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1 Supplementary figures

Fig. 5: Cosine similarity distributions for Rfam dataset 
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Supplementary Fig. 1: Cosine similarity distributions of homologous and
non-homologous sequences for Rfam (24,523 RNAs) dataset.
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Fig. x: Cosine similarity distributions for ArchiveII dataset 
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Supplementary Fig. 2: Cosine similarity distributions of homologous and
non-homologous sequences for ArchiveII600 (3,611 RNAs) dataset.
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2 Supplementary tables

Supplementary Table 1: Summary of used datasets.
Dataset Task Phase # Sequences Length

RNAcentral [1] Pretraining - 21,477,078 ≤ 512
Rfam [2, 3] Zero-shot homology classification test 24,607 19-4,002
ArchiveII [4] Zero-shot homology classification test 3,864 28-1,800
PDB [5] Zero-shot secondary structure prediction test 116 32-355
RNAStrAlign [6] Secondary structure prediction train 19,313 30-600
bpRNA-1m [7] Secondary structure prediction train 12,114 33-498
bpRNA-TS0 [7] Secondary structure prediction test 1,305 22-499
ArchiveII600 [4] Secondary structure prediction test 3,911 28-600
PDB [5] Tertiary structure prediction train 3,633 11-960
CASP15 [8] Tertiary structure prediction test 12 30-720
RNA Puzzles [9, 10] Tertiary structure prediction test 20 37-189
Splice [11] Splice site prediction train 162,706 100
Splice [11] Splice site prediction test 16,505 100
IRES [12] IRES identification train 12,998 174
IRES [12] IRES identification test 1,164 174
nRC [13] ncRNA classification train 6,320 38-1,136
nRC [13] ncRNA classification test 2,600 39-1,182
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Supplementary Table 2: Evaluation of finetuned structRFM for secondary struc-
ture prediction on ArchiveII600 (3,911 RNAs) and bpRNA-TS0 (1,305 RNAs)
datasets. The baseline performances are borrowed from RNAErnie [14]

Method ArchiveII600 bpRNA-TS0
Precision Recall F1 Precision Recall F1

RNAstructure 0.563 0.615 0.585 0.494 0.622 0.533
RNAsoft 0.665 0.594 0.622 0.497 0.626 0.535
RNAfold 0.565 0.627 0.592 0.494 0.631 0.536
MXfold2 0.788 0.760 0.768 0.519 0.646 0.558
Mfold 0.428 0.383 0.401 0.501 0.627 0.538
LinearFold 0.641 0.617 0.621 0.561 0.581 0.550
Eternafold 0.667 0.622 0.636 0.516 0.666 0.563
E2Efold 0.738 0.665 0.690 0.140 0.129 0.130
CONTRAFold 0.607 0.679 0.638 0.528 0.655 0.567
Contextfold 0.873 0.821 0.842 0.529 0.607 0.546
RNAErnie 0.884 0.869 0.873 0.576 0.668 0.608
RNABERT 0.694 0.669 0.677 0.554 0.581 0.548
RNA-MSM 0.608 0.585 0.593 0.548 0.612 0.560
RNA-FM 0.857 0.844 0.847 0.596 0.716 0.639
structRFM−

F 0.846 0.846 0.843 0.581 0.704 0.622
structRFM− 0.850 0.857 0.850 0.587 0.691 0.621
structRFMF 0.862 0.867 0.861 0.606 0.707 0.641
structRFM 0.875 0.876 0.873 0.602 0.712 0.641
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Supplementary Table 3: The detailed performance of structRFM and structRFM−

for secondary structure prediction on ArchiveII600 (3,911 RNAs) across nine families.

Family structRFM structRFM−

Precision Recall F1 Precision Recall F1
16s 0.684 0.688 0.683 0.725 0.718 0.717
23s 0.332 0.295 0.311 0.552 0.487 0.516
5s 0.975 0.985 0.980 0.962 0.971 0.966
RNaseP 0.848 0.825 0.834 0.818 0.793 0.802
grp1 0.670 0.693 0.677 0.642 0.689 0.659
srp 0.794 0.821 0.803 0.752 0.800 0.771
tRNA 0.960 0.993 0.975 0.962 0.980 0.969
telomerase 0.578 0.619 0.595 0.435 0.475 0.453
tmRNA 0.810 0.703 0.748 0.737 0.670 0.698

Supplementary Table 4: Evaluation of finetuned structRFM for tertiary structure
prediction on CASP15 (12 RNAs, 8 natural and 4 synthetic) and RNA Puzzles (20
RNAs) datasets.

Method CASP15 CASP15-natural RNA Puzzles
RMSD (Å) F1 RMSD (Å) F1 RMSD (Å) F1

trRosettaRNA 26.0 0.625 18.4 0.659 7.28 0.646
structRFM−

F 25.2 0.669 16.3 0.702 6.64 0.631
structRFM− 26.0 0.660 15.9 0.707 7.52 0.580
structRFMF 23.6 0.718 15.2 0.719 7.31 0.663
structRFM 24.1 0.740 14.8 0.763 6.82 0.665

Supplementary Table 5: Evaluation of finetuned structRFM for IRES identification
on IRES dataset (1,164 RNAs).

Method Accuracy Recall Precision F1 MCC AUROC
IRESfinder 0.475 0.474 0.475 0.475 -0.050 0.449
DeepIRES 0.507 0.196 0.518 0.284 0.018 0.584
structRFM−

F 0.651 0.658 0.649 0.653 0.302 0.687
structRFM− 0.650 0.737 0.628 0.678 0.305 0.684
structRFMF 0.650 0.747 0.626 0.681 0.307 0.679
structRFM 0.653 0.840 0.611 0.708 0.330 0.697
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Supplementary Table 6: Evaluation of finetuned structRFM for ncRNA classifi-
cation on nRC dataset (2,600 RNAs). The baseline performances are borrowed from
RNAErnie [14]

Method Accuracy Recall Precision F1 MCC AUROC
RNAcon 0.374 0.373 0.450 0.351 0.334 -
nRC 0.696 0.689 0.688 0.688 0.663 -
ncRFP 0.797 0.788 0.790 0.788 0.771 -
RNAGCN 0.857 0.861 0.988 0.856 0.846 -
ncRDeep 0.880 0.884 0.891 0.886 0.880 -
ncRDense 0.9510 0.951 0.953 0.951 0.947 -
RNAErnie 0.964 0.964 0.964 0.964 0.961
RNABERT 0.747 0.747 0.757 0.750 0.727 0.951
RNA-MSM 0.933 0.933 0.935 0.934 0.928 0.995
RNA-FM 0.972 0.972 0.972 0.972 0.969 0.999
structRFM−

F 0.862 0.862 0.876 0.863 0.851 0.989
structRFM− 0.946 0.946 0.948 0.946 0.942 0.997
structRFMF 0.876 0.876 0.876 0.875 0.866 0.991
structRFM 0.973 0.973 0.973 0.973 0.970 0.999
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