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Secondary database searching



Bioinformatics - lectures

m Introduction

m Information networks

m Protein information resources
m Genome information resources
m DNA sequence analysis

m Pairwise sequence alignment
m Multiple sequence alignment

C

m Analysis packages

m Protein structure modelling



Secondary database searching

m why search secondary databases?
m secondary databases

m regular expressions

m fingerprints

m blocks

m profiles

m Hidden Markov Models



Why search secondary databases?

Interpretation of the results from primary
database searches is sometimes :

» X.000.000 sequences from XX.000 organisms

= complex and redundant search outputs

> irrelevant matches of low-complexity sequences,
repetitive sequences, modular sequences

> local regions of similarity in multi-domain proteins
» truncated description lines

Secondary database searches enable to identify
both homology and more exacting



Secondary databases

These abstractions represent destillations of

the most conserved features of multiple
alignments.

The abstractions are useful for discrimination

of family membership for newly determined
sequences.



Secondary databases

m PROSITE - regular expressions
m PRINTS - fingerprints
m BLOCKS - blocks

m PROFILES - profiles
m PFAM - Hidden Markov Models

m IDENTIFY - fuzzy regular expressions



erms used in sequence analysis methods
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Regular expressions

Regular expression reduces the sequence data to
the most conserved residue information.

Multiple alignment Regular expression

ADLGAVFALCDRYFQ [AS]-D-[IVL]-G-X5-C-[DE]-R-[FY]2-Q
SDVGPRSCFCERFYQ

ADLGRTQNRCDRYYQ

ADIGQPHSLCERYFQ

Limitations:

> stringent pattern - retrieves only identical matches and
can miss remote relatives

» fuzzier pattern - better chance to detect remote
relatives, but results in more noisy output

> single motif may not be sufficient to infer the function



Regular expressions

Regular expressions works most effectively when
a particular protein family can be characterised
by a highly conserved motif ( residues).

Limitation: short patterns ( residues) are not
sufficiently discriminative.

Asp-Ala-Val-Ile-Asp (DAVID) /1 exact matches in OWL29.6
Asp-Ala-Val-Glu (DAVE) 1088 exact matches in OWL29.6



Regular expressions

- short patterns that can be used to provide
a guide to possible existence of functional sites:

Functicnal site Regular expression
N-glycosilation site N-{P}-[ST]-{P}
Protein kinase C phosphorylation site [ST]-X-[RK]

Casein kinase II phosphorylation site [ST]-X{(2)-[DE]

Asp adn Asn hydroxylation site C-X-[DHN]-X{4)-[FY]-X-C



Regular expressions

- regular expressions
with introduced fuzziness into patterns using
groups of amino acids with similar biochemical
properties (FYW - aromatic, HKR - basic, etc.).

Multiple alignment Fuzzy regular expression

ADLGAVFALCDRYFQ [ASGPT]-D-[IVLM] -G-X5-C-[DENQ]-R-[FYW]2-Q
SDVGPRSCFCERFYQ

ADLGRTQNRCDRYYQ

ADTIGOPHSLCERYFEFQ



Residue | Property | - Colour

Asp, Glu o Acdic - | red

His, Arg, Lys Basic | blue
Ser, Thr, Asn, Gln Polar neutral green
Ala, Val, Leu, Ile, Met Hydrophobic aliphatic white
Phe, Try, Trp Hydrophobic aromatic purple
Pro, Gly Special structural properties brown

Cys Disulphide bond former yellow



Aromatic Positive

Hydrophobic Polar
Charged



Regular expressions

m Introduction fuzziness into regular expressions
increases the number of matches retrieved from
the sequence database:

Regular expression No. of exact matches (OWL29.6)
D-A-V-I-D 71
D-A-V-I-[DENQ] 252
[DENQ]-A-V-I-[DENQ] 925
[DENQ]-A-[VLI]-I-[DENQ] 2739

[DENQ]-[AQ]-[VLI]2-[DENQ] 51506



Fingerprints

Motivation: there are often more than one
conserved region present in multiple alignment.

Groups of motifs excised from the sequence and
converted into matrices populated by the residue
frequencies observed at each position.

Unweighted scoring system - no additional
mutation or substitution matrices are employed.

Weighted scoring system - additional matrices are
employed resulting in less sparse matrix, but poor

signal-to-noise performance.
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Example of frequency matrix derived from initial
unweighted motif (a) and PAM-weighted matrix (b)
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Blocks

Conserved motifs are located by a first motif-
finding algorithm: search for the spaced residue
(e.g., Ala-X-X-Val-X-Trp); a block score is

using BLOSUM 62 substitution matrix.

Validation of blocks by a second motif-finding
algorithm: search for the highest-scoring

in the correct order without overlapping.

Sequences are to avoid a bias due to
identical sequences.
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Profiles
Based on seguences.

Profiles define which residues are allowed at
given positions, which positions are highly
conserved and which degenerate, which positions
can tolerate insertions.

The scoring system may include evolutionary
and results from structural analysis.
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Hidden Markov Models

Based on entire sequences.

HMMs are consisting of a
number of interconnecting states - linear chains
of match, delete or insert states.

Each position in the multiple alignment is
assigned to either , or state.

Construction: seed alignment, iterative sequence
gathering, final alignment (all automatic).






