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Abstract

Background: RNA-Seq is a well-established technology extensively used for tran-
scriptome profiling, allowing the analysis of coding and non-coding RNA molecules.
However, this technology produces a vast amount of data requiring sophisticated
computational approaches for their analysis than other traditional technologies such as
Real-Time PCR or microarrays, strongly discouraging non-expert users. For this reason,
dozens of pipelines have been deployed for the analysis of RNA-Seq data. Although
interesting, these present several limitations and their usage require a technical
background, which may be uncommon in small research laboratories. Therefore, the
application of these technologies in such contexts is still limited and causes a clear bot-
tleneck in knowledge advancement.

Results: Motivated by these considerations, we have developed RNAdetector, a new
free cross-platform and user-friendly RNA-Seq data analysis software that can be used
locally or in cloud environments through an easy-to-use Graphical User Interface
allowing the analysis of coding and non-coding RNAs from RNA-Seq datasets of any
sequenced biological species.

Conclusions: RNAdetector is a new software that fills an essential gap between the
needs of biomedical and research labs to process RNA-Seq data and their common
lack of technical background in performing such analysis, which usually relies on
outsourcing such steps to third party bioinformatics facilities or using expensive com-
mercial software.

Keywords: RNA-seq, Stand-alone software, Cloud deployment, Pipeline, Docker,
ncRNAs, Differential expression analysis, Pathway analysis

Background

Next-Generation Sequencing (NGS) technologies are boosting our understand-
ing of the molecular mechanisms underlying prokaryotic and eukaryotic cell signal-
ing, development, and organization [1]. These technologies allow the sequencing of
entire genomes in a few days, yielding the possibility to detect gene mutations or
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polymorphisms (e.g., CNV, SNPs, INDEL, STR) potentially associated with differ-
ent diseases [1]. NGS is also extensively used for transcriptome profiling (RNA-Seq),
allowing identifying differentially expressed genes, splicing variants, or complex gene
rearrangements that could represent driver events in specific diseases [2].

Moreover, RNA-Seq can also be used to detect non-coding RNAs (ncRNAs),
namely, RNA molecules that do not encode for proteins but represent a considera-
ble amount of the transcriptome involved in many aspects of cell physiology [2, 3].
Indeed, they act by regulating a broad spectrum of cellular processes, controlling
gene expression, and contributing to genome organization and stability [3]. Upon
the increasing research interest in ncRNAs, identifying the different subclasses has
emerged as a critical issue. Indeed, RNA-Seq produces a dramatically higher amount
of data than other traditional technologies, such as Real-Time PCR or microarray,
demanding fast and effective computational approaches [4].

For this purpose, several pipelines have been developed for the analysis of gene
expression from RNA-Seq data. Relevant examples include: ArrayExpressHTS
(https://www.bioconductor.org/packages/release/bioc/html/ArrayExpressHTS.html),
BioJupies [5], BioWardrobe [6], DEWE [7], easyRNASeq [8], ExpressionPlot [9],
FX [10], GENE-counter [11], GeneProf [12], Grape RNA-Seq [13], MAP-RSeq [14],
NGScloud [15, 16], RAP [17], RobiNA [18], RSEQREP [19], RSEQtools [20], RseqFlow
[21], S-MART [22], TCW [23], TRAPLINE [24] and wapRNA [25]. In addition, other
pipelines have been developed for the analysis of different ncRNA classes: DSAP [26],
miRanalyzer [27], miRExpress [28], miRNAkey [29], iMir [30], CAP-miRSeq [31],
mirTools 2.0 [32], sRNAtoolbox [33], miRDeep 2 [34], and MapMi [35] for micro-
RNAs (miRNAs); piPipes [36], PILFER [37], piRNAPredictor [38] and PIANO [39]
for piwi-associated RNAs (piRNAs); and UCIncR [40] for long non-coding RNAs
(IncRNAs).

More recent pipelines have been released to analyze small RNA-Seq data allowing the
analysis of more than one ncRNAs class such as iSmaRT [41], iSRAP [42], miARma-Seq
[43], Oasis 2 [44], SPORTS1.0 [45], sSRNAnalyzer [46], and sRNApipe [47]. However,
some of these tools present several limitations and shortcomings which have negatively
impacted their usage by non-expert users: (1) no Graphical User Interface but only com-
mand-line shell; (2) software dependencies before the pipeline installation; (3) support
only for UNIX operating systems; (4) static workflow (they do not allow to choose the
tool to be used in each step of the pipeline); (5) not suitable for the analysis of the whole
transcriptome (e.g., mRNAs and\or few ncRNA classes supported); (6) no downstream
analysis modules (i.e., differential expression analysis or pathway analysis); (7) only a few
species supported.

To analyze the state of the art, in a recent review, we tested some novel RNA-Seq
pipelines highlighting the need for more comprehensive, flexible, and easy-to-use free
tools that could be used either for research or biomedical purposes [48]. In particular,
within a biomedical research setting, the availability of stand-alone offline software is
crucial to guarantee the data safety of human/patient-derived RNA-Seq data. To include
researchers with no prior knowledge of computer programming, we introduce RNAde-
tector, a free cross-platform, and user-friendly RNA-Seq data analysis software which
can be used locally or in cloud environments by mean of an easy-to-use Graphical User
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Interface (GUI) allowing the analysis of coding and ncRNAs from RNA-Seq datasets of

any sequenced biological species.

Implementation

Software implementation

RNAdetector is a client—server application developed to simplify deployment and usage.
The server has been developed in PHP, Bash, and R. All server code and dependencies
are deployed through a Docker container for easy installation. Communication between
client and server is based on an HTTP REST API specifically developed for RNAde-
tector. An internal Mysql database is used to store all server data. Authentication, API
Security, and the data abstraction layer have been provided by the Laravel framework
(https://laravel.com/). The Graphical User Interface (GUI) has been developed in Javas-
cript using the Electron framework (https://electronjs.org/). Electron is an open-source
framework developed and maintained by GitHub, allowing the development of desktop
GUI applications using web technologies.

RNAdetector can be used entirely offline installed as a stand-alone desktop application
on many operating systems, such as Windows Professional, macOS, and Linux. Further-
more, it can also be installed in servers and remotely controlled by a local installation of
our app. Deployment on remote servers can be performed through docker-compose on
a single machine or Kubernetes for a clustered environment. Therefore, RNAdetector
can also be installed on several cloud providers such as Google Cloud Platform, Micro-
soft Azure, or Amazon AWS.

RNAdetector can perform quantification, normalization, and differential expression
analysis of human, mouse, and C.elegans mRNAs and several classes of ncRNAs such
as miRNAs, piRNAs [only for human at this moment], small nucleolar RNAs (snoR-
NAs), IncRNAs, transcribed ultraconserved regions (t-UCRs) [only for human at this
moment], circular RNAs (circRNAs), and tRNA-derived ncRNAs. However, additional
ncRNA classes can also be analyzed by uploading their genomic coordinates (in GTF
or BED format) following the step-by-step procedure detailed in the user interface. To
visualize the depth of coverage of mapped reads, we integrated an offline interactive
genome browser based on JBrowse 2 [49]. Finally, topological pathway analysis of pro-
tein-coding genes and miRNAs can also be performed. Details about the pipeline design
are described in the next section.

RNAdetector comes with a repository containing pre-built genomes and annotations
for human, mouse, and C.elegans. However, other sequenced species can be analyzed by
providing their FASTA genomes or transcriptomes and GTF annotations. RNAdetector
can index such genomes/transcriptomes on any available algorithm such as BWA [50],
Salmon [51], HISAT2 [52, 53], and STAR [54]. The user will be guided through a graphi-
cal procedure, avoiding the use of any command-line tool.

RNAdetector is freely available for download at https://rnadetector.atlas.dmi.unict.
it/download.html. Source code and issue reporting are available at https://github.com/
alessandrolaferlita/RNAdetector.
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Pipeline design

RNAdetector allows users to start the analysis from different input files such as FASTQ,
BAM, or SAM files. We employ Trim Galore (http://www.bioinformatics.babraham.ac.
uk/projects/trim_galore/) for quality trimming and adapters removal on FASTQ files.
According to the input file type, the alignment strategy, and the sequencing strategy
(mRNAs, small RNAs, etc.), the proper pipeline is run. For mRNAs, small ncRNAs, and
IncRNAs, the alignment can be executed on a reference genome by using HISAT?2 [53]
or STAR [54]. It can also be executed on a reference transcriptome by using SALMON
[51]. On the other hand, for circRNA analysis, reads are first mapped on the reference
genome with BWA [50]. Next, they can be quantified (for circRNAs already annotated
on circBase [55]), or de-novo identified and quantified by mean of CIRI 2 [56, 57] or
CIRIquant [58].

RNAdetector stores in its remote repository human, mouse, and C.elegans indexed
genomes and transcriptomes together with their GTF and FASTA files which can
be downloaded directly from our repository through the user interface. Concerning
genome-based alignment, human (HG19 and HG38), mouse (mm9 and mm10), and
C.elegans (cell) genomes have been indexed by using HISAT?2 [52, 53], STAR [54], and
BWA [50] and included in RNAdetector (they are present in our remote repository ready
for the download). Genome annotation for human, mouse, and C.elegans is also allowed
through custom GTF files. Specifically, we included (1) GTF files with the genomic coor-
dinates of protein-coding genes, snoRNAs, and IncRNAs retrieved from GENCODE
for human and mouse (HG19 v19, HG38 v33, mm9 vM1, mm10 vM26) and ENSEMBL
(cell WBcel235) for C.elegans (2) custom GTF files with the genomic coordinates of
miRNAs (retrieved from miRBase [59]), piRNAs (retrieved from piRBase [60]), and
tRNA-derived ncRNAs (retrieved from tRFexplorer [61] for human and from tRFdb [62]
for mouse and C.elegans) (3) GTF files with the genomic coordinates of human, mouse
and C.elegans circRNAs retrieved from circBase [55] (4) and a GTF file with the genomic
coordinates of human t-UCRs retrieved from UCbase [63]. Concerning transcriptome-
based alignment, RNAdetector has custom human, mouse, and C.elegans transcriptomes
indexed by SALMON [51], which were built by retrieving the mRNAs and IncRNAs
FASTA sequences from GENCODE for human and mouse (HG19 v19, HG38 v33, mm9
vM1, mm10 vM26) and ENSEMBL (cell WBcel235) for C.elegans.

In the next two steps, reads are aligned with a reference genome or transcriptome and
quantified to infer mRNAs or ncRNAs expression levels. For this purpose, RNAdetector
allows users to select several tools and options to perform the alignment and read quan-
tification steps. Specifically, if users choose the genome-based alignment, STAR [54]
and HISAT 2 [52, 53] are the available aligners. Subsequently, read quantification can be
executed by HTseq [64], FeatureCounts [65], or SALMON [51] (alignment-based mode).
Instead, if users choose the transcriptome-based alignment strategy, reads are aligned
and quantified by SALMON [51] in a single step for a faster and RAM saving analysis.

Once the read quantification step is performed, RNAdetector’s workflow allows per-
forming differential expression analysis on mRNAs or ncRNAs. For this purpose, we
included three of the most common tools for differential expression analysis, such as
DESeq2 [66], edgeR [67], and LIMMA [68]. These three methods use different assump-
tions, normalization methods, and statistics to identify differentially expressed genes.
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Therefore, they can yield different results from the same datasets. However, we included
these three methods to allow users to choose the most suitable tool for their analysis.
Also, the users can perform a more rigorous analysis by combining these three methods
in a meta-analysis that should highlight the more robust differentially expressed genes.
Finally, miRNA-sensitive topological pathway analysis can be performed by MITHrIL
[69] using the LogFC values of mRNAs and\or miRNAs obtained after the differential
expression analysis step. A final report based on metaseqR [70] with a summary, tables,
and figures is provided together with an additional report developed to visualize path-
way analysis results. An offline genome browser based on JBrowse 2 [49] is also available
to visualize the depth of coverage of mapped reads.

Case study analysis

We selected a small RNA-Seq project publicly available on NCBI SRA (SRP183064). The
analysis was performed by using RNAdetector and selecting the following parameters
and tools from its user interface. A video of the analysis is available as Additional file 1.
We started the analysis from the FASTQ files, raw reads were trimmed, and adapters
were removed by selecting Trim Galore from the user interface. Trimmed reads were
then aligned to the reference human genome (HG38) by selecting HISAT 2 [53] and
counted by featureCounts [65]. Before the statistical testing procedure, the read counts
were filtered for possible artifacts that could affect the subsequent statistical testing pro-
cedures. After that, the count table was normalized for inherent systematic or experi-
mental biases selecting edgeR [67] as a normalization method after removing features
that had zero counts over all the RNA-Seq samples. The normalized count matrix was
then used for the differential expression analysis by selecting limma [68] and edgeR
[67] from the RNAdetector’s user interface. Finally, to combine the statistical signifi-
cance from multiple algorithms and perform a meta-analysis, the Simes correction and
combination method was applied. The pathway analysis was performed by selecting
the MITHTrIL algorithm [69], which used the LogFC values of miRNAs obtained from
the differential expression analysis step for its analysis. Pathways with FDR or adjusted
p-values <0.01 were considered impacted.

Results

Software introduction

RNAdetector was designed as an easy-to-use, flexible, cross-platform, and comprehen-
sive pipeline, allowing users to analyze mRNAs and ncRNAs. Precisely, several classes
of Human, Mouse, and C.elegans ncRNAs such as miRNAs, piRNAs [only for human
at this moment], snoRNAs, IncRNAs, t-UCR [only for human at this moment], circR-
NAs, and tRNA-derived ncRNAs classes reported in tRFexplorer [61] and tRFdb [62]
are already stored in the remote repository of RNAdetector. They can be downloaded
directly through the user interface, allowing a more accessible analysis. However, any
additional species whose genomes have been sequenced can also be analyzed by upload-
ing their genomes or transcriptomes (in FASTA format) and the genomic annotations
(in GTF or BED format). Specifically, RNAdetector allows not only the identification and
quantification of the classes mentioned above, but it also provides downstream analy-
sis modules such as differential expression analysis and miRNA-sensitive topological
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pathway analysis [69], allowing users to infer crucial biological information from their
RNA-Seq data.

Deployment and installation

RNAdetector is distributed as a Docker container and automatically installed after its
first execution to manage the dependencies. No previous dependencies are needed to
be installed in users’ machines, and it can be used as a simple offline desktop application
with several operating systems such as Windows, macOS, and Linux. Users have only to
install Docker in their machine (Docker can be installed through a user-friendly installer
for Windows, Linux, and macOS) and download one of the available RNAdetector’s
installers specific for his operating system. Moreover, RNAdetector can be installed in
servers, and it can be remotely controlled by installing our front-end locally. No internet
connection is needed to perform the analysis for a local setup. RNAdetector can be used
as entirely offline stand-alone software to handle sensitive or patient-derived RNA-Seq
data covered by privacy, not to be analyzed using other web-based pipelines. A summary
of its system requirements is shown in Table 1.

However, since RNAdetector leverages the power of a containerized deployment, it can
be easily installed in public cloud environments, such as Google Cloud Platform, Micro-
soft Azure, or Amazon AWS, or local clusters through Kubernetes.

RNAdetector is freely available for download at https://rnadetector.atlas.dmi.unict.
it/download.html. More details about the system requirements and setup can be found
at the following link https://github.com/alessandrolaferlita/RNAdetector/wiki/Requi
rements-and-Setup.

Functionalities

One of the different strengths of RNAdetector is its interactive and easy-to-use GUIL
Our GUI has been implemented to be used by users with no computer programming
background to promote its use both in small research and biomedical laboratories.
Users can select several options to perform the most suitable analysis for their data
through the user interface. They can select the input type (e.g., FASTQ, SAM, or
BAM), and per the RNA-Seq strategy, the class of RNAs they want to analyze, such
as mRNAs, small ncRNAs (miRNAs, snoRNAs, piRNAs, tRNA-derived ncRNAs),

Table 1 System requirements

Feature Description

Supported operating systems  Windows Professional; macOS; Linux
Dependencies Docker
Connectivity Offline (For the stand-alone version internet connection is only required for the

installation and updates)
Online (for the cloud-based version)

Minimum System Require- Processor: 6 cores processor
ments (Stand-alone version)  RAM: 16 GB
Hard drive: 1 Tb (space is required to store the analysis of multiple samples)

Recommended System Processor: 8 cores processor or greater
Requirements (Stand-alone  RAM: 32 GB or more
version) Hard drive: 2 Tb or more (space is required to store the analysis of multiple

samples)
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IncRNA, t-UCR, or circRNAs. To give extreme flexibility to our software, users can
also select which tool they want to use for each step of the pipeline and their param-
eters (for expert users, custom parameters can also be provided).

For the alignment, users can choose HISAT2 [53] or STAR [54] for alignment
against a reference genome or SALMON [51] for quantification on a reference tran-
scriptome. The alignment strategy is a critical point for RNA-Seq data analysis,
and it must be evaluated accordingly with the purpose of the analysis. For exam-
ple, the alignment of reads to a reference transcriptome with SALMON is the sug-
gested strategy to analyze the expression profile of splicing-variant transcripts. On
the other hand, for other RNA molecules that are not subject to alternative-splicing,
such as small ncRNAs, or to summarize the transcript expression at gene-level, the
alignment on a reference genome is the default option. Moreover, to see the depth of
coverage of the mapped reads produced during the analysis along the entire genome,
an offline interactive genome browser based on JBrowse 2 [49] was integrated into
the user interface. Concerning read counting, it can also be performed by choos-
ing one of the several available tools such as HTseq [64], FeatureCount [65], or
SALMON [51].

However, for circRNAs, the pipeline has a strict workflow that consists of aligning
the reads on the reference genome with BWA [50], and then de-novo or annotated-
based identification and quantification by using CIRI 2 [56, 57] or CIRIquant [58].

Optional downstream analysis modules on the identified and quantified mRNAs
and ncRNAs are also available. Specifically, RNAdetector allows users to perform
differential expression analysis and miRNA-sensitive topological pathway analysis.
Normalization and differential expression analysis can be performed by DESeq2
[66], edgeR [67], LIMMA [68], or by the combination of these three methods.
miRNA-sensitive topological pathway analysis is executed by the MITHrIL algo-
rithm [69]. MITHrIL fully exploits the topological information encoded by path-
ways when computing perturbation scores. Pathways are modeled as complex graphs
where each node is a biological element (protein-coding gene, miRNA, or metabo-
lite), and each edge is an interaction between them. Even though thousands of genes
are not annotated in pathways, and existing annotations may be inaccurate, graphs
in these databases provide a more detailed view of biological processes within the
cell, helping interpret high-throughput experiments [71].

All the tools available in RNAdetector are well-known and widely used freeware
tools with tested and proven efficiency individually used by bioinformaticians to
analyze RNA-Seq data and integrated into RNAdetector to simplify users’ experi-
ence. A schematic picture of the pipeline’s workflow is reported in Fig. 1.

Finally, although the RNAdetector repository contains genomes and annotations
for human, mouse, and C.elegans RNA-Seq data analysis, it can also be used with
any other sequenced organism by providing the reference genome or transcriptome
and the genomic annotations of the RNA molecules to be analyzed.

A summary of RNAdetector’s functionalities is shown in Table 2, together with
supported species, RNA types, and input and output files.

A complete user’s guide is available at https://github.com/alessandrolaferlita/
RNAdetector/wiki.
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Fig. 1 RNAdetector’s pipeline. This figure shows a schematic representation of RNAdetector’s pipeline with
its tools, input, and output files

ALIGNMENT

Table 2 RNAdetector's supported analysis, species, RNA types and files

Feature Description

Input Files FASTQ; BAM; SAM
Supported Analysis  Quantification; Differential expression analysis; Pathway analysis

Supported Species Human; Mouse; C. elegans. Additional sequenced species can be analyzed by uploading
their genome and\or transcriptome in FASTA format following the step-by-step proce-
dure detailed in the user interface

Supported RNA types  mRNAs; miRNAs; snRNAs; snoRNAs; piRNA [only for human at this moment]; tsRNAs; tUCR
[only for human at this moment]; IncRNAs; circRNAs. Additional ncRNAs classes can be
analyzed by uploading their genomic coordinates in GTF or BED format following the
step-by-step procedure detailed in the user interface

Output Files Graphical final report for both Differential Expression Analysis and Pathway Analysis
with summary of the results, figures, and tables. Text files with raw counts, normalized
counts, differentially expressed gene and perturbated pathway can also be down-
loaded

Final report

To guarantee a straightforward interpretation of the results, we believed that an interac-
tive and exhaustive report with a summary of the results, tables, and several plots is cru-
cial. Specifically, we developed two reports for the differential expression and pathway
analysis modules, respectively. The report for the differential expression analysis is based
on a modified metaseqR [70] package. Precisely, it shows a summary of the results with
all the parameters and input options used for the analysis, and several figures to show
the quality of the sequencing and its results (Multidimensional scaling, RNA-Seq reads
noise, Correlation plots, Pairwise scatterplots, Box Plots, RNA composition plots, Gene/
transcript length bias plots, Mean-difference plots, Mean—variance plots, Volcano plots,
DEG heatmaps, and Meta-analysis Venn diagrams). The final report contains high-
quality publication-ready pictures generated by RNAdetector for easy results interpreta-
tion. Besides, an interactive table for each comparison is also present. Finally, the entire
report for the differential expression analysis can be downloaded as a self-contained ZIP
archive or viewed directly through the user interface. Like the differential expression
analysis report, the pathway analysis report summarizes the results and several interac-
tive figures and tables that show the biological pathways that have been found impacted.
In this case, the entire report can be downloaded as a self-contained ZIP archive or
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Fig. 2 The Multi-Dimensional Scaling (MDS) plot and Correlogram’plot. (A)This figure shows the MDS

plot generated by RNAdetector in its final report. CRC samples are indicated with blue triangles while the
adjacent normal tissue samples are indicated as red circles. MDS allows to perform quality control analysis
and it can be interpreted as follows: when the distance among samples of the same biological condition in
the MDS space is small, this is an indication of high correlation among them. A larger distance indicates a
low correlation and reproducibility among samples. In this case, with the exception of two samples, CRC and
normal tissue samples form two distinct clusters (samples are named with their SRR identifiers). (B) This figure
shows a ‘correlogram'’ plot generated by RNAdetector in its final report. Samples are hierarchically clustered
and the correlations between samples are presented as ellipses inside each cell. Each cell represents a
pairwise comparison and each correlation coefficient is represented by an ellipse whose ‘diameter’, direction,
and color depict the accordance for that pair of samples. Highly correlated samples are depicted as ellipses
with narrow diameters, while poorly correlated samples are depicted as ellipses with wide diameters. From
the correlogram plot is evident how CRC and normal tissue samples form two distinct groups (samples are
named with their SRR identifiers)

viewed directly through the user interface. In addition to the final reports, users can also
download all figures shown in the final reports and text files with raw or normalized read
count matrices, differentially expressed mRNAs or ncRNAs, and impacted pathways.

Case study

To clearly show how easily a complete analysis with RNAdetector can be performed,
we chose a public small RNA-Seq project available on NCBI SRA (SRP183064). We
performed an analysis identifying the differentially expressed small ncRNAs and the
impacted biological pathways. A short video tutorial showing all the steps of the analysis
is available as Additional file 1. More precisely, we used very recent small RNA-Seq data-
sets of Colon Rectal Cancer (CRC) [72], and we compared the expression profiles of the
CRC samples against the adjacent normal tissue samples of the same patients. The goal
was to identify the differentially expressed miRNAs, snoRNAs, and tRNA-derived ncR-
NAs and the impacted biological pathways. The total number of samples was 12 (6 CRC
samples and 6 adjacent normal tissue samples). Before starting the differential expression
analysis, RNAdetector performs some quality control analyses whose results are included
in the final report. For example, through a Multi-Dimensional Scaling (MDS) analysis,
it is evident that (except for two samples) the CRC samples and the normal adjacent
tissue samples identify two distinct clusters (Fig. 2A). Also, the excellent quality of the
samples was confirmed through a correlation analysis (Fig. 2B). RNAdetector identified
426 differentially expressed small ncRNAs (p value 0.05) through the differential expres-
sion analysis, 357 out of 426 with an FDR or adjusted p value<0.05. More Precisely, a
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Fig. 3 Volcano plots and heatmap of dysregulated small ncRNAs and impacted pathways. (A) This

figure shows a volcano plot generated by RNAdetector in its final report with the up-regulated (red) and
down-regulated (green) small ncRNAs identified after the comparison between CRC samples vs adjacent
normal tissue samples. A volcano plot combines the results of a statistical test with the magnitude of the
change enabling quick visual identification of those genes that display large-magnitude changes that are
also statistically significant. The horizontal dashed line indicates the threshold for statistical significance,
while the vertical dashed lines are the thresholds for biological significance. (B) This figure shows a heatmap
generated by RNAdetector with the top 100 differentially expressed small ncRNAs. The top 100 deregulated
small ncRNAs were selected for their statistical significance in terms of smaller adjusted p-value. Also with
the top 100 deregulated small ncRNAs, CRC and normal tissue samples form two distinct clusters (samples
are named with their SRR identifiers). (C) This figure shows a volcano plot generated by RNAdetector in its
pathway analysis report with the significantly impacted pathways. All significantly impacted pathways are
represented in terms of their measured accumulation (x-axis) and the significance (y-axis). The dotted lines
represent the thresholds used to select significantly impacted pathways. Significantly impacted pathways
with positive accumulation are shown in red, while the negative ones in blue

tRNA-fragment 3’ (tRF-3) named tRFdb-3033a, a tsRNAs named ts-112, 87 snoRNAs,
and 337 miRNAs were found differentially expressed. The complete list of the differen-
tially expressed small ncRNA can be found in the Additional file 2, while in Fig. 3A, they
are displayed in a volcano plot generated by RNAdetector in its final report. The num-
bers mentioned above refer to the combined analysis performed by LIMMA and edgeR,
selecting only the small ncRNAs found differentially expressed by both approaches. A
heatmap generated by RNAdetector with the top 100 differentially expressed small ncR-
NAs is also shown in Fig. 3B, confirming the presence of two distinct clusters. After the
differential expression analysis, the deregulated miRNAs were used for the pathway
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analysis. RNAdetector allows performing miRNA-sensitive topological pathway analy-
ses by using the MITHTrIL algorithm [69]. In this experiment, 166 pathways were found
significantly impacted (FDR or adjusted p-value threshold of 0.01) in the CRC samples
compared with adjacent normal tissue samples due to the alteration in miRNAs’ expres-
sion profiles. The complete list of the impacted pathways can be found in the Additional
file 3, while in Fig. 3C, we show a volcano plot generated by RNAdetector in its final
pathway analysis report.

Feature comparison of RNAdetector against previous pipelines
To highlight the extensive feature’ set of RNAdetector, we compared our tool against 19
pipelines for RNA-Seq data analysis and seven pipelines for ncRNA-Seq analysis.
Among the RNA-Seq analysis pipelines, we selected ArrayExpressHTS (https://www.
bioconductor.org/packages/release/bioc/html/ArrayExpressHTS.html), BioJupies [5],
BioWardrobe [6], DEWE [7], easyRNASeq [8], ExpressionPlot [9], FX [10], GENE-coun-
ter [11], GeneProf [12], Grape RNA-Seq [13], MAP-RSeq [14], NGScloud [15, 16], RAP
[17], RobiNA [18], RSEQREP [19], RSEQtools [20], RseqFlow [21], S-MART [22], TCW
[23], TRAPLINE [24] and wapRNA [25]. Although interesting, some of them present
shortcomings that may have negatively impacted their usage among non-expert users
(a table that shows the features of RNAdetector compared with the other methods is
presented in the Additional file 4). For instance, except for web-based and cloud-based
pipelines that do not require a local installation (e.g., BioJupies [5], FX [10], GeneProf
[12], NGScloud [15, 16], RAP [17], RSEQREP [19], TRAPLINE [24], and wapRNA [25]),
all of them have dependencies that have to be previously installed in the user’s com-
puter, or they require the installation and setup of virtual machines. In addition, some
of these pipelines do not have GUIs (e.g. ArrayExpressHTS, easyRNASeq [8], GENE-
counter [11], Grape RNA-Seq [13], MAP-RSeq [14], RSEQREP [19], RSEQtools [20],
and RseqFlow [21]). This shortcoming limits their usage by users who are not confident
with the command-line shell. Another limiting aspect of such pipelines is their low flex-
ibility. Some of these pipelines have no customizable work-flows (e.g., BioJupies [5],
BioWardrobe [6], ExpressionPlot [9], FX [10], Grape RNA-Seq [13], MAP-RSeq [14],
RobiNA [18], RSEQREP [19], RseqFlow [21], S-MART [22], TCW [23], TRAPLINE
[24], and wapRNA [25]) and, therefore, they do not allow users to select the proper tools
and options in each step of the pipeline (e.g., alignment, read quantification, differen-
tial expression analysis, etc.). Finally, important features of an RNA-Seq analysis pipe-
line include (1) downstream analysis modules, (2) graphical and interactive final report
for an easy interpretation of the results, and (3) the availability of ncRNA analysis set-
tings. Concerning the downstream analysis modules, ArrayExpressHTS, easyRNASeq
[8], Grape RNA-Seq [13], RSEQtools [20] do not present any downstream analysis mod-
ule. On the contrary, BioWardrobe [6], ExpressionPlot [9], RobiNA [18], and S-MART
[22] include at least one tool for the differential expression analysis module while Bio-
Jupies [5], DEWE [7], GENE-counter [11], GeneProf [12], NGScloud [15, 16] RAP [17],
RSEQREP [19], RseqFlow [21], TCW [23], TRAPLINE [24], and wapRNA [25] allow
to perform differential expression analysis and other different downstream analyses
(see Additional file 4 for further details). Other pipelines do not generate any interac-
tive graphical final report with a summary of the results together with figures and tables
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(e.g., ArrayExpressHTS, easyRNASeq [8], FX [10], GENE-counter [11], NGScloud [15,
16], RSEQtools [20], RseqFlow [21], and TRAPLINE [24]) making more difficult the
interpretation of the obtained results. Finally, as an extremely limiting aspect, none of
these pipelines allows specific settings for ncRNA analyses. Only TRAPLINE [24] and
wapRNA [25] enable the analysis of miRNAs and their targets. Lastly, some of these
pipelines such as BioWardrobe [6], DEWE [7], ExpressionPlot [9], FX [10], GeneProf
[12], RseqFlow [21], and wapRNA [25] are no longer maintained. RNAdetector over-
comes all these limitations by including all these features mentioned above, which might
be individually present in specific pipelines, with new additional ones in a single inte-
grated solution to simplify the user’s experience.

We also compared the features of RNAdetector against some recent ncRNA pipelines,
which can analyze more than one class of ncRNAs from RNA-Seq data. These pipelines
are iSmaRT [41], iSRAP [42], miARma-Seq [43], Oasis 2 [44], SPORTS1.0 [45], sSRNAna-
lyzer [46], and sRNApipe [47]. All these pipelines can identify and quantify different sets
of ncRNAs classes with variable accuracy [48]. However, many of them present simi-
lar limitations to those of the previously discussed RNA-Seq pipelines (further details
of these feature comparisons are reported in the Additional file 5). All but miARma-Seq
[43] (that is deployed by docker container), Oasis 2 [44] (that is a web-based applica-
tion), and sSRNApipe [47] (that is a Galaxy server application) are standalone tools that
need several dependencies to be previously installed on users’ machines. Moreover,
only iSmaRT [41], Oasis 2 [44], and sRNApipe [47] have a GUI (for the last two is web
interface). None of them generate a final graphical report with a summary of the results
and figures to help users interpret the results. However, all but SRNAnalyzer [46] gener-
ate text files containing the analysis results and several plots. Also, for such pipelines,
users have no chance to customize the workflows by selecting the suitable aligners and
read-counting tool along with several parameters and options. Finally, only iSmaRT [41],
miARma-Seq [43], and Oasis 2 [44] allow performing differential expression analysis,
miRNA target predictions, and GO/pathways enrichment analyses, while iSRAP [42]
supports only a differential expression analysis module. As a final consideration, none
of the tested ncRNA pipelines can analyze a comprehensive list of different classes of
regulatory ncRNAs (e.g., miRNAs, piRNAs, snoRNAs, tUCRs, IncRNAs, circRNAs, and
tRNA-derived ncRNAs). Indeed, they are restricted to analyzing a small set of ncRNA
classes, which mainly include miRNAs, piRNAs, and snoRNAs (for further details, see
Additional file 5).

Discussion

In this paper, we have presented RNAdetector, a free user-friendly, stand-alone and
cloud-based software for the analysis of coding and ncRNAs from RNA-Seq data of
any sequenced organisms. Among its key features we cite: (1) it is freely available for
non-commercial usage; (2) thanks to our Docker-based backend, RNAdetector can be
easily installed and deployed locally in any operating system, or in public cloud environ-
ments, such as Google Cloud Platform, Microsoft Azure, and Amazon AWS, or in local
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clusters through Kubernetes; (3) an intuitive GUI equipped with a high-level helping
guide allows researchers and users with no programming skills to rapidly analyze their
RNASeq data; (4) our internal repository contains the latest updates to all supported
genomes and transcriptomes; (5) it is comprehensive, and it can potentially analyze all
RNA types from RNA-Seq data, including ncRNA classes that have been discovered in
organisms whose genomes have been sequenced; (6) it is highly flexible since users can
choose among different tools and parameters for each step of the pipeline according
to user’s need; (7) our integrated reporting solution can be used to visualize and share
results quickly. To show how easily users can perform an analysis of RNA-Seq data with
RNAdetector, we chose a public small RNA-Seq project (SRP183064) from NCBI SRA,
and we performed a complete analysis to identify the differentially expressed small ncR-
NAs and the impacted biological pathways. A short video tutorial (available as Addi-
tional file 1) shows how RNAdetector can be efficiently run. Finally, by comparing the
features of RNAdetector against some relevant RNA-Seq and ncRNA-Seq analysis pipe-
lines, we showed that some shortcomings are shared between the previous RNA-Seq
and ncRNA-Seq pipelines. However, RNAdetector fills these critical gaps by combining
several features with new additional ones in a single one-stop-shop software to simplify
the user’s experience allowing, at the same time, a complete analysis of RNA-Seq data.

Conclusions

In conclusion, RNAdetector is a new software that fills an essential gap between the
needs of biomedical and research labs to process RNA-Seq data and their common lack
of technical background in performing such analysis, which usually relies on outsourc-
ing such steps to third party bioinformatics facilities or using expensive commercial
software.

Availability and requirements

Project name: RNAdetector.

Project home page: https://rnadetector.atlas.dmi.unict.it/index.html.

Archived version: Not applicable.

Operating system(s): Windows Professional, macOS, Linux.

Programming laOnguage: JavaScript, PHP, Perl, Shell, R.

Other requirements: Docker.

License: except where otherwise noted, RNAdetector is distributed under the Creative
Commons Attribution-ShareAlike 4.0 International license.

Any restrictions to use by non-academics: no restrictions.

Abbreviations

ncRNAs: Non-coding RNAs; miRNAs: MicroRNAs; piRNAs: Piwi-associated RNAs; snoRNAs: Small nuclear RNAs; tUCRs:
Transcribed ultraconserved regions; INcRNAs: Long non-coding RNAs; circRNAs: Circular RNAs; tsRNAs: TRNA-derived
small ncRNAs; GUI: Graphical User Interface; GTF: Gene Transfer Format; BED: Browser Extensible Data; CRC: Colon Rectal
Cancer.
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Additional file 1. Video tutorial. Short video tutorial that shows all the steps performed during the analysis of the
case study small RNA-Seq datasets.

Additional file 2. Table with the CRC differentially expressed small ncRNAs. In this table are reported all the small
ncRNAs that were found differentially expressed by RNAdetector in the CRC samples VS the adjacent normal tissue
samples.

Additional file 3. Table with the CRC impacted biological pathways. In this table are reported all the biological path-
ways that were found significantly impacted in the CRC samples compared with the adjacent normal tissue samples.
The analysis was performed by using MITHrIL algorithm included in RNAdetector.

Additional file 4. Table with feature comparisons of RNAdetector vs other RNA-Seq pipelines. The table reports the
comparison of the features between RNAdetector and the 19 previously published RNA-Seq pipelines.

Additional file 5. Table with feature comparisons of RNAdetector vs other ncRNA-Seq pipelines. The table reports
the comparison of the features between RNAdetector and the 7 previously published ncRNA-Seq pipelines.

Acknowledgements
Not applicable

Authors’ contributions

AP, SA, and RB conceived the work. ALF and SA developed RNAdetector. ALF, SA, and AP wrote the manuscript. AP
supervised and coordinated the project. SDB, EM, GIL, FB, LC, PNT, and AF deeply tested the system. All the authors read
and revised the manuscript.

Funding

AP, SA, AF, have been partially supported for the development of RNAdetector by the following research projects (1)
MIUR PON BILIGeCT “Liquid Biopsies for Cancer Clinical Management”; (2) PO-FESR Sicilia 2014-2020 “DiOncoGen: Inno-
vative diagnostics! SA has been partially supported by the Google Cloud Research Credits Program (Project Id: phensim).
ALF has been supported by the Ph.D. fellowship on Complex Systems for Physical, Socio-economic and Life Sciences
funded by the Italian MIUR“PON RI FSE-FESR 2014-2020" The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets analyzed during the current study are available in the NCBI SRA repository (SRP183064) https:.//www.ncbi.
nlm.nih.gov/sra/?term=SRP183064.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

‘Department of Clinical and Experimental Medicine, Bioinformatics Unit, University of Catania, Catania, Italy. zDepart—
ment of Cancer Biology and Genetics, The Ohio State University, Columbus, OH, USA. *Department of Physics

and Astronomy, University of Catania, Catania, Italy. “Nerviano Medical Sciences, Nerviano, Milan, Italy. 5Regional Referral
Centre for Rare Lung Diseases, A. O. U."Policlinico-Vittorio Emanuele’, Department of Clinical and Experimental Medicine,
University of Catania, Catania, Italy. Snstitute of Oncology Research, Bellinzona, Switzerland.

Received: 8 November 2020 Accepted: 20 May 2021
Published online: 03 June 2021

References

1. van Dijk EL, Auger H, Jaszczyszyn Y, Thermes C. Ten years of next-generation sequencing technology. Trends Genet.
2014;30:418-26.

2. Wang Z Gerstein M, Snyder M. RNA-Seq;: a revolutionary tool for transcriptomics. Nat Rev Genet. 2009;10:57-63.

3. LaFerlita A Battaglia R, Andronico F, Caruso S, Cianci A, Purrello M, et al. Non-coding RNAs in endometrial physi-
opathology. Int J Mol Sci. 2018;19:2120.

4. Malone JH, Oliver B. Microarrays, deep sequencing and the true measure of the transcriptome. BMC Biol. 2011;9:34.

5. Torre D, Lachmann A, Ma'ayan A. BioJupies: automated generation of interactive notebooks for RNA-Seq data analy-
sis in the cloud. Cell Syst. 2018;7:556-61.e3.


https://doi.org/10.1186/s12859-021-04211-7
https://www.ncbi.nlm.nih.gov/sra/?term=SRP183064
https://www.ncbi.nlm.nih.gov/sra/?term=SRP183064

La Ferlita et al. BMC Bioinformatics (2021) 22:298

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31

32.

33.

34.

35.
36.

37.

38.

39.

40.

Kartashov AV, Barski A. BioWardrobe: an integrated platform for analysis of epigenomics and transcriptomics data.
Genome Biol. 2015. https://doi.org/10.1186/513059-015-0720-3.

Lopez-Fernandez H, Blanco-Miguez A, Fdez-Riverola F, Sdnchez B, Lourenco A. DEWE: A novel tool for executing
differential expression RNA-Seq workflows in biomedical research. Comput Biol Med. 2019;107:197-205.
Delhomme N, Padioleau |, Furlong EE, Steinmetz LM. easyRNASeq: a bioconductor package for processing RNA-Seq
data. Bioinformatics. 2012;28:2532-3.

Friedman BA, Maniatis T. ExpressionPlot: a web-based framework for analysis of RNA-Seq and microarray gene
expression data. Genome Biol. 2011;12:R69.

Hong D, Rhie A, Park S-S, Lee J, Ju YS, Kim S, et al. FX: an RNA-Seq analysis tool on the cloud. Bioinformatics.
2012;28:721-3.

Cumbie JS, Kimbrel JA, DiY, Schafer DW, Wilhelm LJ, Fox SE, et al. GENE-counter: a computational pipeline for the
analysis of RNA-Seq data for gene expression differences. PLoS ONE. 2011,6:€25279.

Halbritter F, Vaidya HJ, Tomlinson SR. GeneProf: analysis of high-throughput sequencing experiments. Nat Methods.
2011,9:7-8.

Knowles DG, Roder M, Merkel A, Guigo R. Grape RNA-Seq analysis pipeline environment. Bioinformatics.
2013;29:614-21.

Kalari KR, Nair AA, Bhavsar JD, O'Brien DR, Davila JI, Bockol MA, et al. MAP-RSeq: mayo analysis pipeline for RNA
sequencing. BMC Bioinformatics. 2014;15:224.

Mora-Marquez F, Vazquez-Poletti JL, Lopez de Heredia U. NGScloud: RNA-seq analysis of non-model species using
cloud computing. Bioinformatics. 2018;34:3405-7.

Mora-Marquez F, Vazquez-Poletti JL, Lopez de Heredia U. NGScloud?2: optimized bioinformatic analysis using Ama-
zon Web Services. Peer). 2021:9:e11237.

D’Antonio M, D'Onorio De Meo P, Pallocca M, Picardi E, D'Erchia AM, Calogero RA, et al. RAP: RNA-seq analysis pipe-
line, a new cloud-based NGS web application. BMC Genomics. 2015;16:3.

Lohse M, Bolger AM, Nagel A, Fernie AR, Lunn JE, Stitt M, et al. RobiNA: a user-friendly, integrated software solution
for RNA-Seq-based transcriptomics. Nucleic Acids Res. 2012;40 Web Server issue:W622-7.

JensenTL, Frasketi M, Conway K, Villarroel L, Hill H, Krampis K, et al. RSEQREP: RNA-Seq reports, an open-source
cloud-enabled framework for reproducible RNA-Seq data processing, analysis, and result reporting. F1000Research.
2017,6:2162.

Habegger L, Sboner A, Gianoulis TA, Rozowsky J, Agarwal A, Snyder M, et al. RSEQtools: a modular framework to
analyze RNA-Seq data using compact, anonymized data summaries. Bioinformatics. 2011;27:281-3.

Wang Y, Mehta G, Mayani R, Lu J, Souaiaia T, Chen Y, et al. RseqFlow: workflows for RNA-Seq data analysis. Bioinfor-
matics. 2011;27:2598-600.

Zytnicki M, Quesneville H. S-MART, a software toolbox to aid RNA-seq data analysis. PLoS ONE. 2011;6:e25988.
https://doi.org/10.1371/journal.pone.0025988.

Soderlund C, Nelson W, Willer M, Gang DR. TCW: transcriptome computational workbench. PLoS ONE.
2013;8:269401.

Wolfien M, Rimmbach C, Schmitz U, Jung JJ, Krebs S, Steinhoff G, et al. TRAPLINE: a standardized and automated
pipeline for RNA sequencing data analysis, evaluation and annotation. BMC Bioinformatics. 2016;17:21.

Zhao W, Liu W, Tian D, Tang B, Wang Y, Yu C, et al. wapRNA: a web-based application for the processing of RNA
sequences. Bioinformatics. 2011;27:3076-7.

Huang P-J, Liu Y-C, Lee C-C, Lin W-C, Gan RR-C, Lyu P-C, et al. DSAP: deep-sequencing small RNA analysis pipeline.
Nucleic Acids Res. 2010;38:W385-91.

Hackenberg M, Rodriguez-Ezpeleta N, Aransay AM. miRanalyzer: an update on the detection and analysis of microR-
NAs in high-throughput sequencing experiments. Nucleic Acids Res. 2011;39:W132-8.

Wang W-C, Lin F-M, Chang W-C, Lin K-Y, Huang H-D, Lin N-S. miRExpress: analyzing high-throughput sequencing
data for profiling microRNA expression. BMC Bioinformatics. 2009;10:328.

Ronen R, Gan |, Modai S, Sukacheov A, Dror G, Halperin E, et al. miRNAkey: a software for microRNA deep sequenc-
ing analysis. Bioinformatics. 2010;26:2615-6.

Giurato G, De Filippo MR, Rinaldi A, Hashim A, Nassa G, Ravo M, et al. iMir: an integrated pipeline for high-through-
put analysis of small non-coding RNA data obtained by smallRNA-Seq. BMC Bioinformatics. 2013;14:362.

Sun Z, Evans J, Bhagwate A, Middha S, Bockol M, Yan H, et al. CAP-miRSeq: a comprehensive analysis pipeline for
microRNA sequencing data. BMC Genomics. 2014;15:423.

Wu J, Liu Q Wang X, Zheng J, Wang T, You M, et al. mirTools 2.0 for non-coding RNA discovery, profiling, and func-
tional annotation based on high-throughput sequencing. RNA Biol. 2013;10:1087-92.

Rueda A, Barturen G, Lebrén R, Gdmez-Martin C, Alganza A, Oliver JL, et al. sRNAtoolbox: an integrated collection of
small RNA research tools. Nucleic Acids Res. 2015;43:W467-73.

Friedldnder MR, Mackowiak SD, Li N, Chen W, Rajewsky N. miRDeep2 accurately identifies known and hundreds of
novel microRNA genes in seven animal clades. Nucleic Acids Res. 2012;40:37-52.

Guerra-Assuncao JA, Enright AJ. MapMi: automated mapping of microRNA loci. BMC Bioinformatics. 2010;11:133.
Han BW, Wang W, Zamore PD, Weng Z. piPipes: a set of pipelines for piRNA and transposon analysis via small RNA-
seq, RNA-seq, degradome- and CAGE-seq, ChIP-seq and genomic DNA sequencing. Bioinformatics. 2015;31:593-5.
Ray R, Pandey P. piRNA analysis framework from small RNA-Seq data by a novel cluster prediction tool—PILFER.
Genomics. 2018;110:355-65.

Zhang Y, Wang X, Kang L. A k-mer scheme to predict piRNAs and characterize locust piRNAs. Bioinformatics.
2011;27:771-6.

Wang K, Liang C, Liu J, Xiao H, Huang S, Xu J, et al. Prediction of piRNAs using transposon interaction and a support
vector machine. BMC Bioinformatics. 2014;15:419.

Sun Z, Nair A, Chen X, Prodduturi N, Wang J, Kocher J-P. UCIncR: ultrafast and comprehensive long non-coding RNA
detection from RNA-seq. Sci Rep. 2017,7:14196.

Page 150f 16


https://doi.org/10.1186/s13059-015-0720-3
https://doi.org/10.1371/journal.pone.0025988

La Ferlita et al. BMC Bioinformatics (2021) 22:298 Page 16 of 16

41. Panero R, Rinaldi A, Memoli D, Nassa G, Ravo M, Rizzo F, et al. iSmaRT: a toolkit for a comprehensive analysis of small
RNA-Seq data. Bioinformatics. 2017;33:4050.

42. Quek C, Jung C-H, Bellingham SA, Lonie A, Hill AF. iSRAP—a one-touch research tool for rapid profiling of small RNA-
seq data. J Extracell Vesicles. 2015;4:29454.

43, Andrés-Ledn E, NUhez-Torres R, Rojas AM. miARma-Seq: a comprehensive tool for miRNA, mRNA and circRNA analy-
sis. Sci Rep. 2016,6:25749.

44, Rahman R-U, Gautam A, Bethune J, Sattar A, Fiosins M, Magruder DS, et al. Oasis 2: improved online analysis of small
RNA-seq data. BMC Bioinformatics. 2018;19:54.

45. ShiJ, Ko E-A, Sanders KM, Chen Q, Zhou T. SPORTS1.0: a tool for annotating and profiling non-coding RNAs opti-
mized for rRNA- and tRNA-derived small RNAs. Genomics Proteomics Bioinform. 2018;16:144-51.

46 Wu X, Kim TK, Baxter D, Scherler K. sRNAnalyzer—a flexible and customizable small RNA sequencing data analysis
pipeline. Nucleic Acids. 2017;45:12140-51.

47. Pogorelcnik R, Vaury C, Pouchin P, Jensen S, Brasset E. sSRNAPipe: a Galaxy-based pipeline for bioinformatic in-depth
exploration of small RNAseq data. Mob DNA. 2018;9:25.

48. DiBella s, La Ferlita A, Carapezza G, Alaimo S, Isacchi A, Ferro A, et al. A benchmarking of pipelines for detecting
ncRNAs from RNA-Seq data. Brief Bioinform. 2019. https://doi.org/10.1093/bib/bbz110.

49. Buels R, Yao E, Diesh CM, Hayes RD, Munoz-Torres M, Helt G, et al. JBrowse: a dynamic web platform for genome
visualization and analysis. Genome Biol. 2016;17:66.

50. LiH, Durbin R. Fast and accurate long-read alignment with Burrows—Wheeler transform. Bioinformatics.
2010;26:589-95.

51. Patro R, Duggal G, Love M|, Irizarry RA, Kingsford C. Salmon provides fast and bias-aware quantification of transcript
expression. Nat Methods. 2017;14:417-9.

52. Kim D, Langmead B, Salzberg SL. HISAT: a fast spliced aligner with low memory requirements. Nat Methods.
2015;12:357-60.

53. Kim D, Paggi JM, Park C, Bennett C, Salzberg SL. Graph-based genome alignment and genotyping with HISAT2 and
HISAT-genotype. Nat Biotechnol. 2019;37:907-15.

54. Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C, Jha S, et al. STAR: ultrafast universal RNA-seq aligner. Bioinfor-
matics. 2013;29:15-21.

55. Glazar P, Papavasileiou P, Rajewsky N. circBase: a database for circular RNAs. RNA. 2014;20:1666-70.

56. GaoY,Wang J, Zhao F. CIRI: an efficient and unbiased algorithm for de novo circular RNA identification. Genome
Biol. 2015;16:4.

57. GaoY, Zhang J, Zhao F. Circular RNA identification based on multiple seed matching. Brief Bioinform.
2018;19:803-10.

58. Zhang J, Chen S, Yang J, Zhao F. Accurate quantification of circular RNAs identifies extensive circular isoform switch-
ing events. Nat Commun. 2020;11:90.

59 Kozomara A, Griffiths-Jones S. miRBase: annotating high confidence microRNAs using deep sequencing data.
Nucleic Acids Res. 2014;42:D68-73.

60. Wang J, Zhang P, LuY, LiY, Zheng Y, Kan Y, et al. piRBase: a comprehensive database of piRNA sequences. Nucleic
Acids Res. 2019;47:D175-80.

61. La Ferlita A, Alaimo S, Veneziano D, Nigita G, Balatti V, Croce CM, et al. Identification of tRNA-derived ncRNAs in TCGA
and NCI-60 panel cell lines and development of the public database tRFexplorer. Database. 2019. https://doi.org/10.
1093/database/baz115.

62 Kumar P, Mudunuri SB, Anaya J, Dutta A. tRFdb: a database for transfer RNA fragments. Nucleic Acids Res.
2015;43:D141-5.

63. LomonacoV, Martoglia R, Mandreoli F, Anderlucci L, Emmett W, Bicciato S, et al. UCbase 2.0: ultraconserved
sequences database (2014 update). Database. 2014. https://doi.org/10.1093/database/bau062.

64. Anders S, Pyl PT, Huber W. HTSeg—a Python framework to work with high-throughput sequencing data. Bioinfor-
matics. 2015;31:166-9.

65. LiaoY, Smyth GK, ShiW. featureCounts: an efficient general purpose program for assigning sequence reads to
genomic features. Bioinformatics. 2014;30:923-30.

66. Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-seq data with DESeq?2.
Genome Biol. 2014;15:550.

67. Robinson MD, McCarthy DJ, Smyth GK. edgeR: a bioconductor package for differential expression analysis of digital
gene expression data. Bioinformatics. 2010;26:139-40.

68. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma powers differential expression analyses for RNA-
sequencing and microarray studies. Nucleic Acids Res. 2015;43:e47.

69. Alaimo S, Giugno R, Acunzo M, Veneziano D, Ferro A, Pulvirenti A. Post-transcriptional knowledge in pathway analy-
sis increases the accuracy of phenotypes classification. Oncotarget. 2016,7:54572-82.

70. Moulos P, Hatzis P. Systematic integration of RNA-Seq statistical algorithms for accurate detection of differential
gene expression patterns. Nucleic Acids Res. 2015;43:e25.

71. Alaimo S, Micale G, La Ferlita A, Ferro A, Pulvirenti A. Computational methods to Investigate the Impact of miRNAs
on pathways. Methods Mol Biol. 2019;1970:183-209.

72. Zhou F, Tang D, Xu'Y, He H, Wu 'Y, Lin L, et al. Identification of microRNAs and their endonucleolytic cleavaged target
mMRNAs in colorectal cancer. BMC Cancer. 2020;20:242.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1093/bib/bbz110
https://doi.org/10.1093/database/baz115
https://doi.org/10.1093/database/baz115
https://doi.org/10.1093/database/bau062

	RNAdetector: a free user-friendly stand-alone and cloud-based system for RNA-Seq data analysis
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Implementation
	Software implementation
	Pipeline design
	Case study analysis

	Results
	Software introduction
	Deployment and installation
	Functionalities
	Final report
	Case study
	Feature comparison of RNAdetector against previous pipelines

	Discussion
	Conclusions
	Availability and requirements

	Acknowledgements
	References


