Editace genomlu

Genome editing, or genome editing with engineered nucleases
(GEEN)

Postupy genoveho inzenyrstvi, pri nichz se do vybraného mista v
cilové DNA pomoci umele pfipravenych nukleaz (tzv. molekularnich
nuzek) vnasi inzerce, delece a nebo se stavajici sekvence nahrazuje
za jiné (nahrada alel).

Tyto nukleazy vytvareji na uréenych mistech genomu dvouretézcové
zlomy (DSBs: double-stranded breaks), €imz vyvolavaji pfirozené
endogenni bunécéné procesy vedouci k reparaci zlomu:

a) Homologni rekombinaci (HR) HDR = homology directed recombination
(rekombinace fizena homologii)

b) Nehomologni spojovani volnych koncu (NHEJ: honhomologous end-joining)
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editace probiha s prfesnosti az 1 nt

pouzivaji se umeéle pripravené nukleazy — modifikace prirozené se vyskytujicich

podstatou je tvorba zlomu v fetézci DNA (1 ale i 2 zlomy)

v misté stépeni - vznik mutace
- vyStépeni celého useku DNA (genu)
- nahrada useku DNA

|ze pripravit mutace jakéhokoli typu (vCetné nahrady alel — ,gene replacement”)

dulezita je funkce reparacnich systému bunék — endogenni procesy

- nhezavisle® na vhesené DNA/RNA
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Historické etapy v CRISPR biologii a editovani genomu

1987
CRISPRs
CRISPR biology described (34)

1985-1991
Zinc-finger
proteins (25-27)

2010
type Il CRISPR-Cas
cuts target DNA (67) 2011
type Il CRISPR-Cas
includes tracrRNA (66)
2005-2006
CRISPRs contain viral 2011
sequences, cas genes Cas9 is only cas gene
identified, hypothesis needed for type Il
(35, 36, 38-40, 43, 44) defense function (68)
0—0 O 2012
2007 ) CRISPR-Cas9
CRISPR-Cas is is RNA-gUIded
bacterial immune DNA endonuclease (64)

system (45)
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Gene replacement Zinc-finger TAL effectors;
in yeast (1) nucleases for genome TALE nucleases
engineering (28-30) (31-33)
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ey 2003 onward
Genome editi ng 1989-1994 Expanded use of
Genome break ZFNs for genome
repair by NHEJ, engineering
HDR (2; 6-9)
2010 onward
1985-1986 Increasing use of
Human genome TALENSs for genome

editing by HDR (3-5)

engineering

Jan. 2013

Cas9-RNA mediates
site-specific genome
engineering in human cells,
other eukaryotes

(75, 85, 86)
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Genome Editing Glossary

Cas = CRISPR-associated genes

Cas9, Csnl = a CRISPR-associated protein
containing two nuclease domains, that is
programmed by small RNAs to cleave DNA

crRNA = CRISPR RNA

dCAS9 = nuclease-deficient Cas9
DSB = Double-Stranded Break
gRNA = guide RNA

HDR = Homology-Directed Repair

HNH = an endonuclease domain named
for characteristic histidine and asparagine
residues

Indel = insertion and/or deletion
NHE] = Non-Homologous End Joining
PAM = Protospacer-Adjacent Motif

RuvC = an endonuclease domain named for
an E. coli protein involved in DNA repair

sgRNA = single guide RNA
tractRNA, trRNA = trans-activating crRNA

TALEN = Transcription-Activator Like
Effector Nuclease

ZFN = Zinc-Finger Nuclease

(RGENSs) = RNA-guided engineered nucleases

- programované nukleazy (jejich cil je fizen molekulou RNA)



Procesy probihajici po vytvoreni DSB umeélymi nukleazami

Indels (knock outs) J

Non-homologous
end joining (NHEJ) [

Target gene

double strand break Homologous
(DSB) recombination

Sequence replacement
by donor DNA

shaha o vyvoj systému pro sekvencné specifickou tvorbu dsDNA zlomu

Lidsky genom — 3,2 Gbp — cilem musi byt jedineCné sekvence (specificita)
- sekvence delSi nez 20 bp
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Procesy probihajici po vytvoreni DSB umeélymi nukleazami

Deletions

Insertions

Z

Nuclease-induced
double-strand break

I N RN E N — D'Dﬂ'l:lr

template
, _/ﬁCHDR

Variable length
indels

< <

1
Precise insertion or modification
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(A) Nonhomologous end joining (B) Homaology-directed repair

== S

{via small insertions or *: i I:/
deletions) {‘:;f

Imversion + +
N — /L-ﬁ/z‘ / > t
Insertion + Gene addition Gene correction
{up to 14 kb by synchronized denor
cleavage in vivo) iy Provide donor

Provide donor

Deletion template containing

NHEJ-mediated template containing maodified gene
ligation of broken ?lmultanbecltus transgene (s sequence
DNA ends cleavage by two

nucleases

TRENDS in Biolechnology

Overview of possible genome editing outcomes using site-specific nucleases. Nuclease-
induced DNA double-strand breaks (DSBs) can be repaired by homology-directed repair
(HDR) or error-prone nonhomologous end joining (NHEJ). (A) In the presence of donor
plasmid with extended homology arms, HDR can lead to the introduction of single or
multiple transgenes to correct or replace existing genes. (B) In the absence of donor
plasmid, NHEJ-mediated repair yields small insertion or deletion mutations at the target
that cause gene disruption. In the presence of double-stranded oligonucleotides or in vivo
linearized donor plasmid, DNA fragments up to 14 kb have been inserted via NHEJ-
mediated ligation. Simultaneous induction of two DSBs can lead to deletions, inversions
and translocations of the intervening segment.
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Typy nukleaz pouzivané pro editaci genomu

Hybrid Meganuclease Rozpoznani sekvence

’ em— T ' ’ Interakce protein x DNA

ZEN Rozpoznani sekvence

0

Zinc finger domains

> _mr.:,-nh TCCGARTEGATA' (£ CAMAGCTTT s Interakce protein x DNA

TOGTGETCTAAGE L TTTLGA A g

A

5 AGCACAGATT
TALEN e TCOTETCTAN

& TALE subunits

) Rozpoznani sekvence
%ﬁﬁ AGAAAGCTTT 3
TACTCTTTOC AR e—— 5 .

}mm Interakce protein x DNA

active Fokl catalytic subunit heterodimer
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MEGANUKLEAZY

Meganukleazy se vyskytuji u riznych druhtl mikroorganismu, maji velmi
dlouhé rozpoznavaci sekvence (>14bp vs. RE 4-6 bp) a jsou tak prirozené
sekvencéné velmi specifické.

Nevyhodou je, ze je jich znamo relativhé malo, a tudiz pocet cilovych
sekvenci je omezen.

Mutagenezi byly uméle pripraveny varianty meganukleaz, které rozpoznavaji
dalsi jedineéné sekvence. Byly pfipraveny rovnéz hybridni varianty
meganukleaz fuzi dvou domén s odliSnymi cilovymi misty.

Byl pouzit téz postup zamén aminokyselin v doménach interagujicich s DNA
a docileno vysoké specifity rozpoznani (method named rationally designed
meganuclease (US Patent 8,021,867 B2).

Meganukleazy jsou méné toxické pro bunky nez ZNF diky tomu, ze maji vyssi
specificitu/stringenci rozpoznani cilovych sekvenci DNA.

Jejich navrhovani je vSak ¢asové naro¢né. .



i meganukleazy nebakterialniho puvodu - LAGLIDADG family of homing
endonucleases (ké6dovany introny nebo inteiny), ¢asto v mitochondriich a
chloroplastech

I-Scel 18-bp z mitochondrii Saccharomyces cerevisiae

|-Crel chloroplasty Chlamydomonas reinhardtii

I-Dmol archea: Desulfurococcus mobilis.

oproti RE:
- delsi rozpoznavaci sekvence (nemusi byt palindrom, ¢asto asymetrické)
- vysSSi tolerance k malym substitucim v rozpoznavaci sekvenci

- obvykle vyzaduji soucinnost dalSich proteint
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NUKLEAZA Fokl

Enzym Fokl prirozene se vyskytujici u Flavobacterium okeanokoites je
restrikCni endonukleaza typu IIS (Stépi blizko rozpoznavaci sekvence). Je
tvofena N-terminalni vazebnou doménou a nespecificky stépici doménou na
C-konci.

Vyhody Fokl pro jeji vyuziti v Gl:

- Rozpoznavana sekvence je oddelena od sekvence, ktera je stépena — to
umoznuje izolovat doménu enzymu, ktera Stéepi sekvencné nespecificky.
Tato doména pak muze byt spojena s doménou zodpovédnou za rozpoznani
cilové sekvence.

- Fokl vyZaduje pro svou nukleazovou Cinnost dimerizaci — zvySi se tim
specifita rozpoznani cilového mista.

- Byly pfipraveny modifikované Fokl, které funguiji jen jako heterodimery, coz
zvySuje specificitu rozpoznani cilovych sekvenci a eliminuje moznost
vytvareni nespecifického stépeni v pripadé homodimerdu.

- vyuziva se pro konstrukci ZFN a TALEN nukleaz
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Typy nukleaz pouzivané pro editaci genomu

Zinc Finger Nucleases (ZFNs)

- Represent the first generation of engineered nucleases

- DNA binding module: Zinc fingers
(each module recognizes 3 bp of target sequence)

- DNA cleavage domain: Fok | restriction enzyme nuclease domain
(requires dimerization for cleavage)

e i s o2 - Widely proven in many cells and organisms
Recognition site Spacer Recognition site . ; -
9~15 bp 5~6 bp 9~15 bp - Relatively lower resolution of target sequence programmability

- Relatively lower specificity

TAL Effector Nucleases (TALENS)

- DNA binding module: TAL effector unit
(each module recognizes 1 bp of target sequence)

- DNA cleavage domain: Fok | restriction enzyme nuclease domain
(requires dimerization for cleavage)

- High resolution of target sequence programmability

Recognition site Spacer Recognition site - High specificity and low toxicity
15~20bp  12~13 bp 15~20 bp

Target DNA RNA-Guided ENdonucleases (RGENSs)
- DNA binding module: Guide RNA that hybridizes to the
target DNA (1:1 nucleotide base pairing)
- DNA cleavage module: Cas9 protein (contains two nuclease domains)
- High resolution of target sequence programmablity

- High specificity and low toxicity

tracrRNA

20 bp (Guide RNA)
+ nGG (Cas9 protein)




Struktura proteinu obsahujiciho zinkové
prsty (zinc finger)

Kazdy zinkovy prst sestava asi ze 30 AAv
konformaci Bpa. Kazdy prst kontaktuje 3
nebo 4 bp ve velkém Zlabku DNA.

taaacc
atttgg

S

Dimer Zinc-finger nukleazy (ZFN) navazany
na DNA. Cilova mista pro vazbu ZFN
sestavaji ze dvou vazebnych mist pro
zinkoveé prsty, ktera jsou oddélena 5-7 bp
dlouhou sekvenci, ktera je Stépena Stépici
doménou Fokl.




Editace genomu pomoci ZFN

- produkovany jiz otestované firmami:

Sigma-Aldrich
Sangamo BioSciences

ZFN Pair Recognizes
and Heterodimerizes
around Target Site

ZFN Pair Makes Double
Strand Break and
dissoclates from DNA

NO REPAIR TEMPLATE
co-transfected with

ZFN Pair: 1-20M% of cells
are mis-repaired resulting
in a Gene Deletion.

Cellular Process Used: Non-

Homologous End Joining

REPAIR TEMPLATE co-
transfected with ZFN Pair:
1-20% of cells comain Gene
Integration in Target Site.
Cellular Process Used:
Homologous Recombination

- transfekovany obvykle v podobé RNA (Ci DNA na vektoru)
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T Mutant mtDNA
A (m.B993T>G mutation)

C NARPd - — + +

b HA or COMPa - + - +
myc :

4.2 -
F-ZFP- '

MTSF IR A) Fokl CD Fck-NES 2.7 | . pCR4-NARP-G

Short linker 15 '
(GS) :

(a) Schematic diagram of a ZFN heterodimer bound to the mutated mtDNA target. Each of the monomeric
ZFN consists of the Fokl nuclease domain (Fokl CD) linked to a zinc-finger peptide. One of the ZFNs
(NARPd, red) was designed to bind to the mutated mtDNA site, whereas its companion ZFN binds a native
sequence on the opposite DNA strand (COMPa, blue)19. (b) Schematic structure of mtZFN used in the
cleavage assay in c¢. 'mitochondrial targeting sequence (MTS) F' denotes the mitochondrial targeting
sequence of F1B-subunit of the human mitochondrial ATP synthase (see ANTICIPATED RESULTS for
details). (c¢) In vitro assay testing the specificity of the F-NARPd—-Fok—NES and F-COMPa-Fok—NES
constructs (see ANTICIPATED RESULTS for details).
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TAL effectory (Transcription Activator-like effectors)

Gram negativni bakterie r. Xanthomonas infikuji Fadu rostlinnych druhu, u nichz
mohou zpUsobovat onemocnéni. Injikuji svymi sekrecnimi systémy do rostlinnych
bunék fadu efektorovych proteint véetné TAL efektoru. TAL effectors (Transcription
Activator-like effectors) maji nékolik motivu véetné NLS, proto mohou vstupovat do
jadra, kde se vazou na promotorové sekvence a aktivuji transkripci rostlinnych genu,
které napomahaiji bakterialni infekci (snizeni hladiny Cu, zvySeni hladiny glukozy, ...)

TAL obsahuji v centralni Casti opakujici se sekvence aminokyselin, které jsou dlouhe
obvykle 34 AA.

Typicka repetice: LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG, avsak v
pozicich 12 a 13 se vyskytuji rizné aminokyseliny (misto ozna¢ované jako repeat
variable diresidue n. RVD) — tyto kliCoveé pro specificitu vazby na sekvenci DNA

Byly navrzeny TALE (Engineered TAL effectors) schopné se vazat na jakékoliv
sekvence DNA diky zameénam aminokyselin.Takové umeéle TALE Ize vyuzit pro
aktivaci nebo represi endogenu u rostlin i Zivo€ichu.

Engineered TAL effectors Ize fuzovat se Stépicimi doménami nukleaz (Fokl) a
vytvaret tak TAL Effector Nucleases (TALENS).
19



Struktura TALEN

Translocation 34aa repeat modules NLS AD

v I D - coon

- -
- . -
- ™
- -
- -
_— -
- — -
- -

LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG

NG
HD
NI
NN
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Struktura proteinu obsahujiciho zinkové
prsty (zinc finger)

Kazdy zinkovy prst sestava asi ze 30 AAv
konformaci Bpa. Kazdy prst kontaktuje 3
nebo 4 bp ve velkém Zlabku DNA.

taaacc
atttgg

S

Dimer Zinc-finger nukleazy (ZNF) navazany
na DNA. Cilova mista pro vazbu ZNF
sestavaji ze dvou vazebnych mist pro
zinkoveé prsty, ktera jsou oddélena 5-7 bp
dlouhou sekvenci, ktera je rozpoznavana
Stépici doménou Fokl.

Protein TALE v komplexu s cilovou DNA.

Jednotlivé repetice proteinu TALE obsahuji 33-
35 AA, které rozpoznavaji jednotlivé pary bazi
prostrednictvim dvou hypervariabilnich zbytka
aa (repeat-variable diresidues — RVDs)

CTCCAACCAGGTGCTAActgtaaaccatggaaaaggaTTAGCACCTGGTTGGA
GAGGTTGGTCCACGATTgacatttggtaccttttcctAATCGTGGACCAACCT

L]
N
[]
[

Dimer TALEN navazany na DNA. Cilova mista
pro TALEN jsou tvofena dvéma vazebnymi
oblastmi pro TALE oddélenymi mezernikovou
sekvenci riizné délky (12-20 bp). TALE Ize upravit
tak, aby rozpoznaval jedineCné sekvence vlevo a
vpravo. 21




A

Repeat domain MLS  AD
|
_II______
1_o=m=""7" 1213 I - 7
LTPEQVVAIASHDGGKOALETVORLLPVLCOAHDG
B
B 1 2 3 4 5 & F B 9 10 11 12 13 14 15 186 17175
AvrBs3 HD MG NS NG Ml Ml Ml HD HD NG NS NS HD HD HD NG HD NG

UPAbox t A T A T A AACCTMNMNTGCGCTCTCTOCT

COMSBNSUs - _ -
—_— =

| — M- o,

——

-

L

UPA-box UPA gene

U

2a=~CeTT

HD NG NI NS NN N* HG H' |IG

!

oo Al 19 7 55 20 7 1 0 0 0
=
EEE 89 12 5 10 2 7 2 0 0
ST G| 0 0 0 4 7 0 0 0 0
s B
E= T 5 50 0 3 1 i 2 i 1

Model for DNA-target specificity of TAL effectors. (A) TAL effectors contain central tandem repeats, NLSs, and an
AD. Shown is the amino acid sequence of the first repeat of AvrBs3. Hypervariable amino acids 12 and 13 are
shaded in gray. (B) Hypervariable amino acids at position 12 and 13 of the 17.5 AvrBs3 repeats are aligned to the
UPA box consensus (14). (C) Repeats of TAL effectors and predicted target sequences in promoters of induced
genes were aligned manually. Nucleotides in the upper DNA strand that correspond to the hypervariable amino ac'ﬁiﬁ
in each repeat were counted on the basis of the following combinations of eight effectors and



NN HD NI HG HD NG N* HD HD NI NG NG NI HD NG NN NG NI NT NI N N NS WG
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DNA binding code for TALENs
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Schéma strategie pro pripravu genetickych konstruktii exprimujicich
chimerické proteiny TALEN — postupna ligace klonovanych monomeru

RE1 RE2...

Monomers
~ N« Dl - r ERRE TR ORE) BRI
Intermediate k-mer constructs

B Galden Gate
* ® reaction

Final plasmid construct encoding chimeric

Muclear localization TALEN protein

G signal Tandemic TALE repeats Effector domain
Half-repeat /

vysledkem je ,skladacka“ cilena proti libovolné sekvenci DNA

- kazdy si maze sam vytvofit (http://www.addgene.org/TALEN/)

K dispozici jsou knihovny monomera, dimeru, trimert a tetramer
24



Umelé nukleazy

odvozené od aktivatoru transkripce + nukleaz
vazba na specifické misto v genomu
- do bunek se obvykle dopravuji na expresnich vektorech

|ze je vyuzit pro tvorbu — bodovych mutaci ...
- deleci
- inzerci
- inverzi
- duplikaci
- translokaci

... ale také pro znaceni mRNA
podstatou je tvorba dsDNA zlomu a jeho oprava

sekvencni specifita je dana DNA-protein interakci

25



Systéem CRISPR/Cas

- prirozeny obrany systém bakterii a archei proti cizorodé DNA

Virus DNA (Y Plasmid

J
N/ DNA

Flasmid DNA cleaved
@ Acquisition @
Py .

T

i
\ |
b __.f

it

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

@ Interference
@ Expression
o |.. ..|

o

%)Jﬁ_ﬁjﬂﬂﬂﬂ z%j

—
"-._“‘..|__\
-

e

_ﬂj ﬂ Virus DNA cleaved

crRMA

Cas proteins
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Fungovani CRISPR-Cas9 komplexu

Leader sequence

Spacers

fracrRNA Cas—genej et ERIEER
==
|

r cas9 “:’ ,—. locus
1

I structure
Expression ', Direct repeats

tracrRNA

TN P N T e A e

pre-crRNA

? Cas9
protein ’

Maturation

tracrRNA

Host
RNase lll

tracrRNA:crRNA:Cas9
complex

Interference .,

Cas9
crRNA protein

B,c\)uble-strand |nvadin9 DNA

break

Invading DNA
degradation .’

/"“M

systém pravidelné uspofadanych mezernikl mezi
repeticemi CRISPR lokusu

cizorodé DNA rozpoznany proteiny Cas (CRISPR
associated proteins) a zaClenény do CRISPR
lokusu

lokus ma az nékolik stovek mezerniku, novy
mezernik, ktery je prevzat z infikujici molekuly, je
zacClenén jako prvni (faze akvizice/adaptace)

nasledne je lokus prepisovan za vzniku
CRISPRové RNA (pre-crRNA), ta je dale
upravovana do kratkych molekul CRISPRové
RNA (crRNA)

Asociace crRNA s transaktivacni (transaktivujici)
tracrRNA a nasledné s nékterym z CAS proteinu

tento komplex rozpozna a Stépi cizorodou DNA
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Foreign |
DNA

|G
Acquisition Target PAM
\__CRISPR loci

Bacterial ; - '
genome traclRNA  cas9  cas crANA crRNA crRNA
genes

— %_
tracrRNA, trRNA Primary transcript

crRNA ;‘\J ;J ‘;J /

hiogenesis
/ " Cas9
crRNA .
——— |

-—

Interference : i CTINA
—‘TM f
Foreign 4 p. Cleavage
DNA ¢ y

3 hlavni slozky systému — crRNA, tracrRNA, Cas proteiny (1-2)
- Useky cizorodé DNA jsou zaélenény do bakterialniho genomu do lokusti CRISPR
- Lokusy CRISPR jsou pfepsany a upraveny do crRNA (crRNA biogenese)

- Béhem interference vytvari endonukleaza Cas9 komplex s crRNA a tracrRNA,
ktery pak stépi cizorodou DNA obsahujici sekvenci 20-ti nukleotidu
komplementarnich k crRNA pobliz sekvence PAM.
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A

C

Genomic CRISPR locus

Maturation and interference Adaptation
I tracrRNA cas9 [ Ir:asl cas2 c¢sn2 :
IDEDED S
| | |
cas operon CRISPR repeat-spacer array

tracrRNA:crRNA co-maturation and Cas9 co-complex formation

/RNase 11

pre-crRNA (precursor crRNA)

tracrRNA

RNA-guided cleavage of target DNA

R-loop
formation

DNA

_—
targeting dleavage

Target DNA %
—_—
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sgRNA vytvorena fuzi crRNA a tracrRNA

a Protospacer tracrRNA b crRNA tracrRNA
Re—— | | Fusion of
— — — c(RNA + tracrRNA

e \

“CRISPR
l repeats

Y
S
CIRNA sem— V‘rtrach!NA W gRNA
o .

crRNA:tracrRNA E
hybrids F F

Cas9:crRNA- .
tracrRNA Casg Cas® W | Cas3:gRANA
complex

complex

v v

Target DNA site Target DNA site
cleavage by Cas9 Cas9 cleavage by
Cas9:crRNA- Cas9:gRNA
tracrBNA complex complex

C
crBNA
tracrBNA 3'- -5
- .« Spojeni
linkerem




Struktura chimerické sgRNA a kompexu sgRNA s Cas9 pro vytvareni DSB v
cilovych mistech.

sgRNA je vytvorena spojenim crRNA a tracrRNA.

Cas?9

: TTTHTIT

Linker
loop
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PAM sekvence — protospacer adjacent motif
- sekvence v tésném sousedstvi s cilovou DNA sekvenci
- nutna pro ucinné stépeni Cas9 nukleazou

- puvodni systém ,NGG" (rozpoznan Cas9 ze Streptococcus pyogenes)
- dle systemu cilova sekvence musi byt ve formatu N,,-GG

Genomic
Target Site

Cas9-RuvC

NENNNNNNNNNNNNNNNNN

PAM

5’ . ¥
T .
3 5

Cas9-HNH

NN NNNWNENNNNNNNNNNNNN

RN NE N N NN NNNNNNNRN

sl

Your gRNA target sequence tracrRNA
(most critical residues for specificity in red) 3

- systémy jinych bakterii nebo upravené systémy — NAG, YG, TTTN, YTN, ...



Bacterial species PAM sequence References
Streptococcus pyogens NGG (Jinek et al., 2012)
(Sp)
S. solfataricus I-A 1 CCN (Manica et al., 2011)
S. solfataricus I-A2 TCN (Gudbergsdottir et al., 2011;
Lillestel et al., 2009)
Neisseria meningitidis (Nm) NNNNGATT (Hou et al., 2013)
Streptococcus thermophiles NGGNG (Deveau et al., 2008; Horvath and
St) Type 11
(51) Type NNAGAAW Barrangou, 2010)
Streptococcus mutan NGG or NAAR (van der Ploeg, 2009)

(Sm)
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SpCas? variant| Mutations (relative to SpCas9) |PAM sequence

D1135E variant D1135E NGG
VAR variant D1133V,. R1335Q and T1337R NGAN or NGNG
EQR variant D1133E, R1335Q and T1337R NGAG

VRER variant D11335V, G1218R, R1335E and T1337R NGCG

Streptococcus pyogenes (Sp) NGG
Staphylococcus aureus (Sa) NGRRT or NGRRN
Neisseria meningitidis (Nm or Nme) NNNNGATT
Campylobacter jejuni (Cj) NNNNRYAC
Streptococcus thermophilus (St) NNAGAAW
Treponema denticola (Td) NAAAAC
~20 additional Cas9 species  PAM sequence may not be characterized




- systém Ize exprimovat z jediného vektoru

Srovnani struktury crRNA:tracrRNA a sgRNA

Cas9 programmed by Cas9 programmed by
crRNA:tracrRNA duplex single guide RNA

Target | I
DNA M i
3'¢crRNA
5 tracrRNA
Linker
loop
Promater :

Cas9
SmartNuclease™
All-in-one
- —\ Tagged Vectors

hspCas9
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Priprava konstruktu exprimujiciho CRISPR/Cas element

Mammalian
Ué promoter SgRNA promoter

Sekvence sgRNA je navrzena tak, aby byla
komplementarni k cilové genomové sekvenci

3" CNNNNNNNNNNNNNNNNNNN 9°

hCas9 = sekvence proteinu Cas9 optimalizovana pro expresi v
eukaryotickych bunkach.

sgRNA = chimericka RNA obsahujici useky crRNA a tracrRNA, ktera je
nezbytna pro dosazeni aktivity.

PAM neni soucasti klonované sekvence

- pro design Ize vyuzit dostupny software

- http://crispor.tefor.net/
- http://crispr.mit.edu/ https://crispr.cos.uni-heidelberqg.de/ 36




Cas8 plasmid crRNAtracrRNA
Co-transfection
chm—
Enrichment by FACS *
or puro in selection
EERRISE ~ Mo enrichment
— ~

Clomal cell line
izolotion & expansion

Analyze phenotype

37



20 nt non-coding RNA sequence: guides Cas9
to a specific target location in the genomic DNA

U6 promoter: drives segge?fm gRNA scaffold: helps Cas9

expression of gRNA bind to target DNA

Termination signal

Green Fluorescent
Protein: to visually

verify transfection CRISPR/Cas9
Knockout Plasmid CBh (chicken [-Actin
hybrid) promoter: drives
2A peptide: expression of Cas9
allows production of both
Cas9 and GFP from the
same CBh promoter

Nuclear localization signal

Nuclear localization signal SpCas9 ribonuclease

" ORNA
Plasmid
1

gRNA gRNA
Plasmld Plasmld

>C’3000<

Targeted DNA
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Red Fluorescent Protein:
to visually verify transfection

Puromycin resistance gene:
allows for selection of cells
where successful Cas9-induced

EF1a promoter:
drives expression of the
Red Fluorescent Protein and

Puromycin resistance gene DSBs have occurred
LoxP (34 bp) . LoxP (34 bp)
recombination site: HomOIOQV'D]rGCteq recombination site:
recognized by Flepalr (H DR) Plasmid recognized by

Cre recombinase Cre recombinase

DNA containing
[6889 - Induced DSB

XK XXX

Target gene removed and puromycin selection
marker flanked by two LoxP sites inserted.
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Moznosti editace genomu pomoci systému CRISPR/Cas9

Wms

—r — Indel
- - Insertion or replacement
e — s Large deletion or rearrangement

—» = —==s2: Gene activation

TSS = transcription start site

dCas9 — deficientni na
nukleazovou aktivitu

L... Other modification,
e.g., chromatin or DNA modification

Imaging location

EGFP = fluorescencni proteiny

'J\'ruil of genomic locus

Metylazy, acetylazy ...
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dCas9 + aktivacni/represorova doména — regulace transkripce

- vazba dCas9 na DNA je reverzibilni — tedy i ta regulace je reverzibilni
(doCasna)

dCas9 + epigeneticky regulator — regulace transkripce

- prestoze i zde vazba reverzibilni — epigenetické modifikace se mohou prenaset
do dcerinych bunék

Transcriptional
activation

g Unmethylated
CYIOSInes

Promater -

Gene of interest

¥ Methylated
cytosines

Transcriptional

Promater modulation

Gaane of interast
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dCas9 + fluorescencni znacka

Complex formation Multi-color imaging

+ target binding, of genomic loci
and FP binding —
sing 3 hairpins,
L » CRISPRainbow can
M52 hairpins create these colors:
N = T
B BFP-MCP @ o

®

Spacer Scaffold

?
L Lyan
¥
M t
PP7 hairpins Eh ::‘I?E;;a

P

GFP-MCP Other CRISPR imaging technigues directly
Spacer Scaffold fuse Cas enzymes to Ruorescent proteins,

gRNA 2

- i multicolor format — vice okust najednou, chromosome painting ...
- CRISPRainbow



Pusobeni modifikovaného systému CRISPR/Cas9

C

dCas9 effector fusion

" Effector

Cas9 D10A nickase
=
sgRNA
i 4 N
HHE
. domain
— Sl
:”II _Elll L
™ TITITITITINT N Y TR
‘t ] |“E RLLLLLILE ARLRLEARE AR RRRLEARY

A sgRNA-Cas9 double-strand DNA break
R
bbbl
— =
NHEJ HDR
T T TITTITT I
T PR T
Gene disruption by small Gene correction or insertion
insertions or deletions by assisted recombination
B Cas9 Cas9 D10A nickase Cas9 H840A nickase

Double

Specificita — dana pouze 20 nt sgRNA

- uplna podobnost na 3 ’konci (seed) a
casteCna na 5’konci (distal)

Target site: 5-GTGTAAACGGATAATGGACANGG
Distal Seed PAM

riziko vzniku off-target stépeni

----------- bp sgRNA offset
________________ 5' overhang
sgRNA a %_L
, ‘ targetb .
5 an - == 3
- v
g m= TR PR 53

target a
Cas9n E ( sgRNAb

50 - 1500x vyssSi specifita (n do 20 bp)

RMNA-guided Fokl nuclease (RFN)

5an
==

jeste vyssi specifita



A. Genome Engineering With Cas9 Nuclease

Casg crRNA
zl,_—‘m____
L Cleavage “ dsDNA
AT T
Target eavage  “pam
M e——r =] (I — =] ]
T — L _E ]
S E— —
Donor DNA
Insertion/
deletion '
|/ . = e e
T ——— : | ——
Mew DNA New DMNA
Mon-homologous Homology directed

end joining (NHEJ) repair (HDR)

B. Genome Engineering By Double Nicking
With Paired Cas9 Nickases

Target A
Target B

il

> 'y '\-\.x.‘ - -
~ Cleavage Eluan'g S

N - -,y
- o —

Analogie
ZFN a I
TALEN ===

(———
Donor ONA

© NewDNA

Homology directed
" ropair (HDR)

C. Localization With Defective Cas9 Nuclease

QActivatur
dCas9 5@ ™,

~ ™ >
mRANA
Activation

Q Figpressur
=ﬁ' \\
[ >~ N— ™ _Ih

o
Repression

ﬁ O\ GFP
w

Visualization

A. Wit Cas9 nukleaza stépi specificky dsDNA, vytvaii DSB a tim navozuje reparaci. Za nepfitomnosti
homologni sekvence muze dojit k nehomolognimu spojovani konct (NHEJ) a vzniku ins/del mutaci,
pferusujicich zasazeny gen. Za pfitomnosti homologni sekvence muize dojit k reparaci s vyuzitim této
sekvence a jejimi vlozeni do mista zlomu.

B. Mutantni Cas9 nukleaza vytvafi mistné specifické jednofetézcové zlomy. Dvojice takovych sgRNA
muze vést k tvorbé ds DNA zlomu, které mohou byt reparovany s vyuzitim homologni rekombinace &i
NHEJ (jednofetézcové zlomy zvysuji ucinnost HDR). Tento sytém zvySuje specifitu tvorby ds zlomu.

C. Mutantni Cas 9 nukleaza muaze byt pfipojena k riznym efektorovym doménam, které umistuje nag4
specifické sekvence. Mohou to byt TF, represory, fluorescenéni znacky a;.



CRISPR DNA base editing

FUze nikazy s cytidin deaminazou — konverze C na U blizko PAM

- nasledna konverze U na T diky BER

Complex formation
and target binding

Target+PAM

dCas9 or Cas9 nickase
fused to a cytidine deaminase

- tvorba substitu¢nich mutaci

A

Cytidine deamination

(C -> U on free strand)
Ho D5B

LLpsulsanIanInng

v

Mismatch repair preserves edit IF
modified strand is used as template

]
(IERRARETITATITT}
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CRISPR RNA base editing

CRISPR systémy Cas13a/C2c2 and Cas13b — substratem je RNA
- flze nukleazy defektniho systému s adenosin deaminazou

- vznika inosin (funkCné odpovida G) — tedy z AT vznika GC

Complex formation A-=| conversion at site of
=| 9RNA and target binding mismatched Cin gRNA
tenenerALEnnRnnnn frernenrernnannnn
+ > Lipic —P e
dCas13b
ADAR2, _ New | treated as G by
(E488Q) translation machinery

- tvorba substituénich mutaci na urovni RNA
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Genome wide screen

tvorba rozsahlé populace cilenych mutaci (3-6 gRNA na 1 gen)

nasledné analyza fenotypu

A B c OO
==~ 5~

In silico Synthesized gRNA CRISPR Library Amplified CRISPR
gRNA Design Oligos Library
2:8 QQD—F@Q@J—* @&®
Lentivirus containing Cas‘}e:pressmg cells Infect cells Apply positive or
CRISPR library (or wild-type cells) with library negative selection and
{gRNA only + or gRNA/Cas9) identify hits with NGS

- identifikace gent zodpovédnych za urcity fenotyp
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Izolace Useku genomu pomoci dCas9

enChlP (engineered DNA-binding molecule-mediated ChIP)

Target
identification

v

o Crosslinking and
Scaffold affinity purification
gRNA
By el
Spacer
Proteomics DNA RNA

analysis  analysis

- Hmotnostni spektrometrie, NGS, ...
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Znaceni endogennich genu

Scaffold
gRNA Complex formation
E \ and target binding
5 ¥
Spacer *

r
_’. = {111 |
Target+PAM

TR LA (TTTHT T R
Repair template with
homology arms and tag

- pfidani znacky (tag) pomoci HDR

Fd

2
1l .

Target cleavage
(DSB formation)

LLLifRiRLE  LLILLE
.

[TITTTFLAG TTTHTT]

¢ HDR |

TITTHNFLAG TTTRNTTTTY
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Genome Engineering

& o

Wild-type Cas enzymes that
generate double strand
breaks (DSBs).

Transcriptional Regulation

Activate
M

dCas9 fused to an activator
peptide activates gene
expression.

RNA Targeting

@ RNA Targeting

Type VI CRISPR systems can
target RNA. not DNA, across
multiple systems.

@ Base Edit

Base editors precisely edit
DNA without promoting DSB
formation.

& Interfere

dCas9 alone, or fused to a
repressor peptide, inhibits
transcription.

@ RNA Editing

Cas13 enzymes fused to
deaminases can edit bases in
RMNA.

Nick

Mutated Cas nickase
enzymes generates single-
strand DNA breaks.

Epigenetics

dCas9 fused to an epigenetic
modifier alters chromatin
structure/gene expression.

QOther Applications

e Purify

Ta
= ™

(Cas9 fused to an epitope
tag can be used to isolate a
given genomic locus.

Various CRISPR methods are
available to endogenously tag
your gene of inferest.

@ dCas9-Fokl

dCas9 fused to Fokl nuclease
generates a DSB when
expressed with two gRNAS.

Screen

Screen

CRISPR libraries are a
powerful tool for genome-wide
screening.

Visualize
N

CRISPR fluorescence
methods can be used to
visualize genomic locl.



Dalsi CRISPR systémy

Cpf1 -
- ma RuvC a nikoli HNH MM (e
- jedina RNA (vs. crRNA + tracrRNA) single s
., ., guidea ( .
- lepivé konce (vs. tupé konce) ANA
- PAM (TTN) — AT bohaté oblasti (vs. NGG)
- I ﬂ:_t t f UG:crRMA Cph1 Genome editing
ow off-targeting frequency Vi iy
==

Lepivé konce — mozné vyuZziti pro pfimy pfenos genu (obdoba RE klonovani)
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Obecna strategie genomového inzenyrovani
Blolnformatic analysls

TALEN or CRISPR /Cas construction

Viral vectors Protoplast transformation
Plasmid constructs TALEN and Agrobacterium mediated transformation

Pecieins CRISPR / Cas dellvery Gene gun 'r_ran;fe:ﬁnn
mRMA Viral vectors
invitro
ﬁl )g mRMNA ﬁa
injection
Cell -%_
culture & f in vitro

Genotype or
) " phenotype
gDNA iselation selection

followed by individual Zvaok
clone selection ygote

gDMA isolation
from tissues of adult

= animals and clone L ¥
A selection Cyog

Transgenic plants
Knockout plants
Mew crop lines

Isegenic cell lines

In vitro disease models .{
Knockout cell fines m m
Transgenic cell lines ﬁ
Cell therapy stuff
sh ""-—-...L

Knockout lines
Transgenic animals
Human disease models
Mew livestock strains

1. Selection of a target nucleotide sequence in the genome;
2. Generation of a nuclease construct directed at the selected target;
3. Delivery of this construct to the cell nucleus; and

4. Analysis of produced mutations.



Current and future delivery systems for engineered nucleases: ZFN,
TALEN and RGEN

Genome editor

RGEN

# 1 |) PR .

Delivery Techniques +

Cationic
AAVS Polymers_

o

N
iy kT

X
-i‘.z.

TEiiig

5(:

s

NQM

Nuclease induced
double strand breaks

ZAVAVAV/A\VER/A\Y ) WA\V/A\VIR/A\V L VAVAV/A\Y,

Gene correction Gene deletion Gene addition
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Type of Modification Organism Gene(s) Nuclease
Gene disruption Human CCR5 ZFN, TALEN, CRISPR/Cas
Human TCR ZFN
Zebrafish gol, ntl, kra ZFN
Pig GGTA1 ZFN
LDLR TALEN
Bovine ACAN12, p65 TALEN
Human EMX1, PVALB CRISPR/Cas
Rat IgM, Rab38 ZFN
Arabidopsis ADH1,TT4 ZFN
C. elegans ben-1, rex-1, sds-2 ZFN, TALEN
Hamster DHFR ZFN
Drosophila yellow ZFN
Rice OsSWEET14 TALEN
Gene addition Human OCT4, PITX3 ZFN, TALEN
Human CCR5 ZFN
Human F9 ZFN
Mouse Rosa26 ZFN
Human AAVSI ZFN, TALEN, CRISPR/Cas
Human VEGF-A ZFN
Zebrafish th, fam46c, smad5 TALEN
Maize IPK1 ZFN
Gene correction Human IL2RG, A1AT, HBB, SNCA  ZFN
Tobacco SuRA, SurRB ZFN
Drosophila yellow ZFN
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Genomic engineering using TALEN and CRISPR /Cas

cerh, akt2, e17k, angptl3, apob, atgl, c6orf106, celsr2, cftr, ciita,

foxol, foxo3, glil, glut4, hbb, hdacl, hdac2, hdac, hmga2, hoxal3,
9, hoxc13, hprt, il2rg, jak2, kras, linc00116, maoa, map2k4,
mdm?, met, mlh1, msh2, mutyh, myc, mycll, mycn, nbn, ncorl, [67, 68,
Aoy Aeile ncor2, nlrel, ntf3, pdgfra, pdgfrb, phf8, plinl, pms2, pppliri2ec Kiocloat 70-72,
e aa) aavsl), pt'chI, pten, rara, rbbp3, recqld, ret, runx1, sdhb, sdhe, sdhd,) inserticm‘ 74, 92,
prens setdbl, sirt6, smad2, sortl, sox2, klf4ss18, suzl2, tfe3, tp53, tribl, 176—179,
tsc2, ttn, vhl, xpa, xpc, abll, alk, ape, atm, axin2, baz, belb, bmpria, 180]
breal, brea2, cbx3, ebx8, cendl, ede?3, edked, cdh4, chd?, ctnnbl,
cyld, ddb2, ercc2, ewsrl, extl, e;:z ezh2, fanca, fam:c, fam: f, fancg,
gfrl 1avs2, o

: Nemstode
ben-1,tea-1, sd-2 | Knockour | [¥1 |

ilkmoth
wATEN T R “

Western :{;g ets1, foxd3, grp78 /bip, hhex, noggin, ptfla/p48, sox9, vppl m

Xenopus

Rat (Rattus norvegicus) bmpr2, IgM [197, 198]

179, 199

o, ot gt | ot 15151
dnmt3b-tdTomato, 46,51, 78,

Human cells 2 Knockout,
pousﬂ(octﬁ, emxl, dyrk]‘a, grin2b, egfp, ccrd, c4bpb p'valb aavs, --

(Homogapiens) alkt2, celsr2, ciita, glutd, linc00116, s AR
L DRI vellow, whie o, cg14251 (k81), cg3708cq 17620 (11-3) light [130-133]

CRISPR/ ettt crupiagrie) sy o e o e A G SO S S | epaekout | 1207 |

Cas
tetl, tet2, tet3, sry, uty, rosa26, hprt, egfp, th, rheb, uhrf2
ods, badh2, mrk2, 02923823, 5, spp, ysa, mybl, caol, lazy1,
I Oryza sativa, sweet11, sweet14 insertion 152
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Priklady typlu bunék a organismu, které byly geneticky
modifikovany pomoci Cas9

Biology

Cell lines
HEKZ293
U205
(T

Model organlsms
¥

Rats

Frok s
Mematodes
Arabidopsis
Salamanders
Frogs

Monheys

Biotechnology

Crop plants  Fungl

Rice Kitpvaramyces
Wheat Chlamydomonas
Sorghum

Tobacco

Biomedicine

Organoids
hESCs
iPSCs
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Examples of crops modified with CRISPR technology

Targeted mutagenesis Liang et al. 2014

Rice Targeted mutagenesis Belhaj et al. 2013

Sorghum Targeted gene modification Jiang et al. 2013b

Sweet orange Targeted genome editing Jia and Wang 2014

Tobacco Targeted mutagenesis Belhaj et al. 2013

Wheat Targeted mutagenesis Upadhyay et al. 2013, Yanpeng ef

al. 2014
Potato Targeted mutagenesis Shaohui etal., 2015
Soybean Gene editing Yupeng et al, 2015

EDITING OUT DISEASES: CRISPR Therapy
Publicatons demonstrating use of CRISPR-Cas9 for targeting diseases

Rescue of adominant mutation in the Cryge gene that causes cataracts

Correction of the CFTR locus by HDR in cultured intestinal stem cells from
patients with cystic fibrosis

Correction of the human hemoglobin beta (HEB ) gene in induced pluripotent
stem cells from thalassemia patients using CRISPR technology

Targeting of promoters of human papillomavirus oncogenes; inhibited
tumorigenesis

Correction of the Fah mutation in hepatocytes of a mouse model of hereditary
tyrosinemia

Generation of homozy gous CCRS deletion mutations in iPSCs; proposed
approach toward a functional cure of HI'V-1 infection. Targeting of LTR
sequences in the HIV-1 genome; inactivated viral gene expression and
replication in latently infected cells and prevented new HIV-1 infection

High (50-100%) gene disruption of the Plasmodinrm falciporim genome.

Potential to generate transgenic parasites to prevent malaria

11/8/301% Degariment of Flant B oechnology, GEVE, UAS, Bergaluna

Wuoeral, 2013

Schwank et al,
2013

Xie eral., 2014
Zhen et al .,
2014
Yineral, 2014

Yietal, 2014

Hu eral., 2014

il
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nature International weekly journal of seience

Home ‘ News & Comment | Research | Careers & Jobs | Current Issue ‘ Archive ‘ Audio & Video ‘

S MM Izolace T lymfocytu z pacienty s riznymi

typy nadorovych onemocnéni
.<:

Editace genomu téchto T lymfocytu —

First CRISPR clinical trial gets green light from US editace 3 gend
panel

The technique's first test in people could begin as early as the end of the year. Otestovani terapeutlckeho potenC|aIu takto

editovanych bunék
Sara Reardon

22 June 2016

nature International weekly journal of science

Home | Mews & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | Far

Archive Volume 539 mm

Pacient s agresivnim nadorem plic

< 8 Editace genu PD-1 T lymfocytu

CRISPR gene-editing tested in a person for the first ~ Otestovani terapeutického potencialu takto
time editovanych bunék

The move by Chinese scientists could spark a biomedical duel between China and the
United States.

David Cyranoski

58
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Showing: 1-14 of 14 studies

25 ~ studies per page

Row | Saved Status Study Title Conditions Interventions
1 [ Mot yet A Safety and Efficacy Study of TALEM and CRISPR/Casd in the Treatment of HFV-related + Human Papillomavirus-Related + Biological: TALEN
recruiting Cenvical Intraepithelial Meoplasia I Malignant Neoplasm « Biological: CRISPR/Cas?
2 1 Recruiting Safety of Transplantation of CRISPR CCRS Modified CD34+ Cells in HIV-infected Subjects With ® HIV-1-infection * Genetic: CCR5 gene modification
Hematological Malignances
3 ] Recruiting Examining the Knowledge, Attitudes, and Beliefs of Sickle Cell Disease Patients, Parents of * Sickle Cell Disease
Patients With Sickle Cell Disease, and Providers Towards the Integration of CRISPR in Clinical
Care
4 [ Recruiting NY-ES0-1-redirected CRISPR (TCRendo and PD1) Edited T Cells (WYCE T Cells) » Multiple Myeloma « Biological: NY-ES0O-1 redirected autologous T cells with
« Melanoma CRISPR edited endogenous TCR and PD-1
« Synovial Sarcoma » Drug: Cyclophosphamide
» Myxoid/Round Cell Lipopsarcoma  * Drug: Fludarabine
® Device: NY-ESO-1 expression testing
5 ] Recruiting Identification of Host Factors of Morovirus Infections in Mini-Gut Model » Gastrointestinal Infection » Procedure: Duodenal biopsy
s Procedure: Saliva
6 ] Recruiting A Study Evaluating UCART019 in Patients With Relapsed or Refractory CD19+ Leukemia and * B Cell Leukemia » Biological: UCART019
Lymphoma + B Cell Lymphoma
T B Recruiting A Feasibility and Safety Study of Universal Dual Specificity CD19 and CD20 or CD22 CAR-T Cell  « B Cell Leukemia « Biological: Universal Dual Specificity CD19 and CD20 or
Immunotherapy for Relapsed or Refractory Leukemia and Lymphoma * B Cell Lymphoma CD22 CAR-T Cells
8 [ Recruiting PD-1 Knockout Engineered T Cells for Advanced Esophageal Cancer » Esophageal Cancer o Other: PD-1 Knockout T Cells
9 [ Recruiting Stem Cells in NF1 Patients With Tumors of the Central Nervous System o Meurofibromatosis Type 1 o Diagnostic Test: Collection of Stem Cells
* Tumaors of the Central Nervous
System
10 ] Not yet PD-1 Knockout Engineered T Cells for Muscle-invasive Bladder Cancer # Invasive Bladder Cancer Stage IV« Biological: PD-1 Knockout T Cells
recruiting * Drug: Cyclophosphamide

« Drug: IL-2
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Techniques for life scientists and chemists

Home | Current issue | Comment | Research | Archive v | Authors & referees v | About the journal

home » archive » issue » correspondence » full text

NATURE METHODS | CORRESPONDENCE <y =

Unexpected mutations after CRISPR—Cas9 editing
in vivo

Kellie A Schaefer, Wen-Hsuan Wu, Diana F Colgan, Stephen H Tsang, Alexander G
Bassuk & Vinit B Mahajan

Affiliations | Corresponding authors

Nature Methods 14, 547-548 (2017) | doiz10.1038/nmeth 4293
Published online 30 May 2017 | Updated online 14 June 2017 | Corrected online 25 July 2017
| Retracted online 30 March 2018

stovky off-target mutaci u mysi po editaci genomu metodou CRISPR/Cas9
VS

predchozi studie u linii a mysi 60



nature methods

Access provided by Masaryk University

Altmetric: 20 More detail >»

Correspondence

Response to “Unexpected mutations after
CRISPR-Cas9 editing in vivo”

Caleb A Lareau, Kendell Clement, Jonathan ¥ Hsu, Vikram Pattanayak, J Keith Joung E, Martin J
Aryee B4 & Luca Pinello B

However, we here demonstrate that the simplest interpretation of data in
Schaefer et all is that the two CRISPR-Cas9-treated mice are
genetically more closely related to each other than to the control mouse.
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Dalsi mozné vyuziti CRISPR technologie

Detekce mutaci — zlom v misté mutace indukovany CRISPR technologii

- detekce mutaci o nizké frekvenci (problém sekvenovani)

Time Omin Smin | Omin 20min 4hmin Himin S0min 1 20min

Marker WT MU WT MU WT MU WT MU WT MU WT MU WT MU WT MU
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A new lens on cells

One form of a research tool called CAMERA

CAM E RA engineers cells to record signals triggered by

various stimuli using the DMA of a "safe harbor”

Qene.
Stimulus
CRISPR-mediated analog multievent cell itfniﬂkzéﬁii‘é”;;:éiiﬁus
. to produce guide
reCO rd | ng appa ratus [gRNA) and a base editor.

£ T
7w

gRMA  Base editor

single cell resolution |

,Zaznam" reakce burfky na stimul mﬁ gRNA

Cas9 nickase
o Base
Cytidine editar

deaminase

nékteré bunky ve smesi reaguiji/jiné nikoli

|ze kombinovat ruzné signaly, jejich pofadi |

WWTI}E gRMA shuttles the
o

base editor to the target
\ on the safe harbor gene.

R

Base editor alters 63
DMA, recording cell's
response to stimulus.



DETECTR/SHERLOCK

95°C 37°C
2 min 20 min
— —

o Thermal RT-RPA
Lentivirus lysis  with T7 l

containing

ZIKV or
DENV Freeze-dried ‘
fragment Cast3a =% <=2

Fluorescence
output

detekce specifické DNA

@@ SNP
@ detection
o \< DETECTR /
Cancer

[ |
= "—_ a7o screening
., RPA == 31C 7
== 10min
__, Cast2a l37oc ___, Bacterial

detection | 1h infection

Vo) Antibiotic
6/{5& \ resistance
/ Viral
infection

vyuziti Cas12/Cas13 (zustava aktivni i po tvorbé ds zlomu — Stépi ss RNA/DNA)

testovano na detekci riznych kmenu HPV — nékteré spojeny s rizikem
karcinomu délozniho Cipku — rozliSeni infekce témito kmeny (DETECTR)

vyuziti reportérovych molekul — po stépeni vznika fluorescence
detekce infekce virem ZIKA (SHERLOCK) 64



Gene drive

- technologie genového inzenyrstvi, ktera umoznuje rozSifeni dané varianty
genu (U) v populaci prostfednictvim zvySeni pravdépodobnosti pfenosu na
potomky nad pfirozenou hodnotu 50 procent
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Altered gene does not spread Altered gene is always inherited

- pouze u jedincu s pohlavnim rozmnozovanim



Gene drive
- | pfirozené mechanismy — popsany alely genu, jez se nachazeji Castéji v gametach

- selekce na urovni gamet (i u lidi)

exogeneous insertion propagation after sexual reproduction
step 1: site-specific DNA cleavage step 1: site-specific DNA cleavage
payload payload
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I I S s . —-] I N . —
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step 2: Homology Directed Repair (HDR) step 2: Homology Directed Repair (HDR)
payload payload
H1 Cas9 gRNA gene H2 H1 Cas9 gRNA gene H2
I I N s . —_—-_l A I . —
payload payload
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- laboratorné ovéreno

Vyuziti — vyhubeni Skudcu, patogenu, predatort ... 66
(Predator Free 2050 Novy Zéland) ... x etika, bezpecfnost



