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• Most common method is the BLAST search (Basic Local 
Alignment Search Tool). Initial step is different from dynamic 
programming alignment.

• Search sequence broken into small words (usually 3 residues long 
for proteins). 20 * 20 * 20 = 8,000 protein words. These act as 
seeds for searches.

• The target dataset is pre-indexed for all positions that have an 
ungapped match for each word above some score threshold (using 
a score matrix, by default BLOSUM62).

Fast alignment searches



...VFEWVHLLP...

WIY

• Target sequences around each indexed word hit are retrieved 
and match is extended in both directions:

your sequence

database (many sites)

• For example, the search sequence word “WVH” might score above threshold 

with these indexed sequences:

Indexed word Score
WVH 23

WIH 22

WVY 17

WIY 16

BLAST searches



Schematic of indexed matches

Result – instead of aligning these 3 amino acids to everything, they 
are aligned only with the tiny fraction of sequence regions that are 
good candidates for a valid alignment.



Extension and scoring

...QSVFEWVHLLPGA...

..WIY..

...QSVFEWVHLLPGA...

..WIYQ..

...QSVFEWVHLLPGA...

..WIYQK..

...QSVFEWVHLLPGA...

..WIYQKA..

Total 
Score:

16

13

11

10

Match 
Score:

16

-3

-2

-1



Extension termination and Reporting

• Extension continued until alignment score drops below some 
threshold.

• Extensions whose maximal score is above some threshold are 
kept for reporting. Traceback starts at maximal score.

• For web interfaces, various formatting, links, and overviews are 
added.

• It is easy to set up blast on your local computer; useful for 
custom databases and automation.



Key to speed: word matching and prior indexing

• Only a very small part of total search space is analyzed.

• Word positions are indexed prior to the search, so the 
relevant parts of search space are reached quickly.

• Tradeoff is sensitivity – occasionally matches will be missed 
(e.g. when differences are common and dispersed enough that 
no local words match above threshold).



Blast match statistics

• E-value (expect value) reports number of matches of this score (or 
higher) expected if the database were composed of random 
sequences.

• Scores (aka bit scores) are independent of database size. They 
simply measure the quality of the specific alignment found.

• E-values are DEPENDENT on database size (in a random dataset, 
the more data, the more likely you are to find a match of a given 
score or higher.)



link score E-value



You should know…

• How blast speeds up pair alignments.

• A blast alignment is essentially the same as a local DP 
alignment.

• What an E-value tells you.




