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Sequence Comparison – Identification of remote homologues

Abstract

Homologous proteins share both a common ancestor and a common three dimensional folding structure. Identifying homologous proteins can help us predict the protein’s properties, like folding, structure and function. 

The Smith & Waterman dynamic programming of sequence comparison will have a running time problem on large databases. Algorithms such as BLAST, Basic Local Alignment Search Tool, were developed to answer this problem.

BLAST is a heuristic procedure which works as follows: 

1. BLAST first scans the DB for words that score at least T when aligned with some word within the query sequence, these are called hits.
2. Each hit is extended in both directions (without allowing gaps) as long as the score hasn’t dropped to much 

3. The score of an alignment is calculated using a substitution matrix
In order to maximize the profit of the BLAST algorithm, and to find remote homologous, a series of consecutive searches is needed. By exploring sequences with high but not statistically significant scores, we can achieve links between distantly related proteins.
Three major improvements have been made to the original BLAST algorithm.
 

The first is the two-hit method, which invokes an extension only when two non-overlapping hits are found within a certain distance of one another, thus improving greatly the running time, by reducing the number of extensions. 

The second is the gapped BLAST which allows gaps to be calculated in the score.

The third and most significant one is the Position-Specific-Iterative BLAST (PSI-BLAST)
. Many functionally and evolutionary important protein similarities are difficult to observe through BLAST. Patterns of conservation identified from the alignment of related sequences can aid the recognition of distant similarities. The PSI-BLAST is an iterative algorithm that uses a position specific score matrix (PSSM) that reflects the distribution of amino acids along the sequence. In each iteration an improved PSSM is produced and compared to the database. PSI-BLAST uncovers many protein relationships missed by single path database search methods, and has identified relationships that were previously detectable only from information about the three-dimensional structure of the protein.
Although PSI-BALST is a very effective tool, one should keep in mind that errors are easily amplified by iterations, and that considering a strong unrelated protein will shift the PSSM to its direction. In light of the issues written above, PSI-BLAST increases rather than removes the need for expertise, since there is more to interpret.
To improve both running time and sensitivity, many refinements can be done on the PSI-BLAST, like receiving a pre-defined PSSM as an input and realignment of the sequences before re-searching the DB.
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