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Data Collection

During the collection of computational methods for the tools4miRs platform, all tools have
been manually verified for several terms, such as, availability of reference publication (if tool
was not published it was excluded from further verification), stated functionality (if some
troubles occurred during sample data testing, tool was passed for later evaluation again),
collected data (in case of Databases), requirement of the next-generation sequencing (NGS)
data, requirement of the reference genome sequence, availability of the user support, ease of
tool use/installation, cross-references and others. All gathered tools in the tools4miRs were
categorized into four general and seven specialized categories, which can be queried via the
following menus:

o Databases - wide range of miRNA-related data collections, such as miRNA sequences,
experimentally validated targets, predicted targets, miRNA expression level in
different cells/tissues/conditions, targets expression level, disease associations and
several others.

e Sequencing Data Analysis - methods specifically dedicated to the examination of
high-throughput sequencing data (e. g. SRNA-Seq, RNA-Seq, PARE and CLIP-Seq)
generated from different sequencing platforms. Mentioned tools provide specific
analysis concerning features like: novel and known miRNA identification, target
prediction and annotation or differential expression investigation.

e All-In-One Tools — this section is similar to the Sequencing Data Analysis category,
however, tools gathered here, instead of focusing the analysis on specific features
(e.g. only known miRNA identification and differential expression), perform complex
analysis of the high-throughput sequencing data.

e Software categories — tools collected in tools4miRs are classified in the below
sub-sections depending on their functionality. These computational methods may or

may not require (as an input) the high-throughput sequencing data:
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o Known miRNA identification — bioinformatics approaches designed to search
for known miRNAs in the provided data sets (in most cases these are deep
sequencing data sets).

o isomiRs identification — tools useful for identification of isomiRs, that is
molecules having variations in sequence length/composition with respect to
the reference, known miRNAs. Described type of methods requires (usually)
results from the SRNA deep sequencing.

o Novel miRNA / Precursor Analysis — computational approaches gathered here
focus on the novel miRNA molecules identification or distinguishing real
miRNA precursors from the pseudo pre-miRNAs. The analyses performed by
these tools are based on the divergent algorithms and consider specific
features such as structure, sequence and conservation.

o Differential Expression Analysis — computational approaches which evaluate
miRNAS’ or their targets expression differences between given sets.
Performed analysis can be based on known differential expression algorithms,
such as, edgeR and DESeq?2.

o Target Prediction — bioinformatics methods designed for the identification of
potential miRNA binding sites in a target mRNA sequence. The
aforementioned tools incorporate several common (seed match, conservation,
free energy or site-accessibility) and less common (target-site abundance, local
AU content or 3' compensatory pairing) features on which miRNA target
prediction is based.

o Target Functional Annotation — useful tools enabling the user to perform
functional analysis of given miRNA targets. This may include: the GO (Gene
Ontology) and DO (Disease Ontology) terms annotation/enrichment
examination, metabolic KEGG pathway analysis, expression correlation
between miRNA and their targets, literature mining and others.

o MiRNA-SNP analysis — methods which examine influence of single nucleotide
polymorphisms (SNP) on the miRNAs and their interaction with potential
targets. Certain tools from this section may require already predicted targets
for a given miRNAs.

e Other tools - methods which are interesting and relevant from the miRNA-analysis
point of view; however, basing on their main scope they could not be classified into

any of the available general or detailed categories.
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The classification of several gathered tools may be redundant— same method maybe presented
in few categories. The best example showing that are computational approaches from the
“Sequencing Data Analysis” section. Mentioned tools perform on the NGS data a pipeline of
processes throughout which they for e.g. identify known/novel miRNAs, miRNA precursors
and targets, as well as evaluate miRNAs expression differences between samples. Therefore,
depending on these functional features, bioinformatic approaches from the “Sequencing Data
Analysis” section are also classified into the available detailed categories, such as “Known
miRNA Identification”, “isomiR Identification” and “Differential EXpression Analysis”,

however, with the underlined information that the NGS data is needed as an input.

Working Example

A simple example will show great functionality and ease of use of the tools4miRs service to
achieve the users’ goal — namely, identifying tools for the mouse miRNA targets functional
analysis. To expand description of the presented task, the user does not have any NGS data
available nor predicted targets for his/hers selected miRNAs. The user prefers to apply a
web-based (online) tool, which must include in the analysis at least the Gene Ontology (GO)
terms annotation and the KEGG metabolic pathways examination. In order to obtain desired
computational methods the user should go to the “Target Functional Analysis” section where
throughout the “Filer Panel” he/she can filter available tools according to the selected
appropriate criteria: Organisms Specificity (“Mouse”), Analysis Features (“KEGG Pathways”
and “GO Terms”), Tool Availability (“Online”), NGS Data Needed (“No”) and Target
Prediction Data Needed (“No”). As a result of the aforementioned searching the user will
retrieve table with 3 computational methods, while the starting number of tools was 21. The
final decision of choosing desired bioinformatic approach can be made based on the method’s
description, number of original reference citations, ease of usage, date of last software update
and others. The illustration of the example described above (searching and results) is
presented as Screen 1.

Implementation

Tools4miRs was coded in Python using the Django framework. The HTML frontend is
mainly powered by Bootstrap (http://getbootstrap.com/), Bootstrap Tables (http://bootstrap-
table.wenzhixin.net.cn/) and jQuery (https://jquery.com/). The computing subsection (target
prediction meta-server) of the tools4miRs is driven by Python and employs the Slurm cluster

management software. BioPython and additional filters are used for the input data validation
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and pre-processing to ensure data quality for further steps. Uniform interaction with
underlying target prediction software is possible through the additional Python class
wrappers, which united all of the programs under common API. The miRNA/target sequences
provided by the user serve as an input for the selected target prediction bioinformatic
approaches. The computations are done separately for each method and afterwards generated
outputs are parsed for hits. Since the predicted target binding site ranges obtained from
various tools (for a single uniqgue miRNA:target pair) may differ slightly, the additional step o
merging these binding site ranges is introduced. The larger site include the smaller ones that it
covers, but only if they are fully within the larger range. Otherwise, mentioned target binding
sites (of the same unique miRNA:target pair) are treated as separate ones. The Pandas library
handles data collection and post-processing, which includes the on-demand post-processing
available on the “Job Status Page”. This enables the user to tailor computed data to his/her
needs (custom logic, methods union/intersection, sorting, cut-offs, etc.). The Pandas is
additionally used for the result exporting to CSV, XLS and XLSX formats. The unprocessed
outputs from all used target prediction software are also available for download.

User-Interactive Features

To make tools4miRs more user-interactive, an interface has been developed that allows the
addition of comments and ratings for a given tool. Mentioned “Comments & Ratings” section
is available on the bottom of every page that provides detailed, individual description of a
specific tool. The users willing to add to the tools4miRs their already published
computational method are able to do it through the “Submit Tool” form or by contacting the
authors directly. After data validation, the submitted method will be incorporated into the

service and the meta-server, if possible.

Screens

Screen 1. A simple example describing functionality of the tools4miRs service — searching a
desired tool for mouse miRNA target functional analysis. Pipeline: (A) Choosing appropriate
category — “Target Functional Analysis” and (B) Choosing appropriate criteria throughout the
“Filter Panel”. Results: (C) Table with the bioinformatic method meeting the users’

requirements, preferences and needs. Screen on the next page.
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Screen 2. Workflow of the miRNA target prediction using the tools4miRs meta-server: (A)
Choosing “New Prediction” from the main menu, (B) Selecting desired tools from available
ones (or filtering them with the “Filter Panel” beforehand), (C) Providing miRNAs and
MRNA sequences (in FASTA format) for the analysis. Optionally, providing job name,
description and e-mail address. Setting parameters for the selected targets prediction methods
or leaving them as default, (D) Waiting for calculations to finish or for e-mail with
notification that submitted job has completed, (E) Examination of the obtained results from
the Basic and (F) Extended analysis mode. The number of results generated from the Basic
and Extended analysis modes may differ even significantly. The explanation for this is that the
Basic mode denotes unique pairs of miRNA and mRNAs, while the Extended mode treats

triplet (MiRNA, mRNA and position in given mRNA) unigue. Screen on the next three pages.
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