Bioinformatique M1: Lecture 4

P. Derreumaux

ALIGNEMENT DE DEUX SEQUENCES:

1. Algorithmes
2. Evaluation des résultats



1.1. Définitions

Alignement : représentation

 Opérations ¢lémentaires d’édition : opérations permettant de « passer » d’une séquence a une
avtre ;

e insertions (1) : AA-BCAA o
*x % * % * *

A|ICIBCAA

INsertion / DEL¢&tion
o INDEL
* délétions (d) : A A|IB|ICAA
* % x * %
-CAA g
* substitutions (s) : A A|IBI[C A A
* % * % *

A A|IC]CAA

. Etant donné une matrice de scores avec un scorapjidéegorobleme est de
trouver I'alignement optimal qui maximise le scor@alo



The sequence alignment

problem
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The gap parameters are optimized along with the substiition
matrices (# PAM, BLOSUM; BLOSUM30#BLOSUMG0)
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Figure 6.6 Graphical representation of dotplots, showing comparisons of (a) two identical
sequences; (b) two highly similar sequences; and (c) two different, but related sequences.
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Window Size = 8
Min. % Score = 30

Hash Vaiue =

FYYFBA

2

Scoring Matrix: pam250 matrix
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Optimum gap and length extension penalties
and alignment algorithm found using the training set

Alignment
Matrix Opn. Ext. algorithm
H3P2 3.0 0.3 GLOLOC
GONNET 3.0 0.08 GLOGLO
PAM250 2.0 0.1 GLOGLO
BLOSUM62 - 80 0.8 GLOGLO

Using the training set, we evaluated a range of parameters for
each matrix. The parameters given in the Table maximize the
area under the SENS-SPEC curve. The second column (Opn.)
gives the gap opening penalty and the third column (Ext.)
gives the gap length extension penalty. The range evaluated,
GLOLOC, and GLOGLO are explained in the text.




. (Programmation dynamique) dynamic programming algorthms
provide a rigorous mathematical approach towards sequere
alignment. Best (optimal) alignment of two sequences Wi n and m
amino acids is found on the order of nm steps.

A rigorous method:
- N0 approximation
- all alignments are considered with all possible gaps any positions



Sequence Matching

Dynamic Programming Alignment

+ Global vs local methods
— Global - uses all positions of both sequences
— Local - best region of alignment

. Useglobalif  —> Nw [ Needleman Wunsch)
— You expect and want the entire sequence to match
+ Uselocal — SW (S‘M\H\, V\Ja)(umMB

— You expect only part of the sequences to match

— Sequences are very ditferent in length ku\ﬂ w ‘um j coun ‘Mﬁ
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Résultat de l'alignement
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Figure 2. Distribution of SD scores obtained for 100000 alignments of length > 20
between unrelated proteins. The SD scores were calculated from 100 randomizations
using a global alignment method (13), PAM250 matrix with eight added to each element,
and length-independent gap penalty of eight.
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Figure 3. A local alignment found between citrate synthase (Brookhaven code: 2cts) and
transthyritin (2paba). The SD score for this alignment is 7.55, its length is 54 residues,
and the identity is 25.9%. Despite this apparently high similarity, the sequences are of
completely different secondary structure.
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Optimal local alignment score

1..
ngure 6. The distribution of optimal local alignment scores from the
gomparison of a position-specific score matrix with 10 000 random protein
nquenccs The score matrix was constructed by PSI-BLAST from the 128 local
ents with E-value <0.01 found in a search of SWISS-PROT using as
Mt.he length-567 influenza A virus hemagglutinin precursor (27) (SWISS-
PROT accession no. P03435). The random sequences, each of lencth 567, were
rated using the amino acid frequencies of Robinson and Robinson (20).
ppumal local alignment scores were calculated using :the position-specific
mpatrix in conjunction with 10 + k gap costs. The extreme value distribution that

best fits the data (3,15) is plotted. A 2 goodness-of-fit test with 34 degrees of
freedom has value 41.8, corresponding to a -value of 0.20.
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