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Biological context
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Predictive Bioinformatics
> Regulatory motifs in genomic datasets

+CGUCAGCUAGCGCAUCG-ACGCAAGCUAGCGCUCGU-- > Find repeated motifs

--AAUAUUUAAAUAUACGA--AUUAAAUAUAGAUAUUUUAAA - > P(|Longest repetition| > 9 | Ho)???
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Predictive Bioinformatics
> Regulatory motifs in genomic datasets

--CGUCAGCUAGCGCAUCG--ACGCAAGCUAGCGCUCGU- > Find repeated motifs
--AAUAUUUAAAUAUACGA--AUUAAAUAUAGAUAUUUUAAA > P(|Longest repetition| > 9 | Ho)???
> RNA folding

»> Energy minimization

UUAGGCGGCCACAGC
GGUGGGGUUGCCUCC
CGUACCCAUCCCGAA
CACGGAAG.

CACCAGCGUUCCGGG
GAGUACUGGAGUGCG
CGAGCCUCUGGGAAA
CCCGGUUCGCCGCCA
cc

» Thermodynamic equilibrium

» Comparative modeling
> Folding kinetics

nn Ponty — HCERES Evaluation June 15, 2020 - 4



Predictive Bioinformatics
> Regulatory motifs in genomic datasets

+CGUCAGCUAGCGCAUCGACGCAAGCUAGCGCUCGU-- > Find repeated motifs

--AAUAUUUAAAUAUACGA--AUUAAAUAUAGAUAUUUUAAA - > P(|Longest repetition| > 9 | Ho)???

> RNA folding

Energy minimization

UUAGGCGGCCACAGC . A
GGUGGGGUUGCCUCC Thermodynamlc equIlb”Um

CGUACCCAUCCCGAA
CACGGAAG.

CACCAGCGUUCCGGG 4
GAGUACUGGAGUGCG

CGAGCCUCUGGGAAA

CCCGGUUCGCCGCCA

cc

» Comparative genomics

>
>
» Comparative modeling
> Folding kinetics

Gene
Gene Duplications

A /77\ "cc// » Parsimonious reconciliation

A B - FAY @ » Ancestral features
& © o oG Ay L B A B, [T
1?)| Sy PY-9-9-0.- 94 » Probabilistic support

LBy
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Ensemble analysis

Best Solution
(Parsimonious/Optimal)

Probabilistic Support
Maximum Expected Accuracy

Robustness to errors
Centroid Structures
Analytic
Combinatorics Significance scores

Asymptotic properties

» [TCS’14°16] [Bioinformatics’17’17°17] [BMC Bioinfo’14] [RECOMB’18]...
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Ensemble analysis

Best Solution
(Parsimonious/Optimal)

Probabilistic Support
Maximum Expected Accuracy
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Centroid Structures

Analytic

Combinatorics Significance scores

Asymptotic properties
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Ensemble analysis
8(2) =3 p>o 802"

Best Solution
(Parsimonious/Optimal)

Probabilistic Support

S -
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Length

Maximum Expected Accuracy
Robustness to errors

Centroid Structures

Analytic

Combinatorics Significance scores

Models Asymptotic properties

» [TCS’14°16] [Bioinformatics’17’17°17] [BMC Bioinfo’14] [RECOMB’18]...

» [Nucleic Acids Res’1314°16’'16'18] [Bioinformatics’13’16’16] [J Comp Bio’13'18]
[Algorithmica’17] [RECOMB'13'13'15'18] [ISMB/ECCB'13'17] [ACM/BCB'13] [CPM'15]. ...

» [TCS’13] [J Discrete Algo’13] [Algo Mol Biol’14] [Frontiers’16] [ANALCO'14]. ...
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Ensemble analysis

Best Solution
(Parsimonious/Optimal)

Algorithms

Probabilistic Support

Maximum Expected Accuracy

ejeq |ejuswiiadxy

SHAPE reactivity

Robustness to errors

e MLt

) 3

Centroid Structures

)
Positon

Analytic
Combinatorics Significance scores

Asymptotic properties

Models

» [TCS’14°16] [Bioinformatics’17’17°17] [BMC Bioinfo’14] [RECOMB’18]...

» [Nucleic Acids Res’1314°16’'16'18] [Bioinformatics’13’16’16] [J Comp Bio’13'18]
[Algorithmica’17] [RECOMB'13'13'15'18] [ISMB/ECCB'13'17] [ACM/BCB'13] [CPM'15]. . .

» [TCS’13] [J Discrete Algo’13] [Algo Mol Biol’14] [Frontiers’16] [ANALCO'14]. ...

> [Plos CB’'13'15] [RNA’14] [Nucleic Acids Res'14'16°17]....
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Kinetics of RNA molecules

distance to metastable state

10 15 20
distance to ground state

25

Metastable
structure
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Non-redundant sampling for RNA 2D kinetics

> RNA 2D studies reveal dynamic behaviors (Markov process);
> Bottleneck: Build kinetic landscape (combinatorial explosion);

[Michalik, Touzet, Ponty, ECCB/ISMB’17 and Bioinformatics 2017]
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Non-redundant sampling for RNA 2D kinetics

> RNA 2D studies reveal dynamic behaviors (Markov process);
> Bottleneck: Build kinetic landscape (combinatorial explosion);

» Our project: Advanced sampling methods to approximate landscapes, enabling
kinetics studies beyond 1k NTs.

= ANR/FWF-funded RNALands project (2015 —2019)
Partners: TBI Vienna, EPI Bonsai (Inria Lille), Paris-Saclay  » NJR ~ LWIF
[Michalik, Touzet, Ponty, ECCB/ISMB’17 and Bioinformatics 2017]
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Vision
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» Enumerative combinatorics

» Stringology

» Algebraic Dynamic Programming
» FPT algorithms
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Vision

Enumerative combinatorics
Stringology

Algebraic Dynamic Programming
FPT algorithms

5 miversita'l
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Comparative genomics
Statistical genomics

Folding prediction
RNA Design [RECOMB'18]

vvyywyy
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Vision

Enumerative combinatorics
Stringology

Algebraic Dynamic Programming
FPT algorithms

SCIENCE & IMPACT

vvyyy

institutCurie
Comparative genomics
Statistical genomics
Folding prediction

RNA Design [RECOMB'18]

3D modeling [Plos CB 2013/2015]
Circular RNAs [RNA Biology 2017]
HIV modeling [NAR 2017]

Structural basis of myristoylation
[Nature Chemistry 2018]

FONDATION
RECHERCHE
MEDICALE

VVVYVY VVYVYY
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Random Generation for RNA Design 1/3

UUAGGCGG
GGUGGGGUU
CGUACCCAUCCCGAA
CACGGAAGAUAAGCC
CACCAGCGUUCCGGG
GAGUACUGGAGUGCG
CGAGCCUCUGGGAAA
CCCGGUUCGCCGCCA

cC

Primary structure ~ Secondary structure  Tertiary structure

5s rRNA (PDBID: 1K73:B)
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Random Generation for RNA Design 1/3

RNA Folding: ©(n®
GGUGGGGUUGCCUCC
CGUACCCAUCCCGAA
CACGGAAGAUAAGCC
CACCAGCGUUCCGGG
GAGUACUGGAGUS4
CGAGCCUCUY
CCCGGUUCGCCGCE

cC

Primary structure ~ Secondary structure  Tertiary structure

5s rRNA (PDBID: 1K73:B)
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Random Generation for RNA Design 2/3

Input: Set of constraints
» Secondary structure

» Pattern avoid-
ance/occurrence

» Energy/robustness
» Putative interactions
> ..

Goal:
Design of active RNAs

Method:
Generation + Selection

C. elegans miRNA (PDBID: 2XJV)

ﬂ Generation

Candidates
CUGUUCUGUACGUUGGCGAACGUGGCGGAGCAG 61 -15.7 0.38 Y
‘GGUCGGGCUGUAUUACAUGAUACAAGCCUGACU 48 -176 0.27 Y
AUACUGGGUGCGGGUGCCCCUGUGACUUAGUAU 55 -13.9 0.35 Y
GGGUGCCGUAAUGGUCACUCAUUCGUGGCAUUC 55 -9.8 0.11 Y
GGAGUACCUCAGCGUCCAUGCUGCGGGUGCUCC 67 -20.3 0.63 Y
GAAAUGGCCUGGAGUGAGUUCUGUGGUCAUUUU 45 -1 0.45 Y
CGAUAGGUGGCGAAGUGCUUUGUACAUUUAUCG 45 -11.2 0.53 Y
UAAACUAGGUGAUACUAGUGUCAACCUAGUUUA 33 -14.8 0.29 N
GAGGAGAUGUUACCCAGGGGUAGUUGUUUCCUU 48 -11.2 0.05 N
AAAUUAUUUCUUUGAUAUUAAAGAAGGUGGUUU 21 -4.9 0.07 N
Se|ection <60 <-13 >0.3 =Y

nn Ponty — HCERES Evaluation

June 15,




Random Generation for RNA Design 3/3

Fact #1: Selection is expensive
= Capture constraints during generation stage

Fact #2: Goals of synthetic biology are evolving
= Need for modular approaches
Our approach: Non-uniform Boltzmann random generation

References: [1] TCS 2010, [2] AOFA'10, RECOMB'11, [4] NAR'12, [5] TCS'13
[6] CPM/Algorithmica’17, [7] RECOMB'2018
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Random Generation for RNA Design 3/3

Fact #1: Selection is expensive
= Capture constraints during generation stage

Fact #2: Goals of synthetic biology are evolving
= Need for modular approaches
Our approach: Non-uniform Boltzmann random generation
Easy targets:
Language models
Sec. str. compatibility [4]

Ex.: Sy — ASU|USiA|GSC | CS G
S = AS;U| US;A| GS;C | CS,G
S, =+ AS;U| US;:A| GS;C| CS:G
'~ Sy —+ AS; | USs | GS: | CSs

Sy — ASs | USs | GS5 | CSs
S5 — AS; | USs | GSs | CSs
S —AlU|IG|C

Pattern avoidance/occurrence
(FDAXCFG C CFG)

= Context-free grammars

Hard constraints

References: [1] TCS 2010, [2] AOFA'10, RECOMB'11, [4] NAR'12, [5] TCS'13
[6] CPM/Algorithmica’17, [7] RECOMB'2018

ann Ponty — HCERES Evaluation
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Random Generation for RNA Design 3/3

Fact #1: Selection is expensive
= Capture constraints during generation stage

Fact #2: Goals of synthetic biology are evolving
= Need for modular approaches
Our approach: Non-uniform Boltzmann random generation

Easy targets:
Language models

Sec. str. compatibility [4]

Ex.: Sy — ASU|USiA|GSC | CS G
S = AS;U| US;A| GS;C | CS,G
S, =+ AS;U| US;:A| GS;C| CS:G
'~ Sy —+ AS; | USs | GS: | CSs

Sy — ASs | USs | GSs | CSs
55—+ ASq | US; | GSs | CS;
S+ A|U|G|C

Pattern avoidance/occurrence
(FDAXCFG C CFG)

= Context-free grammars

Hard constraints

Additional feature distributions
Typically Gaussian

A A A
VANES /2NN
= Weighted random generation [1]

xlazb n,
P(w) = % Zg = Z 7rga7rbb o
wes
+ Low variances

= Efficient rejection A
Multidim. Boltzmann [2,3 .

Soft constraints

References: [1] TCS 2010, [2] AOFA'10, RECOMB'11, [4] NAR'12, [5] TCS'13
[6] CPM/Algorithmica’17, [7] RECOMB'2018
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Random Generation for RNA Design 3/3

Fact #1: Selection is expensive
= Capture constraints during generation stage

Fact #2: Goals of synthetic biology are evolving
= Need for modular approaches
Our approach: Non-uniform Boltzmann random generation

Easy targets:
Language models

Sec. str. compatibility [4]

Ex.: Sy — ASU|USiA|GSC | CS G
S = AS;U| US;A| GS;C | CS,G
S, =+ AS;U| US;:A| GS;C| CS:G
'~ Sy —+ AS; | USs | GS: | CSs

Sy — ASs | USs | GSs | CSs
55—+ ASq | US; | GSs | CS;
S+ A|U|G|C

Pattern avoidance/occurrence
(FDAXCFG C CFG)

= Context-free grammars

Hard constraints

Additional feature distributions
Typically Gaussian

A A A
VANES /2NN
= Weighted random generation [1]

xlazb n,
P(w) = % Zg = Z 7rg"7rbb o
wes
+ Low variances

= Efficient rejection ]
Multidim. Boltzmann [2,3 ,

Soft constraints

Complex features

Robustness

Predicted folding
(2D/MFold, 3D/MCFold...)

Stability

(Molecular dynamics)

Interactions
(RNACofold, Docking)

Non-redundant generation [5]
Multiple Targets [7]

Posterior filtering

References: [1] TCS 2010, [2] AOFA'10, RECOMB'11, [4] NAR'12, [5] TCS'13
[6] CPM/Algorithmica’17, [7] RECOMB'2018
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Service and visibility

J20

MCCMB 17

Program Committees

EF[ [1]
[C | B4

STRASBOURG - FRANCE

RECOMB

Localchairs

]
CHICAGO JULY 6-10

Bioinformatics

Peer ."

frontiers

Editorial duties

@ BB

+ M. Regnier head of LIX
+Y. Ponty@coNRS 2013-17
+Involvementin
GdR BIM (GT MASIM)
GdR IM (co-orga SeqBio'15)
+ AlsoSB"9 Winter School@CIRM

nn Ponty — HCERES Evaluation
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Publications

Published manuscripts per year

15
14
13
10
9
I I |
2013 2014 2015 2016 2017 2018
(7 Months)

5 — 4 permanents (+ M. Regnier’s tenure@LIX & J.-M. Steyaert’s aemeritus)

Yet sustained research activity in selective venues!
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Future developments and challenges

» Maintain critical mass (— 2019 X/CNRS competitions)
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Future developments and challenges

» Maintain critical mass (— 2019 X/CNRS competitions)

» Extend our scope of methods (3D, ML, Disc. Algo.) through LIX
collabs (COMBI, DaSciM, STREAM, MAX) and hirings. ..
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Future developments and challenges
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» Extend our scope of methods (3D, ML, Disc. Algo.) through LIX
collabs (COMBI, DaSciM, STREAM, MAX) and hirings. ..

> ...while keeping our focus on RNA

» Consolidate our software developments (web-servers)
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Future developments and challenges

» Maintain critical mass (— 2019 X/CNRS competitions)

» Extend our scope of methods (3D, ML, Disc. Algo.) through LIX
collabs (COMBI, DaSciM, STREAM, MAX) and hirings. ..

> ...while keeping our focus on RNA
» Consolidate our software developments (web-servers)

» Strengthen our experimental collaborations:
LOBE, Paris VB, INRAE, 12BCE, Wuhanl

EUKARYS

d lif e technologies
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Future developments and challenges

» Maintain critical mass (— 2019 X/CNRS competitions)

» Extend our scope of methods (3D, ML, Disc. Algo.) through LIX
collabs (COMBI, DaSciM, STREAM, MAX) and hirings. ..

> ...while keeping our focus on RNA
» Consolidate our software developments (web-servers)
» Strengthen our experimental collaborations:

LOBE, Paris VB, INRAB, 12BCE, WuhanB

» Broaden our scope of applications: Livestock genetics, synthetic
biology, therapeutic RNAs (Eukarys). . .

EUK, KARYS

d life e technologies
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Future developments and challenges

» Maintain critical mass (— 2019 X/CNRS competitions)

» Extend our scope of methods (3D, ML, Disc. Algo.) through LIX
collabs (COMBI, DaSciM, STREAM, MAX) and hirings. ..

> ...while keeping our focus on RNA
» Consolidate our software developments (web-servers)
» Strengthen our experimental collaborations:

LOBE, Paris VB, INRAB, 12BCE, WuhanB

» Broaden our scope of applications: Livestock genetics, synthetic
biology, therapeutic RNAs (Eukarys). . .

EUKARYS

d lif e technologies

» Nurture our roots in Discrete Maths and Algorithms
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History

Head % 1

Bioinfo@LRI

AMIB (LIX+LRI) AMIB (LIX) AMIBio

Bioinfo@LIX

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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Local interactions

» Joint seminar with Bioinfo Team@LRI (Paris-Sud)
» Joint DIGICOSME project with LRI (L. Paulevé)

Teaching:

» Programme d’approfondissement in Bioinformatics@1'X

» Paris-Area Masters in Bioinformatics

> Paris-Saclay AMI2B
» Sorbonne Universités BIM

AMIBio — Yann Ponty — HCERES Evaluation June 15,2020 — 18



Main national collaborations

() Univ. Paris-Sud — RNA Bioinformatics, machine learning and algorithmic game
theory for molecular modeling — VARNA E & GenRGens Ei

) LoBE, Ecole Polytechnique — Circular RNAs

() Univ. Paris VB — SHAPE probing analysis
Funding: FRM DiffProbing

() Univ. Lille I/Inria Lille Nord Europe — RNA kinetics — RNANR [
Funding: ANR/FWF RNALands grant

() Univ. de Rouen — Dynamic range queries and minimal absent words — MAW E

O Institut Curiel - Variant detection in Cancer Genomes — SV-Bay E

AMIBio — Yann Ponty — HCERES Evaluation June 15,2020 - 19



Main international collaborations

() Simon Fraser University — RNA inverse folding, alignment, comparative
genomics, combinatorics — DeClone EJ

() Univ. McGill — RNA design, SHAPE analysis — IncaRNAtion E
Funding: ALARNA Inria/NSERC associate team

Univ. Vienna — RNA kinetics, RNA Design — RNANR. 4
Funding: ANR/FWF RNALands grant

Stanford Univ. — RNA kinematics — KGS £
Funding: ITSNAP associate team and France-Stanford program

King’s College, London — Minimal absent words — MAW E4

Univ. Wuhanll — Transcription speed from GROSeq experiments
Funding: PHC Xu Guangqi (CampusFrance)

— Univ. Ben Gurion — RNA design

@ |MPB Moscow — Clump and word combinatorics
Funding: Inria/Russia CARNAGE associate team

AMIBio — Yann Ponty — HCERES Evaluation June 15, 2020 - 20



Stringology/Analytic combinatorics 1/2
Objective: Repetitions and Absent words of length k

aylog —— + O(1)

foglogn

- logn

I R

P1oa(1/ p) T4 102(174)

azlogn + O(1)

Bernoulli binary alphabet
[Hwang et al, 2009]
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Stringology/Analytic combinatorics 1/2
Objective: Repetitions and Absent words of length k

aylog —— + O(1)

foglogn

-- o logn

B R T

PIoE(1] 4 01/

azlogn + O(1)

Bernoulli binary alphabet
[Hwang et al, 2009]

State of the Art
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Stringology/Analytic combinatorics 1/2
Objective: Repetitions and Absent words of length k

aylog —— + O(1)

foglogn

-- o logn

T oy T

P1oa(1/ p) T4 102(174)

azlogn + O(1)

Bernoulli binary alphabet
[Hwang et al, 2009]

State of the Art
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Stringology/Analytic combinatorics 1/2
Objective: (Right maximal) Repetitions and Absent words of length k

aylog —— + O(1)

foglogn

-- o logn

____________________ log; i + O(1)
oz logn
T gz oy T
aslogn + 0(1) 2log, n + O(1)
Bernoulli binary alphabet Symmetric Bernoulli binary
[Hwang et al, 2009] [Flajolet et al, 1983]

State of the Art
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Stringology/Analytic combinatorics 2/2

Idea: At each level, distinguish Rare, Transient and Frequent nodes.
Transient nodes are most likely associated to maximal repetitions.
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Stringology/Analytic combinatorics 2/2

Idea: At each level, distinguish Rare, Transient and Frequent nodes.
Transient nodes are most likely associated to maximal repetitions.

Analytic combinatorics

Analytic
Combinatorics

Objective function p(k1,- - , ky)
4

3 kind of nodes + Large Deviation principle
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Stringology/Analytic combinatorics 2/2

Idea: At each level, distinguish Rare, Transient and Frequent nodes.
Transient nodes are most likely associated to maximal repetitions.

Analytic combinatorics

Analytic
Combinatorics

Objective function p(k1,- - , ky)
4

3 kind of nodes + Large Deviation principle

Results: [Regnier-Chassignet, Frontiers 2016]
» We recover the three previously identified domains
» Easily generalized to larger alphabets (|X| > 2)
» Information theory: (k-p1, -+ , K- pv)

AMIBio — Yann Ponty — HCERES Evaluation June 15, 2020 — 22



Circular RNAs 1/2

Genome
[

Transcription

Linear RNA '
[

Cireularization | OB partner : Pab1020 ligase

SISt
I

tricRNA

Circular RNA

Pre-tRNA

Circularization
junction

[Becker, Heliou, Djaout, Lestini, Regnier, Myllykallio, RNA Biol. 2017]
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Circular RNAs 2/2

A
Genome
E—
Aot
Linear RNA V Transcription
E——
A
¢ Circularization
\
Circular RNA Rnase Il

Fragmentation

Circularization A
junction 1 Sequencing (RT)
E Alignement
Putative H
circular read v

match 1 match 2

Genome & A
match 2 match 1

>3 20 =3
-— >

< 10000

[Becker, Heliou, Djaout, Lestini, Regnier, Myllykallio, RNA Biol. 2017]
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Circular RNAs 2/2

A
Genome
E——
Aot
Linear RNA V Transcription
[
A
¢ Circularization
\
Circular RNA Rnase Il

Fragmentation

Circularization

junction 1 Sequencing (RT)
L.
' Alignement
Putative :
circular read v
match 1 match 2
Genome “ o~
match 2 match 1
> 3 20 2 3
< 10000

[Becker, Heliou, Djaout, Lestini, Regnier, Myllykallio, RNA Biol. 2017]

Our results:
» Confirm the role of Pab1020
» Exhibit circular RNAs

» Inactivate coding gene
(IFREMER-Brest)

» Suggest other families
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SHAPE probing .
SHAPE = Selective 2’-Hydroxyl
Acylation by Primer Extension

Produces accessibility profiles, i.e.
projections of RNA structure.

in silico analysis of SHAPE data
remains complex and misleading.

o

SHAPE reactivity
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Position
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SHAPE probing

SHAPE = Selective 2’-Hydroxyl
Acylation by Primer Extension

Produces accessibility profiles, i.e.
projections of RNA structure.

in silico analysis of SHAPE data
remains complex and misleading.

1.0

SHAPE reactivity

0.3

;) uluﬂ...IL IJI..h.nl.l..r L..||.nl...|||

5 600 620 540 660 3
Position

Our goal: To develop hybrid modeling approaches with \

experimentalists (Paris V) and bioinformaticians (McGill) :\ z
» Massively parallel derivation of profiles (PCR/NGS/EM); Egg‘g@gé%’g
> Clustering to model structure of viruses (HIV, Ebola); MEDICALE
» Joint analysis of multiple SHAPE profiles.

Funded by Fondation pour la Recherche Médicale (2015-2018)

[Desforges, ..., Saaidi, Ponty, Ohlmann, Sargueil, NAR 2017]
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HIV translational machinery

785 851

[Desforges, ..., Saaidi, Ponty, Ohimann, Sargueil, NAR 2017]
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Kinematics 1/2

Given a full atoms initial conformation and a goal conformation with
possibly only a few atoms positions
Find a feasible trajectory from initial to goals

Aa)s
Goal
4 de conformation
N * (@)

\ \x

|

A(q)f |

\ (Q)B\"/ y Moving
\y V 4 conformation
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Kinematics 1/2

Given a full atoms initial conformation and a goal conformation with

possibly only a few atoms positions
Find a feasible trajectory from initial to goals

NAA(«)S
" \ Goal

\ qc conformation
\, f@

¢ | s Moving
\ N conformation

All atoms initial >

Secondary structure s KG S

Goal positions
of k atoms

—

Transition
path

Developing an extension of KGS software (Kino-Geometric Sampling)

AMIBio — Yann Ponty — HCERES Evaluation
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Kinematics 2/2
We define a feasible path by two conditions:
» secondary structure preservation (WG hydrogen bonds)
» clash avoidance
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Kinematics 2/2
We define a feasible path by two conditions:
» secondary structure preservation (WG hydrogen bonds)
» clash avoidance

The preservation of a WC interaction is guaranteed by 5 equations :
Miefe = Miighe

T = Tini

0 = Oini

Deriving with respect to each DOF gives a Jacobian matrix denoted
J. A perturbation 6q is acceptable if J.0g = 0.
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Kinematics 2/2
We define a feasible path by two conditions:
» secondary structure preservation (WG hydrogen bonds)
» clash avoidance

The preservation of a WC interaction is guaranteed by 5 equations :
Miefe = Miighe

T = Tini

0 = Oini

Deriving with respect to each DOF gives a Jacobian matrix denoted
J. A perturbation 6q is acceptable if J.0g = 0.

Clash avoidance using motion planning:

June 15, 2020 — 28



Controlled experiments through RNA design

Motivation: Quantifying the impact of

structure S on efficacy of a single W _iron Exon Intron
Exon Splicing E Enhancers (ESE): e A—

» Presence of given ESE motif E;
» Different structures S;, S»...;

» Avoid library of (~1500!)
documented ESEs motifs.

Objectives. Design RNA which:

1. Folds into a given structure; g

2. Features/avoids motifs.
3. Control GC%, Boltz. prob.....

Structural context of ESE motif in
transcript was shown to affect its
functionality. [Liu et a/, FEBS Lett. 2010]
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RNA Kinetics

Image : Lorenz et al, GCB'09

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain

MFE

\ Metastable
structure

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain

Metastable
structure

cm st
Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain
AG BN - A
16 . . )

\ Metastable
t — structure

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain
- A
. ) -

MFE

Metastable
structure

Bob *000° T

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain

Metastable

structure L
H, il

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain
AG EHEE T R\
16 . .
v

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)
Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain
AG EHEE T Y
16 . .
v

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)

Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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RNA Kinetics

Open chain

MFE

\ Metastable
a
t —— structure

Landscape : Lorenz et al, GCB'09, Structures : Varna - Darty et al, Bioinf. (2009)
Assuming a thermodynamic equilibrium sometimes misrepresents
the reality of RNA folding in finite time — RNA kinetics!
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ANR/FWF RNALands
Samplg 2D kinetics

P ‘ea a-.
'v!

Andrea Tanzer Yann Ponty Alain Denise
PI, TBI Vienna == PI, Inria/Polytechnique Il LRI/IGM Paris-Sud Il

Loic Paulevé Mireille Regnier Héléne Touzet
CNRS/LRI Paris Sud I I Inria Saclay 1 Inria/LIFL, Lille 1 N

+ Juraj Michalik (PhD) & Christelle Rovetta (Postdoc)

Ronny Lorenz

TBI Vienna =

Maria Waldl

TBI Vienna, Austria ==

AMIBio — Yann Ponty — HCERES Evaluation
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Game theory: convergence of no-regret algorithms

Collaboration with Johanne Cohen (GALAC, LRI) and Panayotis
Mertikopoulos (POLARIS, LIG).

Discret N-players game, each player i has a finite set of strategies S;.
At each step, each player i chooses a strategy in S; and receives a
payoff uj : Sy x So x ... x Sy = R.
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Game theory: convergence of no-regret algorithms

Collaboration with Johanne Cohen (GALAC, LRI) and Panayotis
Mertikopoulos (POLARIS, LIG).

Discret N-players game, each player i has a finite set of strategies S;.
At each step, each player i chooses a strategy in S; and receives a
payoff uj : Sy x So x ... x Sy = R.

Definition: No-regret algorithms

The regret is sublinear: Regret(T) =

maxses, [ o Ui(s, s_i(0)] — X (o ui(si(t), s_i(1)) = o(T)
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Game theory: convergence of no-regret algorithms

Collaboration with Johanne Cohen (GALAC, LRI) and Panayotis
Mertikopoulos (POLARIS, LIG).

Discret N-players game, each player i has a finite set of strategies S;.
At each step, each player i chooses a strategy in S; and receives a
payoff uj : Sy x So x ... x Sy = R.

Definition: No-regret algorithms

The regret is sublinear: Regret(T) =

maxses, [ o Ui(s, s_i(0)] — X (o ui(si(t), s_i(1)) = o(T)

We showed that some no-regret algorithms also converge to Nash
equilibrium.
Definition: Nash Equilibrium

A Nash equilibrium is a state ,s*, where no player has incentive to
change its strategy alone: u;(s}; s*;) > ui(si; s*;),Vi € N,Vs; € S;.
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Protein folding with game theory

With advices of Raphaél Guerois and Jessica Andreani (CEA), and
Frédéric Cazals (ABS, Nice).

Amino acid 1 Amino acid 2

A protein is a sequence of amino
acids. Each amino acid is a player.
Strategies are couples of angles,
the dihedral angles.

The payoffs correspond to the
quality of the fold.
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Introduction

RNAs = RiboNucleic Acids
» Polymeric molecules composed of nucleotides A, C, G and U

» Diverse functions:

» Coding and decoding — Coding RNAs
» Regulatory — Non-coding RNAs

» Non-Coding sequences : function depends on structure

» Approximation : secondary structure : basepairing interactions
(C-G, A-U, G-U)
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Segmentation for transcription rate estimation

» Goal: Estimate transcription
Mcthrsnd, nediinlensn g rates for nascent RNAs

! » Method: Conditional
| MMWMNM jlhal]  SEgMentation (prog. dyn.)

] » Partners: Univ. Wuhan @,
/M WMWNW iy Univ. Paris-Sud SEEE

! » PHC XU GUANGAQI project
MWWWWWAW s (2017-2018)
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