


  Objectives 
  General concepts 
  Pairwise sequence alignment 
  Database similarity search 

  standard (BLAST) 
  advanced (profile, PSI-BLAST) 

  Multiple sequence alignment 



  Alignments allow the comparison of 
biological sequences. such comparisons are 
necessary for different studies :

  Identification of homologous genes

  Search for functional constraints in a set of 

genes or proteins.
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  Search for functional constraints in a set of genes or 

proteins.

  Function prediction

  Structure prediction

  Reconstruct evolutionary relationships between 

sequences (phylogeny)

  Design of PCR primers

  Sequence assembly

  ...




  Residues (nucleotides, amino-acids) are superposed so that 
to maximise the similarity between sequences.


  G T T A A G G C G – G G A A A 
  G T T – – – G C G A G G A C A 
  * * *       * * *   * * *   * 

  Mutations :

  Substitution (mismatch)

  Insertion

  Délétion


   Insertions or deletions : indels (gap).




  For the biologist, the good alignment is the one 
that corresponds to the most likely evolutionary 
process




  Score =


  Example: 

  identity = 1 

  mismatch = 0 

  gap = -1 


  Score = 10  - 4  = 6


€ 

SubstitutionWeight − GapPenalty
begin

end

∑
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  Transition: A <-> G      T <-> C 
  Transversions : other substitutions 
  p(transition) > p(transversion) 

  G T T A C G A    G T T A C G A 
  G T T - G G A    G T T G - G A 
  * * *     * *    * * * .   * * 

A C

G T



  Gap = -1 





  Genetic code 
  Asp (GAC, GAU)  ->  Tyr (UAC, UAU)  :  1 mutation 
  Asp (GAC, GAU)  ->  Cys (UGC, UGU)  :  2 mutations 
  Asp (GAC, GAU)  ->  Trp (UGG)   :  3 mutations 

  Physico-chemical properties of amino-acids (acidity, hydrophobicity, etc.) 



  Dayhoff (PAM), BLOSUM: measure the frequency of 
substitutions in alignments of homologous proteins 
  PAM 60, PAM 120, PAM 250 (extrapolations from PAM 15) 
  BLOSUM 80, BLOSUM 62, BLOSUM 40 (based on blocks 

alignments) 



  TGATATCGCCA       TGATATCGCCA  

  TGAT---TCCA       TGAT-T--CCA 
  ****    ***       **** *  *** 

  Gap of length k:  Linear penalties:  w = δo + δe k  
δo : penalty for gap opening 
δe : penalty for gap extension 
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  Estimation of parameters with true alignments  (e.g. based on known 
structures) 

  Gap of length k:   
  Logarithmic penalty:  w = δo + δe log(k) 

  w = f(log(k), log(PAM), residue, structure) 
–  PAM: the probability of a gap increases with the evolutionary 

distance 
–  Resides, structure: the probability of a gap is higher in a loop 

(hydrophilic) than in the hydrophobic core of  proteins  
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  Two sequences are homologous if (and only if) 
they derive from a common ancestor


  30% identity between two proteins => homology, 
except if:

  Short block of similarity (< 100 aa)


  Compositional biais (low-complexity regions, e.g. Pro-rich, Ala-
rich regions)




  Objective: for a given scoring scheme, find the best 
alignment(s), i.e. the optimal alignment(s) 

  Problem: the number of possible alignments between 
two sequences increases exponentially with the length 
of sequences. For example: 
  Lg1 = 3, Lg2 = 4 :      129 possible alignments 
  Lg1 = 6, Lg2 = 8 : 40,081 possible alignments 



  Dynamic programming 
  Global alignment : Needleman & Wunsh 
  Local alignment : Smith & Waterman 





  Needleman & Wunsh, 1970


S i, j( ) =max
S(i −1, j) + δ(gap),
S(i −1, j −1) + δ(ai , bj ),
S(i, j −1) + δ(gap)
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  Alignment of two sequences of length M and N 
  Needleman-Wunsh (global alignments), Smith-Waterman 

(local alignments): 
  Time:   O(N . M) 
  Memory:  O(N . M) 

  Improvement of Smith-Waterman (Huang & Miller 1991):  
  Time:   O(N . M) 
  Memory:  O(N + M) 

  SIM, LALIGN 



  Graphical representation of similarities between 
two sequences 

  Inversion, duplications C T T G C A C G TA T
C
T
G
C
A
C
G
T
A
T
T
A



DOTTER:  http://www.sanger.ac.uk/Software/Dotter/




  Objective: compare one sequence to a database of 
sequences, compare two databases, ... 

  e.g. :  
  I have identified a new gene; does this gene have any 

homologue (known or unknown)  in sequence databases ? 
  I want to identify all the genes that belong to a same gene 

family 
  I want to identify all homologous genes between the 

genomes of species A and species B 



  Exact Algorithms (Smith-Waterman) 
  SIM, LALIGN, SSEARCH, … 

  Heuristics

  FASTA


 
1 -search for identical ‘ k-tuples ’


 
2 - global alignment, anchored on the region of 
similarity


  BLAST


 
1 - search for similar ‘words’


 
2 - extend blocks of similarity






S L A A L L N K C K T P Q G Q R L V N Q W 

P Q G 18 
P E G 15 
P R G 14 
P K G 14 
P N G 13 
P D G 13  
P H G 13 
P M G 13  
P S G 13 
P Q A 12 
P Q N 12 
... 

List of 
similar 
words 

Threshold Score  

T = 13 

Query : 325  S L A A L L N K C K T P Q G Q R L V N Q W  345 
             + L A + + L +       T P   G   R + +   + W  
Sbjct : 290  T L A S V L D C T V T P M G S R M L K R W  310 

δ(P, P) = 7 
δ(Q, R) = 1 
δ(G, G) = 6 

x 

T 



Block alignment or global alignment : comparison 
BLAST / FASTA




  Limits of DNA similarity search 
  Reduced alphabet (4 letters) 
  Degenerascy of the genetic code 

  But … some sequences are non-coding 
  regulatory regions, structural RNAs, ... 



  blastp: protein/protein 
  blastn: DNA/DNA (useful for non-coding sequences) 
  blastx: DNA-translated/protein (useful for query sequences 

with unidentifed coding regions; more sensitive than 
blastn) 

  tblastn: protein/DNA-translated (useful for database 
sequences with unidentifed coding regions; e.g. search for 
homologues of a protein gene in an unannotated genome ; 
more sensitive than blastn) 



BLASTP 2.0.14 [Jun-29-2000] 

Query= MyProtein 
         (213 letters) 

Database: sptrembl: SWISSPROT + TREMBL database ( Sep 23, 2002) 
           897,714 sequences; 282,774,038 total letters 

Searching............................................done 

                                                        Score  E 
  Sequences producing significant alignments:           (bits) Value 

G6PD_ECOLI 491 Glucose-6-phosphate 1-dehydrogenase (...    432 e-120 
Q8XPS9 489 Probable glucose-6-phosphate 1-dehydrogen...    257 1e-37 
Q9SUJ9 515 Glucose-6-phosphate 1-dehydrogenase (EC 1...    121 1e-26 
AAM51346 625 Putative glucose-6-phosphate dehydr...         93 4e-18 
P95611 97 Orf9 protein (Fragment).                          72 9e-12 
Q9VNW4 581 CG7140 protein.                                  69 4e-11 
Q8T8Z3 526 AT14419p.                                        50 4e-05 
O53176 435 Hypothetical protein Rv2449c.                    33 3.6 





  Among the similarities that have been detected, which are 
the ones that reflect biologically meaningful relationships ? 
which are the ones that are observed simply by chance ?


  Frequency distribution of similarity scores of local 
alignments between unrelated sequences


  Probability that a similarity of score  S   be observed by 
chance




  Low complexity sequences (proteins, DNA):


40% of proteins
 
DNA: microsatellites


15%of residues
 
example: CACACACACACACACACA


Ala, Gly, Pro, Ser, Glu, Gln


Filtering programs: SEG, XNU, DUST



RSPPR--KPQGPPQQEGNNPQGPPPPAGGNPQQPQAPPAGQPQGPP 


. :::    : :: : :  ::::: :  :: :.:  :: : :::::


QGPPRPGNQQCPPPQGG--PQGPPRP--GNQQRP--PPQGGPQGPP 


  Repeated sequences: e.g. transposable elements


    
106 Alu, 105 L1 in the human genome


Filtering program: RepeatMasker


NNNNNNNNNNNNN



  algorithm

  substitution matrix, weighting of gaps

  search strategy (DNA, protein)

  filtering of low complexity or repeated sequences

  completeness of sequence databases


  1 -rapid software, default parameters

  2 - filtering (if necessary)

  3 - change parameters (matrix, W, k, etc.)

  4 - change algorithm

  5 - repeat the search regularly




  Search for similarities with very short DNA 
sequences (e.g. PCR primers): 
  decrease W (11 → 7) 

  Very rapid search for strong similarities 
(e.g. cDNA to genome, human vs. 
chimp, ...) : 
  megablast 



Séquence requête 

Choix de la base 
de données 

Choix de 
l’algorithme 

Paramètres 

Choix du taxon, 
requête Entrez 



Nb. maximum de 
séquences à visualiser 

Filtrage (séquences 
de faible complexité) 

E-value limite 
Taille du mot 

Choix de la matrice 
Pénalités des gaps 



Domaines 
conservés 

Banque de 
données 

Résultats 
par taxon 



Répartition des hits 
en fonction du score 

Nombres de hits 



Séquences 
similaires 



Récupération 
des séquences 

Liens vers des 
banques NCBI 





  The Needleman&Wunsh algorithm can in theory be used for 
more than two sequences, but it is impossible to use it in 
practice .


  The number of possible paths for aligning n sequences is 
proportional to 2n – 1.


  Computer time and memory increases exponentially with the 
number of sequences

⇒  Use heuristic methods.


La 
partie 
de 
l'image 
avec 
l'ID de 
relation 

La partie de 
l'image avec l'ID 
de relation rId1 
n'a pas été 
trouvée dans le 
fichier.



  Iterative approach to compute multiple alignments, by grouping 
pairwise alignments.


  Three steps :

  Alignment of sequence pairs.

  Guide tree

  Grouping of alignments (progressive alignment).


  CLUSTAL (Higgins, Sharp 1988, Thompson et al., 1994), the most 
cited multiple alignment program.


  MULTALIN, PILEUP, T-Coffee, Muscle






  Decrease gap penalty in hydrophilic 
regions (≥ 5 residues).


  Amino-acid specific gap penalty (e.g. 
lower gap penalty for Gly, Asn, Pro).




  Only one of these three alignments is optimal 







  Search for similar blocks without gap 

  Select the best combination of consistent similar blocks (uniforms or 
not) : heuristic  (Abdeddaim 1997) 

  Alignment anchored on blocks 
  Slower than progressive alignment, but better when sequences contain 

large indels 
  Do not try to align non-conserved regions 



  MEME 
  MATCH-BOX 
  PIMA 



  Muscle  
  ClustalW 

  Dialign 
  T-coffee 

  MEME 







(1) alignment of protein sequences 
(2) back-translation of the protein alignment into a DNA 

alignment 

protal2dna: http://bioweb.pasteur.fr/seqanal/interfaces/protal2dna.html




  Align an mRNA with its cognate genomic 
DNA => gene finding 

  No gap penalty at introns => search for 
splice sites 

  sim4, est2genome 



  Align a protein with genomic DNA => gene 
prediction 

  No gap penalty at introns => search for 
splice sites 

  genewise 





  Search for overlaps between sequence reads 
  Allow for sequencing errors (or 

polymorphism) 
  Take into account sequence quality  

  cap3, phred/phrap (more complex tools for 
whole genome assembly) 





Seq A   CGRRLILFMLATCGECDTDSSE … HICCIKQCDVQDIIRVCC 
         ::  :       :::            ::   :        : 
Insulin  CGSHLVEALYLVCGERGFFYTP … EQCCTSICSLYQLENYCN 
            :::   :     :  :            ::  :  : 
Seq B   YQSHLLIVLLAITLECFFSDRK … KRQWISIFDLQTLRPMTA 

Pairwise comparison:



Insulin / Seq A : 25% identity


Insulin / Seq B : 25% identity 



                             B-chain                                  A-chain                

INSL4   Q14641  ELRGCGPRFGKHLLSYCPMPEKTFTTTPGG...[x]58 ....SGRHRFDPFCCEVICDDGTSVKLCT 
INSL3   P51460  REKLCGHHFVRALVRVCGGPRWSTEA.......[x]51 ....AAATNPARYCCLSGCTQQDLLTLCPY 
RLN1   P04808  VIKLCGRELVRAQIAICGMSTWS..........[x]109 ....PYVALFEKCCLIGCTKRSLAKYC 
BBXA   P26732  VHTYCGRHLARTLADLCWEAGVD..........[x]25 ........GIVDECCLRPCSVDVLLSYC 
BBXB    P26733  ARTYCGRHLADTLADLCF--GVE..........[x]23 ........GVVDECCFRPCTLDVLLSYCG 
BBXC   P26735  SQFYCGDFLARTMSILCWPDMP...........[x]25 ........GIVDECCYRPCTTDVLKLYCDKQI 
BBXD  P26736  GHIYCGRYLAYKMADLCWRAGFE..........[x]25 ........GIADECCLQPCTNDVLLSYC 
LIRP    P15131  VARYCGEKLSNALKLVCRGNYNTMF........[x]58 ........GVFDECCRKSCSISELQTYCGRR 
MIP I     P07223  RRGVCGSALADLVDFACSSSNQPAMV.......[x]29 ....QGTTNIVCECCMKPCTLSELRQYCP 
MIP II    P25289  PRGICGSNLAGFRAFICSNQNSPSMV.......[x]44 ....QRTTNLVCECCFNYCTPDVVRKYCY 
MIP III  P80090  PRGLCGSTLANMVQWLCSTYTTSSKV.......[x]30 ....ESRPSIVCECCFNQCTVQELLAYC 
MIP V  P31241  PRGICGSDLADLRAFICSRRNQPAMV.......[x]44 ....QRTTNLVCECCYNVCTVDVFYEYCY 
MIP VII  P91797  PRGLCGNRLARAHANLCFLLRNTYPDIFPR...[x]86 ..EVMAEPSLVCDCCYNECSVRKLATYC 
ILP      P22334  AEYLCGSTLADVLSFVCGNRGYNSQP.......[x]31 ........GLVEECCYNVCDYSQLESYCNPYS 
INS      P01308  NQHLCGSHLVEALYLVCGERGFFYTPKT.....[x]35 ........GIVEQCCTSICSLYQLENYCN 
IGF1    P01343  PETLCGAELVDALQFVCGDRGFYF.........[x]12 ........GIVDECCFRSCDLRRLEMYCAPLK 
IGF2    P01344  SETLCGGELVDTLQFVCGDRGFYF.........[x]12 ........GIVEECCFRSCDLALLETYCATPA 

              *.         .*                                   **   *    .   * 



  Consensus: e.g. TATA box: TATAWAWR 

  Regular expression: e.g. insulins PROSITE pattern  
  C-C-{P}-x(2-4)-C-[STDNEKPI]-x(3)-[LIVMFS]-x(3)-C 

  Position-specific weight matrix (profiles, hidden markov models) : 
position-specific weighting of substitutions and indels 



A C D E F G H I K L M N P Q R S T V W Y -
1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 16
3 1 0 0 1 0 0 0 0 0 0 1 0 0 3 0 1 0 0 0 0 10
4 2 0 0 0 0 2 0 0 0 0 0 0 1 0 2 1 0 0 0 0 9
5 1 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0 1 9
6 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 4 1 0 0 9
7 1 0 0 0 0 9 0 0 0 0 0 4 0 0 1 2 0 0 0 0 0
8 0 0 0 0 1 0 0 8 0 0 5 0 1 0 0 0 0 2 0 0 0
9 2 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0
10 0 5 6 4 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0
11 0 0 1 12 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0
12 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 1 5 0 0 0 0 4 1 0 0 0 1 0 1 0 0 4 0
15 0 0 0 0 0 0 0 1 2 0 0 5 0 1 5 2 0 1 0 0 0
16 0 0 0 1 0 2 0 2 0 0 0 0 5 1 0 3 0 2 0 1 0
17 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 4 9 0 0 0 0
19 0 0 1 0 0 0 0 1 1 5 0 1 1 1 0 0 1 4 0 1 0
20 1 0 6 0 0 1 0 0 0 0 0 0 0 2 3 3 0 0 0 1 0
21 0 0 1 3 0 0 0 0 1 1 0 0 0 2 1 1 1 6 0 0 0
22 0 0 0 0 1 0 0 0 0 14 0 0 0 0 0 1 0 1 0 0 0
23 2 0 0 4 0 0 0 0 1 5 0 0 0 1 2 0 0 1 0 1 0
24 1 0 0 1 0 0 0 0 3 1 1 1 0 1 0 4 4 0 0 0 0
25 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 15 0
26 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27 2 0 1 0 0 2 0 0 0 0 0 2 2 0 0 0 1 0 0 2 5
28 0 0 0 0 0 0 0 0 1 0 0 0 2 0 1 0 1 0 0 1 11
29 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 1 12
30 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 13









  Splice donnor sites of vertebrates: frequency (%) of the four bases at each 
position 

Base    Position 
     -3   -2   -1   +1   +2   +3   +4   +5   +6 

A     33   60    8    0    0   49   71    6   15 
C     37   13    4    0    0    3    7    5   19 
G     18   14   81  100    0   45   12   84   20 
T     12   13    7    0  100    3    9    5   46 

Cons.  M    A    G    G    T    R    A    G    T 
   



  1- search for homologues (e.g. BLAST) 
  2- align homologues (e.g. MUSCLE, MEME) 
  3- compute a profile from the multiple alignment 
  4- compare the profile to a sequence database (e.g. MAST, 

pfsearch) 

  pfsearch: http://www.isrec.isb-sib.ch/profile/profile.html 

  MEME/MAST: http://meme.sdsc.edu/meme/website/  



  Position-Specific Iterated BLAST

  1- classical BLAST search

  2- compute a profile with significant BLAST hits

  3- BLAST search based on the profile

  4 -repeat steps 2-3 up to convergence


  More sensitive than Smith-Waterman

  40 times faster 



  Databases: PROSITE, PFAM, PRODOM, 
…, INTERPRO 

  Search tools:  
  ProfileScan : http://hits.isb-sib.ch/cgi-bin/PFSCAN  



  Needleman & Wunsh, 1970









