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Basic Local Alignment Search Tool 

BLAST (Basic Local Alignment Search Tool) is a heuristic approach for comparing nucleotide 
or protein sequences. As the name implies, BLAST performs local alignments. The BLAST 
algorithm and programs were designed by Stephen Altschul, Warren Gish, Webb Miller, 
Eugene Myers, and David J. Lipman, at the National Center for Biotechnology Information 
(NCBI) of National Institutes of Health (NIH). In BLAST, PAM (Point Accepted Mutation 
a.k.a. Percent Accepted Mutation) or BLOSUM (BLOcks SUbstitution Matrix) matrices are 
used to calculate the sequence similarity (a.k.a. positives). 
 
BLAST Programs 
There are many different flavors of online/offline/API/cloud BLAST programs as listed below: 
 
 BLASTN program compares the nucleotide query sequence with the nucleotide sequences in 

the database. 

 BLASTP program compares the protein query sequence with the protein sequences in the 
database. 

 BLASTX program translates the nucleotide query sequence and compares with the protein 
sequences in the database. 

 TBLASTN program compares the protein query sequence with the nucleotide sequences in 
the database, by instantly translating the nucleotide sequences in the database before 
comparison. 

 TBLASTX program compares the translated six reading frames of nucleotide query 
sequence with the translated six reading frames of nucleotide sequences in the database. The 
query is translated on the fly before searching sequences in the database. 

 DELTA-BLAST program compares the query protein sequence with the protein sequences 
in the database by constructing the position-specific scoring matrices (PSSM) from the 
conserved domain database search results. 

 PSI-BLAST program compares the query protein sequence with the protein sequences in the 
conserved domain database using PSSM scores by position specific iteration method. 

 RPS-BLAST program compares the query protein sequence with the protein sequences in 
the conserved domain database through profiles. It is a reverse of the PSI-BLAST search. 

 RPS-TBLASTN program compares the translated six reading frames of nucleotide query 
sequence with the protein sequences in the conserved domain database through profiles. 

 MEGA-BLAST program compares the nucleotide query sequence with the nucleotide 
sequences in the database by optimizing very similar sequences (in the same or in closely 
related species), first looks for an exact match of 28 bases, and then attempts to extend that 
initial match into a full alignment. 
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The symbol representations used for sequence alignment are below, 
 

Match (or) Identities A 
A 
A 

All the letters in the row of the column will be identical. It is 
represented by same letter in the second row. 

Mismatch A 
 
K 

First and third letters in the row of the column will be different. 
There is no representation for mismatch. 

Positive A 
+ 
T 

First and third letters in the row of the column will be different. 
It is represented by plus symbol ‘+’ in the second row. 
Positives = Identities + Mismatch (conservative substitution) 

Gaps ASK- 
 SK 
-SKT 

First or third letter in the row of the column will be represented 
by hyphen symbol ‘-’ and second letter in the row of the 
column will be blank. 

An example, 
 
Query  61   SFNVATLPAEKMKILELPFASGDLSMLVLLPDEVSDLERIEKTINFEKLTEWTNPNTMEK  120 
            +F VA + AEK+KILELPFASG+LSMLVLLPD+VS LE++E  I FEKLTEWT+PN MEK 
Sbjct  217  TFKVAAVAAEKVKILELPFASGELSMLVLLPDDVSGLEQLENKITFEKLTEWTSPNVMEK  276 
 
BLAST Algorithm 
The objective of BLAST is to find high-scoring un-gapped segments among related sequences. 
The existence of such segments above a given threshold indicates pairwise similarity beyond 
random chance, which helps to discriminate related sequences from unrelated sequences in a 
database. 
 
BLAST performs sequence alignment through the following steps, 

 The first step is to create a list of words from the query sequence. Each word is typically 
three residues for protein sequences and eleven residues for DNA sequences. The list 
includes every possible word extracted from the query sequence. This step is also called 
seeding. 

 The second step is to search a sequence database for the occurrence of these words. 

 The third step is to identify database sequences containing the matching words. The 
matching of the words is scored by a given substitution matrix. A word is considered a 
match if it is above a threshold. 

 The fourth step involves pairwise alignment by extending from the words in both directions 
while counting the alignment score using the same substitution matrix. The extension 
continues until the score of the alignment drops below a threshold due to mismatches (the 
drop threshold is twenty-two for proteins and twenty for DNA). The resulting contiguous 
aligned segment pair without gaps is called high-scoring segment pair (HSP). In the original 
version of BLAST, the highest scored HSPs are presented as the final report. They are also 
called maximum scoring pairs. 
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For example, 
 
1. Query protein sequence:  MRDPYNKLIS 

2. Scan every three residues for protein sequences and eleven residues for DNA sequences to 
be used in searching BLAST word database.  

MRD 
 RDP 
  DPY 
   PYN 
    YNK 
     NKL 
      KLI 
       LIS 

3. Assuming one of the words finds matches in the database. 

Query  PYN PYN PYN PYN … 
Database PYN PFN PFQ PFE … 

4. Calculate sums of match scores based on BLOSUM62 matrix. 

Query  PYN PYN PYN PYN ... 
Database PYN PFN PFQ PFE  ... 
Sum of score 20 16 10 10 ... 

5. Find the database sequence corresponding to the best word match and extend alignment in 
both directions. 

Query  M   R   D PYN K   L   I   S 
Database M   H   E PYN D   V   P   W 

←—————       –———————→ 
           extension to left       extension to right 

6. Determine high scored segment above threshold (22). 

Query  M   R   D PYN K   L   I   S 
Database M   H   E PYN D   V   P   W 
  5   0   2  20  -1   1  -3  -3 

          └────────┬──────────┘ 
             HSP total score 24 

 
BLAST Statistics 
In BLAST, various statistical parameters are used for sequence similarity search and alignment 
score evaluation. The statistical parameters used in BLAST are listed below, 
 
• The Karlin-Altschul statistics is based on Extreme Value distribution (E-value or Expect 

value), the expected number of HSPs, with score at least S is SE Kmne−λ= . Where, m is the 
query length, n is the database length, K and λ are constants. Kmn is called the search space. 

• The probability (p value) of finding at least one HSP with the score S or greater is 
1 Ep e−= − . Where, E is the expect value. 
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• Raw scores (S) can be normalized to bit scores using log'
log 2

e

e

S KS λ −
= . 

• The E-value corresponding to bit score (S') is given by 'SE mne−λ= . 
 
Applications of BLAST 
BLAST can be used for several purposes. These include identifying species, locating domains, 
establishing phylogeny, DNA mapping, and comparison. 
 
 Identifying species - With the use of BLAST, we can possibly correctly identify a species or 

find homologous species. This can be useful, for example, when we are working with a 
DNA sequence from an unknown species. 

 Locating domains - When working with a protein sequence we can input it into BLAST, to 
locate known domains within the sequence of interest. 

 Establishing phylogeny - Using the results received through BLAST we can create a 
phylogenetic tree using the BLAST webpage. Phylogenies based on BLAST alone are less 
reliable than other purpose-built computational phylogenetic methods, so should only be 
relied upon for “first pass” phylogenetic analyses. 

 DNA mapping - When working with a known species, and looking to sequence a gene at an 
unknown location, BLAST can compare the chromosomal position of the sequence of 
interest, to relevant sequences in the database(s). NCBI has a “Magic-BLAST” tool built 
around BLAST for this purpose. 

 Comparison - When working with genes, BLAST can locate common genes in two related 
species, and can be used to map annotations from one organism to another. 


