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Conserved regions in proteins can be classified into 5 different groups:

 Domains: specific combination of secondary structures organized 
into a characteristic three dimensional structure or fold 
corresponding to a functional unit. 

November 14 Protein Bioinformatics: Sequence-Structure-Function

General Definition on Conserved Regions

PPID family: 1 CSA_PPIASE (cyclophilin-type peptydil-prolyl cis-trans isomerase) 

domain + 3 TPR repeats (tetratrico peptide repeat).
2018 Basel



Conserved regions in proteins can be classified into 5 different groups:

 Families: groups of proteins that have the same domain 
arrangement or that are conserved along the whole sequence.
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Conserved regions in proteins can be classified into 5 different groups:

 Repeats: structural units always found in two or more copies that 
assemble in a specific fold. Assemblies of repeats might also be 
thought of as domains. 
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Conserved regions in proteins can be classified into 5 different groups:

 Motifs: region containing conserved active- or binding-residues or 
short conserved regions present outside domains that may adopt 
folded conformation only in association with their binding ligands.
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Conserved regions in proteins can be classified into 5 different groups:

 Sites: functional residues (active sites, disulfide bridges, post-
translationally modified residues)

November 14 Protein Bioinformatics: Sequence-Structure-Function

General Definition on Conserved Regions
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Sequence identity and similarity

 Identity

Proportion of pairs of identical residues between two aligned 
sequences.

Generally expressed as a percentage.

This value strongly depends on how the two sequences are aligned.

 Similarity

Proportion of pairs of similar residues between two aligned 
sequences.

If two residues are similar is determined by a substitution matrix.

So this value depends strongly on the substitution matrix used.

Sequence similarity searches can identify « homologous » proteins 
or genes by detecting excess similarity, i.e. statistically significant 
similarity that reflects common ancestry. Significant similarity is 
strong evidence that two sequences are related by evolutionary 
changes from a common ancestral sequence.
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Sequence homology

Sequence similarity is the observation, homology is the 
conclusion.

 Homology

Two sequences are homologous if and only if they have a common 
ancestor. There is no percentage of homology! (It's either yes or no)

- Homologous sequences do not necessarily serve the same 
function...

- ... Nor are they always highly similar: structure may be conserved 
while sequence is not.

- Orthologs are homologous sequences that are the result of a 
speciation event.

- Paralogs are homologous sequences that are the result of a 
duplication event.

- Xenologs are homologous sequences that are the result of a 
horizontal (or lateral) gene transfer event.
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Similarity search: The quest of the Grail

 Sequence similarity searching is the most widely used, and 
most valuable strategy for characterizing newly determined 
sequences.

How to find similarity between sequences?

 There are many traps:

• Does the similarity reflect an 
homology or does it result from 
convergence?

• Is the alignment the right one?
• Is it an ortholog or only a paralog?
• Is the function conserved?
• …

 Be careful!
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 Homology often provides vital evidence in the prediction of molecular 
function, but does not necessarily mean that two homologous proteins 
possess common functions. It only means that they share a common 
ancestor.

 Ex: GATA zinc fingers, trypsin protease and haptoglobin, spermidine 
synthase (SPDS) and putrescine N-methyltransferase (PMT)

- PMT sequences are related more closely to those of plant SPDS than to 
any methyltransferases.

Sequence Homology vs Functional Conservation
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Check which part of the query 
sequence the BLAST retrieves! 

BLAST

Prothrombin only matches the trypsin 
domain. The N-ter is completely different.

Redo BLASTs with 
different parts 
(domains) of your 
query protein.

A popular way to identify similarities 
between proteins is to perform a 
pairwise alignment (Smith-
Watermann, Needlemann-Wunsch, 
BLAST, …).
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Similarity Identification with Pairwise Alignments

 Normally, when the identity is higher than 40% this method 
gives good results.

Blast 
Fasta

Only the N-ter of the query sequence matches and with a low score!

>SCN2A_HUMAN_IQ repeat
EEVSAIIIQRAYRRYLLKQKVKKVSSIYKK 

2018 Basel

Even if you manually 

adjust the best 

substitution matrix!
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Pairwise Sequence Alignments vs MSAs

 Another weakness of the pairwise alignment is that no distinction 
is made between an amino acid at a crucial position (like an active 
site) and an amino acid with no critical role. 

 A multiple sequence alignment (MSA) gives a more general view 
of a conserved region by providing a better picture of the most 
conserved residues, which are usually essential for the protein 
function. It can help to identify subfamilies. An MSA contains more 
information than a pairwise alignment and several tools have been 
developed to extract this information.
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Several models based on multiple sequence alignment have been 
developed in order to identify conserved regions (patterns, PSSMs,
fingerprints, generalized profiles/HMMs). A search performed with 
such models is generally more sensitive than a pairwise alignment 
and can help identify very remote similarity (less than 20% of 
identity). They also offer a better alignment of important residues:

 Consensus: patterns / regular expressions

 Profile: weight matrices

Extracting Information from MSAs
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PROSITE patterns

 PROSITE patterns use a special syntax to describe the 

consensus of all the sequences present in the multiple 

alignment using a single expression.

 Used to describe small functional regions:

- Enzyme catalytic sites;

- Prosthetic group attachment sites (heme, PLP, biotin, etc.);

- Amino acids involved in binding a metal ion;

- Cysteines involved in disulfide bonds;

- Regions involved in binding a molecule (ATP, DNA, etc.)

or a protein.

 Excellent tool to annotate active sites in combination with 

profiles (ProRules).
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How to build a PROSITE pattern

 Collect sequences known to contain the signature and 

produce a multiple sequence alignment of the region of 

interest.

 Build a pattern.

- By hand

- You can use automatic methods (e.g.

http://web.expasy.org/pratt/) or a sequence logo to guide you
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How to build a PROSITE pattern

 Example using a sequence logo 

(http://weblogo.berkeley.edu/logo.cgi):
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PROSITE patterns: the full syntax

 aa are represented by a single letter code (e.g. S)

 each position is separated by a dash ’-’ (e.g. S-P-R)

 ’X’ represents any aa (e.g. S-X-R)

 ’[]’group of aa accepted for a position (e.g. [ST]-X-[RK])

 ‘{}’ group of aa not accepted for a position (e.g. [ST]-{PG}-[RK])

 ’()’ repetitions

Examples: 
x(3) corresponds to x-x-x 
x(2,4) corresponds to x-x or x-x-x or x-x-x-x 
A(3) corresponds to A-A-A 

Note: You can only use a range with 'x', i.e. A(2,4) is not a valid 
pattern element. 

 ’<’anchor at the N-term

 ’>’anchor at the C-term
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PROSITE patterns syntax example

 Pattern: <M-X(0,1)-[ST](2)-X-{V}

 Regexp: ˆM.?[ST]{2}.[ˆV]

 Text:

- The sequence must start with a methionine,

- followed by any aa or nothing,

- followed by a serine or threonine twice,

- followed by any aa,

- followed by any aa except a valine.
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Tricks to build a PROSITE pattern

 For the construction of the pattern, it is useful to consider residues and 

regions proved/thought to be important to the biological function of that group 

of proteins (e.g. enzyme catalytic sites, etc.).

 A first pattern is built from the MSA of the most conserved residues. It is used 

to scan the database.

 If it picks up too many false positives, it is modified to make it more stringent.

 The difficulty resides in achieving a pattern which does not pick up too many 

false positives yet does not miss too many sequences (false negatives).

 In some cases this result can not be achieved and an optimal sequence 

pattern can not be built.
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How to Estimate the Quality of a Pattern

 We can not estimate the quality of a match with a pattern: 

PATTERNS don’t produce a score, they match or not!

 But we can estimate the quality of the pattern.

 Two parameters can be computed to estimate the quality of a 

pattern: precision and recall.

False positives = known false hits.

False negatives = known missed hits.

Precision = true hits/(true hits + false positives).

Precision = 1 ⇒ no false positive.

Precision = 0.8 ⇒ 20% false positives. 

Recall = true hits/(true hits + false negatives).

Recall = 1 ⇒ No missed hits.

Recall =0.8 ⇒ 20% missed hits.

 To obtain these measures we require a well annotated protein 

databases (PROSITE uses UniProtKB/Swiss-Prot).
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Active site

Number of true positives

Number of false positives

Number of false negatives

PROSITE patterns: example of a pattern entry
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Limitations of PROSITE pattern

 OK to detect and annotate very conserved regions, but

poor gap models

 residues at one position are considered equivalent in their 

frequencies

 Patterns are not predictive: if a symbol is not present at one 

position, this will exclude variants that have not yet been 

observed from being detected

 no score of the match is produced (you match or not)
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Position Specific Scoring Matrix

(PSSM)
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Position Specific Scoring Matrix (PSSM)

A PSSM or a profile is based on the frequencies of each residue at a 
specific position in an MSA. The MSA is converted into a matrix 
where a score is given to each amino acid at each position of the 
MSA according to the observed frequency (positive scores for 
expected amino acids and negative scores for unexpected ones). 

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

1     7,-116,-113,-105,-116,-112,-113, -98,  47,-109,-105,-105,-117,-101,  43,  46, -98,  57,-127,-113;

2  -105,-116, -93,-111,-120,  39,-101,-107,-103,-119,-111, 113,-121,-105,-111, -96, -98,  41,-137,-118;

3    36,-123,-115,-113,-120,  68,-114,  35, -99,-114,-109,-105,-118,-105,  69,-101,-110,-106,-122,-116;

4  -121,-125,-133,-127,  93,-128,-112, -97,-122,  30, -96,-128,-131,-123,-120,-122,-117,-104, 113,  72;

5    52,-121,-108,  39,-102,-115,-106,  46,  48,-105,-102,-109,-115,-100,-101,-103,-105, -98,-108,  71;

6    27,-110,-102,-107,-118,-106,-110,-112,-104,-116,-111,  45,-110,-105,-111,  47,  97,-104,-133,-115;

7  -112,-125,  90,-100,  58,  39,-112,  46,-113,-107,-109, -97,-119,-113,-119,-108,-109,-104,-121,-101;
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        1234567 
P49331: VNRFAND 
P49332: VNRFEAD 
P49333: SNGYYSF 
P49334: AVGLKTI 
P49335: RNIFATD 
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Construction of a PSSM (1)

First step: weight sequences.

 When constructing a PSSM from an MSA it is a mistake to give 

all sequence of the alignment the same weight.

 A large set of closely related sequences carries little more 

information than a single member, but it will drastically influence 

the score of each amino acid at each position and decrease the 

influence of divergent sequences.

 To counteract this effect it is important to weight sequences, with 

those having many close relatives receiving smaller weight.
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Construction of a PSSM: Weight Sequences (1)

1    2    3    4    5    6    7
-------------------------------

A    S    T    A    M    P    V     W=0.25

A    T    S    L    M    V    T W=0.25

S    S S L    M    L    T W=0.25

A    T    P    A    M    S    S W=0.25

A    T    A    L    L S    A     W=0.125

A    T    A    L L    S    A W=0.125

 To compensate for this sampling bias, we can use sequence 

weighting algorithms, e.g.:

- based on phylogenetic tree: Gerstein, Sonnhammer and Chotia

(GSC)

- based on Voronoï algorithm: Sibbald and Argos
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2nd step: count the number of occurrence of the different amino 

acids (or bases) at each position of the alignment 

1    2    3    4    5    6    7
-------------------------------

A    S    T    A    M    P    V

A    T    S    L    M    V    T

S    S S L    M    L    T

A    T    P    A    M    S    S

A    T    A    L    L S    A

1    2    3    4    5    6    7
--------------------------------

4a   3t   2s   3l   4m   2s   1v

1s   2s   1t   2a   1l   1l 2t

1a             1v   1s

1p             1p 1a
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Construction of a PSSM (2)
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3rd step: derivation of the preliminary frequency matrix 

1     2     3     4      5     6   7
---------------------------------------

4a  3t   2s    3l     4m    2s  1v

1s   2s    1t    2a     1l   1l 2t

1a                 1v   1s

1p                 1p 1a

1     2     3     4      5     6     7
----------------------------------------

A   0.8   0     0.2   0.4    0     0     0.2

L   0     0     0     0.6    0.2   0.2   0

M   0     0     0     0      0.8   0     0

V   0     0     0     0      0     0.2   0.2

P   0     0     0.2   0      0     0.2   0

S   0.2   0.4   0.4   0      0     0.4   0.2

T   0     0.6   0.2   0      0     0     0.4
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Construction of a PSSM (3)
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4th step: correction of the sample bias.

 An MSA represent a sample of all proteins that contain such a conserved 
region, thus a sample bias can be observed: not all possibilities are 
represented in the MSA: some observed frequencies are equal 0 and thus 
will exclude the corresponding amino acid at this position (like in 
patterns).

 To circumvent this problem, one possibility is to add a small number to all 
observed frequencies, pseudo-counts to avoid null frequencies.

 A more elegant way is to modulate the pseudo-count for conservative 
substitutions using substitution matrices or dirichlet mixtures.

 The number of sequences in the MSA is also important. If there are a lot 
of sequences there is less sample bias and thus pseudo-count are less 
important.

(Usually logarithms of ‘corrected’ frequencies are used so as to speed up computation 

time).
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Construction of a PSSM (4)
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Pseudo-counts

 For example we add 0.1 to all counts of the previous matrix 

and re-normalize to obtain frequencies:
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Amino acid classification

Taylor W. R. J. Theor. Biol. 1986;119:205-218
2018 Basel

 Amino acid side chains vary in size, shape, charge, hydrogen-

binding capacity and chemical reactivity.

 The side-chain can make an amino acid a weak acid or a weak 

base, and a hydrophile if the side-chain is polar or a 

hydrophobe if it is nonpolar.



 “All amino acids are equal, but some amino acids are more equal 
than others.” Inspired from Georges Orwell

 In proteins some mismatches are more acceptable than others.
 Substitution matrices give a score for each substitution of one 

amino acid by another. These sets of numbers describe the 
propensities of exchanging one amino acid for another.

 Examples: PAM, blosum, gonnet.
Protein Bioinformatics: Sequence-Structure-Function

Substitution Matrices

Positive score: the amino acid are 
similar.
(Mutations from one aa into the other occur more often 
then expected by chance during evolution).

Negative score: the amino acids are 
dissimilar. 
(Mutations from one amino acids into the other occur less often 
then expected by chance during evolution).
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 The sequence (MCFVNRFYSFCMP) is aligned to the PSSM:

M

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

F

V 1   12,-41,-20,  5,-25,-42,-18,-18, 33,-12,-12,-19,-41, 42,  9,  2,  9, 16,-61,-11;

N 2  -23,-54, -5,-24,-37,-19,-45, -3,  7,-35,-38, 59,-41,-12,-42, 10, 65,-17,-68,-15;

R 3  -13,-62,-14,  4,-53, 78,-36,-65,-15,-64,-49,-14,-48,  9,  5,-10,-11,-63,-61,-42;

F 4  -36,-68,-63,-36, 60,-63,-38,-14,-47,  3,-21,-52,-53,-34,-58,-39,-45,-26,138, 36;

Y 5  -22,-60,-54,-24,  6,-43,  0, 30, 13,  0,-22,-27,-59, 55, -9,-38,-11, 37,-57, 12;

S 6  -35,-46,-18, 14, -9,-51,-12,-19, 34,-39,-28, 36,-45, 44, -9, -3, 41,-27,-24, 17;

F 7  -33,-58, 37, -6,-16,-39,-21, 61,-23, -1,-28, -6,-58,-17,-54,-20, -9, 14,-12, 11;

C

M

P

 Searching algorithm: sliding windows. At each position of the 
sliding window the score is obtained by summing the score of all 
columns

 Best score: 16+59+5+60+12-3-16=133
November 14 Protein Bioinformatics: Sequence-Structure-Function

Search a Database With a PSSM
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M
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Search a Database With a PSSM
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Interpretation of the score

 How do I interpret the score produced by a profile? Which 

is the lowest score I consider to produce a true match?

 Only biological arguments tell you if a match is true or not.

 However, a statistical analysis can help us decide if a 

match is statistically significant (true positive) or not (false 

positive).
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Score

homologous sequences
non-homologuous sequences

Observed distribution

Scores follow an EVD distribution

 The score distribution of a profile on unrelated sequences is 

approximated by an Extreme Value Distribution (EVD) (green bars).

 This property permits to calculate the E-value: the number of 

matches that we expect to occur by chance with a score ≥ a given cut 

off.
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Advantages:
 The score produced permits to estimate the quality of the 

match produced.
 Can be used to model short motifs.
 The method is relatively fast and simple to implement.

Limitations:
 Insertions and deletions (Indels) are forbidden: long regions 

cannot be described.
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Advantages and limitations of PSSM
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 To overcome the gap limitation of PSSMs (missing gap model), 

two or more PSSMs can be used to describe long regions. The 

combination of various PSSMs is called fingerprints.

 The PRINTS database is a collection of annotated fingerprints.
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PSSM: Fingerprints
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Generalized profiles
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Modeling of Profiles
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Modeling of Profiles
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Modeling of Profiles
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Build profiles: a pet example

 Sequence weighting: correct sampling bias.

 Residue counts: get the frequency of each residue at 

each position of the MSA.

 Pseudo-counts: avoid frequencies of 0 ⇒ avoid exclusion 

of residues.

 Build the final scoring matrix: used to build and score 

alignments.
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Build profiles: model gaps
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Profile  YLVDWDEFKSD--IYCSCRSFEyKGYLCRHAIVVLQMSG

Séquence YTVQIDLDDDEXEXSCSCPXFE-HGXPCKHILAVLLALN
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Build profiles: model gaps
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Search sequences with 

generalized profiles

with dynamic programming
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Profiles: search and align with dynamic programming

November 14 Protein Bioinformatics: Sequence-Structure-Function

Dynamic programming is a 

method for solving a complex 

problem by breaking it down 

into a collection of simpler 

subproblems, solving each of 

those subproblems just once, 

and storing their solutions -

ideally, using a memory-based 

data structure.
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Profiles: search and align with dynamic programming
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Calibration and Determination of the Cut-off I

 The profile is scanned against a randomized database of proteins 
(Swiss-Prot 34 reversed or shuffled) to calibrate the profile and to 
deduce the cut-off value.
(Look at the distribution of scores on a randomized database).

 The raw score is normalized to facilitate comparisons between 
results.
(Normalized scores of different profiles can be compared)

November 14 Protein Bioinformatics: Sequence-Structure-Function

Cut-off (usually E-value = 0.01)

E-value = relative frequency x size db
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PROSITE profiles use normalized scores

E(A) = A × 10
− Nscore

 PROSITE profiles don’t use directly E-values, but normalized 

scores, which are a linear transformation of the raw score

N
score 

= R
1

+ R
2
× Score

Where R
1
and R

2
are 2 parameters characterizing the right tail of 

the EVD.

 The N
score

and the E-value are related by the following 

relationship

where A is the number of residues in the searched database.

 For example, for a database containing 107 residues, a 

normalized score of 9.0 corresponds to an E-value of 0.01.  
 Pagni, M and Jongeneel, CV (2001) Briefings in Bioinformatics, 2, 51-67.
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PROSITE and HAMAP generalized profiles: Example
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Summary about patterns and profiles

 Patterns

- model a multiple sequence alignment using a compact string

- suited to model short and well conserved motifs

- good to describe functional residues

- easy to build, but not producing a score

 Profiles

- model a multiple sequence alignment using a numerical matrix 

representing the position specific distribution of the residues

- suited to model protein domains and gapped motifs

- excellent technology to detect distant homologies

- matches produce a score that can be interpreted using

statistical methods

 Profiles and pattern can be used together (rules) to produce 

precise annotation
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Databases
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Family and domain identification tools and databases

 General definition: a given pattern or PSSM/profile specific for 

a domain is called a descriptor, descriptor motif, discriminator 

or predictor.

 Domain databases: PROSITE, Pfam, SMART, ProDom

 Family databases: HAMAP, PRINTS, PANTHER, PIRSF, 

TIGRFAM

 Structural databases: SCOP, CATH

 Integrated databases: CDD, InterPro

 PSI-BLAST
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Tips and tricks
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Validate your results

Evaluate the score of the match

As for wet lab results cross-validate your results with other

methods:

 Use an integrated database (InterPro or CDD): matches with 

different methods are likely to be true hits

 Perform a Blast with the matched region: matched sequences 

should contain the same motif

 Build a pattern (ScanProsite), generalized profile (MyHits) or 

HMM (MyHits) with the matched region: matched sequences 

should contain the same motif

 Look for additional information provided by the database: 

features like active or binding sites, PTMs or disulfides and 

read the documentation describing the motif
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MyHits: Build your own profile…
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MyHits: …or HMM
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 Additional information contained in a 
rule associated to each PROSITE 
descriptor increases its discriminatory 
power (combines advantages from both 
profiles and patterns).

Haptoglobins have lost active site 
residues and are therefore no longer 
catalytically active.

Acrosins are serine proteases of 
trypsin-like cleavage specificity.

 Requires a good profile/sequence 
alignment to be meaningful.

ProRule
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