
AndrewFireand CraigMellofoundthattheycouldstrongly reversiblyinhibitedbyintroducing a
doublestrandedRNAwith abasesequencefromtargetgene

sequenceishomologoustothegenesRNA
Foundembryos injectedw asinglestrandedRNAcomplementary to aparticularmRNA had reduced
geneexpression
Ifembryo injectedw doublestranded RNAexpressionwaseffictevelyeliminated

Thiseffecthasbeenreproducedineukaryotesnotprokaryotes arecalledRNAinterference RNAi
RNAi isresultoftransientdestruction of the gene'sRNAbutdoesnotdamagethegeneitself
soRNAiproduces knockdown notknockout ofgeneexpressionThisallows ustostudyfunction
ofgeneswhich apermanentknockout wouldbelethal

RNAinterferenceisactivatedwhendoublestrandedRNAs eitherenterthecellfromoutsideorbybasepairingofthe
cellsownRNA
FirstanenzymecalledDicerwhichcleavesthedsRNA randomlyinto22Bpfragments
22BpfragmentsofdsRNAarecalledsmallinterferingRNA'ssiRNAs
siRNAalsousedtorefertomanmadedsRNAsofsimilarsize

Actualpathwayrequires 22bpsiRNAwithaproteincomplexcalledRISCa
1FirstRiscbindsmaturedoublestrandedSiRNACENAInducedSilencingComplex
causingit todenature denature

GuidestrandofsiRNAtargetsRISCtoRNAsthatcontain a d
complementarysequence leadingtotheirinhibitor the2nd passenger

WhenRNASE denaturesequence combinetotarget Strandisdegraded
it'sdegradedorchangeRNA
2strandsofsiRNA Guide bkhashomologytoageneorsequence ofinterest

Passangerisdegradedatthisstep
RNAinterference ofgeneexpressioncanoccurat multiplelevels
Translational Inhibition thesiRNARISCcomplex canbindtocomplementary
mRNAandpreventtranslation
Thecomplex preveriismRNA strandfromassociatingw ribosomesoarenottranslated

Degredation thesiRNA RISCcomplexcancleaveanddegradethetargetmRNA
ThecomplexwillbindtoRNAoftargetgene andbindSSRNAsodegraded

RISCislargecomplexcontainingproteinsoneisanRNasecalledArgonaut
ArgonautehasaPazDomainthatrecognizesthe3endofguidesiRNA
whichallowsittopositiontargetmRNAsoitcanbeclearedbyArgonaut's
RNasedomain
Thefree 5endbindstotargetsequencesincecomplementary the
ArgonautholdsmRNAinplace

AmplificationtheSiRNARISCcomplexcanamplifythetarget
mRNAcanbeusedastemplateforproducingmoresiRNAmolecules
complexgoestotargetmRNAandclipssiRNAoutofmRNAwhich

cannowbeusedtomakeaseconddsSIRNAwhichcanbeusedbyanothercomplex totarget anRNA
EvolutionaryHistoryofRNAinterference
SiRNApathway Dicer Argonaute foundinmosteuk thoughttobedefensemechanismagainstRNAvirus
supportedbymutationsingenesencodingDicerorArgonautenotbeingabletodisruptresistancetoviralinfection

Animals plantssynthesizetheirowndoublestrandedregulatory RNAscalledmicroRNAs miRNAs
SiRNAmade expirementallyoutsideofcells miRNA'sareencodedbygenomecellitself

MiRNA
miRNAdoesnotinhibittranscriptiontheyeffectRNAstabilityorabilityofRNAtobetranslated
miRNAisnotproteincodingonlyRNAproducing
miRNAareregulatedlikeproteinbutgoalistomodifyandregulateexpressionofothergenesmakingprotein
bydownregulatingtheexpressionofotherproteincooinggenes
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MicroRNAsimportantforhumans weencode 5000miRNA wuniquesequenceOver60 proteincoding
genes regulatedbyoneormoreMutations cancausediseases tumorrepressantmiRNA lossfunction

HowdocellssynthesizemicroRNAs miRNA
miRNA'sareencodedingenomeunlikeSiRNAthey're functionalcomponentsoforganism'sgenome
LikemessengerRNAsmiRNAgenesaretranscribedbyRNAPolIl andtheprimarytranscriptandisbothcappedand
polyadenylated Hairpinstructure miRNAiscapped
However formsmiRNA polyadenylated
somemiRNAsaretranscribedfromtheirownuniquegenes
OthermiRNAsarelocatedwithentheintronsofproteincodinggenesTheyreprocessedafterintronsarespliced
outofpremRNA aretranscribed regulatedalongproteincodinggene tillspliced
EachfunctionalmiRNAarisesfromastemloopinsecondarystructureoftheprimaryRNAtranscript
Arecutfromprimarytranscriptbysubsquentalactionof 2 ribonucleases RNases thatrecognizespecificstructure

RNasesthatcutmiRNA
Drosha cleavestheprimRNAwithenthenucleus isnuclearenzyme
Droshabinosw DGCR8andtheyholdstemloopinplaceandcutatbaseof
Kbpsequencebk Structurerecognizes 11222Bp
Droshacleaves asinglephosphodiester bondoneithersideofthestemloop
whichwouldcreatepremiRNA usedonly
Cleavagesiteisdeterminedbyshapeofstemloopnotbasesequence forrecognition
Haveimproperbasepairingwhichcreatebulgesthatarenecessaryforcuttingrecognition
formiRNAandseparatesthemintoupperandlowerstems ifnascentmiRNA
cleavagebyDorshaleaves a3 overhangof 2nucleotidesatbaseof premiRNAshownbyarrows

PremiRNA isthentransportedtothecytoplasmwhere
itsterminalloopisclearedbysecondRNaseDicer
sameDicerusedin siRNAbutheresitenotrandom
BigdifferencebetweensiRNAandmiRNAismiRNAisproduced

premiRNA innucleusandneedstobeprocessedbyDorshabeforetransported
Dicerremovesterminallooptoleave22bpsequence tocytoplasmtobeclearedbydicer

DicerhasregioncalledPazDomain thatrecognizes3overhang
ofpremiRNA Itwillthenmeasure 22bpfromDorshacutsite
cleavesphosphodiesterbondsat those2locations
Pazdomain isstructurallyhomologousto PazDomainin
ArgonauteCarerelatedproteinbutoneisnuclear othercytoplasmic
PazDomain inDiceriscytoplasmic

Dicerleaves3overhangthatis 2nucleotidesinlength
BothDroshad Dicerprocessstemloop onshapesoessentially
nolimitonmiRNAbasesequence
giveslargerangeofsequencesyoucantarget

likesiRNA maturemiRNAcanassociatewRISC caninhibittranslationor
causedegradation

UnlikesiRNAmiRNAhavesequencesthatmatchspecificproteincodingmRNA's soaremorespecific tooneor
fewcomplementarygenes

RNAinterferenceinvolvesmiRNAandtargetsequencebasepairing
Notallbasepairing isidenticalinallpositions itcanhavebubblesformduetononperfect

miRNAlinedupon 3UTRoflinetargetgene multiplemiRNAcanbind totargetand
willbeattacked digested

FormanymiRNAtheguidestrand passangerstrandare 2Sidesofloops
HoweverforsomemiRNAseitherstrandcanbeusedasguide
strandStrandshavedifferentbasepairssocaninhibitdifferent
targetmRNAs duetoantisense



How was RNAi discovered? (Nobel prize in2006) 

How is using RNAi experimentally different from making a knockout or generating mutants?

 What does Dicer do to foreign dsRNA? 

What does the RISC complex/Argonaut do? 

What do Drosha and Dicer do to pri-miRNAs and pre-miRNAs, and how do they recognize their 
targets? 

What is the distinction among siRNAs, miRNAs, and piRNAs? What are their roles?
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canhavechromatin Remodelingwhere miRNARISCcomplexenternucleus silence transcription of
genethattargetmRNAoriginates

IncludebasepairingbetweenmiRNAandthepremRNA beforetranscriptioniscomplete
Bothhave miRNA Droshaisinnucleus miRNA isproducedinthe
PazDomains Drosha onlyfoundin nucleus notsiRNAwhichisproducedbyDiceris
RISC nucleusso Cleavege ofdsRNAin cytoplasm
Argonaute onlyprocess PiRNAs
Dicer miRNAandnot animalshavepiRNAsWhichareshortregulatory RNAs

siRNA likemiRNAtheyretranscribedfromowngenome
iscutbyArgonautewhenmiRNAgoestocytoplasm Areprimarilytranscribedincellsofgermlinewhere

theyinteractwgermcellproteinPiwi
IngermlinepiwiandpiRNAsactt iiiethertosilenceanytransposonsthathavebasepairsequencewith
thepiRNA
silencingoccursthroughDNAmethylation iiterochromatinformationaroundTransposonintegration
thisoccurs innuclease

Germlineisdemethylatedwhichcanactivatetransposonswhichweresilencedwhichcancause
insertionalmutagenisis
piRNAskeep transposonsfromjumpingthushelppreventtransposonsfromcausingheritablemutations
Genome comparison of Pstrain Mstrainshowedtheyhad PelementtransposonsandpiRNAs
that are complementarytomRNAtranscriptsof Pelementtransposasegene
M strainhave noPelement correspondingpiRNAs

InhibitormoleculeactuallypiRNAs thatsilencePelementlocus
PstrainevolvedpiRNAgenesafterinitial insertionofPelementtransposonintogenomicData

Whatyoushouldknowy

studiedembryosinjectedw SSRNA DSRNA and compared level of transcription inembryo

knockoutgenesdestroygeneingenomicDNARNAi isknockdownsoitdoesnotdamagethe
geneitself Thisistempera1 wecanstudyfunctionofgenewhich couldhave beenlethal

leavesthedsRNArandomly toproduce22Bpfragment thatisnowcalled siRNA

usingPazdomainArgonauta RNASE in RISCcomplex recognizes the 3 endof guidesiRNAthisputs
targetmRNA inpositionsocanbecleavedbyArgonauts RNASEdomain

Droshacleavessinglephosphodiesterbondoneithersideofthestemloop in primRNAwithenthenucleus
andcreatespremiRNADroshauses placement ofbulgestodecidecutsitesandleaves 3
overhangofpremiRNApremiRNA isthentransportedtocytoplasm whereitisclearedby
Dicer It doesthisbyrecognizing3overhang cutting 22bpaway

SiRNA manmade used to inhibitRNA amplifyRNA
miRNA Madein animalgenome usedfor RNA inhibition
piRNA Madein genome WIpewdieworks tosilencetransposonsingenome
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MnaturationmotRNAe SiRNAVstriRNA
SiRNA DicercleavesforeignRNAinto22bp siRNA comefromDSRNAwhichentersthe

pieces cellfromexternalsource
RiscbindssiRNAwhichisdscausingit MiRNAi Encodedgeneswithenchromosome
todenaturedenaturedRNAwilltarget
RISCtosequencewhichitshomologousto Modeofactionof theRNA

MiRNA Formedbystandardeuktranscriptional SiRNAshas2modeswhichbothinvolve
RISC

machinary
Functionalsequenceis cleavedby2 ribonuclease removingRNA fromequationthisoccurs
releasingstemloops through silencing ordegredationof target
StemloopsareprocessedbyDrosha RNA
togivematuremiRNA miRNA workssamewaybindstoRISC

leadingtosilencingordegredationButgeneticallyRolesomfRNAinced encodedmiRNAisspecifictocertainmRNA
mRNA encodesprotein
tRNA rRNA Involvedintranslation
SnRNAs Involvedinsplicing wheredoesinterfenceoccur Synthesis
siRNAlmiRNA InvolvedinRNAregulation
RiboswitchesInvolvedinexpression regulation Interference Alwayscytoplasm
CRISPR Involvedinimmunity synthesis miRNA nucleus

SiRNACytoplasm
DicerisRNASE SiRNAdescribedtowork incis sincethey
Argonalecalledslicer doesinitialmRNAcleavage aregeneratedbytranscripts oftheregions on

whichtheyactRNAdependent RNApolymerase amplifies DicerisonlyRNAclearingenzymeneeded forsiRNA
inhibitory signal sogeneratesdsRNAafter MIRNAmadefromsplicing of PriMiRNA
recruited to mRNA byoriginalsiRNA firstcleave liberatesstemlooppremiRNA

Droshaee Dicerneeded butDroshamiRNA
specific

PiRNAnotgeneratedbydicerbutbindto
Argonaut inRISCcomplex


