
Clustering Sequences in a Metric Space   

The MoBIoS Project 

Rui Mao, Daniel P. Miranker,   
Jacob Neal Sarvela and Weijia Xu 

{rmao,miranker,sarvela,xwj}@cs.utexas.edu 

Department of Computer Sciences 
University of Texas 
Austin, TX 78712 

 

The exponential growth of sequence data requires the 
development of scalable database index structures. It 
is insufficient to merely store sequence data in a 
database and use utilities for sequence alignment 
(e.g., BLAST).  The sequences must serve as index 
keys.   

By analogy, the B-tree indexing mechanisms for 
linearly ordered business data were crucial to the 
adoption of relational databases.  Similarly, 
variations of R-trees index 2- and 3-dimensional data 
in geographic information systems [1].  It is 
anticipated that metric-space index structures will be 
the foundation for multimedia databases [4]. 

Definition: A metric space is a set with a binary 
distance function, d, satisfying the following for 
every three objects x, y & z: 

1) (Positivity) d(x,y) >= 0 and d(x,y) = 0 iff x = y; 

2) (Symmetry) d(x,y) = d(y,x);    

3) (Triangle Inequality) d(x,y) + d(y,z) >= d(x,z).    

We are developing a [Molecular] Biological 
Information System (MoBIoS) based on metric space 
indices. Unfortunately, common similarity measures 
for sequence alignment do not form a metric-distance 
function.  This is particularly vexing since the usual 
definition of edit distance does form a metric. Most 
clearly, the use of PAM log-odds matrices [2] yields 
higher similarity scores for more closely related 
sequences, an intuitively appealing result that 
reverses metric order. Further, log-odds scoring 
matrices contain negative values that can yield 
negative global alignment scores. This violates 
positivity. Use of PAM matrices also can violate 
symmetry and the triangle inequality. 

Since biological databases must embody an 
evolutionary model, we revisited the original 
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definition of the accepted point mutation model. We 
reworked the mathematics while maintaining metric 
properties.  The results are metric PAM matrices 
(mPAM, see Figure 1). We then took the contents of 
a protein sequence database and divided it into 
database records, each containing a small fixed- 
length segment of the original database.  We loaded 
the records into a metric-space indexing package [3]. 
Our results using mPAM-250 suggest significant 
clustering for word sizes of ~10 amino acids.  

A metric-space index look-up may replace BLAST's 
directly-addressed hotspot arrays while permitting 
longer word sizes and gaps. We are exploring a 
number of other applications of MoBIoS including 
hierarchically clustering sequences to mine promoter 
regions with respect to regulatory pathways [4] and 
protein identification. Commercial database indices 
are now extensible, so our results may be the basis 
for scalable indexing of biological data types on 
commercial database platforms [5]. 
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Figure 1. mPAM-250 matrix 


