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Patterns and profiles –
applications of multiple alignments



Protein patterns and the 
PROSITE database



Proteins that bind the nucleotides ATP or 
GTP share a short sequence motif



ID   ATP_GTP_A; PATTERN.
AC   PS00017;
DT   APR-1990 (CREATED); APR-1990 (DATA UPDATE); NOV-1990 (INFO 
UPDATE).
DE   ATP/GTP-binding site motif A (P-loop).
PA   [AG]-x(4)-G-K-[ST].
CC   /TAXO-RANGE=ABEPV;
3D   1EFM; 1ETU; 1Q21; 2Q21; 4Q21; 5Q21; 6Q21;
DO   PDOC00017;

[AG]-x(4)-G-K-[ST]

Entry in PROSITE for the ATP/GTP binding site motif



More PROSITE:
a category of zinc
finger proteins



ID   ZINC_FINGER_C2H2; PATTERN.
AC   PS00028;
DT   APR-1990 (CREATED); JUN-1994 (DATA UPDATE); NOV-1997 (INFO UPDATE).
DE   Zinc finger, C2H2 type, domain.
PA   C-x(2,4)-C-x(3)-[LIVMFYWC]-x(8)-H-x(3,5)-H.
NR   /RELEASE=35,69113;

PROSITE entry of C2H2 type of zinc finger protein



l
D matches D

[AS] matches A or S

x any symbol (amino acid)

x(3) or x3 any three symbols (amino acids)

{AT} matches any symbol except A and T

[AS]2 Matches two positions with either A or S
(i.e. AA, AS , SS, or SA)

x(3,7) a sequence of symbols between 3
and 7 in length (for instance GAT, GCRE,
PPLKM, GTTREC or  PPPPPPP)

PROSITE syntax 



Biological information may be extracted from a 
protein sequence.

A ‘new’ protein sequence has been identified using
bioinformatics methods (like in a genome project).  
A scan of PROSITE using this sequence (regular 
expression matching) can give important 
clues as to the biological function of the protein.

Important application of databases like PROSITE



Common applications of PROSITE  (ScanProsite/Motifscan)
* Search a sequence for all PROSITE patterns/profiles
* Search database with a pattern/profile 



* Patterns as used in PROSITE

* programming and scripting languages, for instance perl

* operating system tools , for instance grep

* text editors

* EMBOSS programs 
fuzzpro
fuzznuc

Patterns are used in ...



Profile 

PSSM "Position specific scoring matrix". 

Frequency or weight matrix

A matrix where the numbers reflect the probabilities of characters 
appearing in a certain position in a multiple alignment  

Profiles , like patterns, are generated 
from multiple alignments.  



Multiple alignment of 5' splice site sequences

1  GAGGTAAAC
2  TCCGTAAGT
3  CAGGTTGGA
4  ACAGTCAGT
5  TAGGTCATT
6  TAGGTACTG
7  ATGGTAACT
8  CAGGTATAC
9  TGTGTGAGT
10 AAGGTAAGT

Position-Specific Scoring Matrix (PSSM)



Calculate the absolute frequency of each nucleotide 
at each position

1  GAGGTAAAC
2  TCCGTAAGT
3  CAGGTTGGA
4  ACAGTCAGT
5  TAGGTCATT
6  TAGGTACTG
7  ATGGTAACT
8  CAGGTATAC
9  TGTGTGAGT
10 AAGGTAAGT

PSSM

6211100114T

1511010711G

211200122C

127600163A

987654321



Calculate the relative frequency of each nucleotide at 
each position

6211100114T

1511010711G

211200122C

127600163A

987654321

PSSM

0.60.20.10.1100.10.10.4T

0.10.50.10.1010.70.10.1G

0.20.10.10.2000.10.20.2C

0.10.20.70.6000.10.60.3A

987654321



0.60.20.10.1100.10.10.4T

0.10.50.10.1010.70.10.1G

0.20.10.10.2000.10.20.2C

0.10.20.70.6000.10.60.3A

987654321

0.87-0.22-0.91-0.911.38- -0.91-0.910.47T

-0.910.69-0.91-0.91- 1.381.02-0.91-0.91G

-0.22-0.91-0.91-0.22- - -0.91-0.22-0.22C

-0.91-0.221.020.87- --0.910.870.18A

987654321

PSSMCompute the log odds ratios log(Mij/Pi)
Mij = probability of nucleotide i at position j 
Pi =  background probability of of nucleotide i

For this example we assume Pi=0.25



We want to analyze the sequence 
GTAGTAGAAGGTAAGTGTCCGTAG 

with the profile

0.87-0.22-0.91-0.911.38- -0.91-0.910.47T

-0.910.69-0.91-0.91- 1.381.02-0.91-0.91G

-0.22-0.91-0.91-0.22- - -0.91-0.22-0.22C

-0.91-0.221.020.87- --0.910.870.18A

987654321

PSSM
Scoring with a PSSM

We examine a window the size of the profile

GTAGTAGAAGGTAAGTGTCCGTAG



0.87-0.22-0.91-0.911.38- -0.91-0.910.47T

-0.910.69-0.91-0.91- 1.381.02-0.91-0.91G

-0.22-0.91-0.91-0.22- - -0.91-0.22-0.22C

-0.91-0.221.020.87- --0.910.870.18A

987654321

PSSM

Find the score for

GTAGTAGAAGGTAAGTGTCCGTAG (-∞)
GTAGTAGAAGGTAAGTGTCCGTAG (8.33)
GTAGTAGAAGGTAAGTGTCCGTAG (0.24)



Pseudocounts

6211100114T

1511010711G

211200122C

127600163A

987654321

7322111225T

2622111822G

322311233C

238711274A

987654321

PSSM



Applications to proteins

Evolutionary related sequences (orthologs and paralogs) are 
often identified with local alignment programs like BLAST, and 
FASTA. 

However, these methods are not always sufficient.
In many cases the amino acid sequences of related proteins have 
diverged significantly, although the fold of the proteins is 
preserved. 



Species A
M  A  K  L  E  K  L  N  Q  A  G  L  M  V  A  G

60% identity

Species B
Q  V  R  I  Q K  I  Y  E  K  T  A  L  L  F  A

6% identity

Amino acid sequences may change extensively 
during evolution although 3D structure is preserved



Score    E
Sequences producing significant alignments:                     (bits) Value

SRC_HUMAN (P12931) Proto-oncogene tyrosine-protein kinase Src (E...   206   1e-54
YES_HUMAN (P07947) Proto-oncogene tyrosine-protein kinase Yes (E...   153   1e-38
FYN_HUMAN (P06241) Proto-oncogene tyrosine-protein kinase Fyn (E...   136   2e-33
FGR_HUMAN (P09769) Proto-oncogene tyrosine-protein kinase FGR (E...   129   2e-31
HCK_HUMAN (P08631) Tyrosine-protein kinase HCK (EC 2.7.1.112) (p...   112   2e-26
LCK_HUMAN (P06239) Proto-oncogene tyrosine-protein kinase LCK (E...   107   8e-25
LYN_HUMAN (P07948) Tyrosine-protein kinase Lyn (EC 2.7.1.112)         107   1e-24
BLK_HUMAN (P51451) Tyrosine-protein kinase BLK (EC 2.7.1.112) (B...   102   3e-23
FRK_HUMAN (P42685) Tyrosine-protein kinase FRK (EC 2.7.1.112) (N...    95   5e-21
---------------------------------------------------------------------------------
---------------------------------------------------------------------------------
SHC3_HUMAN (Q92529) SHC transforming protein 3 (SH2 domain prote...    33   0.025
SH22A_HUMAN (Q9NP31) SH2 domain protein 2A (T cell-specific adap...    33   0.025
CHIN_HUMAN (P15882) N-chimaerin (NC) (N-chimerin) (Alpha chimeri...    32   0.043
APS_HUMAN (O14492) SH2 and PH domain-containing adapter protein ...    32   0.056
CISH_HUMAN (Q9NSE2) Cytokine-inducible SH2-containing protein (C...    30   0.21 
SOCS1_HUMAN (O15524) Suppressor of cytokine signaling 1 (SOCS-1)...    29   0.28 
CHIO_HUMAN (P52757) Beta-chimaerin (Beta-chimerin) (Rho-GTPase-a...    28   0.62 
LIPL_HUMAN (P06858) Lipoprotein lipase precursor (EC 3.1.1.34) (...    28   0.81 
SOCS5_HUMAN (O75159) Cytokine inducible SH2-containing protein 5...    27   1.1  
ATPF2_HUMAN (Q8N5M1) ATP synthase mitochondrial F1 complex assem...    27   1.4  
TENS_HUMAN (Q9HBL0) Tensin 27   1.8  
FBW1A_HUMAN (Q9Y297) F-box/WD-repeat protein 1A (F-box and WD-re...    27   1.8  
STAT3_HUMAN (P40763) Signal transducer and activator of transcri...    26   2.4  
SOCS7_HUMAN (O14512) Suppressor of cytokine signaling 7 (SOCS-7)...    26   2.4  

In a BLAST search evolutionary related 
proteins may have very poor E-values

Profile-based searches are more efficient in 
identifying remote sequence similarity. 



1997 PSI-BLAST (Altschul et al)

~1995 Profile HMMs (S Eddy) => HMMER software

Methods that take into account position-specific
information from multiple alignments



Principle of PSI-BLAST

A
C
D
.
.
Y

Query sequence

PSSM

Query sequence

"Normal" BLAST search

Database
hits

BLAST search with PSSM

Database hits

iterate

Use hits above cutoff

Use hits
above cutoff

Evalue cutoff



PSI-BLAST

PSI-BLAST is an important  tool to identify remote protein similarity. It proceeds by way of 
the following steps:

(1) PSI-BLAST takes as an input a single protein sequence and compares it to a protein 
database, using the gapped BLAST program . 

(2) The program constructs a multiple alignment, and then a profile, from any 
significant local alignments found. The original query sequence serves
as a template for the multiple alignment and profile, whose lengths are 
identical to that of the query. 

(3) The profile is compared to the protein database, again seeking local alignments. 
After a few minor modifications,  the BLAST algorithm  can be used for 
this directly.  

(4) PSI-BLAST estimates the statistical significance of the local alignments found. 
Because profile substitution scores are constructed to a fixed scale , 
and gap scores remain independent of position, the statistical theory 
and parameters for gapped BLAST alignments remain applicable to profile alignments. 

(5) Finally, PSI-BLAST iterates, by returning to step (2), an arbitrary number 
of times or until convergence. 

Profile-alignment statistics allow PSI-BLAST to proceed as a natural extension of 
BLAST; the results produced in iterative search steps are comparable to those 
produced from the first pass.

Advantage : Unlike most profile-based search methods, PSI-BLAST runs as one program, 
starting with a single protein sequence, and the intermediate steps of multiple alignment 
and profile construction are invisible to the user.



PSI-BLAST



1997 PSI-BLAST (Altschul et al)

~1995 Profile HMMs (S Eddy) => HMMER software

Methods that take into account position-specific
information from multiple alignments



Profile HMMs

HMMER software package

hmmbuild
Build a model from a multiple sequence alignment. 

hmmpfam
Search an HMM database for matches to a query 

sequence. 
hmmsearch

Search a sequence database for matches to a 
single profile HMM. 



Pfam database - attempt to 
completely and accurately classify 
protein families and domains

"All science is either physics or stamp collecting"
Ernest Rutherford



Pfam is a collection of multiple sequence alignments and profile hidden 
Markov models (HMMs). Each Pfam HMM represents a protein family or 
domain. By searching a protein sequence against Pfam library of HMMs you 
can find out its domain architecture.  Pfam may also be used to analyse
proteomes and domain architectures.

Two categories of families:

Pfam-A families are manually curated HMM based families which are built 
using an alignment of a small number of representative sequences ('seed' 
alignment). A threshold is manually set for each HMM, and this determines 
the minimum score a sequence must attain to belong to the family. HMMs are 
searched against the UniProt database, and include all sequences that score 
above the cut-off value for a particular family in the family's full alignment. 

Pfam-A matches are very unlikely to be false matches. 

Profile HMMs
Pfam database



Complexity of Pfam

10,000 PfamA families

4,000,000 protein sequences in 
Uniprot analyzed =>
on average
~1.2 PfamA domains/protein

a total of  40,000
different architectures



Pfam and other related databases are widely used in 
genome annotation 

PRODOM www.toulouse.inra.fr/prodom.html

CDD  www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml

SMART smart.embl-heidelberg.de/

INTERPRO www.ebi.ac.uk/interpro , combines information from :

Pfam
Prints www.bioinf.man.ac.uk/dbbrowser/PRINTS/
SMART
Prosite www.isrec.isb-sib.ch/software/PFSCAN_form.html
PRODOM 



Gene ontology 

- a controlled vocabulary

.... attempts to address the problem that 
a protein, gene or biological process is not named 
in a consistent manner in the various information 
resources available. 



quoted from www.geneontology.org:

“Biologists currently waste a lot of time and effort in searching
for all of the available information about each small area of 
research. This is hampered further by the wide variations in 
terminology that may be common usage at any given time, 
and that inhibit effective searching by computers as well as 
people. For example, if you were searching for new targets for 
antibiotics, you might want to find all the gene products that 
are involved in bacterial protein synthesis, and that have 
significantly different sequences or structures from those in 
humans. But if one database describes these molecules as 
being involved in 'translation', whereas another uses the 
phrase 'protein synthesis', it will be difficult for you - and even 
harder for a computer - to find functionally equivalent terms. “



Gene ontology* consortium**

Major principles

•Molecular function

•Biological process

•Cellular component

* “The subject of ontology is the study of the categories of things that 
exist or may exist in some domain”

**“The goal of the Gene OntologyTM Consortium is to produce a dynamic controlled 
vocabulary that can be applied to all organisms even as knowledge of gene and protein 
roles in cells is accumulating and changing.”



Gene ontology 
www.geneontology.org



Important task for biologists and bioinformaticians:

- assign gene ontology (GO) term(s) to entries
in molecular databases, 
for instance , assign GO terms
to all entries in the protein sequence databases
or to all entries in InterPro. 



Once we have this sort of information  GO  becomes 
highly valuable: 

Example: The microarray technology allows us to measure the
expression of most human genes under a certain experimental 
condition. Using gene ontology we can ask questions like:

“In this tumor tissue, what genes are expressed that are 
related to cell division? “
OR 
“In this tumor tissue, what GO 
terms are over-represented as compared to normal tissue?”



Exercises 

Compare pw alignment methods 
BLAST
FASTA

to profile methods

PSI-BLAST
Hmmer

Protein domain studied : SH2 domain originally found in oncoproteins
Src and Fps.  SH2 domains are found in many proteins taking part 
in signal transduction pathways. 
The function of SH2 domains is to specifically recognize the
phosphorylated state of tyrosine residues, thereby allowing SH2 
domain-containing proteins to localize to tyrosine-phosphorylated sites 



Score    E
Sequences producing significant alignments:                     (bits) Value

SRC_HUMAN (P12931) Proto-oncogene tyrosine-protein kinase Src (E...   206   1e-54
YES_HUMAN (P07947) Proto-oncogene tyrosine-protein kinase Yes (E...   153   1e-38
FYN_HUMAN (P06241) Proto-oncogene tyrosine-protein kinase Fyn (E...   136   2e-33
FGR_HUMAN (P09769) Proto-oncogene tyrosine-protein kinase FGR (E...   129   2e-31
HCK_HUMAN (P08631) Tyrosine-protein kinase HCK (EC 2.7.1.112) (p...   112   2e-26
LCK_HUMAN (P06239) Proto-oncogene tyrosine-protein kinase LCK (E...   107   8e-25
LYN_HUMAN (P07948) Tyrosine-protein kinase Lyn (EC 2.7.1.112)         107   1e-24
BLK_HUMAN (P51451) Tyrosine-protein kinase BLK (EC 2.7.1.112) (B...   102   3e-23
FRK_HUMAN (P42685) Tyrosine-protein kinase FRK (EC 2.7.1.112) (N...    95   5e-21
---------------------------------------------------------------------------------
---------------------------------------------------------------------------------
SHC3_HUMAN (Q92529) SHC transforming protein 3 (SH2 domain prote...    33   0.025
SH22A_HUMAN (Q9NP31) SH2 domain protein 2A (T cell-specific adap...    33   0.025
CHIN_HUMAN (P15882) N-chimaerin (NC) (N-chimerin) (Alpha chimeri...    32   0.043
APS_HUMAN (O14492) SH2 and PH domain-containing adapter protein ...    32   0.056
CISH_HUMAN (Q9NSE2) Cytokine-inducible SH2-containing protein (C...    30   0.21 
SOCS1_HUMAN (O15524) Suppressor of cytokine signaling 1 (SOCS-1)...    29   0.28 
CHIO_HUMAN (P52757) Beta-chimaerin (Beta-chimerin) (Rho-GTPase-a...    28   0.62 
LIPL_HUMAN (P06858) Lipoprotein lipase precursor (EC 3.1.1.34) (...    28   0.81 
SOCS5_HUMAN (O75159) Cytokine inducible SH2-containing protein 5...    27   1.1  
ATPF2_HUMAN (Q8N5M1) ATP synthase mitochondrial F1 complex assem...    27   1.4  
TENS_HUMAN (Q9HBL0) Tensin 27   1.8  
FBW1A_HUMAN (Q9Y297) F-box/WD-repeat protein 1A (F-box and WD-re...    27   1.8  
STAT3_HUMAN (P40763) Signal transducer and activator of transcri...    26   2.4  
SOCS7_HUMAN (O14512) Suppressor of cytokine signaling 7 (SOCS-7)...    26   2.4  

BLAST



HIT proteins / uridylyltransferases

The Histidine Triad (HIT) motif, His-phi-His-phi-His-phi-phi (phi, a 
hydrophobic amino acid) was identified as being highly conserved in 
a variety of species. Proteins in the HIT superfamily are conserved 
as nucleotide-binding proteins, and are structurally related to a family 
of enzymes that includes GalT, a uridylyltransferase. This 
relationship was first revealed by structural analysis, but may also be 
detected using PSI-blast. 

Relationship of ATP- and NAD-dependent DNA ligases

ATP-dependent DNA ligases: Eukarya, Archaea
NAD-dependent DNA ligases: Eubacteria

Previously these enzymes were believed to be evolutionary 
unrelated but  PSI-blast provides evidence that they are related. 


