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Ø Assignment 4 Review

Ø Similarity Search
  • FASTA & BLAST algorithm
• BLAST website and options

Ø Assignment 6

TODAY'S TOPICS
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FASTA Algorithm

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 

1. Find identities using k-tuples

Band
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FASTA Algorithm
Ø Ranking
 • Database sequences are ranked based on z-values 
  or OPT scores
  

 ➜ z-value = the number of standard deviations from the 
   mean (standardized score)  
 • The high scored sequence pairs are aligned using the 
  full Smith-Waterman dynamic programming algorithm 
  (not just from the diagonal band; better alignment)

Ø FASTA/SSEARCH website
https://fasta.bioch.virginia.edu/fasta_www2/fasta_list2.shtml
https://www.ebi.ac.uk/jdispatcher/sss/fasta
[FASTA guide]
https://fasta.bioch.virginia.edu/wrp_fasta/fasta_guide.pdf
[William R. Pearson's website]
https://fasta.bioch.virginia.edu/wrpearson/ BIOS477/877 L12 - 4
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BLAST Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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BLAST resources
Ø BLAST
https://blast.ncbi.nlm.nih.gov/Blast.cgi
[Guide to BLAST home and search pages] 
ftp://ftp.ncbi.nlm.nih.gov/pub/factsheets/HowTo_BLASTGuide.pdf
 (Also available on Canvas)
[BLAST Report Description]
https://ftp.ncbi.nlm.nih.gov/pub/factsheets/HowTo_NewBLAST.pdf
 (Also available on Canvas)
[BLAST Statistics]
https://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html

[BLAST Command Line User Manual]
https://www.ncbi.nlm.nih.gov/books/NBK279690/

[BLAST YouTube Tutorials]
(Link is available from NCBI Help page or from Canvas)
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Word length = 2

BLAST Algorithm: seeding
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Word hits

Word length = 2

BLAST Algorithm: seeding
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BLAST Algorithm: seeding

Ø Using words reduces the search space
Ø Neighborhood increases the sensitivity

TC
TG = 2 - 5 = -3

TC
TA = 2 - 5 = -3

TC
AC = -5 + 2 = -3

TC
AT = -5 - 1 = -6

TC
TT = 2 - 1 = 1

TC
CC = -1 + 2 = 1

...Neighborhood
Neighborhood Threshold (T) = 1
[minimum score allowed to be the neighborhood]

Match = 2
Mismatch (Ts) = -1
Mismatch (Tv) = -5

TC
TC = 2 + 2 = 4
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BLAST Algorithm: seeding

Word length = 2, T = 1
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BLAST Algorithm: seeding

Word length = 2, T = 1
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BLAST Algorithm

Word length = 2, T = 1

Search Space is Seeded

Extension of each alignment
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BLAST Algorithm: extension

Word length = 2, T = 1

Extension of diagonal lines
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BLAST Algorithm: extension

Word length = 2, T = 1

Extension is done until the score 
drops significantly
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Ø Extension is allowed until its score drops ≥ X
 from the last maximum

Score = S

Sc
or

e

S

Alignment position

BLAST Algorithm: extension

X = 3
(drop-off threshold)
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BLAST Algorithm: extension
Ø Extension is allowed until its score drops ≥ X
 from the last maximum

X = 3
(drop-off threshold)
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-2 -2

Drop off = 4 > X
 extension stopped

BLAST Algorithm: extension
Ø Extension is allowed until its score drops ≥ X
 from the last maximum
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BLAST Algorithm: extension

S

Sc
or

e

S

Alignment position

+2

Max
the end of extension

-1 +2

Ø Extension is trimmed back to the nearest maximum point

X = 3
(drop-off threshold)
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BLAST Algorithm: extension
Ø Two-hit method: Extension is invoked only when two hits are 

found within distance A and on the same diagonal

W = 3, T = 11, X = 16, A=40

Extend only these two hits

A

Too distant;
not extended
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BLAST Algorithm: evaluation
Ø Alignment threshold (S1) is used to choose only 

HSP (High-scoring Segment Pairs)

W=3, T=11, X=16, A=40, S1=41

Score ≥ S1
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Consistent alignments

BLAST Algorithm: evaluation
Ø Consistent alignments are grouped

for E-value calculation

W=3, T=11, X=16, A=40, S1=41

Inconsistent alignments
are overlapped
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BLAST Algorithm: Gapped extension
Ø Gapped extension is triggered after

high score ungapped alignments are found

W=3, T=11, X=16, A=40, S1=41
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BLAST Algorithm: Gapped extension
Ø Another threshold for gapped alignment (S2) is used to 

choose the final set of HSPs 

W=3, T=11, X=16, A=40, S1=41, S2=70

Score ≥ S2
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Word = 2

BLAST Algorithm
Ø Word-matching size (W)
 ➜ longer words: faster but less sensitive

Ø Neighborhood threshold (T)
 ➜ lower T: detects weaker similarities
 ➜ slower but more sensitive

Ø Extension
 • Drop-off score (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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 TC vs.    
 TC  =  4  
 TT  =  1  
 CC  =  1  
 CT  = -2
 TA  = -3  
 TG  = -3  

T = 1
Neighbor-

hood

24



5

BIOS477/877 L12 - 25

BLAST Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp Protein Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi

Click on "more" to see HowTo BLAST Guide
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>Sequence1 
MVLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFSDLSHGSAQVKA 
HGKKVGDALNNAVGHMDDLPTALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAE 
FTPAVHASLDKFLANVSTVLVSKYR 
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blastp Protein Similarity Search

Default database is NR

Query sequence(s) in FASTA format
or bare sequence(s)
or accession number(s) (e.g., P01013)
or gi number(s) (e.g., 129295)

*Multiple sequences can be searched
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Protein database Description

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

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

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
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BLAST Databases (Protein)

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

 https://www.ncbi.nlm.nih.gov/refseq/
Landmark database: used by SmartBLAST

default

https://ftp.ncbi.nlm.nih.gov/blast/db/
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BLAST Landmark Database (Protein)

Proteomes from 27 representative genomes: 
used for a quick search across all the kingdoms

29

>Sequence1 
MVLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFSDLSHGSAQVKA 
HGKKVGDALNNAVGHMDDLPTALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAE 
FTPAVHASLDKFLANVSTVLVSKYR 
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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.

30
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>Sequence1 
MVLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFSDLSHGSAQVKA 
HGKKVGDALNNAVGHMDDLPTALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAE 
FTPAVHASLDKFLANVSTVLVSKYR 
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blastp Protein Similarity Search

[Refseq Acc#]
XM_ (for mRNA), XR_ (for non-coding RNA), XP_ (for protein) 
 ➜ model (prediction) entries from genome annotations
NM_ (for mRNA), NR_ (for non-coding RNA), NP_ (for protein)
 ➜ curated RefSeq records (high quality)

WP_ (for non-redundant RefSeq proteins) 
➜ a single non-redundant entry represents 

identical prokaryotic proteins
(no specific taxonomical information)
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>Sequence1 
MVLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFSDLSHGSAQVKA 
HGKKVGDALNNAVGHMDDLPTALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAE 
FTPAVHASLDKFLANVSTVLVSKYR 
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blastp Protein Similarity Search

Click to change the algorithm parameters
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blastp Protein Similarity Search

Gap penalty:
Existence (opening) & Extension

Scoring matrix

Word size (shorter ® more sensitive search)

Expect (E) value

Statistical significance threshold
for reporting matches

Lower E-value ® more stringent

Number of hit sequences to be shown in the output.
For highly conserved sequences, this number needs 
to be increased to see more divergent hits.

Limit the number of matches to a query range.
Useful for finding domains.

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp Protein Similarity Search

Only limited sets of 
combinations are available

(BLAST uses a lookup table for 
K and l)

Gap penalty combinations are 
different depending on the 

scoring matrix

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Significance of Alignment Scores

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,
➜ calculated optimal local 

alignment scores, S. 
➜ K and l are estimated 

by fitting the 
distribution of S

 with P(S≥x) ≈ Kmne-lx

This is what BLAST does!

35

BIOS477/877 L12 - 36

To mask off segments of low 
compositional complexity

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

blastp Protein Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi

36
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

blastp Protein Similarity Search

Q58746.1

https://blast.ncbi.nlm.nih.gov/Blast.cgi

Accession number as an input

37
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How to read BLAST output
(available also from Canvas/References page)

blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page
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Query name

Query length

blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page

Query coverage:
Proportion of the query aligned

Bit scores E-value
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Conserved domains

blastp Similarity Search: Result Page

42
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blastp Similarity Search: Result Page
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blastp Similarity Search: Result Page

Select sequences to be 
included in the tree
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blastp Similarity Search: Result Page
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 Page

Download the BLAST result:
- 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 (Excel)]
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When searching highly conserved sequences: 

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

(the default is only 100 sequences!!)

blastp Protein Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp Protein Similarity Search

...

Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

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,
 the default setting may not show all the possible hits. 
➜ Only the top 100 hits will be listed.
➜ To see more divergent sequences, the number of hits 

needs to be increased. 

48
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Can be increased up to 5000

blastp Protein Similarity Search

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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blastp Protein Similarity Search
Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

all hits are from bacterial/archaeal proteins

Even after changing "Max target sequences" to 5000:
all hits have very small E-values (< 1e-93)
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

� Can we find similar sequences in eukaryotes?

blastp Similarity Search: a Case Study

Q58746.1

Limit the search against eukaryotes But be careful limiting the 
search against a small subset 
of database
➜ E-values will be affected
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

� Can we find similar sequences in eukaryotes?

blastp Similarity Search: a Case Study

[Default search]
- Prokaryotic proteins have both NapF and 

Glu_synthase domains. [Search limited to Eukaryota]
- Do all eukaryotic proteins lack NapF domain?
- They may not be in the top 100 hits. 
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Query: Q58746.1 (AGLUS_METJA) 
 Archaeal glutamate synthase [Methanocaldococcus jannaschii DSM 2661]

� Can we find eukaryotic sequences similar to the NapF domain?

 - Use "Query subrange" option, or

 - Use "Max matches in a query range" option.

blastp Similarity Search: a Case Study
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[Search using the "Query subrange" option]

blastp Similarity Search: a Case Study

E-value increased (for short sequences)

Specify the query range for 
the search

54
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[Search using the "Query subrange" option]

blastp Similarity Search: a Case Study

Specify the query range for 
the search
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Limit the number of matches to each query range.
➜ For each conserved region, only a given 

number of hits (e.g., 3) will be shown.
➜ Useful for finding multiple domains.

[Search using the "Max matches in a query range" option]

blastp Similarity Search: a Case Study

E-value increased (for short sequences)

56
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[Max Matches = 3]

blastp Similarity Search: a Case Study
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query subject % identity
alignm ent 

length
m is-

m atches
gap 

opens
query 
start

query 
end

subject 
start

subject 
end e-value

bit 
score

% 
positives

Q58746.1 MCL4138302.1 35.045 448 247 6 78 509 47 466 5.42E-73 248 51.79
Q58746.1 QKY14997.1 34.773 440 262 7 61 490 881 1305 3.22E-56 213 48.41
Q58746.1 ONM39253.1 33.703 451 258 10 57 490 881 1307 2.09E-52 202 48.12
Q58746.1 ONM39260.1 33.703 451 258 10 57 490 881 1307 2.21E-52 202 48.12
Q58746.1 ONM39236.1 33.703 451 258 10 57 490 891 1317 2.29E-52 202 48.12
Q58746.1 ONM39224.1 33.703 451 258 10 57 490 578 1004 2.40E-52 202 48.12
Q58746.1 GIQ86676.1 29.091 55 37 1 13 65 7 61 0.26 40.8 54.55
Q58746.1 OHT00364.1 32.203 59 36 1 13 67 844 902 0.36 45.1 54.24
Q58746.1 OAO15556.1 31.579 57 38 1 10 66 225 280 4.5 41.6 52.63
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query subject
% 

identity
alignm ent 

length
m is-

m atches
gap 

opens
query 
start

query 
end

subject 
start

subject 
end e-value

bit 
score

% 
positives

Q58746.1 MCL4138302.1 35.045 448 247 6 78 509 47 466 5.42E-73 248 51.79
Q58746.1 MCL4149161.1 34.856 416 226 4 85 483 3 390 1.11E-63 222 49.76
Q58746.1 MCL4141667.1 37.681 345 193 3 160 483 33 376 3.83E-62 218 53.33
Q58746.1 MCL4115492.1 41.003 339 188 6 167 499 872 1204 3.95E-60 224 54.28
Q58746.1 MCL4104575.1 40.938 320 180 4 178 491 869 1185 1.11E-59 223 54.37
Q58746.1 MCL4143097.1 41.009 317 174 4 183 491 217 528 3.10E-59 219 54.26
Q58746.1 MCL4123473.1 41.956 317 175 4 183 493 125 438 9.24E-59 216 55.84
Q58746.1 GHP11700.1 40.171 351 179 5 167 491 924 1269 9.99E-59 221 52.14

Without Max Matches option

With Max Matches = 3

(Downloaded in “Hit Table (csv)”, imported to Excel)

blastp Similarity Search: a Case Study
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