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RNA vs protein
Domain background.

Challenges in RNA structure prediction
If you can predict protein structure, then why is it
so difficult to predict RNA?

Our approach
Generative Graph Neural Network for RNA
structure prediction.

Agenda

Results & Summary
Comparison of our method to
AlphaFold 3.
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RNA vs protein

4 nucleotides in RNA
VS

20 aminoacids in protein

Uracil Adenine

GuanineCytosine



7 degrees of freedom

Bernard, C., Postic, G., Ghannay, S., & Tahi, F. (2024). RNA-TorsionBERT:
leveraging language models for RNA 3D torsion angles prediction.

http://cib.cf.ocha.ac.jp/bitool/DIHED2/

7 torsion angles in RNA 2 torsion angles in protein

http://cib.cf.ocha.ac.jp/bitool/DIHED2/


AlphaFold2 architecture

Jumper et al. (2021) Highly accurate protein structure prediction with AlphaFold.
Nature 596, 583–589 (doi: 10.1038/s41586-021-03819-2)



Nobel prizes in 2024

Victor Ambros and Gary Ruvkun for their
discovery of microRNA (miRNA) and its
function in the post-transcriptional regulation
of genes.

David Baker for for computational protein
design, Demis Hassabis and John M. Jumper
of Google DeepMind for protein structure
prediction.
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Why is it so difficult to predict RNA 3D structure?



Why is it so difficult to predict RNA 3D structure?



RNA content in the Protein
Data Bank
The number of high-resolution
experimentally determined
protein structures is about 100
more abundant than for RNAs.

Data imbalance

Almost 80% of structures belong
to rRNA and tRNA. This
disproportion introduces huge
bias in the dataset.

Quality of experimental
RNA data
Many  of the deposited
experimental structures of RNA
have base pairs incorrectly
classified, inconsistences in
valence, and backbone
geometry.

Sequences and sequence
alignments
MSA is a powerful strategy for
structure prediction (both RNA
and protein). Creating high-
quality RNA alignments is
difficult and often requires the
manual work of an expert.

Challenges
The key challenges which hinder the
researchers from developing the
AlphaFold for RNA.

Schneider et al. (2023) When will RNA
get its AlphaFold moment?, Nucleic
Acids Research 51, 9522-9532 (doi:
10.1093/nar/gkad726)



Our approach
Generative Model for RNA 3D structure prediction



Local 3D RNA descriptors



Local 3D RNA descriptors (2)



Our model



Why generative model?



RNA 3D structure representation



Graph Neural Network



RNA 3D structure representation



RNA language



Sequence
context
matters
No language model
considered.



Sequence
context
matters
RNA language model
considered.



Our method vs.  AlphaFold3
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Results



Results (2)
Ground-truth RNAGrail AlphaFold3



Summary Using local 3D RNA descriptors is a novel
approach in the RNA 3D structure prediction
domain.

Our generative method predicts reliable RNA 3D
structures without relying on structural templates.

Embeddings derived from the RNA language
model significantly increase the model
performance.

This model can be further extended to bigger
structures

User defined 2D structure is a useful feature for
domain experts.



The training and test datasets and a pre-
trained model weights are available at
Zenodo. The source code is available at
GitHub.

RNAgrail was accepted for Machine Learning in
Structural Biology workshop at NeurIPS24.

OpenSource

NeurIPS24 workshops

Endnotes
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