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RNA interference

+ Post-transkripcni umlceni genové exprese
- dsRNA (siRNA, miRNA, shRNA...)

+ Sekvencné specifické

» Pozorovdno u vsech skupin eukaryot
- Konzervovany mechanismus

- Neni u Leishmania major, Trypanosoma cruzii,
S.cerevisiae a nékterych dalsich kvasinek

- Podobné i u prokaryot, ale neni homologni

» Prirozeny mechanismus/experimentdlni metoda
- Spousti endo- i exogenni nukl. kyselina



Prirozené uplatnéni RNAI

* Prirozeny mechanismus imunity - likvidace
endogennich paraziti

* Antivirova obrana u eukaryot, pravdépodobné s
vyjimkou savcl

» Ontogeneticky vyvoj, proliferace, apoptdza

* Nobelova cena za Fyziologii a Iékarstvi - 2006
Andrew Z. Fire a Craig C. Mello (popsani RNAi u €. elegans, 1998)



Prevzato z: Filipowicz W, Jaskiewicz L
Kolb FA, Pillai RS. 2005 Post-
transcriptional gene silencing by

siRNAs and miRNAs. Curr Opin Struc
Biol 15:331-341
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miRNA

* Role ve vyvoji, diferenciaci, proliferaci, apoptéze —
endogenni (ovliviiuji az 60% gent)

» Funkce potlacena v oocytech a preimpl. embryich

- ale i tak nezbytné (napr. miR-34 rodina)

» Sledovany u mnoha chorob (nhapr. leukémie);
onkogeny

+ Transkribovdny RNA polymerdzou IT

- Biogeneze

- Plvodné ssRNA - vldasenkou ,.dsRNA"

- v jadre; prekurzor primdrni microRNA (pri-miRNA)

- Drosha + Pasha (DGCR8) — na pre-miRNA (~70 nt; hairpin
loop: 3” 2 nt presah)

- Opousti jadro pomoci exportinu 5 a Ran-GTP



a miR-23a~27a~24-2

EF gF EF poly(A)

(AALIAAA)
5 Cap LA,
miR-21 EF

5 Cap L,
miR-1551n bic ncRNA gF
> Cap W | [A:In

b miR-15a~16-1 in DLEUZ ncRNA

v ar \/\/\Aﬁ/ - (A

c miR-106b~893~25 in MCM7 pre-mRNA

Prevzato z Kim VN, 2005 MicroRNA BIOGENESIS:COORDINATED CROPPING AND DICING. Mol Cel Biol
6:376-385
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RNAi draha

Zahdjena enzymem Dicer
(RNaza IIT)

- Stépi dlouhou dsRNA na
~21nt Useky

Jeden z retézc (quide

strand) je zaclenén do

RISC (RNA-induced

silencing complex)

- Navadi ke stépeni
komplementdrni mRNA
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DICER

V cytoplazmé

ATPazova/RNA-
helikazova doména

PAZ doména (rozpoznava
presahy pre-miRNA)

dsRNA binding domain

2 RNdzové domény

- Stépi 22nt od 3° konce
— 37 2 nt presah

- Vznik siRNA a miRNA



+ SIRNA
» guide strand/passenger strand

» Guide strand - mensi stabilita par. bazi
5" konec

 Guide strand

- vazan Dicerem
- zainkorporovdn do RISCu

* Passenger strand
- Vazan TRBP (transactivating response RNA binding domain)
- degradovan



RISC

* Argonaute proteiny (Ago)
- PAZ doména (jako u Dicer)

- Stredni doména (interakce s bazi a fosfatem na
5° konci si/miRNA)

- PIWI doména (RNaseH-like) - odpovida za
stépeni mRNA

* Ago + guide strand (+ TRBP + Dicer)— RISC

+ Argonaute proteiny - katalytickd komponenta
RISCu

- nachdzi se v P-bodies (RISC komplexy cileny do
P-bodies; poskozeni P-bodies snizuje U¢innost
RNAi)



- SiRNA
- zcela komplementdrni k cilové mRNA
- v RISCu je Ago2

- §tépi mMRNA mezi 10.-11. nt od 5" konce guide
strandu

- mRNA jsou ddle stépeny exonukledzami
- miRNA
- vaze se na 3" UTR

- he zcela komplementarni (dul. 5°
komplementarita; seed region)

* U rostlin véts. zcela komplementadrni, indukuje
degrad. mRNA

- vaze enzymaticky neaktivni Ago
* Inhibice translace/indukce deadenylace —
vétsinou ne stépeni mRNA



Cylopiasim

| Nucleus FPrimary imiAMNA
| transcript
Li-miRN A
""'l_\. ..‘__\- , 5
hY
\\ _Drosna-Fasha compiex
T,
AN o )
i LT
" -
Anhserse Viral \‘MH‘ Exportin-g Precursor intHNA
wanscription ndection  Transtection TTP‘K (pre-miRNA)
\\\\\ : MuGkedr pone ,.r"__f) B
4 Y I ¥
dsRNA pre-miRNA
(LA ELALR A m
ATP & ATP i '
<y Dcr-2- 3 Der-1
ADP+P, 7y R2D2 ADP+P, &
Lher-2 L |
o TV ¢
T ﬁm.
Rama
AP s Agod AP @ Agol
o o) AlPasey LA ATPase
ADP+P; 'y ANA helicase ADP+P, "y RNA helicase
dur |

mANA M\ragu

miANP

¥

fmla -

- - ,Ew:,;ﬂmhﬁ;

Translational inhibition

Lrenl Qpasin i Sreclungl Bioigy



Vyuziti
» Charakterizace funkce uréitého genu — umoziuje
umlet gen i pokud neni proveditelny knock-out

+ Lécba rakoviny, hepatitidy typu B, HIV/AIDS..
(spiSe budoucnost)

+ Zejména siRNA/shRNA
- Dlouhd dsRNA

» Savci - interferonova odpovéd’ (ale pravdépodobné ji
spousti i vyssi koncentrace si/shRNA)



Interferonova odpoved

* Viry - dsRNA hraje roli pri antivirové odpovédi
- U savcl: interferonova odpovéd’

- znemoznuje vyuziti dlouhé dsRNA v savcich
burikach

+ Lze sledovat transkripCni aktivaci asociovanych
gent (napr.Oasl, Pkr, Ifitl, NFkB1..)

- Neni u oocytt a preimplantacnich embryi



Ptevzato z Svoboda P. 2004 Long dsRNA and silent genes stike back: RNAi in mouse oocytes and early embryos.

Cytogenet. Genome Res. 105: 422-34.
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RNA editing

* Adenosine deaminases acting on RNA (ADARs)
- V dsRNA preménuji adenosin na inosin
* Mira editace ovlivni osud mRNA



RNAi drdha v oocytech a
preimplantacnich embryich

+ Oocyty a preimplantacni embrya nemaji vyvinutou
IFN drdhu

- Qocyty pravdépodobné specidlné uzplispbeny pro
vyuziti dsRNA v RNAi drdze
- dsRNA Iépe zpracovdna, lepsi odpovéd'



Dlouha dsRNA
» Vétsi specifita, vyssi funkénost
+ Vice zatézuje RNAi aparat bunky
+ Pouzitelné jen u nékterych modeld

siRNA

+ Castéji hefunkéni (nutné pouzivat 3-4 typy)
* Méné zatézuje aparat bunky

— Je mozné nasyntetizovat dsRNA a tu in
vitro sestrihat na siRNA




Pravidla pro siRNA design

- 30-60% GC paérd

* v antisense retézci alespon 5 A/U na 5’konci
» v target sekvenci ne shluk >4 T nebo A

* mimo sekunddrni struktury mRNA

» Tdedlné 21 nt

+ 3" dinukleotidovy presah, idedlné UU, ne G

- Existuje fada on-line programi pro design siRNA
(Ambion, Dharmacon, Qiagen...)

+ siRNA proti 2-4 sekvencim na ruznych mistech mRNA
+ Je mozné nechat nasyntetizovat komercéné



Design dlouhé dsRNA

* Min. 200 bp (nejlépe 500-800) bp
* Nesmi obsahovat homologii s Usekem zdadného
jiného genu ani po rozstépeni na siRNA (jednotlivé
SiRNA)

- Neni redlné projit ,.ru¢né"

- dscheck.rnai.jp/

- e-rnai.dkfz.de



d SCh eCk — sensitive off-target search wabsite for dsRNA-mediated RNAI [help]
dsRNA Design page / dsRNA Verification page

Enter an accession number and retrieve sequence

| || retrieve sequence |

or Paste in a nucleotide sequence
>sample sequence (Drosophila pou2; NM 078834.2, CDS)
atgatggtgctacagcaacaacaacaacagegtectctgggatgcaacaacaacgagcaacacaaatacacaaacacagecaat

e
(Drosophila melanogaster] ¥| length: [100 ¥] [ design ] hete

Drosophila melanogaster
Caenorhabditis elegans
Arabidopsis thaliana
Oryza sativa
Rattus norvegicus

powerad by siDirectCora.

 Ui-Tei, K., Saige.K, and Merishita,S, (2005)
saarch software for dsRNA-mediated RNA intarfarance. Nuc/eic Acids Res. in press,



dsRMNA Design page / dsRMA Verification page

-target minimized dsRNA sequence (400 nt) [help]

region mis=0 mis=1 mis=2 sequence

daaasqgaatt aggtcaagaqg tatcagaadc tacaagagaa attaasagaq ttagasaacasa ataaggagga
ttctgccaaa acgattagaa gattagagag agaagtaaag atacaaacaa atctgcttga gactgcaaag

S991 - §390 0 1 3 tctgatacag atcagetatc aggcgaaasa gatcaccttc tacaaaactt gcasagttts gasaaggatg cotbgtcttt
caggttggaa gaagasaaac tccaaaacca agbggcagat tkgaacaagg agaaagaggt gettatgaga
gaatctgasa tgatgcagag taaactgagt gocattggaaa thgaaaattc aaaqotttcc agatatttgg acggcttgat
dacagaasaa cgbtgaactty ctgctagact

following genes that are highly similar to vour query sequence are treated as target sequences.



dsRMNA Design page ! dsRNA Verification page

off-target candidate sequences [hels]

mis=0 misz=1 mis=2 name of off-target candidate sequence
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gi| 24636023 | ref| NM_139460,1| Drosophila
gi|455492350| ref| NM_132280.2| Drosophila
gi|21357802 | ref| NM_142372.1| Drosophila
gi| 24667485 | ref| NM_140966.1| Drosophila
gi|24639336|ref| NM_166937.1| Drosophila
gi| 4554927 2 | ref| NM_080220.2| Drosophila
gi| 24639338 | ref| NM_080022.2| Drosaphila
gi| 246392329 | ref| NM_166928.1| Drosophila
gi| 455557 35| ref| NM_206764,1| Drosophila
gi| 4555147 2| ref| NM_167522.2| Drosophila
gi|28574016|ref| NM_134896.3| Drosophila
gi| 24582242 | ref| NM_135199.2| Drosophila
gi| 24664801 |ref| NM_140546,1| Drosophila
gi| 24653969 | ref| NM_166127.1| Drosophila
gi| 246532967 |ref| NM_166126.1| Drosophila
gi| 56205327 0| ref| NM_166125.2| Drosophila
gi| 24383197 |ref| NM_144306.2| Drosaphila
gi| 24639221 |ref| NM_166%159.1| Drosephila
gi| 24640919 | ref| NM_167209.1| Drosophila
gi| 24640321 |ref| NM_167210.1| Drosephila
gi| 24649420 | ref| NM_079741.2| Drosaphila
gi| 2465005% | ref| NM_170656.1| Drosophila
gi| 24650057 |ref| NM_170655.1| Drosophila
gi| 2458187 2 |ref| NM_080185.2| Drosophila
gi|45552220|ref| NM_205911.1| Drosophila
gi| 24650055 | ref| NM_170654.1| Drosophila
gi| 24650061 | ref| NM_080146.2| Drosophila
gi| 45553512 |ref| NM_Z206570.1| Drosephila
gi|45552514 | ref| NM_20657 1.1| Drosophila
gi| 24584652 | ref| NM_057224.3| Drosephila

melansgaster CE3004-PA [CG3004] mRMA, complete cds
melanogaster CGL0648-PA ([CG10648) mRNA, complete cds
melansgaster CE39593-PA [huntingtin) mRMA, complete cds
melanogaster CGS262-PA [CG5262) mRMA, complete cds
melanogaster CGZ841-PA, isoform & [ptr) mRMA, complete cds
melanogaster CG4429-PA, isoform A [Rbp2) mRMNA, cemplete cds
melanogaster CGZ841-FPB, isoform B [ptr) mRMNA, complete cds
melanocgaster CG2841-PC, isoferm C [ptr) mRMA, complete cds
melanogaster CE4429-PC, isoform C [Rbp2) mRMA, complete cds
melanogaster CG4429-PB, isoform B [Rbp2) mRMA, complete cds
melanogaster CE17219-PA (CG17213) mRNA, complete cds
melanogaster CG21627-PA [CG216327 ) mRNA, complete cds
melanogaster CE13445-PA (CGE13445) mRNA, complete cds
melanogaster CE18255-PF, isoferm F [Strn-Mlck] mRMA, complete cds
melanogaster CG18255-PC, isoform C [Strn-Mlck]) mRNA, complete cds
melanogaster CE18255-PA, isoferm A [Strn-Mlck) mRMA, complete cds
melanogaster CGL3130-PA (CG13130) mRNA, complete cds
melanogaster CE32805-PA [CE22805) mRMA, complete cds
melanogaster CG32694-PA, isoform & (CG32694) mRNA, complete cds
melanogaster CE32694-PC, isoferm C [CE326%4) mRMA, complete cds
melanogaster CG10210-P& (tst) mRMNA, complete cds

melanocgaster CE10772-PD, isoferm D [Furl) mRMA, complete cds
melanogaster CG1L0772-PC, isoform C (Furl) mRNA, complete cds
melanogaster CG18251-PE, isoferm B [Msp-300) mRMA, complete cds
melanogaster CG18251-PC, isoform C (Msp-200) mRNA, complete cds
melanocgaster CE10772-PA, isoferm & [Furl) mRMA, complete cds
melanogaster CG10772-PE, isoform B (Furl) mRNA, complete cds
melanocgaster CE10772-PF, isoferm F [Furl] mRMA, complete cds
melanogaster CG10772-PE, isoform E (Furl) mRNA, complete cds
melancgaster CE4634-0a [her] mRMA, complaete cds



Transfekce

C.elegans
- krmeny E.coli, které nesou zvolenou dsRNA
Bunécné kultury

- Vetsinou elektroporace (lipofekce; virové
tranfekce - mozné i trvala exprese véts. shRNA
molekul)

Oocyty/embrya
- hl. pomoci mikroinjikace

+ Staéi pomérné nizké vychozi koncentrace siRNA
(rozdily mezi uml¢ovanymi geny, modely...)



KONTROLY

* Moznost zahlceni RNAi drdhy - pouziti cizorodé
dsRNA ve stejné koncentraci (GFP, luciferdza...)

- Specifita - vytipovat geny, které jsou sekvencné
nejpribuznéjsi (jiz pri designu)
- Podle vysledkl dsCheck/e-RNAI

* Navrdceni fenotypu po vneseni mRNA, kterd byla
predtim umlcena



KONTROLY

+ Kontrola degradace mRNA - kvantitativni PCR -
nejlépe single-cell (oocyt, embryo...)

GEp  USRNA

dsRNA studovaného
genu

Neinjikovana u
skupina




+ Single-embryo
+ Je mozné vyradit embrya, u kterych nedoslo k
uml¢eni mRNA

+ Je mozné porovnat fenotyp embrya s mirou
exprese

- Malé mnoZstvi testovanych gent

? MikroCipy

+ Analyza velkého mnoZstvi gent

- nejen sledovdni of f-target efekt, ale i drah .pfirozené"
ovlivnénych umléenim sledovaného genu

- Drahé
- Do jaké miry spolehlivé?



Umlceni proteinu

+ ZdleZi na turnoveru proteinu u sledovaného modelu
- MozZnost umlceni proteinu injikaci protilatek

* Preimplantacni embrya velky problém - mnoho

proteint z materndlnich zdsob (minimdlné do EGA,

ale Casto i déle)

- Neékteré proteiny mohou byt v uréitych perioddch
vyvoje/bunééného cyklu maskovany (napr.CENPE) —
nemusi byt moznd detekce zejména imunofluorescenci

* Pritomnost proteinu = nedspésnost umlc¢eni mRNA

+ Sledovani miry vyuziti materndlniho proteinu



RNAi databaze

+ Sekvence, vysledky, anotace mi/si/shRNA
- miRBase pro mnoho druh

- siRNA Database

- RNAIDB (C.elegans)

« The RNAi Consortium (TCR) shRNA Library

* sh knihovna pro védeckou verejnost



