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Prediction
Early Attempts

• First began in 1960

• “in silico” 

• First interactive tool 1998



Ab initio

• FARFAR

• iFoldRNA

• NAST

• SimRNA

• Vfold



Homology 
Modeling
• RNABuilder

• ModelRNA



Fragment-based 
Assembly

• MC-Fold/MC-Sym

• Assemble

• RNAComposer

• 3dRNA



Deep Learning

• Townshend et al.

• End-to-end prediction
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RNA-Puzzles: 
Evaluating RNA 
Structure Predictions

• Compared against reference
structure

• Several similarity metrics
• Interaction Network Fidelity (INF)

• INF-WC
• INF-NWC
• INF-stacking



12 Years of 
Challenges
• INF-WC: 0.75 - 1.0

• INF-NWC: ~ 0



CASP 
Recap
• CASP launched (1994)

• Fully automatic web-
server prediction (2000)

• AlphaFold enters (2020)



CASP-RNA
• RNA Puzzles web server 

(2015)
• Deep learning models 

(2022)
• CASP-RNA (2022)

• 42 groups
• 12 RNA sequences
• 18 teams used DL 

models
• DeepFoldRNA
• RhoFold
• trRosettaRNA
• OpenComplexRNA

• Top 4 were non-ML



The Challenges



Low Quality and Quantity



Complexity of 
RNA 
Architecture

• A-form antiparallel double helix is the easiest

• RNA junctions are complex and challenging

• Scarce data for non-Watson-Crick base pairs 

• Inter-/Intra-molecular interactions



Limited 
Sequence and 
Alignment 
Data
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Challenges with use of RNA Alignments
1) Rfam construction is expensive

2) RNA alignments are smaller

3) Rfam has global biases

4) Inconsistency with NWC base pairs

5) Secondary structure representation

6) Lack of pseudoknots



The Future 
RNA 
Prediction 
Landscape



Speculations

• AlphaFold took 50 years

• AlphaFold trained on 170,000 
proteins

• Pfam has 19,632 alignments

• Rfam will have 19,000 in 70 years



Improvements

• RNA motifs and global structures

• More research on molecular
interactions

• Improved benchmarking

• Improved MSA

• Consistent annotation of RNA
families

• Incorporation of new technologies



Final Call to Action



Thank You!



Questions?
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