
BLAST
Basic Local Alignment Search Tool



From Modules 1a: Where do sequences really come from?

Genome evolution leads to increase and decrease of different 
genes in different lineages.  

Some genes are orthologs (related by speciation) and some 
genes are paralogs (related by gene duplication).

When a genome is sequenced, it leads to a lot of sequence 
data. These sequences are stored in large databases. 

How can we find the ones we are interested in?



From Modules 1b: Substitution matrices

We need to score different amino acid substitutions and gaps 
in order to quantify which alignments are good.

Substitutions between similar amino acids are more common 
and have a higher score whole substitutions between not so 
similar amino acids are less common an have a lower score.

To search through the databases, we need to use substitution 
matrices and gap penalties to quantify which sequences are 
similar enough to be compared in different ways.



How can we to find similar 
sequences in a database of 
sequences?



We need a search algorithm!

• Needleman-Wunsch (global) and Smith-Waterman (local) are dynamic 
programming algorithms. They are exhaustive search algorithms, but 
too slow (computationally extensive) for searching large sequence 
databases.

• Global alignment (spans the length of the sequences)
________________________________
________  __________               ______

• Local alignment (shorter alignment within the

longer sequences)
_____________________________

___________



2. How to find similar sequences in a 
database of sequences?
• BLAST is an approximation of Smith-Waterman (local dynamic 

programming), but it is heuristic. It may not find the optimal solution, 
but it is much faster and still accurate.

• BLAST is much faster – how?

• BLAST narrows search space.



>query_sequence

MSPVALMSPLLSPA…
MSP

SPV

PVA

VAL

ALM

LMS

MSP

SPL

LLS

Etc.

How does BLAST work?
BLAST uses k-mers of size 3 –
all overlapping 3 letter words 
in the query sequence.BLAST needs a sequence 

QUERY as input. Then 
BLAST will try to find all 
sequences above a 
certain score.



For every k-mer, what are the 
high scoring (words) hits?

>query_sequence

MSPVALMSPLLSPA…

Example k-mer: SPL

How does BLAST work?

What combinations give a high score?
SPL             SPL

+||             |  

TPL             AWK

SPL             SPL

||+             | |

SPI             SWL

SPL        Scores from

| |        BLOSUM62

SAL

Just a small 
subset of 
possible 
words. 

BLOSUM 62 substitution matrix.
From Zvelebli and Baum,  Understanding Bioinformatics, 1st Ed.

S ↔ T = 1

P ↔ P = 7

L ↔ L = 4

SPL

TPL
1+7+4=12



1. For each k-mer, which are the high scoring words? For instance, if a k-mer in the query = SPL, 
which 3-letter sequence combinations have a score above a certain threshold (T)?

SPL                                 
SPV        score             SPV           score above T
TPL                               TPL
AGK                              AGK score below T: not considered

2. Search the database for sequences that contain at least 2 high scoring words. Record all 
EXACT matches.

→  A list of sequences with a “hit”

3. The hits are used as a seed alignment (starting point) for dynamic programming of the 
alignment. The alignment will be extended as far as the score allows. 

How does BLAST work?

>query_sequence

MSPVALMSPLLSPA…

Example k-mer: SPL



BLAST – Substitution matrices
• BLOSUM – From LOCAL alignments

• BLOSUM80 
• Recommended for queries of 50-85 residues

• BLOSUM62
• Recommended to detect weaker protein similarities

• BLOSUM45
• Recommended to detect long and weak alignments

• PAM – From GLOBAL alignments
• PAM30

• Recommended for queries < 35 residues long

• PAM70
• Recommended for queries 35-50 residues long



BLAST



Different BLAST options
blastn: Search a nucleotide database using a nucleotide query

blastp: Search protein database using a protein query

blastx: Search protein database using a translated nucleotide query 

tblastn: Search translated nucleotide database using a protein query 

tblastx: Search translated nucleotide database using a translated nucleotide
query



BLAST

blastpblastn



BLASTP



Select program
BLASTP



Add sequence (FASTA format or accession 
number)

Select database

Specify organisms
(optional)

Select algorithm

Submit job

Change parameters for
Substitution matrix and gap penalty
(optional)
Change the number of hits 
Default: 100 (often gets very close hits)



>AAA60082.1 phenylalanine hydroxylase [Homo sapiens]

MSTAVLENPGLGRKLSDFGQETSYIEDNCNQNGAISLIFSLKEEVGALAKVLRLFEENDVNLTHIESRPS

RLKKDEYEFFTHLDKRSLPALTNIIKILRHDIGATVHELSRDKKKDTVPWFPRTIQELDRFANQILSYGA

ELDADHPGFKDPVYRARRKQFADIAYNYRHGQPIPRVEYMEEEKKTWGTVFKTLKSLYKTHACYEYNHIF

PLLEKYCGFHEDNIPQLEDVSQFLQTCTGFRLRPVAGLLSSRDFLGGLAFRVFHCTQYIRHGSKPMYTPE

PDICHELLGHVPLFSDRSFAQFSQEIGLASLGAPDEYIEKLATIYWFTVEFGLCKQGDSIKAYGAGLLSS

FGELQYCLSEKPKLLPLELEKTAIQNYTVTEFQPLYYVAESFNDAKEKVRNFAATIPRPFSVRYDPYTQR

IEVLDNTQQLKILADSINSEIGILCSALQKIK

An example input: our query in FASTA format



>AAA60082.1 phenylalanine hydroxylase [Homo sapiens]

MSTAVLENPGLGRKLSDFGQETSYIEDNCNQNGAISLIFSLKEEVGALAKVLRLFEENDVNLTHIESRPS

RLKKDEYEFFTHLDKRSLPALTNIIKILRHDIGATVHELSRDKKKDTVPWFPRTIQELDRFANQILSYGA

ELDADHPGFKDPVYRARRKQFADIAYNYRHGQPIPRVEYMEEEKKTWGTVFKTLKSLYKTHACYEYNHIF

PLLEKYCGFHEDNIPQLEDVSQFLQTCTGFRLRPVAGLLSSRDFLGGLAFRVFHCTQYIRHGSKPMYTPE

PDICHELLGHVPLFSDRSFAQFSQEIGLASLGAPDEYIEKLATIYWFTVEFGLCKQGDSIKAYGAGLLSS

FGELQYCLSEKPKLLPLELEKTAIQNYTVTEFQPLYYVAESFNDAKEKVRNFAATIPRPFSVRYDPYTQR

IEVLDNTQQLKILADSINSEIGILCSALQKIK

An example input: our query in FASTA format
Sequence nameAlways starts with >

Accession number



>AAA60082.1 phenylalanine hydroxylase [Homo sapiens]

MSTAVLENPGLGRKLSDFGQETSYIEDNCNQNGAISLIFSLKEEVGALAKVLRLFEENDVNLTHIESRPS

RLKKDEYEFFTHLDKRSLPALTNIIKILRHDIGATVHELSRDKKKDTVPWFPRTIQELDRFANQILSYGA

ELDADHPGFKDPVYRARRKQFADIAYNYRHGQPIPRVEYMEEEKKTWGTVFKTLKSLYKTHACYEYNHIF

PLLEKYCGFHEDNIPQLEDVSQFLQTCTGFRLRPVAGLLSSRDFLGGLAFRVFHCTQYIRHGSKPMYTPE

PDICHELLGHVPLFSDRSFAQFSQEIGLASLGAPDEYIEKLATIYWFTVEFGLCKQGDSIKAYGAGLLSS

FGELQYCLSEKPKLLPLELEKTAIQNYTVTEFQPLYYVAESFNDAKEKVRNFAATIPRPFSVRYDPYTQR

IEVLDNTQQLKILADSINSEIGILCSALQKIK

An example input: our query in FASTA format
Header



>AAA60082.1 phenylalanine hydroxylase [Homo sapiens]

MSTAVLENPGLGRKLSDFGQETSYIEDNCNQNGAISLIFSLKEEVGALAKVLRLFEENDVNLTHIESRPS

RLKKDEYEFFTHLDKRSLPALTNIIKILRHDIGATVHELSRDKKKDTVPWFPRTIQELDRFANQILSYGA

ELDADHPGFKDPVYRARRKQFADIAYNYRHGQPIPRVEYMEEEKKTWGTVFKTLKSLYKTHACYEYNHIF

PLLEKYCGFHEDNIPQLEDVSQFLQTCTGFRLRPVAGLLSSRDFLGGLAFRVFHCTQYIRHGSKPMYTPE

PDICHELLGHVPLFSDRSFAQFSQEIGLASLGAPDEYIEKLATIYWFTVEFGLCKQGDSIKAYGAGLLSS

FGELQYCLSEKPKLLPLELEKTAIQNYTVTEFQPLYYVAESFNDAKEKVRNFAATIPRPFSVRYDPYTQR

IEVLDNTQQLKILADSINSEIGILCSALQKIK

An example input: our query in FASTA format
Header

Amino acid sequence



Add sequence (FASTA format or accession 
number)

Select database

Specify organisms
(optional)

Select algorithm

Submit job

Change parameters for
Substitution matrix and gap penalty
(optional)
Change the number of hits 
Default: 100 (often gets very close hits)



Add sequence (FASTA format or accession 
number)

Select database

Specify organisms
(optional)

Select algorithm

Submit job

Change parameters for
Substitution matrix and gap penalty
(optional)
Change the number of hits 
Default: 100 (often gets very close hits)







Query cover:
Percentage of the starting sequence 
(query) that was aligned to a hit.

E value:
Chance of observing the hit at random.

Ident:
Percent sequence identity between query 
and hit. 

100%

~ 30%



Scroll down

Example of hit:

How are identities and 
positives different?



E value (Expect): Chance of observing the hit at random.

𝐸 = 𝑚𝑛 2−𝑆
′

m is the length of the query sequence

n is the length the sequences in the database.  

S’ is the bit score                    𝑆′ =
λS − lnK

ln 2

The parameter K scales the search space (the database size)

The parameter λ scales the score (depending on the substitution matrix)



The E-value depends on 
(1) the length of the query sequence 

AND 
(1) the size of the database!



When the bit score increases the E-value 
decreases: “probability of observing the hit at 
random is smaller”

When E-value < 0.01, the E-value is close to the 
P-value. 
If the E-value is 10, the P-value is 0.99995.



NEED HELP?

The Help section has helpful pdfs!

Study these 3:


