RNA interference v
reprodukcni biologii savcu




RNA interference (RNAI)

post-transkrip¢ni umlceni genové exprese
prirozeny mechanismus
e regulace genové exprese a genomové stability
e obranny antivirovy mechanismus

konzervovany mechanismus u vSech eukaryot

e neni u Leishmania major, Trypanosoma cruzii, S.cerevisiae a
nékterych dalsich kvasinek

e podobné i u prokaryot, ale neni homologni

Andliew Z. Fire a Craig C. Mello (popsani RNAi u C. elegans,
1998

e Nobelova cena za Fyziologii a 1ékafstvi - 2006



sekvencné specifické

spoustén riznymi RNA molekulami — RNA viry,

transposony, exogenni dsRNA, endogenni nekddujici
RNA
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Dicer

dlouha dsRNA
krats$i useky (21-23 nt)

antisense retézec (guide
strand) — do RISC (RNA-
induced silencing complex)
si/miRISC (RNA-protein
complex) vazba na
cilovou mRNA Stépeni
mRNA nebo potlaceni
translace

sense fetézec (passanger
strand) - degradovan

Prevzato z Filipowicz W. et al. (2005) Post-transcriptional gene silencing by siRNAs and miRNAs. Curr Opin Struc Biol 15:331-341



micro (mi)RNA

endogenni
19 — 25 nt
nekodujici
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fce: proliferace, kontrola spravného vyvoje,

diferenciace hematopoetickych bb, apoptdza

potlaceni translace mRNA
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* P-body - v cytoplazmé

e uchovavani a
degradace cilové
mRNA



small interfering (si)RNA

* v cytoplasmé

® 21 nt

* experimentalni vyuziti

* ant 3 presahy

Hairpin RMA

Long dsRNA
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* v cytoplazmé
* PAZ doména - rozeznava konec dsRNA
» dsRNA vazajici doména (dsRBD)

* ATPazova/RNA-helikazova doména

* 2RNazové domény a

e Stépi 22 nt od 3° konce -

e vznik siRNA a miRNA

Platform "
Ruler
domain

Prevzato: Nature Structural and Molecular Biology (2012): 19, 436-440
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mAMA cleavage Translational inhibition

RNA-induced silencing complex
guide strand + Dicer + TRBP + Ago

TRBP (transactivating response RNA binding domain)
proteiny Argonaute rodiny (Ago)

g doména (jako u Diceru)

e stfedni doména - interakce s bazi a fosfatem na 5" konci
si/miRNA

o doména (RNaseH-like) - odpovida za $tépeni mRNA

e katalytickda komponenta RISCu - v P-bodies (RISC komplexy
cileny do P-bodies; poskozeni P-bodies sniZuje uc¢innost
RNAI)



siRNA X

zcela komplementarni k
cilové mRNA

Ago2 (v RISCu)

Stépi mRNA 10 nt od 5" konce
guide fetézce

mRNA dale stépeny
endonukleazami

miRNA

NE zcela komplementarni
(seed region — heptamer
nukleotidi 2-8 — ddal.
komplementarita)

vaze se na 3 'UTR oblast

potlaceni translace mRNA
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Vyuziti

charakterizace fce urcitého genu

e umoznuje umlcet gen i pokud neni proveditelny
knock-out

lécba rakoviny, hepatitidy B, HIV/AIDS - budoucnost



dsRNA >30bp
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P Prevzato z Svoboda P. 2004 Long dsRNA and silent genes stike back: RNAi in mouse
umlcenl eXprese oocytes and early embryos. Cytogenet. Genome Res. 105: 422-34.
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~RNAi draha v Oocytech s

preimplantacnich embryich

nemaji vyvinutou IFN odpovéd

oocyty pravdépodobné specialné prizptisobeny vyuziti
dsRNA v RNAI draze
e dsRNA lépe zpracovana, lepsi odpoved

(nediferenciované ES bb, embryonalni karcinogenni
bb, difereciované myotube, bb linie — NIH 3T3, HEK

203)



dlouha dsRNA siRNA
vétsi specifita ¢astéji nef¢ni (nutné
vy$8i funkénost pouZivat 3-4 typy)
vice zatéZuje RNAI aparat mené zatéZuje aparat bb
bb
pouzitelné jen u nékterych
modelt

— mozné nasyntetizovat dsRNA a tu in vitro sestfihat na
siRNA
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Pravidla pro siRNA design

30-60% GC parti

v antisense fetézci alesponi 5 A/U na 5 konci

v target sekvenci ne shluk >4 T nebo A

mimo sekundarni struktury mRNA

Idealné 21 nt

3 dinukleotidovy presah, idealné UU, ne G

siRNA proti 2-4 sekvencim na rtiznych mistech mRNA
Je mozné nechat nasyntetizovat komerc¢né

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

http://www.protocol-online.org/prot/Research_Tools/Online_Tools/SiIRNA_Design/
http://www.rnaiweb.com/RNAI/RNAi_Web_Resources/RNAIi_Tools__ Software/Online_siRNA Design_Tools/index.html
http://www.dharmacon.com/DesignCenter/DesignCenterPage.aspx

https://rnaidesigner.invitrogen.com/rnaiexpress/

https://www1.giagen.com/GeneGlobe/Default.aspx?gaw=flexiplate



Design dlouhé dsRNA

Min. 200 bp (nejlépe 500-800 bp)
Nesmi obsahovat homologii s usekem Zadného
jiného genu ani po rozstépeni na siRNA (jednotlivé
siRNA)

- Neni redlné projit ,ru¢né”

- dscheck.rnai.jp/

- e-rnai.dkfz.de

e Spravné umlceni >80%



d SCh ECk — sensitive off-target search website for dsRNA-mediated RNAI [halp]
dsRNA Design page fr dsRMA Verification page

Enter an accession number and retrieve sequence

| [ refrieve sequence

or Paste in a nucleotide sequence
»gample sequence (Drosophila pouwl; MM 078334.2, CDS)
atgatggtgctacagcaacaacaacaacagoyretotggyatgcaacaacaacgaycascacaaitacacaaacacagcaat

3 ] ]
Drosophila melanaast&rh\ﬂ |.ng=h=|1ﬂl][\f]| design | [hels]

Drosophila melanogaster
Caenorhabditis elegans
Arabidopsis thaliana
Oryza sativa
Ratius norvegi

powerad by siDirectCora.

o Ui-Tei k., Saige K, and Morishita 5, (2005)
saarch software for dsRMNA-madiated RNA interference. Nucleic Acids Res. in prass,




dsRMA Design page / dsRMA Verification page

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

region mis=0 mis=1 mis=2 sequence

daaasgaatt aggtcaagaqg tatcagaadgc tacaagagaa attaasagaq ttagaaacas ataaggagga
ttctgccaaa acgattagaa gattagagadg agaagtaasag atacaaacaa atctgcttga gactgcaaag
tctgatacag atcagetatc aggcgaaasa gatcaccttc tacaaaactt gcasagttta gasaaggatg cotegtcttt
S991 - §390 0 i 3 g g g ggcg g g g g ggatg g

caggttggaa gaagasaaac tccaaaacca agbggcagat tkgaacaagg agaaagaggt gettatgaga

gaatctgasa tgatgcagag taaactgaqgt gocattggaaa thgaaaattc aaaqotttcc agatatttgg acggcttgat
dacagaaaaa 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]

/I mis=0 misz=1 mis=2 name of off-target candidate sequence

< 2 z gi| 24656023 | ref| NM_139460.1| Drosophila
gi| 455492350 | ref| NM_1322280.2| Drosophila
gi|212357802|ref| NM_142372.1| Drosophila
gi| 24667485 | ref| NM_140966.1| Drosophila
gi| 24639326 |ref| NM_166937.1| Drosophila
gi| 4554927 2| ref| NM_080220.2| Drosophila
gi| 24639338 | ref| NM_080022.2| Drosophila
gi| 246392329 | ref| NM_166928.1| Drosophila
gi| 45555735 | ref| NM_2067 64,1 | 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| 24653967 |ref| NM_166126.1| Drosophila

L T T < e O e I 8 N O - e N I s

gi| 56205327 0| ref| NM_166125.2| Drosophila
gi| 24383197 |ref| NM_144306.2| Drosaphila
gi| 246329221 |ref| NM_166%15.1| Drosephila
gi| 24640919 | ref| NM_167209.1| Drosophila
gi| 24640321 |ref| NM_167210.1| Drosephila
gi| 24649420 | ref| NM_079741.2| Drosaphila
gi| 24650059 | 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

L T o T o Y o N o o o O o N o o R o N o N s o R o A o N N o o N o I o N o N o N o o R o i D o N = R
L T R I S e T T T T T = T SN O S T % N S T e N % T .S N % S S Y ' N % % Y 8

L L e o o - T T I

gi| 24584652 | ref| NM_057224.3| Drosephila

melansgaster CE3004-PA [CGE3004] mRMA, complete cds
melanogaster CGL0648-PA (CG10648) mRNA, complete cds
melansgaster CE39593-PA [huntingtin) mRMA, complete cds
melanogaster CGS262-PA [CG5262) mRMNA, complete cds
melancgaster CG2841-PA, isoferm & [ptr] mRMA, complete cds
melanogaster CG4429-PA, isoform A [Rbp2) mRMNA, cemplete cds
melanogaster CGZ841-FB, isoform B [ptr) mRMNA, complete cds
melancgaster CG2841-PC, isoferm C (ptr} mRMA, complete cds
melanogaster CE4429-PC, isoform C [RbpZ) 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 CG18255-PF, isoferm F [Stra-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 [CGE326%4) mRMA, complete cds
melanogaster CG10210-P& (tst) mRMNA, complete cds

melanocgaster CE10772-PD, isoferm D [Furl) mRMA, complete cds
melanogaster CG10772-PC, isoform C (Furl) mRNA, complete cds
melanocgaster CG18251-PE, isoferm B [Msp-300) mRMA, complete cds
melanogaster CG18251-PC, isoform C (Msp-200) mRNA, complete cds
melanogaster CE10772-PA, isoferm & [Furl) mRMA, complete cds
melanogaster CG10772-PE, isoform B (Furl) mRNA, complete cds
melanocgaster CE1077 2-PF, isoform F [Furl)] mRMA, complete cds

melanogaster CG10772-PE, isoform E (Furl) mRNA, complete cds
melancgaster CE4634-0a [her] mRMA, complete cds



- Transfekce

e krmeny E.coli, které nesou zvolenou dsRNA

e VétsSinou elektroporace (lipofekce; virové tranfekce — mozné
i trvala exprese vets. shRNA molekul)

e hl. pomoci mikroinjikace

Staci pomeérneé nizké vychozi koncentrace siRNA
(rozdily mezi umlCovanymi geny, modely...)
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Kontroly

Moznost zahlceni RNAi drahy pouziti cizorodé
dsRNA ve stejné koncentraci (GFP, luciferaza...)

Specifita — vytipovat geny, které jsou sekvencné
nejpribuznéjsi (jiz pri designu)
e Podle vysledkd dsCheck/e-RNAi

Navraceni fenotypu po vneseni mRNA, ktera byla
predtim umlcena



Kontrola degradace mRNA - kvantitativni PCR - nejlépe

single-cell (oocyt, embryo...)

—

GFP dsRNA

Neinjikovana rNA  studovanéh

skupina

0 genu




e Single-embryo

+ Je mozné vyfadit embrya, u kterych nedoslo k umlceni
mRNA

+ Je mozné porovnat fenotyp embrya s mirou exprese
- Malé mnozstvi testovanych genti

? Mikrocipy

+ Analyza velkého mnozstvi genti

ovlivnénych umlcéenim sledovaného genu
- Drahe
- Do jaké miry spolehlivé?
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Umlceni proteinu

Zalezi na turnoveru proteinu u sledovaného modelu
e Moznost umlceni proteinu injikaci protilatek

Preimplantacni embrya velky problém — mnoho protein(
z maternalnich zasob (minimalné do EGA, ale Casto i déle)

o Néekteré proteiny mohou byt v urcitych periodach
vyvoje/bunééného cyklu maskovany (napf.CENPE) — nemusi byt
mozna detekce zejména imunofluorescenci

Pritomnost proteinu # neuspésnost umiceni mRNA

Sledovani miry vyuziti maternalniho proteinu



RNAIi databaze

Sekvence, vysledky, anotace mi/si/shRNA

e miRBase pro mnoho druhti
e siRNA Database
e RNAiDB (C.elegans)

- The RNAi Consortium (TCR) shRNA Library

» sh knihovna pro védeckou vefejnost
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"~ Dékuiji za pozornost

* RanaT. M. (2007), [lluminating the silence: understanding the structure and function of
small RNAs; Nature

* Filipowicz W. et al. (2005), Post-transcriptional gene silencing by siRNAs and miRNAs;
Current Opinion in Structural Biology 15: 331-341

* Kim N. V. (2005), MicroRNA Biogenesis: coordinated cropping and dicing; Nature

* Svoboda P. (2004), Long dsRNA and silent genes strike back: RNAi in mouse oocytes and
early embryos; Cytogenet Genome Res 105: 422-434
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