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Abstract—The term non-coding RNA (ncRNA) is widely used to refer to RNA that fails to encode a protein; nevertheless, this does not mean
that such RNAs lack information or function. Recent evidence suggests that most of the genomes of mammals and other complex organisms are
transcribed into ncRNAs, several of which are alternatively spliced and/or managed into smaller products. Large ncRNAs, like ribosomal RNAs
(rRNAs), which are involved in the synthesis of proteins, and small ncRNAs, like small nucleolus RNAs (snoRNAs) for RNA modifications, small
nuclear RNAs (snRNAs) for RNA splicing, and transfer-RNAs (tRNAs) for transporting amino acids, have been extensively investigated in the
past fifty years since the beginnings of molecular biology. These ncRNAs may be considered ‘constitutive' because they are abundant and
ubiquitously expressed in all cell types and play critical roles in the organism. In conclusion, a growing number of particular non-coding RNAs
(ncRNA) are important modulators of numerous biological processes, such as chromatin remodeling, epigenetic changes, apoptosis, control of
the cell cycle, and gene expression. Furthermore, the reason for the irregular relationship between an organism's complexity and this class
might additionally encompass the telomere complex-associated guide RNA, which is essential for the end formation as well as preservation of

chromosomes in normal proliferating.
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l. INTRODUCTION

he majority of RNA molecules were once thought
to be information carriers from the translation

machinery to the gene. Ribosomal RNA (rRNA)
and transfer RNA (tRNA), which are both directly engaged in
translation, are the most notable exceptions to this rule.
Nevertheless, subsequently the late 1990s, it was
acknowledged that a variety of RNA molecules that do not
code for proteins can be found in animals, ranging from
bacteria to mammals, and these molecules have an impact on a
wide range of processes, such as DNA transcription, RNA-
processing and alteration, bacterial pathogenicity, phage
progress, and chromosome structure, and plasmid replication,
among others [1&2&49]. These findings imply that the
conventional understanding of how organisms' genetic
regulatory systems are structured is far from comprehensive.
Furthermore, studies on non-protein-coding RNA will
contribute new insights into the genetic architecture of
biological difficulty. On the other hand, non-protein-coding
RNAs are disorganized, which may make research more
difficult to do. Non-coding RNAs (ncRNAs) have been used
more commonly than short RNAs (sSRNAs) in eukaryotes
[3&4]. Specific ncRNA categories, such as RNase P RNAs,
tmRNAs, and SRP RNAs, are the sole focus of specific
databases, while other categories of ncRNA have been
gathered by others, like the Rfam Database, the Non-coding
RNA -Database, and Small RNA- Database [5]. Nonetheless,
several ncRNA members or classes are absent from even the
latter type of databases. The fact that several classification
systems for non-coding RNAs are being utilized and that there
haven't been many attempts to combine them is another issue
with all of the present databases. Certain non-coding RNA
groups (ncRNAS) in these classification systems are named
based on their cellular localizations (SNnRNAs, snoRNAs, or
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snRNAs), while other groups are named based on their
functions (guide RNAs, package RNAs, transfer-messenger
RNAs, or pRNAS), whereas others are just identified by their
sedimentation- coefficients (6S RNA, 5.3S RNA, etc.).
Additionally, because of this absence of incorporation, a
single category of ncRNA commonly seems under many terms
or multiple categories [6, 7, 8, and 9].

Types of ncRNAs

Non-coding RNAs (ncRNAs) are divided into two
categories: "small" RNAs and RNAs longer than 200
nucleotides [10]. Tiny ncRNAs comprise a variety of unique
RNAs, such as piwi RNAs (piRNAs), small- nucleolar RNAs
(snoRNAs), and micro RNAs (miRNAs) [10].
Unquestionably, defining IncRNA only by length is arbitrary.
LncRNAs are defined by Amaral et al. as ncRNAs [11]. Those
subtypes are working as primary or spliced transcripts,
regardless of the several tiny ncRNA subtypes that are
currently known to exist. This is an attempt, based mainly on
biological grounds, to separate long noncoding RNAS
(IncRNAs) from short noncoding RNAs [11]. As a result,
certain IncRNAs do not cross the artificial barrier in length
(such as BC1 and snaR, which are less than or near 200 nt yet
mentioned in IncRNAdb) [11].

Non-coding RNA functions

Many of these RNAs may be non-functional because they
have little coding ability, however, a growing number of
particular non-coding RNAs (ncRNA) are important
modulators of numerous biological processes, such as
chromatin remodeling, epigenetic changes, apoptosis, control
of the cell cycle, and gene expression [19, 13 & 20].
Furthermore, the reason for the erratic relationship between an
organism's complexity [20].
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The increasing amount of functional noncoding RNA
(ncRNA) in complex organisms could contribute to changes in
cellular DNA composition and the number of protein-coding
genes [21&22], ncRNAs are essential for both functional and
regulatory aspects of the cell's gene expression. Ribozymes are
one of the ncRNAs' most important roles [23]. ncRNAs
regulate an astounding array of biological activities,
comprising essential organization, cell variation, development,
post-transcriptional regulator, epigenetic changes,
transcriptional interference, telomere repairs, imprinting, and
regulation of translation (Figure 1) [24]. Long, fully
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complementary, double-stranded RNAs are the source of
small interfering RNAs (siRNAs), which act as an additional
layer of gene control and a defense mechanism for cells
against external and dangerous nucleic acids like transposable
elements and viral RNA. Long, single-stranded transcripts are
digested into small hairpin structures by miRNAs. A model
organism for siRNA synthesis in C. elegance, which generates
siRNAs by using RNA-dependent -RNA polymerases
(RDRPs) to transcribe single-stranded RNAs into double-
stranded RNA precursors [25, 26 & 27].

TABLE 1: Types of non-coding RNA, their properties, and functions.

no Name Characteristics Functions References
1 Small interfering  RNAs | 21-22 nt length RNAs that are created when | Gene regulation, transposon control, and | [12&13]
(siRNAs) complementary dsRNA duplexes are cleaved by dicer. viral defense
MicroRNAs (miRNAs) Produced by dicer cleavage of faulty RNA hairpins, which | Post-transcriptional gene regulation [14]
2 are around 22 nt long and encoded in either long primary
transcripts or short introns.
3 MicroRNA-offset RNAs | RNAs, around 20 nucleotides long, that originate from areas | Gene regulation [15]
(moRNAs) close to pre-miRNAs
4 SnoRNAs, or small nucleolar | Regulation of pseudouridylation and rRNA methylation Proof of the regulatory roles of genes [16]
RNAs
PIWI-interacting RNAs | Small RNA ~24-30 nt, restricted to the germline and | Associated with PIWI-clade Argonaut | [17]
5 | (piRNASs) germline bordering somatic cells proteins, regulate transposon mobility and
chromatin state
HOTAIR(HOX antisense | Transcribed from the HOXC locus, 2.2 kb Suppresses gene expression at the HOX D | [18]
6 | intergenic  RNA)(long-non- locus epigenetically
coding)
(3287) ’
, BCL2 mRNA i 3
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Figure 1. The effect of micro RNAs on cell death from gene expression for BCL2 gene [27].

1: Transcriptional interference: ncRNA-mediated regulation
of gene expression:

Translation of ncRNA transcripts originating from an
upstream promoter may induce chromatin remodeling or
hinder the recruitment of RNA polymerase 11, thus impacting
the downstream gene's expression either positively or
negatively [28]. For instance, the Inc transcript produced by
the human dihydrofolate reductase (DHFR) locus represses the
manifestation of the protein-coding gene by forming upstream
of the primary DHFR promoter [29&30].

2: RNAs without codons in telomeres:

Functional nucleoprotein complexes known as telomeres
shield the endpoint of chromosomes since deterioration and
the onset of DNA-damaging activities that would have an
effect if they were known as breaks of DNA double-stranded.
Genetic stability, senescence, and aging are all maintained[
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31]. Because of their heterochromatin state, telomeres have
long been thought of as transcriptionally silent DNA-protein
complexes. The IncRNA known as telomere repeat-containing
RNA (TERRA), or TelRNAs, are created via transcription in
many organisms, including plants, yeast, Danio rerio, Homo
sapiens, and Mus musculus [32]. A recent study has shown
that telomeres are the source of TelRNAs [32&33]. By
controlling the length of the telomere the function of
telomerase, and the change of heterochromatin at the final
positions of chromosomes, the TERRA molecules maintain
telomere homeostasis [33]. Variations in the regulation of
these molecules cause the instability of chromosomes and
accelerate the aging of the cells [34].
3: Epigenetic modifications:

Previous research has demonstrated that subsets of non-
coding RNAs (ncRNAs) are essential for preserving
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chromosomes in their active or inactive states by attracting
proteins from the trithorax group (TrxG) and polycomb group
(PcG) to the target area. More than a thousand mammalian
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genes are bound by PcG proteins, which inhibit their
expression [35,36&37].
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Figure 2. Non-coding RNAs' biological responsibilities are schematically represented, highlighting their contributions to alternative splicing, translational
repression, activation, mMRNA turnover, and the production of siRNA [37].

4: ncRNA-mediated post-transcriptional modification:

Certain isoforms of the non-coding RNA SRA serve as co-
activators of steroid receptor transcription[38&39]. It has been
discovered that ncRNAs control the subcellular location of
proteins which affects the target gene in those proteins. The
nuclear factor of activated T cells (NFAT) is a transcription
factor that initiates transcription, it first localizes to the
cytoplasm and then is brought back into the nucleus by signals
that depend on calcium. [40]. Tiny interspersed ncRNA binds
to RNA polymerase 11 during heat shock to stop other mRNA,
including actin, from being transcriptionally transcribed [41].
5: ncRNASs' translational regulation of other proteins

Several studies have shown that RNA transcripts derived
from pseudogenes can co-synthesize with spliced mRNA.
Dicer cleaves the double-stranded RNA that is produced by
this process to form endogenous SiRNA or endo-siRNA.
Consequently, the  protein-coding gene is  further
downregulated by using coding mRNA to produce endo-
siRNA, which can direct the RNA-induced silencing complex
(RISC) to cleave further mRNA transcript [42].

6: ncRNA-mediated control of structural organizations:

Mammalian cell nuclei paraspeckles have recently been
identified as ribonucleoproteins located in the interchromatin
gap. These proteins create paraspeckles and preserve their
integrity when they interact with the IncRNA nuclear-enriched
autosomal transcript 1 (NEATL1). Enriched in pre-mRNA
splicing factor are highly dynamic sub-nuclear areas called
interchromatin granule clusters, or nuclear speckles, which are
thought to number in the 20-30 range. It has been proposed
that splicing factors are drawn to transcriptionally active areas

Splicing factor activity is influenced by the accumulation
of RNA repeats. CGG repeats in the fragile X mental
retardation gene-1 cause changes in alternative splicing by
drawing a group of splicing regulators into nuclear inclusions,
which is another example of a gain of RNA function. The term
"fragile X-associated tremor ataxia syndrome" describes this
illness [44].
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Figure 3. miRNA: miR-155 targets and inhibits the production of SHIP1, a
hematopoietic cell-specific phosphatase that converts [PI (3,4,5) P3] to
phosphatidylinositol-3,4-bisphosphate [48].

from speckles [43].

_ . . . Many studies have indicated that miRNAs could express
7: Disease condition associated with ncRNAs:

as oncogenes, stimulating abnormal cell proliferation and
serving the growth of cancers. These miRNAs have two
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possible modes of action: either they reduce the action of
tumor suppressors or indirectly relax the genetic constraints on
oncogene activation. For example, miR-155 can encourage
irregular production of B cells, which can set off a sequence of
events that initiate the enhancement of leukemia and
lymphoma as in figure (3) [45 &48].

Because these oncogenic miRNAs are essential to the
tumors' survival, they display the phenomena known as
oncogene addiction or oncomiR addiction [46]. These are
therefore significant prospective targets for anti-cancer
treatment. Targeting oncomiRs that are specifically
overexpressed in a patient's tumors has recently been shown to
be possible, paving the path for customized miRNA therapy
[47&A48].

REFERENCES

1. Hildebrandt M, Nellen W. Differential antisense transcription from the
Dictyostelium EB4 gene locus: implications on antisense-mediated
regulation of mRNA stability. Cell. 1992;69(1):197-204.

2. Hershberg R, Altuvia S, Margalit H. A survey of small RNA-encoding
genes in Escherichia coli. Nucleic Acids Res. 2003;31(7):1813-20.

3. Eddy SR. Non—coding RNA genes and the modern RNA world. Nat Rev
Genet. 2001;2(12):919-29.

4. Storz G. An expanding universe of noncoding RNAs. Science (80- ).
2002;296(5571):1260-3.

5.  Griffiths-Jones S, Bateman A, Marshall M, Khanna A, Eddy SR. Rfam:
an RNA family database. Nucleic Acids Res. 2003;31(1):439-41.

6. Wassarman KM, Storz G. 6S RNA regulates E. coli RNA polymerase
activity. Cell. 2000;101(6):613-23.

7.  Guthrie C, Patterson B. Spliceosomal snRNAs. Annu Rev Genet.
1988;22(1):387-419.

8.  Balakin AG, Smith L, Fournier MJ. The RNA world of the nucleolus:
two major families of small RNAs defined by different box elements
with related functions. Cell. 1996;86(5):823-34.

9. SSh Z, Polimbetova NS, Nakisbekov NO, Iskakov BK. Detection of a

new small RNA, induced by heat shock, in wheat seed ribosomes.

Biokhimiia. 1996;61(5):862—70.

Taft RJ, Pang KC, Mercer TR, Dinger M, Mattick JS. Non-coding

RNAs: regulators of disease. J Pathol A J Pathol Soc Gt Britain Irel.

2010;220(2):126-39.

Amaral PP, Clark MB, Gascoigne DK, Dinger ME, Mattick JS.

IncRNAdb: a reference database for long noncoding RNAs. Nucleic

Acids Res. 2011;39(suppl_1): D146-51.

Novina CD, Murray MF, Dykxhoorn DM, Beresford PJ, Riess J, Lee

SK, et al. siRNA-directed inhibition of HIV-1 infection. Nat Med.

2002;8(7):681-6.

Mercer TR, Dinger ME, Mattick JS. Long non-coding RNAs: insights

into functions. Nat Rev Genet. 2009;10(3):155-9.

Krol J, Loedige I, Filipowicz W. The widespread regulation of

microRNA  biogenesis, function, and decay. Nat Rev Genet.

2010;11(9):597-610.

Ji P, Diederichs S, Wang W, Boéing S, Metzger R, Schneider PM, et al.

MALAT-1, a novel noncoding RNA, and thymosin B4 predict metastasis

and survival in early-stage non-small cell lung cancer. Oncogene.

2003;22(39):8031-41.

King TH, Liu B, McCully RR, Fournier MJ. Ribosome structure and

activity are altered in cells lacking snoRNPs that form pseudouridines in

the peptidyl transferase center. Mol Cell. 2003;11(2):425-35.

Aravin AA, Sachidanandam R, Girard A, Fejes-Toth K, Hannon GJ.

Developmentally regulated piRNA clusters implicate MILI in

transposon control. Science (80- ). 2007;316(5825):744-7.

Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong DJ, et al.

Long non-coding RNA HOTAIR reprograms chromatin state to promote

cancer metastasis. Nature. 2010;464(7291):1071-6.

Bartel DP. MicroRNAs: genomics, biogenesis,

function. Cell. 2004;116(2):281-97.

Taft RJ, Pheasant M, Mattick JS. The

non-protein-coding DNA and eukaryotic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19. mechanism, and

20. relationship  between

complexity. Bioessays.

84

21

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

International Research Journal of Pharmacy and Medical Sciences

ISSN (Online): 2581-3277

2007;29(3):288-99.

Mattick JS. Deconstructing the dogma: a new view of the evolution and
genetic programming of complex organisms. Ann N Y Acad Sci.
2009;1178(1):29-46.

Mattick JS. A new paradigm for developmental biology. J Exp Biol.
2007;210(9):1526-47.

Cech TR, Steitz JA. The noncoding RNA revolution—trashing old rules
to forge new ones. Cell. 2014;157(1):77-94.

Fatica A, Bozzoni I. Long non-coding RNAs: new players in cell
differentiation and development. Nat Rev Genet. 2014;15(1):7-21.

Sijen T, Fleenor J, Simmer F, Thijssen KL, Parrish S, Timmons L, et al.
On the role of RNA amplification in dsRNA-triggered gene silencing.
Cell. 2001;107(4):465-76.

Smardon A, Spoerke JM, Stacey SC, Klein ME, Mackin N, Maine EM.
EGO-1 is related to RNA-directed RNA polymerase and functions in
germ-line development and RNA interference in C. elegans. Curr Biol.
2000;10(4):169-78.

Croce CM, Reed JC. Finally, an apoptosis-targeting therapeutic for
cancer. Cancer Res. 2016;76(20):5914-20.

Wilusz JE, Sunwoo H, Spector DL. Long noncoding RNAs: functional
surprises from the RNA world. Genes Dev. 2009;23(13):1494-504.
Blume SW, Meng Z, Shrestha K, Snyder RC, Emanuel PD. The
S'-untranslated RNA of the human dhfr minor transcript alters
transcription pre-initiation complex assembly at the major (core)
promoter. J Cell Biochem. 2003;88(1):165-80.

Martianov |, Ramadass A, Serra Barros A, Chow N, Akoulitchev A.
Repression of the human dihydrofolate reductase gene by a non-coding
interfering transcript. Nature. 2007;445(7128):666—70.

Blasco MA. Telomeres and human disease: aging, cancer and beyond.
Nat Rev Genet. 2005;6(8):611-22.

Azzalin CM, Reichenbach P, Khoriauli L, Giulotto E, Lingner J.
Telomeric repeat-containing RNA and RNA surveillance factors at
mammalian chromosome ends. Science (80- ). 2007;318(5851):798—
801.

Schoeftner S, Blasco MA. Developmentally regulated transcription of
mammalian telomeres by DNA-dependent RNA polymerase Il. Nat Cell
Biol. 2008;10(2):228-36.

Cusanelli E, Chartrand P. Telomeric noncoding RNA: telomeric
repeat-containing RNA in telomere biology. Wiley Interdiscip Rev
RNA. 2014;5(3):407-19.

Boyer LA, Plath K, Zeitlinger J, Brambrink T, Medeiros LA, Lee TI, et
al. Polycomb complexes repress developmental regulators in murine
embryonic stem cells. Nature. 2006;441(7091):349-53.

Bracken AP, Dietrich N, Pasini D, Hansen KH, Helin K. Genome-wide
mapping of Polycomb target genes unravels their roles in cell fate
transitions. Genes Dev. 2006;20(9):1123-36.

Santosh B, Varshney A, Yadava PK. Non-coding RNAs: biological
functions and applications. Cell Biochem Funct. 2015;33(1):14-22.

Xu B, Gerin I, Miao H, Vu-Phan D, Johnson CN, Xu R, et al. Multiple
roles for the non-coding RNA SRA in the regulation of adipogenesis and
insulin sensitivity. PL0oS One. 2010;5(12):e14199.

Lanz RB, McKenna NJ, Onate SA, Albrecht U, Wong J, Tsai SY, et al.
A steroid receptor coactivator, SRA, functions as an RNA and is present
in an SRC-1 complex. Cell. 1999;97(1):17-27.

Hogan PG, Chen L, Nardone J, Rao A. Transcriptional regulation by
calcium, calcineurin, and NFAT. Genes Dev. 2003;17(18):2205-32.
Allen TA, Von Kaenel S, Goodrich JA, Kugel JF. The SINE-encoded
mouse B2 RNA represses mRNA transcription in response to heat
shock. Nat Struct Mol Biol. 2004;11(9):816-21.

Tam OH, Aravin AA, Stein P, Girard A, Murchison EP, Cheloufi S, et
al. Pseudogene-derived small interfering RNAs regulate gene expression
in mouse oocytes. Nature. 2008;453(7194):534-8.

Lamond Al, Spector DL. Nuclear speckles: a model for nuclear
organelles. Nat Rev Mol Cell Biol. 2003;4(8):605-12.

Sellier C, Rau F, Liu Y, Tassone F, Hukema RK, Gattoni R, et al.
Sam68 sequestration and partial loss of function are associated with
splicing alterations in FXTAS patients. EMBO J. 2010;29(7):1248-61.
Babar 1A, Cheng CJ, Booth CJ, Liang X, Weidhaas JB, Saltzman WM,
et al. Nanoparticle-based therapy in an in vivo microRNA-155 (miR-
155)-dependent mouse model of lymphoma. Proc Natl Acad Sci.
2012;109(26):E1695-704.

Cheng CJ, Slack FJ. The duality of oncomiR addiction in the

Huda M. Mahmood, Yasser A. Muhammad, Ameer Y. Mukhlif, and Louay M. Al-Ani, “Non- Coding RNA and Cell Regulation,”
International Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 7, Issue 5, pp. 81-85, 2024.



International Research Journal of Pharmacy and Medical Sciences
ISSN (Online): 2581-3277

maintenance and treatment of cancer. cancer J. 2012;18(3):232-7. 49. Nasir, G. A., Khudhair, I. A, Najm, M. A., & Mahmood, H. M..
47. Gilles ME, Hao L, Huang L, Rupaimoole R, Lopez-Casas PP, Pulver E, Nanotechnology at the Molecular Level. Al-Rafidain Journal of Medical
et al. Personalized RNA medicine for pancreatic cancer. Clin Cancer Sciences, 2022:3,71-74.

Res. 2018;24(7):1734-47.
48. Slack FJ, Chinnaiyan AM. The role of non-coding RNAs in oncology.
Cell. 2019;179(5):1033-55.

85

Huda M. Mahmood, Yasser A. Muhammad, Ameer Y. Mukhlif, and Louay M. Al-Ani, “Non- Coding RNA and Cell Regulation,”
International Research Journal of Pharmacy and Medical Sciences (IRJPMS), Volume 7, Issue 5, pp. 81-85, 2024.



