Soucasné moznosti editace
genomu




Editace genomu

= postupy genového inzenyrstvi, pfi nichz se
do vybraného mista v cilové DNA pfimo
vV Zivem organismu vnasi
Inzerce
delece
nebo se stavajici sekvence nahrazuje za jiné
nahrada alel




... do vybraného mista
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Cilena mutageneze/oprava

- velké mnozstvi riznych technik
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Cilena mutageneze/oprava DNA in vitro

- od nejjednodussich technik — prima syntéza DNA cilového genu
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... jak ale takto pripravenou
mutaci/opravu
prenéest cileneé do genomu
zivé bunky/organizmu?




Bakterie
Rostlinné bunky
Zivoci¥né bunky

Nahodné zaclenéni
transgenu do
genomu
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Pro cilené zac¢lenéni:

HOMOLOGNI| REKOMBINACE
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Homologni rekombinace

Joshua Ledeberg - homologni rekombinace popsana u bakterii
- Nobelova cena (1958)

= typ genetické rekombinace, pfi které dochdazi k vyméné velmi podobné/identické
sekvence mezi dvémi molekulami DNA

homologous chromosomes

I

sister sister
chromatids chromatids

]

]

IELREIRID
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Klasicky rekombinace mezi sesterskymi
chromatidami v meioze — zdroj novych
kombinaci gen(l predavanych na potomky
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Homologni rekombinace

- jiz desitky let vyuzZivana pfi pripravé GMO (bakterii, kvasinek, rostlin, Zivocich()

Proc. Natl. Acad. Sci. USA
Vol. 76, No. 10, pp. 4951 4955, October 1979
Biochemistry

Replacement of chromosome segments with altered DNA sequences
constructed in vitro

(recombination/transformation/deletion mutants/ Saccharomyces cerevisiae)

STEWART SCHERER AND RONALD W. DavIS

Department of Biochemistey, Stanford University School of Medicine, Stanford, California 94305

- pomérné vysoka frekvence HDR u kvasinek

4952  Biochemistry: Scherer and Davis o . )
- prenos His3 genu (do His3- kmene)

Chromosomal DNA

o b c
% - pozitivni selekce na His
v.m. o - vyuziti neg. selekéniho markeru (Ura)
sequence
- vné homologni sekvence

Selective marker
O Selection for marker

8 b ¢ a b ¢
——— AN 7

- vytvoreny bunky His3* a URA-

O Loss of marker

3 b c

Altgred chromosome
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/ cizoroda DNA \
Q pFenos transfekei mikroinjekce oplozené vajitko

nebo do projadra

@ retrovirovym
vektorem ¢
embryondlni

kmenové buiky re
pFipravené z infekce ranych zdrodki
ranych zdrodki

retrovirovym vektorem

pFenos l obsahujicim cizi gen

embryondlnich
bunék injekei do

blastocysty

mikroinjekce DNA
pfimo do blastocysty l

blastocysta

pienos blastocysty
do niahradni matky

transgenni zvife 14




Homologni rekombinace

u savcl méné casta — ale vyvinuty selekéni systémy pro zjednoduseni nalezeni spravnych bunék

Homologous Homologous
region 1 neo' region 2 tk
LN BN 1 B N I ]
Gene targeting [l Targeting vector [1Random integration

: neo'
neo

S o S @)

1 'Hnorin Or1 0 i ] [f=e—) | i P i 4 —
Target gene Random gene
ﬂ Homologous recombination ﬂ Random insertion
neo’ neo' tk
[ LN =W 7 O | o B N | ey N e | ]
Included by positive selection (neor) Excluded by negative selection (tk)

Knock-out 15




Gene X -t F

Homologous
Recomination
in Embryonic — =] | |
Stem Cells '" % |'r [r—

— LOXP LOXP

l
st

LOXP LOXP

!

Cross with ubiquitously-expressing
CRE recombinase (CRE ) “deleter mouse”

Gene X’

Knock-in
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Cre Mouse

In tissue only

promoter

Ly

cre ]

LoxP Mouse

In all cells

loxP loxP

1

Conditional Knockout

In target tissue

loxP

pracné, vyzaduje selekci, krizeni, nizka

In all other cells

loxP loxP

Ve

ucinnost homologni rekombinace ...
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Frekvence homologni
rekombinace je vyrazne
zvysena v miste, kde
vznikl dsDNA zlom
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Deletions

Insertions

Nuclease-induced
double-strand break

Donor
template

,\é
iIs

pj

HDR

|
Variable length
indels

< <

I |
Precise insertion or modification
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Nukleazy upravené genovym inzenyrstvim

Liiitiiiill [#] IERRRRRERAR]

. )
) A )
T T T T
[T
PAM Cas9
( A ;b M__‘_(__
spacer r
P tracr

Nuclease Type

Meganuclease

ZFN

TALENs

CRISPR/Cas

Recognition rules

Complex

1 module per 3 bp

1 module per 1 bp

1 base per 1 bp
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Historické etapy v CRISPR biologii a editovani genomu

2010
type Il CRISPR-Cas
cuts target DNA (67) 2011
type Il CRISPR-Cas
includes tracrRNA (66)
2005-2006
CRISPRs contain viral 2011'
1987 sequences, cas genes Cas9 is only cas gene
CRISPRs identified, hypothesis needed for type I
CRISPR biology described (34) (35, 36, 38-40, 43, 44) defense function (68)
___________ 00 2012
CRISPR-Cas i CRISPR-Cas9
-Lasis is RNA-guided
1985-1991 bacterial immune E
Zincinger systern (45) DNA endonuclease (64)
proteins (25-27)
1979 1996-2003 2009-2010 | 6%
Gene replacement Zlncl-flngerf TAL effectors;
in yeast (1 nucleases for genome TALE nucleases
yeast (1) engineering (28-30) (31-33) Jan. 2013

Genome editing

1989-1994
Genome break
repair by NHEJ,
HDR (2; 6-9)

2003 onward
Expanded use of
ZFNs for genome
engineering

1985-1986

Human genome

editing by HDR (3-5)

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

(75, 85, 86)

2010 onward
Increasing use of
TALENS for genome
engineering
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editace probiha s presnosti az 1 nt

pouzivaji se umele pripravené nukleazy — modifikace prirozené se vyskytujicich

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

v misté Stépeni - vznik mutace
- vystépeni celého useku DNA (genu)

- ndhrada useku DNA

|ze pripravit mutace jakéhokoli typu (véetné ndhrady alel — ,,gene replacement”)

dulezita je funkce reparacnich systémui bunék — endogenni procesy

- ,hezavisle” na vnesené DNA/RNA
22




Procesy probihajici po vytvoreni DSB umeélymi nukleazami

Indels (knock outs)

Non-homologous
end joining (NHEJ) |

Target gene

Donor DNA
é
double strand break Homologous
(DSB) recombination

Sequence replacement
by donor DNA

snaha o vyvoj systému pro sekvencné specifickou tvorbu dsDNA zlom

Lidsky genom — 3,2 Gbp - cilem musi byt jedinecné sekvence (specificita)
- sekvence delsSi nez 20 bp




MEGANUKLEAZY

plvod v mikroorganismech

analogie restrikcnich endonukleaz

(velmi dlouhé rozpoznavaci sekvence (>14bp vs. RE 4-6 bp)

je jich znamo relativné malo, a tudiz pocet cilovych sekvenci je omezen

proteinové inzenyrstvi — nové varianty varianty meganukleaz

- navrhovani a priprava je vSak ¢asové narocCna

HEG Organisms Targeted gene/ genetic element Application Reference

[-Crel™ Homo sapiens RAGI Gene therapy Grizot et al. 2009

[-Crel™ H. sapiens XPC Gene therapy Arnould et al. 2006
[-Onul™ H. sapiens MAO-B Gene therapy Takeuchi et al. 2011
[-Scel™ Mus musculus Neomycin Gene targeting Rouet et al. 1994; Smih et

I-Crel™
[-Scel™
[-Crel™
I-Ppol™'
[-Anil™
[-Crel™
[-Ppol™*
[-Scel™
[-Scel™
[-Anil™

Zea mays

Saccharomyces cerevisiae

Drosophila melanogaster
Anopheles gambiae
Aedes aegypti

Trypanosoma brucei
H. sapiens

LIGULELESSI1 (LG1)
URA3

White (eye colour)
X-chromosome (SSU rRNA)
Reporter construct

Reporter construct
Lentivirus based reporter construct

Targeted mutagenesis
Targeted mutagenesis
Targeted mutagenesis
Pest control
Pest control

Studying DSB repair mechanisms
Antiviral therapy

al. 1995
Gao et al. 2010
Storici et al. 2003
Rong et al. 2002
Windbichler et al. 2007
Traver et al. 2009

Glover et al. 2008
Aubert et al. 2011

“m, modified HE.

“wit, wild-type HE.




Restrikcni endonukleaza Fokil

Flavobacterium okeanokoites
restrikéni endonukledza typu IIS (Stépi blizko rozpoznavaci sekvence)

Rozpoznavana sekvence je oddélena od sekvence, ktera je Stépena — to umoznuje
izolovat doménu enzymu, ktera stépi 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

25

Fokl Cleavage Model




Typy nukleaz pouzivané pro editaci genomu

(D'm) m Zinc Finger Nucleases (ZFNs) -
domain l ExicdogDomeln l - 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)

. . . . - 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

o aoned TAL Effector Nucleases (TALENS)

DNA Eindiog Domein - 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  12~13bp  15~20 bp

Target DNA RNA-Guided ENdonucleases (RGENS)
- 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)
tracTRNA . - High resolution of target sequence programmablity

- High specificity and low toxicity

i

(NEARER RN RN RN RN

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




Nukleazy s motivem zinkovych prstu

Zinkové prsty
- mala proteinova domeéna (cca 30 AK)
- soucast transkripCnich faktorl a DNA-vazicich proteint (mimo jiné)

- schopnost rozpoznat sekvencni motiv v DNA

b) DNA-Cleaving
Domain

a) DNA-Binding

mezera 5-7 bp

metodami proteinového inzenyrstvi Ize upravovat specifitu zinkovych prstu

pfenos do bunék ve formé RNA ¢Ci DNA

27




Plant cell

Transcripts

TALEs Poces

Transcription Activator-like effectors (TALE nukleazy, TALEN)

- TALE produkovany bakteriemi Xanthomonas pfi infekce rostlin
- transkripCni faktory (aktivace genu — zvySeni hladiny glukozy, ...)

- slozene z repetitivnich sekvenci AK dlouhych cca 34 AK

Typicka repetice: LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG
v pozicich 12 a 13 se vyskytuji ruzné aminokyseliny (repeat variable diresidue RVD)

klicové pro specificitu vazby na sekvenci DNA

Translocation 34aa repeat modules NLS AD NG =T
J_ ,f_"i"""‘; ACC_

NH,~{] ORI coon 0 - ©
S gL o NI = A

— - —
- & - - .
— - - -
— -

- R T T = GorA
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG 28




DNA binding domain

AAA“AAAA“‘AAAA‘ F

TNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNT

@ JoYA” vV VEIRTRYAY VRTRIRY Yy

7\

LTPDAVVAIASNIGGKQALETVQRLLPVLCQDH
RVD

DNA binding
code for TALEnNs

TALE code

Ni=A
NG=T
HD=C
NK=G
NN=G/A
NS=A/G/T/C

NN /HD NI HG HD NG N* HD HD NI NG NG NI HD NG NN NG NT NT NT NT N* NSNG
WA \D A\ AR A NS AL (- e Alah/ A/ Al ) LAG AG S [ LT
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Schéma strategie pro pripravu genetickych konstrukti
exprimujicich chimerické proteiny TALEN — postupna ligace
klonovanych monomerti

RE1 RE2...

Monomers
~ N - DN - r ER)RE B ORE) RR
Intermediate k-mer constructs

B " Golden Gate
* { I * ﬂ [ reaction

Final plasmid construct encoding chimeric
T TALEN protein
Nuclear localization

G signal Tandemic TALE repeats Effector domain

\ eepe /

vysledkem je ,,skladacka“ cilena proti libovolné sekvenci DNA

k dispozici jsou knihovny monomeru, dimerd, trimerd a tetramer(

pfenos do bunék/organismul opét ve formé DNA/RNA

30




..... az dosud. Rozpoznavani
cilové sekvence na zakladé
interakce protein-DNA ...
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CRISPR

1987 — Yoshizumi Ishino — nahromadéni repetitivnich sekvenci v genomu E. coli
1993 — Francisco Mojica — popsal obdobné repetice u archei

- do roku 2000 u dalsich cca 20 bakterii/archei

- jednd o DNA odvozenou od fagl a plazmidi (cizoroda DNA)

2002 - Clustered Regularly Interspaced Short Palindromic Repeats
2007 — Horvath, Barrangou — CRISPR je ,,imunitni systém bakterii“

2012 — Charpentier, Doudna, (Martin Jinek) — upravili CRISPR systém pro

jednoduché pouziti pro editaci genomu

2013 — Zhang — editace genomd rostlin a savcd (véetné lidskych bunék)

,patentovy spor” 32




Systém CRISPR/Cas

- prirozeny obrany systém bakterii a archei proti cizorodé DNA

s
Plasmid

DNA

Virus DNA

Plasmid DNA cleaved
() Acquisit V
Acquisition - W

e S b
leader 10 9 8 7 6 5 4 3 2 1

cas locus CRISPR array

@ Expression

_ Co_qif Laanan %

Cas proteins B
j ﬂj ﬂ Virus DNA cleaved

crRNA

33




Mechanismus fungovani CRISPR/Cas9 komplexu

Leader sequence

J Spacers
tracrRNA Cas-gene CRISPR

r cas9 ——‘:01_:-,-‘ locus
| |

I structure
Expression ‘ Direct repeats

tracrRNA
S i RN T AT NN

ﬁ? pre-crRNA
Cas9

Maturation

tracrRNA:crRNA:Cas9

Interference ‘
complex

Invading DNA

M
Double-strand
break

Invading DNA
degradation ‘

- \—/\/\./

cizorodé DNA rozpoznany proteiny Cas
(CRISPR associated proteins) a za¢lenény
do CRISPR lokusu

lokus ma az nékolik stovek mezernikd,
novy mezernik, ktery je prevzat z infikujici
molekuly, je zaclenén jako prvni

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

interakce crRNA s transaktivujici
(tracrRNA) a nasledné s nékterou z Cas
nukleaz (pr. Cas9)

tento komplex nasledné rozpozna a Stépi
cizorodou DNA 34




3 hlavni slozky systému — crRNA, tracrRNA, Cas nukleazy

A  Genomic CRISPR locus

Maturation and interference Adaptation

| || |
tracrRNA cas9 casl cas2 csn2

L -/

L |
cas operon CRISPR repeat-spacer array

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

fRNaseIII

pre-crRNA (precursor crRNA)

tracrRNA

C  RNA-guided cleavage of target DNA

Target DNA '@%

cleavage Lu\“uu

DNA R-loop
formation

B
targeting |

' ,”,,......
e

L5




sgRNA (gRNA) vytvorena fuizi crRNA a tracrRNA

Protospacer

l

T ]
CrRNA e
S —

crRNA:tracrBNA
hybrids

Cas9:crRNA-
tracrRNA
complex

tracrBNA
L — ]

CRISPR
repeats

‘nr tracrRNA

N
Tl o
- F

N

---l-r ﬂ-----

Target DNA site
cleavage by
Cas9:crRNA-
tracrRNA complex

, L L L L
. Cas9

b crBNA tracrBNA
Fusion of

esammmess———— ~rBANA + tracrRNA

W gRNA

Y

(o T

Cas9:gRNA
complex

4

-----f &-----
L Ll ’----.
Target DNA site

cleavage by
Cas9:gRNA

complex

*\_Cas9




.. cely systém lze produkovat z jediného vektoru
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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

- plvodni systém ,NGG“ (rozpozndn Cas9 ze Streptococcus pyogenes)
- dle systému cilova sekvence musi byt ve formatu N,,-NGG

Genomic

3 Cas9-RuvC
Target Site P

NNNNNNNNNNNNNNNNNNN

5)
2 T Cas9-HNH

NNNNNNNNNNNNNNNNNNN

PENNNNNNENNNNNNNNNNNNG
S'

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

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

39




Cela rada online nastroju pro navrh sgRNA

http://crispor.tefor.net/
http://www.rgenome.net/cas-offinder/

https://crispr.cos.uni-heidelberg.de/

http://chopchop.cbu.uib.no/

https://crispr.lifeandsoft.com/crispr/login/?next=/crispr/

https://www.benchling.com/crispr/

https://design.synthego.com/

https://bioinfogp.cnb.csic.es/tools/breakingcas/ 40




Cela rada online nastroju pro navrh sgRNA

protospacer PAM (-NGG)

Off-targets - '  ——
5'- GTGTTCATCTTTGGTTTTGTGGG -3’

non-seed region seed region (12 nt)

Efficiency — ,, pravdépodobnost stépeni v cilovém misté“

Out-of-frame score — ,,pravdépodobnost vzniku posunové mutace”

41




Specifita CRISPR/Cas9

Specificita — dana pouze 20 nt sgRNA

Cas9 D10A nickase Cas9 H840A nickase

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

Targetsite: 5'-GTGTAAACGGATAATGGACANGG
Distal Seed PAM

riziko vzniku off-target stépeni

_________ +n bp sgRNA offset

---------------- 5’ overhang
sgRNAa ( Q !
target b

5 am AHLY i 3’
A v

g . - - i

target a
Cas9n l ‘ sgRNA b

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

gRNA 1 gRNA 2
% S 4

Complex formation l
and target binding

o~

Target 1+PAM 1

Target 24+PAM 2 RNA-guided Fokl nuclease (RFN)

Target cleavage
(DSB formation) l

(T s jesté vyssi specifita




Dalsi moznosti vyuziti CRISPR/Cas systému

Regulace genové exprese

B dCas9 directed regulation
dCas9 (CRISPRI) | dCas%-effector
T11) 11111 E IIIlIIﬁ
guide RNA
repress locus A E activate locus A

guide RNA encodes locus only

dCas9 and scaffold RNA directed regulation

RNA binding RNA binding
module module
lacﬁvab’on -l.repression
dCas9 effect dCas9 effector

or
binding 898G recriment  binding @99 rechitment

scaffold RNA X scaffold RNAY

at locus A, execute activation  at locus B, execute repression

scaffold RNA encodes locus and action

vazba dCas9 na DNA je reverzibilni — tedy i ta regulace je reverzibilni (do¢asna)

43




Dalsi moZnosti vyuziti CRISPR/Cas systému

Epigenetické modifikace DNA

Transcriptional
activation

™\ Unmethylated N Methylated
cytosines : o oo cytosines Transcriptional
Promoter <> Promoter modulation

Gene of interest Gene of interest

- vazba reverzibilni — epigenetické modifikace se mohou prenaset do dcefinych bunék

44




Dalsi moZnosti vyuziti CRISPR/Cas systému

Studium struktury DNA, lokalizace genu ...

Complex formation, Multi-color imaging
+ target binding, of genomic loci
and FP blndmg
Using 3 hairpins,
. CRISPRainbow can
MS2 hairpins 55 create these colors:
= ——_
gRNA 1

BFP-MCP
Spacer Scaffold

PP7 hairpins .
~~

gRNA 2
GFP-MCP

Spacer Scaffold

- i multicolor format — vice lokusu

@ Red
., ( ( :.)n‘

~ Magenta
x“! White

Other CRISPR imaging techniques directly
fuse Cas enzymes to fluorescent proteins.

najednou, chromosome painting ...

45




Dalsi moZnosti vyuziti CRISPR/Cas systému

Editace konkrétnich bazi — tvorba substitu¢nich mutaci

Flze dCas9 s cytidin deaminazou - konverze C na U blizko PAM

dCas9 or Cas9 nickase
fused to a cytidine deaminase

- nasledna konverze U na T diky BER

Complex for mation Cytidine deamination
and target binding (C -> U on free strand)
No DSB

LIV

v

Mismatch repair preserves edit IF
modified strand is used as template

A
ETARAENRIRIRTNT

Target+PAM




Dalsi moznosti vyuziti CRISPR/Cas systému

Editace konkrétnich bazi na Urovni RNA

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

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

Complex formation A->| conversion at site of
gRNA and target binding mismatched C in gRNA

+ . Illllllzllllllllll . H

dCas13b
ADAR2, New | treated as§ by
(E488Q) translation machinery

b7




Dalsi moZnosti vyuziti CRISPR/Cas systému

Scaffold
gRNA
S'ST

Spacer

@—»Z

(FTTTTIFLAG (TTTTTT

Repair template with
homology arms and tag

Znaceni genU

Complex formation
and target binding

8

Target cleavage
(DSB formation)

/V

(LTRTATRIT UV T ]

. ¢ U ey
¥
[TITTTFLAG TITHTT]
Target+PAM
¢ HDR
[TETTHIFLAG TITRITTTTY
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Dalsi CRISPR systémy

Cpf1
§' T-rich Staggered
PAM PAM target cut
Single -
jedind RNA (vs. crRNA + tracrRNA) il ‘
TNA i
lepivé konce (vs. tupé konce)
PAM (TTN) — AT bohaté oblasti (vs. NGG)
UG::crRNA Cpft Genome editing
vysoka specifita e + BT — =7,

==

Lepivé konce — moziné vyuziti pro pfimy prenos genu (obdoba RE klonovani)

AAGCTT A AAGCTT
TTCGAA TTCGA A
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(mozné) vyuziti CRISPR/Cas systému

studium funkce, struktury, lokalizace, interakce gen(/proteinu ...

zjednoduseni pripravy geneticky modifikovanych organismu

detekce infekci Leden 2019 — Makak s
editovanym genomem

|éCba infekci (viry, baktérie) — CRISPRova antibiotika
- [écba infekce HIV

lécba nadoru

|écba dédicnych onemocnéni

hubeni populaci prenasect chorob/skldc

Uprava genomu lidi
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Vedlejsi ucinky
- nespecifita stépeni
- aktivace nezadoucich procesu

Etické otazky

- Uprava genomu cloveka

Rovnovaha v populacich
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Unexpected mutations after CRISPR—Cas9 editing
in vivo

Kellie A Schaefer, Wen-Hsuan Wu, Diana F Colgan, Stephen H Tsang, Alexander G
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stovky off-target mutaci u mysi po editaci genomu metodou CRISPR/Cas9
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Correspondence

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

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

However, we here demonstrate that the simplest interpretation of data
in Schaefer et al.lis that the two CRISPR—Cas9-treated mice are
genetically more closely related to each other than to the control
mouse.
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nature International weekly journal of science

Home | News & Comment | Research | Careers & Jobs I Current Issue I Archive I Audio & Video |
mm Izolace T lymfocytl z pacientl s riznymi
typy nadorovych onemocnéni

<

Editace genomu téchto T lymfocytl —

First CRISPR clinical trial gets green light from US editace 3 gen
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 | News & Comment | Research I Careers & Jobs | Current Issue | Archive | Audio & Video | For

Pacient s agresivnim nadorem plic

< & 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
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.o k 23,8, 2019 m> U.S. National Library of Medicine
ClhinicalTrials.gov

.. 24 klinickych studii

19x nadorova onemocnéni

2x thalasémie .... terapie CRISPR/Cas upravenymi HSC

1x srpkovita anémie .... terapie CRISPR/Cas upravenymi HSC

1x dédiéna slepota ... subretindlni injekce CRISPR/Cas ... oprava mutace

1x HIV infekce .... terapie CRISPR/Cas upravenymi HSC (cili na CCR5 gen)
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Déti, kterym nehrozi virus HIV

Listopad 2018 — &insky védec Che Tien-kchuej
ohlasil, ze geneticky pomoci systému
CRISPR/Cas upravil nékolik lidskych embryi, ze
kterych se narodila dvojcata

Geneticky upraveny gen pro receptor CCR5 (vstupni brana pro virus HIV na
povrchu lymfocytl)

, ... aby lidé s infekci HIV mohli mit zdravé déti ...."

natura, A
meaicine analyza 400.000 lidi z UK

Brief Communication I Published: 03 June 2019

CCR5-A32 is deleterious in the O pétinu vyssi riziko Zze se homozygoti s

ee/

homozygous state in humans mutacemi v CCR5 nedoziji vice nez 78 let

Xinzhu Wei *™ & Rasmus Nielsen 56




Leberova kongenitalni amaurdza

- dédi¢né onemocnéni — mutace 18 rGznych genu
- progresivni ztrata zraku (naprosta slepota do 40 let)
- nejcastéjsi dédi¢na choroba vedouci ke ztraté zraku (2-3/100.000)

- jiz drive nadéjné pokusy s infekci bunék sitnice virem nesoucim gen RPE65
(pfeména vitaminu A na rhodopsin)

ATLASSVETA HISTORIE PRIRODA REVUE VESMIR VALKA VEDA ZAJIMAVOSTI PREDPLATNE

Nadejna zbran proti slepote: Genova
posilla vraci zrak

24.10.2013 - Jaroslav Petr
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Leberova kongenitalni amauroza

, ()
gen CEP290 — tvorba cilii | G—
=
e v vy . Outer { | \
CRISPR cilici na nejcastéjsi mutaci segment € =
€ = Cilium
ot , y : =
gen 8 kbp — pfilis velky pro prenos adenoviry L
. —— S
s Apical
vektor dopraven subretindlni injekci Inner T P
segment 4 Nucleus
lBasal
Cas9 pod kontrolou promotoru pro L
rhodopsinovou kinazu Syngptic{
(tkarova specifita) il S G
Rod Cone
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Detekce infekci

SHERLOCK
95°C 37°C
,@ 2min 20 min @5@ SNP
® —_— — @ detection
! t; _ Thermal RT-RPA
ONINIEUS:  lysis  with T7 a \, /
containing 4 l | DELECIR | Cancer
ZIKV or = T—_ a0 screening
DENV Freeze-dried G \4 RPA ==_ = 1%7m?n /
fragment Casi3a i —
Fluorescence Casi12a | 37°C Bacterial
output detection | 1h infection

0 Antibiotic

6‘%& \ resistance
/ Viral
infection

detekce specifické (virové) DNA/RNA

vyuziti Cas12/Cas13 (zGstdva aktivni i po Stépeni specifické sekvence — Stépi
nasledné nespecificky ss RNA/DNA)

vyuziti reportérovych molekul — po stépeni vznika fluorescence

SHERLOCK (Zhang lab) vs DETECTR (Doudna lab)
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Gene drive

technologie genového inzenyrstvi, ktera umoznuje rozsireni dané varianty
genu (U) v populaci prostrednictvim zvyseni pravdépodobnosti prenosu na
potomky nad prirozenou hodnotu 50 procent

Normal inheritance Gene drive inheritance
1 Ak
', A b 3 Ak
e ol e ll e
Ak gk gk kA A gk
Y NI E T E I T YT EEITIEY

Altered gene does not spread Altered gene is always inherited

u jedincl s pohlavnim rozmnozZovanim




Mutagenni retézova reakce (MCR)

A D
eeeee
g second allele
HA1 HA2
B Homology Directed Repair (HDR) E Homology Directed Repair (HDR)

A1 HA2 HA1 HA2
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Gene drive

s an
|} . il CRISPR cilen na gen, jeZ zpUsobi sterilitu samicek
* X “ ... vyhubeni sktdcu, prenasecu chorob ...
Mutant l Normal v .
laboratorné ovéreno
“ — “ Eihryo u rychle se mnoziciho hmyzu staci 1% mutantl v

populaci a béhem 10 generaci vyhyne

2 & =&
k‘*i *i*: 2016 vladni program - 2050 Predator Free

j Novy Zéland

* ** ***i projekt Target Malaria

riziko rozsireni novych neplvodnich genu, prenos mezi populacemi, nevratnost
zmen, naruseni rovnovahy v populaci ....... zneuZziti jako biologicka zbran g,
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