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Benasque 2022 & 2024
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2D. Benasque 2024

base pair weights stem weights

Maximum Weighted Matching
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2D. Benasque 2024
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2D. Single-sequence improvement - BPPs

bpp*bpwbpp stem weights
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2D. How it worked

“Train” dataset: 

274 non-redundant RNA 

sequences from PDB

Test dataset: 

247 non-redundant RNA 

sequences from PDB, all 

< 80% similarity from 

train data
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2D. Under the hood

        SQUARNA 82.1%                                      SQUARNA-top5  87.0% 
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2D. Example: S15 leader sequence

Bénard et al., 1996, 
10.1016/S0300-9084(96)80003-4
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2D. Independent benchmark
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2D. And then we cheat :)

Common CASP/RNA-Puzzles strategy:

Te
mplate se

arch
hits

no hits

RNAfold,
SPOT-RNA,
etc.

~$ squarna s=GGGCGGCUAGCUCGCCUCACACGCGACAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCAGCGCGAAAGCGC rfam

Running Rfam search...: tRNA(1-57)
>inputseq
GGGCGGCUAGCUCGCCUCACACGCGACAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCAGCGCGAAAGCGC
(((((((...(((((.......))))).....(((((.......))))))))))))................restraints(tRNA(1-57))
========================================================================
(((((((....((((.......))))......(((((.......))))))))))))....((((....))))#1

SQUARNA + Infernal(cmscan)
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2D. And then we cheat and beat AI :)



12

2D. More features

https://larnal.imol.institute/ G-quadruplex patterns

Protein-binding motifs

Web server

With 
RFviewJS 
by Danny 
Incarnato

https://larnal.imol.institute/
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3D. How to benchmark SQUARNA in CASP17?
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3D. “Dimensionality expansion”

2D -> pairwise distances -> 3D pairwise distances NxN 3D coordinates Nx3

GGAGCGGUAGUUCAGUCGGUUAGAAUACCUGCCUGUCACGCAGGGGGUCGCGGGUUCGAGUCCCGUCCGUUCCGCCA
(((((((..((((.........)))).(((((.......))))).....(((((.......))))))))))))....
GGAGCGGUAGUUCAGUCGGUUAGAAUACCUGCCUGUCACGCAGGGGGUCGCGGGUUCGAGUCCCGUCCGUUCCGCCA
(((((((..((((.........)))).(((((.......))))).....(((((.......))))))))))))....
GGAGCGGUAGUUCAGUCGGUUAGAAUACCUGCCUGUCACGCAGGGGGUCGCGGGUUCGAGUCCCGUCCGUUCCGCCA
(((((((..((((.........)))).(((((.......))))).....(((((.......))))))))))))....

MDS
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3D. How it worked: tRNA

MDS 
result

Ground 
truth

MDS 
result 

with the D-loop/T-loop 
lone pair
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3D. How it worked: Twister ribozyme 4RGE

Ground 
truth

MDS 
result

UUUUUAAUGAAGCCACAGG&CCUGUGAGGGUCCUAAGCCCCUAAUUCAGAAGGGAAA
.((....(((({{((((((&)))))).(((.[[[..}})))...))))..]]].)).

Single-stranded Paranemic Crossover RNA Triangle
8BTZ
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3D. R3FOLD, coming soon…
R3FOLD = SQUARNA + MDS + user restraints + three template search strategies

with R2DT+Mol* viz by 
Anton Petrov
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3D. One of the R3FOLD search strategies: cmscan
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Summary

● SQUARNA is cool and all, try in Python/CLI with pip install SQUARNA                        
or larnal.imol.institute

● MWM framework has P time algorithms, but we need better scoring 
matrices

 

● R3FOLD to be released in late 2026 / early 2027
○ 2D -> 3D transform for following simulations

○ automated template search

○ user-defined restraints

■ multiple full/partial templates

■ alignment-based / mapping-based (for permutations) 

https://larnal.imol.institute
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