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Osnova

= UmlCovani genu pomoci RNA interference

m Mechanismus RNAI

= Editace genomu

* Princip editace genomu prostrednictvim mistné specifickych
nukleaz (Site Directed Nucleases, SDNs)

= Zinc-Finger Nucleases (ZFNs)
= Transcription Activator-Like Effectors (TALENS)

» Clustered Regularly Interspaced Short Palindromic
Repeats/Cas9 (CRISPR/Cas9)
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RNA interference

Molekularni podstata posttranskripéniho umi€ovani gent (PTGS)

= RNAI objevena u rostlin, pozdéji u Coenorhabditis
elegans

U rostlin identifikovana jako ,sense effect® v systémové
negativni regulaci genové aktivity

Umlcovani exprese vnesenim dalsi kopie
genu pro biosyntézu flavonoidu

Systémovy efekt na regulaci exprese GFP
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UmiCovani exprese vnesenim dalsi kopie
genu pro biosyntézu flavonoidu

van der Krol et al., Plant Cell (1990)
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Systémovy efekt na regulaci exprese GFP

= Nicotiana benthamiana
exprimujici GFP
= Retransformace

jednoho z list{
konstruktem pro
expresi GFP

- Absence GFP je
viditelna jako Cervena
fluorescence chlorofylu

Voinnet and Baulcombe, Nature (1997)
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RNA interference

Molekularni podstata posttranskripéniho umi€ovani gent (PTGS)

- RNAIi objevena u rostlin a pozdéji u Coenorhabditis
elegans

U rostlin identifikovana jako ,sense effect® v systémové
negativni regulaci genové aktivity

umlCovani bylo indukovano jak sense tak antisense RNA

dsRNA indukovala uml€ovani cca 10-100x ucinnégji

Posttranskripéni umliéovani u rostlin je
zprostfedkovano dsRNA
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Posttranskripcni umiCovani u rostlin je
zprostredkovano dsRNA
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Waterhaus et al., PNAS (1998)
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RNA interference

= Molekularni podstata posttranskripéniho umléovani gentl (PTGS)

UmlCovani genové exprese prostrednictvim dsRNA je zavislé
na vlastnich genech

vyhledavani pomoci pfimé genetiky

RNAI rnai

Mello and Conte, Nature (2004)



RNA interference

Molekularni podstata posttranskripéniho umi€ovani genti (PTGS)

- je to prirozeny mechanismus regulace genové exprese u
v8ech eukaryot

- podstatou je tvorba dsRNA, ktera muze byt spusténa
nékolika zpusoby:

pfitomnost cizi ,,aberantni“ DNA Mechanism of RNA interference

specifické transgeny obsahujici obracené repetice ¢asti cONA ~ DT

'
T

transkripce vlastnich gent pro shRNA (short hairpin RNA) nebo
miRNA (micro RNA, endogenni ,vlasenkova“ RNA) — G-

o dsRNA je procesovana enzymovym komplexem (DICER), NN
coz vede k tvorbé siRNA (short interference RNA), ktera e *ee ©
se pak vaze bud na enzymovy komplex RITS (RNA-

Induced Transcriptional Silencing complex) nebo RISC
(RNA-Induced Silencing Complex)

m RISC zprostfedkovava bud degradaci mRNA (v pripadé
uplné similarity siRNA a cilové mRNA) nebo vede pouze k
zastaveni translace (v pfipadé neuplné homologie jako je
tomu napf. v pfipadé miRNA

. RITS zprostfedkovava reorganizaci genomové DNA
(tvorba heterochromatinu a inhibice transkripce)



Mechanism of RNA interference

Multigene family or
Foreign dsRNA, Developmental or experimental transcription
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Dicer and Dicer-like proteins
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From MacRae, |.J., Zhou, K., Li, F., Repic, A., Brooks, A.N., Cande, W.., Adams, P.D., and Doudna, J.A. (2006)
Structural basis for double-stranded RNA processing by Dicer. Science 311: 195 -198. Reprinted with permission from
AAAS. Photo credit: Heidi
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Argonaute proteins

Argonauta argo
argonaut pelagicky

Reprinted by permission from Macmillan Publishers Ltd: EMBO J. Bohmert, K., Camus, 1., Bellini, C., Bouchez, D., Caboche, M., and Benning, C. (1998)
AGOT1 defines a novel locus of Arabidopsis controlling leaf development. EMBO J. 17: 170-180. Copyright 1998; Reprinted from Song, J.-J., Smith,
S.K., Hannon, G.J., and Joshua-Tor, L. (2004) Crystal structure of Argonaute and its implications for RISC slicer activity. Science 305: 1434 — 1437.

with permission of AAAS.
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transcriptional gene silencing post-transcriptional gene silencing

siRNA
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binding to specific
transcripts
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The Nobel Prize in Physiology or Medicine 2006

i |
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Andrew Z. Fire Craig C. Mello
USA USA

University of

Stanford University Massachusetts Medical

School of Medicine

School
Stanford, CA, USA Worcester, MA, USA
b. 1959 b. 1960
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The Nobel Prize in Physiology or Medicine 2006

g

Andrew Z. Fire Craig C. Mello David Baulcombe

i
—

CORRESPONDENCE
RNAiNobel ignoresvital values at the centre of the prizeand is will not do so in the future. We believe that
sending a discouraging message, especially Iranian scientists can and will respond
grou ndworkon p| ants to young researchers. appropriatelyto the country’s needs.
Marc Bots*, Spencer Maughant, Kamran B. Lankarani
SIR — The Nobel prize, by recognizing Jeroen Nieuwlandt Ministry of Health and Medical Education
the individuals behind breakthroughs, *Flanders Interuniversity Institute for Biotechnology,  of L R.Iran, Tehran, I.R. Iran
inspires all scientists to do great science. Technologiepark 927, BE-9052 Gent, Belgium
The discovery of RNA interference (RNAi) tinstitute of Biotechnology, University of
changed the face of gene regulation, a feat Cambridge, Cambridge CB21QT, UK . soeg e
deservedly recognized with this year's Nobel Iran: ||:vrodu¢:t|IV|ty is not
Prize in Physiology or Medicine'. 1. Natire443, 438 (2006) simple to evaluate
Asundergradustes we wimesedwith % SmiSDCRM b T 0050, e
great excitement the discovery of gene 4. Vainnet, Q. & Baulcombe, D. C Nature 389,553(1997). SIR — Eran Meshorer, in Correspondence
silencing. At that time, almost all research 5. Metzlaff, M, O'Dell, M, Cluster, P.D. &FAavel R.B.Celi88,  (“Iran is sixth, not second, in Middle East

in that area was being conducted by plant bl publication list” Nature 443, 271; 2006), states: )
.m PCEITEC



Osnova

Editace genomu

* Princip editace genomu prostifednictvim mistné specifickych
nukleaz (Site Directed Nucleases, SDNs)
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Editace genomu pomoci
SDNs
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Osnova

= Zinc-Finger Nucleases (ZFNs)
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Zinc-Finger Nucleases -
ZFNs

= Mistnée specifické endonukleazy, schopné rozpoznat
cilovou sekvenci prostrednictvim sady ,,zinkovych prsti“
. Kazdy zinkovy ,prst” je schopen rozpoznat nukleotidovy triplet

. Nukleazova doména funguje jako heterodimer — moznost
zvySeni specifity navrzenim sady ,prstd“ rozpoznavaijicih 9 bp
z kazde strany cilové sekvence
. Nevyhody
= Spatné se ,programuje
= Omezena specifita

Zinc-Finger Nucleases

DICEITEC



Zinc-Finger Nucleases

Wikipedia

Carroll, Science (2011)
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Osnova

= Transcription Activator-Like Effectors (TALENS)
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Transcription Activator-Like
Effectors - TALENS

= Proteiny odvozeneé od sekvencne specifickych
transkripcnich aktivatoru

. |ldentifikovany (zatim pouze) u rostlinnych patogennich bakterii
Xanthomonas sp. jako bakterialni efektory, schopné regulovat
transkripci cilovych genu rostlin

. Sekvencni specifita urCena aminokyselinovou sekvenci DNA
vazebnych repetic TALENS, plvod
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TALENSs, puvod

_______________________________________________________________

BS3 L S

Apoplast

25

other effectors
UPA7

(a-expansin) /

TAL effector

X. campestris pv. vesi (AvrBs3)

Plantcell Fichtner et al. Planta (2014)
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TALENSs, urCeni specifity

Transcription
activation domain

DNA
binding

Translocation
signal

Nuclear
localisation signal
DNADbinding repeats
Each34 a.a. long
17.5repeats in AvrBS3~._=

LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG

1 1213 34
A
Repeat Variable Di-residue (RVD)
DNA binding repeat recognised nucleotide
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG e

LTPEQVVATASNIGGKQALETVQRLLPVLCQAHG A
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG T
LTPEQVVATASIGGGKQALETVQRLLPVLCQAHG T
LTPEQVVATASNKGGKQALETVQRLLPVLCQAHG G
LTPEQVVAIASNNGGKQALETVQRLLPVLCQAHG G
LTPEQVVATASNSGGKQALETVQRLLPVLCQAHG ACGT

Fichtner et al. Planta (2014)
PCEITEC



TALENSs, vyuziti

Targeted
DNA cleavage
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Bogdanove and Voytas, Science (2011) EPAPCEITEC




Osnova

= Clustered Regularly Interspaced Short Palindromic
Repeats/Cas9 (CRISPR/Cas9)



Clustered Regularly Interspaced
Short Palindromic Repeats/Cas9 -
CRISPR/Cas9

= Objevena jako soucast imunitniho systéemu bakterii

. Principem je cilené zaclenéni cizorodé DNA (typicky fagové
DNA) do specifickych oblasti genomu bakterii

. Po pfepisu genu pro trans-activating CRISPR RNA (tracrRNA) a
oblasti se zacClenénymi Castmi cizorodé DNA a nasledném
procesovani vznikle RNA dojde k tvorbé komplexu crRNA-
tracrRNA

. crRNA—tracrRNA vaze Cas9 nukleazu a navadi ji na
komplementarni (cizorodou/fagovou) DNA, kterou pak Cas9

Stépi
. crRNA-tracrRNA je v cileném editovani genomu nahrazovana

single guide RNA (sgRNA nebo také gRNA) CRISPR/Cas9 - Mechanism
. VYhody . Cfuueredthuuﬂylnrvrspaccdshor‘l‘"Jllvlr.’-tc*""'c Repeats

= Snadno se ,programuje” - oy
= Znacna specifita e ot

= Mozna cela rada dalSich aplikaci e T



CRISPR/Cas9 - Mechanism

Clustered Regularly Interspaced Short Palindromic Repeats

. Bacteriophage
Jiang and Doudna, Cell (2017)

DNA injection §

Spacer acquisition Invasive viral or plasmid DNA [N I Protospacer

| .
CRISPR-associated (Cas) genes lntegrat'c’”
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Locus mmm \ Cas9 Cas1 Cas2 Csn2 %
U «J Spacers Repeats
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CRISPR/Cas9 — Genome
Editing

Cas9
Jiang and Doudna, Cell (2017) (single guide RNA)
3" T HNE NI
: i 5
Genomic DNA
RuvC
, b ,
0
5 3
N

Double-strand break (DSB)

Endogenous DNA repairs at the DSB site

Donor DNA
(ssODN or plasmid)
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Random mutations Precise gene modification
(active in both dividing and nondividing cells) (active in dividing cells: G2/S phase)



CRISPR/Cas9 — Nobel Prize
in 2020!

Emmanuelle Charpentier Jenifer Doudna a8 programmed by orFNA racrFINA duplex
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crRNA-tracrRNA chimera




Zakladni koncepty

=  RNAI

. Pfirozeny zpusob regulace genové exprese,
vyzadujci vlastni geny a vysvétlujici pritomnost
velkého mnozstvi DNA nekddujci proteiny

. Mozno vyuzit pro cilenou regulaci genové
exprese

= Editovani genomu

. Sekvencné-specifické modifikace genomu s
velkou presnosti

. Umoznuje jak vznik nahodnych mutaci v daném
lokusu, tak

. Cilené vkladani definovanych sekvenci — idealni
nastroj pro cilené modifikace genomu vcCetné
genove terapie

= CRISPR/Cas9 oteviel cestu snadné, rychlé a
zejména presné editaci genomu a dalSim
odvozenym modifikacim s velkym aplikaénim
potencialem
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