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Osnova
(dokonceni prednasky 02)

= Postupy ,primé" a reverzni genetiky
= rozdily v myslenkovych pristupech k

identifikaci genu a jejich funkci
= |dentifikace genu ab initio

= struktura genu a jejich vyhledavani
= genomova kolinearita a genova homologie

= Experimentalni identifikace genu

= priprava genove obohacenych knihoven

pomoci technologie metylacniho filtrovani
= EST knihovny

=  prima areverzni genetika
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Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostrednictvim primé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima

= |dentifikace sekvencéné-specifického
mutanta a analyza jeho fenotypu
= Genetika reverzni

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

= Principy experimentalni identifikace genu
prostrednictvim primé a reverzni genetiky

= Zmeéna fenotypu po mutagenezi
= Genetika prima
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|dentifikace CKI1 aktivacni
mutagenezi

o CKI1 overexpression mimics cytokinin response

ctrl1 Plasmid Rescue ctrl2 Pro35S::CK1

NO
hormones

Kakimoto, Science, 1996
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Signal Transduction via MSP

K

HPt Proteins l

* AHP1-6
Response Regulators

@ ARR1-24
NUCLEUS & REGULATION OF TRANSCRIPTION

PM

AHK sensor histidine kinases
« AHK2
« AHK3
« CRE1/AHK4/WOL

INTERACTION WITH EFFECTOR PROTEINS




Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostrednictvim primeé a reverzni genetiky

=  Zména fenotypu po mutagenezi
= Genetika prima

= |dentifikace inzerCniho mutanta a analyza
jeho fenotypu
= Genetika reverzni




|dentification of insertional
cki1 mutant allele

/)

aattcaagtCgtCACTACAAGA En-1 TCTTGTAGTGCgIggagac
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CKI1 Regulates Female
Gametophyte Development

CKl1/ckit-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)




CKI1 and

Megagametogenesis

o cki1-iis not transmitted through the female gametophyte

|

B. & CKI1/cki1-i x Q wt

|

A. 3wt x Q@ CKI1/ckit-i

CKI1 specific primers (PCR positive control)

C. 4 wtx Q@ CKI1/ckit-i

cki1-i specific primers

D. & CKI1/cki1-i x § wt




CKI1 and

Megagametogenesis
FG 8

©%¢ Nucellus

Embryo sac

~/—Integuments




CKI1 and
Megagametogenesis

Fgagte FG5
CKI1 | ckit-i 28 HAE




Prima a reverzni
genetika

= Principy experimentalni identifikace genu
prostrednictvim primeé a reverzni genetiky

= Zména fenotypu po mutagenezi
= Genetika prima

= |dentifikace inzercniho mutanta a analyza
jeho fenotypu
= Genetika reverzni

= Analyza exprese daného genu a jeho
Casoprostorove specifity




FGO0-FG1

FG3-FG4
'Y x

CKI1 is Expressed During
Megagametogenesis

T
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e SEN
=G
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EC
FGE FGT

FG4-FG5




Paternal CKI/1 is Expressed in the

® @ © | Arabidopsis Sporophyte Early after

Fertilization
Q wtx & ProCKI1:GUS

22 HAP
(hours
after
pollination)

Hejatko et al., Mol Genet Genomics (2003)

o
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Hormonal regulations of plant development 8 AN € K
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Genomika 03
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Pristupy ,.klasické“genetiky versus ,reverzné geneticky*
pristup ve funkéni genomice

NAHODNA MUTAGENEZE

Primé geneticky“pristup

.Reverzné geneticky” pristup

T-DNA

N

1. IDENTIFIKACE FENOTYPU 1.1ZOLACE SEKVENCNE

SPECIFICKEHO MUTANTA
2. GENETICKE MAPOVANI

2. IDENTIFIKACE FENOTYPU

3. GENOVA IDENTIFIKACE
-pozi¢ni klonovani

3. PRUKAZ KAU’ZALNi SOUVISLOSTI
‘ (retro)transposons MEZI INZERCI A FENOTYPEM
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Osnova

= Metody identifikace sekvencné specifickych mutantu

. pfiprava sbirky mutantu

= vyhledavani sekvencné specifickych mutantu
pomoci PCR

= vyhledavani sekvencné specifickych mutanti v
elektronickych databazich

= vypinani genu (knocking-out) pomoci homologni
rekombinace

= Analyza fenotypu a potvrzeni priCinné souvislosti mezi
fenotypem a inzerCni mutaci
: kosegregacni analyza
: identifikace nezavislé inzercCni alely

= vyuziti nestabilnich inzerCnich mutagenu a izolace
revertantnich linii

: komplementace mutanta pomoci transgenu



Osnova

= UmlCovani genu pomoci RNA interference

= Mechanismus RNAI

= Editace genomu pomoci CRISPR/Cas9



Typy inzercnich mutagenu

« Mobilni elementy

=  Autonomni transpozony (En-1)
obsahuji gen pro transponazu, umoznujici 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
muze byt aktivovan kfizenim s linii nesouci
En/Spm transpozon

= T-DNA
zcela stabilni, jeji inzerce vSak muze vést k

chromozomovym prestavbam (inverze, delece,
transpozice)



Knihovny inzercnich
mutantu (u rostlin)

En:J |

pfiprava transgennich rostlin

vytvoreni populace mutantnich jedincu

@

B
A Plant 24-2A Primary T-DNA Iranslormant with one copy
ol piEn2
Selectian of T, seed on hygromycin
Tz Hemizrygous and
Saiection of Ty sead on kanamycin
T Kanamyain reslstant germinal reverants, plants 203,325,328,330
N Serean for a transpased En-1by PCR
Fy T, % Columbia wild 1ype
[ Identificalion of I, plants with
a wansposed Co-1and no T-
S, Parents G131 G2¢ GIT G40 GG

Single seed doscants of 500 progeny derved lram tha five parenis

1234567879

§, Generalion «

5, Generalion ;

543 Genaration l

vyhledavani sekvenéné specifickych mutant

P -

-------- —_— = —

N —
a

pomoci PCR

B
T, Plant 24-24 Primary T-DNA ronslormant with one copy Mb
ol pKEn2 Eegn O
o F7Cs n
Seaction of T, saed on vgromycin :k £ E%EE? L
# +F1EG15 B
- Foe : 5
Tz Hemizygous and homozygous rgnslormants PV
FBa4 —
Saleciion of Ty seed on kanam pcin o2 10
T Kanamycin resistanl gesminal reverlants, plants 283,325,328,330 o= FoaE2n :
—15
y L F
Te Screan for a ranspased En-1 by PCR , —
£
F, T, = Columbia wild type tféﬁ%w L
Fy Identification of I, plants wilh »J&nz [
a transposed En-f and no T- 0 =25
- i 1 l l’ i thW -
Vv
5y Parents G11 G24 GAT G4B GAY

Single sead doscams of 500 progeny darvad from tha five parenis

T T
|
]



Knihovny inzercnich
mutantu (u zivocCichu)

s
EF1/LMi lori] EF1-P | Tra | pA 30 2500
= T L 2000
wirneo (EWGA neo [SEWEE) |
£ | L 1500 &
G154 g
! . - L 1000 &
£104 -
: | = I

Transfekce do lidskych bunécnych kultur (HeLa) nebo | — L 500

mysSich embryonalnich kmenovych (ES) bunék P e |
0. ' LAl o

Genes with multiple integrations

m

vytvoreni populace mutantnich bunécnych linii a

analyza frekvence inzerci S % -
antibiotic . IR
resistance - N m
ES cells _
"‘M \

} Y Fi ' Some germ cells will
. Inv VI,trO analyz}i net.)o prl praYa knlhovnyv , QBreed chimeric mice to produce homozygous transgenic offspring. be fi’OI‘I? a black ES cell
inzerCnich mutantt reintrogresi ES do mySich
embl'yl’ Chimera
L _ o
Iite
ace | A

) Homozygous strain
Parents HeterozygousF;  from ES cell, F,



Osnova

= vyhledavani sekvencné specifickych mutantu
pomoci PCR

JLrojrozmérné“ vyhledavani pomoci PCR



|zolace sekvencne specifickych
mutantu

« autonomni En/Spm, bez selekce

» 3000 nezavislych linii

« prumérné 5 kopii na linii

* trojrozmeérné vyhledavani pomoci PCR
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|zolace sekvencne specifickych
mutantu

= Trojrozmérné” vyhledavani pomoci PCR

0 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)

28x3-tray pools

SaVa
'
pool 28

28 x 7 row pools
28 x 3 1-tray pools 28 x 5 column pools




|zolace sekvencne specifickych
mutantu

= Trojrozmérné” vyhledavani pomoci PCR

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

o identifikace pozitivni ,trojice“ pomoci PCR, blotovani PCR produktu
a hybridizace s genové specifickou sondou
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|zolace sekvencne specifickych
mutantu

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

12345678 010111213 4(808 1718192021 224 25 7 W20 10132

1 Wl

28x3-tray pools

+ En-8130
e
CKI1 En-1 CKI1
—
1262
CKI1 g CKl1
- — -
En-8130 1262

(2x2x28=112 PCR reakci)

\

Identifikace PCR produktu pomoci
hybridizace s genoveé spec. sondou




|zolace sekvencne specifickych
mutantu

= Trojrozmérné” vyhledavani pomoci PCR

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

o identifikace pozitivni ,trojice” pomoci PCR, blotovani PCR
produktd a hybridizace s genové specifickou sondou

o identifikace pozitivni linie pomoci ldentifikace pozitivhiho
JLacu®, fady a sloupce
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|zolace sekvencne specifickych
mutantu

1o U EVE D] [DCRAUT )2 3.000 mutantnich linii A.t. (5 kopii En-1/linii)

2. ldentifikace linie nesouci inzerci

28x3-tray pools

VoV oy
+ ' E 5 7 row pools
En-8130 3 x 1-tray pools 5 column pools
En-1
1262
(dalsich 5+7+3=15 PCR reakci)
g
g— ]
En-8130 1262

Celkem 112+15=127 PCR reakci

(2x2x28=112 PCR reakci)

\

Identifikace PCR produktu pomoci
hybridizace s genoveé spec. sondou




Osnova

hybridizace s produkty iPCR na filtrech



|zolace sekvencne specifickych
mutantu

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

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

= prumérné 1.2 izerce na linii

» neautonomni transposon

« PCR vyhledavani nebo hybridizace s iPCR filtry

« SINS (sequenced insertion sites) databaze

http://nasc.nott.ac.uk




|zolace sekvencne specifickych

mutantu
Hybridizace s produkty iPCR na filtrech

izolace genomoveé DNA z
jednotlivych rostlin mutantni
populace

Stépeni restricni endonukleazou
ligace, vznik cirkularni DNA

inverzni PCR (iPCR) pomoci T-DNA
specifickych primer(

pfiprava nylonovych filtr s produlty
iPCR v pfesné daném vzorci
(poloze) pomoci robota

hybridizace s genové specifickou
sondou




Osnova

= vyhledavani sekvencné specifickych mutanti v
elektronickych databazich



|zolace sekvencne 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 —‘

linear "amplification” with primer annealing to T-DNA

{mostly LB)
4

f—

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

f—
A—

sequencing with another nested T-DNA primer

]

dj—

GABI-Kat (MPIZ, K8In)



Vyhledavani v elektronickych knihovnach inzercnich

mutantu

sInsert SALK.029311. Ordsr linse 028311 | View in AGE
Length = 440

Ecore

- 4

B4 bits (244], Expect = e-135

Identiti=s = ZLOF2E3 (90K}
= Plus f Minus

Etrand

Juery:

EEdot:

Juery:

Ebjct

Juery:

Ebjct

Juery:

Ebjct

Query:

Ebqot

Ecore

14E0

= 1

attagagbtbgattgaagtgtgbtbtatatattgataghgggacattacttataaaaago

attagagtttgatbtgaagogogititatatatigataghbgggacattacttataasaageo

acaaggatacaacaatagagacagtcacatgtatatcacataagbggatggeootoaaty

aczaggatacaacadbtagagacagtcacatgtatatcacataagbggatggbocctoaatg

tgttgottghaggacatttgtqagtatgbcaaaaacttatttocacatggbacactoatag

tgttgotbighaggacatttgtgagtatgicasaaacttatttcacatggiacactoaktag

attagooocacttaggagtgtoctagaasaagattgggactaaagbcttgbtggatogaat

abttagoooocacttaggagtgtoctagaasaagattgggactaaagbcttgbtggatogaakt

atgattoccaaac 1701

atgattoccaaac 20B

11 bits (5E}, Expect = Be-21

Tdentiti=s = TT/B4 {31k}
= Plus j Plu=

Ecrand

Query: 1922 tacatttbcbcgotacaatbaacgotatoaatatatbttataasaccoattbghocatbtoac
FEEEEEEEEETrrreee vee oo teeeee e e e e e e o 1 et
Ebjoe: 13 tacatttbocbogotacgatbtgacggtatoaatatatttataaaaccgboogacatbtoac
Query: 19B2 ttocctbaactaatcacatasatga Z0D0E
INARRRRERIRIRERIRNAN
Ebjoe: T3 ttootbaactaatcacatasatga 96
Ebjok: dY¥d ocoagobtoctagaagobtotbggbocaagtitocagbacogggacogatoctogagaat
AAATI LT LL pNE ¥LEW LTI LA ELALALL L LHSELL SEYUELNES 1L AN
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Vyhledavani v elektronickych knihovnach inzercnich mutantu

Ingert_SALK.029311, Ordsr lins 028311 | View in AGR
Length - 45D

Score = 4B4 bits (24d), Bxpect = =-135
Idencitiss - 3EQ/3E2 (90%)
Strand - Flus / Minus

Query: 1450 attagagt tetatatal . o 1508
ILLETETLEEEEPE T T TR TP EEETTT L EEEE T T
Bbjet: 455 attagage EEtatatal . e 400

Query: 1510 rat. 15e
TECEEEEEETE TR PR PR R LT ET TR
tat a0

Ebjot: 398

Query: 1570 rate 162
IELEELEETEEET PR PR TR LT R i
Ebjet: 328 tatk 280

Querys 1630 1688
PELEEUELEELE TR R PR E LT ELTE LT -

Ebjer: 278

Query: 1650 atgattcoasac 1701

HTELIT
19 acg

1
Ebjet: tgattccasac 20

Score - 111 bits (56), Expect = Be-23
Ldentities - 77/B8 (91%)
Strand = Flus / Flus

start transkripce

Query: 1913 tacatttbctogotacastbascgetatoastatatt tegreatttoae 1082
[

‘1 923 . WIRTITIIAN
cactcgatttcacattAATTATTCACT

NRRRRNNRRRRRRRNNRR RN
gtgactaaagtgtaattaataagtga.........

13

1 G1 F G2 449

b (+56)

N Exon

Intron

I Transmembranova oblast
Duplikace
I £n-1 element
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Osnova

= vypinani genu (knocking-out) pomoci homologni
rekombinace



nocking-Out the Gene

= il =

Electroporation

== Gene of interest [==

Homologous

l recombination
Selection with

resistance marker

SR

* X
4 *
* *
- *

* 5 Kk
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Osnova

Analyza fenotypu a potvrzeni pfiCinné souvislosti
fenotypem a inzerCni mutaci

: kosegregacni analyza

: identifikace nezavislé inzercCni alely

= vyuziti nestabilnich inzerCnich mutagenu a izolace
revertantnich linii

: komplementace mutanta pomoci transgenu

mezi



ProcC je nutne analyzovat pricinnou souvislost
mezi inzerci a pozorovanym fenotypem “?

pritomnost vice inzerci v jedné lini
moznost vzniku nezavislé bodové mutace

s inzerci T-DNA jsou Casto asociovany chromozomoveé aberace a
prestavby (duplikace, inverze, delece)

SV
3
VENs1S
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Kauzalita mezi inzerci a
fenotypem

= Kosegregacni analyza

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

+ ++ + +++ ++ +

<« Cki1::En-1



Vyuziti autonomnich transpozonu pro izolaci
novych stabilnich mutaci a revertantnich linii

transpozony se cCasto vyznacuji excizi a reinzerci do blizke
oblasti-vyuziti pfi izolaci novych mutantnich alel

excize transpozonu neni vzdy zcela presna-vznik bodovych

mutaci - izolace revertantnich linii s tichou mutaci i stabilnich
mutantu
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Fenotyp Sesuli cki1::En-1/CKI1

cki1::En-1/CKI1 CKI1/CKI1




Potvrzeni fenotypu cki1::En-1/CKI1

1. lzolace revertantnich linii

* PCR vyhledavani ve 246 rostlinach segreguijici populace

» 2 90 cki1::En-1 pozitivnich 9 rostlin melo kromé sesuli mutantnich |
SesSule standardniho typu l

Analyza potomstva

* potvrzeni absence inzerce pomoci PCR

 PCR amplifikace a klonovani ¢asti
genomove DNA v misté inzerce

* sekvenovani
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Vyuziti autonomnich transpozonu pro izolaci
novych stabilnich mutaci a revertantnich linii

aattcaagtCgtCACTACAAGA " ! En-1 TCTTGTAGTGCgIggagac

A. aattca ag cgz‘\g'g’a/g;c taclact tgg tac act caa acc gtg gat cag tta act ggt
N s SIR_. G D Y|[JTWY T Q TV DQ L TG

B. aatfca ag| ggt acglact tgg fac act caa acc gtg gat cag tfta act ggt
N s slGT]lITw YTQ TV DQLTG

C. aatfca agt cgt acg gag act aca ctt ggt aca ctc aaa ccqg tgg atc agt taa
N S S RTETTLGTL K PWII S

D. aatfca agt cge gtg gag act aca ctt ggt aca ctc aaa ccg tgqg atc agt taa
N 8§ S RV E T TULGT L K P WI 8




Potvrzeni fenotypu cki1::En-1/CKI1

2. lzolace stabilni mutantni linie

 analyza fenotypu segreguijici populace (CKI1/CKI1 CKI1/cki1::En-1)

« PCR analyza rostlin s mutantnim fenotypem-identifikace rostlin bez inzerce

* PCR amplifikace a klonovani casti genomové DNA v misté inzerce

* sekvenovani
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Vyuziti autonomnich transpozonu pro izolaci
novych stabilnich mutaci a revertantnich linii

aattcaagtCgtCACTACAAGA " ! En-1 TCTTGTAGTGCgIggagac

A. aattca ag cgz‘\g'g’a/g;c taclact tgg tac act caa acc gtg gat cag tta act ggt
N s SIR_. G D Y|[JTWY T Q TV DQ L TG

B. aatfca agt ggt acg act tgg fac act caa acc gtg gat cag tfta act ggt
NS S[GET] TWYTQTVDQULTG

C. aat fca agf cgt acg §ag act aca ctt ggt aca ctc aaa ccqg tgg atc agt taa
N S Sf{R TIJE T T L GT L K P WIS

D. aatfca agf cgc gtg pag act aca ctt ggt aca ctc aaa ccg tgqg atc agt taa
N 8 S{R V JE T T L G T L K P W I 8




Komplementace
mutantni linie

GOI

=
I
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Komplementace
mutantni linie

WT(Col- cop7-4 p35S: p35S:: p35S::
0) AtCOP1 OsCOP1 PpCOP1
1-5 16-10 9-8

cop1-4

Ranjan et al., 2014
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Osnova

= UmlCovani genu pomoci RNA interference

= Mechanismus RNAI



RNA interference

= Molekularni podstata posttranskripéniho umi¢ovani genu (PTGS)

= RNAi objevena u rostlin a Coenorhabditis elegans

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

dsRNA indukovala umiCovani cca 10-100x ucinngji

0S50 20 2989 v
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L@ 90 92000 @ uvircum
9990 Se0wve e
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QLSOO DO®E® P vicuun
000600000000 —— ——

Waterhaus et al., PNAS (1998)



RNA interference

= Molekularni podstata posttranskripéniho umi¢ovani genu (PTGS)

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

Mello and Conte, Nature (2004)



RNA interference

= Molekularni podstata posttranskripéniho umiéovani genu (PTGS)

. RNAI objevena u Coenorhabditis elegans a u rostlin

. je to prirozeny mechanismus regulace genoveé exprese u
vSech eukaryot

. podstatou je tvorba dsRNA, ktera muze byt spusténa

nékolika zpUsoby:
pfitomnost cizi ,aberantni“ DNA
specifické transgeny obsahujici obracené repetice ¢asti cDNA

transkripce vlastnich gend pro shRNA (short hairpin RNA) nebo
miRNA (micro RNA, endogenni ,vlasenkova“ 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 pfipadé
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
i Foreign dsRNA Developmental or experimental transcription

Foreign DNA (naked) repetitive transgene
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Transgene CH, fonap
assembly/ shRNA pre-miRNA

DMA/chromatin short hairpin RNA micro RNA
madification l
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Intermed RdRP RNA-dependens-RNA polymerase
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Mello and Conte, Nature (2004)



Dicer and Dicer-like proteins

H”]Hllll”lll"ll”lllll”l”lllllllll!lll””lllll!lllllllﬂlﬂ"l""l""]
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T T T N T R R AN S AR AT RN A 050300

From MacRae, 1.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, I., Bellini, C., Bouchez, D., Caboche, M., and Benning, C. (1998)
AGO1 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.
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transcriptional gene silencing

siRNA

post-transcriptional gene silencing

\ P‘Go T AAAN

binding to specific
transcripts

-

/

binding to DNA

\\

RNA Pol
m——)

MIiRNA

MIR gene
translational repression -
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The Nobel Prize in Physiology or Medicine 2006

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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Osnova

= Editace genomu pomoci CRISPR/Cas9



CRISPR/Cas9 - Mechanism

Clustered Regularly Interspaced Short Palindromic Repeats

. Bacteriophage
Jiang and Doudna, Cell (2017)

DNA njection §

¥ PAM
Spacer acquisition Invasive viral or plasmid DNA NS I Protospacer
. Integration
CRISPR-associated (Cas) genes -
cas operon CRISPR array
T 1 r 1
Locus mmm Cas9 Cas1 _ Cas2 Csn2 %
U (J «J Spacers Repeats
trans-activating CRISPR RNA lea”SC"Pt'C‘”
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T S s o e o —
CRISPR RNA
crRNA maturation
crRNA biogenesis 1 (RNase lIl processing A and crRNA 5’ trimming A)
3 5' 3 5 3 5’ 3 5'
CRNA S’ S - E—— m—
20 bp of guide sequence
preceding the Protospacer

Adjacent Motif

DNA interference

|
4]:
Site-specific cleavage %

Cas9



CRISPR/Cas9 — Genome
Editing

Cas9
Jiang and Doudna, Cell (2017)
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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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Knocked-in DNA
sequence of interest
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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 20..2x7

Jenifer Doudna

Cas9 programmed by crRNA:tracrRNA duplex

protospacer
-2y, PAM
target DNA { y
D /- <
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A Programmable Dual-RNA-Guided g -
DNA Endonuclease in Adaptive
Bacte rial Immu n ity Cas9 programmed by single chimeric RNA

Martin Jinek,** Krzysztof Chylinski,*** Ines Fonfara,* Michael Hauer,*t
Jennifer A. Doudna,2*%4 Emmanuelle Charpentier't
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Martin Jinek Jinek et al, Science (2012) o

crRNA-tracrRNA chimera



Shrnuti

= Metody identifikace sekvencné specifickych mutantu

. pfiprava sbirky mutantu

= vyhledavani sekvencné specifickych mutantu
pomoci PCR

= vyhledavani sekvencné specifickych mutanti v
elektronickych databazich

= vypinani genu (knocking-out) pomoci homologni
rekombinace

= Analyza fenotypu a potvrzeni priCinné souvislosti mezi
fenotypem a inzerCni mutaci
: kosegregacni analyza
: identifikace nezavislé inzercCni alely

= vyuziti nestabilnich inzerCnich mutagenu a izolace
revertantnich linii

: komplementace mutanta pomoci transgenu



Shrnuti

= UmlCovani genu pomoci RNA interference

= Mechanismus RNAI

= Editace genomu pomoci CRISPR/Cas9
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