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Basic Local Alignment Search 

Tool (BLAST)

BLAST (Altshul-1990) is an heuristic Pairwise Alignment composed by

six-steps that search for local similarities.

The most used access point 

to BLAST is NCBI.

As for the FASTA mask 

allows set the search 

parameters and the 

minimum significance 

required.

It is also possible to choose 

the type of BLAST algorithm 

to use.

http://blast.ncbi.nlm.nih.gov/Blast.cgi



Basic Local Alignment Search 

Tool (BLAST)

Phases 1 to 3:
Also BLAST bases its heuristic on indexing, but introduces a

sophistication level of the k-tuples, which are also called "word".

It starts by creating a list of words of length W and creation of "w-mers",

i.e.. words of length W. W are words that, according a substitution matrix,

have a score >T if aligned with the input sequence.

For each word they are also generated all possible w-mers, so there

are many more words than in FASTA.



Phase 2:

Each word in the list is compared with sequences of the same lenght

belonging to the all sequences of the considered database.

BLAST

Phase 1:

It is extracted from the query sequence a list of words, each having the

same length w. We obtain L-W+1 words.

Sequences in the DB

Exact correspondences of 

words with respect to the 

words in the list 



Phase 3:

For each alignment it is assigned a score using a substitution matrix (for

example, BLOSUM 62) and is compared with a pre-established value T.

The sequences with values equal to or greater than T (with values

between 13 and 15) are further analyzed, while those with values less

than T are discarded.

The substitution matrices assigned a positive score for each identity or

for a substitution with amino acids of the same type (hydrophobic with

hydrophobic, positively charged with positively charged etc ...) and

negative for a substitution with amino acids of different type (eg. Basic

amino acid with amino acid etc ..).

BLAST



BLAST

Example:

Similar words

Threshold T=13



Allineamento singolo

euristico: BLAST
Phase 4:

Extending the aligned zone. In this phase are taken into account, one at a

time, the characters immediately adjacent (both right and left) to the

word.

For each character added to the word you recalculate the score with the

sequence in the database, and as long as the similarity score increases

will be added to the adjacent characters the word (the pairing areas so

found are called HSP - high scoring segment pair) .



BLAST

The HSP score (S) below a certain threshold (chosen empirically) are

discarded. The output of BLAST phase 5 will contain the set of

sequences whose HSP were not discarded with their scores.

A threshold X is used to determined the maximum tolerated score

decrease.

Phase 5:

Query sequence

DB Sequence



BLAST
Phase 6:

BLAST generally operates on databases that contain millions of

sequences

So not all alignments have a biological relevance, or not all of the output

sequences are homologous to the query sequence / input.

Therefore it is necessary a statistical evaluation of alignment obtained by

BLAST

BLAST adds to each sequence present in the output the E-Value, a value

that, properly interpreted by the researcher, will indicate how likely it is

that the S score indicates a biological correlation between the two

sequences.

The more E-value is close to zero the more attest to a biological 

correlation between the sequences.



BLAST
• Score: is the alignment score;

• Expect: is the E-value of the alignment;

• Identities: is the number of identical

characters / the alignment length; in brackets,

it is indicated the resulting percentage of

identity over that length of alignment;

• Gaps: indicates the number of gaps present

in the array / alignment length; in brackets it

indicates the percentage of resulting gap on

the length of alignment;

• Strand: is the sequence orientation "query"

compared to the sequence of the database

with which aligns. Two possibilities: plus / plus

and plus / minus

The numbers indicate the position of the amino acids within the respective 

sequences: for example, the number 237 is circled in red to indicate that the base "t", 

indicated by the red arrow, is the base number 237 in the database sequence. If in a 

given alignment position of the base sequence in the "query" and the corresponding 

database sequence coincide, the line between the two sequences shows the 

character "|".



The result page of BLAST

It is also present a summary 

graph that allows to quickly 

explore the first 100 hits, 

showing them aligned with 

the query sequence.

If BLAST recognizes a wide similarity with one or more known protein 

families, it indicates it in a graphical way.



The result page of BLAST

BLAST includes in its output a textual summary of the sequences 

that were found: for each it shows a link (in this case to Entrez

Protein), the name, the score (in bits) and The Expect value, 

according to which the results are sorted .



The results page of BLAST

Under the descriptions begin the actual results, i.e., HSP: in 

addition to the description, the result shows the identity, similarity 

(Positives) and the inserted gaps, if any. 



BLAST releases
BLAST has recently been implemented with a two-hit method, 

which provides for the extension of the HSP regions can only 

happen if two independent hits occur within a number of residues 

(represented by threshold A), with no gaps in between. There were 

also implemented several specialized versions:

• blastp: look for similarities in protein databases from a query of 

amino acids.

• blastn: look for similarities in nucleotide databases from a query 

of nucleotides.

• blastx: look for similarities in protein databases from a query of 

nucleotides that is translated into all possible frame.

• tblastn: look for similarities in nucleotide databases from a 

query of amino acids, translating the entries of the database into 

nucleotides.

• tblastx: look for similarities in nucleotide databases from a 

query of nucleotides, translating all the entries of the database 

into amino acids 



BLAST

• BLAST has 4 fundamental parameters:

– W: word size, the greater the number, the smaller the 

number of words generated, the lower the execution time. 

But the sensitivity decreases considerably.

– T: threshold, the lower the number, the greater the 

number of w-mers included in the list, the higher the 

running time. But it has an enhanced sensitivity.

– S: score, the smaller the number, the greater the HSP 

length.

– X: the lower the number, the greater the number of w-

mers included in the list, the higher the running time. But it 

has an enhanced sensitivity.



Pairwise Alignment Considerations: 

FASTA vs BLAST
• FASTA differs from BLAST since it searches the best alignment between

the entire sequence under investigation and the sequences of the

database used as a reference. Instead BLAST search only local

sequence homology.

• FASTA also uses a scoring matrix only during the confrontation extension

while BLAST uses a scoring matrix during several phases of the

alignment (that is, scanning and extension).

• FASTA examines the amino acids in pairs (ktup = 2) or individually taken

(ktup = 1), BLAST uses for comparison of 3-4 amino groups (words).

• Both the algorithm that governs the early stages of FASTA and the one of

BLAST do not permit the presence of gaps within each sequence

segment taken into consideration.

• Unlike BLAST, however, the FASTA algorithm contemplates the

possibility of insertions and deletions in the last phase alignment.



Multiple alignment vs 

Pairwaise alignment



Multiple Alignment

Conservation of the catalytic amino acids in some members of the 

trypsin family



Multiple Alignment

The evolutionary history is deducted from the alignment



Multiple Alignment

• Difficulty

– objective scoring Function: weight to be 

assigned to the various sequences

– Complexity of the problem: computation 

time

• Clustal, ClustalW and ClustalX


