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Osnova
(dokoncCeni prednasky 02)

» Postupy ,pfimé" a reverzni genetiky
= rozdily v mySlenkovych pfistupech k
identifikaci genu a jejich funkci

» |dentifikace genu ab initio
= strukturagenu a jejich vyhledavani
= genomova kolinearita a genova homologie

» Experimentalni identifikace genu
= piiprava genové obohacenych knihoven
pomoci technologie metylaéniho filtrovani
= EST knihovny
= piima a reverzni genetika
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Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostfednictvim pfimé a reverzni genetiky

=  Zména fenotypu po mutagenezi
= Genetika pfima

= |dentifikace sekvenéné-specifického
mutanta a analyza jeho fenotypu
=  Genetikareverzni

= Analyza exprese daného genu a jeho
Casoprostorové specifity
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Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostfednictvim pfimé a reverzni genetiky

=  Zména fenotypu po mutagenezi
= Genetika pfima
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|dentifikace CKI/1 aktivacni
mutagenezi

o CKI1 overexpression mimics cytokinin response

ctri1 Plasmid Rescue ctri2 Pro35S::CK1

Kakimoto, Science, 1996
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Signal Transduction via MSP

PM

AHK sensor histidine kinases
« AHK2

« AHK3

« CRE1/AHK4/WOL

D

HPt Proteins —@D—

* AHP1-6

Response Regulators

P~ + ARR1-24
NUCLEUS V&S & REGULATION OF TRANSCRIPTION

——

% INTERACTION WITH EFFECTORPROTEINS




Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostfednictvim pfimé a reverzni genetiky

=  Zména fenotypu po mutagenezi
= Genetika pfima

Identifikace inzeréniho mutanta a analyza
jeho fenotypu

=  Genetikareverzni




|dentification of insertional
cki1 mutant allele

égﬂcaaglcgtCACTACAAGA p " En-1 TCTTGTAGTGcgtggaéact

A. aattca agf cgt'gga gac tacfact tgg tac act caa acc gtg gat cag tta act ggt
N s sI[REGDY|lTwWY TaQ TV DQ L TG




CKI1 Regulates Female
Gametophyte Development

CKI1/cki1-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)




CKI1 and
Megagametogenesis

o cki1-iis not transmitted through the female gametophyte

A. I wtx © CKI1/cki1-i

I ‘ CKI1 specific primers (PCR positive control)

B. 7 CKI1/cki1-i x S wt

C. dwtx © CKI1/cki1-i

I cki1-i specific primers ‘

D. 7 CKI1/cki1-i x < wt
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CKI1 and
Megagametogenesis

Fdaste FG5
CKi1 ckil-i 28 HAE

Hejatko et al (2003)
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Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostfednictvim pfimé a reverzni genetiky

=  Zména fenotypu po mutagenezi
= Genetika pfima

= |dentifikace inzeréniho mutanta a analyza
jeho fenotypu
=  Genetikareverzni

= Analyza exprese daného genu a jeho
Casoprostorové specifity
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CKI1 is Expressed During

Megagametogenesis

FG3-FG4 |

rra A e

R FG4-FGS

.

FG7

14




Paternal CKI1 is Expressed in the
Arabidopsis Sporophyte Early after

Fertilization
2wt x & ProCKI1:GUS

28 HAP / >
(hours : 4 2

after ‘ ”,
pollination) 7 paito #

Hejatko et al., Mol Genet Genomics (2003)
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Genomika 03

= Zdrojova literatura

= Bioinformatics and Functional Genomics, 2009, Jonathan Pevsner, Willey-
Blackwell, Hobocken, New Jersey
http://www.bioinfbook.org/index.php

- Plant Functional Genomics, ed. Erich Grotewold, 2003, Humana Press,
Totowa, New Jersey

. Mello, C.C. and Conte Jr., D. (2004) Revealing the world of RNA interference.
Nature, 431, 338-342.

. Klinakis et al.. (2000) Genome-wide insertional mutagenesis in human cells by
the Drosophila mobile element Minos. EMBO Rep, 1, 416.

= Hansen et al.. (2003) A large-scale, gene-driven mutagenesis approach for the
functional analysis of the mouse genome. PNAS, 100, 9918.

- ~ ey SVERST, INVESTICE DO ROZVOJE VZDELAVANI

* * o S s,
.

x * I . 3 % Tato prezentace je spolufinancovana
* * 7 z

Xde X %, & Evropskym socialnim fondem

OP Vzdéldvani S
hopnost Hanav¥ a statnim rozpoétem Ceské republiky

EVROPSKA UNIE ¥ pro

17




Pristupy ,,klasické“genetiky versus ,reverzné geneticky*
pristup ve funkénigenomice

NAHODNA MUTAGENEZE
<
Y
<
Piimé geneticky“pristup / Reverzné geneticky” pfistup
EMS .
— | I T-DNA
1. IDENTIFIKACE FENOTYPU Yl 1.IZOLACE SEKVENCNE
AW SPECIFICKEHO MUTANTA
2. GENETICKE MAPOVANI pt
2. IDENTIFIKACE FENOTYPU
3. GENOVA IDENTIFIKACE
-poziéni klonovani 3. PRUKAZ KAUZALNi SOUVISLOSTI
‘ (retro)transposons  MEZ! INZERCI A FENOTYPEM
o —
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Osnova

Metody identifikace sekvenéné specifickych mutanta

pfiprava sbirky mutant

vyhledavani sekvenéné specifickych mutanth
pomoci PCR

vyhledavani sekvenéné specifickych mutantl v
elektronickych databazich

vypinani genud (knocking-out) pomoci homologni
rekombinace

Analyza fenotypu a potvrzeni pfi¢inné souvislosti
fenotypem a inzeréni mutaci

kosegregacni analyza
identifikace nezavislé inzeréni alely

vyuziti nestabilnich inzerénich mutagenu a izolace
revertantnich linii

komplementace mutanta pomoci transgenu

mezi
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Osnova

Uml&ovani gend pomoci RNA interference
= Mechanismus RNAI

Editace genomu pomoci CRISPR/Cas9
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Typy inzerCnich mutagenu

* Mobilni elementy

Autonomni transpozony (En-1)
obsahuji gen pro transponazu, umoZzZnujici excizi a
opétovné zaclenéni do genomu
na obou koncich obsahuji kratké obracené
repetice, které jsou transponazou rozpoznavany

« Stabilni elementy

Neautonomni transpozony (dSpm)
mutant En/Spm transpozonu, ktery mutaci v genu
pro transponazu ztratil autonomii
muzZe byt aktivovan kfizenim s linii nesouci
En/Spm transpozon

T-DNA

zcela stabilni, jeji inzerce vdak mulze vést k
chromozomovym prestavbam (inverze, delece,
transpozice)

21




Knihovny inzercnich
mutantu (u rostlin)

A B
(L] — o
- N
==
priprava transgennich rostlin 1,
vytvoFeni populace mutantnich jédinct
T
T
FI
F)
S, Parents

S, Generation

S, Generation

vyhledavani sekvenéné specifickych mutantu
pomociPCR

$y3 Generation

Plant 24-2A Primary T-DNA translormant with one copy
ol pKEn2

Selaction of T, seed on hygromycin

'

izygous and hy Yoo

Selection ol Ty seed on kanamycin

'

Kanamycin resistant germinal revertanis, plants 293,325,328,330
Screen for a transposed En-1by PCR

T. x Columbia wild typo

Igentificalion of F, plants with
8 transposed £n-1and no T-

Ny

G11 G24 G37 G4 G69

Single seexi dosconts of S00 progeny danved from tho fivo parenis
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Knihovny inzercnich
mutantu (u Zivocichu)

»

eF1iLmi [or] EF1P | Tra [pA % 2500

41 ® b 2000
vitkneo (IMGA neo [SEMI) ol
¢ . 1500 ?

§°1 =
Transfekce do lidskych buné&&nych kultur (HeLa) nebo ’ gl s 500
mysich embryonalnichkmenovych (ES) bunék b g e -
o Lhlllihalalioh, uls ik LLILA_JI 1Y 7] | PR LT TV | P

Genes with muktiple integrations

vytvoreni populace mutantnich bunéénych linii a

e
analyza frekvence inzerci C'°"Bd"v N /"w
DNA with —
antibiotic  \ a2\ % e SN 2N % w
8 resistance o ) o3 m
ES cells< WO M) \_‘

—— g i g
In vitro analyzy nebo pfiprava knihovny Some germ cells will
o SR ; - ood chimerc mce o podce Pp——— e from a black ES cell
inzer&nich mutantd reintrogresi ES do mygich Q% cineienee opesstonomous rsgmsciores
embryi C"'"‘seg'a” .
T —— =
i
ae | A

Homozygous strain
Parents  Heterozygous F;  from ES cell, F,

Technologii inzeréni mutageneze Ize vyuZit i u Zivocich(l. Zda se vyuzivaji
napr. transpozony odvozené z Drosophily (transpozon Minos, viz schéma
vlevo nahore (Klinakis et al., 2000). V tomto pripadé bylo nutne provést
kotransfekci s tzv. helper plasmiem, kddujicim transpondzu (neautonomni
transpozon). Neo kdéduje rezistenci k neomycinu, Sipky ukazuji smér
transkripce fizeny prisluSnymi promotory, pA je polyadenylac¢ni signal, ori
je pocatek replikace viru SV40, S-P je promotor téhoz viru. Pro identifikaci
inzerci ,,in frame” se zasazenymi geny lze vyuzit transpozony, obsahujici
fGzi akceptorovych mist sestfihu s ORF reportérového genu, napft. lacZ-neo
(bez AUG kodonu). Tento pristup umoziuje identifikovat inzerce do
aktivnich gen( prostrednictvim selekce inzerénich mutant(i na rezistenci k
neomycinu, resp. vykazujici B-galaktoziddzovou aktivitu (Klinakis et al.,
2000).
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Osnova

= vyhledavani sekvenéné specifickych mutantd
pomoci PCR

Jrojrozmérné“ vyhledavani pomoci PCR

24




|zolace sekvencné specifickych

mutantu

« autonomni En/Spm, bez selekce
« 3000 nezavislych linii
* primérné 5 kopii na linii

« trojrozmérné vyhledavani pomoci PCR

EVROPSKA UNIE

~ .
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J 5 %
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|zolace sekvencné specifickych
mutantu

= Trojrozmérné“ vyhledavani pomoci PCR

o izolace genomové DNA z jednotlivych rostlin mutantni populace a vytvoreni
souhrnnych soubort DNA (,trojice®, fady a sloupce trojic a jednotlivé podnosy)

3.000 mutantnich linii A.t. (5 kopii En-1/linii)

28 x 7 row pools
28 x 5 column pools

26




|zolace sekvencné specifickych
mutantu

= Trojrozmérné“ vyhledavani pomoci PCR

o izolace genomové DNA z jednotlivych rostlin mutantni populace a
vytvoreni souhrnnych souboru DNA (,trojice®, fady a sloupce trojic
a jednotlivé podnosy)
identifikace pozitivni ,trojice“ pomoci PCR, blotovani PCR produktt
a hybridizace s genové specifickou sondou

. r INVESTICE DO ROZVOJE VZDELAVANI

[E2] _'Ef oo M
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|zolace sekvencné specifickych
mutantu

1. Vyhledavani pozitivni trojice 3.000 mutantnich linii A.t. (5 kopii En-1/linii)

—
En-8130

(2x2x28=112 PCR reakci)

Identifikace PCR produktu pomoci
hybridizace s genové spec. sondou

28




EVROPSKA UNIE

|zolace sekvencné specifickych
mutantu

,Trojrozmérné“ vyhledavani pomoci PCR

izolace genomové DNA z jednotlivych rostlin mutantni
populace a vytvoreni souhrnnych souboru DNA (,trojice”,
fady a sloupce trojic a jednotlivé podnosy)

identifikace pozitivni ,trojice“ pomoci PCR, blotovani PCR
produktu a hybridizace s genové specifickou sondou

identifikace pozitivni linie pomoci Identifikace pozitivniho
,tacu“, rady a sloupce

INVESTICE DO ROZVOJE VZDELAVANI
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|zolace sekvencné specifickych
mutantu

sl e 3.000 mutantnich linii A.t. (5 kopii En-1/linii)

T - e s s ’ o .
y 2. Identifikace linie nesouci inzerci

28x3-tray pools

7 row pools
3 x 1-tray pools 5 column pools

(dalsich 5+7+3=15 PCR reakci)

En-8130 Celkem 112+15=127 PCR reakci

(2x2x28=112 PCR reakci)

\

Identifikace PCR produktu pomoci
hybridizace s genové spec. sondou
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Osnova

hybridizace s produkty iPCR na filtrech

31




|zolace sekvencné specifickych
mutantu

= The Sainsbury Laboratory (SLAT-lines),
John Innes Centre, Norwich Research Park

= DNA a semena v Nottingham Seed Stock Centre
= 48.000 linii

= pramérné 1.2 izerce na linii

= neautonomni transposon

= PCR vyhledavani nebo hybridizace s iPCR filtry

= SINS (sequenced insertion sites) databaze

http://nasc.nott.ac.uk

32




|zolace sekvencné specifickych

mutantu
Hybridizace s produkty iPCR na filtrech

izolace  genomové DNA z T-DNA

jednotlivych rostlin mutantni \ ; - \ Y

populace — ]
[ - [ ]

Stépeni restriéni endonukleazou — 1

ligace, vznik cirkularni DNA \

inverzni PCR (iPCR) pomoci T-DNA /

specifickych primert -

priprava nylonovych filtri s produlty

IPCR v presné daném vzorci e

(poloze) pomoci robota - =

hybridizace s genové specifickou
sondou




Osnova

= vyhledavani sekvenéné specifickych mutantd v
elektronickych databazich

34




|zolace sekvencné specifickych
mutantu

Priprava knihoven z populace A. thaliana mutované pomoci

T-DNA
Sequencing of flanking sequence fragments

Genomic DNA

a) digestion with endonuclease Bfal
b) linker ligation

T-DNA i

linear "ampilification” with primer annealing to T-DNA

(mostly LB)
et

—

PCR amplification with a nested T-DNA primer
(and a linker primer)

=

=

1]

sequencing with another nested T-DNA primer

—

GABI-Kat (MPIZ, Koln)
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Vyhledavani v elektronickych knihovnach inzerCnich

mutant(l

Order line 029311 View in AGR

qtggga ataaaaage 1
L L |

tttatatattgatagtgggacat tacttatasasage 40

9

acataagtggat

acaaggatacaacaatagagacagte.
| | il |

cataagtggatg

tacaacaatagagacagt

agasasagattgggactasagtcttgttggatcgaat
| 1 I |

ctasagtctt

agaaaaagattggga

catasatga 2006
11 |

ttccttaactaatcacataaatga 96

tagasg B 23
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Vyhledavani v elektronickych knihovnach inzerénich mutantu

start transkripce

‘1 923

cactcgatttcacattAATTATTCACT
ARRARRRRRRARNRAR A

gtgactaaagtgtaattaataagtga.........
13
1 Gl FG2 4493
VARSEERN

b (+56)

I Exon
— IOrON
| Trensmembranova oblast
Duplikace

— En-1element
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Osnova

= vypinani genu (knocking-out) pomoci homologni
rekombinace
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Knocking-Out the Gene

Electroporation

Homologous

recombination
Selection with

resistance marker

R VERST, INVESTICE DO ROZVOJE VZDELAVANI
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Osnova

Analyza fenotypu a potvrzeni pfi¢inné souvislosti
fenotypem a inzeréni mutaci

" kosegregacni analyza

= identifikace nezavislé inzeréni alely

= vyuZiti nestabilnich inzerénich mutagenu a izolace
revertantnich linii

] komplementace mutanta pomoci transgenu

mezi

40




ProcC je nutné analyzovat pfi¢innou souvislost
mezi inzerci a pozorovanym fenotypem ?

pritomnost vice inzerci v jedné linii
moZnost vzniku nezavislé bodové mutace

s inzerci T-DNA jsou &asto asociovany chromozomové aberace a
prestavby (duplikace, inverze, delece)

~ - VERSS, INVESTICE DO ROZVOJE VZDELAVANI
o o ’4[ \: nin
EVROPSKA UNIE i/ RATES 3 ref y
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Kauzalita mezi inzerci a
fenotypem

= Kosegregacnianalyza

kosegregace specifického fragmentu napf. po inzerci T-DNA (nebo
pusobeni EMS atd.) do genomu s pozorovanym fenotypem

+ ++ +  +++  ++ +

« Cki1::En-1

” - - ae - -




Vyuziti autonomnich transpozonu pro izolaci
novych stabilnich mutaci a revertantnich linii

transpozony se &asto vyznacduji excizi a reinzerci do blizké
oblasti-vyuziti pfi izolaci novych mutantnich alel

excize transpozonlU neni vzdy zcela pfesna-vznik bodovych
mutaci - izolace revertantnich linii s tichou mutaci i stabilnich
mutantu

**

* *
* *
*

* ok

EVROPSKA UNIE

~d ey VERST, INVESTICE DO ROZVOJE VZDELAVANI
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pro konkurenceschopnost ZANAB® a statnim rozpoétem Ceské republiky
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cki1::En-1/CKI1

Fenotyp Sesuli cki1::En-1/CKI1

CKI1/CKI1

44




Potvrzeni fenotypu cki1::En-1/CKI1

1. Izolace revertantnich linii

* PCR vyhledavani ve 246 rostlinach segregujici populace

* 2 90 cki1::En-1pozitivnich 9 rostlin mé&lo kromé $eSuli mutantnich i
Se8ule standardniho typu l

Analyza potomstva
* potvrzeni absence inzerce pomoci PCR

* PCR amplifikace a klonovani ¢asti
genomové DNA v misté inzerce

» sekvenovani

- ~ ey SVERST, INVESTICE DO ROZVOJE VZDELAVANI
* * o S s,
x * I N 3 % Tato prezentace je spolufinancovana
* * 7 z
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Vyuziti autonomnich transpozonu pro izolaci
novych stabilnich mutaci a revertantnich linii

é;‘;ﬁcaaglcgtCACTACAAGA p " En-1 TCTTGTAGTGcgtggaéact

A. aat tca agj cgt'gga gac tacfact tgg tac act caa acc gtg gat cagq tta act ggt
N s sI[REGDY|lTwWY TaQ TV DQ L TG

B. aat tca ag| ggt acglact tgg tac act caa acc gtg gat cag tta act ggt
NS SJET]|ITwWwW YTQTVDQTLTG
C. aattca agt cgt acg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
NSSRTETTLGTULKPWI S

|

D. aat tca agt cgc gtg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N SSRV ETTLGTL K P WIS

46




Potvrzeni fenotypu cki1::En-1/CKI1

2. lzolace stabilni mutantni linie

+ analyza fenotypu segreguijici populace (CKI1/CKI1 CKl1/cki1::En-1)
* PCR analyza rostlin s mutantnim fenotypem-identifikace rostlin bez inzerce

* PCR amplifikace a klonovani ¢astigenomové DNA v misté inzerce
+ sekvenovani

. ~ s, INVESTICE DO ROZVOJE VZDELAVANI
S OP Vzdéldvani I,;/ \:I /TOf nir e
EVROPSKA UNIE i’ “lana® o stéinim n y iy
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Vyuziti autonomnich transpozonu pro izolaci
novych stabilnich mutaci a revertantnich linii

W

é;‘;ﬁcaaglcgtCACTACAAGA p " En-1 TCTTGTAGTGcgtggaéact

A. aat tca agj cgt'gga gac tacfact tgg tac act caa acc gtg gat cagq tta act ggt
N s sI[REGDY|lTwWY TaQ TV DQ L TG
B. aat tca agt ggt acg act tgg tac act caa acc gtg gat cag tta act ggt
NS S[ET] TWYTQTVDQTLTG

C. aattca agf cgt acg §ag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N S SR TIJE T TLGT L K PWI S

D. aat tca agf cgc gtg pag act aca cit ggt aca ctc aaa ccg tgg atc agt taa
N S SR VIE T TLGT L K P W1 S
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Komplementace
mutantni linie
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Komplementace
mutantni linie

A <

WT(Col- cop1-4 p35S:: p358S:: p35S:;
0) AtCOP1 OsCOP1 PpCOP1
1-5 16-10 9-8

cop1-4

Ranjan etal., 2014
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Osnova

Uml&ovani gend pomoci RNA interference
= Mechanismus RNAI
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Waterhaus et al., PNAS (1998)
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RNA interference

= Molekularni podstata posttranskripéniho umliéovanigenu (PTGS)

= RNAI objevena u rostlina Coenorhabditis elegans

uml€ovani bylo indukovano jak sense tak antisense RNA (pravd.
kontaminace obou pfi in vitro transkripci)

dsRNA indukovala umlICovani cca 10-100x ucinnéji

0050500200
sPaCco00R@006

996 T e

Ubi-Gus
 e—

UbiA-Gus |s]

UbiA-Gus [as]

| —

UbiA-Gus |d/r]

UbiA-Gus [i/r]

Analysis of GUS expression of supertransformed rice callus. Transgenic rice tissue

containing a single Gus transgene supertransformed with UbiDGus[s],

UbiDGus[ays], UbiDGusJiyr], DGusliyr].
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RNA interference

Molekularni podstata posttranskripéniho umié¢ovanigenu (PTGS)

dsRNA indukce je =zavisld na vlastnich genech - gen.
vyhledavani
RNAI rnai

Mello and Conte, Nature (2004)
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RNA interference

= Molekularni podstata posttranskripéniho umié¢ovanigent (PTGS)

] RNAI objevena u Coenorhabditis elegans a u rostlin

= je to prirozeny mechanismus regulace genové exprese u
v8ech eukaryot

] podstatou je tvorba dsRNA, kterda muzZe byt spusténa
nékolika zplsoby:

pritomnost cizi ,,aberantni“ DNA
specifické transgeny obsahujici obracené repetice ¢asti cDNA

transkripce vlastnich gent pro shRNA (short hairpin RNA) nebo
miRNA (micro RNA, endogenni ,viasenkova“ RNA)

] dsRNA je procesovana enzymovym komplexem (DICER),
coz vede k tvorbé siRNA (short interference RNA), ktera se
pak vaze bud na enzymovy komplex RITS (RNA-induced
transcriptional silencing complex) nebo RISC (RNA-induced
silencing komplex)

= 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 zprostfedkovdava reorganizaci genomové DNA
(tvorba heterochromatinu a inhibice transkripce)




Mechanism of RNA interference

Multigene family or

Foreign DNA (naked) repetitive transgene Foreign dsRNA Developmental or experimental transcription
e S hRNA RANA
re-m
assembly, . L ‘micro RNA

DNA/chromatin short hairpinRNA

modification
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.

\/ \ Y s
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e TR me— A MG
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mRNA destruction or

Heterochromatin formation and
translational repression

transcriptional silencing

Mello and Conte, Nature (2004)

It has been found that dsRNA might be either an intermediate or a trigger in PTGS.

In the first case, dsRNA is formed by the action of RNA-dependent RNA polymerases (RdRPs), which use specific transcripts as a
template. It is still not clear, how these transcripts are recognized, but it might be e.g. abundant RNA that is a result of viral

amplification or transcription of foreign DNA.

It is not clear, how the foreign DNA might be recognized, possibly, lack of bound proteins on the foreign “naked” DNA and its
subsequent “signature” (e.g. by specific methylation pattern) during packing of the foreign DNA into the chromatin structure might

be involved.

The highly abundant transcripts might be recruited to the RdRPs by the defects in the RNA processing, e.g. lack of polyadenylation.

In the case when dsRNA is a direct trigger, there are two major RNA molecules involved in the process: Short interference RNA
(siRNA) and micro RNA (miRNA), both encoded by the endogenous DNA.

These two functionally similar molecules differ in their origin:

siRNAs are dominantly product of the cleavage of the long dsRNA that are produced by the action of cellular or viral RdRPs.
However, there are also endogenous genes, e.g. short hairpin RNAs (shRNAs) allowing production of the siRNA (see the figure).

miRNAs are involved in the developmental-specific regulations and are product of transcription of endogenous genes encoding for
small dsRNAs with specific structure (see the figure).

In addition to siRNAs, there are trans-acting siRNAs (tasiRNAs) that are a special class of siRNAs that appear to function in
development (much like miRNAs) but have a unique mode of origin involving components of both miRNA and siRNA pathways.

Developmental regulations via miRNAs are more often used in animals then in plants.

The dsRNAs of all origins and pre miRNAs are cleaved by DICER or DICER-like (DCL) enzyme complexes with RNAse activity, leading to
production of siRNAs and miRNA, respectively.

These small RNAs are of 21-24 bp long and bind either to RNA-induced transcriptional silencing complex (RITS) or RNA-
induced silencing komplex (RISC).
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Dicer and Dicer-like proteins

FromMacRae, I.J., Zhou, K, Li, F., Repic, A, Brooks, AN., Cande,W.., Adams,P.D., and Doudna, JA. (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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In siRNA and miRNA biogenesis, DICER or DICER-like (DCL) proteins

cleave long dsRNA or foldback (hairpin) RNA into ~ 21 — 25 nt fragments.

Dicer’s structure allows it to measure the RNA it is cleaving. Like a cook
who “dices” a carrot, DICER chops RNA into uniformly-sized pieces.

Note the two strands of the RNA molecule. The cleavage sites are indicated by
yellow arrows.
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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)
AGO1 defines anovel locus of Arabidopsis controlling leaf development. EMBO J. 17: 170—180. Copyright 1998; Reprinted from Song, J.-J., Smith,
SK., Hannon, G.J., andJoshua-Tor, L. (2004) Crystal structure of Argonaute and its implicationsfor RISC slicer activity. Science 305: 1434 1437,

TpermissionofA&AS:
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ARGONAUTE proteins bind small RNAs and their targets and it is an important
part of both RITS and RISC complexes.

ARGONAUTE proteins are named after the argonaute1 mutant of Arabidopsis;
ago1 has thin radial leaves and was named for the octopus Argonauta which it
resembles (see the figure).

ARGONAUTE proteins were originally described as being important for plant
development and for germline stem-cell division in Drosophila melanogaster.

ARGONAUTE proteins are classified into three paralogous groups: Argonaute-like
proteins, which are similar to Arabidopsis thaliana AGO1,; Piwi-like proteins, which are
closely related to D. melanogaster PIWI (P-element induced wimpy testis); and the
recently identified Caenorhabditis elegans-specific group 3 Argonautes.

Members of a new family of proteins that are involved in RNA silencing mediated by
Argonaute-like and Piwi-like proteins are present in bacteria, archaea and eukaryotes,
which implies that both groups of proteins have an ancient origin.

The number of Argonaute genes that are present in different species varies. There are 8
Argonaute genes in humans (4 Argonaute-like and 4 Piwi-like), 5 in the D. melanogaster
genome (2 Argonaute-like and 3 Piwi-like), 10 Argonaute-like in A. thaliana, only 1
Argonaute-like in Schizosaccharomyces pombe and at least 26 Argonaute genes in C.
elegans (5 Argonaute-like, 3 Piwi-like and 18 group 3 Argonautes).

http://youdpreferanargonaute.com/2009/06/
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transcriptional gene silencing post-transcriptional gene silencing

siRNA
__,,;’9,.9—7—' papn | AGO ~ binding to specific
T o Al transcripts

binding to DNA

N T
miRNA

translational repression

- ¥

= Wy ke

transcriptional slicing

> ..-' C\\‘Ml'h INVESTICE DO ROZVOJE VZDELAVANI
- Ef W‘ . ;‘ M 'z Tato prezentace je spolufinancovana
%, & Evropskym socialnim fondem

EVROPSKA UNIE ¥’ i

ZANA Y a statnim rozpoétem Ceské republiky

MicroRNAs are encoded by MIR genes, fold into hairpin structures that are
recognized and cleaved by DCL (Dicer-like) proteins.

In summary, siRNAs-mediates silencing via post-transcriptional and
transcriptional gene silencing, while miRNAs -mediate slicing of mMRNA
and translational repression.
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The Nobel Prize in Physiology or Medicine 2006

AndrewZ. 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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In 2006, Andrwe Z. Fire and Craig C. Mello were honored by the Nobel prize “for
their discovery of RNA interference - gene silencing by double-stranded
RNA".




Osnova

Editace genomu pomoci CRISPR/Cas9
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CRISPR/Cas9 - Mechanism

= Clustered Regularly Interspaced Short Palindromic Repeats
@ Bacteriophage
[)NAanwcllo.;\\{\

Jiang and Doudna, Cell (2017)

Spacer acquisition Invasive viral or plasmid DNA NSNS W Protospacer

[
CRISPR-associated (Cas) genes lmgmm"

cas operon CRISPR array

e T I T i 40—

Spacers Repeats

trans-activating CRISPR RNA l UCTESELED
3" 5 3" 5 3 5 3 3
’ I I / T I ‘
pre-ctRNA 5 L ey '/ T .Mhl—s
CRISPRRNA
<rRNA maturation
crRNA biogenesis l (RNase lll processing A and crRNA 5’ trimming A)
3" 5 3 5 3" 5 3" 5
GRNA 5 ML 5 11111 A
20 bp of guide sequence
preceding the Protospacer
Adjacent Motif %
3
5 Phage
DNA interference T

I "
1T PAM "
I Complementary foreign DNA €esssssesesi AN @

Site-specific cleavage
Cas9

CRISPR—Cas9-mediated DNA interference in bacterial adaptive immunity. A
typical CRISPR locus in a type Il CRISPR—Cas system comprises an array of
repetitive sequences (repeats, brown diamonds) interspaced by short stretches
of nonrepetitive sequences (spacers, colored boxes), as well as a set of CRISPR-
associated (cas) genes (colored arrows). Preceding the cas operon is the trans-
activating CRISPR RNA (tracrRNA) gene, which encodes a unique noncoding RNA
with homology to the repeat sequences. Upon phage infection, a new spacer
(dark green) derived from the invasive genetic elements is incorporated into the
CRISPR array by the acquisition machinery (Cas1, Cas2, and Csn2). Once
integrated, the new spacer is cotranscribed with all other spacers into a long
precursor CRISPR RNA (pre-crRNA) containing repeats (brown lines) and spacers
(dark green, blue, light green, and yellow lines). The tracrRNA is transcribed
separately and then anneals to the pre-crRNA repeats for crRNA maturation by
RNase lll cleavage. Further trimming of the 5’ end of the crRNA ( gray
arrowheads) by unknown nucleases reduces the length of the guide sequence to
20 nt. During interference, the mature crRNA—tracrRNA structure engages Cas9
endonuclease and further directs it to cleave foreign DNA containing a 20-nt
crRNA complementary sequence preceding the PAM sequence. Asterisks denote
conserved, key residues for Cas9-mediated DNA cleavage activity. Abbreviations:
Arg, arginine-rich bridge helix; crRNA, CRISPR RNA; CTD, C-terminal domain; nt,
nucleotide; NUC, nuclease lobe; PAM, protospacer adjacent motif; REC,
recognition lobe; tracrRNA, trans-activating CRISPR RNA.
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CRISPR/Cas9 — Genome
Editing

Jiang and Doudna, Cell (2017)

3 N s
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B

Double-strand break (DSB

Endogenous DNA repairs at the DSB site

Donor DNA
ssODN or plasmid)
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Nonhomologous end joining (NHEJ Homology directed repair (HDR
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The mechanism of CRISPR—Cas9—mediated genome engineering. The synthetic
sgRNA or crRNA—-tracrRNA structure directs a Cas9 endonuclease to almost
arbitrary DNA sequence in the genome through a user-defined 20-nt guide RNA
sequence and further guides Cas9 to introduce a double-strand break (DSB) in
targeted genomic DNA. The DSB generated by two distinct Cas9 nuclease
domains is repaired by host-mediated DNA repair mechanisms. In the absence of
a repair template, the prevalent error-prone nonhomologous end joining (NHEJ)
pathway is activated and causes random insertions and deletions (indels) or even
substitutions at the DSB site, frequently resulting in the disruption of gene
function. In the presence of a donor template containing a sequence of interest
flanked by homology arms, the error-free homology directed repair (HDR)
pathway can be initiated to create desired mutations through homologous
recombination, which provides the basis for performing precise gene
modification, such as gene knock-in, deletion, correction, or mutagenesis.
CRISPR—Cas9 RNA-guided DNA targeting can be uncoupled from cleavage activity
by mutating the catalytic residues in the HNH and RuvC nuclease domains,
making it a versatile platform for many other applications beyond genome
editing. Abbreviations: crRNA, CRISPR RNA; nt, nucleotide; PAM, protospacer
adjacent motif; sgRNA, single-guide RNA; tracrRNA, trans-activating CRISPR RNA.
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CRISPR/Cas9 — Nobel Prize
in 20..2x7?

FranciscoMojica  Emmanuelle Charpentier Jenifer Doudna i sy it
RESEARCH AR -l Y
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A Programmable Dual-RNA-Guided - g
DNA Endonuclease in Adaptive
Bacterial Immunity Casd oy amem sk chn ANA

Martin Jinek, 4+ Kraysatof Chlinski,*** Ines Fonfara, Michael Haser.’t

Jener A, Doudna, L1145 Emmancetle rrpentir _k
Y~
Jinek et al, Science (2012) il
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Shrnuti

Metody identifikace sekvenéné specifickych mutanta

pfiprava sbirky mutant

vyhledavani sekvenéné specifickych mutanth
pomoci PCR

vyhledavani sekvenéné specifickych mutantl v
elektronickych databazich

vypinani genud (knocking-out) pomoci homologni
rekombinace

Analyza fenotypu a potvrzeni pfi¢inné souvislosti
fenotypem a inzeréni mutaci

kosegregacni analyza
identifikace nezavislé inzeréni alely

vyuziti nestabilnich inzerénich mutagenu a izolace
revertantnich linii

komplementace mutanta pomoci transgenu

mezi
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Shrnuti

Uml&ovani gend pomoci RNA interference
= Mechanismus RNAI

Editace genomu pomoci CRISPR/Cas9
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