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BLAST for proteins, step 3 

•  Expand the hits into HSPs in both directions (no gaps) by 
adding score values from the substitution score matrix. 

•  In each direction, stop when the score decreases more than a 
threshold X from the highest score seen so far. 

d 

q 
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BLAST for proteins, step 4 

•  Keep HSPs with score of at least Sg. 
•  The threshold is set to corresponds to approximately 2% of 

the database sequences on average 
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BLAST for proteins, step 5 

•  Recalculate the score again by computing an optimal local 
alignment score within an area around a ”seed” in the middle 
of the HSP. 

•  The area is limited by the H-value in the DP-matrix not 
dropping more than a certain value (Xg) below the current 
optimal alignment score 
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BLAST example 

Alignment created by BLAST 

a)  Areas explored by BLAST during final alignment 

b)   Graph of the alignment 

BLAST hits in the alignment 

+ Hits with score >= 13 

• Hits with score >= 11 
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Differences between nucleotide and 
protein searches 

•  The databases are often larger (e.g. several complete 
eukaryote genomes) 

•  The required sensitivity is usually lower (except when looking 
for ncRNA) 

•  Often we would like to find almost identical matches, allowing 
only a few mismatches or small gaps due to sequencing errors 
or a few mutations (polymorphisms) 

•  We have only four symbols: a, c, g and t 
•  We usually do not use a scoring matrix, we just use: 

–  one single score for matches (e.g. +5)  
–  one single penalty for mismatches (e.g. -4) 
–  a gap penalty (e.g. 12-4k) 
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Typical usage of nucleotide searches 

•  Identify the genomic location of an mRNA, a cDNA, an exon or 
an EST (from the same species), i.e. mapping part of a 
transcript to the genome sequence 

•  Identify similar (corresponding) genomic regions in relatively 
closely related species (e.g. mouse and human genomes) 
(synteny) 

Other examples: 
•  Identify homologous non-protein coding regions (e.g 

ribosomal RNA) (often requires more sensitivity) 
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BLASTN and MegaBLAST 

BLASTN 
•  Word length is W=11 by default 
•  Only identical words considered hits 

MegaBLAST 
•  Similar to BLASTN 
•  Optimized for longer sequences and almost perfect matches 
•  Uses default word length W=28 
•  Requires 28 consecutive matching nucleotides between the 

query and a database sequence 
•  Much faster than BLASTN, but reduced sensitivity 
•  Reference: 

Zhang Z, Schwartz S, Wagner L, Miller W (2000) 
A greedy algorithm for aligning DNA sequences. 
J Comput Biol., 7 (1-2), 203-14. 
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Back to the example… 
How are all these sequences found? Ordinary BLAST is not enough... 
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Excerpt from the AlkB paper 
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Using a family of proteins as query 

Instead of searching with a simple sequence, we can search with 
a family of proteins, represented by a model. 

 
Models for the representation of a family of protein sequences: 
•  Set of sequences 
•  Consensus sequence 
•  Patterns: Simplified ”regular expressions” 
•  Profiles: position-specific scoring matrices (PSSMs) based on 

probabilities of amino acid substitutions (Gribskov et al. 1987) 
•  Hidden Markov models (HMMs): probabilistic model for linear 

sequences (Haussler et al. 1993) 

A good multiple alignment of the sequences in the family is 
essential for most of these models. 
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Sequence profiles (PSSMs) 

•  Position-specific scoring matrices 

•  Based on a multiple alignment of proteins in a family 

•  A matrix of 21 x L cells, where L is the length of the alignment 
(21 for the 20 amino acids + gap) 

•  Scores in each cell are calculated as a weighted average of the 
scores from a substitution score matrix (e.g. BLOSUM62) for 
matching a certain amino acid with each of the amino acids 
present in the proteins in a specific position in the multiple 
alignment. 

•  Sequences are weighted in order to reduce the effect of many 
similar sequences. 
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DNA and protein sequences logos 



57 

Iterated searches 

Yes 

Build initial model 

Search sequence 
database 

Identify significant 
matches 

Any new matches? 

Refine model based on 
new matches 

Report final list of 
significantly matching 
sequences and their 

scores 

No 

Input initial 
query sequence 
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BLAST online resources 

•  NCBI BLAST website 
http://www.ncbi.nlm.nih.gov/BLAST/ 

•  NCBI tutorial on BLAST 
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html 

•  NCBI Handbook, Chapter 16, BLAST 
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=handbook.chapter.ch16 

•  BLAST FAQ 
http://www.ncbi.nlm.nih.gov/blast/blast_FAQs.shtml 

•  Wikipedia on BLAST 
http://en.wikipedia.org/wiki/BLAST 
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Literature 

PSI-BLAST paper 
•  Gapped BLAST and PSI-BLAST: a new generation of protein 

database search programs 
Altschul SF et al. (1997) 
Nucleic Acids Research, 25, 3389-3402. 
http://nar.oupjournals.org/cgi/content/abstract/25/17/3389 

 
 
 
AlkB paper 
•  The DNA-repair protein AlkB, EGL-9, and leprecan define new 

families of 2-oxoglutarate- and iron-dependent dioxygenases 
Aravind L, Koonin EV (2001) 
Genome Biology, 2(3):RESEARCH0007. 
http://genomebiology.com/2001/2/3/RESEARCH/0007 
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What is a multiple alignment (MSA)? 

•  Extension of pairwise alignments to three or more sequences 
•  Usually global alignments – entire sequences included 
•  Indicates common conserved residues in all or most 

sequences – usually important for function / activity 
•  Indicates accepted residues in the different positions 
•  Indicates positions where gaps are more likely 

•  Basis for construction of phylogenetic trees 
•  Basis for sequence motifs and profiles 
•  Essential for evolutionary studies and phylogenetics 
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Example 
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Approaches to multiple alignment 

Some of the major approaches used to construct MSAs: 
•  Brute force optimal alignment (very hard) 
•  Centre-star alignment (simple, used in PSI-BLAST) 
•  Progressive alignment (e.g. Clustal W) 
•  Iterative alignment (e.g. Muscle) 
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A lot of software... 

•  Clustal W - progressive 
•  T-Coffee – progressive 
•  MUSCLE - iterative 
•  MAFFT – various technqiues 
•  ProbCons – probabilistic 
•  Dialign, Dialign2 – blocks-based 
•  MSA – full DP 
•  DCA – divide and conquer 
•  DbClustal - progressive 
•  Poa - progressive 
•  PRALINE - progressive 
•  PRRN - iterative 
•  Match-Box – blocks-based 
•  ... 
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Finding the best multiple alignment 

•  To find the best multiple sequence alignments the MSA 
programs will try to find the one with the highest score 

•  The score is usually the sum-of-pairs-score or similar 
•  Corresponds approximately to the sum of all pairwise 

alignment scores 
•  For the alignment A of m sequences s1 til sm we have the 

sum-of-pairs score S(A): 

•  S(a,b) is the pairwise score of a and b, and s-i is the projection 
of si, that is, si with inserted gaps 
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The sum-of-pairs score 

  

M Q P   I L L L 

M L R - L L - 

M K - I L L L 

M P P V L I L 

score(k) = S(P,R) + S(P,-) + S(P,P) + S(R,-) + S(R,P) + S(-,P) 

We have S(-,-) = 0 
score for  

column k = 3 

Total score = score(1) + score(2) + .... + score(N) 
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Centre star multiple alignment 

1 

2 

3 

4 

5 

6 
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Clustal W 

•  One of the most commonly used and well-
known tools for multiple sequence 
alignment. Now somewhat outdated and 
surpassed by other tools. 

•  Uses a progressive algorithm: Always 
starts with the most similar sequences and 
then aligns less similar sequences with 
each other. 
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MUSCLE 

•  MUSCLE = Multiple Sequence Comparison by Log Expectation 
•  Iterative procedure: improves the alignment gradually until 

good enough by introducing random changes in the alignment 
•  Very high quality of alignments 
•  Much faster than Clustal W 
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More here 


