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NCfold Architecture

Benchmark Results
➢ NCfold performs better than existing 7 RFMs and 7 

traditional machine learning methods.

Motivation
➢ Lack of a standardized benchmark for non-canonical 

(NC) base pair prediction
➢ Scarcity and imbalanced distribution of NC data
➢Difficulty of existing methods in capturing complex 

structures

Contribution
➢ Construction of NC-Bench, the first benchmark for NC base pair 

prediction
➢ Proposal of the NCfold framework for effective utilization of 

RNA foundation model (RFM) base-to-base priors
➢ Provision of a novel evaluation standard for RNA structure 

prediction

NC-Bench  (a, b)
➢ The first NC-pair benchmark
➢ Edgex (W, H, S)
➢ Orientations (trans, cis)
➢ PDB->RNAVIEW->mmseqs2 
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data and codes →

Non-canonical (NC) base pairs are essential for 

RNA structural stability, catalytic activity, and 

biological regulation, playing a fundamental role 

in determining RNA structure and function.
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Visualization and Top-k Ablation
➢ NCfold predicts accurate NC pairs
➢ RFM count of different top-k (Best: top-2)

Zero-shot Results
Existing methods:
➢ only can predict paring status 

(paired, unpaired)
➢ Trained on canonical pairs
➢ High precision but extremely 

low recall

NCfold (c, d)
➢ NC base-to-base knowledge priors 

from RNA foundation model

➢ Tok-k selection according to 
uniformity (IsoScore) 

➢ REF: Representative Embedding Fusion

➢ REF-weighted self-attention: add the 
base-to-base matrix feature to the 
attention map of sequence modeling
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