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Abstract
Summary: veriNA3d is an R package for the analysis of nucleic acids structural data, with an emphasis in complex RNA structures. In addition to single-structure analyses, veriNA3d also implements functions to handle whole datasets of mmCIF/PDB structures that could be retrieved from
public/local repositories. Our package aims to fill a gap in the data mining of nucleic acids structures to produce flexible and high throughput analysis of structural databases.
Availability and implementation: http://mmb.irbbarcelona.org/gitlab/dgallego/veriNA3d.
Contact: pablo.dans@irbbarcelona.org or modesto.orozco@irbbarcelona.org
Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction
The Protein Data Bank (PDB; Berman et al., 2000) is one of the most
widely used biological databases, and the central repository for structural data coming from NMR, X-Ray or more recently electron microscopy experiments (Fernandez-Leiro and Scheres, 2016).
However, initiatives such as NDB (Coimbatore Narayanan et al.,
2014) and more recently specific repositories for hand-curated nucleic
acid complexes and RNA motifs (Leontis and Zirbel, 2012;
Sagendorf et al., 2017) demonstrate the need to treat nucleic acids in
a different way than protein, as nucleic acids require particular interpretative tools and specific analyses accounting for the complexity of
the backbone polymorphisms (Balaceanu et al., 2017), the helical nature of DNA/RNA molecules, the uniqueness of secondary and tertiary motifs (Petrov et al., 2013), and the distinctive nature of the
interactions between nucleic acids and proteins or cations (Hud,
2008; Rice and Correll, 2008). Unfortunately, despite the structural
richness in nucleic-acid databases, few tools are available to automatically extract, analyze and integrate data into coherent pipelines
(Bottaro et al., 2019; Grant et al., 2006). Here we present veriNA3d,
a new R package build on top of bio3d (Grant et al., 2006) that take

advantage of bio3d functions to process, organize and explore available structural data, but extending its capabilities to take into account
the singularities of nucleic acids structures. Our package incorporates
nucleic-acids specific functions and provides the user with the ability
to query large nucleic acids datasets, using APIs simple commands.

2 VeriNA3d functions
The functions in veriNA3d can be classified into three main blocks:
(i) Dataset analysis; (ii) Single-structure analysis and (iii) Exploratory
data analyses. Its power resides in its high degree of abstraction and
the simplicity to perform complex tasks with few lines of R code.
VeriNA3d offers integration with third-party utilities such as the nonredundant lists of RNA structures (Leontis and Zirbel, 2012), the
eRMSD suggested to compare RNA structures (Bottaro et al., 2014),
a wrapper to the DSSR (Dissecting the Spatial Structure of RNA) software (Lu et al., 2015) and query functions to access the PDBe REST
API (Velankar et al., 2016). In addition, it provides our own parser to
read structures in mmCIF/PDB format and functions to process structural data and produce graphical outputs.
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4 Conclusions and perspectives
We presented veriNA3d, an R package that greatly simplifies the
systematic structural analysis of large nucleic acids datasets,
addressing the physicochemical specificities of DNA/RNA and their
molecular partners. Our package takes advantage of the extensive
graphical and statistical capabilities of the R environment, and can
be freely downloaded for local use.
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Fig. 1. Structural analysis using veriNA3d. (A) g-h RNA map of non-helical
nucleotides exhibiting sugars in North. (B) Distribution of distances between
Mg2þ and its first shell. Ow/Op/Or/Ob: oxygen atoms of water, phosphate,
sugar or base. Nb: base nitrogen

3 Comparative analysis and data mining of
nucleic acids structures
We exemplify the usefulness of veriNA3d by presenting four relevant examples dealing with public repositories and cutting-edge
analyses of DNA/RNA complexes (2 examples in Supporting
Information). Simpler examples of veriNA3d usage and functions’
description are provided via GitLab.

3.1 The RNA g-h conformational landscape
The two-dimensional space defined by the RNA backbone pseudodihedrals g (eta: C4’i-1, Pi, C4’i, Piþ1) and h (theta: Pi, C4’i, Piþ1,
C4’iþ1) is a simple method to characterize RNA conformational
landscape, similar to Ramachandran plots in proteins. The first
work analyzing g-h was based on a small local repository of handcurated structures (Wadley et al., 2007). Using veriNA3d it is possible now to directly retrieve the data from weekly updated datasets
(Leontis and Zirbel, 2012), allowing for an up-to-date version of the
g-h map (Fig. 1A). The script used to generate results for our first example, which filters out the helical nucleotides with sugar in North
conformation, is reported in the Supplementary Table S1.
Comparing to the original g-h map (Wadley et al., 2007), the
updated version generated using veriNA3d identified a previously
undescribed cluster with low density (VII in Fig. 1A) in the g-h
(North) space and reduces the importance of cluster V.

3.2 Mg21-RNA interaction sites across the PDB
Interactions with cations, especially Mg2þ, have been recognized as
being crucial not only to stabilize specific RNA motifs (Bergonzo
et al., 2016), but also in recognition and catalysis (Lee et al., 2008).
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example, the generated set of structures was analyzed in the light of
two recent studies (Leonarski et al., 2017; Zheng et al., 2015),
computing the distribution of distances to the central Mg2þ in 5 categories according to the type of atom bound in the first shell
(Fig. 1B and Supplementary Table S2 for the code). We found a
strong prevalence of Mg2þ–Owater (Ow) and Mg2þ–Ophosphate (Op)
contacts at short distances. On the contrary, contacts with the nucleobase or sugar atoms are enriched in the second peak (4 Å) indicative of water-mediated interactions.
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