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Extended Data Fig. 6 | Comparisons of core catalytic regions in PZ22 and PZ34 
from the human group predictions in the Ribozyme category. (a) The structure 
shows key distances between selected atoms in the core catalytic regions of the 
experimental structure of PZ22. These selected atoms include G63-N2, C64-N4, 
G31-O6, A75-OP (minimum of A75-OP2 or A75-OP1), A74-O2′, G31-N7, G30-C8, 
A74-N3, and G30-N7. (b) The structure shows distances between selected atoms 
in the core ligand-binding region of the experimental structure of PZ34. The 
selected atoms include U45-C1′, A63-C1′, and C10-C1′. (c) The dot plot shows the 
correlation between the sum of distance differences (predicted vs. crystal model) 

of the selected atoms (as shown in panel a) in PZ22 and the r.m.s.d. of selected 
atoms of the selected nucleotides (G63, C64, G31, A75, A74, G30) (P = 0.00). 
 (d) The dot plot shows the correlation between the sum of distance differences 
of C1′ atoms (predicted vs. crystal model) in PZ34 and the r.m.s.d. of C1′ atoms 
of the selected nucleotides (U45, A63, C10) (P = 0.00). (e) The dot plot shows 
the correlation between the sum of distance differences of the selected atoms 
(predicted vs. crystal model) in PZ22 and the global r.m.s.d. (P = 0.19). (f) The dot 
plot shows the correlation between the sum of distance differences of C1′ atoms 
(predicted vs. crystal model) in PZ34 and the global r.m.s.d. (P = 0.02).
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Extended Data Fig. 7 | Comparisons of the Core Catalytic Regions between 
the experimental and predicted structures for PZ22 and PZ34 (Human Group 
Predictions). (a–c) For PZ22, the panels illustrate selected key interatomic 
distances (G63-N2, C64-N4, G31-O6, A75-OP (the minimum value of A75-OP2 or 
A75-OP1), A74-O2′, G31-N7, G30-C8, A74-N3, and G30-N7) within the core catalytic 
regions predicted by Chen (model: Chen_3, r.m.s.d.: 31.8 Å), Das (model: Das_7, 
r.m.s.d.: 21.2 Å), and Szachniuk (model: Adamiak_2; r.m.s.d.:19.7 Å) groups. The 
environment in the experimental structure is shown in Extended Data Fig. 6a.  
Notice that in the experimental structure (Extended Data Fig. 6a), A74 is close 
to G30 and A75 to G63. In none of the models, this pattern is respected; they all 

show A74 and A75 stacked or in close proximity. (d) For PZ34, the panel shows 
the global overlay between the target (in green) and Chen model (in blue, 
model: Chen_3) (global r.m.s.d.: 9.4 Å). (e) The panel shows selected interatomic 
distances (U45-C1′, A63-C1′, and C10-C1′) in the core catalytic region of Chen 
model (model: Chen_3). (f) The panel displays the global overlay between the 
target (in green) and Das model (in red, model: Das_2) (global r.m.s.d.: 9.0 Å).  
(g) The panel highlights the interatomic distances in the core catalytic region 
of Das model (model: Das_2), focusing on selected atoms U45-C1′, A63-C1′, and 
C10-C1′. The environment in the experimental structure is shown in Extended 
Data Fig. 6b.
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Extended Data Fig. 8 | Detailed analysis of the ligand-binding sites in Puzzle 
25 and Puzzle 29 in the Riboswitch category. (a) Diagram showing the contacts 
in the crystal structure (PDB ID:6p2h) corresponding to PZ25. The ligand, 
2′-deoxyguanosine (dG), is shown in a red rectangle. (b) The recognition mode 
of the ligand (in red and blue) in the crystal structure. (c) The recognition mode 
of the ligand in the best-predicted model (Chen_5, r.m.s.d. = 2.55 Å). (d) The 
recognition mode of the ligand in the next best-predicted model (Adamiak_1, 
r.m.s.d. = 2.68 Å). (e) The recognition mode of the ligand in the following 
predicted model (Adamiak_3, r.m.s.d. = 2.69 Å). (f) The recognition mode of 
the ligand in the following predicted model (Chen_8, r.m.s.d. = 2.71 Å). (g) The 
recognition mode of the ligand in the following predicted model (Chen_3, 
r.m.s.d. = 2.84 Å). (h) Diagram showing the contacts in the crystal structure  

(PDB ID:6tb7) corresponding to PZ29. The ligand, ADP, is shown in a red 
rectangle. The r.m.s.d. between 6tb7 (ligand AMP) and 6tf1 (ligand ADP) is 
0.2 Å; thus either one can be used for comparisons. The numbers inside the 
parentheses are the numbers of the bases in the predicted structure. (i) The 
recognition mode of the ligand (in red and blue) in the crystal structure. (j) The 
recognition mode of the ligand in the best-predicted model (RNAComposer_1, 
r.m.s.d. = 4.30 Å). (k) The recognition mode of the ligand in the next best-
predicted model (Chen_9, r.m.s.d. = 4.68 Å). (l) The recognition mode of 
the ligand in the next best-predicted model (Szachniuk_3, r.m.s.d. = 4.79 Å). 
(m) The recognition mode of the ligand in the following predicted model 
(RNAComposer_5, r.m.s.d. = 4.81 Å). (n) The recognition mode of the ligand in the 
following predicted model (RNAComposer_3, r.m.s.d. = 4.83 Å).
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Extended Data Fig. 9 | Comparisons between the rankings of the human and 
web-based predictions in RNA Puzzles Round IV4 and Round V (this paper). 
Rankings from Puzzles Round IV4 are shown for human predictions in (a) and 
web-based predictions in (b). Rankings from the cumulated Puzzles Round IV and 
V, are shown for human predictions in (c) and web-based predictions in (d). The 
color scheme ranges from dark blue (5, best r.m.s.d.) to light gray (0, no models 
in the top five or no submissions). When a single group has submitted models for 
a Puzzle, the results are not counted. The right columns show the total number 
of valid RNA puzzles each group submitted. The final score on the left is the ratio 
of the sum to the total number of Puzzles (Round IV: 6, Round IV and V: 35). For 

the Das group, the models obtained by different methods are grouped together 
(see Supplementary Table 5). The web-based predictions include RNAComposer 
from the Szachniuk group (Polish Academy of Sciences), SimRNA from the 
Bujnicki group (International Institute of Molecular and Cell Biology in Warsaw), 
iFoldRNA from the Dokholyan group (Penn State College of Medicine, Hershey), 
RW3D from the Das group (Stanford University), YangServer from the Yang 
group (Shandong University), 3dRNA from the Xiao group (Huazhong University 
of Science and Technology), and LeeAS from the Lee group (Korea Institute for 
Advanced Study, Major from Francois Major (Université de Montréal)).
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