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Abstract: Bioinformatics is a promising young field that applies computer technology in 

molecular biology and develops algorithms and methods to manage and analyze biological data. 

Because DNA and protein sequences are essential biological data and exist in huge volumes as 

well, it is important to develop effective methods to compare and align biological sequences and 

discover biosequences patterns. The existing algorithms compare and align biological sequences 

and discover biosequences patterns but slow in computation. In this paper we proposed a 

heuristic alignment algorithm called BLAST to reduce the computational complexity and speed 

up the alignment process by considering local region similarity alignment at the price of possibly 

missing the best scoring alignment. It finds high-scoring local alignments between a query 

sequence and a target database. Its basic idea is to first locate high-scoring short stretches and 

then extend them to achieve suboptimal alignments. 
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1. INTRODUCTION 

The alignment is based on the fact that all living organisms are related by evolution. This implies 

that the nucleotide (DNA, RNA) and proteins sequences of the species that are closer to each 

other in evolution should exhibit more similarities. An alignment is the process of lining up 

sequences to achieve a maximal level of identity, which also expresses the degree of similarity 

between sequences. Two sequences are homologous if they share a common ancestor. The 

degree of similarity obtained by sequence alignment can be useful in determining the possibility 

of homology between two sequences. Such an alignment also helps determine the relative 

positions of multiple species in an evolution tree, which is called a phylogenetic tree[13]. 

 

2. ALIGNMENT OF BIOLOGICAL SEQUENCES 

The problem of alignment of biological sequences can be described as follows: Given two or 

more input biological sequences, identify similar sequences with long conserved sub-sequences. 

If the number of sequences to be aligned is exactly two, it is called pair wise sequence alignment; 

otherwise, it is multiple sequence alignment. The sequences to be compared and aligned can be 
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either nucleotides (DNA/RNA) or amino acids (proteins)[1]. For nucleotides, two symbols align 

if they are identical. However, for amino acids, two symbols align if they are identical, or if one 

can be derived from the other by substitutions that are likely to occur in nature. There are two 

kinds of alignments: local alignments versus global alignments. The former means that only 

portions of the sequences are aligned, whereas the latter requires alignment over the entire length 

of the sequences. For either nucleotides or amino acids, insertions, deletions, and substitutions 

occur in nature with different probabilities. Substitution matrices are used to represent the 

probabilities of substitutions of nucleotides or amino acids and probabilities of insertions and 

deletions.  

 

Usually, we use the gap character, “ _ ”, to indicate positions where it is preferable not to align 

two symbols. To evaluate the quality of alignments, a scoring mechanism is typically defined, 

which usually counts identical or similar symbols as positive scores and gaps as negative ones. 

The algebraic sum of the scores is taken as the alignment measure. The goal of alignment is to 

achieve the maximal score among all the possible alignments. However, it is very expensive 

(more exactly, an NP-hard problem) to find optimal alignment. Therefore, various heuristic 

methods [2] have been developed to find suboptimal alignments. 
 

3. HEURISTIC SEQUENCE ALIGNMENT 

With the Dynamic Programming algorithm, one obtains an alignment in a time that is 

proportional to the product of the lengths of the two sequences being compared. Therefore when 

searching a whole data base the computation time grows linearly with the size of the database. 

With current databases calculating a full Dynamic Programming alignment for each sequence of 

the database is too slow (unless implemented in a specialized parallel hardware). The number of 

searches that are presently performed on whole genomes creates a need for faster procedures. 

There is one method that are least 50-100 times faster than dynamic programming were 

developed BLAST [2,3] 

 

 Dynamic Programming: computational method that provide in mathematical sense the 

best alignment between two sequences, given a scoring system. 

 

 Heuristic Methods (e.g. BLAST, FASTA) they prune the search space by using fast 

approximate methods to select the sequences of the database that are likely to be similar 

to the query and to locate the similarity region inside them 

 

 Restricting the alignment process: 

– Only to the selected sequences 

–Only to some portions of the sequences (search as small a fraction as possible of the 

cells in the dynamic programming matrix) 

 

These methods are heuristic; i.e., an empirical method of computer programming in which rules 

of thumb is used to find solutions. • They almost always works to find related sequences in a 

database search but does not have the underlying guarantee of an optimal solution like the 

dynamic programming algorithm.• Advantage: This methods that are least 50-100 times faster 

than dynamic programming therefore better suited to search DBs. 
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4. THE BLAST LOCAL ALIGNMENT ALGORITHM 

The alignment is based on the fact that all living organisms are related by evolution. This implies 

that the nucleotide (DNA, RNA) and proteins sequences of the species that are closer to each 

other in evolution should exhibit more similarities. BLAST finds regions of local similarity 

between biosequences. The program compares nucleotide or protein sequences to sequence 

databases and calculates the statistical significance of matches. BLAST [7] can be used to infer 

functional and evolutionary relationships between sequences as well as to help identify members 

of gene families. BLAST applies a heuristic method to find the highest local alignments between 

a query sequence and a database. BLAST improves the overall speed of search by breaking the 

sequences to be compared into sequences of fragments (referred to as words) and initially 

seeking matches between these words. 

BLAST first creates a hash table of neighborhood (i.e., closely matching) words, while the 

threshold for “closeness” is set based on statistics. It starts from exact matches to neighborhood 

words. Because good alignments should contain many close matches, we can use statistics to 

determine which matches are significant. By hashing, we can find matches in O(n) (linear) time. 

By extending matches in both directions, the method finds high-quality alignments consisting of 

many high-scoring and maximum segment pairs. One of the important parameters governing the 

sensitivity of BLAST searches is the length of the initial words, or word size. 
 

ALGORITHM: 

Step1: For each position “P” of the query, find the list of words of length we scoring more than 

“T” when paired with the word starting at P. 

With w=2 : (20x20=400 Possible words, w=3, 8000 Possible words,…) 

 

Step 2: For each words list, identify all exact matches with DB sequences 
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Quickly locate un gapped similarity regions between the sequences. Instead of comparing each 

word of the query with each word Of the DB [15]: create a list of “similar” words. 

 

Step 3: For each word match (“hit”), extend un gapped alignment in both directions. Stop when 

S decreases by more than X from the highest value reached by S. 

Each match is then extended. The extension is stopped as soon as the score decreases more then 

X when compared with the highest value obtained during the extension process 

 
Reports all HSPs having score S above a threshold, or equivalently, having E-value below a 

threshold 

 
 

Each match is then extended. The extension is stopped as soon as the score decreases more then 

X when compared with the highest value obtained during the extension process. 
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5. ASSESSING THE SIGNIFICANCE OF SEQUENCE ALIGNMENT 

 

• Scoring System: 

 
1. Scoring (Substitution) matrix: In proteins some is matches are more acceptable than others. 

Substitution matrices give a score for each substitution of one amino-acid by another (e.g. PAM, 

BLOSUM) 

 

2. Gap Penalties: simulate as closely as possible the evolutionary mechanisms involved in gap 

occurrence. Gap opening penalty: Counted each time a gap is opened in an alignment and Gap 

extension penalty: Counted for each extension of a gap in an alignment. • Based on a given 

scoring system: you can calculate the raw score of the alignment. 

– Raw score= sum of the amino acid substitution scores and gap penalties 

 
Caveats: 
 

1. We need a normalized score to compare different alignments, based on different scoring 

systems, e.g. different substitution matrices. 

 

2. It is possible that a good long alignment gets a better raw score than a very good short 

alignment [11]. 

=> A method to assess the statistical significance of the alignment is needed (is an alignment 

biological relevant?) :  

 
6. THE EXTREME VALUE DISTRIBUTION 

 
⇒ Evaluate the probability that a score between random or unrelated sequences will reach the 

score found between two real sequences of interest: If that probability is very low, the alignment 

score between the real sequences is significant. 

 

 

 
Karlin and Altschul observed that in the framework of local alignments without gaps: the 

distribution of random sequence alignment scores follow an EVD. 
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μ, λ : parameters depend on the length and composition of the sequences and on the scoring 

system. 

Understanding your BLAST output 
1. Graphic display: Shows you where your query is similar to other sequences 

2. Hit list: The name of sequences similar to your query, ranked by similarity 

3. The alignment: Every alignment between your query and the reported hits 

4. The parameters: A list of the various parameters used for the search 

 

7. CONCLUSION 

Due to the fact that BLAST is based on a heuristic algorithm, the results received through LAST, 

in terms of the hits found, may not be the best possible results, as it will not provide you with all 

the hits within the database. BLAST misses hard to find matches. 

A better alternative in order to find the best possible results would be to use the Smith-Waterman 

algorithm. This method varies from the BLAST method in two areas, accuracy and speed. The 

Smith-Waterman option provides better accuracy, in that it finds matches that BLAST cannot, 

because it does not miss any information. Therefore, it is necessary for remote homology. 

However, when compared to BLAST, it is more time consuming, not to mention that it requires 

large amounts of computer usage and space. Fortunately, technologies to speed up the Smith-

Waterman process have been found to improve the time necessary to perform a search 

dramatically. These technologies include FPGA[9] chips and SIMD technology. 

In order to receive better results from BLAST, the settings can be changed from their default 

settings. However, there is no given or set way of changing these settings in order to receive the 

best results for a given sequence. The settings available for change are E-Value, gap costs, 

filters, word size, and substitution matrix. Note, that the algorithm used for BLAST was 

developed off the algorithm used for Smith-Waterman. BLAST employs an alignment which 

file:///F:\wiki\FPGA
file:///F:\wiki\SIMD
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finds "local alignments between sequences by finding short matches and from these initial 

matches (local) alignments are created". 
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