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RNA Structures

primary, secondary and tertiary structures
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RNA secondary structure prediction
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 Two main approaches
 Thermodynamic approach - Structure of minimal energy
« Comparative approach - Conserved structure between species

« Several algorithms have been developed
« High complexities (= O(n3))



Pseudoknots

* Particular Motifs of the secondary structure
* Lost of the planar conformation of the secondary structure
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- Existing algorithms do not predict all types of pseudoknots
- High complexities



RNA secondary structure prediction

* A given model can only approach the real structures

« RNA structures are not stable
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mmm) Prediction of several solutions

mm) Combination of models



Algorithms based on Comparative
approach

Phd thesis of Stefan Engelen



Tfold algorithm

Approach
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Tfold algorithm: search for helices

« Search for helices on the target
sequences

* Verify their conservation in the
homologous sequences
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Tfold algorithm: Divide and conquer approach
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« Nested or disjoint helices
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 If there are not compatible helices with same score
—> alternative structures



Tfold algorithm: Prediction of pseudoknots

« Let asequence S, we find a list L1 of compatible helices

S1 S2 S4 ‘ S6 h S7

« 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

mmm) Prediction of all types of pseudoknots



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

= Sensibility, selectivity and MCC = 80%
- Homogeneous results for any considered RNA




Algorithms based on bi-objective
integer programming approach

Phd thesis of Audrey Legendre

Co-supervision with Eric Angel



Biokop algorithm

« Combining two (thermodynamic approach) models

e Maximum Expected Accuracy (MEA)
* Minimum Free Energy (MFE)

—> bi-criteria optimization problem

* Bi-objective integer programming approach

* Objective function to minimize or maximize (MEA and MFE)

« Subject to Constraints (a) I L) B R
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- flexible
- allow to model all kinds of pseudoknots



Biokop algorithm

Dominated Solutions

« Bi-objective integei piogran:
(BOIP)

* Pareto set (set of solutions)

Pareto front

Non-dominated Solutions
> f1

« Generic method to find the 72
k-best Pareto sets for any BOIP

« Application to prediction of
secondary structure of RNA
with pseudoknots

v
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- Biokop Software

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



Biokop algorithm: Results

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

k-best Pareto set, k = 1 2 3 4 5 6 7 8 9 10 Total
Number of real solutions | 45 15 13 7 1 1 0 0 1 1 84
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All solutions of Mod1 and Mod2 are returned by BiokoP as optimal solutions



Biokop algorithm: Results
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» BiokoP: several optimal solutions
« Other tools: one optimal solution

F1-scores of optimal solutions for each RNA
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Welcome to EvryRNA Platform

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

EvryRNA

Contact: |

fariza.tahi@ibisc.univ-evry.fr

EvryRNA platform is a web server providing various algorithms and bioinformatics tools developed in the laboratory
IBISC of UEVE/Genopole, and dedicated to the prediction and the analysis of non-coding RNAs (ncRNAs). These
RNAs are regulators of gene expression control and genome stability. They are involved in different biological
processes, and some of them, including microRNAs, are known to be involved in many diseases such as cancer and
neurodegenerative diseases. Their study provides insight into how living organisms function, including differentiation
and cell proliferation, but also to consider new therapeutic approaches for genetic diseases and cancer.

EvryRNA includes many bioinformatics software for RNA secondary structure prediction and identification and
prediction of ncRNAs including small RNAs (microRNAs, piARNSs, etc.) in large-scale genomic sequences. These
software correspond to different algorithms based on pattern matching and sequence algorithmic approaches, and
machine learning approaches. They have the particularity, compared to the state of art, speed, enabling large-scale
analyses, in addition to the effectiveness of predictions.

ibiSc |2 /forne |
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GENOPOLE

L4 Systematic

Paris Region Systems & ICT Cluster

Protected work, the holder of exclusive rights is the University of Evry Val d'Essonne.

For questions about rights and access usage, contact Ms Tahi: fariza.tahi@ibisc.univ-evry.fr
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BiokoP - Bi-objective programming pseudoknot Prediction

PREDICTION

Upload your own Fasta file or submit an RNA sequence directly:
Allowed nucleotides are A, U, T, G, C, a, u. t, g. c.
Size limitation: 130 nucleoftides.

To test BiokoP with the example sequence, just press the Predict button.

FASTA FILE: SEQUENCE:
Browse... No file selected. AAGCCUUUUGGAUCGAAC

NUMBER OF PARETO SETS:

1 ~

Greater the number of Pareto sets is, greater the number of predicted structures is.

FORNA VIEWER:
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Allows Forna Viewer secondary structure visualization tool.

Tanuki Login

PREDICTION

RNA sequence :
Download

® Name : No name
® Sequence : AAGCCUUUUGGAUCGAAGGUUAAACGAUCCG

Result File

Optimal solutions:

(OG- Energy objective: -20.90 Probability objective: -0.00

((C-IIIMM)--.- - Energy objective: -18.50 Probability objective: -5.58
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Projets en cours

Outil interactif pour la Prédiction de structures “quaternaires” d’ARN
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* These (Audrey Legendre, 2016)

 Collaborations :
« E. Angel (IBISC)
« O. Namy (I12BC)
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* Collaborations :
 F Zehraoui (IBISC)
 A.Bendahmane (IPS2)
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http://EvryRNA.ibisc.univ-evry.fr

\..u niversiteée «® IS) - ‘\ j7 ‘:.‘ \7\7 S
BVIY  unugrsise tbidc CENOPOLE



Mesures

e TP, True Positive : nombre d’appariements correctement prédits.

e FP, False Positive : nombre d’appariements présents dans la prédiction
mais pas dans la structure de référence.

e FN, False Negative : nombre d'appariements non prédits.

e TN, True Negative : 2%-1) _ TP _ FN — FP.

Sensitivité

Qo ez TP
SenSItIVIte = TPLEN
Spécificité
Spécificité = %

Matthews Correlation Coefficient MCC

MCC — TPx TN—FPxFN
\V (TP+FP)(TP+FN)(TN+FP)(TN+FN)

PPV

S TP
PPV = 55 Fp

Fi1-score

Sensitivity X PPV
Sensitivity+ PPV

Fi-score = 2 x




