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ABSTRACT: Non-coding RNAs (ncRNAs), including small non-coding RNAs (sncRNAs) and long non-coding RNAs
(IncRNAs), are key regulators of gene expression, epigenetic modifications, and cellular processes within the human
genome. The rapid advancements in next-generation sequencing (NGS) technologies have accelerated the development of
numerous bioinformatics tools and databases tailored for the discovery, characterization, and functional analysis of
ncRNAs. This manuscript provides a comprehensive review of the most widely used bioinformatics tools, such as BLAST,
RNAfold, miRDeep, CNCI, IncRNApred, and integrative platforms like miRNet, ShinyGO, and iDEP. These tools play
pivotal roles in RNA structure prediction, miRNA discovery, coding versus non-coding RNA differentiation, and gene
enrichment analysis. Understanding the utility and application of these tools allows researchers to gain deeper insights
into the biological roles of ncRNAs, particularly in the context of gene regulation, RNA interactions, and disease
mechanisms. This review emphasizes the growing significance of these computational resources in the realm of genomic
research, especially for decoding the complexities of non-coding RNA biology.
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INTRODUCTION
The human genome, with approximately 3.2 billion base pairs, is a vast repository of genetic information, much of which
does not code for proteins. Despite early assumptions that non-protein-coding regions were functionally insignificant,
recent research has highlighted the crucial roles of non-coding RNAs (ncRNAs) in regulating various biological processes.
ncRNAs, including small non-coding RNAs (sncRNAs) such as microRNAs (miRNAs), piwi-interacting RNAs (piRNAS),
and small interfering RNAs (siRNAs), along with long non-coding RNAs (IncRNAs), are involved in regulating gene
expression, RNA splicing, chromatin remodeling, and other essential cellular functions.

While sncRNAs, such as miRNAs, generally exert their functions through post-transcriptional gene silencing, INCRNAs,
which are typically over 200 nucleotides long, modulate gene expression via chromatin modification, transcriptional
interference, or post-transcriptional mechanisms. The complexity and diversity of ncRNAs necessitate the development of
specialized computational tools for their identification, annotation, and functional prediction. This review aims to provide a
comprehensive overview of the key bioinformatics tools and databases used for studying small and long non-coding RNAs
in the human genome.

METHODOLOGY

This review is based on an extensive examination of scientific literature focusing on bioinformatics tools specifically
designed for analyzing ncRNAs. Each tool discussed has been selected for its significance in peer-reviewed studies and its
applicability to specific RNA-related analyses, including RNA structure prediction, sequence alignment, coding vs. non-
coding RNA differentiation, miRNA discovery, and gene set enrichment analysis. The databases covered in this manuscript
were chosen for their comprehensive collections of ncRNA sequences, targets, and interactions, making them essential
resources for researchers in this field.

DATABASES & TOOLS
The study of small non-coding RNAs (sncRNAs) such as microRNAs (miRNAs), piwi-interacting RNAs (piRNAs), and
small interfering RNAs (siRNAs) has been greatly facilitated by several specialized databases and tools. Among the most
notable databases for miRNAs, miRBase provides comprehensive annotations of miRNA sequences, while TarBase
curates experimentally validated miRNA targets. piRBase and piRNAdb are key resources for piRNAs, offering
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information on sequences and functional annotations. For siRNAs, siRNAdD is a central resource. Additional databases like
deepBase cover both miRNAs and piRNAs, providing expression and interaction data. mirTarBase focuses on validated
miRNA-mRNA interactions, while RepTar and snoRNABase provide data on miRNA target sites and small nucleolar
RNAs (snoRNAs), respectively.

In terms of bioinformatics tools, several platforms have been developed to analyze small ncRNAs. miRDeep is essential
for identifying novel miRNAs from deep sequencing data. BLAST is widely used for sequence alignment of ncRNAs,
while RNAfold predicts RNA secondary structure. Tools like sSRNAbench and miRanalyzer assist in analyzing small RNA-
seq data, particularly for miRNAs, piRNAs, and siRNAs. Additionally, IntaRNA predicts miRNA-mRNA interactions, and
TargetScan is used for miRNA target prediction.

For long non-coding RNAs (IncRNAS), specialized databases such as LncBase catalog InNcRNA interactions with miRNAs,
while NONCODE serves as a repository for a wide range of non-coding RNAs, including IncRNAs. Databases like
Lnc2Cancer focus on INcRNAs involved in cancer, and IncRNADisease provides information on IncRNAs related to human
diseases. Other notable resources include deepBase, LhcATLAS, and LNCipedia, which provide expression, localization,
and annotation data for IncRNAs.

Tools for IncRNA research have also advanced, with platforms like CNCI and FEELnNc distinguishing coding from non-
coding RNA sequences. CPC2 predicts the coding potential of transcripts, while tools like LncTar and LncADeep predict
RNA-RNA interactions and IncRNA classifications using machine learning algorithms. PLEK and IncFinder are crucial for
identifying IncRNAs based on sequence characteristics, while LncRNApred employs machine learning models to classify
IncRNAs. Table 1 summarizing few important databases and tools related to small non-coding RNAs (sncRNAs) and long
non-coding RNAs (IncRNAs), along with references.

Table 1: Databases and tools related to small non-coding RNAs (sncRNAs) and long non-coding RNAS

Database Description RNA Types
miRBase A comprehensive database of microRNA sequences and annotations. miRNAs
piRBase A database for piwi-interacting RNA sequences. piRNAS

A resource for small interfering RNAs derived from endogenous and
siRNAdb €X0genous sources. SiRNAs
LncBase A database of IncRNA interactions with miRNAs. INcRNAs, miRNAs

A repository of non-coding RNAs including miRNAs, piRNAs, INcRNAs, miRNAs, piRNAs,
NONCODE IncRNAs, and other sncRNAs. SiIRNAS
TarBase A curated database for experimentally validated microRNA targets. MiRNAS

IncRNAs, miRNAs, piRNAs,

RNAcentral A comprehensive resource for all non-coding RNA sequences. SiRNAs
piRNAdb A database for functional annotations of piRNAs. piRNAs

A platform for decoding miRNA-ceRNA interactions, including
starBase IncRNAs. INcRNAs, miRNAs
SnoRNA-
LBME-db A specialized database for small nucleolar RNAs (SnoRNAS). SNORNAS
PLncDB A database dedicated to plant IncRNAs. INcRNAs

A resource for small RNAs and IncRNAs, with expression and IncRNAs, miRNAs, piRNAs,
deepBase interaction data. SIRNAS
sRNAtoolbox | A suite of tools for analysis of small RNA-seq data. MiRNAs, siRNAs, piRNAs
INcRNASNP A database of IncRNA-related SNPs and their potential effects. INcRNAs

INcRNAs, miRNAs,

Rfam A database of RNA families, including non-coding RNAs. SNORNAS
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Tools related to small non-coding RNAs and long non-coding RNAs

1. BLAST (Basic Local Alignment Search Tool)

BLAST is a widely used sequence alignment tool that compares query RNA sequences against known databases to identify
homologous sequences. Its versatility allows it to be applied across various ncRNA research areas, including the
identification of novel ncRNAs based on sequence similarity. BLAST has been instrumental in discovering novel miRNAs,
IncRNAs, and other ncRNAs by aligning unknown sequences with reference databases.

2. RNAfold (RNA Secondary Structure Prediction)

RNAfold predicts the secondary structure of RNA sequences based on thermodynamic parameters. By minimizing the free
energy (MFE) of the RNA molecule, RNAfold can generate highly accurate predictions of hairpin structures, stem-loops,
and other RNA configurations. Widely used in the study of miRNAs and IncRNAs, RNAfold provides insight into the
structural features that influence RNA function.

3. miRDeep (MiRNA Discovery Tool)

The miRDeep identifies novel miRNAs from deep sequencing data by analyzing the RNA sequence's structural features
and mapping reads to precursor miRNA hairpins. The miRDeep has been essential for discovering novel miRNAs from
high-throughput sequencing data, particularly in species where miRNA annotations are incomplete.

4. CNCI (Coding-Non-Coding Index)

The CNCI distinguishes between coding and non-coding RNA sequences based on intrinsic sequence features without
relying on known annotations, making it useful for identifying novel IncRNAs. The CNCI is especially valuable for
transcriptome-wide studies where distinguishing between protein-coding genes and ncRNAs is crucial for understanding
gene regulatory networks.

5. IncRNApred (IncRNA Prediction)

The IncRNApred employs machine learning models to predict INcRNAs based on features such as sequence composition,
k-mers, and secondary structure. It is widely used to classify and predict novel IncRNAs from RNA-seq data, aiding in
understanding the diverse functional roles of IncRNAs in gene regulation.

6. miRNet (miRNA-Centric Network Visual Analytics Platform)

Function: miRNet is an integrative platform for analyzing and visualizing miRNA-target interactions, offering
comprehensive miRNA-centric functional and network analyses. The miRNet supports network-based studies of miRNAs
in various biological contexts, including cancer and developmental biology.

7. ShinyGO (Gene Enrichment Analysis Tool)

The ShinyGO provides interactive visualization for gene set enrichment analysis, linking miRNAs and IncRNAs to their
target genes and associated pathways. It has become a popular tool for researchers seeking to interpret high-throughput
RNA-seq data in terms of biological pathways and gene regulatory networks.

8. iDEP (Integrated Differential Expression and Pathway Analysis)

The iDEP integrates RNA-seq differential expression analysis with pathway enrichment tools, facilitating the exploration of
functional changes in gene expression. It allows researchers to comprehensively explore RNA-seq data by linking
differential expression to functional pathways and biological processes.

DISCUSSION
The availability of diverse bioinformatics tools has transformed the landscape of ncRNA research by offering
comprehensive solutions for identifying, analyzing, and interpreting RNA species that do not code for proteins. BLAST and
RNAfold provide foundational insights into RNA sequences and their structures, aiding in the functional characterization of
ncRNAs. miRDeep and CNCI facilitate the discovery of novel miRNAs and IncRNAs, while advanced platforms such as
miRNet and ShinyGO enable the functional exploration of RNA interactions and regulatory networks.

While these tools have significantly enhanced our understanding of ncRNAs, several challenges remain, particularly in
characterizing the full spectrum of IncRNA functions due to their inherent diversity and context-dependent roles. Future

www.ijltem.com [PAGE]| 30 |




Comprehensive Overview of Bioinformatics Tools and Databases for Small and Long Non-Coding RNAs in the.....

research will undoubtedly benefit from continued improvements in sequencing technologies, machine learning algorithms,
and integrative computational platforms. These advancements will further illuminate the multifaceted roles of ncRNAs in
gene regulation, disease mechanisms, and therapeutic development.

CONCLUSION

Bioinformatics tools and databases have become indispensable in ncRNA research, providing powerful resources for the
discovery, classification, and functional analysis of these crucial genomic elements. The tools reviewed in this manuscript
offer a wide range of capabilities for studying small and long ncRNAs, enabling researchers to uncover new insights into
gene regulatory networks, RNA interactions, and disease pathways. As the field of ncRNA research continues to grow, the
development of even more sophisticated tools will play a vital role in unlocking the mysteries of the non-coding genome.
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