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BIOS 477/877  
Bioinformatics and Molecular Evolution

Instructor: Etsuko Moriyama  
(School of Biological Sciences)

Spring 2026  Lecture 12 
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Today's topics
Ø Assignment 2 Review
Ø Similarity Search

§ BLAST algorithm
§ BLAST website and options

Ø Assignment 6

2

BIOS477/877 L12 - 3

FASTA algorithm: summary

1. Find identities using k-tuples

2. Join diagonals without gaps
3. Choose top 10 diagonals using a 

scoring matrix (e.g., BLOSUM62) 
(init1: the top diagonal score) 

4. Join again with gaps 
(initn: score of the longer diagonal)

5. A diagonal band is defined 
(width: 32 if k=1, 16 if k=2 for protein)

6. Find optimal local alignment 
using dynamic programming 
algorithm within the band 
(opt: the final score) 

Band
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Word = 2

BLAST algorithm: summary
Ø Word-matching size (W)

➜ Longer words: faster but less sensitive

Ø Neighborhood threshold (T)
➜ Lower T: 

o detects weaker similarities
o slower but more sensitive

Ø Extension
§ Drop-off score threshold (X)
§ Two-hit method 

(A: distance b/w 2 hits)

Ø HSP selection
(ungapped alignment threshold: S1)

Ø Gapped HSP extension
(gapped alignment threshold: S2)
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BLAST similarity search

NCBI BLAST website
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blastp protein similarity search

Click on "more" to see BLAST Guide
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp protein similarity search

Query sequence(s)* can be in:
• FASTA format
• bare sequence(s)
• accession number(s) (e.g., P01013)
• gi number(s) (e.g., 129295)

*Multiple sequences can be searched

Default database is ClusteredNR:
• based on the protein NR database
• Clustered at 90% identity
• Redundancy can be reduced

>Sequence1
MVLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFSDLSHGSAQVKA

HGKKVGDALNNAVGHMDDLPTALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAE
FTPAVHASLDKFLANVSTVLVSKYR
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BLAST databases (protein)
Protein database Description

Clustered non-redundant
Derived from the protein NR database by clustering sequences at 90% identity and 
90% length

RefSeq Select NCBI RefSeq protein sequences from human, mouse, and prokaryotes

RefSeq proteins NCBI Protein Reference Sequences

Model Organisms (landmark) Proteome of 27 model organisms spanning a wide taxonomic range

UniProtKB/Swiss-Prot Non-redundant UniProtKB/SwissProt sequences

Non-redundant (nr)
Non-redundant protein sequences from GenPept,  Swissprot, PIR, PDF, PDB, and 
NCBI RefSeq

Patented Protein sequences derived from the Patent division of GenBank

Protein Data Bank (PDB) Sequences from the Protein Data Bank

Metagenomic proteins Proteins from WGS metagenomic projects

Transcriptome Shotgun 
Assembly proteins

CDS features on mRNA sequences in the Transcriptome Shotgun Assembly 
sequences

RefSeq: A comprehensive, integrated, non-redundant, well-annotated set of reference 
sequences including genomic DNA, transcripts, and proteins.

Model Organisms (landmark) database: used by SmartBLAST

default

NCBI BLAST FTP site
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BLAST landmark database (protein)
Ø Proteomes from 27 representative genomes 

➜ Used for a quick search across all the kingdoms (Smart Blast)
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blastp protein similarity search

Search can be limited against (or excluding) specific organism(s).
But remember how it affects the database size and E-values!

Click to change the algorithm parameters

>Sequence1
MVLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFSDLSHGSAQVKA
HGKKVGDALNNAVGHMDDLPTALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAE
FTPAVHASLDKFLANVSTVLVSKYR
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blastp search parameters

Scoring matrix

Gap penalty:
Existence (opening) 
& Extension

Available combinations of gap 
penalties are different 

depending on the scoring matrix

Only a limited set of scoring matrix and gap 
penalty combinations are available:
➜ BLAST uses a lookup table for K and l
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Estimation of K and l in BLAST

Ø K and l ➜ from Altschul & Gish (1996) table. 
← For BLOSUM50;
a: gap opening penalty
b: gap extension penalty
(affine gap penalty)

Based on 10,000 random 
sequence pairs,
➜ calculate optimal local 

alignment scores, S. 
➜ estimate K and l by fitting 

the distribution of S
 with P(S≥x) ≈ Kmne-lx

This is what BLAST does
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https://www.ncbi.nlm.nih.gov/refseq/
https://ftp.ncbi.nlm.nih.gov/blast/db/
https://blast.ncbi.nlm.nih.gov/smartblast/?LINK_LOC=BlastHomeLink
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blastp search parameters

Scoring matrix is adjusted based 
on amino acid composition, 
yielding more accurate E-values

To mask off segments of low 
compositional complexity
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blastp similarity search (example)
Query: Q58746.1 (AGLUS_METJA) 

Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

Q58746.1 Accession number as an input
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blastp similarity search: result page

15

BIOS477/877 L12 - 16

blastp similarity search: result page
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blastp similarity search: result page

Query name

Query length
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blastp similarity search: result page

Query coverage:
Proportion of the query aligned

Bit scores
(Total Score: for multiple HSPs)

E-value
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blastp similarity search result: 
Graphic summary and conserved domains

Conserved domains
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blastp similarity search result: 
Alignments
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blastp similarity search result: 
Taxonomic view
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blastp similarity search result: 
Tree view

Select sequences to be 
included in the tree
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blastp similarity search result: 
Tree view

Phylogeny based on pairwise distance 
from BLAST pairwise alignments
➜ Approximated tree. For a more 

accurate phylogeny, distances need 
to be estimated from the multiple 
alignment.
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blastp similarity search result: 
How to download the results

Download all or selected BLAST results:

• BLAST search result in text format
• Sequences and alignments in FASTA 

format
• BLAST hit statistics in “Hit Table (csv)” 

[Can be imported to any spread sheet 
program (e.g., Excel)]
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blastp similarity search: 
ClusteredNR vs. regular NR databases

from ClusteredNR

From Regular NR

Almost all top 10 hits from the 
regular NR database are included 
in a single cluster including 10 
similar (>90%) sequences
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blastp similarity search: 
ClusteredNR vs. regular NR databases

Search result from ClusteredNR

Search result from regular NR

For highly conserved 
sequences, 
by using ClusteredNR:
➜ Search can be faster
➜ Results can be less 

redundant
➜ Taxonomic coverage 

can be broader
Numbers of sequences:
• ClusteredNR: 476,948,436
• NR: 1,005,769,372
➜NR is ~2 times larger
➜E-values will be affected 

(non-archaea)
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blastp search parameters: 
Max target sequences

When searching highly conserved 
sequences against NR database: 

➜ "Max target sequences" number 
needs to be increased to see more 
divergent hits.

(the default is only 100 sequences!!)
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blastp search parameters: 
Max target sequences

...

Query: Q58746.1 (AGLUS_METJA) 

At the bottom of the 100 hits, E-value is still 0!
There should be a lot more hits with E-values < 0.05 (the threshold)

When searching highly conserved proteins using 
the regular (non-clustered) NR database, the 
default setting may not show all the possible hits: 
➜Only the top 100 hits (the default) will be listed.
➜To see more divergent sequences, the number 

of hits needs to be increased. 
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blastp search parameters: 
Max target sequences

Can be increased up to 50005000
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blastp search parameters: 
Max target sequences

Query: Q58746.1 (AGLUS_METJA) 

...
Using "Max target sequences" = 5000
➜ More hits with lower scores are found
➜ E-values are still all 0!

All hits are from bacteria/archaea

Even using ClusteredNR! 

Any similar proteins in 
eukaryotes?
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