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Terminology

• Similarity: Extent to which 2 sequences are related. Calculated using 
percent sequence identity/conservation. In BLAST program given as  
positive score matrix

• Identity: Extent to which 2 sequence are invariant (not different)

• Homology: Similarity attributed to common ancestor
• Sequence can be similar and not homologous
• Homologous sequence are not always highly similar
• Low complexity regions can be highly similar without being homologous
• 50% similarity over short sequence ofter occurs by chance
• Generally, 2 sequences are highly similar over entire length, they are likely to 

be homologous



Sequence Similarity Search

• Comparing sequence with existing databases to determine function 
and relative information

• Identify homologs and eliminate false positives (Non homologs)

• Infer function, transfer annotation, structure- domain information

• Search large number of sequences efficiently

• Alignments can be global or local algorithm
• Global alignment is an optimal alignment includes all characters from each 

sequence for alignment (CLUSTAL)

• Local Alignment is an optimal alignment that includes only most similar 
regions (BLAST)



Local Alignment- Why?

• Compare short sequence to a large one

• Compare a single sequence to entire database

• Compare partial sequence to the whole sequence

• Results

• Identify newly determined sequence

• Compare new genes to previously known genes

• Guess functions (annotation) for genomes with ORF of 
unknown functions





FASTA 

• First fast sequence searching 
algorithm for comparing a query 
sequence against a database
• BLAST: improvement of FASTA 

with speed, ease of search and 
statistical rigor
• First, identify very short exact 

matches
• Next, extend to longer regions of 

similarity
• Best hits are optimized



BLAST 

• Basic Local Alignment Search Tool
• Algorithm and program for comparing 

primary sequence information such as 
nucleotide or amino acid sequences

• Called “Google of biological research” 
NYTimes

• Freely available on NCBI and other 
sites. BLAST program can either be 
downloaded and run as a command-
line utility "blastall" or accessed for 
free over the web

• Fast, accurate and with statistical rigor

https://en.wikipedia.org/wiki/BLAST_(biotechnology)



BLAST Algorithm

• Heuristic algorithm (practical/approximate/based on trial and error 
approach). Altschul et al., 1990

• Sequence is split into words , Default n=3 amino acids, 11 bases
• Assumption as FASTA that good alignment contain short lengths of exact 

matches
• Scoring of matches done using a scoring matrix (PAM/BLOSUM). Scoring 

matrices area used to calculate score of alignment base by base 
(Nucleotides) or amino acid by amino acid. Alignment score is sum of 
scores for each position.

• High Scoring Segment Pair (HSP): BLAST  extend initial “seed” hit into HSP 
using local optimal alignment.

• Quality of each pair wise alignment is represented as a score and scores are 
ranked



Input: FASTA /Genbank format (query 
sequence)
• Simple format used by almost all programs

• 1st line: > header with a return/enter at the end

• 2nd line : Sequence no requirement of length or characters



Quality of Alignment

• Score: Sum of substitutions and gap scores.

• E value /Expectation Value: The number of different alignments with 
score equivalent to or better that S that are expected in a database by 
chance. The lower the E value, more significant the score

• Low E values suggest sequence is homologous. Cannot show non-
homology

• E value increases as database gets bigger

• E value decreases as alignment get longer

• E value below 10-6 are more statistically significant





BLAST searches GenBank

• NCBI BLAST Webserver allows comparison of query sequence to 
various sections 

• Limit by Organism

• Limit by Entrez
• Nr: non redundant 
• Refseq_rna (RNA entries from NCBI reference sequence project
• Refseq_genomic
• EST
• Taxon
• Protein
• Pdb (sequence derived from 3 D structure from Protein Data Bank



BLAST Variants





BLAST for DNA sequences

• Blastn= Compares a nucleotide sequence with nucleotide database

Use for mapping oligonucleotides, cDNA, PCR products, screening repetitive DNA 
elements, comparative genomics, annotate gene sequence, map genes to genome

• tblastx= compare a DNA translated into protein sequence with a DNA database 
translated in to protein

Use for cross species gene prediction at genome or transcript level (Expressed Sequence 
Tags;EST), Searching for genes not yet in protein database

• Blastx= Compares a DNA translated into protein with protein dataset

Use for finding protein coding genes in genomic cDNA if it corresponds to a known protein



MEGABLAST

• Used for comparing large numbers of input sequences via the 
command-line BLAST

• Faster than running BLAST multiple times. 

• It concatenates many input sequences together to form a large 
sequence before searching the BLAST database

• Analyzes the search results to obtain individual alignments and 
statistical values

• Discontiguous MEGABLAST: retrives some dissimilar sequences



BLAST for protein sequence
• Blastp= Compares a protein sequence with a protein database

• Use to compare your protein with other proteins in database to identify commone
regions between proteins, or perform

• Phylogenetic analysis

• tblastn= compare a protein sequence with a nucleotide database

• Use to discover new genes encoding proteins (from multiple organisms) by comparing 
protein with DNA sequence 

• Translated into their possible six reading frames or to map a protein to genomic DNA



Protein BLAST: PSI- BLAST

• Find distant relatives of proteins compared to BLASTp

• The Position-Specific Iterated BLAST (PSI-BLAST) program performs 
iterative searches with a protein query, in which sequences found in one 
round of search are used to build a custom score model for the next round.

• PSI-BLAST first performs a BLASTP search to collect information that it then 
uses to produce a Position-Specific-Scoring-Matrix (PSSM). 

• A PSSM for a query of length N is an N x 20 matrix. Each of the N columns 
corresponds to a letter in the query, and each column contains 20 rows. 
Each row corresponds to a specific residue and describes the probability of 
related sequences having that residue at that position. 

• PSI-BLAST can then search a database of protein sequences with this PSSM.



PHI BLAST
• PHI-BLAST (Pattern-Hit Initiated BLAST) is a search program that combines 

matching of regular expressions with local alignments surrounding the 
match. 

• Given a protein sequence S and a regular expression pattern P occurring in 
S, PHI-BLAST helps answer the question:

• What other protein sequences both contain an occurrence of P and are 
homologous to S in the vicinity of the pattern occurrences?

• PHI-BLAST may be preferable to just searching for pattern occurrences 
because it filters out those cases where the pattern occurrence is probably 
random and not indicative of homology.





BLAST output

•Graphic display: shows where your query is similar to 
other sequences

•Hit List: Name of sequence similar to your query, 
ranked by similarity

•Alignment: every alignment between query and 
reported hits

•Parameter: list of parameters used for the search



Graphic display



Hit List



Alignment



Parameters





Advanced 
BLAST



Uses

• Identifying species

• Locating domains 

• Gene Annotation

• Comparative Genomics

• Establish phylogenetic relationship: create phylogenetic trees using 
BLAST. Less reliable than phylogenetic softwares

• DNA mapping: Magic BLAST compare the chromosomal position of 
the sequence of interest, to relevant sequences in the database



Assignment

• Use the following sequence to perform BLAST
• MYDAGLYAAPWSCLKGMSWN

• Ggccatgccatcaggaacgt

• CAGTTTGCCTGTTTTACAGGTTCGCGACGTGCTCGTAC

• What information can you get about the above unknown sequences
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