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a b s t r a c t

Though RNA G-quadruplexes became a focus of study over a decade ago, the main challenge associated
with the identification of new potential G-quadruplexes remains a bottleneck step. It slows the study of
these non-canonical structures in nucleic acids, and thus the understanding of their significance. The
G4RNA screener is an accurate tool for the prediction of RNA G-quadruplexes but its deployment has
brought to light an issue with its accessibility to G-quadruplex experts and biologists. G4RNA screener
web server is a platform that provides a much needed interface to manage the input, parameters and
result display of the main command-line ready tool. It is accessible at http://scottgroup.med.
usherbrooke.ca/G4RNA_screener/.

© 2018 Published by Elsevier B.V.
1. Introduction

RNA functions are closely associated to their structural features
[1]. While most structures rely on Watson-Crick base pairs and
duplex formation, G-quadruplexes (G4) are tetrahelices relying on
Hoogsteen base pairing of guanines [2]. Intramolecular RNA G4 are
very stable in vitro [3], observable in cells [4,5], and have been
associated with several functions related to post-transcriptional
gene expression regulation [2,6,7].

The reliance of the G4 structures on a local high G content and
the resolution of the first G4 structures with the strand of the helix
consisting of stretches of G brought the postulation of the motif
G�3N1-7G�3N1-7G�3N1-7G�3 as the requirement to observe a G4 [8].
This motif was used in the first evaluations of the number of G4 in
the human genome yielding successful observations of several
potential G4 [9e12]. However, recent years were prolific in the
reports of new RNA G4 with an increasing proportion not matching
the previously postulated pattern [13e16]. Significant efforts have
been deployed since then to adjust the motif in order to include the
new patterns of G4 described, but the usage of a more inclusive
motif increases the risks of false positive discovery [17]. This issue
brooke.ca (J.-P. Perreault),
was addressed by a two independent approaches to discriminate
potential G4 using a scoring system [18,19].

These approaches were based on expert knowledge and
considered a limited number of observed structures that are now
assumed to depict an incomplete picture of all G4 conformation
possibilities. Such a strategy is not suitable in a discovery driven
approach aiming to allow new conformations to be picked up by
the prediction tool. We chose to let the data drive the predictions
and implemented a minimal machine learning model to train itself
in the recognition of G4 prone sequences based on the sequences
found in G4RNA database [20]. The result, G4NN, is an artificial
neural network demonstrated to have excellent predictive power
and to be especially efficient at discarding randomly selected
transcripts [21].

Since other previous approaches also provided satisfactory
predictions, valuable information and insight on the sequence, we
included in G4RNA screener the scoring systems that were not
reliant on pre-defined nucleotidic motifs. G4Hunter (G4H) and the
consecutive G over consecutive C (cGcC) scoring systems [18,19] are
available along G4NN in G4RNA screener.

G4RNA screener was originally released in its command line
form [21]. However, because most users are not familiar with this
interface, our latest endeavor has since been to produce a graphical
interface which facilitates access to G4RNA screener to a wider
audience.
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2. Methods and implementation

The stand-alone command-line program has been thoroughly
described [21]. It allows the analysis of large sequences efficiently.
G4RNA screener is written in Python and is easily importable. We
integrated it in a Django web environment which acts as a bridge
between the user's browser and the maintained instance of the
program on the server. Therefore, an analysis performed on the
webserver will use the same version of G4RNA screener as the
stand-alone command line version available to download (http://
gitlabscottgroup.med.usherbrooke.ca/J-Michel/g4rna_screener).
The time between submission to the server and page refresh to
display the results is a matter of seconds or minutes depending on
the size of the sequences and the parameters selected by the user.

The usage of a server for computation provides reproducibility
and reliability for the user at the cost of limiting the size of sub-
mission to 20 000 characters in plain text or 30 kBytes FASTA file.
Larger analysis should be conducted on the user resources where
the limitations will be dependent on the hardware. One can expect
to process ~60 000 nt/min on a 3rd generation Intel i7 desktop
processor or ~70 000 nt/min on a 4th generation Intel Laptop pro-
cessor using the default parameters. The output of the analyses is
highly dependent on user input and its format. A parser browses
the description lines of the input FASTA file to retrieve the available
information. This information is used to provide more detailed
results such as the chromosomal position of the analyzed sequence
and cross-reference IDs if available in the UCSC database.

Results are sent to the user and displayed in a Javascript datat-
able with sorting and filtering options. Sequences scored above the
provided thresholds have their scores highlighted in the results
table for fast identification. The results table can be downloaded
either in Excel spreadsheet format for subsequent consultation or
in tab delimited text format (.csv) suitable for many tools and
facilitating further analysis. Further documentation is accessible
online in the web server help page and in the repository manual.

3. Results and discussion

Prediction of G-quadruplexes is an active area of development
with multiple tools developed in the last decade, four of them
featuring a web interface. Unfortunately, amongst these four
webservers, Quadfinder [22] and QuadPredict [23] are currently
unavailable and listed as deprecated by OMICtools [24], while the
other two, QGRS mapper 2 [9] and QuadBase2's TetraplexFinder
[12] are redundant, both searching for motifs. The TetraplexFinder
offers a better user experience since QGRS mapper's batch sub-
mission does not support multi-FASTA format and requires the user
to copy and paste each sequence. QuadBase2's TetraplexFinder can
analyzemore sequences and at a faster rate than G4RNA screener as
expected for a motif matching algorithm. The recent Quadron [25]
is an improvement on classical motif searching as it uses stringent
motif matching and gradient boosting machines trained on high-
throughput detection of G4 to reduce the false positive and false
discovery rates of motif matching. Quadron is a very relevant tool
that includes a graphic interface but requires a lengthy installation.

Unfortunately, all the previously mentioned tools are focused on
the discovery of DNA G4 which is often extrapolated to RNA
without thorough comparisons. The available tools focusing on RNA
are the cGcC score [18] and RNAfold v2.1.0þ [10]. However, RNAfold
does not support G4 on its webserver and also relies on motif
matching. As stated previously, G4RNA screener combines the
available tools that are not relying onmotif search; G4NN [21], cGcC
score [18] and G4Hunter [19] none of them having a graphical user
interface. G4RNA screener web server provides a time efficient and
reliable way to predict G4 folding in RNA sequences. Its intuitive
interface manages the analysis parameters and input of G4RNA
screener (Fig. 1A).

Default values are recommended for an optimal usage of the
G4NN score (Fig. 1B) [21]. Since its training was performed on a set
of sequences with lengths distributed around 60 nucleotides (nt),
its best performances are obtained at window size 60 nt. However,
users are free to increase the size of the analysis window to favor
the retrieval of large potential G4 by the tool; inversely, a smaller
window will disfavor large G4. The usage of cGcC score is less
dependent on the length of the sequence analyzed and offers good
performances when dealing with large portions of sequences since
it was designed to consider the RNA context in the vicinity of a
potential G4 [18]. In order to use the cGcC score in its original usage,
the window size can be adapted to cover regions that would
represent an appropriate folding space, i.e. the sequence of an in-
ternal ribosome entry site, an entire 50UTR, etc. The G4H score was
designed to identify potential G4 in DNA using windows smaller
than 60 nt (~30 nt) [19], but it was shown to have good predictive
power in RNA using 60 nt windows [21]. Once again, the window
size can be adapted to retrieve the behavior of G4H as it was
originally reported.

The step size parameter regulates the overlap length between
each window by defining the movement length along the sequence
between consecutive windows. Therefore, the step size defines the
resolution of the analysis (Fig. 1B). It is set to 10 nt by default to
reduce the computational burden while providing an adequate
resolution. Reducing the step size on sequence regions with
ambiguous scores can provide more insights but very low step size
means a larger overlap between the windows and, generally, a very
low impact on the scores of each consecutive window.

The sample FASTA that is provided as an input example in the
web interface (Fig. 1C) was designed so that users can experiment
with different description line styles, i.e. the FASTA header con-
ventions supported by G4RNA screener. Most of the display fields
available are reliant on the information provided in the description
lines (Fig. 1D). Whether it is linked to identification, annotation or
chromosomal position, G4RNA screener relies on the user input to
collect information. G4RNA screener supports two main structures
of description lines; the UCSC refGene description line and the
Ensembl transcript description line. Users can take advantage of the
patterns to supply the information needed for their subsequent use
and the original description line can be retrieved in the description
field of the results (Fig. 1E).

All analyzed windows are displayed in the result table (Fig. 1F)
which is suitable to compare the scores of a single region to the
overall gene. Highly scored windows can be identified by sorting
the windows by scores. Multiple sorting is available and useful to
analyze multiple sequences individually in a single submission. The
table can be downloaded in a spreadsheet for further consultation
and interpretation or in tab delimited values in a text file. Any tab
delimited value file of chromosomal position with one of the three
scores can easily be used to generate a bedgraph file. The visuali-
zation of a bedgraph file in a genome browser allows a quick
identification of G4 hotspots at a glance (Fig. 2) [26].

4. Conclusion

G4RNA screener web server constitutes our latest endeavor in
supporting biologists to identify potential RNA G4. To improve the
accessibility of the tool, we provided the user interface in a web
page which both eliminates the need to install the tool locally and
the management of updates, dependencies as well as reducing the
computational burden. We used our own experience as experi-
mentalists to identify the needs of the users, hence the variety of
the parameters and options. Nonetheless, users should be aware

http://gitlabscottgroup.med.usherbrooke.ca/J-Michel/g4rna_screener
http://gitlabscottgroup.med.usherbrooke.ca/J-Michel/g4rna_screener


Fig. 1. Screen capture of a typical usage of G4RNA Screener. A) The input form includes 3 sections; B) Analysis parameters, C) FASTA input, D) Display options. E) The results section
is displayed following a form submission. F) The analysis output is displayed in a dynamic table.

Fig. 2. Bedgraph visualization using the UCSC genome browser of the PITX1 gene scored using G4RNA screener; G4NN in red, G4Hunter in blue, cGcC in green. Each default
threshold is shown as a horizontal black line.
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that the command line based tool grants more flexibility of analysis.
G4RNA screener is still under active development with potential

important impacts pertaining to user experience. The optimization
of the computing efficiency is planned with the intent to improve
the limits of the web server. G4RNA screener is accessible at http://
scottgroup.med.usherbrooke.ca/G4RNA_screener/.
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