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WHAT IS RNA?

Ribonucleic Acid

Emo R base

(here: guanine)
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SIMULATION CHALLENGES

Base Stacking, (Non-) Canoncial Basepairing, Backbone

[1F7Y Tetraloop]
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DATA SPARSITY

Of Experimental Structural Data

EEm Proteins
mam DNA

Other
7326 —
273

212373

PDB-Database, 2023
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DATA SPARSITY

Of Experimental Structural Data

EEm Proteins
mam DNA

10724 = RNA
Other
7529 —
273

212373

PDB-Database, 2023
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E.g. Pucci et al, 2020:

> 40 Nucleotides

< 50% Sequence Identity

< 3.6 A X-ray resolution

— 69 Structures
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SIMULATION OF MOLECULES

From Small and Accurate to Large and Fast

CG
unified atom

Time scale

[Malola, Hakkinen, 2021]
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System size in 10" atoms [n]
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ARCHITECTURE

Inputs

~

All-atom forces projected

Hetlillere s on CG coordinates, = (Faa (X, 2))

Coarse-Grain Mapping

| X, Z
""’: i j_:‘
X, Z
>
Message-Passing
e%e %o ., Graph Neural Network
o %o 9 : i (SchNetJ
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TRAINING DATA

All Atom Simulations

500 K

« GROMACS

* Replica Exchange Recalculate at lower
Temperature

(REST2)

16 Replicas

 16-32 Replicas

e 100 ns

» Testset: 8 Tetraloops

300 K —> 16 X 300 K ‘J JULICH
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COARSE-GRAINING MAPPING

Different Bead Models
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COARSE-GRAINING MAPPING

Different Bead Models

1 Bead 3 Beads
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COARSE-GRAINING MAPPING

Different Bead Models

1 Bead 3 Beads 6/7 Beads

[Cragnolini, 2015]
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COARSE-GRAINING MAPPING

Priors
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COARSE-GRAINING MAPPING

Priors

* Bonds, Angle:
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COARSE-GRAINING MAPPING

Priors

* Bonds, Angle:

* Repulsion:
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COARSE-GRAINING MAPPING

Priors

* Bonds, Angle:

* Repulsion:

 Dihedral:
~ 100x
Simulation cost
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ARCHITECTURE

Graph Neural Network

4{ Coarse-Grain Mapping }<—{ Training Data

X, Z Message-Passing Graph Neural Network (SchNet) Zr (Fan (x,2))
| )V Force Matching Loss ‘
) J, L J
Xz DE-
. HIRE RNA. Uce(X,Z) = Uprior(X, Z) + AU(X, Z)
Prior Force Field >
Uprior (X, Z) Fee(X, Z) = —VxUcs(X, 2)

P

Progressive message passing:
Layer-by-layer distance-based aggregation

.‘o‘ e, ‘.a‘ ‘e, ",; Pe,
° Py .
2 o oﬁ @ ;‘ P % a'd @ ‘e‘ "- & % a-g B ;’ %
Z \/ %9 e® \/ fea® \/ _So-o* . %\ . Delta Energy
? oo e B ted e Dl e evn 32O\ 3§ Correction
E L. @ B o . ? e o e @ Rg_ % AU(X,Z)
o e 9 -a
Interaction block Interaction block Interaction block
CFConv

Pair distances, R
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TIC 2

FREE ENERGY LANDSCAPES

1RNG Tetraloop

A Prior only
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TIC 2

FREE ENERGY LANDSCAPES

1RNG Tetraloop

A Prior only B MLCG trained on same system
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TIC 2

FREE ENERGY LANDSCAPES

1RNG Tetraloop

A Prior only

MLCG trained on same system

B

C MLCG trained on different systems
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OUTLOOK

Where to go from here

« Tetraloops -> Larger Systems
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OUTLOOK

Where to go from here

« Tetraloops -> Larger Systems

 Incorporate Contact predictions?

IJ JULICH

Member of the Helmholtz Association Page 12 Forschungszentrum



OUTLOOK

Where to go from here

« Tetraloops -> Larger Systems
 Incorporate Contact predictions?

 Better Parallelisation?
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FREE ENERGY LANDSCAPES

1 Bead Model
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FREE ENERGY LANDSCAPES

3 Bead Model

TIC 2
Free Energy [KT]
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TIC 2

Free Energy [KT]
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