Alignements multiples

identifications de motifs conservés dans un

ensemble de séquences

Relation évolutives entre séq / organismes
Localiser des structures 2D ou 3D
Caractériser une famille de protéines

=> |dentification de nouveaux membres
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CCRF2C
CCRF25
CCOFZ2R
CCOF2P
Consensus

CCPCS0
CCRF2C
CCRF25
CCOF2R
CCOF2P
Consensus
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Application des alighements multiples :

- Identification et caractérisation des
motifs (patterns, signature) et des
domaines protéiques (profile, matrice)



sensibilité

GHEGVGKVVKLCGCAGA
GHEKKGYFEDRGPSA
GHEGYGGRSRGGGYS
GHEFEGPKGCGALYI
GHELRGTTFMPALEC

GHE-x (2) -G-x(5) - [GA]

Consensus a 100%
Consensus a 60%

Pattern PROSITE
Ou signature

Matrice PSSM
ou profile



GHEG-GKVVKLCGCAGA
GHE--GYFEDRGPSA
GHEGYGGRSRGGGYS
GHEF-GPKG-GALYI
GHELRGTTFMPALEC

GHE-x(0,2)-G-x(4,5) -[GA]



<A-x-[ST] (2)-x(0,1) -[APTL]-x(4,10)-C-{V}

<A en N term

X = n’ importe quel AA
[ST] (2) =Ser ou Thr 2 fois
x(0,1) 1 AA ou aucun

x(4,10) entre 4 et 10 AA quelconques
{V} tout sauf une Val
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General information ahout the entry

Entry name CYTOCHROME_B5_1

|Accession number |PS(]0191

(Entry type [PATTERN

Date \4PR-1990 (CREATED), DEC-2004 (DATA UPDATE); SEP-2005 (INFO UPDATE).
PROSITE

documentation BRSO Pattern

Name and characterization of the entry

Description Cytochrome b3 family, heme-binding doman signature. IEGVLITIVMET_SIL_SfO\ P.ICAlC
Pattern [FY]-[LIVME - (I} -{Q} -H-P-[GA]-G. [ 28 ][ RERS VR RRS| [ DY) B8 4 |[SEs]\= 7
Numerical results

+ UniProtE BiSwass-Prot release number: 48.1, total number of sequence entries i that release: 195058,

+ Total mumber of hits in TniProtE BfSwiss-Prot: 86 hits in 86 different sequences

¢ Mumber of hits on proteins that are known to belong to the set under consideration: 80 hits in 80 diif]erent sequences

+ Mumber of hits on protems that could potentally belong to the set under consideration: 0 hits in 0 different sequences

+ Mumber of false hits {on unrelated protemns): 6 hits in 6 different sequences

+ Mumber of known missed hits: 4

¢ MNumber of partial sequences which belong to the set under consideration, but which are not hit by the pattem or profile because they are partial (fragment) sequences: 2
+ Precision (true hits / (true uts + false posives)): 93.02 %

+ Becall (true hits { (true hits + false negatives)): 95.24 %

Comments

¢ Taxonomic range: Eukaryotes, Prokaryotes (Bacteria), Eukaryotic viruses
o Dlasimum known number of repetitions of the pattern in a single protein: 1

¢ "Interesting' site m the pattern: 5,heme_iron

+ VERSION: 1

Cross-references

True positive hits:

LCO1 RJECA (Q12618), ACOl YEAST (P21147), CYBZ HANAN (P0D9437),
CYBZ_YELST (POOD175), CYBS1 ARATH (Q42342), CYB52 LRATH (048845),
CYB52_SCHPO (QOUSM6), CYBSL MIMIV (QSURS0), CYBSL NEUCE (QSX0J4),
CYBSHM HUMAN (043169}, CYBSM MOUSE (QUCQX2), CYBSHM PONPY (QSRDJS),
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Alignement

AATTGA
AGGTCC
AGGATG
AGGCGT
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H@ QP

log i Matrice de poids
P, de position
Matrice de L (Position Weight Matrix
frequences > ou

Position Specific
Scoring Matrix= PSSM)

1 2 3 4 5 6
1.2 0 -1.6 0 -1.6 0
-1.6 -1.6 -1.6 0 0 0
-1.6 0.96 0.96 -1.6 0.59 0
-1.6 -1.6 0 0.59 0 0



CGTATGTAAGGTGTACGTAG
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CGTATG

HQOQp

1.2
-1.6
-1.6

TAAGGT

2

0

-1.6

-1.6
0.96
-1.6

A

GTACGTAG

3 4 5 6
-1.6 0 -1.6 0
-1.6 0 0 0
0.96 -1.6 0.59 0

0 0.59 0 0

A G G T
Score = -4.21

G G T G
Score =0.56

G T G T

Score = 4.3
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< NC :
> NCBI Boaaia =,

HOME CH | SITE MAF Entrez | oD | Structure Protein Help

pfamOol Cyt-b5

Cytochrome bS-like Heme/Steroid binding dormain, This family includes herme binding dormains from a diverse range of proteins, This
family also includes proteins that bind to stercids, The family includes progesterone receptors, Many mermbers of this subfamily are
membrane anchored by an N-terminal transmembrane alpha helix, This family also includes a domain in some chitin synthases, There
is no known ligand for this domain in the chitin synthases.

PubMed References @

Purification and partal sequendng of high-affinity progesterone-hinding site(s) from pordne liver
membranes, EL S Biocherm 7908 Aug 1) 205 S50 3

Cloning and tissue expression of two putative steroid mermbrane receptors, B0l Chern 725808
Er= ke areev ]

Mermbrane-bound progesterone receptors contain a cytochrome bSike ioand-binding domain, Gehame
Bioi 2002 31 2N RESEARCHOOES

Seguence Alignment

Format: | Hypertext Vl Fow Display: | up to 10 » | Color Bits; | 2.0 bit  » | Type Selection: |the most diverse members [

10 20 30 40 50 &0 70 a0
B R P A A I SN IO Y NS S I S,

1LTD & 5 EISPAEVAEHN-—KPDDCUVYINGYVTDLTR-FLPNHPGG— ————————————— ODVIEFHAGKDVTAIF —————————— 57
gi 82111907 35 DFTLADLEPYDgLODPRILMAVNGEVFDVTRGEEF TGPEG———————————————— PYGVFAGRDASRGL—————————— 91
gi 46577676 72 DFTPAELRRFDgwQDPRILMAINGEVFDVTEGREF TGPEG———————————————— PYGVFAGRDASRGLatfoldieal 135
gi 750248527 64 DMTVEELREYDovENEHILFGLNGTITDVTR-GEGFTGPG——————————————— EAYGTLAGHDATRALgtmdgnavss 127
gi 912068458 1290 YVRRADMENLL--LDGSRCIILAGYVCDLSG- YHCESETL—————————————— REVLDSGLGKDLTAEMS ————————— 1343
gi 74739702 1209 LIREADLENHN--EDGGFUTVIDGEVYDIKD-FOTOSLTG-————————————— NS ILAQF AGEDPYVWAL—————————— 1261
gi 74582634 303 YY¥HNUTDI--HE-——PGTSLMVFHGNVLDLSE-LRYLTPNIplpig————— 18qiVGPGSAF IGRDATYULS ————————— 36z
gi 148887356 407 YFTWAD IRHNS-————— FNLFVVSGHVLDLDL-LFUFNRDOvniprrfee lrdkn A ANRATRGRD ATRTF —————————— 470
gi 44889038 372 YFTUDDIENSS-————— FNLVVVSGHVLDLDL-LEWFND TOvt ypar fle Lrdikn TAGHOATRGRD ITHAF —— ———————— 435
gi 122065155 402 OVSLOWNNVTD-——PARNLAVYRGSVLDLNE-LMNLTTGLsype l————— ot IERRND S TAGRIWTS B —— ———————— 452

a0 100 110

T [ I S I

1LTD & B8 —mmmmm—m e EPLHApMVIDEYILP=KELGRLO &0

gi 21115907 92 ATFCLeEDALEDEHD-———- DLS 109
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Pfam : PSSM

P - consensus sequence position G - consensus sequence residue
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wellcome trust

institute

Summary

Domain
organisation

Alignments

sanger

Family: Cyt-b5 (PF00173)

7 Loading page components (1 remaining)...

Pfam

keyword search @

w G.AIE -
= i &=
60 architectures 1547 sequences 2 interactions 316 =pecies 63 structures
v

A

1&1 logo

Trees

Curation & models
Species
Interactions

Structures

Jump to... L

enter IDfacc @

Contribution

25

HMM logos are one way of visualising profile HMMs, They provide a quick overview of the properties of an HMM in a graphical form. You can
see a more detailed description of HMM logos and find out how you can interpret them heredd, More...

LA




Pfam : sequence search

4 wellcome trust
9 Sanger HOME | SEARCH | BROWSE | FTP | HELP | ABOUT nm
e
keyword search @

institute

Sequence search results

Show the detailed description of this results page.
We found 1 Pfam-4 match to your search sequence (all significant). ¥ou did not choose to search for Pfam-8 matches,

Show the search options and sequence that you submitted.
Eeturn to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches

Show or hide all alignments,
- Description Entry Alignment HMM Predicted Show fhide
¥ p type mm score active sites alignment
16 =ln| 15 29 1 75 . @

Cyt-bS Cytochrome bS-like Heme/Steroid binding domain Domain B.2e-24
#FHITI vitleewvsklmkekdswwrirgkViDwskElkdhpygasailafabkDaTeafenashseaaekllekyyrwGel

#FMATCH ++ leewtkhtt YR Hhpogg-H-++ alk DaTe fe+ hatat 1 e+ + +6+1

#PP 7ggwwwwwwa-wwwwwwmrwwwwwwwwwwa-wwa-wwwmrwmrwwwwwwwwwwa-wwwwwwwwwmrwmrwww_wmra-gg

#3E0Q _|

Cornrnents or questions on the site? Send a mail to pfam-help@sanger.ac.uk
The Wellcome Trust



Ac. aspartique
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(PAM250)
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Matrices protéiques liées a I'évolution

BLOSUM 80 BLOSUM 62 BLOSUM 45
FPAM 1 FAM 120 PAM 250
Less divergent =< > More divergent
Fobs;;
se;; = log, >0  substitution favorisée
Fthéo,; au cours de |'evolution de

'AA i par 'AA ]

substitution défavorisée



GHEGVGKVVKLGAGA
GHEKKGYFEDRGPSA

GHEGYGGRSRGGGYS
GHEFEGPKGCGALYT
GHELRGTTFMPALEC

tres restrictif (spécifique)

Pas de score

consensus

GHE--G---------

GHE--G-----G---

+ souple (+sensible)

Pattern ou

GHE-x(2) -G-x(5) - [GA]
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HQINQVNQUNQTHQT. . .. ... .. DEIIVSFRG.

SOTETRSQVAESRDD. .. ... ... KSMYITIDD.
PTYRNSALITT: SWQkgkraqddgaEG NDG.

PTYRNS iISWQkgkrgdveaEG EDG.

VK‘EI!TLEJ!:I’ ......... KSTLILHHE
GEIFTLACVAQENNS. . ....... @LIING
VK‘J‘.’YT ......... KEETLILHY
ERVLGFEZVSQENET . . . ... ... LIISG

Matrice PSSM

. Pattern ou signature (PROSITE)
ou profile

[FY]-[LIVMK]-{I}-{Q}-H-P-[GA]-G

PFAM, SMART,

Bl HA- ==== PROSITE

Banques de Signatures

domaines PROSITE




Ma sequence contient-elle un domaine ou motif connu ?

APSYPEYTREEVGRHRSPEERVWVTHGTDVFDVTDFVELHPGGPDKILLAAGGALEPFWALYAVHG
EPHVLELLOQQYKVGELSPDEAPAAPDAQDPFAGDPPRHPGLRVNSQKPEFNAEPPAELLAERFLTPN
ELFFTRNHLPVPAVEPSSYRLRVDGPGGGTLSLSLAELRSRFPKHEVTATLQCAGNRRSEMSRVRP
VKGLPWDIGAISTARWGGARLRDVLLHAGFPEELQGEWHVCFEGLDADPGGAPYGASIPYGRALSP
AADVLLAYEMNGTELPRDHGFPVRVVVPGVVGARSVKWLRRVAVSPDESPSHWQONDYKGESPCVD
WDTVDYRTAPAIQELPVQSAVTQPRPGAAVPPGELTVKGYAWSGGGREVVRVDVSLDGGRTWKVAR S Ca n P ro S i te
LMGDKAPPGRAWAWALWELTVPVEAGTELEIVCKAVDSSYNVQPDSVAPIWNLRGVLSTAWHRVRV

ScanProsite,

Pfamsea rch
1 T InterPro Scan
AJIIAJ AJIH

Signature

InterPro

s PROSITE

PROSITE

APSYPEYTREEVGRHRSPEERVWVTHGTDVFDVTDFVELHPGGPDKILLAAGGALEPFWALYAVHG

SiScore>T 36-43  FVELHPGG
Domaine trouve [FY]-[LIVMK]-{1}-{Q}-H-P-[GA]-G

10 20 30 40 50 &0 70
____*____I____*____I____*____I____'.l'____|____*____I____*____I____*____I____'.l'
lcl|TempId 7 YIREEVGRHRSPEERVWVIHGTAVFLVIDFVELHPGGPDKILLARGGALEPFWa LY AVHGELHVLELLOOYKVGEL 82
Cdd:pfam00173 1 FILEEVEKHNEDGDCWIVINGE-—VYDVIKFLEDHPGGEDVILSARGEDATERAF-EDATHSE-ARRKLLEEKYRVGEL 73
4 -8 score = 20.296
F)F{(:)SSI-r1E YPEYIREE?GRHRSPEERVW?THGTDVFDVIDFVEL.PGGPDEILLAAEGELEPFWHLYA
vHGEPHVLELLQQYKVEELS

+ ¢
Predicted features:
' DOMAIN 4 83 Cytochrome b5 heme-binding



Recherche de similarités
dans les banques de séquences

- Séquence déja connue ?
- Ce gene appartient-il a une famille ?
- Homologues chez d'autres organismes ?



Recherche de similarités

o Heuristigue = méthode permettant d'obtenir rapidement
une bonne solution sans étre assuré que cette solution
soit la meilleure

=> simplifications/restrictions du probléme en faisant des

hypothéses (+/- liées a information biologique)

o Surtout pour traiter un grand nombre de séquences et
d’alighements

O programme BLAST
Basic Local Alignment Search Tool



Algorithme de BLAST (1)
(Altschul et al., 1990)

(1) Forthe query, find the list of high scoring words of length w

Query Sequence of length L

e e e o e = Maximum of L-w+1 words [typically w = 3 for proteins)

T w=3 pour aa
w=11 pour ADN

—®|istel ex: PQG: {PQG, PRG, PKG, PDG, PMG...}

— For each word from the query sequence
— find the list of words that will score at least
— T when scored using a pair-score matnx
_. (e.g. PAM 250).

2



Algorithme de BLAST (2)

(2) Compare the word list to the database and identify exact matches

d_______~——-‘—_"_m— Database

Sequences

Word
List

= E—

Exact matches of words
from word list

SLAALLNEKCKTPOGQRLVNOQOQW

-

G 18

G 15 S(P,P)=7
(9—| s(@Rr) =1
L4 S(G,G) =6
13
13
13
13
13
12
12

o

OO B0 Z2RXTMEAEO
ZPO00000600

Liste
Mots m (w=3)

20x20x20=8000 mots

de mots

synonymes

Score seull T =13

v gy gy d




Algorithme de BLAST (3)

(2) Compare the word list to the database and identify exact matches

Database
Sequences

|
|

Word
List

== =

Exact matches of words
from word list

[ |

Query : 325 SLAALLNEKCIK KT POGQRLVNQW 345

Sbject : 290 TLASVLDCTVTPMGSRMLEKRW 310

High Scoring Pairs (HSP)



Algorithme de BLAST (4)

2
Js
I
N

SLAALLNKCKT

S 1

max Liste

de mots

Lo L L L L L« L« B )
mMOoOzZRWEO O
QOO0 o

Voisins

v

!

QRLVNOQW

18
15
14
14
13
13
13
13
13

S(p,P) =7
S(QM) =0

/ S(G.G) = 6

Score seull T =13

- [

o
0 0|

N

12
12

< L
hl

Query : 325 SLAALLNEKCEKTPOQGQRLVNQW
R++ +W
Sbjet : 290 TLASVLDCTVT SRMLEKRW

+ LA+ + L + T P G

High Scoring Pairs (HSP)

345

310



Algorithme de BLAST (5)

(3) For each word match, extend the alignment in both directions to find
alignments that score greater than a threshold of value S

= — =—r——

|

—_— ——

HSP = High-scoring Segment Pairs

FIgure ot S&8os, 3.0 Froleit Segewme Atpuwnerdd 808 D88 585 € S08I0WG
Adrverst of Qvard Labarslon: of Nalecwisr BiooiSesi

Arrét de I'extension si :

- score descend de x par rapport a la valeur maximale atteinte
-score<0

- fin d’'une des 2 séquences



Significativité des alignements

3 mesures : le score, la P-value, |la E-value

o Le Score

le score S' est dérivé du score brut de I'alighement.

Il a été normalisé et peut donc étre utilisé pour comparer
des scores provenant de recherches différentes.

S’ = (AS-InK)/In2 “bit score”

K : parametre lié a la composition (“bruit de fond”)
A : parametre lié au systeme de score



o La E-value (Expected) :

nombre d'alignements différents que |'on peut espérer
trouver dans les banques avec un score supérieur ou égal a S

Nombre attendu de HSP dont score >=S est :

E = Kmne™S

m : longueur seq 1
n : longueur seq 2

E=mn2®

Contre une banque de séquences :
n => N (longueur totale de la base)



= Plus la E-value est faible, plus I'alignement est significatif.

E-value Interprétation

<e-100 match exact

e-100...e-50 genes quasiment identiques
e-50...0.1 relation plus lointaines
>0.1 pas de relation

A\ Ce n’est pas une régle, pas de seuils universels !

= Dépend de la taille de la banque de données utilisée |
Valeurs non comparables entre deux banques

= Dépend de la longueur de l'alignement

= Alignement de 2 grandes régions de similarité modérée est
+ significatif que 2 petites régions a fort taux d’identité
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o MegaBLAST

Pour séquences nucléiques

Optimisé pour séquences peu différentes (erreurs séquencage)

W =28 nt
/A\ BLAST par défaut quand on va sur le BLAST NCBI

o Discontiguous MegaBLAST

Pour séquences divergentes (organismes #)
Cherche des mots discontinus, dans un ensemble
Considére codant/ non-codant

o CDS-BLAST (Conserved Domain Search)
Recherche contre des collections de domaines (protéiques)
conservés, via des PSSM



