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Abstract: RNA interference (RNAI), is an evolutionary conserved silencing pathway in which the double
stranded RNA is broken down into small interfering RNA (siRNA) with the help of dicer and RNA
inducedsilencing complex (RISC) by series of steps. Two types of small RNA molecules: microRNA (miRNA)
and small interfering RNA (siRNA) are central to RNA interference. RNAs are the direct products of genes and
these small RNAs can direct enzyme complexes to degrade messenger RNA (mRNA) molecules and thus
decrease their activity by preventing translation, via post-transcriptional gene silencing. Moreover,
transcription can be inhibited via the pre-transcriptional silencing mechanism of RNA interference, through
which an enzyme complex catalyzes DNA methylation at genomic positions complementary to complexed
siRNA or miRNA. RNA interference has an important role in defending cells against parasitic nucleotide
sequences, viruses and transposons. It also influences development. The two component of DICER, dcr-2/r2d2
an ATP dependent binds to siRNA and helps it to load into RISC by forming RISC loading complex (RLC).
RLC recruits their associates to form the effective machinery for gene silencing wherein it may remain binds to
the complementary mRNA or may degrade the target. In this way, the activated RISC could potentially target
multiple mRNAs and thus function catalytically. The RNA world was given a booster shot with the discovery
of RNA interference (RNAi), a compendium of mechanisms involving small RNAs (less than 30 bases long)
that regulate the expression of genes in a variety of eukaryotic organisms. Rapid progress in our understanding
of RNAi-based mechanisms has led to applications of this powerful process in studies of gene function as well
as in therapeutic applications for the treatment of diseases.
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INTRODUCTION

RNA interference (RNAi) is a phenomenon that
primarily can be demonstrated as interference by RNA in
the expression of genetic information [1]. It is a
phenomenon primarily for the regulation of gene
self or non self-depending upon the
surrounding factors or conditions, with the help of RNA

expression;

molecules that are noncoding in nature to control cellular
metabolism and help in maintaining genomic integrity by
preventing the invasion of viruses and mobile genetic
elements [2].

RNA molecules were long believed to serve only as
messengers, bearing genetic information from DNA. But
in the early 1980s it was revealed in Escherichia coli that

small RNA molecules (about 100 nucleotides in length)
can bind to a complementary sequence in mRNA and
inhibit translation. This inactivates mRNA and therefore
prevents it from passing on the genetic information [3].
The phenomena of RNAI first came into notice in the
year 1990, when plant scientists were trying to intensify
the hue of red petunias
Rich Jorgensen introduced a gene that controls the

for commercial benefits.

formation of red pigments in petunia flowers but in some
cases it was observed that the colour disappeared
altogether. The reason behind such an observation was
not clear at that time. The phenomenon was named as
co-suppression. Co-suppression is a classical form of
eukaryotic post-transcriptional gene silencing. It was first
reported in transgenic petunia, where a sense transgene

Corresponding Author:

Niway Hailemariam, School of Veterinary Medicine, College of Agriculture and Veterinary Medicine,

Jimma University, P.O. Box: 307, Jimma, Ethiopia.



Global J. Biotech. & Biochem., 15 (2): 44-53, 2020

meant to overexpress the host Chalcone Synthase-A
(CHS-A) gene caused the degradation of the homologous
transcripts and the loss of flower pigmentation.
Subsequently, such a phenomenon was also observed in
fungi, which was termed as quelling [4, 5].

RNA silencing in animals was first reported when [6],
were attempting to use antisense RNA to shut down
expression of the par-1 gene in order to assess its
function. As expected, injection of the antisense RNA
disrupted expression of par-1, but quizzically, injection of
the sense-strand control did too used antisense RNA to
block par-1 mRNA expression in Caenorhabditis elegans
but found that the par-1 mRNA itself also repressed par-1.

According to Andrew Fire et al. [7] study on the
gene function especially on the gene responsible for
movement in C. elegans. When these nematodes were
injected with the mixture of sense and antisense RNA,
nematodes were observed with the impaired movement
suggesting a defective muscle gene protein. They
concluded that the dsRNA injected must match the
mature “trimmed” mRNA sequence for the gene and the
interference could not be elicited by intron sequences.
This implies that interference takes place after
transcription, probably in the cytoplasm rather than in the
cell nucleus.

The mRNA was shown to be targeted with large
complex proteins to form an RNA induced silencing
complex, commonly called RISC; in association with si
RNAJ[8]. Subsequently, it has been shown that RISC
contains at least one member of the argonaute protein
family, which is likely to act as an endonuclease and cut
the mRNA (often referred to as the Slicer function). It was
also demonstrated that a ribonuclease III-like nuclease,
called Dicer, is responsible for the processing of dSRNA
to short RNA. In certain systems, in particular plants,
worms and fungi, an RNA dependent RNA polymerase
(RdRP) plays an important role in generating and/or
amplifying siRNA [9].

Since understanding the applications of RNAi is very
crucial in biomedical research, health care and technology,
this review aimed: to review the recent available literature
on RNA interferences and its mechanisms, components,
applications and related isoforms.

Definitions of Rna Interference and Studies in Several
Species: RNA interference (RNAI) is a highly conserved
gene silencing mechanism that uses double-stranded
RNA (dsRNA) as a signal to trigger the degradation of
homologous mRNA [10]. RNAi represents an
evolutionarily conserved cellular defense for controlling
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the expression of foreign genes in most eukaryotes
including humans [11]. The trigger can occur naturally,
as in the case of a cellular infection by a dsSRNA virus,
or by the intentional introduction of dsRNA to induce
user-directed degradation of the cognate transcript(s)
[12].

RNA interference (RNAi) or PTGS is a biological
response to double-stranded RNA that mediates
resistance to both endogenous parasitic and exogenous
pathogenic nucleic acids and regulates the expression of
protein-coding genes. This natural mechanism for
sequence-specific  gene  silencing  promises  to
revolutionize experimental biology and may have
important practical applications in functional genomics,
therapeutic intervention, agriculture and other areas [13].

Mechanism of Rna Interference: As the various pieces of
the RNAi machinery are being discovered, the mechanism
of RNAI is emerging more clearly. In the last few years,
important insights have been gained in elucidating the
mechanism of RNAIi[22]. The Mechanism of RNA
interferences as understood is that it comes into play
when a double stranded RNA is introduced -either
naturally or artificially in a cell. An endoribonuclease
enzyme cleaves the long dsRNA into small pieces of
RNA.

The small pieces could be mi RNA or si RNA
depending upon the origin of long dsRNA
endogenous or exogenous respectively. A double-
stranded RNA may be generated by either RNA
dependent RNA polymerase or bidirectional transcription

ie.

of transposable elements or physically introduced[2].The
mechanism of RNA interference(silencing) can be divided
into two stages: Initiation and Effector.

Initiation: The Initiation stage is characterized by
generation of siRNA fragments about 21 to 25 nucleotides
long ends mediated by type III endonuclease Dicer.
They contain 5’phosphate and 3’hydroxyl termini and
two additional overhanging nucleotides on their
3’end[10]. InDrosophila, Dicer, which is a large
multidomain RNase III enzyme has been identified in
existence into two forms: Dcr-1/Loquacious (Logs)-PB
(also known as R3DI-L[long]): generate miRNA and
Dcr-2/R2D2  generates siRNA [23]. Dcr-1 shares a
structural homology with Dcr-2, despite that they display
different sets of properties such as ATP requirements and
substrate specifications. Dcr-1 is an enzyme that shows
ATP independent functions and affinity towards stem-
loop form of RNA (precursor of miRNA) [24].
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Table 1: RNAI studies in several species

Species Phylum References
Caenorhabditis elegans Nematode [7]
Danio rerio Zebrafish [14]
Trypanosoma brucei Unicellular [15]
Hydra magnipapillata Cnidarian [16]
Scmidteamediterrania Planarian [17]
Escherischia coli Bacteria [18]
Neurosporacrassa Fungus [5]
Drosophila melanogaster Fruit-fly [9]
Mus musculus Mammals [19]
Arabidopsis thaliana Plants [20]

Source: [21]

It has been identified that Dcr-1 requires a double-
stranded RNA binding protein partner. In Drosophila
Dicer-1 is seen to interact with the dsRBD protein
Loquacious  (Logs). Immunoaffinity  purification
experiments reveal that Logs resides in a functional
pre-miRNA processing complex and stimulates and directs
specific pre-miRNA processing activity. These results
support a model in which Loqs mediates miRNA
biogenesis and, thereby, the expression of genes
regulated by miRNAs [25]. Loquacious protein is
supposed to be composed of three ds RNA binding
domains, which is encoded by /logsgene into two types of
proteins PA and PB; isoform to each other, by alternate
splicing, among which PB is known to enhance the
affinity of Dcr-1 towards pre-miRNA [23].

Dcr-2 shows ATP dependent activity with substrate
specificity to double stranded RNA. Structurally
homologous to Dcr-1, it also requires a double stranded
RNA binding protein, namely R2D2, which functions in
association with specific RNase enzyme Dcr-2 forming a
heterodimeric complex. R2D2, unlike Loq is supposed to
be composed of two dsSRNA binding domainsthat interact
with long double stranded RNA but do not regulate si
RNA generating activity of Dcr-2 [24].

Decr-2 contains an RNA helicase domain, a DUF283
domain and a PAZ domain at the N terminus as well as
tandem RNase III motifs and a dsRBD motif at the C
terminus. It is unclear which of these domains physically
contact siRNA. Since neither Dcr-2 nor R2D2 bind siRNA
alone, it is possible that siRNA is bound at the interface
between Dcr-2 and R2D2, which triggers a conformational
change in either or both proteins, allowing them to bind
siRNA co-operatively [26].

Explanation of Fig. 1: Long dsRNA and miRNA
precursors are processed to siRNA/miRNA duplexes by
the RNase-IlI-like enzyme Dicer. These short dSRNAs are
subsequently unwound and assembled into effector
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complexes, RISCs, which can direct RNA cleavage,
mediate translational repression or induce chromatin
modification. S. pombe, C. elegans and mammals carry
only one Dicer gene. 7mG, 7-methyl guanine; AAAA,
poly-adenosine tail; Me, methyl group; P, 5'
phosphate[27].

Effector: In the effector step of RNAI, the double-
stranded siRNAs produced in the first step are believed
to bind an RNAi-specific protein complex to form a
RISC.This complex might undergo activation in the
presence of ATP so that the antisense component of the
unwound siRNA becomes exposed and allows the RISC
to perform the downstream RNAI reaction [22].

Zamore et al. [28], demonstrated that a 250-kDa
precursor RISC, found in Drosophila embryo extract, was
converted into a 100-kDa complex upon being activated
by ATP. This activated complex cleaved the substrate.
The size and constitution of the precursor as well as the
activated RISC might vary depending on the choice of
the system [29]. The antisense siRNAs in the activated
RISC pair with cognate mRNAs and the complex cuts
this mRNA approximately in the middle of the duplex
region [22]. The siRNA strand that is complementary
to the targeted mRNA is then used as a primer by an
RNA-dependent RNApolymerase (RdRP) to convert the
cognate mRNA into dsRNA itself. This dsSRNA form of
mRNA then becomes a substrate for Dicer cleavage
activity, which leads to the destruction of the mRNA and
formation of new siRNAs.

Single strands of siRNA and miRNA duplexes,
referred to as guide strands, are incorporated into
RNAsilencing effecter complexes such as the RNA-
induced silencing complex (RISC), or the RNA-
inducedinitiation of transcriptional gene silencing (RITS)
complex.l. RNA Induced Silencing Complex (RISC)
cleaves m RNA or represses their translation by
homology dependent m-RNA degradation. 2. RNA-
induced Initiation of Transcriptional gene Silencing
complex (RITS) regulates heterochromatin assembly.
The core of these RNA silencing effecter complexes,
RISC was found to be composed of PPD Proteins
(PAZ PIWI Domain proteins) which are highly conserved
super-family. Members of PPD proteins contains centrally
located PAZ (100 amino acids) and C-Terminal located
PIWI (300 amino acids) [28].

Subsequently, it was revealed that the PPD protein
in RISC was Ago proteins. Ago proteins are members
of PPD protein super-family. Not all PPD proteins are
known to perform the same task in all systems (Table 2),



Global J. Biotech. & Biochem., 15 (2): 44-53, 2020

AmFIrLa,

Bl ANHEEEE

Dicing

SHFIMLA. or i FIr-Le,

I . D

= <31
P B G I EE R E S S EEE R Sroal Rra
Amymmetric
=Y
G
RISC a0 o oy F e
i =3 - Target mRANA substrate

Fig. 1: Mechanism of RNA silencing in different systems

Table 2: Function of PPD Proteins (PAZ PIWI Domain proteins) in variable living system

Type of PPD Protein involved in

Type of system No of PPD proteins exist siRNA mediated silencing Function performed

Nemetode (C. elegans) 3 PPD, RDE-1, PPW-1 For efficient siRNA mediated m-RNA cleavage
Arthropoda (D. melanogaster) 1 Ago-2 For incorporation of siRNA into RISC
Chordata (Homo sapiens) 1 hAgo-2 Catalytic activity required for m-RNA cleavage

Source: [30]

but when studies were performed and compared the
number of PPD in different systems; Nematodes were
found to have the more specific function of PPD than
others.

Effectively, this step amplifies the RNAi response
and creates a self- perpetuating cycle of “degradative
polymerase chain reaction” that will persist until no target
mRNAs remain. This basic ‘core’ pathway defines the
RNAI response as one of the most elegant and efficient
biochemical mechanisms in nature [30].

Components of Gene Silencing: Genetic evaluations were
carried out in the fungus Neurosporacrassa, the alga
Chlamydomonasreinhardtii, the nematode
Caenorhabditiselegans and the plant 4. thaliana to
search for mutants defective in quelling, RNA
interference, or PTGS. Analyses of these mutants led to
the identification of host-encoded proteins involved in
gene silencing and also revealed that a number of
essential enzymes or factors are common to these
processes. Some of the components identified o serve as
initiators, while others serve as effectors, amplifiers and
transmitters of the gene silencing process [22].

Dicer: Bernstein et al. [9], identified an RNase IlI-like
enzyme in Drosophila extract which was shown to have
the ability to produce fragments of 22 nucleotides, similar
to the size produced during RNAi. This enzyme is
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involved in the initiation of RNAi. Owing to its ability to
digest dsRNA into uniformly sized small RNAs (siRNA),
this enzyme was named Dicer (DCR). These nucleases are
evolutionarily conserved in worms, flies, fungi, plants
and mammals. It belongs to theRNase III-family and
cleaves dsRNA with 3’overhangs of 2 to 3 nucleotides
and 5’phosphate and 3’hydroxyl termini [10].

Dicer is ATP-dependent and contains several
characteristic domains: an N-terminal helicase domain, a
PAZ domain (a domain conservative throughout
evolution found in Piwi/Argonaute/Zwille proteins in
Drosophila and involved in
developmental control), dual RNase III domains and
double stranded RNA-binding domain [10, 31].

The predicted C. elegans Dicer homologu K12H4.8,
was referred to as DCR1 because it was demonstrated to
be the functional ortholog of the Drosophila Dicer protein
[32]. The 8, 165-bp DCRI1 protein has a domain structure

similar to that of the Drosophila Dicer protein. Dcrl

and  Arabidopsis

mutants of C. elegans showed defects in RNAi of germ
line-expressed genes but noeffect on the RNAi response
of somatic genes. These mutantswere found to be sterile,
suggesting the important role of thisgene in germline
development apart from RNAi[33].CAF1 (carpel factory)
has been identified as a Dicer homologsin 4. thaliana,
but it is not involved in PTGS activity. The structure of
CAF1 shows the presence of the four distinct domains
that were identified in the Drosophila Dicer protein [9].
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Dicer homologs from many different sources have been
identified; some recombinant Dicers have also been
examined in vitro and phylogenetic analysis of the known
Dicer-like proteins indicates a common ancestry of these
proteins [34].

Guide RNAs and RNA-Induced Silencing Complex:
The RNA-induced silencing complex, or RISC, is a
multiprotein complex, specifically a ribonucleoprotein,
which incorporates one strand of a single-stranded RNA
(ssRNA) fragment, such as microRNA (miRNA), or
double-stranded small interfering RNA (siRNA). At first,
while working on Drosophila embryo extracts, Zamore
and his colleagues identified ~250 kDa precursor complex,
which turns into an activated complex of 100 kDa upon
addition of ATP. However, Hannon and his colleagues
found a 500-kDa complex from Drosophila S2 cells [35].
The siRNA is an important part of RISC and was thefirst
to be identified. It acts as a template and guides RISC to
the target mRNA molecule. To date, a number of RISC
protein components are known in Drosophila and
mammalian species.

Interestingly, these components are not completely
overlapping, which suggests the developmental stage-
specific or evolutionarily non-conserved nature of the
components of RISC complex [36].

The first RISC protein component identified was
Agronaute-2, a C. elegans RDE-1 homologue Argonaute
(AGO) proteins are part of an evolutionarily conserved
protein family and they play a central role in RNAI,
determination of stem cell developmental regulation and
tumorigenesis. AGOs are ~100 kDa highly basic proteins
that contain N-terminal PAZ and mid- and C-terminal PIWI
domains. There are eight family members in human
Argonautes of which only Argonaute 2 is exclusively
involved in targeted RNA cleavage in RISC [37].

AGO2 is homologous to RDE], a protein required for
dsRNA-mediated gene silencing in C. elegans. AGO2 is
a 130-kDa protein containing polyglutamine residues,
PAZ and PIWI domains characteristic of members of the
Argonaute gene family. The Argonaute family members
have been linked both to the gene-silencing phenomenon
and to the control of development in diverse species.
The first link between Argonaute protein and RNAi was
shown by isolation of rde! mutants of C. elegans in a
screen for RNAi deficient mutants. Argonaute family
members have beenshown to be involved in RNAI in
Neurosporacrassa (QDE3) aswell as in A. thaliana
(AGO1) [38].
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RNA Helicase: RNA helicases cause unwinding of
dsRNA. However, Dicer contains its own helicase activity
in the N-terminal helicase domain. Hence, the helicase
proteins putatively function downstream of the RISC
complex. Two major RNA helicase families are involved in
RNAIi [39]. SDE3 from 4. thaliana and its homologous
proteins in mouse, human and Drosophila constitute the
first such helicase family. The second family contains
Upflp from yeast and an Upfl homolog (SMG-2) in
C. elegans. The Upfl/SMG-2 is characterized by
cysteine-rich motif conserved across species and multiple
C-terminal Ser-Gln (SQ) doublets. MUT-6, a DEAH-box
helicase in C. elegans is also putatively involved in
transposon suppression. Another RNA helicase Germin3
resides in complex with human AGO protein
EIF2C2/hAgo2 [40].

RNA-Dependent RNA Polymerase (RdRp): RNA
dependent RNA polymerase (RdRp) is an enzyme that
catalyzesthe replication ofRNAfrom an RNA template.
This is in contrast to a typical DNA-dependent RNA
polymerase, which catalyzes the transcription of RNA
from a DNA template.RARP is an essential protein
encoded in the genomes of all RNA-containing viruses
with no DNA stage i.e. only RNA viruses[41].RdRp
catalyzes the amplification and triggering of RNAI,
which is usually in small amounts. RdRp catalyzes the
siRNA-primed amplification by a polymerase chain
reaction to convert mRNA into dsRNAs, a long form that
is cleaved to produce new siRNAs. Lipardi and his
colleagues demonstrated RdRp-like activity in Drosophila
embryo extracts, but the enzyme responsible for the RdRp
activity in the Drosophila or human is not known [42].
Some of the RdRps involved in RNAi have been
summarized in Table 3.

Various Small Rna Isoforms Related to RNAi

Small Interfering RNAs (siRNAs) Small interfering
RNAs are 21-23-nt-long double-stranded RNA molecules
with 2-3-ntoverhangs at the 3' termini.SiRNAs are
normally generated, by the cleavage of long double-
stranded RNAs by RNase III (Dicer) [28]. According to
Pinzon et al. [44] the (siRNAs) play a central role in the
RNA interference (RNAI) response. Usually loaded on a
protein of the AGO subfamily of the Argonaute family,
they recognize specific target RNAs by sequence
complementarity and typically trigger their degradation by
the AGO protein.
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Table 3: RdRps involved in RNAi

Species RdRp homolog Essentiality for RNAi
Arabidopsis SDE1 Essential for PTGS by transgenes but not by viruses
Neurospora QDE1 Essential for co-suppression
C. elegans EGO1 Essential for germline RNAi
RRF1 Essential for RNAi in soma
RDE9 Forms complexes with Dicer

Sources: [43]

According to Denli and Hannon [36], siRNAs must
be phosphorylated at the 5' termini by endogenous
kinases to enter into the RISC complex. The hydroxylated
3' termini are essential for the siRNA-primed amplification
step catalyzed by RdRps. In whatever way, Zamore et al.
showed that non-priming alterations in the 3' hydroxyl
group did not adversely affect RNAi-mediated silencing.
They went on to explain that siRNAs operate as guide
RNAs for gene repression but not as primers in the human
and Drosophila RNAi pathways [40].

Conversely, Hamada et al. showed in mammalian
cells that modifying the 3' end of the antisense strand of
siRNA abolished the RNAI effect, while modifying the 3'
end of the sense strand did not affect the RNAi silencing.
Thefindings help the model that each strand of siRNA has
different functions in the RNAi process and the 3'
hydroxylated end of the antisense strand may prime the
amplification. Ambros et al. discovered endogenous
siRNA in more than 500 genes in wild-type C. elegans
[45].

Micro RNAs (miRNAs): An important arm of RNAi
involves the microRNAs (miRNAs). MicroRNAs
(miRNAs) represent a class of noncoding RNA molecules
that play pivotal roles in cellular and developmental
processes by regulating gene expression at the
posttranscriptional level [46]. MiRNAs are endogenous,
evolutionarily conserved, small single-stranded non-
coding endogenous RNAs that are known to regulate
gene expression by multiple mechanisms. These tiny
molecules comprising of only 19-25 nucleotides (~22nt)
in length control post-transcriptional regulation of genes
[47].

MicroRNAs (miRNAs) are ubiquitous, ranging from
virus to human tissues and emerge as key post-
transcriptional regulators of gene expression by
suppressing target messenger RNAs (mRNAs) translation
efficiency or degrading target mRNA[48]. MiRNAs are
mainly derived from the introns of the pre-mRNA or the
genetic interval of the genome through transcription [49].
They have initially expressed as long primary transcripts
(pri-miRNAs), which are processed within the nucleus
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into 60—70 bp hairpins by the Microprocessor complex,
consisting of Drosha and DGCRS into pre-miRNAs.
The pre-miRNAs are further processed in the cytoplasm
by Dicer and one of the two strands is loaded into RISC,
presumably via interaction with one of the Dicer
accessory proteins [50].

MiRNAslin-4 and let-7 were the first ones to be
identified in C. elegans. So far, about 2000 different
miRNAs have been identified in plants, animals and lower
species. While some miRNAs are evolutionarily
conserved, others are specific for some developmental
stages or are species-specific. Different terminologies are
referred to in literature. According to one terminology, the
miRNAs with well-characterized functions (e.g., lin-4 and
let-7) are referred to as small temporal RNAs (stRNAs),
while other similar small RNAs of unknown functions are
called miRNAs [51]. Multiple miRNAs have been
characterized for their physiological roles in cancer and
other diseases [43]. Comparisons betweensiRNA and
miRNA have been listed in the Table 4.

Applications of RNAi: RNAi technology is applicable for
gene silencing in many species.To a great extent RNAi
has been used in C. elegans for functional genomics.
Increase throughput investigation of most of the ~19, 000
genes has been accomplished. Ahringer and his
colleagues produced an RNAI library, representing ~86%
of the genes of C. elegans [52]. This strategy has been
successfully tried in multiple other model organisms,
including humans [53].

RNAi has also been utilized successfully
mammalian cells. Different methods have been
employed for siRNA knockdown of specific genes in
mammalian cells. DNA-vector-mediated RNAi silences
genes transiently in mammalian cells, while other
expression systems are used for stable silencing.
The promoters of RNA polymerase (pol) IT and III (U6 and
HI, in single or together) have been used for stable
silencing. In addition, tRNA promoter-based systems
have been used for this purpose. However, pol IlI-based
short hairpin RNA (shRNA) expression systems (e.g.,
H1 RNA pol-based pSuper vector) are suitable choices.

in
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Table 4: Comparative characteristics of siRNA and miRNA

Similarties

siRNA

1. The siRNAs require processing from long dsRNAs.

2. An RNase III enzyme Dicer is required for processing.
3. The siRNAs are usually ~22 nt long.

MiRNA

1. The miRNAs require processing from stem-loop precursors that are ~70 nt long.

2. Dicer is required.
3. The miRNAs are also ~22 nt long.

Disparities

SiRNA

1. The siRNAs are double-stranded structures with 2-nt 3'
overhangs that are formed during cleavage by Dicer.

2. The siRNA require high homology with the mRNA to
bind and cleave.

3. The siRNAs mediate target mRNA cleavage by RISC.

MiRNA
1. The miRNAs are single-stranded structures.

2. The miRNAs can function even with a few mismatched nucleotides.

3. The miRNAs can either block target mRNA translation by binding to it or

mediate target mRNA cleavage by RISC.

4. The siRNAs are usually triggered by transgene incorporation,
viral infection, or active transposons.

4. The miRNAs are constitutively expressed cellular RNA moieties with potential
roles in development and cell proliferation and death.

Source: [43]

Retroviral-vector-ased delivery of siRNAs has also been
utilized for more efficient silencing. Two classes of
retrovirus vectors have been employed: (1) HIV-1-derived
lentivirus vectors and (2) Once retrovirus-based vectors,
such as Moloney murine leukemia virus (MoMuLV)
and Murine stemcell virus (MSCV). Transgenic mice have
been established with germline transmission of a shRNA
expression cassette for silencing of genes not targeted by
homologous recombination-based approaches [54].
Suitable applications of this technique include inducible
and cell typespecific expression patterns.

According to Gupta [55], RNAI is being used for a
variety of purposes including biomedical research and
health care. It has begun to produce a paradigm shift in
the process of drug discovery [27]. In order to address
this objective, dSRNA molecules have been designed for
the silencing of specific genes in humans and animals.
The like silencing RNA molecules are introduced into
the cell to forward activation of the RNAi machinery.
This method has already become an important research
tool in biomedicine. Several recent scholars show
successful gene silencing in human cells and experimental
animals. As an illustration, a gene causing high blood
cholesterol levels was shown to be silenced by treating
animals with silencing RNA. The Scenarios also underway
to develop silencing RNA as a treatment for
cardiovascular diseases, cancer, endocrine disorders and
virus infections [55], such as those caused by the
hepatitis C virus (HCV) and the human immunodeficiency
virus (HIV) [27].

The application of RNAi is not limited to the
determination of mammalian gene function and also
could be used for treating viral infections and cancer [56].
Smith and his colleagues conducted their work on Viral
and human genes that are needed for viral replication to
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generate viral-resistant host cells or to treat viral
infections [57]. According to Shukla et al. [58],
Oncogenes, which accelerate cancer growth, can be
targeted by RNAI. Targeting of molecules important for
neovascularization could hinder tumor growth [59].

Control of disease-associated genes makes RNAi an
attractive choice for future therapeutics. Basically every
human disease caused by activity from one or a few genes
should be amenable to RNAi-based intervention [60].
The first clinical applications of RNAi have been directed
at the treatment of age-related macular degeneration
(AMD), which causes blindness or limited vision in
millions of adults annually [61]. The challenge of cell- or
tissue-specific delivery of siRNAs is also crucial when
investigating the utility of RNAi-based therapies for a
given disease; various strategies for nonviral and viral
delivery of RNAI triggers have shown to be effective in
their respective disease models.

CONCLUSIONS

In general, the development from the initial finding
of RNAI to its clinical applications has been staggering.
The fundamental biology of RNAI has led to its extensive
applications in basic research and later in applications for
the therapy of disease. RNAI is an emerging technique in
the field of molecular biology to silence genes of human
interest. Within the succeeding few years we should
expect to more RNAi-mediated regulation of gene
expression and will also see RNAi-based drugs approved
for use in the treatment of disease. In addition, RNAi
has proven to be a sound tool for the study of gene
function and has opened new areas of basic investigation.
Further studies should continue to unravel the unlimited
potential of RNAI to serve humankind.
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Abbrevations

AGO  Argonaute proteins

CAF Carpel factory

CHS-A Chalcone Synthase-A

Dcr Dicer

mRNA Messenger RNA

miRNA MicroRNA

PAZ Piwi/Argonaute/Zwille proteins
PTGS Post transcriptional gene silencing

RNAi RNA interference
RISC  RNA-induced silencing complex
RLC RISC loading complex
RARP  RNA dependent RNA polymerase
RITS  RNA-induced Initiation of Transcriptional gene
Silencing complex
siRNA Small interfering RNA
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