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   INTRODUCTION

RNAlign2D is a command line tool written as a Python script that works in UNIX-based operation systems.
To compare RNAlign2D with other tools that can use fixed 2D structure for multiple RNA alignment 
LocARNA and CARNA, we used 2 available benchmark datasets: BraliBase 2.1 and RNAStralign.In the next 
step, the sum-of-pairs-scores (SPSs) and positive predictive value (PPVs) were calculated for each 
alignment. Alignment time was also measured for subset of datasets from RNAStralign benchmark.

The functions of RNA molecules are mainly determined by their secondary structures. These functions can 
also be predicted using bioinformatic tools that enable the alignment of multiple RNAs to determine 
functional domains and/or classify RNA molecules into RNA families. Here, we introduce an extremely fast 
Python-based tool called RNAlign2D. This tool is dedicated to multiple alignment of RNA molecules with 
known secondary structures. It converts RNA sequences to pseudo-amino acid sequences that incorporate 
structural information and uses a customizable scoring matrix to align these RNA molecules using the 
multiple protein sequence alignment tool MUSCLE.  This approach can be customized for virtually all 
protein aligners. RNAlign2D is freely available from https://github.com/tomaszwozniakihg/rnalign2d .

   MATERIALS AND METHODS

   RESULTS

Figure 1. Schematic representation of the RNAlign2D workflow. A. Basic concept of RNA sequence-structure 
conversion to a pseudo-amino acid sequence. B. Conversion of 20 RNA sequence-structure elements to pseudo-
amino acids and their scores (left) and the default scoring matrix (right). C. Block diagram of the RNAlign2D 
workflow.

Figure 2. Box and whisker plots comparing SPSs (left) and PPV (right) for the alignment of 200 groups of 5, 10 
and 20 homologous sequences from the entire RNAStralign benchmark dataset with RNAlign2D, CARNA and 
LocARNA. ****  p-value < 0.0001; *** p-value < 0.001; ** p-value < 0.01; * p-value < 0.05.

Figure 3. Comparison of alignment performance times for 
RNAlign2D, CARNA and LocARNA presented as a graph 
with standard errors indicated.

Figure 4. Pearson correlation plots of APSI vs. PPV (upper 
panel) and APSI vs. SPS (lower panel) for alignment of the 
RNAStralign benchmark dataset with RNAlign2D (left 
panel), CARNA (middle panel) and LocARNA (right panel). 
The correlation coefficients are shown at the top of each 
plot.
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STACKING INTERACTIONS

VAN DER WAALS INTERACTIONS

INTRODUCTION

HYDROGEN BOND INTERACTIONS
Hydrogens was added to the structures with reduce1 program. 
Residues that creates hydrogen bonds with NAP was colored 
orange on multiple sequence alignment. 

Multiple sequence alignment was created using MAFT program 
and coloured by Van der Waals interactions. Color scale was 
used to show the distances between interacting residues. 

Molecular modelling is a technique commonly used in 
deciphering life on a molecular level. Outputs from these 
simulations usually comprise 3D structures and their 
energies, evaluated in a given force field. These tools 
however rarely explain how the biomolecules interact.

Thirteen close homologs from CYP family which bind NAP 
molecule were analysed as an example. Only interactions 
between ligand and a protein were taken into account. 

In the table there are all stacking interactions between NAP 
and a protein. It turns out that in all cases it is the same 
amino acid TYR604 (in 3QFC it is TYR 607). Geometry is 
presented on a figure. Thirteen proteins was superimposed to 
have NAP in the same place so the differences between 
homologs can be easily seen. 

1. Word, et al.(1999) "Asparagine and glutamine: using hydrogen atom contacts in 
the choice of sidechain amide orientation" J. Mol. Biol. 285, 1735-1747.
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Abstract
Nucleic acids are becoming increasingly attractive targets for 
potential drugs. Since most targets of small molecule drugs 
are proteins, the portfolio of nucleic acids-oriented 
bioinformatics tools is limited. Here we present fingeRNAt - 
a novel and open-source software for calculation of 
Structural Interactions Fingerprints (SIFs) for nucleic 
acid - ligand complexes. SIFs translate information about 
3D interactions in a target-ligand complex into a string, where 
the respective bit in the fingerprint is e.g. set to 1 in case of 
detecting particular interaction, and to 0 otherwise. By using 
SIFs, the interactions are represented in a unified fashion, 
thus allowing for easy analysis and comparison, as they 
provide a full picture of all interactions within the complex. 

Overview
● fingeRNAt is a Python 3.x program which calculates SIFs 

in complexes of RNA/DNA and:

       small molecule           RNA          DNA             protein

● Input/Output 
Requires (i) RNA/DNA structure in pdb/mol2 format and 
(ii) ligands’ structures in sdf format. 
The output is a SIF calculated for each complex saved 
to separate row of a tab-separated file.

Background
● Many nucleic acids are disease-associated with ability to 

adapt a tertiary structure hence constituting promising 
targets for drugs.

● Structural Interactions Fingerprints (SIFs) represent 
interactions within a complex in a form of a binary or a 
hologram  string, a convenient input to computational 
analyses.

● No freely available tool to calculate SIFs for nucleic acid - 
ligand complexes.

● SIFs types

fingeRNAt applications
What are the non-covalent interactions statistics in RNA 
- ligands complexes?

Dataset
Non-redundant complexes of RNA with small molecule 
ligands.

Calculation of interactions
Non-covalent interactions in all the complexes from the 
dataset were detected and converted to SIFs using 
fingeRNAt. SIFs were used to calculate interactions 
statistics.

Hydrogen bonds are most 
frequent (over 65%), but 
ionic interactions play 
second most important 
role, constituting almost 
one quarter of all 
interactions.

fingeRNAt applications
Can interaction patterns be used to discriminate between 
active and inactive compounds?

Dataset
Target: HIV TAR          Ligands:

Calculation of interactions
Docking was performed using rDock. Non-covalent inter- 
actions in all the complexes were detected and converted 
to SIFs using fingeRNAt. SIFs were used to calculate 
average number of contacts for each interaction.

Active and 
inactive ligands 
have different 
binding patterns 
and this variance 
may be utilized in 
rational drug 
design.
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