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Learning objectives

Ådefine a position-specific scoring matrix (PSSM); 

Åexplain how position-specific iterated BLAST (PSI-
BLAST) and DELTA-BLAST greatly improve the 
sensitivity of BLAST protein searches;

Ådescribe profile hidden Markov models (HMMs) and 
explain their advantages over BLAST for database 
searching;

Åexplain how spaced seed strategies improve the 
sensitivity of DNA searches; and

Ådescribe how millions of next-generation sequencing 
reads are aligned to a reference genome. 
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Three problems standard BLAST cannot solve

[1] Use human beta globin as a query against human RefSeq
proteins, and BLASTP does not òfindó human myoglobin. 
This is because the two proteins are too distantly related. 
PSI-BLAST at NCBI as well as hidden Markov models easily 
solve this problem.

[2] How can we search using 10,000 base pairs as a query, 
or even millions of base pairs? Many BLAST-like tools for 
genomic DNA are available such as PatternHunter, 
Megablast, BLAT, and LASTZ.

[3] How can we align tens of millions of short reads to a 
reference genome?
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There are hundreds of BLAST servers;

Ensemblis a prominent example

Ensemblcan show database matches conveniently 
superimposed on an ideogram of chromosomes
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There are hundreds of BLAST servers;

Ensemblis a prominent example

EnsemblBLAST output summarizes scores, 
expect values and other features.



Specialized BLAST-related algorithms

There are numerous specialized BLAST-related algorithms

BLAST of next-generation sequence (NGS) data
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Sequence similarity searching tools at EBI

P, protein; N, nucleotide; G, genomes; WGS, whole-genome shotgun



Outline

Introduction

Specialized BLAST sites

Organism-specific BLAST sites; specialized algorithms

Finding distantly related proteins: PSI-BLAST) and DELTA-BLAST 

Reverse Position-Specific BLAST 

Domain enhanced lookup time Accelerated BLAST (DELTA-

BLAST) Assessing performance of PSI-BLAST and DELTA-BLAST 

Pattern-hit initiated BLAST (PHI-BLAST) 

Profile searches: Hidden Markov Modelsand HMMER

BLAST-like alignment tools to search genomic DNA

Benchmarking to assess genomic alignment performance

PatternHunter, BLASTZ,  Enredo/Pecan, MegaBLAST, BLAT, 

LAGAN, SSAHA2

Aligning NGS reads to a reference genome

Alignment based on hash tables; BurrowsðWheeler transform

Perspective



Position specific iterated BLAST: 

PSI-BLAST

The purpose of PSI-BLAST is to look deeper into the 

database for matches to your query protein 

sequence by employing a scoring matrix that is 

customized to your query.



PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database

[2] PSI-BLAST constructs a multiple sequence alignment

then creates a òprofileó or specialized position-specific

scoring matrix (PSSM)

B&FG 3e

Page 172



R,I,K C D,E,T K,R,T N,L,Y,G

Inspect the BLASTP output to identify empirical òrulesó regarding 

amino acids tolerated at each position



A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V 

1 M   - 1 - 2 - 2 - 3 - 2 - 1 - 2 - 3 - 2  1  2 - 2  6  0 - 3 - 2 - 1 - 2 - 1  1 

2 K   - 1  1  0  1 - 4  2  4 - 2  0 - 3 - 3  3 - 2 - 4 - 1  0 - 1 - 3 - 2 - 3 

3 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12  2 - 3 

4 V    0 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 4  3  1 - 3  1 - 1 - 3 - 2  0 - 3 - 1  4 

5 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12  2 - 3 

6 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

7 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

8 L   - 1 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 3  2  2 - 3  1  3 - 3 - 2 - 1 - 2  0  3 

9 L   - 1 - 3 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  2 

10 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

11 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

12 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

13 W   - 2 - 3 - 4 - 4 - 2 - 2 - 3 - 4 - 3  1  4 - 3  2  1 - 3 - 3 - 2  7  0  0 

14 A    3 - 2 - 1 - 2 - 1 - 1 - 2  4 - 2 - 2 - 2 - 1 - 2 - 3 - 1  1 - 1 - 3 - 3 - 1 

15 A    2 - 1  0 - 1 - 2  2  0  2 - 1 - 3 - 3  0 - 2 - 3 - 1  3  0 - 3 - 2 - 2 

16 A    4 - 2 - 1 - 2 - 1 - 1 - 1  3 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2 - 1 

...

37 S    2 - 1  0 - 1 - 1  0  0  0 - 1 - 2 - 3  0 - 2 - 3 - 1  4  1 - 3 - 2 - 2 

38 G    0 - 3 - 1 - 2 - 3 - 2 - 2  6 - 2 - 4 - 4 - 2 - 3 - 4 - 2  0 - 2 - 3 - 3 - 4 

39 T    0 - 1  0 - 1 - 1 - 1 - 1 - 2 - 2 - 1 - 1 - 1 - 1 - 2 - 1  1  5 - 3 - 2  0 

40 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12  2 - 3 

41 Y   - 2 - 2 - 2 - 3 - 3 - 2 - 2 - 3  2 - 2 - 1 - 2 - 1  3 - 3 - 2 - 2  2  7 - 1 

42 A    4 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

20 amino acids

all the amino acids 

from position 1 to the 

end of your PSI-BLAST 

query protein 



A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V 

1 M   - 1 - 2 - 2 - 3 - 2 - 1 - 2 - 3 - 2  1  2 - 2  6  0 - 3 - 2 - 1 - 2 - 1  1 

2 K   - 1  1  0  1 - 4  2  4 - 2  0 - 3 - 3  3 - 2 - 4 - 1  0 - 1 - 3 - 2 - 3 

3 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12  2 - 3 

4 V    0 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 4  3  1 - 3  1 - 1 - 3 - 2  0 - 3 - 1  4 

5 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12  2 - 3 

6 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

7 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

8 L   - 1 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 3  2  2 - 3  1  3 - 3 - 2 - 1 - 2  0  3 

9 L   - 1 - 3 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  2 

10 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

11 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

12 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

13 W   - 2 - 3 - 4 - 4 - 2 - 2 - 3 - 4 - 3  1  4 - 3  2  1 - 3 - 3 - 2  7  0  0 

14 A    3 - 2 - 1 - 2 - 1 - 1 - 2  4 - 2 - 2 - 2 - 1 - 2 - 3 - 1  1 - 1 - 3 - 3 - 1 

15 A    2 - 1  0 - 1 - 2  2  0  2 - 1 - 3 - 3  0 - 2 - 3 - 1  3  0 - 3 - 2 - 2 

16 A    4 - 2 - 1 - 2 - 1 - 1 - 1  3 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2 - 1 

...

37 S    2 - 1  0 - 1 - 1  0  0  0 - 1 - 2 - 3  0 - 2 - 3 - 1  4  1 - 3 - 2 - 2 

38 G    0 - 3 - 1 - 2 - 3 - 2 - 2  6 - 2 - 4 - 4 - 2 - 3 - 4 - 2  0 - 2 - 3 - 3 - 4 

39 T    0 - 1  0 - 1 - 1 - 1 - 1 - 2 - 2 - 1 - 1 - 1 - 1 - 2 - 1  1  5 - 3 - 2  0 

40 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12  2 - 3 

41 Y   - 2 - 2 - 2 - 3 - 3 - 2 - 2 - 3  2 - 2 - 1 - 2 - 1  3 - 3 - 2 - 2  2  7 - 1 

42 A    4 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 



A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V 

1 M   - 1 - 2 - 2 - 3 - 2 - 1 - 2 - 3 - 2  1  2 - 2  6  0 - 3 - 2 - 1 - 2 - 1  1 

2 K   - 1  1  0  1 - 4  2  4 - 2  0 - 3 - 3  3 - 2 - 4 - 1  0 - 1 - 3 - 2 - 3 

3 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12 2 - 3 

4 V    0 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 4  3  1 - 3  1 - 1 - 3 - 2  0 - 3 - 1  4 

5 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12 2 - 3 

6 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

7 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

8 L   - 1 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 3  2  2 - 3  1  3 - 3 - 2 - 1 - 2  0  3 

9 L   - 1 - 3 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  2 

10 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

11 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

12 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

13 W   - 2 - 3 - 4 - 4 - 2 - 2 - 3 - 4 - 3  1  4 - 3  2  1 - 3 - 3 - 2  7 0  0 

14 A    3 - 2 - 1 - 2 - 1 - 1 - 2  4 - 2 - 2 - 2 - 1 - 2 - 3 - 1  1 - 1 - 3 - 3 - 1 

15 A    2 - 1  0 - 1 - 2  2  0  2 - 1 - 3 - 3  0 - 2 - 3 - 1  3  0 - 3 - 2 - 2 

16 A    4 - 2 - 1 - 2 - 1 - 1 - 1  3 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2 - 1 

...

37 S    2 - 1  0 - 1 - 1  0  0  0 - 1 - 2 - 3  0 - 2 - 3 - 1  4  1 - 3 - 2 - 2 

38 G    0 - 3 - 1 - 2 - 3 - 2 - 2  6 - 2 - 4 - 4 - 2 - 3 - 4 - 2  0 - 2 - 3 - 3 - 4 

39 T    0 - 1  0 - 1 - 1 - 1 - 1 - 2 - 2 - 1 - 1 - 1 - 1 - 2 - 1  1  5 - 3 - 2  0 

40 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12 2 - 3 

41 Y   - 2 - 2 - 2 - 3 - 3 - 2 - 2 - 3  2 - 2 - 1 - 2 - 1  3 - 3 - 2 - 2  2  7 - 1 

42 A    4 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

note that a given amino 

acid (such as alanine) in 

your query protein can 

receive different scores 

for matching alanineñ

depending on the 

position in the protein



A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V 

1 M   - 1 - 2 - 2 - 3 - 2 - 1 - 2 - 3 - 2  1  2 - 2  6  0 - 3 - 2 - 1 - 2 - 1  1 

2 K   - 1  1  0  1 - 4  2  4 - 2  0 - 3 - 3  3 - 2 - 4 - 1  0 - 1 - 3 - 2 - 3 

3 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12 2 - 3 

4 V    0 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 4  3  1 - 3  1 - 1 - 3 - 2  0 - 3 - 1  4 

5 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12 2 - 3 

6 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

7 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

8 L   - 1 - 3 - 3 - 4 - 1 - 3 - 3 - 4 - 3  2  2 - 3  1  3 - 3 - 2 - 1 - 2  0  3 

9 L   - 1 - 3 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  2 

10 L   - 2 - 2 - 4 - 4 - 1 - 2 - 3 - 4 - 3  2  4 - 3  2  0 - 3 - 3 - 1 - 2 - 1  1 

11 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

12 A    5 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

13 W   - 2 - 3 - 4 - 4 - 2 - 2 - 3 - 4 - 3  1  4 - 3  2  1 - 3 - 3 - 2  7 0  0 

14 A    3 - 2 - 1 - 2 - 1 - 1 - 2  4 - 2 - 2 - 2 - 1 - 2 - 3 - 1  1 - 1 - 3 - 3 - 1 

15 A    2 - 1  0 - 1 - 2  2  0  2 - 1 - 3 - 3  0 - 2 - 3 - 1  3  0 - 3 - 2 - 2 

16 A    4 - 2 - 1 - 2 - 1 - 1 - 1  3 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2 - 1 

...

37 S    2 - 1  0 - 1 - 1  0  0  0 - 1 - 2 - 3  0 - 2 - 3 - 1  4  1 - 3 - 2 - 2 

38 G    0 - 3 - 1 - 2 - 3 - 2 - 2  6 - 2 - 4 - 4 - 2 - 3 - 4 - 2  0 - 2 - 3 - 3 - 4 

39 T    0 - 1  0 - 1 - 1 - 1 - 1 - 2 - 2 - 1 - 1 - 1 - 1 - 2 - 1  1  5 - 3 - 2  0 

40 W   - 3 - 3 - 4 - 5 - 3 - 2 - 3 - 3 - 3 - 3 - 2 - 3 - 2  1 - 4 - 3 - 3 12 2 - 3 

41 Y   - 2 - 2 - 2 - 3 - 3 - 2 - 2 - 3  2 - 2 - 1 - 2 - 1  3 - 3 - 2 - 2  2  7 - 1 

42 A    4 - 2 - 2 - 2 - 1 - 1 - 1  0 - 2 - 2 - 2 - 1 - 1 - 3 - 1  1  0 - 3 - 2  0 

note that a given amino 

acid (such as tryptophan) 

in your query protein can 

receive different scores 

for matching 

tryptophanñdepending 

on the position in the 

protein



PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database

[2] PSI-BLAST constructs a multiple sequence alignment

then creates a òprofileó or specialized position-specific

scoring matrix (PSSM)

[3] The PSSM is used as a query against the database
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database

[2] PSI-BLAST constructs a multiple sequence alignment

then creates a òprofileó or specialized position-specific

scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)
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