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Moderni metody analyzy genomu -
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Uvod, CRISPR technolégia — principy a vyuZitie (Mancikova)

Metody pro analyzu nekddujicich RNA — miRNA, IncRNA (Mraz)

Sekvenovani nové generace (NGS) — technologické aspekty rlznych NGS platforem (Tichy)

Pfiprava knihoven pro sekvenovani nové generace (Tichy)

Analyza dat | (Bystry)

Analyza dat Il (Bystry)

Aplikace - Vyuziti modernich technologii, design experiment( (Tichy)



Ukonceni

 Test na internete

* Aspon polovica spravnych odpovedi



CRISPR/Cas



KI'd€ k uspechu cieleného genomového inzinierstva: metdda na tvorbu
dvojretazcovych zlomov.



Reparacny system buniek — endogenny
proces "

¢ Cielena tvorba dvojretazcového zlomu
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Homoldégna rekombinacia
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Frameshift—> volnych koncov Templat (mutacia..)>
Knock-out (NHEJ) Knock-in

* Frameshift mutation
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Ako Specificky nastiepit genom?

Hybrid Meganuclease

Protein-based RNA-guided

nucleases

nuclease
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Meganukleazy

* Najspecifickejsie restrikcné endonukleazy rozpoznavajuce velmi dlhé
sekvencie (16-40nt), prirodzene sa vyskytuju malo

* Sekvencia 18 bp rozpoznana meganukleazou I-Scel sa nahodne bude
nachadzat v gendme 20x dlh§om ako ten ludsky

 Umelé vytvaranie variant je narocne, nakolko DNA vazobna a
Stiepiaca funkcia su sucastou jednej domény




ZFNs & TALENSs

e Artificialne restrikéné enzymy (2 domény):
DNA vazba (Zinc Finger a TALE)
stiepenie (Fok | Nukleaza)

* Proteinové moduly rozpoznaju DNA sekvenciu a dimerizacia Fok |
indukuje stiepenie cielovej DNA

* Rozpoznavaju dlhé useky baz vhodné na stiepenie na urovni genomu



ZFNs (1985)

Nova cielova sekvencia (3-4 nt) =
nova doména

Design casovo narocny

Miera neuspechu je velmi vysoka
(medzidoménové interakcie)

Off-target velmi Casté

Fava ZFN
cieflova DNA

___J

prava ZFN
cielova DNA



TALENS (2009)

* Transcription activator-like effector nuclease

e Opakujuce sa vysoko konzervované ,moduly” 33-34 aminokyselin

* Jednoduchsi design ako u ZNFs (kazdy nukleotid ma vlastny modul)
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Proteinové systéemy

sekvencna Specifita je dana interakciou DNA-protein

editacia prebieha s presnostou az 1 nt

Pouzivaju se umelo pripravené nukleazy

Novy ciel=novy protein = priprava casto zlozita, vysledok nie vzdy
uspokojivy

TALENs

A




CRISPR/Cas: historia

* Skromny zaciatok ako exotické opakujuce sa sekvencie v bakterialnom
genome

* 1987: Ishino et al.: "exotic junk DNA" s neznamou funkciou u E.coli

[‘I-"I.'}'-I';'-Aﬂ‘r"!mﬂ CEAGTTCTACCCEC AGAGGC COGEGARMCTCCARGTOATATCCATCATECCATCCAGTOCGOS (1, 451)
(1,452 ) O T ATC O T AT GO LG AR A A C T ACCOGTCARATC TCACCOTCGTTGE (1,512

(1,500 ) [COCTTTATCOCTGETGREGOGEHG GETTCAGGOCTTGO AAACCTCOOTACCGRG (1,573
01,574} [COGT T TATC OO GE T A GO GGGG AN TCOTAGTC CATCATTCCACCTATETCTEAMETOE (1, 634]
[1,61%) |COETTTATCOOCGCTRGCRCEEREARCTCE [L, 664 )

consensus: [CCGTTTATCCCCGET, -CECCGOEARCTC

e 2002: Jansen et al.: v gendme vacsiny baktérii a Archae — CRISPR
Clustered Regularly Interspaced Short Palindromic Repeat

= priame opakovania (21 do 37 bp) rozdelené rovnako dlhymi neopakujucimi
sa sekvenciami (medzerniky=spacery)

- CRISPR asociated (cas) genes — vzdy pritomné pri CRISPR lokuse
e 2005: Mojica et al.: sekvencia spacerov homoldgna k bakt. fagom




CRISPR: bakterialna imunitna pamat

CRISPR Provides Acquired Resistance
Against Viruses in Prokaryotes

Rodolphe Barrangou,® Christophe Fremaux,® Héléne Deveau,” Melissa Richards,®
Patrick Boyaval,” Sylvain Moineau,” Dennis A. Romero, Philippe Horvath®*

Clustered regularly interspaced short palindromic repeats (CRISPR) are a distinctive feature of the

genomes of most Bacteria and Archaea and are thought to be imvolved in resistance to bacteriophages.

We found that, after viral challenge, bacteria integrated new spacers derived from phage genomic

seguences. Removal or addition of particular spacers modified the phage-resistance phenotype of the

cell. Thus, CRISPR, together with associated cos genes, provided resistance against phages, and QPN Homapaga | Cantact us | Downoads | Dupomicom | Search danicacom O

resistance specificity is determined by spacer-phage sequence similarity. .
Science, 2007 DANISCO.
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CRISPR: bakterialna imunitna pamat

* Infekéné experimenty s Streptococcus thermophilus a lytickymi fagmi

* Rezistentné bakt. kmene sa objavuju po fagovej pandémii -
hypotéza: , Bakterialna ziskana imunita proti infekcii fagmi?”

 Cim viac spacerov, tym vyssia
odolnost voci infekcii
>~ buid Cudzoroda DNA rozpoznana a
Pl — — zaclenena do CRISPR lokusu ako

| . novy medzernik (spacer)
- e Cas gény-helikdzové a nukledzové
— e motivy—>aktivna Uéast na
prestavbe CRISPR lokusu
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CRISPR: bakterialna imunitna pamat’
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Nové spacery su homologne ku gendmu fagov.



CRISPR: bakterialna imunitna pamat

Ak vlozime novy spacer do bakt. gendmu, bude tato rezistentna?

AN
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spacery maju schopnost poskytnut
fagova rezistencia de novo

samotné spacery nie su dostacujuce,
musia byt v konkréthnom genetickom
kontexte

niektoré cas gény su nevyhnutné k
poskytnutiu rezistencie (cas9)



CRISPR: bakterialna imunitna pamat

* relativne mala populacia bakteriofaga si zachovala schopnost infikovat
mutanty - tieto fagy zmutovali sekvenciu korespondujucu spaceru -

imunita zavisi na zhode v sekvencii

I
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Fig. S3. Alignment of CRISPR spacer S1 with the corresponding genomic region of phage 858 and the
two mutant phages that have circumvented the CRISPR resistance of strain W@gsg_smz.



CRISPR/Cas systémy

* 90% archae a 1/2 baktérii ma nejakd formu CRISPR/Cas imunity.

Table 1. Classification and Examples of CRISPR Systems

Class  Type Subtype Hallmarks Example effector Example organism Studies Cited
Class 1 Typel multisubunit effector IDascade E. coli I Brouns et al., 2008
complex; Cas3 I
Type I 1I1-A multisubunit effector I['Jas1 0-Csm S. epidermidis I Marraffini and Sontheimer, 2008
complex; Csm effector
module; DNA targeting I
in-B I multisubunit effector IDmr I P. furiosus Hale et al., 2009
complex; Cmr effector
module; RNA targeting I
Class 2 | Type ll single protein effector; Cas9 I S. thermophilus Bolotin et al., 2005; Barrangou et al., 2007;
tracrBNA I I Sapranauskas et al., 2011; Gasiunas et al., 2012
I I S. pyogenes Deltcheva et al., 2011; Jinek et al., 2012;
I Cong et al., 2013; Mali et al., 2013
Type V single protein effector; Il‘;‘pﬁ I F. novicida Zetsche et al., 2015
single-RNA guided

CRISPR systems are currently organized into two overarching classes: Class 1, which contain multi-subunit effectors, and Class 2, which contain sin-

gle protein effectors. These classes are subdivided into five types (Makarova et al., 2015), with type IV remaining a putative type within Class 1.
Although only Class 2 systems have been adapted for genome engineering, the results described in this review emerged from studying a diversity
of CRISPR-Cas systems. (Type llI-B systems are not discussed but represent an unusual system that targets RNA rather than DNA [Hale et al., 2009].)




CRISPR/Cas9 (type |, class 2)

tracrRNA CRISPR array

s e

} f

tracrRNA pre-crRNA
e S e il —

RNase Il

: =,
Virus DNA ( q? Plasmid

e’ DNA

@ Acquisition

=

4 leader 10 9 8 7 6 5 4 3 2 1
cas locus CRISPR array

@ Expression

A 4 A 4
(_\kﬂ BIAIRIRIRIRIRIRT
-y Pre-crRNA

Cas proteins

Plasmid DNA cleaved

F

@ Interference

—
"-1_\1'-\1_"
-

-

Virus DNA cleaved



Rekonstitucia CRISPR/Cas9 in vitro a v
_nepribuznom organizme

Protospacer b crRNA tracrRMA
| [ [ Fusion of
—%j’ e — TN+ tracrRNA
l CRISPR 1 l
repeats

t:rRNA_ -U-J_ tracramA W gHMA
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racrANA |" Cas9 | T | Casa:gANA
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Target DNA site | | | Target DNA site
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3 zlozky su potrebné na funkciu in vitro (crRNA,
tracrRNA, Cas9)

crRNA a tracrRNA sa m6zu skombinovat do jednej guide
RNA (sgRNA)

sgRNA je kratka synteticka RNA zlozena z "kostry"
nevyhnutnej pre vazbu Cas9 a uzivatelom definovanej
~20 nukleotidovej "spacer" alebo cieliacej sekvencie

2012: Tieto zistenia otvorili cestu pre
pripravu univerzalnych

programovatelnych RNA-riadenych
DNA endonukleaz.




,Prakticka prirucka”

Protocol

Get the reagents Prepare the mix Set up conditions

L £ 5ﬁe+(hin5 Science



Cas9

* ROzne ortoldégy (podla bakt.kmena povodu, najpouzivanejsia Streptococcus pyogenes Cas9)
e Multifunkcny protein

- 2x nukledzova doména (HNH, RuvC-like)-kazda stiepi iny DNA retazec

- helikazova doména

DNA H'|0|:|p (_% Tl:_]rget DNA ﬁ?,”“
For— oa formation 4 cleavage Higy;
N

targeting

HNH
’5‘ lilL'l‘ ".-.’-_._.____.r‘"'.-

e Off-target = tolerancia Cas9 k nespravnemu parovaniu s cielovou sekvenciou
- Pocet nesparovanych bazi
- Ich umiestnenie vramci sekvencie
- Ich distribucia vramci sekvencie
- Mnoistvo Cas9 v bunke (T Cas9 = 1 off-target)



Modifikacie Cas9

* nCas9
- Mutant pre jednu z dvoch nukledzovych domén (Cas9 nickase)

- 50 - 1500x vyssia Specifita

OO o Dvojretazcové zlomy Stiepi iba jeden retazec
sgFAMNA ‘\_JL 7 ie si 7 i
gRANAa i Vyzaduje single gRNA VyZzaduje 2 gRNAs
5 an g
3 == < A - g Off-target Menej off-targetov
target a ﬁ
Vysoka efektivita . . Y
Casin sgRAMA b . «
Sperdling wilkard o Tl = 1El Efektivita urcena ,slabsSou” gRNA
e dCas9
- katalyticky neaktivny mutant (Cas9 dead)
- RNA riadeny DNA vazobny protein RNA-guided Fokl nuclease (RFN)

- sluzi ako vyborna platforma na nabor proteinov k cielovej DNA

--5-

3-- -




Vyber gRNA

* Vyber gRNA struktury ovplyvnuje aktivitu Cas9
- Dudlna gRNA ( crRNA a tracrRNA exprimované separatne) — vacsinou nizSia ucinnost
- Single gRNA

- 2 kritické Casti:
* 5" koniec (20nt) viaze cielovd gendmovu DNA (100% homoldgia v ,,seed” regione — 8-12nt)
- Gendmovy ciel moze byt akakolvek DNA sekvencia (~20nt)
-tato sekvencia je jedinecCna
-sekvencia bezprostredne pred Protospacer Adjacent Motif (PAM, sekvencia Specificka pre jednotlivé druhy
Cas9, napr. 5 NGG 3’ u Streptococcus pyogenes Cas9)

Target site: 5'- GTGTAAACGGATAATGGACANGG
Distal Seed PAM

* 3" koniec sa viaze na Cas9 (Specificky pre r6zne ortology Cas9, pre jeden otroldg rovnaky pre rozne sgRNA)

Schopnost multiplexovaného cielenia viacerych génov

sgRNA sa navrhuju pomocou in silico softwarov
Vyber génu (organizmu), Cas enzymu...
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Anahysis DMNA sequence up to 1 kb;
one of the eariest tools for searching
patantial target sites; this software
alsa be applied in ZFNs dasign and
TALEMs design

Analysis DMA saquanca up to 500 bo;
display the off-targat scores in an
unambiguous manner; imited axclusivaly
1o ‘NGGE PAM sequences

Identfy warous PAM sequences; display
main sequence featuras of the
cardidate sites

Analysis DMA saguanca up to 1 kb;
standalone version availaols; random
mismatcheas can be searched

Display in dynamic graphical intarface;
dasign sgRMNAs for arthogonal Cas9
with differant PAM sequences; this
softwarne also e apoliad in
TALEM design

Start application and design purposs
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Rekonstitucia dvojkomponentového systemu

» Editacia vyZzaduje ko-expresiou 2 komponentov: sgRNA Specifickej pre cielovy gén a endonukleazu Cas9 (na
jednom/dvoch vektoroch)

- Jednovektorovy systém (napr. lentiCRISPRv2) — plasmid s 2 expresnimi kazetami (Cas9 a chimérna gRNA).

Plasmid moze byt nastiepeny restrikénym enzymom v lokuse gRNA, a do miesta Stiepenia vloZzend cieliaca
oligosekvencia (20nt).

- vhodny napr. pre primarne bunky (iba jedna transdukcia)
ePPT

Splas9 FLAG P2A Puro WPRE
| ] ]_[ /
O
BsmBl Bemi

- Dvojvektorovy systém (napr. lentiGuide-Puro a lentiCas9-Blast) — 1 plasmid exprimuje len gRNA, druhy Cas9

(najprv sa zavedie Cas9). Plasmid mo&ze byt nastiepeny restrikcnym enzymom v lokuse gRNA, a do miesta
Stiepenia vloZena cieliaca oligosekvencia (20nt).

psi+ RARE | W6 2 kb fifer EFS
A\ | \ 1. !
lentiCRISPRv2 {

——

cPPT
P+ ARE W& 2ghfiler] EFla Puro WPRE

lentiGuide-Puro

i
BemBl BamB



Cas9 editovanie: potrebné komponenty

» ko-expresia SgRNA a Cas9 - Specificky expresny systém zavisi od konkrétnej aplikacie

Savcie expresné vektory

Lentiviralna transdukcia

Cas9 mRNA a gRNA

Cas9-gRNA riboproteinovy
komplex

Promaétor Cas9 konstitutivny (CMV, EFlalfa) alebo
indukovatelny (Tet-ON); Prométor gRNA typicky U6
* Reportér. gén (GFP), selekény marker (antibiotikum)

Cas9 a sgRNA na 1/2 vektorech
* Reportér. gén (GFP), selek¢ny marker (antibiotikum)
e Obalové plazmidy na tvorbu viru

Plazmidy s gRNA a Cas9 sa pouziju na transkripciu in vitro
na vytvorenie maturovej Cas9 mRNA a gRNA, potom sa
dodaju do cielovych buniek (napr. mikroinjekcia alebo
elektroporacia)

Purifikovany Cas9 protein a in vitro transkribovana gRNA
sa kombinuju za vzniku komplexu Cas9-gRNA a dodavaju
sa do buniek pouzitim kationovych lipidov

Lahko transfekovatelné bunky (Hek293),
docasna alebo stabilna expresia

» Stabilng, laditelna expresia Cas9
a/alebo gRNA v Sirokej Skdle savcich
linii

» Uzitocné pre tazko transfekované
bunky/in vivo

* Celogendmové screeningy

* Docasna expresia systému

» Expresia klesa s Casom (degraduje sa
RNA)

* Generovanie transgénnych embryi

Docasna expresia systému
Expresia klesa s ¢asom (degradacia
komplexu)



Prehlad roznych aplikacii

VeFe—=: mm=——: Indel  Indel (knock-out) pomocou NHEJ
b — | « Specifickd zmena (mutdcia/insercia) pomocou HR
: —'—"‘_ —— — —— Insertion or replacement

c i .
:::ﬁﬁ:::ﬁ::z: — Large delation or reamrangemeant
Casd Casd }

Dvojica gRNA mo6zu stimulovat velké delécie, a chrom. prestavby

-

d __——o SO .

— o as  Gene activation
.'Kw % :TSS oo % __.TSS

dCas9 fuzovany s transkripCnym regulatorom-> zmena expresie
cielového génu

e . -~ . = °
:::—"—"_".—"—::: — :::—"—"._"—'i::: Oither modification,
\ % Ial 8.9.. chromatin or DMA modification
: N e
e Ear
f — A A4  _a A .
i ; i B — - — —. 3 —= Imaging location

dCas9 = kataliticky neaktivny protein

dCas9 fuzovany s réznymi efektormi - zmeny v epigenetickych
znackach

dCas9 fuzovany s florescenénym proteinom - florescencna
mikroskopia



CRISPR interference & activation

(CRISPRI&a)

a Transcription repression

b Basic transcription ectivation

dCas9-sgRNA mo6ze blokovat RNA
polymerazu

zabranit iniciacii transkripcie
narusenim viazania transkripcného
faktora

™ represia s KRAB, SID4X doménami
KRAB-dCas9 silna represia -50 az
+300bp od TSS

CRISPRa pouziva dCas9 fuzne proteiny
na nabor transkripénych aktivatorov
Casto potrebné viaceré sgRNA
Aktivacia -50 az -400bp od TSS



Simultanna transkripcna aktivacia a

renrecia

com RNA

scRNA repressor module
Recruitment of Com binding protein fused
to KRAB to the com aptamer

aptamer

e

A J

scRNA activator module
Recruitment of MCP fused to VP64 to the
two MS2 RNA aptamers

Viaceré sgRNA->viac génov

scRNA (scaffold)-prediZenia sgRNA o
proteiny-viazuce RNA adaptéry—>info
o cieflovom géne a akcii (ON/OFF)

Manipuldcia komplexnych signalnych drah (bez zmien v sekvencii DNA).




CRISPR editacie baz (bez DSB):

CRISPRXx a iné

Cas9 varianty / cytidin deaminazy / manipulacia DNA reparacného systému buniek - Specificka editacia bez DSB

5’ G 3’ N
G
‘ Cytidine l
deaminase H
Error-free TR Cytidine
repair G . |
Endogenous Uracil
N-Glycosylase UGl
UNGY
Abasic site A

. <y — " NH
gy . .-"l%
(+] N 0

Hyy o

L1 1 G
Mick

Error-prone
repair

Substitutions l

A
T

DIVERSIFYING EDITS

Endogenous
AP lyase

X

l G

Cas9 D10A nick

\»

|

DSB ¢

] GAM

———

U
G

Endogenous mismatch
repair of nicked strand

U
A

DNA replication
or repair

T
A

T

Indels viaze DSB-> | viabilita
buniek s DSB

PRECISION EDITS




CRISPR editacie baz (bez DSB):
CRISPRx a iné

* Cas9 varianty / cytidin deaminazy / manipulacia DNA reparacéného systému buniek = Specificka editacia bez DSB

—precizne jednonukleotidové zmeny

A PRECISION EDITS

Target AID
BE3 YEE-BE3 SaBE4-Gam 4
N-terminus
Cytidi Uracil glycosylase
idine inhibitor (UGI
deaminases ki ) PmCDA1
rAPOBEC1 YEE-rAPOBEC1
C-terminus
IRRREIRRRRRDI L o
(_/3359010#« L/ ™ Cas9 D10A  nikdza
Cas9 D10DA SaCas9 D10A
Cc—T c—T C—T c-T
1612 -15)-13 O -19@-15 |
PAM "PAM "PAM PAM

—>miestna diverzifikacia sekvencie

Targeted AID- DIVERSIFYING EDITS

mediated TAM CRISPR-X Hyperaktivna
. /- UG
mutagenesis - Ms2- 4 deaminaza
) o

3000 genetickych
variant v ClinVar by
bolo opravitelnych C>T
substituciou

PAM PAM



Aplikacie: vyhody a nevyhody
CRISPR/Cas

| Advantages

Disadvantages

Examples |

Snmmary

Cut

Cut

* Fast and sumple

. Effictent WHET-mediated
mutagenssis

* Foandein niutagenesis
. Off-target cutting

[21]

[44]

[34]

(4]

[43]

[24]

Production of single and multiplex
mtan: mice via direct zvgote
injections of Cavd/sgRbAs

Production of matant mice and rats
via direct Zvgote injections of Cawl
sgRMAs

Cre-dependent (L3L) Cas®
wransgens, enabling CRISPER
editing following delivery of an
exogenons sgFIMA

Somatic gene editing in the Jung via
lentiviral delivery of Cas® and
sgRMAs

Sommatic gane editing in the lncer
nsing hydrodynamic transfection of
plasmid-based Cas? and sgFNAs

Indueible genome editing i mice
carrving a dox-responsive Casd and
single or multiple sgFINAS in one
ransgene

Efficient knrock-in alleles using
Cas@-5gPIVA (protein-RMA)
compleses, delivered by zvgote

injection

Mick

Mick

. Fast and simpla

. Efficient NHET-tesdiated
u‘.ul‘.agmel.u

. Lumnited off-target effects

. Randein mitagetesis
. Fequires 2 sgRMAstarget

[33]

[23]

[43]

Adenoviraldmediated delivery of
Cas® and sgFMAs to the monse
Irver

Greperation of knock-m and mtant
mice by direct zygote injection of
Casfn/sgENA/ donor temnplate

Inducible genome editing usime a
dax-responsive Casfn transgens
and multigle sgRRAS in one
rANSEELE




Advantages Disadvantages Examples | Sommary
Producton of LoxP, epitope and
[26] flnorescent reporter mice via Zygote
imjection of Casd/szFhAs donar
template
o Low efficiency Gen f knock-in and mutant
= | Specific mmt exation o in and |
s i . * peciic Ity Frequenst mutations & ook [25] mice by direct zygote mjection of
Fnock-m = LE . Endogenois protein tags & targeted allele Cas®sgRN A/ donor temnplate
= + fluarescent reporters g -
w Ra HDE hinary ) ornatic Cionb ] gene substitution
— e TACHITeTY [38] using hydrodyiamic ransfection of
plasmid-based Casd/sgRINA donar
Somatic Fah gene sabstiution
[39] using hydrodyramic ransfection of
plasmid-based Casd/'sgFINA donar
Soonatic chramosomal
[50] rearrangament of ENML4-AlK locus
o ) it the Jung via adenoviral delivery
I;II:.;':l ; ; . Deletions, inversions & of Cas® and sgPIAs
= E o translacation. Low efficiency
B 1l : - Gommatic chromosomal
Feamange = +  Endogenous ) Mo way to specify type of (48] rearrangement of EML4-AlL locus
& — rearTangemants (regulation rearTangement desirac in the hang via lentiviral deliery of
o maintained) Cas? and sgBEMNAs
Drisruption of chramatn topalogy
[52] domains by mrversion and deletion
of chromosome regions in ESCs
. Feeversible enforced -
-, Ped expression hlay requive maltiple ssRMAL
) — x _ ) OF ACCEsSaTY proteins
@ ‘ +  Fotential for multiplexed _ )
Activate E = Jr activation Eum:;h tasting req‘uuedr ND
[—-)- eatify appropriate sgB
=< . Endogeneis tanscript combinations
regulation maistained
0 *  Inhibition of EMA
@ e pradaction
b ] . i i Potential for ireversitle
Fapres E Reversible pene silencing TEpIeLsion HD
g '
o l_l . Lultplexed gene
SUppnesian
-
— E 4 ) ) Potent] ,
§ x| . Epigencme remadaling repIE&nlanl:uﬁr imavarsible
Remodel uE_} . ' < ) SFEI?IE:;E& ml I“‘::g Off-tazget effects not well ND
13

characterized




KlfuCoveé aspekty pri uprave genu
MNADICDD /MNAc

‘ Bunecny typ/linia
‘ Cielovy gén
‘ Modifikacia v’ Knock-in vs knock-out/represia vs aktivdcia
‘ Vyber sgRNA
‘ Expresny systém
‘ Screening
‘ Validacia

v' Je vhodnad?

v’ Je esencidlny/exprimovany/amplifikovany?

v’ Efektivnost vs Specifickost
v’ Maximalizdcia efektivity
v’ Kolko klonov potrebujem na ndjdenie pozitivheho?

v’ Je vysledok podla ocakédvani?



230 240 250 260 270 280 200
GATCTCGAACAATTTGCCAAGCTCCTAAAGCAGAAGAGGAT | ATATACCCAGGCCGATGTGGGGC IC

WT

Validacia

220 230 240 250 260 270 280 200
GATC TCG AACAATTIGCCAAGC ICC TAAAGCAGAAGAGGATATACCCAGGCCGATGTGGGGCTCACTTIGGGGET

| Cas9/sgRNA |

* DNA Lo T e Ay

priame sekvenovanie

T7 endonukleazova assay [[E—
Restrikcna assay —==—
Mutacia homozygotna?, indel nasobky 3°? === F

idigests mismatches)

* MRNA ~

=l Full-length PCR product
: Cleawved fragments

* protein

Optimalne je potrebné vylucit off-target (NGS).




Experimentalne strategie na vylucenie
off-target

* VlyluCenie potencialnych co-founder efektov off-target mutacii
-spatné vlozenie wild-type alely by malo zvrétit fenotyp

* Pouzitie viacerych sgRNA

-kazda sgRNA ma iné potencialne off-targety, ak je fenotyp
rovnaky u viacerych sgRNA, zrejme sa nejedna o off-target efekt



Day 1
Steps 1-4
fr1 sitfco design

Days 2-5

Step 5
Reagent conslruction

Days 5-8
Steps 6-126
Funclional validation

Days 9-28
Steps 54=-T0
Clonal expansion

Il
I’

T . == Repair template
. .-"_._. —— r
SpCass = 7 [(optiona)
pSpCas ] i
(agRMA) . __‘_
- —
* Transfect
SURVEYOR assay
—— * Genotype
n i _-'. o2 ..&"‘-._.:_ m_'-
l_.r" A o 'sotate clonal lines
. T o
\.-#-- - -. q o S ===E '
& 1 . % E d:
r, i i xpan
> v <

In silico navrh gRNA
Objednanie oligonukleotidov

Molekularne klonovanie
Transformacia baktérii
(tvorba viru)

VloZenie systému
Selekcia (antibiotikum, GFP)
Validacia editacie

Tvorba izogénnych linii z
jednobunecnych klonov



,CRISPR goes viral®

Silkworm
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CRISPR... proste funguje (lepsie).

o«  CRISPR/Cas TALEN CRisPRs [

Gene iency Efficiency of
(St s/Clones Homozygous
5 ned)” Mutants
AKT2 chr
AKT2 chr BEM142)  12.7% (18/142) I
CELSR2 chr
CELSR2 chr VS {45/68)  7.4% (5/68) I
ClHTA chr iy
CIITA chr’ ") 96M22)  11.5% (14/122) I
GLUT4 chr
GLUT4 chr 123/185) 24.9% (46/185) I
LDLR chrt
LDLR chrt B0/176)  8.0% (14/176) I
LINCOD116  chr
LINCOO116  chrl Efficiency 93/162)  8.6% (14/162) I

U TALENu kazda nova target sekvencia vyZzaduje znacnu zmenu v proteinovej Strukture TALENu,

CRISPR/Cas vyzaduje len zmenu 20nt v sgRNA.




CRISPR

* sekvencna specifita je dana interakciou DNA-RNA
* editacia prebieha s presnostou az 1 nt

* velmi efektivna editacia (hlavne na indel)

* moznost multiplexného cielenia

* novy ciel=nova gRNA - priprava menej ako tyzden
e 20-40S/gén (4000S za TALEN)



Aplikacie




Aplikacie: (1) medicina

Somaticka I Germinalna

LIECBA BUDUCE)

Terapia MEDICINA GENERACIE

+GENETICKA
PLASTICKA
VylepSenie CHIRURGIA" DESIGNER BABIES
VylepSenie znakov u
zdravého jedinca

Zmena sa neprenasa na
potomkov

Je hluchota,
dwarfismus atd.
choroba?



Aplikacie: (1) medicina

» Tisice monogénnych chorob (napr. hypertroficka kardiomyopatia - gén MYBPC3, incidencia 1:5000) - TERAPIA

* 24/8/2017,Nature: (Correction of a pathogenic gene

mutation in human embryos

a Targeling culcomes In emibryos mmnmm

WT = Mutant = Mosalc

AT.A%
@it -.III ll
=1°2= 2
Conimi ambryos S pRase Inoctod embryos 12:&456?&91(-1123,
m:rvas
¢ Baastomars genotypes d Cverall targeding Cverall HDR
N mosalk: amoryos afficiency in embnyos efciency in embrycs
= Tageted o Non-targeted HDR = NHEJ

e Etické aspekty

Off-target efekt (latentné problémy)
e ,Designer babies”
* Do buducnosti znizenie genofondu (?)



Aplikacie: (1) medicina

Terapia:

Genetické choroby
-otazka vpravenia systému
-najjednoduchsie v krvi (ex vivo+kontrola pred
infaziou): srpkovita anémia, B-thalassemia

Rakovina
-vylepsené imunitné bunky (CAR T)

editas
k]

Unlocking the Promise of
to Deliver

$43 MILLION

CRISPR THERAPEUTICS

Transformative
Gene-based
Medicines

$89 MILLION

Intetiia



28/11/18 International Human
Genome Editing summit v Hong
Kongu

Aplikacie: (1) medicina te:amprou

DalSie CRISPR tehotenstvo?. TT——

* Medzi¢asom v Cine....

25/11/18 He Jiankui oznamil 26/11/18 He je vysetrovany, Ci

narodenie Lulu a Nana-dvojickam neporusil zakon.

odstranil gén CCR5 (vstup HIV, Vedci volaju po globalnom

kiahne, cholera). moratoriu na vyuzivanie tejto
technoldgie pri vytvarani génovo

https://www.youtube.com/watch? upravenych deti.

v=thOvnOmFltc&app=desktop

HUMAN GENOME EDITING

21/02/19 CCRS5 hra rolu v
inteligencii a pamati.

29/11/18 Zakaz dalsich pokusov
pre He a jeho tim.

Nasledovne sa zistilo, Ze o
dvojickach vedelo niekolko
vazenych vedcov (NP, Stanford).



Aplikacie: (2) kontrola infekcnych chorob

Gz 1y Ll perohRen]

= e e S (=" =

k¥ gone locus A —
3 [HDH K HOIE

protilatky proti malarii

* Malaria, dengue — kontrola nosicov tychto chorob (komare)

r\r]1/'lf 3 DsBed vasa UsA gRNE
v , 7 . ’ . , .e H—m_ﬂu I ——* -_WT-.-?-_
. - kmen kc,)rparov,l ktory je vd a.ka CRISPRI/SZas editacii e otorne-exprosivsérodoineHing
rezistentny na malariu, a tato rezistencia sa prendsa na potomstvo
. . , . , v s e , . sgenic wild type wild type IMSEEnIc
- Cas9 je exprimovana iba v zarodocnej linii, kde kopiruje an ™
gén rezistencie z jedného chromozému na druhy s > 98% X X

Lk

ucinnostou, pricom zachovava transkripénu aktivitu génov 3 d l

- transgén je takto velmi rychlo rozSireny do potomstva
Zygote

» HIV —vyuzZitie CRISPR/Cas9 na Stiepenie virového gendmu v i i

. . s pe AMERICAN SOCIETYof Cewelopir\g
Infl kova nyCh bu n kaCh Molecular Therap U GENE &« CELL i
s embryo
Original Article bl THERAPY )

mmal, germiing .\OI“':‘-.L gm‘rnl ne
In Vivo Excision of HIV-1 Provirus
by saCas9 and Multiplex Single-Guide adlult {"D
RNAs in Animal Models e e

Chaoran Yin,"* Ting Zhang,'* Xiying Qu,”® Yonggang Zhang,' Raj Putatunda,' Xiao Xiao,' Fang Li,' Weidong Xiao,*

Huagqing Zhao,” Shen Dai,' Xuebin Qin,’ Xianming Mo,” Won-Bin Young,” Kamel Khalili,' and Wenhui Hu' wild type allele -| DR allele # MNHE] allele

Gantz et al.: Highly efficient Cas9-mediated gene drive for population modification of the malaria
vector mosquito Anopheles stephensi, PNAS 2015




Aplikacie: (3) uschovna dat

* V CRISPR lokuse sa uklada informacia od napadajucich virusov (az niekolko 100 spacerov) - potencial
ukladat aj akukolvek int informaciu

* Moznost zakédovat informaciu do oligonukleotidovej sekvencie (protospacera), a zapisat ju do genému
baktérii a vytvorit tak ,Zivd uschoviu“

Figure 1: An image into the genome.
Pixet=subor pixelov
a b c GG -50%, no monaruckeotide
Pixat repaats =3 bp,

EHDI:_‘.'dBd ir.l.lagB E ﬁ o 0 inbernal PAMS
F fsthase T _C A G gf’ T T T T TC e
| A y P T I ) 00000001 e
T = A w=C¢ [ (%1
| E M=T p ;%
z 1 B 10= A i
i c A NaG Eé %7
=) -: 1
A - E [l i
]1 : ii
1 G A | h
2 |

: EEY G v S | D
Original Image Image Reconstructed From Bacte

Tento systém bude schopny zaznamenavat viacrozmerné biologické informacie.



ny

Aplikacie: (4) priprava modelov (linii,
organizmov)

* Oproti klasickym technikam, kedy priprava Knock-out / knock-in mysi trva najmenej 6 ~ 12 mesiacov,
CRISPR/Cas9 je bleskurychly = uz za 2 mesiace (navysSe odpada nutnost ESC)

* Prekvapujuco vysoku ucinnost pri produkcii jednoduchych (95%) a dvojitych mutantov (70-80%) mysi
priamou injekciou mRNA Cas9 a sgRNA do oplodnenych zygot

* U bunecnych linii otazka tyzdriov — moznost pripravit izogénne linie

* Moznost studovat vo velkom meritku kauzalne mutacie, ¢i varianty objavené v GWAS

Genetic studies identify human CRISPR is used to disrupt or These mice are studied to
gene mutations linked to introduce targeted mutations in learn how each gene and
neurologic diseases. the disease-linked genes in mice. mutation affects disease, and

used to test new drugs.

, ) gene a :
Huntington’s —_ %)-__, A ;
geneb > —/—/\

= S e
parinsorts e — = | ]

) genec
Alzheimer’s

gened




Aplikacie: (5) celogendmovy screening

 Studovat funkciu génov na celogendmovej Urovni

* napr. GeCKO kniznica = lentivirusova kniznice CRISPR-Cas9 proti 18 080 génom s 64 751 jedinecnymi sgRNA
(3 - 4 sgRNAs na gén, sustredené v 5” konstitutivnych exdnoch) umoznuje skrining negativnych aj pozitivnych
selekcii v ludskych bunkach.

A B A375 C HUES62
85 i ———— "9 == Day 14 11 e Day 14
A cPPT é—g 'g _‘ = - u g 08 _ .E.}a.y.s .................... g 0.8 _Days ----------------------
psi+ RRE| UB sgRNA EFS SpCas9 P2A Puro WPRE 2 =4 g —i— e — —-————— § %
. AN I p_= Sty D06 ol e | | T
lentiCRISPR
B
3™ * Uplne narusuje cielové gény ¢im sa predchadza slabym signalom (ako u RNAI)
Z % . ! , . oy . . T
s | * cielenie génov systémom CRISPR presnejSie a generuje menej off-targetov L.
E e vyborné na systematické studium gén. funkcii Deplted Enrched
£ * vyborny spdsob na ziskanie informacii o tom, ktoré gény zohravaju pri¢innu ulohu v danom N1 |
IS . ,
g, fenotype (hypothesis-free pristup) s

000 10000 14000 18000
Gene rank

-
_—_

Shalem et al.: Genome-Scale CRISPR-Cas9 Knockout Screening in Human Cells, Science 2014



Aplikacie: (5) celogendmovy screening

* Drop-out screening na odhalenie genetickej zranitelnosti

Catalogue of AML-assential genes

RACLRE-13

5 AML lines
MOLM-13 ==t w11
My 4-11 _ - [
HL-G0 . . .’ , v. / ’ ’
OCI-AML2 g;',‘;;‘:w'“e * Odhalit esencialne gény pre Siroké spektrum ludskych
OCI-AML3 bl - ;

LT . ochoreni.

/ e ocia
Validation and phenotype analysis - . . - > o .
* Mnohé z nich by mohli byt Uspesne pouzité na terapiu.

of candidate hits

FOATZA pRBA (1)

MoL-1)
M-
HL-80
ALY
CGLAMLY

] 25 B ™ 100
% BFPF-postrse normalmed by ol

Tzelepis et al.: A CRISPR Dropout Screen Identifies Genetic Vulnerabilities and Therapeutic Targets in Acute Myeloid Leukemia, Cell 2016



Aplikacie: (6) agrikultura — potlacenie
chorobnosti, a iné modifikacie

* Napr. oSipané, ktoré su odolné voci virusovym ochoreniam, ale aj rastliny (napr. ryza, kukurica...)

SCIENTIFIC REPg}RTS

OPEN

Receivad 20 Octaber 1015
Accepted 27 Janwary 2016
uuuuu 22 Fabeuary 1016

Mammalian interspecies
substitution of immune modulatory
alleles by genome editing

Simon G. Lillico*, Chris Proudfoot?, Tim J. King!, Wenfang Tan', Lai Zhang’, Rachal Mardjuki?,
DM!P&M M}WMDW”&UI‘MMGM
&C. Bruce A. Whitelaw!

We describe a fundamentally novel feat of animal genetic enginesring: the preciee and eficent

ger

editing of the RE o born n domestic pigs with the

mocieted wth -sl-nt to African Swine Fever, The ability to efficiently achieve interspecies alele
agriculture and basic research.

e Sterilita

* Viac svalovej hmoty

* Zvierata bez rohov

Gene-edited pigs are protected from porcine
reproductive and respiratory syndrome virus

RNA-Guided Genome Editing in Plants Using a
CRISPR-Cas System

Kabin Xie and Yinong Yang'

Department of Plant Pathology and Envi i The Huck Institute of the Life Sciences, ia State University, University Park, PA

16802, USA

ABSTRACT Precise and straightforward methods to edit the plant genome are much needed for functional genomics
and crop improvement. Recently, RNA-guided genome editing using bacterial Type Il cluster regularly interspaced short
palindromic repeats (CRISPR)-associated nuclease (Cas) is emerging as an efficient tool for genome editing in microbial
and animal systems. Here, we report the genome editing and targeted gene mutation in plants via the CRISPR-Cas9 sys-
tem. Three guide RNAs (gRNAs) with a 20-22-nt seed region were designed to pair with distinct rice genomic sites which
are followed by the protospacer-adjacent motif (PAM). The engineered gRNAs were shown to direct the Cas9 nuclease
for precise cleavage at the desired sites and introduce mutation (insertion or deletion) by error-prone non-homologous
end joining DNA repairing. By analyzing the RNA-guided genome-editing events, the mutation efficiency at these target
sites was estimated to be 3-8%. In addition, the off-target effect of an engineered gRNA-Cas9 was found on an imper-
fectly paired genomic site, but it had lower genome-editing efficiency than the perfectly matched site. Further analysis
suggests that mismatch position between gRNA seed and target DNA is an important determinant of the gRNA-Cas9 tar-
geting specificity, and specific gRNAs could be designed to target more than 90% of rice genes. Our results demonstrate
that the CRISPR-Cas system can be exploited as a powerful tool for gene targeting and precise genome editing in plants.

Reguldcia ohladom zvierat a rastlin modifikovanych CRISPR... mali by byt regulované rovnakym

sposobom ako iné geneticky modifikované organizmy, aj ked neobsahuju DNA z inych druhov?




Aplikacie: (7) ,de-extinction”

Porovnat gendm vyhynutého druhu a jeho najblizSieho pribuzného

druhu = multiplexny CRIPSR/Cas systém

* Pomocou CRISPR transformovat slony na mamuty

(neetické implantovat editované embrya do ohrozenych
slonov ako sucast experimentu)

Cell Reports

Elephantid Genomes Reveal the Molecular Bases of
Woolly Mammoth Adaptations to the Arctic

Graphical Abstract Authors
I Vincent J. Lynch, Oscar C. Bedoya-Reina,

Aakrosh Ratan, ..., George H. Perry,
Webb Miller, Stephan C. Schuster

Correspondence
vilynch@uchicago.edu (V.J.L),
‘webb@bx.psu.edu (W.M.)

In Brief

Lynch et al

from three Aslan elephants and two
‘woolly mammaths and identify amino

Tuning of thermoTRP sensors mammoths. Woolly-mammoth-specific
20°C 30°C 40°C 50°C 00°C| amino acid changes underlie cold-

TRPM4
e T

TRPVA

* Holub stahovavy (Ectopistes migratorius) z modernych
holubov



Limitacie & Buducnost

CRISPR EMBRYOS AND THE LAW

Regulations governing genetic medification in human embryos vary.
Some countries ban the practice through legislation that carries
criminal penalties; others have unenforceable guidelines.

* Nedoriesené otazky reguldcie a etiky

M Ban (legislation) ol
M Ban (guidelines) ' Restrictive

Ambiguous Not surveyed

* Minimalizacia off-target (napr. dvojica gRNA-dCas9 + Fok |), a stratégie na ich odhalenie

» Zlepsenie expresnych systémov (expresia len v istych tkanich, vyvojovych stadiach...)

e Zvysenie efektivity HDR oproti NHEJ



Dakujem za pozornost.
Otazky?

Tento projekt ziskal financ¢ni prostfedky z programu pro vyzkum a inovace Horizont 2020 Evropské unie v ramci akci Marie Sktodowska-Curie a je spolufinancovan Jihomoravskym krajem dle GA ¢. 665860. Tento material odrazi
pouze postoje autora a EU neni odpovédna za jakékoli mozné pouziti informaci obsazenych v takovém materialu.



