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       primary, secondary and tertiary structures 

RNA secondary structures



RNA secondary structure prediction 
 

Single strand 
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•  Two main approaches 

•  Thermodynamic approach à  Structure of minimal energy 
•  Comparative approach à Conserved structure between species 

•  Several algorithms have been developed 
•  High complexities (≥ O(n3)) 

stem

loop



Pseudoknots 

•  Particular Motifs of the secondary structure
•  Lost of the planar conformation of the secondary structure

à Existing algorithms do not predict all types of pseudoknots
à High complexities



•  A given model can only approach the real structures

•   RNA structures are not stable 


 








      Prediction of several solutions


      Combination of models

Riboswitch macanism 
(Seeliger and al. Plos one, 2012) 
 

Structure of the human 80S ribosome 
(Khatter et al., Nature 2015) 



RNA secondary structure prediction 
 



Algorithms based on Comparative 
approach  

 
 

Phd thesis of Stéfan Engelen 
 



Tfold algorithm  
 

Secondary structure of RNase P

à Time complexity of O(n2) 

Approach 
                    

•  Comparative approach 

•  Thermodynamic criteria 

•  Helices instead of pairings 

•  “Divide and conquer” algorithmic approach 

•  Returns several alternative structures 

•  Predicts all types of pseudoknots 
 

 
    
  (Engelen and Tahi, NAR 2010) 
  

tmRNA



•  Search for helices on the target 
sequences 

 
•  Verify their conservation in the  

homologous sequences 

Tfold algorithm: search for helices  
 

à Time complexity of O(n2) 









•  Nested or disjoint helices


•  If there are not compatible helices with same score 
        à alternative structures

Tfold algorithm: Divide and conquer approach
   
 

S1

S1



 
•  Let a sequence S, we find a list L1 of compatible helices 

•  The algorithm is applied on S without L1 helices, allowing to find anot
her list L2 of compatible helices 

 
•  Each helix of L2 forms a pseudoknot with a helix of L1 

    Prediction of all types of pseudoknots 

Tfold algorithm: Prediction of pseudoknots 



  
 

     

MCC : coefficient of correlation between the predicted structure and the structure of reference 

Tfold results  
 

 à Sensibility, selectivity and MCC ≥ 80% 
 à Homogeneous results for any considered RNA



Algorithms based on bi-objective 
integer programming approach 

 
Phd thesis of Audrey Legendre 
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Biokop algorithm 

•  Combining two (thermodynamic approach) models

•  Maximum Expected Accuracy (MEA)
•  Minimum Free Energy  (MFE)

à bi-criteria optimization problem 

•  Bi-objective integer programming approach

•  Objective function to minimize or maximize (MEA and MFE) 
•  Subject to Constraints 
 
 
à flexible
à allow to model all kinds of pseudoknots





•  Bi-objective integer program 
    (BOIP)

•  Pareto set (set of solutions)


•  Generic method to find the
    k-best Pareto sets for any BOIP

•  Application to prediction of
    secondary structure of RNA 
    with pseudoknots

à Biokop Software

 (Legendre et al., BMC Bioinfo, in Revision) 

Bi-objective integer programming Biokop algorithm 

Biokop algorithm 



Biokop algorithm: Results 

•  198 RNAs (21 to 128 nt) from Pseudobase++ (Taufer et al., 2009)
•  Prediction of 30 solutions per RNA

•  Mod1: MFE
Based on (Poolsap et al., 2009)

•  Mod2: MEA
Based on (Sato et al., 2011)

All solutions of Mod1 and Mod2 are returned by BiokoP as optimal solutions



Biokop algorithm: Results 

Weighted mean F1-scores
•  pKiss                    

(Janssen and Giegerich, 2014)
•  McGenus (Bon et al., 2012)
•  IPknot:  (Sato et al., 2011)

•  BiokoP: several optimal solutions
•  Other tools: one optimal solution


F1-scores of optimal solutions for each RNA 

 With IPknot  With pKiss  With McGenus



(http://EvryRNA.ibisc.univ-evry.fr) 





Projets	en	cours	
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Outil interactif pour la Prédiction de structures “quaternaires” d’ARN

•  Thèse (Ludovic Platon, 
octobre 2015)

•  Collaborations :
•  F. Zehraoui (IBISC)
•  A. Bendahmane (IPS2)


•  Thèse (Audrey Legendre, 2016)

•  Collaborations :
•  E. Angel (IBISC)
•  O. Namy (I2BC)

Prédiction et Classification des ARNncs par des approches holistiques
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