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Pa8ern predic3on: context 
Objec&ve : locate in an amino‐acid sequence a pa8ern of interest (fonc3onal, turn,…) 
previously iden3fied through HMM‐SA (HMM‐Structural Alphabet, Camproux et al., 2004).  

HMM‐SA : alphabet made of 27 structural le8ers 

 allows simplifica3on of the space of all 4‐amino‐acid fragment possible 
conforma3ons 

Ex.: 

encoding 

argg 

S 



Pa8ern predic3on: context 
Objec&ve : locate in an amino‐acid sequence a pa8ern of interest (fonc3onnal, turn,…) 
previously iden3fied through HMM‐SA (HMM‐Structural Alphabet).  

HMM‐SA : alphabet made of 27 structural le8ers 

 allows simplifica3on of the space of all 4‐amino‐acid fragment possible 
conforma3ons 

 simply describes in 1D the 3D conforma3on of a protein 

Ex.: 

encoding 
SRTBGGDCAUHSTYUODBBBA
AAAAAAaaAAAaaHHFUSTOBB
BBBDUDO…. 



Pa8ern predic3on: context 
Objec&ve : locate in an amino‐acid sequence a pa8ern of interest (fonc3onnal, turn,…) 
previously iden3fied through HMM‐SA (HMM‐Structural Alphabet).  

HMM‐SA : alphabet made of 27 structural le8ers 

 allows simplifica3on of the space of all 4‐amino‐acid fragment possible 
conforma3ons 
 simply describes in 1D the 3D conforma3on of a protein 

Pa1erns iden&fica&on: study of pa8ern excep3onality and link with annota3on 
databases (see Regad et al.) 

Selec&on of pa1erns likely to be predicted directly from amino‐acid sequence: 
sequence specificity required 

Design of a predic&on method 



Predic3on method principle 
Objec&ve :  
Loca3ng from protein sequence zones likely to be encoded into a pa8ern iden3fied 
as interes3ng : 

YUOD  MODELE 

Two main steps:  

 ‐ finding correspondances between single structural le8ers (SL) and amino‐acids (aa) 

 ‐ construc3on of a pa8ern specific Hidden Markov Model  



Predic3on method principle 
First step: single structural le1ers predic&on (pa1ern independent)  

Link modeling seen as a tree: 

OR 

AND ‐‐‐g 

‐g‐‐ ‐‐‐p 

Comparaison de P et Y 

One tree for each SL couple 
    351 (27 x 26 /2) trees to be op3mized 

From a database, 1 vs 1 comparison of aa sequences associated to a given SL thanks to 
boolean func3ons (qualita3ve variables) 

Op3miza3on by gene3c programming 
(muta3on, crossover, selec3on) 

sctv  aABCDEFGHIJKLMNOPQRSTUVWXYZ STEP 1 



Predic3on method principle 
Second step: construc&on of a pa1ern specific Hidden Markov Model  

X1  X2  X3  X4 

O1  O2  O3  O4 

hidden states:   
« true » SL 

observed states:   
step 1 outputs 

 computa3on of the probability to « really » find the pa8ern of interest given 
the SLs « observed » aker step 1.  

with                                           and  
  

€ 

Oi = oi
1,oi

2,…,oi
351( )   

€ 

Xi ∈ a,A,B,…,Z{ }

Problem: no simple link between aa an SL  addi3onal informa3on required 



Applica3on to a func3onal pa8ern 
YUOD predic&on: a pa1ern associated to ATP‐binding sites 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courbe ROC (AUC=0.9866) 

data: 181 proteins containing at 
least 1 YUOD 



Applica3on to a func3onal pa8ern 
YUOD predic&on: a pa1ern associated to ATP‐binding sites 



Conclusion and perspec3ves 

A powerful method to iden3fy structural pa8erns directly from amino‐acid sequences 

Much informa3on is extracted from data (dependencies between aa and SL, strength of 
this dependencies, structural dependencies between successive le8ers) 

High adapta3vity of the method to new pa8erns and alphabets 

Limita3on to pa8erns having sequence specificity 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