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This communication reports on an initiative to establish the
Nucleic Acid Valence Geometry Working Group, whose task will
be to define and implement a uniform dictionary for nucleic acid
valence geometry parameters for use in modeling, refinement
and validation systems.
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Biomolecular structure refinement depends both on
experimental data and on chemical restraints that encode prior
knowledge regarding acceptable geometries. Chemical restraints
used for nucleic acid (NA) valence geometries (bond lengths and
angles) in the major refinement and validation software
packages are divergent, especially in the standard deviations
used and in whether they are dependent on sugar pucker, RNA
versus DNA, etc. This impacts many aspects of NA-containing
structure studies including model building, refinement and
validation. We propose to review those dictionaries and
protocols, first seeking agreement on a common compromise.

This effort is an initiative of the ELIXIR Community on Structural
Bioinformatics, 3D-Bioinfo (Orengo et al., 2020) "to encourage
development and use of software tools to describe, analyze,
annotate, and predict nucleic acid (NA) structures. In particular,
standards are needed for initial model building and refinement
of nucleic acid molecular structures.” This task has become
urgent as techniques such as cryo-EM (Afonine et al., 2018;
Lawson et al., 2020) and high-resolution neutron diffraction
(Liebschner et al., 2019) are generating experimental data on
3D structures containing RNA and DNA molecules.

To initiate the process, we held a virtual meeting on 24-25
August 2020. More than 20 subject-matter experts in the field
discussed the status of standards for valence geometry in
nucleic acids. We heard 15 talks on the topic from various
perspectives. We learned that the most commonly used
software tools for refinement and validation use different sets of
values for the valence geometries. Of particular concern is the
fact that the refinement programs REFMAC (Murshudov et al.,
2011) and Phenix (Liebschner et al., 2019), which includes X-
ray, neutron and cryo-EM, use somewhat different values. The
wwPDB (Berman et al., 2003) validation pipeline (Gore et al.,
2017) uses the values published on the current NDB site
(Berman et al., 1992) while Phenix uses the Molprobity
(Williams et al., 2018) values. Lack of consistency between
refinement and validation dictionaries leads to validation reports
that may identify unforeseen or even spurious outliers.

Valence geometry standards have traditionally been determined
separately for the nitrogenous bases and the sugar-phosphate
backbone. The first set of values was determined by the
Kennard/CSD group in 1982 (Taylor & Kennard, 1982a) (Taylor
& Kennard, 1982b). Using a larger number of crystal structures,
somewhat more detailed parameters were determined for the
bases (Clowney et al., 1996) and the sugar backbone (Gelbin et
al., 1996; Parkinson et al., 1996). Current refinement and
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validation programs use some combination of those 1996
values. Recently an updated set of CSD-based values was
developed again separately for the bases (Gilski et al., 2019),
phosphates (Kowiel et al., 2016) and sugars (Kowiel et al.,
2020). The latter two analyses show the correlation between the
valence geometry and conformation. These values have been
tested for a limited number of refinements. The complicated
geometry of the phosphodiester linkage was also investigated as
a function of charge (Schneider et al., 1996).

Extensive discussion at the workshop resulted in two
conclusions. One is that the valence geometry standards cannot
be isolated from the other geometric and conformational
descriptors of nucleic acids, including sugar puckers, phosphate
conformations, base pair geometry and hydrogen bonding.
These all need updates of standards using state-of-the-art
statistical tools and well-curated sets of experimental data
before adoption, especially by the rightly conservative wwPDB
validation. Ways to find correlated geometry values for larger
building blocks such as the dinucleotide unit were suggested
and need to be further discussed. A second conclusion is that in
the short term, while that research is being done and evaluated
by the community, it is very important for all stakeholders to
agree on a uniform, optimal compromise for the simpler
restraint values currently being used.

Outcomes and recommendations of this Workshop are the
following:

e To establish the Nucleic Acid Valence Geometry Working
Group, whose task will be to make these changes happen.

e The short-term goal of the Working Group will be to
define, obtain agreement on, and implement a
conservative and uniform compromise on simple
parameters for current use in all the major modeling,
refinement and validation systems.

e More complex definitions that take into account local
identities and conformations should be compared, tested
and tried out by the community, to reach a more accurate,
next-generation set of valence parameters.

e Further research and testing should eventually be
expanded to conformationally (primarily dihedral-angle)
dependent restraints.
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