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ABSTRACT

RNA interference (RNAI) is an evolutionarily conserved mechanism in
eukaryotic cells, It is a gene down-regulatory process occurring in both
nucleus and cytoplasm at different stages of cell cycles(cell proliferation,
developmental stage and cell death). In this mechanism, dsRNA derived
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small RNAs (19-28 nt in length) act as molecular scissor which the homo-
logues MRNA has been degraded with the help of Argonaute protein,
Dicer (RNase 11 like enzyme) and other cofactors these effectors-protein
complex named as RNA-induced silencing complex (RISC).
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INTRODUCTION

Discovery of RNAI

Beforethediscovery of RNAi, homology depen-
dent gene silencing was observed in petunia. For ex-
ample, in 1990 the post transcriptional genesilencing
wasfirgt observedin petunia Initidly, thisphenomenon
wasreferred as co-suppression. A similar mechanism
was observed in Neurosporacrassa, but was termed
quelling. When chd conesynthase genewasintroduced
in petunia, its expression was suppressed by both
transgeneand homol ogous gene*2. This phenomenon
suggeststhat anincreased copy of expressed geneleads
to silencing by dsRNA either by mRNA degradation
(PTGS) or by DNA methylation (TGS)®. Some
transgenesinvolvedin genesilencing mechanismwere
first observed in certain plant species. Subsequently,
many eukaryotessuch asnematodes, fungi, insectsand

protozoans al so were known to exhibit such genesi-
lencing.

It wasAndrew Fireand Craig Mellowhofirst re-
ported the dsRNA mediated gene silencing in
Caenorhabditiselegans. Mello coined theterm RNA
interference. They chose sense, anti-senseand dsRNA
and injected into C.elegans. By injecting sense and
antisense strand, they found no obviouschangeinthe
worm. But they observed some phenotypic effectswhen
injectedwithdsRNA. Fromtheir experiments, Fireand
Méllo concluded that gene silencing wastriggered effi-
ciently by injected dsRNA,, but weskly by senseor anti-
sensessRNA, sllencing only onhomologousof dsRNA,
other mMRNA werenot affected, dSRNA had todirectly
complimentary tothemature mRNA neither intron nor
promoter sequence triggered aresponse, The target
MRNA disappeared suggesting that it was degraded,
only afew dsRNA molecules per cdll weresufficient to
accomplishfull sllencing. Thisindicated that the dsSRNA
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wasamplified. It could be spread between tissuesand
even to the progeny!®.

Classes of small RNA

Small non-coding RNAs are 19-28ntd long that
can befoundin diverse organisms. Onthebasisof its
origin and biogenesisit hasbeen broadly classfied into
two types, namely, sSRNA and miRNA. ThesiRNA
are 22nt long, which are derived from along double
standard RNA. Whereas, miRNAsaresinglestranded
RNA (ssRNA) of 19-25nt long, which arederived from
hairpin shaped dsRNA. Thereactioniscatalyzed by
Dicer enzyme. Tass RNA isa21nt long sequence, which
is generated from an intronic region of the genein
Arabidopsis. Recently the TasiRNA has been identi-
fiedinnematodeworms. RasRNAsarefoundinplants,
Trypanosomabrucel, Drosophilamel anogater and fis-
sonyeast. Thefunction of rasRNA isto form hetero-
chromatin by arrangement of repetitivee ementsof the
senseand anti-sensestrandsin thegenome. During con-
jugation of ciliated protozoans (Tetrahymena
thermophila) 30ntd long small scan RNA (scnRNA)
hasbeenidentified that originateasaninterndly eimi-
nated segmented sequence (ranges from 0.5kb to
20kb)67,

(1) TasRNA: Trans-actingsiRNA, RasiRNA: Re-
peat assosciated SSRNA, ScnRNA: Small scan
RNA.

(2) tncRNA: Tiny non-codingRNA, smRNA: Smdl
modulatory RNA, piRNA: Piwi-interacting RNA.

Recently tiny non-coding RNA (tncRNA) and smdll
modulatory RNA (SmRNA) aredsoidentified in small
RNA class. Theseareidentified through variousclon-
ing experiments. The tncRNAS are shorter than the
MiRNA and is similar to miRNA that is found in
C.degans. ThesmRNA isidentified fromadult hyppo
campa neura stem cell. ThesmRNA isexpressed at
theearly stagesof neurd differentiationand it functions
asatranscriptiona modulator. However, itsbiogenesis
isstill unclear®. The piRNA genesareidentifiedin
mousetestesand are abundant in chromosomes 2,4,5
and 17 but lesser inintergenicregions. The piRNA se-
guencesarefrequently found in retrotrangposons ma-
jority of whichare clusteredin short genomicloci (be-
low 1kb to above 100kb). Itsfunctionisbelieved to be

engaged in spermatogenes shy possibly regulaingmeio-

sisand/or suppressing tetrotransposons”.
M echanism of RNAI
(1) Key proteinsinvolved in RNAI

Dicer isan enzymehighly conservedin al eukary-
otic organisms. Human dicer homologuesaremullti do-
main protein of ~200kDa, 1,922 amino acidsin length.
It consists of two RNase |1l domains (RIlIDa and
RI11Db) and double stranded RNA binding domain
(dsRBD). Inaddition, it hasalong N terminal segment
that consists of a PAZ domain, DEAD-BOX RNA
HELICASE DOMAIN and DUF283domain. ThePAZ
domainbindstothe 3’ ends of small RNAs, the DEAD-
box RNA hdlicasedomain hydrolyzesATPand unwind
an RNA duplex. Intotal, thereisoneAgo family pro-
tein in Spombe, more than 20 in C.elegans, fivein
Drosophila, eight in human and about ten in
Arabidopsis. Ago protein is about ~100kDain size
that containstwo domains namely PAZ and PIW I8,
PAZ domainis~130 amino acidswhichlocated at the
center of theprotein. Itinteractswiththe 3’ overhang
of dsRNA. The PIWI domain has~300 amino acids
andisstructurally homologousto RNase H.

Human droshaenzymeisclassified under RNase
[11 family protein. It isalarge protein of ~160kDacon-
taining 1,374 amino acids, two RIlIDsdomain, dsRBD,
prolinerichregion (P-rich) and arginineand serinerich
residues (RS-rich). Drosha binds with cofactor, the
DGCRS proteinfor processing of pri-miRNA that re-
sultsto form mature miRNA the entire process occurs
innudeus. Thehuman homologuesDGCRS (DiGeorge
syndromecritical region geneB) proteinisaso known
as Pasha in D.melanogaster and C.elegans. It is a
~120kDaprotein of 773 amino acidsthat containstwo
dsRBD (dsRNA binding protein). The biochemical
pathway of theseproteinsisstill unclear'®.

(2) Transcriptional genesilencing

Inmammal sand plants, formation of heterochro-
matin (transcriptional inactive form) occurs by
hypermethylation of cytosinein DNA andhmethlylation
in histone H3 of lysine K9 (H3K9) that isdirected by
small non-coding RNA . Thismethylation processis
carried out by DNA methyltrasferase (DNMT) and
Histone methyltrasferase enzyme (HM ). Thefunc-
tionsof RNA dependent DNA and/or hissonemethyla-
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TABLE 1: Classesand sub classesof small RNAsand functions

No. Classes Sub classes Organism Function
' A C.elegans, : . : e '

1 miRNA (19-25nt)  Not yet identified D.melanogaster Diverse functions, degradation of mRNA repression of translation
Tasi RNA (21nt) Arabidopsis Regulatory endogenous cellular function.

2 SiRNA (22nt) Rasi RNA (24-26nt) T. brucei Heterochromatin in repetitive element of the sense, anti-sense orientation of genome.

Tetrahymena .

Scn RNA (28nt) thermophila Methylation of H3K9

3 tncRNA (~22nt) Not yet identified C.elegans Unknown

4 smRNA (~20nt)
5 pPiRNA (26-31nt)

Not yet identified
Not yet identified

Hippo campus

Mouse testes

Neural differentiation and its function as transcriptional modulator.

Spermatogenesis.

tion areto control gene expression and act asan epige-
netic marker’®, RNA directed DNA methylation
(RADM) processwasfirst discoveredinviral infected
plants (Tobacco virus, cytoplasmic RNA viruses)!.
Plants produce 24nt ssSRNA to form RADM compl ex
and methylation of cytosneresidueat symmetrica and
asymmetrical sites(CpGp and CpHpHpG H=A, C, or
T) that dependupon HEN1 protein and domain rear-
rangement methyltransferase? (DRD2)1%. In nucleus,
dsRNA triggered genesilencingisinitiated by an aber-
rant transgene, inverted repeat sequenceof dsRNA, or
secondary SsRNA produced by RNA dependent RNA
polymerase (RARP).Normally,mammalslack RARP
based production of dSRNAB, RNA dependent DNA
polymerase hasto synthesissecondary SRNA froman
aberrant primary SSRNA as atemplate catalyzed by
dicer, these secondary 24nt sRNAsi s linked to se-
guencespecific cytos nemethylationthat potentidly trig-
gerstranscriptional genesilencing (TGS)1Y,

(3) Posttranscriptional genesilencing

ThemiRNA and SsIRNA posttranscriptiona gene
slencing (PTGS) processisdightly different ontheba
ssof biogenesisand assembly of RISC complex. These
differences have beenidentified in some eukaryotes.
For example, humans and Caenorhabditis elegans
have only onedicer enzyme, Drosophila hastwo Dicer
enzymes (Dicer-1, and Dicer-2), inwhich short inter-
ference RNA productionisassociated with Dicer-2,
but not Dicer-1. In Drosophilaat embryo stage, matu-
ration of mMIRNAs and ssRNAs are required respec-
tively by Agol and Ago2 for the assembly of RICS
complex*?, Arabidopsisthaliana containsfour Dicer
enzymes, inwhich Dicer-2, 3and Dicer-4 involvein
theproduction of different szesof SRNAs(21, 22, 24
nucleotidein length), whereas Dicer-1 produces vari-
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ablesizesof mMIRNAMY,

MicroRNAsbdongtofamily of largeendogenous
RNA. A short singlestrandard miRNAsareformedin
two phases. In nucleus, miRNA transcripts (~60-70nt)
aresynthesized by RNA polymerasell, whichisrec-
oghized by Drosha- DGCR8 complex (microproces-
sor). Theprimary RNA (pri-miRNA containshairpin
shapeindicatesthestem | oop, cap structureand poly A
tail structure®3. Exportin5, anuclear membrane pro-
tein, functionsintheexport of priRNA into cytoplasm4.
TheDicer (RNaselll) cleavesthepri-miRNA toform
short 22nt miRNA with 2nt 3’ overhang. The mature
miRNA isrecognized by Argonaute protein and Dicer
and finally forms RNA induced silencing complex
(RISC), whichresultsfrom the cleavage of acomple-
mentary mMRNA knownasPTGS®. In plants, miRNA
target interaction ismore complementary and involves
within the coding regions. But anima miRNA targets
are interrupted by gaps, mismatches and 3’'UTR of
MRNA. Some miRNASs are mostly responsible for
trand ational repressort’®,

Long dsRNA can be synthesized from various
sources such astransgenes, trangposons, converge pro-
moters by means of bidirectional transcriptioni247,
Double standard RNA can beformed by pairing of the
sense RNAsand anti-sense RNAsthat result from ab-
errant transcription of thetheir genes*®. RNA-depen-
dent RNA polymerase (RdRP) possibly involvesin pro-
ducing dsRNA, which triggers PTGS%. RdRP was
presentinwidevarietiesof organismslikeplants, worms,
fungi and fission yeast. Thisenzyme hel psin the con-
version of primary and aberrant transcripts into
dsRNAI, Short interfering RNAsare generated by
Dicer from exogenousor endogenouslong dsRNA.In
addition, ashort sSIRNA isincorporated into aribo-
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nucleoprotein (argonaute protein), whichformsaRICS
complex. Asafina RICS complex containing single-
stranded RNA molecule, moreoftenitinvolvesindimi-
nating 2nt 3’ overhang RNA. Other end of the strand is
eliminated by endonucleolytical cleavage, resultingin
total degradation of target MRNA1*2%, The 3’ over-
hangs are more efficiently processed than blunt ended
RNA molecules®. Theinitid RICS containingsiRNA
isinactiveand transformsinto activeform by loss of
oneof the strandg*®.

CONCLUSION

Thesmall RNA classesand sub classesarefound
inmany eukaryotes, but their biogenes's, pathwaysand
functionsarequite different from one another. For ex-
ample, in plantsthemajor roleof RNAI istoact asan
anti-vird agent. Andinmammalsthey arefoundinlarge
numbersingerm cdls, (spermatogeness). TheRNAI is
believed to control the gene expression at all stages
I.e, transcriptiond, post transcriptiond, and trand ational
level. Itsfunction ismoreadvanced than ribozymeand
anti-sense RNA. Theseresults suggest that eukaryotic
genome has genedown regulatory mechanismsduring
cdl proliferation and devel opmenta stages.
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