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Evaluation of predictions. 

The geometry of RNA 3D models.
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• The measure of structure quality assessment determined by MolProbity1

• Controls the quality of the model geometry (geometric parameters) 

• Checks all atomic overlays: <0.4 Å

• Global assessment of structure S:

𝐶𝑙𝑎𝑠ℎ𝑆𝑐𝑜𝑟𝑒(𝑆) = 1000 ∙
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑑 𝑜𝑣𝑒𝑟𝑙𝑎𝑝𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑡𝑜𝑚𝑠 𝑖𝑛 𝑆

Clash score

1Williams et al. (2018) MolProbity: More and better reference data for improved all-atom structure validation. Protein Science 27: 293-315.



What about other geometric parameters?

• Close contacts

• Bond lengths

• Bond angles

• Planarity

• Chirality

• Polymer linkage

• Handedness of helices

• Base-pairing geometry



Bond and dihedral angles

Bond angles

Dihedral angles for nucleic acids

RCSB 
MAXIT



Close contacts, polimer linkage

RCSB 
MAXIT

Conditions for close contact identification (MAXIT)

Polymer linkage values, bond lengths in Angstroms [Å] and angles in degrees [ ° ].



Geometry validation by MolProbity

Example MolProbity output for some 3D structure data



Do RNA-Puzzles 
predictions pass the test?

Data from the github repo2

https://github.com/RNA-Puzzles

22 challenges

• 22 target RNA structures (X-ray)

• 1028 predicted RNA 3D models

• 233 predictions in webserver category

• 795 predictions in human category

2Magnus et al. (2020) Nucleic Acids Res 48(2):576–588



Do RNA-Puzzles 
predictions pass the test?

Data from the github repo2

https://github.com/RNA-Puzzles

22 challenges

• 22 target RNA structures (X-ray)

• 1028 predicted RNA 3D models

• 233 predictions in webserver category

• 795 predictions in human category

2Magnus et al. (2020) Nucleic Acids Res 48(2):576–588
In targets 54 32 183 9 0 9

Close 
contacts

Bond 
lengths

Bond 
angles

Planarity Chirality Polymer
linkage

Total numer of errors in 1028 predicted models

5000

4000

3000

2000

1000

0



Example bugs

Chiral errors
Left: C3' atom in U82 with correct chiral centre; 
Right: U15 with incorrect chiral inversion at carbon 
atom C3', changing a ribose to a xylose moiety.
H3 model from PZ07

Polymer linkage abnormality 
found between G14 and U15. The distance 

should be ~1.6Å (with a sigma ~0.01).
H7 model from PZ24



Total numer of errors by participants

The number of stereochemical errors in all (1028) predicted
models from the benchmark set by participants.

The white dot - the median
The black bar - interquartile range
The 1st and 3rd quartile - wicks up and down from the
interquartile range
The violin shape shows error distribution.

Human participants Webserver participants



Error types by participants

Has the number of
errors decreased
over 10 yrs of
RNA-Puzzles?

NO!

More details:

Carrascoza et al. (2022) 
Evaluation of the 
stereochemical quality of 
predicted RNA 3D models in 
the RNA-Puzzles submissions, 
RNA 28(2), 250-262.



o Stereochemical bugs occur in models predicted in human

and webserver categories.

o Even the best models are not free of errors.

o We should check and ensure the correctness of models, 

preferably in an automated way. 

o We have tools to identify these bugs in RNA models, and 

to correct some of them.
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