Bioinformatics

Multiple sequence alignment



Bioinformatics - lectures

m Introduction

m Information networks

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

m Pairwise sequence alignment
C

m Secondary database searching
m Analysis packages

m Protein structure modelling



Multiple sequence alignment

m multiple sequence alignment

B COoNnsensus sequence

m manual methods

m simultaneous and progressive methods

m databases of multiple sequence alignments

m hybrid approach for database searching



Multiple sequence alignment

m Multiple sequence alignments are essential for
analysis of sets of gene families.

m Sequence-based multiple sequence alignments -
constructed according to similar strings of amino
acid residues.

m Structure-based multiple sequence alignments -
constructed according to structural evidence.



Colour-coded multiple sequence alignments
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Multiple sequence alignment

Construction of a multiple sequence alignment:
» positioning of residues within any sequence is

preserved ( )
> similar residues in all sequences are brought into
vertical register ( )

All residues in any single column of an alignment
will have the same relative position but different

absolute position (unless the sequences are
identical).



Consensus sequence

m The alignment table can be summarised by:
> a single line:
» unweighted matrix:
» ungapped block of residues (weighted):
» weighted matrix:



Multiple alignment and the consensus sequence
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Multiple alignment and the profile, block and fingerprint
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Manual methods

Manual methods are however they
enable to incorporate experimental evidences
(e.g., mutagenesis data, structural knowledge)
into the multiple alignment.

Manual modification of the multiple alignments
from automatic methods is the best approach.

Intuitive assist the eye in
spotting similarities.
Quantitative through

calculation of residue identities/similarities.



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



Simultaneous methods

Simultaneous methods align all sequences in a
given set , rather than aligning pairs of
sequences or building sequence clusters.

Extension of 2D dynamic programming matrix to
more dimensions.

Number of dimensions = number of sequences.



Progressive methods

Multi-dimensional programming matrix iS not
applicable to realistic problems - larger sets of
longer sequences.

» 1. construction of evolutionary tree

> 2. pairwise alignment of closely related sequences,
addition of less related sequences

> 3. final alignment, final evolutionary three

» positioning of gaps in closely related sequences
according to their variability



Databases of multiple alignments

Multiple alignments bring together sequences
from different species. This important
evolutionary information can

of database searches.

Various abstractions (regular expressions,
profiles, blocks, fingerprints or HMMs) can be
searched against sequence databases. More
information used in a query - higher sensitivity.

Results of the searches using the multiple
alignments are more



Databases of multiple alignments

m Multiple alignments databases available via Web
are produced automatically (e.g., PFAM) or
manually (e.g., PRINTS).



Pfam

Protein families database of alignments and HMMs

Home | tueyward search | Profein search | OnA search | Browse Pfam | Tawono my sear:

. Accession number: PF00095
. Zinc finger, C2H2 type

- The C2H2 zinc finger is the classical zinc finger domain. The two conserved cysteines and

. histidines co—ordinate a zinc ion. The following pattern describes the zinc finger,

LK C-K 5O K- K2 -H-X (3-8 [HAZ] Where X can be any amino acid, and

. numbers in brackets indicate the number of residues. The positions marked 4 are those that are
- important for the stable fold of the zinc finger, The final position can be either his or cys, The

. C2H2 zinc finger is composed of two short beta strands followed by an alpha helix. The amino

- terminal part of the helix binds the major graove in DNA binding zinc fingers.

Figure 1: 1ath

Complex (zinc finger/dna) INTERPRO description (entry IFRO0O0OE22)
Clgsr (zif268 variant) zinc finger—dna complex
(neac site) - Zinc finger domains [MEDLIMNE: 88151013], PUB00005329 are nucleic acid-binding protein

. structures first identified in the Xenopus transcription factor TFIA. These domains have since

- heen found in numerous nucleic acid-hinding proteins, A zinc finger domain is composed of 25 1o
. 30 amino-acid residues including 2 conserved Cys and 2 conserved His residuesin a

| C-2-C—12-H-3-H type motif. The 12 residues separating the second Cys and the first His are

. mainly polar and basic, implicating this region in particular in nucleic acid hinding. The zinc finger
- motif is an unusually small, selfi-folding domain inwhich £n s a crucial component of its teriary

. structure. All bind 1 atom of Zn in a tetrahedral array to vield a finger—like projection, which

- interacts with nucleotides in the major groove of the nucleic acid, The Zn hinds to the conserved

. Cys and His residues. Fingers have been found to bind to ahout 5 hase pairs of nucleic acid

- containing short runs of guanine residues, They have the ability to bind to both RNA and DNA, a
- versatility not demonstrated by the helixtum-helix motif. The zinc finger may thus represent

- the original nucleic acid hinding protein. [t has also been sugoested that a Zn—centred domain

. could be used in & protein interaction, e.0. in protein kinase C. Many clagses of zinc fingers are

. characterized according to the number and positions of the histidine and cysteine residues

- involved in the zinc atom coordination. In the first class to be characterized, called C2H2, the

- first pair of zinc coordinating residues are cysteines, while the second pair are histidines.




Pfam

Protein families database of alignments and HMMs
Home | teywaord search | Protein search | OMA search | Browse Pfam | Taxonomy search | Help
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Hybrid approach for database searching

» Position-Specific [terated - BLAST
» algorithm by Altschul et a/ (1997)

» incorporates elements of both pairwise and multiple
sequence alignment methods

» procedure: initial search - creation of position specific
profiles from the hits - new search ... in iterations

» advantage: detects even very weak similarities

» disadvantages: the profile can be diluted if low-
complexity regions are not masked; inclusion of single
false-positive sequence into the profile leads to bias
towards unrelated sequences




Graphic hit list from a database search using PSI-BLAST

Color Key for Alignment Scores
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