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Bioinformatics explained: BLAST

Bioinformatics explained: BLAST
BLAST (Basic Local Alignment Search Tool) has become the defacto standard in search and
alignment tools [Altschul et al., 1990]. The BLAST algorithm is still actively being developed
and is one of the most cited papers ever written in this field of biology. Many researchers
use BLAST as an initial screening of their sequence data from the laboratory and to get an
idea of what they are working on. BLAST is far from being basic as the name indicates; it
is a highly advanced algorithm which has become very popular due to availability, speed, and
accuracy. In short, a BLAST search identifies homologous sequences by searching one or
more databases usually hosted by NCBI (http://www.ncbi.nlm.nih.gov/ ), on the query
sequence of interest [McGinnis and Madden, 2004].

BLAST is an open source program and anyone can download and change the program code. This
has also given rise to a number of BLAST derivatives; WU-BLAST is probably the most commonly
used [Altschul and Gish, 1996].

BLAST is highly scalable and comes in a number of different computer platform configurations
which makes usage on both small desktop computers and large computer clusters possible.

Examples of BLAST usage

BLAST can be used for a lot of different purposes. A few of them are mentioned below.

• Looking for species. If you are sequencing DNA from unknown species, BLAST may help
identify the correct species or homologous species.

• Looking for domains. If you BLAST a protein sequence (or a translated nucleotide sequence)
BLAST will look for known domains in the query sequence.

• Looking at phylogeny. You can use the BLAST web pages to generate a phylogenetic tree
of the BLAST result.

• Mapping DNA to a known chromosome. If you are sequencing a gene from a known
species but have no idea of the chromosome location, BLAST can help you. BLAST will
show you the position of the query sequence in relation to the hit sequences.

• Annotations. BLAST can also be used to map annotations from one organism to another
or look for common genes in two related species.

Searching for homology

Most research projects involving sequencing of either DNA or protein have a requirement for
obtaining biological information of the newly sequenced and maybe unknown sequence. If
the researchers have no prior information of the sequence and biological content, valuable
information can often be obtained using BLAST. The BLAST algorithm will search for homologous
sequences in predefined and annotated databases of the users choice.

In an easy and fast way the researcher can gain knowledge of gene or protein function and find
evolutionary relations between the newly sequenced DNA and well established data.

After the BLAST search the user will receive a report specifying found homologous sequences
and their local alignments to the query sequence.
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How does BLAST work?

BLAST identifies homologous sequences using a heuristic method which initially finds short
matches between two sequences; thus, the method does not take the entire sequence space
into account. After initial match, BLAST attempts to start local alignments from these initial
matches. This also means that BLAST does not guarantee the optimal alignment, thus some
sequence hits may be missed. In order to find optimal alignments, the Smith-Waterman algorithm
should be used (see below). In the following, the BLAST algorithm is described in more detail.

Seeding

When finding a match between a query sequence and a hit sequence, the starting point is the
words that the two sequences have in common. A word is simply defined as a number of letters.
For blastp the default word size is 3 W=3. If a query sequence has a QWRTG, the searched words
are QWR, WRT, RTG. See figure 1 for an illustration of words in a protein sequence.

Figure 1: Generation of exact BLAST words with a word size of W=3.

During the initial BLAST seeding, the algorithm finds all common words between the query
sequence and the hit sequence(s). Only regions with a word hit will be used to build on an
alignment.

BLAST will start out by making words for the entire query sequence (see figure 1). For each word
in the query sequence, a compilation of neighborhood words, which exceed the threshold of T, is
also generated.

A neighborhood word is a word obtaining a score of at least T when comparing, using a
selected scoring matrix (see figure 2). The default scoring matrix for blastp is BLOSUM62 (for
explanation of scoring matrices, see www.clcbio.com/be ). The compilation of exact words
and neighborhood words is then used to match against the database sequences.

Figure 2: Neighborhood BLAST words based on the BLOSUM62 matrix. Only words where the
threshold T exceeds 13 are included in the initial seeding.

P. 2
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After initial finding of words (seeding), the BLAST algorithm will extend the (only 3 residues long)
alignment in both directions (see figure 3). Each time the alignment is extended, an alignment
score is increases/decreased. When the alignment score drops below a predefined threshold,
the extension of the alignment stops. This ensures that the alignment is not extended to regions
where only very poor alignment between the query and hit sequence is possible. If the obtained
alignment receives a score above a certain threshold, it will be included in the final BLAST result.

Figure 3: Blast aligning in both directions. The initial word match is marked green.

By tweaking the word size W and the neighborhood word threshold T, it is possible to limit the
search space. E.g. by increasing T, the number of neighboring words will drop and thus limit the
search space as shown in figure 4.

Figure 4: Each dot represents a word match. Increasing the threshold of T limits the search space
significantly.

This will increase the speed of BLAST significantly but may result in loss of sensitivity. Increasing
the word size W will also increase the speed but again with a loss of sensitivity.

Which BLAST program should I use?

Depending on the nature of the sequence it is possible to use different BLAST programs for the
database search. There are five versions of the BLAST program, blastn, blastp, blastx, tblastn,
tblastx:

P. 3
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Option Query Type DB Type Comparison Note
blastn Nucleotide Nucleotide Nucleotide-Nucleotide
blastp Protein Protein Protein-Protein
tblastn Protein Nucleotide Protein-Protein The database is translated

into protein
blastx Nucleotide Protein Protein-Protein The queries are translated

into protein
tblastx Nucleotide Nucleotide Protein-Protein The queries and database are

translated into protein

The most commonly used method is to BLAST a nucleotide sequence against a nucleotide
database (blastn) or a protein sequence against a protein database (blastp). But often another
BLAST program will produce more interesting hits. E.g. if a nucleotide sequence is translated
before the search, it is more likely to find better and more accurate hits than just a blastn search.
One of the reasons for this is that protein sequences are evolutionarily more conserved than
nucleotide sequences. Another good reason for translating the query sequence before the search
is that you get protein hits which are likely to be annotated. Thus you can directly see the protein
function of the sequenced gene.

Which BLAST options should I change?

The NCBI BLAST web pages and the BLAST command line tool offer a number of different options
which can be changed in order to obtain the best possible result. Changing these parameters
can have a great impact on the search result. It is not the scope of this document to comment
on all of the options available but merely the options which can be changed with a direct impact
on the search result.

The E-value

The expect value(E-value) can be changed in order to limit the number of hits to the most
significant ones. The lower the E-value, the better the hit. The E-value is dependent on the length
of the query sequence and the size of the database. For example, an alignment obtaining an
E-value of 0.05 means that there is a 5 in 100 chance of occurring by chance alone.

E-values are very dependent on the query sequence length and the database size. Short identical
sequence may have a high E-value and may be regarded as "false positive" hits. This is often
seen if one searches for short primer regions, small domain regions etc. The default threshold
for the E-value on the BLAST web page is 10. Increasing this value will most likely generate more
hits. Below are some rules of thumb which can be used as a guide but should be considered
with common sense.

• E-value < 10e-100 Identical sequences. You will get long alignments across the entire
query and hit sequence.

• 10e-50 < E-value < 10e-100 Almost identical sequences. A long stretch of the query protein
is matched to the database.

• 10e-10 < E-value < 10e-50 Closely related sequences, could be a domain match or similar.

• 1 < E-value < 10e-6 Could be a true homologue but it is a gray area.
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• E-value > 1 Proteins are most likely not related

• E-value > 10 Hits are most likely junk unless the query sequence is very short.

Gap costs

For blastp it is possible to specify gap cost for the chosen substitution matrix. There is only a
limited number of options for these parameters. The open gap cost is the price of introducing
gaps in the alignment, and extension gap cost is the price of every extension past the initial
opening gap. Increasing the gap costs will result in alignments with fewer gaps.

Filters

It is possible to set different filter options before running the BLAST search. Low-complexity
regions have a very simple composition compared to the rest of the sequence and may result in
problems during the BLAST search [Wootton and Federhen, 1993]. A low complexity region of a
protein can for example look like this ’fftfflllsss’, which in this case is a region as part of a signal
peptide. In the output of the BLAST search, low-complexity regions will be marked in lowercase
gray characters (default setting). The low complexity region cannot be thought of as a significant
match; thus, disabling the low complexity filter is likely to generate more hits to sequences which
are not truly related.

Word size

Change of the word size has a great impact on the seeded sequence space as described above.
But one can change the word size to find sequence matches which would otherwise not be found
using the default parameters. For instance the word size can be decreased when searching for
primers or short nucleotides. For blastn a suitable setting would be to decrease the default word
size of 11 to 7, increase the E-value significantly (1000) and turn off the complexity filtering.

For blastp a similar approach can be used. Decrease the word size to 2, increase the E-value
and use a more stringent substitution matrix, e.g. a PAM30 matrix.

Fortunately, the optimal search options for finding short, nearly exact matches can already be
found on the BLAST web pages http://www.ncbi.nlm.nih.gov/BLAST/ .

Substitution matrix

For protein BLAST searches, a default substitution matrix is provided. If you are looking
at distantly related proteins, you should either choose a high-numbered PAM matrix or a
low-numbered BLOSUM matrix. See Bioinformatics Explained on scoring matrices on http:
//www.clcbio.com/be/ . The default scoring matrix for blastp is BLOSUM62.

Explanation of the BLAST output

The BLAST output comes in different flavors. On the NCBI web page the default output is html,
and the following description will use the html output as example. Ordinary text and xml output
for easy computational parsing is also available.
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The default layout of the NCBI BLAST result is a graphical representation of the hits found, a
table of sequence identifiers of the hits together with scoring information, and alignments of the
query sequence and the hits.

Figure 5: BLAST graphical view. A simple graphical overview of the hits found aligned to the query
sequence. The alignments are color coded ranging from black to red as indicated in the color label
at the top.

The graphical output (shown in figure 5) gives a quick overview of the query sequence and the
resulting hit sequences. The hits are colored according to the obtained alignment scores.

Figure 6: BLAST table view. A table view with one row per hit, showing the accession number and
description field from the sequence file together with BLAST output scores.

The table view (shown in figure 6) provides more detailed information on each hit and furthermore
acts as a hyperlink to the corresponding sequence in GenBank.

In the alignment view one can manually inspect the individual alignments generated by the BLAST

P. 6
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Figure 7: Alignment view of BLAST results. Individual alignments are represented together with
BLAST scores and more.

algorithm. This is particularly useful for detailed inspection of the sequence hit found(sbjct) and
the corresponding alignment. In the alignment view, all scores are described for each alignment,
and the start and stop positions for the query and hit sequence are listed. The strand and
orientation for query sequence and hits are also found here.

In most cases, the table view of the results will be easier to interpret than tens of sequence
alignments.

I want to BLAST against my own sequence database, is this possible?

It is possible to download the entire BLAST program package and use it on your own computer,
institution computer cluster or similar. This is preferred if you want to search in proprietary
sequences or sequences unavailable in the public databases stored at NCBI. The downloadable
BLAST package can either be installed as a web-based tool or as a command line tool. It is
available for a wide range of different operating systems.

The BLAST package can be downloaded free of charge from the following location http:
//www.ncbi.nlm.nih.gov/BLAST/download.shtml

Preformatted databases are available from a dedicated BLAST ftp site ftp://ftp.ncbi.nlm.
nih.gov/blast/db/ . Moreover, it is possible to download programs/scripts from the same
site enabling automatic download of changed BLAST databases. Thus it is possible to schedule
a nightly update of changed databases and have the updated BLAST database stored locally or
on a shared network drive at all times. Most BLAST databases on the NCBI site are updated on
a daily basis to include all recent sequence submissions to GenBank.

A few commercial software packages are available for searching your own data. The advantage
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of using a commercial program is obvious when BLAST is integrated with the existing tools of
these programs. Furthermore, they let you perform BLAST searches and retain annotations on
the query sequence (see figure 8). It is also much easier to batch download a selection of hit
sequences for further inspection.

Figure 8: Snippet of alignment view of BLAST results from CLC Combined Workbench. Individual
alignments are represented directly in a graphical view. The top sequence is the query sequence
and is shown with a selection of annotations.

What you cannot get out of BLAST

Don’t expect BLAST to produce the best available alignment. BLAST is a heuristic method which
does not guarantee the best results, and therefor you cannot rely on BLAST if you wish to find all
the hits in the database.

Instead, use the Smith-Waterman algorithm for obtaining the best possible local alignments [Smith
and Waterman, 1981].

BLAST only makes local alignments. This means that a great but short hit in another sequence
may not at all be related to the query sequence even though the sequences align well in a small
region. It may be a domain or similar.

It is always a good idea to be cautious of the material in the database. For instance, the
sequences may be wrongly annotated; hypothetical proteins are often simple translations of a
found ORF on a sequenced nucleotide sequence and may not represent a true protein.

Don’t expect to see the best result using the default settings. As described above, the settings
should be adjusted according to the what kind of query sequence is used, and what kind of
results you want. It is a good idea to perform the same BLAST search with different settings to
get an idea of how they work. There is not a final answer on how to adjust the settings for your
particular sequence.

Other useful resources
The BLAST web page hosted at NCBI
http://www.ncbi.nlm.nih.gov/BLAST

Download pages for the BLAST programs
http://www.ncbi.nlm.nih.gov/BLAST/download.shtml

Download pages for pre-formatted BLAST databases
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ftp://ftp.ncbi.nlm.nih.gov/blast/db/

O’Reilly book on BLAST
http://www.oreilly.com/catalog/blast/

Explanation of scoring/substitution matrices and more
http://www.clcbio.com/be/

Creative Commons License

All CLC bio’s scientific articles are licensed under a Creative Commons Attribution-NonCommercial-
NoDerivs 2.5 License. You are free to copy, distribute, display, and use the work for educational
purposes, under the following conditions: You must attribute the work in its original form and
"CLC bio" has to be clearly labeled as author and provider of the work. You may not use this
work for commercial purposes. You may not alter, transform, nor build upon this work.

See http://creativecommons.org/licenses/by-nc-nd/2.5/ for more information on
how to use the contents.
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