
Computational Approaches to RNA Structure and Function

Benasque Science Center, Jul 05 - Jul 17, 2026

Modeling the 3D structure of a riboswitch: a case study

Marta Szachniuk

Poznan University of Technology
Institute of Bioorganic Chemistry PAS



Riboswitch structure targeted in CASP15 (R1117, 30 nt)

Information for predicting groups

Molecule:   PreQ1 class I type III riboswitch

Organism:   K. pneumoniae

Residues:   30

Method:   X-RAY

Additional information: Structure contains a ligand (PRF) 

Sequence:   

>R1117 0

UUGGGUUCCCUCACCCCAAUCAUAAAAAGG

guided human 

expert decisions



RNApolis group approach

Popenda et al. Nucleic Acids Res 2012, 40(14):e112
Antczak et al. Acta Biochim Pol 2016, 63(4):737-744
Sarzyska et al. Proteins 2023, 91(12):1790–1799 

Web server prediction (RNAComposer)

https://rnacomposer.cs.put.poznan.pl/ 

Human expert modeling

1. Collecting prior knowledge

2. Prediction from sequence

3. Prediction from consensus 2D

4. Homology modeling

5. Critical analysis & model selection
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Collecting available structural and biological information

• In the ligand-bound state, the preQ₁ aptamer

adopts an H-type pseudoknot structure.

The class I prequeuosine riboswitch (preQ1)

• regulates genes involved in the synthesis and transport of preQ₁ (an intermediate in queuosine biosynthesis);

• contains one of the smallest naturally occurring riboswitch aptamer domains.



Collecting available structural and biological information

(B) Consensus sequences and 
secondary structure models of the 
three types of preQ1-I riboswitches. 

McCown et al. Chemistry and 
Biology 21,880-889,2014

type 3 (target)

No representative 
structure in PDB.

 

type 1

1KIV
7REX

type 2

2L1V (NMR),
3FU2, 
3Q50, 3Q51,
6VUI, 6VUH,
3GCA,
6E1S, 6E1T, 6E1U, 
6E1V, 6E1W,
7E9E, 7E9I
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Web server: sequence-based prediction

2D structure prediction

CentroidFold, ContextFold, 
CONTRAfold, HotKnot, IPknot, 
RNAfold, RNAstructure, … 

Input sequence
UUGGGUUCCCUCACCCCAAUCAUAAAAAGG

1,000 predicted 2D models

Ranking by energy

1 pk model in the top 100



Web server: 2D structure-based prediction

3FU2, X-ray, resolution: 2.85 Å (type 2)RNAComposer web server model (type 3)

Predicted 3D models do not reconstruct the noncanonical tertiary interactions in the minor grove correctly. 



Homology modeling by human experts

Template preparation

sequence alignment of available templates → superposition of the template 3D structures



Homology modeling by human experts

Final 3D model energy: −20 kcal/mol/residue 

Template entered as a single structural block:

(((((...[[[...)))))........]]]

                          

[[[[[...{{{...]]]]]........}}}

RNAComposer runs structure refinement:

two-step minimization (CYANA, XPLOR)



Web server vs human model

estimated accurracy: 4 Å

predicted from the 
consensus 2D structure

modeled from a 
homologous 3D template



Results of R1117 structure prediction

RMSD: 2.01 – 27.68 Å

LDDT: 0.179 – 0.747

INFall:    0.28 – 0.85

INFwc:   0.00 – 1.00

INFnwc:  0.00 – 0.76

INFstack: 0.37 – 0.91

Ranked 7th by INFall

Ranked 13th by RMSD

153 riboswitch models submitted by 34 participating groups Overall metric summary



Some models with lasso loops

• Mispredicted 2D structure

• C14, which binds the ligand, is involved in HB.

Popenda et al. Nucleic Acids Res 2021, 49(17):9625-9632
Luwanski et al. Nucleic Acids Res 2022, 50(W1):W663-W669

RNAspider: https://rnaspider.cs.put.poznan.pl/ 

• Lasso loop detected during topology validation.

http://rnacomposer.ibch.poznan.pl/
http://rnacomposer.ibch.poznan.pl/
http://rnacomposer.ibch.poznan.pl/
http://rnacomposer.ibch.poznan.pl/


Out of curiosity I ran AlphaFold3

pLDDT Confidence Score

     Very high (pLDDT > 90) 
     Confident (90 > pLDDT > 70)
     Low (70 > pLDDT > 50)
     Very low (pLDDT < 50)

RMSD:      3.14 Å → 24th in the RMSD ranking
LDDT:        0.641 → 14th in the LDDT ranking
INFall:         0.700 → 26th in the INFall ranking
TM-score: 0.263 → 36th in the TM-score ranking

prediction obtained: 13.07.2026

reference structure: 8FZA
(released: 30.08.2023)
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