-Andrew Fireand Craig Mello found that they could Strongly & revers ibly inhibited byintroducing a
double-Stranded RNA with o. bose sequence From Harget gene
L» Sequence is omologous 4o +he genes RN
~Found embryos njected w/ a Single Stranded RNA complementary +o a particular mRNA had  reduced
gene expresSion
L [F embrgo injected w/ double stranded RN expression was effictewly eliminated
#This_effect has been reproduced in eukaryotes (no+ prokor otes) are called” RNA inkerferznce (RNM)
LRNAi is result of +ransient destruction of +he gene's RNA but does not damoge the gene itself
30 RNAi produces Knockdown [not Kneckout) of ?:lne expression. This allows us tostudy  function
of genes which a permanent Knockout would be lethal
~ RNA interference Is acHvated when double Stranded RNAs ~ either enter the cell Fromoutside or by base pairing of the

wls om“ RN“ dsRNA T
® Fitst anenzyme called Dicer which cleaves the ds RNR randoml(qinfo 22 Bp fragments _
“* 228p fingments of dsRNA are called Small-interfering RNA'S (Si RNA's) - T
- STRINR alSo Used torefer to manmade dsRNRS of Similar Size IO s
®Actul pathway requires 22bp SIRNA with o protein complex aHled RIS ~
(. First Risc binds mature double Stranded SiRNA (RNA Induced Silencing Complex)
Causing i+ to denatyre dode
L ‘Guide’ Strandof SIRNA targets RISC +o RNAs Hat condain o @
Complementary Sequence  leading fo their ihibion (Pne&nd ‘passmxger) |
“When RNRSE& denature Sequence Combint to target Strand is dcﬂmﬂed ...
11's degraded or change RNA ( '
-3 strands of SiRNA  @buide bl has homology fo agene or Sequence of inkerest R
@ Passanger is desraded at this step > ‘"‘ ‘f“
BNA Interference of gene expression can occur at muktiple [ewels ‘if

degradation

O Tronslational Inhibifion +he $iRNA: RISC complex canbind to conplementary
MRNA and prevent franglation
“ The comples prevents mRNR  strang from assoclating W/ ribosome So are not tmnslated
€) Degredotion +he SiRNA: RISC complex can cleave and degrade the tamjet mRNR
& The complex will bing to RVA of Harget gtne and bind 85 KNA 30 degruded
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miRNA recognizes 3’

end of RNA
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A el @Amplification the $iRNA: RISC Complex can amplify +he tarqer
ridd f 0 i o beween s 'mRNR canbe used s template for producing more SiRNR moleoules
L Complex goes fo ‘rargvf mRNR and clips SiRNA outof mRNA which
can now be ysed fomake aSecond ds SIRNA hich can be used bﬂ another complex to ’ro.rae-} an RNA
Exelutionary History of RNR inderference
-SiRNA pathway (Dieer Argonaute) found inmost euk 2 +hough-to be defense Methanism against RN virus
L>supported by mutatonsin genes encoding Diceror Argonaute not being able to disrdpt resistance fo viral infection
-Animals £ plants Synthesize Hheir own double-Stranded regulatory RMAs called micro RN (ivi RNAS)
L gFi\QNR made expirementally ovtside afcells £ miRNA'S are encoded by genome cell itself
MiRN
~MRNA does not inhibkt +ranscription *hey effect RNA Stability or abiliyof RNA o be transiated
“MRNA is not protein codingonly RNR producing
- MiRNA ae regulated like protein bt goal isto modify and requlate expression of other genes making protein
by dowk reauloting +he expression Of other Proftin coding aenes



# Micro RNRS lwipoﬁan’r Fc;r hUMans  we encode  »5000 MIRNA w/ unique Sequence, Over 60°b prottin coding
gensS requlated by one or more, Mutations can cuvse disenses (fumor repressant miRNA logs function)

How do cells sunthesize microRNAs (miRNA)

@ miRNA'S are encoded in genome  wilike Si RNA theyre fonctional components of organism's genome

OLike messenger RNAs mIRNA genes are transcribed by RN Fol It ond the primary ransuipt and is both capped and
polyadenylated % Hairpin Structure  MURNA is capped &

Housever forms mi RNA poly adeny loted

(3 Some miRNAS are +ranscribed from their own gnique genes

@ Other miRNAs are located withen +he introns of protein coding genes. Theyre processed after introns are Spliced

out of pre-mRNA (are transcribed £ requiated along protein coding gene Hill Spliced)
- Each functional miBNR orises from a tem loop in Secondary Structure of the primary RNR transcript
" Are cot from  primary trascript by Subsquental actionof 2 vibonucleases RNaseS  that recogaize Specific Stracture

RNoges that cut miRNR pri-miRNA
O Drosha Clenves Yhe pri-mRNA withen the nuclevs (isnuclear enzgme) M
~Drosha binds w/ PGCRY and they hold stem loop in place and cut at base of L .
IWbp Sequence ble Skructure recognizes £ 22 Bp I
-Dresha. cleaves a Single phosphodiester bond on either side of the Stem loop ~ * —_ F1  F2 (ore-min

o F3

L J
~11 bp ~22 bp

which would create pre-miRNA

¥ Cleavage Site is determined by Shape of Stem laop not base Sequence

L Howe improper base pairing which create bulges Fhat are necestary for  cotting recoghition

For miRNR and Seperntes theminto upperand lower Stemg if nascent mi RNA
“>cleavege by Porsha [eaves a 3' overhangof 2 nucleotides of base of pre-miRNA Shown by arrows
e o ' - Pre-miRNR  {s then fransported to the cytoplasm , where
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3 NNNNN B £ .
D on st e * Big difference between SiRNA and miRNR is miRNA iy produced
Pre- MiRNA Innucleus and needsto be processed by Dorsha. before transported
-Dicer removes tevminal loop to leave 22bp Sequence to(ytoplosm to be cleaved by dicer
~Dicer hos reqion called Paz Domain +hat recognizes 3' overhang

o€ pre-miRNR. T+ will then measure ~22 bp from Dorsho (ut Site
v & cleaves phosphodiester bonds at those 2 locations
i #Paz domain 18 Structurally homolegous 4o Paz Domain in
e lorerelated protein butone is Ruckar & other Cgfoplasmic)
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-2 mature miRNA
g upper stem ‘ terminal : A ona!
et D L ?%2 Domain in Dicer i3 cybplasmi ¢
: doovge . & Dicer leaves 3' overhang that is & nucleotides in leng’rh
R e byDicer :  #Both Droshad Dicer proeess Stem loop on shape So essentiall
. byDrosha \: g _ p P p
55,:1/;11NNNNNNNNNNNNNNNNNNN“N" no Im\‘\' mi N ¢
3'?N N NNNNNNNN 'NNNNNNNNNN ) 5 L-)gives largg mngeof Sequences SOU can -|-qrgQ+
N ature miRNA s ¥like SiIRNA mMature miRNA con asSociate w/ RISC 4 caninhibd +ronsiodion of

Codse degradation
Unlike SiRNA , miRNA have Sequences that mach Specific protein coding MRNA'S So are more Specific to one or

few complementary genes
o ~RNA Interference involves miRNA and arget Sequence base pairing €3

. j.m:/ L>Netall basepairing i3 identical in all positions £ i+ canhave bubbles gorm dueto nonperfect *

\ | e = MURNR lined up on 3'UTR of line target gene . multiple miRNA con bind 4o +arget and

wo..  willbe attacked 2 digested

ﬁ 3, ~For mong mi RNA the quide Strand £ possanger strand are 2 Sides of loops

e L However for some miRNAS either Strand can be used asgufde
e v strand. Strands have difterent basepairs 3o can inhibit difcerent s E

miR-1*

| ‘“ target MmRNAs (due to antisense )



-can have Chromatin Eemaell‘nq where  MiRNA: RISC complex enter aucleus £ silence +ranscription of
gene that target mRNA orighates
S include base pairing between mMiKNA and the pre-mRNA  before Hanscription IS complete

Both have MiRNA ~Drosray (s innucles & miNA s produced in +he

Paz Domans Drasha - only found in nucleus ot SIRNR which s produced by Dicerts

RISC V\UJQUS 0 Cleavege of dsRNA in egtoplasm

Argonavte onlyprocess Pi RNAs

Dicer mikNR and hot - animals have pikNAs Whichare Short requlatory RNAs
SiRNA @like miRNR +heyre 4ranscribed from ouwn gehome

- Scotby Argonavie when miRNA goes 4o cytoplasm ® Ace primarily +ranscribedin cellS of germ line where
theyinteract Wl gem cell protein Piwi
Bln germ line piwi and pi RNAs act fogether to Silence any Hranspesons that have bose pair sequence with
+he piRNR
L> Silencing occurs Hhrough DNA methglation 2 heterochromatin frotation awound Trangposon integration
this occurs in nuclease)
- Germline is CLMe"'hyla"'ed which can activate l—ransposom which weve Silenced which can cavse
Insertional motagenisis
X Pl RNAs Keep ranSpodons {eom 'Nmp'lr\g -”\U% k@.lp prevent -lrrar\S}iDsO‘r\s \Crom (_a\)s\ﬂq her'rl-able mu%a'ﬁons
~ Genome comprison of P Stvain &4 M strain Showed theyhad P element +ronsposonsand pi RNAs
that are  complementary to mRNA ronSeripts of Pelemend +ronsposase gene
LM stoin hwwe no Pelement & corresponding pi RNAS
* [nhibitor molecule a_c{-ualhj PiRNAs that Silence Pelement Jocus
# stmin evolved pikNA genes ‘after iniKal insevtion of Pelement transposon itto genomic Data

What gou should Know

How was RNAi discovered? (Nobel prize in2006)
Studied embrqos injected w/ SSRNR £ DORNR and compared leve o f tronscription in eMbyyo

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

Krockout qenes destroy gene in genomic DNA. RNAT s Knockdawn So it deShot damage the
gene itsel€.  This is +emperal & we canstudy functionof gene which Could have been letha

What does Dicer do to foreign dsRNA?

Cleaves the dSRNA Yandomly <o produce 22 Bp fragment +hat 15 now called SiRNA

What does the RISC complex/Argonaut do?

Using PAZ domain Arqonatt, & RNASE in  RISC Complex, recoanlzes fhe 3' end of quide SRNA thisputs
targer MRNR (N poSitlon So can be cleaved by Argonadts RNASe domain

What do Drosha and Dicer do to pri-miRNAs and pre-miRNAs, and how do they recognize their
targets?
Drosha. cleawes Single phasphodiester bond oneither Side of the Stemloop N pri-m RNA  withen the hucleus
and creates pre-mtKNA . Drosha uses plocement of bulges fo decide Ut Sites, and leaves 3
overhang of pre-mi RNR. pre -miRNA (S then transported to Cytoplasm  wsheve it iS ¢leaved by
Dicer. [+ dees thi by recagnizing 3'overhang £ cutting ~22bp away

What is the distinction among siRNAs, miRNAs, and piRNAs? What are their roles?
Si RNA = man made osed 4o {nlhibit BNA 2 omelify RNA

MiRNA - Magde in animal genome & ©sed for RNA finhibition
pi RNR- Made in qenome £ w/ pewdie works fo Sikence 4ransposons in genome



RNA L Si RNA
Dicer Dicer (CprLasm\
Risc
gﬁrsonaje
Faz Domain

#(n SIRAR 1f MRNR (S highly compadible wilf
degrade it

Matoration of RNA
J1RNA = Dicer Cleaves Foreign RNA into aabp

pieces

Risc bings 51RNA which is ds cavsing it

todenature, denatured RN will farge+

RISC o sequence. which ifs homologous to
Mi RNA - Formed by Standard evk. +ranscriptional

machinary

WU RIVA
Drosha. (i nuclues)
Dicer (same as STRNM put here cut no+random\
Paz Domain
C Rise

Argo note

hos 4o be processad oy Droshar before
qoes o Cytoplasm

SiRNA vs miRNA
SiRNA - Come from DSRNR which enters +he
e\ Fromexternal source
Mi RNA: Enoded getes withen chromosonte

Mode of acCtion of +he RNA
w/

S RNAvhas 2 modes which both involye RLSC

Functional Sequence is cleaved by 2 ribonudese femoving RNA  Crom equation  HUS 0CCUTS

releasing Stem loops
Stem loops are proccessed by Drosha
o give mature miRNA

Roles oF RNA in cell

mRNA — encodes protin
ERNA L (RNA = Involved in +ranslation
SnRNAs — Involved in splicin
3i RNA/miRNA — Involved in RNA regolation
Riboswitche - Involied in expression  Yequlat ion
CRISPR - [nvolved in immnity

D'ICQV iS RNASE 1T

throgh ~ Silencing or deqredationos +arget
RNA o “ & !

Mmi RNA - \orks same uny binds o RECSC
leading to Silencing  or degredadion. Byt geheﬁcallg
encoded MiRNA is S pecific +o certain mRNA

Where Joes inerfence occur £ Synthesis

[nter ference — Alwags Cytoplasm

Syndhesis > i BNA g nucleus )
Si RN (eytoplasm)

SIRNA described 4o work in cis  Since tuey

Argonate called Slice, doeSiNitial mENA Cleavay  qre generated by transeripts o¢ the regions on

RNA dependem RNA PolymaraSe_ - amplfﬁies
ihhibifonj Signa| 8o generates ISRNA after
fecruited to mRNA by origing i RNA

wWhich +hud act
*Dicer 13 only RNK cleaving eneypme needed for SiRNA

MRNA mode From splicing of Pri-miRNA
“> first cleave liberates Stem loop (pre-miRNA)
#Drosha & Dicer needed bt Drosha miRNA

Speci fic

PiRNA no} generated by dicer Ut bind +0
Arq anayt W KISC complex



