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Abstract

Humandiseases have been a critical threat from the beginning of human history. Knowing the origin, course of action and
treatment of any disease state is essential. A microscopic approach to the molecular field is a more coherent and accurate
way to explore the mechanism, progression, and therapy with the introduction and evolution of technology than a macro-
scopic approach. Non-coding RNAs (ncRNAs) play increasingly important roles in detecting, developing, and treating all
abnormalities related to physiology, pathology, genetics, epigenetics, cancer, and developmental diseases. Noncoding RNAs
are becoming increasingly crucial as powerful, multipurpose regulators of all biological processes. Parallel to this, a rising
amount of scientific information has revealed links between abnormal noncoding RNA expression and human disorders.
Numerous non-coding transcripts with unknown functions have been found in addition to advancements in RNA-sequencing
methods. Non-coding linear RNAs come in a variety of forms, including circular RNAs with a continuous closed loop
(circRNA), long non-coding RNAs (IncRNA), and microRNAs (miRNA). This comprises specific information on their
biogenesis, mode of action, physiological function, and significance concerning disease (such as cancer or cardiovascular
diseases and others). This study review focuses on non-coding RNA as specific biomarkers and novel therapeutic targets.
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Abbreviations Introduction

ncRNA Non-coding RNA

IncRNA  Long non-coding RNA History of RNA biology

miRNA MicroRNA

circRNA Circular RNA In 1958, Francis Crick established the central dogma of molec-

snRNA Small nuclear RNA ular biology by discovering the sequence of events in the pas-

snoRNA  Small nucleolar RNAs sage of genetic material contained in DNA to the functioning

siRNA Small interfering RNA of biological processes through proteins. However, with the

rRNA Ribosomal RNA development of new technologies and robust next-generation

piRNA PIWI-interacting RNA sequencing, large international consortiums such as the Func-

FANTOM Functional Annotation of the Mammalian tional Annotation of the Mammalian Genome (FANTOM)
Genome and the Encyclopaedia of DNA Elements (ENCODE) have

ENCODE Encyclopedia of DNA Elements described pervasive transcription (that 80% of the DNA is tran-

Nt Nucleotide scribed into RNA but only a 1.5% of that RNA translates into

protein) (Carninci et al. 2005; Hangauer et al. 2013). Recent

technological advances, like next-generation deep sequenc-

ing, have shown that the bulk of the genome is translated into

54 George Priya Doss C RNAs. The universe of RNA is divided into two halves: (1)
georgepriyadoss @vit.ac.in RNAs with coding potential and (2) RNAs without coding
potential, sometimes known as non-coding RNAs, because of

A e only 1 and 2% of the human genome codes for proteins (The

T el Ve ottt of Tectmamay (VIT). ENCODE Project Consortium 2012). Although mRNAs have
Vellore- 632014, Tamil Nadu, India been studied in depth, most RNAs are ncRNAs. Even though
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ncRNAs were formerly regarded as “evolutionary junk,” new
research shows that they substantially impact several molecular
pathways. According to the hypothesis known as the “RNA uni-
verse,” RNA was the earliest form of life, and as DNA became
more solid, RNA’s function as a messenger was left unfilled.
However, it was eventually discovered that RNA is the most
practical possibility in disease, epigenetics, and unknown regu-
latory features since it has a wide range of latent catalytic capa-
bilities and can store genetic information (Bhatti et al. 2021).
During evolution, RNA is thought to have evolved alongside

proteins and DNA (Robertson and Joyce 2010). Understand-
ing their intricate relevance in numerous biological processes,
including homeostasis and development, is critical (Amaral
et al. 2013). Figure 1 demonstrates the molecular events relate
to non-coding RNA (Li et al. 2021a, b; Chhabra 2021).

A relatively broad size criterion is used to classify ncR-
NAs into two subclasses. Small or short non-coding RNAs
(ncRNAs) are ncRNAs that are less than 200 nucleotides
(nt), while long non-coding RNAs are ncRNAs that are more
than 200 nt (IncRNAs). These two groups are quite different
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from one another. LncRNAs can be as significant as several
kilobases, and small ncRNAs can be as small as a few to 200
nt. The most well-known class of tiny ncRNAs, microRNAs
(miRNAs), have a length of 20 nucleotides or less and have
undergone substantial research (Kim et al. 2009). The other
non-coding such as siRNA and piRNA. The complexity of
these animals’ physiology, characteristics, and development,
from lower non-chordates to humans, produces an increase
in introns and intergenic sequences that are translationally
modified by alternative splicing processes, leading to a further
decrease in the size of this proteome (Mattick 2001).In addi-
tion, eukaryotes have more sophisticated and complex sys-
tems for RNA processing, trans induction, DNA methylation,
imprinting, RNA interference (RNA1), post-transcriptional
gene silencing, chromatin modification, gene editing, splicing,
dosage compensation, gene regulation mechanisms, and tran-
scriptional gene silencing (Mattick 2004). Non-coding RNA
act as regulatory signal messengers for the stimuli received
at sensory genetic elements (Guttman et al. 2011). The evo-
lutionary history of prokaryotes supports their continued reli-
ance on protein-based regulatory architecture, in contrast to
eukaryotes, who have evolved new regulatory features and
mechanisms to control the expression of phenotypic traits,
the penetrance and expressivity of disease, and developmental
programming using a variety of ncRNAs. Therefore, research
on ncRNA about these linked pathways is essential to com-
prehend their function in health and disease (GAGEN 2005).

Distribution and types of ncRNA

RNA comes in a variety of forms in live cells. ncRNAs are
typically split into two domains based on their transcript
length: short ncRNAs (under 200 nucleotides) and long
ncRNAs (over 200 nucleotides). ncRNA is important in

several processes, including RNA maturation, RNA pro-
cessing, signaling, gene expression, and protein synthesis
(Kung et al. 2013; Morris and Mattick 2014). The amount of
ncRNA and the degree of species conservation are remark-
ably correlated. According to estimates, each cell has 107
ncRNA molecules, most of which are snRNA, snoRNA,
miRNA, rRNA, and IncRNA. Although about 53,000 dis-
tinct human IncRNAs identified, only about 1000 are present
in adequate quantities to legitimately support their functional
significance (Djebali et al. 2012). Other types of RNA and
their specificities are mentioned in this study (Bhatti et al.
2021). The overview of non-coding RNA and its functions
is mentioned in Table 1. The different types of RNA are
mentioned in Fig. 2.

Biogenesis and functions of different types
of ncRNA

RNA molecules are much more than just a blueprint for pro-
tein production. Since non-coding transcripts are expected to
function similarly to proteins and can regulate the majority
of cellular functions, RNA may interact with DNA, proteins,
and other RNA molecules to form three-dimensional (3D)
structures. The two main regulatory RNA groups—small
and long ncRNAs—are partly defined by their length. Addi-
tionally, functional ncRNAs with lengths between 20 and
thousands of nucleotides have grown significantly in num-
ber and classification over the past ten years. This review
focuses on significant ncRNAs such as miRNA, IncRNA,
and circRNA. Few other RNA will be mentioned such as
piRNA, snRNA, snoRNA, and siRNA. This ncRNA will
play a significant role in developmental processes and dis-
ease conditions. Numerous genes are involved in the pro-
duction of ncRNAs across the whole human genome, and

Table 1 Overviewof non-coding

. . Types of RNA  Full form Functions References
RNA and its functions

Housekeeping ncRNA
rRNA ribosomal RNA Translational machinery Fu 2014
tRNA Transfer RNA Amino acid carriers
snRNA Small nuclear RNA RNA processing
snoRNA Small nucleolar RNA RNA modifications
TRNA Telomere RNA Chromosome end synthesis

Regulatory ncRNA
miRNA MicroRNAs RNA stability and translation control Fu 2014
IncRNA Long non-coding RNA Imprinting, epigenetics, nuclear structure
circRNA Circular RNA Inhibiting miRNA activity
endo-siRNA  Endogenous siRNA RNA degradation
rasiRNA Repeat associated-derived RNA  Transcriptional control
eRNA Enhancer-derived RNA Regulation of gene expression
piRNA PIWI-interacting RNA Silencing transposon and mRNA decay
PATs Promoter-associated RNA Transcription initiation and pause release
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Fig.2 Different types of RNA
and major non-coding RNAs
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there may potentially be distinct transcriptional units that
function independently. Transcription, nuclear maturation,
export to the cytoplasm for processing, and production of
functional RNA are all steps in this biogenesis process. The
detailed mechanism of non-coding RNA biogenesis is men-
tioned in this paper (Bhatti et al. 2021). The description of
specific ncRNA and the description of biogenesis are men-
tioned in Table 2. Non-coding RNA is an integral part of
genomics and proteomics. According to the “RNA world”
hypothesis, RNA may have played a role in the emergence
of life, which must be able to carry and duplicate its genetic
material (Joyce 1989). In contemporary organisms that have
evolved to use more effective methods to copy and express
their genetic material along the central axis from DNA to
RNA to protein, ncRNAs seem to have retained the major-
ity, if not all, of their original characteristics and functions.
Many RNA functions are transferred to proteins while oth-
ers are kept because of the exploration of selective benefits
of proteins and RNA during evolution. To grasp ncRNA
function and mechanism, it may be instructive to compare
ncRNA function with that of proteins.

Comparison of miRNA, IncRNA, and circRNA in RNA
biology

The mechanistic characterization of IncRNAs is far less thor-
ough than that of miRNAs. This is partly because IncRNAs
can control gene expression through intricate biochemical
pathways at various levels inside the cell. Despite being pre-
sent in a group of species (Guttman and Rinn 2012), such as
plants (Swiezewski et al. 2009), yeast (Houseley et al. 2008),
prokaryotes (Bernstein et al. 1993), and viruses (Reeves
et al. 2007), IncRNAs are not as well conserved as miRNAs
in terms of the nucleotide sequence. Even though IncR-
NAs with diverse nucleotide compositions can exhibit the
same 3D structure and, consequently, the exact molecular

@ Springer
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function, this restricts the selection of cellular and animal
models for researching IncRNA functions (Derrien et al.
2012). It is increasingly becoming clear that IncRNAs play
arole in virtually every cellular process and that the expres-
sion of these non-coding molecules is carefully regulated in
both normal conditions and several human diseases, includ-
ing cancer (Tano and Akimitsu 2012).

Unlike coding genes, IncRNAs can be produced in many
ways from practically any location in the human genome.
Contrary to those that overlap coding genes on the antisense
strand, unlike coding genes, IncRNAs can be produced
in a wide range of ways from practically any location in
the human genome. Contrary to those that overlap coding
genes on the antisense strand, sense IncRNAs are made
from segments that overlap one or more exons of another
coding transcript (antisense IncRNAs); sense IncRNAs
are made from segments that overlap one or more exons of
another coding transcript. Other IncRNAs are produced by
regulatory components like enhancers or non-coding DNA
sequences like introns. Some have promoters and regula-
tory elements expressed from intergenic regions that do not
overlap other known coding genes (Thum and Condorelli
2015). It becomes clear that just a tiny portion of the theo-
retically infinite number of IncRNAs that could exist have
been studied thus far. However, those studied have demon-
strated the capacity to control the transcriptional and post-
transcriptional stages of gene expression by interacting with
nucleic acids and proteins in a manner that is specific to both
sequences and structures (Mercer et al. 2009; Wilusz et al.
2009). The categorization and annotation of putative IncR-
NAs must be carefully examined to remove protein-coding
RNAs. While being categorized as non-coding molecules,
some IncRNAs have recently been shown to be able to code
for micro peptides (Anderson et al. 2015). Before concluding
a IncRNA’s regulatory role, it is essential to prove that the
skeletal muscle-specific RNA, which was previously thought
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Table 2 (continued)

&

Beermann et al. 2016

References

CircRNAs control target gene expression by inhibiting

Functions

CircRNAs often result from exon or intron circularization

Biogenesis description

Circular RNA

Type of RNA Full_form

circRNA

Springer

miRNA activity as a miRNA sponge. Through several
miRNA binding sites, one circRNA can control one or

more miRNAs

and splicing activities. Exonic circRNAs can be produced

by a procedure known as back splicing, dependent on

spliceosomal splicing. Exons are spliced in the opposite
direction by combining an upstream and a downstream

3" and 5’ splice site, resulting in a circular product. Exon

skipping, which creates a lariat structure containing

exons and introns, is another method that leads to exonic

circRNAs. The intron is cut out of this precursor during

self-splicing, and the lariat is circularized

to be a IncRNA, is encoded for a functional micro peptide.
Evidence from recent studies revealed that conventional
processes do not just regulate ncRNA expression. Circular
RNAs are produced due to a back-splicing expression varia-
tion (circRNA). Since CircRNAs are made up of a covalently
closed continuous loop, they lack a 5’ cap and a 3 tail. This
RNA species is more tissue-specific, moderately stable, and
highly conserved (Jeck et al. 2012). The functions of each of
these ncRNA were mentioned in this paper (Beermann et al.
2016). The discovery of associations between non-coding
RNAs and diseases has created new therapeutic and diag-
nostic possibilities. Numerous miRNAs have already been
effectively demonstrated to act as diagnostic or therapeutic
targets for various diseases. There is specific evidence that
circRNAs and IncRNAs behave similarly.

Non-coding RNA and human diseases

Functional RNA molecules known as non-coding RNA
(ncRNA) cannot be translated into proteins (Djebali et al.
2012). Initially, there are only a few ncRNAs were found
and studied. Later technological advancements, ncRNA
types were classified into many, and each ncRNA has spe-
cific functions that lead to biomarkers and novel thera-
peutic approaches. Despite not all of their functions being
understood, several ncRNA species play crucial roles in
controlling the transcription and translation of genes and
the transcription of ncRNAs. Therefore, it is no surprise
that ncRNAs are crucial in normal physiologic functions,
complex human traits, and human diseases (Li et al. 2018a,
b). This review will mention the different types of diseases
and their ncRNA as potential biomarkers and interactions
in Table 3.

Transposons: unexpected players in different diseases
with different ncRNA

Transposable elements (TEs) are considered essential factors
in the plasticity and evolution of the genome. Since TEs are
so prevalent in the human genome, particularly the Alu and
Long Interspersed Nuclear Element-1 (LINE-1) repeats, they
are thought to be the molecular cause of several diseases.
This encompasses a number of the molecular processes dis-
cussed in this article, including insertional mutation, DNA
recombination, chromosomal rearrangements, changes in
gene expression, and changes to epigenetic controls. Addi-
tionally, some of the more well-known and/or more recent
cases of human disorders where TEs play a role are provided
in this article (Chénais 2022). TEs are frequently linked to
the genesis of human malignancies, whether through the
insertion of LINE-1 or Alu elements that result in chromo-
somal rearrangements or epigenetic alterations. Numerous
more clinical disorders may have their molecular roots in
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gene structure and/or expression changes or chromosomal
recombination caused by TE. Hemoglobinopathies, meta-
bolic, neurological, and joint disorders are among the many
conditions this group of diseases represents.

Additionally, TEs may influence aging. The epigenetic
derepression and mobility of TEs, which can result in dis-
ease development, appear to be significantly impacted by the
pressures and environmental toxins that people are exposed
to. As a result, a greater understanding of TEs may result in
the development of novel possible disease diagnostic mark-
ers (Pradhan and Ramakrishna 2022).

Differences between exosomal and non-exosomal
non-coding RNAs in human health and diseases

Circulating ncRNA transfer via exosomes is an intriguing
method. As mediators for intercellular communication, ncR-
NAs can be enclosed by EVs (such as exosomes, microvesi-
cles, and apoptotic bodies) and secreted from cells to con-
trol various diseases depending on the target cells (Li et al.
2021a). It has been demonstrated that ncRNAs exist in vari-
ous bodily fluids, including serum, plasma, urine, saliva, and
others, in addition to cells. The ncRNAs seen in biofluids
are frequently called circulating or extracellular ncRNAs.
The fact that extracellular ncRNAs are reasonably durable in
plasma even though extracellular RNase activity is consider-
able in that environment suggests that circulating ncRNAs
may be shielded from adverse circumstances. In this part,
they examine how ncRNAs in exosomes and non-exosomes
regulate physiological homeostasis and pathological events
in health and disease (Li et al. 2021b).

Tools and methods

Investigating miRNA, IncRNA, circRNA, and other
RNAs

The complete methods and investigation of ncRNA will be
discussed. miRNA methods have already been thoroughly
explained. Deep sequencing techniques or microarrays are
the most used methods for miRNA detection. Deep sequenc-
ing is a more sensitive technique when compared to micro-
array-based techniques. Microarrays can lead to finding
distinct RNA sequences despite using a fixed set of probes
for detection (van Rooij 2011). However, the output analysis
is more difficult because of the enormous volume of data
and the critical requirement for bioinformatics expertise.
Quantitative real-time PCR allows for the comparatively
inexpensive and low-effort validation of screening results
(qRT-PCR). Because the transcript is so brief, previous dif-
ficulties prompted the construction of the primer for reverse
transcription. Target-specific stem-loop reverse transcription

primers are currently offered on many platforms. Northern
blotting and in situ hybridization are other techniques for
identifying identified miRNAs. To find a miRNA’s targets,
bioinformatics platforms are commonly implemented. The
miRNA-related database is mentioned in Table 4. Luciferase
tests are frequently used to verify expected targets of miR-
NAs following bioinformatics-based predictions of such tar-
gets. To completely comprehend the entire transcriptional
regulatory scenario, small RNAs play a critical role in tran-
scriptional regulation. Their abnormal expression profiles
are believed to be linked to cellular dysfunction and dis-
eases. Numerous studies are concentrating on detecting, pre-
dicting, or quantifying short RNA expression, particularly
miRNAs, to better understand human health and disease.

The efficient and reasonably good next-generation
sequencing approach allows the collection of large data
sets with excellent accuracy. Appropriate bioinformatic
procedures must be used to use the collected data and ana-
lyze for IncRNAs. Additionally, you can buy commercial
arrays to look at the deregulation of a specific set of IncR-
NAs (e.g., Arraystar, Qiagen, Biocat). Another method to
investigate the effect of IncRNAs is to use a genome-wide
shRNA library to target a specific subset of IncRNAs. This
library and additional studies might be used to ascertain
how IncRNA inhibition influences signaling pathways or
cell behavior. For instance, the IncRNA TUNA was dis-
covered in mouse embryonic stem cells with Oct4-GFP
using an shRNA library targeting 1280 lincRNA (Lin et al.
2014). The pros and cons of RNAi approaches are effectively
summed up in a review written by Mohr et al. (Mohr et al.
2014).

Designing primers that only detect the ncRNA transcript
is crucial for validating a screen’s results for IncRNAs. To
identify coding from non-coding regions, this design is
essential. A IncRNA often has modest levels of expression.
In addition, IncRNA annotation is continuously evolving
and may not be consistent across all databases (like Refseq,
UCSC, and Ensembl). Since pseudogenes typically produce
IncRNAs, the actual gene and the long non-coding transcript
can be recognized using the same primers. Another difficulty
arises when IncRNAs are expressed sense- or antisense-to
a recognized protein-coding gene. LncRNAs are primarily
found in cell nuclei. There are many challenges associated
with pulling down IncRNA/protein complexes since it may
provide false-positive outcomes. A highly reproducible
RNA antisense purification (RAP) method was described
in this paper (McHugh et al. 2015). In vitro, IncRNAs can
be suppressed using a variety of compounds. It is also criti-
cal to confirm the length of annotated sequences for newly
discovered IncRNAs. The rapid amplification of cDNA
ends (RACE) method can amplify a IncRNA between a
specific point inside the IncRNA and the sequence’s 3’ or
5" end. The actual sequence can then be found or verified

@ Springer
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Table 4 miRNA based tools and databases

Tools/databases

Description

Website

References

RNAcentral: The non-
coding RNA sequence
database

RNALOSS

RNAdb

Rfam

EICO

NONCODE

ChIPBase v2.0

FARNA

NRDTD

BLAST

RNAcentral is a comprehensive
database of non-coding RNA of
sequences and functional annotation.
It has 296 species; visualize the 2D
RNA structure. It has a lot of inter-
connected databases

Designing RNA sequences with low
folding energy and distribution of
locally optimum secondary structures
that would suggest quick and robust
folding could be done using the tool
RNALOSS

The creation of a thorough mammalian
non-coding RNA database (RNAdb)
with over 800 different experimen-
tally examined non-coding RNAs
(ncRNAs), many of which are linked
to illnesses and/or developmental
processes

Rfam is a library of covariance models
and numerous sequence alignments
for non-coding RNA families. The
user can explore numerous sequence
alignments and family annotations
and search a database of covariance
models using a query sequence. The
INFERNAL package (http://infernal.
wustl.edu/) enables local searches
utilizing the database as well as the
flat file download

They have created a specialized
integrated database for researching
imprinted disease genes

NONCODE database includes all
information relates to non-coding
RNAs. It has a lot of integrated data-
bases available

ChIPBase also has a ChIP-Function
tool and a genome browser that can
predict gene functions and analyze
ChIP-seq data. This research will
help better understand how ncRNAs
and PCGs regulate transcription

A database about inferred functions of
non-coding RNA has broad areas of
human cells and tissues

ncRNAs represent a novel class of
drug development targets since
they may influence gene expres-
sion and disease course. We created
the ncRNA Therapeutic Targets
Database (NRDTD), which had 165
entries of ncRNAs that were sup-
ported by clinical or experimental
research as potential drug targets

A blast is an online tool used for
sequence analysis. The prediction
algorithm used here is BLAST
E-value

https://rnacentral.org/

http://clavius.bc.edu/~clotelab/
RNALOSS

http://research.imb.uq.edu.au/RNAdb

http://www.sanger.ac.uk/science/tools/
rfam

http://fantom?2.gsc.riken.jp/EICODB/

http://noncode.bioinfo.org.cn

http://rna.sysu.edu.cn/chipbase/

http://cbrc.kaust.edu.sa/farna

http://chengroup.cumt.edu.cn/NRDTD

https://blast.ncbi.nlm.nih.gov/Blast.cgi

Sweeney et al. 2018

Clote 2005

Pang 2004

Griffiths-Jones 2003

Nikaido 2004

Buetal. 2011

Zhou et al. 2017

Alam et al. 2017

Chen et al. 2017

McGinnis & Madden 2004

@ Springer
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http://noncode.bioinfo.org.cn
http://rna.sysu.edu.cn/chipbase/
http://cbrc.kaust.edu.sa/farna
http://chengroup.cumt.edu.cn/NRDTD
https://blast.ncbi.nlm.nih.gov/Blast.cgi

Functional & Integrative Genomics (2023) 23:33

Page 13 of 56

33

Table 4 (continued)

Tools/databases

Description

Website

References

Blat

Infernal

FastR
ERPIN

QRNA

RNAz

Evofold

MASTR

CSTminer

ESTscan

CONC

CPC

RNAfold

Mfold

Blat is similar to the BLAST align-
ment tool. However, BLAT requires
an exact or close match to find a
hit. It finds similarities in DNA and
proteins quickly. As a result, Blat is
less adaptable than BLAST

This tool will build a consensus on
RNA secondary structure. The model
used for infernal is the covariance
model

This tool will detect the ncRNA

ERPIN-Easy RNA profile identifica-
tion. This tool searches for RNA
motifs

An application extends the AMBER
simulation approach with extra
constraints and allows for fine-
grained modification of nucleic acid
structures

RNAz effectively screens for putative
ncRNAs by identifying evolutionar-
ily conserved and thermodynamically
stable RNA secondary structures in
numerous sequence alignments

Evofold will detect the functional RNA
structure using multiple sequence
alignment

The algorithm MASTR (Multiple
Alignment of STructural RNAs) iter-
atively enhances sequence alignment
and structure prediction for a set of
RNA sequences by utilizing Markov
chain Monte Carlo in a simulated
annealing architecture

Using a possible coding score, this tool
can locate statistically significant
conserved blocks and determine
whether they are coding or non-
coding

This tool will detect gene discovery
and other assembly roles to find the
coding regions. The algorithm used
is the Hidden Markov model

This algorithm will predict the RNA
secondary structure. It will distin-
guish the coding and non-coding
RNA

The CPC webservers visualize
sequence characteristics and forecast
the transcript input’s coding potential

This tool has an extensive collection
of tools like folding, designing, and
analyzing RNA sequences

This tool will predict the secondary
structure of single nucleic acids.

Its easy access to RNA and DNA
folding

https://genome.ucsc.edu/cgi-bin/hgBlat

http://infernal.janelia.org/

http://rna.igmors.u-psud.fr/Software/
erpin.php

http://genesilico.p/QRNAS/QRNAS _
data.tar.gz

https://www.tbi.univie.ac.at/~wash/
RNAz/

https://github.com/bowhan/kent/blob/
master/src/hg/makeDb/trackDb/droso
phila/evofold.html

http://mastr.binf.ku.dk/

http://www.caspur.it/CSTminer/

https://myhits.sib.swiss/cgi-bin/estscan

http://cpc.cbi.pku.edu.cn

http://rna.tbi.univie.ac.at/

http://www.bioinfo.rpi.edu/applicatio
ns/mfold

Kent 2002

Nawrocki et al. 2009

Bafna and Zhang 2004
Gautheret and Lambert 2001

Stasiewicz et al. 2019

Washietl 2007

Knudsen & Hein 1999

Lindgreen et al. 2007

Castrignano et al. 2004

Iseli et al. 1999

(Zou et al. 2011),(Liu et al. 2006)

Kong et al. 2007

Gruber et al. 2008

Zuker 2003

@ Springer


https://genome.ucsc.edu/cgi-bin/hgBlat
http://infernal.janelia.org/
http://rna.igmors.u-psud.fr/Software/erpin.php
http://rna.igmors.u-psud.fr/Software/erpin.php
http://genesilico.pl/QRNAS/QRNAS_data.tar.gz
http://genesilico.pl/QRNAS/QRNAS_data.tar.gz
https://www.tbi.univie.ac.at/~wash/RNAz/
https://www.tbi.univie.ac.at/~wash/RNAz/
https://github.com/bowhan/kent/blob/master/src/hg/makeDb/trackDb/drosophila/evofold.html
https://github.com/bowhan/kent/blob/master/src/hg/makeDb/trackDb/drosophila/evofold.html
https://github.com/bowhan/kent/blob/master/src/hg/makeDb/trackDb/drosophila/evofold.html
http://mastr.binf.ku.dk/
http://www.caspur.it/CSTminer/
https://myhits.sib.swiss/cgi-bin/estscan
http://cpc.cbi.pku.edu.cn
http://rna.tbi.univie.ac.at/
http://www.bioinfo.rpi.edu/applications/mfold
http://www.bioinfo.rpi.edu/applications/mfold
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Table 4 (continued)

Tools/databases Description

Website

References

A fold This method will be able to fold the
RNA molecule that finds a conforma-

tion of energy minimization values

GTEx The Genotype-Tissue Expression
(GTEXx) project aims to create a tis-
sue bank and database of resources
for the scientific community. The
link between genetic variation and
gene expression in human tissues
will be investigated using GTEx. The
expression datasets can be down-
loaded from this database for ncRNA
analysis

DARIO It can access numerous available
ncRNA databases to quantify and

annotate ncRNAs

CPSS Quantify and annotate ncRNAs with a

focus on miRNAs

RNA-CODE Combines de novo assembly and
secondary structure. Relevant to
ncRNA annotation in the absence of

reference genomes

YMS500v3 A resource that emphasizes piRNAs,
tRFs, snRNAs, snoRNAs, and miR-
NAs and comprises more than 8000

short RNA-seq datasets

A web server that can find tRFs and
the expression of those genes in vari-
ous cancers

tRF2Cancer

MINTbase v2.0 MINTbase is a collection of nuclear
and mitochondrial tRNA-derived
fragments (or “tRFs”) discovered in

various human tissues

https://gtexportal.org’/home/

http://dario.bioinf.uni-leipzig.de/

http://114.214.166.79/cpss2.0/

http://www.cse.msu.edu/~chengy/
RNA_CODE

Zuker and Stiegler 1981

Lonsdale et al. 2013

Fasold et al. 2011

Wan et al. 2017

Yuan & Sun 2013

http://ngs.ym.edu.tw/ym500/

http://rna.sysu.edu.cn/tRFfinder/

https://cm.jefferson.edu/MINTbase/

Chung et al. 2016

Zheng et al. 2016

Pliatsika et al. 2017

by cloning and sequencing this amplicon (Beermann et al.
2016). Detail-oriented loss- or gain-of-function studies are
essential to comprehend a IncRNA’s activity in vivo (Bas-
sett et al. 2014). Numerous IncRNA-related database was
mentioned in Table 5.

By searching current RNA-sequencing data for circular
RNAs, a brand-new set of probable circRNAs can be predicted
(Salzman et al. 2012). Data from long-read RNA sequencing
can be utilized to look for possible circRNAs. This particular
class of molecules requires a specific algorithm because their
production may have involved back-splicing. Two studies
demonstrate how to build a computational pipeline to identify
new circRNAs (Guo et al. 2014). Using these new techniques
to analyze RNA-sequencing data provides suggestions for
existing circRNAs. Because the gene from which they are
derived has a distinct orientation, the validation of these
ncRNAs is particularly unique. Exonic circRNAs must be
separated from other RNA molecules that have undergone
backspacing. Divergent primers can be used in qPCRs to
access the expression and access the predicted circRNAs.

@ Springer

Regarding the genomic area, these primers do not
amplify toward one another but are somewhat away from
one another. The circle can be amplified without amplifying
the genomic areas (Jeck and Sharpless 2014). The functional
circRNA can be accessed through previous RNA studies,
which are still evolving. Other new approaches should be
implemented for the circRNA. New tools and approaches
to small ncRNA and circRNA were mentioned in Tables 6
and 7.

Identifying non-coding RNAs (ncRNAs), which
play a significant function in the cell, is a crucial topic
in biological study. The discovery of ncRNAs is now
conceivably feasible, thanks to recent developments in
computational prediction technology and bioinformatics.
This study introduces three key computational methods
for ncRNA identification: homologous search, de novo
prediction, and deep sequencing data mining. There
are two methods for detecting the ncRNA identification
Homologous information and machine learning approaches
(i.e., common features)aforementioned computational


https://gtexportal.org/home/
http://dario.bioinf.uni-leipzig.de/
http://114.214.166.79/cpss2.0/
http://www.cse.msu.edu/~chengy/RNA_CODE
http://www.cse.msu.edu/~chengy/RNA_CODE
http://ngs.ym.edu.tw/ym500/
http://rna.sysu.edu.cn/tRFfinder/
https://cm.jefferson.edu/MINTbase/
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https://lncipedia.org
http://bigd.big.ac.cn/lncbook
http://www.bio-bigdata.net/lnc2cancer
http://bioinformatics.mdanderson.org/main/TANRIC:Overview
http://lncanet.bioinfo-minzhao.org/
http://www.rnanut.net/lncrnadisease/
http://tcla.fcgportal.org/
http://www.seler.cn/
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https://ngdc.cncb.ac.cn/databasecommons/database/id/23
https://ngdc.cncb.ac.cn/lncrnawiki1/index.php/Main_Page
https://www.monocldb.org/
http://cantata.amu.edu.pl/
http://www.rnabinding.com/CPPred
http://cnit.noncode.org/CNIT
http://bioinformatics.xidian.edu.cn/lncSLdb

Page 17 of 56 33

Functional & Integrative Genomics (2023) 23:33

®L10T 'Te 10 Suon

TT0T T8 10 Suey

120C Te 1w ng

q ‘eL10T 'Te 1 Suon

810T Te 19 Iy

2q ‘B6TOT TE 12 Suepm

C10C ‘T8 12 01apI0)

810T 'Te 12 08D

L10T ‘Te 12 quod-Se]N

Rurqe[dueyz-asty//:dny

/310" 10)uTRUI MMM //:dNY

npa‘1on"sor poyn//:sdny

/BUBIPADN /U0 NP 1SNy 1] ouro1q//:dny

/310" 1309s//:dny

aseqele(q
-0INONNS-ATEPU0IAS-Y N /THJ SuemnAur)/wod qnipid//:sdny

/npa°piojue)s-qpuny//:sdny

/I0JBO0TOU[/JUIOIq/Ud NP N[ 01qs"Mmm //:dny

/N 310°sepeouy//:sdny

HSTY Ur STAY 2 JO %0S uey a1owr dn oyeur syNY SuIpod
-uou Juo[ pue YN YW 'IseaA pue ‘9ot ‘ojdoad Jurajoaur Apysowr
‘oseqeiep HSTY dY3 UL SUONORIAUL [[§°§TE S8 1YL "(STYY)
suonorINUI YNY-VNY uo puadap uonouny pue uonemnsal YN
QSN 0) IAISED ST
yey) wope[d € oo [[IM JOIUTYNY ‘T[eIAQ "SIINUS MU UOT[[TW
Ly <pue 1) A[pusLij-19sn ‘parepd() "UONOI[[0 BIBP DAISUIIXD
QI0W © pue WY}IOI[e SULI00S-90U3apyuod papeiddn uy () UOIS
-10A 0) popes3dn uoaq sey (9seqeie(] SWOIOBINU] VNI) IUTVNY

sonbruyo9) 1o1[189 swrojradino A[feonewelp 1 ‘sjosejep
A[Turey-sso1o pue A[ruuej-urgiim uQ "Appomb asred ueo sypromioN
TeuoninoAuo)) AT[n, Jeys seouanbas YN Jo uonejuasardor axIy
-o3ewr ‘onbrun © $)s933ns p[o4N "seousnbas apriod[onu WOy
AImongs A1epuod9s YN Jojur 0] Surdus[[eyd usaq Suof sey I
spoylowl pPaziferoads s1ojo SUNIPADNT ‘SYNYOU] Ul sas Sunipo
[eA0U Jo JoedwIT [EUOTIOUN] A} ISBISIOJ OJ, "SUOTOUN] JEI[OUN 9ARY
pue woud3 ay) JO seaIe UIPOI-UOU UI PAJeO] AIe SIS JUNIPd
VN 259U3 JO ISOJA “Sunips YN se umouy ssaoo1d reuondrios
-uen-jsod oy} y3noxy) aseq o[3urs v a3ueyd ued yduosuen YN UV
uonezLI039)ed PIseq-Iaury ST SeN}OU] UT UOTounj pue aouanbas
U99M]2q SUOIIOUU0S SUIAJIIUSPI JOJ POYISW ISNQOI y “OP SIAYI0
A} JeyM S[EIADI A[oIRI UOIOUNJ S, N QU] QU0 SUIpuly pue ‘suon
-ouny uMouun 9ARY (SYNYOU]) SYNY Surpod-uou Suof JSO|A
Kioysodar qnipi3 oy Je
9[qe[TeAR SI 9POD JISY], "UONEPUNO] AY) Sk 9AI9S sa[drourld uonez
-TwTXe|A Ired aseq pasoidwy pue Sururea dos( ay, "pesodoid
ST, .PIOFING,, ‘stousjopnasd y)m a1monns Arepuodas oy Jo1paid of,
S[ern) 848 UBY) 9I0W SUTUITINO SALIUD ¢G
surejuod mou dseqelep YL, (I 2seqerep Surddew YN ue
PABAIO oM ‘SUOSLIRdWIOD JTJOUTY PUE ‘OTWEUAPOWISY) ‘[BINJONI)S
J1ejI[IoR) O, "A[qeIopISuU0d uasti sey ejep surddew ainjonns
VN ‘spoyiowr Surouanbas 1ndy3noay)-y3y Jo uorudAur ayj 0uIS

VNYOU[ Jo suon
-1s0d a3 91800] 0 9[qE 2q [[IM [00) J0JBOOTOUT YT, ‘SYNYOU] JO
suoreoo] 9y 3unorpaid 10§ spoyjeur [euonendwod ou aIe I3y}
‘Iey 0§ 's901 [e2130[01q 1edLNUI Iy} Surpuayaiduwod 10y uon
-BULIOJUT [RIONIO 9PNJOUT SUOTIEZI[BOO] JB[N[9IqNS JIAY) ‘YOTeasaT
JU9231 0) FUIPI0IIY "AF0[01q YN JO QuI[dIosIp 9y} uT JsaI)ul
yonw umep 2Aey (YNYOU]) VN Surpod-uou Suof Jo saipms
S[[9 uBWINY Ul UONRZI[BI0] YNYOU[ JO K1031sodar
aarsuayaIdwod e T Sy ILyou] ‘Surouonbes YN WoIj Blep uo
paseq ‘uonounj Je[nd[owW JIY) JNOoqe SHUIY [eruassa sopraoid
1199 23 APISUI (SYNYOU]) SYNY Suipoo-uou Suoj Jo uonesof ayJ,

HSTd

TUIVNY

PIoJN]

SunIpaDN'1

AAMHAS

PIOJNA

dANd

JI0}BO0TOU]

SVILVOUT]

SOOURIYY

AISQOM

uondrosaq

soseqejep/s[oo,

(ponunuoo) g sjqey

pringer

a's


https://lncatlas.crg.eu/
http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/
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https://bio.tools/intarna
http://rtools.cbrc.jp/LncRRIsearch/
http://biocc.hrbmu.edu.cn/LnChrom/
https://github.com/Gurado/triplexator
http://www.bioinfotech.cn/SFPEL-LPI/
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Table 6 Small ncRNA-based tools and databases

Tools/databases Description

Website References

http://ncpro.curie.fr/ Chen et al. 2012

http://wanglab.pcbi.upenn.edu/coral Leung et al. 2013a, b

ncPRO-seq Discovering new ncRNA species by impartially detecting known
small ncRNAs

CoRAL Organizing the short ncRNA into functional groups according to
biologically comprehensible characteristics other than sequence;
Describe ncRNA in less well-known species

DASHR 2.0 A database that incorporates mature products from all the main

RNA classes and human small ncRNA genes

http://lisanwanglab.org/DASHR Kuksa et al. 2019

detection techniques are mostly intended for short non-
coding RNAs like miRNAs, tRNAs, siRNAs, and piRNAs.
However, conventional methods like PT-PCR and Northern
Blot are expensive. The calculation methods can never
perform well when dealing with long non-coding RNAs
(IncRNA). To the current knowledge, the primary IncRNA
detection method is RT-PCR or CHIP-SEQ (Wang et al.
2013). The primary software tools and ncRNA discovery
method tools are mentioned in Table 8. The techniques used
for ncRNA discovery are mentioned in Table 9.

Applications of CRISPR/Cas9-mediated
non-coding RNA editing in the targeted
therapy of human diseases

Genome editing, also known as gene editing, refers to a
range of scientific techniques that enable the modification
of an organism’s DNA. These techniques enable adding,
removing, or modifying genetic material at specific
genomic regions. There are several genome editing methods,
including ZFNs, TALENSs, and CRISPR/Cas9. Comparison
of these three approaches was mentioned in this article (Li
et al. 2021a, b). The detailed structure and mechanism of
these three different approaches were mentioned in this
article (Li et al. 2021a, b).

CRISPR-Cas9, which stands for clustered regularly
interspaced short palindromic repeats and CRISPR-
associated protein 9, is a well-known example. The
CRISPR/Cas9 system has evolved and developed quickly
as a reliable, practical, user-friendly, and widely applied
gene editing tool in just a few years. CRISPR/Cas9 has
significantly impacted a wide range of industries, including
agriculture, biotech, and healthcare. However, no industry
has been affected by the technology more profoundly than
cancer research, as indicated by the accumulating data in
the rapidly expanding publications. The discovery and
application of more specific Cas9 variants, limiting the
duration of CRISPR/Cas9 activity, the use of inducible
Cas9 variants, and the application of anti-CRISPR proteins
(Zhang et al. 2021a, b). Further research is required to

fully comprehend the governing principles of CRISPR/
Cas9 specificity and to increase the sensitivity of off-target
identification. Second, on-target mutagenesis typically
occurs in double-strand breaks brought on by single-guided
RNA/Cas9, leading to massive deletions (over several
kilobases) and complex genomic rearrangements at the
targeted loci, which can have pathogenic effects (Zhang
et al. 2021a, b).

The research evidence accumulated to date has shown
significant contributions made by genome editing systems
to exploit therapeutic approaches for various types of
human diseases, with the CRISPR/Cas9 system being
particularly successful by directly affecting target gene
loci or generating tools with multiple functions. There are
other diseases these approaches were found to therapeutic
drugs of clinical drugs mentioned in this article (Li
et al. 2021a, b). The advancement of cell imaging, gene
expression regulation, epigenetic modification, therapeutic
drug development, functional gene screening, and gene
diagnosis has also been aided by gene editing technologies
at the same time. Innovative genome editing complexes
and more focused nanostructured vesicles have improved
efficiency and reduced toxicity during the delivery process,
bringing genome editing technology closer to the clinic. It
is reasonable to assume that genome editing technology has
the potential to ultimately elucidate biological mechanisms
behind disease development and progression, providing
novel therapies and ultimately promoting the development
of the life sciences, with further investigation into this
technology (Li et al. 2020; Li et al. 2021a, b).

Non-coding RNA therapeutics

Long noncoding RNAs (IncRNAs) and microRNAs
(miRNAs), as well as other types of non-coding
RNAs (ncRNAs), are intriguing targets for therapeutic
intervention in the treatment of cancer and a variety of
other diseases. Many antisense oligonucleotides and small
interfering RNAs have been used in the clinical use of
RNA-based treatments over the past ten years, and several
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Table 7 circRNA-based tools and databases

Tools/databases

Description

Website

References

CIRI

CIRCexplorer

KNIFE

find_circ

MapSplice2

segment

circRNA_Finder

ACFS

NCLscan

DCC

UROBORUS

circBase

circRNADb

A first and essential step in understanding the
synthesis and function of circRNAs is the
thorough discovery of these molecules using
high-throughput transcriptome data. For the first
time, they detect and experimentally validate the
prevalence of intronic/intergenic circRNAs as
well as segments particular to them in the human
transcriptome by applying CIRI to ENCODE
RNA-seq data

This tool is used to identify the fragments mapped
to circRNA. It will identify and quantify the
circ-RNAs to understand their function

This tool is used to identify the circRNA and will
read as a fastq file for further analysis. This tool
is implemented using python and R

This tool identifies and finds the particular circR-
NAs implemented in python and R. The input
sequence would read as fastq

This tool will map the accurate reads in the splice
junction. For the alignment of RNA-Seq reads
to splice junctions, the exact algorithm Mapslice
is used

This tool will map the short sequence reads to the
reference genome

This tool is used to identify the circular RNA in a
coordinate-based expression filter. This tool was
implemented in Perl

From single- and paired-ended RNA-Seq data,
Acfs enables de novo, accurate, and quick
identification and abundance quantification of
circRNAs. It is primarily for alignment purposes

This tool will detect the numerous non-colinear
transcripts of circRNA

This tool will be able to detect and quantify the
circRNA. It will be used for the mapping and
alignment process. It is implemented in python
packages

It is a computational pipeline to detect the cir-
cRNA using RNA-Seq data

circBase allows users to access, download, and
browse consolidated and unified data sets of
circRNAs and the evidence demonstrating
their expression within the genomic context.
Additionally, circBase offers to find both known
and novel circRNAs in sequencing data. The
organism used is Human, Mouse, worm, fly, and
coelacanth

The goal of circRNADD is to serve as a platform
for biological information about circRNA
molecules and related biological processes. The
database allows the user to study a specific cir-
cular RNA of interest and continuously update
the database through data search, browsing,
downloading, submitting, and feedback. The
dataset primarily used in exonic circRNAs and
organisms is human

https://sourceforge.net/projects/ciri/

https://github.com/YangLab/CIRCexplorer

https://github.com/lindaszabo/KNIFE

https://github.com/rajewsky-lab/find_circ

http://www.netlab.uky.edU/p/bioinfo/MapSplice2

https://www.bioinf.uni-leipzig.de/Software/segem
ehl/

https://github.com/orzechoj/circRNA_finder

https://github.com/arthuryxt/acfs

https://github.com/TreesLab/NCLscan

https://github.com/dieterich-1lab/DCC

https://github.com/WGLab/UROBORUS

http://www.circbase.org/

http://reprod.njmu.edu.cn/circrnadb

Gao et al. 2015

Ma et al. 2021

Szabo et al. 2015

Memczak et al. 2013

Wang et al. 2010

Hoffmann et al. 2009

Di Liddo et al. 2019

You & Conrad 2016

Chuang et al. 2015

Cheng et al. 2015

Song et al. 2016

Glazar et al. 2014

Chen et al. 2016
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Table 7 (continued)

Tools/databases  Description Website References

Circ2Traits It is a collection of databases about disease-cir- http://gyanxet-beta.com/circdb/ Ghosal et al. 2013
cRNA association. The first complete database
of possible links between circular RNAs and
human disease

CircNet According to the search, the CircNet database is http://circnet.mbc.nctu.edu.tw/ Liu et al. 2015a, b
the first openly accessible database to include
tissue-specific circRNA expression profiles and
circRNA-miRNA-gene regulation networks. It
not only adds to the most recent catalog of cir-
cRNAs but also offers a complete examination
of the expression of both previously known and
newly discovered circRNAs
circRNABase The interaction database of circRNA-miRNA. The http://web.archive.org/web/20130922084530/starb Li et al. 2014

organism involved in this database is human, ase.sysu.edu.cn/mirCircRNA.php
mouse, and worm

MiOncoCirc Using exome capture sequencing, 2093 clinical https://nguyenjoshvo.github.io/ Zhao et al. 2020a, b
human cancer samples were found to contain
circRNA

CSCD A database that reports anticipated cellular http://gb.whu.edu.cn/CSCD Xia et al. 2018

location, RBP locations, and ORFs focuses on
differentiating cancer-specific circRNAs from
noncancerous circRNAs

CircRiC This study characterizes circRNAs in cancer cell ~ https://hanlab.uth.edu/cRic Ruan et al. 2019
lines and investigates potential circRNA biogen-
esis mechanisms and their therapeutic relevance.
We also offer a data portal to help with related
biomedical research

circMine In order to view, search, analyze, and download http://hpcc.siat.ac.cn/circmine Zhang et al. 2021a, b
data freely and to submit new data for further
integration, circMine offers user-friendly web
interfaces. It can be a valuable tool for find-
ing significant circRNA in various diseases. It
has 1,821,448 items of 1107 samples from 31
different human body sites, 136,871 circRNAs,
87 diseases, and 120 circRNA transcriptome

datasets

CircAtlas An integrated database of 1070 vertebrate http://circatlas.biols.ac.cn/ Wu et al. 2020a, b
transcriptomes and one million precise circular
RNAs

CIRCpedia v2 A thorough circRNA annotation from more than  http://www.picb.ac.cn/rnomics/circpedia Dong et al. 2018a, b

180 RNA-seq datasets from six distinct species
is stored in a database

TSCD They have conducted a thorough analysis to iden-  http://gb.whu.edu.cn/TSCD Xiaetal. 2016
tify the characteristics of tissue-specific (TS) cir-
cRNAs in humans and mice. We found 302 853
TS circRNAs in the human and mouse genomes
overall, with the brain having the highest density
of TS circRNAs

of these have acquired FDA approval. Trial findings, Challenges in using ncRNA as biomarkers
however, have been mixed up to this point, with some and therapeutic targets

studies claiming strong effects and others showing minimal

efficacy or toxicity. Clinical trials are being conducted  Non-coding RNAs may be potential biomarkers and thera-
on alternative entities like antimiRNAs, and interest is  peutic targets because mounting data suggests they are criti-
growing in IncRNA-based therapies (Winkle et al. 2021).  cal regulators of the pathophysiological processes leading to
In this review, the existing therapeutic RNA and clinical ~ many diseases. However, its clinical use has not been exam-
trial drugs will be mentioned in Table 10. ined and may face numerous difficulties. First, non-coding
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http://gyanxet-beta.com/circdb/
http://circnet.mbc.nctu.edu.tw/
http://web.archive.org/web/20130922084530/starbase.sysu.edu.cn/mirCircRNA.php
http://web.archive.org/web/20130922084530/starbase.sysu.edu.cn/mirCircRNA.php
https://nguyenjoshvo.github.io/
http://gb.whu.edu.cn/CSCD
https://hanlab.uth.edu/cRic
http://hpcc.siat.ac.cn/circmine
http://circatlas.biols.ac.cn/
http://www.picb.ac.cn/rnomics/circpedia
http://gb.whu.edu.cn/TSCD
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Table 8 Common techniques, databases, and tools used in ncRNA

Tools/databases

Description

Website

References

starBase v2.0

miRTarBase

miRmine
EVmiRNA
miRGate

miRBase

DIANA-TarBase v8

miRCancer

Somalia 2.0

OncomiR

miRCancerdb

miR2Disease

MiRscan

miRanda

RNAhybrid

TargetScan

PicTar

The interaction database of circRNA-
miRNA. The organism involved in
this database is human, mouse, and
worm

A source of microRNA-target interac-
tions that have been verified through
experiments

A repository of profiles of human
miRNA expression

A database specializing in extracellular

vesicle miRNA expression patterns

A curated library of miRNA-mRNA
targets in humans, mice, and rats

A database of 271 organisms’ micro-
RNA sequences, including 48,860
mature microRNAs and 38,589
hairpin precursors

A reference database for indexing
miRNA targets that has been sup-
ported by the experiment

Currently, a database lists more than
9000 connections between 57,984
miRNAs and 196 types of human
cancer

A repository of microRNA (miRNA)
target sites and cancer-related
somatic alterations may change the
interactions between competing
endogenous RNAs and miRNAs
(ceRNA)

A platform that explores the deregula-
tion of miRNAs in cancer

An accessible resource to research tar-

get genes involved in the emergence
of cancer under the regulation of
microRNAs

A database to offer a thorough

resource on microRNA dysregulation

in different human diseases

An algorithm for determining the
genes for microRNAs from pairs of
conserved sequences that may fold
back RNA

This tool will predict the miRNA
targets

This tool will predict the miRNA

target with unique features such as G:
U base pairs in the seed region and a

seed-match speed-up

This tool will be able to detect the
miRNA targets. It will predict the
miRNA, which is a functional site

PicTar predicts targets for single
microRNAs and combinations of
microRNAs with high accuracy

http://starbase.sysu.edu.cn/

http://mirtarbase.cuhk.edu.cn/php/
index.php

http://guanlab.ccmb.med.umich.edu/
mirmine

http://bioinfo.life.hust.edu.cn/EVmiR
NA#!/

http://mirgate.bioinfo.cnio.es/miRGa
te/

http://www.mirbase.org/

http://www.microrna.gr/tarbase

http://mircancer.ecu.edu/

http://compbio.uthsc.edu/SomamiR/

http://www.oncomir.org/
https://mahshaaban.shinyapps.io/
miRCancerdb/

http://www.miR2Disease.org

http://hollywood.mit.edu/mirscan/
index.html

http://34.236.212.39/microrna’home.
do

https://bibiserv.cebitec.uni-bielefeld.
de/rnahybrid

http://www.targetscan.org/

http://pictar.mdc-berlin.de/

Lietal. 2014

Chou et al. 2018

Panwar et al. 2017

Liu et al. 2019

Andrés-Leon et al. 2015

Kozomara et al. 2018

Karagkouni et al. 2018

Xie et al. 2013

Bhattacharya and Cui 2015

Wong et al. 2018

Ahmed et al. 2018

Jiang et al. 2009

Lim 2003

Betel et al. 2008

Kruger & Rehmsmeier 2006

Agarwal et al. 2015

Krek et al. 2005
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http://mirtarbase.cuhk.edu.cn/php/index.php
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http://guanlab.ccmb.med.umich.edu/mirmine
http://guanlab.ccmb.med.umich.edu/mirmine
http://bioinfo.life.hust.edu.cn/EVmiRNA#
http://bioinfo.life.hust.edu.cn/EVmiRNA#
http://mirgate.bioinfo.cnio.es/miRGate/
http://mirgate.bioinfo.cnio.es/miRGate/
http://www.mirbase.org/
http://www.microrna.gr/tarbase
http://mircancer.ecu.edu/
http://compbio.uthsc.edu/SomamiR/
http://www.oncomir.org/
https://mahshaaban.shinyapps.io/miRCancerdb/
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http://www.miR2Disease.org
http://hollywood.mit.edu/mirscan/index.html
http://hollywood.mit.edu/mirscan/index.html
http://34.236.212.39/microrna/home.do
http://34.236.212.39/microrna/home.do
https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid
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Table 8 (continued)

Tools/databases

Description

Website

References

TargetFinder

TarBase

RNA22

GenMiR + + (Generative
model for miRNA regula-
tion)

PolymiRTS

miRDB

miRGator

TargetFinder is an interactive tool
for choosing effective antisense
oligonucleotides (AOs). A selection
based on target mRNA secondary

structures and mRNA accessible site

tagging (MAST). TargetFinder is a
helpful tool in the selection of AO
target sites because of its graphical,
user-friendly design

This tool will detect the miRNA tar-
gets. Tarbes is a database of experi-
mentally verified miRNA targets in
the fruit fly, worm, zebrafish, and
human/mouse

They outline a web-based tool for
interactively exploring and visual-
izing miRNA target prediction
methods in context. RNA22-GUI
is now available for Caenorhabditis
elegans, Drosophila melanogaster,
Mus musculus, and Homo sapiens

MicroRNAs regulate a considerable
fraction of mammalian genes by
inhibiting protein translation. The
computational prediction of miRNA
genes and the target mRNAs has
received much attention. Here, we
offer a new Bayesian model and
learning algorithm that considers
gene expression patterns

MicroRNA (miRNA) polymorphisms
impair miRNA function, altering
physiological and behavioral traits
and causing disease. It is now possi-

ble to locate miRNA-mRNA binding

sites because of polymiRTS
Numerous gene targets are regulated

by small non-coding RNAs called

microRNAs (miRNAs). Given their

functional significance, miRNAs are
the subject of extensive research. An
online database system for functional

annotation and target prediction for
miRNAs is called miRDB

MicroRNA (miRNA)-associated gene

expression, target prediction, disease

association, and genomic annota-

tion are all included in the miRGator
database. It attempts to make miRNA

functional research easier. The
reference database miRGator v2.0 is

used to study miRNA expression and

function

https://github.com/carringtonlab/Targe Bo and Wang 2004

tFinder

http://carolina.imis.athena-innovation.

gr/diana_tools/web/index.php?%
20r=tarbasev8

https://cm.jefferson.edu/rna22/

http://www.psi.toronto.edu/genmir/

http://compbio.uthsc.edu/miRSNP/

http://www.mirdb.org/

http://mirgator.kobic.re.kr/

SETHUPATHY 2005

Loher and Rigoutsos 2012

Huang et al. 2007

Bhattacharya et al. 2013

Wang 2008

Cho et al. 2011
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Table 8 (continued)

Tools/databases Description Website References
miRecords miRecords is an integrated database http://c1.accurascience.com/miRec Xiao et al. 2009
for animal miRNA-target interac- ords/

tions. 11 well-known miRNA target
prediction systems create predicted
miRNA targets, which miRecords
keeps. In seven animal species, the
database has 1135 records of verified
interactions between 301 miRNAs
and 902 target genes

mirSOM Small non-coding RNAs called https://bioinformatics.uef.fi/mirsom/ Heikkinen et al. 2011
microRNAs bind to the mRNA of
the target gene to control transcrip-
tional activities. Animal miRNA
target prediction is difficult because
of the imperfection of this binding in
animals. The prediction of miRNA
targets may be more accurate due
to machine learning. This tool is a
miRNA target prediction tool that
depends on the self-organizing map
(SOM)
miRWalk An open-source tool called miRWalk  http://mirwalk.umm.uni-heidelberg.de/ Sticht et al. 2018
generates predicted and verified
miRNA-binding sites for well-known
genes using an easy-to-use interface.
Python, MySQL, and an HTML/
Javascript database are used to access
the database

mirDIP miDIP will be able to predict the 152 http://ophid.utoronto.ca/mirDIP/ Tokar et al. 2018
million for miRNA target prediction

psRNATarget The high-throughput analysis of next-  http://plantgrn.noble.org/psRNA Dai and Zhao 2011
generation data focuses on the psR- Target/

NATarget server’s architecture. Three
streamlined, user-friendly interfaces
are included in the server front end.
Along with providing online tools for
bulk downloading, keyword search-
ing, and results sorting. It reports
the number of small RNA/target site
pairs

miRTarCLIP They developed a methodical strategy  http://mirtarclip.mbc.nctu.edu.tw/ Chou et al. 2013
for mining miRNA-target sites from
CLIP-seq and PAR-CLIP sequencing
data and then linked the technique
with a graphical web-based browser,
which offers an intuitive user inter-
face and thorough MTI annotations.
Additionally, they demonstrated the
effectiveness of miRTarCLIP as a
tool for comprehending miRNAs
using actual-world situations

MiRTDL Genes that are linked to a variety of http://nclab.hit.edu.cn/CCRM/ Shuang et al. 2016
disorders are regulated by microR-
NAs. A new convolutional neural
network-based miRNA target predic-
tion algorithm is called miRTDL. It
has much greater sensitivity, specific-
ity, and accuracy, measuring 88.43,
96.44, and 89.98%, respectively
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Table 8 (continued)

Tools/databases

Description

Website

References

miRBShunter

miRTar2GO

MMIA

mirConnX

MAGIA

TargetMinner

According to the evidence, the clas-
sical rule about the seed matching
between miRNA and target mRNAs
is broken in roughly 60% of miRNA-
binding activity. The in-house Ago2-
dataset and an Auroglial dataset in
stem cells were used to evaluate and
experimentally validate miRBS-
hunter. Overall, we offer suggestions
for selecting a good peak detection
algorithm and a novel technique for
identifying miRNA-targets

MicroRNAs (miRNAs) control gene
expression by identifying and attach-
ing to mRNAs’ complementary
regions. With more lax miRNA-
target binding characteristics,
miRTar2GO is developed to predict
miRNA target sites. It enables the
prediction of miRNA targets specific
to different cell types

Comprehensive human genome
coverage is used by MMIA, along
with categorization into different
disease-associated genes, canonical
pathways, and Gene Ontology

A web-based program called mir-
ConnX can infer, show, and parse
mRNA and miRNA gene regulatory
networks. It builds a disease-specific,
genome-wide regulatory network
using analysis of gene expression
data and sequencing information. It
is a valuable tool for developing and
exploring hypotheses because of its
user-friendly design and extensive
database

A web program called MAGIA
(miRNA and genes integrated analy-
sis) is used to collectively analyze
target predictions, miRNA, and gene
expression data. MAGIA is acces-
sible freely

This tool will be able to detect the
miRNA target prediction. They
outperform ten other target predic-
tion algorithms with their approach.
Based on a pool of 90 features, we
attain a much higher sensitivity
and specificity of 69 and 67.8%,
respectively. The issue of systematic
detection of non-target mRNAs is
still unresolved

https://github.com/Trabucchil.ab/
miRBShunter

http://www.mirtar2go.org/

http://cancer.informatics.indiana.edu/

mmia

Bottini et al. 2017

Ahadi et al. 2016

Nam et al. 2009

http://www.benoslab.pitt.edu/mirconnx Huang et al. 2011

http://gencomp.bio.unipd.it/magia

http://www.isical.ac.in/%C2%A0bio
info_miu/

Sales et al. 2010

Bandyopadhyay and Mitra 2009
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Table 8 (continued)

Tools/databases

Description

Website References

ExprTarget

MirZ

mimiRNA

ViennaRNA

HMDD

mirPath

One important mechanism of gene
regulation is the attachment of a
class of tiny RNA molecules known
as microRNAs to mRNA transcripts.
Understanding gene regulation
networks requires a comprehensive
library of miRNA-regulated targets.
ExprTarget considerably enhances
both the sensitivity and specificity of
miRNA target prediction

MirZ web server makes statistical
analysis and data mining tools avail-
able to experimental and analytical
biologists that use the most recent
databases of predicted miRNA target
sites and sequencing-based miRNA
expression profiles for species rang-
ing from Caenorhabditis elegans to
Homo sapiens

MicroRNAs are small non-coding
RNAs that control gene expression
by blocking their target mRNA
genes. Their expression patterns offer
substantial therapeutic and diagnostic
potential and therefore are tissue-
and disease-specific. To comprehend
these patterns, a reliable collection of
miRNA and mRNA expression data
is needed. mimiRNA will be able to
solve this problem

A crucial intermediate level of
description of nucleic acids is their
secondary structure. It captures most
folding energy and is frequently well-
conserved during evolution. Among
the new features is a comprehen-
sive toolbox for evaluating RNA-
RNA interactions and constrained
ensembles of structures. A popular
collection of software tools relevant
to RNA secondary structure is called
the ViennaRNA Package

Many miRNA-disease association
entries are manually compiled from
literature for the new Human Micro-
RNA Disease Database (HMDD
v3.0). HMDD is openly available

An online software package called
DIANA-miRPath v3.0 is used to
evaluate the regulatory functions
of miRNAs and identify regulated
pathways. The capabilities and data-
base have been greatly expanded to
accommodate all KEGG molecular
pathway analyses and several Gene
Ontology components

http://www.scandb.org/apps/microrna/ Gamazon et al. 2010

http://www.mirz.unibas.ch/ Hausser et al. 2009

http://mimirna.centenary.org.au/ Ritchie et al. 2009

http://rna.tbi.univie.ac.at/ Lorenz et al. 2011

http://210.73.221.6/hmdd Huang et al. 2019a, b

http://snf-515788.vm.okeanos.grnet.gr/ Vlachos et al. 2015
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Table 8 (continued)

Tools/databases Description

Website

References

ExoCarta Different types of cells release vesicles
called exosomes into the extracel-
lular surroundings. Exosomes
include RNA, proteins, and lipids.
Hence, it is essential to understand
their molecular contents. ExoCarta
includes biological pathways of
exosomal proteins and dynamic
protein—protein interaction networks.
Based on the number of investiga-
tions, users can download the most
often detected exosomal proteins

SeqBuster SeqBuster is the first bioinformatic
tool to comprehensively character-
ize miRNA variants by integrating
different analysis modules into a
novel platform (isomiRs). SeqBuster
was used to analyze small-RNA
datasets from human embryonic stem
cells, and the results showed that
most miRNAs contain a variety of
isomiRs, some of which are linked to
stem cell development. SeqBuster’s
thorough description of the isomiRs
may make it easier to spot miRNA
variants important for both physi-
ological and pathological processes

TransmiR For more specific details on regulating
transcription factor (TF)-miRNA,
see the TransmiR v2.0 database. By
manually curating 3730 TF-miRNA
regulations across 19 species from
1349 papers and reviewing more than
8000 articles, more than 1.7 million
tissue-specific TF-miRNA regula-
tions based on ChIP-seq data were
also added. TransmiR v2.0 would be
a helpful tool for researching how
miRNAs are regulated

dbDEMC This database is anticipated to be a
valuable resource for identifying
cancer-related miRNAs, which will
aid in advancing human cancer cat-
egorization, diagnosis, and treatment

miTALOS Nearly all biological activities require
microRNAs, which act as signaling
pathway regulators. The expression
of miRNA target and pathway genes
varies across human tissues. The tool
miTALOS v2 sheds light on how
particular miRNAs regulate biologi-
cal pathways in different tissues

http://www.exocarta.org/

https://pypi.org/project/seqcluster/

http://www.cuilab.cn/transmir

http://www.picb.ac.cn/dbDEMC

http://mips.helmholtz-muenchen.de/
mitalos

Keerthikumar et al. 2016

Pantano et al. 2009

Tong et al. 2019

Yang et al. 2010

Preusse et al. 2016
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Tools/databases Description Website References

miRT

miRandola

miRNEST

miR-EdiTar

SM2miR

YM500

By compiling information from several http://mirstart.mbc.nctu.edu.tw/

experimental investigations that
validate miRNA TSSs and make the
whole datasets available for down-
load, we present a novel database of
validated miRNA TSSs in this study
called miRT. We offer miRT as a
web server that can convert TSS loci
between various genome structures.
For cutting-edge research on miRNA
regulation, miRT may be a helpful
tool

Small non-coding RNAs called micro-
RNAs are crucial in the control of
many biological processes. They are
commonly dysregulated in cancer
and have demonstrated considerable
promise as diagnostic and prognostic
indicators. miRandola is a com-
prehensive catalog of extracellular
circulating miRNAs that have been
extensively curated

A comprehensive resource for micro-
RNAs is the MiRNEST database.
The user interface was enhanced,
and download and upload options
were added in version 2.0. In-depth
miRNA predictions using deep
sequencing libraries, assessments
of the degradation of plants, and
categorization of pre-miRNAs were
also incorporated

The database of anticipated A-to-1
edited miRNA binding sites known
as miR-EdiTar is presented in
this work. The database includes
projected miRNA binding sites that
A-to-I editing may modify and sites
that A-to-I editing may cause to
become miRNA-binding sites

The development of miRNA therapeu-
tics will be aided by SM2miR’s com-
plete archive on the effects of small
compounds on miRNA expression

Researchers can use this interactive
web interface to search this database
for these four categories of analyti-
cal results. In addition to integrating
data from dbSNP to help researchers
distinguish between isomiRs and
SNPs, YMS500 enables researchers
to specify the criteria for isomiRs.
Integrating miRNA-related data with
preexisting evidence from hundreds
of sequencing datasets is made pos-
sible by a user-friendly interface.
The discovered new miRNAs and
isomiRs have the potential to be used
in biotechnological and fundamental
research

http://mirandola.iit.cnr.it/

http://rhesus.amu.edu.pl/mirnest/copy/

http://www.tau.ac.il/~elieis/miR_editi
ng

http://210.46.85.180:8080/sm2mir/
index.jsp

http://driverdb.tms.cmu.edu.tw/ym500
v3/

Bhattacharyya et al. 2012

Russo et al. 2012

Szczesniak & Makatowska 2013

Lagana et al. 2012

Liu et al. 2012

Cheng et al. 2012
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Table 8 (continued)

Tools/databases

Description

Website References

isomiRex

PHDcleav

PASmiR

microl'SS

Chimera

To discover isomiRs and provide an
on-demand graphical display of the
differentially expressed miRNAs,
we provide the open-access web
platform isomiRex. The platform can
handle many read counts and reports
the annotated microRNAs from the
plant, animal, and viral NGS datasets

Predicting the Dicer cleavage sites
in pre-miRNA using the website
PHDcleav. With the help of this
tool, researchers can examine the
effects of genetic variants and SNPs
in miRNA on the Dicer cleavage site
and gene silencing. Additionally, it
would be helpful in the identification
of miRNAs in the human genome
and the creation of pre-miRNAs
specific to Dicer for effective gene
silencing

To give thorough, searchable descrip-
tions of miRNA molecular regulation
in various plant abiotic stressors,
PASmiR, a literature-curated and
web-accessible database, was
created. Users can receive miRNA-
stress regulatory entries using the
plant species, abiotic stress, and
miRNA identifier as keywords in
the PASmiR interface. There are
presently 1038 regulatory connec-
tions between 682 miRNAs and 35
abiotic stressors in 33 plant species
represented by data from almost 200
published research in PASmiR

The missing piece to incorporating the
regulation of miRNA transcription
into the modeling of tissue-specific
regulatory networks is MicroTSS,
which is easily adaptable to any cell
or tissue sample

A chimera is a web-based tool for
small RNA-Seq data processing
using microRNA (miRNA). Chimera
produces data on miRNA expression
based on counts for later statistical
analysis. In order to map sequences
to miRNA hairpin sequences, clean-
ing, trimming, and size selection are
made automatically

http://bioinfol.uni-plovdiv.bg/isomi Sablok et al. 2013
Rex/

http://crdd.osdd.net/raghava/phdcleav/ Ahmed et al. 2013

http://pcsb.ahau.edu.cn:8080/PASmiR  Zhang et al. 2013

http://www.microrna.gr/microT'SS/ Georgakilas et al. 2014

http://wwwdev.ebi.ac.uk/enright-dev/  Vitsios and Enright 2015
chimira/
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Tools/databases

Description

Website References

MirGeneDB

DREAM

Islamic Bank

TissueAtlas

miRNAme Converter

Individual gene sequences for micro-
RNAs are conserved throughout
the animal kingdom, making them
unique. Genuine miRNAs may be
easily distinguished from the count-
less other short RNAs produced by
cells using particular and mechanisti-
cally understood characteristics. Pre-
vious microRNA annotations notably
omitted > 2000 bona five microRNAs
and had several false positives.
MirGeneDB is a robust platform for
microRNA-based research, offering a
more substantial and in-depth under-
standing of the biology and evolution
of miRNAs as well as biomedical
and Biomarker research

A web server for identifying mature
microRNA editing events is a web-
site for detecting RNA editing linked
to microRNAs. Raw reads from
microRNA sequencing can be used
as input. Custom scripts analyze the
statistical significance, interpret the
data, and look for potential modifica-
tion spots

A web server for identifying mature
microRNA editing events is a web-
site for detecting RNA editing linked
to microRNAs. Raw reads from
microRNA sequencing can be used
as input. Custom scripts analyze the
statistical significance, interpret the
data, and look for potential modifica-
tion spots

Human tissue miRNA TSI levels are
firmly (P =108) linked with rat tis-
sue miRNA TSI values. There were
1,364 miRNAs in 61 tissue biopsies
from various organs. MiRNA abun-
dance clustering showed that tissues,
including various brain regions,
grouped

The central archive for miRNAs is the
miRBase database. Inconsistencies
in mature miRNA names result from
name changes in various miRNA
releases. The problems brought on by
these inconsistencies are addressed
by the software and online interface
known as miRNAmeConverter. The
primary method enables a high-
throughput automatic translation
of mature mi RNA names that are
independent of species

http://mirgenedb.org/ Fromm et al. 2019

http://www.cs.tau.ac.il/~mirnaed/ Alon et al. 2015

http://mcg.ustc.edu.cn/bsc/isomir/

Zhang et al. 2016a, b, ¢

https://ccb-web.cs.uni-saarland.de/
tissueatlas/

Ludwig et al. 2016

http://163.172.134.150/miRNAmeCon Haunsberger et al. 2016
verter-shiny
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Tools/databases

Description

Website References

mirSTP

ParSel

isomiR?2 function

miRsig

misalign

CID-miRNA

MiRank
mirTool

snoSeeker

Understanding how miRNAs are
regulated in development and disease
requires the identification of miRNA
transcription start sites (miRNA
TSSs). Researchers at Vanderbilt
University created mirSTP, which
offers a probabilistic method for
determining active miRNA Tsss from
developing transcriptomes

Tumor micro-RNAs (miRNA) can
determine a patient’s prognosis and
response to therapy. By examining
their cooperative involvement in gene
regulation, this methodology aims
to rank the miRNAs. It uses parallel
processing to examine a sizably large
number of combinatorial scenarios

Non-coding RNAs (ncRNAs)
have been implicated in post-
transcriptional control by changing
plants’ transcriptional landscape. A
standalone, quickly deployable tool
called isomiR2Function enables
the high-throughput and reliable
discovery of both templated and
untemplated isomiRs

To fully utilize the potential of miRNA
in diagnostic, prognostic, and
therapeutic applications, it is crucial
to decode the patterns of miRNA
regulation in illnesses. Compu-
tational predictions of potential
miRNA-miRNA interactions have
only been made in a few research. To
understand how these interactions
contribute to the development of the
disease, further research is needed.
We created miRsig, an online tool for
analyzing and visualizing the core
miRNA-miRNA interaction associ-
ated with disease-specific signatures

This computational method detects
miRNA in animals based on struc-
ture and sequence alignment. This
tool has greater specificity and sensi-
tivity compared to other tools

CID-miRNA uses secondary structure-
based filtering algorithms and
an algorithm based on stochastic
context-free grammar trained on
human miRNAs to identify miRNA
precursors in a given DNA sequence

To identify the novel miRNA using a
rank-based approach

To investigate miRNA through small
RNA transcriptome

This tool has been developed to screen
snoRNA genes in the human genome

http://bioinfo.vanderbilt.edu/mirSTP/  Liu et al. 2017a, b

https://github.com/debsin/ParSel Sinha et al. 2017

https://github.com/347033139/isomi Yang et al. 2017
R2Function

http://bnet.egr.vcu.edu/miRsig/ Nalluri et al. 2017

http://bioinfo.au.tsinghua.edu.cn/miral  Wang et al. 2005
ign

http://mirna.jnu.ac.in/cidmirna/ Tyagi et al. 2008

Xu et al. 2008

http://centre.bioinformatics.zj.cn/mirto  Zhu et al. 2010
ols/

Yang et al. 2006
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Tools/databases Description Website References
MiRanalyzer This tool has been developed to http://bioinfo2.ugr.es/miRanalyzer/ Hackenberg et al. 2011
identify novel miRNA and known miRanalyzer.php
miRNA using High-throughput
sequencing experiments
UEA sRNA workbench The UEA sRNA workbench is a col- http://srna-workbench.cmp.uea.ac.uk ~ Stocks et al. 2012
lection of tools that replaces the web-
based UEA sRNA Toolkit, although
it is available for download and has
several improved and extra features
MicroPC Users can thoroughly compare and http://www.biotec.or.th/isl/micropc Mhuantong and Wichadakul
predict plant miRNAS and their 2009
targets using a first online resource.
It provides a foundation for the ongo-
ing investigation into miRNA’s con-
servation, use, and evolution across
plant species and classification
HHMMIiR Modeling of miRNA hairpins Kadri et al. 2009
miReader Discovering the novel miRNA without http://scbb.ihbt.res.in/2810-12/miRea  Jha and Shankar 2013
using genomic/reference sequences. der.php
The algorithm used is Multi-boosting
miRPlex To predict miRNA only through sSRNA  https://www.uea.ac.uk/computing/ Mapleson et al. 2013
datasets without using reference mirplex
genome
miRdentify This tool will predict the miRNA in http://www.ncrnalab.dk/#mirdentify/ ~ Hansen et al. 2014
different species mirdentify.php
deepSOM This tool will be able to detect the pre- http://fich.unl.edu.ar/sinc/blog/web- Stegmayer et al. 2017
miRNA precursor using sequence. demo/deepsom/
The algorithm used is supervised
machine learning
Mirnovo This tool will be able to detect the http://wwwdev.ebi.ac.uk/enright-dev/  Vitsios et al. 2017

miRNA from small RNA seq data
using a machine-learning algorithm

mirnovo/

RNAs are still being developed as biomarkers. Although
RT-PCR, next-generation sequencing, and microarray analy-
sis have been utilized in research examining the connection
between non-coding RNAs and disease-specific traits, most
of these investigations are still experimental. However, no
research has examined the viability of choosing IncRNA/
circRNA as novel biomarkers (Zhang et al. 2017a, b). The
discovery of tissue- or organ-specific biomarkers would be
beneficial for the early diagnosis, treatment, and intervention
of organ failure, perhaps increasing the chance of disease-
specific survival.

Because they differ from conventional medications, such as
small-molecule and protein medicines, which are also known
to work primarily on protein targets, RNA-based therapies are
considered the next generation of therapeutics. First, RNA
aptamers can produce pharmacological effects by blocking
the activity of a particular protein target. Second, for control-
ling a specific disease, antisense RNAs (asRNAs), miRNAs,
and siRNAs can be created to specifically target mRNAs or
functional ncRNAs. Thirdly, to cure a monogenic condition,
gRNAs may be used to precisely alter the target sequences of a

@ Springer

particular gene. Thus, RNA therapies can potentially increase
the number of druggable targets. On-coding RNAs are promis-
ing “next-generation” biomarkers since the issues mentioned
earlier and difficulties can be resolved. Non-coding RNAs may
one day serve as innovative treatment targets with the help of a
more profound knowledge of the mechanism underlying those
specific diseases.

Conclusion and future perspectives

The attractive new field of ncRNA research demonstrates a
higher level of nature’s diversity. The complexity of ncRNA
research results from the more significant than specified
based on ncRNAs in cellular biology. Nevertheless, even
though ncRNAs have recently been discovered, there have
been significant advancements in clinical applications and
diagnostic methods. This research will likely expand into
a new area of more potent and particular medications and
personalized medicine techniques, elevating patient care
to a new level. Rapid developments in bioinformatics,
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Table 9 Different techniques used for ncRNA discovery

Techniques

Description

References

SHAPE (selective 20-hydroxyl analyzed by primer
extension)

PARS (parallel analysis of RNA structure)

Frag-Seq (fragmentation sequencing)

ICE-seq (inosine chemical erasing sequencing)

BRIC-seq (50-bromo-uridine immunoprecipitation
chase—deep sequencing)

FISSEQ (fluorescent in situ sequencings)

Gro-seq (global run-on assay sequencing)

Tiling arrays

Microarrays

RNA-seq

RNA capture sequencing
Smart-seq

DP-seq
Quartz-seq

SUPeR-seq
RamDA-seq

Small RNA-seq

Small-seq

SLAM-seq

TimeLapse-seq

It is a method to decipher the IncRNAs secondary
structure

It is a technology recently developed with the Illumina
platform (nextPARS) that can study changes in
IncRNA structure that may occur in carcinogenesis in
order to produce results with higher throughput and
sample multiplexing

It combines RNA-seq with methods that determine
nuclease accessibility at the single base resolution to
provide an assay for exploring RNA structure at the
transcriptome-wide level

It is a method that can show how A-to-I editing of
IncRNAs may become dysregulated in cancer,
allowing for meaningful effects on their secondary
structure and, later, on the interaction with other RNA
molecules

It is a technique that can accurately calculate the half-
life of RNA in cells under pathological and physi-
ological settings

It is a technique that uses SOLiD sequencing to detect
spatial alterations in IncRNAs that occur during
cancer

It provides details about the location, orientation, and
density of RNAs being actively translated by RNA
pol IT using an NGS-based approach

A technique using probes to find transcripts from par-
ticular genomic regions

A technique for quickly analyzing the transcriptome’s
global or parallel expression that uses many oligonu-
cleotide probes

A method that is now the most popular sequencing
technology for RNA expression detection and new
RNA discovery

An alternative method that combines tilling arrays and
RNA-seq

A full-length cDNA amplification technique-based
method for scRNA-seq

A heptamer-primer-based scRNA-seq technique

A technique for scRNA-seq that lowers background
noise

RNA sequencing using a single-cell global polyade-
nylated tail method

a technique for studying single cells based on the full-
length whole RNA sequencing

This is the type of RNASeq that distinguish small RNA
from larger RNA to understand better these novel
RNAs

A technique that will detect the small RNAs in a single
cell

A technique that uses s4U-to-C conversion brought on
by nucleophilic substitution chemistry to separate
nascent RNA from total RNA

A technique that uses the s4U-to-C conversion caused
by an oxidative nucleophilic aromatic substitution
process to discriminate between nascent and whole
RNA

Wilkinson et al. 2006

Saus et al. 2018

Uzilov and Underwood 2016

Sakurai et al. 2010

Imamachi et al. 2014

Lee et al. 2015

Gardini 2017

Mockler and Ecker 2005

Yan et al. 2012

Wang et al. 2009

Mercer et al. 2011
Ramskold et al. 2012

Bhargava et al. 2013
Sasagawa et al. 2013

Fan et al. 2015
Hayashi et al. 2018

Landgraf et al. 2007

Hagemann-Jensen et al. 2018

Herzog et al. 2017

Schofield et al. 2018
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Techniques Description References

AMUC-seq A process for converting s4U into a cytidine derivative  Chen et al. 2020a, b
using acrylonitrile to differentiate between nascent
and total RNA

GRID-seq A procedure that seeks to fully identify and pinpoint the Li et al. 2017a, b, ¢
locations of all possible chromatin-interacting RNAs

iMARGI An approach that provides in situ mapping of the RNA- Yan et al. 2019a, b
genome interactome

ChAR-seq A genome-wide RNA-to-DNA interaction map pro- Bell et al. 2018
duced by chromatin-associated RNA sequencing

CLASH An old technique for detecting direct RNA-RNA Kudla et al. 2011
hybridization employs UV cross-linking

RIPPLiT A method for examining the 3D conformations of Metkar et al. 2018
RNAs that are stably linked with specific proteins at
the transcriptome level

MARIO A technique that uses a biotin-linked reagent to detect ~ Nguyen et al. 2016
RNA-RNA interactions near every protein that binds
to RNA

PARIS High throughput and resolution investigation of RNA  Lu et al. 2016
interactions and structures using psoralen

LIGR-seq A technique for mapping RNA-RNA interactions Sharma et al. 2016
in vivo at a global level

SPLASH A technique that provides genome-wide paired RNA- Aw et al. 2016
RNA pairing data

RIC-seq In this method, using RNA in situ conformation Cai et al. 2020

sequencing to map all RNA-RNA interactions at the
intra- and intermolecular level

RNA proximity sequencing

A process using high-throughput RNA barcoding of the Morf et al. 2019

particles in water-in-oil emulsion droplets

FISSEQ

A technique that will provide in situ RNA information

Lee et al. 2015

at high throughput levels

CeFra-seq

A process for physically isolating subcellular spaces

Taliaferro et al. 2014

and locating their RNAs

APEX-RIP

A technique can map organelle-associated RNAs in

Kaewsapsak et al. 2017

living cells using proximity biotinylation and protein-
RNA cross-linking

sequencing technologies, proteomics, and microarrays have
identified a wide variety of non-coding RNAs (ncRNA),
which comprise most cellular mechanism regulators
principally linked to eukaryotic complexity. It seems more
difficult to comprehend the unique function of these non-
coding RNAs with these varied ncRNAs having integrated,
complicated networks and biological pathways. The use of
ncRNA therapies in formal drug development will increase.

Further information has to be obtained, possible ncRNA
medicines’ pharmacokinetics and dynamics need to be
examined, and thorough toxicological studies are required.
To advance the field, more tools are required. There will be
more phase I/II clinical studies. This study aims to investigate
and advance knowledge of the mechanisms and functions of

@ Springer

ncRNAs in human health and disease and to pave the way
for novel clinical diagnostic and therapeutic approaches.
When dealing with the enormous quantity of ncRNAs that
need to be analyzed, ML outperforms since it can quickly
address the fundamental problem. By categorizing healthy
and disease samples, the current analysis of ncRNAs using
ML demonstrates reasonable accuracy, indicating that
the differentiation pattern is apparent in those instances.
Therefore, future research should concentrate on increasing
the likelihood that the ML models will recognize the
distinctive pattern of each disease. However, the use of
ncRNAs may significantly rise in the following years, which
will contribute to the development of successful precision
medicine and more individualized therapies.
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