
METHODOLOGY 
A three-dimensional protein structure is represented by dihedral angles. 
Angles are then mapped into letter codes, based on regions in the 
Ramachandran map observed to be populated by known native protein 
structures. In this way, a three-dimensional structure is represented as a 
linear string of 2n characters, each character denoting a bin/region in the 
Ramachandran map (2 angles per amino acid). The designation of regions 
in the Ramachandran map to allow this 1d mapping is shown below, as 
presented originally in work in [4]. 

 

 

 

 

 

 

 

 

Any distance function can be defined to operate on such 1d 
representations of protein structures. The function designed here sums in-
order costs between corresponding positions based on the basin 
substitution matrix shown below. 

 

 

 

 

 

 

 

 

 

The distributions of distances between protein tertiary structures 
computed through the Rosetta de-novo protocol [6] and the known native 
structure for various proteins are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two questions arise: (i) what is the relationship between this function and 
the well-known RMSD function [5]? (ii) how would this function perform in 
the context of clustering-based decoy selection?  

 

• A new Distance Function for Protein Structures for the Decoy 
Selection Problem in De-novo Structure Prediction 

ABSTRACT 
We now have algorithms spewing out hundreds of thousands of three-
dimensional structures computed for a given protein sequence in a few 
days on one CPU. These structures are known as decoys. The challenge is 
how to determine which of them is the native structure. This is a crucial 
part of the de novo structure prediction problem, where for a given protein 
sequence, we want to know what its native structure is as the first step to 
understanding anything about the function of that protein.  

 

In this project I explore the utility of a novel distance function for 
comparison of protein structures in the process of decoy selection. The 
function allows highly efficient comparisons of structures, as it does not 
rely on structure superimpositions but instead on comparison of 
discretized mappings of protein backbone angles. Here I report on several 
characteristics of this function as well as its utility for decoy selection. 

INTRODUCTION 
My project addresses the so-called decoy selection problem in protein 

structure prediction. We now have algorithms spewing out hundreds of 

thousands of three-dimensional structures computed for a given protein 

sequence in a few days on one CPU. These structures are known as decoys. 

The challenge is how to determine which of them is the native structure. 

This is a crucial part of the de novo structure prediction problem, where for 

a given protein sequence, we want to know what its native structure is as 

the first step to understanding anything about the function of that protein 

[1]. 

  

This problem is open. It turns out that comparing by potential energies 

produces false positives [2], as functions that measure energy are noisy; in 

other words, the native structure may not have the lowest energy. Current 

algorithms ignore energy and instead groups structures together by 

structural similarity. They cluster structures, and typically the cluster with 

the most  members is offered as containing the native structure [3].  

There are two open questions in decoy selection: 1) how does one 

measure structural similarity? The predominant way is to compare by least 

root-mean-squared-deviation (lrmsd), but this is slow and requires 

optimally aligning two structures. With hundreds of thousands of 

structures, this comparison measure is very time-demanding. It is also not 

very descriptive [4]. Other, possibly cheaper and more accurate distance 

functions ought to be considered. 2) Once structures are clustered, which 

structure in which cluster should be predicted as representative of the 

native structure? A cluster may not be homogeneous; structures in it may 

be diverse, depending on the lrmsd threshold used for clustering. Should 

this process not include energy at all? A more rigorous scheme ought to 

be considered. 

I explore the utility of a novel distance function for comparison of protein 
structures in the process of decoy selection. The function is inspired from 
work in [4], which transforms a protein’s three-dimensional structure into 
a one-dimensional string by mapping each residue onto its corresponding 
basin.  
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RESULTS 
 

The RMSD from the native structure is drawn on the Y axis, and the 
novel distance is shown on the X-axis. No correlation is observed, 
pointing to the complementary information offered by the novel 
distance function.  

In the absence of correlation, no threshold can be determined for the 
novel distance function to establish similarity or dissimilarity of two 
structures. Hence, leader-based clustering algorithms are not 
amenable. Instead, we pursue a different algorithm, which represents a 
structure through its distances from a few selected landmark 
structures in a decoy set. Here are some results of this clustering 
algorithm. Weka is used [7]. 
 


