
3.3  Database searching for similar 

sequences

3.3.1 Importance of database searches for 
similar sequences

“The massive quantities of data generated by genomic 
research ... We are swimming in a rapidly rising sea of 
data...how do we keep from drowning?”

Roos DS. Bioinformatics----Trying to swin in a sea of data. Science, 
2001,291(5507):1260-1261



Doolittle RF, et al. Simian sarcoma virus onc gene, v-sis, is derived from the 

gene (or genes) encoding a platelet-derived growth factor.

Science. 1983 Jul 15;221(4607):275-7

simian sarcoma virus (SSV) oncogene, v-sis

• platelet-derived growth factor (PDG)

• 31AA（26 similar) / 39AA (35 similar)

• It appeared likely that the retrovirus had 

acquired the gene from the host cell as some kind 

of genetic exchange event and then had produced 

a mutant form of the protein that could 

compromise the function of the normal protein 

when the virus infected another animal

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6304883&dopt=Abstract




Uses of Similarity Searches

• Find orthologous proteins sequences in 
different organisms (ortho = same function)

• Find paralogous sequences in same 
organism (para=originate from gene 
duplication

• Align genomic sequences and expressed 
gene sequences (cDNAs, ESTs) to locate 
gene and ORFs in gene.

Mount D, 2002



Difficulties in Similarity 

Searching and Solutions

• Slowness of dynamic programming alignment 
algorithm - use a word search, heuristic method 
(nearly always works but is not a guaranteed 
algorithm). 

• Low complexity regions in sequences give false high 
scores - filter out these regions in the query sequence

• How good is the match? - Produce an optimal local 
alignment

• How significant is the alignment score? - Provide an 
expect score (E value) for finding a match with an 
unrelated sequence in searching a sequence database 
of the same size Mount D, 2002



3.3.2 Word or k-tuple methods

• Used by the FASTA and BLAST programs 

• They align two sequences very quickly, by first 
searching for identical short stretches of sequences 
(called words or k-tuples) and by then joining 
these words into an alignment by the dynamic 
programming method. 

• They are heuristic methods, reliable in a statistical 
sense, and usually provide a reliable alignment. 

• Heuristic methods: an empirical method of 
computer programming in which rules of thumb 
are used to find solutions and feedback is used to 
improve performance. 



Wilbur WJ and Lipman DJ. 1983. Rapid similarity searches of nucleic acid and 

protein data banks. PNAS, 80:726-730

Heuristic method for sequence alignment is used to try to find 

a reasonable alignment. An example of a heuristic 

alignment method is starting with a search for similar 

sequence patterns and then building a longer alignment 

based on these patterns.

Rather than comparing individual residues in the two 

sequences, FASTA and BLAST search for matching 

sequence patterns or words (Wilbur and Lipman, 1983). 

The programs then attempts to build a local alignment 

based on these word matches. 



Methods of Similarity Searching

• FASTA (fast alignment) and BLAST (basic 

local alignment search tool) algorithms

• PSI-BLAST (position-specific-iterated) and 

PHI-BLAST(pattern-hit-iterated)

• MAST and MetaMEME on MEME server: 

search with PSSMs or HMMs representing 

domains 

Mount D, 2002



FASTA & BLAST story



FASTA

Algorithm

k-tuple 1-2 

for amino 

acid and 4-6 

for 

nucleotide



BLAST

• BLAST(Basic Local Alignment Search Tool) 

(Altschul et al 1990), a heuristic method 

designed to detect alignments that optimize a 

measure of local similarity known as the 

maximal segment pair (MSP) score. 

• Word length: 11 (DNA sequences) and 3 

(protein)

• Word index

• High-scoring segment pairs (HSP)



BLAST1 algorithm







Ungapped 

extension 

of hits



Ungapped

and 

gapped 

extensions



BLASTall

Query Sequence

Amino acid Sequence DNA Sequence

tBLASTxBLASTxBLASTntBLASTnBLASTp

Protein Database Nucleotide Database

Translated Translated

megaBLAST

……

PSI-BLAST

PHI-BLAST

rpsBLAST

……



Web-based BLAST Input



Web-based BLAST Output
i. Overview of Query



Web-based BLAST Output

ii. Graphical overview of database 

matches



Web-based BLAST Output

iii. Descriptions of each hit (alignment)



Web-based BLAST Output

iv. Pairewise 

alignments



Web-based BLAST Output

v. Statistical details 

of the search



Local BLAST

On Windows PC：

(1) Download from NCBI and install

(2) Configuration: using the ncbi.ini file

[NCBI] 

Data="C:\path\data\“

(3) Create or format your databases



Difference between FASTA and BLAST

• Whereas FASTA searches for all possible words of the 
same length, BLAST confines the search to the words 
that are the most significant.

• For the BLAST algorithm, the word length is fixed at 3 
(formerly 4) for proteins and 11 for nucleic acids (3 if 
the sequences are translated in all six reading frames). 
This length is the minimum needed to achieve a word 
score that is high enough to be significant but not so 
long as to miss short but significant patterns. 

• FASTA theoretically provides a more sensitive search of 
DNA sequence databases because a shorter word length 
may be used. 



Beyond sequences: database 

searching using scoring matrices, 

profiles and PSSMs

• Previously used a single sequence to search a 
sequence database to locate similar sequences 

• Now interested in searching a database with a 
representation of a local multiple sequence 
alignment – a PSSM (no gaps), profile (gaps) or 
HMM (gaps)

• Can also search a sequence for matches to a 
database of models in the form of PSSMs, 
profiles or HMMs (e.g. the PFAM database)

•PSSM: position-specific scoring matrix; HMM: Hidden Markov Models



How do PSSMs etc. find additional 

matches than searching with single 

sequences?

• If search with a set of single query sequences, then 
matches must align with query with Blosum62 
substitutions at each position

• If using a PSSM, profile of HMM then can also match 
combinations of amino acids

Blast search

Query      ..GYD..

Database   ..GYD..

sequences  ..GWD..

matched    ..GWE..

(Blosum62

subsitutions)

PSSM or HMM search

Query        ..GYD..

Database     ..GYD..

sequences    ..SYE..

matched      ..SWE..

(PSSM or HMM

substitutions)



Searching a database with a PSSM or HMM

• Recall that the PSSM is a matrix of scores with the columns 
representing positions in a local multiple sequence alignment 
and the rows the 20 amino acids

Database

sequence

PSSM or profile

Position 1, 2, 3…

A

C

D

…

Is there a high scoring region?

• Similarly, an HMM is a probabilistic model of a multiple 

sequence alignment.  

… Is there a high scoring region?



Other tools:    PSI-BLAST

• PSI–Blast is position-specific-iterated-blast

• Generates a PSSM from the matched sequences in a 
BLAST search – it uses the entire sequence

Query sequence

Matched sequences

PSSM

Blast database

Add more sequences to PSSM

Ite
ra

tio
n
s

Caution!

Can switch 

domains



PHI-BLAST: regular expressions

• Regular expressions provide a wide range of pattern 
finding options e.g. [LIVMF]-G-E-x (5,11)-[IV] 

• implemented in the prosite catalog  and used in phi-blast

• Prosite entry for ATP/GTP binding site motif A (P loop) 
is [AG] – x(4)-G-K-[ST]

• In phi-blast, a regular expression is provided – database 
is searched for sequences with pattern, and then psi-blast 
used to expand search 



3.3.4 Assessing the significance 

of sequence alignments



The Gumbel Extreme Value Distribution : 

distribution of scores expected by aligning 

two random sequences of the same length 

and composition follow a distribution called 

the extreme value distribution (Gumbel EJ, 

1962).





Gaussian and extreme 

value density functions



The extreme value distribution 
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The probability that score S will be less than value x, 

P ( S <x ), is obtained by calculating the area under curve  

from - to x
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P-value: probability that there is at least one random 

MSP having score S or greater



E-value: the number of HSPs having score 

S (or higher) expected to occur only by 

chance 
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E-value is given by the formula:
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The Gumbel extreme value distribution
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By normalizing a raw score using 

the formula

KmnSS ln'  



Need of empirical simulations of 

the random distribution in order

to calculate its parameters

• Blast2 :

artificial random sequences

• Fasta:

uses results from the search: real 

unrelated sequences








