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1868 - Friedrich Miescher
nuclein
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1939 - Brachet a Caspersson:
bunky produkujici proteiny jsou bohaté na RNA



Nekodujici “malé* RNA v bunce

* 7SK snRNA (ovliviiuje transkripci u
Clovéka vazbou na elongacni faktory)

 SRP RNA (ovlivnéni translace, jsou
soucasti “signal recognition particle™)

* soucast telomerazy (uloha pi1 replikaci)




Nekodujici “malé* RNA v bunce

* XIST RNA (1naktivace X chromozomu)
 sRNA (uloha pr1 editact RNA)

* microRNA (miRNA)

* siRNA




Rich Jorgensen a kolegoveé
viozili gen produkujici
pigment do petunii

PARENTAL

Misto silné pigmentace se

Transoenale

objevily rostliny
variegované a dokonce bilé

Tra:_sger.r::r-.
Jorgensen pojmenoval tento A
fenomén "cosuppression” !m .
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K potlaceni exprese dochazelo az po probéehnuti transkripce,
fenomén byl nazvan PTGS (PostTrancriptional Gene
Silencing)

Jiz diive (Matzke et al. 1989) znam fenomén TGS
(Transcriptional Gene Silencing)
- dva ruzné geny se stejnym promotorem pouzity
na transformaci tabaku
- doslo k metylaci promotorové sekvence
- metylace zmizela po segregaci jednotlivych
genu pouzitych k transformaci

VIGS (Virus Induced Gene Silencing)
Nekodujici cast virového genomu, kterou byly
transformovany rostliny zpusobila rezistenci k danému viru



Od had’'atka k Nobelové ceneée

Sense RNA Antisense RNA Double-stranded RNA
P N T

Wild type Wild type Twitcher
C. elegans

Figure 1. Phenotypic effect after injection of single-stranded or double-stranded wne-22 RNA
into the gonad of C. elegans. The unc-22 gene encodes a myofilament protein. Decrease in
unc-22 activity 1s known to produce severe twitching movements. Injected double-stranded

RNA, but not single-stranded RNA, induced the twitching phenotype in the progeny.

Potent and specific genetic interference by double-stranded RNA in Caenorhabditis elegans
Author(s): Fire A, Xu SQ, Montgomery MK, Kostas SA, Driver SE, Mello CC

Source: NATURE Volume: 391  Issue: 8669 Pages: 806-811  Published: FEB 19 1998

Times Cited: 3527 References: 27



Fire a Mello studovali fenotypovy efekt injektované
sense a antisense RNA a dsRNA (v podstaté kontrola)

vysledek:

1. dsRNA suprimuje expresi hasobné vice nez ssRNA

2. Suprese specificka pro dany gen

3. K supresi musi dsRNA byt homologni k mRNA (ne intron)
4. Cilova mRNA byla degradovana

5. Jenom nekolik molekul dsRNA bylo schopno
efektivné utlumit expresi

6. dsRNA suprimuijici efekt se Sifil mezi organy i do dalSi generace



Ruzné typy a projevy kratkych
RNA v bunce

Cytoplazmatické siRNA (small interfering): dsRNA predstavuijici
napr. intermediatni stavy replikace viru

siRNA mediated supression of transcription - potlaceni transkripce
prostrednictvim siRNA

mMiRNA: negativni regulace specifickych mRNA (gent)



Jaky je rozdil mezi miRNA a
sIRNA?

Funkce obou je regulace exprese
siRNA je puvodem dsRNA

siRNA casto souvisi s cizorodou RNA (obvykle virovou) a
je 100% komplementarni

miRNA je piivodné ssSRNA, ktera formuje vlasenkové

dsRNA struktury

miRNA (microRNA) reguluje post-transkripcni genovou
expresi



RNA interference (RNAI)

 post-transkripcni utiSovani genu (gene silencing)
* dsRNA je rozstipana na 21-23 nt segmenty
(““‘small interfering RNAs”, ,,microRNAs*)

enzymem Dicer
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microRNA (miRNA)

* Regulace genove exprese
* Mechanizmus podobny jako u siRNA

« Zabranuje vazb¢ k ribozomum (u Zivocichu)

Qicer

(T T
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RNA interference

* Na zakladé homologie siRNA nebo miRNA k
mRNA zpusobi RISC komplex degradaci

target cleavage



RNA interference

* siRNAs nebo miRNA je inkorporovana do
,,RNA-1nduced silencing complex* (RISC)

RNAI Silencing
Complex



RISC

e 2 RNA binding
proteins

eRNA/DNA
Helicase

e RNA-Dependent
RNA
Polymerase
(RdRP)




Transgene

dsRNA
) Viral dsRNA
miRNA
precursor Transposon dsRNA
¥ _\-\1
In vitro | Heterochromatic
synthesized ..__— dsRNA
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Translational mRNA
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Denli AM and Hannon GJ, Trends in Biochemical Sciences, 2003



Pouziti RNA interference

e Studium funkce genu

— Knock-out nebo knock-
down genu

* Terapeuticka suprese

* Indukce rezistence u
rostlin



Mechanizmus siRNA RNAI

DVA kroky:

— Iniciacéni krok

— Generovani siRNA molekul

— Efektorovy krok
— Degradace cilové RNA



Iniciacéni krok




Efektorovy krok

e Vazba na siRNA 1 o
*Ss1IRNA rozvolnéni

* RISC aktivace @



siIRNA

a Normal RMA, no silencing

-n'n'rr
RNA
T .—)» 'I111TI' e sllencing
Cleavage
T Simna

RNA
@ @"' T P sllencing

Claavage

siFhA
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pri-miRNA

miRNA
processing
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RNAI

Common in plants Common in animals Common in yeast and plants, and possibly animals.

mRNA degradation Translational regulation Transcriptional regulation

Active chromatin

Histone methylation

ok kk kK *k *kk

Silent chromatin




Identifikace miRNA a siRNA

* Bioinformaticke pristupy
* Klonovani kratkych RNA




Jak vytvorit siRNA pro ucely
genetického inzenyrstvi

 Chemicka syntéza

e Vektor exprimujici siRNA

— Virove a plazmidové vektory



Tvorba siRNA

* Pocatecni uzivané dlouhé dsRNA vedly k
nespecifickym interakcim (velké zmény v expresi
proteinii = apoptoza)

* Pozdéji zjisténo, ze RNAI je zprostredkovana 21 a
22 bp dlouhymi RNA molekulami



Exprese siRNA

* Pro prechodnou expresi: do bunky musi byt
dopravena duplexova RNA

* Pro stabilni expresi: do bunky dopraven
vektor zodpovédny za vznik vlasenkové
(hairpin) RNA

* Vektorem muze byt plasmid, retrovirus,
adenovirus



Chemicka synteza siRNA

e Sekvence

— 50-100 bp od start kodonu smérem do genu
(downstream)

— Kolem 21 nucleotidu: AA(N,)TT

e GC content: 30-70%



Vectors expressing sIRNAS

Sense sequenc ense

sequence

Anti-sense sequemste

Hair-pin
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sense
sequence



SIRNA

A. Long dsRNA B. Synthetic siRNA D. Plasmid-based E.Virus-basec
shRNA vector shRNA vector
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Location Result

coding region null
or promoter

Knock-down

Knock-on

By

Knock-about

e -
Knock-knock

—S AN

Knock-worst

}- promoter reduced
or 3 UTR expression
}- promoter increased

expression

coding region not null

coding region multiple KOs
or promoter in one plant

coding region chromosomal
or promoter rearrangement

RNAI



Metodicke vyhody a nevyhody
RNAI

Umlceni vSech kopii daného genu u polyploidu
Jednoducha aplikovatelnost (C.elegans)
Embrya mysSi nereaguji na exogenni dsRNA

Ne¢které organismy pravdépodobné sekundarné ztratili
RNA1 masinern (7rypanosoma cruzi, Saccharomyces
cerevisiae)



RNA- directed DNA methylation
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Matzke MA and Birchler JA, Nature Reviews Genetics, 2005



RNA interference-mediated heterochromatin assembly
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Greval SIS and Rice JC, Current Opinion in Cell Biology, 2004



"Silencing” nezparované DNA u rostlin
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Matzke and Birchler, Nature Reviews Genetics, 2005



"Silencing” nezparované DNA u hub a Zivocichi
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Pole pusobnosti RNAIi
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RNA jako molekularni prepinac

Small modulatory RNA — smRNA
(Kuwabara et al., Cell, 2004)

Puvodné objeveny u mysi

Vyskytuji se u vSech obratlovcu
Interaguji s regulacnimi proteiny
Preméni transkripcni represor v aktivator



Piwi-interacting RNA - piRNA

Silencing retrotranspozonu béhem
spermatogeneze

Kratké RNA 29-30 bp

Vyskytuji se v klastrech mimo genové oblasti



Rozdily mezi rostlinnymi a zivo€iSnymi miRNA

Nachazi se:
Shluky miRNA:
Mechanismus
pusobeni:

Misto vazby
na mRNA:

Rostliny
intergenové oblasti  intergenové oblasti, introny
vzacné bézné
MRNA-Stépeni represe translace

otevieny cteci ramec 3'-konec



Analogie RNAI u bakterii

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)

Primé repetice (24bp-48bp) s unikatnimi spacery fagového puvodu

Genomy s CRISPR repeticemi obsahuji Cas geny
(CRISPR-associated genes), které se podileji na antivirové obrane

Science 15 August 2008
Vol. 321. no. 5891, pp. 960 - 964
DOIZ 10.1126/5cience. 1159689

REPORTS

Small CRISPR RNAs Guide Antiviral Defense in Prokaryotes

Stan J. J. Brouns,!” Matthijs M. Jore," Magnus Lundgren,! Edze R. Westra,'
Rik J. H. Slijkhuis,’ Ambrosius P. L. Snijders,Z Mark J. Dickman,? Kira S. Makarova,’
Eugene V. Koonin,3 John van der Oost!!



Tools for genome editing
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Historie

Britten a Davidson: “RNA muze slouzit

19697  jako regulator genové exprese*

1972— Dvouretézcové RNA izolovany z lidskych bunék

1984 | Regulace translace ,,antisense* mechanizmem u E.coli
1990 | Kosuprese u rostlin

19937 Prvni microRNA (lin-4) izolovana u had’atka

1995— Sense i antisense RNA konstrukty inhibuji expresi

u had’atka



Historie
1998 —| dsRNA efekt u had’atka

1999 = Objev kratkych RNA rostlin
2000 —| Purifikace RISC komplexu

2001 — Identifikace Dicer

2002 — RNAI pouzito proti HIV
2004 — miRNA funguji jako onkogeny

2006 — Fire a Mello ziskali Nobelovu cenu

Dnes  Plosny ,,screening® odhaluje, Ze aZ
polovina genu je regulovana miRNA



Nobelova cena 2018

Co reguluje microRNA?



