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BLAST is the acronym for "Basic Local Alignment Search Tool", which 
is a local alignment search tool first described by Altschul et al. 
(1990). NCBI started providing sequence alignment service to the 
public using BLAST in 1992, first through its blast email server 
(decommissioned in 2002) and later through the web (1997).
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Seq1 : TTGCACGGCTTGGTCCA-GTGCGGTTTAC
       ||||||||||x|||||| ||||    |||
Seq2 : TTGCACGGCTCGGTCCACGTGC----TAC

Match Mismatch Indel* Gap

Seq1 : .................-...........
Seq2 : ..........C...........----...
Cons : TTGCACGGCTtGGTCCAcGTGCggttTAC

4

* indels: insertions & deletions
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BLAST finds the optimal alignment by using the "word matching" 
algorithm, in which BLAST does the search in several distinctive phases: 
1) generating overlapping words from the input query, 2) scanning the 
database for word matches (hits), and 3) extending word hits to 
produce (local) alignments through multiple steps of extension. 

During the first phase, BLAST breaks the input query into short overlapping 
segments (words/seeds). In the second phase BLAST takes those query 
words and scans the target database for initial matches. The nucleotide 
BLAST algorithm looks for any single exact word match. The protein BLAST 
algorithm uses a scoring threshold cutoff to identify matches. In addition, 
protein BLAST algorithm also requires two word hits within a certain 
distance in order to proceed to the next step. 
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ATGCGGTCACGTCACG > query sequence
ATGCG      > word 1
 TGCGG     > word 2 
  GCGGT    > word 3
   CGGTC   > word 4
    GGTCA  > word 5
     GTCAC > word 6
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AAAAAAAAAAA
AGAGAGAGAGA
TTTTCTTTTTT
TTTTTTACCCC
CCCCCCCCCCC
ATCGATCCATC

TCC ?
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AAAAAAAAAAA
AGAGAGAGAGA
TTTTCTTTTTT
TTTTTTACCCC
CCCCCCCCCCC
ATCGATCCATC

TCC
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A        AAAAAAAAAAA
A,G      AGAGAGAGAGA
T,C      TTTTCTTTTTT
T,C,A    TTTTTTACCCC
C        CCCCCCCCCCC
A,T,C,G  ATCGATCCATC

Index
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A        AAAAAAAAAAA
A,G      AGAGAGAGAGA
T,C      TTTTCTTTTTT
T,C,A    TTTTTTACCCC
C        CCCCCCCCCCC
A,T,C,G  ATCGATCCATC

TCC > T
Seed
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A        AAAAAAAAAAA
A,G      AGAGAGAGAGA
T,C      TTTTCTTTTTT
T,A      TTTTTTACCCC
C        CCCCCCCCCCC
A,T,C,G  ATCGATCCATC

TCC > TC

Extension
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AAAAAAAAAAA
AGAGAGAGAGA
TTTTCTTTTTT
TTTTTTACCCC
CCCCCCCCCCC
ATCGATCCATC

TCC

Extension
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1 -----TCC--- 11
       |||
1 ATCGATCCATC 11

Global Alignment

Query >

Subject >

< MatchesGaps >
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Local Alignment

Identities 3/3 (100%)

Query   1 TCC 3
          |||
Subject 6 TCC 9
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NCBI

Query

Daphnia magna

 Search Term

ATGCGGTCACAACATG...

 Search Term

Subject

BLAST

PubMed
Nucleotide
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blastn compares nucleotide queries to a nucleotide database 

blastp compares protein queries to a protein database 

blastx compares a nucleotide query translated in all six reading frames against a protein 

database 

tblastn compares a protein query against a nucleotide sequence database dynamically 

translated in all six reading frames 

tblastx compares a nucleotide query in all six reading frames against a nucleotide sequence 

database in all six reading frames

search input query database

blastn nt ➜ nt ➜ nt
blastp pr ➜ pr ➜ pr

blastx nt ➜ pr (6) ➜ pr

tblastn pr ➜ pr ➜ pr (6)
tblastx nt ➜ pr (6) ➜ pr (6)
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Nucleotide–nucleotide searches are beneficial because no information is 
lost in the alignment. When a codon is translated from nucleotides to amino 
acids, approximately 69% of the complexity is lost (43=64 possible nucleotide 
combinations mapped to 20 amino acids). In contrast, however, the true 
physical relationship between two coding sequences is best captured 
in the translated view. Matrices that take into account physical properties, 
such as PAM and BLOSUM, can be used to add power to the search. 
Additionally, in a nucleotide search, there are only four possible character 
states compared to 20 in an amino acid search. Thus the probability of a 
match due to chance versus a match due to common ancestry (identify in 
state versus identical by descent) is higher. 

DNA
Protein

NCBI 

BLASTDNA
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Graphic Summary

click here to see the corresponding alignment

click here to see the nr entry (accession)

Bit Score
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query sequence

database sequence

Nucleotide Alignment
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Identity - The extent to which two (nucleotide or amino acid) sequences are 
invariant. 

Alignment - The process of lining up two or more sequences to achieve maximal 
levels of identity (and conservation, in the case of amino acid sequences) for the 
purpose of assessing the degree of similarity and the possibility of homology.

PID = # of identical aa or nt
# of total aa or nt

×100
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query sequence

matching sequence

database sequence

Protein Alignment
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Protein Alignment - Identities

 4 mis-matches 

151 - 4 mis-matches = 147 identities
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Glutamate (E) - Aspartate (D)

Protein Alignment - Positives

147 identities + 3 similar = 150 positives

27

Serine (S) - Asparagine (N)

 +

 +

 +
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Homology - Similarity attributed to descent from a common ancestor. 

Identity - The extent to which two (nucleotide or amino acid) sequences are 
invariant. 

Similarity - The extent to which nucleotide or protein sequences are related. The 
extent of similarity between two sequences can be based on percent sequence identity 
and/or conservation. In BLAST similarity refers to a positive matrix score. 

Alignment - The process of lining up two or more sequences to achieve maximal 
levels of identity (and conservation, in the case of amino acid sequences) for the 
purpose of assessing the degree of similarity and the possibility of homology.

PID = # of identical aa or nt
# of total aa or nt

×100

%Similarity = # of identical aa or nt + # of similar aa or nt substitutions
# of total aa or nt

×100
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Glutamate (E) - Aspartate (D)

Serine (S) - Asparagine (N)
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E value 
    Expectation value. The number of different alignments with 
scores equivalent to or better than S that are expected to 
occur in a database search by chance. The lower the E value, 
the more significant the score.
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ATGCTGGTAQuery

Hit A: e-value 0.0000432

Hit B: e-value 0.0000081

BLAST
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ATG
|||
ATG

ATGCTGGTA
||| |||||
ATGGTGGTA

ATGCTGGTAQuery

Hit A: e-value 0.0000432

Hit B: e-value 0.0000081

BLAST



Bioinformatics ▶︎ BLAST Search 

HS20 | UniBS | JCW 36

Graphic Summary
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Bit score 
    The value S' is derived from the raw alignment score S in 
which the statistical properties of the scoring system used 
have been taken into account. Because bit scores have been 
normalized with respect to the scoring system, they can be 
used to compare alignment scores from different searches.

E value 
    Expectation value. The number of different alignments with 
scores equivalent to or better than S that are expected to 
occur in a database search by chance. The lower the E value, 
the more significant the score.
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makeblastdb -dbtype nucl -in REF.fa -title "REF" -logfile REF.log

blastn -db REF -evalue 0.0001 -query Q.fa -outfmt 6 -out Q_dbREF.blast

BLAST in Terminal

blastn -db SUBJECT.fa -evalue 0.0001 -query QUERY.fa -outfmt 6 -out RES.blast

Blast on fasta file - for smaller references

Index reference (subject) first and blast against index db
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BLAST in R

blastSeq {hoardeR}
blastSequences {annotate}
rBLAST (GitHub)

system(command = "/path/to/blast/blastn -db REF -query Q.fa -outfmt 6 -evalue 1e-6)

system2(
  command = "/path/to/blast/blastn",
  args = c("-db REF -query Q.fa -outfmt 6 -evalue 10e-6))

Packages with blast functions:

Blast via system command:
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BLAT (BLAST-like alignment tool) 

MegaBLAST (BLAT variant) 

UBLAST (USEARCH BLAST alternative)
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GenBank® : NIH genetic sequence database, an annotated 
collection of all publicly available DNA sequences. http://
www.ncbi.nlm.nih.gov/genbank/

DDBJ - DNA Data Bank of Japan was established 1986. http://
www.ddbj.nig.ac.jp/

ENA - The European Nucleotide Archive (ENA) captures and 
presents information relating to experimental workflows that are 
based around nucleotide sequencing. http://www.ebi.ac.uk/ena/

INSDC - The International Nucleotide Sequence Databases 
(INSD) have been developed and maintained collaboratively 
between DDBJ, ENA, and GenBank for over 18 years. http://
insdc.org/

National Center for Biotechnology

Primary Databases 

HS16 | UniBas | JCW 

http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
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Primary Databases

Secondary Databases

User

User

submit

retrieve

retrieve

Error Rate  
unknown

Error Rate 
lower
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Self-Study Guide
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Fasta Sequence(s)
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Sequence

Fasta header

NCBI fasta headers:
>gi|224922792|ref|NM_000860.4| Homo sapiens hydroxyprostaglandin 
dehydrogenase 15-(NAD) (HPGD), transcript variant 1, mRNA

Your header:
>Code_Species_Location/Gene/Coordinates

>Dmag_B24_ORF0007_contigh23_2356_3466
ATGTGAACAAGTCTGAGAGATTCATCAACCGAATGTATATGAAAGCGGTGGTCCAGTCTG
ATCGGGCGGGCTTTCGATCAACAACAACAACAACAACAACAACAAGTACGATCGATCTAA
CTAGCTGACTAGCTGGACTGACTAGCTACTACGTACACGATCATATAATCGCGCGCGGCC
CCCTATATAGCTACGATGCATCGTATATAAATATTCTTATCTCCCTTA
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Choose Database (Subject)
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Change Default Search Parameter
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The matrices highlighted in bold are available through NCBI’s BLAST web interface. 
BLOSUM62 has been shown to provide the best results in BLAST searches overall due 
to its ability to detect large ranges of similarity. Nevertheless, the other matrices have 
their strengths. For example, if your goal is to only detect sequences of high similarity 
to infer homology within a species, the PAM30, BLOSUM90, and PAM70 matrices would 
provide the best results.

When choosing a matrix, it is important to consider the alternatives. Do not simply 
choose the default setting without some initial consideration.
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Percent Accepted Mutation (PAM) - A unit introduced by Margaret 
Dayhoff et al. (1978) to quantify the amount of evolutionary change in 
a protein sequence. 1.0 PAM unit, is the amount of evolution which will 
change, on average, 1% of amino acids in a protein sequence. A 
PAM(x) substitution matrix is a look-up table in which scores for each 
amino acid substitution have been calculated based on the frequency of 
that substitution in closely related proteins that have experienced a 
certain amount (x) of evolutionary divergence. 

The PAM matrices imply a Markov chain model of protein mutation. 
The PAM matrices are normalized so that, for instance, the PAM1 matrix 
gives substitution probabilities for sequences that have experienced one 
point mutation for every hundred amino acids. The mutations may 
overlap so that the sequences reflected in the PAM250 matrix have 
experienced 250 mutation events for every 100 amino acids, yet only 80 
out of every 100 amino acids have been affected.
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A Markov chain, named for Andrey Markov, is a mathematical system 
that undergoes transitions from one state to another in a chainlike 
manner. It is a random process characterized as memoryless: the 
next state depends only on the current state and not on the entire past. 
This specific kind of "memorylessness" is called the Markov property. 
Markov chains have many applications as statistical models of real-
world processes.

A

G
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Blocks Substitution Matrix (BLOSUM). A substitution 
matrix in which scores for each position are derived from 
observations of the frequencies of substitutions in blocks of 
local alignments in related proteins. Each matrix is tailored 
to a particular evolutionary distance. In the BLOSUM62 
matrix, for example, the alignment from which scores were 
derived was created using sequences sharing no more than 
62% identity. Sequences more identical than 62% are 
represented by a single sequence in the alignment so as to 
avoid over-weighting closely related family members. 
(Henikoff and Henikoff 1992)  

HS15 | UniBas | JCW 
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The BLOSUM62 matrix

Sij = 1
λ( ) log pij

pi *qj( )
pij is the probability of two amino acids i and j replacing 
each other in a homologous sequence, and qi and qj are 
the background probabilities of finding the amino acids i 
and j in any protein sequence at random. The factor λ is 
a scaling factor, set such that the matrix contains easily 
computable integer values.

HS15 | UniBas | JCW 
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