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Structural alphabets (NtC and CANA) for 
conformational analysis of nucleic acids 
(DNA and RNA).

● Annotation
● Validation
● Model building
● Modeling
● Enhanced sampling MD
● Refinement

https://dnatco.datmos.org

NtCs (dinucleotide conformers)

● 12D representation
● mostly backbone torsions
● 96 universal DNA/RNA 

conformers

https://dnatco.datmos.org/


initial 3D model (sequence→homology/de novo model)

X-ray: molecular replacement / experimental phasing
cryo-EM: (flexible) fitting of a model to the map

“few” cycles of refinement and model building using restraints (significant 
weights unless having very high resolution data)

● ideal bond lengths and bond angles (CDL)
● sugar-phosphate backbone conformation (torsions)
● pairing / stacking
● other experimental restraints

programs are using different functional forms and “blackbox” parameters

validation (and if necessary modify the model and continue)

Refinement of experimental structures



Coot → REFMAC/Phenix/Buster → Coot →→ → → → → →  PDB OneDep

NtC restraints generated by dnatco.datmos.org are sometimes not enough 
to “force” the target conformation (when target is too far from initial value).

Model has to be modified to be closer to target values. Currently still mostly 
manual and very tedious work in Coot.

Alternatives provided by our extensions of the MMB program 
(MacroMoleculeBuilder, formerly RNAbuilder) including full support for 
modeling NtCs, mmCIF reading/writing, and CCP4/MRC map fitting. 
Recently we also introduced NtC modeling into Coot (but using Coot 1, so 
more development is needed on both sides).

Refinement of experimental structures: tools



https://wataa.datmos.org https://watna.datmos.org

https://webmmb.datmos.orghttps://dnatco.datmos.org

https://wataa.datmos.org/
https://watna.datmos.org/
https://webmmb.datmos.org/
https://dnatco.datmos.org/


DNATCO and webMMB demo



REFMAC restraints



Additional independent validation



NtC restraints generated by dnatco.datmos.org used with REFMAC or 
Phenix provide better quality structures – lower rmsd and higher RSCC.

The MMB program now fully supports modeling of NtCs, mmCIF 
reading/writing, and CCP4/MRC map fitting. (next to the already available 
all base pairing patterns)

Soon also Coot version with NtC support will be available.

More automatic version of the workflow is under development.

Use mmCIF format in your tools/services, many existing tools can be 
updated easily with help of the gemmi library.

Conclusions


