These ways differ in how
the set of decoys is constructed. In one choice, the decoy set is made by randomizing only the
identities of the interacting amino acids i,j, keeping all other interaction parameters at their native
value. This scheme effectively evaluates every possible mutation of the amino acid pair that forms
a particular contact in a robustly fixed structure. We call the resulting index the ‘mutational frus-
tration’:
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i ′,j ′ l!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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The decoy energy distribution is calculated by randomly selecting amino acid identities from
the protein composition and fixing the density ρi and the pairwise distances ri , j to the native
conformation. It is worth noting that the energy change upon pair mutation not only comes
directly from the particular contact probed but also changes through interactions of each resi-
due with other residues not in the pair, as those contributions may also vary upon mutation.
One advantage of the mutational frustration index is that, in principle, this local measure of frus-
tration also could be experimentally determined in the laboratory by combinatorial protein
engineering.
A second way of quantifying pairwise local frustration imagines that the residues are not only

changed in identity, but also can be displaced in location: how favorable is the native interaction
between two residues in the native structure relative to other interactions these residues could
form in globally different distinct compact structures? The energy variance thus reflects contribu-
tions from the energies of molten globule conformations of the same polypeptide chain. For
this index, specially suitable for examining alternative tertiary structures, the decoy set involves
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Fi >= 0.78 (minimal frustrated) 
Fi <= -1.0 (maximal frustrated) 



1KG	min	frustrated	 EXAC	min	frustrated	 HGMD	min	frustrated	
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Common	Core	

Common	Surface	

Rare	Core	

Rare	Surface	

1KG	max	frustrated	 ExAC	max	frustrated	

1KG	min	frustrated	 ExAC	min	frustrated	
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1KG	min	frustrated	 ExAC	min		frustrated	 HGMD	min	frustrated	
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GERP score based analysis 



nonCAG	max	frustrated	 CAG	max	frustrated	 driver	max	frustrated	

nonCAG	min	frustrated	 CAG	min	frustrated	 driver	min	frustrated	
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Oncogene	min	frustrated	 TSG	min	frustrated		
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